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J. C. Randolph, Indiana University 
Gary L. Fowler, University of Illinois at Chicago 

Introduction 

The shifts in energy production and distribution that 
occurred during the 1970s significantly affected tile 
energy policies of most countries. Tile situation has 
been particularly di fficult in lower income developing
countries whose economies are dominated by increasing
imports, especially petroletm, arld higher prices for 
commercial energy from non-renewable fossil fuels,
Strategies to retspond to tile short-term crisis include 
conservation and increased efficiency in tile Droduction 
and use of energv. In tile long terni, countries may plan 
an orderly transition to a more Sustailnable and diversi-
fied enery econlom~ly that w.,'illemphasize the develop-mnt o new dotestic energy supplies from conlVen-ment o ne do ic 
tional fuels and increased substitution of new ad 
renewable energy resources for conmtmercial supplies. 

Energy from biotnass has significant potential for 
more efficient production in the short term and for
long-term interfuel substilution. This potential is par-
ticularly great in lower income developing countries 
with highly productive ecosystems. Increased utilization 
of biomass for energy, however, must be balanced 
against adverse environmental impacts and conflicts 
over resource use. 

The objective of this paper is to assess the energy
potential of traditional biontass resources, especially 
lignocellulosic materials, of countries in the Asia-Pacific Basin and to examine the issues of resource co-
flicts that might result from expanded iomass pr(2duc-
tion. These issues include the environmental impats of 
large-scale deforestation and the conflicts between using
land for food or fuel. Indonesia is presented as an exam-

U Uncertainties in petroleum availability and pricing have stimu
lated research atid development in alternative energy technologies 
in both industria!ized countries and developing countries. The pro
duction of energy from renewable natural resources has received 
considerable attention. Fie major bioniass feedstocks-wood, 
grass, attd crop residues, as well as animal wastes-have been andcontinue to be important fuels inmany countries of the world,although the efficiency with which they are used is low. New 
demands for alternative energy sources have stimulated research 
and development for new "energy" species as well as new biomass 
technologies. I lowever, these developmets have the potential for 
serious environmental degradation, particularly with respect to 
deforestation in tropical and sub-tropical countries. Indonesia is 
an example of a country with a great potential for energy from 
bioniass but hlere that development ust be carefully planned inorder to present major environmental problems. In both developing and industrialized countries, policies which encourage bio
logical and technological developments in the production of 
energy from biomass in an environmentally sound manner should 
be supported. 

pie of the complexity of these issues in a country that,
although currently a petroleum exporter, has a tremen
dous potential for production of biomass resources for 
long-term energy needs. Policies that have been pro
posed to encourage the more efficient production and 
use of biomass energy resources must also mitigate ad
verse environmental impacts and competition of the use 
of tropical forest and land resources for food or fuel. 

1 C. Radoltt ts aprufessr ad director of environnintal progras 
inthe School of Public artd Environmental Affairs, Indiana Univer
sity, Bloomington. Gary Fowler isa professor and head of the Depart
mertt of Geography, University of Illinois at Chicago. They are the co
authors of several articles in environmental science arid policy. 
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Bioenergy a primary fuel, dry wood contains an average energy
content of aboutHall states that any energy resource must have certain 19 NlI/kg. Dry grasses contain aout14 Ml/kg whereas dry crop re~idue. and animal wastes,important characteristics for it to be used as a fuel.'

Ideally, although highly variable, usually are 14 M.1/1,v or less.the resource will be available at many locations By comparison, the twoand will have a primary iossil Lue',, coal andfairly uniform quality. It can be stored crude oil, have an average value of 29 MI/kg and 43for extended periods and yet will be available for use on MIJ/kg, respectively.demand while remaining acceptable to the user in termsof safety and convenience of handling. 
The potential contribution of" lipnocellulosic materialThe energy as an energy supply dcpcnds onresource will be applicable to a wide variety of uses in 

tile prodtcion of plant
biomasssolid, liquid, or gaseous forn and 

and tile distribution of the resource base.can be converted Photosynthesis,f,om one which converts the radiant energy offorit to another while remaining economical
in comparison to other energy fuel 

sunlight to the chemical energy of plants, is the principalsources. Finally, the biological factor that in fhcencesresource should result in mininal negative impact on 
lie production of plantthe biomass. Photosynthesisenvironment has two phases: (I) an energyduring ruining, drilling, or harvesting andduring combustion or conversion 

capturing light phase resulting in tile photolysis of waterto fuel. Compared and yielding chemical energy and (2) a carbon dioxidewith non-renevable conventional energy sources, assimilating dark phase.especially ihe dark phas, has three diffossil fuels, biomass resources meet most of ferent biochemical palhwav: three carbonthese criteria. In addition, they are (CI3), fourrenewable, carbon (C.1), and Crass;ulaccan aci:1 metabolismA wide variety of biomass materials arc available as (CAM).'fuel feedstocks (Figure 1). The 
The (' patlhvav is the most colnim or a nongmajor resources arewood, crop wastes the world's plajits. The CAM parhwavi is lound illand residues, and aninal plantswastes,

These traditional fuels are especiaill important in 
such as cacti that are adapted t arid environments. The 

developing countries, where they meet a large portion, if 
C., pathway is found primarilv in tropical grass species. 

not the majority, of energy needs. Firewood 
Plants witih the C4 pathway typically can utilize a wider 

primary fuel in rural areas and anong 
is the rangc of light intensities, have a low carbon dioxidethe poor, and compensation point, and have t hilgier pho osyntheticcharcoal is preferred inurban areas. Crop and ai'imal efficiency than C., species.'residues are used for fuel when wood (and charcoal) is
not available or is too expensive. Dunkerley et a!
estimated that in 1978, these traditioral tuLs comprised

28 percent Both biological and environmental factorsof the total energy supplies in developing can be manipulated by management praccountries, with an estimated 80 percent used for tices such ascooking.- plant breeding, fertilization,
irrigation, pest control,and crop rotation toBy comparison, biomnass fuels represent only a small achieve maximum biomass yields.fraction of the energy supply and use in developed coun

tries. Although some firewood is used for domesticheating and cooking, it is less than one percent of total Inaddition to biological factor.,,energy supplies.' I-,avy reliance tlhe physical environott li(1 ulid fuels for nient also influence:, net bi ornastranspi:ta1 ion product iitN . T-he mosthas resulted in renewed interests in the important factors are:production of alcohol (ethanol) (I) the irtensit " and duration offuiels from grain and in solar radiation, (2) temperat Lire,gasification of lignocellulosic materials. Other processes 
and (3) tile availability

o" carbon dioxide,depend primarily on urban-indusitrial wastes as fuels. 
water, and soil nutrients. Both biological and environriontalHowever, the U.S. Congress Office factors can be manipulatedof Technology by management practicesAsssnIent (OTA) recently concluded that tile bio-

such as, plant bieeding, fertilization, irrigation, pest control, and crop rotation to
energy processes that are expected to be most efficient indisplacing large quantities of oil are 
achieve maximum hioniass yields.direct combustion The major ecosystems of'the earth have artand gasification estimatedfor process hreat and steam.' The tech- net annual primary biomassnologies for efficient wood production c4 164 billionstoves and wood-firedboilers dry tons (Table 1). Tropical torests haveare well-developed, and for tile highestgasifiers are well range of'net pitiniary productivity per unitunderway. Some large-scale industrial cogeneration area and tlie: 

plants that use wood as the 
iighest total net production (40 billion dry tons perprimary fuel are in year) of ofoperation.' any the world's terrestrial ecosystems.

Although tropical forests are only 40 percent of Ilie area
 

Lignoceilulosic Maferials as of the world's forests, they accountBionmass Fuels tor 55 peicent of thetotal forest biornass produc: icm. The Asia-Pacific 
region has aboutWood is the world's oldest energy resource. It is also 13 percent of its land area in tropicalforests and contributesthe dominant source of lignocellulosic materials 

about 25 percent of thethat annual global tropicalcan be used as biomass forest bioniass production.,"fuels.' Wood is renewable, Estimates ofrelatively abundant, and tie potential energy re.,ources fromvidely available. Wood's lignoccllulosic materialsprimary problems as a and other traditional bionassfuel are its solid form, high fuels in developing countries are crude.moisture content, and relatively low energy content.' As 
The lack of'

accurate, comparable data is a major problem. How-
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FIGURE 1
Major Processes for Conversion of Biomass for Fuel (Adapted from Hall, 1981) 

MATERIALS PROCESSES AJOR 
END PRODUCT 

-' A N A E R O I 1C D I G E S T I O N 
ETAE 

-iACID HYDROLYSIS I 

Sewage 
Manure 

Marine plants 

ENZYMATIC DIGESTION 

Waste~~~~~~I liurARBCCDGSINHMSCOL, 

B IOM ASS 
FOR FUEL 

z <Wood 

yWastes 

= Residues 

. = 

- T 

TOTAL COMBUSTION 
--H 

LOW BTU GAS 

JCJrA 

MED B3TUGA 

TEA 

Fu S 

£ 

>' 

-

z 

:m H FEEDrn 



531 

ENERGY POLICIES AND IIOMASS RSOt!R(jFS IN THJE ASIA I'ACIFIC REGION 

TABLE INe! Primary BioMIsS Production of Major Ecosystems of thte Earth's Surtace 

Net Primary Irod,uctivily 
Area per Init Area 	 World Net(millions ofType of Fcosyslein 	 (dry grams per square meter i,1r year) ltionr Producionsquare kilomet[rs)...... ..... . . . . . .Mait Nrmal I-ange .. . .. (billio ns of drytons per year)Lake and Stream 


Swamp and Marsh 
2 1(0-1 51101 500
2 	 1.0800-4000)'I operalA I ores 2o 

) 201(1() 4.0
TempeIra 1 or,. : ], -. lU0 2.00o

18I3orcA I ork" 	 60(1-3,0)0( 1.300 
40.0 

23.4400-2,()0Woodlbird and Shruhliand 
12 	

8007 	 9.62100-1.200Savanna 	 6(00
i5"It'ttterate (i;rs~,nit 	 201)-2,oo)01 4.2 

71019 	 10.51511-I,5(10Tundha and Alpitte 	 5(11
8

DCsLI Scr) 	 10- ,10f1 140 
4.5 
1.118Ixtrit, 1towrl. 	 1( 25oR ock, and Ice 	 7024 	 1.3

A'ricuhml d Ljtnd 	 0- 10 314 	 0.0710(k4,()00T)A I ((J LAND 	 650 9.1149 
730 109.0CtO t.,n elf 332 2- 400 125 41.5ontinl'nt-I ShelfAtactc. ,\l.'.: tid l'suar'cs 	 27 200- 6002 	 3505(1)1-4,0(1(1 	 9.52,0001(1TO'AI FOR ()CI1,KAN 	 4.0361 

.155. 
TOTA L I O R I-A RT II 	 51 0 320 F6.0 

320Sotu r 	 164.0R Ii ":w'Ittt, hel. '( t" i 'l "'aid L;ot'A.flems (New \ork: Macmtrillatn Press, 1970). 

ever, Dunkerly el al. have compiled estimates for countries in Latin America, Africa, and Asia that comparethe relative importance Indonesia, have a relatively large potentialof the annual increment of for bio
forest growth to total potential annual "nergy from bio-

energy from forests and other lignocellulosic materials. 
mass (Table 2). " The range of the estimates varies by an 

In each case, the potential energy available from the annual incrementorder of macnitude. For purposes 	 of forest growth greatly exceeds theof comparison, theupper estimates will be used. These values assume an an-	
estimated annual consumption of ftelood and charcoal provided that it is available for thatnual increment of ten 	 use only.cubic meters of biomass per hectare (a realistic, but conset vative value for some tropical
forests) and Biomass in the Energy Futures
an energy content of 10,M) MI per cubic of Developing Countriesmeter (also a conservative value).nual increment is the The theoretical an- amount of ener-y that could be In developing countries,derived from the biomass actually 	 energy conservation and inproduced. Theestimates reflect the total areal 	

creased efficiency in the production and useextent of the forests in tional 	 of tradifuels has beeneach country. They are not adjusted to account for the 	
the most common short-term responsedifferential productivity of specific forest ecosystems or 

to the high cost of commercial energy. How.
for any constraints upon use. 

ever, biomass energy sources may play different roles intheThe total potential annual biomass energy resource in 
future as socio-economic development results inincreased energy demand. Energy priceeach region is considerable. The contribuliont from the 	 inflation willprobablytheoretical 	 increase the demandannual increment of forest growth is 

for traditional fuels,

greatest, in an absolute and in a relative sense, 

primarily firewood for people in rural communities and
in Latin charcoal for poor people in rapidly growing urbanAmerica and Africa, and least in Asia. The relative imn- centers.portance of manure and residues 	
The large-scale substitution of other renewablesin the Asian region is or energy sourcesthe result of large rural populations engaged in intensive 	

for firewood (and charcoal) would be
agriculture and -animalhusbandry. Among selected East 

difficult. " Consequently, fuclwood collection as a cause
 
Asian countries, the Peoples Republic of China (PRC) 

of deforestation may increase especially in proximity to
cities, with secondary
and India are examples of this 	 impacts oncase. Deforestation has 	 land and water
significantly reduced 	 resources. Deforestation will be especially serious wherethe size of the resource base for the loss of' forest resources exceeds the annual forestbiomass from forest growth. Other countries, especially 	 growth increment. 

NOVEMIIWR / FICEMBIER 1983 



.... 
 ,PUBLIC ADMINISTRATION REVIEW 

Potentid Annual Renewable Energy Resources from Forests and Waste Biomass in Developing Countries 

Srotal Theoretical FuelWoodCo;inent Forestand Country Aeaa IncrementbAnnual Potential Annual Energy, by SourcecForest Growthd Manure Residues and CharcoalTotal Biomass Consumptione 

Latin America 800.0 800-8,000 8,000-80,000 5,476.0 2,802.0 16,000-88,000 2,500Africa 795.0 795-7,950 7,950-79,500 2,963.0 895.0Asia 12,000-83,000 3,100506.0 506-5,060 5,060-50,600 11,018.0Selected 11,925.0 28,000-74,000 5,600East 

Asian Countries
Burtia 45.0 45- 450 450- 4,500 173.0 176.0China (PRC) 800- 4,800 210SO.0 80- 800-800 8,000 3,350.0 5,096.0 9,200-16,000 1,500
India 75.4 75- 750' 750- 7,500 4,250.0 3,043.0 8,000-15,000 1,300Indonesia 124.7 125-1,250 1,250-12,500 219.0Malaysia 23.6 24- 240 559.0 2,000-13,000 1,200240- 2,400 20,7' 40.2 300- 2,500 61Philippines 15.9 16- 160-160 1,600 177.0 289,0 630- 2,100 250Thailand 29. 29. 290 290- 2,900 205.0 308.0 800- 3,400 180 

aln million hectares.
 
bin million cubic meters: volume assessed to be capable of increase at 1-I0 cubic meters per hectare.
 
CValues are x 1O s(gigajoulcs).
 
dAsstmes an energy content of 10,000 MJ per cubic meter. 
'Estimated. 1976-1977, in gigajoules (IX 10IS),
 
Source: Adapted from Dunkerley et al. (1981), Table 7-4, pp. 173-177.
 

If domestic energy demand exceeds the supply of fire- Environmental Impacts of Bioenergy
wood, the rural people will substitute animal and crop
wastes. This has already happened in densely-populated 
 The Office of Technology Assessment of the U.S.Asia-Pacific countries, where fuelwood supplies from Congress has concluded that the environmental impactstropical forests have either decreased or are expensive from the production and use of bioenergy are potentialbecause they are relatively inaccessible. Increased use of ly less harmful than the most damaging fossil fuel alteranimal and crop wastes, in turn, can result in loss of soil native, which is coal. 6 Coal is expected to be the majorfertility and crop productivity because traditional sup- fuel used for commercial primary energy in the Asiaplies of organic materials and soil nutrients that are Pacific region. Although the comparative impacts ofreadily available in rural areas are converted to meet energy futures dominated by conventional, nondomestic energy needs. renewable resources such as coal and renewables fromIn the long term, developing countries may follow a biomass are not clearly defined, the OTA analysis isstrategy designed to increase domestic energy supplies, instructive (Table 3). Growing and harvesting tradi-Most countries will probably depend on commercial tional biomass resources (wood, agricultural products,energy from conventional, nonrenewable fossil fuels and residues) primarily involve extending the more inand hydroelectric power for their primary energy tensive applications of present forest management andresources. They may expand domestic energy supplies agricultural practices. Biomass conversion technologiesfrom conventional resources, including previously un- generally leave a lower potential for environmentalexploited reserves, and increase the role of new and degradation than coal conversion, and small-size biorenewable energy resources."' Renewable energy mass facilities can decentralize, and perhaps alsoresources, especially biomass, have an important poten- diminish,; environmental impacts." Bioenergy, however,tial in tropical Asian countries for expanded and more is not environmentally benign. Severe environmentalefficient production. Dunkerly et al. recommended that damage can result from large-scale production if not ;developing countries use biomass to generate electricity, properly managed. Bioenergy is Also land intensive andproduce alcohol fuels, and increase biomass supplies for may compete for land and other resources that aretraditional uses, with technologies appropriate for highly valued for other purposes, especially food provillage settlements. Furthermore, renewables becan duction, Consequently, conflicts in resource use, landsubstituted as the primary energy sources where existing management practices, and institutional problems ofcommercial fuels are insufficient to meet demand, and controlling environmental impacts under decentralizedtoo costly, or where the environmental impacts production and use are major issues. . I "1associated with them are unacceptable." Any large- The potential environmental impacts vary by type Ofscale development of biomass, however, raises signifi- biomass fuel. The "damage potential" increases fromcant issues of adverse environmental impact and com- the use of wastes to the use of lignocellulosic materials,petition for land resources to produce food or fuel including intensively cultured crops thatcrops. -" ,? are used for 
ii-su-°
 "i.:' - ,an :::::::::::: i ...i:gisTiic, gd-i~ iu ?
2 

NOVEMIBER/DECENIBER 1983,, 



ENERGY POLICIES AND BIOMASS RESOURCES IN THE ASIA-PACI.IC. REGION 

TAIILE 3Comparison of Bion-iss and Coal Fuel Cycles
Biom ass 

Land 
* ritc land arrt Coal 
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* cSltsitll* p i~)'r t/sitdi ddcpleli(In 'OvcrWater I l 2tri ml• )iot)gical " riiLeicli h c hli
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I-W'.r* f1l0i Ills , -'llut NI\ri lIlrr "tlr. . itit i r 
sulfur aid Ilrrcen iOrt,(,iri. Ifit' pi r , fiian 

In stitu tio nal ptossi lyi 5 cXldanti" rev ll o ry lilficlllie s %%ith 1m 1lip le si all sou rce s 5" t*ni tcc ina li ltd .it may, f c ma lll i lill isn nilit, iirces 
more chnrItrallized iisd Lr.tIn ltt'rl'lele bl to

ethanol and methanol products. These comparisons areespecially significant The environmemal irpac'in regard and resource onlfts areto theforest resources use of tropical expectedof the Asia-Pacific countries to increase and become moremass. Paradoxically, wood is tie preferred fuel and the 
importance of bioencr*y in tilc energy 

extensivefor bio- as the 
Pacific futures of Asiacountries

tropical forests, which offer the greatest potential wood increases. Landresources, producing food or fuel 
use competition fordamages 

face the risk of large potential envirorimental resources may be the major conif the demand flict. 
creases. for bioenergy resources 

In the short term, the substitutiion of animal andThe situation in-is especially crop wastes
countries acute in tropical in the casewhere large-scale of fueWood storaes illustratesdeforestationreduced the amount has already 

this conflict. Agricultural productivilybeen cleared for it land that hasof land in tropical forests, food productionThe most drastic changes in strict soil is threatened unlessforest environments and energy conservationto- imposed. measures are
day are occurring in tropical forests in developing coun-

In the lonetries. In term. large-scaleduction biocnergyposes promodified 
some cases tropical forest ecosystems are the conflict of foodby small-scale being ferent versus fuelterms. in difshifting agriculture; Although biocnergy crops would becases by large-scale in other productiveland use on mostconversion. tie best agricultural lands,forests, deforestation 1I tropical they willhas resulted beagricultural land, from demands for 

assigned to marginal lands, includitg unimproved forestfuelwood lands thatsupplies, have, inand commercial sone way,management been deforested.wood and wood products ", Deforestation results in 
of tropical forests for 

The 
a biomasschaij of significant environmental impacts. Removal of 

resources would energyprecludethe forest canopy increases agricultural lands, 
the confined expansion ofexposure of althoughplants understory nol necessarilyand surface soils collection. fuehvoodto solar Large-scaleenergy and silviculturalwhich, rainfall plantationsin turn, leads manto more rapid physical 

aged on a sustained yield basis are necessary if biomasschemical resourcesweathering.occurs, especially Accelerated 
and are to be truly renewable. on steeper slopes, erosion typicallyresulting in prob'- Biomass Polentil in Indonesiachanges in soil textire. Increased downward leaching of 

lems of iosses of organic matter and soil nutrients andsoil nutrients may also occur. Deforestation Indonesia is atn example of a country in Last Asia thatalso in-creases the proportion of overland water flow. With this 
can significantly increase its bioenergy
increased surface water runoff, flooding usually occurs, 
environmen tally resources tn 
ansound manner and improvetional energy budget. the na

as do problems with sediment transport arid subsequent Indonesiasiltation. Other potential impacts, 
has an estimate6 

decrease in such as an 
million people living on five large islands andecological diversity, overall of a numbersmallerclimatic changes, and islands." Agricultureshifts in the global carbon cycle which might occur as a 
activity and rice is the main crop. 

is the predominant

resuh: of large-scale deforestation warrant serious con-

member of the Organization 
Indonesia is also a


of PetroleumCountries Exportingmillion (OPEC), with a 1982barrels of oil that ranked prodtction of 498it as the world's 9th 
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largest oil producer.20 PERTAMINA, the Indonesian (Hibiscus cannabinus), an annual plant of the familynational petroleum company, controlled production." Malvacaeae,
Indonesia has an estimated 124.7 million hectares of 

has an excelli'nt potential'as a bioenergy
species.2" Several tropical species of the genus Sorghumforests. Forests cover 64 percent of the total land area, are interesting possibilities, although relatively littleranging from 80 percent of Kalimantan to 23 percent of research has been done on them.Java and 14 percent of Bali.22 Trees of the genus Because it exports petroleum, Indonesia mayDipterocarpus are the dominant woody species of the not
vigorously pursue bioenergy programs in order to intropical lowland evergreet,, rain forests which cover crease fuel substitution for petroleum. However,much of Indonesia, Malaysia, and the Philippines. The the
careful development of biomass resources can not onlyDipterocarpus forests are known to have standing crop reduce deforestation but also significantly improvevolumes of 500-700 cubic meters per hectare, with a dry reforestation. In Indonesia the annual pattern of rain.mass of 450-800 metric tons per hectare. The average

annual incremental growth of these forests is approxi-
fall rather than any seasonal temperature pattern regu
lates agricultural activity. On agricultural lands, themately 25 cubic meters (or about 20 metric tons dry high temperatures lead to rapid chemical weatheringweight) per hectare. "'Thus, the annual incremental bio- and the heavy rainfall in excess of evaporation leads tomass productivity per hectare is equivalent in energy rapid leaching, both actions reducing the nutrientcontent to about 5.75 metric tons ofcrude oil. capital of the soil. The best uses for these nutrient 

In developing countries , ienergy conserva-
depleted soils is replanting with some tolerant, hardy,perennial species. Some replanting has been done withtion and increased efficifrcy in the produc the rubber tree, Hevea brasiliensis, which meets these•requirements.tion and use of traditional fuels has been However, there is no longer a strongmarket d~mand for natural latex.10the most common short-term response to High productivity, "biomass for energy" species maythe high cost of commercial energy. offer an attractive alternaive. For example, if the 30
million hectares in Indonesia which have ; been 

Estimates of the theoretical annual incremental forest 
deforested were converted to kenaf production, a potential of approximately 672 million metric tons (dry mass),productivity in Indonesia (see Table 2) is equivalent to or approximately 219 million metric tons crude oil290 million metric tons of crude oil. However, if this equivalent, could be harvested per year. By contrast, ifvalue is adjusted using the best estimates of the areal the same 30 million hectares were reforested (a slower,extent of forests and the average annual incremental more difficult, and more expensive "proposition) toproductivity for Dipterocarpus forests, the value reasonably mature, second-growth forests, the potenincreases to 707 million metric tons of crude oil. Bycomparison, Indonesia produced 65 million metric tons 
tial, annual incremental forest productivity could, beapproximately equivalent to 172 million metric tons of(489 million barrels) of crude oil in 1982. crude oil.

Tropical forests are the major source of firewood in
Indonesia. About 97 percent of an estimated 115 millioncubic meters of wood consumed annually is for non- Policy Issuesindustrial purposes, primarily firewood.  " Firewoodsupplies approximately 75 percent of the total energy
consumption, A wide variety of new and renewable technologies93 percent of which is for household and energy sourcescooking. The United Nations' average yield figures for 

have been considered for use in
developing countries." The development of abundantthe Asia-Pacific region is 3.1 cubic meters of wood har- energy resources that are known and are technicallyvested per hectare of forest per year, although Ovington feasible should be encouraged. Hydropower is an examstates that this is an underestimate because of lack of pie. However, policies that encourage the more efficientrecords, the use of fuelwood, and other uses by rural production and use of traditional fuels in rural areas canpeople." Indonesian wood has varied 

forest 
uses. However, have an immediate effect on energy supplies for largemanagement has focused on industrial wood numbers of people, and avoid increased dependency onharvest, with much of the wood exported as logs. Forestplantitions and forest plantation management 

petroleum and other conventional fossil fuels. ;'Aare rare Yet, energy from biomass does not offer a panaceain Indonesia.;,' 
Gathering wood for fuel is a major cause of defores-

for the Asia-Pacific region's developing countries.
Policies that are designed to increase the energy contation in Indonesia. In addition, shifting agriculture has tribution of biomassQ must also avoid the potentiallychanged about 30 million hectares of tropical forests to serious adverse environmental impacts that may bedegraded grasslands or poor quality, mixed, second- associated with biocnergy and resolve the conflicts fromgrowth forests." Another two million hectares of forest the competition for land to produce food or fuel crops.are presently being affected by shifting cultivation." In the developed countries, bioenergy crops can be ex-Policies that would encourage reclamation of

deforested pected to concentrate on existing agricultural lands. Inlands with bioenergy plants would be desir- the Asia-Pacific region, tropical forests have alreadyable. Several non-woody species, particularly those with sufferedfour widespread deforestation and degradation,carbon (C4) pathways, are promising. Kenaf primarily from the demand for cropland. Agricultural 
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, . expansion is projected to continue-jcauseofdeforestation until 2000, when th,,.demand. fr_.... cafueofd adforestion untilo200, 
to be the primary t.i-...A number of important and encouraging demonstra. hethe dem d f agigdmnta

fuelood and forest products may be most important. 
ion projects attest to the technical feasibility of some of , Several 	 the proposals for biomasspolicies have been proposed for developing 	 resources production. Thediffusion of technological innovation has been success-Countries to encourage more efficient productionuse of bioenergy resources 

and 	 ful in some Asian countries, especially India. However,from tropical forests in anenvironmentally sound manner." 	
other technologies have been developed to clear tropicalOne set concernsenergy supplies: 	 forests more rapidly and inexpensively under pressureo growing domestic and foreign demand for wood and

I . Better management of existing forest 	 wood products. Environmentally significantresources to 	 conservation and reforesting practices cannot be expected unlessincrease productivity. and until technically competent2. Intensive management of silviculture plantations institutions are provided with adequate resource' and authority.using quick-growing trees and shrubs.
3. New "energy from biomass",species.4. Reforestation, perhaps with new species and under Conclusion

intensive management,5. Restrictions on new forest land clearing, basedforest inventories and soil capability studies. 
on Traditional fuels from biomass-fuciwood, animalwastes, and crop residues-are important energysources in developing countries. Their importance is ex-Increased forest productivity though better, and in- pected to increase increased forest management, higher biomass yields, and 	

the future and focus on ligno
production (or restoration) of forest 	 cellulosic materials, primarily wood. The moist tropicalresources can be forests are an extraordinarilyeconomically and environmentally profitable for Asia-	 large and productivePacific 	 resourceregion count ries. However,policies would restrict, if not each of these base for biomass in the Asia-Pacific region.eliminate conversion of They have also been subject to widespread deforestation, primarily because of the expansion of agricultural 
tropical forest land to agricultural use.

A second set of policies focuses 	
land. Policies designed to use forests' biomass resourceson technological

change and innovation. They include: 	
For energy would result in conflicts over using land forfuel or for food, and they create significant environ

1. Use of more efficient wood and 	 mental issues, 
stoves, 	

charcoal cooking Bioenergy isasnotwell.
environmentally benign. Althoughpotentially less2. Replace (1) with biogas (i.e., produce cooking gas 

harmful than coal, the environmental 
from animal and crop wastes by biomethanation) 

impacts from bioenergy development in the Asia-Pacific 
and solar stoves. 	 region are expected td increase, especially if focused onlignocellulosic materials from3. Produce ;ethanol (from agricultural products) and 	 the tropical forests.
methanol (from lignocellulosic materials) 

Policies to increase the efficiency of the production andto substi- use of biomass energy sourcestute for kerosene, 	 must also include soundenvironmental management. Energy issues and forestry
issues are becoming increasingly intertwinedChange in biomass conversion technologies is primarily developing 	 in the 

a socioeconomic issue. Ethanol and methanol produc-	
countries. As increased energy demandfocuses ontion, however, introduce issues of using land for food or 
forest resources, forest resources, like 

fuel crops. natural gas, may soon be too valuable for other uses tobe burned for domcstic heating and cooking. 

Notes 

I . These are discussed in C. W. Hall, Biomass as an ,lternativeFuel (Washington, 	 ings of a Workshop on Land Use Planningfor Coaland lioimossD.C.: Government Institutes, 1981). (Chicago: Midwest Universities Energy Consortium,2. J. Dunkerley, W. Ramsey, L. Gordon, and E. Ccc'.ski, Energy 	
1982),

Strategies for Developing Nations 210-216.	 
pp. 

(Baltimore: The Johns 6. Lignocellulosic materialsHopkins Press, 1981), See also: The Glohal 2000 Report to the 	
include the wide variety of' platrtswhose tissues have high (butPresident: Entering the Twenty-first Century. Prepared by the 	

varying) amounts of cellulose,hemi-celluloses, and lignins, Usually these materials arcCouncil on Environmen tal Quality and the Deptartment of State found in 
(Washington, D.C.: U.S. Government Printing Office, 1980). 

the stems, branches, and leaves of "woody" plants, although
3. Ditnkerley et al.; op. cit. 	 grasses are also included.

7. There isconsiderable variation among the scientific, engineering,4. U.S. Congress, Office or Technology Assessment, Energy fromBiological Processe, 	 and policy literature as to the tnits used to describe the energy2 vols. (Washington, D.C.: U.S. Govern-
ment Printing Office, 1M0). 	

content of fuels. While almost all countries of the world now use 
5. W, 1).letts, "Wood 	 the metric (SI) system,Fuel for Industrial Cogeneration at Dow 	

the United States persists with the out.
Corning," 	 daled British system. lit the British system, energy contentin G. L. Fowler and J. C, Randolph (eds.), Proceed. 	 isusually given in either British Thermal Units (1BTU) or calories 
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per unit mass. Energy content in the metric system is usually ex.pressed in either joules per gram (J/g) or megajoules per kilo-
16. 

Dunkerley, et a., op. cit.; The Global 200 Report,
op. 
op. 

cit.
cit.

17. 
U.S. Congress, Office of Technology Assessment, 

gram (NMJ/kg). In addition to these problems with fundamental 18. United Nations Educational, Scientific and Cultural Organiza.units, energy contents are often expressed in terms of coal orcrude oil equivalents. While such comparisons do permit a con-
tion, 	Tropical Forest Ecosystems (Paris: UNESCO, 1978).19. N. Vreeland, P, Just, K. Martindale, P. Moeller, and R. Shin.crete reference, they are quite inexact. For example, the range of
energy content of two different coals may be as much as 1(X 
Area Handbook for Indonesia (Wafhington, D.C.:
per- Government Printing Office, 1975). U.S. 

cent depending on their carbon,Thus "average" values moisture, and ash contents. 20. 	 U.S.are inused these comparisons. Department of Energy. Atonthly Energy Review (Washmetric ton (approximately 7.5 
One ington, D.C.: U.S. Government Printing Office, April, 1983).barrels) of "average" crude oilhas an energy content of 43,000 MJ or 10.2 

21. A. Bartlett, R. Barton, J. Bartlett, G. Fowler, Jr., and C. Hays,x 106 kilocalories or PER TAMINA: Indonesian National Oil (Djakarta: American,40.5 X 106 BTU. 
8. 	 Ltd., 1972).There are a number of excellent references which provide more 22. Vreeland, et al., op. cit.information about the C3 , C4 and CAM biochemical pathwaysof photosynthesis; 23. 	 UNESCO, op. cit.see J. A. Berry, "Adaptation of Photo- 24.synthetic Processes to Stress," 	

K. F. Wiersum, "Firewood in Indonesia, Future Prospects for aScience 188: 644-650 (1975).
9. 	 The carbon actually fixed by the plant and used in its growth and 

Tr.ditional Energy Source." in Proceedings ofthe Workshop on
Fiogas and Other Ruralreproduction Of tissues represents 	 Energy Resources and the Rovingthe net productivity of the Setninar onplant, The theoretical efficiency of photosynthesis is 8 percetnt, 	

Rural Energy Development, Energy Resources
Development Series No. 19 (New York: United Nations, 1979),although few plants exceed 4 to 5 percent, and the averageefficiency of terrestrial plants on a worldwide basis is only about 
pp. 	30-34. 

0.3 	percent. Obviously, the efficiency by which a 
25, J. D. Ovington, "Forest Management in Relation to Ecologicalplant species Principles," in Proceedings ofa Regional Meeting on the Use ofutilizes solar radiation to fix carbon dioxide is a prime determi-

nant in net production and thus biomass yield. See: A. G. Alex-
Ecological Guidelines for Dcvelopment in the Tropical Forest 

ander, "Production of Non-woody Plants as 	
Areas of South East Asia, IUCN Publications New Series No. 32a Renewable (Bandung, Indonesia, 1975), pp. 111-119.Energy Source," iit D. L. Klais (ed.), Biomnass as a Nonfossil 26. Ovington, op. cit.; Wiersum, op. cit.Fuel Source, ACS Symposium Series, 144: 49-76 (1981). 

10. 	 Percentages calculated using data in Tables I and 2. 
27. R. T. McVey (ed.), Indonesia (New Haven: Yale University,
 

Hraf Press,
11. J. Dunkerley et al., op. cit. 	 1963). 
12. 28. 	 The Global 2000 Report, op. cit.The energy content of one cubic meter of fuelwood is approxi-

inately equivalent to the energy content of 0.33 metric tons of 
29. 	 J. A. Alich and R. E. Inman, "Effective Utilization of Solar

Energy to Produce Clean Fuel," SRI Report 2643 (Palo Alto,coal or 0.23 metric tons of crude oil; also see footnote 7.
13. 	 Calif.: Stanford Research Institute, 1974).United Nations, General Assembly. United Nations Conference 30.on New and Renewable Sources of Energy. Report of the Syn-	

The Global 2000 Report, op. cit.
31, United Nations, op. cit.; The Global 2000 Report, op.thesis Group. CONF. 100/PC/41 (New York: United Nations, 	

cit.; 
1981). 	 Dunkerley, et al., op. cit. 

14. R. H. Johnson, "Development of 
32. 	 G. J. Pauker, "What Can the Asia-Pacific Region Expect fromEnergy Resources in the Nairobi Conference?" RANDMalaysia," 	 Report P-6660 (SantaEnergy Exploration and Exploitation I: 129-138 Monica, Calif.: The RAND Corporation.(1982); Dunkerley et al., op. cit. 1981): The Global 

2000 Report, 01. cit.15. United Nations, op. cit. 
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