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Abstract; Pollution from dewatered sludge affects municipal sewage treatment plants’ survival and development, and
different intermediate water disposal methods have different impacts on the local water resources and environment.
Therefore , it is important to study the comprehensive performance of sewage treatment and explore measures on promoting its
sustainability through constructing a sewage treatment ecological system composed of a sewage treatment system, a dewatered
sludge disposal system and a intermediate water disposal system. Emergy analysis method has been used to analyze this
complicated system. The traditional emergy analysis method ignores the impacts of wastes disposal and discharge and has
been improved for evaluating a sewage treatment ecological system. Ming-jing-tan sewage treatment ecological systems
projects proposed, as cases, were analyzed by traditional and improved emergy analysis methods. The results show that the
improved method is more practical for evaluating a sewage treatment ecological system; the nonrenewable resources emergy

ratio (NR) and discharged wastes emergy ratio ( WR) have the largest impacts on the sustainability, next comes from
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intermediate water reuse emergy ratio (IR) . , The sewage treatment ecological system’s sustainability mainly depends on the
three factors’ common contribution; wastes reuse can increase the sustainability of the sewage treatment ecological system.
Different methods of wastes reuse have different impacts on the entire system’s sustainability due to different wastes reuse
degree and different nonrenewable resources consumption ; the emergy sustainable index ( ESI) of the project “dewatered
sludge land-filling + intermediate water discharge” is the lowest (0.32) and the ESI of the project “dewatered sludge

making aerobic compost + intermediate water reuse” is the highest (1.05) among the eight projects proposed.

Key Words: emergy analysis; sewage treatment; sustainability; index system

G 15 KA B R GE R B KI5 VRS B AR MO T KAL) EF A BN ERERMABERZ —,
& R E R RS RSB IG ) BRI 5K A B MR s R AL AL B, X ks L RAEEMPHR
21, BRI IS KT W Bt FRUKGRG R AR A R R BT EEEE AR Y . miiEkeHE
T o KA HERORT 18] P W Ak B D7 2K, 181 BR BB IS/ B K &, 5 40K BT IR, BB T R — B & AL
" REBIBK ISR KA B R AR S AR TS M mA R I, B 15K H 15
BRI KANE TG AR, BTG K A B S R G I R T R X T KA W T HFse R SRR
HEHNE X, BBfH (emergy) ,lHEEZEZERY¥ZK H. T. Odum g5, B—FE4HE (embodied energy) , EA
BT RmIrME SRR EME, R T B LR E, BA “ 1012800 (energy memory) ” , BE{E 5317
Hg 5hEE—MHNESEFMERMREIN T, ENIEFR T ARS BR FERBESHSL5FN
HEHEEXR, UL ETHRELABRBEEE/ER 6-~8] o degaard , Bengtsson , Erik Gronlund.,G. Siracusa
201 33 AR A TR J7 1 BB A AT J7 305 7K A B R R IS AT B By A R AL 38 T8 S R 8 1 B i
B TR, B IKAEE RS PGB REMBKGRAAE RAL A —RE I TP R & LIRE

AL AEGRRIE DT R 2R b, BT R A 5K A S R AN IIE R, PR KT
1M XA GRS KAL) ARG HEAT T IRiE
1 #MERMFMFGE
1.1 WENR RGN KEEERRE

B G RETS K AL TR MK, R TZRAE NRELN . TR B8P 8081 70, T 2003 4E7
A, BANERE S N 3 J7 ¢, AT R — S B AHunE

AT KBRS, RIS /KA G UK IR 2 B PR A KL ZREX B, BikisiRE#ERE
BB IR A B R IR IE BB 1SN EE R T Ak B8 ,80% £4) ), B T BT 4 kg 3 T
K BB TER 15 e @; ALK BARIAVRHER, (B B F = TR E RSB KHE , BRI =0 2 X Bk Ry
HRR S, 0 BB IS KRR KIL T £ RS i AR A B T B /K . B B RiTRG
HOK B ETRAL B AEX A RA RN R I3, WX R IRN— IR %, Bk, g EREE KL
HASREX THREKOCHEN REEFRENE L, HKOCEARRGEHTGKEERGE FKLEBRS
MPKIERAL B RRAH, R RE S REPHFE 4 AR YRR BEE W . R MIRARYR: (1) YRR,
AR F YRS ; (2) BEEW , SRR Sl ; (3) TR, EZHE B TR RS A RS
ok B THSRT REN B (4) TSRYR, BEKISTR K SF YR B S
1.2 FORHE SHIRA BTk

(1) M S R A A FORH R AR I GE ME TS /K AL B FIAE DR AR 7 R GL RRIE T BV IR IG 4R , RR(EFE 0 8
R B TR ICHK

@ Albrecht R. Bresters, Isabelle Coulomb, Bela Deak, et al. Sludge Treatment and Disposal-Management Approaches and Experiences, 1997. 22 —26,
36. available ; http;//www. eea. eu. int.
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(2) S HrRBlEN. THKLHASRENRBERAGHE BARARBRANTERRIREME R AT ERE
JRER(E N, AR Tt s RFBRARA T EFRIREEE F, BBE™ WA ™ i 881E Y, B oK B F i 52 T AR
{8 1L, HBOR IR RRME W, 1B T B REER A . MRIBAHN I RRIE S e R A F B B B T, kg BISF NS
— B K PFHBRIE , 4wl BLRBME A HTR
1.3 AR FE—RRES T
1.3.1 fE&iRRMES T

REME DT s R UARE ROV O RGAMTTEE , B LARRE N B 49, SEAE MR IR = M 3057 5 WA E - HAE
T B AR v s B R N AR K FH BB Bk & , By K FHBEAEH- (solar emjoules, 4554 sej) » RE(H
B HOAR tHSCHE T LA — B9 3 BARMESR BT B RN = 5 A RS HEsh' ™ ), W SZ 8 T X4 B L ik
REMBEMIRE SRS ERMT o AT AR EBHAUT ILMERRREERR  for
i # (emergy yield ratio) | 3 3% 1A 2%, % ( environmental load ratio) | §E{H 7] 542 & JE 15 45 ( emergy sustainable
index) ,

(1) BB{E)™ i R (emergy yield ratio, EYR) EHIBEEFAS NS ARBBER HAE, HRAXNTF

EYR =(N+R+F)/F (1)

K, N i AR T B HRIREE(E; R v AR T BRTRIRER(E ; F v AR BT BB(E,

EYR (HBRKEIRETE—E BRER AKEOL T RBE H B80S , A /- M8l , F N Y S 5T R g opr s
BHRERGERAEBERNRS T,

(2) 33 ZFR (environmental load ratio, ELR) R EFFIRAEIE -5 WK BB(E Z FIBR LA ] 3B Frik YR AR
{8, HFBEAMT

EIR =(N+F)/R (2)

ELR 327~ B 2 BEX 5568 U ) 9 K/, O T 3k B et R e #5836 BROR R Rl AT 72 A P i ik 1 2
RRIRLEE R, REA BRI TER IR ARBRET

(3) BBAE I 3552 K JR 4815 (emergy sustainable index, ESI)  RRIE™ HHRFRUIME A AR, HFREXWNT -

ESI =EYR/ELR (3)

ESI &% , ENREA—E R T REF AN GEER , B L BTN REER B,

1.3.2 BUHtRyRBIE T Tk

RGHIREE DT r i TIA % BIEY AL T AL B 05 R 2 5 RE M FRZma , B A% H 317
#, F AT EKEHEAES RGN TR T, RRITKOEHAERREN AR5 A UK B KK
BFREOEHELETE, 2R HZRENEREI T RER(RE 1),

M 1R, HKAEAESRERAGE T EFRIREME R, AT EHRIFEME N, , Heef RER 5
HIRBME F, % i KRB (E W RUBUK IS IRERIE Wro ToKABARE S EMBUKERNAEE T FER 4
Firs (1) TSRS HEAT DA SRS HHEHURYIRBIER W, R A TS I N 5 (2) MR N Maks
A R O A RB(ELSY B R, N, FF, B N RERL Y, 5 (3) FE R B ARPRHE P OB So5 A BR{E 4> 51
N R, NI F, B tH N RAIDRL Y, s (4) Vg SRR B OB R FA A HUIER T A A BRE 2518 R, N,
AME, W ARIE Y, FKEZFAET: (1) HEA L HOKINEE, HERIE N Wi, K3 2 KI5 7 4 v
FERIFE S5 (2) B, AR T BRE AR 1 FR. YkAER) ok BURA T RGN « (1) 84k B B
FA7K; (2) LM EBKIT KR . BKAEESREWHENARXSENTIA, BT EYAHE LB
BB AR RENESEH REEEMAHRNE MR, 435K RGN R, TE T KREET R
R

(1) WEYR( emergy yield ratio of sewage treatment ecological systems , WEYR) V5/KAbH AR RSGREF-H
RONRGETEIN P EBRARRE ST RRER AR AR, LBUK 5 TR oK g7 HAR R, BVE Ak
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_’_Z_) production system <1
2
N, F, \
R RSE oo =
Ry |Aerobic compost production system T ¥
2

R Al IR AREM N Ik L. 29K Renewable resources emergy input, such as hydroelectricity, air, etc
Ni ) SR IR AR AL A O\ 204k 5253 2% Nonrenewable resources emergy input, such as chemical reagent, etc

Fy VSEReES N BI58% BT R4y 2% Purchased emergy input, including investment and operating and maintenance costs
Y BEERH Emergy output

Wi HER R AR, Zn KI5 U8~ 7K Discharged wastes’ emergy, such as dewatered sludge, intermediate water
1 FoK A B TIBB(E Intermediate water reuse’s money emergy

B1 HARGEESREBEITRER

Fig. 1 Emergy flow system diagram of sewage treatment ecological systems (Sej/a)

%, WEYR BV ITKAEEARRES TN —MER, WEYR (HERBIREE—ERERAKNEILT
(B H BB, A PR , A D S R 2 ok R ”‘”ﬁif'}‘%\%}*ﬁﬁﬁ HZES ), TR (4) T

WEYR—[Z(R +N, +F)+1]/2F (4)
HH LR, N, FARIRFHKAGHEABZRENE —F REN T EIRFRBER A A EIRIREER
AFIGEREMESA (Sej/a) 5T 7K B i 52 T REME (Sej/a) o

(2) WELR( environmental load ratio of sewage treatment ecological systems, WELR) 15/KAMEARRGIFE

AR, WHA T EHRIHFENE AR N E S . WELR AR RGN IS8 A & 7 R/
AT (S) Fn

WELR = [i(’vf +F,) + iWTi]/Z;R"
KA, Wi AR KA SRR R —T REN AR YIREIE (Sei/a) o
(3) WESI( emergy sustainable index of sewage treatment ecological systems, WESI)

SLREIETR, MRE(E ™ 2 WEYR AR A WELR Z I, v AR (6) Fw:
WESI = WEYR/WELR (6)

ERRT EKEE RV RS HE A AR, WES B, BIRETE—ERM T REFERB B
0, S E AR AT RS

RIEE 1, X FE— MoK LB R R, RIBBUKSRA K RA L R4 8 MIKEBEESRETR,

(5)

VHKAHAERRE T
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g1 i,
#1 BEREALEESRERE
Table1 Ming-jing-tan sewage treatment ecological systems’ projects
BEFS -
Project number TR AFR Project’s name
1 PRk ISR + 7K HERL Dewatered sludge landfilling + intermediate water discharge
2 BRoK ISR + 7K [B] f Dewatered sludge landfilling + intermediate water reuse
3 PRk ISR A P2 Bk + H /K HE Dewatered sludge making ceramsite + intermediate water discharge
4 BRoKI5 IR A P2 Bk + H 7K [B] ] Dewatered sludge making ceramsite + intermediate water reuse
5 BRKTGIREZREMHEL + K HER Dewatered sludge making polymer complex materials + intermediate water discharge
6 BRKT5IRAE 2RS4 L + F 7K [E F Dewatered sludge making polymer complex materials + intermediate water reuse
7 PRk TG IR P2 iF E HEAR + Fp 7K HElk Dewatered sludge making aerobic compost + intermediate water discharge
8 BRIk ISR P2 E HE AR + P 7K 8] F Dewatered sludge making aerobic compost + intermediate water reuse
2 BRE5Hm

2.1 REESMTER

MR SCHR T BRI AT, W3R 2. 3R 3.3k 4 sk 5 s

£2 AERSKLERERES TR
Table 2 Emergy analysis table of Ming-jing-tan sewage treatment system

BRIEH R
7 R0 RS KR
Emergy transformity['** !
Ttem Basic data L solar emergy(Sej/a)
(Sej/unit)

R, k& Hydroelectricity 1.68 x102]/a 1.60 x 10° 2.66 x 107
225 Air 5.56 x10°g/a 5.16 x 107 2.87 x10'8
41t Total up 31.4 x10%
o35l

N, 4 12 16

1 Phosphorus removal reagent 2.85 x10%*kg/a 2.65x10 7.55 %10
28157 Flocculating reagent 2.36 x10%kg/a 6.25 x 10%°
58 Hydrochloric acid 5.51 x10*kg/a 1.46 x 10"
&2 Sodium chlorate 1.37 x 10*kg/a 3.63 x10'6
41t Total up 2.61 x 10

F, % investment 3.45 x10°%/a 3.46 x10'? 1.19 x10'®
#3732 B Maintenance cost 2.36 x10*%/a 3.46 x 10'* 8.17 x10'¢
#5 5% Service 4.48 x10*%/a 3.46 x10'? 1.55 x 10"
RIS 1.10 x10%%/a 3.46 x10'? 38.10 x 10"
Excess sludge treatment cost
41t Total up 52.37 x 10V

Y, ik Intermediate water 3.00 x10g/a 6.64 x 10° 0.20 x 107
[ 7K 7578 Dewatered sludge 1.42 x10%°g/a 7.60 x 10° 107.92 x 1077

4
I vp7k[E] f Intermediate water reuse 1.37 x10%/a* 3.46 x 10'* 47.40 x 10"
7k HER Intermediate . 5 17
wr water discharge (Wi, ) 3.00x10"g/a 6.64 x 10 0.20 x10
5B IE I Dewatered
WK Y5 JE5UR Dewatore 1.42 x10%/a 7.60 x10° 107.92 x 10V

sludge landfilling ( Wy, )

2rh Kk [l A 48 B 0. 125 $/t  The price of intermediate water reuse is 0. 125 $/t

hitp : //www. ecologica. cn
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Table 3 Emergy analysis table of ceramsite production system
WH BB BRERHER pNE) A
) ~ " Emergy transformity Solar emergy
Item Basic data®
( Sej/unit) (Sej/a)
R,  /KH Hydroelectricity 2.15x10"J/a 1.60 x 10° 3.44 x 10'6
Tk 7K Industrial water 3.23x10%g/a 6.64 x 10° 2.14 x 10"
41t Total up 0.35 x 107
N,  J/K¥578 Dewatered sludge 1.42x10%g/a 7.60 x 10° 107.92 x 10V
¥+ Clay 4.84 x10%g/a 1.00 x 10° 4.84 x 10V
¥4 /K Fly ash 1.78 x10%g/a 8.30 x 10® 1.48 x 107
AT M7 Additive composite 2.74 x107 g/a 1.00 x10° 2.74 x 106
PRI Coal 1.13 x10%g/a 1.27 x10° 1.44 x 107
471 Total up 116.00 x 10"
F, &ﬁfﬂmﬁ?&ﬂﬁﬁﬂi . 1.74 x10*$/a 3.46 x 10" 0.60 x 107
Investment and operating and maintenance cost
Y, P& %; Ceramsite 1.614 x10°m®/a
F4 REVERMHETRGRESHR
Table 4 Emergy analysis table of polymer complex materials production system
WH BB BRERHER pNE) A
; T " Emergy transformity Solar emergy
Item Basic data [8!
e)/ unit e}/ a
(Sej/unit) (Sej/a)
R, 7Kt Hydroelectricity 1.53 x102]/a 1.60 x 10° 2.45 x 107
N,  J/K¥578 Dewatered sludge 1.42x10%g/a 7.60 x 10° 107.92 x 10V
aste plastic .28 % a .87 % 75.14 x
Bkl W lasti 1.28 x10°g/ 5.87 x10°01 5.14 x 1017
471 Total up 183.06 x 10"7
F,  B%74:97 % I Operating and maintenance cost 3.17x10°$/a 3.46 x 1012 1.10 x 10'®
1% Investment® 3.20 x10°%/a 3.46 x 10" 1.11 x 10
41t Total up 22.00 x 10V
Y, BE5YE B4 ¥ Polymer complex materials 2.13x10°g/a

FENBRRST EHEEBRM A FHF4 10a  Investment per year is equal to total investment divided by enterprise lifetime, 10 years

=5 HEHPETRGRES TR

Table 5 Emergy analysis table of aerobic compost production system

A bR L EERRE e SR
Ttem Basic data® Terey tra.ns'foml'ly Solar ?mergy
( Sej/unit) (Sej/a)
R, 7Kt Hydroelectricity 1.05x102]/a 1.60 x 10° 1.68 x 107
=5 Air 1.12x10%g/a 5.16 x 107 5.78 x 107
5% Chaff 1.46 x10%g/a 4.50 x 108 6.57 x 10'6
i Bacterium seed 7.30 x10%g/a 4.29 x108 3.13 x 10"
41t Total up 8.15 x 10V
N,  J/K¥578 Dewatered sludge 1.42x10%g/a 7.60 x 10° 107.92 x 10V
F, 35743 %R ] Operating and maintenance cost 5.64 x10%%/a 3.46 x 1012 1.95 x 10"
% Investment 8.06 x10*$/a 3.46 x 1012 2.79 x 107
41t Total up 4.74 x 10V
Y, HEAE Compost 5.16 x108g/a

OFEMEE. ARBKGERI SRR, BIHE T REM RIS 1999.43.

QB BH BRI R RB A DB, b R M2 AE 0. 2004. 33, 37, 49 ~50, 74.
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BIEFE2 ~ R 5B H 8 FHRMBEEIR, X 6 Fm, BiEE 6 Giti 8 Fir RIS FHEEMAER & B
EREI AR, R 7 fias, BJa It BB 47 77 s PG G B RBIE A0 A 5 Ik T8 4R 70 BT 8 Rl R BE1TRE
E5Hr, HEE Rk 8 fn:

26 8T EREYEEMEF( x10"Sej/a)
Table 6 Eight projects’ emergy flows

TRFS

Project’s serial number

MEFRESER AUEFFRRER  WXETAHER

Renewable resources

Nonrenewable resources

Purchased emergy

ok B FRREE R

Intermediate water reuse

HRUEMBER

Discharged wastes

emergy flow (R) emergy flow (N) flow (F) emergy flow (I) emergy flow (W;)
1 31.4 2.61 52.37 0 108.12
2 31.4 2.61 52.37 47.4 107.92
3 31.75 118.61 52.97 0 0.2
4 31.75 118.61 52.97 47.4 0
5 33.85 185.67 74.37 0 0.2
6 33.85 185.67 74.37 47.4 0
7 39.55 110.53 57.11 0 0.2
8 39.55 110.53 57.11 47.4 0
£7 SHARMRERILE
Table 7 Eight projects’ emergy flow ratios

Projeczizl%;lunlber (RR)* (NR)* (FR)*® (R)* (WR)*
1 0.161 0.013419 0.269254 0 0.555887
2 0.130 0.010799 0.216674 0.196111 0. 446504
3 0.156 0.582764 0.260256 0 0.000983
4 0.127 0. 473059 0.211263 0. 189048 0
5 0.115 0.631337 0.252882 0 0. 00068
6 0.099 0. 544024 0.217909 0. 138885 0
7 0.190 0.532957 0.275375 0 0. 000964
8 0.155 0.434149 0.224321 0.186182 0

*RR: TIEHPHRMBAEN S B MERKLLE, RR=R/(R+N+F+ I + W;); * NR: RATEFFBBER S B BERMOLLE, VR=N/(R+
N+F+ 1+ W;); ° FRIGRMBBERS BRERKILE, FR=F/(R+N+F+ [ + Wp); * R:AKERANETRBERS BRERMGLE, R
=I/(R+N+F+I1+ W;); ° WR. i EYRERS BRBERWILE, WR=W,/(R+N+F+ I + W;). Note: * RR: renewable resources’ emergy

flow ratio to total emergy flow, RR=R/(R+N+F + I +W,); ® NR; nonrenewable resources’ emergy flow ratio to total emergy flow, NR =N/(R+N +

F+ I +W,); ° FR: purchased emergy flow ratio to total emergy flow, FR=F/(R+N+F+ I +W,);  IR; intermediate water reuse’s money emergy

flow ratio to total emergy flow, IR=1I/(R+N+F +I+ W) ;° WR. discharged wastes’ emergy flow ratio to total emergy flow, WR=W,/(R+N+F+ I +

Wr)

=8 SWARMEMEITER
Table 8 Eight projects’ emergy analysis results

W BB IE S BT AT

R4 R TR T

FRES Improved emergy analysis indices Traditional emergy analysis indices!'”!
Project’s serial number o 4 o 4
J vem ek wss ORER ER o mR s

1 1.65 5.19 0.32 8 2.75 1.75 1.57 1

2 2.55 5.19 0.49 7 2.75 1.75 1.57 1

3 3.84 5.41 0.71 4 6.40 5.40 1.18 3

4 4.73 5.40 0.88 2 6.40 5.40 1.18 3

5 3.95 7.69 0.51 6 8.68 7.68 1.13 4

6 4.59 7.68 0.60 5 8.68 7.68 1.13 4

7 3.63 4.24 0.86 3 5.24 4.24 1.24 2

8 4.46 4.24 1.05 1 5.24 4.24 1.24 2

hitp : //www. ecologica. cn
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2.2 FRT

F=TWEREFRN A8 ANHED, TEFHRFRBMER HLE(RR) H KK 0. 191, 5/ R 0.099, # 2 HE
0. 092 ; A V] BEF R IR BRI I LB (VR) 5 K8 0. 631, 5/ 0. 011, #H 2% 0. 62 AR T BEME I HfB (FR) B
KA 0.275,8/MR 0.211  #72 0. 064 ; H K [8] FIBBAE I FLAEL (IR) B KA 0. 196, Be/N A 0, #H2 0. 196 ; HEMUE
YIRBIE T LA (WR) B K 4 0. 556, /N 0, 122 0. 556, W] IL, 3% 5 MEIRH, X5 KA A S RG] Fesk it
B NR F1 WR, Hyk 2 IR, T RR 1 FR BB MSR /N, H o, NR F1 WR 315 /KB A S RGN TTHE
SEMEA RN, T IR XH¥E KA B R A T FFEEMEA IR

3% 8 W I, BRI BEE ST T R SR SR MR E ST T A S REARMR, AR
152,354,556,7 58 MAREHITX |, BAXEAFELRERMN, MBS RRES T, B T5
BT EYALE BB R, B R RN SRR B KA S RERN LR, RREGHE
HIRBE T AR IS R, R 8 MR, FR 1 WATREMEIR, FE 8 WTREHRER. B
FTHHL,FE1ENR H0.013, WR 30.556, IR % 0; 7% 8 195X 3 NEARNI 4514 0. 434 ,0 #10. 186, F
Z 1 BB A BT B S IR RBIE I LEBK, B B T RIF RS L & AR oK B A, @18 HHUE
YIRBIE I LA A BB K, BICH /K PIHBBE , SRR R RIE A5 KA BAE R RGN IERN G E
B SON K KR, SR LRI TR KK, R 8 B THAT T BUKI5 R IRAL R A K B A, 5%
KHBURYIREME T LB T R 0, XM T ook B AR BEME I LB, —F X1 K B R R A AT RS2 IE
BN KRB T B T o] BT R IR BB B I FL (B3 s SR S 300, , B R R A W HRe et KRR = . HAth 6
MR RFER AN T XN RZE, ENZ BN RS ES U RN RBEE T EYAH HREAR, 2
FA TR A 7 20 AR BT BT VR R THEE A R
3 gigitie
3.1 g

(1) BB RRAE AT 7 i TR R TIN5 KA BBAER RS, BB R B R A LB o

(2) XSGR AL AR S R G T S M M S K R R R T SE 3 e R BB ARG LU (8 AN R Wy HE A RB (B R LUMEL,
HP R K 5 RRE I HAE

3) BRI AA R TRETEKOEERRAMN TR, B R R YA B X5 K B AERRE T
S IA—F,
3.2 itig

XA E— 15K R A S A F TR AR B A BT KA BAERREFRHET T 44, 8
e R B 15K AL AR S R G RRIE 74T ik e iR RAEATRAIE, T R15KABE R G ARG X 15K A
BDREWTIFEHBAEH, X TFARMNEKEERGES AR ERMPKEE TR BN EKEEER
ARG FE T F SR PrR B kB — 2 21T
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