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http://www.heatpumpcentre.org/
http://www.heatpumpcentre.org/About_heat_pumps/HP_technology.asp
http://www.heatpumpcentre.org/About_heat_pumps/HP_technology.asp
http://tristate.apogee.net/et/exth.asp
http://www.owr.ehnr.state.nc.us/ref/32/31234.pdf
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http://www.topdownloads.org/directory/show.php?/Business/Industrial_Goods_and_Services/Machinery_and_Tools/Thermal_Process/Heat_Exchangers/
http://www.topdownloads.org/directory/show.php?/Business/Industrial_Goods_and_Services/Machinery_and_Tools/Thermal_Process/Heat_Exchangers/
http://www.topdownloads.org/directory/show.php?/Business/Industrial_Goods_and_Services/Machinery_and_Tools/Thermal_Process/Heat_Exchangers/


 

 

 

 
 



 

 

Infrared Emitters 

Range Near infrared Intermediate infrared Far infrared 

Emitter Tungsten filaments 
under vacuum 

Nickel-
chromium wire 

in quartz or 
silica 

Steel-
clad 

elements 

Elements 
embedded in 

Pyrex or ceramic Glass or 
quartz 
lamp 

Quartz tube 
with 

reflector 

Power 

 

150 W 

250 W 

375 W 

12-14 cm:   
500 W 

27-28 cm: 
1000 W 

64-70 cm: 
5000 W 

30-250 cm: 

500-8000 W 

600 - 
6000 W 

150-1000 W 

Operating 
Tempe-
rature 

2000°C 2200°C Quartz 
tubes:1050°C 

Silica panels: 
650°C 

750°C Pyrex panels:          
350°C; Ceramic 
elements: 300° 
to  700°C 

Maximum 
product  
tempe-
rature 

300°C 600°C Quartz tubes: 
500°C 

Silica panels: 
450°C 

400°C Pyrex panels:          
250°C; Ceramic 
elements:  
500°C 

Reproduced with permission of Hydro-Quebec 
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Drying of a Molded Pulp Product 

Parameter Infrared Furnace 
Convection 

Furnace 

Primary Energy Electricity Propane 

Drying Process Infrared/convection Convection 

Installed power 1 MW 1.1 MW equivalent 

Air temperature 150oC average  

Overall efficiency > 80% ~ 45% 

Drying Time ~ 9 minutes ~15 minutes 

Specific energy 
consumption 

0.85 kW/kg water 
evaporated 

1.35 kWequiv /kg 
water evaporated 

Adapted from Reference 1 
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http://www.appliedheatequipment.com/
http://www.cassosolar.com/
http://www.synergetic.on.ca/
http://www.fostoriaindustries.com/
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http://www.gasmac.com/
http://www.glenro.com/
http://www.itwbgk.com/
http://www.researchinc.com/
http://www.tempco.com/
http://www.processheaters.ca/


 



 

 

 

 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

o 

o 



 

 

o 

o 

o 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

o 

o 

 

o 

o 

o 

o 



 

o 

 

Hot Forging of Billets  
30,000 Tons / year; 4,000 hrs per year 

Parameter Induction Gas furnace 

Relative installation cost  3 1 

Heating Efficiency 60% 15% 

Material losses  0.75% 3% 

Relative labour  1 2 

Relative annual operating cost 1 1.3 
Adapted from Reference 1 
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http://www.ihea.org/
http://www.ameritherm.com/appnotes.html
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http://www.industrialheating.com/CDA/Articles/Tabloid_Showcases
http://www.industrialheating.com/CDA/Articles/Tabloid_Showcases
http://www.cihinduction.com/
http://www.ameritherm.com/
http://www.rdoinduction.com/inductionheating.htm
http://www.fluxtrol.com/
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http://www.heattreatquotemaster.com/
http://www.inductionatmospheres.com/
http://www.advancedenergy.org/industrial_process_heating
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http://www.ampereeurope.org/
http://www.impi.org/
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http://www.heatwave.com/
http://www.nemeth-engineering.com/
http://www.petrieltd.com/
http://www.pscrfheat.com/
http://www.radiofrequency.com/
http://www.strayfield.co.uk/
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http://www.nautel.com/
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Vulcanizing Rubber Extrusions 
Parameter Microwave System Salt Bath System 

System 
configuration 

Continuous microwave 
heating (2450 MHz) with 
hot-air section 

Continuous molten salt 
bath 

Heating section 
length 

Microwave section: 
  2.8 to 8.8 m 
Hot-air section: 6.6 m 

Tank Length: 7 to 15 m 

Operating 
Temperature 

Hot-air temperature: up to 
260OC 

Salt bath temperature: 200 
to 250OC 

Process Start up  Near instant startup and 
heating 

Approx. 2 hrs of preheat 
required 

Heat transfer Volumetric heating, 
suitable for thick cross-
sections 

Contact surface heating, 
with conduction heating of 
core. 

Extrusion size 
limitations 

Cross sections of up to 
about 200 mm2 

Thickness up to 25 mm  
(limited by heat transfer 
rate) 

Line Speed 45 m per minute 25 m per minute  
(for 50 g per m product) 

Post-process 
product cleaning 

None required Cleaning is essential 

Salt 
consumption 

None 4 to 5 kg per hour 

Adapted from References 1 & 3 
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http://www.ampereeurope.org/
http://www.impi.org/
http://www.cober.com/
http://www.cobermuegge.com/
http://www.ewmc.com/
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http://www.ferriteinc.com/
http://www.industrialmicrowave.com/
http://www.microdry.com/
http://www.microwaveresearch.com/
http://www.thermex-thermatron.com/
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Heating Forging Blanks 

Parameter 
Direct Resistance 

Heater 
Fossil-Fired 

Furnace 

System 
configuration 

Individual heating of 
blanks 

Batch heating of 
long bars 

Forging-blank 
target temperature 

1230OC 1230OC 

Temperature 
control of blank 

Automated Operator judgment 

Heating time < 15 sec 15 to 20 minutes 

Energy efficiency ~ 85% 17% to 20%   
(no recuperation) 

35% to 40%  
(with recuperation) 

Energy Usage ~ 280 kWh/ton ~ 140 m3 NG /ton 
~ 70 m3 NG /ton 

(with recup.) 

Scale formation Little or none 
< 0.5% 

Significant 
~ 2% 

Relative Operator 
labour req’d 

0.5 x 1 x 

Relative plant floor 
space req’d 

0.8x 1 x 

Plant floor 
environment 

Cooler & cleaner Hot, with fumes & 
dirt from furnace 

Adapted from References 19 & 20 
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http://www.osc.edu/research/video_library/ohmic.shtml
http://ohioline.osu.edu/fse-fact/0004.html
http://sci.agr.ca/crda/pubs/art10_e.htm
http://www.aws.org/rwma/index.html
http://www.ihs-usa.com/
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http://www.huysindustries.com/
http://www.rwpweld.com/
http://www.wtc.ca/
javascript:MM_openBrWindow('/smartlink.cfm?link=http://www.acmeprod.com','website','width=800,height=500,toolbar=yes,location=yes,scrollbars=yes,resizable=yes')
http://www.esgcorp.com/
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Insulating Refractory Materials 
Insulating 

Material Type 
K-factor 
(W/m•°C) 

Density 
(kg/m3) 

Relative Cost 

Fibrous ceramic 0.19 0.1 0.5 

Insulating 
Concrete 

0.27 1.25 0.7 

Insulating Brick 0.28 0.8 0.4 

Compressed Brick 1.4 2.3 1.0 



 

Heating Element Types 

Heating 
Element 
Family 

Material 

Maximum 
Temperature 
of Element 

(°C) 

Application - Remarks 

Iron-
Nickel-
Chrome 
Alloys 

Fe-20Ni-25Cr 900 Widely used because of 
their availability and low 
cost 
Wide range of 
temperatures 
Used in oxidizing 
atmospheres 

Fe-45Ni-23Cr 1050 

Fe-65Ni-15Cr 1100 

80Ni-2-Cr 1150  
to 1200 

Iron-
Chrome-

Aluminum 
Alloys 

Fe-22Cr-
14.5Al 

 

1280 
 

Higher temp. than Ni-Cr 
at about same cost 
Embrittlement on first 
heating 
Used in oxidizing 
atmospheres 

Kantal AF 
 

1400 
 

Non-
metallic 
Alloys 

SiC (silicon 
carbide) 

1600 
 

Bars are brittle – 
susceptible to thermal & 
mechanical shocks 
Used in oxidizing or 
reducing atmospheres 

Cr2O3La2O3 
(lanthanum 
chromite) 

1800 to 1900 

Graphite 
 

2500 Low cost of bars 
Used in neutral or 
reducing atmospheres, 
or under vacuum 

Noble 
metals 

Molybdenum 
 

2300 
Wire or plates 
Very high cost 
Only in neutral or 
reducing atmospheres, 
or under vacuum 

Tungsten 
 

2500 

Tantalum 
 

2500 



 

 

Aluminum Melting in a Foundry 

Parameter 
Electric 

Resistance Melter 
Natural Gas 
Fired Melter 

Heating efficiency ~ 70% 15 to 20%  

Metal Loss  
(Dross formation) 

Little or none 
< 1% 

Very Significant;  
~ 12% 

Relative maintenance cost 0.72 x 1 x 

Relative production  1.1 x 1 x 

Adapted from Reference 21 
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http://www.ihea.org/
http://www.asbheat.com/
http://www.bucan.com/
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http://www.tempco.com/
javascript:MM_openBrWindow('/smartlink.cfm?link=http://www.ccithermal.com','website','width=800,height=500,toolbar=yes,location=yes,scrollbars=yes,resizable=yes')
http://www.wattco.com/
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Printing Line 

Parameter 
Printing & UV 

Curing 
Printing & Thermal 

Curing  

Cycle Time Near instantaneous 
curing; allows for 

faster processing & 
lower “Work in 

Progress” 

Curing times limit 
processing speeds 

Energy Usage for Curing   
 - Electricity 82 kW 56 kW 
 - Natural Gas none 1.1 million BTU/hr 

Press Setup & Cleaning Time 
(typical) 

1 hr / day 2.5 hrs / day 

Typical Process Up-Time    
for 3-shift operation 80% 70% 

 (1-shift operations benefit more) 

Relative Ink/Coating Cost:   
- by ink volume 2x to 3x 1 x 
- by volume of product printed 0.7x to 1.3x 1 x 

Relative Capital Cost:   
- small system 1 x 1 x 
- large system 0.5x 1 x 

Plant Space Requirements 0.1 x 1 x 

Plant Environment  Cool and solvent 
free; possibility of UV 

exposure 

Hot,  
with possibility of  
solvent exposure 

Maintenance cost Lower cleanup costs, 
& no cool-down time 

required 

Long cleanup cycles, 
with long cool-down 

& re-heat times 

Product Loss (Scrap) Low Significant 

Waste & Environmental 
Emissions 

Low Significant 

Adapted from Reference 23 
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