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What is PHAST 3.0?

PHAST 3.0 is a user-friendly tool that can be used to assess energy use and estimate reduction in
energy use with application of selected methods of energy efficiency improvement for industrial
process heating equipment such as furnaces, ovens, heaters, melters, boilers etc. The tool is designed
for use with parameter input in U.S. — English units and International units of measurements with
option of using local currency value for energy cost and savings calculations.

Note: The term “furnace” is used as a generic term to describe all commonly used process-heating
equipment such as furnaces, ovens, heaters, melters, boilers, kilns, dryers etc.

The tool serves three major functions:

1. Provides an introduction to process heating methods and energy conversion tools. It also includes
simple calculators for the performance comparison of furnaces at different operating conditions,
flow calculations for orifice based gas flow meters and heat input calculations, with links to
additional sources of information on topics related to process heating.

2. Survey of the process equipments that use fuel, steam, or electricity as energy source for heating
processes and a method to select the most energy consuming equipment. The user input is in the
form of heat (energy) input and operating practices of the plant equipment being surveyed. The
end result is a report that summarizes estimated annual energy use and energy cost in local
currency as well as in U.S. dollars. The report identifies the high priority equipment that use the
top 80% of the total process heating energy cost for the plant.

3. Perform an energy (heat) balance for the selected process heating equipment (furnace) to identify
major areas of energy use in the furnace and to provide guidance on how to reduce the non-
productive use or loss of energy. The tool includes instructions on the required data, how to
collect the data, methods to lower energy usage for each of the major areas of the furnace and a
list of resources where the plant can get additional help.

The tool allows the user to compare performance of the furnace at different operating conditions and
test “what-if” scenarios for various energy saving options.

PHAST 3.0 is developed by Oak Ridge National Laboratory in cooperation with the Industrial
Heating Equipment Association (IHEA). The development is supported by E3M, Inc. (Arvind Thekdi —
project manager). A subcommittee consisting of members from major industries (steel, aluminum,
heat treating, petro-chemical industry etc.) and equipment suppliers is acting as an advisor for the
tool development.

Please contact ARVIND THEKDI, E3M, Inc. (Phone: 240.715.4333 or E-mail athekdi@e3minc.com)
for all comments and suggestions.

Your cooperation and support is greatly appreciated.
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Installing PHAST 3.0

The tool can be installed by 1) using a setup CD or 2) downloaded from the U. S. Department of
Energy web site.

System Requirement:
e A PC running Windows 2000 /Windows XP/ Windows Vista with latest service pack
At least 1200MB free space in hard disk
A processor (preferably Pentium) 133 MHz or faster.
A monitor supporting resolution of at least 1024 x 768.
A mouse or compatible tracking device.
An optical drive.
Microsoft Office 2000 or higher with MS Access 2000 or higher
Acrobat PDF Reader

1) PHAST 3.0 Setup CD

The CD includes:
e PHAST 3.0 Setup
e User Manual as PDF document
e Survey Forms

Installation Instructions:

e Insert the Setup Disc in the CD ROM Drive.

e Follow the on screen instructions.

e Unless otherwise changed/specified, the default path of the application is
Start ->Programs ->PHAST3.0 -> PHAST3.0.

e Open the Application (Alternatively PHAST can be opened through the shortcut created on the
Desktop)

Note: In case of problem during Installation

e Update the operating system with latest service pack and run the PHAST Setup again.

e Disable any memory resident programs and run the PHAST setup again.

e Contact your IT support personnel for permission/security issues.

Uninstall Instructions:

Start -> Control Panel -> Add or Remove Programs

Select “PHAST3.0” from the list

Click “Change/Remove”

Choose either “Yes” or “Remove None” during course of uninstall

2) PHAST 3.0 Setup - Web Download

For the web download, go to the U. S. Department of Energy web site- www.eere.energy.gov/industry.
On this web site
e (o to the link “Software Tools”
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e Go to “Quick link to resources”
e Select “Software Tools”
e Select “Process Heating Assessment and Survey Tool (PHAST v3.0)” to down load the tool

Installation Instructions:

e Click ‘Run’ to initiate the setup of PHAST 3.0

e Follow the on screen instruction

e Unless otherwise changed/specified, the default path of the application is
Start ->Programs ->PHAST3.0 -> PHAST3.0.

e Open the Application (Alternatively PHAST can be opened through the shortcut created on the
Desktop)
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Summary:

A. Calculators.

This section includes several tools or calculators that can be used to assess (calculate) improvements in
efficiency, reduction in fuel use and flow calculations for commonly used gases with a provision to
calculate heat input for gaseous fuel-fired process heating equipment (furnaces etc.)

B. Plant/Equipment Information
This section can be used to:

e Survey energy use and the annual cost of energy in a local currency or US dollars for a heating
system (fuel fired, electric heating, steam heating) and auxiliary equipment (i.e. pumps,
motors, compressors, fans, vacuum pump etc.) associated with a heating system used in a
plant;

e Assess and Summarize the expected annual cost of operation in a local currency or US dollars
of each of the surveyed equipment;

o Identify specific heating equipment that account for a large (80%) percentage of the process
heating energy cost for the plant;

e Add new heating equipment on over all annual energy use and energy cost for the plant

e Evaluate the effect of decommissioning or eliminating the use of any one or more existing
pieces of heating equipment surveyed;

e Select equipment (furnaces) for detailed analysis to identify the distribution of energy used in
various parts or sectors of the furnace.

C. Furnace Analysis - Heat Balance

This section can be used to analyze the energy used in various parts of the selected furnace under a
given operating condition. The furnace has to be included in the Plant/Equipment Information section.
The areas for energy use include charge or load, fixtures, trays etc., wall losses, water cooling losses,
losses through openings and exposed hot parts, flue products (or exhaust gases) and heat storage. The
load or material being processed can be in the form of solid, liquid or gas with phase change (melting,
evaporation) and may include chemical reaction. This section allows the user to identify major areas
of energy use and the magnitude of losses to study the effect of changes in operating conditions and
their effect on the energy used in the furnace.

D. Reports

This section provides four reports in the form of tables and charts. The Plant Summary report
includes a table of energy used, expected cost of operation for the furnaces surveyed and their
comparison. The Furnace Analysis report includes a table of energy used in various parts of the
furnace analyzed, their relative importance in terms of the percentage of the total energy used, and the
effect of changes in key operating parameters on energy consumption for the furnace. The Furnace
Summary report includes a schematic of heat loss/use distribution of the selected furnace components
in the form of a “Static’ Sankey Diagram format.. The Input Data report includes all the data that has
been given as input for a selected plant.

Note: All reports can be printed or saved as PDF for future reference
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E. Import Other Plant Information

This section provides functionality of importing plant and furnace information of the plants previously
assessed and for which the user has exported information through another installation of PHAST
(Version 3.0). The complete information about plant, its furnaces, heat zones, energy sources used,
cost of energy used, heat balance analysis of each furnace can be imported to the existing PHAST
(Version 3.0) database. Later such information can be analyzed/ modified/ reviewed as discussed in
the above section.

Note: The data entered/analyzed through earlier versions PHAST (such as v1.2, 1.3, 2.0) cannot be
imported to latest versions of PHAST such as PHAST (Version 3.0)

F. Export Plant Information

This section provides functionality of exporting plant and furnace information of selected plant that is
entered through PHAST (Version 2.0). The complete information about plant, its furnaces, heat zones,
energy sources used, cost of energy used, heat balance analysis of each furnace can be exported as an
MS Access database. Later such information can be imported in to the existing PHAST (Version 3.0)
database through Import Feature and new information can be analyzed/ modified/ reviewed as
discussed in the above section.

Note: The data entered/analyzed through PHAST (Version 3.0) cannot be exported to earlier versions
of PHAST such as PHAST (such as v1.2, 1.3, 2.0)
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Description and Use of the Tool:

General Notes:

On all screens, enter the required information in the “white background” text boxes. The
results will be shown in “colored background” text boxes or as labels.

Do not use special characters (*,”, & *, #, etc.) while entering the data in different text boxes.
This may cause the problem when other user imports such data.

Throughout the application, invoke specific unit converter by pressing “F2”. On pressing
“F2”, the specific unit converter will be invoked if the cursor is in any input text box and the
data being filled has unit attached to it. Also invoke general unit converter through top menu

Furnace Analysis screen).

Click on #¥ (a button at bottom left corner of each screen) will open a new window with
detailed information related to each field on the screen.

On all screens, move the mouse over the label next to the input boxes to display a “tool-tip”
and get a hint about the information that user is expected to fill in the respective text box.

Refer to “Information” menu in the top bar, or “™ %Y " bustons for additional references
or knowledge material.
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Starting PHAST 3.0:

On starting PHAST 3.0, user is greeted with flash screen for a brief time.

U5 Dapartment of Energy
MTERRL ) AN

| Efficiency and Renewable Energy

a prosperous future where energy is clean, abundant, refiable, and afiordable

f Industrial Technologies Program Tools Suite

Processing Heating Assessment and Survey Tool

Selection of Heating System

After brief display of splash screen, user is presented with an option to select Heating System —
“Electrotechnology” or “Fuel Fired”. User can select one of the heating systems and click “OK” to
proceed or “Exit” to shut down the application. After the system selection, screen with unit selection
is displayed.

Note: The application remembers which heating system was used on its last run, and automatically
keeps the unit selection for the next run of the application. However, user can always change the
selection.

"Heating System Selection

Erergy Eificlency and Renewable Energy

i~ Select Heating System

(" Electatechnology &+ Fuel Fired
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Selection of Unit

After brief display of splash screen, user is presented with an option to select the units — US (SI) or
International (MKS). User can select one of units and click “OK” to proceed or “Exit” to shut down
the application. Based on the unit selection, screens with related unit labels are displayed for all
modules.

Note: The application remembers which unit system was used on its last run, and automatically keeps
the unit selection for the next run of the application. However, user can always change the unit
selection.

Unit Selection

£1ergy Etficlency and Renewable Energy

~ Select Units

" International Units

v ok | B¢ Exit |

The initial screen describes the six major sections of the application.

" Process Heating Assessment and Survey Tool (PHAST)

Energy Efficiency and Renewable Energy .

Calculators Plant/Equipment Information

Repotts Import Plant Information Export Plant Information

_Click on the appropriate button for further information
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Calculators

Plant/Equipment Information
Furnace analysis — Heat Balance
Reports

Import Other Plant Information
Export Plant Information

ook wnE

Click on “Exit Application” to close all screens and leave PHAST 2.0
Click on “logo” of DOE and IHEA to go their respective website.
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Calculators:

This section includes several tools or calculators (four) that can be used to assess (calculate)
improvements in efficiency, reduction in fuel use, and flow calculations for commonly used gases with
a provision to calculate heat input for gaseous fuel-fired process heating equipment (furnaces etc.).

Common Instructions for ALL four tabs:

e Insert the required information in the boxes or “white” areas. The results will be shown in
“yellow colored” boxes.

e Use the Tab key or your mouse to go from one text box to another.

e Click on “Save” to save the information that can be displayed next time. User should save
the changes in information on each tab before moving to the next tab.

e Click on “Print” Button to print the current screen that contains calculations.

e Click on either “Previous” or “Next” to toggle between different screens of Introduction.

e Click on the “Close” button to close the screen and return to the main screen.
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Energy Equivalency:
Calculations for converting values of energy requirements when the heat source is changed from fuel
firing (Btu/hr or kJ/hr) to electricity (kW) or vice versa.

¢4 Calculators v}

 Energy Efficiency and Renewable Energy

Energy iciency : Flanw Calculations
/Eﬁuivalency 1/%|:Lu(rwement 1 02 Enrichment 1 Ernergy Llsc\\

e 1 T 4
1 / r Calc e Equivalent Electrical Energy Input - 1
uel-Fired Equipment EHficiency [%) Gl
v Electrically Heated Equipment E fliciency [%] 1 an
10 8

E quivalent Electrical Heat Input [k 1.953.32

\

Heat Input for Fuel-Fired Equipment [k Biuhr]

.

 Calculate Equivalent Fuel Heat Input -

Electrically Heated Equipment E fliciency [%] a0
Fuel Fired Equipment Efficiency [%] N
Heat Input faor Electrically Heated E quipment (k] 1200

E quivalent Fuel-Fired Heat Input [k Btudhr]

!

5 ..... P'rmt . | ﬂ-" ':|I:ISE] J i:.:-::.__.'!;'_.._;\.:.] Mext |

e Enter furnace efficiency (in terms of percentage) for fuel fired equipment (60% in the
example)

e Enter furnace efficiency (in terms of percentage) for electric heating system (90% in the
example)

e Enter Heat Input for Fuel fired equipment (10 Million Btu/hr in the example)

e Equivalent Electrical Heat Input (1,953.32 kW in the example) is calculated and displayed
in colored text box
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Efficiency Improvement:

Calculation of available heat (an indication of thermal efficiency) for fuel fired furnaces and expected
energy savings when the burner operating conditions (exhaust flue gas temperature, excess air and
preheated air) are changed for the burners.

& T R >
#+ Calcualators

Energy Efficlency and Renewable Energy

; Efficiency ; Flow Calculations ]
Energy Equwalenc_l,ll (i I 02 Enrichment l Bl
Current M e
Flue Gas Dwwgen [ Dy | | 5
Flue Gaz Temperature [Deagree F] | 1600 | 1600
Excess Air [%] | 35 80 | g 42
Combustion Air Temperature [Deagree F] I an I 750
Ayvailable Heat [% of HHY | 4L 5§ 67.15
Fuel Savings [%) | Base | 3217
Energy Input [k Brudhr] | 10 | 6 78

& Print | Save | e Clusel <0 Previous| Mext o
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O2 Enrichment:
Calculation of available heat (an indication of thermal efficiency) for fuel fired furnaces and expected
energy savings when oxygen in combustion, “air”, is changed from standard (21%) to a higher value.

|*' Calculators

Energy Efficiency and Renewabile Energy

; Efficiency : Flaw Calculations
Energy Equwalency] rpiovemen 02 Enrichment I E bl
Combustion with Combustion with
Ar Ouypgen Ennched
Air
02 in combustion Air (%] | 100
Flue Gaz Temperature [Degree F] | 1800 | 1800
02 in Flue Gazes [% Dry) | 5 | 1
Combustion Air Prebeat
Temperature [Degree F) | 300 | ilL
BAyailable Heat [% af HHY) | 61.97 | L
Fuel Savings [%) | Base | 17.70
Fuel Consurnption (MM Btudhr) | 10 | 823
Mote: Current limitation of the program would result in an error of
about 2% to 5% for the value of available heat calculations for
oxygen enrniched air case.
& Frint | Save | B¢ Close | i Previuua’ MNext =
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Flow Calculations/Energy Use:
Calculation of flow rates for commonly used gases using data for an orifice type flow meter and heat
input calculations when the gas is a fuel (i.e. natural gas, propane).

|*' Calculators

Energy Efficiency and Renewabile Energy

Flow [:ali::ulatii:lnnsﬁ

Energy Use

Efficiency
Improvement

Select Gaz !M ,I Temperature of Gaz |
[Degree F] 85

Specific Gravity [Air=1] 0.65 Bl ot RS
[P=ig) | 4

Orifice Diameter [lnch) | 35
Orifice Pressure Drop 11
fInch w.C.] i

Inzide Fipe Diameter [Inch) I ]

Flows [Scfh) | 57.304
Type of Section ISha’F' Edge vl
Coefficient of Discharge | 06 Operating Tirme | 10
3 [Howrz]

Heating Value of Gas - 10on  Energe Use | 57304
HHY [Btu/ft™30 [Millicr Bu]

Energy Equivalency | 02 Enrichment

& Print | Save | P+ Ch:usel e Previuual Next = |
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Plant/Equipment Information:

General Notes:
e Do not use special characters (.7, & * #, etc.) while entering the data in different text boxes.
This may cause the problem when other user imports such data.

This section contains three tabs. An image of the section is shown below and a description of each tab
follows:
Select the plant

| I*lant a8 |

Energy Efficiency and Renewable Energy

Company MName |TEST MEW CORPORATION

Plant M ame / ;! Mew Plant
Plant D'ezcription Steel plant in Ohia
/ General Information T Energy Source T Furnace Information\_
1 \
N
Descriph - - N 3
1 i il ew plant in Toledo Ohio
Fi g Toduct ar !Steel coiles for auto industry Industry Cade |33
Services Provided

Select Curency | United States - USD - Dollar x| InitistionDate |05 wfMar > 2008 =] @
2 2

Corwersion Rate |1 Mesn CUrrency |

[Equivalent to IS - $)
—Address — Contact Information

Address Linel 1234 Main Street Mame |Charles Davis

Address Line2 | Phone |[419) - 555 1343)

il [Taleda Far |[419) - (885 1000)

State {oH E-mail |cdavis@newsteel com

Country {Urited States

Zip Code 143550-345?

@ A Preyviol |~s| Mext = |
F-

i Delets F'Iantl B* Close
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1. General Information:

Collect general information related to the plant, including its Description, Final Product,
Industry Segment, Contact Information and Currency for Cost Estimation.

Energy Sources:

Select available energy sources for the plant and input values for the fuel heating value and
cost data using appropriate units. A library of energy sources, which are used in the plant’s
process heating equipment, can be prepared and viewed. An option for the input of a new
energy source with heating value and cost with appropriate units is provided.

Furnace Information:

View the list of all process heating equipment (furnaces) within the plant. An option for

viewing the details of each furnace or adding a new one is provided here.

Common Instructions for ALL tabs:

Click on “New Plant” to add the general information, energy sources used and furnaces for the

plant. The user must provide the Plant Name before adding other details.

Click on either “Previous” or “Next” to toggle between the different screens of

Plant/Equipment Information.

Click on “Delete Plant” to delete all the related information of the currently selected plant and

the details will not be available for future analysis.
Click on “Close” to close the screen and return to the main screen.

Click on €| (a button at bottom left corner of each screen) will open a new window with
detailed information related to each field on the screen.

05 Energy Efficiency and Renewable Energy

Name

Zone Name

Fuel firing

Type of Fuel

No. of Burners/Zone

Zone Burner Rating for All Burners (MM Btu'hr)

% of Rated Capacity Used

% Loading Factor

Electric heating
Type of electricity

kW Rating for All Sections

%% of Rated Capacity Used

% Loading Factor

Steam heating
Type of steam
Steam Pressure-Absolute (psia)

Steam Flow (Ib/hr)

% of Rated Capacity Used

Heat Zone

Description

Give appropriate name of the furnace zone.

Select the types of fuel used in the zone from the menu. The menu gives a list of all fuels selected in the "Energy Source” tab.
Give total number of burners used in the zone.

Give a number that represents Total (for all burners stated above) firing rate or rated heat input for ALL burners. (Note: This is
NOT for each burner)

Give a number that represents percentage of the rated heat input (firing rate) used in the zone. This is percentage of the rated
value given in "Zone burner rating for ALL burners" above.

This is % of operating hours or time the burners are fired or used The hours are % of operating hours given in "Operating hours |
information” tab. 3

Select source of electrical energy (if known) used for the furnace zone

Give a number that represents Total (for all electric heating sections in the zone) power rating. (Note: This is NOT for individual
heating section within a zone of the firnace)

Give a number that represents percentage of the zone electrical heat input. This is percentage of the rated vahie given in "KW
rating for all sections”

This is % of operating hours or time the electrical heating system is used. The hours are % of operating hours given in
"Operating hours information” tab.

Select source of steam (if known) used for the heating system or furnace

Give value of steam pressure in absolute pressure units

Give a number that represents Total (for all heating sections in the zone) steam flow rate (Note: This is NOT for individual
heating section within a zone of the firnace)

Give a number that represents percentage of the rated steam flow or heat mput. This is percentage of the total steam flow given
above.

This is % of overatine hours or time the steam heating svstem is used. The hours are % of operatine hours siven in "Owperating
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General Information:
On this tab provide General Information about the plant such as Description, Final Product, Industry
Segment, Currency and its conversion rate to USD, Initiation Date and Contact Information.
Note:
e Currency selection and its conversion rate are required to proceed further.
e Conversion Rate entered on this screen (tab) is used for cost calculations.
e Instead of entering an Initiation Date, a calendar image can be used to select the date

Add New Plant:
Click on “New Plant” to add a new plant. On the same screen, all the input boxes will clear out for
new data entry.

#4'Plant
File Help

Energy Efficiency and Renewable Energy

Company Mame ;Davis-L}lnch Glazs Compary

Flant Mame ;F‘H 0610_Homework_M asterlk.eyp _l! Mewy Plant

Flant D escription .S pecialty Glazs M

General Information T Energy Source T Furnace |nfarmation
D escription |Glazs blowing Plant
Final Product or 15 pecialty Glass Products Industry Code: |

Services Provided

Select Lurtency | |Inited States - USD - Dollar = nitiation Date [g  {liye 2010 =] @
Thailand - THE - B aht H

Converzion Rate | Toridad and Tobago - TTD - Daollar -
(Equivalent to USD | Turkey - TRY - Lita Currency Selection
[Inited Arab Emirates - AED - Dirham

—Address - Urited Kingdom - GEP - Pound tt Information

) United States - IS0 - Diollar =

Address Linel B dvenezusla - VEE - Bolivar [_ [
; : : w

Addrezz Line2 Migat: ¥ ND:: D oeig T i[_] S ]
Lity |Star City Fan -
State Tty E-mail |
Cauntry {United States
Zip Code !255[5.

j@j & i'—'rs_'w':r.:ua-l Mext oo l

il Delets F'Iantl j* Clozse
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Enter “Company Name” (mandatory to proceed further or save the data)

Enter “Plant Name” (mandatory to proceed further or save the data)

Select “Currency” from the drop down list (mandatory to proceed further or save the data)
Enter/modify “Conversion Rate” for currency (mandatory to proceed further or save the data)
e Enter other data (optional) such as description, product, address, contact information etc.
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Add New Currency:

For US units’ version, application selects US Dollars as default currency. However, user can change
the selection from the available drop-down list of currencies (Appendix — B). A new currency that is
not in the list can be added to the database.

Click on “Add New Currency” to add a new currency. A new screen will be presented to enter the
data of new currency as given below.

‘¢4 Currrency Data X

Energy Efficiency and Renewable Energy

- Add Mew Currenicy

Cournty I
Currency Mame I
Currency Code I

Default Converzion F ate I
[E quivalent ta USD - $]

i Delete | B Hew | Cancel | Save

Double click to select existing currency

Nu:u_‘ Courntry I Currency Mame I Currency Code I Default Converzion R ate [Equivalent to USD - §]

1 Australia Drollar Aaln 0. 73600

2 Canada Drollar Cal 0.85000

3 China 'uan CHY 012900

4 European Union Eura ELIR 1.23100

a Hong Kong Drollar HED 0.12800

B India Rupee INR 002200

v |ndoneszia Rupiah IDRA 0.01700

a Japan Y'en JFY 0.00300

9 b alayzia Ringgit MR .28500 =
10 b Eico Peszo bdM 0.02300 = M
< i | [ﬂ

fl* Close |

The grid table displays all currencies available in the database. Double click on any row of the
currency will populate the data in the upper boxes.

User cannot edit the details of the default currencies shown in Appendix — B and encouraged to enter a
new currency if it is not available in the list. The details of currency entered by user can be edited.

e Click on “New” to add a new currency.
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Note: Country Name, Currency Name, three letters Currency Code and conversion rate with
reference to US Dollar are required to have a new currency for future use.

e Click on “Save” to save the new currency data for future use.

e Click on “Delete” to delete the selected currency
Note: Currency cannot be deleted if it is used in any of the plant analysis or part of master list
(Appendix —B). Application will display the message with a reason if user cannot delete the
currency.

e Click on “Cancel” to cancel the action.

e Click on “Clese” to close the screen and return to the Plant — General Information tab.
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Energy Source:

On this tab, provide information of energy sources such as fuel heating value and cost that are used in
the plant.

»*Plant

Energy Efficiency and Renewable Energy

Campany MNarme ;Davis-Lynch Glazz Comparny
Plant Mame PHOE10_Homewark_t astertley - E Me ! L
;. = - '—! B » Result of Energy
Plant Description Specialty Glass Mir. Source Selection
General Infarmation 1 Energy Source 1 Furnace Infarmation
!Select Tvpe * Fugl " Electricity " Steam
Eneiqy Soures ew Eniergy Saurce |
Heating */alue I
Cost per unit (USD) I Select Available Source from Drop Down List
i Delete | | [E] sae
Double click to zelect energy source [tem zhown in red have not been modified after currency change
Mo i Energy Source ! Type l Heating * alue I Cost
1 Electricity Electicity 3,412 Btudkdwh S0 DO07E/AMR
2 Matural Gas Fuel 1.020 Brudft™3 SO 5.58/Million Btu
2 Steam Steam 1.200 Brudb S0 10,00 Million B
8| | [
@:I &= Previuusl Mext o>
i Delets F'Iant' B* Close

For any new plant, application provides three energy sources - Electricity, Natural Gas and Steam
along with their heating value and standard costs in USD as default values. However, user can change
these default values to values of his/her choice. User may add additional energy sources for the plant
from available drop-down list (Appendix — C). A new energy source that is not in the list can be added
to the database. Application must have at least one energy source of each type for analysis otherwise a
selection for Fuel/Electricity/Steam in the Heat Zone information will not be available. The heating
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value and cost data for Fuel, Electricity and Steam are used to calculate plant wide energy
consumption and its cost distribution.

Note: Heating value and cost units are required to have this energy source available for plant.

e Select the energy source from the drop list.

e Edit/enter the Heating Value input box (Note: this value will be used for calculation)
Note: User can invoke specific unit converter by pressing “F2”, if cursor is in Heating Value
input box. User will be presented with unit converter screen as given below.

General Information T Energy Source Y Furnace Information
Select Tupe " Fuel & Electricity " Steam
Energy Saurce | Electricity B Mew Energy Source
Heating ' alue | 41213 Bhudddwh
Cost per unit [L1S0] I 007e  Awh
] Delete' Save |

#4'Unit Calculator

Energy Efficiency and Renewable Energy

~ Input — Dutput
What Quantitp? Convert From Convert To Result
| 341213 |kCalfkwh | |Buskiwh - | 13549.49
‘ Q¢ Cloze | Bietumn Yalue | ‘

= Enter/Edit the “What Quantity” value

= Select the unit from “Convert From” list

= Select the unit from “Convert To” list”

= Click on ‘Return Value” to bring the calculated result (output) to the input box from
where F2 was invoked i.e. Heating Value on energy source tab

= Click on “Close” to close the unit converter form without brining the calculated result
(output) to the input box

e Edit/enter the cost of energy source in the selected currency (Note: this value will be used for
calculation)
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e Click on “Save” to save the energy source for selected plant.
Note: The grid table displays all energy sources that are saved and available for the plant.
Double click on any row of the energy source will populate the data in the upper boxes.

e Click on “Delete” to delete the selected energy source.
Note: Energy source cannot be deleted if it is used in any of the plant analysis. Application will
display the message with a reason if user cannot delete the energy source.

The application has a provision to add more than one type of Electricity and Steam with a different
name, heating value and cost. The application calculates energy cost according to the selected energy
source in the heat zone data in furnace information section of the application.

Add New Enerqgy Source

Click the “New” button to add a new Energy Source. A separate screen (shown below) will pop up.

'Energy Source

Energy Bifciency and Renewabie Energy

Select Type i iFueE_ " Electricity € Skeam

MHame of Energy Source ]

Heating Y alue Uit '| _:j—P Select from the
Drop Down List
Cozt Lnit ] :_j—P
Energy Source Sumrmary = Hew | W Delet | e |
Mo ] M arne 1 Erergy Tupe ] Heating Unit ] Cost Lnit ]
1 Blazt Furnace Gaz Fuel Btu/ft™3 S0/ Million Bru
2 by-product gazes Fuiel Btuft™3 150 Adillion Bt
3 Coal Fuel Btu/lb 15D tan
4 Coke Fuel Btu/lb IS0 ton
A Coke Oven Gas Fuel Btuft™3 S0 /Million Bru
G Fuel Oil Fuel Btu/gallan 150 Adillion Bt
7 Matural Gaz Fuel Bru/ft™3 S0 AMillion By
2 Fropane Fuel Bhuft™2 SD/Million Biu

Q¢ Close

e Select Type of new Energy Source (Fuel, Electricity or Steam)

e Enter/Input the “Name of Energy Source”

e Sclect the “Heating Value Unit” form the drop down list (Note: The list of available units is
dependent on the selected fuel type)

e Select the “Cost Unit” form the drop down list (Note: The list of available units is dependent
on the selected fuel type and currency)
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e Click on “Save” to save the information. (Note: The saved information can be viewed in the
Summary list and is later available when this energy source is selected for plant analysis.)

e Click on “New” to add another Energy Source and its information.(Note: Double click any
row in the Summary list to make it the current selection for edit/update).

e Click on “Delete” to delete the current Energy Source selection (Note: Energy source cannot
be deleted if it is used in any of the plant analysis or part of master list (Appendix —C).
Application will display the message with a reason if user cannot delete the energy source.)

e Click on “Close” to return to the Energy Source tab of the Plant/Equipment Information
section.
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Furnace Information:

The user can view a list of all the Process Heating Equipment (Furnaces) previously entered for
analysis.

'#<'Plant

=
File Help

Energy Efficiency and Renewable Energy

Campany M ame |TEST NEW CORPORATION

Plant Mame !Test Steel Plant - 115 .l! Mesw Plant
Plant D'ezcription

Stesl plant in Qhio

[3eneral Information T Energy Source T Furnace Information

Furance Summary

Mo | Fumace Mame Descnption
Electic &rc fumace Scrap meling
2 Ladle heater 1 Primary ladle heater
3 Ladle heater no. 2 Secondary ladle heater
4 R eheat furnace YW aling bearm reheat furnace
5 Stearmn bioiler [Gas fired boier
B Tundizh heater 2 [Gaz fired tundizh heater
K Wwiater heater W ater heater uzing steam from the next door plant

Mew Furniace |

Double click on the Furnace to see its Detail.

<3 Previuusl hest = |

i Delets F'Iant‘ B* Close

Double click on any row of “Furnace” in the list. A separate screen will pop up showing previously
entered and saved information of the selected furnace.

Note: For a new plant, the summary list will not show any furnace and user must add furnaces and
their operational information through “New Furnace”

November 2010 Page 27 of 81 User Manual - Version 1.0



Process Heating Assessment and Survey Tool (PHAST 3.0) - FF: US Units

Add/Edit New Furnace:
Click on “New Furnace” to add operational information for a new furnace. A separate interface

screen as shown below will pop up where the appropriate information for the new furnace can be
added.

Double click the any of the “Furnace Name” in the furnace list to edit the furnace information.

Note: The current furnace is highlighted with blue colored text in the list on left side.

e =
# ¢ 'Furnace Information

File Help [

Energy Eﬂicie-ncv and Renewable Energy

Company Name TEST NEW CORPORATIOHN Flant Mame Test Steel Plant - US

Furmnace List

Furnace Name

) iEIectriu: Arc fumace Create with Other Furnace Dats
Double Click to Select Disserink
ezcription i
Noj Furnace MNarne iScrap melting
1 Electic Arc furnace . 5 i : ;
3 Cadetona Operation Hours |nfarmation 1 Heat Zone | Ausiliary Equipments | Motes |
3 Ladle heater no. 2
4 Feheat furnace
] Steam boiler
5 Tundizh heater 2
7 Water heater — Dperating Hours
" Calculate ™ Azsign
Wwieeks/year
Dayedweek,
Shiftz/day
Hours/zhift

Tatal HourzApear

r——— | GBI R

Mew Furnace | [ Delete Furnacel B¢ Close ]

Operating Hours
o Select the option of “Calculate” or “Assign”
o For “Calculate” option (Note: user must enter all individual numbers and application
calculates the total hours based on the input)
= Enter the number of “Weeks/year” for which furnace is operating
= Enter the number of “Days/week” for which furnace is operating
= Enter the number of “Shifts/day” for which furnace is operating
= Enter the number of “Hours/shift” for which furnace is operating
= Application will calculate and display the “Total Hours/year”
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o For “Assign” option (Note: user won’t be given an option to enter individual numbers
and must enter the total hours)
=  Enter the number of “Total Hours/year”
e Click on “Next” or “Heat Zone tab” to enter information about furnace’s zones (Note: The
information entered is saved and available for later edit/update)
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Heat Zone
A separate screen as shown below will be displayed where user can enter each zone’s information or,
add/delete new zone

The zone information has three options. Depending on the source of heat, the user can select Fuel
firing of burners, Electric Heating (through resistance heating, induction heating, electric arc/plasma or
other types), or Steam Heating, commonly used for heating of liquids such as water or air for drying.

e In case of Fuel Firing, the drop down list of fuel type will display only those fuels that are
available in the “Energy Sources” of the plant information.

e In case of Electric Heating, the drop down list of electricity type will display only that
electricity that is available in the “Energy Sources” of the plant information.

e In case of Steam Heating, the drop down list of steam type will display only those steams that
are available in the “Energy Sources” of the plant information.

e In case of steam heating, a set of nominal values for saturated steam (Pressure 85 psig,
temperature 350 F, and total heat 1200 Btu/Ib) is used as standard values for their respective
text boxes when actual values are not available. It is advised that whenever possible, the actual
operating conditions be used.

‘j"‘" Furnace Information

|

‘ : _ Energv Effi ciencv and Renewable Energy

Compary Name TEST NEW CORPORATIOHN Flant Marme Test Steel Plant - US

Furnace List Furnace Name ]Electlic Arc furmnace Create with Other Furnace Data
Diouble Click to Select e
ezcription i
Mo | Fumace Mame ]Scrap meking
12 E‘Le;glﬁgé:ﬁmace Dperation Hours Infarmation Heat Zone ] Ausiliary Equipments | Makes |
3 Ladle heater nao. 2 Heat Zone List [ £one Information
4 Feheat funace Double click to zelect Zane Mame 1Heating Zohe B Create with Gfher Zone -“l
5 Steam bailer s —
g R Mo 1 Heat_Znne3 — Fuel Firing - S
7 Water heater T Heating zone Type of Fuel | _+| Mo of Bumers/Zone 0
Zone Burner Rating for &ll Bumers ]—E % of Rated Capacity Usedi__g-
it Bt o % Loading Factor 100
: Electric Heating - -
Type of Electricity il:ogen electicity | 7 of Rated Capacity Used 1 a0
Kk Rating faor Al Sections f0000 % Loading Factar 30
- Steam Heating - “
Tuvpe of Stearn _1 % Loading Factor 100
Steam Pressure-dbsolute ]_E Steam Temperature [Degree F) 175
[pzial
Steam Flow [Ib/hr] Total Heat for Steam [Btudb] 1 1266
% of Rated Capacity Uzed 0 9 Steam Table Look Up1
- i W Mew Zone ] il Delete Zone ] g Previuus] Mext Cor J
e 1 I Delete -| [j* Close 1

e Enter the operating information of zone in the input boxes
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e Click on “Next” to enter Auxiliary Equipment information. (Note: The zone information
entered is saved and available for later edit/update)

e Click on “Previous” to go to operational information tab (Note: The zone information entered
is saved and available for later edit/update)

e Click “New Zone” to add a new zone to a furnace. All input boxes turn to blank or default
values for data entry. (Note: The zone information entered is saved and available for later
edit/update. The saved zone is displayed in the zone list)

o Click “Delete Zone” to delete the selected heat zone of current furnace. (Note: Make sure that
the appropriate zone is selected before attempting to delete its information)

e Click on “Close” to close the screen and return to the Plant/Equipment Information screen.
(Note: The zone information entered is saved and available for later edit/update)

On this screen also, a specific unit converter can be invoked by pressing “F2” key. Following text
boxes allow invocation of specific unit converter.

= Zone Burner Rating for All Burners
= kW Rating for All Sections

= Steam Pressure Absolute

= Steam Temperature

= Steam Flow

= Total Heat for Steam

Note: A furnace can be selected by double clicking the furnace name in the furnace list. The
respective information about Operation, Heat Zone and Auxiliary Equipment will be available for
review/modification. Similarly, the heat zone for a particular furnace can be selected by double
clicking the heat zone name in the heat zone list (Heat Zone tab) and the respective data will be
available for review/modification.
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Auxiliary Equipment

Click on “Auxiliary Equipment tab” to enter information about plant’s auxiliary equipments. Major
equipments included are: compressors, fans/blowers (outside or inside the furnace), vacuum pumps
and other electric motors used for material handling/processing or other motor driven production
equipment. This information is used to calculate energy used by auxiliary equipment associated with
the furnace. A separate screen as shown below will be displayed where user can enter such
information.

Note: It is assumed that all auxiliary equipments are powered by electricity. The drop down list of
electricity type will display only that electricity which is available in the “Energy Sources” of the
plant information.

#4'Furnace Information

File Help

Energy Efﬁcie'ncv and Renewable Energy

Compary Name TEST NEW CORPORATIOHN Flant Marme Test Steel Plant - US
Fiinace List Furnace Nams ]Electlic Arc furnace Create with Other Furmnace Data
Double Click to Select o o
EzCrplon i
Mo | Furnace Name ]Scrap meling
12 E‘Lejg'ﬁ.:tc;:":mace Dperation Hours Inf?rmatinn | HeatZone Auﬁiliary EquJipments 1 f.*JC'tES I :
3 Ladle heater no, 2 Check Operating Hours before entaring Auxillary Equipment Information
4 Reheat fumace * Connected power for all eguipments
5 Steam boiler B
6  Tundish heater 2 £ y . w
7 Water heater
 Compreszors——  Wac. Pumps— - Pumps — 1 Fanz { Blowerz -~ Other Mators——
s | | | | 11
ElECUICIt}' T.'r'|3E |1m v] | ] Li I] _Zj 'jl::.gen E|EC_‘:_; | J :J |
| I | Il
| | 11 1| |
Tatal Mos i] 0 ! | ol 0 :.] 2|l o
Tatal Connected F'nwer; ! | (1 [l |
(HPJ" | 0 !!] 0|l 0 i'] 250 || 0|
Duty Cycle (% of |] n ! ] n ] 1] .] 30 !] 0
Operating Hours] | |! | [| [| -
% Rated Capacity |] 0| | ol 0 i'] a0 !I 0
Tatal Energy use '] 1] !] 0 ] 1] II] 126895 ||
[Thouzand kwh] L ol I s i 2|
| ot ol @ﬁ A Previuus] Mext = ]
B Mew Furhiace ] fil Delete Ef:-..:-'-'=.-5:-".'.-| fj* Close ]

e Enter the operating information of auxiliary equipments in the input boxes

e Click on “Next” to go to Notes/Comments tab (Note: The information entered is saved and
available for later edit/update)

e Click on “Previous” to go to zone information tab (Note: The zone information entered is
saved and available for later edit/update)
Note: On this screen also, a specific unit converter can be invoked by pressing “F2” key.
Following text boxes allow invocation of specific unit converter - Total connected Power
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e Click on “New Furnace” to add information of a new furnace.

e Click on “Delete Furnace” to delete the currently selected furnace. (Note: Make sure that the
appropriate furnace is selected before attempting to delete its information)
Note: These two buttons are enabled only for the Operation Hour Information tab of furnace
information screen.

e Click the “Close” button to close the screen and return to the main screen.
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Notes:
Click on “Notes tab” to enter information about plant’s general notes/comments.

' TFurnace Information

File Help .

Energy Efficiency and Renewable Energy

Company Name TEST HNEW CORPORATION Plant Name Test Steel Plant - US
F List
umace. = Fumace Mame |Eleu:tric: Arc fumace Create with Other Fumace Data
Double Click to Select Do
escription i
Mo | Furnace MName |Scla|:| melling
1 Electric Arc furmace I : - = - I
5 Cotiie boaer ] | Operation Hours Infarmation | Heat Znnel Auggliarg Equipments Motes l o
3 Ladle heater no. 2 — Motes [nformation
4 Reheat furnace
5 Steam bailer [lder fumace
5 Tundish heater 2
7 wiater heater
El El Q = F'rE\fIDusl Mext =2 I
B MewFurnace | @ Delets Furr:a[:el B+ Close |
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Recreate New Furnace:

Application has an option to recreate the furnace using the existing furnace’s information of the
current plant including heat zone information. The newly created furnace will have similar information
to the existing one. Further information for the Heat Zone, Auxiliary Equipment or other Operation
can be added or modified later.

e Click on “Create with Other Furnace Data” next to the Furnace Name on the screen. A
separate screen interface will pop up as shown below.
Note: This button is enabled only when new furnace is being added and at least one character
is entered in “Furnace Name” Text box.

¢+ Create New Furnace s

“IEnerngy Efficiency and Renewable Enengy

Mew Furnace Name itESt funace Select the existing furnace
1 | from which you want to
Select Fumace iHeheat furnace =] | recreate new furnace
All Furnace Fones: Selected Fones for Mew Furnace:
Move the Heat . -
Zonels. which | Heating zone - bottam Heating zane - ta Selected Heat zones
are required in Soak zone - top for new furnace

new Furnace Snak zone - Bottom

Create Mew Furnace I Cloze

v

A new furnace with selected Heat
zones will be added to Furnace list

e Select the furnace from the drop-down list of existing furnaces i.e. the one which is recreated
e Select the zones from left side window (All Furnace Zones) and move to the right side
window (Selected Zones for New Furnace)

Notes:
o Use Arrow Keys (>, >>, <, <<) to move the zones between two windows.

e Click on “Create New Furnace” to create a new furnace with selected zones and their data.
(Note: The newly created furnace will appear in the furnace list)

e Click on “Close” to close the screen without saving the data and return to the Furnace
Information screen.
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Recreate New Zone:

Application has an option to recreate the zone of a furnace using the existing zone information of the
current furnace. The newly created zone will have similar information to the existing one can that can
be modified later.

e Click on “Create with Other Zone Data” next to the Zone Name on the screen. A separate
screen interface will pop up as shown below.
Note: This button is enabled only when new furnace is being added and at least one character
is entered in “Zone Name” Text box

|iE 'Create New Zone

Eqergy Eificlency and Renewable Energy

MHew Zane Mame |Heheat

Select Zone

Create Hew Zone l Cloze

e Select the zone from the drop-down list of existing zones i.e. the one which is recreated
Note: Only zones of the current furnace are available for selection to recreate. Note that the
zones of other furnaces can not be recreated

e Click on “Create New Zone” to create a new zone with data.
Note: The newly created zone will appear in the zone list of tab

e Click on “Close” to close the screen without saving the data and return to the Heat Zone tab
screen.
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Furnace Analysis and Heat Balance:

This section is used to analyze the energy used in various parts of the furnace under given operating
conditions. The areas for energy use include charge or load, fixtures, trays etc., wall losses, water
cooling losses, losses through openings and exposed hot parts and flue products (or exhaust gases). It
allows the user to identify major areas where energy is consumed and to study the effect of changes in
operating conditions, which affect energy consumption in a furnace.

Select Furnace for Analysis
Click on “Furnace Analysis” from the main screen. Separate screens will pop-up as shown below

#<1Heat Balance for Selected Heating Equipment X

Ensrgy Effickency and Renewable Energy

Select Plant | Test Steel Plant - U3 Select the Plant

from drop down list

Select Fumace ]

Mo ] Furnace Mame ] % of Total Cost
1 Electric Arc furnace G1.96
2  Reheat funace 14.07 Furnaces of above
3 Ladle heater 1 7 B2 selected plant
4 Stearn boiler 704
] Ladle heater no. 2 REY |
G Tundizh heater 2 2.80 il’_l
Q¢ Close | o Ok

Best practice iz to follow these steps:
1. Enter Current condition data far all tabs and review the rezultz before going to Modified condition

2. Go to Modified condition columng, enter the data and review the resultz

3. 00O MOT go back and forth between Current and Modified condition while entering the data

The screen includes a list of furnaces surveyed in the Plant Information section with the amount of
energy cost (in terms of percentage of the total cost calculated during the survey) for each furnace. The
furnace analysis can be carried out for selected furnaces or for all furnaces, one at a time. It is
recommended that to begin with, you select the furnaces that use a relatively large amount (80% of the
plant total) of energy. In the case shown above, the four furnaces use approximately 80% of the total
plant energy and it will be advisable to perform a detailed analysis for only these four furnaces in the
beginning.

Note: Furnace Names shown in blue colored text indicates that those furnaces have never been
analyzed while black colored text indicates that those furnaces have been analyzed previously and
have the saved data.
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e Select the Plant from the drop down list.

e Select the Furnace from the drop down list.

e Click “OK” to analyze the selected furnace. A new screen as showed below will open up
where information on different types of energy use (for the product) and losses for the furnace
can be viewed or added.

e Click “Close” to exit without analyzing any furnace and return to main screen.

#"Furnace Data

File Help

Energy Efficiency and Renewable Energy

Type 0
Losses

Plant Hame Test Steel Plant - U5 Furmnmace Hame Reheat furnace
f Other Lozzes ] et Lﬂgiﬁzf;iijting S ] Heat Storage
W ater - Cooling Lozses 1 whall Lozses ] Opening Lozses H
Load/Charge Material ] Fistures, Trayz, Baskets etc. Lozzes L Atmozphere Lozzes
| Select Type @ Solid i o
Current Modified

Type of Material Mew i Carbion Steel [ Carbon Steel -]
Charge [wet)-Feed Rate [Ibhr] { BOO00

YWater Content as Charged [%]
YWiater Content as Discharged [%)
Iritial Temp. [Degres F)

Wiater Dizcharge Temp [Dearee F
Dizcharge Temp. [Degree F]
Charge Melted [% of Charge]
Charge Reacted [Z of Dy

Heat of Reaction [Btu/lb] | 0 ]Endnthermic _:J | i 1;_-;._:!_;..~5 =L _11
Additional Heat Required [Btudhr) ] 0 ]
Heat Required [Btushr] 45,000,000 30,150,000
'@l ‘ "E?] Comments . e Prewi | Mext oo ]: F
Current Met Heat Required (Biush) 58,479,784 Furnace 5ummar3f| B Enter/Edit Madified Data
todified Met Heat Required [Biushr] 38.319.0M T e | ﬂ-" S
v v
Click to display Heat Loss Schematic, summary of Gross, Net Heat Click to Enter
Loss and Efficiency for the Furnace Modified Data
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There are nine tabs that represent commonly encountered losses (mentioned below) in a furnace. The
screens are designed for use with fuel fired furnaces but can also be used for electrically heated (i.e.
induction, resistance, arc/plasma or other) furnaces.

Load Charge Material

Fixtures, Trays, Baskets etc. Losses
Atmosphere Losses

Water-cooling losses

Wall Losses

Opening Losses

Other Losses

Flue Gas Losses/System Heating Efficiency
Heat Storage

CoNoA~WNE

Common Instructions for ALL tabs

Each screen has two columns. One is used to enter “current” operating information and the other for
“modified” operating conditions. At any particular instance either of these is enabled. The user should
start with the current information column for each tab and complete the analysis to study the results.
The results can be used to decide on possible changes in operating conditions that can be inserted in
the “modified” column to study the effect of the changes.

e Click on “Previous” or Next to toggle between different screens of Furnace Analysis section.
Alternatively user can click on the name of the tab to access a specific screen.

e Click on “Enter/Edit Modified Data” to enable the portion of the screen where the user can
enter/edit the information for the current/modified condition of the Furnace. This button
toggles between the current and modified conditions. Later, this information is used in
comparing the performance of the Furnace in Summary and Reporting Furnace Analysis.

Note: Initially data entered for “Current” condition will automatically be transferred to
“Modified” condition upon clicking on “Enter/Edit Current Data”. The user can always
review/modify this data. The purpose is to reduce unnecessary data input.

e Click on “Report” to view the Furnace Analysis Report (described in detail at end of this
manual) for the current furnace. This button is enabled only for the tab Flue gas
losses/Heating System Losses as it is one of the largest heat usage areas. The purpose of it is to
ensure that the user fills in the data for all tabs before viewing the report

e Click on “Close” to close the screen and return to the main screen.

select different unit groups and their conversions. The table of units is shown in Appendix — A
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General Unit Calculator

Energy Efficiency and Renewable Energy.

Input Dutput

Select Group IEIectricaI Powwer ;I

What Quantity? Convert From Convert To Result

I 3500 IHmsepower ;! ikW' :_! | Z2609.95

[Horzepaower |
|' [
[

j* Close I|

o Click on ! to view the each field’s description and their detailed explanation for each tab. A
separate screen will pop up and display the help content specific to the tab from where it is
clicked.

Enerqy Efficiency and Renewable Energy

Name
Type of Material

Charge (wet)-Feed Rate (Ib/lr)

Water Content as Charged (%)

Water Content as Discharged (%0)

Initial Temp. (Degree F)
Water Discharge Temp (Degree F)

Discharge Temp. (Degree F)

Charge Melted (% of Charge)

Charge Reacted (% of Dry)

Heat of Reaction (Btu'h)

Additional Heat Required (Btuhr)
Heat Required (Btu/r)

Load/Charge Material - Solid
Description
Select material from the drop down bst.

Weight of material charged per hour. Use total weight including moisture in the charge material Note that for batch furnaces the
total weight should be corrected for cycle time to obtain weight per hour value.

Water content of the charge material as percentage of total charge weight - wet basis. This value can be obtained from moisture
tests or specifications for the material charged.

Water content of the discharged material as percentage of total discharged weight - wet basis. This value can be obtained from
moisture tests or specifications for the material discharged.

Inlet temperature for the charge material Use production data or actual measurement.
Temperature of water vapor (usually mixed with exhaust air or flue gases) as it is discharged form the furnace/oven.

Discharge temperature for the material as it is discharged from the furmace or oven. Use production data or actual
measurement.

Charge material melted (as % of dry solid material charged). Use value or data from process/production engineering or
measurement of the final product.

Charge material (as % of dry material) reacted. Use value or data from process/production engineering or measurement of the
final product.

Insert value of heat of reaction when chemical or metalhwgical reactions are involved during heating Use positive (+) value for
endothermic reactions, use negative (-) sign for exothermic reactions.

Insert value of additional heat required and not accounted for in the above calculations.
Heat Required - calculated by using the information given in the previous cells.

o Click on «%J Camments > (5 enter the additional notes or comments while analyzing the each
type of loss /consumption. A separate screen will pop up where user can enter the notes
specific to the furnace losses.

November 2010 Page 40 of 81 User Manual - Version 1.0



Process Heating Assessment and Survey Tool (PHAST 3.0) - FF: US Units

Energy Efficiency and Renewable Energy

Plant Name Test Steel Plant - US

Furnace Name Heheat furnace

Load/Charge M aterial

Sane I R+ Closel

Click on “ &l Fumnace Summary » ¢4 open up a new screen where summarized data of Heat Loss, Energy
Used and Efficiency with schematic of furnace losses can be viewed. A schematic showing furnace
summary is shown in Appendix — E

Furnace Summary

Energy Efficiency and Renewable Energy

|Plant Name  Test Steel Plant - US

Flue gas losses

|Furnace Mame Reheat furnace 38.383.164 Blu/tr Other losses Lagend:
13,886,722 Btu/hr 26,004 Btushr
15,426 Btushr B Current
Wall losses

3,556,748 Btu/hr B Modified
1,632 345 Btu/hr

Furnace . . //

Furnace heat

_ Opening losses

input 132,914 Bturhr
G fuel 11,217 Bturhe
h;:tsisn#:l Available heat
95,568,948 Btu/hr 58.473.784 Btu/hr Hg*aftutlool'-ggé‘;
52,205,723 Btu/hr 36,319,001 Bturhr psnecgly
30,150,000 Btuhe
\\ Fixture/conveyor losses
= & 0 Btushr
Atmosphere losses Water cooling losses
P 0B tuthr \% 9,764,118 Btushr 0Btuthr
0 Btuhr 6,509,412 Btushr

Hova The ofiagram shos abose io @ Biadi: Sandes’ diapan The sabeer sfose A 830 S Snessniing 3 ooty of Sesd A o Aaad coniand g §e vabas of 0 Saad coniad Ao aach catama
LRI SN B i qeeradiiaT coedtitvas Flaase sofs $ar $e sl of $e e obr o asmrerand $e aalaEhe saaats of e cuaanite $he e manesani

~Actual Energy Use from F Analysi: - Estimated Energy Use from Plant/E quipment Info

Current Modified
Met Heat Required [Etulhr] 58.479.784 38.319.001 Fuel energy uze [Btulhr] 52,800,000
Groszs Heat Bequired [Btuthr) 96,862,945 52205723 Electrical energy uze [Kiw) 265
Heat Storage Losses [Biu) 213,077,282 213.077.282 Steam energy use [Btushr) 1]
Energy Used (Btu/lb) E45.79 348.04
Energy Used [Kiw'h/lb) 014 010
Thermal Efficiency (%) 4545 5775 ¢ Closa |

Additional Notes:
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e Refer to “Help”, “Calculator”, “Look up” or “Tool-tip” for additional references or
knowledge material.

e Move the mouse over the label on each screen to display a “tool-tip” and get hint about the
information that user is expected to fill in the respective text box.

e On all screens, a specific unit converter can be invoked by pressing “F2” key when cursor is
in specific text box. Text boxes that allow invocation of specific unit converter are mentioned in
each tab’s details.

e A change of value in the text boxes will affect the Gross and Net Heat Required for the
Current/Modified Condition. Application calculates and displays these “real-time” values at
the bottom of each screen. The overall status and comparison of it can be analyzed with the
Furnace Analysis Report, which is described later in this document.
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Load Charge Material:

A list of commonly used materials for charge material, fixtures and process atmosphere in process
heating applications is given in the Type of Material drop-down menus. As described below, it is
possible to add more materials (or modify properties of the existing materials) if the one for your
specific application is not available in this list. The user added material (and data) would be
automatically added to the database.

#4'Furnace Data

File Help

|
|
‘ .« | Energy Efficiency and Renewable Energy . -

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace
Flue Gaz Logzes/Heating System
| Other Lozzes ] Efficienay ] Heat Storage
| Water - Cooling Losses 1 whall Loszes Opening Losses
‘ Load/Charge Matenal 1 Fistures, Traps, Baskets etc. Losses Atmosphere Loszes
Click to add Select Tupe i Solid " Liquid i Gas
new type of Current Maodified
Material Type of Materia & Mew “ Carbon Steel Carbon Steel _:_i
Charge [wet)-Feed Rate [Ib/hr) i 180000 L0
Water Content az Charged [%] ] 0 ] 0
. . Select Material form
Water Content as Discharged [%) i 0 1 0 Drop down List
Initial Temp. [Dedgree F ] 150 200
Water Dizcharge Temp [Dearee F] i 1] 0
Dizcharge Temp. [Degres F) ] =150 2140
Charge Meled [% of Charge] i 1] 0
Charge Reacted [Z of Dry] ] 0 ] 0
Heat of Reaction [Btu/lb) | i ]Endn:nthermi-: _:J | N 1;_‘; N TET— _1]
Additional Heat Required [Btudhe) ] 0 ] f
Heat Bequired [Btudhr) 45,000,000 30,150,000
"7 ” f-’E?] Corrents ‘ . S A | Next & | | T
Current Met Heat Required [Btu/h) 58,479,784 Furnace Summary| B Enter/Edit Modified Data
Modified Net Heat Required [Btushr) 38.319.0M '5 Bahor ] P* Close

e Select the Type of material (i.e. Solid, Liquid, and Gas) for load charge.
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e Select the Material from drop down (Note: if desired material is not available, a new material
can be added as described later in this section)

e Enter the “Other Information” in the provided text boxes

e “Heat Required” is calculated based on the input provided and displayed at the bottom of the
tab.

e Click on “Next” to move to next tab. The entered data will be saved automatically.

Add New Material:
Click on “New” to enter new material that is not in the list or edit the information about the existing
material. A new interface screen as showed below will open up where the users can enter/edit the data.

Note: Please do not change the property values for default material included in the master database.
Changes in these values can give inaccurate results when the application is exported and used by
other user. It is advisable to add material as a new material with different name.

l" 4"New Material/Gas Data

\* Energy Efficiency and Renewable Energy
Material Type 1 Saolid - i
Mame of the b aterial ]!-'-‘-.Iuminum

Mean Specific Heat [Solid) ]—'Tj_'ﬂé' [Etulb F)
Meling Temperature ]—1215. [Dregree F]
Mean Specific Heat [Liquid] | 025 [BiulbF])
Heat af Melting 1—159 (B tulb)

Saxre| =Y | i} Delete|

Double Click to Select

N.] N armne ] M atenialT ppe ] Mean Spe... | P elting /... J Mean Spe|¥_\]

1 Aluminum Solid 0.24a 1215 IZI.EL?'

2 Aluminum cazting metal Salid 0.236 1150 0.2 - . -
3 Babhilt, lead base Solid 0.033 452 oo | List of Available Material
4 Babhitt, tin baze Solid 0.071 464 00—,

5  Bismuth Solid 0.033 A8 E_I.I;Ii'!]

il [ | (2]

j* Close ]

e Select the Type of material from drop down list (i.e. Solid, Liquid or Gas)

e Enter the required Information such as Mean Specific Heat (Solid), Melting Temperature,
Mean Specific Heat (Liquid), and Heat of Melting etc.

e Click on “Save” to save the new material. A saved material will appear in the bottom list as
well as in the drop down list on the Furnace Analysis screen.

e Click on “New” to add another new material with required information
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Note: Name, Mean specific Heat (Solid) and Melting point of the Material are mandatory
information for new material. If the final temperature of the process is greater than the melting
point of the material, Mean Specific Heat (Liquid) and Heat of Melting will be required for
calculations and must be provided here. Otherwise, Heat Loss calculations will be
wrong/misleading.

e Click on “Delete” to delete the material from the list. The material will not be available for
selection from Drop down list on the Furnace Analysis screen. The application will not allow
deletion of materials which are in master database or which have been selected in any of the
plant.
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Fixtures, Trays, Baskets etc. Losses

#+ Furnace Data

R

Energy Efficiency and Renewable Energy

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace

Heat Storage

| Pl s ] Flue Gaz Loszes/Heating System ]

Efficiency
| W ater - Cooling Lozszes ] Wwhall Lozses ] Opening Lozses
Load/Charge k aterial ] Fixtures, T'f}'s’ Baskets etc. ] Atmozphere Lozzes
0ZSES
Current Modified
Select Type MEw I i.-’--i:.!:'.';m-.!!fs _*_!
Fisture ‘\wWeight [Ib/hr] I 0 I i}
Imitial Temp. [Degree F] I 0 i i
Final Temp. [Degrees F] I 0 i f
Comection Factor I 1 i ]
Heat Required [Btulhr] 1] 1]

‘ = Previl:uus! Mext Eﬁ’l ‘

@l

;I 43 Comments

Current Met Heat Required (Btuhr) 58,479,784 Furnace 5ummar3f! B Enter/Edit Modified Data
todified Met Heat Required [Biushr] 38.319.0M '._ﬂ' Repart l ﬂ-" Close

e Select the Material from drop down. (Note: if desired material is not available, a new material
can be added as described later in this section)

e Enter the “Other Information” in the provided text boxes.

e “Heat Required” is calculated based on the input provided and displayed at the bottom of the
tab.

e Click on “Next” to move to next tab. The entered data will be saved automatically.
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Atmosphere Losses

Furnace Data

e

Energy Efficiency and Renewable Energy

Plant Hame

Test Steel Plant - US

Furnace Hame Reheat fumace

Other Loszes

Flue Gaz Loszes/Heating System Ut Siotaie

|

Water - Cooling Lozzes

Wwhall Lozses

Efficienicy ]
| |

Opening Lozses

Load/Charge k aterial

I

Fistures, Traps, Baskets etc. Lu:usses] Atmosphere Loszes

Type of Gazes M j

Initial Temp. [Degree F]
Final Temp. [Degres F]
Flow Rate [Scih]
Carmrection Factar

Heat Required [Btush]

Current Modified
[ =]
0 0

@l

| @ Comments

‘ = Previl:uus! Mext Eﬁ’l ‘

Current Met Heat Required [Bushr]
todified Met Heat Required [Biushr]

58 479 784 Furnace Summarﬁ;! B Enter/Edit Modified Data

38,319,001 | B¢ Close

=

[E Report

can be added as described

“Heat Required” is calcul
tab.

Select the Atmospheric Gas from drop down. (Note: if desired gas is not available, a new gas

later in this section)

Enter the “Other Information” in the provided text boxes.

ated based on the input provided and displayed at the bottom of the

Click on “Next” to move to next tab. The entered data will be saved automatically.
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Add New Gas:

Click on “New” to enter new gas that is not in the list or edit the information about the existing
atmosphere gas. A new interface screen as showed below will open up where the users can enter/edit
the data.

Note: Please do not change the property values for default gases included in the master database.
Changes in these values can give inaccurate results when the application is exported and used by
other user. It is advisable to add gas as a new gas with different name.

4+ New Material/Gas Data

 Energy Efficiency and Renewable Energy

Mame of the Gaz j

tean Specific Heat | 0 [Brudzsct F])

Save| [T New | @ Delete |

Double Click to Select

N.] M arre | P aterialTvpe ] Mean Specific Heat | Melting.-"rﬁ]
1 Air as 0.02 [Btudzcf-F])

2 Endothermic gas Gasz 0.02 [Btudzcf-F]) =
3 Ewxothermic gaz Gasz 0.02 [Btudzcf-F])

4 Hydrogen Gaz 0.019 [Btud=cf-F) L
5 Nitrogen Gas 0.02 [Bhu/fsctF) e
{_] i | [i]

R* Close 1

e Enter the required Information such as Name of the Gas and Mean Specific Heat

e Click on “Save” to save the new gas. A saved gas will appear in the bottom list as well as in
the drop down list on the Furnace Analysis - Atmosphere Losses tab screen.

e Click on “New” to add another new material with required information

e Note: Name, Mean specific Heat of the Gas is mandatory information for new gas.

e Click on “Delete” to delete the gas from the list. The gas will not be available for selection
from Drop down list on the Furnace Analysis - Atmosphere Losses tab screen. The
application will not allow deletion of materials which are in master database or which have
been selected in any of the plant.
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Water-Cooling Losses

YR e L
# 4 Firnace Data > 9

g

Energy Efficiency and Renewable Energy

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace
| Load/Charge M atenial ] Fistures, Traps, Baskets etc. Lu:usses] Atmosphere Loszes
Flue Gaz Loszes/Heating System
| Other Lozzes ] E Hicienes ] Heat Starage
Water - Cooling Losses ] Wiall Lozzes Opening Lozzes
Current Modified

W' ater Flowe [gprn)

[n Temp. [Degree F) r_E;z. I_?
Out Temp. [Degree F ! o] | EE
Carrection Factor i 1 | i

Heat Fequired [Btuthr) 47641148 B509.412

‘ = Previl:uusl Mext Eﬁ’l ‘ —

@l

| @ Comments

Current Met Heat Required (Btuhr) 58,479,784 Furnace Summarv! E* Enter/Edit Modified Data
todified Met Heat Required [Biushr] 38.319.0M Till Repart | ﬂ-" Close

e Enter the “Information” in the provided text boxes.

Note: 1.0 is used as default value of Correction Factor. Use can always change to different
number.

o “Heat Required” is calculated based on the input provided and displayed at the bottom of the
tab.

e Click on “Next” to move to next tab. The entered data will be saved automatically.
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Wall Losses

'#4'Furnace Data I“‘g’}

g

Energy Efficiency and Renewable Energy

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace
| Load/Charge M atenial ] Fistures, Traps, Baskets etc. Lu:usses] Atmosphere Loszes
Flue Gaz Loszes/Heating System
| Other Lozzes ] E Hiciehes ] Heat Starage
Water - Cooling Lozzes ] Wall Losses ] Opening Lozzes

Current Modified
Surface Area [it°2)

Average Surface Temp. [Degree F) I 280

Ambient Temp. [Deagree F] ! 70
Carmrection Factor i i
Heat Fequired [Btuthr) 3,556, 748 1,632 946

i
‘ é= F'rewuus Mext ':3’|| -

@!i : | @ Comments
Current Met Heat Required (Btuhr) 58,479,784 Furnace Summarv! E* Enter/Edit Modified Data
todified Met Heat Required [Biushr] 38.319.0M Till Repart | ﬂ-" Close

e Enter the “Information” in the provided text boxes.
Note: 1.0 is used as default value of Correction Factor. Use can always change to different
number.

o “Heat Required” is calculated based on the input provided and displayed at the bottom of the
tab.

e Click on “Next” to move to next tab. The entered data will be saved automatically.
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Opening Losses
Click on the Opening Losses tab to display the following main screen from which the user can

perform the calculation for fixed and variable opening losses for current as well as modified condition.
The calculated result of fixed and variable opening losses are displayed as an individual losses and
total of both opening losses is also calculated and displayed on the screen.

| Firnace Data

g

Energy Efficiency and Renewable Energy

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace
| Load/Charge M atenial ] Fistures, Traps, Baskets etc. Lu:usses] Atmosphere Loszes
Flue Gaz Loszes/Heating System
| Other Lozzes ] E Hicienes ] Heat Starage
Water - Cooling Lozzes ] Wall Lozzes ] Opening Losses
Current Maodified
~Fizxed Dpening Loszes - Fixed Opening Loszes
B Calculate B calculate I
Calculated Heat Lozses [Brudhr] 32436 || Calculated Heat Lozses [Bhushr] ]
~Yariable Opening Losses —Yanable Opening Losses
B Calculate B calculate I
Calculated Heat Lozses [Brudhr] R0.478 || Calculated Heat Lozses [Bhushr] 11.217
Total Heat Required [Btudthr] 132,914 || Total Heat Required [Btudhr] 11.217
_ i
@,i : | £ comments = F'rewuus Mext ':3’|| —
Current Met Heat Required (Btuhr) 58,479,784 Furnace Summarv! E* Enter/Edit Modified Data
todified Met Heat Required [Biushr] 38.319.0M Till Repart | ﬂ-" Close
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Fixed Opening Losses
Click on “Calculate” in the fixed opening area will display the secondary screen as shown below.
User has an option to choose from round or rectangular opening

Furnace Data

e

Energy Efficiency and Renewable Energy

Plant Mame Test Steel Plant - US Furnace Hame Reheat furnace
| Load/Charge M atenial ] Fistures, Traps, Baskets etc. Lu:usses] Atmosphere Loszes
| Other Lozzes ] e e LDE?EE;;E;“”Q i Heat Storage
Water - Cooling Lozzes ] Wall Lozzes ] Opening Losses
Fixed Opening Losses Information
Select Type " Found ® Rectangular (S quare]
Current Modified
Furmace 'wall Thickness [inch] I-—T
Length of Openings [inch] !_ﬁ" !'—
Height of Openings [inch) 12 r_
View Factor 0.535 0.535
Yiew Factaor - Uzer Defined [ 0EE®E @ Lok UF‘!
Tatal Dpening Area (2] [ 2
Inzide Temp. [Degree F] i_a-é‘fﬁ 2900
Outzside or Ambient Temp. [Degree F i_gﬁ a0
% of Time Open [ 1o 100
Fixed Opening Lozses [Btuthr] 292,436 1]
[#] Return |

i
@:i : | % Comments et SRS (]I i'.:‘“ll B
Current Net Heat Required (Btushr] 58,479,784 Furnace SUMWEW! B Enter/Edit Modified Data
todified Met Heat Required [Biushr] 38.319.0M Repart l ﬂ-" Close

e Select the Type of opening i.e. Round or Rectangular
e Enter the dimensions for openings.
e Modify “View Factor-User Defined” (Optional)
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Note: A view factor is calculated based on the input and set as default value for View Factor-
User Defined. User can refer “Look Up” next to the input box for further information

e Enter “Other Information” related to fixed opening.

e Based on the input provided, a fixed opening loss is calculated and displayed.

e Click on “Return” to bring the calculated number of fixed opening losses to the main screen.

Variable Opening Losses:
Click on “Calculate” in the variable opening area will display the secondary screen as shown below.
User has an option to choose from round or rectangular opening

#+'Furnace Data

File Help

Energy Emci-ané:y and Renewable Energy fing

Plant Hame Test Steel Plant - US Furnace Hame Beheat furnace
| Load/Charge Material ] Fistures, Trapz, Baskets etc. Lnsses] Atmozphere Lozzes
| Other Lozzes 1 Flc Bis Lﬂgﬁziﬁiitmg Sy W Heat Storage
Water - Cooling Loszes | Wall Loszes \‘ Opening Losses

Yariable Opening Losses Information

Select Tupe " Round ' Rectangular [Square)
Cumrent Modified
Furnace 'wall Thicknessz [inch] 1 15
Length of Openings [inch) 36 J 3k
Height of Openings [inch) ] I 1 I
“Wieww Factor 0.723 0728

"iew Factar - Uszer Defined 0728 9, Look Upi

Tatal Opening Area [f72) q ] 7

Inzide Temp. [Dearee F] 1 2200 2900

Outzide or Ambient Temp. [Degree F) a0 a0

% of Time Open 11 F

Yariable Opening Losses [Biudhr) A0.473 11.217

[#] Return
&I‘ : ‘ “E?] Comments ‘ oA Previous | e ,| B

Current Net Heat Required [Btuhr) 58,479,784 Furnace 5ummar~,f] B Enter/Edit Modified Data
Modified Net Heat Required [Btushr) 38.319.0M Pohr ] P* Close
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e Select the Type of opening i.e. Round or Rectangular

e Enter the dimensions for openings.

e Modify “View Factor-User Defined” (Optional)
Note: A view factor is calculated based on the input and set as default value for View Factor-
User Defined. User can refer “Look Up” next to the input box for further information

e Enter “Other Information” related to variable opening.

e Based on the input provided, a variable opening loss is calculated and displayed.

e Click on “Return” to bring the calculated number of variable opening losses to the main
screen.
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Other Losses

|} +'Furnace Data L‘EJ

g

Energy Efficiency and Renewable Energy

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace
| “Wwhater - Cooling Losszes ] Wiall Lozses ] Opening Lozzes
| Load/Charge Material ] Fistures, Travs, Baszkets etc. Lnsses] Atrozphere Lozzes
Dther Loszes ] Flue Gas LDESfﬁzf;iijtmg o S ] Heat Storage
Curmrent Modified
-~ Exposed Hot Parts
Appros, Area (2] I | 120
Average Temp. [Deagree F] I 190 | 40
&rmbient Ternp. [Degree F) I 90 | af
Additional Losses [Btu/hr) | 0 | 0
Heat Required [Btulhr) 26,004 15,426
_ i
@,i : | £ comments = F'rewuus Mext ':3’|| —
Curerit Net Heat Required (Btu/hr) 58,479,784 Furnace SUMWEW! B Enter/Edit Modified Data
todified Met Heat Required [Biushr] 38.319.0M Till Repart | ﬂ-" Close

e Enter the “Information” in the provided text boxes.
e Enter the “Additional Losses” (optional).

o “Heat Required” is calculated based on the input provided and displayed at the bottom of the
tab.

e Click on “Next” to move to next tab. The entered data will be saved automatically.
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Flue Gas Losses/System Heating

Efficiency

#+'Furnace Data

‘ ' Energy Em::i-ani::y and Renewable Energy .

Plant Hame Test Steel Plant

-us Furnace Hame

File Help

Reheat fumace

| “Wwhater - Cooling Losszes

|

Wiall Lozses

|

Opening Lozzes

| Load/Charge Material

1 Fistures, Travs, Baszkets etc. Ln:nsses\

Atrozphere Lozzes

Other Lozzes |

Flue Gas Losses/Heating
System Efficiency

Heat Storage

el

“. ‘ r-E?] Cn:umments‘

Select Heat Source * Fueh&ir [02] Fired " Electic " Steam
Current M odified

Furnace Flue Gas: Temp. [Degree F) Q, Look Up TE00

Owxygen in Flue Gases (2] 5 Q4 Logk Up | ]—“

Excess Air [%] 2797 9.42

Combustion Air Temp. [Degree F) BE0 A Loaok Lp | .._..3‘“:.

Available Heat [%] B0, 37 73.40

Auyailable Heat User Defined (%) £0.37 X Look Up 73 AD

Gross Heat [Brudhr) 95,868,948 52,205,723

Flue Gaz Logzes [Brulhr] 38,389,164 13,886,722

= Previl:uusl Mext E[>|

Current Met Heat Required [Bushr]
todified Met Heat Required [Biushr]

58 479 784 Furnace Summarﬁ;] B Enter/Edit Modified Data

38.319.0M

Report | B* Close

box for further, related information.

Modify “Available Heat-User Defined” (Optional)

Select the Heat Source of the system i.e. Fuel-Air (O2) fired, Electric or Steam
Enter “Other Information” in the provided text boxes. Refer “Look Up” next to each text

Note: An Available Heat is calculated based on the input and set as default value for Available
Heat-User Defined. User can refer “Look Up” next to the input box for further information

November 2010

Page 56 of 81

User Manual - Version 1.0



Process Heating Assessment and Survey Tool (PHAST 3.0) - FF: US Units

e Based on the input provided, a flue gas loss is calculated and displayed.
Note: Available Heat-User Defined is used to calculate the Flue gas loss
e Click on “Next” to move to next tab. The entered data will be saved automatically.
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Heat Storage

Click on the Heat Storage tab to display the following screen from which the user can perform the
calculation for heat storage and theoretical heat loss for current as well as modified condition. The
result is displayed in the respective text boxes of Heat storage and Theoretical heat loss.

4" Furnare Data

||

Energy Efficiency and Renewable Energy

Plant Hame Test Steel Plant - US Furnace Hame Reheat furnace
| Wwater - Cooling Loszes ] Wall Loszes ] Opening Lozzes
| Load/Charge katerial 1 Fistures, Trays, Baskets etc. Lozses Atmozphere Lozzes
Other Lozzes \‘ AT LDEEE;;T.E:“”Q System \‘ Heat Storage
| Furnace Shape {+ Rectangular " Cylindrical
Wwidth [ft) Length [ft] AN Height [ft] 20
Current ; Modified ;
| Fumace Temp [Dearee F) j 2950 | i
Ambient Temp [Degres F] | an ] 40
Starting *all Temp [Degres F | 190 | 0
Carrection Factar ] 1 1 1
(i) Layer Info | Li) | ayer Info ‘
whall-Outgide Temp-Top [Dearee F] 1606 31606
whall-Outzside Temp-Sides [Dearee F] 23441 234 .41
Whall-Outzide Temp-Ends [Degree F] 2344 2344
whall-Outside Temp-Bottomn [Degree F 606 J6.06
Total Furnace 'Wwall Heat Storage [Bhu) 213077 282 M3077. 282
Furnace ‘wall Heat Starage Gross 1 7 952 264 I 0 29RO

Heat Input Bequired [Btul

@” J f-’E?] Corrents @'? Furtiace Schematic - Previuu51 Mext i:‘:] B
Current Met Heat Required [Btushr] 58.479.784 Furnace 5ummar~,f] B Enter/Edit Modified Data
todified Met Heat Reguired [Btudhr) 38,319,001 T e ] EL* e

e Enter the Information about furnace shape, dimensions and temperatures.
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e Click on * &/ Furnace Schematic » o« () Furnace Schematic » (depends on selection of furnace
shape). It will open up a new window where use can refer the schematics of rectangular or
round furnace.

¢4 Furnace Schematic

Energy Efficiency and Renewable Energy

Plant Name  Test Steel Plant - US )
Furnace Name Reheat furnace S|de 2 — .
\ o i
| P e o< |
b2y 2
Length /,1/ : ”// : /')
e 1 47 ! Back
A |\ S N —— |
= T it
% £ :11’ _____ S Sy
S5t ’ o
7’ 2 L4
7’
e
7’ € 1
Height 5|d k Bottom
Layer 1
Layer 2
L 3
v Lover 4
L >l Note : Layer 1 is inside layer (hot side)
Width Layer 4 is outside layer [cold side)
Front L:I‘I) :‘i’it::"a‘::ii‘::o ends have identical

Ty .
|# 5 Furnace Schematic

Energy Efficiency and Renewable Energy

Plant Name  Test Steel Plant - US

Furnace Name Reheat furnace

Top

|<7 Diameter 44

Tk
1
| |
| |
A ! I Height
Side !
| I
T i R I
| =~
e cooad ] \\
r\ \J !

ey

Note : Layer 1 is inside layer (hot side)
Layer 4 is outside layer (cold side)
Boftom
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e Click on “Layer Info” to open a new screen (as shown below) that can be used to enter the
required information.
Note: The user can select the up to four layers for the furnace wall, the material from the list
and enter the thickness of each layer. The user can edit the information or change the selection
before performing calculations. The selection and data input will be available later when the
user is selecting the same furnace for review.

Current Modified
Top — I -
Opering ? # Hed C MNo  Aealft2) | a Opening ? (" ‘e & Area (2] |
Mo.of Laver (& One " Twa " Three " Four MNo. of Layer (% & C C
Select Material Thickness [inch) Select katerial Thickness (inch)
Layer1 | High density castable [300-2600F) ~|| 18 Layer1 [ [§ ||
Sides
Opering 7 " Yes * Mo Opening ? £
Mo. of Layer & One " Two “ Thiee ¢ Four No. of Layer (% ’
Select Material _.Thickness [inch) Select Material Thickness [inch]
Layer1 | Hi temp insulating firebrick (300-2800F]1 = || 15 Laper 1 r [ =l
Ends
Opering 7 ' Yes (* Mo Opening ? & =
Mo. of Laver * One  Two " Three " Four Mo, of Laper C £ £ «
Select Material Thickress [inch) Select Material Thicknesz [inch]
Layer1 | Hi ternp insulating firebrick, [300-2800F)] j| 15 Laper 1 (300-280 _”
Bottom
Opening ? " Yes * Mo Opening ?
Mo. of Layer &' One " Two " Thiee " Four Mo. of Laper & ) ) £
Select Material Thickness [inch) Select Material Thickness [inch]
Layer 1 |High density castable (300-2600F) = || 18 Layer 1
E calculate
* Close ‘

e Select an option of Opening. Provide the area of opening if there is an opening.

e Select the Number of Layers. (Note: Based on this selection, the drop down for material
selection and input box for thickness will appear)

e Select Material for each layer

e Enter Thickness for each layer

e Click on “Calculate” to calculate the heat storage from the given input and return to the
furnace analysis-heat balance screen. The calculated results are displayed on the furnace
analysis-heat balance screen.

e Click on “Cloese” to return to the Furnace- Heat balance analysis screen without performing
calculations and without saving the newly entered data.
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Reports:

This section provides four summary reports in the form of tables and charts. The Plant Summary
report includes a table of energy used, expected cost of operation for the furnaces surveyed and their
comparison. The Furnace Analysis report includes a table of energy used in various parts of the
furnace analyzed, their relative importance in terms of the percentage of the total energy used and the
effect of changes in key operating parameters on the energy used for the furnace. The Furnace
Summary report presents schematic of heat loss/use distribution of the selected furnace. The Input
Data report presents all the data that has been given as input for selected plant.

Click on Reports on the main screen to open a new user interface. Here the user can opt to view or
print four pre- formatted reports.

?“Report Selection

 Enery Efficiency and Renewabe Energy

 Select the Plant -

Test Steel Plant - U5 wt—>| Select the plant

 Select Report Type

i EPIantSummarﬁ " Furnace Analpsis ™ Fumace Summary " |nput Data

-5Select the Furnace

l Furnace Mame Z of Total Cost l
Electric Arc furnace ) E1.96
Check/Uncheck Reheat furnace 14.07
for Selectionin [T Ladle heater 1 7E2
the Renart Steam boiler 7.04
Ladle heater no. 2 RET
Tundizh heater 2 280
Water heater ) 085
\ List of furnaces in
above selected plant
3 »| Open the
Y Close Shows Repart " se?ected Report

e Select a Plant from the drop down list. All furnaces of the selected plant will be displayed as a
list with the percentage of total cost of the plant.
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e Select an Option of the reports

e Select the Furnace/s from the displayed list.

e For Plant Summary option, the user can select any number of furnaces that are required
for analysis.

e For Furnace Analysis or Furnace Summary option, the user can select any one furnace
for detailed analysis..

e For Input Data option, the user will not have a choice to select furnaces and report is
generated for all the furnaces of the plant.

e Click “Show Report” to generate a pre-formatted report with actual data and calculations with
graphs/images. (Note: Generating a report calls for intensive calculation in background and
may take time to display a report. A status bar with a note on the screen indicates the progress
of opening of report)

e Click “Close” to return to the main screen without displaying the report

Common Instructions for Report Viewer Window:
Each report is opened in a window that has header tool bar (as shown below). User has following
options for working with reports.

¢ Navigate between the pages of the reports

e Print the displayed report

e Export the displayed report in PDF for electronic transfer or later analysis

lﬁﬂ I | F M 1]4 ﬂ ﬁ Gﬁ 5957@ 1% BusinessOfffects
AN

Export Print Navigate between Close
Report Report pages of Report Report

Following pages shows the representative images of actual reports generated from the application.
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Plant Summary:

Initiation Date: 3/5 /2008

Plant Summary

TEST MNEW CORPORATION

Plant Mame Test Steel Plart - US

1234 Main Street

Taledo OH United States 43560-3467
Contact Information  Charles Davis Phone  (419) - {885 1%49)
EMail cdavis@newsteel . com Fax {419) - (585 1000)

Summary of Energy Sources Used

Cogen elecricty f,250  Btu/lwh 0.035  Akih
Co-gen steam 6,300 Btudlb 10.25  /Million Bty
Electricity 3412 Btufkwh 0.045  /kivh
Fuel Qil 157,000 Btugallon 12,50 /Million Bty
Matural Gas 1,020 Btu/ft~3 .00 /Million Btu
Steam 1,200 Btu/lb 10,00 /Million Bty

|5ubreport :FlantSub_Energyllsed.rpt |

Print Dake : 10 /2272010 PHAST v2.0

United States - USD - Dallar _ 1,000

Page 1of 4
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Plant Summary

TEET NEW CORPORATION

Plant Name Test Steel Plart - US

Process Heating Equipment - Energy Cost Distribution

i ater heater
Tundigh heater2
Ladle heater no. 2
Steam boiler
Ladle heater 1

B Electic Arcfumace  G20%

. Reheatfurnace 14.1%
[ Ladle heater 1 TE%
O Steam buoiler TI0%

O Ladleheaterno.2  57%
B Tundih heater2 28%
0O ' ater heater 0%

Tatal: 1000%

Reheatfumace ElectricArefurmace

Print Date : 102272010 PHAST v2.0 Page 2 of 4
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Initiation Date: 31/58 /2008

Plant Summary

Plant Name Test Steel Plart - US

Process Heating Equipment-Energy Used and Cost Distribution

Electric Arcfumace 0 ] 409,941 14,347,935 0 14,347 935 61,96

Reheat fumace 396,000 3,168,000 1,983 89435 0 0 3,257 43¢ 14,07
Ladle heater 1 141,120 1,764,000 i 0 0 0 1,764,000 767
Steam boiler 201600 1,612,800 378 17,010 0 0 1,628,800 7.04
Ladle heater no, 2 104,832 1,310,400 71 3,175 0 0 1,31357% 5.67
Tundish heater 2 51,000 548,000 33 1485 0 0 649 485 2,80
Water heater 6,604 15,446 189,076 195, &80 0.85

Print Date : 10 /2273010 PHAST v2.0 Page 1 of 4
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Initiatlon Date: 3/5 /2008

Plant Summary

Plant Name Test Steel Plant - US

Comments f Notes

Furnace Name : Eledtnic Arc fumace
Clder furmace

Furnace Name : Reheat fumace
Thizis for a walking beamn fumace, Data coleleted from the supplier proposal and the operatar input,
Furnace Name : Ladle heater 1

Naone

Furmnace Name : Steamn boiler

Older bailer

Fumace Name : Ladle heater no, 2
None

Furmnace Name : Tundish heater 2
Tundish heater located in the melt shop
Furnace Name : Water heater

Water heater located in the finishing area.

Print Drate : 10 /2272010 PHAST v2.0 Page aof &
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Furnace Analysis:

Furnace Analysis

mTEST MEW CORPORATION m Reheat furnace

Plant Test Steel Plant - US HeatSource Fuel-Air (22 Fired

Current Condition Heat Consumption{Btufhe Met Heat Consumption Data

Distribution of Heat Consurmption

Other Loszes
Opening Losses
Miall Losses
W ater
[ Hetoad we it THO%
B ater 167%
O wall Loszes 6%
O ope ey Losies 0%
O otier Losses oo%
B Amospher Losses  00%
O Fitares Losses 00%
Tokl: 100.0%
el pad puaiakd
Heat5torage (Btu) : 213,077,282 Thermal Efficiency (%1 : 46.43
Metload weight 45, 000, 000
Il ater 9,764,118
W all Lasses 3,556, 745
Opening Losses 132 914
Cther Losses 26, 004
Atmosphere Losses ]
Fistures Losses 0
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Furnace Analysis

mTEST MEW CORPORATION m Reheast furnace

Plant Test Steel Plant - US Heat Source Fuel-air (OZ) Fired

Modified Condition Heat Consumption{Btu fh Met Heat Consumption Data

Distribution of Heat Consurmption

Opening Losses

Other Losses
Wiall Loss es
' gter
W Hetoad we bt TETH
B At 170%
O wallLosses L3
O other Lozses 004
O el osses 00%
I Fhiteres Losses 00%
O amosphes Losses  00%
Toml 100 0%
et oad weight
HeatStorage (Btu) : 213,077,282 Thermal Efficiency (%) : 57.75
Metload weight 30, 150, 000
Il ater &, 509, 412
1w all Losses 1,632,246
Cther Losses 15, 426
Opening Losses 11,217
Fintures Loszes 0
Atmosphere Losses ]
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Furnace Analysis

Company  TEST HEW CORPORATION Furnace Reheat furnace
Plant Test Steel Plant - US HeatSource Fuel-Air (02 Fired

Comparision : Consumption of Heat
Current s Modified Operation

45000
40000
= 25,000
2 oo
ot 25.00m
2 '
E_ 20000
E 15 .00hd
3 A0 .00hd
L]
E 5.00m ll
= .00
Atmosphere  Fidures Flue Gas Metload Opening Cither i all Wiater
Lisses Losses Lisses g ht Lisses Li=s e Liosses Lisses
] ]
Current Condition Heat Modified Condition Heat
Consumption(Biushry Consumption Bt
Current Condition Heat Modified Condition _H'gat'
Consumption(Btu’hr)  Consumplion(Btu/h)
Atmosphere Losses N 0
Fixtures Losses u} u}
Flue Gas Losses 28,389, 164 13, 886,722
NeHoad weight 45, 000, 000 30, 150, 000
Dpening Losses 132,914 11,217
Dther Losses 26, 004 15, 426 @
Wall Losses 3,556, 745 1, 632, 946
Water Losses 2764, 118 &, 509,412
Total 96,868,948 52,205,723
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Furnace Summary:

Initiation Date : 3/5/2008

Furnace Summary

TEET MEW CORPORATION

Reheat furnace

Plant Test Steel Flant - US Heat Source Fuel-&ir (02) Fired
Flue gas losses
34,389,164 Btu/hr Othgl; I'?:‘s:;/h Legend:
13,886,722 Btu/hr ' /h" | Current
15,426 Btu,
" Wall losses B Modified
e 3,556,748 Btu/hr
1,632,946 Btu/hr
Furnace
Furnace heat y, Opening losses
input 132,914 Btu/hr
ok _/ 11,217 Btu/hr
ross fuel :
Useful output
46,868,948 Btu/h 58,479,784 Btu/h
A e (heat to load)
52,205,723 Btu/hr 38,319,001 Biu/hr

N % B

\

N

Atmosphere losses
P 0 Btu/hr 9,764,118 Btu /hr el
0 Btu/hr 6,500,412 Btu/hr

55 Water cooling losses

Fixture/conveyor losses

45,000,000 Btuhr
30,150,000 Btu/hr|

0 Btu/hr

Met Heat Required (Btu/hr)

Actual Energy Use from Furnace Analysis

58,479,754

38,319,001

R

Fuel energy use (Btu'hr)

Estimated Energy Use from Plant/Equipment information

TR

ted Yalue
52,500,000

Gross Heat Required (Btuthr) 96,665,948 52,205,723  Electncal energy use (ki) 265
Heat Storage Losses (Btu) 213,077,282 213,077,282 Steam energy use (Btuhr) 0
Energy Used {Btu/lb) 645,79 348.04
Energy Used dawh/1b) 0.19 0.10
Thermal Efficiency (%) 46,45 57.75

PrintDate : 10/22/2010

PHAST v2.0

Page 1 of1

Note: The diagram shown above is a “Static Sankey” diagram.

The values shown for each arrow, representing a category of heat loss or heat content, give the value
of the heat content for each category under current and modified operating conditions. Please note
that the width of the arrows do not represent the relative magnitude of the quantity the arrow
represents.
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Input Data:

InputData
TEST NEW CORPDORATION
PlantM ame Test Steel Plant - US
Furmace Information
Furnace Mame Electric Arc furnace
Furnace Description El_peraﬁng- Hour Information
Scrap melting Weeks / Year Days/ Week Shifts/ Day Hours/ Shift  Hours/Tear
S0 T 3 g 8,400
Auziliary Equipment Information
Total Nos. Total Connected % ofCycle Time % Loading
HP (all equipment)
Compressars u] u]
“acuum Pumps o o
Pumps u]
Fans / Blowers 2 250 20 a0
Cther Mataors a ] ] a
Heat Zone Information
Zone Name Heating zone
Fuel Firing

Tree of Fuel Mo, of BurnersZone i}
Zore Burner Rating for AN 0,00 % of Rated Capacity Used 0 % loading Factor 100
Burners (MM Brudhy)

Electric Heating
Troe of Ekctricky Cogen electricity
kW Reting for AN Sectbns  60,000,00 % of Reted Capacity Used 90 % loading Factor a0

‘Steam Heating
Troe ofSteam
Stearmn Fressuve-Absoliim 600,00 Steam Tempersture 175 Steam Fhw i}
{osia) (Degres F) (Thihe)
Total Heat for Steam 1,266 % of Rated Capacity Used 0 % loading Factor 100

[ B lh)

Comments f Notes

Older fumace
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Import Plant Information:

This section provides the capability of importing and integrating the entire information of other plant
into the existing database of PHAST. This feature can be used once the user receives the Microsoft
Access Application file (PHAST.mdb or with any name as sent by another user) from the plant
for which information is to be imported and integrated. Please note that plant exported with
earlier versions of PHAST cannot be imported in this version. The Microsoft Access Application
file can be received through Email or any media and should be stored on the computer or local
network from where it can be accessed later. (User can save the received file with same or different
name)

Note:

This is mandatory step and must be performed before using the feature of importing data.

Do not save the new database file with name as “Phast.mdb” at default location. It will replace the
existing database. Either saves the new database file with different name or at different location.

Do not save the Database file as Read-Only.

e Click on the “Import Plant Information” on the main screen of PHAST. This will open a
new user interface as shown below. Here the user can select the Microsoft Access Application
file (Phast.mdb or file with any name sent by other user) received from the other plant and
stored locally as mentioned above. This file contains the information of the plant to be
imported and to be integrated with existing database.

Laok in: | (23 Phast3.0_MasterMDE = £ X~

1 e
New database file 2| PHAST3.0_MasterDB_Data shests_04152010.db

2] ohioPlant_Test.mdb
Recent Z]PHAST_ET_Data072709.mdb
ICAPHASTA.0_ Surveyforms_USUnits_ 04152010

Select the location where
new PHAST.mdb is stored

D |
¢ IE
E..
= [m}
-

by Documents Run the entire process
A

@

by Computer

£

Places

My Metwork.  File name; || j Open |
=

Files af lwpe: |Microsoft Access Databases [* mdb) Cancel

=1
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e Select the location from the Look-in drop-down menu where the received file is stored upon
receipt (as described above) and select this file.

e Click on “Open” to carry out the entire process of importing the new database and integrating
it with existing database of PHAST.
Note: It may be noted that above screen image is of WindowsXP operating system file Open
dialog box. User having different operating system will have different layout of the open
dialog box.

If new file information contains the plant with similar name it will display the list of plant that are
having similar name (duplicating with existing PHAST database) otherwise will continue with import
process.

#4'Plant Import

Eergy Efficiency and Renewabls Ensrgy

B elov iz the lisk of plantz which have zsimilar name in the
exiziting databasze. Please select each plant by highlighting it in
the lizt. Then enter a new name in the textbox and click on
"Update". *'ou can continue with impart process once each
itern of the list iz renamed.

Plant with duplicate name
1Test Steel Plant-US

Change to new name
I |lpdate |

Cancel Import Continue Import

e Select each Plant Name from the list by clicking on it and change to new plant name (by
entering the name in the text box provided)

e ‘Update” will change the plant’s name to the new name as entered in the text box and take out
the name from the list.

e Note: If list has more than one plant with duplicate name, User must update each one by
entering new name and clicking “Update”

e Click on “Continue Import”. (Note: This button will be enabled once all duplicate plants’
names are changed to new name.)

e Click on “Cancel Import” to cancel the process. No information will be imported/integrated
to PHAST.
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Once the information is imported successfully, it can be viewed/analyzed/modified as discussed in the
earlier sections of the PHAST. Reports can also be generated for the new plant’s information.

Note:
Do not open the saved database file as a Read-only.
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Export Plant Information:

This note is for the PHAST User who is sending the file containing all information.
This feature will make Microsoft Access Application file (.mdb) of selected plants from the entire
information. The same file can be sent to other PHAST User through Email or any other media.

e Click on “Export Plant Information” on the main screen to open a new interface as shown
below. It will display the list of plant for which information is entered through PHAST
(Version 2.0).

'#<Plant Selection for Export

Evergy Bficiency and Itélnswut:la'!nafglf

To export plant information pleasze zelect one or more
plant from the following list.

! Flart Mame [4‘\_]
PHOET008_Plantvizit
PHOBT003_Plantwizit
PHOBT010_Plantwizit
PHOBT011_Plantvizit
PHOB1012_Plantvizit
PHOET013_Plantvizit
PHOET015_Plantvizit
Test Petroleurn plant - 15
Test Steel Plant - US
Test Steel Plant-15

i | Li|

~O0RO000000d

fj+ C|DSE| 7 Ok |

e Select one or more Plant from the list for which information is to be exported.
e Click “Ok” to proceed further. This will open a new user interface as shown below. (Note:
The file can be saved and stored with any name and location.)
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.-J ICiRecorded T

Recent B8 chared video
|51 8dobe POF 6.0

Fl_ .j shared Music
|21 A0L Downloads

Desktop [)Shared Pictures

Enter file name —.é File name: »

by M etk Save as lype: |I'-1icrc:s-:|ft Access Databases [*.mdh) :_J Canicel

Places

o
=

e Select the location from the Look-in drop-down menu where you want to save/store the
exported file

e Enter the name of the file that you want to save.

e Click on “Save” to carry out the entire process of exporting the selected plant database.
Note: It may again be noted that users having operating system different than WindowsXP will
see different layout of Save As dialog box.

The same file can be sent through Email or other media to other PHAST2.0 Users. Other users can
import this file by using the import feature as discussed earlier.

November 2010 Page 76 of 81 User Manual - Version 1.0



Process Heating Assessment and Survey Tool (PHAST 3.0) - FF: US Units

Appendix — A: Units for Conversion
Both unit converters have got following categories of units.

Sr. No. Units
1. Temperature
2. Heat Input Rate - Power
3. Length
4. Calorific Value of Gas
5. Pressure
6. Volumetric Flow Rate
7. Mass Flow Rate
8. Heat of Reaction
9. Liquid Flow
10. Area
11. Specific Heat - Entropy
12. Electrical Power
13. Heat Rate
14, Heating Value of Gas
15. Calorific Value of Liquid Fuel
16. Thermal Conductivity
17. Energy
18. Density
19. Mass
20. Heat Transfer Coefficient
21. Heat Flux Density
22, Velocity - Speed
23. Volume
24. Heating Value of Electricity

Though both converters are essentially same, unit category is selected automatically based on from
where it was invoked.
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Appendix — B: Currency and Default Conversion Rate

Country Name Currency ID | Currency Symbol Exchange Rate
Australia Dollar AUD 0.796
Canada Dollar CAD 0.85
China Yuan CNY 0.129
European Union Euro EUR 1.331
Hong Kong Dollar HKD 0.128
India Rupee INR 0.022
Indonesia Rupiah IDR 0.017
Japan Yen JPY 0.009
Malaysia Ringgit MYR 0.285
Mexico Peso MXN 0.089
New Zealand Dollar NzZD 0.697
Pakistan Rupee PKR 0.017
Philippines Peso PHP 0.021
Poland Zloty PLN 0.342
Russia Ruble RUB 0.038
Saudi Arabia Riyal SAR 0.268
South Africa Rand ZAR 0.134
South Korea Won KRW 0.001
Sweden Kronor SEK 0.144
Taiwan Dollar TWD 0.03
Thailand Baht THB 0.03
Trinidad and Tobago Dollar TTD 0.5
Turkey Lira TRY 0.7065
United Arab Emirates Dirham AED 0.272
United Kingdom Pound GBP 1.96
United States Dollar usD 1.00
Venezuela Bolivar VEB 0.001
Vietnam Dong VND 0.017
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Appendix — C: Default Enerqgy Sources (Fuel, Electricity, Steam)

Energy Name Unit HeatiSrg];itValue Default Heating Value
Electricity /KWh Btu/kWh 3,412
Natural Gas /Million Btu Btu/ft"3 1,010
Fuel Oil /Million Btu Btu/gallon 137,000
Coal /ton Btu/lb 14,030
Blast Furnace Gas /Million Btu Btu/ft"3 90
Coke Oven Gas /Million Btu Btu/ft"3 570
Coke /ton Btu/lb 12,700
Propane /Million Btu Btu/ft"3 2,500
Steam /Million Btu Btu/lb 1,200
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Appendix — D: Properties of Default Material/Gas Used for Furnace Analysis

Heat Heat Heat
Mean 'V'efi“? . Average | Content C‘”?te”.t CO’?te”_t
Substance Density | Specific L I_-|eat SEGEIE | D2 Pouring |of Solid at 0 (Ligpate] | oif (g
Heat of Fusion Hc_eat _of Temp Temp | Melting at at
Liquid Temp Melting | Pouring
Temp Temp
SOLID
Aluminum 166.7 0.248 169 0.26 1215 1380 286 455 497
Babbitt, lead base 0 0.039 26.2 0.038 462 625 15.8 42 48
Babbitt, tin base 462 0.071 34.1 0.063 464 916 28.6 67.7 91
Bismuth 612 0.033 18.5 0.035 518 620 15.1 33.6 37.2
Brasns{e 't\é'lumz 524 0.105 69 0125 | 1630 | 1850 165 234 261
Brass, red 546 0.104 86.5 0.115 1952 2250 197 283.5 317.8
Brass, yellow 528 0.105 71 0.123 1688 1950 171 242 274.2
Bronze, bearing 556 0.095 79.9 0.109 1832 2050 168.3 248.2 272
Bronze, aluminum| 510 0.126 98.6 0.125 1922 2200 235 333.6 368
Bronze, bell metal 540 0.1 76.3 0.119 1634 1900 157.4 233.7 265.4
Bronze, gun metal | 550 0.107 84.2 0.106 1850 2100 191.5 275.7 302
Bronze, Tobin 525 0.107 73.5 0.124 1625 1850 167.5 241 268.9
Carbon Steel 480 0.15 60 0 2800 0 0 0 0
Copper 559 0.104 91 0.111 1982 2200 200 291 315
Die casting metal 176 0.236 163 0.241 1150 1400 257.3 420.3 481
Die casting metal 176 0.038 17.5 0.037 600 820 20.5 38 146
Die casting metal 176 0.07 30.2 0.062 450 650 27.6 57.8 70
Die casting metal 176 0.103 48 0.138 780 980 74 122 150
German silver 176 0.109 86.2 0.123 1850 2100 194 280.2 311
Gold 1205 0.033 28.5 0.034 1945 2150 62.2 90.7 97.7
Inconel - 600 480 0.14 0 0 2500 0 0 0 0
Iron, cast, gray 480 0.19 414 2246 2800 415 456 583
Iron, cast, white 480 0.18 60.3 2102 2900 368 428 612
Iron, pig 480 0.153 83.6 2012 2300 299 384 450
Iron, pure 491 0.168 117 0.15 2802 3100 451 568 626
Lead 708 0.032 10 0.034 621 720 18 28 31
Linotype 700 0.036 21.5 0.036 486 620 15.3 36.8 41.6
Magnesium 108.6 0.272 83.7 0.266 1204 1380 311.2 394.9 441.7
Manganese 464 0.171 66 0.192 2246 2400 374 440 469
Monel metal 550 0.129 117.4 0.139 2415 2750 304 421.4 468
Nickel 601026441 556 | 0.134 1315 | 0133 | 2644 | 2850 | 346 | 4775 | 505
Silver 655 0.063 46.8 0.07 1762 1950 107 153.8 167
solder, bismuth 580 0.04 16.4 0.039 232 330 9.3 25.7 29.5
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Solder, plumbers 580 0.051 23 0.049 414 500 18 41 45
Stainless Steel - | g, 0.14 0 0 2550 0 0 0 0

300 series
Steinless Steel - | ago 0.25 48 0 2800 | 2800 | 750 | 126 | 142
Tin 455 0.069 25 0.0637 450 650 27 52 64
Zinc 445 0.107 48 0.146 786 900 77.8 125.8 142
LIQUID
HT Liquid 0.45 200 0.25 450
Water - std.
atmospheric 1 970.3 0.47 212
pressure
Water - 150 psig 1.05 868 0.54 365
Acetic Acid 0.51 174 0.4 244.4
Acetone 0.347 239 0.4 130
Alcohol- ethyl 0.648 369 0.45 172
Alcohol - methyl 0.601 481 0.33 151
Benzene 0.423 170 0.33 176
Bromine 0.107 82 0.055 142
Carbon
tetrachloride 0.215 83.5 0.25 170
Fuel oil no. 2 0.57 105 0.55 375
(average)
Fuel oil no. 6 0.58 108 0.55 600
(average)
Kerosene 0.57 260 0.62 260
Methanol 0.6 470 0.6 148
GAS
Water vapor - near 047
atm. pressure
Steam - 50 psig,
400 Degree F. 0.49
Steam - 150 psig,
500 Degree F. 0.51
Steam - 600 psig,
700 Degree F. 0.59
Air - low pressure 0.245
Nitrogen - low 0.25
pressure
Oxygen - low 0.23
pressure
Carbon dioxide - 0.24
low pressure
Carbon monoxide 0.25
- low pressure
Hydrogen - low 345
pressure
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