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Report Title Clean Technology Application for Effective Use of Water in Ice-cream
Factory
By Mr.Yutasart Promban
Mr.Wittaya Rattanaphontee
Advisor Assoc.Prof.Dr. Anchaleeporn Waritswat Lotongkum
Co-Adwvisor Miss Sasi-on Luengaraml
1. Production Manager - Ice-cream,
The Unilever Thai Holdings Limited.
Report for Bachelor Degree of Chemical Engineering
Department of Chemical Engineering, Faculty of Engineering

King Mongkut’s Institute of Technology L adkrabang

ABSTRACT

This project applies the concepts of clean technology to reduce the amount of water used
in an ice-cream process of a case study company. The P, G and G 10 production lines of high
water consumption were chosen as the model lines in improving the process and/or changing
instruments or equipment that caused high water consumption. In addition, the concentrate water
from the reverse osmosis system about 33 msa’day was observed. Its physical properties were
analyzed to find the possibility for reuse. It was found that the total hardness as calcium carbonate
content was 385-400 mg/L. After passing through the excess lime process, the total hardness was
reduced to 150 mg/L. Subsequently, after dilution with the water from cleaning-in-piping system
at the volumetric ratio greater than 1:6, the total hardness of the concentrate water from the

reverse osmosis system was less than 30 mg/L, which was acceptable to use in the cooling tower.
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0 0.99987 1.00113 4.580 1.787
5 0.99999 1.00001 6.538 1.516
10 0.99973 1.00027 9.203 1.306
15 0.99913 1.00087 12.782 1.138
20 0.99823 1.00177 17.529 1.002
25 0.99707 1.00293 23.753 0.8903
30 0.99568 1.00434 31.824 0.7975
40 0.99224 1.00782 55.338 0.6531
50 0.98807 1.01207 92.56 0.5467
60 0.98324 1.01705 149.57 0.4666
70 0.97781 1.02270 233.81 0.4049
80 0.97183 1.02899 355.31 0.3554
90 0.96534 1.03590 525.92 0.3156
100 0.95838 1.04343 760.00 0.2829
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CO, + Ca(OH), — > CaCO,s) + 1,0 (2.14)
Ca(HCO,), + Ca(OH), ——>  2CaCO,(s)+2H,0 (2.15)
Mg (HCO,), + 2Ca(OH), —»  2CaCO,(s) + Mg(OH),(s)

+ 2,0 (2.16)
2NaHCOQ, + Ca(OH), —  Na,CO, + CaCO(s)

+2H,0 (2.17)
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MgCO, + Ca(OH), ——»  CaCO,(s) + Mg(OH),(s) (2.18)
MgSO, + Ca(OH), ——»  Mg(OH),(s) + CaSO, (2.19)

MgCL + Ca(OH), =~ ——»  Mg(OH),(s) + CaCl, (2.20)
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CaSO,+ Na,CO, ——»  CaCO(s) + Na,SO, (2.21)
CaCl, + Na,CO, —>»  CaCO,(s) + 2NaCl (2.22)
Ca(NO,), + Na,CO, —» CaCO,(s) + 2NaNO, (2.23)
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MgSO0, + Na,CO, + Ca(OH), ——  CaCO,(s} + Mg(OH),(s)
+ Na,SO0, (2.24)

MgCl, + Na,CO, + Ca(OH), ——  CaCO,(s) + Mg(OH),(s)
+ 2NaCl (2.25)

Mg(NO,), + Na,CO, + Ca(CH), —>» CaCQ,(s) + Mg(OH),(s)
+ 2NaNO, (2.26)
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AL(SO,), 18H,0 + 3Ca(HCO,), ——» 2AI(OR), (s) + 3CaSO,
+ 18H,0 + 6CO, (2.27)
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Ca(OH), + CO, ——  CaCO,+H,0 (2.28)
CaCO, + H,0+CO, —  Ca(HCO), (2.29)
Mg(OH), + CO, ———  MgCO, +H,0 (2.30)
MgCO, + H,0 +C0O, ——  Mg(HCO,), (2.31)
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Ca(OH), + 2HCI ——  CaCl,+2H,0 (2.32)
CaCo, + 2HCl —  CaCl,+ H,0+CO, (2.33)
Ca(OH), +H,$0, ——>  CaSO,+2H,0 (2.34)
CaCO, + H,30, —  CaSO,+H,0+CO, (2.35)
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CaCO, —— Ca0+ CO,(g) (2.36)
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Mg(OH), — MgO + H,0(g) (2.37)
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Methanobacteriom formicium DSM 863 H,, CO,, Formate
Methanobacterium thermoautotrophicum AH H,, CO,
Methanobacterium bryantii M.O.H. H,, CO,
Methanobacterium wolfei DSM 2970 H,, CO,
Methanobacterium uliginosum P25t H,, CO,
Methanobacterium alcaliphilum WeN4 H,, CO,
Methanobrevibacter ruminantium M1 H,, CO,, Formate
Methanobrevibacter smithi PS H,, CO,, Formate
Methanobrevibacter arboriphilicus DH1 H,, CO,
Methanothermus fervidus DSM 2088 H,, CO,
Methanococcus vannielit DSM 1224 H,, CO,, Formate
Methanococcus voltae PS H,, CO,, Formate
Methanococcus thermolithotrophicus DSM 2095 H,, CO,, Formate
Methanococcus maripaludis JJ H,, CO,, Formate
Methanococens jannaschii JAL-] H,, CO,
Methanococcus halophilus INMIZ-7982 Methanol, Trimcthylamine
Mcthanospirillum hungatei JF1 H,, CO,, Formate ‘ J
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Methanemicrobium mobile BP H,, CO,, Formate
Methanomicrobium paynteri G-2000 H,, CO,
Methanogenium cariaci JR1 H,, CO,, Formate
Methanogenium marisnigri JR1 H,, CO,, Formate
Methanogenium thermophilicum CR1 H,,CO,, Formate
Methanogenium aggregansMSt H,, CO,, Formate
Methanogenium bourgense MS2 H,, CO,, Formate
Methanosarcina barkeri MS H,, CO,, Methanol, Trimethylamine, Acctate
Methanosarcina mazei S+6 Methanol, Trimethylamine, Acetate
Methanosarcian acetivorans C2A H,, CO,, Methanol, Trimethylamine
Methanosarcian thermophila TM-1 Acetate
Methanoplanus limicola DSM 2279 Methanol, Trimethylamine, Acetate
Methanococcoides methylutens TMA-10 H,, CO,, Formate
Methanolobus tindarius Tindari 3 Methanol, Trimethylamine
Methanothrix sochngenii Opfikon Methanol, Trimethylamine
Methanothrix concilii GP6 Acelate
Methanospaera stadmanae MCB-3 Acetate Methanol, H,
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CH,COOH+H0 —> CH, (g) + H,CO, (2.41)

4H,+ H,CO, — CH, (g) + 3H,0 (2.42)
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0.31 17.2 19.6 22.9 222.7
0.32 223 17.0 21.2 21.0 23.1 183.7
0.33 19.1 19.3 22.6 195.0
0.34 17.4 17.0 21.6 203.0
0.35 18.4 17.8 15.7 19.7 225.3
0.36 19.5 15.9 17.0 174.7
0.37 15.9 16.4 161.5
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0.39 19.1 18.4 16.8 181.0
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0.41 20.3 19.0 16.8 187.0
0.42 19.0 17.5 182.5
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o CAGEN vowdsnzaoiwiona, | amdly | Sasnisia,

Y daludmdiu dmludvau NSA-LUe v/
02/01/49 190 1,723.6 7.00 39
03/01/49 1,457.00 9.00 106
05/01/49 1,850.0 3,252.00 208
06/01/49 1,390 7,860.00 13.00 178
09/01/49 7,580 1,015.60 10.00 146
10/01/49 1,593.40 136
11/01/49 5,934.00 133
12/01/49 1,153.20 164
13/01/49 4,190 2,458.30 8.00 158
16/01/49 80 1,047.8 8.00 114
17/01/49 2,336.3 8.00 167
18/01/49 4,900 1,178.0 9.00 174
20/01/49 5,370 1,227.6 9.00 151
25/01/49 1,200 2,067.9 11.00 165
26/01/49 7,296.0 14.00 174
27/01/49 10,950 4,656.0 14.00 165
30/01/49 300 4,722.0 12.00 158
31/01/49 1,630.6 8.00 175

ma 3,784 2,687 10 155
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07/02/49 2,257.00 10.00 161
08/02/49 3,800 981.46 9.00 172
09/02/49 1,283.40 8.00 206
10/02/49 2,550 1,537.60 8.00 136
14/02/49 4,830 1,860.5 11.00 290
16/02/49 5,712.0 9.00 159
17/02/49 2,070 5,172.0 14.00 191
20/02/49 1,880 2,623.0 12.00 177
21/02/49 7322 9.00 163
22/02/49 829.6 8.00 183
23/02/49 850.6 10.00 169
24/02/49 10,490 1,246.2 9.00 199
27/02/49 3,390 3,408.0 12.00 140
28/02/49 1,289.6 11.00 147

mAo 3,264 1,989 10 175
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06/03/49 1,330 1,339.20 8.00 157
07/03/49 2,000.80 12.00 160
08/03/49 7,220 1,636.80 7.00 38
09/03/49 3,930 2,013.00 7.50 150
10/03/49 2,370 1,711.20 11.00 197
13/03/49 5,940 1,698.80 9.00 184
16/03/49 2,513.2 12.00 172
17/03/49 1,520 1,872.7 9.00 168
20/03/49 2,940 2,860.9 11.00 66
21/03/49 1,804.2 12.00 211
22/03/49 2,510 1,791.8 12.00 198
23/03/49 2,745.0 11.00 175
24/03/49 980 2,464.4 12.00 175
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05/04/49 1,927.60 9.00 116
06/04/49 3,606.00 12.00 163
11/04/49 2,310 1,044.70 10.00 90
12/04/49 2,324.10 11.00 156
18/04/49 480 1,909.3 10.00 133
19/04/49 3,222.0 12.00 131
20/04/49 3,054.0 11.00 193
21/04/49 3,786.0 14.00 208
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