F185F1H2024E1H

;/T‘ fﬁ — gi é j& Vol. 18, No.1 Jan. 2024

CHINESE JOURNAL OF ENVIROMENTAL ENGINEERING

@ http://www.cjee.ac.cn @ E-mail: cjee@rcees.ac.cn G (010) 62941074

DOI 10.12030/j.cjee.202309055  HE42% X703 SCHkbREES A

-6 BRSNS 57K AL - U PR 5 22 Ak P
X Wi

> N g = T3 > w2 32 > X \
FAE L Il R BT AT SR, S
X 2 J, x4z #H1
LNSEE T K% RFESHIRE TR0, BN REfilSBE NE il AIEK @ SA R E R E, WG
010051; 2. v E Bl B A A TR BEAF 5 A0 K T5 Y4 Hil S 30 2, Jb AT 1000855 3. A7 [E Bl2# Be K2:, AT 100049;
4. N Tl K2 R TRESEE, MRS AR 010051; 5. NEE T HIA X FFERl %2, IEFIVE R 010011

W E HA, BRI H TS K BRI K Bk R B 2 KRR i S B R TOA RS e i, fRETekiE sk
IEFTAE. F, WOSER MRS MG IE #1217, RAXOCEANE b AtRe=t, a0 AR F 21 KB AE A
KRETREE AR WIS 208, A K PH RS X EE A 1 Ioah: o 7R BESERT B, Bt T K E AR S A5 K A -4 B
MG 2GRS, RAEYAPEE ARG SEIE SR E RBRISK R RTE YY) . 202 d E8HE1 730504
R . Wi RFERAET, WEIXEEXT TR HRE A BAIHN T, ARUbi S T AR, LHERRGHE
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il OEARERE MPPT i FAY 40A 12V24V36V48Y HidE fH 40A, HE), K& HEHL (NE-400R, 400 W
24V400W, hE). KU FEHEHIgE (NE-300400 24V400W, H1E), #7258 (J7 4 2500-E-24 24V2500W)
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YIRS NS SRR 1100 L, T A3
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B, KIS AKEFACHAEES, K SeiE A
T, SEYBAIEE, AYERBLE

3) B . LT 2022 4F 4 HIRIFIRIE
8ll, HELEETT 202 do R, —PAFRTD . B

W, R . — SO IR S IR A AR (0) APy BRI 1 7%

W h (0.0240.12), (2.68£1.15), (0.11£0.44) . E1 SChEESYIE

(2.93£1.36). (0.31=0.15) F (0.03+0.07) mg-L'", Fig. 1 Physical diagram of the experimental setup
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COD £ M NH, N LBEREEik3 80% LU B B8 WIEDEREmg L) B{HERER (mg L)

. HAT A RS M SRR 1 mm oA 1 CoD 108.00~453.00 211.61+47.00

CE A RIS BIARTE B | e R A S5 2 NH/N 40.18~104.80 57.81£12.17

A, BISRILS SRR 3 N 54.40~108.90 63.22+7.95
SEYR IR T NS T IR XA B A AR R 4 TP 3.10~7.30 4.9140.94

TR, T570KRH E[fiﬁ%;%z@?k (@%7'};( 5 ss 72.14-243.10 12731236.79
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SR BH BER S 2R R PR AEFR SN X (4845260l HSTL-FSDIY) Rl e, XGHER FH G
TEAX (45240 HSTL-FS01) Al Ffics%, KFHAEMMNISERT & HsRE . KIHAEMIXGE R . RIARS T
BLAB TGS, Y AR R AL RS 5 PLC (FX2N-40M, KEYEQIRHE A BARAE, ) Kt
105, BEFEHT FLERSERHE R,
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1.3 =45 SEERAFN X
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A ERAT M PR — A5 e ek HARE A0 I IRAERE, EEEREIR M Tr &l @i % AR lig TR 4
At RIS, BB A R A BLRER S, AT R T A AR . A A A= R AR +HE 1 TR
ARVRE, HECAERSOR I (1), X Q) Fir.

m To n 1+f to T 4 Ci
LCC:;Ck+ZZCh(I+r) +Z;(l+r),—s )

tor h=1 =1

r=CPIXi+CPI+i 2)
Arf: C WA BABAIR A ; C, AR (R EHNAS): C, MBI T A AKIE T
BUAS; 1, Aim /KA ST B S b SO BTREIR . 2% CPIREL o« TR, S ifsk(t; T ke
At ¢ Ris A TRAST A R AR b

2 ZR5

2.1 KWXXEERPARERIFEEMR 247

ARLIGACEPTE, NS BRI BRI TP (S 111,182 333°, ZfE 40.700 645°) ,
e AR IR AN R B AR 7=, RHRCR e R b o2 BIPREARFsEme . RBHRE A& L 3=
BB K B R RSB A2 XURB A PIATL i, sz KGH AUy sz KU, U & Fa Aok
FHAEA HLARNTE, AIEEen b itese b, R RGN ANFE RS MGE N, BRI Ah, B, W, =5
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AR B o A 2K FHRBAR ST IR BRI R A I IR, SMEN 50 Wom 2 7y, HARZm B i, &
BHINK A9 WAt mERH, & &, Bk A2 R K BH AE R FEEE AR A L4 31k (92.63+
37.22). (125.20+25.31)., (86.07+32.08) Fll (47.89+32.31) W-m 2, @i F¥XGEINH, &, E. . X 441F
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Fig. 2" Climate characteristics and natural energy endowment of the experimental area in 2020—2021
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Fig. 3 Analysis of energy supply efficiency of wind-solar hybrid power generation system
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HIE 3T LA, s, H3 kB2 h (2.78+0.39) kW-h, H ¥ H s & 28405 [ h
(2.52+0.27) kW-h, BEURFIFA (I E/ & H &) BEREY 91.49%+10.03% ., KIHAEK & ARGy
(2.57+0.34) kW-h, K& HERZEIER (0.2120.14) kW-h, KFHAE. KUAE & R i A L 345 51
H 92.32%+4.56% . 7.68%+4.56%, KHILATLIE ARG FLELKAREAHR A, KBLULHE AN, AR
T R Rk E

Kl 4 RRSEEAN ARG TR L RIIR . KWL DR A2, DLRGHET 202 d Wi
. HE 4 50, ROEE RN B R HOCRTIPRBER R AL 2R S 80 ST s AR Ak, SR XL
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i, HERRAREME GRS . XE 4 PR I TR B e, B BRE A AE B RS E AN R LR
Gt ARG T PR g . ] DS RS BRI L R G rE— R EIR & R G i (.
2 620 W-h; KWBLAHL RS I3l 166 W-h, Bk 23 /12 2 786 W-h, Hidk
FHBE . JXURE 5 s & HL R () MR L LA 9K 94.04% . 5.96%, FIIK| 3 A Hraib iR s 4. i, XOGH AN
HARECORIE T % F RGO o
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Fig. 4° Power output characteristics of wind-solar hybrid power generation system
23 SRAIERRR O
XHEAKAE BRI N 45 BEA T 1202 d BRI, IR H G5 ER T RSN COD, NH,-N, TN, TP, SS [}
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Table 2 Mean water concentration of each reaction unit of the system

TiH 28 COD/(mg-L™") NH,“N/mgL") TN/(mgL"') TP/(mgL"') SS/(mgL™)
K 211 57.81 632 49 127.31
Al 176 46.32 52.6 4.4 71.30
01 130 33.85 39.7 3.8 4631
A2 98 26.05 32.8 3.5 24.79
02 49 11.87 20.2 2.9 16.29
— G Uk 40 10.05 17.8 1.6 9.14

TR uE (k) 28 7.04 15.3 1.0 6.83
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Fig. 5 The removal effect of the system on COD(a), NH,"-N(b), TN(c), TP(d) and SS(e)

2 ME s Fos, RGAFCOD. NH,-N. TN, TP. SS LR34 86.73%+2.89% , 87.82%:+
6.59%. 75.63%+11.79% 78.65%+6:39% . 94.59%+0.89%, H:h COD. NH,-N. TN, TP. SS /K
YIEA N (211.61+47.00), (57.81£12.17). (63.22+7.95). (4.91£0.94), (127.31+36.79) mg-L'; Hi/KHkE
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éﬁﬁﬁ%ﬁﬂ’]ﬁﬂlﬁﬁiﬁﬁ ESIP0, AR, RS COD FEARA B N 2o, DRARH Hb DR A S T
FEEAMNHAEN IR AR, G YRR COD B RBETA™ A A (LA 1 55 S A B U A G 3l &
I%ntm] !z%%n/mﬂPE’JMEfF%W“LHE’JmI“ S R A A S S Ol S B U 1 o N = R A 55 v ) G Rl N 2 SV
Y1, IR NH, -N #5462 NO,-NP, AWkl & A B R 5%t COD, NH,'-N 1 TN 19 AFR
BRI B 121 T DI I B E pa s, X5 RGER B E G, R P e S AT
XK, SRLEYREAYEREI S, BB R BRSSP E IR I GRAIE T AEAREK I s MR E st . A
TRGN AR R LSRRI . SRA LR, DA RGN A S SN 7
M S A AR, REEXT TP B LBRECEA A MR AREE, YBLBAIN T S BRBE R ] DLSC 5 K
o TP iR, (HZEXT TP (Y LBRIEINE IR, Zpr AT EE, 3O= i FADERBER I RaE,
(R PRGBS R 15 /K B R SR B 8 B — M RN 5 S FE B R ARG e, X TP i proRak
BN E T m I TR e, MR RIS T A Rt TP Y RBREA —EMsgm . R
T2, RGEHEYEBSTT COD, NH,-N, TN, TP il SS AERTTHkR (MR AL E) 20N
88.52%. 90.48% . 89.77%. 51.28%. 92.15%; WHEXFTF COD, NH,-N, TN, TP il SS fJLBxrviHk%
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(EBRE/ BIR ) 058 11.48% ., 9.52% . 10.23% . 48.72% . 7.85%. MR, BisWit) LT 5
WEEAE Y BETE R T 250k, BB B0 TP AYslBh 25bk. 27 b, R&EHK/KEF COD, NH,' -
N. TN, TP fl SS ¥yn]ii & N5 AIA XA A 36 15 K Ab BRIt 15 Y W HEcRE (1017) ) (DBHJ/001-
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AP EE M . (€] 6(a) FAE TGRS AR . RN, iR in, KBaES5HE
L REATTREE . K. REE. W, BRWE . SRR SREEFMCRENHR 059, 0.68,
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B, Bk R R E ARG (P<0.05) o ARRGETIRITIRIIEE RSB KBIER 10% A4, KFamEEk
TR, KIS RO R RCE MOUR R AR E RN R —, HEECRIEN RS
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RS, BRI FIRA RN SR Mt SRR AT, 7ERE RS, =284, SRS, M
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Fig. 6 Heat map of the correlation between system power generation and electricity consumption and environmental factors
and the removal rate of each contaminant

[ 6(b) Ak T ARGk . HER SRV LR Z B . RN, KBRESHER.
COD, NH,-N| TN. TP. SS ZprRFEMotERss, HEEL I UAH COD, NH,-N, TN Z[H#2Fk
MR . TR, YT5KAIE RS A VLY ZBRESCREFRT, NH,-N Hl TN B EBRECR S AN
I BORFA IR R S — e MRS, TE KA RGP —2e T2 (AR vT LA
P AN RSP NH, N, Filb—2 Bk,

ZELANR, KGR ER MRS RIE SR, K EIE—m R0 TG A PO, (HEE
TP NTE N
2.5 SHaEABRAST

AW R LCC 43Tt K A B £ e BT B it Re (B | RS EANE F it fERE (RR-1T) 2 e
AGHR . %%, BT, BEATEHARERA ., IR R AR T & LAY AR A R A



514 BHELAE . NOCHEANKSIARA 15K Y- PR & 2 RA PR G K 167

JIRETT R 25 4F I A A i R AR A <3 2 ME 4w AR ARESE
AR BB T S R B AR liAR Table 3 Life cycle costing table of the two modes
—Filéﬁu H:Il T 2 ﬁ*ﬁﬁ Eg@&%n?&%?ﬁﬁo ?% }fzﬁﬁjl\ﬁﬁ *Zﬁﬂﬁ E ;Fjﬁ:jcl /f[} *}ﬁ:jﬁ:z /ﬁ
22y 0 t > 7t
PRI S BUETEGE=IRIERD 4% P57, BURIATEAE g WA 7350 14800
F3H1, 2016—2021 4F3HIE] CPI WPFSAME R 2%, BF A g
. RIS RAIBATHTIE 16 473 0
FOFIAR =4.75% (2021 4F) , W —=6.845%,
HRE AR T, s 3 BATHBE B AT BRA 3:808 7117
HESER PR T g Bl o i ok i 877
B, ARG 25 AENEBRA TS LA AN A AR 27185 21040

21 040 7T, 1 & AT FLAERE IS 1 TR T A AR
ARHHEYERAS S 27 185 T, WG HAME I ALRER X R G S T DA AR T8 A i i R
KT 22.60%, HIAHL RN RARBET TIES, IXRGRERAR R . 2l Ay
3 Z5ip

1) RARCEANS B LEEIR ST KA I, 202 d ALt TSR ss R BN, RS% COD, NH,'-
N. TN. TP 1 SS i F 0 h 86.73%+2.89% . 87.82%+6.59% ., 75.63%+11.79% . 78.65%+6.39% .
94.59%+0.89%, KK (NS FIR AR A IS5 KA Bt 15 S HEbRfE (047) ) (DBHJ/001-
2020) —HbRfE,

2) TN RO EE AN B R GRS, TERAXBEXT TR PHBE & B RN A Rt i T ki R AR
M, LEER ARG R e, HLREBIRRI PR A 90% Lk

3) Mt f /R (Spearman) FHOCHAEFF AT AR B, R AM R ELMRGE N KHAICE, REk Bt
— N RGN T AT YIRS A 2%

4) K SEH AN B i A RERT 2R G SR BAS AR T M7 e L RER AR T 22.60%, TEFREE A b
PERTAT PR A R B R

& % X
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Abstract At present, the biggest challenge in'the application of clean energy in the field of sewage treatment is
that it is susceptible to weather conditions, resulting in unstable output of electric energy and continuous normal
operation of the load. Therefore, in order to ensure the stable output of electric energy and the normal operation
of facilities, the wind-solar hybrid battery energy supply mode was adopted, and the seasonal complementarity
of solar and wind energy was determined by monitoring and analyzing the changes of solar and wind energy
intensity in different seasons. On this basis, an integrated system of wind-solar complementary driving bio-
physical coupling multi-stage treatment facilities for rural sewage was designed, and the coupling of biological
and physical technology was used to achieve efficient and stable removal of pollutants in sewage. The results of
202 days of continuous operation showed that through the efficiency analysis of the system, it was proved that
wind energy can supplement solar power generation, effectively improve the stability of the power supply
system, realize the stable power output of the power generation system, and the energy utilization rate can reach
more than 90%. The removal rates of COD, NH, *-N, TN, TP and SS in sewage were 86.73%+2.89%,
87.82%+6.59%,.75.63%+11.79%, 78.65%=+6.39%, 94.59%=+0.89%, respectively. The effluent met the first-level
standard of the Inner Mongolia Autonomous Region Pollutant Discharge Standard for Rural Domestic Sewage
Treatment Facilities (Trial) (DBHJ/001-2020). The results proved that it was feasible to use wind-solar energy
complementarity to drive biophysical coupling to treat rural domestic sewage.

Keywords wind-solar hybrid power generation; bio-physical coupling; rural sewage treatment; performance
analysis
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