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Introduction

The Integrated Environmental Control Model

This Integrated Environmental Control Model (IECM) and Interface were developed
for the U. S. Department of Energy’s National Energy Technology Laboratory
(NETL), formerly known as the Federal Energy Technology Center (FETC), under
contracts No. DE-AC22-92PC91346 and DE-AC21-92MC29094.

Purpose

The purpose of the model is to calculate the performance, emissions and cost of
employing alternative environmental control methods in a coal-fired power plant.
The model consists of a base plant and various control technology modules; these
modules may be implemented together in any desired combination.

A Graphical User Interface (GUI) facilitates the configuration of the technologies,
entry of data, and retrieval of results.

System Requirements

The current model requires the following configuration:

e Intel-based computer running Windows 95 (or better) or Windows NT
4.0 (or better) operating system

e  Pentium Processor

e any SEGA (or better) display—at a resolution of 800x600 (or more)
pixels

e at least 40 Megabytes of free hard disk space

e atleast 32 Megabytes of total memory

! Smaller screen resolution results in the interface screens being scaled smaller. The taskbar, part of the Windows
operating system, reduces the useable resolution of the screen if it is always visible. This may force the IECM interface
to be scaled down slightly. To avoid this situation, select the “Auto Hide” option of the Taskbar properties in Windows.
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Uncertainty Features

The ability to characterize uncertainties explicitly is a feature unique to this model.
As many as one hundred input parameters can be assigned probability distributions.
When input parameters are uncertain, an uncertainty distribution of results is
returned. Such result distributions give the likelihood of a particular value, in
contrast to conventional single-value estimates.

The model can run using single deterministic values or uncertainty distributions. The
conventional deterministic form using single values for all input parameters and
results may be used, or probabilistic analyses may be run—for instance, to analyze
advanced technology costs.

Software Used in Development

The underlying engineering models are written in Digital Equipment Corporation's
Fortran. Fortran runtime libraries are included with the IECM Interface software.
This language provides the flexibility to configure many various power plant designs
while also providing the power to conduct probabilistic analyses.

All databases are in Microsoft® Access format and may be viewed in Access, as
long as they are not changed. This format is a software industry standard and
facilitates sharing and updating of information.

To simplify the use of the model, a Graphical User Interface (GUI) has been added.
The interface eliminates the need to master the underlying commands normally
required for model operation. The interface is written in Microsoft® Visual C++, a
standard software development tool for the Windows environment. Visual C++
runtime libraries are included with the IECM Model software and do not need to be
licensed separately.

Wise InstallBuilder was used to generate full and upgrade installer programs. This
product was chosen based on its flexibility and its support of Visual Basic runtime
libraries and Microsoft Data Access Components (MDAC)= The Visual Basic
runtime libraries provide the support needed to run the database file compactor
program provided with the IECM. MDAC provides the software support needed to
link Microsoft® Access data files to the IECM interface program. Wise
InstallBuilder provides the VB and MDAC installation as an option, rather than
forcing the user to download it from Microsoft and install it prior to installing the
IECM.

Disclaimer of Warranties and Limitation of Liabilities

This report was prepared by the organization(s) named below as an account of work
sponsored or cosponsored by the U.S. Department of Energy National Energy
Technology Laboratory (NETL). NEITHER NETL, ANY MEMBER OF NETL,
ANY COSPONSOR, THE ORGANIZATION(S) NAMED BELOW, NOR ANY
PERSON ACTING ON BEHALF OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER,
EXPRESS OR IMPLIED, (I) WITH RESPECT TO THE USE OF ANY

? The current version of MDAC is 2.5. This is installed with the full installer for the IECM 3.4. Any update installers
provided for upgrading the IECM from version 3.4 to a higher version does not upgrade MDAC unless the user updates
MDAC separately.
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INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM
DISCLOSED IN THIS REPORT, INCLUDING MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, OR (II) THAT SUCH USE DOES
NOT INFRINGE ON OR INTERFERE WITH PRIVATELY OWNED RIGHTS,
INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY, OR (III) THAT
THIS REPORT IS SUITABLE TO ANY PARTICULAR USER'S
CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER
LIABILITY WHATSOEVER (INCLUDING ANY CONSEQUENTIAL
DAMAGES, EVEN IF DOE OR ANY DOE REPRESENTATIVE HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM
YOUR SELECTION OR USE OF THIS REPORT OR ANY INFORMATION,
APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS
REPORT.

Organization(s) that prepared this report: Carnegie Mellon University

Copyright Notices

DIGITAL Visual Fortran 5.0, Copyright © 1997, Digital Equipment Corporation.
All Rights Reserved.

Spread 3.0, Copyright © 1998, FarPoint Technologies, Inc. All Rights Reserved.
Tab Pro 2.0, Copyright © 1996, FarPoint Technologies, Inc. All Rights Reserved.

Graphics Server 4.5, Copyright © 1996, Bits Per Second Ltd. and Pinnacle
Publishing, Inc. All Rights Reserved.

Microsoft Visual C++ 5.0, Copyright © 1997, Microsoft Corporation. All Rights
Reserved.

InstallBuilder 8.1, Copyright © 2000, Wise Solutions, Inc. All Rights Reserved.

Microsoft Data Access Components 2.5, Copyright © 2000, Microsoft Corporation.
All Rights Reserved.

Integrated Environmental Control Model (IECM) Interface 3.4, Copyright © 2000,
Carnegie Mellon University. All Rights Reserved.

Integrated Environmental Control Model (IECM) 3.4, Copyright © 2000, Carnegie
Mellon University. All Rights Reserved.

Median Latin Hypercube and Hammersley Sequence Sampling, Copyright © 1997,
Urmila Diwekar, Carnegie Mellon University. All Rights Reserved.

Graphics Server is a trademark of Bits Per Second Ltd.

Microsoft is a registered trademark; Windows, Windows 95,Windows 98, Windows
NT, and Visual C++ are trademarks of Microsoft Corporation.

Spread™ is a trademark of FarPoint Technologies, Inc.
Tab Pro™ is a trademark of FarPoint Technologies, Inc.

DEC, DEC Fortran, and DIGITAL are trademarks of Digital Equipment Corporation.
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User Documentation and Help

Getting Started

Getting Started gives step-by-step instructions for installing the model software and
using the interface. It describes navigating the model, using the main program areas,
working with sessions, and printing or exporting results.

User Manual

The User Manual gives further information on both the interface and the underlying
model. It provides detailed descriptions of plant configurations, parameter settings,
and result screens. It also describes technical details behind the model’s operation
and includes an introduction to uncertainty analysis.

Model Tutorial

The Model Tutorial is a pictorial introduction to the IECM. It presents a graphical
tour of the interface, a case study to follow using the model, and an appendix, which
reproduces every screen in the model. These tools help any user to quickly become
more familiar with the interface and model.

Technical Manual

The Technical manual is a detailed engineering description of the technologies and
costing assumptions used in the IECM. This manual is not provided by default with
the IECM software; however, it can be downloaded with any web browser or FTP

software program from fIp:/ftp.netl.doe.gov/pub/IECM] |

Online Help

Online help is provided via a Windows Help File containing the text of Getting
Started and the User Manual.

4 ¢ User Documentation and Help Model Tutorial
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Accessing the IECM Help file:

If you are not running the IECM interface, click the Help icon inside the IECM
folder on the Start menu. This opens the help file to the table of contents.

If you are running the IECM interface, do any one of the following:

e  Press the F1 key. The IECM supports context-sensitive help and will
open the help file to the topic associated with the item or screen you are
viewing.

e Pull down the Help menu at the top of the IECM window. Select Help
Topics. This opens the help file to the table of contents.

e  Click the Context-Sensitive Help icon on the toolbar on the left side of
the IECM window. The IECM supports context-sensitive help and will
open the help file to the topic associated with the item or screen you are
viewing.

e  Click the Help Topics icon on the toolbar on the left side of the IECM
window. This opens the help file to the table of contents.

The IECM Help File Contents window will display.

Help Topics: Integrated Environmental Control Model

Cantents I Fird |

Click a book., and then click Open. Or click anather tab, such as Index.

| v

@ Inztalling the Model
@ “windows Conventions
@ |IECH Conventions
@ Runring the Model
@ Configuring the Plant
@ Setting Parameters
Q Getting Results

@ wiorking with Sessions
@ Imparting and Exparting Data
@ Printing

@ Installing the kodel
@ Configure Plant

@ Set Parameters j
Open I Print... | Cancel |

The IECM Help File Topics Window
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A Tour of the Interface

The Tour

This tour gives a grapical introduction to the interface. It reproduces and describes
the commonly used screens of the interface so that you become familiar with how
the model functions.

The IECM Window and Logo Box

When you first start the model, the IECM Interface Window and Logo Box will
display.

Welcome to the DOE

Int
En

The IECM Logo Box

The Logo Box will disappear in 5 seconds, after which just the IECM Window will
remain and the interface will be ready for use. The IECM Window contains all the
screens used by the Interface.

6 ¢ A Tour of the Interface Model Tutorial



# IECH Interface

-

ile “iew ‘Window Help

e O L e sl ol o ol e

Ready [ [NUM v

The IECM Window

Note the various tools used to control the software:

1. Pull-down menus—File, View, Window, Help in the upper left hand
corner of the screen.

2. The Toolbar—the row of buttons running down the left-hand side of
the screen.

Opening a Session

A session is defined as the power plant configuration and all the parameters
associated with the plant technologies or components. The configuration, input
values, and results are all stored in a file on your computer for each session you save.

The figure in the previous section shows the IECM with no sessions open. A session
must be opened in order to use the [IECM. You can open a new or existing session by
using an option present under the File menu. Either clicking on the menu in the
menubar or typing the letter “F” on the keyboard while holding down the “Alt” key
can open the menu. A more detailed description of the menubar, its content and its
use, can be found in the Getting Started manual.

Below is a figure showing the File menu after being clicked. Each item in the menu
is described in more detail below the figure. Although the New Session and Open
Session menu items are used to open a session, the other items in the menu are also
described. They deal with other ways of dealing with the file holding your session
data.

Model Tutorial A Tour of the Interface ¢ 7



# |IECM Interface

Edit

Open Session
Llose Sesgsion
Delete Seszion
Unlock Session

Wiew ‘Window Help
3

Crrl+0

Save Results  Chi+S
Save As

| gt

Frint

Chl+P

E it

The File menu

You may choose the following commands from the file menu:

New Session — Creates a new session from model defaults.
Open Session — Opens a previously created session.

Close Session — Closes the currently active session.
Delete Session — Deletes a session.

Unlock Session — Unlocks a session that was not closed normally (e.g.
because of a crash or loss of network connectivity.

Save Results — Saves the results from a session in an external file.
Save As — Saves a session with a different name.

Import — Imports a session from an external database file.

Print — Prints configuration settings, inputs or results.

Exit — Closes the current session and exits the interface.

8 ¢ A Tour of the Interface
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Configure Plant

The first program area—and the first screen displayed—is Configure Plant.

Set Parameters

# IECM Interface [_ [T x]
File Edit “iew ‘Window Help
& Untitled 0] ]

Get Results

Combustion Controls

Furnace Type: ITangemia\

NOx Conirel: IIn—Furnace Cantrols

Post-Combustion Controls

KN (KN

NOx Comtrol:  [Hot-ide 5CR

Bl 2] | el

Mercury: |Carhnn+Waterlmectmn

Particulaies:  [cold-Side ESP

$02 Conirel:

[EN RN (KN

SO2MNOx= |Nc,nE j
Solids Management

Recovery; INnne j

Fly Ash

Disposal: Im\xed wif Landfill =l

~ Plant Diagram

Aa

|

L )—
A — L]

!
W,W—IJ

=

]

Inj.

The Configure Plant Program Area

On this screen you choose the technologies implemented by the plant and how they
operate. Available options are presented via pull-down menus on the left side of the
screen. A “Plant Diagram” displays on the right side of the screen and reflects the

various plant technologies you have chosen.

Note the three tabs at the top of the screen. Clicking one of these tabs chooses the
program area you are in. The three program areas are Configure Plant, Set

Parameters, and Get Results.

Model Tutorial
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Set Parameters

The second program area is Set Parameters. From this area you can modify the

input values for this session.

# IECM Interface |_ O] |
File Edit Miew ‘window Help
[ & Untitled HE B
= Configure Plant (et Resulis
Coal Base Emizsion MOx Ilercury Particulate 5092 Control Solids
= Froperties Flant Constraints Control Control Control = onteo. Mgmt
&
Combustion Controls ~Plant Diagram
=)
=i Furnace Type: [Tangential
£ -
= NOx Comirol: [n-Furnace Cantrals
? Post-Combustion Controls VY l
A2 NOx Comtrol: [Hot-Side SCR s
Mercury: |Carbun +Water Injection

Particulates: |Co\d-8ide ESF

Recovery: |Ncme

Fly Ash

|mixed wi Landfll

502 Comirol:  [WetFGD 1]
S02MNOx: |Ncme | N
Solids Management — —]

Disposal:

The Set Parameters Program Area

Note the nine tabs below the program area navigation tabs at the top of the screen.
Clicking one of these tabs chooses the input area you will use. The input screens

correspond to the various technologies chosen in Configure Plant.

Overall Plant

The first tab of the Set Parameters program area is for the Overall Plant (see
picture above). This screen displays the plant configuration settings on the left side
of the page and a diagram of the plant as configured at the right of the page. No

inputs are entered on this screen.

The Plant Diagram in Set Parameters may be used as an alternate way to move
among input Technology Navigation Tabs. Clicking the button of the technology for

which you would like to provide inputs chooses that input screen.

Coal Properties

The second tab of the Set Parameters program area is for the Coal Properties input
area. Inputs in this area define the composition of the coal, composition of the ash,

and cost of the coal used in the plant for this session.

10 ¢ A Tour of the Interface
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# IECM Interface M=l B3
File Edt “iew ‘Window Help

] || 5= Untitied [_ O]
=l Configure Plant Get Results
Crerall Basze Emission Particulate %03 Control Solids
E Plant Plant Constraints Control = DeLito! Mgmt
- Current Co Favorite Coals
C Coal F ite Coal
‘% MName: |Default Mame: |\-’Wuming Powder River Basin
Rank: |Bituminous Rank: |Sub-El|tum|nous
— Source: |Default Eastern Bituminous (HS)
E Composition (ri% as fired) and Eastern Bituminous (LS
i 3 3 | ing Powder River Basin
Higher Heating Value (BiwTh) \Wroming Povider River Basi
? Tot %: [100.0
2 Properiy | Yalue Save As Property | Value Brovwse All
— _ 1 |Heating Value 14.22K Usger-Defined L1 |Heating Value 8335 Coals
2 |carbon 7848 | ——— LI/ | [2 |Cashon 4785
_3 |Hydrogen A.60 Addto _3 |Hydrogen 3.400 Use Thig
.4 |Oxygen a.00 Favorites _4 |Oxygen 10.82 Coal
_5 | Chlorine 012 5 | Chlorine 3.000802 | ——————
6 |Sulfur 050 Use Default 6 |Sulfur 0.4800 Rermove From
7 |Nitrogen 1.30 Ash Properties 17 |Mirogen 0.6200 Favorites
'8 |ash 3.60 = || | 8 asn 6.400
9 |Moisture 220 PE”"A;“ 9 |Meisture an4n F""ewﬁ?“
10 | Cost ($/tom) 3207 L (10 | Cast ($/tom) 1245 SR
11 11
Process Type: ICnaI Properties j
3 Dercury

The Coal Properties—1. Coal Prop. input screen

Note the two tabs at the bottom of the screen. Clicking one of these tabs chooses the
input screen you will use. The two screens for Coal Properties are 1. Properties
and 2. Cost.

1. Properties

The first screen of the Coal Properties input area is the 1. Properties input screen
(see picture above). The type of coal and its properties are selected on this screen.

There are two panes: one for the ash and coal properties of the Current Coal, the
other for those of Favorite Coals. The current coal is the coal which the model will
conduct its calculations. Favorite coals are those that you use most. From this screen,
you may choose a favorite coal, choose a coal from the model defaults, enter a user-
defined coal, choose a previously saved user-defined coal, or manage your coal lists.

Ash properties are provided by default with each model default coal. User-defined
coals must have ash properties provided by the user. If none are provided, properties
of a similar coal are defined based on the sulfur content of the coal and coal rank.

Please refer to the “User Manual” for more information on the use of the buttons and
other options on this input screen. Detailed instructions for choosing, modifying, or
adding a coal and its properties are described there.

2. Cost

The second screen of the Coal Properties input area is the 2. Cost input screen. The
cost of the cleaned coal, transportation costs, and other miscellaneous coal costs are
accessed on the 2. Cost input screen.

3. Mercury

The third screen of the Coal Properties input area is the 3. Mercury input screen.
The concentration in the coal and speciation of Mercury in the flue gasare defined
here.

Model Tutorial
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Base Plant

The second tab of the Set Parameters program area is for the Base Plant input area.
Inputs in this area define performance and costs directly associated with the base
power plant, particularly the boiler.

# IECM Interface

File Edt “iew ‘window Help

[ O] ]

& Untitled

Configure Plant

Orrerall
Flant

Coal
Properties

Emission
Constraints

Set Parameters

Control

Tercury

Get Results

Patticulate
Control

Bolids
TSOE CDﬂT.IUlT Mgt

215 & ||B]s|o

Title Units Une Value Cale| Min Max Default
1 |Gross Electrical Output LW 500.0 100.0 1600 500.0
2 |Steam Cycle Heat Rate Btu/kWh 7880 6000 [1.100e+04, 78E0
3 |Boiler Efficiency % 89.36 I} 0.0 100.0 cale
4 |Capacity Factor % 75.00 0.0 100.0 75.00
5 |Excess Air For Fumnace % stoich. 20.00 I 0.0 40.00 cale
6 |Leakage Air at Preheater % stoich. 19.00 I 0.0 60.00 cale
7 |Gas Temp. Exiting Economizer deg. F 700.0 250.0 1200 7000
8 |Gas Temp. Exiting Air Preheater deg F 300.0 1600 400.0 3000
9 |ambient Air Temperature deg. F 80.00 -50.00 1300 80.00
10 | Ambient Air Pressure psia 14.70 12.00 15.00 14.70
11 | Asmibdent &ir Humidity 1b H2O/Mb dry ade 1.800e 02 0.0 3.000e-02|1.800e-02
12 |Percent Water in Bottom Ash Sluice % 39.30 ¥ 0.0 100.0 calt
13| Base Flant Energy Fequirements
14 |Coal Pulvetizer % MWg 0.6000 ) 0.0 2.000 calc
15 |Steam Cyele Pumps % MW 0.6500 0o 2.000 0.6500
16 |Forced Draft Fans % MWg 1.500 oo 4.000 1.500
17 |Cooling System %% MWg 1.800 0.0 2.000 1.800
18 |Miscellaneous % MWg 1.300 0.0 4.000 1.300

Process Type: |Base Plant j

2. Furmnace Faclors

3. Financing

4, Retrofit Cost

3. Capital Cost

6. O&M Cost

The Base Plant— 1. Performance input screen

Note the six tabs at the bottom of the screen. Clicking one of these tabs chooses the
input screen you will use. The Base Plant input area contains a Performance screen
and five screens having to do with cost parameters.

1. Performance

The first screen of the Base Plant input area is the 1. Performance input screen (see
picture above). Inputs determining the overall plant size, temperature profiles, and
major flow rates and concentrations of the gas and solids streams are entered on this
screen. The first six inputs are highlighted in blue to point out their importance.

2. Furnace Factors

The second input screen in this section defines the emission rates of various gas
components of the flue gas during the combustion of fuel. The emission of carbon,
ash, sulfur and nitrogen are specified by the United States Government’s
Environmental Protection Agency’s (EPA) compilation of emission factors. Also
included from the compilation are the incomplete transfer percentages of solid and
gaseous forms of these substances.

12 ¢ A Tour of the Interface
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# IECM Interface 1H[=] B3

File Edt “iew ‘window Help

D
= Configure Plant Set Parameters Get Results
Bt | s | e et Jawooa|
Title Units Une Value Cale| Min Max Default
1 |Percent Ash Entering Flue Gas Stre % 80.00 ] 10.00 100.0 cale
2
3 |Sulfur Retained in Flyash % 2.500 =] 0.0 50.00 cale
4 |Percent of 30x as 303 % 0.8000 =] 0.0 10.00 calc
5 |Preheater 303 Removal Ffficiency % 50.00 ] 0o 100.0 calt
L]
7 |Hitrogen Oxide Emission Rate 1b/MEtu 0.5274 ) 0.0 5.000 calc
8 |Percent of NOx as NO % 95.00 ¥ | 8000 100.0 cale
9
10 |Cone. of Carbon in Collected Ash % 0.0 0.0 1.000 0.0
L1 |Percent of Burned Carbon as CO % 0.0 0.0 10.00 0.0
12
13
14
15
16
17
18
Process Type: |Base Plant j
1. Performance 3. Financing 4, Retrofit Cost 3. Capital Cost 6. O&M Cost

The Base Plant —2. Furnace Factors input screen

3. Financing

The third base plant input screen describes the factors required to determine the
carrying charge for all capital investments. The carrying charge is defined as the
revenue required to pay for any capital investment. The total charge can also be
expressed as a levelized cost factor or fixed charge factor.

File Edt “iew ‘Window Help
O
= Configure Plant Set Parameters Get Results
Crverall Coal Emission Ierc Particulate Solids
ﬁ Plant T Propetties T Constraints Com‘:g cémm T§OE CamrolT Mgmt
@ Title Units Unc| Value |Cale| Min Max Default
% 1 [¥ear Costs Reported 1996 b Menu Menu 1996
2 |Constant or Cutrenit Dollars? Constant » Menu Menu | Constant
— 3 |Fixed Charge Factar (FCF) fractinn 7 0.1034 v | Mone Hone cale
E 4 Speciff FCF or the following:
_I 8 |Inflation Rate FaiTr 0.0 ) 0.0 20.00 calt
6 |Plant ar Project Book Life Fears 30.00 5.000 50.00 30.00
il 7
E 8 |Real Bond Interest Rate % 4.600 0.0 15.00 4.600
9 |Real Preferred Stock Retum % 5.200 0.0 20.00 5.200
10 |Feal Common Stock Retum % 8.700 0.0 25.00 8.700
11 |Percent Debt % 50.00 0.0 100.0 50.00
12 |Percent Equity (Preferred Stock) % 15.00 0o 100.0 15.00
13 |Percent Equity (Common Stock) % 35.00 ¥ 0.0 100.0 cale
14
15 |Federal Tax Rate % 36.70 15.00 50.00 36.70
16 |State Tax Rate % 2.000 oo 10.00 2.000
17 |Property Tax Rate % 2.000 0.0 5.000 2.000
18 |Investment Tax Credit % 0.0 0.0 20.00 0.0
Process Type: |Base Plant
1 Petformance 2 Furnace Factors j 4 Retrofit Cost. 3. Capital Cost 6. O&M Cost

The Base Plant—3. Financing input screen
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4. Retrofit Cost

The fourth screen of the Base Plant input area is the 4. Retrofit Cost input screen,
shown below. The retrofit cost factor of each process is a multiplicative cost
adjustment, which considers the cost of retrofitted capital equipment relative to
similar equipment installed in a new plant. These factors affect the capital costs
directly and the operating and maintenance costs indirectly. Every technology tab of
the Set Parameters program area contains a retrofit cost input screen.

# IECM Interface M=l B3
File Edt “iew ‘Window Help
] || 5= Untitied [_ O]
= Configure Plant Set Parameters Get Results
Crerall T Cual. T Baze Ermss1.un NOx Mercury Patticulate TSOECDnT.rOlT Solids
E Plant Propetties Plant. Constraints Control Control Control = Mgmt
@ Title Units Unc| Value [Cale| Min Max Default
9 1] Capital Cost Process Area
2 |Steam Generator retro $inew § 1.000 0.0 10.00 1.000
= 3 |Turbine Island retra $inew § 1.000 0.0 10.00 1.000
E 4 |Coal Handling retro finew § 1.000 oo 10.00 1.000
5 |AshHandling retro $inew § 1.000 0.0 10.00 1.000
6 |Water Treatment retra $inew § 1.000 0.0 10.00 1.000
i T | Auxlianes retro $inew § 1.000 0.0 10.00 1.000
L ]
9
10
11
12
13
14
15
16
17
18
Process Type: |Base Plant j Cosis are in Constant 1996 dollars.
1. Petformance 2. Furnace Factors 3. Capital Cost 6. O&M Cost

The Base Plant—4. Retrofit Cost input screen

5. Capital Cost

The fifth screen of the Base Plant input area is the 5. Capital Cost input screen,
shown below. The necessary capital cost input parameters associated with the base
plant are on this input screen. Every technology tab of the Set Parameters program
area contains a capital cost input screen.

The capital cost parameters and terminology used in the IECM are based on the
methodologies developed by the Electric Power Research Institute (EPRI). They
have prepared a Technical Assessment Guide (TAG) to provide a consistent basis for
reporting cost and revenues associated with the electric power industry. The IECM
has been developed around this TAG system so that costs associated with various
technologies can be compared directly on a consistent basis and communicated in the
language used by energy engineers, researchers, planners, and managers.
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File Edt “iew ‘window Help
0
[= Configure Plant Set Parameters Get Results
| s | [ e it [
Title Units Une Value Cale| Min Max Default

1 |Construction Time years 5.000 0.0 10.00 5.000

2

3 |Ceneral Facilities Capital PR 10.00 0.0 20.00 10.00

4 |Engineering & Home Office Fees WEFC 6.500 0.0 20.00 6.500

5 |Project Contingency Cost WPFC 11.67 0o 100.0 11.67

6 |Proces Contingency Cost WEPFC 0.3000 0.0 100.0 0.3000

7 |Royalty Fees WPFC 7.000e .02 0.0 2.000 |7.000e-02

8

9 Pre-Production Costs

10 |Fixed Cperating Cost months 1.000 0.0 12.00 1.000

L1 |Variable Operating Cost months 1.000 0.0 12.00 1.000

12 |Misc. Capital Cost “TPI 2.000 oo 10.00 2.000

13

14 |Inventory Capital WTPC 6.000e 02 0.0 10.00 |6.000e-02

15

16

17

18

Process Type: |Base Plant j Costs are in Constant 1996 dollars.
1. Performance 2. Furmnace Faclors 3. Financing 4 Retrofit Cost 6. O&M Cost

The Base Plant—5. Capital Cost input screen

6. O&M Cost

Inputs for the operation and maintenance costs of the base plant itself are entered on
the 6. O&M Cost input screen, shown below. O&M is a short form for “operating
and maintenance.” Every technology tab of the Set Parameters program area
contains an O&M cost input screen.

File Edit WYiew ‘window Help
0
= Configure Plant Set Parameters Get Resulis
=l Orverall T Caal_ T Emiss1_an NOx Iercury Patticulate TSOE CamrolT Bolids
n Plant Propetties Constraints Control Control Control = Megmt
@ Title Units Unc| Value |Cale| Min Max Default
% 1 |Delivered Coal Cost (as-fired) $iton 32.07 5.000 75.00 3207
2 |"Waste Disposal Cost $iton 9.360 0.0 10.00 9.360
— 3 |Water Use gallons/WWh 1.000 0o 10.00 1.000
E 4 | Water Cost $ion 0.7000 oo 1.000 0.7000
5 |Base Flant Electricity Cost FMWh 33.48 =] 0.0 100.0 cale
[}
i 7 |Humber of Operating Jobs number 20.00 0.0 100.0 2000
E 8 |Humber of Operating Shifts shifts/day 4.750 0.0 10.00 4.750
9 |Operating Labor Cost $itr 24.82 15.00 35.00 2482
10
11 |Total Maintenance Cast %TPC 1.622 I 0.0 10.00 cale
12 |Maint. Cost Allocated to Labor BT 35.00 0.0 100.0 35.00
13
14 | & dmirdstrative & Support Cost % total labor 7.000 0.0 100.0 7.000
15
16 |Real Escalation Rate Sorye 0.0 0.0 10.00 0.0
17
18
Process Type: |Gase Plant j Cosis are in Constant 1996 dollars,
1. Petformance 2. Furnace Factors 4 Retrofit Cost 3. Capital Cost

The Base Plant—6. O&M Cost input screen
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The EPRI TAG method of categorization has been also used for operating and
maintenance cost screens. It provides a consistent basis of reporting for a wider
audience of users.

Other Input Areas

As has been noted, there are up to nine input areas, depending on the technologies
selected in Configure Plant. Each contains performance and/or cost screens as is
appropriate to the technology. Each will have at least one performance input screen,
one retrofit cost screen, one capital cost screen, and one O&M cost screen.

The detail of each parameter on each screen is described in detail in the “User
Manual.” The general use of the options shown on the input screens is described in
more detail in the Getting Started manual.

Get Results

The third program area is Get Results. From this area you can view the results for
the session.

# IECH Interface
ile Edit View Window Help

I

0 # Untitled M= E3
= Configure Plant Set Parameters
Fuel Boil Adr HOx Mercury | Particulate elax] Solids
= (Coal) foter Preheater Control Control Control Cuontrol MWlgmt
=]
% Combustion Controls ~ Plant Diagram
Furnace Type: ITaﬂgemlal
E NOx Comirol: |\n—Fumace Controls
:
2 Post-Combustion Controls V% l
% NOx Comirol: [Hot:Side SCR
— Mercury: |Carbun +Water Injection Inj,
Particulates: [Coid-Side ESP _.'!_ _.'_ _,. W_ _’._
L
02 Comrol:  Wet FGD 4|
S02MNOx:  [None I
Solids Management —— e
Recovery: |Nune
f)]]};yisstl |m\xed wil Landfll
2. Perf. Summary 3. Flow Summary 4. Cost Summary

The Overall Plant—1. Diagram screen

Note the nine tabs below the program area navigation tabs at the top of the screen.
Clicking one of these tabs chooses the result area that displays. The result screens
correspond to the various technologies chosen in Configure Plant.

Note also the four tabs at the bottom of the screen. Clicking one of these tabs
chooses the result screen in the particular area that displays.

Overall Plant

The first tab of the Get Results program area is for the Overall Plant. This area
contains result screens for the plant as a whole.
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1. Diagram

The first screen of the Overall Plant result area is the 1. Diagram result screen (see
picture above). It displays the plant configuration settings on the left side of the page
and a diagram of the plant as configured at the right of the page. No results are
displayed on this screen.

2. Performance Summary

The second screen of the Overall Plant result area is the 2. Perf. Summary result
screen. It displays performance results for the plant as a whole. Values for the major
input and outputs of the power plant are given.

# IECM Interface [_ O[]
File Edt “iew Window Help
(] || &= Untitied [_ O]
= Configure Plant Set Parameters Get Results
Fuel Boil Adr Ny Mercury | Particulate 202 Solids Sack
[=] (Coal) S Preheater Control Conteol Control Control Mgt el
&l
(X; Plant Parameter Value
2 1 |Gross Electrical Output (WMWg) 500.0
2 |Wet Electrical Cutput (MW 4541
3 |Gross Cyele Heat Rate (Btuw/dAh) 8818
7 4 |Net Cycle Heat Rate (Btu/KWh) 9708
E 5 [Fuel Energy Input (MEBtuthr) 4408
- 6 |Anmal Power Genetation (BEWh/ye) 2.086
T
8
9
10
11
12
13
14
15
Process Type: |Overall j
L Diagram RNVl = Flow Summary /4 Cost Summary

The Overall Plant—2. Perf. Summary result screen

3. Flow Summary

The third screen of the Overall Plant result area is the 3. Flow Summary result
screen. It displays values for the major flows in, through and out of the power plant.
Subtotals and totals are highlighted with yellow on this and all result screens.

Model Tutorial
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# IECM Interface 1S [=] E3

File Edt “iew Window Help

jul
=

Bl [ [218] - | |m]

& Untitled [_E]x]

Configure Plant Set Parameters
Fuel Boil Adr Ny Mercury | Particulate
(Coal) Roter Preheater Control Control Conitrol
Flow Rate Flow Rate

Stack Gas Conponent Clon/hr) Owerall Flow Component (tonhr)
1 [Hitrogen (N2) 1743 1 [Zoal 156.0
2 |Ouygen (0D 1477 2 |Natural Gas 0.0
3 |Water Vapor (H20) 264.1 3 |Lime/Limestone 2188
4 |Carhon Dioxide (CO2) 446.8 4 |Urea 1.252
5 |Carbon Monoxdde (CO) 0.0 5 |Ammonia 01040
6 |Hydrochlotic &eid (HCD 1.913e-02 6 |Activated Carbon 0.0
T | Sulfur Dioxide (302) 0.5547 7 |Total 158.5
8 |Sulfuric Acid (equivalent 305 5.780e-03 8 |Bottom Ash 1.948
9 |Hitric Oxide (O 01637 9 |Fly &sh 4.589
10 |Hitrogen Dioxide (MOZ) 1.321e-02 10 [FGD Waste 4.246
11 |Ash 6.614e-02 11 (By-Product Ash 0.0
12 |Total 2602 12 |By-Product Gypsum 0.0
13 | Total 50x (5302 & 303) 0.5605 13 (By-Product Sulfur 0.0
14 | Total NOx (NO & NOZ) 01770 14 (By-Product Acid 0.0
15 15 [Total 10,79
Process Type: Iove[a"

4 Cost Bummary

The Overall Plant—3. Flow Summary result screen

4. Cost Summary

The

fourth screen of the Overall Plant result area is the 4. Cost Summary result

screen. It displays costs associated with the power plant as a whole. Details of each
of the values shown on this screen can be accessed in the cost tables for each
separate technology. This is described in more detail in the following sections.

File

# IECM Interface 1S [=] E3

Edit View ‘Window Help

jul
=

Bl [ [218] - | |m]

& Untitled [_[E]x]
Configure Plant Set Parameters Get Results
Fuel . Adr Ny Mercury | Particulate 202 Solids
(Coal) Eoie T Prehear.erT Control T Control Conitrol Control Mgmt Stack
. 5 Revenue Revenue
Technology Capg;lg:nsi ((:;ﬁ?‘a”lj:;t 0(%11\; f:-:«;“ Required Required
(M$sr) ($MTWh)
1 |Combustion NOx Control 1226 26.99 2.969 4238 1.419
2 |Post-Combustion HOx Control 17.33 3816 1.903 3.694 1.237
3 |Mercury Control 5.571e-02 0.1227 6.616e-02 7.191e-02 2.409e-02
4 | TSP Control 1.958 4315 1.016 1.069 0.3582
5 |302 Control 58.09 1279 8.362 15.29 511
6 | Combined BOwOx Control 0.0 0.0 0.0 0.0 0.0
7 |Subtotal 89.70 197.5 14.32 24.38 8.158
8 |BasePlant 4322 951.7 55.26 96.30 33.48
9 |Total 5219 11449 69.58 1207 4163
10
11
12
13
14
15
Process Type: |Overall j Cosis are in Constant 1996 dollars.
1 Diagram 2 Perf Bummary 3 Flow Summary

The Overall Plant—4. Cost Summary result screen
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Boiler

The third tab in the Get Results program area is for the Boiler result area. It contains
result screens for flows and costs related to the Boiler itself. The individual result
screens for this result area will be described in the following sections. They are
representative of all the result screens for the remainder of the result areas in the Get
Results program area.

Each result area contains the same result screens. The first is a pictorial diagram with
the major flow rates, temperatures, and performance values. The second screen is a
table summarizing the capital costs. The third result screen shows a detailed
breakdown of the O&M costs. The fourth screen summarizes the total costs shown
on the second and third screens but on an annualized basis. The fifth screen
summarizes the input parameters used to derive the results on the second, third and
fourth screens. The sixth and last screen summarizes the flue gas component flow
rates in and out of the device.

1. Diagram

The first screen in the Boiler result area is the 1. Diagram result screen. It displays
an icon for the Boiler and values for major flows in and out of it.

# IECM Interface [_ O[]
File Edt “iew Window Help

0O & Untitled [_[E]x]
= Configure Plant Set Parameters
Owerall Fuel Adr Ny Mercury | Particulate 202

[=] Flant (Coal) Preheater Control Control Conitrol Control
@ At Entering Flue Gas (%) | 0,00

% Meroury Remowval (3 7.000 Tempetature Cut (deg. F) 700.0
Flue Gas Out (acfig) 2.049e+06
E Fly Ash Out tonfhi) 4732
i Mercury Chat (Th/hi) [ 338402
2

k?

Vet Fuel In (tondhe) 155.0
Mereury In (Ib/hr) 3.639e-02

_..-.E

Temperature (deg. F) a01.0
Heated Air (acf) 1.633e+06

Dty Bottom Ash (ton'h) 1.183
Shaice Water (ton/hr) 0.7659

et Bottom Ash (ton'hr) 1.949

3.0&M Cost

Process Type: ITangentiaI Buoiler

2 Capital Cost.

4 Total Cost 3 CostInputs . Gas Summaty

The Boiler— 1. Diagram result screen

2. Capital Cost

The second screen in the Boiler result area is the 2. Capital Cost result screen. It
displays tables for the direct and indirect capital costs related to the Boiler.
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File

# IECH Interface

Edit View ‘Window Help

jul
=

13| | ]

& Untitled

Configure Plant

Set Parameters Get Results

1 Diagram

Owerall T Fuel T Adr Ny T Mercury | Particulate
Flant (Coal) Preheater Control Control Conitrol
Direct Capital| Indirect
Process Area Costs Process Area Capital Costs
@1t @18
1 [Steam Generator 119.4 1 |Process Facilities Capital 2864
2 |Turbine Island 86.50 2 |General Facilities Capital 28.84
3 |Coal Handling 38.23 3 |Eng. & Home Office Fees 18.75
4 | 4shHandling 5.2549 4 |Project Contingency Cost 3366
5 |Water Treatment 7.336 5 |Process Contingency Cost 0.8652
6 |Auvnliaries 31.73 6 |Interest Charges (AFUDC) 48.26
7 |Process Facilities Capital 288.4 7 |Royalty Fees 020149
8 8 |Preproduction (Startup) Cost 12.88
9 9 |Inventory (Wotking) Capital 02223
10 10 [T otal Capital Reguirement (TCR) 4322
11 11
12 12
13 13
14 14
15 15
Process Type: Tangential Boiler j Cosis are in Constant 1996 dollars.

3.0&M Cost

4 Total Cost

3 CostInputs . Gas Summaty

The Boiler—2. Capital Cost result screen

3. O&M Cost

The third screen in the Boiler result area is the 3. O&M Cost result screen. It
displays tables for the variable and fixed operation and maintenance costs involved
with the Boiler.

# IECM Interface [_ O[]
File Edt “iew Window Help
(] || &= Untitied [_ O]
= Configure Plant Set Parameters Get Results
Owerall Fuel B Adr Ny Mercury | Particulate 202 Solids Sack
Flant (Coal) Preheater Control Control Conitrol Control Mgmt 05
Variahle Cost Componemt O&J\gj}?})ﬂ Fixed Cost Component Og{l\:fg;st
= 1 [Fust 4143 1 |Operating Labor 4912
= 2 |Water 1.570 2 |Maintenance Labor 2.363
_I 3 |Disposal 9.008e-02 3 |Maintenance Material 4.389
7 4 |Total Variable Costs 43.09 4 |Admin & Support Labor 0.5083
»?| 5 5 |TatalFixed Costs 1247
- ] 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15 [Total O&M Costs 55,26
Process Type: | Tangential Boiler j Cosis are in Constant 1996 dollars.
1 Diagram 2 Capital Cost. 3. 4 Total Cost 3 CostInputs . Gas Summaty

The Boiler—3. O&M Cost result screen
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4. Total Cost

The fourth screen in the Boiler result area is the 4. Total Cost result screen. It
displays a table which totals the annual fixed, variable, operations and maintenance,
and capital costs associated with the boiler.

# IECH Interface
File Edit View Window Help
(] || &= Untitied
= Configure Plant Set Parameters Get Results
Owerall Fuel Adr Ny Mercury | Particulate 202
[=] Flant (Coal) Preheater Control Control Conitrol Control
]
% Cost Conponent Msfyr $MWh  |Percent Total
[ =0 1 |Annual Fived Cost 1217 4.077 1264
2 |Annual Variable Cost 39.44 131 40.98
3 |Total Anogal Q&M Cost 51.62 17.29 53.60
7 4 |Annualized Capital Cost 44 68 14.97 46.40
»?| 5 |Total Annual Cost 96.30 32.15 100.0
- ]
7
8
9
10
11
12
13
14
15
Process Type: Tangential Boiler j Cosis are in Constant 1996 dollars.
1 Diagram 2 Capital Cost. 3.0&M Cost 3 CostInputs . Gas Summaty

The Boiler—4. Total Cost result screen

5. Cost Inputs

The fifth screen in the Boiler result area is the 5. Cost Inputs result screen. It
displays tables for the performance and economic inputs used in deriving total costs
for the boiler.

Model Tutorial
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File Edt “iew Window Help

# IECM Interface 1S [=] E3

(] || &= Untitied mEE
= Configure Plant Set Parameters Get Results
=l Owerall Fuel Adr Ny Mercury | Particulate
[=] Flant (Coal) Preheater Control Control Conitrol
&l
Performance Inpuis Used for Total Cost Economic Inputs Used for Tetal Cost
i Resulis Value Results Value
2 1 |Het Plant Size (WW) 4541 1 |Fixed Charge Factor (fraction) 01034
2 |Annual Operating Hours (hours) 64TS 2 |Variable Cost Levelization Factor (fraction) 1.000
3 3 |Project Book Life (yeats) 30.00
7 4 4 |Cost Reporting Vear 1996
»?| 5 5
- ] 6
7 7 |Total Capital Required (W) 4322
8 8 [Total Variable Costs (MEfy1) 43.09
9 9 |Total Fixed Costs (M$/ym) 1217
10 10
11 11
12 12
13 13
14 14
15 15
Process Type: Tangential Boiler j Cosis are in Constant 1996 dollars.
L Diagram 2 Capital Cast 3. 0&M Cost 4 Total Cost 5 CostInpts 6 Cras Summary

The Boiler—5. Cost Inputs result screen

6. Gas Summary

The sixth screen in the Boiler result area is the 6. Gas Summary result screen. It
displays a table of quantities of flue gas components entering the boiler in heated air
and exiting the boiler in the flue gas. For each component, quantities are given in

both moles and mass per hour.

# IECM Interface [_ O[]
File Edt “iew Window Help
(] || &= Untitied M=
= Configure Plant Set Parameters Get Results
=l Owerall Fuel Adr Ny Mercury | Particulate 202 Solids Sack
[=] Flant (Coal) Preheater Control Control Conitrol Control Mgmt 05
&l
5 Heated Air In | Flue Gas Out | Heated Air In | Flue Gas Out

[Lial BhajeybilalCallotunens (molesihr) | (molesihr) | (owhe) (tonhr)
2 1 |Hitrogen (M) 1.073e+05 1.074e+05 1403 1504
2 [Oxygen (02 2.852e+04 4730 456.3 75.69
3 [Watet Vapor (H2O0) 2914 1.273e+04 35.26 1147
7 4 |Carhon Dioxide (COZ) i1} 2.026e+04 0.0 4458
E 5 |Carbon Monoxde (CO) 0.0 0.0 0.0 0.0
- 6 [Hydrochlotie Aeid (HCD 0.0 10.50 0.0 01913

7 |Sulfur Dioxide (302) i1} 5612 0.0 1.798

8 [Sulfuric Acid (equivalent 303) 0.0 0.4526 0.0 1.812e-02

9 [Mitric Oxide (HC) 0.0 43.02 0.0 0.7208

10 (Mitrogen Dioxide (HOZ) i1} 2827 0.0 5.814e-02

11 |Total 1.387e+08 | 1.452e+08 1994 3143

12

13

14

15

Process Type: | Tangential Boiler j
1 Diagram 2 Capital Cost. 3.0&M Cost 4 Total Cost 3 CostInputs

The Boiler—6. Gas Summary result screen
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Other Result Areas

As has been noted, there are up to nine result areas, depending on the technologies
selected in Configure Plant. Each contains diagram and/or cost screens as is
appropriate to the technology.

Graphs

Double-clicking any of the result values given on any of the result screens displays a
graph of the value. While all of the values displayed in diagrams and tables are
deterministic, some have uncertainty in their calculation. If there is no uncertainty in
the value’s calculation, the graph displays a vertical line. If uncertainty is present, the
graph displays a curve of all possible values.

Untitled: CDF Graph of Solids Flow [ton/hr]
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Boiler Flue Gas Solids Flow Graph (Deterministic Result)
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Case Study

The Case Study

This chapter is meant to be used with the IECM Interface installed and running. The
case study takes you to the commonly used screens described in the previous
chapter. It is recommended that you:

1. Follow the directions to set up a plant, enter input parameters, and look
at results for the sample plant and

2. compare the screen shots to the screens you see.

Installing the IECM Software

To install the IECM software, see the instructions in Getting Started and the User
Manual.
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The IECM Window and Logo Box

ﬁ Once you have installed the IECM software, a program group called “IECM
Interface” will appear in the Programs group in the Start Menu. To start the Model,
click the IECM Interface icon in the Start Menu.

Welcome to the DOE
|

”,t’w

LT

The IECM Logo Box

The model will launch, and the IECM Interface Window and Logo Box will display.

The Logo Box will disappear in 5 seconds, after which the interface will be ready for
use. You may also click the Close button in the upper right hand corner of the logo
box to begin.

Once launched, the IECM Window displays. The IECM Window contains all the
screens used by the Interface and all the tools that control the software.

# IECM Interface
ile Yiew ‘window Help

s}

|3 = | o = | |

The IECM Window

26 o Case Study Model Tutorial



The New Session Dialog Box

The first time you use the software, you will have to create a new session. At
subsequent startups, you can create a new session or use a previously saved session.

To create a new session:

1. Pull down the File menu and select New Session The New Session
dialog box will display.

2. Type Case Study. The screen should look like the follo@ing:

Hew Session

Please enter the name of the new session: Ok |

| Case Study ‘ Cancel |

The New Session dialog box

3. Click the Ok button.

A more detailed description of managing session data is described in the Getting
Started manual.

Once you have created a session, a session window will display. It contains all the
screens used by the session. The screen should look like the following:

# IECM Interface M=
File Edit View Window Help
] || = Untitled [=[CTx]
= i@@iﬁi Set Parameters | Get Resulis
=]
&l
L Combustion Controls ~Plant Diagram
E NOx Comirel: INgne j
Post-Combustion Controls V'Y l
% NOx Comtrol: INDne j
= Mercury; INEII’]E j
Particulates: INone j t I
A—
§02 Contrel: [hone E “
S02/NOx: |N0ne I l
Solids Management j—
Recovery: INone j
Fly Ash
D,-’;P.,sal: [ mised wr Landrin o

The Session Window
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Configure Plant

The Configure Plant Program area will be the first screen displayed in the session

window. On this screen, use the menus to choose the following technologies:

Combustion Controls:
NOx Control:  In-Furnace Controls

Post-Combustion Controls:

Particulates: Cold Side ESP
Mercury: Carbon + Water Injection
SO2 Control: Wet FGD

A description of drop-down or pop-up menus is given in the Getting Started manual.
Detailed descriptions of all individual settings are given in the User Manual.

The screen should look like the following:

# IECM Interface [_ O] %]
Ele Edit View Window Help

0 & Untitled M= E
= Set Parameters Get Results
1=
&

4 Combustion Controls ~Plant Diagram
Furnace Type: ITangential j
E NOx Comirol: IIn-Fumace Controls j

Post-Combustion Controls A l
7 NOx Comirol: |Nnne
Lyd Inj.

Mercury:

[
[caran + water njsction I
[

Particulates: | Coli-Side ESP

502 Control:

SN Ox:

Solids Management

= “__J|
Herovery: |Nnne B
Fly Ash
Disposal: [ e wor Landfin l

The Configure Plant Program Area

Once you have chosen the options, move on to the Set Parameters program area.
(You may return to Configure Plant to change the settings at any time: click its tab
at the top of the screen.)
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Set Parameters

Click the tab for the Set Parameters program area. The screen should look like the
following:

# IECM Interface
Edit View Window Help

=] E3

i)
o

& Untitled

[T

Get Resulis

Parliculate Solids
Contral T§O2 CnntmlT Mgt

Configure Plant

Coal Baze
Properties Plant

Emigsion
Constraints

NMOx
Control

Combustion Controls ~Plant Diagram

Furnace Type: Fangemwa\

NOx Conirol: |\H—Fumace Gaontrols

Post-Combustion Controls

B2 2128 |8 mRlss |

o~ |
NOx Comirol:  [Hlone
|Carb0n +Yater Injection

. |
o
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The Set Parameters Program Area

You may return to Set Parameters and change the inputs at any time: click its tab at
the top of the screen. Detailed descriptions of all inputs are given in the User
Manual.

Overall Plant

When you first enter the Set Parameters program area, the active Technology
Navigation Tab is for the Overall Plant. This screen displays the plant configuration
settings on the left side of the page and a diagram of the plant as configured at the
right of the page. No inputs are entered on this screen.

You can navigate to the other Technology Tabs by either clicking on them or using a
keyboard equivalent (described in more detail in the Getting Started manual). You
may use the Plant Diagram as an alternate way to move among input Technology
Navigation Tabs. Click the button for the technology for which you would like to
provide inputs and it will activate the corresponding tab for that technology. You
may also move through the Plant Diagram by pressing the Tab key (a highlighting
box will surround the technology selected) and press the Space bar to activate the
corresponding tab for that technology.

Coal Properties

Click the Technology Navigation Tab for the Coal Properties input area. Inputs in
this area define the composition and cost of the coal used in the plant.
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1. Properties

When you first enter the Coal Properties input area, the 1. Properties input screen
is displayed. On this screen you select the particular coal and its properties.

There are two panes: one for the ash and coal properties of the Current Coal, the
other for those of Favorite Coals. The current coal is the coal which the model will
conduct its calculations. Favorite coals are those that you use most. From this screen,
you may choose a favorite coal, choose a coal from the model defaults, enter a user-
defined coal, choose a previously saved user-defined coal, or manage your coal lists.

Choose the Appalachian Medium Sulfur coal for this model run:
1. Click the Browse All Coals button in the Favorite Coals pane.

2. Click Appalachian Medium Sulfur in the drop-down menu of the
Select Coal pane.

3. Click the Use This Coal button.

When you are finished, the screen should look like the following:

# IECM Interface M=
File Edit View Window Help
| B Untitled [_[E]x]
= Configure Plant Get Results
Lonhgur L
Overall Base Enission Particulate Folids
— 202 Control
Plant. Plant. Constraints Control = onio Mgmt
= (e
@ - Current Coal ~Favorite Coals
Name: IAppalachian Medium Sulfur Mame:
1 b
Rank: |Bituminous Rank: |
B
2l Seurce: |Model Default Coals
— Composition (wi%o as fived) and
Higher Heating Value (BtwTh)
? Tot %: (1000
k2 Property | Vahe Save As Property | Walue Browse All
- _1 |Heating Value | 1.328e+04 User-Definad _ L |Heating Value Coals
2 |Carbon 7381 2 |Carbon
_3 |Hydrogen 4.880 Add to .3 [Hydrogen Lze This
.4 |Oxygen 5.410 Favarites .4 |Oxygen Coal
_5 | Chlorine £.000e-02 _5 | Chlorine ———
6 |Sulfur 2130 Use Default 6 |Sulfur Remaove Fram
I Nitrogen 1420 Ash Properties I Nitrogen Favorites
8 |ash 7240 | = | 8 |Ash
9 |Moisture 5.050 PE””*?TSH 9 |Moisture :lew»:tsh
10 Cost ($/tom) 3207 R 10 | Cost ($1om) s
11 11
Process Type: | Coal Properties j
3. Metcury

The Coal Properties— 1. Properties input screen

Base Plant

Click the Technology Navigation Tab for the Base Plant input area. Inputs in this
area define performance and costs directly associated with the power plant,
particularly the boiler.

1. Performance

When you first enter the Base Plant input area, the 1. Performance input screen is
displayed. Inputs for the major flow rates and concentrations of the gas and solids
streams are entered on this screen.

30 ¢ Case Study

Model Tutorial



The first six inputs are highlighted in blue to point out their importance. Detailed
descriptions of all inputs are given in the User Manual. Descriptions of how to enter
inputs and replacing calculated values are given in the Getting Started manual.

Enter the following values for the first five inputs:
Gross Electrical Output: 600 MW
Steam Cycle Heat Rate: 8100 Btu/kWh
Boiler Efficiency: this is calculated by the model — do not change it
Capacity Factor: 80 %
Excess Air For Furnace: this is calculated by the model — do not change it
Leakage Air at Preheater: 10 % (override calculated value)

When you are finished, the screen should look like the following:

# IECM Interface
File Edit View Window Help
() || 5 Untitled [ x]
= Configure Plant Set Parameters Get Results
Orrerall Coal T Emission Mercury Particulate TSO2 CnntmlT Solids
u Plant. Properties Constraints Control Control = M zmt
@ Title Units Une Value Calc| Min Max Default
W 1 [Gross Electrical Output MWg 500.0 100.0 1500 500.0
2 |Steam Cycle Heat Rate Biuw/kWh 8100 6000 1.100e+04 7330
— 3 |Boiler Efficiency P 89.58 I 0.0 100.0 calc
E 4 |Capacity Facior % 80.00 0.0 100.0 75.00
5 |[Excess AirFor Fumnace % stoich. 20.00 I 0.0 40.00 cale
6 |Leakage Air at Preheater % stoich. 10.00 = 0.0 60.00 calt
3 7 |Gas Temp. Exiting Economizer deg. F 700.0 2500 1200 T00.0
ﬁ 8 |Gas Temp. Exiting Air Preheater deg. F 300.0 150.0 400.0 300.0
9 |Ambient &ir Temperature deg F 80.00 -50.00 130.0 60.00
10 | mbient Air Pressure psia 14.70 12.00 16.00 14.70
11 [Ambient Air Humidity Ih H2O/Th dry ait 1.800e02 0.0 3.000e-021.800e-02
12 |Percent Water in Bottom A sh Sluice Y 39.30 I 0.0 100.0 calc
13 | Base Plant Energy Requirements
14 |Coal Pulverizet % MWg 0.6000 =) 0.0 2.000 cale
15 |Steam Cyole Pumps % MWg 0.6500 0.0 2.000 | 0.6500
16 |Forced Drafl Fans % MWg 1.500 0.0 4.000 1.400
17 [Cooling System % MWg 1.800 0.0 2.000 1.800
18 |Miscellaneous % MWg 1.300 0.0 4.000 1.300
Process Type: |fase Plant
2 Furnace Factors 4. Retrofit Cast 5. Capital Cost &, O&M Cast

The Base Plant— 1. Performance input screen

Uncertainty distributions are provided by default with several of the cost input
parameters of the technologies accessible from the various navigation tabs. These are
described in more detail in the User Manual. For this case study, only one
performance parameter will be used to demonstrate the use of uncertainty.

Define a triangular distribution for boiler efficiency:

1. Click the Boiler Efficiency (%) uncertainty button in the Unc column.
This will bring up the Uncertainty Editor window.

2. Select Triangular from the Distribution: drop-down menu.

3. Assume the boiler efficiency can be 1% higher or lower than the
nominal value calculated by the IECM. This would be represented by
entering 0.99, 1.00, and 1.01 in the Mid, Mode, and Max input fields
respectively. Notice that these are multiplicative factors. The nominal
or actual values are displayed immediately below the normalized values
you entered.
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Description:

Triangular(a, b c) describes a triangular-shaped distribution where the values a,b and c
represent the minimum, most likely and maximum values, respactively

Lo |

Daone

Uncertainty Editor
Plant Parameter | Units | Yalue | Minimum | Maximum |
Boiler Efiiciency | % | sosz | [ | o0 |
Distribution: IWL' Min Mode Max
Normalized: [0.6300 |[1-.000 [1-010 |
Nominal: o0 68 69.58 o048

Uncertainty Editor

After you are finished entering the triangular distribution parameters, the screen
should look like the following:

4. Click the Done button to close the Uncertainty Editor.

# IECM Interface
File Edit View Window Help

Notice that a “?” appears inside the uncertainty button. This is a reminder that
uncertainty has been applied to this input parameter. This is shown in the following:

JH[=] E3

| B Untitled [_[E]x]
= Configure Plant Set Parameters Get Results
Oerall Coal T Emission Iercury Parliculate TSO2 CnntmlT Solids
u Plant. Properties Constraints Control Control = M gmt
@ Title Units Une Value Calc| Min Max Default
¥ 1 |Gross Electrical Qutput MWg 500.0 100.0 1500 500.0
2 |Steam Cycle Heat Rate Biuw/kWh 8100 6000 |1.100e+04) 7330
— 3 |Boiler Efficiency ko) 7 89.58 I} 0.0 100.0 calt
E 4 |Capacity Facior ko) 80.00 0.0 100.0 75.00
5 |[Excess AiwrFor Fumace % stoich. 20.00 I} 0.0 40.00 calc
6 |Leakage Air at Preheater % stoich. 10.00 = 0.0 60.00 calt
3 7 |CGas Temp. Exiting Economizer deg. F F00.0 250.0 1200 700.0
E § |Gas Temp. Exiting Air Preheater deg. F 300.0 150.0 400.0 300.0
9 |Ambient Air Temperature deg.F 80.00 -50.00 130.0 G0.00
10 |Ambient Air Pressurs psia 14.70 12.00 15.00 14.70
11 [Ambient Air Humidity I H2O/Th dry ait 1.800e02 0.0 3.000e-02(1.800e-02
12 |Percent Water in Bottom A sh Sluice % 39.30 i) 0.0 100.0 calc
13 | Base Plant Energy Requirements
14 [Coal Pulverizer % MW g 0.6000 I 0.0 2.000 cale
15 |Steam Cyole Pumps % MWg 0.6500 0.0 2.000 | 0.6500
16 |Foteed Draft Fans % MWg 1.500 0.0 4.000 1.500
17 |Cooling Bystem % MWg 1.800 0.0 2.000 1.800
18 |Miscellaneous % MWg 1.300 0.0 4.000 1.300

Process Type:

Base Plant

2 Furnace Factors

4. Retrofit Cast

5. Capital Cost

6. O&M Cast

The Base Plant — 1. Performance input screen

Other Input Areas and Technologies

Default parameters will be used for all the other input areas for the base plant and
other technology tabs. You may browse these input screens to view the defaults.
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Get Results

Click the tab for the Get Results program area. From this area you can view the

results for this session.

# IECH Interface
e Edit Wiew Window Help

m

=] B3

& Untitled

Configure Plant

Set Parameters

Fuel EBoil Adr
(Coaly SR Freheater

|

HOx
Control

Patticulate

Mercury
Control Control

202
Control

Solids
Mgmt

Stack

Combustion Controls

Furnace Type: l‘rangentlal

NOx Conivel: |In—Fumace Controls

Post-Combustion Controls

NOx Conirol: |N0ne

3= |2 218l |u |mlRlslo

Mercury: |Carbuﬂ +Water Injection

Particulates: |ca|d-sme ESP

502 Control: I\Net FGD

502/NOx: |Nnne

Solids Management

Recovery: |N one

Fly Ash

Disposal: |mi}{en:| wi Landfill

Plant Diagram

Ao

-"

a.

2. Petf Bummary

3 Flow Summary

4 Cost Summary

The Get Results Program Area

You may return to Get Results to look at results at any time: click its tab at the top
of the screen. Detailed descriptions of all results are given in the User Manual.

Overall Plant

When you first enter the Get Results program area, the Technology Navigation Tab
which is active is for the Overall Plant. This area contains result screens for the

plant as a whole.

1. Diagram

When you first enter the Overall Plant result area, the 1. Diagram result screen is
displayed. This screen displays the plant configuration settings on the left side of the
page and a diagram of the plant as configured at the right of the page. No results are

displayed on this screen.

You may use the Plant Diagram as an alternate way to move among input
Technology Navigation Tabs, similarly to the alternatives available on the Set
Parameters program area. See “Dverall Plant] pn page 29]to see the alternatives.

2. Performance Summary

Click the Result Navigation Tab for the 2. Perf. Summary result screen. It displays
performance results for the plant as a whole. Values for the major input and outputs
of the power plant are given. The screen should look like the following:
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# IECM Interface
File Edit View Window Help
] || = Untitled [ x]
= Configure Plant Set Parameters Get Results
Fuel ol Adr MOx Mercury | Pardiculate Solids Stack
[=] (Coal) goter Freheater Control Conteal Control Mgmt ck
=]
.}G Plani Parameter Value
2 1 |Gross Electrical Output (MWz) a00.0
2 [Met Electrical Onatput (MW7 457 3
3 |Gross Cycle Heat Rate (Btu/kWh) an42
7 4 |Wet Cycle Heat Rate (Btu/kTrh) 9887
E 5 [Fuel Energy Input (MBtu/he) 4521
— 6 |Annual Power Generation (BEWhiyr) 3.207
7
8
9
10
11
12
13
14
15
Process Type: |Owerall j
1. Diagram 2. Perf. Summary 3. Flow Summary 4. Cost Summary

The Overall Plant—?2. Perf. Summary result screen

When you first enter a screen with results, there may be a short delay as results are
calculated. Once results are calculated, there should be little more than a split second
delay when you move to other screens. (However, if you change the plant
configuration or input values and then return to Get Results, the results will have to

be recalculated, causing another delay.)

You should notice that the Gross Plant Size is the same as you entered earlier. The
other parameters are calculated by the model as a function of the other input
parameters and technologies loaded. Each result is described in detail in the User

Manual.

3. Flow Summary

Click the Result Navigation Tab for the 3. Flow Summary result screen. It displays
values for the major flows in, through and out of the power plant. The screen should

look like the following:
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# IECM Interface M=
File Edit View Window Help
] || = Untitled [ x]
= Configure Plant Set Parameters Get Results
Fuel ol Adr MOx Mercury | Pardiculate 202 Solids Stack
Cor soer Freheater Control Control Control Control Mgmt A0k
=] i
=]
Stack Gas Component (io RA,] ‘; Overall Flow Componeni (o Ra,] ‘;
)
= 1 [Witrogen 1698 1 |Cosl 1705
2 &
2 [Coypgen (02 171 2 |Matural Gas 0.0
3 |Water Vapor (H20) 2561 3 |Lime/Limestone 4.886
7 4 |Catbon Dioxide (CCZ) 465.1 4 |Urea 1.289
E 5 |Carbon Monoxide (CO) 0.0 5 |Ammonia 00
— 6 |Hydrochloric Acid (HCH 1.052e-02 6 |Activated Carbon 0.5516
7 |Sulfur Dioxide (302) 1.352 7 |Total 182.2
8 |Sulfuric Acid (equivalent 303) 1.326e-02 8 |Bottom Ash 4.097
9 |Mitric Cudde (NO) 0.3372 9 |Fly Ash 10.36
10 |Hitrogen Dioxide (NOZ) 27211e-02 10 |FGD Waste 17.91
11 |&sh 6.781e-02 11 |By-Product Ash 0.0
12 |Total 2536 12 |By-Product Gypsum 0.0
13 |Total 50x (302 & 503) 1.365 13 |By-Product Sulfur 0.0
14 | Total NOx (HO & NOZ) 0.3644 14 |By-Product Acid 0.0
15 15 |Total 3237
Process Type: Io\,e[a" j
1. Diagram 2. Perf. Summary 3. Flow Summary 4. Cost Summary

The Overall Plant—3. Flow Summary result screen (maximum hourly values)

As mentioned before, the totals are highlighted for you in yellow. Each result is
described in detail in the User Manual.

The results above are based on a maximum hourly flow rate which assumes 100%
capacity. To see the annual average values, which takes into consideration the
capacity factor you entered earlier, do the following:

1. Select Result Tools from the View menu. This displays a window with
result menu options.

Resuli Type:
Thnits
Unit Sysioms  [English |
Time Period: IDefaun j
Pexf. Table: [Deraun =l
Cost Tahle: |M$(Cap)‘ MO BM) j
Revenue
Cost Year: |1 996 j
Inflation Cil:  [Constant =

Result Tools

2. Select Avg Annual Avg. from the Time Period: menu. The flow rates
on the result screen are automatically updated.

3. Select Result Tools from the View menu again. This closes the
window. (An alternative way to close the window is to click the “X”
box in the upper right corner of the window.)

The numbers on the result screen will automatically be updated. The year costs are
reported can be changed on this tool window.
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# IECM Interface H[=1 E3

Edit View Window Help

b
=)

|Z]= | |2]5] - @ o]

& Untitled [ x]
Configure Plant Set Parameters Get Results
Fuel . Adr MOx Mercury | Pardiculate 202 Solids
(Coal) Bl T Freheater T Control T Conteal Control Conteal Mgmt dian
Flow Rate Flow Rate
Stack Gas Component (lonyr) Overall Flow Componeni (tonfy)
1 [Hitrogen (N2 1.188e+07 1 |Coal 1.186e+08
2 |Coygen (02 8.212e+05 2 |Matural Gas k1]
3 |Water Vapor (H20) 1.796e+06 3 |Lime/Limestone F933e+04
4 |Catbon Dioxide (CCZ) 3.262e+06 4 |Urea 040
& |Catbon Monoxde (CC) 0.0 5 | Ammonia 0.0
6 |Hydrochloric Acid (HCH 73.78 6 |Activated Carbon 3868
7 |Sulfur Dioxide (302) 9482 7 |Total 1.278e+06
8 |Sulfuric Acid (equivalent 303) 92.89 8 |Bottom Ash 2.873e+04
9 |Mitric Cudde (NO) 2365 9 |Fly Ash 7.265e+04
10 |Hitrogen Dioxide (NOZ) 1908 10 |FGD Waste 1.256e+05
11 |&sh 4756 11 |By-Product &sh 0.0
12 |Total 1.778e+07 12 |By-Product Gypsum 0.0
13 |Total 50x (302 & 503) 9573 13 |By-Product Sulfur 0.0
14 | Total NOx (HO & NOZ) 2558 14 |By-Product Acid 0.0
15 15 |Total 2.270e+05
Process Type: Io\,e[a" j
1. Diagram 2. Perf. Summary 4. Cost Summary

The Overall Plant—3. Flow Summary result screen (annual average values)

4. Cost Summary

Click the Result Navigation Tab for the 4. Cost Summary result screen. It displays
costs associated with the power plant as a whole. Costs are in constant 1996 dollars.

The

screen should look like the following:

i}
=

| | |

1Z]= |= |

# IECM Interface [_ O] x]
File  Edit View Window Help
& Untitled M= B
Configure Plant Set Parameters
Fuel Adr HOx Mercury | Patticulate BO2 Solids
(Coaly Bl T Preheater T Conirol T Control Conirol Control Mgmt il
3 q Revenue Revenue
Technolozy Cay:;llg?ust ((:;fl.,l:g,l_ﬁ:;‘ 0(%:\: f;:-:)ﬂ Reguired Required
(M) ($/MWh)
1 |Combustion NOx Control 12.26 26.80 3.243 4510 1.406
2 |Post-Combustion NOx Control 0.0 0o 0.0 0.0 0o
3 |Mercury Control 5.503 12.03 4.326 4.895 1.526
4 | TSP Control 16.28 35.61 1.747 3.263 1.018
5 |302 Control 62.27 136.2 10.28 17.65 5.505
6 |Combined S0xM0x Control 0.0 oo 0.0 0.0 oo
T |Subtotal 46.31 210.8 19.60 30.32 9.456
8 |Base Plant 446.9 49773 6287 106.0 34.05
9 |Total 5432 1188 8257 136.3 43.50
10
11
12
13
14
15
Process Type: |(Overall j Cosis are in Constant 1996 dollars.
1 Diagram 2. Petf Bummary 3 Flow Summary

The Overall Plant—4. Cost Summary result screen

Each result is described in detail in the User Manual.
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Boiler

Click the Technology Navigation Tab for the Boiler result area. This area contains
result screens for flows and costs related to the Boiler itself.

1. Diagram

When you first enter the Boiler result area, the 1. Diagram result screen is
displayed. This screen displays an icon for the Boiler and values for major flows in
and out of it. The flow rates are shown in annual average units (tons/yr) due to the
unit change made earlier. Due to the trace flow rates of mercury, it's flow rate is
reported in Ib/yr. The screen should look like the following:

# IECM Interface |- [O] =]
ile Edit View ‘Window Help

& Untitled =[] x]
Configure Plant Set Parameters

Owerall Fuel Adr MOx Mercury | Pardiculate
Flant. (Coal) Freheater Control Contral Control

2£5h Entering Flue Cras (3%) g0.00

Mercury Remmoval (36) 7.000

I

s802
Control

Temperature Cut (deg. F) ’T
Flue Gas Out (acfi) 2133e+06
Fly Ash Out (tonfyr) B.976e+04
Mercury Out (thiyr) 2534

e N N el

et Fuel In (ton/yr) 1.196e+06 —D-E

Mercury In (lbiye) 2725 Temperature (deg. F) 5176

Heated Air (acfi) 1.728e+06

l Diry Bottom Ash (tonfys) 1.744e+04

Sluice Water (tonfyn) 1.120e+04 ——————— =

Wet Bottom Ash (bonfyr) 2.873e+04

3. 0&M Cost

Process Type: ITangenliaI Boiler

4. Total Caost

2. Capital Cost 5. Cost Inputs

The Boiler— 1. Diagram result screen

Each result is described in detail in the User Manual.

2. Capital Cost

Click the Result Navigation Tab for the 2. Capital Cost result screen. It displays
tables for the direct and indirect capital costs related to the Boiler. Costs are in
constant 1996 dollars. The screen should look like the following:
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# IECM Interface M=
File Edit View Window Help
] || = Untitled [ x]
= Configure Plant Set Parameters Get Results
Orwerall Fuel B Adr MOx Mercury | Pardiculate 202 Solids Stack
[=] Flant (Coal) Freheater Control Conteal Control Conteal Mgmt ck
=]
Direct Capital| Indirect
.}G Process Area Cosis Process Area Capital Costs
(1$) M%)
E 1 [Steam Genetator 1217 1 |Process Facilities Capital 20749
2 [Turbine Island 3811 2 |(General Facilities Capital 29.78
3 |Coal Handling 41.00 3 |Eng & Home Office Fees 1036
7 4 |Ash Handling 7.331 4 |Project Contingency Cost 34.76
E & |Water Treatment 7.438 & |Process Contingeney Cost 0.8937
— 6 |Auwdliaries 32.33 6 |Interest Charges (AFUDC) 40.84
7 |Process Facilities Capital 29749 7 |Royalty Fees 0.2085
8 8 |Preproduction (Startup) Cost 13.90
9 9 |Inventory (Working) Capital 0.2296
10 10 | Total Capital Requirement (TCE) 446.9
11 11
12 12
13 13
14 14
15 15
Process Type: [Tangential Boiler j Cosis are in Constant 1996 dollars.
1. Diagram 3. 0&M Cost 4. Total Caost 5. Cost Inputs 6. Gas Summary

The Boiler—2. Capital Cost result screen

Each result is described in detail in the User Manual.

3. O&M Cost

Click the Result Navigation Tab for the 3. O&M Cost result screen. It displays
tables for the variable and fixed O&M costs involved with the Boiler. Costs are in

constant 1996 dollars. The screen should look like the following:

# IECM Interface [_ O] x]
Ele Edit View Window Help
0 & Untitled [_[=]=]
= Configure Plant Set Parameters
Owerall Fuel B Adr HOx Mercury | Patticulate BO2 Solids Stack
[=] Flant (Coaly ; Freheater Control Control Control Control Mgmt S
=]
5 0 &M Cost : 0&M Cost
i Variable Cost Component M4/ Fixed Cost Component M)
2 1 [Fuel 43.59 1 |Operating Labor 4912
2 |Water 1.686 2 |Maintenance Labor 2.473
3 |Disposal 0.2020 3 |Maintenance Material 4.592
4 |Total Variable Costs 50.48 4 |Admin. & Support Labor 0.5169
5 5 |Total Fixed Costs 12.49
6 6
7 T
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15 |Total O&M Costs 6297
Process Type: | Tangential Boiler j Cosis are in Constant 1996 dollars.
1 Diagram 2 Capital Cost 4. Total Cost 3 Cost Inputs 6. Gas Bummary

The Boiler—3. O&M Cost result screen

Each result is described in detail in the User Manual.
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Graphs

Double-click the result value on the Boiler—3. O&M Cost result screen for the Total
Variable costs. A graph of the value will display. The screen should look like the
following:

# IECM Interface [_ O] x]
Ele Edit View Window Help
0 M untitled: CDF Graph of Total Variable Costs O&M Cost [M$/yr) M= E _ = x
= Untitied Boiler O&&HM Cost
= 1.0
]
— " Sﬂ;hdi Htack
= % |pes
o
sl o 2
=
> g O&M Cost
H g i )
3 08 2
2 E g 4912
== o
—ll % g 2473
2 Mean: 50,48 z 1592
'1? = 2.5 percentile: 50.10 T 05169
2| E Median (501 percentile): 50 48 o 1249
— o2 97.5 percenile: 50,84 2
=
@
g
0.0 T T T T 1 i
50.00 50.20 50.40 50.60 50.80 51.00
Total Variable Costs O&M Cost (M$hT)
13 13
14 14
15 15 | Total O&M Costs 62.97
Process Type: Tangential Boiler j Cosis are in Constant 1996 dollars.
1 Diagram 2 Capital Cost 4. Total Cost 3 Cost Inputs 6. Gas Bummary

Graph of Total Variable Costs (Uncertain)

When you first bring up a graph, there will be a short delay as all result graphs are
drawn. Once all the graphs are drawn, there should be little more than a split second
delay when you choose another graph. (However, if you change the plant
configuration or input values and then return to Get Results, the graphs will have to
be redrawn, causing another delay.)

While all of the values displayed in diagrams and tables are deterministic, some have
uncertainty in their calculation. If there is no uncertainty in the value’s calculation,
the graph displays a vertical line. If uncertainty is present, the graph displays a curve
of all possible values.
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