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Mtce stands for million tons of coal equivalent. Here we use a conversion value of 0.50 tce
per ton of residues.

Table 1 Breakdown for rural household energy consumption
in China

Fuel, Mtce* 1996a 1993b 1992 b 1991 b

Crop residues 120 153.5 135.5 164.1
Fuelwood 99 89.4 93.5 103.0
Coal - 91.4 78.9 77.5
Electricity - 12.9 11.2 11.6
Oil - 2.9 1.4 1.3

Table 2 Crop residues consumed in China as household fuel

Mtce stands for million tons of coal equivalent.

1979a 1987a 1992b 1993c 1996d

available residues, Mtce* 183.6 268.3 297.9 285.0 201
residues consumed as fuel, Mtce* 113.7 130.3 135.5 153.5 120
fraction of residues burnt, f 0.62 0.49 0.46 0.54 0.60

FEATURES

Sources: ˚SETC, 1997;
�

Zhuang, 1996

(Sources: a Sinton, 1996; b Deng, 1994; c Deng and Zhang, 1995; d SETC, 1997)
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∆CO/DCO2 ∆CH4/DCO2 CO CH4

Flaming 49 12.4 ±6.7 1.2 ±1.0 7.13 ±2.29 0.63 ±0.41
Smoldering 38 20.2 ±4.4 2.0 ±0.7 10.23 ±2.00 0.98 ±0.25
Overall 87 15.8 ±7.0 1.5 ±1.0 8.48 ±2.66 0.78 ±0.39

Table 5 Emission ratios and emission factors under different
stages of tree component combustion

Combustion
stages

Molar emission factor ±s.d.(%)Emission ratio ±s.d.(%)
No. of
samples

Combustion stage

Flaming stage (1.23 ±0.18)�0-2 (n=26)
Smoldering stage (0.53 ±0.20)�0-2 (n=16)
Overall 151.2 ±4.06

Table 6 N2O emission ratio and factor during straw burning
in a flowing chamber

Weight emission factor ±s.d.
(g of N per ton of dry stalk)

Emission ratio (∆N2O/∆CO2) ±s.d.
(%)

Table 7 Emission factors of N2O and OCS during crop stalk
combustion in an enclosed chamber

Crop stalk Weight emission factors ± standard deviation

N2O (g of N per ton of dry stalk) OCS (g of S per ton of dry stalk)

Maize stalk 107.6 ±7.4 2.75 ±0.23
Rice straw 69.8 ±4.83 1.80 ±0.12
Wheat straw 23.3 ±1.7 2.05 ±0.19
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Fuelwood production,�103 m3 Bagasse,�103 tons

Year 1990 1991 1992 1993 1990 1991 1992 1993
Production 188 477 192 235 196 088 199 996 15 322 18 105 23 117 20 841

Table 3 Fuelwood and bagasse production in China,
including wood for charcoal

Plants Components Molar emission factor(%)
CO CH4

East Liaoning oak twigs 6.99 ±.65 0.79 ±0.71
(Quercus liaotungensis Koidz.) leaves 10.27 ±.98 0.65 ±0.15

litter 8.28 ±2.54 0.44 ±0.19
Asian white birch twigs 7.09 ±2.17 0.84 ±0.46

(Betula platyphylla Suk.) leaves 10.39 ±0.46 1.03 ±0.05
litter 9.11 ±1.40 0.74 ±0.23

Chinese pine twigs 8.33 ±3.65 0.78 ±0.60
(Pinus tabulaeformis Carr.) leaves 8.12 ±2.32 0.52 ±0.25

Prince Ruprecht larch twigs 7.06 ±1.83 0.75 ±0.39
(Larix principis-ruprechtii Mayr.) leaves 8.96 ±1.52 0.95 ±0.09

Fritsch spiraea twigs 7.45 ±2.09 0.64 ±0.33
(Spiraea fritschiana Schneid.) leaves 9.26 ±0.07 0.95 ±0.02

Manchurian filbert twigs 6.36 ±3.12 0.59 ±0.57
(Corylus mandshurica Maxim.) leaves 7.44 ±1.10 0.77 ±0.17

Shrub lespesza twigs 4.97 ±1.98 0.43 ±0.40
(Lespedeza bicolor Turcz.) leaves 8.22 ±0.43 0.93 ±0.04

Hedin wormwood
(Artemisia hedinii Ostenf.) 13.90 ±1.73 1.13 ±0.12

Tall oatgrass
(Arrhenatherum elatius (L.) Presl.) 10.72 ±1.57 1.41 ±0.15

Table 4 Emission factors of enclosed combustion of typical
Chinese plants

FEATURES

Source: UN, 1995 Source: Wang, 1996

Source: Wang, 1996

Sources: Cao and Zhuang, 1994; Cao and Zhuang, 1996; Wang, 1996

Sources: Cao and Zhuang, 1994; Cao and Zhuang, 1996
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Tree temperate 10.1±1.3 1.15 ±.4 Cofer et al. (1989)
Tree warm temperate 16.1 ±.1 1.6 ±.0 Wang (1996)
Tree subtropical 12.0 1.20 average value taken by Wang(1996)
Tree tropical 7.9 ±.9 0.8 ±.3 Kauffman et al. (1992)
Shrub warm temperate 15.5 ±.2 1.6 ±.9 Wang et al. (1998)
Litter warm temperate 14.6 ±.9 1.0 ±.5 Wang et al. (1998)

Table 8 Emission Ratios Adopted during Estimation of
Forest Fire Emissions

Layer Eco-climatic
regions

Reference∆CO/DCO2

(%)
∆CH4/DCO2

(%)

FEATURES

Source: Wang et al., 1998



12 Chinese Journal of Population, Resources and Environment 2004 Vol. 2 No.3

%�� "
����� 
� � �
�  �� ���� ��� 1�� ������ ����� �� � �
��
��
�� 
� 
� ��������
 
��� ��� 
� ���� �� ��� ��"�� 
�����
�� ��
�����&
���6 ���� ��
� 9����
���
�� ��
��
�� ���� ��� �� ,
�6

&����������� ��� '������(����� � $������ )���

����
�
 ��
�� �� ��
 ������� ���
���� 
������� ��� ���
��� �
�
�� �� ���� 
� ������� ��� ���� �� ��� ����
 ����� ��
��
�� ��
&���6 ��
������� ��� ��� ���
�  ��� �
�
�� 
�� �
����
���
��6 !�
��� ���
���� ����� � �� ����
�
�� "
����� 
�  ��� ��� ����  ��
"� ���� �� � �� � �
��� ��
 �� ��� ��=��� � ������ �
�� ���,��6
��&����� ��� �
���  �� ��������  ��"�� ����7
�� ��
��
��
��� ��� "��� �� ������ ��� ��
�
*��6

'�����������

��� ������� ��� ���� ���C�� ��&�� ������
��� ��� ��
� ���
��

�  ��"���
��C����� ��
��6 %�� ����� ��� ��� ��� ��� ��
 
��&�� ������
�� ���� "
����� 
� ������� &��� ������ ���
 ����� 
���� ���
��"��6 %��  ��� 
�� �� �� � ��
� 
� ��������

� ��� ���� �� )�$�/�$$ ,	6 �� 
� ���
����� ���� ��� �����
 ��� 
�� 
� #�
�� &�� A$$ �	 
� ���� 1$$$6 %�� ��=�� �����
��� ���� ��� "����� ��� �
 � ���,6 %�� ��� ��� 
� �� ����
 ����

�������� �
� � 
� ��� ����� � "����� ��
�
*��
�� �� �
�
��� ����
���
���� ������ �� ��� ����
��� ���� "��� ��� ���
� ���
��� ��
 
��6 ��&����� ��� ������� ��
�
*��
�� �� "
����� ���
��� ��
 ��&�� ������
�� 
� �7 ���
���� �����
 ��� �� �
��� &����
���
���� "
����� 
� ���
��"�� �� ��& �� ����
��  ���6 4� ���
����� ����� ����� ��� �"��� 1$$ "
�������
��� "�
���� 
�
������
�� ������ ��� ��& �����
�� ���
� ��������6

�
�"���� ��
��
��� ��� �� �����
��"�� ��� �����
��"��
 ����9��� � �� "
�����  ��"���
��6 ���
���� ���������� ���
 ��"���� �
������� �������� ���  ����
��� ����
�
� ��� � �����
�� &��� �� ����
 ����� &
�� ������� ����� ������6 #�������
��
����� 
� ��� ��� ���
���� ����� �� ���� � ��
��
��� �� �
���
��� ���� ������ ��� � ���� ���� ��  �����
� ���
 ��
������ "� ��������6 �� 
� ���� 
���� 
�������� ��� ����
 �����
��� ����
 ���������� 
� ���
�  ����
����� ���� � �
 ����
 
 ��������6 '������������� ��� ���
��������� 
��� �� �� "
�����
 �������
�� ��� ����� �������,��6

*����������

� ���� ���
 
��� ��������
�� 
� �� ��
�� ��� "
����� ��� ���
��� �� ����� � ��""
� ��� ��&�� ������
��6 %�� ����� ���"��
�� ����� "
����� ��
�
��� 
�������� 
� #�
�� &�� �������� ��
"� �"��� A$$ ��
�� �!�%#� /��)� 
� ����
 � ��� &��� ���
��
 ������ ����� �� ���
�� ���� &�
 � ����� &��� �� ����
���� /�$ ��
�� ��� �
 � ���, ��
�
 ��
�� �#-�%�#� /��1�6 %��
�� ������  ����
�� ���� ���� ��� ���� &�
 � &����  ����
������
���� ���"����6 ���9���� �� ��
 �� "� ,��� ��� ������
����� ����
 � 
�  �� 
�� ��� ��
������ � �� �� � 
��������
���6
%�
� ���� �� ����� �������� ������� A$$�	 
�  ��� 
���  ����
"�  �������� �
���� ����
�� ��� ��� ��
 
�� ������
�� 
� .���7

��� .������� &����  ��� ��� ��� ��
 
�� ��� 
� ����� ������6

-
����� ��
�
��� ��� ������ ����� ��� ���� ��� ��&��
������
��� "�� ���� ��� ���
� �� ��� ��� �
�"��� ���  ��,
��
�� 
��
 ���� 
� %�"�� �6 �� �� ��� ������ ����� ��� ���
���
�
*�� ��
�
��� &
�� �� ������
� �
���
��� ��� ������������

� !������ �� ���� ���  ��,
� ������� �� �  �����
��
�� 1$$��$$$ ���
�
��6 %�� ��& �����
��� ���� ��� ��
�
 ��
��

� ���� �
 � ���,� &���  �
��� ��& ����� ����&� ����,�� �&
��
��� "��,6

�� ��
���� ����� 
� �� �� ���� �� ���� &
�� �� ������ ������
�� 1$�$$$ ����� ��
� �&��� ������ �� ��& �����
�� �� �"��
�
�� ���� ����6

$�����

-
��� ����� �� ���� ��
 ������� ���
���� 
� � ����
 ������

�������� ���� ���� � 
� #�
��6 �"��� A6$1 �
��
�� ���
����
*�
"
��� �
������ ��� ���
��"��6 %�� ������ "
��� ����� �
��

� / +�$�/$+ 5��6 %�� ������
�� 
��� � �� "
��� �� ���
���������� 
� �� ���,��6 �� �
�& �� �
��� 
�� ������ 
� #�
���
��"�
�
�� ��� 
������
� ���
����
*� "
��� �
������ ���� "���
���� ��6 %���� 
� � ��
�� ��&���� ���
�� ��� ����  �����
��
�
������� &�
 � ��� �������� ��  ����� 
�� ����� ��
� ����
����� �� �� ������6 #����9������� 
� �� ��� ����� �"��� +$$
 �����
����
*� �
������ ���� "��� "�
�� &
�� � ����� ������
����� �
�
�� �� /$+�/$+ 5��6 �� ���
�
�� �� ��
� "
��� ��
 ��,
� ����� ����� ��� ���� ���� ��� ������� "
����"����
��&�� ������
�� ��
�� &
�� � ����� 
��������  ��� 
�� �� � �$$
,	6

�����+ )����� ,���������

%� ���� ��� ����&��� ����� �� �� ��  �����
�
��� �������&
�
����� ��� "�
� ������� 
� /$$  ����
�� &���� ���� 
� 
� �����
������6 �  ���
� �� ��� -����� �� ��������� ��� ���� �� �������
��

� � �
������� ���
�� �/��+�1$$$� 
� �"��� $6+ �
��
�� �� �����6

	� ���� ������������ ��� ������
�� �� ������������ � ��������

Electricity generation 2,000 160 kW 150 About 30 sets (HY6250M)
Electricity generation 1,200 60 kW 150 About 100 sets installed
Steam production 1,100 2.9 250 Demonstration
Steam production 1,000 1.6 180 Demonstration
Steam production 900 1,490 200 Demonstration (ND-900)
Drying of timber 600 660 200 Commercialized since 1989

(ND-600)
Drying of tea 400 300 200 Demonstration since 1981

(ND-400)
Household gas range 280 42-50 30 Demonstration since 1986
Community gas Commercialized since 1992
pipelines 700 600 200 (XFL-600)
Prototype for Demonstration of stratified
electricity generation 200 2~5 398 down-draft type

Table 9 Typical biomass gasifiers developed in China

End use Status of development (Model)Gasification
intensity,
kg·m-2·h-1

Power
generated,

MJ·h-1

Gasifier
diameter,

mm

FEATURES

Sources: Zhuang, 1996; CBETDC, 1992
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