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Abstract: Advancing energy-saving and carbon-reducing measures in sludge treatment is a crucial strategy for
effectively combating pollution and reducing greenhouse gas emissions. Focusing on the challenges posed by the
sludge’s high sulfur and chlorine contents, this study presented a case study of a 2 500 t/d large-scale incineration
project in Zhejiang. Employing methodologies including material flow analysis,energy flow analysis, techno-economic
analysis,and life cycle assessment, this study systematically elucidated the primary challenges with printing and dyeing
sludge’ s resource usage. Energy efficiency, achieving ultra-low emissions of flue gas, and assessing economic and
environmental benefits were all part of these challenges. Comparing three technical routes, the study proposed a
holistic solution for energy-saving and carbon-reducing in printing and dyeing sludge resource utilization. The study
unveiled that the energy utilization efficiency of the case study’s printing and dyeing sludge drying and incineration
reached 78.1%. This process contributed to a significant reduction of greenhouse gas emissions,with a decrease of 647
kg (measured as CO; equivalent) per ton of printing and dyeing sludge mixed fuel (dried basis) over its lifecycle
compared with sanitary landfill + coal-fired cogeneration. The adoption of a comprehensive technological suite,
comprising in-furnace acid removal-selective non-catalytic reduction+ selective catalytic reduction—+ activated carbon
adsorption+ bag filtration + double-tower acid removal, achieved ultra-low emissions in the flue gas of printing and
dyeing sludge drying and incineration. Furthermore, the case study underscored the economic and environmental
benefits of maintaining a coal blending ratio (measured as mass [raction) at 20% in sludge drying and incineration
cogeneration. Therefore, this research provided engineering strategies to promote synergistic pollution reduction,
carbon mitigation,and efficiency enhancement for the printing and dyeing industry.

Keywords: printing and dyeing industry; sludge drying and incineration; carbon mitigation; techno-economic

analysis; life cycle assessment
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Fig.1 Schematic diagram of the printing and dyeing sludge drying and incineration process
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Table 1 Industrial analysis and elemental analysis of printing and dyeing sludge,coal and municipal sludge
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Fig.2 Distribution of sulfur and chlorine in printing and
dyeing sludge of 141 enterprises in the park
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Table 2 Life cycle inventory of sludge incineration process

T H S8 A B fE
L 1 kW « h 140.99
WK IR A5 TR kg 1.739.10

A T KR A5 e kg 379.46
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Bk £k 7K kg 2 263.02
7 R M]J 9 096.05
.t RH kW « h 1 033.40
IR it kg 229.98
VSTV 1 Bk ik kg 1 008.69
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Table 3 Life cycle inventory of flue gas purification .
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Table 6 Energy balance for the incineration process of 1 t

mixed sludge
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Table 7 Environmental impact indicators in different process of the flue gas ultra-low emission system

HE Ak BT 2 W%/ (mg/Nm?)

ww SO NO, kL) HCl
o7 P R T 8 893.4~15 854.8 10 060.3~11 703.2 24 106.1~36 949.9 442.5~1 548.8
P B R I 2 223.3~3 963.7 188.9~219.7 24 106.1~36 949.9 398.3~1 393.9
1 A BT 2 223.3~3 963.7 36.8~42.8 24 106.1~36 949.9 309.8~1 084.2
i 4e B 1 956.5~3 782.6 36.8~42.8 2.4~3.7 221.3~774.4
XU 3t R 4.5~8.7 36.8~42.8 0.1~0.6 2.8~9.5
S0 1 T 4.5~8.7 36.8~42.8 0.1~0.6 2.8~9.5

TE < A P HE T S A A R T AR
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Table 8 TEA results of three sludge disposal cases
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