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ABSTRACT

In China, the poor supply logistic and the high feedstock cost are the
most critical constraintsto the devel opment of forest bioenergy. Theaim
of this study isto identify the supply logistic from forest land to the final
delivery for bioenergy utilization. A case study approach was used to
collect therelevant information and data. And two different supply logistics
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of wood biofuel were designed for two locationsin Inner Mongolia, one
was from collective forests and the other was from state-owned forests.

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Bioenergy isconsidered to beafossi| fuel that sub-
stitutesto offset greenhouse gas (GHG) emissions. In
China, thedevel opment of forest bioenergy isemerging
asapart of the solution to the country’s energy chal-
lenges. Progressis being madewith the establishment
of severd small-scale projectsand China’s central gov-
ernment predi ctsits power-generating capacity using
agricultura and forest bioenergy will besome24 GW
by 2020, Previous studies have demonstrated that
forest biomassis particularly promising for bioenergy
utilization becauseit isabundant, can play apositive
rolein theforest environment management, reduces
carbon dioxideemission, and can contributetoimprove
human welfare?9,

Theprinapd congraintsassociated withtheincress-
ing utilization of forest biomassfor bioenergy aresup-
ply logisticsof harvesting, collection and transportation.

Supply logisticshave been well documented in North
Americaand European countries, focusing on supply
system design with affecting factors of harvesting and
transportation, model s of estimating supply chainsand
costs® 8. Whereasin Ching, only limitedinformationis
availablefor the supply logisticsof forest biomassusing
for bioenergy. Severa affecting factorswere prelimi-
narily consderedinthepreviousstudies, including har-
vesting machine, hauling distanceand sel ection of stor-
agelocation®1,

The primary purposeof thisstudy istoidentify the
supply logisticsfor two locationsin Inner Mongolia:
Naimangi which hasabioenergy plant supplied by col-
lectiveforestsand Arxan, whereaproposed bioenergy
plant would be supplied by state-owned forests. To
evaluate supply logisticiwefocused onfactorssuch as
geographicdistribution, climatic conditions, ownership
of theforest, production processand institutiona ar-
rangements.
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FOREST OWNERSHIPAND
MANAGEMENT IN CHINA

Forest ownership caninfluenceforest biomasssup-
ply to bioenergy plants. Two main types of ownership
exist in China, state-owned foreststhat are owned by
the national state and managed by state Forestry Bu-
reaus, and collectiveforestsowned by collective orga-
nizations such as townships and villages.
Generadlyystate-owned forestsare of larger scaleand
located in ecologically important or sensitive areas.
Conservationisanimportant goa of most state-owned
forests. Government strategies of thelate 1990sled to
severefinancid difficultiesfor many state Forestry Bu-
reaus by drasticdly reducing timber harvestsand & the
sametime boosting aff orestation and reforestation(*?.
According to the current forest laws, Forestry Bureaus
should run economically viable operationsandimprove
thewelfare of forest workerswhile at the sametime
protecting theecol ogicd integrity of forests. Experience
inseverd Forestry Bureaus (in Chongging and Shanxi)
has shown that this could be achieved by diversifying
into new forest products and markets. Collectivefor-
estsaredividedinto small plotsthat are contracted to
local farmersor organizations. Harvesting requiresa
licenseissued by theloca government and reforesta-
tionismandatory.

Bioenergy fromforest biomasshasthe potentia to
improve profitability of forest management operations
if more harvested wood can be used commercially.
Richardson et al.[*¥ even ascertained that bioenergy
production under sustai nableforest management pro-
vided widespread benefitsat al levelsof society. Aside
from providing additiona revenueto Forestry Bureaus
and forest license holdersin China, the use of forest
biomassfor commercial bioenergy may increasethe
economic viability of reforestation and shrub coppicing.
A study of shrubs planted as shelterbeltsto stop deser-
tification in northern Chinafound that shrub coppicing
yiddsfiveto seventonnesof branchesper hectareev-
ery year™ and that selling the biomassfor bioenergy
can generate 500 to 700 yuan per hectareannually.

METHODS

A case study methodol ogy was used to collect and
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andyzethedataand other pertinentinformationinthis
study. Asan empirical inquiry method, a case study
seeks multiplesources of evidence highly relevant to
theresearch questions, and leadsto anin-depth under-
standing of thecasd®®. Inthe study, two casesin Inner
Mongoliaweresdected in order to obtainindependent
conclusionsfrom each caseaswdll astoillustrate con-
trasting gtuations. And thedataincludedinterviewswith
representativesfrom related organizations, farmersand
workers, field observations, and secondary data sourc-
ing frominstitutiona reports, company documentsand
government internet and research journals.

Arxan and Naimangqi, both located in the Inner
M ongoliaAutonomous Region of China, werechosen
ascasesinthisstudy for thefollowingreasons. (1) there
iscurrently alack of experiencein forest bioenergy
projectsin Chinaand few people arewell-informed
about forest biomassfor bioenergy. However, Namangi
has already established abio-power plant using forest
biomass as feedstock. Meanwhile, in Arxan, abio-
power plant have beenin planning; (2) thetwo typica
forest ownership typesin Chinaarestate-owned forest
and collectiveforestsand they arerepresented by the
two cases. Arxan has state forestswhilein Naimanaji
theforest biomassmainly comesfrom collectively owned
forest; and (3) theforest ecosystemsinthetwo loca-
tions are very different but the two areas share key
socio-economic attributes. Specifically, Arxan and
Namangi aresmilar inthesca eof the bioenergy power
plants, forest biomassrequirements, level sof regiona
economic devel opment, and household energy con-
sumption.

DESCRIPTION OF THETWO CASES

Naimangqi case

Naimangi, acounty of Tongliao regionyislocated
in the east of Inner MongoliaAutonomous Region.
Twelvetownshipsexistin Naimangi with atotal of 96
villages. Thetota areain Naimangi is815 900 hawith
forest covering 216 000 or 29% (see TABLE 1). The
forest isether collectively owned (80%) or state-owned
(20%).

Within aradius of 80 km of the bio-power plant,
about 630 000 tons of forest biomassisavailablefor
bi oenergy, including shrub branches from coppicing,
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TABLE 1: Demographic and forestry characteristicsof the
two casesareas

Characteristics Naimangi Arxan
Total area (Km’) 8159 7 409
Gross population 431 000 56000

Forest area (Hectare) 216 000 464 000
Forest cover rate (%) 29 64
Household wood fiel consump 100 000 111 000

felling residues, thinning material and wood processing
residues. Consumption of wood fuel ashousehold fuel
was estimated at 100 000 tons per year by the local
Forestry Bureau. Therefore, thelocal forest biomass
supply issufficient to meet thefuel requirement of the
power plant, 160 000 tons per year.

Arxan case

Arxan, atypical state-owned forest area, belongs
to the Conservation Areas of Natural Forestsof Inner
Mongolia. Itsforested areaand forest cover rate are
morethan doublethan Naimangi’s (TABLE 1). The
forestisadministered by four Forestry Bureaus: Arxan
Municipal Forestry Bureau, Arxan Forestry Bureau,
Bailang Forestry Bureau and Wuchagou Forestry Bu-
reau. The planning bio-power plant would bethe same
sizeastheNaimanqi caseat acapacity of 24 MW. Itis
estimated that over 600 000 tonnes of wood residues
wasavailableasfud withinacollection radiusof 50 km
of the power plant. Morethan 110 000 tonnes of wood
fibreiscurrently used for household heating and cook-
ingannualy. Per capitawood fuel consumptionishigher
inArxanthan Naimangi becausewoodismoreeasly
availablefromwood processi ng plants and wood fuel
collection. Thisleavessufficient potential forest biom-
assfor the proposed bio-power plant.

FOREST BIOMASSSUPPLY LOGISTICS
FOR FOREST BIOENERGY

Organisation and management logistics

In Naimanqi, forest biomass for bio-power gen-
erationiscollected from thecollectiveforestsof 96 vil-
lagesinthetwelvetownships. Theforest iscontracted
out by tenureto loca farmersinsmall plotsof 0.5t0 2
hectare. A total of 12 township agentsand 96 village
agentsarrangetheforest biomasscollection. Figure 1
summarizesthe organization of the power plant, the

Forestry Bureausand the agentsat the collection Sites.
The power plant signs contracts with theindividual
agents. Thevillageagentsorganizethecollection of forest
biomass by theloca famers, whilethetownship agents
supervisethevillage agentsin their respective town-

ships.

[ Bioenergy Power Plant ]

I 1
Forestry Bureau 1 [ Forestry Bureau2 I I Forestry Bureau 3 I

Collection Collection Collection Collection
Site 1 Site2 Site3 Site 4

Figure 1 : Organization of forest biomass supply for
bioener gy in Naimangji case

The potential |ogisticsof Arxan have been devel -
oped by the Forestry Bureaus, as shown in Figure 2.
The proposed bio-power plant will contract with the
three neighboring Forestry Bureauswithina50 kmra-
dius. Arxan Municipa Forestry Bureau, Arxan Forestry
Bureau and Bailang Forestry Bureau. Thereare four
proposed collection sitesfor collecting, chipping and
storing theforest biomass. Several factorswere con-
sidered for determining thelocation of the collection
stes: roadinfrastructure, suitable storage area, process-
ing equipment availability and fire safety provisons.

[Bicenergy PowerPlant]
Agent of
Township
[ T | 1 1
Agent of Agent of Agent of Agent of Agent of
Village 1 Village2 Village 3 Village 4 Village

Figure 2 : Organization of forest biomass supply for
bioenergy in Arxan case

Forest biomasssupply chainsfor bioener gy

Fgure 3 summarizesthemain processng stepsfrom
theforest land to the bioenergy plant (skidding, hauling,
chipping, storage and transportation). Thetwo cases
differ in somerespects.

InNamangi, thecollection, including skiddingand
hauling, isconducted by asinglefarmer or afamily be-
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Processing sites Arxan Naimangi
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Collection site ‘ *
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Figure 3: Forest biomass supply chainsin Naimangi and
Arxan

causethere are many collection sitesand the hauling
distancefromtheforest tothevillagecollection siteis
short at no more than 5km. When arelatively large
amount of forest biomassisaccumul ated at the collec-
tiondgte, itwill be bundled and transported by truck to
the power plant 80 km away. The forest biomassis
chipped at the bio-power plant beforebeing fed into
theboiler furnace.

IntheArxan, the proposed forest biomass supply
chain hasmore stepsthan the Naimangi case. Thecol-
lection activitiesfrom theforest land to the collection
sitewould be carried out in three steps and by three
separate workgroups because of theextensivedistri-
bution of theforest and theheavy snow inwinter. Frdtly,
forest biomassispiled by handintheforest land; thenit
ishauled an average 500 mto theroadsidewithamule-
drawnvehiclewherethewood istransferred ontotrac-
torsthat haul it to a collection site, 25 km to 50 km
away. The chipping and storage stepsare carried out at
the collection siteswith chippers special technical fa-
cilities. The chipped biofuel would betransported 50
km to the planned power plant by truck.

CONCLUSION

In conclusion, adetail ed two-case study was car-
ried out in Inner Mongolia, one caserepresented afor-
est biomass supply chain from collectiveforestsand
the other case from state-owned forests. The supply
logisticsdifferedin both casesin termsof how thefor-

est biomass collection was carried out, the number of
collection sitesand thetype and size of equipment used.
A significant result of the study isthat ashorter collec-
tion distance, amoresimplified divisoninwork and
morelarger-sca e equipment wasincurred in Naimangi
than Arxan. Based on theassumption of using theexis-
Ing equipment intheArxan case, more equipment and
fuel would beconsumed inthe hauling process.

At present, commercia bioenergy fromforest bio-
massisdtill initsinfancy in Chinaand littlecasedatais
availableto comparewiththe supply logisticsinArxan
and Naimangi. So thereare till someuncertaintiesin
the evd uation of forest biomass usefor bioenergy.
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