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Abstract [ Objective] Harmless treatment and resource utilization of sludge are key measures to promote synergistic effects of
pollution reduction and carbon reduction in the field of water pollution prevention. Relying on the dual attributes of " pollution" and
"resource" of sludge, taking Lanzhou City as an example, this paper strives to explore feasible, economical and low-carbon sludge
treatment and disposal routes, providing scientific basis and important reference for the development of sludge treatment and disposal in
Lanzhou City. [ Methods ] This paper first expounded the current situation of municipal sludge generation, treatment and disposal in
Lanzhou City, clarified the urgency and necessity of harmless treatment and resource utilization of sludge, then analyzed the sludge
quality and disposal resource conditions of municipal sludge in Lanzhou City, and based on this, proposes feasible technical routes.
Finally, carbon emission analysis and life cycle economic evaluation were carried out on the feasible technical routes. [ Results] The
current sludge treatment route in Lanzhou City was close to full capacity and there was a high risk of secondary pollution. It was urgent
to seek a scientific and reasonable systematic sludge treatment and disposal scheme. The three technical routes of " pretreatment +
anaerobic digestion + land use" " aerobic fermentation + land use" and " thermal drying + sludge incineration" were suitable for sludge
quality and there were matching disposal resources in Lanzhou City, which were feasible technical routes. Among them, " thermal

drying + sludge incineration" had a low carbon emission of 244 kg CO,/(t DS) ; the total cost of "aerobic fermentation + land use"
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was the lowest, which was 280. 83 yuan/t. [ Conclusion |

City should adopt the technical scheme of single-point small-scale

Combining the process characteristics of each route, at present, Lanzhou

" aerobic fermentation + land use" and " thermal drying +

collaborative incineration with waste disposal plant/coal-fired power plant" , and "deep dewatering + sanitary landfill" can be used as

an emergency and alternative scheme. In the future, it is advisable to explore the possibility of " thermal drying + independent

incineration" or '

' pretreatment + anaerobic digestion + land use" , and gradually reduce the dependence on surrounding industries.

Keywords sludge treatment and disposal ~carbon emission economic evaluation technical route comprehensive analysis
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Tab. 1 Information of Urban WWTPs in Lanzhou City
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Tab.2 Sludge Production Forecast by 2030 in Urban
WTTPs of Lanzhou
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Fig. 1 Existing Sewage Sludge Treatment and Disposal Route in Lanzhou City
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Tab. 3 Characteristics of Sludge Analysis from Urban WWTPs for Land Use in Lanzhou

Hehr gy ORI AIRIRIOR e RIERLEA e
pHEH<6.5 pH{i=6.5 pH{H<6.5 pHIEH=6.5 pH {E<6.5 pH{H=6.5

HHLR 31.40% =25% =10% =18% 2% ~8% =30%

5E i 6% =3% =1% =2.5% — =4%
MER'/ (mgekg™')  2.26/14.37 <5 <20 <5 <20 <20 <1 <l.2 —
HR/ (mg-kg™") 2.22 <5 <15 <5 <15 <15 <l.2 <L5 <2
HEY/ (mg-kg™h) 35.72 <300 <1 000 <300 <1000 <1000 <350 <450 <50
B/ (mg-kg™") 26.78 <600 <1 000 <600 <1000 <1000 <250 <150
M/ (mg-kg™") 11.75 <75 <75 <75 <40 <35 <15
S/ (mg-kg™) 125.57 <800 <1 500 <800 <1 500 <1 500 <350 <400 —
HEE/ (mg-kg™!) 359.53 <2 000 <4 000 <2 000 <4 000 <4 000 <450 <500 —
AR/ (mg-kg™!) 50.76 <100 <200 <100 <200 <200 <100 <150 —
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Tab.4 Characteristics of Sludge Analysis from Urban
WWTPs for Incineration in Lanzhou City

2) A A
M Pl A i AN ELUAT BB
AT IEA M A 2 B OB B b BB

i A BT, PR IS TN,
FRARNAE (MT kg ™) 11.32 3) 5 R s

c 26. 82% TSI BE PR IEA A Z SNFL LA, IR B
N 4. 4% B 5 N R A F 7 B K R A 7 R A R
H 3.9% FYIROC, BRI BE R E , B mr 33 X A T 47
S 0. 98% W SRR RV R AL BT C i T e 1T, AR
0 9 33% TR AR T TR T 2024 AF IR T, R
u i P VR BT s M LR T | B

h o KRBT s TR AL B 01 T 20 ke %24

2.1.2 W EFEEST

22T A M RUAR L TR AR X S K T A A
AT YA ARG A A AR R

1) 1A H

HR A DU 7 399 18] 22 P T AR B TR A T B
Mgk Ak B &I, 2025 A 2% JH T RR AR 35 R 1k 3
10. 62% , ARARE BRI 15 7 m’ 5 R LR 5 A 9t
a5 IR E 53. 2% ; Wb R4 R 0 44. 16% 5 HEAL
X LR AL T 40% , # % IX AL 7 35 F AL T
41% , 38 J X N2 2 el g i T BUASAIR T 12 m®
U, i A A P AL B A HA R ) R B R A
B, AR Ue AN S BT E E R SR, A
BT TR LA, R — e 25 e %
VAR AL A5 A R A AR S R0 2 i /R Yu s H  fE b A
Tk myiE— ),

L3 8, SR AR ) B R RN DY [ B
T ARHLA ORI TS VR T REE ; K IR
PRI R K Ve AR 77 Al 32 AR AR O EL RN
fhrrp B B 2 M TG R AL AL B )RR B AT 60
km S SA L 8 AN RIS IR .

LR 75 TR T M A B R B 2 N T IR X TS
FRALEE T H PR BR A FH 5 PR A BRAL B P EHE X I3
HEAR AT R = b R O A | A 3848 52 A el Ak
) FBERE (BBl B84 15 Ve 5 17 3 Bip [] 58 Jog Rk
LT B ) B9AbE T
2.2 RIBAEBEEEF

e w3 VB iy W I 9 SRR DR B = W )
FEIR EIH ARG U e, IR EHALTT LR A DL %
PR, 8 FVE R SRR I AR 3 T
JZ BN, 5 22 M T 5 Je A WL AR (N F
40%) , IHALRCRAR  AB T TR RE R, BU3G i HA0K fff 55 i

— 111 —



T B,F O, BNE,

CRUR” R 2N TG I AL AL B BOR BRR ER G b

Vol. 44, No. 11,2025

PR 2 T AL RCR RS R A R AR
S ] S B S AR AL B4 i AR E , O e 2k
R AL B IR S5 TR A IR FR 0y . (EAFR
RIEHRHEAL 7~ 12 d, s BRfl (B 2O il = 2~7
d, o5 UK, A RN, AN B 5t

K5 PR BE B Ak B 77 S, T Ak B 75 5K
FITAE 5 A ZE R [ B A L, 15 e 0 B uE
PR, LR TR Ab 3 )y =, T — P R AR TS
P KA $ v 5 Ye A R R U A 35 D8 Y B
AR

P LR AT AT AL B BRI B P AL 3 %
FARBRELL , 43 51 2 Pl Ah B+ PR AT £k + - MR T 4
SR LA BT+ SR o e+ 58
Be AL 3 25 TR, Bl R AR+ B BE B

/LR

T+ B A FE b AT +ARE R T Bk
3 RIELEFARBREHHMES T

2020 4 9 H, 3= A 2 Y 2030 4F Ak g
552060 4E“ " Hir, % Hbra i ietml &
AR PEAS B IR T TS U8 I T T8 45 FE T A
BRI 508 i U SRR AL e B RR HE
G R AMEE 5 I b B A T PR AR
3.1 BEEHR

T HE IR 34300 4 A T e AR AR T2
WA i — S I A B A A B AR V5 e A B AL
BEHCGR TR SRR, SRR S B HE L | ]
et HE O R A M . 5 B S H ATTS e i &t A
FEMUBRIE A AR DRI, A SCRRHE iR B30 - an 14 2
Fiis .

Er R |

T e e Bt ey e T Gl g
S R
I Lo |
iU e ) ) BHE |
i A | b SRR
b AR Lo !
e A |

i Lo i
i AR wske] 1| |
i Lo i
i o T [
i e — Em?.ﬁ:
[ w0 j
i PAGE 33 B |
i_._._____.*,__“_______I________,____l LB
R R R
| I . . S ... O 1. i

B2 AR A

Fig.2 Boundary of Carbon Emission Accounting
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Tab.5 Calculation Parameters for Direct Carbon Emission in Sludge Treatment and Disposal Process

T H 25 HifH E= BTN

AERIG IS CH, BRI TE 4 28 [7]
N, O BRI 265

PO i+ R AL PR+ PR A R R A 341 m*/(t DS) [8]
R 0.05

IR KRR CH, Hel A 7 10 kg/ (t DS) [7]

REESREY N, 0 HERH 0.6 kg/(t DS) [7]

TAb+5EkE FF U R LA 45% [7]

PCFTBRAE S5k P k43 12% [9]

FEpe i B Y N, O HEA T 0.99 kg/(t DS) [10]

& T HEE HLBE TS AE 257 AT BHINFE | AR T #E
VA it >R T 7= A BB HETSORR S ) 3 ik AT, TR
FERRHER T R T 25 6 % IR A nT RV I ) T 245
B IFRA SRR AT e Rz mHE R SR (6)
ATV, T s AR R B BUE N2 6 TR

Epyg: = Digg: Fra (6)

oty Byp— = SR HE i, kg €O,/ (1

DS);

Dy — 05 Sh 8 G, B | & HE R HY
TG BN S BRAUAR B, LT 200, AnFE H
9 kW+h/(t DS);

F e — 1RV 42 35 Sl HE R 5, RS0
0 N A HE RO | B AL Bl E , 40
FEHL N kg CO,/(kKW-h)

R 6 TTUCKPRAL E LR RO TR S8

Tab. 6 Calculation Parameters for Indirect Carbon Emission in Sludge Treatment and Disposal Process

W H S8 HfE 2% 3k
HERCH T o Sy 0.583 9 kg CO,/ (kW +h) —
P T 110 kg CO,/GJ
LEsIE €I T # (HOK %) AR 50 kW-h/(t DS) [11]
ToiAb 3 (FAOK A% ) PFE 3.24 GJ/(1 DS) [12]
TRAEIH AL FLFE 50 kW-h/(t DS) [11]
AL FE 70 kW -h/(t DS)
T 9.16 GI/(t DS) [13]
BEBEHFE 300 kW -h/(t DS)
SR BEAE 60 kW-h/(t DS) [10]
B ST 43.33 GJ/(1 DS) [12]

TR BAL B R rh  BR_ LA PR BRHERSL
AT SE A ) B E CO, B BB B 1A Wi g T

GEIRTT TR Ak TH R, FROM B A, BRAMEER
B ARXIMA(T7) ~3(9) , ZHUEME 7 FioR,
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XM e X 107 XF
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(Quyr=Qire)

Eco,-momr = 36

o £ COL=TR“THE E CO,~HHBI™ Eco;- I:fwﬁj—?’ﬁ
SRR LI | R TR I 0 B
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TICHA—rn—CHzt FEﬁ,ﬁ,kW-h/mS;
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F oo ~Fasms——PALENE B0 H &
HE HF kg kg

Wy @ ,— I il B A TS I 7
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Tab.7 Calculation Parameters for Carbon Offsetting in Sludge Treatment and Disposal Process

T H e HlE 27 ik
B RE CH, FAALAFR= i 2.3 kW-h/m’ [14]
g g PAEIE 11.9 GJ/t [15]

PUEDIFE 0.8 GJ/t
R B ROR 80%
+ iR B SRUIE i) 3 HE A K 2.116 ke/kg [16]
BB A 3 HE i R 0. 636 kg/kg

3.3 ZEL&R

A B (AR AR ) + IR 48T Ak + 1 R I 4 1)
SRR S 245 kg CO,/(t DS) . BéZHh iy B %
T HE I 32 S DR AT A 300 T 45 3 ik O ™ A 1% CH
s A 5% % 18 A 4550 344 kg CO,/ (1 DS) ;
SR 2 ] 42 i I = B A AL B (IR i ) TR
Y HLAE ERE , DRAEUTH AL TH FE 1Y FELFE L) S S REAE,
HOHr AL B (AR ) T4 FE Y HLURE | FRFE R 533 kg
CO,/(t DS), IRAATHALTHAE B FLFE N 29 kg CO,/
(t DS) , 8% FEAFETE U= 5 2 R b5 R
BRAERL 3. 15 kg CO,/ (t DS) ; WAL B (KA ) +IK
ST Ak + = bR FH B R 1 i M A 5 VR ™ e S BF
FRABAE,, MRIEIC ZT/ N T 15 PR K i AT H 2556
B, TR CH, &40 341 w’/t, TR A1
WM H 313 kg CO,/(t DS) , B ACALAE 3= %58 i
T R HE R U, B #M32 R 351 kg €O,/
(tDS),

U R T + R FH AR 0 B HE T o 267
kg CO,/(t DS) ., [k i B He R HE A 32 22 0 441
KB = A2 1K) €O, (.CH, F1 N,0, Hirf O, J& T4
P, AN TE A SHERCH, A S5 R 439 kg CO,/
(t DS) ; L i) [a] H2e Ak HE 5 32 B2 0 4 40 % T A )
THFE I HLAE S B BEFE , R HLFEN 175 kg €O,/
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(t DS) ,isHi FEALHGTE U8 7= 5 2 -+ R FH M
WHENL 3. 15 kg CO,/ (t DS) ; Uf-48 & W+ + b 1) T %
LR B T 3 A G AR R R A I R
BB B AME N 351 kg CO,/(t DS)

Pl + BB 8/ 45 3% P 5] B8 o/ BRI L T P
[ 558 (1) S B HE TS i 244 kg CO,/(t DS) . BEZR
TR B Al HE T3 3 S B e 1) 7 A2 1 CO, L CH,
N, O, EHEEHEBAUT A A k% 7= A 1) CO,
Hess, H sl B be ik £ 2% 18R 8 2t KR = Rk
PRAEGEI | Up R B8 408 2 A H A v PAELRRE Rt A
RS IREE S CH, HEL, A% 45 5 460
kg CO,/ (t DS) ; 2k b i) () 2Rk HE A 3222 0 11kt
TR HLIARE A bead B2 0 P RE RIS Fr Be e, JLrP T4k
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Fig.3  Calculation Results for Carbon Emission during

Sludge Treatment and Disposal Process
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