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Emergy and economic evaluations of two sewage treatment systems
LI Min, ZHANG Xiaohong, LI Yuanwei, XIAO Hong, QI Hui, DENG Shihuai

Provincial Key Laboratory of Agricultural Environmental Engineering, Sichuan Agricultural University, Chengdu 611130, China

Abstract: The pressure arising from continuous increase in productivity on the ambient environment and the concomitant
pollution threat call for integrated and more efficient environmental protection systems. Sewage treatment systems are
technological means to handle the pollution resulting from the production activities, and environmental sustainability and
economic viability are two important assessment parameters. Based on the traditional emergy analysis indicators ( emergy
yield ratio EYR, environmental loading ratio ELR, environmental sustainability index ESI and emergy benefit ratio EBR) ,
the improved emergy indices (SEYR, SELR, SESI and SEBR, respectively) were proposed for assessing two integrated
sewage treatment systems after considering effects of the waste and the product in this study. In addition, three economic
evaluation indicators (the net income NI, the profitability ratio PR and economic investment ratio per unit sewage IR) were
also exploited to evaluate and compare two constructed integrated sewage treatment systems (i.e., ‘sewage treatment plant
+dewatered sludge landfilling’ and °sewage treatment plant +reclaimed water reuse + dewatered sludge landfilling’ ).
Emergy evaluation and economic analysis are complementary approaches, with emergy evaluation focusing on the
environmental support and effects of a production system while economic analysis method paying more attention to the market
value of the products. Hence, a combination of them allows to gain a better understanding of overall performance of a
sewage treatment ecosystem in terms of both environment and economy. The systems considered here were integrated with
livestock sewage treatment systems, as the systems not only included the sewage treatment plant, but also were composed of
treated water and dewatered sludge disposal options. This may give a whole picture of the ecological economic performance

of the treatment of livestock sewage. The results showed that, system 2 ( ‘ sewage treatment plant+reclaimed water reuse+
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dewatered sludge landfilling’ ) has a much greater environmental sustainability index than system 1 ( ‘sewage treatment
plant+dewatered sludge landfilling’ ) suggesting the former is much more sustainable, and that incorporation of a reclaimed
water reuse system is a valuable way for promoting the sustainability of a sewage treatment system since the reuse system of
reclaimed water not only produced new water resources from reclaimed water but also saved the cost for discharging treated
water which is charged according to the relative regulations. System 2 is less competitive than system 1 as NI of system 1 is
higher (2.4620x10° Yuan/a) , PR and IR of system 1 are 1.38 and 0.72 times of system 2, respectively. System 2 is a
more environmentally benign system, however, it’s not competitive in terms of economy. Thus, economic policy supports
should be made available for popularization of system 2 which may include charge for direct waste discharge of untreated or

insufficiently treated sewage, and economic compensation for reclaimed water reuse.

Key Words: sewage treatment; emergy analysis; economic evaluation; sustainability
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Fig.1 Diagram of emergy flows in system 1
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X1 RFE1NERESEFITE

Table 1 Emergy and economic analysis table of system 1

JE AR REfFL i R KIFHAE

A7
L2l

T H 24 F5R° \ o . ] HAr HArH
Ttem* Raw data” Transformity” Solar emergy Ratio Money Ratio
/(unit/a) /(sej/unit) /(sej/a) /(JL/a)

i A Input

JEYIR (W) Waste( W)

1 HB& 15K Livestock sewage 7.04x10'] 6. 12x10°022) 4.31x10'8 78.67% 0.00 0.00%
A AT FEHT IR (R) Local renewable resources (R)

2 KH4ESS Sunlight 2.11x10"] 1.00 2.11x10"

3 %5, Air 1.16x100g 8.31x1073)  9.64x10"7 17.60% 0.00 0.00%

4 A Wind 5.27x10°] 2.35x1033) 1.24x10"

5 7K Rain 4.31x10'°] 2.93x104%1  1.26x10" 0.02% 0.00 0.00%

6 HERIZH Earth cycle 1.14x10'] 5.57x10*2)  6.35%x10'" 0.01% 0.00 0.00%

/N Subtotal 9.66x10"7 17.63% 0.00 0.00%
AR AN AT EE B E R (V) Local nonrenewable resources(N)

7 HHEFHLET Soil loss 4.07x10°] 7.11x104%) 2.89x10" 0.01% 0.00 0.00%
WA FA) AT B BT IR ( F ) Purchased renewable resources (Fj)

8 Ak Water 5.63x10°g 1.07x10°05] 6.02x10" 0.0001% 7.88 0.01%

9 JK i Hydroelectricity 2.67x10'] 1.29x1052] 3.44x10" 0.06% 3.72x103 6.67%

10 A7 Human labor 9.20%10°J 1.17x107122) 1.08x10" 1.97% 1.92x10* 34.43%

/N Subtotal 1.11x10"7 2.03% 2.29%10* 41.12%
W 3K f AN BT BB WS UR (F,) Purchased nonrenewable resources ( F)

11 H9HF Steel 3.50%x10g 3.97x10°1%! 1.39%10' 0.25% 1.23x10* 22.06%

12 /K& Cement 7.27x10%g 1.89x10°1%! 1.37x10' 0.25% 2.15x10° 3.86%

13 047 Gravel 3.18x107g 9.60x1081%) 3.05%10' 0.56% 1.62x10° 2.91%

14 % Sand 1.74x107 g 9.60x10%%! 1.67x10' 0.30% 1.16x10° 2.08%

15 fi% Bricks 3.33x10%g 1.89x%10°1%) 6.29x10" 0.11% 5.93x10? 1.06%

16 $£% Tnvestment 1.82x10% $¢  5.57x10'26! 1.01x10' 0.18% 1.50x10* 26.92%

/It Subtotal 9.13x10' 1.67% 3.28x10* 58.88%

S A Total input 5.48x10"® 5.58x10*

Hi i Output
17 AbFE7K Treatment water 6.93x10'"J° 3.73x10°08! 2.58x10'8

a: fBE A A AT K 30a; b EIAL TR G BB IR 1 SCHRTT 5o SR AE AL ME R 15. 20X 10% sej/al?) 5 d: 2T 2003 4F A2 H, A
R AISE T AT H 8. 28 TEAR I/ $ (2003) je: Sk ), AbBEK BT & Bt =300%365m® x1. 00x10° g/m> x4. 91]/g+100mg/Lx1. 00x 10~ g/
mgx3. 4kcal/ gx4186]/kcalx (300x365x1000) L.=6.93x10""' ]

K2 RE2WBRESEFINR
Table 2 Emergy and economic analysis table of system 2

JE AR R REfH AR KBHRE

Ak
Ui

iif]lﬂ% e Raw data” Transformity® Solar emergy i?nit MOTley i?uit
/(unit/a) /(sej/unit) /(sej/a) /(Jt/a)

i A Input

TR Waste (W)

1 FEV57K livestock sewage 7.04x10"]J 6. 12x100022) 4.31x10"® 77.96% 0.00 0.00%
A T YR Local renewable resources (R)

2 KBAFEHT Sunlight 2.11x10%] 1.00 2.11x10"

3 2R Air 1.20x101g 8.31x10713)  9.95x10"7 18.00% 0.00 0.00%

4 X, Wind 5.27x10°] 2.35x103%)  1.24x10"

5 FR7K Rain 4.31x10"] 2.93x10*%)  1.26%10" 0.02% 0.00 0.00%
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SH 4R )Etzﬁiﬂzﬁ%l‘) n‘éiﬂ%%&%ﬁ KIHfEE T " A
Item® Raw fiala’ Transformity® Solar e.mergy Ratio Mgney Ratio
/(unit/a) /( sej/unit) /(sej/a) /(Ju/a)

6 MERZH; Earth cycle 1.14x10'°) 5.57x10%2] 6.35x10" 0.01% 0.00 0.00%

/I Subtotal 9.97x10"7 18.04% 0.00 0.00%
AT EH IR Local nonrenewable resources (V)

7 AL Soil loss 4.07x10°] 7. 11x10%4%! 2.89x10" 0.01% 0.00 0.00%
W ST ) T B 95 U Purchased renewable resources (Fr)

8 FK/K Water 5.63x10° 1.07x10°05 6.02x10' 0.0001% 7.88 0.01%

9 7K, Hydroelectricity 7.28x10'0] 1.29x1032] 9.39x10% 0.17% 1.01x10* 13.07%

10 A 77 Human labor 9.20x10°J 1.17x107122] 1.08x10"7 1.95% 1.92x10* 24.84%

/N Subtotal 1.17x10" 2.12% 2.93x10* 37.91%
WA SE B /N AT JEHT B2 U5 Purchased nonrenewable resources (Fy )

11 #9#F Steel 3.50%x10°g 3.97x10°%! 1.39x10' 0.25% 1.23x10* 15.91%

12 K¢ Cement 7.27x10%g 1.89x10°(%] 1.37x10'0 0.25% 2.15x10° 2.78%

13 #b43 Gravel 3.18x107g 9.60x10%%! 3.05x10' 0.55% 1.62x10°3 2.10%

14 fi% Sand 1.74x107g 9.60x10%%! 1.67x10' 0.30% 1.16x10° 1.50%

15 % Bricks 3.33x10%g 1.89x10°(%) 6.29x10" 0.11% 5.93x10? 0.77%

16 # %% Investment 2.51x10% $¢  5.57x10'2°! 1.40%10'" 0.25% 2.08x10* 26.86%

;zliiiﬁiﬂcmmde 1.64x10%g 4.27x10°1%% 7.00%10" 0.13% 3.28x10° 4.24%

18 AL €10, 3.83x10°g 4.27x10°%) 1.64x10" 0.03% 6.13x10° 7.93%

/It Subtotal 1.04x10" 1.88% 4.80%10* 62.09%

S A Total input 5.53x10'8 7.73x10*

Hi i Output

19 7K Reclaimed water 1.10x10" g 1.64x10%*°

a BE Al A9 4 i A 01 30 4F 3 b SECHE A0 B AR 45 0 B3 TR Sk T2 Aok [0 R SR A BAR TR B SCRRT e SRR REM L E R 15. 20 %
10%sej/al?! ;d. T 2003 4EARAE M, AR T HISETCIE FIE RN 8. 28 TEART/ $ (2003) ;e [0 FHAK A A% 45 2004 45 22 TH Y BR A 15 7K Ak B0 9%
Bk (0.15 TCART/m? ) i1H&

TG IR R SR A, Xk 25 Ml ) AN R ST B RO A MO | RIS rR ok [T T 2R G 9 I A BEA - 2LRE
(B P A R R T

£3 WABRLERFEHRER

Table 3 Summary emergy flows for the two sewage ecosystems

Ui H Z K Ttem W (sej/a) N (sej/a) R (sej/a) Fy(sej/a) Fr(sej/a) A total input (sej/a)
Z5: 1 system 1 4.31x10" 2.89x10™ 9.66x10"7 9.13x10'° 1.11x10" 5.48x10'®
FRG52 system 2 4.31x10" 2.89x10™ 9.97x10"7 1.04%x10" 1.17x10" 5.53x10'®

W R Waste, N AS HUR W] BB 98 U5 Local nonrenewable resources , R ; 4 Hi A 57 9 U Local renewable resources, Fy ; ) 3% 4 /R AT T 9%
Purchased nonrenewable resources , Fp, ; W43E [ ] BT ¥R Purchased renewable resources

T4 T RGERREEIR PR RUE , R GE 2 YAl R8BI RO R T RS 1, RWIHHEA B4 #9356
BEnl gt R B RS R RE I AL B AR G . X SRR DUARAT A Y, AR (] AR G A3 fe ik
fi% b BEOK A R T AT ARSI B K BEIR ek BRI S B4 [R]IRE I AT K B IR A S S R R 5
HAW R EEAE, XA R ST 2 35T 04K (SELR) YRR B RV R 48 2 A1 ok Il IRy BE(E A, (B
FEREME™ R SEYR /N 258 1, HEPIAET 248 2 S0 ohoi (o] ALK Rk A ) HES 2 1) 52 T BE(E ISR
THUKEIH RS ZRBEEBA . R, R4 2 BREEN AR (SEBR) KT R4 1| RAH RGN AETEFTFA
AR,
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x4 BANFKLEREHEEEITNIER

Table 4 Emergy indices for the two sewage treatment systems

T H Z K Ttem SEYR SELR SESI SEBR
A5 1 system | 27.02 2.49 10.87 14.29
F B2 system 2 25.08 0.09 268.43 25.08

SEYR : RE{H " 1 *R Emergy yield ratio of integrated sewage treatment systems, SELR ; ¥ 3% 1 2% Environmental loading ratio of integrated sewage
treatment systems , SESI; J 5% ] #4% & 8 75 44 Environmental sustainability index of integrated sewage treatment systems, SEBR: f81H 37 #5 % Emergy

benefit ratio of integrated sewage treatment systems

3.2 &N

RSHNRTRG 1 M2 WAL, REEY A LA MG RIS AR RS« S0 2 (1, N 22 10 A4
AT, AR 0 J0/a, R T AK F T WS G A5 A, i AN W] BT R R A 4 TR
AZ TR, 250 1 MRS 2 BT BB IRA A 55 BN 58. 88% 1 62.09% , 2452
TR T K BT RS  FN AT BB RS 1 AR 2. 15 J7o0, ARG 1 1 1.39 15, BEH
MEAL I 55 30a M TE— M EM AN RS 2 ML RS | 23201 64.50 Tiot, AR, RE 2 WAEFT
B RRAT T2 SRR AR

BARARG 2 MBS KT ARG 1 (RS2 A RAHKPLTFRA) Bt iims (£ 6), &5 1 50 &
FRSG 2,4 2.4620x10° Jo/a (HFHEZFRHE, 251 MIREE PRIERS 2 0 1.38 £, BEFR IR W&
522 1971.83% ,iXFRMARGE | AFANT5 KL TALAMR, I HLEAA 2T AR L5 R 25 5, B I Tl
WA AER RS 1 ARG 2 AT,

x5 WNEKREBRFEHETR

Table 5 Summary currency flows for the two sewage ecosystems

I H 4 B Ttem W/ (JT/a) N/(Jt/a) R/ (7t/a) F“\«/(fﬁ/a) FR/(TT:/a) B Total input/ ( JG/a)
ZYi 1 system 1 0.00 0.00 0.00 3.28x10* 2.29x10* 5.58x10*
ZH2 system 2 0.00 0.00 0.00 4.80x10* 2.93x10* 7.73%10*

F6 WAFKLERFEHEFIENIER

Table 6 Economic indicators for the two sewage treatment systems

5 H &P ltem PR IR/ (JC/m*) NI/ (JC/a)
FY5 1 system 1 45.15 0.51 2.4620%10°
Z 502 system 2 32.78 0.71 2.4569x10°

PR W5 % Profitability ratio, IR ; $ %3 Economic investment ratio per unit sewage , N/ ; HISA Net income

4 itig

(1) 15K A A K AE AT rROK G FR R LG (RSE 2) , RGN A K215 2R K327,
I EYIE AR R4 5 R G AT R M A BT B

() MRS AR, RE 2 LR | A B HE kR A B LTz, &6 R
fE ATE KA A (NGRS AR, R% | HIE RS 2 AT g ), REF AT Ak
Flzs T5 KA BRI WA, A T A A RPN WAL R PR B I H EHR /D K 3R, RS0 2 HAEAESE AR
482 AT S I 2ZE MR ARG S, L RSt 2 10 S0 & i s L 58 A3 I 0 2 5% BUR I 328

(3) A HEFE H B, SCRPIANTE KA BREE G R G0 M 28 58I as A0 76 HETS Alb #2280 BN HE VS 2% 1 3
filh EAR RN X PG AL N EA DR IE(E AR A e B HE V5 W SR bR S 2%, A 2R B8 1 28 55 0 &5 K B
TR AR TT KN 22 Ak B HE R BT R AR AN HETS B, R 1 FIRSE 2 By IR g ARG S e, A
-6.80x10* Ju/a fl-7.31x10* JC/a, AR, BLEFZEHEAT V5 7K T 420 1 A 30 A B A SR AR K, PR ikt e ERH G R
T TS P 2 65 7K A B ) ] 452 i 7 U R )
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(4) FHARG 2 WAL T RS 1 R B oK K R 488158 1 28 5 (8 (oK A RT3
RYGMBA, HK AR R F K A T 500 T BO RS (B A 2Dl T A koK, R sl 42
K K A A B TR R SE 2 23R Ies , Wom R 40 2 AT B FRE ),

5 it

ARSCAEZE R IR YR P Re (8 0 SE Rl _L ol TR S BRIE T FR bR , XA SR P AT K b LR & R G T
TREMEVE, RIEF 5] A B bn o kT T 285 0, XA RGE LR G iR W], < Ab B R Ge+ b 3K
B R G +HoK I R A BRI AR L A3 R+ R R " b R i g &b s 4 i 2% (1
A EA AP R PREE AT RREL R S RE ) MAE R T al s , A R & B BUR BE L HAS 2 RS A HE)
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