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ABSTRACT

Theincreased energy requirements coupled with seriously environmental
pollution have turned the attention of people towards renewable energy.
The utilization of straw has received great attention in recent years due to
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its regeneration and environmentally friendliness. This paper introduces
the current utilization of straw in China, analyses the problems and gives

the suggestions about effectively using straw.
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INTRODUCTION

Withthesharply increasing of popul ationand growth
of economy, theenvironment problemsin Chinaarebe-
coming increasingly acute. Since January 9, 2013,
the central and eastern regions have a serious air pol-
lution problem, and Beijing firstly issuesa haze
“Code Orange” alert warning on January 13th in his-
tory. Currently, the problems of energy and environ-
ment arelarge obstacl esto thedevel opment of economy
and society in China. Many studies ndicatethat thecod-
dominated energy consumption structurein Chinais
mainly responsiblefor environmenta degradation. The
production and utilization of conventional energy
sources, predominantly oil and coal, have anegative
impact on environment. Energy is essentia to both
economy and soci ety. However, theincreased demands
for energy coupled with the deterioration of the envi-
ronment haveturned the attention of peopletowards
renewable energy. Therefore, to develop and use new
energy sources have becomethefocusof attention.

Among various new energy resources, biomassen-

ergy isarenewabl e carbon source and can replacefos-
sl fuelsdirectly. It can also serve asafeedstock to be
convertedtovariousliquid or gasfuds. Currently, China
facesthe problemsof energy shortages, environmental
pollution and the slow increase of peasants’ income;
however, the bioenergy industry can solvethese prob-
lemssimultaneoudy. Based onitsregeneration, cleaning
andenvironmentaly friendliness, biomassenergy hasrec-
ognized asavital sourceof renewableenergy in many
countries. The development of bioenergy industry is
heavy relianceon astable feedstock supply. However,
thetraditiond feedstock for productionisthefirst-gen-
eration feedstock derived from starch cropsand sugar,
whichinvariably posesasignificant threat to food secu-
rity. Therefore, the utili zation of non-edible feedstockis
theonly way to devel op the bioenergy industry.

The crops strawis the byproduct in the process of
agricultura production, but it isava uabl eresource with
varioususes. Except for returned to thefield, feed, base
material for edible mushroomsin the process of agri-
cultural production, the crops straw isthefeedstock of
handi crafts, biofuel sand so on. Thecomprehensive uti-
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lization of straw can reduce the use of fossil energy
and promote farmers’income. Moreover, the straw
industrycan al so create employment opportunities in
rura areas. Chinaisacountry with the most abundant
straw resourcesin theworld. According to the report
of straw resource of the Chinese Ministry of Agricul-
turé¥, the theoretical amount of straw resource in China
is0.82 billionton. However, the utilization of straw in
China isrelative backwardness, which causes
avast waste of straw resource and serious air pollution.
The effective use of straw is related to soil fertility, soil
conservation, environmentd safety and efficient utiliza-
tion of renewableresourcesof thewhol eagriculturd®.
This paper presentsthe utilization of straw in China

THE CURRENT SITUATIONOFTHE UTILI-
ZATION OF STRAW RESOURCESIN CHINA

The economic growth coupled with increased de-
mandsfor energy led to energy security of China. Straw
isthefourth biggest energy, only next to coal, petroleum
and natura gas. It can subgtitutecod for generating power
and also be converted to bioethanol and biodiesel by
thermochemica, physical or microbia conversion. The
traditiona way thereto utilize straw isthrough direct
combustioninthekitchens, which not only resultinlow
combustionefficiency (10%), but involvesstrenuousla-
bor andinsd ubrities™. However, theutilization of straw
energy withhigh efficiency and rationdity not only meets
thedemandsfor energy asthe economy grows, but dso
provideabasisfor environmental protection and sus-
tainable deve opment of society China.

Theeffective utilization of straw resourcescan re-
duce pollution, whichisuseful to solvethe problem of
straw aswasteto be burned. In comparison with fossil
fuels, using straw resources can reduce the quantity of
carbon dioxideand sulfur dioxidein energy consump-
tionand mitigateamospherepallution. Thoughthedomi-
nant position of fossil fuesisnot likely to bechangedin
ashort term, the utilization of straw resourcesisex-
pected to effect asharp reduction in the emission of
pollutants.

Thestraw used for field restoration, whichisben-
eficid for improving organic matter, nutrientsstructure
and moi sture content of soil, canraisethe productivity
of agriculture. Currently, the crop straw output of China

ismorethan 0.82 billion ton, which containsmorethat
4.6 millionton nitrogen, about 11 millionton calcium,
other organic matter and microelement. Thus, returned
sraw tofieldisavita measureto improveagricultura
productionlevel.

Food supply safety is an important issue for china.
Therefore, the development of animal agriculture,
dominated byherbivorous livestock, is a good choice.
Thereisnot much likelihood that the carrying capacity
of natural grasdand will furtherincreased based onthe
conditionwearein. Using straw toraisethelivestock
can handlethisproblem.

Theeffectiveutilization of straw resourcesisthe
ecologica project to achieve sustainable devel opment
of agriculturewnhich can easethepress of overgrazing
and decreasetree consumption. It also helpful to pro-
tect vegetation and play animportant rolein consoli-
dating the outcome of biological environmental con-
druction.

Inmany rurd an areaof China, straw isconsidered
to beaval uabl eresource, which can be used as house-
hold fud, feed for livestock, fertilizer and base materia
for edible mushrooms. However, with the change of
the mode of agricultural production and increase of
peasants’ Income, the structure of rural energy con-
sumption hasa so changed. Sincethediversfication of
development on rural energy consumption, enormous
straw resourceswere burned or discarded. Although
burninginfiedsisprohibited byenvironmenta protec-
tionrestrictions, the straw burned directly inthefield
accounted for 31.1% of thetota collectablevolume.

B Burned or discarded
31.31%

B Feed 30.69%

B Fuel 18.72%

Figurel: Theproportion different usagein total collectable
volume

Asavaluableresourcesand primary byproduct in
agricultura production, theeffectiveutilization of straw
resourcesinvolvesenergy circulationintheagricultura
production system. Meanwhile, it also relatesto soil
fertility, soil conservation, and environmenta safety of
thewholeagricultural ecosystem. Thus, theutilization
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of straw resourcesisnecessary for the sustainable de-
vel opment of agricultureand rura economy.

The crop straw, with abundant organic matter,
nitrogen,phosphorous, potassium and microelement, is
animportant organic fertilizer in agricultural production.
Straw returned to the field shows remarkable water,
fertility and yield-increasing efficiencies: mulching can
add water use efficiencies by 10%, 50% ~ 60%ostraw
returned to the field of wheat-mai ze double cropping
system can keep soil nutrient balance; straw returnedto
thefield canlead to crop yield increase by 10% and
fruityiddincreaseby 20%44. Straw organic fertilizer can
raisethe productivity of the soil and sustainabledevel -
opment of agriculture. TABLE 1 show the organic mat-
ter of different crop strawf?.

TABLE 1 : The organic component of different straws
(Mass fraction, %)

ir%rrgz?;t N P K Ca Mg Na S
Rice straw 060 012 1.00 014 012 002 7.99
Wheat sraw 050 0.20 0.73 0.14 0.02 0.003 3.95
Corn stalk 060 140 0.90 0.39 0.26
Soybeanstrav 193 026 155 - - - -
Rape straw 056 050 050 0.42 0.05 0.004 0.18

Thestraw could beused for field restorationintwo
ways, oneisdirect field restoration which shattered di-
rectly and restored inthe soil or inan origina way with-
out cultivation, the other way isthrough animd excreta
and itsbyproducts®. Nowadaysthedirect field resto-
ration isthemost popular way in China. The areaof
field restoration of residual was 3.58 billionhectare,
which account for 15.3% of total sown area in China
during 2009. Thefield restoration quantity of straw was
0.12 billionton, and Henan, Hebe and Shandong prov-
incesareof themogt direct restoration quantity.

Thestraw containsvariousnutrient sourcesfor cul-
tivatelivestock, which nutritivevalueisequal toone-
quarter of crops. The nutritive value of 6kg silage straw
or 4kg ammoniated strawis tantamount to 1kg crop. For
instance, there contains morethan 30% carbohydrate,
2%-4% protein and 0.5%-1% fat in corn stalk. The
graw for feedingwasmorethan 0.21 billiontonin China
during 2009. The utilization ratio of straw by ensiling
and ammoniating is44%. Since 1992, Chinese Minis-
try of Agriculture launched strategies for the project in

popularizing thetechnologyof ensiling and ammoniating
straw. The project had built 6.67 million cubic
metersammonition silo,purchased forty-ninethousand
straw treatment orsmall feed-processing machinest.
Somekind of straw is unsuitable for direct feeding due
to bad palatability and lower digestibility, such as rice
hull and corn cob. However, most cropsstraw can be
convertingto high quality feed after processing.

The straw composed of carbohydrate compounds,
which are determined asthe elements of carbon, hy-
drogen and oxygen and possea high energy content.
The calorific value of 2kg straw is equal to
1kg standard coal. Currently, main utilization of straw
in energy in Chinais. direct combustion; biogas,
straw power generation; gasification, liquefaction and
briquette.

Direct combustionisthetraditiona way of theutili-
zation of straw. Though the structureof rural energy
has changed, straw istill oneof thefuelsinrura. Cur-
rently, straw power generation hasachieved prodigious
development. For instance, by theend of 2009, Jiangsu
province has 12 grids straw power plantsand Henan
provincehas 16. Thestraw power plantsin Henan prov-
inceconsumed 2.92 millionton straw resourcesduring
2009, which accountsfor 3.52% of thetotal volume.

Thestraw, which containsvarious nutrient sources,
issuitablefor the cultivation of ediblemushrooms. The
total production of Edible fungi is 18 million ton, which
consumes 15 millionton straw during 2009 in China.

THEPROBLEMSINTHEUTILIZATION OF
STRAW IN CHINA

Currently, theretill existsmany problemsinthe uti-
lization of straw resourcesin Ching, such asinsufficiency
of comprehengveuutilizationand unreasonableof utiliza-
tiongructure Thecomprehensveutilizationrateof straw
islow and technology isimmature. For instance, the
biofuel productionfrom the straw isnot economicaly
feasible because of high cost. The problem of straw
waste gasand burning areseriousinsomerura places
whichinvariably led to anegativeimpact on amosphere
andthelifeof peopleinrura areas. Duetotheinfluence
of thetraditiona management mode, some peasants
accustomed to directly burning straw in the field. The
lack of propagandaalso led to lower cognitive level.
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Thus, straw burningwill beasocid probleminlongterm
of China. Theutilization of straw resourcesasenergy is
heavy relianceon direct combustion; however, thequan-
tity of straw for new energy exploiter isvery limited. For
example, the quantity for straw gasification, carboni za-
tion, liquefaction and power generationisrarely in com-
parison with burning directly. Ontheother hand, some
renewabl e energy projects havethe problemsof over-
investment and excessivecompetition. Theutilization
amount of straw outsidetheeconomicsysteminrurd is
not high and the devel opment of straw industridization
istill initsinfantstage, which led to thelower compre-
hensiveutilization ratio of straw resources.

CONCLUSIONAND SUGGESTION

The straw resources should used in high-efficient,
which hasapositiveimpact onthe devel opment of ag-
ricultureand rurd economy. The phenomenon of straw
as waste to be burned or discarded must be prohib-
ited. The amount of utilization in low-efficient
ought togradually reduce, such as directly combustion
inkitchen. Theprincipleof the utilization of straw is
recycling and environmentd friendliness. According to
theloca condition, locd government should makerea-
sonable and comprehensive plan to avoid repeat con-
struction and unnecessary competition.

The sustainable devel opment of agricultureisfun-
damentd of economic growthin China. Therefore, the
utilization of straw resources should satisfy the need of
agricultura production. Sincereturning straw to field
can add soil nutrient, fertilize land productivity, the
amount of straw returned to field, which by mean of
scientific evaluation, must be ensure. On the other hand,
the peasant’ income is highly related to the rural
economy and living standard. Livestock breeding and
ediblefungi canincreasetheincome of peasants. Ac-
cordingtotheloca condition, theanima husbandry and
cultivation of ediblefungi using straw resourcesasbase
materia should be supported.

Biogastechnol ogy iswiddy adopted in someplaces
in China. Inthefuture, Chinagovernment couldinsist
on encouraging farmersto build biogas digester self-
fund with apart of collectivesubsidy. Thegovernment
should actively support the study of new technologies
and new products. Some new pattern, such as “Pig-

Biogas-Fruit”, or “Pig-Biomass-vegetable” could
extend to more places with suitable condition.

Intheshort term, thetraditiona way of directly com-
bustion of straw will bestill existinrural places. Cur-
rently, theutilization of inefficient stovescauses many
environmenta problemsinrura areasof China. Thus,
improving efficency isan effectiveway to solvethe prob-
lem. In comparison with conventiona stoves, the effi-
ciency of improved stovesisrelatively high. Thegov-
ernment should support thefarmersto build new im-
proved stoves, meanwhile, foreign advanced technol o-
giescould beintroduced.

Asavauableresource, theutilization of straw out-
side economic system in rural society will have a
room of development. The utilization of straw in biom-
assenergy hasexterna effects, since straw resources
isrenewableand environmentd friendlinessin compari-
sonwithfossil fuels. Thegovernment should promote
the study of key technologiesof efficient utilization of
straw in biomassenergy, such asliquefaction, gasifica-
tion and power generation to reduce the cost of pro-
duction. Meanwhile, the plan of new energy should be
reasonabl e programming to avoid waste and necessary
competition.

Straw can also be used asindustrial raw materia,
such asbuilding materids, packing materid and paper-
making. Theindustry of processing straw with clean
technology should be supported by policy.
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