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JEF AR BB REAL L F B B BE 52 I S DR 5 JR B

7}%%% 1,2,8’ 5‘(01{%1,2

1P E R B A BRI S0, dEa 100089; 2. E B FERE KR IE S HEE%BE, L 100049

B OB NI AR EEHL (food waste disposer, FWD) i FIJ5 (9 1 76 SR BEFE MR, 43 1) DA A 355 57 38 il 1 3
i, FIRAL PR GERE R AR, BRISHRRAR . BRAK LA K R R A0 A D T 2R T A B A X A B G TR AT
PR . SRR, FWD B9 T AT SE BB Ay B A IRk o0, ELHR D 1 T AR I R IR GE RO, HAR S
VBB IR HL AT AF TE AN A2 Tk 5 FWD 78 B AR e A ORI R A A% 07 D T AT AE e 4, (EL 2 38 o 8 R A 800 . ROk
W5 F A OR AR T A A A v B R A A, R T IR AR A A S URT FWD A X% B B 5 Wi B XS LU ST, A
FWD & J A B 5 BR B R R B AR L OE &, LRGRSE FWD R BB A

KA BRSO EEIL; AL TR AN s RE A TR T

Wi A 22 T 110 DR A e LA B Sl T A AR T R, 4 i P DT IR I A B R e b o R
WENAE  JEGit, BRI AT R AT Ik 50.0% DA P, HAR AR 2y FEE R TER
YEFE . BRAT. RAICHLERY, BRI 3 KA — R AR, N A 80%Y, FE
PEIFROR R, AGE R TAE R, WAR TRz ; Mg ME kY & a7, A6
R, S ZiLE A A ROR , AL W B SR A PR BRI, kS
ik 2 50.0%, BrA L 20.080, Sy BT IRAG A AR A T R 4F i B L

HA, e 5T 4y b 3 ¢ 5 A R T B 3 A2 32 R IR I AL AL 3 (74.3%), /b £ R ] 4 AR JIE
(13.5%) . kb (12.2%) SFEY, SR, AR BIRSEIRALRAR TG 2 KIFBE . B9, a2l
PRIXGE ,  JoF A 45 35 v AR Al 38 5 4 DA AR 396 i 30 v 23 15 10 ke sl 207200 H T, A i s Il Tl 23 2R Wi 1Y
SR, B R A A B PR IR A 10.09%~25.0% 2R T, INRHE . 4RAR . SRR X (S
WAL T e o3 ad 2 o HRk, BEIRARAL BREORAA /e Bt o PRI AL H R I 28 T A w8 B2 e i
DRELZ24 G S SR T o 3t AR R L2 R ™ HE 1) T e B0 DR B R AN il ELAE A TR
fa ER R R g, B4 #EHL (food waste disposer, FWD) FF 4R 5| A T [F J5F 4% b 5 45 #1
Sk

FWD £ — B 85t b5 v e, E 2 TR b Ak A B, B 44t 7 — b b BT 4% 3 3 1)
SF . FWD (9 F2 4402 B AN 55 50 A o 0 BF s s RITRIF s 8 4, AR RRGE v, R 28 T I B K
6 T IF AR E . 75 TARRE, 38 2 BS503R Fo MLl s BB s vh i 5 B, T 4 b A
TEBL VR T BoARTE T, AT LATE A JR Hsf ) P A S o 8 ol A /N TR , e 2 Bt /K e T A 75 7K Ak
s BHEE: 2022-03-03; FAHHR: 2022-05-11
EEWB: FEEALAEITFEBIIE (2018YFC1903601 )

E—1EE: MEH (1965—), F, M+, BFEG, yangix@rcees.ac.cn; R fi51EH
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PR S, FWD BEfEALBE 2 Fh AR 0 B A b 3, MABR Z2 IR 2] A fa g o], &R n] LAl FWD B i Al
KR EHHE . 1927 4F, FWD 76 € E g e il DR 7 AR BE i e v iy 3045 iz M A, H
A, 738 E 1Y K 2R 50.0%07 . g R L KR AT P 2= 03 A 3 A B2 10.0% . 12.0%
F130.0%*, fEH A, FWD C AR 5 4x 47 3 M AE T 45 3% 23 0 R i AT R T BB SR, O
E AN E 8 E SRS FWD, H 2R R &, FWD B 3N 75 K Ab 31 ) 37K ()75 4L
Yo i, it T KRBT A A B AE R SEAE SR, 3R EBURN L A OCTE FWD RN, (H S
BB T 1), ACEEAN L X (b 5t Tiy) s e e . B L PF s & i, FWD 2 PR FEM: g 2
JE BT . BRI, OCF FWD N BT = AR PR 2, H A A 8 B,

A SCKEAHE SCHR 38T, DN FWD 22388 54l R i 9 B e AR5 R, BB i A8 Ak, DA R E Z A EEAL
N7 1) A8 AL S DT T HEAT R, AR FWD B 5 mT RE A Ol TS ZE IR B , DU S bk i
AP A RIS
1 FWD RABREFNIRRELHR

SIAFWD LUJE, ZRBEJGF 4% by 35 I T A 6 s Sl A B R e B RS KA B R 48, AR 306 by 3 il o
ORI % . GALIL P70, 24 FWD 5 KRk 60.0% B, AR 4 3% 1) T AR B T3 15 43 501 sl
B 7.0%~18.7% F1 3.3%~11.0%. J5F 4% 37 3 1) e RS ANl o 26 6 B 30 1 28 4k, 3 25 52 i AR 3 457 3 1)
BT SRR o B A A — SR, RORBRAR T AR TG S 3 3 K %, 4 FWD ¥ 1% 60.0%
B, 2B B 3R B K 3R A R T IR 13.39%17,

X F AR B IS e d, FWD 9 R B 2080 T IGE AR ORT 2 B, DT D T R T
TR B GE AR . 72 MARASHLIAN 265 (58 v, 51 A FWD 72 A 11§ 28 B 2l s n] 38 T BB 1 P
BN A 7.29%~44.0%(FWD 3 K 3N 25.09%~75.0%), F82h T4 7 B0s 3 A

XFF A0 B B A R T AR R B RO B AR AL, A A R R R (4 FWD i KR 35 #
90.0%~97.0% B, FAE AT BN 1 A5CN, SORNUHFHEE I, B TR A R RcE, i H
W T B e R T 3% R K A T B U BE R

5] FWD, Jof 4 57 3% M B R 28 W i 5 3% S0 IR K, SE0 T A i S 3 MRSk 4 85 . AT
Wemgpi, X TEEMS, & T DARG, 2K E S 8E, Tl IHIms, A~
ACRRAR T B iz A, i LB & T B 3 s IR AL A 50
2 FWD NHAEMEEERTL

FWD BN &I FERE R, [FIAT &= — Rkt . BB THAE EZ L AE V5 Kb BEFR B, RE =
P R [ V5 K A B R VR AT R R, BRI AR AR T FWD W R V5 K AbE i A
P T AR A
2.1 FWD BN A5k BRI FRF M

FWD [ 5 FH 2 B B 38 i KA 31T K G WL il i fer o X RN, KR4k 2a
SEFEEWAIR, 1.0 gL (FE) a4 1.2 g ALY (LL COD £m)P, [Fi, FWD R A
Jei . FHIK G BB B AN S BT, FWD K [A]35 KR R 5 7K A 3T 5 K i oA AL T 22 308G fin e 44 (3% 1),
24 FWD % & %Rl 100.0% B, 757K COD H#4 /il T 4.09%~59.2%, BOD ¥4/l T 28.09%~59.5%., I 4h,
SVA(TN) B4 7T 3K 6.5%~11.4%, S (TP) ¥4 2 7l 1K 11.5%~18.4%**", Mt nl &3, FWD iy
7 FH R 85 T 15 K A Rl R L RN B Bl LY, AT DU AL AR TS K AR BT BRI IR R Z B IR, AR T IR R
TH A f B 2

FWD 1 FH 23 B8 AR IR 7= H o 15 7K rho 35 10 AR ) A B, R oA R i U3l i — 2k
PEEBRW, By Ve iE i) E A Y DR AT A it 5 AR RIS e AR 38 HEAT AN B, R R BT
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#z1 FWD BN AXiS/KAIE 37k TSS. COD K BOD I &2 0H

Table 1 The influence variation of TSS, COD and BOD of sewage treatment plants due to FWD installation
FWD K5 TSSH i COD#¥ il BODH e Z75 30k
10.0% 2.0% — 2.9%
24.0% 6.0% — 8.8% IACOVIDOUZ:P
96.0% 27.8% — 40.2%
25.0% 1.9% — 17.0%
MARASHLIANZR
75.0% 7.1% — 62.0%
100.0% 71.9% 59.2% — IQBALZ:E
1.0% 0.5% 0.5% 0.6%
5.0% 2.3% 2.5% 3.1%
R
10.0% 4.5% 5.0% 6.1%
100.0% 43.7% 48.3% 59.5%
67.0% 30.0% 44.0% — BATTISTONIZ*
63.0% — 50.0% — THOMSENZE!
100.0% 18.09%~39.0% 24.0%~48.0% 28.0%~59.0% THOMASZEH
10.0% 8.7% 5.5% —
ZANZGH
80.0% 44.0%~69.0% 28.0%~44.0% _

AR (3R 2 frR). RS, 150 A HL
YR 2R T IR AL B s sy . Mk
HuEAT, 3 DR AU AR A S B A R
B =it . 4 FWD & &%k 50.0% B, 157K 4b
PR GV A 2 G N E A 46.0%™, AR
1245 0.2x10% m® FEBO, 330K A >fe v W i) R R
[l 3k 25 o

UG FWD 3% B 25 4575 K A B 2 40 ok
ALY BE VR IR 25, (LR 9 500 17 e A i R
() 28 55 BUAS () AR ALt (A9 8 o . AR &
B, Y 5T 4% B30 OR B ML 3 KRN 60.0% I
15K AR BRI AR 1S N 23.09%0~27.0%
1z B ALY AR A TR S 0 26.09%0~30.0%57,
ZAN W ISR, XIS KA RO,
1 JoF A% B O HEAIL Y 3 SN T 30.0% B, 1B
AT LA (3G vl DL 2w Rt Y KR KT
50.0% B, BT A BT E W ROR E IR
80.0% i 2% T 3 iz 1 = 8 i 50.0%. 3 N
15 B AR B g Ak B A ST A 1 RE AR N
A K35 8 A Ak RS i
2.2 FWD A HIsEIRSE

*2 FWDHIEAXMSKLEBRAGSRTER
BEREENFM
Table 2 Changes of sludge production and biogas production
in sewage treatment system due to FWD installation

FWD¥ IR 5l nE AR eSS

5.0% 1.5% — IACOVIDOUZE
60.0% 60.0%~92.0% 50.8%~73.3% GALIL%:52
100.0% 12.0% 63.0~88.0% IQBAL%;:E
10.0% 5.4% _
20.0% 10.8% _
30.0% 16.2% — XIZRAEE]
40.0% 27.1% _
50.0% 54.2% —
10.0% 16.9% 8.0%

ZANZEH
80.0% 135.0% 64.0%
50.0% 6.0% 19.0%

KIMZEEH
100.0% 11.0% 38.0%
50.0% — 46.0% EVANSZ5

JAE FWD (R BA AT A RE DR I, (HIZ R G RE TR Al R BE IS AT SR A Bt . ZAN 451



2952 ok L B ¥ W Fl6 &

FITFFE R, 24 FWD ¥ KCRTE 10.09%~30.0% B, R4S B 1 78 3 % L il ARSI 7.8%~24.0% B H S35
W, HEZAGHENEREFE L, FEERNTEK ROBPBRITFHREREZ . SR, g
WFFEINR, FWD A & G o] [ RE & K F REEREFERS >, IQBAL %0 (a5 &, FWD 19
7 75 K AL BT B TN BEREZY 30.0%, {H[RIE} g IR T 58.09%~76.0%, A1 7= A v g R I
% o GUVEN 5P (G HF 58Ik, 24 FWD (938 K 30 10.0% I, 15 7K A B 5 G0 00 v e I 0 25 3 im0 1
205.9%.

B At b7 AL AL AR L, FWD B AR IR AL &5 AN R 48X 1, HEASHR 2 P IR T 0 55 3l 1 &
G FEWENE S UL K FWD % BRI B o T B0 Ay d 3 BEAR X i, LUNDIE 455 Al
DIGGELMAN %P [ iif 5y 25 S 5 32 B, FWD A A IR B BT AR % . 24 FWD 3% & %4 100.0%
F, BEFERE IR ] 1k 68.09%9~78.09%%, 3 i bbb BE BA F HE 1) JBF Ay B R T T RE AU RE R, AU Ab B
ARG AT . BRGE . AR B R s DA SR ST AL Y A ad R, 15 5 FWD Y Ak B
FrA AT I AE ZEEIR, FEREAE T RIRGE o B A BEFE R RREAL; BLAh, FWD b RS
P45 BEAE LA X B /BT GUVEN 285750 %, FWD 3% K 38 10.0% I, J5F 43 by % 4k 31 2R 52 11 e e
TR 4% AT 3G TN 33.3%, %5 ) Ak BHAE ik O B AR b A 84.2% HEATIEIE | 10.5% A= PR RARL
5.3% U EHENE . THOMSEN 28 UST UM T AR 06 45 I A5 B R 8 W9 X 42, W% 3], 4 FWD % R
9 16.0% I, G RENE ™ H BB R IR T 1.4%. B THRUMES MRS H A% 5, FWD B
) R TR AL 25 AN R AN LI LG R .

3 FWD N AW EZ MR

3.1 FWD R B9 R iR UM

R FEHR R AE T FWD G R G LB AR 5T, RI AR 40 Ak 30 4% 37 3 0 4 ad e B 42 B8
) 2 e = SRR . AR R E R 3P IR . Bk, e MR MRS HA, W
RBWAL IR G . BRI B R G O T TS KA B R G HLk, X R G T aHE R ok
BTN, EREPRANY L. I L HBARHFITILL; &, BN RAYR. i
U5 % L B B HECHR A TR 7, B A SRR I AT R AL B, B R AR iR HE AR . A SO
AR FE T FWD 4 ok i B s HE RO, G2 — H B I HE R R o (In5R 3 Frzr), B FWD W G &

* 3 FWD N HEER

Table 3 Carbon reduction rate due to FWD installation

FWD¥ KR s RGN Hg g EEDTN
100.0% 75.0% B AR AL 2R S TSR LUNDIEZ5%
21.0% 24.0% 51 R P AL PR R 5 IFEHENR, SE

MAALOUFZ5
42.0% 22.2% FRUNGER VSR TS HEAR
50.0% 2.4% ALK (BIERIKER) RS ISR TIDAKERZ)
100.0% ~236.0% A B R 5 TS AR KIMZE
21.0% 20.4% [ A P Py ab PR R 58 IREHAE, B

MAALOUFZP
42.0% -16.7% [ A R P Ab Bl R 58 IR
100.0% -290.3% B R BIAN I R 5 REHE KIMZ160
100.0% -300.0% AR AL P R 5L IR MORRISZ6!
10.0% 9.0% R BIAN I R 5 W, AT R, AR GUVENZ%57)
42.0% 10.0%~42.0% [ AR My Ah B R 52 pisull MAALOUF%4:®

10.0% 149.8% MG KA R S5 TG T2 GUVENZ554
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20 9o /0 1) B HE S At o Dl HE TR T LB

SCHRAF T S5 SRR, i HE R A AL B 5. R A SRR DL & FWD 3 R R 6
AH BT Jof 4 7 35 - S A AT S A B, FWD (9 HLA B s Ak 25 . AR $E LUNDIE 455 [ 4
5%, 24 FWD 3% 5 %R 100.0% B, A H6E 4y 3 3 af S MR AL B AR 4, (i FWD HE47 68 4% b7 3% (1)
J5 S Ak FEAT DL /D 75.0% BB HE R . AR 4 MAALOUF 52 B F5%, 4 FWD 3% K %K 42.0% I,
T[S 2 ) Ak B R G b 4 3 R FH SRS Kb B 22980 70 10.09%0~42.0% H ik HE = o

5IRE A BT A, FWD 234 ik HEC i . MAALOUF 2658 iy F oz v, AT S 4% ik
ARG AW RS, 24 FWD (3% K 53K 42.0% I, Bk HE SR Fb 4 3 48 11 IR 42000 Ak b 38k s
16.7% LA 4% b 3 b B 2R 45 R Wik 5% %k G ik, i F FWD Bb R 48031 A A B8 A% 85 HE il 8 1 290.3%~
300.09%1,

PP BOG KA R G, FWD A9 H B AT B 8 i pdi i sk £: Y. mFSE R, 4 FWD 1Y%
B IRE) 10.0% B, 58 SRR A, S0 — IR RS o MU, R G AR cHE R Dy
P2 A R aS P LA IR B A FH FWD B e HE 5 3 1Y) 49.8% o

T A [ I 95 35 58 1 2R 48 70 0 U 0 v R [R), FWD 2 4 i il 2R 5 H e I R 2 ] 2 15 5
PUIF F ) 6 2R it LI 8. Wiltn, 75 MAALOUF 25058 fyfif5¢ b, 24 FWD (193 K 3 i 1 5] 25 1k
BF (FH 21.0% 728 2k 42.0%), i HE R A 003 50N 2 B L g B iy, IR R, 5 2 F T A
R R EZEFERK . H RN 21.0% B FEAETE S 23.0% M [ E BICAE B . 22.0% 475568
fE. 43.0% JHIEAL IR | 12.0% 4F A HENE o T S 3208 42.0% I A BEERS 02 0 13.0% A9 [ % a1 i b
. 45.0% FUEAR IR | 42.0% HATIFAHENE . HET, FFXTERIECHER 5 FWD 35 K F 2 ] ) OC R MR
& B I 5 STk

SCHRIF IR 45 R 220, FWD I 7= A 08 36 15 11 25 R AR 22CORI 3 42 X 2R S ik 2 3 T 5K
TIDAKER %P7 % 5 FWD 3 K %8 50.0%, o HER A A X BAR O 2.4%) XZFE R, FEAER 5
G 8 2 HE RE A B VR FE R RERL, T FWD R % S v s e 48 1) A 3 1 Tl ek ik . KM 4§00
M58 R B, FWD (9 W FH 2 5 350k HE 5 R 35 00 (L 4 50 8 38 i 236.0%,  Eb IR 4803 A6 38 in
290.3%). X EZREF N, FWD N 5 i R 55 IR 15 e 0 25 A R .

3.2 FWD BIR A X BR 1L SR K &= 8 7= L S0 B9 =2 i

HSCHR R A A IR B9 5%, 20T T FWD I FH A S Y P 78 IR 0 5 0 oS 555T) iy TR BF SR
JIT SR FH A PR 58 e 2 TR OF R AR [R] AR SCREBCT A6 B A SCHR 35 90 R 200G 2 Fhorsg sg g 2800, RIR
ARSI RN & SRR, 4T FWD A4 Rz FH 45 R A BB 52 1)

PR AL RN S 48 SOy S IR 1 1 o % B4R A R WS o FE IR T AR fiw R A PE AL B, R A 3800 VS 1)
TR FRZ A RUT 248 |5, MRG0 Y RIS b AT b, BN I & e R
PRALRL N B B, B A4U$E SO,. SO,. NOy. HCl, HF. H,S DI & NH,, DI #y SO, MIEuE, ¥
HRE AR N S 15 ok, AR AR 4 OGS T2 Ak 550 o3 ik et 1) AN [R)A5 2R R (4 5% e B, ik
5 M PR B AT A5 21 DL SE o R B 0 S i, DTS [R] 3R 48 7™ AR A R AL RN ] DAAE 48— 9 B, T i
g,

Jof A 4 S AE AT AF ROME R A B b, R T AR — R T RR (3 E )2 SO Fll NOy),
EDWARDS %65, 2 FWD % KR8 100.0% i, SiFA MR, SO, HE & Hl Ik 2k 24.7%
NO, HE2 HI UK 3k 135.8%. FWD Y A0 H a5k 4% AT Ly /D d 203 A A R v SR i 7=, DR 5 69 A s
P b S HERE A L, FWD AR 2T DL 308 i A TR A 500 7 1T 15 AR 52 i . AR 4 LUNDIE %5 5% (1% ff
7%, 4 FWD & & %8 100.0% B, ] {2 Ak 200 ¥ {8 98 /> 81.4%. GUVEN ZEP7 {58 10.0% 1Y
JEf A0 % 0 FWD SR AR B, AR R 5 AT i ab 3R =X, 25560, 51 A FWD )5 5 4% 37 5 ik
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RGN TRACBV AL T 33.0%.

EEFAARN R TR BEERYE L 2GR KT RS . T A A R
VEAR T, w8 R AR WA 338 T i R AL R0 W S AL . 38 1 SR AR A% 1Y) FE 22 ) o A 4
NO,". NOy. NO. NH, lLJ COD. fEitH & EFRAMMERT, LINO, EEHEY T, H4 Fo52 ma i (E A
SR 3 1, H At ) 5 i 9 S5 3 Aok R e DR 4 B A B DA S Ry L Y 2 A, A AN B T A E] Y
W .

FWD M0, & 7 A AL A0 57 4% 37 3N 1 4 02 0 it e A KA 3 R 4, 55 0 S A A =
BB RN A8 Be b sUAH e, FWD A9 B FH 78 — 8 R B 2 iRk K &8 FR AL 3% . GUVEN 26657 i i
55N R, FWD % &N 10.0% B, G INE N 236.0%. 1fi 1 LUNDIE %55 fyff5gd, FWD % &
R 100.0% B, WEAEIEINZ R 50.0%, 1% 25 W3R [FIRE R RO 5 Z A HL ) e = AR . A& ik
RE 0 FE EAE S g AR EE ) 0 5.3%, HERBALBE &7 84.2%; 1M J5 B RE Y B AENE 5k 100.0% 4f
SN o X T BT K AR BEASE SOk U, FWD R FH IS I T R GE IR K TP HERC R B, 7R R
H10.0% I, RGEHIRKE B SR IE N T 32.8%5Y, X Ty A S RIS ARG W S, LT
I L e R A T, M 16.0% 1Y 5 Ay B G i FWD # AR R, RGEMIRKE B Rk
TEAELHE fin 33.5% 11,

4 REKRMARRE

1) B S RUBCE 35 075 AR Ak o AN TR) b DX BT A4 a7 3 B R AE A BT AS AL, AN [R) 448 5% 4 A il B
[f] % 4 PR A N A [R] SR A i A 1 56 il 3 B 58l 3 A7 23 i A e A b B A S B i A {6 1% 45
Feo FETIAEBCRIEAT AL, A REAH R 5 A W W08 BRIELR 19 41 72

2) T BRI R T 4y by 3 DR AR A A 30 FWD AL B IR BE S i LU AR ST . g, TR
B4 JT i e R IR ST Ak T 25 UEAT AR BRSO SR, S T X B IX 2 3 A5 R R A AF 5 AR N A
A WETR RN T, BIANER AN | B R A SO A 0 PR S I 1 JC AR e D 4 e

3) TR A ST FWD (13 5o R 5 & RS v (A &, TR FWD e KOoRIX H] . 52
WF 5% #OK FWD Y 3% K & 35% 8 R 50.0% J9 & 100.0%. #R 1, FWD 893 & R G 75 ik 23% 8 6 Rk ]
A, Xk B IZ Y ORI S RAR T RE R BB . 534, FWD J& 6 77 76 e I AR 15
EAREAS S — 2 I RIS .

4) 5 ZEHRFE FWD N H P 3C . FWD B2 7R K 2 B0t 5 v 0 2% 3 4 ¥ 7K 8 I 1 i 42 05 K
AbETT, XA R ks, ST AR B I BRI R TR, AR AR T — e S
PER, BN, e HEK R G RN — A TR 43 B U i s AE /N X N B FWD i 4 rh b B
B, ORFTHEXT FWD T A BRI 070 53 Jof 4 4 5 i) 43 1o i 4 Ak 3 2 e mk iF ] LA FWD 45 31 8
SR, G RE TR I IR B S Ay Wb — AR

& £ X #
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The state of art and prospects of studies on environmental impact of food
waste disposers
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Abstract Based on the literatures analysis, the relative studies on the potential environmental impacts of
application of Food Waste Disposer (FWD) are reviewed. It summarized the literature study results in the
context of municipal waste flow, energy consumption, carbon reduction and acidification, as well as
eutrophication. Firstly, FWD installation can reduce the MSW flow in collection and transportation so as to
divert the food waste from MSW to wastewater system. Secondly, there is uncertainty in the net energy output.
Thirdly, FWD can reduce the carbon emission and acidification, but increase the eutrophication. The future
research focus are suggested on these such four aspects as local data mining, comparison of environmental
impact of FWD and anaerobic digestion, and relationship of FWD installation rate and environmental impacts,
as well as developing new model of FWD application.

Keywords food waste disposer; waste reduction; environmental impact assessment; energy flow analysis
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