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ABSTRACT

Title of Thesis : Utilization of Recovered Heat From Flue Gas:
A Case Study of Rajburi Sugar Co., Ltd.
Author : Mr. Thananat Uabharadom
Degree . Master of Science (Environmental Management)
Year : 2004

This thesis was aimed to study an efficiency of economizer and an economic
feasibility of investment in recovering heat from flue gas of a cane sugar factory. The
results of this experimental study with paired stmple t - test illustrated that efficiency
of a boiler had been statistically increased from 75.87 percent to 79.83 percent
(approx. 4%) and fuel saving was approximately 2.74 tons per hour. In addition, the
results from economic assessment showed that net present value at 12 percent was
equal 2,725,969.72 bahts and benefit - cost ratio 3.44 has shown that investment in
economizer was efficient. It can be concluded from the results that internal rate of
return was 97 percent and pay back period 1s quite short on 14 month.

This study can be concluded that economizer was a good instrument for
energy saving 1n the Rajburi sugar cane factory. An excess bagasses can be an input
for near by particle board factories. The another alternative is to supply an excess

steam to near by sugar cane factories.
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AR aULeInIN¥ LDy (Net Calorific Value of Bagasse: N.C.V.) 114 fin 4,250 A a
41« w v 4 Aq v - e o a
HARABIADN 18NTY UANIDINAINGIUTosH 1A 1UNTSVIUMTHERT A1 A U

»
ool

L
{Moisture) !Lﬂﬁﬁ’lmaﬁﬂﬂ‘ia’ (Sucrose) vaurhooy Agy

=

»

AR NUIoLVBIFIWAINNYINDDY W1 1A aung
N.C.V.=4,250—(48.5w)~(125) (2.1)
»
Tas NCV. 89  anuiouvaadamnas
=, .dl. 1 =1 e -ﬂ.y (=1
(N launnaosnan Jans U DINE 9)
LT L
W A8 ANUTUVBUT DN D

(% Bagasse Moisture)

e df =y &
5 f1© ATIUN NUVBAUSDHAY (DINFI1UDBY)
(% Bagasse Sucrose)
r o
Tyugdazuvasee i aunsfuanarsdulunsmisinuiouve usemainin

1 = | 1 3-'
sudoy wu lulszma spaasias 1991 N.CV. = 4324 — (49.04 w) — (12.35) tiudu

(Hugot, 1986; 918 - 923)
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¥l U . o .
nlaniw A lansy
r 5/
1. dhi Alansa 3.820 15.99
(Fuel Wood)
2. 6y laa Alanda 6,900 78.88
{Charcoal)
3. wnau Alansy 3 440 14.40
(Paddy Husk)
1)
4. 31105 Alans 1,800 7.53

(Bagasse)
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M5190 2.3 (79)
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5. UL Ay w
Alansy 1,160 4.86
(Garbage)
6. WA e o
nlanTu 2,600 10.88
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7. UDUAVDINNTISNEAT e o
A lansy 3.030 12.68

(Agricultural Waste)

WA | MIAIYTE, 2543 396
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=k 3Bk

m 0 Usuiaenaaiuny (% Excess Air)

» " ¥ F
Y5 lovifinds lasoriiminveaemdsninmudos (Weight of Steam

E

W
Supplied per Kg of Bagasse) #1899 05101 TH1 MO Ao 100 1viin a1

maailSua loti Idaeviionimin (Hugot, 1986: 963)
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N.C.V.
Weight of Steam Supplied per Kg of Bagasse = XN {2.3)
Heat Supplied per Kg of Water
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L= ]

Heat Supplied per Kg of Water WIS mm%’ﬂuﬁﬁﬁluﬂmﬁnﬂmﬂﬂu
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2.6.1 I5udadNNA (Logarithmic Mean Temperature Difference)
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reuss dmiumdafn d-uetnseimed il s ndfeulas Wi (Transformer) uazsomo’

il (Flectric Motor) dludu
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4.3 MN¥IUDD

1 = w ﬂ h‘lil' = : . g4 ﬂ,’ =
mnyIudsslantmziliuyy lAnnnIzuIUMIHARUINIG Taginiilugeiwas
Jseurmdesas 80 drufindedovas 20 d1lifluingdudmiundanszaruuas MDF
ar o =
Board 1l5¢noudassiguan e msuon (Carbon: C) lalasian (Hydrogen: H) oaniau
+ 2 1 1 3 1w =
(Oxygen: O) naz 1 Iasod (Nitrogen: N) gaaUyDIs a1 o wﬂgﬂwuﬁmﬂa%’ammx
Ly T
Auinldmnzilgn
= W = LT = o w
43.1 wamsfnudoyasivazBoaninyudeshi 1A1IANTZUINITHAA YBIUIHY
£
1111931913 3708 AD
»
4311 e uuImasuSey (Y% Bagasse Moisture, w) = §ouay 50

4315 fauMTINYVedn N s ( % Bagasse Sucrose, ) = ovaz 2
oy Y :
4.4 TwaziduAtoyanND (81

3 :r . A ar o e w = :J ! 1 W
o'l (Boiler) 1WwnssatnshdAguadlssnusaatiiniauasisnnoudNg
& A n ey ar o 5 :l o 3 a & ny A o Y o o
daeuduniosininazgasaon q wialedmihindateduiedr hiledunasu
: Qs . = o ﬂ o wr = oo
w5aedniuazalnsaliaig q lunszuiumskoa AU mstgesnumsamulsEaninmeed
¥ rf = ﬂ!-: g 1 o = A 1] o e L 4 o y -
wie'lou Taomshadaginsaiale 4 Wudmie IdidssansnInmu oy A1 lHnans

¥
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Ussudearlienasomas uardu q dnvedidinailfifants ldnustaiilszantsn 90
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4.4.1 Design Specifications

Steam Pressure 20 kg/{;m2

Steam Temperature 360 °C

Feed Water Temperature 105 °C

Aiar Temperature 30 °C

Steam (Generated 60,000 kg/h,

Draft System Balanced Draft System

Combustion System Horse Shoe Type Furnace
With Dumping Grate

Fuel Bagasse
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Calorific Value

Heating Surface

4.4.2 Boiler Proper

Type
Model

Heating Surface
Steam Pressure
Steam Temperature
Steam Generated

4.4.3 Bagasse Combustion Equipment
Type

Bagasse Moisture
Bagasse Calorific Value
Bagasse Consumption
Bagasse Feeding Capacity
Dumping Grate Area

Dumping Grate Separation
Dumping Method
4.4.4 Boiler Feed Water Pump

Type
Capacity

Delivery Pressure

Feed Water Temperature

1,800 kcal/kg
(52 % Moisture)

1,620 m°

Water Tube Boiler

N - 1700
1220 m
20 kg/em’
360 °C

60,000 kg/h,

Dumping Grate Stoker
with Pneumatic Spreader

52 %

1,800 kcal’kg
26,360 kg/hr
35,000 kg/h;
26 m’

4 Section
Pneumatic Cylinder

Turbine Pump
75,000 kg/h,

27 kg/cm’
105 °C
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4.5.4 qmwﬂjmm{wﬂﬂwﬂﬂﬁaﬁ:ﬁaaﬂmmﬂ?ﬂa@:mfw (t) (1101 130 DIR NG ALH D

4.5.5 ﬁ’nﬂwﬁﬂ%‘fﬂﬁdwmmm%’ﬂuTﬂﬂﬂmmﬁﬁﬁ; (Heat Transfer Coefficient)
i 30 Alaunaaesdomiamideds luwmsosruraioe

4.5.6 dutlszAninssmnanudou (Coefficient) (MiNV 0.95

= 1

3.5.7 arlgsnwlumsanuaiuazAadunioaul mIny 1,040,900 V%

L

T £
[ u]

a.5.8 algnelumsigsnys fovay 2 vel
»
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e
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ot 2 ~

o 4 da : A_ a3 5
ATFATHAMUMINUNAITUAINIUT U (Heating Surface) 4931ATDI9UUININUIDYN

o q, o =7 .} oy o uy =1
Airua wazdeyan ldninisnusivsavvinmsdauiduau (fivualdvideloiill
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Uszandaiw Sasaz 80) aSouinau NIaumminzauns e 1y lnsdduneu a9t
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4.6.1 FIUINHIAINNILT DUVDAFDNWHINIAYILDDY DINANUNITA (2.1)
N.C.V.=4,250 —(48.5w)—(125)

UAUAT W ADIUFUVDUTFOINES (Y Bagasse Moisture) = Jouaz 50

¥

=% Q
s AITUMIIUVDUTOLNGS (% Bagasse Sucrose) = j04az 2

1218 N.C.V. =4250 — (485 x 50) — (12 x 2)
= 1.801 NlRUAAADTADN LANTUITDIND

'

a1 s eud ldannsdraiialndifaetuaianud auva uiIHAIN 1IN IUd 0

£y (=]

d.. a o g 0 Q- o E:. '
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IFOINA
a S & . sy w R ¥
462 AnumtTnuesdim (Weight of Gas) nlasinmism lnilunale

5 ’
FOINEY 1 D IaAsy 310aun15H 2.2
Py=5.76{1-w)m+1

u

Tag P, fAe  viwiinvesfiad ldeinmawn vl (Alansuiisda
e Qs .."_:.J =
0 1aNT NFOINAI)
P N
W o AMUFULBITINE (% Bagasse Moisture)
= ¥orag 50

m fe  USmmemadiudu (% Excess Air) = $ounz 40
wld  Pe=5.76(1 —0.5)1.4 +]
P, = 5.03 Alanfufisaan laniusoimds

¥ X ¥
463 Sonvisuisloihfinaa ldaeshminveasamasmnaudoy (Weight of

Steam Supplied per Kg of Bagasse) PINAUNITN 2.3

. N.C.V.
Weight of Steam Supplied per Kg of Bagasse = : X M
Heat Supplied per Kg of Water
Tao 7 o dUszAnSamvoandialevir = 3svas 80

W

3 .
NCV.40 anuiouvoudamas (Miny 1,200 A launanainen laniudomas)
wulave . Heat Supplied per Kg of Water ¥1 1AM TR A15199 1. 5 (NAKHUIN T) 910
F ' . W
doyavoamlolows Haanglveslow 360 sastuaaidve anudule 20 i lanfunsa1ang

uias 12 danmien whfy 754 A launaasiaen laniy Ievaianudeuasaiiiou

= 1 =

W '
vitie lesiiiganndl 130 Daruwasua mIfiy 130 ATaunaansaen lansu

/
9z 1@ Weight of Steam Supplied per Kg of Bagasse = 1,809 ] x 0,80
754=130

¥

— 213  alanjulervaed lansuyoimag

3 W

o @ @ = 3 =5 Ed .
4.6.4 FIUIUHBIIMUENVDBTNAININF IO 08N InL (Weight of Bagasse

Burnt) 9108UM51 2.4

Steam Generated

WElght of Steam Supplied per Kg of Bagasse
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] = 1 e
wmwmﬁﬂfﬁﬂm)

yl ke ]
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Usua lovnkaa 1daouminueasesvias (Weight of Steam Supplied per Kg of

Bagasse) = 2.3 ﬁiﬂﬂgnulﬂlf'lﬁiﬂﬁiﬁﬂgﬂl%{'ﬂlﬂﬁﬂ
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m YSumeimera i (% Excess Air) = 30082 40
T panfilveshia loide (Flue Gas Temperature) iy
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dasiaunislsznda fovaz (%) - 9.57
Sorwas
yamijagtiugns (NPV) 1 - 2725,969.72
SRS IURAADLUNUAD - - 3.44
Aunu (BCR)
ST INARDUUNUTNT Younz (%) - 97
(IRR)
T2UzIAAUNY 1l - 1.13

(Pay Back Penod)
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:!'. Ll =y :— 8 ny = cV ] = g
M3 0.1 Joyagungivenitloundeloshwazgungiivesma lodslugaiudes

WW.F1. 2545 - 2546

IUnET | unEd 2
Tumdowl  gampinidley  qumgity  qumpihilew  gamgiif
wielow cC)  lodscC)  wdelerhec)  ladu (°C)
28/12/45 79.2 186.6 96.4 232.1
29/12/45 101.2 205.7 97.9 2359
30/12/45 100.8 216.7 91.5 239.2
31/12/45 101.3 216.5 97.2 238.7
01/01/46 100.8 225.7 96.5 236.5
02/01/46 99.1 227.8 97.7 237.6
03/01/46 102.4 231.9 96.5 234.2
04/01/46 101.5 228.1 9.8 229.1
05/01/46 101.3 226.7 98.4 228.7
06/01/46 101.5 2242 08.8 231.2
07/01/46 101.2 225.4 99.3 232.0
08/01/46 101.6 227.0 101.1 230.7
09/01/46 101.4 234.0 88.3 233.8
10/01/46 100.8 237.0 100.2 234.9
11/01/46 101.1 236.6 100.9 232.2
12/01/46 101.2 242.9 100.9 238.1
13/01/46 100.8 243.3 99.9 232.4
14/01/46 100.8 243.1 90.8 231.3
15/01/46 101.3 240.3 101 233.1
16/01/46 100.8 238.8 98,3 231.3
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o :
TN N1 (79)

UAEN 1 IUHER 2

W

& = = ¥
vl gampiiiflon  gamgiife pangiiiflon  guwmaime

3

wite ot ©cC) lodin °C)  wndelev: °C)  lade (°C)

17/01/46 101.6 241.7 101.2 232.9
18/01/46 101.6 2294 99.9 2334
19/01/46 101.6 2293 100.9 232.4
20/01/46 101.8 234.2 100.8 234.1
21/01/46 101.4 2249 101.5 233.9
22/01/46 101.5 233.2 101.3 236.1
23/01/46 101.8 2375 100.7 237.7
24/01/46 101.8 237.5 100.9 238.5
25/01/46 101.2 240.1 031 231.6
26/01/46 101.1 2421 101.8 234.2
27/01/46 101.3 240.5 101.2 229.1
28/01/46 101.5 238.9 101.4 227.7
29/01/46 101.2 240.2 101.2 233.2
30/01/46 101.4 239.3 101.5 234.0
31/01/46 101.3 2252 99,7 233.7
01/02/46 88.8 2358 79.5 234.8
02/02/46 90.2 237.2 71.7 233.9
(03/02/46 101.3 2359 101.1 235.2
04/02/46 100.5 242.3 992 237.1
05/02/46 101.4 241.4 101.7 233.4
06/02/46 102.2 240.3 100.8 2343
07/02/46 100.5 241.1 101.9 231.1
08/02/46 101.2 239.8 101.1 2323
09/02/46 101.2 2443 100.3 2329
10/02/46 102.3 230.5 97.9 2334
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A1519N N 1 (#19)

= =
JTUNZH 1 JTURZN 2

o = =i
Tunaeuil g

= f =y =y :r =1
npiiiflow  quugiie  ganglilon  sumplif

¥

oot cC)  loifu o) wipleh (C)  ledds (°C)

11/02/46 101.8 239.5 101.3 234.6
12/02/46 101.8 238.2 101.1 232.9
13/02/46 102.2 229.5 101.2 234.4
14/02/46 102.1 2359 101.4 235.9
15/02/46 101.5 232.3 101 238.4
16/02/46 101.3 229.0 98.7 2342
17/02/46 101.6 236.6 101.8 230.7
18/02/46 101.2 236.8 101.8 2329
19/02/46 101.1 237.3 101.2 2291
20/02/46 101.6 240.2 101.5 230.7
21/02/46 100.6 231.2 1048 235.2
22/02/46 100.9 231.5 99.8 231.5
23/02/46 102.1 2279 98.9 232.9
24/02/46 1024 233.6 101.2 2284
25/02/46 101.3 230.8 100.3 226.0
26/02/46 102.8 2258 99.7 216.6
27/02/46 101.8 2229 100.1 234.6
28/02/46 101.4 222.2 99.8 236.3
01/03/46 101.5 2254 99.5 2358
02/03/46 101.2 2231 100.8 2307
03/03/46 101.2 2255 100.5 222.2
04/03/46 101.3 228.2 98.5 2202
05/03/46 100.3 225.2 100.7 232.8
06/03/46 100.8 228.3 100.9 232.0
07/03/46 101.5 2239 101.3 227.1



91

AN N. 1 (519)

SN | unE 2
Tunhou/l aampiithilon qungimy  gamgiititlon geUUDAAIY
nifo'loi CC) ledis °C)  witeloih °C)  leidiy (°C)
08/03/46 100.6 223.8 101.5 225.7
09/03/46 100.9 226.9 101.6 223 .4
10/03/46 101.3 223.6 100.3 238.7
11/03/46 101.0 224.4 101.1 226.2
12/03/46 101.8 225.3 102.0 227.8
13/03/46 101.3 227.4 101.5 231.2
14/03/46 101.2 223.7 101.5 225.9
15/03/46 101.0 230.4 101.1 226.5
16/03/46 100.5 223 .4 [01.2 228.0
17/03/46 100.7 223.9 98.4 222.9
18/03/46 101.2 224.8 98.8 223.6
19/03/46 100.4 224.1 100.5 244.5
20/03/46 101.4 222.0 100.4 219.5
21/03/46 101.6 221.6 99.8 222.6
22/03/46 101.2 220.2 101.2 223.1
23/03/46 100.3 218.6 101.5 231.5
24/03/46 101.2 222.2 101.5 224.8
25/03/46 101.2 220.2 101.2 226.8
26/03/46 99.2 224.1 101.4 225.2
27/03/46 100.8 2248 99.3 223.7
28/03/46 100.5 224.2 95.4 2243
29/03/46 102.1 226.9 38.8 228.8
30/03/46 101.2 231.8 102.9 220.1
31/03/46 101.2 232.8 95.5 221.1
01/04/46 101.9 229.1 94.1 220.8
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Nunsi 1 NNz 2
TundeuAl Qmﬂqﬁi‘f’lﬂﬂu guUNANN Y qmﬁgﬁﬁyw oU  gUNHIMY
nite 1ot °C) oo (°C) witeloth (°C) lawdy (°C)
02/04/46 100.2 2349 96.9 228.0
03/04/46 06.2 224.1 100.3 241.5
04/04/46 101.2 2274 100.5 228.5
05/04/46 101.8 223.6 108.8 229.6
06/04/46 101.3 230.4 98.6 2304
07/04/46 99.9 235.1 975 230.5
ERPHY 10,1754 23,237.2 10,022.6 23,3442
Lﬂﬁﬂ 100.7 230.1 592 231.1

W

umaanan - UFEm haaswys 3ina, 2546.
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W.f. 2545 - 2546

¥ ¥
gunpiihfloundelo (°C)  guugliiwledy (°C)

may 99.95 230.6
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.6, 2546 - 2547
Nunsi 1 nunei 2
) qmﬂ@,ﬁﬂywﬂﬂuﬂﬁa"laﬁw QUi qquﬂ1f1ﬁﬂuﬁﬁa“lﬂ51 QNI
W (°C) Ay (CC) Ay
e/ ﬂﬂ’t:u.%"l BONNN ANy e ‘f'ii’]'t:!!,“ﬁ'l oONYIN ANy e
1 AS0Y IATBY uANAIS (o) ATBY IATBY  LANAN  (o()
'E;;Hﬂy'] @'H‘t{'l f;iuﬁy 'Ejmi
22/12/46  90.5 1258 353 1773 952 1309 357  179.2
23/12/46 935 1283 348 1795 989 1306 317 1793
24/12/46 924 1236 312 1795 1051 1313 262 1815
25/12/46 1006 1371 365 1822 1027 1262 235 1793
26/12/46 99.1 138.3 39.2 180.0 94.7 125.9 31.2 181.2
27/12/46  100.1 1386 385 1812 951 1317 366 1773
28/12/46 985 1351 366 1799 985 1323 338 1809
29/12/46  100.8 1344 336 1785 923 1275 352 1817
30/12/46 1015 132.8 313 1812 1003 1335 332 1802
31/12/46 1005 1349 344 1801 958 1349 391 1816
01/01/47 1014 1363 349 1786 988 1313 325 1793
02/01/47  100.1 1385 384  I8L1 979 1322 343 1819
03/01/47 1019 1309 290 1804 1008  130.6 298 1821
04/01/47 1001 1336 335 1798 1012 1313 301 1834
05/01/47 1019 1397 3378 1789 1014 1295 281 1783
06/01/47 1021 1332 311 1795 1016 1317 294 1799
07/01/47 1017 1342 325 1817 1015 1306 290 1825
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nunzii 1 Uz 2

) qamgihilewnte’le: QUNANL Qmﬂﬂﬁ;:"lﬂﬂﬂﬂﬂﬂulﬂﬁy”l QLI
’mf’ o) ¢C) o
@aw/  nowdl  eentA AW oy NOHT BBAIA AW .
il AT09 W09 WANAN (o¢)  1A38e (ATee N (°C)

E_iuﬁ ﬁiuﬁy"l Eqimfw Ejuﬁ

08/01/47 1021 1355 334 1793 1014 1308 294 1815
09/01/47 1008 1342 334 1789 1000 1305 305 1806
10/01/47 1003 133.0 327 1819 992 1235 243 1797
11/01/47 1023 1321 298 1788 1008 1295 287 1799
12/01/47 1017 1336 319 1826 978 1295 317 1799
13/01/47 1001 1326 325 1795 974 1277 303 1785
14/01/47 1012 1336 324 1786 975 1289 314 1817
15/01/47 1025 1356 331 1826 979 1295 316 1795
16/01/47 1006 1349 343 1819 1010 1304 294 1805
17/01/47 101.8 1344 326 1802 1017  131.1 294 1816
18/01/47 101.8 1349 331 1859 1016 1309 293  178.
19/01/47 1012 1333 321 1784 1021 1312 291 1795
20/01/47  100.1 1312 311 1798 1012 1303 291 1805
21/01/47 1014 1335 321 1807 995 1306 311 1813
22/01/47 1003 1385 382 1815 1005 1326 321 1807
23/01/47 1012 1334 322 1814 882 1233 351  181.2
24/01/47 1003 1344 341 1793 983 1275 292 179.2
25/01/47 1014 1306 292 1799 1003 1305 302  179.5
26/01/47 1005 1367 362 1809 991 1293 302 1815
27/01/47 1012 1324 312 1789 860 1254 394 1799
28/01/47 1011 1273 262 1786 1014 1277 263  180.4
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