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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.

November 2010 Page 2 of 84 User Manual - Version 1.0



mailto:athekdi@e3minc.com

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

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:

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:

PHAST 3.0 Setup
User Manual as PDF document
Survey Forms

Installation Instructions:

Insert the Setup Disc in the CD ROM Dirive.

Follow the on screen instructions.

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

Start ->Programs ->PHAST3.0 -> PHAST3.0.

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

Note: In case of problem during Installation

Update the operating system with latest service pack and run the PHAST Setup again.
Disable any memory resident programs and run the PHAST setup again.
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

Go 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:

The screens of the PHAST are best viewed with the screen resolution of 1024 x 768 pixels.

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
“F27, 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.

Click on “™ L9k VY0 > puttons (available on some screens) for additional references. This will
open a PDF document in new window with related guidance

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 for accessing user manual, additional references
and knowledge material.
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Starting PHAST 3.0:

On starting PHAST 2.0, 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.

1“'Unit Selection

Erergy Etficlency and Renewable Energy

- Select Units

" US Units (¢ intemational Units

v ok | B Ex |

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

iﬁ Process Heating Assessment and Survey Tool (PHAST)

Energy Efficiency and Renewable Energy

Calculatars Flant/Equipment Information  Furnace &nalysis - Heat Balance

4

Reports Impart Plant Infarmation Expart Plant Infarmation

_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 (kJ/hr) to electricity (kW) or vice versa.

#+ Calculators

 Energy Efficiency and Renewable Energy

Energy Efficiancy :
/Equivalgnc}. W%Dvement 1 02 Enrichrent 1

Flaw Calculations
Erergy Use—__|

/ ~ Calcu

uel-Fired Equipment Efficiency [%]

L Electrically Heated Equipment E fiiciency [%]

\

Heat Input for Fuel Fired Equipment [ Ahr)

E quivalent Electrical Heat Input [kiaf]

Electrically Heated Equipment E fiiciency [%]

Fuel Fired Eguipment Efficiency [%]

E quivalent Fuel-Fired Heat |nput [Gd Ahr)

\.
e Equivalent Electrical Energy Input -

- Calculate Equivalent Fuel Heat Input -

Heat Input for Electrically Heated E quipment [k

5 | ]
10 3

1.851.85

40
]
1800
9.72

mlif]

!

& Print 1 Save | fj+ Cll:use] i.~j._-; ] Mext o |

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 GJ/hr in the example)
e Equivalent Electrical Heat Input (1851.85 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

_ Effici ; Flaws Caloulations
Erergy E quwalenc_l,ll Imprlg:.r?er:lfgnt ] 02 Enrichment l DEHE?;ULTSIEDHS
Curmrent Mew
Flue Gaz Dxpgen [ Dy | | ¢
Flue Gaz Temperature [Celsiuz)] | a7 | 871
Excess A [%) | 35.80 | 9.42
Combustion &ir Temperature [Celziuz] | 27 | 399
dvailable Heat % of HHY) | 45 K7 | E7.1E
Fuel 5 avings [) | Base | 3215
Energy Input [GJ./hr) | 10 | 6.79

& Print | Save | e Clusel <0 Previous| Mext o
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02 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 Equwalenc_l,ll IiokErent l 02 Enrichment ] Evieray s
Combusztion with Combuzhion with
Air Dwpaen Enriched
A
02 in combustion Air (%] 21 100
Flue Gaz Temperature [Celziuz) | qa2 | 987
02 in Flue Gazes [% Dry) | 5 | 1
Combustion Air Prebeat
Temperature [Celziuz) | A6z | 27
Awailable Heat (% af HHY) | 61.97 | 6.3
Fuel Savings [%) I Base I 17.70
Fuel Consurnption (G hr) | 10 | 823
Mote: Current limitation of the program would result in an ermor of
about 2% to 5% for the value of available heat calculations for
oxygen enrnched air case.

& Frint | Save | e+ Ch:usel <7 Previous| 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

Efficiency ¢ Flow I::aI-::uIativunns1
Improvement l 02 Enrichment l Energy Use

Energy E quivalenc_l,ll

Select Gaz im .,i Temperature of Gaz I a1
[Celziusg]

Specific Gravity [&ir=1] 0.65

Prezsure of Gaz
[Pa] 138

Orifice Pressure Drop
(cm W] i 2h3z
|nzide Pipe Diameter [cm] 20

Flows [Mm™3/hr) | 1.GEE
Type of Section ’Sharp Edge "i
Coefficient of Discharge 0E [Ell_lperat]ing Time I
: ourg

10
Energy Usze | 0.07
(5]

Orifice Diameter [cm]

.

Heating Yalue of Gas
HHY [k A3

4

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

General Notes:
e 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.

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

/1 Select the nlant

¢+ Plant bl

Energy Efficiency and Renewable Energy

Company MName {ME%/ STEEL CORPORATION

Plant Name iTest Plant - India / ;! Mew Plant
Plant Description kini-mill to produce structural components
/ General Information T Energy Source T Furnace Information\_
L1
i — N 3
1 CECHERIRE ini-mill i Pune - Maharashtra state
Fi ? Toduct ar lstructural components Industry Cade |33
Services Provided

Select Currency Ilndia MRS Riipes w| [Initiation Date (05w |[par j|gnngﬁ@
2 .

Corwersion Rate | 0.022 Mew Currency |

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

Address Linel 11234 Main strest Marne |Fiai Joshi

Address Line2 | Phone |[228) - [E52 3456)

City [Fune Fax |[228) - (552 3000)

State IMaharashstra E-mail Iriushi@newsteel.in.mm

Coutry lIndia

Zip Code [Z3456-7389

@I = Presyiol IE| Mext o |
——

i Delets F'Iant' 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.

{¢ ' Eneray Efficiency and Renewable Energy o g

Heat Zone
Name Description
Zone Name Give appropriate name of the furnace zone.
Fuel firing
Type of Fuel Select the types of fuel used in the zone from the memi. The menu gives a list of all fuels selected in the "Energy Source” tab.
No. of Burners/Zone 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.

Zone Burner Rating for All Burners (GJ/hr)

% of Rated Capacity Used

T - : - : T =
9% Tiaackirs Factor ?ﬁ-]g.za:;f?:bﬁmg hours or time the burners are fired or used. The hours are % of operating hours given in "Operating hours ]
Electric heating

Type of electricity 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

W Rati i
EV Rame for Al Secoes heating section within a zone of the furnace)

Give a number that represents percentage of the zone electrical heat input. This is percentage of the rated value given in "k'W

o o)
% of Rated Capacity Used totas bl

This is % of operating hours or time the electrical heating system is used. The hours are % of operating hours given in

a :
PR "Operating hours information” tab.

Steam heating

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

Steam Pressure-Absolute (MPa) Give value of steam pressure in absohite pressure units

Steam Flow (kg/he) 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 furnace)

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

% of Rated Capacity Used S

I This is % of onerating hovrs or time the steam heating svstem is nsed The honrs are % of onerating honrs siven in "Onerating sl
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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.

++Plant

File Help |

Energy Efficiency and Renewable Energy

Compary Name  INE\/ STEEL CORPORATION

Plant Mame iTest Flant - India _v_j Mew Plant
Plant D'escription iri-mill to produce structural components
General Information T Energy Source T Furnace Information
D escription [Miri-mill in Pune - Maharashtra state
Final Product or —— Jatrychyral components Industry Code |33

Services Provided

selectCurrency | ingia - INR - Rupse :jw'ﬂ |06 = ||Mar ~| 2008 ;i@

_ india - INF - Bupee
Conversion Rate  [Indonesia - IDR - Fupiah lecti
[Equivalent to USD [lapar - JPY - Yen = Currency Selection
kalapzia - YR - Ringgit = - :
~ Address - bewico - MM - Pezo tt Information
: Mew Zealand - MZD - Dollar
AddressLinel  [12pyistan - PR - Rupee [ |Rai Joshi
Address Line2 [ Lhlippines - PHP - Peso " [(228] - (552 3456
City [Pure Fax |[228) - (552 3000)
State [Maharashstra E-mail | rjnshit@newsteel.in.com
Courtry lIndia
Zip Code 523455-?889

‘,@J o] l'-'rs_'“;!l'ftu;-'l Mext o l

fii Delets F'Iaﬂt' j* Close
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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.

Currrency Data

Energy Efficiency and Renewable Energy

- Add Mew Currenicy

Cournty IHu:ung K.ong
Currency Mame IDDIIar
Currency Code IHKD

Default Converzion F ate
[E quivalent ta USD - $] IEI.'I 28

il Delete | = | Cancel l Save

Double click to select existing currency

Mo I 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

G 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 | [l]

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.

Energy Efficiency and Renewable Energy

Campany M ame {WE%/ STEEL CORPORATION

Plant Mame iTest Flant - India _vj Mesw Plant
Plant Dezcription Kini-mill to produce structural compaonents
General Infarmation 1 Energy Source 1 Furnace Infarmation )
éSeIect Tvpe " Fuel * Electricity " Steam
Energy Source | Electricity e'-.-'u' Erergy Source
Heating Walue I 2500 kd AW
: Select Available Source from
Cozt per unit [INR] I goo0  Awh Drop down List
il Delete Save
Double click to zelect energy source [tem shown in red have not been modified after currency change
Mo | Energy Source H Cost
Electricity -Hricit : by [MF 8. 000k h
2 FuelOi 137.000 kA INF: 120.00/GJ Result of Energy
3 Matural Gas Fuel 38,000 kJ/m”3 IMR 300.00/GJ Source Selection
4 Steam Steam 2790 klfkg IMR 250.00/G]
<] M 2]
@5 = Previuus] Mext = |

i Delets F'Iant1 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 selected currency as default values. However, user
can change these default values to values of his/her choice. A new energy source that is not in the list
(Appendix — C) 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 value and cost data for Fuel, Electricity and Steam are used to calculate plant
wide energy consumption and its cost distribution.
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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 | Energy Source 1 Furmace Information
%Select Type i Fuel * Electicity 7 Steam |
Energy Source | Electricity - Mews Energy Source !
Heating ' alue [ / agon kJARWhH
Cozt per unit [INR] l anoon Akwh
] Deletel Sawe |

#4'Unit Calculator

Energy Efficiency and Renewable Energy

~ Input — Dutput
What Quantitp? Convert From Convert To Result
I 3600 |Btukwh | [ COTSST— - | | 3795.66
‘ Q¢ Clozse | 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)
e Click on “Save” to save the energy source for selected plant.
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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 o Fuel " Electricity € Steam
Mame of Energy Source JEDke
Heating V/alue Unit |kJikg »T*| Selectfromthe
] Drop Down List

Cost Lnit ] IMR Atonne b ] >

E mergy Source Surmmany Mens I W Delete | Save |

Mo ] M arne 1 Erergy Tupe ] Heating Unit ] Cost Lnit ]

1 Blazt Furnace Gaz Fuel kJdm™3 IMRAG

2 Coal IMR A tonne

2 | Coke WAk IR tonne

4 Coke Oven Gas Fuel k™3 IMRAG

4] Fuel Oil Fuel kA IMR /G

G M atural Gas Fuel kaldm™3 IMNRAG

7 Fropane Fuel k™3 IMR/G

g zolid fuel Fuel kddka MR tanne

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)

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.)
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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 {WE%/ STEEL CORPORATION

Plant Name | Test Plart - India -] Mews Plant
Plant Dezcription Kini-mill to produce structural compaonents
[3eneral Information T Energy Source T Furnace Information ]

Furance Summary

Mo | Fumace Hame Dezcrption
Electic &z Funace Ayrc furnace for melting
2 Ladle heater 1 Harizontal heater
3 Ladle heater 2 Horizonkal heater
4 Feheat furnace YWalking hearth reheat furnace
b Tundizh heater 1 Mewer dezign unit installed 10 years ago
[ Tundizh heater 2 Mewer design unit installed 10 years ago

Mew Furnace |

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”
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Add 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.

v e e e T
# ¢ 'Furnace Information

File Help [

Energy Eﬂicie-ncv and Renewable Energy

Company Name MNEW STEEL CORFORATIOHN Flant Mame Test Plant - India

Furmnace List 2 i = =
. Furnace Name iHEhEal furhace Create with OtherFurnace Data
Double Click to Select .
Description iWalking hearth reheat funace

Noj Furnace MNarne
Electic Arc Furnace
Ladle heater 1

Ladle heater 2
Feheat furnace
Tundish heater 1
Tundizh heater 2

Operation Hours |nfarmation 1 Heat Zone | Ausilary Equipment | Motes |

[ By B o TR LN R

— Operating Hours
" Calculate (¢ Aesign

Wwieeks/year I_-
Daysfweek I_‘
Shifts/day )
Hours/shift I_-
Total Hoursdyear !W]‘

r——— | & Preven|| et 2 |

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 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.

#< Furnace Information

Filz  Help [

" Energv Efﬁciéhcv and Renewable Energy - -

Company Name MNEW STEEL CORFORATION Flant Mame Test Plant - India
Fumace. At Furhace Name ]F!eheat furnace Create with Other Furnace Dats
Double Click to Select .
Dascription ]W’alking hearth reheat fumnace
Mo | Furnace MNarme
12 ELECII:IEIE:;;::;HMCE Dperation Hours Infarmation. Heat Zone ] Ausiliary Equipment | Motes |
3 Ladle heater 2 Heat Zone List [ Zone Information
4 FReheat fumace Double click to select Zone Mame  |Heating zone - hottom teate with Dther Zobe '“l
] Tundizsh heater 1 4 |
. Mo 1 Heat Zones ~ Fuel Firing - |
5 Tundizh heater 2 -
1 Heating zone - bott... Tupe of Fuel iNaturaI Gas j Mo, of Burners/Zone g
2 Heati -
3 P;i;;gt ;222 - ZGC:Jr}T-.Bumer Rating for &l Burners g0 % of Rated Capacity Usedi a0
4 Soak zone - bottom ! I % Loading Factar l—?a‘
A Soak zone - top 1 + 5|
i~ Electric Heating - q
Type of Electricity | % of Rated Capacity Used T—d‘
ke R ating for All Sections 0 % Loading Factor 100
Steam Heating -
Tuvpe of Stearn »| % Loading Factor ] 100
[Sh.tﬁjar]n Pressure-Absolute I—E Steam Temperature (Celsius) 1 350
a
Steam Flow [kg?hr) ] g TotalHeat for Steam [k /kg] 1200
% of Rated Capacity Used 1 3, Steam Table Look Up|
? i L = : il
p ] 23 Mew Zone ] il Delete Zone ] =] F'rew:lusl Mext = J
-LIrMace ] I Delet -| B¢ Close ]

e Enter the operating information of zone in the input boxes

November 2010 Page 30 of 84 User Manual - Version 1.0



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

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 MNEW STEEL CORPORATIOMN Flant Marme Test Plant - India
Futnace List Furnace Mame ]F!eheat furnace Create with Other Furmnace Data
Double Click to Select o
Description ]W’alking hearth rekbeat furnace
Mo | Furnace Name
12 E‘Lejg'ﬁ.:tc;::;‘mace Operation Hours Inf?rmatinn | HeatZone -"-\U.H“ial_'r' Eq9ipment 1 N.C'tES I :
3 Ladle heater 2 Check Operating Hours before entering Auxillany Equipment Infarmation
4 Reheat fumace * Connected power for all equipments
5 Tundizh heater 1 :
6 Tundish heater 2 w ' # ‘ w ‘
8 Compressors—  Yac. Pumps —— Pumps - -1~ Fans / BIDWEls;g-- Other Matars ——
Electricity Type dm v]| | v || | Electricity :j'jEIectricity :ijIectricity ||
| I | Il
| | | I 11 |
Tatal Mos (| i} ! | ol | 3|l 2|
| | | [| Il |
E’kﬁlxlinnnected Power!] 0 ! ] 0 ] 200 ;'] 250 !.] B0 |
| | I 11 |
Dty C_f,lu:le [% of i] n ! ] i ] a0 .,] 30 !] 25 |
Operating Hours) | |! | [| [| -
% Rated Capacity |] 0| | o &0 i'] 7h !I &0
Total Energy use Il 0 !] ol 1296 II] 1350 || 72
[Thouzand kiwh] 1 ol I k= |
o8 - o @ﬁ & Previuus] Mext o ]
B Mew Furnace ] i 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.

| Eurnace Information

File Help

Energy Efficiency and Renewable Energy

Company Name MNEW STEEL CORFORATIOHN Flant Mame Test Plant - India
F List
umace. = Fumace Name |F|eheat furnace Create with Other.Furnace Diats
Double Click to Select .
Description |Walking hearth reheat funace
Mo I Furnace Name
1 Electic Arc Furnace : - = T
3 Ladle hoater 1 | Dperation Hours Information | Heat Zonel Auiliary Equiprent  Motes I
3 Ladle heater 2 ~ Motes Information
4 Feheat furnace
5 Tundizh heater 1 W alking hearth furnace data from the design manual and the fumace operatars
5 Tundizh heater 2
E E Q = PrE\fIDusl Mext =3 I
B MewFurnace | [ Delete Furr:at: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.

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.

#4Create New Furnace X

Enm-;"r Efficiency and Renewuble Energy

Ll e ]Tampering Fumace Select the existing furnace

£t it { from which you want to
iHEhEﬂt furnace Bl | recreate new fiirnace

All Furnace Fones: Selected Zones for Mew Furnace:

Move the Heat
Zone/s, which
are required in
new Furnace

Heating zone - bottom

Soak zone - top
Snak zone - bottom

Preheat zone ——p Selected Heat zones
for new furnace

>

21 [

<

Create Mew Furnace I Cloze

v

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

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

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

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.

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

#+'Create New Zone

Eqergy Eificlency and Renewable Energy

MHew Zane Mame ISDak Zore

Select Zone ! Snak zone - top __:]

Heating zone - battom
Heating zone - top
Creal Preheat zone
Snoak zone - battam

Sk Zone - top

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 ]Tegt Plant - India vi—b Select the Plant
from drop down list

Select Fumace ] __"-_"j

Mo ] Furnace Mame ] % of Total Cost 1

1 Electric Arc Furnace G046

2  Reheatfunace 4.4 Furnaces of above

3 Ladle heater 1 1.74 I T— selected plant

4 Tundizh heater 2 1.32

5 Ladle heater 2 1.09

G Tundizh heater 1 .53

R* 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.

} Furnare Data

||

Energy Efﬂc:ianc? and Renewable Energy

Plant Hame Test Plant - India Furnace Hame Reheat fumace

Type of Losses

Other Lozzes

Efficiency

] Flue Gaz Lozzes/Heating System ]

Heat Storage

W ater - Cooling Lozses

|

whall Lozses ]

Opening Lozses

LoadfCharge Material ‘1 Fimtures, Traps, Baskets etc. Lu:usses]

Atmozphere Lozzes

Select Type

Type of Matenal
Charge [wet)-Feed Rate [ka/hr)
YWater Content as Charged [%]
YWiater Content as Discharged [%)
Iritial Temp. [Celziuz]

Wiater Dizcharge Temp. [Celziuz]
Dizcharge Temp. [Celzius]
Charge Melted [% of Charge]
Charge Reacted [Z of Dy

Heat of Reaction [k1/kag]
Additional Heat Required [kl /]

Heat Required [k /hr)

@l

* Sald

Newi

‘ r-E?] Comments

" Liguid

Current

i Gas

Carbon Steel

Modified

| 0 ]Endnthermic __:j
1]
45,059,000

34,089,000

| Mext E::) ]I

Current Met Heat Required [k1/hr)
todified Met Heat Required [k /hr)

54 939 823 Furnace Summarﬁ;| B Enter/Edit Modified Data

41.199.435

B* Close

A 4

Click to display Heat Loss Schematic, summary of Gross, Net Heat
Loss and Efficiency for the Furnace

\4

Click to Enter
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 |Heat Rate ;I
wWhat Quantity? Convert From Convert To Result
[ 3000 |Btushr ke -l | 3165.17

Bt

Click on Ql 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.
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Energy Efficiency and Renewable Energy

Name
Type of Material

Charge (wet)-Feed Rate (kg'hr)

Water Content as Charged (%)

Water Content as Discharged (%)

Initial Temp. (Celsius)
Water Discharge Temp. (Celsius)

Discharge Temp. (Celsius)

Charge Melted (% of Charge)

Charge Reacted (% of Dry)

Heat of Reaction (kJ/kg)

Additional Heat Required (kI
Heat Required (k)

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

Weight of material charged per hour. Use total weight inchuding moisture in the charge material Note that for batch furnaces the
total weight should be cotrected 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 furnace or oven. Use production data or actual

measurement.

Charge material melted (as % of 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 metallurgical reactions are mvolved 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 previous cells.
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e Click on Comments > to 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.

| #4 Notes

Energy Efficiency and Renewable Energy

Plant Hame Test Plant - India

Furnace Mame Reheat furnace

Load/Charge M atenal

Sanel )+ Clusel

e Click on [ Fumace 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 below.
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#4'Furnace Summary

Energy Efficiency and Renewable Energy

Test Plant - India

Plant Hame

Flue gas losses

|Furnace Name Reheat furnace 3082002 Kl Other losses Legend:
14,702,105 kJ/he 256,483 ki hr
52,881 k/hr B Current
Wall losses -
1,456,556 kil /br B Modified
Famiace // 1.027102 kithe
Furnace heat Opening losses
input & : 129,028 kJ /hr
G fuel 11,450 kJ he
h;gts :sn;;{ft Available heat \
98,001,825 ke 54,939,823 kJ hr {L:'lse‘:lftutlooluotgg)t
55,301,540 k Jhe 41,199,435 kddhe R A
) 34,085,000 kJ he
v

—

4 Fixture/conveyor losses

& 0 kJhr

Atmosphere |05535¥ Water cooling losses
p 0 kJhr \\lﬁ 8,038,656 kl/hr 0 kJthr

Ok shr £.028,992 kJ hr

Awia The diamam sfoes A A0 3 SR Sadar’ diaman e walasr ooeel A 830 Ires OnSsseiiag 3 Oy o A s o ARt ot ve $ie walas oF 0 A3 ouNeel A ek oy
LMY SN I IR QO RT Covaditivas PR e B e sl oF 6 amser abr mw‘fm? N S AT AR o B0 i B A eresane

~Actual Energy Use from Furnace Analysis - ~ Estimated Energy Use from Plant/E quipment Information

Current Modified
Met Heat Required [kl /hr) 54,939,823 41,199,435 Fuel eneragy uze (k) /i) 102,500,000
Gross Heat Required [kJ/hr) 98,001,825 55,901 540 Electiical energy use [KW] 240
Heat Storage Losses (k] 148,888 366 148,588,366 5 kb i
Energy Used [kd/ka) 1.400.03 798,59 | S ;
Energy Uszed [kwhig) 039 n.zz
Thermal Efficiency [%] 4598 E0.94
Additional Notes:
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.

automatically added to the database.

The user added material (and data) would be

#4'Flirnace Data

File Help

Energy Emcianc? and Renewable Energy . .

Plant Hame Test Plant - India Furnace Hame Reheat furnace
Flue Gaz Logzes/Heating System
| Other Lozzes Efficienay ] Heat Storage
| W ater - Cooling Loszes 1 whall Lozzes W Opening Lozses

‘ Load/Charge Material

Click to add Select Type

new type of

Material

| Fistures, Traps, Baskets etc. Losses

Atmosphere Loszes

= Sold

" Liguid i Gas
Modified

Current
Type of Matens By i

Mevw 1 Carbon Steel

biaies (st et fiale (b {w FT: Select Material form Drop

Wiater Content as Charged [%] ]—EI' ]— down List

“Water Content as Dizcharged [2) {'—ij- 1—_

Initial Temp. [Celsiuz)] ]—-|5|:|' 4010

“water Discharge Temp. [Celsiuz) {'—H]j' 1—“_

Dizcharge Temp. [Celsiusg) ]—11?5'

Charge Melted [% of Charge] {'—“‘_ij‘ 1—_—

Charge Reacted [% of Dy ]—EI' ]—

Heat of Beaction [kJ/kg) | 0 ]Endn:nthermi-: _:J | 0 1;';._:5_ f_J

Additional Heat Required [k ] ]—EI' ]—“_'

Heat Bequired [kJ/hr] 45,059,000 34,085,000

&” P ‘ @ Comments ‘ A FrevioLs | MNext = | =
Curnent Met Heat Required [k /hr) 54,939,823 |z Furnace 5ummar~,r§i B Enter/Edit Modified Data
Modified Net Heat Required [k /i) 41,199,435 &l Rofor ] Q¢ Close

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.

r +'New Material/Gas Data

H Enerngfl'Iulencvund Renewable Energy it

Material Type m

Mame of the Matenal ]

tean Specific Heat [Salid] 0 [kdka C])

Melting Temperature | 0 [Celsius)
tean Specific Heat [Liquid] | 0 [kl/kaC])
Heat of Melting I—D [k /kg)

save | [T New | 1 Delete |

Double Click to Select

N.] M arre | MaterialT ype ] bMean Spe.. | Meling®?... | Mean Spe“_*]

1 Aluminium cazting metal  Solid 0.932 E21.11 'I.El[t—:!

2 Alurnitrn Solid 1.028 BR7.22 1.0¢ List of

3 Babbitt, lead base Solid 0162 238.83 T Available
4  Babbit, tin base Solid 0.237 240 0.2t [ Material
5 Bizmuth Solid 0138 270 E_L'l*{:l

] m | ]

B* 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

e

Energy Efficiency and Renewable Energy -

Plant Hame Test Plant - India Furnace Hame Reheat fumace
Flue Gaz Loszes/Heating System
| Other Loszes ] Efficiensy ] Heat Storage
| Water - Cooling Lozzes ] Wwhall Lozses ] Opening Lozses
Load/Charge k aterial ] Fixtures, T'f}'s’ Baskets etc. ] Atmozphere Lozzes
0ZSES
Current Modified
Select Type New | - |

SAURIFALIA . i

Fisture Weight [kothr]
Initial Temp. [Celziuz]
Final Temp. [Celziuz]

Correction Factor

L
A1

Heat Required (k]

‘ = Previl:uus! Mext Eﬁ’l ‘ —

@l

Current Met Heat Required (kJ/hr] 54,939,823 Furnace Summarv! E* Enter/Edit Modified Data
todified Met Heat Required [k /hr) 41.199.435

| @ Comments

[E Report l R* 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 Plant - India Furnace Hame Reheat fumace
| Other Loszes ] il s LDEEE;;ETMQ SR ] Heat Storage
| Water - Cooling Lozzes ] Wwhall Lozses } Opening Lozses
Load/Charge k aterial ] Fistures, Trayz, Baskets etc. Lu:usses] Atmosphere Loszes
Current Modified
Type of Gases =1 ] Endothermic gas |i5 ndothermic gas _:'_j
Iritial Temp. [Celziuz] l 0 I al
Final Temp. [Celziuz] l 0 I |
Flaw Rate [Nm™3¢hr] l 0 I i
Correction Factar I 1 I 1
Heat Reqguired [kl/hr] ] ]

‘ = Previl:uus! Mext Eﬁ’l ‘ —

@l

| @ Comments

Current Met Heat Required (kJ/hr] 54,939,823 Furnace Summarv! E* Enter/Edit Modified Data
todified Met Heat Required [k /hr) 41.199.435 Till Repart l ﬂ-" Close

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

MHame of the Gaz ]|

Mean Specific Heat | [k AN ™3 C])

Saxre| Rl | (] Delete|

Double Click to Select

N.] M arre | b aterialTppe J Mean 5pecific Heat | Melting.-"'rl_\]
1 Air Gasz 1341322049 (k...

2 Endothermic gas as 1.341 322049 (k.. =
3 Ewxothermic gaz Gaz 1.341322049 (k...

4 Huydrogen Gasz 1.274250947 (k).

5 Mirogen Gas 1,341322049 [k.. =
£ i (@]

Bt Close ]

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
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 L osses

YR e L
# 4 Firnace Data > 9

e

Energy Efficiency and Renewable Energy -

Plant Hame Test Plant - India Furnace Hame Reheat furnace
| Load/Charge M atenial ] Fistures, Traps, Baskets etc. Lu:usses] Atmosphere Loszes
| Other Losses ] Elbe Bas LDE?EE;;ED?IHQ SHE ] Heat Storage
Water - Cooling Losses ] Wiall Lozzes ] Opening Lozzes

Current Modified

Wiater Flow [|/min) i [2000] 2000

In Temp. [Celziuz] i —EEI I—_:I,.I

Out Temp. [Celziuz)] i o4 | 27

Comection Factor | 1 | i

Heat Fequired [kJ/hr) 8,038 656 B.028952

‘ = Previl:uusl Mext Eﬁ’l ‘ —

@l

| @ Comments

Current Met Heat Required (kJ/hr] 54,939,823 Furnace Summarv! E* Enter/Edit Modified Data
todified Met Heat Required [k /hr) 41.199.435 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

|} +'Furnace Data pis

e

Energy Efficiency and Renewable Energy -

Plant Hame Test Plant - India 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 Modihied
Surface Srea [m”™2) I 221
Average Surface Temp. [Celziuz] I 132
Ambient Temp. [Celziuz] I 32
Carmrection Factor i i
Heat Fequired [kJ/hr) 1,456 656 1,027 102
_ i
@,i : | £ comments = F'rewuus Mext ':3’|| —
Curent Net Heat Required (kJ/hr) 54,939,823 Furnace SUMWEW! B Enter/Edit Modified Data
todified Met Heat Required [k /hr) 41.199.435 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

e

Energy Efficiency and Renewable Energy -

Plant Hame Test Plant - India 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 [kl k] 118,209 || Calculated Heat Lozses [kl ] 7388
~Yariable Opening Losses —Yanable Opening Losses
B Calculate B calculate I
Calculated Heat Lozses [kl k] 10,819 || Calculated Heat Lozses [kl /hr) 4072
Total Heat Required [k hr) 129,028 || Total Heat Required [k ) 11,480

i
‘ é= F'rewuus Mext ':3’|| -

@!i : | @ Comments
Curent Net Heat Required (kJ/hr) 54,939,823 Furnace SUMWEW! B Enter/Edit Modified Data
todified Met Heat Required [k /hr) 41.199.435 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 Hame

Test Plant - India

Furnace Hame

Reheat fumace

| 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

Select Tupe

Furnace 'wall Thickness [mm)
Criameter of Openings [mm]

Wiew Factor

Wiew Factor - Uzer Defined

Tatal Opening Area [m™2)

Inzide Temp. [Celziuz]

Outzide or Ambient Temp. [Celziuz]

% of Time Open

Fixed Opening Lozses [kl i)

Fixed Opening Losses Information

* Found
Current

;

o
=
=

0.61

120

k|
m .
g o= o o =
= () = L [mn] E
3 g olalalsl o

I Rectangular [Square]

2, Look Upj

Modified

380

0.E1E

;@j | @ Comments

Current Met Heat Required [k1/hr)
todified Met Heat Required [k /hr)

54 939 823 Furnace Summarﬁ;! B Enter/Edit Modified Data

41.199.435

Feport * Close
port | | B

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 Emcianc? and Renewable Energy .

Plant Hame Test Plant - India 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

YWarnable Opening Losses Information

Select Type " Round ' Rectangular [Square]
Current Modified

Furnace '“Wall Thickness [mm) T—T;“@

Length of Openings [rmm) ]—E‘ﬁ

Height of Openings [mm] ]‘—152'

Wiew Factor 0.435

Wiew Factor - User Defined 0485 O Look Up

Total Opening Area [m™2) 0.93

Inzide Temp. [Celzius] I—ﬁﬁﬁ 1.—___.

Outside or Armbient Temp. [Celsiuz) [—35 17

% aof Time Open I—1.|j' ]—

Yariable Opening Lozzes (ki) 10,819 4072

[#] Return

Current Met Heat Required [k /] 54,939,823 Furnace 5ummar~,f] B Enter/Edit Modified Data
Modified Net Heat Required [k /hr) 41,199,435 e ] 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 X

e

Energy Efficiency and Renewable Energy -

Plant Hame Test Plant - India 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
Current Modifhied
-~ Exposed Hot Parts
Appros. Area [m™2) I I 11
&verage Temp. [Celsiug) | a0 I 140
Armbient Temnp. [Celsiuz) i 5 I Ea
Additional Losses (kJ/hr) | 0 | 0
Heat Required [k /hr) 206,483 B2.881
_ i
@,i : | £ comments = F'rewuus Mext ':3’|| —
Curent Net Heat Required (kJ/hr) 54,939,823 Furnace SUMWEW! B Enter/Edit Modified Data
todified Met Heat Required [k /hr) 41.199.435 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

File Help

‘ (0 . Energy Efﬂcianc? and Renewable Energy -

Plant Hame Test Plant - India Furnace Hame Reheat furnace
| “Wwhater - Cooling Losszes ] Wiall Lozses ] Opening Lozzes
| Load/Charge Material 1 Fistures, Travs, Baszkets etc. Ln:nsses\ Atrozphere Lozzes

e e | Flue Gas Losses/Heating |

System Efficiency 2

Select Heat Source + Fueldir [02) Fired " Electic " Steam
Current M odified

Furnace Flue Gas Temp. [Celziuz) 2, Look Up e

Owxygen in Flue Gases (2] 4 X LookUp | ]—“

Excess A (%] 21.08 9,42

Carmbuszstion Air Temp. [Celziuz] 45 X Look Up |

Auwailable Heat [%) 5E.06 7370

Auyailable Heat User Defined (%) BE0E X Look Up 7370

Gross Heat [k /hr) 93,001,825 55,907 540

Flue Gaz Logzes [ klihr] 43,062,002 14702105

&I‘ = ‘ ,_E?] Coraaris ‘ &= F'rew:uusl Mext E[>| =

Current Met Heat Required [k /hr) 54,939,823 Furnace 5ummar3f] B Enter/Edit Madified Data
todified Met Heat Required [k /hr) 41.199.435 Repart | ﬂ-" S

e Select the Heat Source of the system i.e. Fuel-Air (O2) fired, Electric or Steam

e Enter “Other Information” in the provided text boxes. Refer “Look Up” next to each text
box for further, related information.

e Modify “Available Heat-User Defined” (Optional)
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
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e Based on the input provided, a flue gas loss is calculated and displayed.
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 Efﬁcianc? and Renewable Energy -

Plant Hame Test Plant - India Furnace Hame Reheat furnace
| Wwiater - Cooling Loszes ] Wall Loszes ] Opening Lozzes
| Load/Charge Material 1 Fistures, Trays, Baskets etc. Lozses Atmozphere Lozzes
Flue Gaz Loszes/Heating System
Other Loszes \‘ Efficiency \‘ Heat Storage
| Furnace Shape {+ Rectangular " Cylindrical
"width [m)] 7 50 Length [m] 18 Height [m) 2
 Cument ; Modified
Furnace Temp [Celsius] j 1200 | T
Ambient Temp [Celsius) | 25 ]
Starting wall Temp [Celsius) | 100 |
Carrection Factar ] 1 1 1
(i) Layer Info i Layer Info
Wall-Oukzide Temp-Top [Celziuz] 170.35 170.35
Wall-Outzide Temp-Sides [Celzius] 112,50 112.50
Wall-Outzside Temp-Ends [Celziuz) 112.50 11250
Wall-Outzide Temp-Battomm [Celzius] 153.28 153.28
Taotal Furnace Wall Heat Storage (k] 148,833,366 143,885 366
Furnace Wall Heat Storage Gross 1 R 587 R4 I 02019493

Heat Input Bequired (k]

@l‘ J £7) comments| @7 Furnace Schematic - Pre“":'ugi HlE i:*] B
Current Met Heat Required [k /] 54,939,823 Furnace 5ummar~,f] B Enter/Edit Modified Data
bodified Met Heat Required [kJ/hr) 41,199,435 T ] EL* e

e Enter the Information about furnace shape, dimensions and temperatures.
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Click on “Layer Info” to open a new screen (as shown below) that can be used to enter the
required information. This button is enabled once information about furnace shape, dimensions
and temperatures

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
Opening 7 " Yes « Hg Opering ? e =
Mo. of Layer * One " Twio " Three " Four Mo, of Laper £ & i
Select Material Thickness [cm] Select katerial Thickness [cm)
Layer1 |High density castable [150-14250) = || KL Layer 1 [ ||
Sides
Opering 7 " Yes * Mo Opening ? £
Mo. of Layer &' One " Two “ Thiee ¢ Four Mo, of Laper (%
Select Material Thickness [cm) Select Material Thickness [cm)
Layer1 | Hi temp insulating firebrick (150-1540C) = || B Laper1 [Hi ter (1501 B ||
Ends :
Operitg ? * Yes " Mo Awealm”2) 037 Opering 7 Area [m”2) |
Mo. of Laver * One  Two " Three " Four Mo, of Laper ( £ £ 1 «
Select Material Thickness [cm) Select Material Thickness [em]
Layer1 | Hi ternp insulating firebrick. [150-1540C) j| =] Laper 1 _; =
Bottom
Opening ? " Yes * Mo Opening ?
Mo. of Layer &' One " Two " Thiee " Four Mo. of Laper & ) ) £
Select Material Thickness [cm) Select Material Thickness [Em]
Layer 1 |High density castable (150-1425C) = || 48 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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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 Plant - India :
Furnace Name Reheat furnace Slde 2 1
I
| el
1.7 /: . ’:
Length 4 = 5 z7
ol L7 1
= 1 a7 ! Back
- I v J— 1
-7 - R
V= =4 SHd -
7’ /I.’ _____ o St N
= 7’
R, ’
e # s <
» e
Height 5|d k Boftom
Layer 1
Layer 2
Layer 3
Layer 4
Note : Layer 1 is inside layer (hot side)
Layer 4 is outside layer [cold side)
Twltl) sides and two ends have identical
truct
Fronf wall construction

(¢4 Furnace Schematic

Energy Efficiency and Renewable Energy

Plant Name  Test Plant - India

Furnace Name Reheat furnace

Top

Id— Diameter —-pI

A
1
1
|
A I Height
Side !
1
L LT e T I\
| ) \\
Qe = s \l \
C ) i A

- -

Note : Layer 1 is inside layer (hot side)
Layer 4 is outside layer (cold side)
Bottom
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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

— Select the Plant -

I Test Plant - India

>

Select the plant

~ Select Report Type

" Furnace Analysiz " Fumace Summary " Input Data

-Select the Furnace -

J Fumace Hame J % of Total Cost l
Electric &rc Furnace G046
Check/Uncheck R eheat furnace 4.4
for Selection in <] Ladle heater 1 174
the Renort Tundish heater 2 ’ 1.32
Ladle heater 2 1.09
Tundizh heater 1 0.3
J
..... \
List of furnaces in
above selected plant
- Open the
EL o SRS _ seFI)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.
e Select an Option of the reports
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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

< PHASTVErsion 3.0 - Int
m File  Information

;..g\ b oM 14 Mo M -
Prei 'ewi

N\ N
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 & 3/6/2008

Plant Summary

NEW STEEL CORPORATION
Plant Name Test Plart - India
1234 Main street
Pune Maharashstra India Z356-7889
Contact Information  RajJoshi Phone (223} - (652 3456)
EMail  rjoshi@newsteel.in.com Fax {228} - (p52 3000

T - V.- Rupee _ 00228

Summary of Energy Sources Used

Electricity 3,600 K/kih 8.00 Jkiwh
Fuel il 137,000 1241 120,00 /&)
Matural Gas 38,000 K/mA3 3no.ac SG&
Steam 2,790 kifkg 250,00 /G
Print Dake : 1022732010 PHAST v2.0 Page 1 of 4
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Plant Summary

HEW STEEL CORPORATION

Plant Name Test Plart - India

Process Heating Equipment - Energy Cost Distribution

Tundizh heater 1
Ladle heater 2
Tundizh heater 2
Ladle heater 1
Reheat fumace

B Electric Arc Fumace  605%

B Reheatfumace 344%

[ Ladle heater 1 17%

O Tundizh heater2 13%

[0 Ladle heater 2 11%

B Tundizhheater 1 10%

Total: 1000%

Electric ArcFurnace
Print Dabes 1 10/2272010 PHAST v2.0 Page 2 of 4
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Initation Date : 3/6/2008

Plant Summary

Plant Mame Test Plart - India

Process Heating Equipment-Energy Used and Cost Distribution

Electnic Arc Fumace 1] 1] 58,800 470,400,000 1] 0 470,400,000 10,348,800 6046

Reheat fumace 820,000 246,000,000 2715 21,744,000 i 0 267,744,000 5890366 3441
Ladle heater 1 108,000 12,960,000 73 583,200 0 0 13,543,200 297,950 1.74
Tundish heater 2 84,375 10,125,000 22 172 500 i 0 10,297,800 226,552 1.37
Ladle heater 2 67,200 8,084,000 49 392,000 0 0 &456,000 186,032 1.0¢
Tundish heater 1 Eladn 7,372,800 230,400 7,603,200 167,270 0,98

20 i} 0

Print Date 1 10/22/2010 PHAST v2.0 Page 3 of 4
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Initiation Dats : 3/6/2008

Plant Summary

Plant Name Test Plart - India

Comments / Notes

Furnace Name : Electric Arc Fumace

This is an alder furnace

Furnace Wame : Reheat fumace

Walking hearth furnace data from the design manual and the fumace operators
Furnace Name : Ladle heater 1

Horizont al heater used reqularky,

Furnace Name : Tundish heater 2

This is larger unit with capability to be used as a drver also.
Furnace Mame : Ladle heater 2

vertical heater used as secondary heater

Furnace Name : Tundish heater 1

Used frequently

Print Date : 10/22/2010 PHAST v2.0 Page 4of 4
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Furnace Analysis:

Furnace Analysis

MEW STEEL CORPORATION m Reheat furnace

Plant Test Plant - India HeatSource Fuel-air [OZ) Fired

Current Condition Heat Consumption (k1/hr Net Heat Consumption D.até

Distribution of Heat Consumption

Opening Lozses

Chher Losses
Wiall Les s es
i ater Losses

B Metoad weght B20%

B ater Losses 146%

[ all Loszes s

O Cther Losses DA%

O Opening Loszes 02%
B Atmesphers Losses 0.0%

[ Fistures Losses 0.0%
Total: 100.0°%
Hetoad weight
HeatStorage (k1) : 50,539,732 Thermal Efficiency (%:): 45.08

Metload weight 45, 039, 000

W ater Losses 2, 038, 8636
W all Losses 1, 456, E56
Tther Lasses 256, 483
Cpening Losses 129,028
Atmosphere Losses 1]
Fintures Lozses I
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Furnace Analysis

m Reheat furnace

Heat Source Fuel-Air (02 Fired

| MEW STEEL CORPORATION

Plant Test Plant - India

Current Condition Heat Consumption (kd/he Gross Heat Consumption Data

Distribution of Heat Consumption

Opening Loszes

Metoadwmeight

Cther Loz ses
fall Los ses
i gter Losses

B Metload w sight 46.0%

B Flue Gas Losses 43.0%

[ igter Losses 82%

[ 'iall Losses 1.5%

(her Loszes 03%

B Opening Lesses 0%

[ Fixtures Losses 0.0%

B Atmosphers Losses 00%

Total: 100.0°%

Flue Gas Lozses

HeatStorage (k1) : 90,152,929

Thermal Efficiency (%:] :

45,98

Metload weight 45, 055, 000
Flue Gas Losses 43, 062, 002
Il ater Losses 2, 038 656
Wall Lozses 1,456,656
Cther Losses 256, 453
Opening Losses 129,028
Fintures Losses 0
Atmosphere Losses o
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Furnace Analysis

Company  MEW STEEL CORPORATION Furnace Reheat furnace

Plant Test Plant - India Heat Source Fuel-air (02 Fired

Comparision : Consumption of Heat
Current ws Modified Operation

A0 00hd
45 00k
i 40 0k
E 35 DOM
=
o 30000
& 2500M
& 20pomM
@ 15 00M
2 10 20k
E 5 00h .-
& 0 00m
Amosphere Fidures  Flue Gas HNelload Opening Cith er rall Wiater
Loss ez Lisses Loss es waight Losses Loss es Losses Loss es
A E
CurrentCondition Heat Modified Condition He at
Core umplion Consumption Qed'hr)
Current Condition Heat Modified Condition Heat
Consumption (k1/hr)  Consumption (k1/hr)
Atmosphere Losses - 0 T
Fiztures Losses 0 0
Flue Gas Losses 43, 062,002 14,702, 103
Yetoad weight 45, 059, 000 24, 059, 000
Dp enindSubreport:funacefinald.rpt 129,028 11,460
Dther Losses 256, 483 52,881
Wall Losses 1, 456, 656 1,027, 102
Water Losses 8,038,656 &, 028,992
Total 98,001,825 55,901,540

November 2010 Page 70 of 84 User Manual - Version 1.0



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

Furnace Analysis

| MEW STEEL CORPORATION Reheat furnace

Plant Test Plant - India Heat Source Fuel-Air (22 Fired

Comments f Hotes

Section Name : Load/Charge Material

Mone

Section Mame : Fistures, Travs, Baskets etc, Losses
Mone

Section HName : Atmosphere Loszes

Mone

Section Hame : Water - Cooling Losses

Mone

Section Mame : W all Losses

Mone

Section Mame : Opening Losses

Mone

Section Mame : Cther Losses

Mone

Section Name : Flue Gas Losses/Heating Sustem Efficiency
Mone

S5ection Mame : Heat Storage

Mone
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Furnace Summary:

Initiation Date : 3/6,/2008

MEW STEEL CORPORATION

Furnace Summary

Reheat furnace

Plant Test Plant - India Heat Source Fugl-Air (02 Fired
Flue gas losses
43,062,002 k) /hr Other losses Legend:
14,702,105 k) /hr 256,483 ::Jf:’ H Current
o2 Wall losses B Modified
1,456,656 k1 /hr
F 1,027,102 ki /hr
urnace /
Furnace heat ‘ y Opening losses
input 129,028 k1/hr
11,460 ki/hr
ﬁe’gffng'm" Available heat

98,001,825 kl/hr
55,901,540 k)/hr

54,939,823 k) hr
41,199,435 k1 hr

A Useful output

A (heat to load)
/45,059,000 k1/hr
34,069,000 kl/‘hr

I
NN

" 0 k)/h
Atmosphere !usses% 5\ Water cooling losses sl
0 k1/hr 2,038,656 k1 hr
0 k) hr 6,028,992 k1 /hr

Fixture/conveyor losses

Actual Energy Use from Furnace Analysis

Net Heét Required {(J/hr)
Gross Heat Required (k1/hr)
Heat Storage Losses (k1)
Energy Used (k1/ka)
Energy Used (kiirk g}
Thermal Efficiency (%)

PrintDate : 10722/ 2010

Estimated Energy Use from Plant/Equipment information

Cument  Modified  Description Estimated Value
54,939,523 41,199,435  Fuel en.erg\,r use (kithn 102,500,000
95,001,825 55,901,540  Electical energy use (ki) 340
50,539,732 148,888,366 Stearn energy use (K1/he) 0

140003 795,59
041 0.23
45.93 60.94

PHAST v2.00

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.

Page 1 of1
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Input Data:

Initiation Date : 3 /67 2008

Input Data

Plant General Information

HWEW STEEL CORPORATION

Plant Name Test Plant - India

Mini-rnill to produce structural componerts

Final Product structural components
ottt a1 oot
Phone (228) - (652 3456) E-Mail rjoshi@newsteslin.com

Fuel {Energy Source} Information

Electricity k3/kivh 3,600 fkWwh 8.00
Fuel ol ki 137,000 /G 120.00
Matural Gas klfm~3 38,000 /GI 300.00
Steam kifkg 2,790 {G) 250,00
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Input Data

MEW STEEL CORPORATION

Plant MName Test Plant - India

Fumace Information

Furmace Mame Electric Arc Furmace
Furmace Description Operating Hour Information
arc furnace for melting Weeks/ Year Daysf Week shiftsf Day Hoursf shift Hours /Y ear
50 7 3 g G400
Auziliary Equipment Information "
Total Mos. Total Connected % of Cycle Time % Loading
HP {all equipment)
Compressars ]
Vacuurn Purnps ]
Purnps 0 i 0 0
Fans / Blowers 2 500 100 a0
Cther Motors 1] 1] 1] 1]
Heat Zone Information

Forne Name Furmace zone

Fuel Firing
Tioe of Fued Mo, of Buners ffone 0
Fone Burner Rating for A 0.00 %4 of Rated Capacity Lised 0 %% Loading Factor 100
Eumners (iG]

Electric Heating
Tipe of Bectrcty Electrcity
kW Bating for AY Secions 20,000.00 % of Bated Capacity Lsed 60 %% Loading Factor 55
_ ‘Steam Heating
Tioe of Stearm
Steam Pres sure-dbsofute 85.00 Steam Temperature 350 Steam Flow 1]
(ivies) (iCefsius) (kg A
Efg H}'&at for Steam 1,200 %% of Rated Capacity Used 0 %% Loading Factor 100
o}

Comments / Notes

This i an older furnace
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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. Save the new database file either 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.

Open @

Look in: | () PHAST Plant Import B ek -

New database file [¢—=—— [

(9

My Recent
Documents \ 4
Select the location where

new PHAST.mdb is stored

Desktop

Run the entire process

J A

My Documents

or

My Computer

‘;} File name: lSteeI Plant US.mdb _'_I | Open |
o | Cancel l

My Network  Files of type: |Miorosoft &ccess Databases (*.mdb)

Places [~ Open as read-only
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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.

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. Do not open the saved database file as a Read-only.

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.

R

Plant with duplicate name
1Test Steel Plant - MES

Change to new name
I |lpdate |

Cancel Import Continue Import

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)

‘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.

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

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

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. System
will display an informational message if the information is not imported successfully.

Note: The data of the US Units version of PHAST 3.0 cannot be imported into the International Units
version of PHAST 3.0. Before aborting the action, system will display an appropriate message if that
Is attempted.
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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 3.0).

'#<'Plant Selection for EXport

Evergy Eificlency and Renewable Energy

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

! Flant Mame
T} | TestPlart - India

M| Test Plant - Thailand

(<], m | (2]

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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<

Select the _‘WI"K) Shared Docurments j = =F Ed-
location
: Sxntuit;
_.J [CIRecorded T
Recent B8 chared video
|51 8dobe POF 6.0
I'?i:hl 2 shared Music
~ 22401 Downloads

Desktop [)Shared Pictures

by Documents

ky Computer

Enter file
name

File: narne: 'I

&
ky N.etwnrk Save as lype: |I'-1icrc:s-:|ft Access Databases [*.mdh) LJ Canicel

Places

£

2

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 PHAST3.0 Users. Other users can
import this file by using the import feature as discussed earlier.
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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 /kKWh kJ/kwWh 3600
Natural Gas /GJ kd/m"3 38000
Fuel Oil /GJ kJ/ 137000
Coal /tonne kJ/kg 14030
Blast Furnace Gas /GJ kd/m"3 90
Coke Oven Gas /GJ kd/m”3 570
Coke [tonne kJ/kg 12700
Propane /GJ kJ/m"3 2500
Steam /GJ kJ/kg 2790
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Appendix — D: Properties of Default Material/Gas Used for Furnace Analysis

Heat Heat
Mean SMei?fr:c Average C?r?taé tnt Content | Content
. Specific |Latent Heat P Melting ag . of Liquid|of Liquid
Density . Heat of : Pouring |of Solid at
Substance Heat of | of Fusion S Point . at at
(kg/m~3) . Liquid Temp | Melting . .
solid kJ/kg o | (Deg. C.) . Melting | Pouring
8 (kJ/(kg (Deg. C) | Point
(kd/(kg °C) Q) (kJ/kg) Temp Temp
(kJ/kg) | (kJ/kg)
SOLID
Aluminum 2670.53 1.038 393.094 1.089 657.22 748.89 | 665.236 |1058.330|1156.022
Babbitt, lead base | 0.00 0.163 60.941 0.159 238.89 329.44 36.751 097.692 | 111.648
Babbitt, tin base | 7401.24 0.297 79.317 0.264 240.00 491.11 66.524 | 157.470 | 211.666
Bismuth 9804.24 0.138 43.031 0.147 270.00 326.67 35.123 78.154 86.527
Brasrf]'e |t\;||untz 83904.48 | 0440 | 160494 | 0523 | 887.78 | 1010.00 | 383.790 | 544.284 | 607.086

Brass, red 8746.92 0.435 201.199 0.482 | 1066.67 | 1232.22 | 458.222 | 659.421 | 739.203

Brass, yellow | 8458.56 0.440 165.146 0.515 920.00 | 1065.56 | 397.746 | 562.892 | 637.789

Bronze, bearing | 8907.12 0.398 185.847 0.456 | 1000.00 | 1121.11 | 391.466 | 577.313 | 632.672

Bronze, aluminum| 8170.20 0.528 229.344 0.523 | 1050.00 | 1204.44 | 546.610 | 775.954 | 855.968

Bronze, bell metal | 8650.80 0.419 177.474 0.498 890.00 | 1037.78 | 366.112 | 543.586 | 617.320

Bronze, gun metal | 8811.00 0.448 195.849 0.444 1010.00 | 1148.89 | 445.429 | 641.278 | 702.452

Bronze, Tobin | 8410.50 0.448 170.961 0.519 885.00 | 1010.00 | 389.605 | 560.566 | 625.461

Carbon Steel 7689.60 0.628 139.560 0.000 | 1537.78 | -17.78 0.000 0.000 0.000

Copper 8955.18 0.435 211.666 0.465 | 1083.33 | 1204.44 | 465.200 | 676.866 | 732.690
Die casting metal | 2819.52 0.988 379.138 1.009 621.11 | 760.00 | 598.480 | 977.618 |1118.806
Die casting metal | 2819.52 0.159 40.705 0.155 31556 | 437.78 | 47.683 | 88.388 | 339.596
Die casting metal | 2819.52 0.293 70.245 0.260 232.22 | 343.33 | 64.198 | 134.443 | 162.820

Die casting metal | 2819.52 0.431 111.648 0.578 41556 | 526.67 | 172.124 | 283.772 | 348.900

German silver | 2819.52 0.456 200.501 0.515 | 1010.00 | 1148.89 | 451.244 | 651.745 | 723.386

Gold 19304.10| 0.138 66.291 0.142 | 1062.78 | 1176.67 | 144.677 | 210.968 | 227.250
Inconel - 600 | 7689.60 0.586 0.000 0.000 | 1371.11 | -17.78 0.000 0.000 0.000
Iron, cast, gray | 7689.60 0.796 96.296 0.000 | 1230.00 | 1537.78 | 965.290 |1060.656 | 1356.058

Iron, cast, white | 7689.60 0.754 140.258 0.000 | 1150.00 | 1593.33 | 855.968 | 995.528 |1423.512

Iron, pig 7689.60 0.641 194.454 0.000 | 1100.00 | 1260.00 | 695.474 | 893.184 |1046.700

Iron, pure 7865.82 0.703 272.142 0.628 | 1538.89 | 1704.44 | 1049.026 | 1321.168 | 1456.076

Lead 11342.16| 0.134 23.260 0.142 327.22 | 38222 | 41.868 | 65.128 | 72.106

Linotype 11214.00{ 0.151 50.009 0.151 252,22 | 326.67 | 35588 | 85.597 | 96.762

Magnesium 1739.77 1.139 194.686 1.114 651.11 | 748.89 | 723.851 | 918.537 |1027.394

Manganese 7433.28 0.716 153.516 0.804 | 1230.00 | 1315.56 | 869.924 |1023.440|1090.894

Monel metal 8811.00 0.540 273.072 0.582 | 1323.89 | 1510.00 | 707.104 | 980.176 |1088.568

Nickel 60 to 2644

L 8907.12 0.561 305.869 0.557 | 1451.11 | 1565.56 | 804.796 |1110.665 | 1174.630

Silver 10493.10| 0.264 108.857 0.293 961.11 | 1065.56 | 248.882 | 357.739 | 388.442
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solder, bismuth | 9291.60 | 0.167 38.146 0.163 | 111.11 | 16556 | 21.632 | 59.778 | 68.617
Solder, plumbers | 9291.60 | 0.214 53.498 0205 | 212.22 | 260.00 | 41.868 | 95.366 | 104.670
Staé%'gzséﬁie" 7689.60 | 0.586 0.000 0.000 | 1398.89 | -17.78 | 0.000 | 0.00 | 0.000
Sta'”'isfosme" 7689.60 | 1.047 111.648 | 0.000 | 1537.78 | 1537.78 | 1744.500 | 293.076 | 330.292

Tin 7289.10 | 0.289 58.150 0.267 | 232.22 | 34333 | 62.802 | 120.952 | 148.864

Zinc 712890 | 0.448 111.648 | 0611 | 41889 | 48222 | 180.963 | 292.611 | 330.292

LIQUID

Water - std.

atmospheric 4.187 2256.918 1.968 100.00

pressure
Water - 150 psig 4396 | 2018968 | 2261 | 185.00

Acetic Acid 2135 404724 | 1.675 | 118.00

Acetone 1.453 555914 | 1.675 | 54.44
Alcohol- ethyl 2713 858.294 | 1.884 | 77.78
Alcohol - methyl 2516 | 1118806 | 1.382 | 66.11

Benzene 1.771 395.420 1.382 80.00

Bromine 0.448 190.732 | 0230 | 61.11

tetr(;irhkigﬂ 4 0.900 194221 | 1.047 | 76.67

F“(Z'Vg:ggg) 2 2.387 244230 | 2.303 | 190.56

FU(ZI\/;):LSS) 6 2.428 251208 | 2.303 | 315.56

Kerosene 2.387 604.760 2.596 126.67

Methanol 2512 | 1093220 | 2512 | 64.44

GAS

Water vapor - near

1.968
atm. pressure
Steam - 50 psig,
400 Degree F. 2.052
Steam - 150 psig,
500 Degree F. 2.135
Steam - 600 psig,
700 Degree F. 2470
Air - low pressure 1.026
Nitrogen - low 1.047
pressure )
Oxygen - low
pressure 0.963
Carbon dioxide - 1.005
low pressure )
Carbon monoxide 1.047
- low pressure )
Hydrogen - low 14.445
pressure
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