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JHEBN T o JEORRR 7 A R 7K 28 A o AL A
BE M R AR R AR R IR R A ) T AT
I HAz JFoebouk B (52 AR /N, o F T g s ek
(AL PR . AR ] ZEAR IR R 3247 . R e nT 5 K BH R
RGLLE A DT AR N #4401 B AR, Triki 450
FI A B BB 23 B2 18 (SVMD) %t RO #e /K 3747 4k
L AFE I, A H SVMD [ RO ¥ 7K fi6 [a] i %
Sk 37% b F+ 3] 87. 5%. Banat 25 | FH
SVMD #%:. LU 5380 3. 5 %01 NaCl w8k
7K R B AR 5 ~F- 251 R 252 W/m® BF, R 48 T AR
7.5 h =Kk 9 kg/(m? « h). Koschikows-
ki S XA EREAY 5.9 m* () SVMD R4tk
FPRFE MR IR 3] 90 “C i, JEH & o 15 kg/(m®
« h). Gonzalez 25575} SVMD 2 %5 {14 R S ik 4s iF
1T W98, Wang % FIHH 8 m* By KFHBESE AN S
0.09 m* [y H 25 2F 4 LR AR 45 6 XTAH R 7K
#AT T SVMD R85, R4 —KigfT 9 h, 2%l it i
FoA 29,75 kg/(m” « b, BAEFEN 127. 54 kWh. 1%
LEGIETI ST EMER AR 8 m” i) SVMD R4 T
ST FEHT b DX S5 KBFEE f I8 5] 14 kg/(m” « h),
AEPE KA LA 954 kg/a. 45 7555 X SVMD
ARG AL BRI K IRAL I RO MoK FEATHTST L 45 SR 21,
L5 A K BH RE 4 P T B8 08 2ok 72 ] 4y 2 e e
20%~40%.
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Fig. 1 System of RO brine desalination for solar vacuum membrane distillation
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Fig. 2 Changes of SVMD membrane flux over time
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Fig. 3 Process of forward osmosis (FO) system
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Fig. 4 Changes of FDFO membrane flux over time
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m® NSRRI A B BE X R 2 0 A JEORER AT
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B ZE TR R AL AT RRFE M. 1 I 72 R 2 A
AROEF R 10 m*  E TR B RE ST , RGRH
B 2.46 kg/(m® « h) % 800 L 1 RO ek e 4
15 T BB AT 24 ho I HR Iz 1R JEORHIBOT T #E 1Y 4
REAHRk A RIHREEMR G, X HR 4T REFE N 0. RSE
HAHN 2.35 kWL JEH AN 370 W,ia4T 24 h J5

WELREFES T3R8 1 . ZEA MBI 51T RS
JESE R 3. 78 kg/(m? « h) % 800 L 9 RO ¥k
Wedis A 5. T E847 16 h, HEEFE—R o0 & B Up
TR IEAE R IAE, B 6 kW A i i g 2
TE I A] H AL TT RS 8 hs 59 — BB R ELAS S
PEIIE P~ M BEFE. R4tis1T 16 h 5 HLREFES T
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Table 1 Energy consumption analysis of solar vacuum membrane distillation system

WA 10 m? ﬂ;%‘“zﬂ#étr‘*%ke@ tm%{ ttEﬁ%{ ttﬁ%ﬂ%{
B E/ (m* « h) (kWh + m™) (kWh + m™) (kWh+ m™)
Jok B PR G FH D 0.024 6 0 110. 6 110. 6
i Bh IR G50 FH B 0.037 8 158. 7 72.0 230.7
£ 5 Bh IR (3l 5D 0.278 21.6 9.8 31.4

H1 T AN [) B4 IS 2540 880 TEAR TR R E 2R T
HCPRE i AN ). 7EIFRRRORE S 80 °C L EL A R )
0. 08 MPa i 54, A< 12X 50 I 1) J15€ 38 1 oy
3.78 kg/(m” « h) , NEATFCERME. WAHR a7 A B F
I UBFLBRER e =700, AL PAR 7=0. 2 pm, R
BE 0="70 pm, ESLHHIT R c=2. 41 B}, JB3E &= K
Ak 27. 8 kg/(m? « W A3 %X 3 F

AR E T BIBEFEREA T T S TR 1 .

HIZR 1 R RUAE Y J0 i B B D5 A O H i s
7R RGN /)N B s SR PR AL (32 17 I (]
B G AT HE R AR RO (H iy 10 LU #RE , A
LGS AY U REAGAR NS B M. A i I VIR AY K FH RE L
23 WA AR G O AR LU PR o 4l B
IR BT R AREFERY 68. 800 BARA
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B H MR G i i T s AT [R]  ELAS JE R A AR
77 ) L FELRE AR T TG A Bl AR 1Y) R e B (B AT
BRI ) B2 08 R 0 A Y L REAEAR X JT JC B A i
R

X5 — e OC SRR P AR BURASTTAR Hh  25 SR A
fo). Criscuoli 2 X iR 56 % BB IR 1 AL 5 m® 1Y)
VMD Z4 47 T ReFETH . R LR R
0.2 pm, 7E 80 ‘CHYFERHEEEF 10 MPa (1) H.25 &
HF L BAF 7K REFE A 130 kWh/m®. Miladi 251200 %
KIHBEEMIFN 70 m*, BEH Y 4 m* #KFHfE
BRI ARG REAESEAT T o0, W A3 6 A
21 Hp/ iy SEC fe/IME R 597 kWh/m® (A AT
fe).m3H 21 H.9 A 21 HA 12 A 21 HiW SEC
B/ME A B 615 kWh/m® . 624 kWh/m® il 632
kWh/m®. lIL AT AE I TE 6 H 21 H K B4R 5 5
5K A ROK.

2) T ALY BEFE S BT

TE TV AERUBE S5 T o 422056 28 FUASE 11 o /NI
ME MR RBEEEHABRAERE. R 2850 T4
[F) SC ik HH A L s I 2% U e, BOHOF- 344 16, 55
kg/(m® « h)AE A MU Ak ) Rl a2 1B Tl AeH
REE =K % 240 m? /d T BTS2 R BHER ST AY
oM, RGRERIEAT 8 hy WP /K i 30 m®/h, i
P LR 5 AN 22 kW EH 5
K5 BHIARWEN 9 000 m* /h(1 m® JKA] DL A
1244, 4 m® 28750 BN 55. 5 kW /KRR 25 5.
F4E 30 m? /h 77K i aE AL 16. 55 kg/(m® « h) [y
FEE3E R, AT AR BT A 1 810 m”. Tolkfk
TR B R 25 M5 25 10 22 496 3 8 P K PH R AR F0A0
1810 m* EZEIEALME.5 & 22 kW IPEHE .5 &
55 KWK IR B 25 FE Ve B4 S AH G A 18 F L
. B RO A 1 R FHBE I, W R SefE
FEFE LT MBFR R A L2 5 A W RE AR, — R AT
8 h, 77K 240 m® [ EREFEN 3 080 kWh, I H Lt fig
¥EH 12. 8 kWh/m’.
2.2 FDFO RGitbgeFE S

1) 58 FUE () BB FE 53 BT

T 5 R Y LA BRI R AT
REAHR B 1E 18 155 22 G5 1) BEFE 20 BT 442 7] 6 8 1 L
10 m? SR, R0 RO WKk 45 4 435 i B8
4 3.62 kg/(m® « h), ) 10 m® JE4H M4 FE ik K
FIARFRGE S 0. 036 2 m’ /h. REREFETEZEH 2 ME

PR BB AR ARy 370 WL UL HLAE
20, 44 kWh/m®, FLHAFE N 0, RGELLRERE
20. 44 kWh/m’.

A2 ARXBARBEAMESHIT L

Table 2 Vacuum membrane distillation flux in

different literatures

M E R/ (kg m 2« h™D) SCHRR IR
9 [3]
15 [4]
29.75 L6]
14 [7]
27.8 [25]
3.75 A% 5255 FH R

2) Tl AL A Y BEAE S BT

T 5 Tl Ak B ) B2 BRI R etk A7 X
L T AL RS A NE LR B TE 2838 R g1t K
A 240 m?/d, B RIZAT 24 h, WAL & h 10
m’ /h, ARYEX A K R T 2L e PR 4 & 15 kW AR
FHERTEHE A 4 6 15 kW BIIERHRBURIE . |
T 32 RN AR I B T BE 25 i 52 e Tl Ak AR
) A BB I 5 475 5 3 e R 0 e A i
6. 94 kg/(m* « h) 115, J= /K& 10 m®/h 75 2
IR 1440 m*. Tl AL BURE A9 AR RHR IO 1 2 i3
RS EEH 1440 m® LR85 15 kW HE IR
2 RO MK 1 & 2o 8 2 BAH N i 45 18 A i <Ak
WEZH L. RGEREFE £ 2 8 MBI A FEH i, &
MEAETIF A 15 kW, W R4S L REFE N 12 kWh/
m’.
2.3 SVMD #1 FDFO &% gesEXT L 947

TGRS AN Tk A A 2542 R . R SVMD %
iR FDFO 24543 515 RO #e Kk i 4 AH 18] 1) A5 %8
H LR 3 FiR.

H R 3 AL AR BRI E T 8 RO MoKk
A AR R A5 550, A l Bh R SVMID 156 R 4t L g
Heim . /& FDFO R 4800 11, 3 %5, & JC 4l B #4 U8
SVMD 241 2. 1 £%. Joff Bi# i SVMD {56 &
4i & FDFO RS04 5. 4 15, B T B IR 5 38 &
SVMD Z%; HLREE & FDFO £24:14 1. 5 4%, 76 Tolk
PERBEAETT T K &3 R 240 m?/d &), Toff
Bt SVMD & S5 (1 HLRE#E R 12. 8 kWh/m?®,
FDFO Z4: 11 HBEFE R 12 kWh/m®,SVMD #%: 5
FDFO R4 L REFEHZ I
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Table 3 Comparison of energy consumption of SVMD and FDFO
10 m® 4 7 N
I * o .ﬁlf'gi (kWhem *)  (kWhem *)  (kWhem )
Tl B s SVMD i 56 258 0.024 6 0 110. 6 110. 6
WIGHE.  ARAJE SVMD i3 248 0.037 8 158. 7 72.0 230.7
15 i Bh I Bl i SVMD &4 0. 278 21.6 9.8 31.4
FDFO A5 24 0.036 2 0 20. 44 20. 44
" 3R SVMD it £ 5 30 0 12.8 12.8
T TG4 Bh PR R
FDFO &% 10 0 12 12
K BHRE 25 I 2% 18 06 14 7% 2 B IR 25 1R 4

3 SVMD #¢ FDFO % % 2 5 T o #r
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Abstract: There are many experimental studies on the treatment of reverse osmosis (RO) concentrate by



5 4 1) X A A RE LA IR TR AL AR RO IE 5 1 AL BE B2 B K 115 REME R 2855143 - 189 -

solar vacuum membrane distillation (SVMD) and fertilizer draw forward osmosis (FDFQO) systems. but
few on the energy consumption and economic analysis. Through the comparative analysis of the membrane
flux, energy consumption and economic analysis of the two systems under the conditions of experimental
scale and industrial scale, the results show that under the condition of experimental scale, the RO
concentrated water is concentrated by 4 times, the membrane flux of the SVMD system without auxiliary
heat source is 2. 46 kg/(m® « h), the specific energy consumption is 110. 6 kWh/m®, and the unit water
production cost is 96. 6 yuan/m®; the membrane flux of the SVMD system with auxiliary heat source is 3.
75 kg/(m* < h), the specific energy consumption is 230. 7 kWh/m?®, and the unit water production cost is
13. 4 yuan/m’; the membrane flux of the FDFO system is 3. 62 kg/(m® * h), the specific energy
consumption is 20. 44 kWh/m?®, and the unit water production cost is 26. 8 yuan/m®. Under the condition
of industrial scale, when the design water output is 240 m®/d, the specific energy consumption of the
SVMD system is 12. 8 kWh/m®, and the unit water production cost is 10. 8 yuan/m®, and the specific

energy consumption of the FDFO system is 12 kWh/m?®, and the unit water production cost is 9. 38 yuan/

m?®. It can be seen that the larger the production scale, the smaller the water production cost of different

systems, and the smaller the difference.
Key words: solar vacuum membrane distillation; fertilizer draw forward osmosis; reverse osmosis concen-

trated brine; economy; energy saving
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