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BIOMASS ENERGY DEVELOPMENT IN YUNNAN PROVINCE, CHINA 
PRELIMINARY EWALUATION 

A preliminary feasibility study of generating electricity from energy plantations in Central 

Yunnan Province identified sites with a biomass resource potential of 24,000 to 45,000 dry Mg per 

year within an effective transportation range. Average annual productivity rates of about 8 dry Mg 

per hectare are feasible. This level of feedstock production would be s u k i e n t  to fuel a 20 MW 

conversion plant operating with a margin of safety sufficient to cover all but catastrophic failures. 

Cost of electricity gcneration was estimated to be about 0.24 yuan/kwh ($O.OS/kWh), which may be 

competitive with alternative generation sources. The ancillary economic development benefits are 

substantial because of the shortages of electricity so the value of electricity cxceeds its cost of 

production. Environmental effects are positive. Neither of these benefits are included in this 

preliminary analysis. In assessing the biomass resource potential, it was concluded that further 

research (trec crop improvement, site-species trials, and soil stabilization methods) is necessary before 

large scale deployment to avoid major cost and supply risks and to improvc long-run results. This 

research will require another 5 to 7 years of effort. Nonetheless, a demonstration project to prove 

the concept and to gain information required for scale-up appears sufficiently promising to warrant 

immediate follow-up and a second stage detailed investigation. A reasonable target would bc an 

operating facility in 7 years. The commitment of support (labor and land) and leadership at all lcvels 

to this project by the Chinese is overwhelming, exceeding all pre-site visit expectations. A limited 

amount of technical assistance would be helpful in augmenting an already sophisticated and dedicated 

forestry technical base. It appears that external expertise will be required in biomass electricity 

conversion processes and that much of the most appropriate conversion technology is available only 

from the U.S. A relatively minor investment in further investigation at this time could open a 

potentially large market for U.S. technology, the deployment of which would have substantial local 

and global environmental benefits as well as improve economic conditions. 
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1. INTRODUCTION 

The purpose of this site visit was to evaluate the potential of an integrated biomass energy 

system, including the growing and handling of biomass feedstocks and conversion to electricity, that 

would be beneficial to China's energy development and environmental needs. ORNL also wished 

to determine whether U.S. technologies could be technicalk, economically, and institutionaily adapted 

and deployed in rural Yunnan Province. If successful, this project could lead to more widespread 

dissemination of these technologies in other areas of China and in other developing countries. In 

turn, this project would encourage energy use and production patterns that would lessen the severity 

of global climate change. Yunnan Province was selected as a place in which to investigate the 

advantages of growing and using biomass crops to generate electricity because it has a wide range of 

climatic, environmental, and socioeconomic conditions as well as available technical expertise. 

The results of this report are based on a site visit to Beijing and Yunnan Province during the 

latter half of September 1990. The first four days of the visit were spent in Beijing where high level 

meetings were held with governmental Ministries (Agriculture, Energy, Forestry) and agencies 

(Environmental Protection Agency, Energy Research Institute of the State Planning Council). Eight 

days were then spent in Kunming and rural Central Yunnan Province to gather data on the energy 

sector, to as= potential sites for the production of biomass, and to evaluate the capabilities of local 

institutions. 

The site visit had four specific objectives: evaluate the organizalional leadership and 

commitment at the national, provincial, prefecture, and county levels; assess the economic and energy 

sector conditions; evaluate the resource and technology conditions to produce biomass economically 

for electricity generation; and assess the general technical expertise locally available for biomass-fired 

electricity generation. The short duration of the site visit required a pragmatic and quick approach. 

"Show stopper" questions were structured to determine if the assessment as a whole would be 



negative. These questions were a) unwillingness of the Chinese to pay their share of costs, b) no 

Chinese agcncy able or willing to lead, e) lack of biological resources, d) lack of sufficient technical 

and intellectual resources, e) lack of income generating activities and a market for power, f )  

insufficient data for conducting an assessment, and g) insufficient labor. The assessment team found 

no obvious nqativc answers to these questions. 

The next section of this report provides project background information and is followed by 

a section that briefly describes the economic setting and energy sector in Yunnan Province. The 

fourth section of this report discusses various aspects of biomass energy production (sites, existing 

resources, plantation practices, land, biomass productivity potential). The evaluation of the costs of 

biomass production and its conversion to electricity then follows. The final section of this report 

outlines findings and recommendations. 
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2 PROJECT BACKGROUND 

Yunnan is in the Southwest region of China bordering Myanmar (Burma), Laos, and 

Viet Nam. Yunnan is variable in climate, topography (100 to over 6700 m in elevation), and soils. 

In the more inaccessible parts of the Province there are large forest a r e a  of low quality. However, 

in the populated areas forests have been extensively cleared for agriculture, grazing, excessive 

harvesting, and failed large-scale industrial movements, such as during the Great Leap Forward of 

the 1950s. Environmental degradation in the form of soil erosion and siltation, with its concomitant 

impacts on agricultural productivity, is a major problem and concern in Yunnan. 

Like most areas in China, Yunnan is suffering from a critical shortage of energy.' Rural 

energy problems in Yunnan have resulted in pervasive environmental degradation from biomass fuel 

collection. In the household sector, the labor and effort required in the collection of fuelwood has 

prompted many of the rural poor to use inferior fuels (e.g., crop residues) and to cut back on basic 

energy needs. The unavailability and unreliability of electric power during the dry season has idled 

industrial production and has constrained the development of new rural industry. For these 

commercial energy users, there are shortages and no economically viable substitutes. Coal is in 

limited supply in Yunnan, and, if available, is expensive because it must be transported over severely 

constrained roads. There is considerable hydroelectric potential in Yunnan, but low-head projects 

have highly seasonal output (monsoon conditions) and there is competition for water between energy 

production and irrigation. The prospects €or developing large hydro projects with dry season water 

storage are poor at the Provincial level for a number of economic and institutional reasons. 

The recent concern about global warming has raised awareness that biomass crops can reduce 

the rate of increase in carbon releases by sequcstering carbon and by substituting for fossil fuels 

'Markets for energy moving through commercial channels, such as electricity, do not clear; that is, the supply is allocated 
partly by price and partly by simple unavailability. Therefore, the true loss to the economy from inadequate supply is greater 
that the observed loss measured on the basis of price. 
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(primarily coal). When grown renewably, biomass fuels create little, if any, buildup of atmospheric 

carbon as the carbon released during combustion is extracted from the atmosphere during 

photosynthesis. Biomass fuel production can also help to offset deforestation and thereby reduce soil 

erosion and its concomitant impacts. 

In sum, biomass production can be both environmentally and economically attractive for lands 

considered marginal for annual cultivation. Biomass is an indigenous energy supply, particularly we11 

suited to small-scale and decentralized energy applications, and represents an alternative to coal. The 

demand €or biomass energy to supplement existing household fuel supplies and as a feedstock for 

electricity generation can serve to stimulate its production as an alternative cash crop. Biomass used 

for energy, when matched with appropriate technologies, can reducc environmental degradation, 

increase the sustainability of agriculture, and stimulate local township industries. 
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3. ECONOMIC SEITING AND THE ENERGY SECIOR 

The three Yunnan counties (Yuanmou, Maoding, and Yaoan) visited are primarily dependent 

on agriculture. In each county agriculture employs about 90% of the workforce. The main cash crop 

is tobacco, accounting for about 70% of income in each county (per capita income is about 400 yuan 

per year or less than $100). Other important crops are rice, corn, sugar cane, vegetables, and fruits. 

There are also some small rice mills and paper mills in each county. In addition, local officials believe 

that there is considerable potential to develop Central Yunnan's mineral resources, such as iron, 

copper, and clay. 

In this area of Yunnan Province there is a serious lack of electricity, especially during the 

latter months of the dry Season (March and April). The electric lines are energized during some 

seasons only a few hours per day -- primarily early evening. The unavailability of power is 

constraining the further development of local agricultural processing and mineral industries. Current 

annual electricity consumption in Maoding and Yaoan Counties is about 12.6 million kWh and 9.3 

million kWh, respectively. Local officials estimate that they will need over three times more power 

by the year 2000 if their plans for the development of agricultural processing and small township 

industries are to be achieved. Both counties rely on electricity allocations from the regional grid. 

Electricity tariffs are currently set at 0.08 yuan/kWh ($O.O17/kwh) for rural households and irrigation 

and 0.16 to 0.18 yuan/kWh ($0.034 to $0.038/kWh) for township industries; electricity is heavily 

subsidized throughout China.2 

Other than a small hydro project (350 kw) under construction in Yaoan, there is virtually no 

potential for hydropower in these counties. There are no local coal resources to exploit and coal 

brought in from the outside is expensive, because of' high transport costs, when it is available at all. 

*At the time of this assessment the exchange rate was 4.71 yuan to one 1 7 5  dollar. 
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Byproduct biomass wastes generated at rice and sugar mills are already being exploited and field 

wastes are wed for compost and household needs (cooking). 

The economic and amenity benefits from access to more power are large and obvious, and 

they would flow mostly to local citizens because of the institutional structure in place. There are 

strong incentives to develop local power generation. Most decisions regarding the allocation and 

distribution of power from the regional grid are made at the local lcvel. Further, power from a small 

local generating facility would be controlled, distributed, and used locally for whatever purposes 

county officials saw fit. In addition, the regulations are that any locally produced power can be sold 

to the Provincial grid and that, in turn, the locality has a right to receive an equal amount of power 

from the grid -- presumably on demand. Thus, local supply need not be meshed in time to focal 

demand, providing valuable flexibility in both production and consumption decisions. 

6 



4. BIOMAS!j ENERGY PRODUCTION 

4.1 D-ON OF BIOMASS PRODUCIION SlITEs 

The potential project sites fall within the three county (Yuanmou, Maoding, and Yaoan) 

Upper Yangtze Treatment Project, Chuxiong Prefecture, West-Central Yunnan Province in 

Southwest China. Soil stabilization through reforestation is a high priority in this area. Nearly 70,000 

hectares have been planted in trees with current plans calling for an additional 50,OOO hectares to be 

planted over the next five years. The long-range goal of the Prefecture is to reestablish the natural 

ecological status of the region by increasing forest cover to 35% of the land area by the year 2OOO. 

Average success rates of tree plantings appear to be about 60% (40% mortality) primarily using one 

species (Eucalwtus globulus) on mountain slopes to about 2000m e le~at ion .~  In this area, it is 

common to observe plantations established on 20 to 30% slopes. 

Terrain in Chuxiong Prefecture is hilly to mountainous with elevations running generally from 

1400m to over 300011~ Soils of steeper rounded hilltops over 2400m are often comprised of stony, 

excessively drained, highly leached soils. Soils of more gently sloped hilltops and sidesbpes are 

comprised of deeply weathered red clays interspersed with poorer, sandier, highly erodible soils. 

Rainfall varies from 700mm in Maoding County to over 900mm in Yaoan County. Only 500mm of 

rainfall may occur during occasional dry years. Moisture availability and tree productivily are more 

favorable than precipitation and latitude would indicate due to the moderating effecls of high 

altitudes. A distinct 6-month dry season occurs from November to April. Climate at these locations 

is subtropical but moderated again by the coolness of the high elevations. The region is in a middle 

elevation tension zone between tropical and temperate ecosystems as well as between forest and 

grassland systems. 

%is 60% establishment success rate was inferred from inspection of numerous planting sites in Chuxiong Prefecture. 
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Sevcre site and climate limitations on biomass productivity would significantly confine areas 

appropriate for short-rotation plantation management in spite of large available land areas. Annual 

productivity of E. globulus varied between 4 and 15 dry Mg per hectare, where plantations were 

cansidered successfully established. All of these plantings were below 2000111 elevation or on 

relatively levcl agricultural soils. Although long rotation pine (Pinus yunnanensis) plantations show 

promise on some sites above 2008n1, no operational short-rotation plantations demonstrated success 

in productivity above this elevation. 

A reccntly completed inventory of site quality in the Chuxiong Prefecture indicated that 2.7% 

was considered "good," 10.6% was "medium," 54.3% was "poor," and 32.4% was "very poor" for 

plantations. Average productivities should not be expected to surpass 8 dry Mg per hectare per year. 

Even with these limitations, significant areas appear available and suitable to supply a biomass-fired 

elcctric generating facility. However, risks of plantation failure remain significant as a result of 

inadequate tree screening research and because of the severe site limitations. 

4.2 EXISTING RESOURCE SUPPLIES 

The current availability of biomass for central electricity generating facilities is negligible. 

Fxisting forests, more correctly described as shrubland, are significantly over-harvested for firewood, 

timber, fodder, herbal medicinal products, and other forest products. Bctween 1950 and 1989, 

Chuxiong Prefecture went from 36% forest cover to 24%. In Yaoan County alone, 151,000 cubic 

meters of wood is harvested annually, which is 50,OOO cubic meters above forest growth. Individual 

private woodlots are now ing encouraged for firewood and timber production. Generally bark and 

leaves from these woodlots are the property of the individual with the timber bought by the 

government at about 0.33 p a n k g  ($0.07/kg). Abundant rice straw and corn fodder are utilized 

completely in cornposting with manure for organic fertilizers, for other home and farm uses, and for 
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paper production. Biomass demand for paper production is not large -- paper mills produce about 

loo0 Mg each year. 

Plantation planting is occurring at a rate of about 3,000 hectares per year per county (10 

counties in the Chuxiong Prefecture). About 60% of these plantations are successful by U.S. 

standards. Very few plantations over 5 years old were observed, because it was only in the last (7th) 

tive year plan, or 1984 - 1989 that these plantings were initiated. The Prefecture forest cover is 

scheduled to increase by 10% as a result of plantation planting. Objectives are to thin and/or harvest 

some of these stands and permit them to resprout into second rotation plantations completing a single 

rotation in about 10 years. Most of this wood is designated for classical uses not including electricity 

generation. In the three project counties (Yaoan, Maoding, and Yuanmou) there are no 

underutilized biomass resources that could be used for clectricity generation. The recent tree 

plantings offer some limited alternative wood supplies within the next 5 years. However, sufficient 

information was not available to determine the extent of this resource. 

c Another alternative, apparently not considered in past 5 year plans, is the development of 

herbaceous energy crops above 2ooOm elevation. Although annual productivity would likely be in 

the 4 to 6 dry Mg per hectare range, substantial land could be placed into active production while 

maintaining excellent erosion control. Such a source of biomass at these elevations could add perhaps 

50% more biomass to annual supplies. The constraint, however, is that annual harvesting is required 

and that there are higher losses to storage. Also, the compatibility of herbaceous material with wood 

as an energy feedstock is not well tested. 

4 3  BIOhMSS PLANTATiON PRACT'ICES 

Plantation establishment is planned by the county Forestry Bureau under the direction of the 

Prefecture Bureau which supplies expertise and some resources. Areas, species, number of seedlings, 

schedules, materials, labor, establishment techniques, and financial requirements are determined for 
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each district. The districts work with township forestry staff and in turn with village leadcrs to 

implement plans. All propagation, planting, tending, and harvesting is based on hand labor at 

extremely low cost. The low cost of establishment enables use of slopes up to 30% and terracing of 

tree rows. 

The Chinese nursery systems are well prepared for large operational planting with a 6 to 9 

month start-up period. Plants are propagat either by farmers (about 10,OOO to 30,OOO plantlcts 

each) or at state-run propagation facilities (hundreds of thousands to millions of plantlets). Seedlings 

costs are approximately 0.10 yuan/seedling. The local farm system used for producing seedlings is of 

conecrn since seedling quality and appropriate numbers of given species is hard to control. There 

is also concern about the small size of trees planted -- 30cm height and 3 months old. (For successful 

hardwood plantations, plantlet height should be 50 to 70cm.) Survival is generally about 60 to 80% 

the first year. Those plantlets surviving the first year have an 85 to !N% chance of surviving to 

harvest age. Successful plantations should havc a survival of 80% or better for all seedlings planted 

under U S  factor cost conditions. These constraints are relaxed in China because manual labor and 

seedlings are cheap and sccdling mortality replacement is easily done, but evenness of height growth 

requires early establishment success. Further technical exchange is believed to be required on these 

points. 

For seedling establishment, holes 30cm square and ?3Ocm deep arc dug by hand for cach 

seedling. Compost is dropped into the pit of each hole at a rate of about 7.5 Mg per hectare. Some 

weed control is practiced the first year. Harvesting by hand and hauling to roadside restricts 

maximum tree size to 10 to 14 cm diameter at 1.511 height. This dictates 4 to 10 year rotations on 

a 1x1 m2 or 1x2 m2 spacing, with perhaps one thinning anticipated in the longer rotations. 

The use of Eucalyptus requires nutrient amendments. Options are compost, which is limited 

in supply, and commercial fertilizers that are available locally as 25-15-15, urea nitrogen, or 
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phosphate. Investigations of interplanting with nitrogen fiKing Acacia in a 21 mix favoring Eucalwtus 

are looking extremely promising. 

Only recently have alternative tree species received any attention. These include Acacia and 

Eucalvntus species, all essentially in first rotations and same under mixed planting tests. Serious seed 

source studies of E. globulus were initiated this past July in a joint venture with Australia. 

Performance and production trials are extremely limited and quite insufficient as a base for such wide 

plantation plantings as are already underway. The arboretum at the Yunnan Forest Sciences Institute 

contains many hundreds of species, including over 30 Eucalwtus species. These plantings are 

comprised of 2 to 6 individual trees, some now reaching 10 years of age, arranged in wide spacings. 

However, references to successes at the arboretum should not serve to surplant or replace the need 

for operational tests in potential planting areas -- site differences can yield dramatically different 

results. The Chinese have obviously judged, however, that the risks from moving ahead without 

further tests are acceptable under the circumstances because the need for wood, the potential 

benefits from erosion control, and other aspects of getting some cover on the land are so high as to 

offset the risks. Even so, such tests should continue and be expanded in order to support future 

plantings. At present, only three or four locations of 2 to 10 ha each form the research base from 

which all plantations are being established. Herbaceous species trials exist only at mine spoil 

reclamation projects. 

An assured biomass supply for an array of conversion facilities in different locations will 

require careful consideration of a wide variety of species, some tolerant of infrequent frosts, some 

tolerant to drought, others matched to particular soil types, and all resistant to (or tolerant of) major 

diseases. Although a claim was made that 20 species are being screened in block tests, there is 

evidence of only 5 receiving significant attention. Potential species are Pinus yunnancnsis on which 

considerable study has been conducted for long rotation silviculture, some southern pincs, Ketcrleeria 
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evelyniana, Pinus armandi, Eucalwtus camaldulensis, E. robusta, E. maidenei, Acacia dealbata, _k 

mearnsis, Robinia pseudoacacia, Anus nenalensis, Populus yunnanensis, Populus hybrids, Sesbania 

spp. and & speeics. A vast resource of 15 native woody spccies remains cssentialiy unscrened 

for plantation success. A few of the native species show promise at the Yunnan Forest Sciences 

Institute in Kunming, but on-site field trials are needed. It is recommended that such screening begin 

at once, and be added to ongoing exotic species trials. The staff in Yunnan need added support and 

perhaps additional expertise to go along with their own knowledge of native plants to achieve correct, 

accuratc and timely screening of native specics. 

It appears that screening trees for pest/disease resistance or tolerance has been totally 

neglected in Yunnan Province. Diseases of Phomes and Septoria have caused problems while leaf 

and leaf dcfoliators are ever-present. No plants of Pinus yunnanensis or Populus 

nepalensis were observed to be free of disease damage. Eucalwtus were generally visually free of 

disease. The oversight of these risks is of significant concern in tree improvement and species 

diversity and is a major point in assigning a "maybe" to the adequacy of biomass resources. Since no 

biomass is available from other sources, investment in a conversion facility requires that future risks 

be reduced through research to reduce biological and climate related hazards. 

4.4 EiBTlMAm OF AVAILABm LAND AND B I Q M M  PRQDUCITVITY 

Approximately 20% of the land area in Yaoan, Maoding, and Yuanmou Counties designatcd 

by officials as available for plantation planting in support of an electricity project falls at appropriate 

elevations for successful levels of productivity. Of this 20%, about 30 to 40% is too steep and of too 

poor a soil. These restrictions leave approximately 14% of the designated area suitable €or 

plantations. From this estimate, 20% is deducted to allow for expansion of alternative uses such as 

agriculture and firewood production. These reductions leave about 11% of the designated available 

area for plantation production under the constraint that the land yicld an average 8 dry Mg per 
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hectare per year. These estimates and the constraints on which they are based were discussed with 

the Chinese, who thought this approach too conservative.' In Yaoan County, about 8OOO hectares 

could be planted for energy in 10 to 200 hectare blocks less than 1 km from existing 4-wheel drive 

roads. It is estimated that some new, low grade roads will be needed to permit access? it  appears 

that with a central generation location, average hauling distances of about 5 km on rough roads and 

25 km on improved roads wiU be required for access to those 8OOO hectares. In drier Maoding 

County, 20,000 hectares in one township and 26,000 hectares in another township yield a net usable 

5000 to 6OOO hectares (total) of viable energy plantation land having similar access and delivery 

parametcrs. Use of herbaceous plants could expand usable areas. 

Experimental plots in Yaoan, Mauding, and other counties suggests that the "goodt' land 

would support 12 to 16 dry Mg per hectare annual productivity and "medium" land would probably 

support 6 to 12 Mg per hectare per year. The "poor" land is comprised primarily of rcd soils 

indicating poorer productivity potential. The lack of plantation success on  other sites suggests that 

t t p r "  land may produce 2 to 6 dry Mg per hectare annually and the "very poor" less than 2 Mg per 

hectare. These figures represent the most that can be expected from these sites after the best species 

and optimum silviculture conditions have been identified. Irrigation, mulching, and heavy fertilization 

could increase these estimates but the expense of doing so make such efforts unlikely. The six month 

dry season (November through April) is also a major growth-limiting factor. Given elevation 

%e basis for these judgements are that alternative or multiple land use possibilities impinging on plantation development 
are significant at lower elevations where site quality is best (up to l w m ) .  These include fruit orchards, tobacco as the 
mainstay cash crop, corn, Eucalyptus leaf harvest for oils, and firewood. Rural population increases will likely place heavy 
pressure on these sites over the next decade. between 10% and 2.5% of land lying below 2 o m  elevation should be excluded 
from the calculated land resource for energy crops and that includes "good" sites, and much of the area designated "medium." 
Appropriate energy plantation land is effectively restricted to a n a r r w  elevation band (1900rn to 215Om) comprised of mostly 
medium to poor sites. Use of herbaceous crops above 2ooom should be seriously considered in soil stabilization and in 
expanding biomass supplies. 

'A poor access system now exists, and erosion from these roads is significant. The lowest class roads cost 20,OOO yuanfltm 
to construct. Biomass transport costs are 0.35 yuanhonne-km, but could be lower with properly designed roads. 
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constraints and encroachment onto good land from agriculture, plantation land generally will occupy 

medium to poor land at a 3 2  ratio respectively. Average annual productivity should be a b u t  7 to 

8 dry Mg per hectare. 

4.5 WOOD SUPPLY i3s-nMA TES 

The available plantation area is estimated at 5000 to SO00 hectares in each county. If biomass 

productivity is assumed to average 7 to 8 dry Mg per hectare per year, then 35,000 to 64,W dry Mg 

could be available for biomass conversion in each location. Losses in handling and transport could 

reduce these estimates by about 10%. Most of the wood supply would have to be harvested in the 

dry season to enable successful stump resprouting. Fortunately, this is the same time the electricity 

produced would have the greatest value as an offset to reduced hydroelectric output.6 Storage losses 

of 3% per month and the requirement of maintaining a 30 day wood supply on site should yield less 

than a 10% loss of wood due to storage. If the smaller limbs are left on-site for conservation reasons, 

yields per hectare will be about 15% less. These losses leave a net 24,000 to 45,000 dry Mg per 

county per year of combuslible wood for electricity generation. T h i s  range of supply can support a 

20 MW facility operating with a 50% capacity factor. Conditions favor Yaoan County slightly over 

Maoding County if one county is to be selected. These supply numbers are believed conservative 

because stringent requirements were placed on suitable land, which might not be appropriate given 

the actual cost conditions in China which could justify a greater labor-to-output ratio than the one 

hypothesized. Nso, the total land base may be somewhat larger than the figures stated, especially 

if herhaceous energy crops are considered. 

‘It a p p r s  that given current and prospective economic and regulatory conditions there is a shortage of base-load power 
in Yunnan, superimposed on which are demand peaks and supply shortfalls due to the monsoon-dominated hydroelectric 
supply. This means that any facility will be limited as to hours of output only by fuel supply and by maintenance requirements 
-I unless costs are a b e  other base-load facilities. The likely demandlcast pattern in this case would call for virtual full-time 
operation in  the dry season, and part-time: operation in the wet season except for planned outages I- in the absence of fuel 
supply constraints. 
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Required start-up time to achieve this level of production is 5 to 7 years from the time of 

decision. This time frame is predicated on using existing Chinese and American knowledge about 

trees and cultivation practices, which means accepting some risks as to biomass supply and probably 

some extra costs of production in the interest of gaining earlier proof-of-concept and demonstration 

information? (Research and start-up for herbaceous production could be completed in 5 years.) 

Plantlet development for planting stock can be accomplished relatively easily over a 9 to 12 month 

period. Adequate seed or propagation stock of improved material appears to be available. Labor, 

roads, other material, and organization appear to be available at either location to support this 

schedule. Consistent with potential future large scale deployment, systematic research on improved 

seed supplies, species screening, and handling methods should be implemented simultaneously. 

'This trade-off seems reasonable given the large potential gain in earlier expansion of the biomass electricity programs, 
with concomitant benefits, and the fact that each year's delay reduces long term potential because plantings are being made 
of species and in cultivation patterns that may not be appropriate to what turns out to be the optimal way to use the land. 
This does not suggest that current information is adequate for large scale dwelapment. Effort is required in species screening 
and tree improvement research, experimentation with improved erosion prevention measures using herbaceous materials, 
installation and monitoring of cultural and s p e s  trials on a wider variety of sites, and the deployment of seed orchards or 
propagation beds of improved plant materials. 
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5. EGONOMlCS OF BIOMASS ENERGY SUPPLY AND CONVFXSION 

5.1 BI GY SUPPLY 

Land that would be available for the project is, for the most part, collective land. (Land that 

is  managed by individual farmers would not be used). Since this land would be made available to the 

project by the Prefecture governor and county magistrates, it would not have any direct financial cost. 

However, there may be a small emnomic opportunity cost for this land for usc in grazing and in 

gathering of grasses and twigs for meeting household fuel needs. 

Specific plantation establishment procedures were discussed with local forestry experts during 

the site visit. These procedures are very labor intensive and consist of the following sequence of 

operations. First, the land is cleared of scrub vegetation and then terraces are constructed. Second, 

on each terrace a pit is dug for each seedling, fertilizer (usually a compost of straw, residues and 

animal wastes) is  added to the pit, an the seedling planted. Finally, weeds are controlled around 

each seedling until a canopy forms (usually within the first year of growth). No other cultural 

management operations are performed. If mortality is  high there may also be some seedling 

replacement. Plantation establishment activities would take place during the early part of the dry 

season (November through January). 

There has been no hawesting of any of the stands that have been established in the 

Prefecture, so direct expcsience of labor demands and costs i s  lacking. All harvest operations are 

assurncd to $e manual. Specific o rations would incliude felling, trimming branches, cutting to a 

convenient handling length, forwarding to .a loading area, and stacking. A 4 to 10 year old trec 

having a breast-high diameter of 10 to 14 crn was judged to be optimal for whole-tree manual harvest 

operations. For reasons of nutrient recycling and difficulty in handling small pieces, only the main 

trunk and larger limbs would be removed from the site for electricity production. (The smaller 

branches left on-site could he removed and used for firewood; eucalyptus leaves could be used for 
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oil production.) It was estimated that average annual growth would be about 8 dry Mg per hectare. 

A 5 year harvest age would therefore yield about 40 dry Mg per hectare minus the smaller limbs and 

branches and losses due to handling and storage. These offsets leave about 30 dry Mg per hectare 

for electricity production. An average spacing of 1x2 m2 would imply a planting density of SO00 trees 

per hectare. 

Knowledge of the specific site conditions (forwarding distances to roads, slopes, etc.) would 

be necessary to determine the labor requirements for harvesting. However, based on discussions with 

local foresters, an average one hectare site was assumed to require 75 workdays to fell, trim, cut, 

carry, and stack at the roadside. It was further assumed that harvesting and transport of the biomass 

to the conversion site would take place (mostly) during the dry season when road conditions are at 

their best. To ensure that moisture is kept to minimum (and haulage costs reduced), the freshly cut 

trees would be air-dried in the field a week or two before they are transported to the conversion 

facility where covered storage would be made available.' 

The estimated labor requirements for establishing and harvesting a woody biomass plantation 

and the factor input costs for wages and materials are summarized in Table 1. The most labor 

intensive establishment operations are the clearing and terracing/pitting, which only has to be done 

once over the life of the plantation. These combined operations are estimated to take nearly 300 

workdays per hectare. The establishment of trees on relatively flat terrain would greatly reduce costs, 

but it is unlikely that this type of land would be available to the project. However, the high labor 

requirements are not deemed a constraint to the development of a biomass energy plantation as there 

is a plentiful supply of excess labor, especially during the dry Season when most plantation operations 

would take place. 

&nK preliminary nature of this aSSeSSment precluded addressing biomass fuel standards and their effect on the conversion 
process. 
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It was assumed that the trees would be grown over a 5 year rotation and that 2 coppice 

liarvests could k made after the initial cutting, with an average annual prduct i~ i ty  of 6 dry Mg per 

Terracing/pitting 200 daysha 
Planting 50 daysha 
Weed control 10 daysha 

Fertilizes 400 yuanka 
Harvesting 0.4 Mg/day 

Financial 2-3 yuanlday 
Economic (25% idle&) 1.5-2.25 yuadday 

Seedlings 0.10 yuanlseedling 

Wage rate 

0 yuanha 
15 yuanha 
10% 

roa 
Kilometers of r ~ a d s  50 km 
@onstructiom cost 20,000 y u a n h i  

0.35 yuanlklg-km 
s 30 k3-n 

&3tatbl'l age 5 years 
Planting dcnsity 5OQO treesha 

Tree life 15 years 
Coppicing 2 coppice harvests 

~ 

Source: Dala are from site visit intervkvs and local published reports. 

hectare (after accounting for all Iosses).' Using these base assumptions, the total costs of biomass 

feedstocks are estimated at approximately 45 pailldry Mg($9.@I/dry Mg) at the plantation loading 

site. As with all biomass p h t a t i ~ ~ ~ ,  production costs arc sensitivc to estitnates af biomass 

poductivity. For example. halving the assumed productivity would increasc costs by over 40 yuanldry 

9A sensitivity analysis was p f o i m e d  to determine an "optimal" rotation age. In general, total production costs are not 
very sensitive to the rotation age between 4 and 8 years. The criterion for selection of a rotation age should be more of a 
function of desired tree size for harvesting and handling. 
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Mg. In this particular case, production costs are also sensitive to the wage rate because of the high 

labor intensity of plantation establishment. The elimination of terracing could substantially lower 

production costs, but would give up the benefits from erosion control, benefits that are not included 

in returns to the project, however. The least sensitive input assumption is the daily harvest rate. 

Finally, these costs do not include expenses for major infrastructure development such as roads or 

fencing. Production costs wodd be somewhat higher if actual sites required the construction of forest 

access roads. 

To estimate the economic (as opposed to financial) costs of biomass energy production some 

changes in input assumptions were made to reflect real societal costs. The wage rate was reduced 

by 25% to reflect unemployment during the dry season and an annual land rental rate (15 yuanka) 

was added to account for the opportunity cost of using the land for biomass production (foregone 

grazing and firewood collection). It was found that the effect of these changes cancel out, leaving 

the direct economic cost of production at about the same level as the financial cost of feedstocks to 

the project. 

No attempt was made to assess the contribution of the stabilized slopes to agricultural 

production and reduced erosion and siltation because of the very preliminary nature of this 

evaluation. The Chinese judge these benefits to be very significant. Indeed, they have established 

as a national goal the complete reforestation of feasible areas in the Yangtze River Basin, of which 

the subject counties form a part. In one sense, then, the only costs that should be ascribed to the 

electricity project are the incremental costs of establishing biomass piantations as compared with the 

forests that would be created for other purposes, and the opportunity cost of forest products. In 

addition to these local and national externalities, any replacement of fossil fuel-based generation by 

a biomass source would lessen the global build-up of CO,, the benefits oC which are not calculated 
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as emoomic offsets to costs either. Quantifying these external effects would certainly serve to lower 

the social and economic costs of feeedstmk production. 

5.2 BIO SION 

The production of ckctricity using bio ass fuels is a relatively niattm tcchndogy with many 

manufacturers offering prc-packaged systen~s.'~ Thcse conventional systems involvc the combustion 

of biomass in a boiler to gcmcrate steam, which is  tinesi used to drive a turbine and generator to 

prcrducx elrctrdci:y. The dficierq of thesc systems are howevc~ low with heat rates of perhaps 64.5 

MJkWk. Higher e1ficiencic.s can $6: attained with conventional steam rsyclc~, but the iriPneient 

logistical prablcms in moving and baridling biomass tend to iestrict units to scales well under IQO 

MW. At such scaies higkt:i cffic~n~cy cquipnaeni would bc prohibitively exprasivc. 

h t~l?i.,clog- that may have considcmhlc potential in rural Yiimnan is the 5. I lomass stcam- 

injected gas turbine. Relative. io conventional steam cycles, gas turbines have higher efficiencies and 

ISSVCT installed costs. T h i s  tcchm!ogy has been successfirlly used when [?red with natural gas. 

cIPcln I I ,nt1y, the techohgy is bcing adeptetl in eonj uractioil with gasifiers to use solid fuels, primarily 

coal- 'T'he results of recent rescarch has denionstratcd that the steaminjected gas turbine is 

compatible with coal gasification. The comnncscialization of biomass-fired systems will require: 

nodificatim of the gas clcaning equipment., but this modification should be relatively straightforward. 

Chmmercialized biomass-fired systems could be available in about 5 years; perhaps less if markets are 

assured, As noted earlier, the time required to produce biomass cnergy feedstach will take 5 to 7 

years, and thus this t h e  frame would bc consistent with the developnrent of the gas turbine 

technology. 

'%ere are scvcra! U.S. rornp;inies (c.g., nabcock arid WiRcox, Foster Wheeler, Combustion Engineering, %urn, and 
others) that offer direct combustion eqiiiyment in the: under 2.5 MW range 



A decision on proceeding to the conversion phase of the project and selection of a specific 

technology need not be made before the viability of plantations is assured. For the purposes of this 

preliminary evaluation, a conventional steam turbine and a prototype biomass steam-injected gas 

turbine technology are compared. To determine the range of likely busbar electricity costs, key 

system parameters (e.g., installed costs and capacity factors) are parametrically varied. The basic 

assumptions for biomass-fired steam and gas turbine technologies are summarized in Table 2. 

Given the preliminary estimate for the amount of suitable land available for biomass 

production, a plant size of 20 MW was chosen. The amount of biomass available for conversion 

should be sufficient to fuel this plant taking into consideration potential feedstock losses due to 

transport and storage. The installed capital costs are estimated at 8000 yuankW €or the steam plant 

and 5850 yuan/kW for the gas turbine, with annual fixed maintenance of 120 yuan/kW. Variable 

maintenance for each plant is 0.01 yuan/kWh, with labor requirements slightly higher for the gas 

Table 2 Basic assumptions for biomass-fired mnversiOn techno lo^^ 

Steam-tWbiIKS Gas-turbines 

Technical and financial parameters 
Overall efficiency 
Capacity 
Biomass consumption (Mghr) 
Discount rate 
Equipment life 

25% 35% 
20 MW 20 MW 
19.0 12.7 
10% 10% 
20 Yrs 20 yrs 

Installed and annual operation and maintenance costs 

Capital tyuankw) 80oo 5850 
Fixed maintenance (yuankW) 120 120 
Labor (yuan&) 4Ooo 6OOo 
Variable maintenance (yuan/kWh) 0.010 0.010 

Notes: Technical parameters and costs are derived in part from Lamon and Williams, Bidogue, November 1989. Capital costs are a 
function of capacity -- 19,660 yuan (MW)' for steam turbines and 11,310 yuan (MW)' 2L for gas turbines. 



turbine. These estimates are very preliminary and are based on U.S. conditions. They may not 

adequately account for actual delivered costs in China, foreign exchange costs, the effects of local 

l a b r  rates OB the cost of irisiallation, or any tariffs that may he required far imparted generation 

technchgy. Capital costs for thc conversion plant could be lower if local labor were used and some 

components of the techndog-y wecc manufactured IosaIIy." Costs of conventional technolo 

be substantially reduced i f  rematnuraacturcd equipment were used. 

The: distinct wet-dry season climate of Yunnan suggests that a conversion plant would operate 

m a r  full capacity during the dry season and be brought down for a two to three month period during 

the peak rzhy season The plant should be capable of operating at a 50% annual capacity €actor, 

or highci- if operation is extcnded into the wet season. It is innpssibk to determine the extent of 

plantat;m access roads that wouk! L x  acquired .avithoui the idwtification of specific plantation sitcs 

a d  $be cowtcrsisn plant lomtion, but for current purposes it is assumed that 50 kiEamctcrs of 

plantation access loads would be: ccmbructed. It i s  further assumed that biomass fccdstock would 

be transpmted an average distance of 30 kilometers to the convcrsinn facility. 'To account for losses 

due bo storage it is assumed that 18% of the delivered supply would be lost. 

l 'he estimated costs of biomass supply (production, transport, and storage), annual capital 

charges, and apcration and maiiitenance are: summarized in 'Izhle 3 for the steam turbine and the 

gas turbine c~nversioi? plants. In total, generation costs are estimated at 0.2% yuan/kWn and 0.31 

yuankWh for the gas turbine and s t e m  turbine technologies, respectively. As shown in Tablc 3, 

annuall capital charges for each conversion plant account for about 70% of total elcctricity costs for 

"China has considerable experience in manufacturing, operating, and maintaining high-pressure steam turbine technology. 
The Chinese haw manufacturing plants and are now cooperating with private U.S. firms to produce turbines. With regards 
to biomass-fired steam-injected grrs turbines, the Chiiacsc now have cooperative I-dationships with at least two private 
com,r~nies to manufacture coal gasifiers. The potential to lower capital costs may well exist in China. 
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each plant size. Biomass supply costs are about 50% higher with the steam plant due to its lower 

overall thermal efficiency. However, biomass production, transport, and storage costs are less than 

20% of total electricity costs. In this example, no benefits or cost offsets are ascribed to 

environmental and other externalities. 

The estimate for electricity from the gas turbine technology is competitive with decentralized 

electricity from coal-fired generation. For example, assuming that coal is available in sufficient 

quantities in Chwriong Prefecture, coal-fired electricity generation costs would range between 0.18 

to 0.20 yuankWh.12 This comparison does not take into consideration the subsidy given to coal 

production, emissions clean-up with coal, and the global and other environmental benefits associated 

with biomass production. Electricity costs from the biomass steam turbine are a little more than 0.10 

yuan/kWh higher. However, this estimate is also within the range of project feasibility. Note also 

that the current electricity rates are subsidized and non-market allocation is used to ration supply. 

Still, the costs estimated are consistent with the delivered price of electricity for industrial uses (0.16 - 
0.18 yuankWh). 

These estimates of electricity generation costs are preliminary and are based on information 

gathered during a very brief site visit to Yunnan Province. Because of the uncertainty in much of 

the data and assumptions, a number of key parameters were varied to estimate their effect on total 

generation costs. The number of kilometers of roads and construction cost per kilometer, the cost 

of transport per dry Mg and distance to the conversion facility, cost of biomass supply, installed 

capital cost for the conversion plant, annual capacity factor, and discount rate were varied from -40 

“A small coal-fired plant would cost about 3OOO yuan/kW to construct, with annual operating and maintenance cats  at 
0.10 to 0.12 yuankWh. The 0.16 - 0.18 yoankwh electricity generation c a t s  are based on a 50% capacity factor and a 10% 
discount rate. Estimates are from the Power and Communication Division, Planning Commission of Yunnan. 
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Eikmm supply mts (yu z 
Product ion 

Storage (10% of production) 
Tr znsps t  

0.215 

0.027 
0.001 
0.010 

0.043 
0.010 
0.084 

0.157 
0.001 

8.027 
0,002 
0.810 

0.029 
0.007 
0.003 

Toad mt of generation (yuan 0311 
-- _̂ I- 

Note: Annual capacity fzctoss assumed are 50% for each technology. 

to -k48%. Figures 1 and 2 summarix the results of this sensitivity analysis for each conversion 

technology. 

As expected, plantation access, transport, a id  feedstock production do not significantly affect 

total clect~icity generatirap costs. For example; a 40% increase in ail costs associated Math biomass 

supply weuld oniy increase total generation costs by 0.012 yuan/kWh and 0.019 yuan/kWh for the gas 

turbine and steam turbinc, respectively. The viability of a biomass energy project would m t  be 

dependerri on thc total costs of daslivc~ed feedstocks. EIowevcr, clcctricity geaicration costs axe 

sens;t;ve to changes in par amciers affecting the coilversion facility. For example, a 40% reduction 

in the cspacity factor (corresponding to an mnual  capacity factor of 30%) would lncreasc gcncration 

costs by 0.12 yuar~/kWh for the gas turbine technology a ~ d  by 0.16 yuankWh for t k  steam turbine 

technalom. A ii.tlrrctinn in thc planned capacity factor could result from two scparate circumstances. 



Biomass Gasifier Steam Injected Turbine 
0.36 
0.34 
0.32 

0.3 
f 0.28 
Y > 0.26 
s 0.24 * 
0.22 

0.2 
0.18 
0.16 

-0.40 -0.20 0.00 0.20 0.40 
‘Z Cholge in Parameter 

--C Access roads --I- Transport rate F W t o c k  cost 
-e- Conversion plant +e- Discount rate --A- Capocity factor 

Figure 1 Sensitivity of steam injected gas turbine electricity mts to changes in factor input assumptions 
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Rgux 2 Sensitivity of conventional steam turbine electricity costs to changes in factor input assumptions 
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First, the technology may not be robust and would not operate as planned in rural Yunnan 

Pro~ince . '~  A much lower availability would sharply reduce the annual generation from the plant. 

Second, there may be a risk due to the ~ n a ~ a ~ ~ a ~ ~ ~ ~ t ~  of feedstocks. If there is unusual weather (e.g., 

a severe frost) or a disease outhreak that serves to increase mortality there may be insufficient 

feedstocks to csperatc the plant as planned. Electricity costs are also sensitive to changes in installed 

capital costs (capital accounts for about 70% of total generation costs) and any reduction (or 

increase) could significantly decrease (or incrcase) generation costs. For example, a 20% reduction 

in capital costs (attributable to the manufacture of some components, such as a boiler or gasifier, 

locally) would reduce total generation costs for the gas turbine to about 0.20 yuankWh and costs for 

the conventional steam turbine to about 0.2'7 yuan/kWh. 

These estimates of the costs have important implications. First, the site-level characteristics 

with the most cost uncertainly -- biomass productivity -- are relativdy unimportant; in contrast, 

biomass availability is extremely important because any interruption in output is very cmtly. This 

suggests that the biomass production operation should be deliberately oversized to account for 

uncertainty and to provide the possibility for added hours of annual operation. Further, it suggests 

that diversity in trees (espccially to inclande frost-resistant species) should be pursued even in the face 

of lower biomass productivity and consequently higher cost. Similarly, it suggests that kerbaceous 

crops he planned for upper slopes to yield greater potential assurance of supply during SQIII~ seasons. 

Second, while it may be properly conservative to project a 50% capacity factor, every effort 

should be made to increase hours of operation because fured costs arc such a large poition sf the 

total. The third implication is that substantial attention should he given to efforts to reduce capital 

costs of the conversion equipment. For example, each 1% reduction in capital cost in a 20 MW 

system would allow over a 5% increase in fucl cost without affecting final electricity cost. 

'Yhese biomass-fired plants are cxxpccted to have availability factors of wdr 80%. 
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The situation in the counties examined during the site visit is representative of some, but not 

all, locations in Yunnan. In general, growing conditions for biomass are less favorable than in many 

other locations which have greater rainfall. More important, the market for power is also different, 

and so is the alternative costs of power with which a biomass-to-electricity project would have to 

compete. In the counties examined a grid exists and the economic gain from the project takes the 

form of additional power and enhanced reliabilih. The target economic value of the power produced 

can either be taken as the avoided production cost of additional central station power (assuming it 

could be produced with the invested capital) or the incremental consumer satisfaction or productive 

output at the marginal consumption site on the grid if power were made available. Estimating the 

latter depends critically on the pricing and allocation policy of the utility system absent the project. 

Nothing can be inferred about the value of the service based on existing price given the pricing and 

allocation policy in China. Obviously, though, it is greater than the price at the margin or there 

would not be shortages at peak times. In the case of the counties examined, it is concluded that the 

project is financiallv viable because the additional electricity can be made available at "about" the 

current price of industrial electricity, which in turn is below the price it could sustain, as demonstrated 

by existing shortages. It is economically viable because of the net positive external benefits, which 

would be added to the direct benefits as offsets against economic costs. 

Two alternative situations exist in Yunnan, and each would suggest a different criteria for 

valuing output of a biomass-fired generation facility. The fust of these is an area with no central 

grid-supplied electricity, a condition found in a number of counties in this Province. The incremental 

capital cost of a biomass-to-electricity project would include distribution and service lines and 

consumption devices, costs already borne in the counties examined in the site visit. In addition, 

because the biomass plant would be the only source of power, design would require maximum 

practical reliability, which would bring different trade-offs than optimal where a grid was in place. 
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Unit variable production costs would bc higher because the premium to be placed on maximum 

availability would lead to higher conversion costs (e.g, multiple units) and higher feedstock costs (e.g., 

transportation and storage). The costs of failure would be greater because more capital would be at 

risk. On the other hand, the availability of electricity may have significant positive amenity and 

output values. Alternatively, it would avoid the high variable (and capital) costs associated with 

individual provision of power (by, for example, diesel genscts or photovoltaics) in the few locations 

it was available. In short, a total system economic analysis would bc required to determine the 

expected social rate of return for a biomass-fired electricity project where no central station power 

existed. 91e first order comparison would be whether any central station service at all was justified. 

If biomass-fired generation passed this threshold test, the question would be to compare its costs and 

other characteristics with those of extending the regional grid or of using another electricity 

technology and fuel source. 

The other situation is where the local or regional grid is served by hydropower subject to the 

monsoon. In this case, total supplies are greatly restricted in the dry season, demand is met either 

with the small amount of hydro available or with very expensive (both capital and variable cost) fossil 

fuel facilities. This situation is not uncommon; in these cases, dual distribution systems exist, only one 

of which (connected solely to lights and nonproductive uses) is energized during thc dry season. A 

biomass-fired facility would fit perfectly as part of such a system, offering its potcntial for 12-rnonth 

reliablc base-load service and, possibly some augmentation of power during daily peak demand 

periods during the rainy scason. The incremental capital costs would be essentially limited to the 

production and conversion process, as is the ease a when biomass system feeds into a grid. On the 

demand side, the value of the biomass electricity would be determined by the avoided consumer loss. 

It would appear that the situation in the three counties examined during the site visit (an 

favorable in existing grid with a base-load hydro and mal-fired energy source) is likely to be 



market and economic terms than are the alternatives. The alternatives seem to be more promising. 

This suggests that a relatively large number of sites in Yunnan may prove feasible if the 

demonstration project examined here is successful. 
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6 1  FINDINGS 

rn The Chinese government at all levels is supportive of the concepts of this project and asserts that 
it is willing to provide major support to it: 

0 Land will be made available free of charge. 

0 Labor will be made available at going rates. 

a Infrastructure needed for the project will be given special consideration. 

Research organizations will redirect their efforts as needed. 

0 It is not clear whether the Chinese would fund a demonstration conversion facility with 
internal funds, but this was suggested as a possibility. 

rn There is an adequate infrastructure, and markets are available to use any power generated, based 
on assertions by local experts and casual observations. 

0 Local unsatisfied electricity demand exists; more demand would develop quickly if power 
were available. 

0 A grid adequate to move the power is in place; institutional arrangements exist whereby 
local production need not follow local demand, solving a major potential problem with 
facilities of this sort. 

0 Provincial markets exist for any reasonable increase in power, certainly on a peak or 
shoulder basis and perhaps even for base-load. 

rn Local and regional electricity demand appears to be capable of supporting the project financially 
because uses were identified that increase income by a multiple of a cost-covering price for 
electricity. This conclusion was stated by local experts and is consistent with casual observations; 
further examination is appropriate. 

There exists in Chuxiong Prefecture a dedicated cadre of forestry professionals and technicians 
which can plan, create, operate and maintain a biomass tree plantation system. 
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rn The existing knowledge about trees and cultivation practices is adequate to justify immediate 
initiation of plantation establishment, recognizing that significant production risk exists and that 
costs are likely to be higher than would the casc once further biomass production research 
is completed. To limit feedstock availability risk, it would bc necessary to add a margin of 
production safety by increasing estimated required plantings by perhaps 25%, by undertaking 
herbaceous plantings in the area chosen (preceded by research), and by planting diverse species 
rather than using a singlc tree that appears to provide n~aximum growth. 

rn "here exists a trained, dedicated cadre of forestry research professionals, which can undertake 
(possibly with some hclp) the scrcening. tree improvement and cultivation practices program 
which over the next 7 to 10 years could support a major expansion in bio 
operations. 

There exist two specific locations for a biomass-to-electricity plantation system where it appears 
all necessary conditions are met, including enthusiastic support by local officials. 

1811 There exist substantial areas in diverse locations in Yunnaii where conditions are at least suitable 
for a biomass-to-electricity project as they are in the sites visited. This conclusion is based on 
discussions with Chinese experts, on observation and on examination of published materials. TP 
the proposed demonstration project provcs successful, a major expansion to other areas would 
appear feasible and even likely. 

Based on relatively conservative estimates for all of the matters that could be observed, it appears 
that electricity produced from biomass through gasification and then steam-injected gas turbine 
generation would be financially competitive with the cost of the coal-fired electricity it would 
replace or supplement. On a full economic cost basis it would appear to be superior. Production 
costs from conventional steam turbine techno1o.g would be higher (but less uncertain), though 
local manufacturing of some components could reduce financial costs. 

The major uncertainty is that associatcd with the capital cost and reliability of the gasifiers and 
turbines. No specific experience exists with these technologies. The cost and reliability of the 
biomass conversion technologies are based on judgement and inference from related 
technologies. 

m A major benefit from this project would be to prove the biomass gasifier-turhinc technology 
under €kid conditions, using raw matcrials, labor and management consistent with other potential 
developing couritry applications. 
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Potential beneficiaries of this demonstration project include a number of parties, and some 
equitable means of sharing specific costs may be in order among at least the following: 

The local community, which will get the electricity and employment and the associated 
amenities and income. 

The Provincial and National governments? which will obtain economic, environmental and 
energy benefits. 

The developers and manufacturers of the technology, which will obtain a test bed for 
development and a demonstration on which market expansion can be based. 

Other similarly placed regions and countries, which will benefit from the availability of the 
concept and technology. 

0 Other countries, which will face fewer problems from global warming to the extent this 
system replaces further use of fossil fuel. 

I A possible fail-safe position is that if the gasifier-turbine system does not prove satisfactory, a 
conventional unit can be installed quickly; the investment in establishing the biomass plantation 
system will not be lost, 

6.2 RE(X%BENDATIONS 

A program should be adopted to impiement a biomass-to-electricity pro,ject in Yunnan Province. 
This program should be phased to allow learning and it should be understood that at the end of 
each phase, a positive decision to proceed is required. 

This program should be jointly negotiated with Chinese officials and with other parties, including 
possible equipment vendors, and a careful articulation of responsibilities and rewards should be 
agreed upon. 

The next step is perfecting this assessment, which will require approximately six months. This 
time will be used to answer questions posed above, to undertake an analysis of the actual 
requirements for the conversion facility, to better identify exact plantation sites so that planning 
can proceed, and to evaluate the potential of herbaceous energy crops to supplement woody 
biomass as a means to lower feedstock availability risk. 

Notwithstanding action or other recommendations, initiate enlarged biomass development and 
improvement activities addressing site specific species screening, pest resistance, species 
admixtures, environmental effects, and refined biomass handling procedures. 
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