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Comparison of membrane distillation with reverse osmosis process
for the treatment of anaerobic digestate of livestock wastewater
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ABSTRACT

In this study, a pilot-scale (3 m?/day) membrane distillation (MD) process was operated to treat digestate produced
from anaerobic digestion of livestock wastewater. In order to evaluate the performance and energy cost of MD process,
it was compared with the pilot scale (10 m?/day) reverse osmosis (RO) process, expected competitive process, under
same feed condition. As results, MD process shows stable permeate flux (average 10.1 L/m?/hr) until 150 hours, whereas
permeate flux of RO process was decreased from 5.3 to 1.5 L/m?/hr within 24 hours. In the case of removal of COD,
TN, and TP, MD process shows a high removal rate (98.7, 93.7, and 99% respectively) stably until 150 hours. However,
in the case of RO process, removal rate was decreased from 91.6 to 69.5% in COD and from 93.7 to 76.0% in TP
during 100 hours of operation. Removal rate of TN in RO process was fluctuated in the range of 34.5-62.9% (average
44.6%) during the operation. As a result of energy cost analysis, MD process using waste heat for heating the feed
shows 18% lower cost compare with RO process. Thus, overall efficiency of the MD process is higher then that of
the RO process in terms of permeate flux, removal rate of salts, and operating cost (in the case of using waste heat)
in treating the anaerobic digestate of livestock wastewater.
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Hajul ZdbH(Membrane Distillation, ©|8} MD)o]g+
A 9] A4 B2 (porous hydrophobic membranes)
= ol&ste] Fp(feed) 2R E F71E S =7 +
= EHolE9 FE5HE 2rAjol2
Ql 57| (vapore pressure) Z}o]5 ©]-&-3t
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OF S22 2 0] A E|gx(permeate) S =27 SHH Y
T} A 4= Afolof] F71%f Zpol7t AESHA F o]
2A WA S7IE AelE FEYer st S
E2 FUpolA ST W& AR 57
+= Z9o]t} (Godino et al., 1996; Lawson and
Lioyd, 1997). ojuff a4=/d &ejuto 2 Qla A4l
o] &2 o|FsA] Fotal F71dE S =9t o5 sHA
Frf webas MDE ol thigh AlAE] o, {4
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o] lt. Z& o1, AFEL tizolale} 28 7]
o AEAl Qe P54 Heju B ule) o o)
(fouling)ol] Thgt ¢l o] Arh= H o] St} (Lagana et
al., 2000; Alkhudhiri et al., 2012). MD¥= 43| & 100°C
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A o|t} (Gélvez et al., 2009).

MD FALS FZxo] ugl DCMD(Direct Contact
Membrane Distillation), VMD(Vacuum Membrane Distillation),
AGMD(Air Gap Membrane Distillation), SGMD(Sweep Gas
Membrane Distillation) 522 U&s 4 ¢t} DCMD+=
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%31 Qlth (Alklaibi and Lior, 2005).
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Fig. 2. Photograph(a) and structure(b) of pilot scale DCMD module.

Halul HEC 024 m x 024 m 27|9] Baju} 3542
e BEMS35) 3719} 22 A7]9] Bajut 2058
A BEMS-29) 1718 AAshech mEe] At
T+ Fig. 20 Ul HE2 of2dE ©]-§-5to]
AT FUAE SR Slete] AelE 479
7| 7] (packing)= A A5}t gl FRE= Eeute
2= PVDF(Polyvinyliden Fluoride) 2~A| 9] A4 Ea]
h(Millipore GVHP, USA)E Aetsto] AME-8}3IH. &2
upo] 28 AUS Table 1o] A4S

Table 1. Specification of Membrane used in DCMD module

MS-35 X 3, MS-17 X 1)

Components Specification
Material PVDF
Pore size (um) 0.22
Porosity 0.75
Thickness (um) 125
Effective area (m?*sheat) 0.0576
Thermal conductivity (W/m/K) 0.041
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011 CIAE EHR|O| A EILSACFV)L 020021 msE SA5HTh Ade
T 150A17F FF =3skelar, AF 5wl 30A]7atch
BT FESHAT Fig 3. BelHhe Gugpim 01 0% NaOCI 84S o) §otel CIR(Cleaning In
WAl o @ Halake gAE] 2otk A4S =

wound type)| RO £2]2H(GE Power, AK 4040C) 675 Fooe) WASE SESE A TS U 0TS
A2sich Belute] 0 AUE Table 20 Aspgie), OO el Hw wE AAEE 27 SA%
o T4 5 70% H,S0,.5 A& o2 Hriste] fd

9] pHE 7 oJst&2 FAISHTE (Kim, 2016).

MD 34 7to] BliE $13] 10 m/Y F22] RO A

Table 2. Specification of RO module (GE Power, 2017)

Lo ST Specification Table 3. Composition of feed solution used in MD
Module t Spiral wound membrane
e pe P Components Concentration (mg/L)
Avg. flow (m*day/module)” 9.8
A NaCl ) COD 1,723.3+107.1
. jecti %)" 99.0
vg. NaCl rejection (%) N 229.4+40.8
Membrane area (m?) 8.4 .
T N P NH,"-N 210.0+32.6.
i ti 689
Typl.ca:11 operatl'ng If)]ressui;a [z/ha) = TP 56.446.8
ypical operating flux (L/m“/hr) - PO,*-P 50.746.4
a) Testing conditions; 500 ppm NaCl solution at 115psi H 67503
(793 kpa) operating pressure, 25°C, pH7.5 and 15% P 7%0.

recovery

Elox@ o

23 Nz 24

894 @ Ae4e] HAL COD, TN, NH, TP,
PO 9] #H$ m%E A HA kit(Hach, USA; COD:
method 8000, TN: method 10071, NH;": method 8038,
TP: method 10127, PO,”": method 8114)5 ©]-&3}o] &
A5t al, BA7)7]2% UV/Vis spectrometer (Hach,

AlS] X7
22 Hg = DR5000, USA)S AM&3}T}.
2119 3¢ 3

24 BHd =4

Sikgd 9 AAES S48 g ARS s 10 w2l o] AN esks o Bag
Atk NEEw A7) 43l Gt hmUolE  ofilx] M-S RO B MD Bl thatel Zizt 24
AAT F 9F L=kx) Atgste] SR ASs STk o714 A ulgolet gATeY U AHE
A, Aeet A 27] Helfzo @p waerS A A3 MD 47 RO 84 £l thes] aE:
& 3 3ol AWE wel A& oz ustrk. oo Tt u] g oluldth RO TR A Wa
FYUSR AMET 1R B7] aololo] A4S Table 3 AW ZHEZo] el A L5l e1, RO RE]

SRS

o LHERHSITE 71 % 99l40] L 48840.1°C, A 24 PSS kefem)S DA 93t W=
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12591 59.2 KW, AZEA7FA
FA g3l 750 Ym'S A8-515t} (Korea Electric Power

Corporation; Seoulgas).
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3.8 1
3.1 Rafes

ATl mhE BRSS9 Fig 4.0 UE
Wtk MD 34 9] 749 AF 27]5E 1504]7te] 7
e q7bA] FahpEe
oril W 10.1 Lim/hrES §A3k= 2L Bk 5 g
Atk o]= MD 349 B9 ¢ 54 B 34
off vlsf uf @ He} FFo] #7]
et al, 2012). RO F%° A$ 27
Lm’he o] F9G48 vehfichrt 443
24X17F ©]% 1.5 Limhr o|8}& ZFAasigich o=

o]
&
Aol w2k fedeoll EAste Fi=d 5
]
A

g o]
o2 Qlef g FHO] oAI}A G S(cake layer) FA

e v 29] W] WAlsle] Rakgo] 7o
© 2 TET) (Sablani et al., 2001).

MD 243 RO BHO] =4 Ael4 A F
sol UrERIch MD 9] A9 AAT Falis
Ao n R wH Ael Aeo] HEHeR
Zbstsick. 1ol whsl RO 349 49 of
T4 FAT GLE skl A
o] F7kego] wlnlsheic.

sh, dadTod SUAT fUASE daoR
U0l DT BEol| T Fags Aok v
£354 0% 2Ug 753 6} ot (Kim, 2017,
ol Eahgd ALt A gt 2

ot Hm o\ dlo d&

ot o
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Fig. 4. Variation of permeate flux of pilot scale MD and RO.
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H

Fig. 5. Accumulated permeate volume of Pilot scale MD and
RO.

Jw= B{P)1-8.806x 10 °Cgs)— P} (1)

AN, Jy& Hel$o] Bag<: (Lm'/hr), B &
glate] T4 (kg/m’/hr/Pa), PPt 42 2o A

5w B 2% (o), Cost 795 2721

%713 (Pa) oIT.
£ MD 349 eHEAL A eF AT Frhas
[e]
9

1046 Lm¥hr = AtEl9ch A4 24e) 23}
B!

mdo] B Fue] MD FAHOIE A§ 7H5d

o 4 9lek
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3.2 COD, TN, TP M7

CODS| 79 MD F7gollA 1 AAEL 97.9%H
Fdf 99.0%7A] ATk FAIGlo] Hab 98.7%=

B2E Gt RO A0 A0 AH 27 91.6%HE A
&Aoo 7 7kAs] 100A]7F AT T 69.5%2] A|AE

< HEt i (Fig. 6a).

100

T ® ® ® ¢ ®© @6 & @ ¢ o o o
Q jeele)
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5 o
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0
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& 60 e MD
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50 ; ; ; ; ; : :
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(a) Removal rate of COD
100 -
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Q
¢ 20 e MD
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(c) Removal rate of TP
Fig. 6. Removal rate of COD, TN and TP with operating
time.

TNS| 7% MD FAolA I AAEE 92.0%FH
2 95.7%71A] Hat 93.7%°] AAeS HERHSIA
Ul RO FA9 S A 34.5%HE A 62.9%714]
Bt 44.6%°] AAES HEFH AT (Fig. 6b).

TP A A& 9 MD 4o = At
Agol 99.9% Sl AALE e 517
RO X9 A% AHz7) 3 7Re FHo| W3y
of wet A&mom Zastel 1047 A F
76.0%2] A A&S et (Fig 6¢). COD, TN,
TP A|A&2] 49 MD 57482 27 93% o9 =
2 AAEE e AA T RO 349 %9 TN A
A% Bt 44.6%2) A7 &S UER L, CODL}
TPO| H4t AAESE 22 84.2, 87.9%E UEUSl
t}. RO ¥7go] 23&45= COD, TN, TP A| A=
o] Zradl= AL solution-diffusion model 2 3f 4]
@ % otk Aol AWM wet Reluh w0
AN} FFo] FHEHIL, o2 Qs LHEE T=
7F 2 ARAFFTANA LHdEE =7 W2 A
epgoz BHo| kol 457} Wely] uE
of FolA Aelem dol7be L d=4d 9] ol
wol 2] Zlo]t} (Wijmans and Baker, 1995; Tang et al.,
2010; Baker, 2012).

it (2R

3.3 Zuid 2N

MD 243} RO F4ol tiste] 10 mYel §2¥o] 5]
SA A o U] sme 9 AHeu] S Table 40 U
Ehelth RO Bl AHSEE FlebEme) o A
ARG 211 kWol] oS %Az Heu|R gHatsi
4,559,288910]ch. MD 29| =
=o} o wak AH &3
Qybaulol] Yiat o A2
YA 3 Ao o

3 A
o, SlEg, 4,

o

H
e
=
Mg
ol
oX
1
re
N
P
1%
=
Hu
rict
222
ot
rg
&,

thsto] zhzt 3,727,3809, 68,205,652, 197,162,1969,
160,750,380 0]t} RO 543+ MD &7go] tiste] <
b o AR ARE-H]E= Fig. 7] YERH St RO 57
o H <GS TR R AR MD 57 9] Azt o]
A AgEg-e 747} 4,559,2889), 3,727,380 902,
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Table 4. Analysis of energy cost of RO and MD process

RO MD
. Pressurizing Circulating pump for module, heat exchanger, and Chemical
General equipment .
pump supplying pump
Heating equipment - Waste heat Heat pump Electric heat Gas boiler
Daily electricity consumption of
211 173
Pump (kW)
Daily energy consumption of 0 kw 2,984 kw 8,952 kW 574 m®
heating equipment (Electricity) (Electricity) (Electricity) (Gas)
62,963 kW +
Total annual energy consumption| 77,015 kW 62,963 kW 1,152,123 kW | 3,330,443 kW 900,364 m°
Annual energy cost (Won) 4,559,288 3,727,380 68,205,652 197,162,196 160,750,380
@S ALge MD 339 Aul7k RO B4 oful ¢ ok Eubgat COD, TN, TP that AIA&S obu

18% W&< o 4 9tk utebd WAL 43t MD
FHS AT 49 RO A oH] oF 18%92] Ay
2 AP 4 Yt

200 A
150 -
100 -

50 - ’—‘

Annual energy cost (1 0° Won)

6 4
4
2 4
@O ‘(\e’b \)((\Q 0,6\0‘ 6\\3‘
9\' d\‘Q ‘0‘\ S
Wt & o
e\@

Fig. 7. Annual energy cost of RO and MD process.
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10 m¥/Y FF22] RO A2 E #5353 100417t 5
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S
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Zrolth. RO 34l 2J%k COD, TN, TP A|A&2] 2%
100A17F &4 5 242 Bt 842, 44.6, 87.9%% Ue}
gich W MD 39 % CODLF TPE 99%]
7WHE- AAES BPow, TN F$oE 93.7%<]
AAES JeEFY Ut MD 341} RO 3429 AEH|
Hlws] B, S o83 MD 3739 %% RO
2 o] oF 18%2] Agu|2 Hza 4= itk o]=
7t @] 2kl Al

%

lo 4 =3t

43} COD, TN, TP A|71&, €Al SWo|4 RO
ol uls| MD g4 mEo| wrty wrkeict
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(ARQ201403220) 2 L7 e} 27 7H4|(NRF-2019R 1A
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