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‘ Problem

A This study details the process of evaluating :
compound enhanced heat transfer tube.

A Compound enhanced heat transfer tubes utilizes more
than one enhancement method (tubes and twisted
tapes) to change heat transfer

¢ In order to design the compound enhanced heat
transfer tube, a fluid flow model of the tube and
twisted tape was created and studied.
A Experimentation on the system validated the design
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Heat Recovery
Technology and Opportunities in U.S. Industry

Waste




‘ Potential of Waste Heat

Renewable Energy Consumption by Source
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'Essential Components Required
for Waste Heat Recovery

(e.g.. regenerator, recuperator,

economizer, waste heat boiler,
thermoelectric generator)

End Use for Recovered Heaat
(e.g., preheating (boiler feedwater, raw
materials, combustion air), electricity

supply. domestic hot water)




Important Concepts that Determine Waste
Heat Recovery Feasiblility

The quantity of waste heat contained in a waste stream is
a function of both the temperature and the mass flow rate
of the stream.

Waste Heat Temperature is a key factor determining
waste heat recovery feasibility and can vary significantly.

Typical Examples of Waste Temperatures:

Cooling Water - Low temperatures around 100 - 200AF [40 - 90AC]
Glass Melting Furnaces - Flue temperatures above 24004 [1320AC].



Sources of Waste Heat

Table 1 — Examples of Waste Heat Sources and End-Uses

Waste Heat Sources

Uses for Waste Heat

» Combustion Exhausts:
Glass melting furnace
Cement laln
Fume meinerator
Alununum reverberatory furnace
Boiler
* Process off-gases:
Steel electric arc furnace
Alununum reverberatory furnace
*» Cooling water from:
Furnaces
Air compressors
Internal combustion engines

* Conductive. convective, and radiative losses
from equipment:

Hall-Héroult cells *

* Conductive, convective. and radiative losses
from heated products:
Hot cokes

Blast furnace slags *

* Combustion air preheating

* Boiler feedwater preheating

» Load preheating

* Power generation

* Steam generation for use mn:
power generation
mechanical power
process steam

* Space heating

» Water preheating

* Transfer to liquud or gaseous process streams

a. Not currently recoverable with existing technology

Users of Waste He




Important Parameters that Determine
Materials for Use in Waste Heat Recovery

Temperature of the waste heat source is important for
material selection in heat exchangers or a heat recovery
system

Composition of the stream affects the recovery process
and material selection.

¢ The composition and phase of waste heat streams will impact
heat exchanger effectiveness.



Waste Heat Temperature Groups

High : ACL200UF [ 650

Medium: 4 FODJUFt d 2B3DLD UF

Low: AClandiidv@rUF [ 23
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Table 20 - Unrecovered Waste Heat and Work Potential from Selected Process Exhaust Gases

) Assumed Average Waste Heat Waste Heat T .
Source C'n]]i;t:e:;ggﬁm Exhaust TI°F [25°C] | 300°F [150°C] E;:ﬁi?;;tcv P;F:Ef;\al
Temperature Bef Ref -

TBt/yr “F “C TBfyr TEm~T TBhu'yr
| Almmum Primary W61} 947 SEN U R 111
Hall Heroult Cells 1346 1202 700 1.6 2.2 69% 1.8
st Secondary | N e e
_____ noRecovery | &3} 2100 1130y &1y 42 8%l 48
with Recovery 2.2 1,000 33 0.8 0.4 63% 0.3
(Iron/Steel Makme ) .. 11 Y U SRR - 3 R SNF= A DS N 323,
LLSeke Oven e
_______ Gas ) Q. 1800} 980) 38| _139) 7€) 121
Waste Gas 392 200 11.2 10.0 37% 4.1
|BlastFumace ). A5 I SRS S S SUNSSEN W
..... BlastFumace Gas || 120030 A LD
_____ BlastStove Exhanst 1 b
........ moRecovery | 382 4821 B0 08 RR A3 A8
with Recovery 34.1 266 130 3.2 - 26% 0.2
| BasieOmygenFumace | A8 T) 21000 LT00) o ATL 2GR CEEEY N 2.0
| ElecmicArcfumace |\ 0 Lo
e e Becovery N LT AA00 L A0 AR A 207 .. 6.
with Eecovery 13.3 400 204 0.2 0.1 38% 0.1
| GlassMeltng 1381 Lol oA 189
Re*—reneram-e 544 800 427 15.1 6.5 7% 37
Direct Melter 10.1 2400 1215 7.5 5.8 81% 6.1
(Cement e e SEI N U IR 22 X S o N I 41
| Wetlaln |l BROL eA0) 338 BB AL 2w I 2.6
| Drykiln __y o 802] 840} ey el 1281 L) 12.1
..... FPreheater (ouly) | b BRSSO 338 BRSO At L
Precalciner 434 G40 338 297 15.1 1% 152
Ifetal Casting 74.6 328 24.0 246

Waste Heat Potential from Selected Processes
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Simple Example Using Waste Heat t
Increase Process Efficiencies

Table 2 - Furnace Efficiency Increases with Combustion Air Preheat -

Furnace Outlet Combustion Air Preheat Temperature

Terfl erature 400°F 600°F 800°F 1.,000°F  1.200°F

P [204°C]  [316°C]  [427°C] [538°C] [649°C]
| Z000°F [1427°C] | 22% . W LAl B o
| ZA00°F [1316°C] | 18% . 2070 330 LA B
| 2,200°F [1,204°C] | 16% .. 2% LA A 3% .
| 2,000°F [1,093°C] | 14% 0% . 20% 3% 36%
| LS00TE s ) L AT AT A T S 3%
| L0k IS¢ L AT A SO L 30% ..

1.400°F [760°C 10% 16% 20% 25% 28%

Source: EPA 2003. Wise Rules for Energy Efficiency. Based on a natural gas furnace
with 10% excess air.



‘ Qualities of Waste Heat Available

Unrecovered Waste Heat in Different Temperature Groups
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Waste Heat Content for Selected
Processes
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Figure 29. Waste heat losses and work potential from selected process exhaust gases.



Key Opportunity Areas

Low temperature waste heat sources

Systems already including waste heat recovery that
can be further optimized to reduce heat losses

High temperature systems where heat recovery is less
common

Alternate waste heat sources typically not considered
for waste heat recovery
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Table 4 - Temperature Classification of YWaste Heat Sources and Related Recovery Opportunity

Temp Range

Example Sources

Temp (°F)

Temp (°C)

Advantages

Disadvantages/
Barriers

Typical Recovery Methods/
Technologies

High
=1,200°F
[= 650°C]

Medium
450-1,200°F
[230-650°C]

Low
=450°F
[<230°C]

Nickel refining furnace

Steel electric arc furnace

Basic oxygen furnace

Aluminum reverberatory
furnace

Copper refining furnace

Steel heating fumace

Copper reverberatory furnace

Hydrogen plants

Fume incinerators

Glass melting furnace

Coke oven

Iron cupola

Steam boiler exhauvst

Gas turbine exhaust
Reciprocating engine exhaust
Heat treating furnace

Drying & baking ovens

Cement kiln

Exhaust gases exiting recovery

devices in gas-fired boilers,
ethylene furnaces, etc.
Process steam condensate
Cooling water from:
furnace doors
annealing furnaces
Al COMPressors
mternal combustion
engines
air conditioning and
refrigeration condensers
Drving, baking, and curing
ovens
Hot processed liquids/solids

2,200
2.000-2.200

1.400-1.500
1,700-1,900
1.650-2.000
1.200-1.800
1,200-2,600
2.400-2.800
1.200-1.800
1.500-1.800
700-1,000
600-1,100
500-1.200
450-1.100
840-1.150

130-190

90-130
150-450
B0-120
150-250
90-110
200-450

90-450

1.370-1.630

1.370-1.650
1,200

1.100-1.200

760-820
930-1,040
900-1,090

650-980
650-1,430

1.300-1.540
650-1,000
820-980
""" 230-480

370-540

320-590

430-650

230-590

450-620

50-90
30-50
70-230
30-50
70-120
30-40
90-230

30-230

High-quality energy,
available for a diverse
range of end-uses with
Varying temperature
requirements

High-efficiency power
generation

High heat transfer rate per
unit area

IMore compatible with
heat exchanger
materials

Practical for power
generation

Large quantities of low-
temperature heat
contained 1n numerous
product streams.

High temperature creates
mcreased thermal
stresses on heat
exchange materials

Increased chemical
activity/corrosion

Few end uses for low
temperature heat

Low-efficiency power
generation

For combustion exhausts,
low-temperature heat
recovery is impractical
due to acidic
condensation and heat
exchanger corrosion

Combustion air preheat

Steam generation for process
heating or for mechanical
electrical work

Furnace load preheating

Transfer to med-low
temperafure processes

Combustion air preheat

Steam/ power generation

Organic Rankine cycle for
power generation

Furnace load preheating,
teedwater preheating

Transfer to low-temperature
pProcesses

Space heating
Domestic water heating

Upgrading via a heat pump to
increase temp for end use

Organic Rankine cycle
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Waste Heat Potential as a Function of Furnace Size

Typical Furnace Size and Waste Heat Loss in
Different Segments of Glass Industry
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Figure 32 - Relationship between Typical Furnace Size and Average Waste
Heat Losses in Different Segments of the Glass Industry (Note: Table 21)
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Waste Heat Loss In the Glass Indust

Table 23 - Typical Furnace Capacities and Waste Heat Losses in Different Segments of Glass -
Industry -

Typical Natural Gas Waste % Nat. Gas

Furnace Capacity Furnace Consumption Heat Input Lost to

Glass Industry Segment Range " Capacity TBtw'vr TBtw'yr Waste Heat
FlaGlss | s00-1000 [ ssor [ TRC s [ 2%
| ContamnerGlass | 50550 | . 250 4549 L. 13.65 ... 0% ]
| Pressed/BlownGlass | 1300 ... I R 1682 L .. 2.63 1.0
| Insulation Fiber Glass | 20300 L. 100 L3324 . L73 o ..53% ]

Textile Fiber Glass 100-150 100-150 11.05 6.14 56%

a. Source: Energetics, Energy and Environmental Profile of the U.S Glass Industry, 2002, p. 54
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Enhanced Heat Transfer Surfaces

Enhanced Surfaces have developed a great
deal of interest in the design of heat
exchange devices .

Various areas in industry are currently
working aggressively to incorporate enhanced
heat transfer surface technology Into their
designs.

¢ Virtually every heat exchange device Is a potential
candidate for enhanced heat transfer.
CAPE 2012 Introduction Procedure Results Conclusion 1




