5539 %55 3 1 E IR O B R P Vol.39 No.3
2025 4F 6 H Energy EnVlronmental Protection Jun., 2025

WA, BIBT, XIBLT, 4. HT Aspen Plus B LA A 1 1 i Ak HhL Ak 25 41 5% ol — TP ik R 34
(1. REVRIRBEGR Y, 2025, 39(3): 167-175.
CUI Dongxu, HU Xiaoyu, LIU Xianning, et al. Evaluation of Municipal Solid Waste Conversion to Dimethyl

Ether via Gasification and Electrochemical Upgrading System Based on Aspen Plus Simulation[J]. Energy
Environmental Protection, 2025, 39(3): 167-175.

@dﬁﬂﬂlﬂ@é

3T Aspen Plus B4l A= 16 B <4k
bR il R SEVEAL
ExRE"?, HrFE, AT, RFAME, B 8,
TR, AR, R

(1. B mAR LK HAHFE TRESR, LK &% 210037; 2. RdA KT R 5IREF IR LR MK
BEEFMELFTIRELEIRE, LA AR 210096; 3. AFRIRILERAARNE, L &F 210026)
FE: A BRI GNLYG = FTETUR D CO, Hia. A TR EAE, MR AP
R L RAR, A B ¥ A2, KR Aspen Plus 40 T A & R A AL- AL IR TH) & = T Bk £
%, HT ZFE TR RAEBATP CO, ¢RI R , AFRAER A F IR A RAE, 0, H AALFH],
SR TR A e TR A T A BT EIRG RB A, KA T RE 4 AR S ZH AR AT

ZAMRRG T, flle —FiZ 2 KEATE.0, 72 CO, BHZH, RN, £KIA
A EBB AN, SARA T CO, Kk AAA TS, FHREUMFRAG AHBLK T 2, Rk Lo
RAZR, Bk, B TIRA A FERAATENGTH, AR L T e, — V=%, K&
7%, 0, 5 H CO, BAESH RWTHE An; fa A ALBE I 5, 213 = F Bt = 34 CO, REEEZ 4
WA FRE, KEALF S0, ZENAEMGER Y, RANRERE L LA A AAR S
¥ 0.275, AACIRE 850 °C, EHEMHT, HAAFERIR 100 kg/h, 7T & £ = V&t 51.44 kg/h, K%
A.(300 °C)288.19 kg/h = O, 33.99 kg/h, -k ¥ CO, #E3 196.81 kglh, AR A £ FHIRG L E
A F BACA| BRAET 5%

XKEER AEEIR, A, A% T, ALEE; —VEk

hE S ES: X705 XERARIRED: A XEHS: 2097-4183(2025)03—-0167-09

Evaluation of Municipal Solid Waste Conversion to Dimethyl Ether via
Gasification and Electrochemical Upgrading System

Based on Aspen Plus Simulation
CUI Dongxu'?, HU Xiaoyu', LIU Xianning', WU Zhaoyang', XU Yue’,
YU Mengzhu’, ZHOU Jianbin', CHEN Dengyu" "
(1. College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China;
2. Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education,
School of Energy and Environment, Southeast University, Nanjing 210096, China;
3. Nanjing Environmental Group Co., Ltd., Nanjing 210026, China)

r#m B #A: 20241218 & B B #7:2025-01-20 X HER:2025-01-22 DOI: 10.20078/j.eep.20250202
E¢WMHE:BRAAMFLAL ﬁﬂwxﬁ B (52076112); 3 34 B KA A4 FF 5287 B (BK20240675)
F—1EE: EAM1995—), B, i THEA, 31T, BB R &1 0 R AA- B AR R KA B, E-mail: cuidx@njfu.edu.cn

*ERAEE: 52 F(1985—), 7"; , %ﬁi KA, #IK, TBHRF @A LW IR #AF 4L, E-mail: chendy@njfu.edu.cn


https://doi.org/10.20078/j.eep.20250202
mailto:cuidx@njfu.edu.cn
mailto:chendy@njfu.edu.cn

+ 168 - (LR N T T

Abstract: The conversion of municipal solid waste into high-value dimethyl ether can reduce carbon
dioxide emissions. Aspen Plus was used to simulate the preparation of dimethyl ether from municipal
solid waste gasification and electrochemical upgrading in order to evaluate its reaction characteristics,
simplify the syngas upgrading process, and optimize system parameters. The dimethyl ether yield and
carbon dioxide emission reductions were calculated during system operation. Using municipal solid
waste as a raw material and oxygen as a gasifying agent, the gasification characteristics were compared
between the as-received and dry bases. The effects of varying gasification oxygen equivalence ratios
and gasification temperatures on system performance were investigated, focusing on dimethyl ether,
steam, and oxygen production, as well as carbon dioxide emission reductions. The results showed that
the contents of carbon dioxide and water vapor in the syngas were excessively high during the
gasification of municipal solid waste in the as-received state, resulting in a hydrogen-to-carbon ratio
greater than 2 after electrochemical upgrading, which did not meet syngas requirements. Therefore, the
dry base of municipal solid waste was selected for simulation. Increasing the gasification oxygen
equivalence ratio increased dimethyl ether, steam, and oxygen production, as well as carbon dioxide
emission reduction. A lower gasification oxygen equivalence ratio led to incomplete gasification, while
an excess of oxygen causes over-oxidation, resulting in higher energy consumption. With the increase in
gasification temperature, the production of dimethyl ether and carbon dioxide emission reduction first
increased and then stabilized, while steam and oxygen production first increased and then decreased. At
lower gasification temperatures, a high hydrogen-to-carbon ratio of syngas was observed. A higher
gasification temperature led to a decrease in steam and oxygen production. The optimal reaction process
parameters of the system were a gasification oxygen equivalent ratio of 0.275 and a gasification
temperature of 850 °C. At this time, consuming 100 kg/h of municipal solid waste produced 51.44 kg/h
of dimethyl ether, 288.19 kg/h of steam (300 °C), and 33.99 kg/h of oxygen, which could reduce
carbon dioxide emissions by 196.81 kg/h. It can be concluded that gasification of municipal solid waste
in the dry base results in higher quality syngas. Higher production of steam, oxygen, and dimethyl ether
can be achieved. Due to the conversion of carbon from municipal solid waste into liquid fuel, carbon
dioxide emission reduction is achieved at the same time, demonstrating good environmental benefits.
This study provides a reference for the harmless treatment and resource utilization of municipal solid
waste.
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Table 1 Ultimate analysis and proximate analysis of municipal dry-base solid waste
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Fig. 1 Schematic diagram of dimethyl ether production from municipal solid waste gasification
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Fig. 3 Main gas compositions at reactor outlet for different oxygen equivalents for municipal

solid waste gasification under received base
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Fig. 5 Main gas compositions at reactor outlet for different oxygen equivalents for municipal

solid waste gasification under dry base
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