Combined Heat and Power (CHP) Tool

User Manual for (Version 1.0.0)
Effective from September 2004

Click on the appropriate button for information

e g VS L

Introduction Technical Analysiz  Cost Analysiz

B = &

Uszer Manual Export Lrata

|L

Import Crata Exit Application

Development supported by E3M Inc.
Phone : 2407154333
Fax - 301.977.7595

E-Mail : athekdii@e3minc.com

Thiz Tool iz developed by Oak Ridge Mational Labaoratory with desvelopement support from
E3M. Inc.

Disclaimer

Prepared For
Oak Ridge National Laboratory

By

E3M, Inc.

For comments and suggestions, please contact Arvind Thekdi
E-mail: athekdi@e3minc.com or Phone: 240.715.4333



mailto:athekdi@e3minc.com

Combined Heat and Power (CHP) Tool - Version 1.0.0 User Manual

Table of Content

INSTALLATION INSTRUCTION: ..ttt s 3
SUMM ARY & ettt e et et e s ae b e ebeese e st et et e aeesbesEeebeaReeReeneeteneeneenreneeanen 4
DESCRIPTION AND USE OF TOOL : ..ccieiiiieiierieeieseese e sieesieeee e sse e sseesseesessessseenees 7
INTRODUGCTION: ..ctteuteutestestestestessessesseeseessesaessesbesaessessessesseessessessesbesaesbesseesesneensensensenbeseessensens 7
TECHNICAL ANALY SIS: 1.utiuieiestesteseessessesseeseeseeseessessessessessessessssssessessassessessessensesnsessessessessessens 8
Company/Application INFOrMBLION: ...........coirirerieeee e 8
INPUL Data REQUITEMENTS: .......eoieeeecieeie et e et te e s re e s e neesneeneennee e 13
ANAlYSIS OULPUL — RESUILS: ......coiveeeieciiecie ettt 15

Y o N L= YV 1 o TR 16
COST ANALY SIS ttteeteeuteaseesteeeesseesseeseaseesseessessessseesseaseesseessesseesseenseaseessennsesnesssennsessenssennses 20
TUPDINE COSL: ...ttt sae b nne s 21

(@4 | |V (oo [ o= 11 o o USRS 21
OpPErational TNFO: ......ceoiiiieete e 22

RE PO RT Ittt sttt bbbttt e b e s A bt bt e bt Rt e Rt e e e b e R bR Re Rt et e e et e nbenRenrenreas 24
EXPORT DATA ittt sttt b et e s et e e et e s beebesbe e seese e st e e e ntenbesrenrenreas 26
1= I N ST 28
APPENDIX 1- AWARENESS PRESENTATION ...coooiiiiiiieriese e 31
APPENDIX 2 - DATA FORM S... oottt sttt s 32

1. Exhaust Gas Heat Recovery Systemfor Heaters
2. “Duct Burner” System

3. Fluid Heating in Heat Exchange

4. New Turbine

APPENDIX 3—MASTER TURBINE LIST

September 2004



Combined Heat and Power (CHP) Tool - Version 1.0.0 User Manual

Installation Instruction:

The Program Package or CD content:

CHP Tool Setup
User Manual
Data Forms

System Requirements:

1. A PC running Windows 2000 /Windows NT 4.0/Windows 98 with |atest
service pack

At least 50MB free space on hard disk

A processor (preferably Pentium) 133 MHz or faster.

A VGA or higher resolution video card and monitor.

A mouse or compatible tracking device.

A 12X or faster CD-ROM drive

Microsoft Office 2000 including MS Access, MS Word and M S Excel
Acrobat Reader

N WN

I nstallation Instructions;

NP

Insert the Setup Disc in the CD ROM Drive OR  Go to the instructed website
Follow the on screen instructions.

Unless otherwise changed/specified, the default path of the application is

Start > Programs - CHP Tool - CHP Tool.

Open the Application (alternatively, the CHP Tool can be opened through the
shortcut created on the Desktop)

If needed, restart the computer (It depends on the individual computer configuration
of the user)

Note: In case of problems during Installation:

Update the operating system with the latest service pack and run the CHP Tool Setup again.
Disable any memory resident programs and run the CHP Tool Setup again.
Contact your I T support personnel for permission/security issues.

General Notes:

Do not use special characters(*,”, & ,*, #, etc.) while entering the data in different
text boxes. This may cause problems when another user triesto import such data.
While entering numbers with decimals, enter the prefix zero (0) before the decimal
point (for example 0.03, 0.44).

White colored boxes are for input data while yellow colored boxes are for results.
Avoid duplicate names for Company, Application, and Turbine while entering data.
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Summary:

Thisinitial screen is used to start analysis of the Combined Heat and Power (CHP) application
in process heating. Details of various functions of the tool and its possible use for analysis of
the CHP application in commonly used industrial process heating systems are given in
Appendix 1. The readers should review these details prior to the use of this application.

Combined Heat and Power [CHP] T ool

Click on the appmpnate button for information

o g V% L%

Introduction Technical &nalysis  Cost .t'-‘mal_l,IS|s Report
. % wbl. ﬂ
Uzer Manual Ew=port Data Irnport D ata E =it Application

The Combined Heat and Power (CHP) Tool is designed to evaluate the feasibility of using heat
from power generation equipment such as a gas turbine-generator in industrial heating
applications. The results of the analysis give an approximate cost and payback period for the
selected application based on the given data. This analysisis intended to provide a preliminary
estimate for the payback period and help the user decide whether further detail engineering
economic analysis should be pursued.

The heating systems where this type of combined heat and power can be applied include fuel-
fired furnaces, boilers, ovens, heaters, heat exchangers, etc. used by all major industries. The
turbine exhaust gases are discharged at a temperature ranging from 800° F to 1100° F and have
oxygen content of 14% to 16%. These gases can be used to supply sensible heat (through a
temperature drop) and/or the use of oxygen for the combustion of fuel (such as natural gas) in
the heating systems mentioned above. The tool analyzes the technical and economic feasibility
of using gas turbine exhaust gases to supply heat to fluids (air, water, heating oils etc.), to
boilers, or to an industrial furnace or oven. A further description of commonly used systems
where CHP applications can be considered is given in Appendix 1.

The three specific cases where the tool can be used for application analysis include:
1. Useof fired heat exchangers to heat gases (i.e. air, process atmosphere) or liquids (i.e.
water, heating liquids).
2. Use of the turbine exhaust gases into ovens or heat recovery boilers to recover sensible
heat of the exhaust gases.
3. Use of the exhaust gases to supply oxygen (low oxygen content “air”) in fuel fired
burners for furnaces or boilers as are commonly done in boilers using “ duct-burners’.
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The tool alows analysis of the amount of heat that can be obtained from the turbine exhaust
gases and the approximate size of the turbine that can supply the required heat for the selected
heating process. It is assumed that the turbine exhaust gases would be able to supply all or the
required percentage of heat for the process. The system can be used for the design of a new
system or as a modification of the currently used heating system. Results of the analysis and
associated report include an estimate of the payback period for the application based on the
fuel and electricity rates used for the analysis and the selected costs for the turbine,
engineering, installation and other costs associated with the annual maintenance of the system.
The results are meant to help the industry decide whether it is worthwhile to carry out further
engineering studies for the project. The tool can also be used to estimate payback periods and
awhat-if analysis for various utility costs.

The tool includes the necessary performance data and default cost information for commonly
used and available commercial gas turbines. It aso alows the user to modify performance
data for a selected turbine or to add data for turbines not included in the database.

Introduction:

This is the starting point of the tool. This section provides a quick overview of the tool,
describing the various functionality, use and sequence of each piece. This section also has the
data entry forms that can be used to collect and enter the required information before using the
tool to perform an analysis.

Technical Analysis:

This section is used to collect data for analysis of an existing or new heating process used to
analyze changes in energy requirement for the process with the wse of the Combined Heat and
Power (CHP) application. The results of this analysis give the approximate size of the turbine
that should be used to meet the process heat requirements. This information can be used to
select a commercialy available turbine. A database of currently available turbines is
incorporated in the tool and the user can select the appropriate turbine size from the database.
If necessary, the user has the option of adding a new turbine if the database does not include
the desired turbine. It is necessary to give appropriate performance information when a new
turbine is used and added in the database. The user can also change the performance data for a
turbine included in the database if necessary.

Cost Analysis:
This section is used to analyze the cost implication of using combined heat and power (CHP).

It is used to calculate the total project cost, electric revenue, gas cost savings and payback
period as a part of the analysis based on the default cost information included in the application
or the information supplied by the user. The analysis helps in the decision making process of
whether the use of CHP is economicaly viable and acceptable for the application being
considered and analyzed.

Report:
The report shows a summary of data for the existing heating process, performance data for the

selected turbine, avoided cost or revenue related to the electricity produced, changes in fuel
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(natural gas) usage and cost, savings, and the payback period associated with the application of
the combined heat and power system for the selected system.

User Manudl:
This section provides step-by-step and detailed instructions for the use of tool. It also contains
other technical details related to the tool.

Export Data
The complete information about the plant and the technical/cost analysis data can be exported

as an MS Access database. Later, such information can be imported into the existing database
through the “Import Data’ feature, and new (imported) information can be analyzed, modified,
or reviewed as discussed in the above section.

|mport Data:
The complete information about the plant and the technical/cost analysis data can be imported

into the existing database. Later, such information can be analyzed, modified, or reviewed as
discussed in the above section.

Exit Application:
This will close the tool.
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Description and Use of Tool:

Introduction:

Clicking “Introduction” on the main screen will open a screen as shown below. This section
provides a quick overview of the tool, describing its functionality, use and sequence of each
screen, and dataforms required to collect data for the use of the tool.

" Introduction I

Click on the appropriate button for information

ﬂui-::i& Start !
Guide Data Forms Dverview

Click on “Quick Start Guide” will open up a file in Adobe PDF that describes the salient
features of the tool as well as brief steps to use the toal.

Click on “Data Forms” will display data entry forms that can be used to collect and enter the
required information before using the tool to perform an analysis.

Click on “Overview” will display atechnical presentation of most commonly used CHP
systems and how this tool can be used to evaluate feasibility of using Combined Heat and
Power (CHP) in industrial process heating systems.

Click on “ Close” will close this screen and returns to main screen.
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Technical Analysis:
Company/Application Information:

This section is used to enter general information about the company, including different
applications, their types, the process description, and contact details.

-.- Company/Application Information

— Company
Name i.-’-\BE Corporation .'_! Add Hew I Delete I
—Application
M arme ITest Casze - Steam Generator - Duct Burmer ;‘ Add Hew I Delete I
Selact the tipe iDuct Burner Systemns LI
Ghart Description (Use of a burner that uses oxvgen from turbine exhaust gaszes for -
af Application combustion of fuel and supply heat in a steam generator, furnace,
oven or other heating equipment. Heat delivered from the burner Ll
Mare Infa..... |
—Address - Contact Information
Address Linel i'l 2234, Main Street Mame iMr. Bob Aryone
Address Line2 || Phone (500 - (300 1234]
City |One Fau [200] - [300 1235)
Shate |FR | Zipcodel11234-5678 E-dail |baryore@ate. com

Cloze | LContinue I

For Existing Data:
= Select the Company from the drop down list.
= Select the Application from the drop down ligt.
= Note: The drop down list will be populated with applications that were analyzed
previoudly for the selected company.
= Select the appropriate type of application from the drop down list for which the
technical analysisis being carried out.

Clicking on the “Continue” button will save the existing data and will open a new screen
depending upon the type of application. Thisis described in detail in a later part of the manual.

Note: If analysis is not done for the selected type, a blank input form will pop up where
technical data can be entered.

Each Application can have a number of different heating systems associated with it. The

current tool includes three types of possible heating systems:

1. Exhaust Gas Heat Recovery System for Heaters
2. Fluid Heating in Heat Exchanger
3. Duct Burner Systems
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A schematic diagram of the heating system and a brief description can be viewed by clicking
onthe “More Info...” button. Additional details about this are given in a later section of this
manual.

Clicking on “ Close” will take the user back to the main screen with an option to save the data.

Click on “Add New” in the Company sectionto add new company information.

Clicking on “Delete” in the Company section will delete the currently selected company (as
selected in the drop down list). All information, including all applications and their technical
and cost data, will be deleted.

Click on “Add New” in the Application sectionto add a new application within the selected
company (as selected in top drop down list) and information about it.

Clicking on “Delete” in the Application section will delete the currently selected application
(as selected in the drop down list). The information for the application, including its technical
and cost data, will be deleted.

Clickingon “More Info...” will display a picture and a short note on the selected application
type. This screen contains only additional information — no data can be entered. An example
of the type of informationincluded in this section is shown below.
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~." Preview

Exhaust Gas Heat Recovery in Heaters

Owen / Boiler /Heater/ Furnace
Exhaust

&

Exhaust from Turbine

R s L e L L L e L S e L st

i
i
:
E Exhaust
Intalee Adr |
: :
: ]
: = 1
i Compressor Turbine i
]
—

where hot gases, produced by combustion of fuel (i.e. natural gas or oil) ar other type of heating method,
are used to heat material to the desired termperature. The owven may include a fan for recircualting

gases to improwve heat transfer to the material being heated and the hot recirculating gases are in direct
contact with the material. Inthe proposed Comhbined Heat and Power (CHF) system. the turbine exhaust =]

The system represents an owven, a kiln, a boiler or a furnace (referred to as owven in the figure abowve) ﬂ
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Speion |
Fuid Heating in Heat EXxchanger

Heat Exch anger

Hot Liquid/Gas | Cold Liquid/Gas
To Process Applicatitﬁ :

¥

Intake Air !

: Exhaust
Generator

Compressor Turbine

fuel {l.e. natural gas or ail) or other type of heater, are used 1o heat the heat exchanger tubes. The liguid

The systermn represents a liguid or gas heat exchanger where hot gases, produced by combustion of j
or gase to be heated is passed through the heat exchanger tubes.

In the proposed Combined Heat and Pawer (CHF) system, the turbine exhaust gases are introduced |
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[CPeview |
“‘Duct Burner” Systems

Fuel

Generator

Compressor Turbine

Furnace "
Flue Gases € EELIEEr S
. Exhaust Gases
Furnace /Boiler Containing
approx. 15%o to
1620 oxygen
Intake Air i
i Esxthaust

by combustion of fuel (i.e. natural gas or ail) are used to heat material to the desired temperature. The

The systermn represents a furnace, owven, boiler etc. (referred to as furnace) where hot gases, produced j
furnace uses afueHired burner that uses combustion airto generate heat by combustion of the fuel.

In the proposed Combined Heat and Pawer (CHF) system, the turbine exhaust gases are introduced |

September 2004



Combined Heat and Power (CHP) Tool - Version 1.0.0 User Manual

Input Data Requirements:

This section is used to collect data for a new or existing heating process and to analyze the
effect of the use of combined heat and power (CHP). The result of the data input gives the
approximate size of the turbine that should be used to meet the process heat requirements.

For an application, analysis can be performed for three different types of heating processes by
selecting the appropriate type from the Application Type drop down list. A further description
of each of the three applicationsis given in Appendix 1.

Here, appropriate process-system data such as heat input (use the average value of the average
total or gross heat input value), percentage oxygen in flue gases an a dry basis, flue gas
temperature, combustion air temperature at the currently used burners, etc... can be entered
and turbine size is calculated as a first approximation. Note that the user can select the amount
of heat to be derived from the turbine exhaust gases for the process. This is expressed as a
percentage of the currently used gross or total heat input. The input screen for each type is
displayed as shown below. Note that a brief description of the data input for each input is also
displayed at the bottom of the form.

The analysis results are displayed in colored boxes with a bold, blue font.

Exhaust Gas Heat Recovery System for Heaters:
In this system, the turbine exhaust gases are used to supply sensible heat (through a
temperature drop) to reduce heat input in the burners used in the heating system.

" Exhaust Gas Heat Recovery System for Heaters _ O] x]

Company Hame : ABC Corporation
Application Hame : Test Caze -Diving Oven

Application Type : Exhaust Gas Heat Becovery System for Heaters

Current heat input to heater 2000} E Qi [ 3 22 15§
[Milion Btu/haur] I Ll I
Cwpgen % in flue gas 4.00 Byailable Heat [%) | 85 88
Flue gaz temperature I_ Met heat d Al I_
a0 et heat demand far heater 17.18

[degres F] [Milliar Etushour]
Combustion air temperature I_“ﬁj' Met heat demand from 15.46
[deqree F] cogeneration [Million Bhudhor] I -
Percentage heat from I—SD Approximate zize of turbine 2593
cogeneration %] L

Average vaiue of tolal gross heat input WWifon Bhyfrony - WS Bhyhr.)

used for the heater in ALL niners Back | Select Turbine
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Fluid Heating in Heat Exchanger:
In this system, the turbine exhaust gases are used to supply sensible heat (through a
temperature drop) to reduce heat input in the burners used in the fuel fired heat exchanger

system.

There are two available options:

(1) For liquid heating: The input for the liquid being heated can be given in terms of
galons per minute (GPM) with the liquid density, or in terms of Ibs/hr. of the liquid
being heated. In this case, the user can include data for vapor formation of the liquid
to account for vaporization of all or a percentage of the liquid being heated.

(2) For gas heating: The input for the gas flow rate is given in Standard Cubic Feet Per
minute (SCFM).

The data is used to calculate the total net heat required for the heating of the liquid or gas.

-." Fluid Heating in Heat Exchanger | ~." Fluid Heating in Heat Exchanger
Company Hame : ABC Corporation Company Hame : ABC Corporation
Application Hame : Test Case -Liquid Heat Exchanger Application Mame : Test Case -Liquid Heat Exchanger
Application Type :  Fluid Heating in Heat Exchanger Application Type :  Fluid Heating in Heat Exchanger
— 5Select type of heat exchanger | ~Select type of heat exchanger
& T  Gas | | & Tigid £ Gas
o _ ﬁ_‘;’;ﬂ%’u.ﬂ.] s Het heat dernand of heat exchanger [ ®za1

Liquid flow [GPM) I—.ID [Millior Btuhour]
Heat exchanger other lozzes 15.00
G 7 [% of net heat input | —
Liquid flow [Ibsthr.] | 360,990 ugnen Sinkis nas o
Liquid inlet temp [degree F) I 0 Excess A [ %] 37.47

300

Liquid cutlet temp [dearee F) 350 Flue gas temperature [degree F
Combuztion air temperature [degree F] =]
Liquid zpecific heat [Btudb.F.] 0.60 Available Heat (%] _.ém
Percertage liquid vaporized (%] 0.00 [Ghﬁhsgnhgm;ﬁoqil;ed for heat exchanger ="
Total heat for vapor [Btu/Ib.F.] 800 FPercentage heat from turbine [%] 0

Met heat dermand of heat exchanger I 62 81 Approximate size of turbine (ki) I UL
[Million Btudhour)
Back | Select Turbine |

Back | LContinue |

Finid hrealing using a iguid fred heat exchanger Fiuid heating using a iguid fred heat exchanger

The user should provide data for heat losses from the heat exchanger — heater system as a
percentage of the net heat input in the system. Typical values can be in the range of 15% to

40%.

Duct Burner Systems:
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As mentioned in Appendix 1, in this type of system, the oxygen content of the turbine exhaust
gases is used for the combustion of fuel in the heating system (boilers, heaters, furnaces, ovens
etc.) while also deriving sensible heat from the flue gases.

There are two options available for this section.

(1) Steam Generation or Boilers: In this system, the data required is based on design or
current steam demand. This and other boiler performance data is used to caculate the
gross heat requirement of the system.

(2) Furnace/Oven application: In this system, the data required is the gross heat input used
in the furnace/oven.

~." Duct Burner Systems =] E3
Company Hame : ABC Corporation
Application HName : Test Case - Steam Generator - Duct Burner

Application Type :  Duct Burner Systems

— Select type

i+ Steam Genarator/Boiler: " Furnace/Dven

Steam production [Lbz. ki ] | 20,000 Emcess fir [ %] | 2215
Steam temperature [degree F o0 Available Heat [%) I 84 41

Stearn prezsure [Psig) B0O0 Met heat demand for heater

[Millior Bt howr] e 2h
Total heat content of zteam 1220 0 b fied b i
[Btudlb.] | . eat to be supplied by turbine | 20,00

exhaust gases [X%]

Other logzes excluding flue | 15.00
gas heat lozzes [%) ) Het heat zupplied by turbine I 89.79

exhaust gazes [[Million Btushour]

Gross heat required in the l 132.97

furancesboiler [Million Btudhour]

Ompaen % in flue gas 4.00 Approzimate size of turbine [kKw] | 2403
380

Flue gas temperature [degree F) | Rolffer using "ouct-t art

Combuztion air temperature | 70

[degree F)

Heating walue of fuel [Btudsct) | 1000

Back Select Turbine

Analysis Output — Results:

For each type, the input data and analysis are used to estimate the approximate size of the
turbine that would supply the necessary heat and exhaust gases. This estimate is based on
the typical values of the gas turbine performance and should be used as a “first
approximation” and starting point for further anaysis.

The user can continue to refine the analysis by clicking on the “ Select Turbine” button.
Here, the user has the option to select a commercially available turbine from the list. By
default, the turbine nearest to approximate size will be selected. The selection can be
altered by clicking the appropriate checkbox. The operating parameters of the selected
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turbine are displayed in the adjoining screen and helps the user to select the appropriate
turbine.

~." Turbine Selection

Company Mame : ABC Corporation Application Mame : Test Caze - Steam Generator - Duct

Application Type :  Duct Burner Systems
Approximate size of the turbine (kW] : 2403

~ Select the turbine from the list
gt You have selected the turbine with following
Dl gdj:?;airi:zs T I CSnT:ErI :;1 I Dulput[gf;‘-;x-‘;' _I parameters. Do you want to continue with selection?
O Solar Tubines Incorparated Centaur 40 3R00
O Fratt & whitney Power Spstems 5730 3340 Capacity (kW) 2,000
O ‘ericor Power Spstems ASE 40 WP 3286
OO MTU Matorsre und Turbinerd . ASE4D 3140 Heat rate (Btukiwh] | 13.631
O kawazaki Heavy Industries, Ltd. MIT-120 3080
O kawasaki Heawy Industiies, Lid. |~ M1T-13 3050 Bl Exhaust gas temperature [degree F) I e
O ‘anmar Diesel Engine Co., Ld. ATS 40 2950
O Mitsui Engineering & Shipbuildi.. 5B15 2720 Exhaust gas flaw [Hsshaur) | 87.318
GE Aero Energy Products 2000 §Ad
Tatal heat input [Million Btuthour] I 27.30
AddNew Tutbine | Modiy Tubine Data |

Back i Continue |

A master database of the turbine list is generated and displayed, as shown above.

Add New Turbine:
The user can add a new turbine by clicking on the “ Add New Turbine” button. A separate
screen will pop up, allowing the user enter to parameters for the new turbine.

- Hew Tulins Data = O] *]
Douhble chck b seinc
Marnfsche | MudelHo | nmﬂ[ﬂ
Higata Engreeirg [Euraps | BV CHT-20C et ]
Sclar Twibires lrcoiporsied Mais 20 3550
Veticor Power Syclens &5E 120 arL:

THM130+-10

nialad

LA
kb

Fiphuidirg Co., Lid MSCE0
HaN Tubomaschinen &6 GHH Borsig THH130-10R 900
WAN Tutbomeschinen 406 GHH Bosig THH1304-10 I
Wl Tubomaschinsn &6 GHH Bormg THWM13INL-10R B340
HEN Twbomazchinen AR GHH Boma THr1304-3 3300 .:I
larifaciae Sda Tubins: Incoparsbed

o [ e
Cepciy (ki S
Heal iate (BT urfish| Ii"tﬁ"Ea
Esbaizl gae larmpenalue [deges F) Iiﬁ'

Esbvnint gas foww | Hshour) e 0

Dbl | gem | e |

Note: The parameters shown above are mandatory for a new turbine entry.
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The same screen can be used to modify or delete the turbine data. Double click on the turbine
in the list in order to select it (or make it current).

Click " Save” to save the data.

Click “ Close” to go back to the turbine selection form and continue analysis.

Clicking “Delete” will delete the selected turbine from the list. The turbine will no longer be
available for future selection.

Note: The master database cannot be modified or deleted. Only turbine data entered by the
user can be modified or deleted.

Clicking on “ Continue” will recalculate the energy used data for the selected turbine and will
display a summary of the analysis as shown below.

.- Emergy Data =] E3
Summary of energy data
Company Hame : ABC Corporation Application Test Caze - S5team Generator -
Hame : Duct Bumner
Application Type : Duct Burner Syztems
— Current Condition — Summary of CHP system

Current gross heat input to heater | 132.97 Electic power produced (k]

[Milliar Btuhour] ) -
Heat congumed by combined sustem [Million 127 53
Btudhr.] )

Met heat delivered to processload 11274 : i

[Milliar Btudhour] I - Mew heat input for heater [Milion Btu/hr.] 100.23

Heat consured by turbing [Million Btudhe ]

Recoverable heat in exhaust gazes |
[MI”IDI"I Btu;"hnur] @ 259 DEQ E et Met heat delivered to heater fram
C turbine exhaust gas [Milion Btuhour)

% of Met heat deliverad by turbine
Selected Turbine erhaust gaz - sensible heat

a| =~ @ M ]
o (S (W (W =
=| e M w =]
w|l ~| @ 2 =]

M arufacturer % of turbine heat input recovered in

BE Aero Eneigy Prodicts the heater - sensible heat

Fecoverable heat in exhaust qazes
Madel Ma. GE2 [Millian Bbufbour) @0 350 Deg F

b
1]
[x]

iti ion ai i 42 894
Olutput (K] 2000 Additional combustion air required [zcfl] ¥}

Back

103
0
s
=L
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- Energy Data

Summary of energy data

Company ABC Corporation Apphcation Test Case -Diying Oven

Hame : Mame :

Application
Type :
 Current Condition |~ Summary of CHF system

Current gross heat input to heater l 20.00 Electic power produced (ki)
[Millior Btuhowr]

Exhauszt Gaz Heat Hecovery System for Heaters

Heat conzumed by combined sypstem [Million
Btushr.]

Met heat delivered to processzdload 1718 : oo
[Milliar Btutour] = MNew heat input for heater (Million Btudhr, )

Heat conzumed by turbing [Million Btushr.)

Recoverable heat in exhaust gazes 1.45 AT :
s et heat delvered to heater from
| it Reioueier =08 Bz turbing exhaust gas [Milion Brushour)
% of Met heat delivered by turbine
 Selected Turbine - | exhaust gaz - zensible heat
M anufacturer % of turbine heat input recovered in

EF Acra Enciog Products the heater - zenzible heat

Recoverable heat in exhaust gazes
badel Mo, GE2 [Million Btushour] G2 300 Deg. F.

Clutput (k) 2000

Back

2.000

3010

27.30

14.78

86.02

5413

I_.__
]_‘_'“
[ 2730
]_“_'“‘
[ 8602
]—_

-.- Energy Data

Summary of energy data

Company ABC Corporation Application Test Caze -Liquid Heat

Mame : Mame : Exchanger

appRcation Fluid Heating in Heat Exchanger

Type :

 Current Condition | - Summary of CHP system
Current gross heat input to hester ] 85.08 Electric power produced (ki/]
[Fillion Btudhour]

Heat conzumed by combined zystem [Million
Btushr.]

Met heat delivered to processdoad
[Millicer Btudbour) & 62.81 Mew heat input for heater [Million Btudhr. ]

Heat conzumed by turbing [Million Btudhr. ]

Recoverable heat in exhaust gases 7.14 AT :
s et heat delvered to heater from
| Lt TR B SR | turbing exhaust gas [Milion Brushour)
% of Met heat delivered by turbine
 Selected Turbine - 1 exhauzt gaz - zensible heat
bl anufacturer % of turbine heat input recovered in

Solar Turbines Incorporated the heater - sensible heat

Fecoverable heat in exhaust gazes
badel Mo, Mars 90 [Million Btushour] 33 300 Deg. F.

Clutput (k) 9860

Back

9.860

133.51

31.80

101.71

4523

72.02

44 47

2450

]____
I_._‘“
[ =80
D
]_‘T"
[ 7202
]—_
[ 2450
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Note: These results should be reviewed to check the value of “% of Net heat delivered by
turbine exhaust gas — sensible heat” The value of this term depends on the turbine
performance and the user may not get the matching of what is required vs. what is
possible by using the turbine size selected the first time. If this value is substantialy

different from the required value given in the previous screen then a different turbine
should be selected to bring this value to the required value.

If a suitable turbine is not found from the ditabase then the user can select a “new

turbing” and provide data the “new” turbine or accept the % net heat delivered form the
selected turbine.

It may be necessary to go through more than one iteration to obtain the required value.

Clicking on “Continue” will give the user the option to continue the cost analysis for the
current application or to return to the main screen.

Cloze

-
'\1.‘) Wwhiould vou like to go for cost analysis? Chick Yes for Cost Analysizs or Mo for returning to main screen’?

September 2004



Combined Heat and Power (CHP) Tool - Version 1.0.0 User Manual

Cost Analysis:

There are three distinct tabs where cost and operational data for the application can be entered
or modified.

= Select company

= Select Application

= Select Application Type

Note: If data was entered earlier, the boxes on all three tabs will already be filled with the
previously entered data. The existing data can be changed/modified.

If data was not entered earlier (for example, if the cost analysis is being performed for the first
time), the boxes on all three tabs will be filled with the default numbers, as follows:

Turbine Cost/kW - $800

% Use of Rated Power (Load Factor) - 100
Fuel Cost (¥/Million Btu) — 6.00
Electricity Cost ($/kWh) —0.07
Operational Hour/Y ear (Turbine) — 8400
Operational Hour/Y ear (Heater) — 8400

This data can be changed or modified by the user as illustrated on the following tabs.

Following table illustrates estimated capital costs for typical Gas Turbine based CHP Systems

($000s)

Cost Component System 1 System 2 System 3 System 4 Sysfem &
Memoinal Turbine Capacity (VW 1 3 10 25 40
Equipment (Thousends of $)
Combusoon Turbines 8673 51,800 54,000 $8.500 $15.800
Heat Recovery Steam {Jenerators 8230 8430 §3%0 $1.020 $1.655
Warer Treatment System 830 S100 $130 $200 122
Electrical Eguipment 8130 %373 8613 $990 $1.500
Other Equipment $143 313 $373 $1.150 $1875
Total Equipment &1,230 23,140 §3,240 $11.880 $21.055
Materials s144 5337 L6805 $1.191 $2.054
Lahor 3344 5208 §1.752 $3.031 $4.723
Total Process C'apital §1.742 84,403 48,381 $16.082 $27832
ProjectConstruction Management 8123 %514 8394 $1.186 $2.105
Engineening 563 5134 S260 $429 1672
Project Contingency 587 §100 §418 $804 $1.392
Project Finamemg 8110 5306 5613 $1.184 $2.048
Toral Flaoe Cost 81,146 834703 s10,272 $19.585 $34.049
Actual Turbine Capacity (k%) 1,203 3,007 10,7593 2338 46554
Total Plant Cest per et kW (%) 51,781 §1.083 5031 $844 731

'* Combusion nrbine coss are based en published specifications and packaze prices. The toral insalled cast estimarion i based jn pam on the use of 3
preprieary cost and perfornance model - SCOABRCT 25 — (for soate-of<he-art paweer plage, combuston turbme), The inode] output vz adjusted bazed oo
Eneray Meme Group enpimesring udgimenr and expenence and input from venders snd patkazers. Actual coss ran vary widely and are affecred e zite
requireimencs and cenditions, rerienal price variaions. aod environenral and ether lacal permuting requirements.
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Note: It represents cost data for the years 2002.
The cost data table is taken from 'The Energy Solutions Center DG Applications Guide.'
available at http://mww.energysol utionscenter .or g/DistGen/AppGuide/DGuideFrameSet.htm

Turbine Cost:

-~ Cost Analpsis E
Select Company !ABE Corporation __'_!
Select Application lTest Cage - Steam Generator - Duct Burner __'_!
%;?:;Zﬂ Application lDuct Biurmer Spstems __'_!

Turbine Cost T CHP Application Cost T Operational Infa

Turbine costs kKw [$] I I Tubine cost [$] I 1.500.000

— Engineering

‘ i* Az % of turbine cost ¢ Cost ($] ‘ I 30

i~ Installation

i+ Az Zof turbine cost ¢ Cost [($] ‘ I 25

= Other

‘ i* Az % of turbine cost ¢ Cost [($] ‘ I 20

Total Turbine cost [$) I 2625000

Ereyious Tai:!l Mext Tab |
Cost of irbine expressed in terms of the ULS.
Doifars per kKW rated capacity of the tabine. Close i Continie |
The vaile depends on the hwbine size and = ==
type. See User danual for detalis.
CHP Modification:

- Cost Analysis
Select Company !.&BC Corporation _‘_!
Select Application l Test Case - Steam Generator - Duct Burner =1
Select Application -
o l Duct Bumer Spstems __!

Turbine Cost T CHF Application CostT Operational Info
Heater modification or added cost [$] I PRo000
— Engineering 55
‘ & Ag % of heater cost i Cost[$] ‘ l
i~ Installation 20
* Ag X of heater cost . Cost[$] ‘ I
i~ Other
‘ f* Az ¥ of heater cost i Cost{$] ‘ I 15
Total heater cost [$] I 400,000
Previous Tabi Mext Tab i
Cost (differential) of new heater or
modiffcations for use with the CHP system, Close i Contrie I
expressed i tenns of the U5, Doliars. — —
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Operational Info:

-~ Cost Analysis
Select Company !ABC Carparatian _‘;!
Select Application l Test Case - Steam Generatar - Duct Burner _‘_!
?::ﬁ:l Application l Diuct Burner Spstems _'_!

Turbine Cost T CHP Application Cozt T Operational Info

Total project cost (3] I 2,025,000
Mon-fuel operation and maintenance
(D&M costs [$/kwh] I 00087

Turbine Size - Power produced [kW] I 2000
% Ize of rated power - Load Factar I 30

—Cost — Hours of operationfyear —

Electricity [$/kWwWh) I 0.07 Turbine I 8400
Fuel [£Million Btu) I E.00 Heater I 2400

Clemand Charge I 10.00
(5K

Annual cost (f.e. maintenance) associated
with the CHP project expressed in terms of Close i ContnGe |
Dollars per year. = i

“Close” will close the analysis form and will return the user to the Main Screen.

“Continue” will calculate the Electric Revenue, Fuel Savings (if any) and Payback period (of
current application) as a part of the analysis. The summary of the complete analysis will be
displayed as shown below.

Note: This button is enabled only for the third tab. The idea is to enter all of the data before
performing calculations.
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+." Total Summary of Project !EE

Company Mame : ABC Corporation Application Test Case - Steam Generator -
MHame : Duct Burner

Application Type : Duct Burner Systems

— Current Condition —Selected Turbine

Current Heat input to heater [Million Btu/hour) e e ieT

Met heat delivered to process/load Bk Aeeo Eneioy Broducts

[Millian Btu/hour]

— —
— — ()
(W (W
2] I [3-=]
~§| o~

Recoverable heat in exhaust gazes Modothl.: JEES Bl 2
[Million Btuhour) @ 353 Deq. F.

—Summary of CHP system —Summary of cost data
Electric power produced (kK] 2.000 Tatal sustem [project] cost [$] I 3.025.000
Heat consumed by combined system B e Ele e Bives 1.058.400

[Millian Btudhr.1
Mew heat input far heater [Million Btushr.)

Savings - Fuel cost [$/vear) i 274 273
Maon-fuel operation and

maintenance [0&M] cost [$/vear] | 131.544
Demand charge reduction l 216,000
[$/vear]

Heat consumed by turbine [Milion Btudhr)

Met heat delivered to heater from turbine
exhaust gaz [Million Btulhour)

% of Met heat delivered by turbine

=1 —h
al | = el mf 2| ™
od (I (W (B (Bed (s
= el b ow| M| oo
wl =~ e 2| w| @

exhaust gas

% of turbine heat input recovered in Payback period (vears) I =
the heater

Fecoverable heat in exhaust gazes 9.92 The economics can he improved by recovery of heat
[Million Btu/hour] = 350 Ceg. F. from heater exhaust gases.

Additional cormbustion air required [zcfh) o

.
[l
[==]
(1]
=

Back l Continue |

“Report” will display the summary report for the current application. This is described in
detail in alater portion of the Manual.

Clicking on “Back” will take the user back to the current cost analysis.

Clicking on “Continue” will give the user the option to continue with the cost analysis or
return to the main screen.

Cloze !

S
'-\i.l) "Wwhould pou like bo return to cost analyzis? Click Yes for Cost Analysiz or Mo for retuming bo main zcreen?

Mo |
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Report:

The report can aso be viewed from the Main Screen by selecting Application from the list.
Select the application to be reported on by clicking the appropriate checkbox.

" Heport Selection

—Select the Company

ABC Corparation ll

— Select the Applcation

| Application Mame I Application Type
O  TestCaze - sluminium ... | Duct Burmer Systems
@ | Test Case - Steam Ge
O  TestCaze -Dming Owen | Exhaust Gas Heat Fecaovery
O  TestCase-GasHeatE...  Fluid Heating in Heat Exchan
O  TestCasze HeatReco.. | Exhaust Ga: Heat Recovery
0  TestCase -Liguid Heat... | Fluid Heating in Heat Exchan

Dt Burner Systemns

4| | b

Cloze Show Beport

“Show Report” will display the summary report for the selected Application as shown below.
The user also has the option to print the report.

“Close” will take the user back to the main screen.
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~." Summary Repaort

Print
Report

Save/Export to HTML or Text Format

Summary Report

Company Mame:

BEC Corporation

Ouct Burmer

ddrens 1234, Al Street Contaet Person: M. Bob Angone
Due FR 112345613 Aone  @D- @029 Fr @ - Gz
Ipplication:  Test Case - Steam Generator - Spplication Type:  Duct Burmer Systems

Input Oata - Technical

Gronn heat nput to Heater
[Millan biumour)

Dmgen 6 I Flie Gas
Flne Gas Tempe@re (Degree Fy

Combaztion Alr Tempe @t (Degree Fy
Perce ytage Heattom Co-ge e @on (%)

Mot Haat Dellvered to Heater
[ Milllen butour)

Heatavallable In schaurt gansn
[Millan Bfumour)

[Gelected Turbine's Data |

Mawnctrer:  GE Mo Enengy Products

Mokl: GE

Capachy @y
Heat Rk (B
EdkarstGas Tempe @tie (Deqree F)

Erbanstizas Fhow gionh

[Input Dats - Cost and Operational |

152.07 Costor Tarblesn
Coetor Ekciriciy (Rni
um L )
Cogtor Fael (& Million
=0 o) ot
2y Demard Changes (FHh
Ope:r@ting ko rs - Heger
a
Ope:r@ting b s - Taiblee
11224 P J

% Uze of raied power - Load Facior

147 [Surnmary of CTHF Systern |
ERcric Powe R rodiced g

HegtCons imed by Comblied Sy Em
(Il bt kon

HeatCons imed by Heaer (W Illian bk b

HeatC:ons imed by Tarmle (W Hlin BN

20m Met begtde (e red © be g 1 rom
Tiblie exkanstgas Qhllon BTy
13851
% 0o Met begbde e red Dy il
i exianstgar
% offrblee et lprt ecooe red [r
5T e the keder

Heatagibi i exianstgases Milon
BN G
Akdttional Combns bon A1 required gom

[
om
EmM

io0m
gim

4o

2,000

13753

100.23
.

96.28

Ta.aT

013

a8

43,804

Total Systern Project Cost [§)

Electricity Revenue [§/ Year)

Derrard Charge Redudion [/
“fear ]

3,025,000 Fuel Savings ($/ Year]

Mon-fuel Operation and
1032400 paintenance Cost [$hvear)

216,000 Payback Period (Years)

274,273

131,544

241

Pages:ﬂi_"l— ’lHl

Notes:

= User hasan option to print the report or save the report in HTML or Text format.

= While printing, a report can be saved or printed as PDF if Acrobat Distiller or Writer
isinstalled as a printer on user computer and is selected as a printer name.

= The saved report can be stored on any electronic media or sent to other users through

email.
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Export Data:
Thisnoteisfor the CHP TOOL user who is sending the file containing all information.
This feature will create a Microsoft Access Application file (.mdb) of selected the Applications
from al of the information available. This file can be sent to other CHP TOOL users through
email or other forms of media.

Clicking on “Export Data” on the main screen will pop up a new interface as shown below.

-~ Application Selection |

T o export application information please select one or
more application from the following hst.

I Application Mame i Apphcation Tepe

[0  TestCasze -Heat Recov...
O TestCase Ding Oven
O  TestCaze -Liguid Heat ...
O | TestCaze -GasHeatE...
[T} | Test Case - Steam Gen..
O | Test Caze - Aluminiurm ..

Exhaust Gaz Heat Recovery Sysl
Eshaust Gaz Heat Recovery Syl
Fluid Heating in Heat Exchanger
Fluid Heating in Heat Exchanger
Dt Burner Systems
Duct Burner Spztems

Cloze Continue |

This will display the list of Applications for which information was entered through the CHP
TOOL (Version 1.0.0). The user can select one or more Applications from the list for which
information is to be exported. The file can be saved and stored with any name and in any
location.
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2]
. [ Save in: | ] Deshiop - = [Eol-
Select the location : 2 = cF B3
@My Docurnenkts
EQ_J,My Compuker
M\,.-' Metwork Places
(2] TestHO®42304
[2]| TestMox0S0903
Enter file name File name: L » =] save |
Save as lvpe: IMichsofl Access Databases [*.mdb] LI Cancel |
Z

The same file can be sent through email or via other media to other CHP TOOL users. Other
users can import this file by using the import feature as discussed earlier.
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Import Data:

This section provides the capability of importing and integrating all information about other
applications into the existing database of the CHP Tool. This feature can be used once the
user receivesthe Microsoft Access Application file (for example, Heater.mdb or any other
named file sent by another user) from another source for which information is to ke
imported and integrated. The Microsoft Access Application file can be received through
email or other media and should be stored on the computer or local network from where it can
be accessed later. (The user can save the received file with the same or adifferent name).

Note:
Thisisa mandatory step and must be performed before using the “ import data” feature.

Do not save the new database file with the name “ Heater.mdb” in the default location. If thisis
done, the existing database will be replaced and deleted. Either save the new database with a
different name or in a different location.

Do not save the database file as Read-Only.

Click on the Import Data button on the main screen of the CHP Tool to open a new user
interface.

Select the company for which plant information iz to
be imported.

A -

Cancel Import | Continue Import |

Select the company for which the Application information is to be imported.
Click “Continue Import” to continue the import process.

Note: If there is no company available for selection, enter the information first through the
Company/Application form, and then continue the import process.

A New User interface will open up where the user can select the Microsoft Access Application
file (Heater.mdb or a file with any other name) received from the other source and stored
locally as mentioned above. This file contains te information for the Application to be
imported and to be integrated with the existing database.
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Thx

Lok jr: | ‘4 HTA052203 - e B E-

Images

EEI Heater.mdb
iHeater] mdb

Select the location where
new NEAT.mdb is

stored

File' hame: IHeateH .mdb j
=

Files of bype: IMicmsnft Access Databazes [*.mdb)
I Open as read-only

| Dpen I Run the entire process

Cahcel |

i

From the Look-in drop-down menu, the user can select the location where the new file was
stored upon receipt (as described above) and select this file. Click on “Open” to carry out the
entire process of importing the new database and integrating it with the CHP Tool’s existing

database.

If the new file information contains an Application with a name similar to one already in the
database, the tool will display alist of the Applications with similar names, otherwise, the tool

will continue the import process without interruption.

~." Application Import

Below iz the lizt of applications which have similar name in the
exiziting databaze. Pleaze select each application by
highlighting it in the izt Then enter a new name in the textbox
and click on "Update’’. You can continue with impaort process
once each itern of the lizt is renamed.

T
Test Caze -Dying Owven

Test Caze -Liguid Heat Exchanger

Test Caze -Gaz Heat Exchanger

Test Caze - Steam Generator - Duct Burner
Test Caze - Aluminium Melter - Duct Burmer

=4
I

Application with duplicate name

ITest Caze Heat Recovery Boiler

Change to new name
I |lpdate |

Cancel Import [Eontinue Impork |
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The user should select each duplicate Application from the list by clicking on it and changing
the name by entering a new name into the text box provided. Clicking on the *Update” button
will change the Application’s name and remove it from the displayed list.

Note: If the list has more than one Application with duplicate names, the user must change
each name by entering a new name for the application and clicking “ Update” .

Once al duplicate Applications have received new names, the “ Continue Import” button will
be enabled and the user will be able to continue the Import process by clicking on it.

The “Cancel Import” button will cancel the importing process and no information will be
imported/integrated to the CHP TOOL.

Once the information is imported successfully, it can be viewed, analyzed, or modified as
discussed in the earlier sections of the CHP TOOL manual. Reports can also be generated for
the new Application’s information.

Note:
Do not open the saved database file as a Read-only.
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Appendix 1 - Awareness Presentation
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Description and Function of the Tool

The tool is designed to evaluate feasibility of using Combined Heat and Power
(CHP) in industrial process heating systems.

The heating systems include fuel fired furnaces, boilers, ovens, heaters, heat
exchangers etc. used in the industry. The CHP systems use gas turbine exhaust
gases to supply heat to the heating systems.

The tool includes necessary performance data and cost information for
commercially available gas turbines

The results include “ball-park” estimate for payback period that will help the
industry decide whether it is worth while to carry out further engineering study
for the project.

The tool can be used to estimate payback periods and what-if analysis for
various utility costs

Note: The current version includes three commonly used CHP systems most suitable

for use in process heating and steam generation applications.




Commonly Used CHP Systems

1. Fluid Heating in Heat Exchanger

Indirect heating of liquids or gases using gas turbine exhaust gases.
The sensible heat of exhaust gases is transferred to liquid or gas
being heated.

Examples: Fired water (liguid) or air (gas) heaters




1. Fluid Heating in Heat Exchanger

Heat Exchanger

Hot Liquid/Gas Cold Liquid/Gas
To Process Application
> —
Exhaust
Exhaust

Intake Air

Exhaust

[ Generator ]

Turbine
Compressor




Commonly Used CHP Systems

2. Exhaust Gas Heat Recovery in Heaters

Direct heating applications where the turbine exhaust gases are
mixed or injected in a furnace, oven, heater, dryer or boiler. The
sensible heat of exhaust gases is transferred to heat material in an
oven or raise steam in a “heat recovery” boiler.

Examples: Heat recovery boilers, drying ovens, low
temperature furnaces/heaters




2. Exhaust Gas Heat Recovery in Heaters

Oven / Boiler / Heater/ Furnace

Exhaust

Fuel ——»

Burners

Exhaust

1
Intake Air i

Generator ]

Compressor




Commonly Used CHP Systems

3. “Duct Burner” Systems

Use of the turbine exhaust gases for combustion of fuels such as
natural gas, light oil, by-product gases in a furnace, heater, boiler
etc. Most commonly used system is a boiler using a “duct-burner”
where residual oxygen from the turbine exhaust gases is used for
combustion of the fuel.

Examples: Boilers, Direct fired furnaces and ovens




3. “Duct Burner” Systems

Fuel

F
urnace Burner  |€——
Flue Gases
_ Exhaust Gases
Furnace / Boiler Containing
approx. 15%o to
16%0 oxygen
Fuel

Exhaust

[ Generator ]

1
1
1
1
1
1
1
:
1
Intake Air |
1
1
1
1
:
: Turbine
1
1

Compressor

____________________________________________________________________




Data Requirement

CHP Data Collection form - Duct Burner System

Plant General Data

[Company Name

Application Name

Application Type DuctBurner System

Zi
Contact Address Street City | | Cndne
Name Emai
(Contact
Phone Fax

Technical Analysis Data

es from the boiler/furnace (heater)

(degree F)

[Combustion air temperature (degree F)

Heating Value of Fuel ( Btu /scf)

Percentage of the net heat requirement of the heater delivered
from turbine exhaust gases (%)

Data input for Steam Generator/ Boiler only

[Steam Production ( Ibs/hr.)

[Steam temperature (degree F)

Steam Pressure (psig)

Total heat content of Steam ( Btu /ib)

Other losses excluding flue gas heat losses (%)

Turbine Data(supply this information if known)

Manufacturer

Model No.

Output ( kW)

Cost and Operating Data

Turbine cos X Engineering Cost Installation Cost Other Cost
) % of_Turbine % of_Turbine % of Turbing
cost | o ® Cost o ® cost | or ©®
chp Cost Engineerin, g Cost Installation Cost Other Cost
$) % of Heater % of Heat 9 % of Heater S
cost | or ® cost__ | or ® cost__ | or ©
y Tse of power -
N""[’“e' °°e'g‘£\;‘ and Fuel Cost | Electricity Cost | Demand Charges | % of the rated | Turbine Operation DHe'““e’
maintenance (O&M) cost | (g pru) (SlkWh) (SIkw) turbine power | (Hourslyear) peration
($/kWh) reed (Hourslyear

Use one data sheet - form for each application.
There are three forms (one for each application)
are available.

Data forms are available and can be copied from
— User Manual
— Start section of the main screen
— Help section located on the toolbar

Most of the design and performance data can be
obtained from the heating equipment supplier
manuals, drawings or nameplates for the heating
equipment.

The cost data for utilities should be collected
from current utility bills or projected costs at the
time of project completion.

Use this form to enter the required data in the
CHP Tool application
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Summary Report

Summary Report

Company Mame: ABC Corporation

addrare 1234 Mah Street

First OnN 1111111

Contact Person: Mo Jack Ao

Rons  1h- a1 111D

Far (10 - (112222

Applicstion:  Application 2
Description:

Spplicztion Type: Duct Burmer Systems

Input Data - Technical

[put Data - Cost and Operational |

Gron eat nput to Heater 17518 2o 1o TH ke ] /m
[ Milllon btudoury
Coator ERcirichy GRRiE om
Omgen &) I Flie Ga «m o e "
Cogtor F el ;7 Ml s
Flie Gas Temper@tire (Degree Fy =0 ® R
] LL=2 f=-un sm
Combnetion AIF Tampe: @i e (Ded ree Fy 1m RRSEIRE
Ops: r@tig bonrs - Hegler som
Perce atage Hegttrom Co-ge wer@ton (&) a0
Ope @tig b - Tarol 2,
Hat Heat Dollvered to Heater 144.00 e i m
[Milian btumcwr) % Use of rakd powe T - Load Facior m
Heatavallabls In e ehaurt gasn 18.82 [Eurnrnzry of CTHP Systern |
(MR Bhumaur) Ekctric Power Rrodvced gl 5515
[Eelected Turbire's Datz | HeatCows imed byComblied Seem 451
(M IoN B O
Manviactrer: Solar Turbine nCOI'POI'EtGd
HeatCons amed by Heale r (s binfhonty 131.28
Mokl Cantaur 40-1
HeatCous imed by Tarslee A11Ie Bt () 43.03
Capachy ¢ 3515 Netheatde e red © begk r from 129,80
Wible exkanetgae QAo Bthon s
Heat R @AW 12241
® o : 7 % of Mt he Ftok I red By bl an.on
ExkantGar Tempe @hre ¢ Degres Fy 513 AN
% oThiblee kedt pat recove red Iy F1686
EchanstGar Flow @emonh 147 BT thee heTe T
Heatamlbk: In exkanctgares Q0o w.rs
[ LELIT
AditoNal Combrston Sr req aied Eon) 0
Total Systern Project Cost [($] 4,297,400 Fuel Savimgs [($4 vear] 41,291
s MHon-fuel Operation and 203,276
Electricity Reverue (§/ Year] 1.562.400  poirtenance Cost [$fvear]
Derrand Charge Redudion (§/ 210,300 Payback Period (Years) 21

"feaEr)

The summary report includes

Current energy input data for the
furnace/Boiler

Performance data for the selected
turbine

Energy use data for the CHP system

Cost details for the of application of
the CHP system

Payback period based on the given
cost data for the fuel — electricity
and the equipment used in the CHP
system
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CHP Data Collection Form - Exhaust Gas Heat Recovery System for Heaters

Company Name

Application Name

Application Type

Exhaust Gas Heat Recovery System for Heaters

Contact Address

. Name
Contact Information

Email

Phone

Current heat input to heater (Million Btu/hour)

Oxygen % in flue gases from the heater

Flue gas temperature (degree F)

Combustion air temperature (degree F)

Percentage heat from cogeneration(%)

Turbine Data

not available in the list.)

(Based on the technical data entered, tool will appropriately select the available turbine. However if you want to select different turine,
refer the attached turbine list and enter the following information. Use the "New Turbine Data Form" to enter the detail of a turbine that is

Manufacturer

Model No.

Output (kW)

Turbine cost Engineering Cost Installation Cost Other Cost
(/W) % of Turbine ©) % of Turbine ) % of Turbine ©)
Cost OR Cost OR Cost OR
— Engineering Cost Installation Cost Other Cost
cHP Applz;;atlon Cost % of Heater ©) % of Heater ) % of Heater ©)
Cost OR Cost OR Cost OR

Non-fuel operation and
maintenance (O&M) cost
($/kWh)

Fuel Cost
($/MM Btu)

Electricity Cost
($/kWh)

Demand Charges

(kW)

Use of power - %
of the rated
turbine power
used

Turbine Operation
(Hourslyear)

Heater
Operation
(Hoursl/year)




CHP Data Collection Form - Duct Burner System

Plant General Data
Company Name
Application Name
Application Type Duct Burner System
. Zip

Contact Address Street City Code

Name Email
Contact Information

Phone Fax

Technical Analysis Data

Type (Select appropriate) Steam Furnace/Oven

Generator/Boiler

Data input for Steam Generator/ Boiler only

Steam Production ( Ibs/hr.)

Steam temperature (degree F)

Steam Pressure (psig)

Total heat content of Steam ( Btu /Ib)

Other losses excluding flue gas heat losses (%)

Current Heat Input to Heater ( Million Btu/hr.)
(For Furnace/Oven Only)

Common data i

nput for both types

Oxygen % in flue gases from the boiler/furnace (heater)

Flue gas temperature (degree F)

Combustion air temperature (degree F)

Heating Value of Fuel ( Btu /scf)

Percentage of the net heat requirement of the heater delivered from
turbine exhaust gases (%)

Turbine Data

(Based on the technical data entered, tool will appropriately select the available turbine. However if you want to select different turine, refer the attached turbine list and enter
the following information. Use the "New Turbine Data Form" to enter the detail of a turbine that is not available in the list.)

Manufacturer

Model No.

Output (kW)

Cost and Operating Data

Turbine cost Engineering Cost Installation Cost Other Cost
% of Turbine % of Turbine % of Turbine
($fkw) ® ® ®
Cost OR Cost OR Cost OR
CHP Application Cost Engineering Cost Installation Cost Other Cost
$) % of Heater % of Heater % of Heater
Cost OR ®) Cost OR ® Cost OR ®)
Operational Information
- i Use of power - %
Nqn fuel operation and Fuel Cost Electricity Cost Demand Charges of the rated Turbine Operation Heatgr
maintenance (O&M) cost ($/MM Btu) ($/kWh) (kW) turbine power (Hourslyear) Operation
($/kwh) e y (Hourslyear)




Company Name

CHP Data Collection Form - Fluid Heating in Heat Exchanger

Application Name

Application Type

Fluid Heating in Heat Exchanger

Gas Heat Exchanger

Contact Address Street City Cz|p
ode
. Name Email
Contact Information
Phone Fax

Liquid Heat Exchanger

Liquid Flow

Lbs/hr.

If Liquid Flow unit is GPM, provide
Density

OR

Gas Flow ( scfm)

Density ( Lbs./Cu.ft)

Gas Inlet Temperature ( Degree F.)

Liquid Inlet Temperature ( Degree F.)

Gas Outlet Temperature ( Degree F.)

Liquid Outlet Temperature ( Degree F.)

Gas Specific Heat ( Btu /scf. F.)

Liquid Specific Heat ( Btu /scf. F.)

Total Heat for Vapor ( Btu /Ib. F)

Total Heat for Vapor ( Btu /Ib. F)

Percentage Liquid Vaporized

Common data input for both type of heat exchangers

Heat Exchanger other losses (% of Net heat Input)

Oxygen % in flue gases from the heater

Flue gas temperature (degree F)

Combustion air temperature (degree F)

Percentage of the net heat requirement of the heater delivered from
turbine exhaust gases (%)

Turbine Data

in the list.)

(Based on the technical data entered, tool will appropriately select the available turbine. However if you want to select different turine, refer the
attached turbine list and enter the following information. Use the "New Turbine Data Form" to enter the detail of a turbine that is not available

Manufacturer

Model No.

Output (kW)

Turbine cost

Engineering Cost

Installation Cost

Other Cost

($7kW) % of Turbine ) % of Turbine ©) % of Turbine )
Cost OR Cost OR Cost OR
L Engineering Cost Installation Cost Other Cost
CHP Applg)atlon Cost % of Heater ) % of Heater ©) % of Heater )
Cost OR Cost OR Cost OR

($/kwh)

Fuel Cost
($/MM Btu)

Electricity Cost
($/kWh)

($/kW)

Demand Charges

Use of power - % of
the rated turbine
power used

Non-fuel operation and
maintenance (O&M) cost

Turbine Operation

(Hourslyear)

Heater
Operation
(Hourslyear)




CHP Data Collection Form - New Turbine

Manufacturer

Model No.

Output (kW)

Heat Rate ( Btu/Kwh)

Exhaust Gas Temperature ( Degree F)

Exhaust Gas Flow( #s/hour)
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CHP Tool - Turbine list

Sr.No. anutacturer wodeino | Ouput | beatfate | UL D | Exhaust Gos
(Degree F)

1 Capstone Turbine Corporation C30 30 13,082 527 2,461

2 Capstone Turbine Corporation C60 60 12,229 581 3,890

3 Ingersoll Rand 70S Series 70 13,550 450 5,760

4 Elliott Energy Systems 100kwW CHP 100 12,183 535 6,840

5 Ingersoll Rand 250 Series 250 10,700 500 15,840
6 Pratt & Whitney Power Systems ST5 395 14,504 1,089 18,257
7 Pratt & Whitney Power Systems ST5-1 457 10,428 689 17,622
8 Pratt & Whitney Power Systems ST6L-721 508 14,599 957 23,814
9 Vericor Power Systems ASE 8 525 15,658 909 28,577
10 Pratt & Whitney Power Systems ST6L-795 678 13,841 1,092 25,719
11 Kawasaki Heavy Industries, Ltd. S2A-01 680 16,362 885 40,484
12 Pratt & Whitney Power Systems ST6L-813 848 13,556 1,051 31,117
13 Mitsui Engineering & Shipbuilding Co., Ltd. SB5 1,080 13,395 918 39,690
14 Pratt & Whitney Power Systems ST6L-90 1,175 12,214 997 41,754
15 Solar Turbines Incorporated Saturn 20 1,210 14,025 940 51,900
16 Kawasaki Heavy Industries, Ltd. M1A-13 1,550 13,386 964 64,298
17 Kawasaki Heavy Industries, Ltd. M1A-13D 1,550 13,518 984 63,504
18 Pratt & Whitney Power Systems ST18A 1,961 11,281 990 63,266
19 GE Aero Energy Products GE2 2,000 13,651 977 87,318
20 Mitsui Engineering & Shipbuilding Co., Ltd. SB15 2,720 13,329 916 119,070
21 Yanmar Diesel Engine Co., Ltd. ATS 40 2,950 12,241 819 147,647
22 Kawasaki Heavy Industries, Ltd. M1T-13 3,050 13,604 964 128,596
23 Kawasaki Heavy Industries, Ltd. M1T-13D 3,050 13,727 984 127,008
24 MTU Motoren- und Turbinen-Union ASE40 3,140 12,144 1,117 103,194
25 Vericor Power Systems ASE 40 (VPS3) 3,286 12,073 1,108 100,813
26 Pratt & Whitney Power Systems ST30 3,340 10,712 955 103,194
27 Solar Turbines Incorporated Centaur 40 3,500 12,238 835 150,822
28 Solar Turbines Incorporated Centaur 40-1 3,515 12,241 819 147,647
29 Mitsui Engineering & Shipbuilding Co., Ltd. MSC40 3,520 12,243 819 147,647




CHP Tool - Turbine list

Exhaust Gas

Sr. No. Manufacturer Model No o(llj(t\zl)" giit/g?:; Tz?eze;;aetl::r)e FIIE:v';a(l;:,;hiisr)
30 Yanmar Diesel Engine Co., Ltd. ATS 50 3,600 11,672 918 150,822
31 MTU Motoren- und Turbinen-Union ASE50 3,660 11,044 1,038 111,132
32 Niigata Engineering (Europe) B.V. CNT-30C 3,716 12,419 815 149,234
33 Vericor Power Systems ASE 50 (VPS4) 3,776 11,152 1,044 111,926
34 Alstom Power TB5000 3,942 13,247 910 168,127
35 Rolls-Royce 501-KB5S 3,949 11,766 1,031 124,627
36 Pratt & Whitney Power Systems ST40 4,039 10,312 1,011 110,894
37 Yanmar Diesel Engine Co., Ltd. ATS 60 4,100 11,263 900 174,636
38 Rybinsk Motors JSC GTD-4RM 4,110 4,491 727 172,255
39 Alstom Power TB5000 4,148 12,588 910 168,127
40 Solar Turbines Incorporated Mercury 50 4,180 8,297 694 129,389
41 Alstom Power TYPHOON 4,343 11,371 982 140,106
42 Mitsui Engineering & Shipbuilding Co., Ltd. MSC50 4,350 11,675 934 150,822
43 Solar Turbines Incorporated Centaur 50 4,570 11,336 961 150,028
44 Solar Turbines Incorporated Centaur 50-1 4,600 11,631 948 151,616
45 Solar Turbines Incorporated Centaur 50L 4,680 11,009 946 147,647
46 Alstom Power TYPHOON 4,691 11,312 977 151,219
47 Alstom Power TYPHOON-1 4,932 10,666 1,013 142,408
48 Niigata Engineering (Europe) B.V. CNT-40C 4,937 12,005 943 156,379
49 Mitsui Engineering & Shipbuilding Co., Ltd. MSC60 5,000 11,253 898 169,873
50 Alstom Power TYPHOON 5,046 11,295 1,015 155,188
51 Alstom Power TYPHOON 5,249 11,204 986 164,952
52 Rolls-Royce 501-KB7 5,273 11,204 982 165,110
53 Kawasaki Heavy Industries, Ltd. M7A-01D 5,410 11,566 1,013 171,461
54 Mitsui Engineering & Shipbuilding Co., Ltd. SB30C 5,410 13,139 946 214,326
55 GE Aero Energy Products GES5 5,500 11,117 1,060 158,760
56 GE Aero Energy Products GE5 5,500 11,117 1,060 158,760
57 Solar Turbines Incorporated Taurus 60 5,500 11,223 950 173,842
58 Niigata Engineering (Europe) B.V. CNT-50C 5,531 11,516 903 176,224




CHP Tool - Turbine list

Sr.No. anutacturer wodeino | Ouput | beatfate | UL D | Exhaust Gos
(Degree F)
59 Solar Turbines Incorporated Taurus 60 5,740 10,661 914 169,873
60 MAN Turbomaschinen AG GHH Borsig THM1203A 5,760 15,187 959 279,418
61 Kawasaki Heavy Industries, Ltd. M7A-01 5,900 11,092 982 176,224
62 MAN Turbomaschinen AG GHH Borsig THM1203A 6,000 14,580 959 279,418
63 Rybinsk Motors JSC GTD-6RM 6,000 7,754 779 381,024
64 Rolls-Royce 501-KH5 6,420 8,567 986 145,265
65 Rolls-Royce 601-K9 6,449 10,619 986 186,543
66 Kawasaki Heavy Industries, Ltd. M7A-01ST 6,700 9,831 972 174,636
67 Kawasaki Heavy Industries, Ltd. M7A-02D 6,700 11,130 963 211,151
68 Alstom Power TORNADO 6,748 10,825 871 232,345
69 Mitsui Engineering & Shipbuilding Co., Ltd. MSC70 6,840 10,575 894 202,419
70 Kawasaki Heavy Industries, Ltd. M7A-02 7,150 10,731 950 215,914
71 Mitsui Engineering & Shipbuilding Co., Ltd. SB30E 7,330 12,201 936 261,954
72 Niigata Engineering (Europe) B.V. CNT-60C 7,500 10,601 900 210,357
73 Solar Turbines Incorporated Taurus 70 7,520 10,098 907 213,532
74 Alstom Power TORNADO 7,670 10,187 912 233,774
75 Solar Turbines Incorporated Taurus 70 7,690 10,045 919 211,151
76 Alstom Power TEMPEST 7,710 11,042 993 235,203
77 Rolls-Royce 601-K11 7,918 10,353 910 241,315
78 Rybinsk Motors JSC GTD-8RM 8,000 10,082 869 381,024
79 MAN Turbomaschinen AG GHH Borsig THM1304-9 8,450 12,561 925 356,416
80 MAN Turbomaschinen AG GHH Borsig THM1304-9 8,800 12,059 925 356,416
81 MAN Turbomaschinen AG GHH Borsig THM1304-10R 8,840 9,982 925 358,798
82 MAN Turbomaschinen AG GHH Borsig THM1304-10 9,120 12,428 946 359,591
83 MAN Turbomaschinen AG GHH Borsig THM1304-10R 9,200 9,584 946 358,798
84 Mitsui Engineering & Shipbuilding Co., Ltd. MSC90 9,290 10,769 867 311,170
85 Solar Turbines Incorporated Mars 90 9,450 10,769 867 319,108
86 MAN Turbomaschinen AG GHH Borsig THM1304-10 9,500 11,935 946 359,591
87 Vericor Power Systems ASE 120 9,793 9,753 970 249,253




88

Solar Turbines Incorporated

CHP Tool - Turbine list

Mars 90

9,860

10,315

867

319,108

89

Niigata Engineering (Europe) B.V.

CNT-90C

9,964

11,130

864

320,695
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