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A study on energy efficiency improvement of waste-water treatment system by freeze

concentration method
Jung-Sik, Kim' - Seung-Taek Lim? - Cheol Oh'
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Abstract: Freeze concentration method has advantages of high thermodynamic efficiency, low energy
consumption and purified water re-use. In this study, freeze concentration waste-water system which was
designed as the small and medium sized capacity was analyzed about the rate of electric power
consumption and the daily treatment capacity to suggest the direction of system development. At first,
power consumption and operation time of the system with fresh water precooler or without it was
calculated by computer modeling and analysis. Subsequently, the change of design treatment capacity was
applied to the system with fresh water cooler. As a result, the rate of electric power consumption was
higher as 0.6 Wh/kg but daily treatment capacity increased in quantity as 19 % in the system with fresh
water precooler. As design treatment capacity increased, the rate of electric power consumption was lower
and daily treatment capacity was larger in quantity.
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Figure 1: Waste-water freeze concentration system
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Table 1: Data of system basic design

Fo A4t BAeEE WA E 9%

AR Y7d A5 dSo 2 sl &
(@) B FEHE geo] -10 °C7HA B7E =
Q)] B AAH okt 2] (1)ell 4] ALk
SFAth Table 4= F4%F 5 70 %(175 kg)E A=
3 SESHA 2T F FE A 0] difol
H, Table 5% AAAZHE F&5EHA 2 A

Zoltt.
Qilf = quw: + wa 7T Oy + Q. 1)

Table 4: Ice-lining freezing heat(@,,) at each system
(unit_: kJ)

System @y, Qs Qy + @, Qe

Shpc 25,120.8| 41.83 | 3,541.66 | 28,704.29

Spe 4,186.8| 41.83 | 3,541.66 | 7,770.29

Waste-water inflow 250 kg/batch
Treatment capacity Design capacity
lce Specific heat 2.0934 kJ/kg - K
Temp. -10 °C
Inflow temp. 25 °C
Waste-water| Discharge temp. 1°C
Specific heat 4.1868 kJ/kg « K
Cold brain Supply temp. -20 °C
Return temp. -17 °C
Supply temp. 50 °C
Warm brain
Return temp. 45 °C
Supply temp. 25 °C
Injection air| Cooling temp. 1°C
Injection rate 5 I/min
Ethylene glycol aqueous solution
Brain Conc-er-ltration 50 %
Specific heat 2.9308 kJ/kg - K
Specific gravity 1.085
Ice-lining 1 mm

Table 2: Operation procedure and time

Table 5: lIce-lining freezing heat(Q,,) at design
capacity

Table 3: Number of cooling tube at design capacity

Treatment capacity(kg) | N, (6d) | 4,;,,(kQ)
125 16 7.14
150 19 8.56
175 22 9.99
200 26 11.42
225 29 12.84

Grantd AR o] P eh3] A 4378 #|5%.(2013. 7)

(unit : kJ)

Fresh water supply 2 min Treatment Qe | Qs |Gt @
Ice-lining making - capacity(kg) - - S— L

125 4,186.8 | 29.85 |2,527.86 | 6,744.51
Fresh water discharge 2 min 150 | 4,186.8 | 35.84 |3,034.84 | 7,257.48
Waste-water supply 2 min 175 4,186.8 | 41.83 |3,541.66 | 7,770.29
Freeze concentration 60 min 200 4,186.8 | 47.77 | 4,045.29 | 8,279.86
Waste-water discharge 1 min 225 4,186.8 | 53.76 | 4,552.27 | 8,792.83
De-ice 3 min

-2 2 (2)% Table 63} o] AA X eZE
Ark. AA A5 HEe TRl wet
24 A4k drha 7pgesinh
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Table 6: Waste-water freezing heat(@,, ) at design
capacity

(unit_: kJ)

Treatment

capacity(kq)
125

150
175
200
225

Qe
25,120.8
25,120.8
25,120.8
25,120.8
25,120.8

Cpuw
523.35
628.02
732.69
837.36
942.03

th + @c

44317.28
53180.73
62044.19
70907.64
79771.10

Qouy
69,961.43
78,929.55
87,897.68
96,865.80

105,833.93

o Oy
£ o
iz
>
i,

i fu

A71A, ¢, 3712 H<E 1.0048 kikg - K,
7] 3 A (kg) ol T

au

Table 7: Injection air cooling heat(Q..)

air

M, (kg)
5.70
6.84
7.99
9.13

10.27

Treatment capacity(kg)
125
150
175
200

Quir (KI)
194.73
233.67
272.64
311.92
350.85
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Table 8: Design load and cold brain flow rate

System
Snpc
Spe

(16 sign (k‘]/h)
88,170.32
109,104.32

d( sign (kg/h)
10,028.15
12,409.10
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Table 9: Condition of refrigeration system

qUA && ol

157
218 Table 9¢l R

Refrigeration
cycle

Two-stage compression
refrigeration cycle with intercooler

Refrigerant R-134a
Outlet temp.| Vapour
. (°C) fraction
tiri:rfrzrti:; Condenser 40 0
P Evaporator -30 1
Intercooler 5 -
Intermediate pressure 293.9 kPa
Refrigerant Shpe 684.9 kg/h
flow rate Spe 852.7 kg/h
Compressor Ad_la_batlc 75 %
efficiency
. AP 100 kPa
Warm brain Adiabati
supply pump 1avaiic 75 %
efficiency

Table 10: Detail Condition for system analysis

. Snpc 10,030 kg/h
Cold brain
Spc 12,410 kg/h
. AP 100 kPa
Cold brain Adiabati
supply pump JaDatc 75 %
efficiency
Air cooler Flow rate 8.18 kg/h
Inlet temp. 25 °C
Fresh water Outlet temp. 5°C
cooler
Flow rate 250 kg/h

Grantd AR o] P eh3] A 4378 #|5%.(2013. 7)
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Table 11: Condition of short-term operation pump

PUMp Flow temp. | Flow r.ate Operatign time
(°C) (kg/min) (min)
Prs 25 125 2
Prd 1 120 2
Puws 25 125 2
Puwd 1 75 1

OCutlet
Wict ? Short-term
Operation

Power

Pump

Figure 5: Modeling of short-term operation pump
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Table 12: Operating time at each system
(unit : min)
Treatment procedure Shipe Spe
Fresh water supply 2 2
Ice-lining making 19 4
Fresh water discharge 2
Waste-water supply 2
Freeze concentration 60 60
Waste-water discharge
De-ice 3 3
Total 86 71
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Table 15: Flow rate of short-term operation pump

Treatment Pr Puwd Pub
capacity(% ka/mi ka/mi ka/mi
Table 13: Design load and cold brain flow rate pacity(3%) (kg/min) | (ka/min) | (kg/min)
50(125 kg) 121.4 125 155.45
C:r(;ilimlz:;t) Qdesigu (kJ/h) Fdesm“ (kg/h) 60(150 kg) 120.7 100 170.66
pacity(%o 70175 kg) | 1200 75 186.0
50(125 kg) 91,090.16 10,360.24
80(200 kg) 119.3 50 201.16
60(150 kg) 100,097.22 11,387.62
90(225 kg) 118.6 25 216.50
70(175 kg) 109,104.32 12,412.32
80(200 kg) 118,111.72 13,437.06
90(225 kg) 127,118.78 14,461.75 Table 16: Operation time at design capacity
(unit_: min)
Design_capacity(%)
Table 14: Parameters of system analysis Treatment procedure 50 | 60 | 70 | 80 | 90
Treatment Refrigerant flow Air flow Frest.1 Yvater su.pply 21212122
capacity(%) (kg/h) (kg/h) Ice-lining making 4444|4342 |42
50(125 kg) 712.7 5.651 Fresh water discharge
60(150 kg) 782.6 6.781 Waste-water supply
70(175 kg) 852.7 7.912 Freeze concentration 60 | 60 | 60 | 60 | 60
80(200 kg) 9225 9.042 Waste-water discharge | 1 | 1 | 1 | 1 | 1
90(225 kg) 992.5 10.170 De-ice 313|333
Total T4.4|74.4\74.3|74.2|74.2
233 H7|I2™ HZol s
A4 FERZ, G FFRTE 3020 250 kg 3, Az @ 1
O 2 UH3} Table 113} £ 2HO0E 3=
= Wro] o] Fastx &y 1 H4 ) 31 AERH Y SE2WALH S| s F
FETE 27MFe ol gepAv], HEsl4 vl A&LAN 2 R FHEAN2E] 4 A3
FULE FHE AF A5 Fol Wk AuEYH  AADS Ashed AnHe AP A
S HERE Fetofof gty 28Rl HxE WEh o] iH|HEegn]= Table 173 ). zHe fo)o]
28l YAz gxoh g8ow Agstal R PN EN- I == RS PAPSN- S I 5 IS
Qo) 5719 el we} FEETo] AAEH R ko] T AL A|AE] HANSS) 2 T4
= Arfed viwes R bt 28F g nge g yueke 3 enee fe] 4y
= el =)o 3H 3 O 2k o
I TSR Teble 156 BEHT EAE M goz sobstel Hme) Qo A% ke HE
His oIt} e} &Rz Aol Ad 2vH
2k 2 0l=7]9o] H]Zo] ok 0p o] AFO. A=ty
234 STAZH 24 ) Zfﬁ?;]i] e L T 1;] ]iﬁf v
= 7 P 258 2 H) &)=
Aol The $ANTEE AAEte] Table 16 ce v S
T o o= Ueh} A4 AAlel o] WErle] Aol
of ERNRLE 271 2] Fletelw
Grantd AR o] P eh3] A 4378 #|5%.(2013. 7) 473
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Table 17: Rate of electric power consumption for the application of pre-cooling

Treatment Electric power consumption(kwWh) 7,
System capacity(kg) | lce-Lining |Compressor| Py, | Pw | Pa Pss Pt | Pws | Pwa | total |(KWh/kg)
Snpe 175 3.98 11.55 0.33 | 0.32 | 0.02 | 0.01 | 0.01 | 0.01 |[0.003 |16.233| 0.0927
Spe 175 1.08 14.38 0.41 | 0.40 | 0.02 | 0.01 | 0.01 | 0.01 [0.003 |16.323| 0.0933
g Fagk A &4 Ak A An|E P o] 3 FAT] WAL o] &u = HlEo] &
o Zpel7b vl A2 Al2E® @&o] AufH ol Soto] A28 oA g&o] FHE Ao &
A3 ¥5719 o] F Al&FHAA 2147 AE ATk T, A gagle] dA AndEE
sdsttkal 7 el 7] wEolth T WE7l 5719 HFol oF 95 % o]Fow
Table 182 ¢H&HEHAA|2H Bl F&HFHA|2F) 5718 ATt Alagle] aas AA A 8t
o] ddHeFS FEst AH%E YERd Bt © Aow Uit
HEAA LA 27T el AQu = AR
o] & HAI2E] iH] oF 22 % 7HA] FolEo] & - - - - -
AAREE 153 A% ARF F gl A 233 il | e I
7t 33] T olklth Ax F&HAI 2] o
A g o] oF 19 % F713ke] 525 kgo| HFE Y enr 1%
Al g 4= A At

Table 18: Daily operation times and treatment

capacity

Item Snpc
90
16

2,800

Spe

75

19
3,325

Operation time(min)
Number of daily operation(times)

Daily treatment capacity(kg)
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Figure 6: Energy efficiency of system at design
capacity
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TAFEFHE o8 AFAYA LT oA 5& Fel d AT
Table 19: Rate of electric power consumption at design treatment capacity
Treatment Electric power consumption(kWh) n,
capacity(kg) | Ice-Lining | Compressor | Pg Puwb Pab Prs Pt Puws | Pwa | total |(KWh/kg)
125 0.939 12.02 0.340 | 0.337 | 0.016 | 0.009 | 0.009 | 0.009 | 0.005 |13.684| 0.109
150 1.010 13.2 0.373 | 0.370 | 0.019 | 0.009 | 0.009 | 0.009 | 0.004 |15.003| 0.1
175 1.080 14.38 0.407 | 0.403 | 0.022 | 0.009 | 0.009 | 0.009 | 0.003 |16.322| 0.093
200 1.151 15.56 0.440 | 0.436 | 0.025 | 0.009 | 0.009 | 0.009 | 0.002 |17.641| 0.088
225 1.222 16.74 0.473 | 0.470 | 0.028 | 0.009 | 0.009 | 0.009 | 0.001 |18.961| 0.084
AR SANDE < 5RO Ao B AAs} Festel F§ sbsel s, F7H
@ oz ueht dAReS duglel 99 & o2 FF A4E Adsty s 984S ¥2
A3} ol AdA A e AAx g o] F42 of &3, ¥ =& ALt B4 W3
woldt), Figure 7 AAAZSY Qg FHAERA FABHAFAYA20] 2 B
= 89 Agge] 2 2ol YAAYPE me Mol ATHolol & Ao ARHy
A ¢+ 9
% 7]

SES B
AR vl SeAT, BEINN FF

stel gzt A% YAAR o]
E:‘ao:];]]l—; x]—o};q

dIAYFL =

—

(3) }\]/\Eﬂ_/] 28 AAXN I} a3l <
%719 avldeo] dAle] 95 % oo Wi
719 AR AR D8-S A Ak
Aoz e} g8o] o \@‘27]4 A7ge] w9
=23 Zo Yeyit

9o ATARE UA FE
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o T Axgel
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