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System Composition and General Trend of Straw
Resources Comprehensive Utilization in China
( As A Preface)

Straw resource has a decisive effect on the sustainable development of modern agriculture in China.
It is related to crop cultivation and livestock breeding, which is not only the material base of the sustain-
able development of crop cultivation and livestock breeding, but also an important links between them for

building sustainable development of modern agriculture .

I Realistic composition of straw resources comprehensive utilization in China

The main uses of straw are as follows ; for fuel, for feed, for fertilizer, for industrial raw material and
for base material of edible fungi, which can be simply described as ‘five material’ .

In 2005, China’s total straw production is about 841. 83 million tons, and the collectible and a-
vailable amount is 685. 95 million tons which accounts for 81. 48% of the total straw production, and
the residues in soil is about 155. 88 million tons which accounts for the rest 18. 52%. In the total quan-
tity of collectible and available straw in 2005, the quantity of straw burning directly is 239. 39 million
tons and accounts for 34. 9% , and the quantity of the development and utilization of straw resource for
new energy is 4. 7 million tons and accounts for 0. 69% , and the quantity for feeding is 176. 58 million
tons and accounts for 25. 74% , and the quantity for industrial processes and utilization is about 46 mil-
lion tons and accounts for 6. 71% , and the quantity for edible fungi cultivation is about 10 million tons
and accounts for 1. 46% , and the quantity of returning straw to soil directly is about 67. 3 million tons

and accounts for 9. 81% . The rest 141. 98 million tons are for burning and discarding which account for

the rest 20. 70%.

I System composition of straw resources comprehensive utilization in China

Different ways of straw utilization have significantly different influences on agricultural circular econ-
omy system. So, the utilization of straw resources can be divided into two types, one is the recycle utili-
zation of straw resources inside the agricultural production system, and the other is the utilization of straw
resources outside the agricultural production system. The utilization of straw resources outside the agricul-
tural production system belongs to single-track economy, no matter the utilization efficiency. According to
the relationship among utilization of straw, farmers” life and rural economy, we can also divide the utiliza-
tion of straw resources outside the agricultural production system into two kinds, namely, utilization of

straw resources inside and outside the economic system in rural society.
1. Recycle utilization of straw resources inside the agricultural production system

Recycle utilization of straw resources inside the agricultural production system includes using straw
for fertilizer, feed, biogas and edible fungi cultivation.

For straw biogas, from the perspective that it can produce biogas and meet the needs of rural clean
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energy, it can be defined as utilization of straw resources inside the economic system in rural society.
From the perspective that it can produce high quality and efficient organic fertilizer to soils, it can also be
defined as recycle utilization of straw resources inside the agricultural production system. But from it’s
proportion of matter conversion, and straw is converted into about 25% biogas and 75% biogas manure
after fermentation at normal temperature, we should define it as recycle utilization of straw resources in-
side the agricultural production system, especially from the perspective that it can lengthen straw industri-
al chains and effectively promote the circular and highly-efficient utilization of straw resources.

The utilization effects of straw resources inside the agricultural production system can approximately
boil down to three aspects as follows: firstly, application inside system of straw resources should combine
the subsystem of crop cultivation and livestock breeding together, making it a key connection point for
building circular economy system. Secondly, application inside system of straw resources is not only basic
means to improve straw utilization rate, what’s more, it can directly increase material and energy flow of
‘ crop cultivation-livestock breeding ’ systém, making ‘ crop cultivation-livestock breeding’ system
healthier and more stable. Thirdly, straw resources can provide more agricultural products through trans-
formation, at all levels, in the process of application inside system, most or partial nutrients return back
to farmland at last which build a closed system of resource and economy among farmland, planting indus-
try and breeding industry, it’s beneficial to the health of farmland ecosystem. It’s no need to say anything
more about the profit of straw directly for fertilizer, straw for feeding can return to soils after eating by ani-
mals, straw for edible fungi cultivation can return to soils by generating high quality of organic bacterial
manure, especially the modes of recycle utilization of straw such as *straw-biogas’ , *straw-livestock-fe-
ces-biogas’ and ‘straw-edible fungi-mushroom bran-biogas’ which can not only produce clean energy but

can also efficiently substitute for straw burning directly and generate high quality of organic manure to

fields.
2. Utilization of straw resources inside the economic system in rural society

Utilization of straw resources inside the economic system in rural society primarily refers to utilization
of straw for energy which is closely related to farmer’s life, including development and utilization of rural
new energy such as straw burning directly, straw gasification, straw solidification. The development and
utilization of the straw resources for new energy can consume straw directly and substitute for buming
straw directly, making the total consumption of burning straw appear a decreasing trend. At the same
time, the development and utilization of the straw resources for new energy can substitute for coal, elec-
tricity, nature gas, liquefied petroleum gas, and gas’ and some other commercial energies. According
to the thermal efficiency of straw burning directly in realistic rural life and development and utilization of
the straw resources for new energy, straw per ton on average for new energy exploiture can substitute for
about 2 to 3 tons straw which are burned directly. The development and utilization of the straw resources
for new energy will decrease the utilization quantity of straw resources outside the system and create con-
ditions for the utilization of straw resources inside the system, but it will cause the increase of straw re-

sources surplus at present.
3. Utilization of straw resources outside the economic system in rural society

Utilization of straw resources outside the economic system in rural society concludes straw industrial

‘2.



&

System Composition and General Trend of Straw Resources Comprehensive Utilization in China ( As A Preface) Y

processing, straw power generation and straw liquefaction.

Straw power generation and straw liquefaction belong to straw new energy doubtlessly and bring in-
comes for farmers through straw transaction. But from the perspective of its production aim, especially for
straw power generation in scale, it doesn’t aim to solve the energy problems of small-scale farmer house-
hold. Straw power generation provides electricity for farmers through converting straw into electricity
which is collected from one family to another family. The production cost and energy efficiency of straw
power generation are far more inferior to the ways of development and utilization for new energy such as
straw biogas, straw gasification, straw solidification. Thus, it’s justifiable for us to allocate straw power
generation and straw liquefaction to utilization of straw resources outside the economic system in rural so-
ciety.

Utilization of straw resources outside the economic system in rural society is the main development
approach of straw industrialization in China. Utilization of straw resources outside the economic system in
rural society has an important effect on improving the comprehensive utilization rate of straw resources in
China and effectively solving the problem of straw burning and discarding as well as improving the devel-
opment of straw industrialization. But the utilization of straw resources outside the economic system in ru-
ral society, no matter the utilization efficiency, both cause great drain of substance and energy of straw
resources out of agricultural circular economy system, there will be few nutrients ( based on K and P
principally) which can return back to farmland eventually even when we pay attention to the utilization
and collection of ‘plant ash’ . If straw resources outside the economic system in rural society are used
excessively, it will cause each subsystem of agricultural ecosystem ( including soil fertility subsystem
planting industry subsystem and breeding industry subsystem) disjoint from each other and will threaten

cyclic development of agriculture.

I The main existing problems of straw resources comprehensive utilization
in China

At present, utilization of straw resources in China still exists many problems such as comprehensive
utilization insufficiency and utilization structure unreasonable , which are shown in five aspects as follows
(DThe comprehensive utilization rate of straw is low. Without considering direct burning of straw, the
comprehensive utilization rate of straw is lower than 45% at present. (@)The problems of straw waste gas
and straw burning are serious which bring about negative impacts on transportation, agricultural produc-
tion and the life of people in rural and urban areas. Straw burning has become a social problem in China
that hasn’t be solved in a long term. (3The quantity of straw resources utilization inside agricultural pro-
duction system is lower than that outside the system. In 2005, the total quantity of straw resources utiliza-
tion inside agricultural production system in China is 253. 89 million tons, which is 12. 74% lower than
the latter by 290. 07 million tons. The former accounts for 46. 67% of the straw that has been used in
China and the latter accounts the rest 53. 33%. (@Utilization of straw resources outside agricultural pro-
duction system is based on the principle of burning straw directly, the quantity of straw for rural new en-
ergy exploiture is very limited, the quantity for ‘straw gasification, straw solidification, straw carboniza-
tion, straw liquefaction and straw power generation’ is less than 5 million tons. (3)Utilization amount of
straw resources outside the economic system in rural society is not high and the development of straw in-
dustrialization is still very week, which doesn’t work most effectively to improve the comprehensive utiliza-
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tion rate of straw resources. In 2005, utilization amount of straw resources outside the economic system in
rural society in China is 50. 52 million tons, which accounts for 7. 36% of total quantity of collectible and

available straw.

IV Using straw resources in an intensive, circulatory, highly-efficient and suffi-
cient way

We can never let straw resources realistic utilization transfer to the low-efficient application, nor do
harm to the sustainable development of agriculture and rural economy because of improper utilization, mo-
reover, we can’t let them burned and discarded optionally. Aiming at problems of straw resources realistic
utilization and in order to set up new socialist countryside of resource-saving, environment-friendly and
society-harmonious as early as possible, we must regard the intensive, cycle, highly-efficient and suffi-
cient way of utilizing straw resource as general direction. According to the local conditions and overall
planning coupled with allocating straw resources rationally and optimizing straw utilization structure, it
should not only use straw resources rationally enough but also avoid repeated construction and unnecessary
competition. The utilization demand inside agricultural production system and economic system in rural
society should be preferential satisfied and the utilization demand outside economic system in rural society
follows. Supporting by science and technology and innovation mechanism, bringing the supporting func-
tion of science and technology advancement to straw comprehensive utilization into full play, it should
constantly improve the utilization rate and efficiency of straw resources and gradually decrease the con-
sumption of straw buring directly, and at last solve the problems of straw burning and discarding funda-

mentally and guarantee the sustainable development of agriculture and rural economy.

1. Regarding straw returning to field, straw for livestock breeding and edible fungi cultivation as the
main orientations, we should try our best to increase the utilization quantity of straw inside the agricultural

production system through an intensive, circular and highly-efficient way of utilizing straw resources

Circular agriculture is an important way for sustainable development of agriculture and rural economy
in China. From this point, utilization of straw resources must satisfy the demand inside agricultural pro-
duction system firstly. At present, demand deficiency is severe for the inner utilization of straw resources.
Soil fertility subsystem, planting industry subsystem and breeding industry subsystem disjoint from each
other, causing problems of soil hardening, quality of agricultural products degeneration and eutrophica-
tion of water bodies much more severe. From the point of fertilizing soil, the utilization quantity of straw
inside agricultural production system should account for more than 50% of total quantity of collectible and
available straw. So, we should encourage and support the application of straw as a kind of resource for
fertilizer, feed and edible fungi cultivation. We should energetically develop straw returning and to add
soil nutrient, fertilize land productivity, promote agriculture increasing production and efficiency as well
as improve the quality of agricultural products and food security on the base of making full use of straw re-
sources which is organic fertilizer. The emphasis is to popularize the matching mechanism and technology
for returning straw to soils and the technology for straw quick composiing to soils and bioreactor landfill.
In areas suitable for no-tillage, we should develop conservation tillage of straw actively and focus on the
technique extension of no-tillage, straw mulching and light planting based on the reality that enormous

outflow of rural labor force. Straw organic fertilizer processing factory should be encouraged to set up. We
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should actively develop animal husbandry and convert straw into high-quality feed through ensiling, am-
moniation, micro-storage, briquetting, kneading and silken and some other treatment methods. Then we
can exchange straw for meat and milk and guarantee the supply of animal products and food security. At
the same time, we should actively develop the production of edible fungi which uses straw as base materi-
al. We should actively develop biogas, and lengthen straw industrial chains, and coordinate the relation-
ship between straw utilization inside agricultural production system and straw exploitation for new energy,

and produce more biogas manure returning to field.

2. Enhancing rural straw exploitation for new energy and using siraw resources in an intensive and
high-efficient way, it must satisfy the needs of utilizing straw resources inside economic system in rural

society, and the consumption of straw burning directly decreases gradually

Although China has just made a start in the development and utilization of the straw resources for
new energy, it has been received by farmers and become an object for governments at all levels to build
new socialist countryside because of its high public welfare and social influence. Thus, we should advo-
cate and support for the straw resources utilization new energy, combining setting up new socialist coun-
tryside with regulating rural environment, developing straw gasification, straw solidification and straw car-
bonization actively. Then we can make it toward marketization and industrialization and substitute the
straw new energy for straw and firewood burning directly and also substitute for coal and some other fossil
energy.

3. Arranging the straw utilization outside economic system in rural society rationally and setting up a
industrialization system which refers to further development of straw resources as the core, we should use
straw resources in an intensive and highly-efficient way, and then convert straw resources advantage into
economic advantage to drive regional economic development, moreover, we can make full use of the straw
resources

We should steadily push the development of processing industry based on straw: Popularizing cleaner
technology of straw pulp papermaking, and encouraging and supporting for zero-emission papermaking by
straw and solving the environment pollution of straw pulp papermaking. We should actively develop the
production of building materials, packaging material and tableware which use straw as raw material , with
which can substitute for wood and lessen the pressure of vegetations and forests. We should also actively
develop processing industry of straw products. According to the development requirement of regional so-
cial economy, on condition that ensure the prior satisfaction of utilization demands inside agricultural pro-
duction system and economic system in rural society in areas that distribution density of straw resource is
higher. We should bring the positive function of straw power generation on straw discarded into full play,
distribute straw power plant rationally, combine many ways of straw power generation together such as
straw-fired power generation of big, medium or small scale, blend-fired power generation, gasification
power generation, and we also need to develop green energy and to improve the utilization rate and utili-
zation efficiency of straw effectively. For straw power generation, it must develop in proper amount, the
more important is to distribute rationally, aveiding blind development and forbidding jumping on the
bandwagon. Responsible institutions at all levels should treat straw power generation with caution, espe-
cially for the approval of large and middle siraw projects. Otherwise, large-scale straw centralized collec-

tion and predatory utilization must threaten the circular utilization of straw resources inside agricultural
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production system. At the same time, aiming at problems that straw production is dispersive, strong sea-
sonality, easy to decay, high cost of collection and storage, large area occupied and some other prob-
lems, we should try to set up straw collection and logistics system which led by enterprises, farmer partic-
ipation, supervised by country and township government, pushed by marketization, and to set up a neces-
sary management system of straw storage. The emphasis is to encourage straw bundle storage, especially
to encourage mechanized combined operation which is integrated with crop harvest and storage transporta-

tion.
V  General trend of straw resources comprehensive utilization in China

‘ Four Increases’ , ‘Two Decreases’ and ‘ One Substitution’ are the concrete embodiments of the
general trend of straw resources comprehensive utilization in China. * Four Increases’ means that; (Dln-
crease of straw utilization for new energy. @ Increase of straw for feed. 3)Increase of straw utilization
quantity for straw industrial processing. (dIncrease of straw utilization quantity for edible fungi cultivation.
‘Two Decreases’ means that decrease of straw burning and discarding until no burning and discarding
and decrease of straw burning directly. ‘ One Substitution’ means that straw returning directly will be
substitute by returning straw to soils afier eating by animals, biogas manure or straw biogas manure after
eating by animals. Straw returning directly is the most shortcut approach that can batch processing most
straw, and in order to solve the problems of straw burning and discarding, there must be a dramatic rise
in the quantity of straw returning in the near future. But on a long view, the quantity of straw returning
directly will appear a decreased trend along with the increase of the quantity of substitution.

By the year 2010 and 2015, the quantity of straw returning to soils is forecasted to reach 0. 1billion
tons and 0. 13 billion tons, respectively, and the newly added quantity of straw returning to soils per year
on average is about 6. 5 million tons. Straw for feed will reach 0. 227 billion tons, and 0. 277 billion tons
respectively, the newly added quantity of straw for feed per year on average is 10 million tons, straw for
livestock cultivation will reach 0. 57 billion tons and 0. 7 billon sheep units respectively. Straw quantity
for rural new energy (including straw biogas, straw gasification, straw solidification, straw carbonization )
exploitation will reach more than 2. 6 million tons and 50 million tons respectively. Utilization quantity of
straw power generation will reach 10 million tons and 30 million tons respectively. Utilization quantity for
straw industrial processing will reach 61. 5 million tons and 78 million tons respectively. Straw utilization
quantity for edible fungi cultivation will reach 14 million tons and 21. 6 million tons respectively. Mean-
while, the quantity of straw burning directly in China will decrease to 0. 185 billion tons and 0. 12 billion
tons, respectively.

From the three systems of straw utilization, the straw utilization quantity inside agricultural produc-
tion system will increase from 253. 89 million tons to 342. 06 million tons and 434. 95 million tons respec-
tively from the year 2005 to 2010 and 2015, and the net increase quantity is 88. 17 million tons and
181. 06 million tons, respectively, and the proportion of collectible and available straw will increase from
37.01% to 49. 12% by 2010 and 61. 07% by 2015. Along with dramatic decrease of straw burning di-
rectly, the straw utilization quantity inside economic system in rural society in China will decrease from
239. 57 million tons to 186. 35 million tons and 169. 24 million tons, the net decrease quantity is 53. 22
million tons and 70. 33 million tons, respectively, the proportion of which in collectible and available
straw will decrease from 34.93% to 26. 76% and 23.76% , respectively. The utilization quantity of
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straw outside economic system in rural society will increase from 50. 52 million tons to 71. 5 million tons
and 108 million tons, and the net increased quantity is 20. 98 million tons and 57. 48 million tons, re-
spectively, and the proportion of which in collectible and available straw will increase from 7.36% to
10.27% and 15. 16%.

Through straw comprehensive utilization, residual straw will decrease to less than 0. 1 billion tons by
the year 2010, and the problems of straw burning and discarding will be basically solved by the year
2015. On condition that we don’t take straw burning directly into account, the straw comprehensive utili-

zation rate will reach about 60% and more than 80% , respectively.

Authors
2008. 8



%_E ﬁﬁg}%ﬁmﬁ*ﬁiﬁi&ﬂﬂ .................................................................. (1)
B FERFIRHTENMEIIR  coeeverreere e (1)
%::’ﬁ‘ IE Wﬁb*ﬁ*}:ﬁ}-ﬁﬁmfm;ﬁt ..................................................................... (2)

== *é:ﬁ:g?%ﬁmﬂgi%ﬂeﬁﬁﬁ%jgft&“ﬁ% ...................................................... (4)
BUU  AEFFHUBIERR FHEER  -ooermerrremmrrre et (8)
R FEFFEEFRHEEIR oo (12)
BT FEFFEEZEBR IR e (16)
BT B UHEEIR AR --oooeeeere e evenreneen (19)
AN FERF IR BB ISR ovvvvverrreereeremmmmese s (22)
G e T PP PP (24)

%:E 7km%$#ﬁﬁ§%ﬁmﬁtgﬁ*&ﬁﬁmﬁ*ﬁ ............................................. (25)
B AT R ARMEIR cevvvveererrnreeeenne e e (25)
B REFEEHPEEHGRHFIAR e (26)
B KEEREFARBE TR oo (27)
%gg-'—lij 7Kﬁ%ﬁm&ﬁi§ﬁ7ﬁ ........................................................................ (29)
BEY  NEMSERBEIERT R oo e (30)
BWAY DRBERBREESEERERR (31)
B BRI <-vveereemeeramerrerrerers ettt et (34)
e e ' N Ty P PSPPI (39)

M= EHEYMEAEERBEIG e et (40)
B B RAESR v e (40)
- v B N S0 O (40)
BN RARBUTGVEFIMLIR - cvererrermerer et e (47)
g A L g A P (49)
TR R TR TR TPETRP PP RRTPRPRS: (54)

%mﬁ ﬁﬂiﬁﬁﬁmﬁ*ﬁiﬁ%ﬂﬂ .................................................................. (55)
%—‘jﬁ fg%m*ﬁaﬂ:t&?gﬁ HH everrrmrer e e e e ( 55 )

T REFTHEIK BT AR SRR AR T S e eeeeerrnereren ettt e e (56)
WA M D FEFFRE B R TR LB <o ooeeerrere ettt (59)
HEUUF  FEFFHEIR FERR BT BRSNS -+ ooereeereereereee s e ettt (61)
HRA FEFFRIEIHEIRTE - oooeeeereeerenreeteeeee et er ettt e (63)
e W SR P PP (65)



