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Economic benefit analysis of sludge composting plants based on the use of additives

LIU Yan, MA Ruonan, LI Guoxue, YUAN Jing"

(Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resource and Environmental Science, China
Agricultural University, Beijing 100193, China)

Abstract: Exogenous additives based on the in situ control concept can effectively control the generation of pollution gases during the
composting process, as well as improve the nutrient content of compost products; however, the economic benefits of its application at the
factory scale are still unclear. Taking a sewage treatment plant in Tongliao City of Inner Mongolia as an example, this study systematically
analyzed the economic benefits of different composting modes and the use of exogenous additives. The results showed that the strip stack
natural ventilation composting process (with WT36 dumper) with a large capacity had relatively low infrastructure investment and operation
and management costs. The production cost of compost products with different composting processes without adding exogenous additives
ranged from 314.93 to 349.85 yuan - t”'. Using phosphogypsum reduced the production cost of composting by about 6 yuan + t"'; When
phosphogypsum was mixed with dicyandiamide, only superphosphate was used, superphosphate was mixed with dicyandiamide, the
production cost increased by 5.0%~16.2%. The sale of composting products compensated for the cost of sludge composting and made the
sludge composting reach the level of low profit. Among them, the composting process with large—scale natural ventilation and adding
phosphogypsum had the best economic benefit: the ratio of production to investment was 3.22, the investment recovery period was the
shortest, and the total static investment of the project could be recovered in three years and two months. Therefore, the industrial
application of sludge composting using phosphogypsum as an external additive and a large—scale heating and natural ventilation process is
economically feasible.

Keywords : sewage sludge; composting pattern; additive; cost analysis; economic benefit
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JE R BB 27 B SR A S R 2T
TESE 3 AR L FRAS 25 DR 4 8% B4 WA I iy ofe 2 4 s
s KU1, 3k W TR A 1) VAR Itk BT A 3R AI CHL A
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J

SUE SN AR AR AT B0 HRECR (B AESEBR
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ASCAT LAY 775 e O ARHE T TR It 2 o R Bk A, a2k
TS HERL = 6 o R, SEHE ™ ah ) B B 2 e BE b
JEEE AT LURMEEAS IR B W S A o Wl A B S R AR
PR — R R FE ), o R L R TR R A BRI, X
SE T AR ] TS R R A 2 TEACR , A] LU I
BRI GRADT R, T A S S5 A R [ B A B
HE P i O 1 I il = R NLO HET, A Tl 1k
R AT LSS BTG Qe AR B A i . U, 5B
T AR AR S R R S I A 22 T Ak an e, H i
) AR A AR SCHR G T R G RXT EE BT . R, A
SCRs B8 A ARSI, BEXAS [ SENEAE S AR Rl s 7R
4575 A T R G A B AN 22 55 305 0 # , 4R
AN T AR A S Pria gy iy T4, AT
Sy A0 DS R4 1) S HE 5 7 v 7 e A R R T
o7 FH e At ot S HE

1 i HERE 4L A IR B AREE R

1.1 REMEETZSH

DL A0 T Ry /K A B0 R 48], 5 HERE T K
15U AL B R 150 t-d ™, KRN 80%, B HEAE
BEEAL PR K 7578 54 000 to B /K 5 P8 44 85 15 (fif
J i ) Y HO B R OR RS FT IR G 3R A, )5 22 KRG
FHEELZ 9 500 t, 1A PR L RIS 63 500t It
B T2 e O &b i ik , AT ARAS 5 b i HENE &
PR B 7 i S ST IR B YR E R 0.6 tom Y,
Pra W RHAT N 105 840 m*, ¥ E BMENE A ¢ T2
SRR 1 PR o BRAEPREE — A HEE FE 0 P i 8
BUHER B =35+7x2=10(%) .,
12 BT Z5EMIZH

AHIE SR S B AR R HEIE T2, A3

R 1 HEEXEMSE

Table 1 Compost related basic parameters

15 Sewage sludge FKFEFF Corn stalk TR A PIE Mixed material VEUR: FFERE HEAE A fﬁ&%%
— — — | . . urnover
TR R TR A FHR g OvdEerCom Competing ey
Dry matter/% Bulk density/(t*m™) Dry matter/% Bulk density/(t*m™) Dry matter/% Bulk density/(t*m™) ’ ¥ (time - week ™)
20.0 0.8 90.0 0.1 30.5 0.6 85:15 35 2

T e FE TR

Note:a Based on fresh weight.
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Flv s FH B0 e AR B0 HE ML R 22 RN &, TS 40 R
WT28 . WT36 FILT30, HH, WT28 5 WT36i ] T4%
PEAHENE , LT30 18 TR R AR e . ik
FE3FPORR A o, M T RSB A 2k
AR T2, (0 WT28 BRI BHHEAL ; 18 5= 1 R FH 4k bk
3 A SR RHERE T2, {6 WT36 RUBHHENL ;1% 5 11
K FAE =G B 2R XU AR 125, i B LT30 7 B HEAL .
ANIE BIHENLI SR A TAES LK 2. Wikt
FIHE RE 8t 5 A% T B0 A MR 4, AR S 0N < 2
W, E TAEMFE 15 Loh ' 3 A 15 L 40
FEEE 150 m*-h',

2 EmighEiR R

15 Ve HENE Ak A BEIR T b TGI8 R B AT R HE R T
2 AR LA R A RS AR SRR IR A T
SERR A0 XA AL SR e R A 15 0, 2
T MR it T 9 2 114 o M T A
2.1 EHEERER

AHIF 5T R HEAE ALY X3 T 3 AL ROk
JIE 2 1] R0 ™ i 18], 259 5% FH K D8 A Ak 3t AT B 1 ToL A LA
R A& 1 Sh o AR R A . RIEAE 3SR
4 3 BB S BT, AR 7 i 4 4 A 7 o ol
BT 7 A HE AT R B8 R K A IR g 6
A
2.1.1 &1

B B S 7S W = B/ e A D
WT28 U FHHEML . %55 BHE ML AR AU N, & 2
TRIRAOR 25 BAEVE I )3 8 AN (11 T &
WAE 2 B A = SRR ) o %G = T KI5 T34 H
FERFLL R 180 m* - d7', M 44~ H KI5 U8 =/ 24
921 600 m*. F FURRE-IHE S 1.5 m i, W5 e i
AL b7 M T AT 14 400 m?. R ORAREFFGRE ki g
BN AT AMERL, B AT A SR S JE A, 4

AE Kb TR AT SR SR TR 105 840 m?®, HENE 42 10] P Ak T
e o A5 o B B KRR Ve T A S0 (1) 3R, )
AR ZE AR X 0k R B R 15 182 ms

Dy
Vg =—"— X Vg (1)
"Dy

D g R A TAE B RE, A 5 ME B 1l 4
VRN I )% 8 A4S AL, B D ey =244 d; Dy —4>
HENE R A RE, A FEH D jaw=35 d; Vo AL F YY)
BEERTL ABFFEH V 6=105 840 m’
HERE ZE AR Y X 7 TR AR A e K BE A 3 (2) 3
)RR R 24 457 m?, SEECH 851,

Viea

Apx = + L xwX (LA rig+2L sy ) (2)

Ao AR R TR, m® m™ s LW B
CRED A AT S5 R HENE AR M X HEFF B ERAC BE S 102
m, B L=102 m;w Ry B35 () TAETE S, ms L oo HOFE
FHHERL A HE B, ms Lo Ry B SE ML 1) P 375 28 ) 5
mo v w LB L BUE L 2.

4 W B o B AR RO AL Rl 50% 115, 4 Ap
A 7 HE AR P R 2 52 920 mP. He K EEAEIN A 6
AN HERCE R 3 m B DU 7= S A AR K o T R
2018 820 m*,

P, st T ok d R 22 ) = o (8] 3
R R 47 677 m?. LU b 3283 X ] @ R4
— il 2 A B T AR
T, A Bt A A SR TR AR P TR 47 500 m
2.1.2 sl

5 50 IR A 4582 A 2R UHEIE T2, ff
WT36 BUFHHENL . 1% TS FHHEHL AR R R, HE A
Bl T SE B A AEAE D . %0 S T AT SC R R
B, TG DR 87 o 4 A Ak B R SR B AR 105 840
m’, RN VR ETA 360 do ARBRAS(1),
AT TS AG A 42 180 P Ak 3 i 2ok 5 e ) S5 K e

R2 TEIERERBENEMSE

Table 2 Basic parameters of compost turning machine in different scenarios

= s e
KITAE AREFSNL g ) 45 i)
bHRE . 14 RE e LEER7S T . -
WR wE JLRED gy TR e TR e B
. Processing capacity/ Average energy . B (w) . .
Scenario Model 20 Power Maximum volume/ . . One—way shift Turning space
(m*+h™) consume P Working width/m . .
(m*+m™) distance/m distance/m
I WT28 250 St 10L-h" 19 2.8 1.5 4.0
I WT36 750 S I5L-h" 32 3.6 2.0 45
I LT30 400 L RE 100 kW 5.4 3.3 2.0 8.0

VE = a AT 5 MM B TRTSS PR 9%

Note:a Contains the width of the single—sided wall of the stack.
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O 10290 m*. HEAEAEME X HEFE R EE K BE R 102 m,
WA (2), 45 G R 2 P BIHENL TAES S TR
HE T2 R S it 1 M X b A AR 12 824 m?, 4R
PREON Ry 35400 77 k) b R RR S 5 1 ARTAD,
8 820 m>,

PR, 17 S T vp Dkl d M TS 2 ) A = i fe) 53
B RE MU A 21 644 m?, R R JCIE RN, HEAE
Wit B A SR AT BE11h 22 000 m?,
2.1.3 sl

7 5% MR A X A 2858 KUHENE 1225, f# 1 LT30
RUBHHEAL , AR o % B 5 BE ML AR A5
T TAEAL PR 5 7 o [ ShARERR ). i
Al SEIER EEEE, IR . S KR S
ITARTAE], 210 290 m* HEAEAE b DX HE A7 HAE K 5
100 m, MRHEA K (2) , I &5 G2 2 P BN TIES
B, TR HZHERE St X b TR A 7 420
m?, BT HERE RN S 22 4> 7 kA AR
I #0111 AHIE], 4y 8 820 m?,

PRI, A7 S T Tkl g M TS 2 ) = i ) 53

T K G HB TR A 16 240 m?, HE ARt B 5 b i AR 15
11416 000 m*. BEAh, HENE ZE ) T e HEALAE , 22 4 4k
FEALTONES 23 11, K T4 100 m+2 m=102 m, 55
0.3 m, F 2.2 mo DU LA RI AR 23X 102 mx2.2
m=5 161 m’, FILATE AR ML S 000 m?,
22 ZHEREHE

3PP 1 5 0 JE At s 48 9% an 3 3 FiroR Rt
T2 ) o AU AR TR ARG M L B B U Sl
ARG S e g A B 48 02 45 . 45 2R S B Ay
Brm Mt . AT RE S RHHENL TR
TnGa) A Bl 2 e B A A T W AL . o 3FROR
[ S T BT ) B HE LR R | B HE ML Ak 3

RE 7 R S et 0 R [R e, TSN 8 sl 2425 i 5

AR BRI . 3FORRE SRS 6 B
(R S AR S S AL BT . A R A LN
Y38 L T S o

3ANASTRNE 5 0 — U B il 38 it 45 ¢ 43 ) oy
1512.8 5761 065.2 5 LI 1 088.4 L. IREHI U
Wk 5T A 63 500 t, HES RN S AT 1H AR FR 4% 10

®3 FRBE=HEREMIZERTER

Table 3 Composting infrastructure investment costs in different scenarios

i 5% TiH LRy R GHHA TG
Scenario Project Prince Area/Number  Total cost/10* yuan
I ¥ 5504 HuTE AL Ground hardening 10076 m™ 47 500 m* 475
Structure B3 19 Roof 100G m 47 500 m? 475
16 5% K HoAth Movable wall and other 30 75014 61F 180
e FHHEHL WT28 Stacker WT28 2576 91 225
Equipment ISR A sl 2h%e & Additive automatic dosing device 4275614 914 37.8
4% Shovel car 20 306! 61 120
A1 Total 1512.8
Il K55 Hu T 4K Ground hardening 100G m™ 22 000 m* 220
Structure B3 T Roof 10076 m™ 22 000 m* 220
16 5% 18 K HoAth Movable wall and other 30 g 41F 120
B FHHEHL WT36 Stacker WT36 60 J1 51! 61F 360
Equipment WA B SN 25%% & Additive automatic dosing device 4275751 61 25.2
4% % Shovel car 20 56 - 4! 61 120
471 Total 1065.2
I F 54 HuTA A AE Ground hardening 10076 m™ 16 000 m’ 160
Structures B3 T Roof 100 78+ m™ 16 000 m? 160
HEAELE 16 Pile trough wall 2007 m™ 5000 m? 100
I ShE% 1 M HAh Movable wall and other 30 oG- 31 90
ey FHHEDLLT30 F Sk ik vl R4 45077 78 - ! L 450
Equipment Automatic transfer control system of stacker LT30
I A shn2h 2 8 Additive automatic dosing device 42 564 214 8.4
572 Shovel car 2073 G- 1F! 614 120
411 Total 1088.4
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3 IBEITEERA

AT P RLAS AR A PR BRI H AR L D T
P HE AT R BAS S IR RE AR G i 2
PRI 2% AT IH 2% LA KR 38 22 50
3.1 E=peiRiERE

M I 52 Tt B IR T FE U0 K BIME ML AN A SRk
RAERE (K 2) . AT LA J7 B4 2 102020 4F
B, Horb S S 5.6 o0 - L, TR I
SERINA% K 0.7 6 - kWh'

B R R T YR I HENE AR, DL HEE 1
R YP R B S A PR S HE AR R
RV 24 CHENE AL 3850 50% 2500 L i L HOREEL
O IERHE 0 1565, 4 B E A i ke ik 3
TEFEEPRHRE Y 0.5 A5 ) o W 3 FiE S F HEIE I f hE
FENF A PR, THE R 3R ST (i A BRI AFTH #E

VERFTE] Ay 24.2 b d™'5 R RE 57 427 2 T4 o B) Ky
242 hed s bAh, H R HERE S AR W4 TR 23 h-d !,
W M TR 52 hed ™' TAEABR H TAERK
Fi2 8 h-d L T EL 7T A TAE A GOk L 15 T ik
Jiti ) H B RS, DA HE M S T S S I —
AEIBTT 124 H #2250 4 TAE HI R, W TAERFH 50
WS PR dbatmh A 58I At 2 OB Js A A 1)
b 5T X 2019 4E A T2 -1 1%y 8 850 76, I 34>
TR 5 44 R 9 B TR AR 43 531 A 49.56 J5 G -
a 4248 J1 oG a ' F142.48 J1 oG -a',
3.3 igEITIHEMMRE

PrIH AL TR AT IH RFURA ST 1H LR AR
R, AU ITIHHFIRBE R S a, HAA AR F Y
PrIHAFEBR BN 10 a, 45 F] 4% B 5T 1 3.5% 15 .

F6 AEIESHERIZEFIBEMAEE (AT ")
Table 6 Depreciation fee and interest rate difference of

composting facilities in different scenarios(10*yuan-a™)

FRARSY 5 59.27 T5 IE 47.41 T3 TG 54.08 J1 It g JREDTCRRIGTIR - RPEE gk
. Equipment Structure interest rate
3.2 Aj] 5 %fﬂﬁkzk Scenario depreciation  depreciation spread Total cost
S P 5 7 AT R N 2 5 2 [ 656 1300 5205 2451
VRS LU T 000, th 4 T LT A 0 se0 381945
{;/(j:l4233.6h'a71,—£|3?£‘ 175/|\I’ﬂzai+%:,ilz‘iéji Iir 115.68 51.00 38.09 204.77
F4 FEERHEREFREFEMA
Table 4 Energy cost of compost production in different scenarios
15 ek Jb ¥ RGN Seh/H I AE BRI LA/ (T +a™)
Scenario Equipment Processing capacity/(m’-a™) ~ Working hour/(h-a™)  Diesel/electricity consumption  Energy cost/(10* yuan-a™)
I THHEDL Stacker 1 058 400 42336 42336 L-a’ 23.71
%% Shovel car 211 680 42336 63504 Lea” 35.56
1l Total — — — 59.27
Il FHEDL Stacker 1 058 400 1411.2 21168 L-a’! 11.85
4" % Shovel car 211 680 4233.6 63504 L-a™ 35.56
At Total — — — 47.41
Iir THHEHL Stacker 1 058 400 2 646.0 264 600 kWh-a™ 18.52
"% Shovel car 211 680 42336 63504 L-a’! 35.56
A Total — — — 54.08
x5 FRABERANEEERA
Table 5 Manpower and management costs in different scenarios
fm @%i@fﬂlﬂfﬁﬂ‘t’t %“EEIYPE;T{’: %EETK 1E\I1’Eﬁﬂ‘t€ AGHGE BTHA/ (I -a™)
Scenario Stacker working hour/  Shovel car working hour/ ~ Monitoring time/ Total working hour/ Number of Total cost/
(h-d™) (h-d™) (h-d™) (h-d™) personnel (10 yuan-a™)
I 24.2 24.2 3.0 51.4 7 49.56
| 22.6 0 3.0 25.6 4 42.48
il| 27.5 0 0 27.5 4 42.48

1% WHART]
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6 R e 3 1 A IR 45 %, 3 bR [ 1 Bt i B 1H AR
THHEZE R IR 6. ARG S BT IH %% 551k 242.51
JioG-a 194.32 J7J6-a ' M1204.77 J1JG-a™ o
3.4 ERaF R A

AN A AR Al FHAS [ A U it B, 3L
AL KA AR . AR 2020 4E 43 nkE BT 4, W
AE B4 200 0 - ¢ 1 BERR EG B 4 500 T -t 3L
T AN F 1270 ke TR BEAE BRI M
T LA HA MR R 1 3% 3, BUSU s I LA H
PR B 1Y 0.2% T, W) 46 RN T i S T it
L LI/ o 3 s EAA AR A B HENE W IR P k5%
P, A LIS Il A8, DS Tk R A 3424 38.10 77
TG+ a A AU T Ak Wl R S DU I A R AR 2y
95.25 3 G -a™ 5 5 [ B VAR 00 B3t Ay 6 ARBURURE , DU AS
MRFLAS YA 84.58 T3 G - a5 47 W] ) 48 fin ol il 5 A1
XUFURE , S A LAY R 141,73 T3 96 -2
3.5 Hit#EH

oA 2% FH AL ARG HENE S RE A A8 4 dr 2 AR

RT FEBREREMAA(TIT a")
Table 7 Composting of other costs in different scenarios
(10" yuan+a™)

g ke T g
Scenario Corn stalk p Insurance fee  Total cost
maintenance
190.00 38.28 15.13 243.41
I 190.00 50.52 10.65 251.17
190.00 57.84 10.88 258.72

x8 ERAARERMMEIEETHIZ

S A . AW R RLRS AT AR (5732 2%) #2200
JG U BAR YR AR SRR A T 10% 11 B
AELRBS 2 R FE A Rt AR BT 1%, LA LI A 2%
RS R R 7, 3FIORNE 5T B HAd 2% FH 4350
h243.41 J3o6+a" 25117 JioG-a ' M1258.72 i Jt-a™'s
3.6 BITEERHARBMEFHRA

LA UL Fs T S EAR , 3 R HENEE 543 il fif
FHAS TR A e st B 3 4 748 3 A A R B A 7
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NETE Stiat T 58 FLE A S BMRHE T g 5 1 >
e >R,

WIHAETRA YR RN 63 500 t-a™, Y RSN
30.5% HENE IS ST ot o Rl 5 Bl e IR 40 <5
IIMFNERIN) B2 K H 40% , 77 5 5 K 30% , 3
FNFEA T T R A% o DU FH A Jon 7] B AR 7 it 4 7
T 18 500 t-a, AN FH S I Bk HE AR 7 b A 7 1R
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Table 8 The total cost of operation management and unit production cost under the condition of using different added materials

. ‘ . N e+ U Sl Bl R 5+ AL
st ik s ) WO R PROT ORI L BRES « LU
. . ) . ) Phosphogypsum + Superphosphate +
Scenario Cost No additive Phosphogypsum Superphosphate . o . L
Dicyandiamide Dicyandiamide
I BSA/(TTota™) 594.75 632.85 690.00 679.33 736.48
Total cost/(10* yuan-a™)
HEFERA/ (Ot t) 349.85 342.08 372.97 367.21 398.10
Cost of production/(yuan-t™)
If BA/(TTota™) 535.38 573.48 630.63 619.96 677.11
Total cost/(10* yuan-a™)
HEPERA (TT ) 314.93 309.99 340.88 335.11 366.01
Cost of production/(yuan-t™)
] BA/(JTota™) 560.05 598.15 655.30 644.63 701.78
Total cost/(10* yuan+a™)
HPERA (TG 1) 329.44 323.32 354.22 348.45 379.34

Cost of production/(yuan-t™)

TF A S BRIt AW IR P RR BT 11 39% T, XUTRMR N AR IR YR B 19 0.2% 1. IR
Note: The addition amount of phosphogypsum and superphosphate is calculated based on 3% of the fresh amount of the initial material , and the added

amount of dicyandiamide is calculated based on 0.2% of the dry mass of the initial material. The same below.
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5.0%~6.4% ; AN A FH 2o 8 IR 5 1) A= 7 J AR TH 55 6.6%~
8.2% 5 1o W TR 55 5 WU T G VA Jin B 2 7 A T 8
13.8%~16.2%.

RASRE AT R HEAE ™= i A 7= AR R 309.99~
398.107Gt, AR AR HRCHENE s ] WT36 FHHEHLLA
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17 000 J3 JCH1 18 500 1 G
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F 00 H g A JE B O RS Y AR R D)
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(1) 44 BRI K V5 Je 184 54 000 t Y HEAL ) 7E 3
ot HE B A% 55T A9 — WK1k 35 Al 358t 8 9 9% 4 i A
1512.8 77761 065.2 77 JCAI 1 088.4 JiJC , 4Fiaf1 5 &
B BAS A F 535.38 Ji g - a'~736.48 T G ra, H:
i, 1 s TR 458X A A% XUEAE 128 DL R 4k 2
R WT36 R E AL, AT A B A 3 Atk i

i 2 PR
" {Kr tf} A VR 28 RS F A TR
REIN =N (3) (2) 7R FIHEAR T2 4 TR AN I A 7 i

2 KA S B0 B 5 IV S 500 H 75 1 51 8 HEAE 7
st (8 B2

FTRLE Y HERE ™ b B B ] LA TS TR HERE AL b
HUSAS (5 PEHEAE IR B AAACF- o A R RS 5%
USIIRLREZRAE T 19 NAELZE BB/ (K 9) , RIEA 1T

FE AR A 314.93~349.85 0 -t AN S N 4 B AT fif
HERE P2 A PR AR FRAR D 6 0 - 1 WA B S AUE U
TRA UG A 7= AR T 55 5.0%~6.4% , A fifi i 2o W i
A A 77 RS T 5 6.6%~8.2% , 1t B RS 5 AUR TR
BN A 7 A TR 13.8%~16.2%

R FRBREFMMBZG TR EIEITH G MR ST S8 BN H Eb R 3 m Y

Table 9 The total static investment, input—output ratio, and investment payback period during the operating life of the project under

different scenarios and added materials

o e N . s HE AT LR L RS + AU
3 5H T B spys PR ALRRG P A
. . Phosphogypsum + Superphosphate +
Scenario Ttem No additive Phosphogypsum Superphosphate . o . .
Dicyandiamide Dicyandiamide
I WA B I T 59475 6328.5 6 900.0 6793.3 7364.8
Static total investment/10* yuan
NAE N value 2.86 2.92 2.68 2.72 2.52
P [ Payback period/a 3.5 3.4 3.7 3.7 4.0
Il A BT HIT oT 5353.8 5734.8 6306.3 6199.6 6771.1
Static total investment/10* yuan
NAH N value 3.18 3.22 2.94 2.98 2.74
P [N Payback period/a 3.1 3.1 3.4 3.4 3.7
1 WA BT T T 5600.5 5981.5 6553.0 6446.3 7017.8
Static total investment/10* yuan
NAH N value 3.04 3.10 2.82 2.86 2.64
7% [l Payback period/a 3.3 3.2 3.5 3.5 3.8

1% WHART]
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(3) HENE 7 it 5 8wl LM 75 )8 HENE Ak A 23 g
A ARG PR HENE K B ORI A o o, SR B R
5Bk B AR XEL B A IR T2 &5 RS
e, BT mc R 32N, R R
(3.22),
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