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Application of Biomass Co-combustion in Rural Daily Energy Supply

ZHOU Yuguang'® ZHAO Nan'® LI Bowen'? BAHARGUL Tohniyaz'> CHEN Deying'> DONG Renjie'*
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Clean Production and Utilization of Renewable Energy, Ministry of Agriculture and Rural Affairs,
China Agricultural University, Beijing 100083, China)

Abstract; China has abundant biomass equal to over four million tons of standard coal, which can
directly substitute coal in residential energy system. The focus was to quantify performances of household
biomass co-combustion by comparing energy efficiency, emission characteristics and economic value of
biomass, coal and co-fuel in a typical coal-burning stove under space-heating and cooking phase to
promote clean and cheap biomass energy in rural areas. The results indicated that energy efficiency of co-
fuel was much higher than that of biomass in coal-fire stove with a value of 68. 10% in heating phase and
54.50% in cooking phase. The gaseous pollutant of SO,, NO and NO, emitted from co-combustion were
reduced significantly compared with coal burning, and PM, ; was decreased to a low concentration which
was much lower than the limiting value (100 mg/MJ) of Chinese standard. The emission reduction of
SO,, NO, NO, and PM, , was 22% , 67% , 88% and 18% , respectively, in heating phase, while the
reduction emission was 11% , 64% , 63% and 33% , respectively, in cooking phase. The organic
emissions of US — EPA priority PAHs with high carcinogenicity were also controlled well and the emission
reduction of high-ring PAHs could reach 34% and 87% in heating and cooking phases. Compared with
biomass in coal-fire stove, the emission of CO from co-fuel combustion was low with the reduction of 46%
in heating phase and 61% in cooking phase. Moreover, the emission levels under heating phase were
more stable than cooking phase due to relatively less artificial operations. The co-fuel was cheap, whose
price on a unit energy basis was 0. 039 yuan/M]J and the price on a unit mass basis was only half of coal.
The burner of co-fuel was popular coal-burning stove, avoiding purchasing expensive biomass stove and
ensuring the expenditure for daily energy uses within the economic bearing capacity of low-income
families.

Key words: biomass co-combustion; agricultural waste; rural energy; great particulate matter;

polycyclic aromatic hydrocarbons; economic performance
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Tab.1 Proximate and ultimate analyses of solid fuels

P/ (MT-kg™")

Tl o3 B (i 23 50, W 38 ) / %

TCR T (B 8, T3E) /%

o mARE ROAE RS oy EEK Ky C H 0 N S
e 28.20 26.95 5.67 30.20 59.19 4.94 67.96 4.57 20. 49 0.94 0.37
W 17.65 16.29 3.02 72. 86 19. 35 4.77 46.35 5.84 44.25 0.45 0. 09
WA 22.93 21.62 4.35 51.53 39.25 4.85 57.16 5.21 32.37 0.70 0.23

1 =R B A L

Fig.1 Coal-burning commercial stove for cooking and heating
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Tab.2 Energy efficiency and gaseous pollutants emission level of coal, biomass and co-fuel

under heating and cooking phases

N CO gt/ SO, HE il £/ NO H il 42t/ NO, HE i/
SRHE T RE AR/ % B B

(g-MJ™h) (mg-MJ™") (g-MJ™") (g-MJ™ 1)
1 K E 89.75 £3.18 3.35+0.35 1.10 £0. 20 0.52 £0.04 0.82 +0.03
i 83.95 +1.06 5.08 £0.17 1.77 £0.09 0.69 £0. 12 0.97 £0. 06
. KB 59.65 £4.45 12.62 +1.24 0.22 £0.03 0.06 £0.01 0.03 £0.01

AW T (A L)
o 38.00 £6. 65 18.99 +6.51 0.30 £0. 06 0.13 £0.02 0.15 £0.07
. K bE 68.10 £7.78 6.76 £0.22 0.86 £0.02 0.17 £0. 06 0.10 £0.03

NEYER Ay

PiES 54.50 £3.11 7.39 £0.19 1.58 £0. 39 0.25 +0.03 0.36 £0.03
R KB 92.11 £1.34 3.04 £0.30 0.06 £0.01 0.04 £0.01 0.01 £0.01

AW E (R
Jie! 87.50 £3.12 4.11 £0.40 0.10 £0.01 0.07 £0.01 0.01 £0.01
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Fig.3 Real-time PM, ; emissions of biomass, coal and co-fuel
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Fig.4 Sixteen typical PAHs emissions of biomass, coal

and co-fuel under heating phase
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Tab.3 Economic performance analysis of biomass, coal and co-fuel
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