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The Model Development of Mass and Energy Balance for a Sugar Mill
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Abstract

This research is a study of model development of mass and energy balance of sugar production
and the generation of electricity regarding the use of technology in various conditions relating to
production and energy consumption of sugar mill. Moreover, to narrow down the overall analysis or sugar
processes, accuracy, frequency and how it is user-friendly. Study results show the use of this model
displays mirroring results in comparison to a data recorded from a factory. The model displayed 10.53,
12.62 kWh/ton cane of electrical energy per ton of cane and 400.5, 409.6 kg steam/ton cane of steam
consumption per ton of cane, which is the recorded data from factory resulted 10.24, 11.95 kWh/ton of
cane and 401.2, 413.4 kg steam/ton cane in order.

Keywords: Model, Sugar mill, Mass and energy balance
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I e i O] I eE i O] JUN 12 BUUINRDILDUNIAU LB ILNINEG 1
Boiler efficiency(%) 66.7| Boiler efficiency(%) U
Boiler size(t/h) 33.8| Boiler size(t/h) A ° A ¥
uaztnIasifia luwh
T Hpsteam(°C) 380| T Hpsteam(°C)
T Feed water(°C) 110| T Feed water(°C) a o 1 ¢ ¥ o a
Boiler efficiency(%) 66.7] _Boiler efficiency(%) 3.4 MINAIBLUUIN[DI ﬂaﬂqﬂn‘smm%maa
Boiler size(t/h) 108.8| Boiler size(t/h) )
Boiler for Power plant Prime Mover
P Hpsteam 40 bar P Hpsteam 30 bar P Hpsteam 20 bar A o
T Hpsteam 485 °C T Hpsteam 380 °C T Hpsteam 350 °C s i t”r '"g o P v t: ;
Boiler size(t/h) 109.7| Boiler size(t/h) 93.4|_Boiler size(th) 28.6 i [tc | SeX(s) | misen(%) |P steam(ban)|T steam(°C) P outlet(bar)] kWh/tc | Set(s)
) = ) Preparatior] _0.027 1) 65 30 350 1.5 0.5000 1
T Feed water(°C) 110 T Feed water(°C) 110 T Feed water(°C) 110} 0.027] 1T 65 30 350 15 0.5000 3
Boiler efficiency(%) 71.0| Boiler efficiency(%) 66.7| Boiler efficiency(%) 60.2) - T 65 30 350 1:5 0:5000 1
0.5000 1
knives 0.025] 1 60 30 320 15 0.4500 1
Boiler size(t/h) 109.7| Boiler size(t/h) Boiler size(t/h) 28.6) 1 60 30 320 15 0.5000 1
T Feed water(°C) 110 T Feed water(°C) T Feed water(°C) 110,
Boiler efficiency(%) 71.0| Boiler efficiency(%) Boiler efficiency(%) 60.2
Shredder 0.022] 1 60 30 380 1.5 0.8781 1
Boiler size(t/h) Boiler size(t/h) Boiler size(t/h) 28.6}
T Feed water(°C) T Feed water(°C) T Feed water(°C) 110 -
= : S - T . Mill roller 0.022] 1] 60 30 380 15 0.2580 1
o o o -
Bo.uler efficiency(%) Boiler efficiency(%) = Boiler efficiency(%) 60.2 0.022 T 60 30 380 5 0.2790 1
A J v ° H 0.022] 1 60 30 380 1.5 0.2489 1
U7 9 du Input vaswnalalatiluuduau Input N N - - B B

U7 13 &% Input vasgUnIniduingd

30) Pressure [T [

Boiler for Millin 1 2 3 4 i

) e :sl 1008 Prime Mover Sub-Model o

P HPsteam(bar) 30| 30) 30| Turbine size

I:;;eam("c()c) 353 323 352 Turbine Drive (requirement)

water(" 11 11 11

Boiler efficiency(%) 66.71862] 66.71862] 66.7186| kW/tc |Set(s)| Nysen (%)|P Steam| T Steam | KW |steam(kg/s)|steam(t/h)
o |Outlet enthalpy,h1 (k)/kg) 31161 3044.2| 3185.8| N i
£ [iniet enthalpy,n2 (/kg) ap1.4) 4614|4614 Cane Preparation | 0.0272] 1 65 30/ 350 987.9/ 9.02 32.5
B |steam Flow rate, hs (T/h) 64.5) 338 108.8] 0.0271] 1 65 30/ 350 984.3| 8.98 32.3
8 |Fuel consumption,f (T/h) 272f 138|468 1 65 30 350 0.0

Y 2*“)“ '0“5“;578 -Cane knives 0.025 1 60 30 320 908.0/ 9.39 33.8

TotalFuel Consumption (7). &7 204 1 60 30, 320 0.0

Remain Bagsses 3304  7922)

0 Pressure 300Bar 20)
485| TemPerature 380°C 350}

Boiler for power plant 1 2 3 4 -Shredder 0.022] 1 60 30/ 380 799.0/ 7.56 27.2]

Boiler size(t/h) 109.7] 1097 93.4] 28.6| 28.6] 28.6)

P HPsteam(bar) 40 40 40| 49 3 30 30 30 30) 2) 20 2

T Hpsteam(*C) 485 4gs|  ass| 4] 38| 380 380 380 350) 350) 350 350

T Feed water("C) 110) 110 110) 110) 110) 110) —

Boiler efficiency(%) 71.01544] 71.01544 66.71862| 60.2403|_60.2403| _60.2403] *Miling 0.022 1 60 30 380 799.0 7.56 27.2
g [Outiet enthalpy,n1 (ko) 34115 34115 34115 3411.5[ 3185.8 3185.8 3185.8) 3185.8( 3137.6] 3137.6] 3137.6[ 3137.6| 0.022) 1 60 30, 380 799.0, 7.56 27.2]
2 it enthalpy,h2 (I/kg) 4614 4614 461.4] 4614 4614|4614
3[steam Fkywram,ms(rm) 1097 1097] 93.4 86 286 286 0.022] 1 60 30, 380 799.0 7.56 27.2
8| Fuel consumption,f (T/h) 480|489 40 134 134 134 1 60 30/ 380 0.0

h___tons/day - y

[Total Steam Consumption (1 ) 3967] 9567 6,076 (s )] 2074

Total Fuel Consumption (i ) 1763| 42315

Remain Bagasses 1538)  36909)
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(n) El]'ﬂ 16 LULNRDIYUDYRVDANTLLAL
Motor Drive
KWh/tc Set(s) kw kWh
- Cane Preparati| 0.5000 kwH 1 756.7 18,159.9 v ° ' v 9 & v
05000 KkwH 1 7567 | 18,159.9 3.6 ﬂ’]iWG}l%’]LL‘]J]Jﬁ]’]aENEIEJEI‘HNE’JQ%%’]?JEJEI
0.5000 KWH 1 756.7 18,159.9 Heater Model
0.5000 KkwH 1 756.7 18,159.9 Heater 5 | Heater 4 | Heater 3 |Heater 2Heater :
0.0000 KkwH 0 N - T Juice| °C 91 71 63.5 624 43.6)
- Brix Juif °Bx 16.4 16.4 164  16.4| 164
* Cane Knives sgl 0.4500 kWh 1 681.0 16,343.9 Puri 84.1 84.1 84.1 841 841
05000 kwh 1 7567 | 18,159.9 T Juice| °C 104 o1 71 635 624
0.0000 kwh 0 - - Brix Juil °Bx 16.4 16.4 164)  164] 164
0.0000 kwWh 0 = - Purity 84.1 84.1 841 841 841
0.0000 kwH 0 - - = ] v 3w
- Shredder 08781 KkwWH 1 1,328.8| 31,8016 E‘L]'Y] 17 ®3% Input maﬂ%uﬂquuqﬂaﬂ
0.0000  Kwh 0 - -
0.0000 kwh 0 = - —
~ Milling set 0.2580 kwH 1 390.4 9,370.2 e
02790 kwh 1 422.2 10,133.2 —
0.2489  kWh 1 376.7 9,040.3 ‘
0.2074  kWh 1 313.9 7,533.6 ) X . -
0.0000 _kwH 0 = - == =T ="
0.0000 kWH 0 = - == = = [
00000 kWh 0 - - nuwlwrull 13 l | 13 l | 13 I ‘ | +
* Other machine| 5.9340 kW 1 8,980.0 | 215,521.2 e e i u| gl
3.4110 kwWh 2 5,161.9 | 123,886.5 e e CEde e T
2.3640  kWh 1 3,577.5 85,859.8 He e fet Foe s s
ater (Input’
6.0530 kWH 1 9,160.1 219,843.2
2.7450 kWH 1 4,154.1 99,697.6 T Juice in 91] 71 63.5 62.4 43.6)
0.0000 kWh 0 - - - Brix Juice in °Bx 16.38 16.38 16.38 16.38] 16.38]
N N Purity 84.05 84.05|  84.05 84.05 84.05
0'0000| kwhy 0 E' T Juice out °C 104 91 71 63.5 62.4
0.0000] kwh 0 = - Brix Juice out %Bx 16.38) 1638 1638 16.39 16.39
38,330.0 | 919,920.2 Purity 84.05 84.05 _ 84.05| 84.05| 84.05]
o [luice flow in t/h 1540,s| 1540.8) 154o,s| 154o.s| 1540.8)
ZE, - £ |puice flow out t/h 1541 1541 1541 1540.8 1540.8
From Enet = Egr - Buse E T Steam in oc 109| 102} 96] 9] 74
T Condensate °c 109) 102| 96| 96| 74]
When Eyr = 54.3 | MW 5 |Specific heat of Juice in_|kJ/kg °C 3.8754) 3.8509|  3.8417] 3.8403] 3.8172)
Ewe=| 383| MW & [Specific heat of Juice outli/ka °C 3.8914] 3.8754] 3.@{ 3.8417] 3.8403}
use G [Enthalpy of steam \/ka 2689.5 2678.7| _ 2669.2 2669.2 2632.9
Enet=| 159 | MW = |Condensate flow t/h 34.8] 52.7 19.6] 2.9) 47.6
O [Enthalpy of condensate [ki/kg 457.1) 427.5] 402.2| 402.2] 309.8)
Heater (Output)
(eu ) Steam flow in | | 34.8] 52.7] 19.6] 2.9] 47.6]
' o v T
A ° ' o o F & a ° ' v . o v
Eﬂ‘ﬂ 14 (N) LUUINRDY ﬂaﬂm%uvl,ammuaqﬂmm Ell‘Yl 18 LLUUINRDIYD wuaqumaa |
o \ ¥ o & o ° 1 & A &
@) wuudnaadtasnaiaas Inwauadnyal 3.7 MSNAIRILULINRDILDYUNDLALINIAA
9
Vacuum Pan Model
A Sugar Pol 98.9|%Pol
Y ° ' v Massecuite A Brix 93.5|%Bx
3.5 NMTNAIWILLUUINADILDUNRNDANTELIRE Massecuite A_purity 5.4
Massecuite Temperature 65.0(°C
Evaporator Model Massecuite Density 1517.6|kg/m3
Evap 1 [ Evap 2 [ Evap 3 Evap 4 [EvaLS Molasses purity 34.9)
T Stear_°C 120 109 102 % 74 4 P — o
T Juice| °C 100! 114 113 102, 87 Y 9
R e 3UN 19 &% Input VaIRUBLALIINAS
LA S il 8411 841 841 Crystalisation Sub-Model
Brix Juit__°Bx 26.0 35.4 45.0. 54.7 68.9]
P Stear] _mmH [ [ [ 630 ) ) )
A . > o Syrup Flow (rhgy)=——={Vacuum Pan—"Massecuite Flow (M massa)
jj_]‘{] 15 Y |nput VAJRNANANTZLIRE Brix of Syrup (°Bxs,)——»{ Process —Brix of Massecuite A (°BX mass o)
U
Input and Output Data of VP process
Input rhgy = 366.2|t/h
BXsy = 68.9|°Bx
A Sugar Pol = 98.9|%Pol
Massecuite A B = 93.5|°Bx
Massecuite A p = 85.4
Molasses purity = 34.9
Evaporator (Input)
Parameter Unit Evapl | Evap2 | Evap3 | Evap4 | Evap5
T Steam in °c 120 1@{ 102) 9% 74 Yield = 97.7|%
T Juice in ke 100) 14 113 102] 87| mn"/‘taassl 5 = B g“
g c o = .77|%
I%U:i t]yulce in Bx 16.38) 4501]  54.69 Yt e sses = giln
A Sugar = 209.1]t/h
». ASugar = Evr\
P Steam in kg/cm? mmH _ 0.987] 0.386] 0.089) 029 4787 nsdifi1 Energy Balance ula h=u+Pv
T Juice out °c 109.7] 103.1]  97.§] 764 612 ) )
T Condensate oc 120] 109 102 96) 7] mevaporated = m Fine Syrup - m Massecuite
T Steam out °c 109102 9| 74 57 =964 t/h
Evaporator (Output) mvapor = (mhg)evap + (mCpT+PV)massecuite - (mCpT)Fine Syrup / (hfg)vap
Parameter Unit Evapl | Evap2 | Evap3 | Evap4 | Evaps Cpmass = 2.2325 t/h
Juice flow in t/h 1540.8] 969.4] 712.2] 560.8] 461.5] Volume = 177.8 m3
Specific heat of Juice in KI/kg °C 3.8865| 3.7368| 3.5717 3.3684| 3.1307] mvapor = 103.23 t/h
Juice flow out t/h 969.4| 712.2] 560.8] 461.5] 366.2)
ific heat of Juice out 3.7284| 3.5453| 3.3537 3.0873| 2.7226| nssilil 2 Enerqy Balance wia h=u
503.8] 457.1] 427.5 402.2] _309.8]
606.0| 240.3| 133.4f 78.4| 78. mevaporated = m Fine Syrup - m Massecuite
2705.9| 2689.5| 2678.7 2669.2|  2632.9) =96.4 t/h
0.9429| 1.0706| 1.1349) 1.2672| 1.2078
571.4( 257.2| 151.4 99.3| 95.2) (evaporated) mvapor = (mhg)evap + (mCpT)massecuite - (mCpT )Fine Syrup / (hfg)vapor
2689.5| 2678.7) 2669.2 2632.9]  2603.1 Cpmass = 2.2325 t/h
Volume = 177.84 m3
[Syrup | 366.2[t/h =
Steam consumption | 606.0]t/h mvapor = 103.21 th

gﬂﬁ 20 WUUINRBILDURYIBLALITNNS
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—_— mass flow, t/h
—_— superheated steam, t/h
........ > exhaust steam, t/h
———p electric power, MW 10,688 t/d
e sharf power, MW 445 _th
Imbibition water primovers drive
electric power 383 MW
0.8 0.7 13 04 msl= 2074 t/h ms2= 398.6 t/h
Turbine work 2401 MW
" 24.5 Mw_ | Efficiency j-===-
64.8 338 ¢ 27.2 t/ j 81.6 t/h —>_os%
| Boiler
.03 144 133 15 ic ) 12.1 Mw | Efficency| 11.9] Mw
Cane Preparation |— |_ 67% E’;‘r’;‘&‘zl’r“ 98%
a Knives Milng Bagasse 9 543, 15.9
36320 t/d Feeder T 99 MW |Generator) | _ | Mw
1513 th 10,028 t/d H Efficency|  9.71 MW
0.0 64.8 338 27.2 81.6 418 t/h 98%
t/h th th th th
8.9 MW .
Efficiency| 87§ MW
398.6 fexhaust 98%
haust steam 202.4.100 $/h..Esteam
606.0
1,541 t/h th i
36,980_t/d 12
Mixed Juice Raw Suiarit/ni
Sugar 2044 |
Process
P
o
E‘L]‘Y] 21 BHWNIWLLLLNR E]GI@] PR
1 o 1 ﬂ%’ | g’ . 4
WIDBUNRY (t/h | 1540.8 | 1540.7 | 1309.7 1309.6
3.9 LLN%G'\%K?‘]JNaﬁl']ﬂttﬂﬂﬁl'laaﬂﬂaﬂﬂﬂﬁ&lﬂ (th)

In Season
In vear
Crushing Season Days
tons/hour tons/day tons/year
Cane [ 15133 [ 36,319.7] [ 4,721,562 |
Mixed Juice | 1540.8| | 36,979.6| [ 4,807,343 |
Bagasses
Total 417.8] 10,027.9 1,303,623
Used @ Boiler for Milling 87.7 2,105.4 273,704
Used @ Boiler for Power plant 176.3 4,231.5 550,100
Remain 153.8) 3,690.9 479,819
Syrup 366.2 8,790.0 1,142,695
Raw Sugar 204.4| 4,905.8 637,757
Steam consumption 606.07 14,545.6 1,890,926
For Milling 207.4f 4,978.0 647,134
For Power Plant 398.7| 9,567.6 243,792
MW
Turbine Work Output Total 55.4
Generated Power Total 54.3|
Use 38.3
Net 15.9
kwh kWh
Generated
Use
Net
kWhytc
MWh/ton cane ["0.01053 10.53
steam/tc
ton steam/ ton cane | 0.400 400.5
Power for prime mover motors Sufficient Power and remianing 15.9 MW
Steam for prime mover turbine Sufficient Steam
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7o 1 Taf 2
o g Kl 9
HWAIND
Luudea ’uagaﬁa LUUdI8a9 ’Uﬂﬂﬂiﬁ\‘i
dwsuils wh) 4453 4453 340.3 340.3
nndas (th) 417.8 417.8 376.4 376.4
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:' = A @ @ a
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70 1 507 2
o € 9 9
NAAND
wudiaes | dayaas | uuudiees | deysads
mndaadld (uh) 264.0 265.41 325.1 330.8
mndeunie (vh) 153.8 152.49 51.3 456
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. 107l 1 107l 2
HWAIND 5 - " 5 - ~
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samnmslelei wh) 606.0 607.3 605.8 609.2
NUBDINIAT (MW) 55.4 54.7 53.6 52.2
taslwvdile (Mw) 54.3 53.8 51.9 51.1
fnaslrishant (Mw) 15.9 15.5 16.5 16.1
wse i kwhite) 10.53 10.24 12.6 11.95
Kg laviveudas 400.5 401.2 409.6 4134
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sanmsltlasin (th) 606.0 607.2 605.8 609.2
Wndaudild wh) 366.2 354.9 356.2 349.3
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