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M3 T WK IE AT AR, KEDA 252 B 70 R B 24 4
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BT, AHE AR T AU AR S8 TR = R
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PR AT TV, A A T, R K BH AEAR
B L REIE N A LA D B I R B IR A, B AR
ZET . RO B BH BE Sl Bl FA R 0 WRB RCR
FERCR, MK P fE 4 Bhoin Sz i i L2 A E VA W SEBR
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Ammonia stripping tower
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Solar air heater

—
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Solar biogas slurry heater

AR
Biogas slurry

a. KB RERE G 2 2

a. Solar coupled ammonia stripping device

A1
Fig.1

R FE
1) RFCAA CaO ININTEAS « W FEXT TR 2L R
HH 500 mL VA Thedtd, CE T 0L EIR eSS
F, EEREIERS CaO (CaO ¥R 10% A KA AR
[FREE (3. 4. 5. 6 g/L) HHATHRHRAE. FRI 10 g CaO
WRINZE 100 mL 25 & 1 /K R n o i pE R A5 B, RIA
10% A K F o

ANFEEA CaO WMBNVAWE, LA 400 r/min 3 Z7E
B IR R A LA BV 1 h, B S min &I 0 S
WpH fH. #HF LS, #E 40 min J5H 10 mL _EiEH#

1.3

PN

Solar air heater

1 AR R E

I FER

W EE R A OOV X R A A PR A
AR LR AL, s pH A N (8.3£0.3), ME N
(278.9+21.12) JTU, 2 & MKE N (1 201+36.20) mg/L,
N (25.94+1.32) mg/L, % % & (chemical oxygen
demand, COD) 4 (1 015.1+21.8) mg/L.

1.2 REg&

I8 FTH 32 B R 2 Sk T E R SRR A (HI-
6B, SIXXPUIRFEACES) D B TR RN (LZB-
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(DZKW-S-8, dbimimi M BEIT A AR & 7))« ik
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BFEHL (Mod-210, J7 Al 1l & BORACER D - BRI K
% (1.5ZDK20, | HRiEGRWVEBARATD . HBIE
KFE (1.5 WZB-20, HriLIRZA RN BB ERAT) .

B LR % LAAL, OKBHRERE & 2R 28 & B AT IR
AT (B D, EEH=8048%, S KHaEs
S BIERIE LR AR E . J7 TG P e
M BUEE#AR, K TEIR N 120 em*100 cmx20 cm, i #4
AR A 1.2 m?, SR B ARFT 150 cmx100 cmx 150 cm,
W E AR EE S SOk E, PIEEA S BiH
BECE D, RIRBRAEEEE N S0L, Z WK =S
MR AW 7 e R K BH B MR A M 240 55 T M 4

1.1

X
ps )

B LB KB BE S R VB IREE B N 30°, FFA R
W (29°58'~31°22") P61,
K BHRETR RN #A3s

) Solar biogas slurry heater
EREaViiFA T

— ERBE
Ammonia stripping tower

AR— 1
Air pump VAT i 17 e
Biogas slurry storage tanks
b. S

b. Actual equipment

AIAGEAB S RARMEETEAEHE
Solar coupled ammonia stripping device schematic diagram and actual equipment

FFIEE7 OD750. Wi, TP. COD.

2) CaO LB fEEmEW i L2k

T 400 mL VAW T T, CaO L 10% £ K F,
TEABMER B, FIFH 10% 4K FUE BB pH E 7
A Z 9.6. 10.8. 12.0 (CaO HESMIA 3. 4.5, 5g/L),
PiHE 25 min JEERE, W EIEW, EAF pHIE (9.6.
10.8. 12). AREEE (25, 35. 45 °C) LARAFESW
tb (1800, 2400, 30000 FREATHERSWAL 8 h, BSH
0.5 mol/L FRMBHER IS . I3 MR L 5 R = R, 45
YRR BIRE TR A L%,
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a. Variation of biogas slurry pH value
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FEAE ) OH B el BR AR B8 1 Hr Al A2 B CaCoO, YiiE, B
ECaOWFE N, — B CO,”5 HCO, I 58 ¥,
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Fig.2 Variation of pH value under different CaO addition forms and concentrations and biogas slurry ammonia nitrogen loss

ANFETEASE NN CaO XA pH E HIV 7 IR AFAE B
Z5. EMFEKRET, CaO UMAK. 10% £ KA HFIAR
F) T A5 I NG VAR pH B B 15 B8 71 KRB E], (H 10%
FIRATEAH CaO XA pH AT R E R, 7F 3~
6 g/L [ 4 PR INRIE R, LL10% 1 KA S I A
W pH EIAE 25 min 2 47K B i KRB & T Roe, L
M ARIEATIN CaO VR pH {HIA R IEH T 35~55 min.
X RN A IR FLARRR AR, BENTB R I g 5 9
W SRA FF R IR AR B 7, V8 pH APE EF, i
CaO #y A B A8y K HAEE K, EHET CaO IR
FEANA 0.17 g/L, HHBFIMER B A, BIELE B EER
ATV A DT, JREE T S TR AR B I s N
X, S8 pH HE EFEE.

CaO ¥ IN 5 pH A I b T+ 18 2 B 2 o 72 Y 300 11 16

B, 50 FF B B) 00 46 0 R A 0 BB R, TR W
pH BT R, MR E FRACNE R, ERR R
HONTE R IR O R R, HRRE T L 10% A K
TE 25 V15 )5 T8 W 2 B0 R B0k K k> 77~ 154 mg/L
(F 2b) o fER WM T2, W pH E#H 2 9.5~
12 BIVA 3R 455 v B R e 2R ), 2 CaO WR NI EE N 5
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BRI BRBE CaO WS IR R3S AN T
1 CaO IR 6 /L B, DL 10% A K FLIEAS RN
R OD750 F& & 0.112, LERCREIL 69.1%, 1 ALK
K RSN T8 T 52k OD750  0.135, LR N
62.7%, Lt 10% A KL IIEHAK 6.4%. CaO LI RIEZS.
WIE R 3 /L i, OD750 K B I B %, X
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.
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o
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a sr % : 45 IRV et s .
L s s R
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FRAEERRIIN T AR, 4L 3 /L IKERM CaO
B, DA AR AS [R5 R D0 R VA VA B2 35 4t BRI A
ML RE NN 64.7%. 70.9%, TRIKE AN 6 g/L ik
Bl K EBRE, N 90.4% Al 91.6%. FERRAZ 251
T A4 R R IS e B E BRI B AR, 1
F 455 Ca(OH), i 5 pH 8 1 &I, 17 % 15 I 1
BT W R AR ER A % T B, M 8 050 PtCo
F%2 1440 PtCo. CaO [ERHIXS TP B2 BRI NI &,
Ca’ BN R SR+ PO R A TR L BB IR #h, 1% 3
TP £ H 1™, Ll 3~6 g/L ¥ CaO HIE W TP 212
R =80%. MINIIRIEN 6 g/L B LR LT,
7 TP 1 COD 435l A 25.94 Fi1 1 015.1 g/L FE{KZ 1.1 F
43242 g/L, LEBRZFIEF] 95.8%. 57.4%.
350 22 538 ¥ Raw biogas slurry
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[0 #1 K . Calcium hydroxide
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1015.1 ZJ & F.Calcium hydroxide
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e
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144346
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Biogas slurry COD/(mg

200 +
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4
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Addition concentration/(g-L™)
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d. Chemical oxygen demand (COD)

B3 CaO KHEBRMT
Fig.3 Properties of biogas slurry after CaO flocculation
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Fig4 Ammonia nitrogen removal rate under different ammonia stripping conditions

B AR LR R WA R E L. BN
TR A 2 VAR R B 7 10 B & A, Rl
FEAR T B LKA MR, AR R AR 2 7
AN S BB R VR R R, RIFE AL
BRFIPET: . TR KT RE A 30 T4 50 'C, &R
E R RAUM 81.84% T+ 89.53%, 10 — BRI THE MR
FE AR R IR AR 5 R AR 1 #E HPY. ERRICO %50
RGP RIL, MpHE NS, BEEH 25 CHEE
90 'C, HHALLLEFM AN 5% F+ 2 45%, 1k
pHEFZ 9.7, £ 90 C B H HZ B 5 &8 95%, &
HF L S U 2 B R R T2 pH A B2 . TEA RS
WAL, 2 pH E N 9.6 I, HiEEEM 25 &7+
#35°C, 3FARMBE T REE L BRI T 22.2%.
19.3%- 24.3%, RIMKEEE, FHREFEEA 10°C, £
BRI AT, SRR T 2.5%, 1fH pH H
BAZE 108, LBEFENEE LT kT K, REER
R VHW pH BB LT, IR T = 4 B A S Tt
AR LEBRE.

AL R 3G o6 SR RCR AR TR B S . iR
Y5 pH H#BRAEES (pHAE N 9.6, HE N 25 °C)H, Bl
B STREEM 1 800 $2TF4 3000, REEHRIUM 52.7%
T 59.2%. T ER BV pH {E BGR BEN, 40 pH
N 12.0, WBIRFESN 25 °C I, FS LA 1800 $2 7+

%3000, ZEERBCEANM 79% $ETH 2 84.4%; [FIFETE
WR i i B2l 45 °C, pHAE N 9.6 B, Z A 2 BB AU
65.5% T E 75.4%, FHIRAR<10%. X&KL
RE M 5 R ) A% i 2R B0 THD SR 3R TR R, 7R AR
pH ESEET, HRAIEAFE K E AR BT R b
BN E R, TR RE B W 2 1 B R A R 1,
I B 38 KR B TGV R iR R B kR . SR G 2 VR
pH EH 5B E ML FEZm, KA KRR pH {H A5 AR
WRE RO, ORISR FA R R A M R -

gr b, ke 5 g/LIREEVR N CaO N s FE ik £,
VAR pH AEAME T 12.0, VEWME. COD. TP ER&E 5
A 88.1%. 50.1%- 93.8%.
2.2.2 REVRBLEMF G BT

DLRE/NEF AR 10 ¢ B8 38R0, AR L BRRA R
80% MhrHE, XHEIKIE T 2T L5 . 4B 4 3
W, WIERREBREN 80% L EMEAT 4 (R 1D,

RPERE, A%TE 90% /A1 CaO TH3Z N 350 Jut,
T5KIETNE N 1.1 kW, B8RO A AR 0.6 J70/kWhe
BRI N 25 °C, VB INFAFRIE R | 2595,
MIZERIHE N 2.7 Gl AN 180 Ji/te 1t RWRTHR
10 C PR fyivE R 4.2x10 kI, NAN#ERA K 2.8 T0/t.

KM EFEH CaO T IR KR KX
HUAEH 2R MR (B 5D,
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F1 SRERER 80% LU EHIMRER KM
Stripping conditions with ammonia removal rate of
more than 80%

Table 1

Wit 24 Stripping parameter

H 5 SEl
ST i W
ps o P . me
pH value Temperature/'C Gas-liquid ratio
1 12.0 35 1 800 8
2 12.0 45 1800 4
3 12.0 25 2400 8
4 12.0 35 2 400 6.5
5 10.8 45 2400 5.5
6 12.0 45 2 400 3
7 12.0 25 3000 7
8 12.0 35 3000 6
9 10.8 45 3000 3
10 12.0 45 3000 3
et OIS QR P B 43
Fan charge Heating charge
10 EECa0% A KIE L
CaO charge Water pump charge
7.85 7.75 1.85 7.66 183
= = = i I
E : "
(5}
=8
=5
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=
&

5 6
2H 51
Groups
B S AR AT a5k £BRARME A
Fig.5 Stripping costs of pig manure biogas slurry under
diverse conditions
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UEVAT 85% R 2% bR 15 H i A B A 6.74 I /m’
W) 4. i AR R AT CaO # 4% NaOH i 15 ¥/ iR
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I i 77 AT 52.1%~68.7% HIW it AR .
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2 pH ERTET 108 B, ERFRTET 90% 18k
MRS T O E R, TE_ LGS T T i
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A 3R 93.9% AR L%, AR LRFRRI L HE
b — B3R T, B G R A R R K

bt m (AT R AR 50%) (K5, KHibkFH
PRF — PR A IR T7 G R A o vtk — i s A
LR HAT, DAV BOaR mIRKHER A
T 3ok K O 6 S B A AR R, S R AR B Ak R A ) B
fik. MELGACO £ J) FH 2 B fit vt 482 o 7 3 72 A= RV v
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VIR AR DR HLIX, A 4E48 5 N 4 200~5 000 MJ/m?,
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(AR B A IRA ZER K. FEF b, ARG R BT %
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7E 1.2 m° KBHRESEAEIAEIER T, BZEa 50L
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Fig.6 Variation of biogas slurry and air temperature in diverse
seasons and weather
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Fig.7 Variation of ammonia nitrogen concentration in biogas slurry under diverse weather and seasons after CaO flocculation
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Ammonia stripping process via solar assisted heating for swine manure
biogas slurry based on CaO regulation

ZHANG Haorui!, ZHANG Tangjuan?, YIN Peng!, WANG Yuanyuan!, YAO Yiging®, MENG Liang', AI Ping'*

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Wuhan Academy of Agricultural Sciences, Wuhan
430300, China; 3. College of Mechanical and Electronic Engineering, Northwest A & F University, Yangling 712100, China)

Abstract: Biogas slurry treatment has transformed from '"pollutant removal' to 'nutrient recovery' in the context of 'sustainable
development' and 'circular economy'. The ammonia stripping process can be expected to efficiently remove the ammonia
nitrogen for the nitrogen transformation and the nutrient recovery from the biogas slurry. The cost of alkali addition (especially
sodium hydroxide (NaOH) and heating) can account for more than 70% of the total cost in the stripping process, leading to
higher operation costs. Therefore, this study aims to reduce the energy consumption in the ammonia stripping of swine manure
biogas slurry. The calcium oxide (CaO) was used instead of NaOH to adjust the pH value of biogas slurry, due to its lower
price. Solar heating was used to treat the biogas slurry, instead of the traditional heating coupled ammonia stripping. The results
showed that the CaO adjusted the pH value of biogas slurry, indicating a certain flocculation effect. A better performance was
then obtained in the form of calcium hydroxide. Once the added concentration was 5 g/L, the pH value of the biogas slurry
exceeded 12.0, where the removal rates of turbidity, COD, and TP reached 88.0%, 50.1%, and 93.8%, respectively. The
influencing factors were ranked in the descending order of pH, temperature, and gas-liquid ratio on the efficiency of ammonia
stripping. In the swine biogas slurry with the low buffering capacity, the pH of the swine biogas slurry should be controlled
above 10.8 for the stripping, in order to ensure=70% ammonia nitrogen removal rate. Meanwhile, there was an increase in the
temperature for the higher efficiency of ammonia stripping at the higher pH of the biogas slurry. Only when the pH and
temperature of the biogas slurry were adjusted to the optimal ranges, the increasing gas-liquid ratio significantly promoted the
ammonia stripping efficiency. The lowest running cost was achieved in the ammonia stripping process under the condition of a
high pH value of 12.0 without heating (25 “C) was about 2.46 Yuan/m’. Compared with the temperature-driven ammonia
removal rate, the cost was reduced by 52.1%-68.7% among various stripping parameters (ammonia nitrogen removal
rate>80%). However, the heating further improved the ammonia nitrogen removal rate. The coupling of solar energy and
ammonia stripping significantly increased the ammonia nitrogen removal rate. The biogas slurry was adjusted by CaO in the
form of 10% calcium hydroxide with an additive concentration of 5 g/L. After that, the biogas slurry and air temperature
increased to 40.7-48.2 C and 43.6-61.5 “C using solar collectors, respectively. The ammonia nitrogen removal rate of=97.5%
was obtained by the self-developed solar-assisted heating ammonia stripping device in summer. Even in winter, the average air
and biogas slurry temperatures after heating reached 37.6 and 31.4 C, respectively. The removal rate of ammonia nitrogen
reached more than 86%. This finding can provide a promising coupled solar application for the removal of low-cost ammonia
nitrogen.

Keywords: solar energy; biogas slurry; CaO; flocculate; ammonia stripping
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