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Enerygy improvement of aluminum melting furnace

employing bunker oil burner type
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ABSTRACT

Metal industry is one of the most intensive energy consumption with highly potential to reduce the
energy consumption. The objective of this study aims to improve energy consumption of Aluminum furnace
using bunker oil type burner. Presently, there is abundant of heat loss from the furnace via the 700°C flue gas
or through the walls with deteriorate refractory materials which is required high investment to improve.

This study included the collecting of process parameters and the recording of operating
temperatures of related points such as wall temperatures and bath temperatures. These data were then
calculated to determine the heat loss and the efficiency of the furnace. It was found that the efficiency of the
existing furnace was 39.61%. If refractory materials were renewed, the efficiency of the furnace would be
improved to 43.27%. 85,500 liters of bunker oil consumption would be reduced, hence the energy cost
reduction of 2 million Baht per year. With 6.63 million Baht investment for renewing refractory materials,
simplified NPV with discount rate of 12% and IRR will be 4.21 million Baht and 27.67%, respectively, through

the project life 10 years.
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(W/m.K)

31 GOUDA refractories. BV.
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AK 85 MP, AK 85 MP,
k = 4.10 W/m.K, k = 4.10 W/m.K,
L=230 mm L=230 mm
Alu cast 35, Alu cast 35,
k=0.90 W/m.K, k=0.90 W/m.K,
L =145 mm L=145 mm

Calcon 1100,
k = 0.0935 W/m.K, L =50 mm

Calcon 1100,
k = 0.0935 W/m.K, L = 50 mm

Steel, k=50.2 W/m.K, L= 10 mm

Thermal resistance 1.174 K. m’/ W

Steel, k=50.2 W/m.K, L= 10 mm

Thermal resistance 1.174 K. m’/ W
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AK 45,
k=1.46 W/m.K,
L=230 mm

Gl 23,

k=0.24 W/mLK,
L=114 mm

Steel, k=50.2 W/m.K, L= 10 mm

Thermal resistance 1.55 K. m”/ W

AK 85 MP,
k=4.10 W/m.K,
L=230 mm

Gl 26,

k=0.34 W/m.K,
L=114 mm

Steel, k=50.2 W/m.K, L= 10 mm

Thermal resistance 1.461 K. m2/ W

gl

UAIALAN

CURAST 85 PD,
k=1.21 W/mK,
L=320 mm

Gl 26,
k=0.34 W/m.K,
L=114 mm

Steel, k=50.2 W/m.K, L= 10 mm

Thermal resistance 0.6 K. m*/ W

CURON 130,
k=0.60 W/m.K,
L=200 mm

Golite 1.0.6,
k=0.23 W/m.K,
L=90 mm

Steel, k=50.2 W/m.K, L= 8 mm

Thermal resistance 1.272 K. mz/ W

szantiim

1lsen clear slag

CURON 130,
k=10.60 W/m.K,
L=200 mm

Golite 1.0.6,
k=0.23 W/m.K,
L=100 mm

Steel, k=50.2 W/m.K, L= 10 mm

Thermal resistance 1.435 K. m*/ W

CURON 130,
k=0.60 W/m.K,
L=175 mm

Golite 1.0.6,
k=0.23 W/m.K,
L=125 mm

Steel, k=50.2 W/m.K, L=8 mm

Thermal resistance 0.835 K. m*/ W

5U% 2 uanstannuacaseun difnsslunvasnergiifien (sie)
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2.2.3 nsananANGaulnan1suisad@AINGau (Radiation Heat Transfer)
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Qrad = SSGAS (T s T amb) (3)
Wa Q. A dasnistinamansaulaanisulied (w)

a4 A A v = y A a 2
A, An AulreIN1suniIEabeuniuiiorasaiaas (m’)

A Q-de v
T, AD QUNARTRNAUUaNTadaaaN (K)

A a vy
T, A8 guu)Riies (K)
€, A8 AN Emissivity Rouanaesinnaenezgiliilon dAntlszann 0.81
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2.3 WANUANNTAUILTNF LA UaaNazaRilan

2.3.1 AnNFauanmMan budaaadaiwas (Q,,)

quel = Vfue\ x LHV (4)
d A 2 v dly a
Wa QA8 ANfeua NI firemeanEa (MJ)
A v n!’ o da/ a a o ' .
V,, A8 Maindume e ednsnaanas gy uazian (litre)

LHY A9 ANANNSRUANT84L TR LNEAY (MJ/litre)

232 AnuSauduigraadainasndn (@

fuel,entrance)

ANNBRUANETAT AT AN HunAsIuANEauR A NN LN T RS Nawazgn

Hawdingvia Burner TeanunsaAtuanslfiainannis

fuel,entrance = pfue\ X Vfuel X Cfuel (Tfue\,in - Tamb) / 1000 (5)

WD Qe AB AMNSRUANHATRUTRING TN (MY)
V,,  ~amslfindiusiemaeaeinisiaanesgliian wiazvien (lite)

¥
° o a !

P A8 ANULILUBIBUTNGY (kg/litre) TsTumN AR 0.95 kg/litre

Co A AINAADNNFAUIUNIZUBITRINGS HANYINAL 1.884 kl/kg-K
o PB AUNARTBATOINAIMAIAINNIgUENY heater (K)
= a Yy
T,.. P8 auuiiies (K)
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2.4.1 AnaFauguidediuntasvaanazgiiiien (Q

surface,fumace)

4

_ 4
qurface,furnace - hmAsurface (Tsurface - Tamb) + SsurfaceGAsurface ( surface T amb) (6)
WO Qs e A2 ANINTRUGRAE NI MAENDZGHEN (W)
h, A8 0Lz ANENN1INIANNERUANNETINTRLRAY (W/m”.K)
4 & dAa o a 2
Ao P8 NUTRAAMLRNLDA AN DR TEN (M)
Tovoee P8 AOUUYRTRAAULBNLDUEARNBZH TN (K)
= a Yy
Too  AD ARUUNANAY (K)
€.uee PB AN Emissivity 19901 MANBz RN HAN Uezanns 0.81
o A8 ANANALANU-TUAFDET T HANWINAL 5.67 x 107 (W/m® K"

2.4.2 Anusaugudsradlada Q)

Q = mCO2,ﬂue,fur (J.tﬂue © dT) + mHQOVF\uevfur(J.mue C dT) +

flue Tamb ~p,CO2 Tamb ~p,H20

nqSO2,ﬂue,fur(J.tflue C dT) + mogvmue’furdlmue C dT) +

Tamb ~p,S02 Tamb ~p,02

Mool ]™ aneCoredT) ™)

Tamb ~"p,N2

e AnNseugnydnuedledy (kJ)

flue

A NaaesRnTIne xxx lwlelds (kg)
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A8 ANAINFIUINNNZVRIRTTRA xxx (kJ/kg-K)

P.XXX

= a 23 al
t AB HRUNNNLRIUNALAY (K)

flue
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2.4.3 Anufauguidaituiesilarasnvaanazgiiliey (Q,,,,)
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Q = CE T ) (8)

opening

OA

4
opening opening( furnace

a 1
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o
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A i . . o | a
€ pening  AB AN Effective emissivity 10910411ln
A d’l ldl 1 a 2
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A ay
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Ques = Mo X Co X (Tiae = Tae) + 36 X C &g OA oo T e = T )] (9)
fa Q. Ao anubeugridsainnistleuinniu (k)
e A BeMANELenTIdan L vaen Aaifiuiiaiy
15UNM9T09919289LAUABN (M)
C, A8 ANAINIDUANIZURIDINA (kJ/Nm C)
C, Aa dapmunisdiuuilaludouresdndaunanlunisdlalle vesdeetlnludos
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135 3t T 1 Falag
€ pening Af A" Effective emissivity 194789(3ln
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V’]’]qmﬁ‘ﬂu@]mlﬂﬂﬂu °1 LﬂuW@\i\?quﬂqu?@u@JmL@ﬂwllllﬂqlmﬁ\ﬂuqﬂ'ﬂm (5% ﬂ@qﬂﬁ‘@u@jmlﬂﬂ

o

&KX o

anemAneuen  asaniflufiesendanannseininaany e MANAANANILIBIENASN
azgiltay AaNng

Q.= Q+Q -Q,.-Q -Q Q (10)

fuel fuel,entrance flue surface,furnace opening feed
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T An grunnRenANgneu (°C)
T A8 graunities (°C)

2.6 U52ANBNINITIANNSAUARIATNADN

AtlsyAnsnnidsannseauiluanlilunislsafiuanssauzansginsnlliinonabauaiuisnaiuan

15matl
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Quseful
nth,furnace = . X 100% (1 2)
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WO My e A2 UszANBNMNI9ANLTRUTIBUAMASY
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NPV Zt- 0(1+kjf e 0(1+k)t 9
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k A8 8nsd91an (discount rate) 1 12% mnuleuneiizem
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2.7.2 ansuanauLnunglulagans (Internal Rate of Return: IRR)
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