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MESSAGES TO MINISTERS 

APEC BIOFUELS TASK FORCE 
MESSAGES TO ENERGY MINISTERS 

 
Executive Summary of Messages on Biofuels 

 

• There is significant potential for biofuels to displace the use of oil-based fuels 
in transport over time.  In some economies, studies suggest that biofuels could 
displace a third of projected oil use or more.  However, only a small share of 
the long-term biofuel potential (perhaps in the order of 10 percent) resides in 
conventional food crops (such as sugar cane, maize, cassava and palm oil).  
By far the largest share of the long-term biofuel potential (perhaps in the order 
of 90 percent) resides in "second-generation" biofuels derived from non-food 
biomass such as crop residues, forest residues, woods and grasses. 

 

• At current and projected oil prices (well over $50 per barrel), ethanol from 
conventional crops such as sugar cane and maize is a cost effective substitute 
for gasoline (petrol), and biodiesel from crops such as palm oil may be a cost-
effective substitute for conventional diesel produced from petroleum.  
However, significantly higher oil prices or major process cost reductions will 
be needed before ethanol can be produced economically from non-food 
feedstocks such as agricultural residues, forest residues, woods and grasses. 

 

• Ethanol produced from conventional crops has lower fossil fuel inputs and 
therefore lower carbon-equivalent greenhouse gas emissions than gasoline (petrol) 
produced from crude oil.  And biodiesel produced from conventional crops has 
lower fossil fuel inputs and lower life-cycle greenhouse gas emissions than 
conventional crude-derived diesel.]  However, ethanol produced from 
lignocellulosic feedstocks has far lower greenhouse gas emissions (on the order of 
90 percent lower) than gasoline produced from crude oil, and therefore represents 
the greatest long-term potential for for biofuels to reduce greenhouse gas 
emissions from the transport sector of APEC economies. 

 

• Policies should therefore place high priority on the development and demon-
stration of improved technology for production of ethanol from lignocellulosic 
feedstocks, with an emphasis on cost reduction.  This should include technology 
for integrated biorefineries that produce a mix of biofuels and valuable co-
products such as fertilizer, chemicals and plastics.  In addition, policies should 
encourage the thorough assessment of lignocellulosic resources, including not 
only those which may be sustainably harvested from agricultural lands and forests, 
but also those which may be grown on marginal and under-utilized lands.  Finally, 
policies should promote research and development of improved crops with higher 
yields, which will enhance the amount of biofuel available. 

 

• Since biofuels can be produced from many different feedstocks in many different 
economies at many different costs, there are naturally arising trade opportunities 
as biofuel production and markets grow.  APEC economies should therefore 
refrain from policies which would tend to restrict trade in biofuels and should 
work toward the establishment of international performance-based biofuel 
standards that will facilitate such trade.   
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MESSAGES TO MINISTERS 

Messages on Biofuel Economics and Trade 
 

• At world crude oil prices above US$50 per barrel, biofuels from a wide variety of 
crops are cost-competitive with petrol and diesel as fuels for transport. 

 

• At world crude oil prices of US$80 to $US100 per barrel, biofuels from a wide 
variety of cellulosic feedstocks, including crop residues and forest residues as 
well as crops that are not common today, would be cost-competitive. 

 

• Since biofuels can be produced from many different feedstocks that are grown 
under very different conditions in many different places, there are considerable cost 
differentials and thus significant opportunities for biofuels trade. 

 

• APEC economics should therefore refrain from policies which would tend to distort 
market prices or restrict trade in biofuels over time.   

 

• In addition, APEC economies should work together and with others to push for the 
establishment of performance-based biofuel standards that will ease and encourage 
international biofuel trade.  (A 2007 project on biodiesel standards is backed by the 
APEC Support Fund.) 

 

• The long-term economic prospects of biofuels will be bolstered by the gradual 
depletion of easily recoverable crude oil reserves and a resulting upward trend in 
real, inflation-adjusted crude oil prices. 
 

• The long-term economic prospects of biofuels would also be bolstered by the 
appearance in the marketplace of a clear value for carbon (and for carbon 
equivalents of all greenhouse gases), since net fossil energy inputs are lower for 
biofuels than for petroleum based fuels. 
 

• The cost advantage of biofuels from conventional crops could diminish in the 
medium term as expanded biofuels production boosts demand for feedstocks and 
thus increases feedstock costs, but cost increases should be moderated by 
continued progress in raising agricultural yields for feedstocks, as well as by 
improved efficiencies and reduced costs for conversion of feedstocks to fuel. 
 

• The costs of biofuels from lignocellulosic feedstocks are expected to decline 
rapidly as ongoing research and development efforts reduce the cost of processing 
such feedstocks into biofuels and as continued advances in agricultural 
technology boost the yields of such feedstocks. 
 

• An important element of the cost-competitiveness of biofuels is the value of co-
products of biofuel production such as animal feed, fertilizer, chemicals and 
plastics.  It follows that there is significant value in pursuing the development of 
integrated biorefineries that yield such co-products 
 

• Expanded biofuels production can substantially increase farm incomes, thereby 
enhancing opportunities for rural development and employment. 
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 Messages on Biofuel Resources 
 

• A small but significant percentage of crude oil and petroleum product use in the 
APEC region could potentially be displaced by biofuels produced from 
conventional agricultural crops, though the percentage might differ from one 
place to another depending on factors such as available land, climate, production 
costs, and the extent of automobile use.  The percentage may gradually grow if 
crop yields rise faster than population. 

 

• A larger percentage of crude oil and petroleum product use could be displaced if 
biofuels were supplied as well from lignocellulosic feedstocks like crop residues, 
forest residues, wood and grasses and from new crops designed for biofuel 
production or grown on marginal or degraded land. 

 
Messages on Energy Security and Environment (Carbon and Energy Balances) 
 

• For biofuels produced from conventional food crops, the expert consensus is that 
energy output is substantially greater than fossil energy input, so that net life cycle 
carbon emissions are lower than for transport fuels derived from crude oil. 

 

• The energy and carbon balances for biofuels from conventional food crops should 
improve over time as sustainable crop yields increase and as processes for 
converting crops to biofuels become more efficient. 

 

• For biofuels produced from lignocellulosic feedstocks, positive energy balances 
and carbon-equivalent greenhouse gas emissions reductions are several times 
greater than for biofuels made from food crops, so lignocellulosic feedstocks 
represent the greatest long-term opportunity for biofuels to contribute to energy 
and environmental security. 

 

• For crops with both conventional and lignocellulosic components, such as sugar 
cane (with both cane and bagasse) and corn (with both grain and stalks), overall 
energy balances and greenhouse gas reductions are especially good. 

 

• Since large amounts of potential biofuel resources are lignocellulosic, achievable 
reductions in crude oil dependency and greenhouse gas emissions may be 
substantial. 

 
Messages on Tradeoffs between Food and Fuel Production 
 

• While there can be tradeoffs between use of conventional crops for food or fuel 
production, they mainly relate to food components with lower nutritive value like 
sugar, starch and oil, and do not relate to the availability of protein. 

 

• The potential impacts of increased biodiesel production on the price of 
commodities such as palm oil and rapeseed oil and the potential impacts of 
increased ethanol production on the price of commodities like sugar and corn 
syrup can be mitigated through continued improvements in crop yields and 
continued progress toward the cost-effective use of lignocellulosic feedstocks. 

 

 3       



MESSAGES TO MINISTERS 

• The availability of water resources may constrain biofuel production, since water 
is essential to processes for processing biomass into fuel, so developing new 
processes of biofuel production that use less water would be of real value. 

 
Messages on Biofuel Technology Priorities 
 

• In view of the cost challenges faced in production of biofuels from lignocellulosic 
feedstocks, as well as the considerable energy security, environmental and food 
security advantages of such feedstocks, policies should place high priority on the 
development and demonstration of improved technology for production of ethanol 
from such feedstocks.   

 

• Policies should also encourage the thorough assessment of lignocellulosic 
resources, including not only those which may be sustainably harvested from 
agricultural lands and forests, but also those which may be sustainably grown on 
marginal lands and other lands that are not at present fully utilized.    

 

• Finally, policies should promote research and development of improved crops 
with higher yields, which will enhance the amount of biofuel available. 

 
Messages on Biofuel Production Targets and Incentives 
 

• Several APEC economies have put financial incentives and production targets in 
place to promote the introduction of biofuels. 

 

• While financial incentives can help to incorporate the environmental and security 
benefits of biofuels into market decisions, they become more burdensome to 
governments and taxpayers as production of biofuels expands, and they become 
less necessary to the marketing of biofuels as the price of crude oil increases and 
the differential between petroleum product prices and biofuel feedstock prices 
widens. 

 

• While production targets can help to focus business and consumer attention on 
biofuels at the early stages of market introduction, overly ambitious targets that 
are too far ahead of market fundamentals could impose significant costs. 

 
Messages on Fuel-Flexible Vehicles and Infrastructure 
 

• Existing vehicles and filling stations can accept up to 10 percent ethanol blends 
with gasoline (E10) or 5 percent blends of biodiesel with conventional diesel (B5) 
with little or no modification.  Some economies have widely implemented 
substantially higher blends (E25 in the case of Brazil). 

 

• New vehicles can be manufactured to be fuel-flexible between conventional petrol 
and blends of up to 85 percent ethanol (E85) at a very modest incremental cost. 

 
• A significant number of petrol storage tanks and pumps at existing fueling 

stations have been replaced with E85 tanks and pumps in the United States, 
suggesting that E85 infrastructure is affordable for higher-income economies.
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BIOFUEL ECONOMICS 

APEC BIOFUELS TASK FORCE 
TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 

 
SUMMARY OF ANALYTIC APPROACH AND FINDINGS 

 
Overview 
 
The Task Group collected information from several interested economies on the current 
and prospective costs of producing biofuels in those economies, using a standard format.  
These estimated costs were then compared with the costs of conventional motor fuels to 
assess the oil prices at which ethanol and biodiesel produced from various feedstocks in 
different economies can effectively compete with gasoline and diesel from petroleum. 
 
Estimating the Cost of Biofuels 
 
The overall cost of biofuel was assumed to be the sum of (1) feedstock costs and (2) fuel 
conversion plant costs, less (3) cost credits for valuable co-products of biofuel production.  
 
Feedstock costs per litre of biofuel production were derived from costs of planting and 
harvesting the feedstocks.  The planting and harvesting cost per hectare was assumed to 
equal the sume of capital, labor, seed and fertilizer, fuel, and other costs per hectare.  
Dividing the feedstock cost per hectare by feedstock yield in tons per hectare, feedstock 
cost per ton was derived.  Dividing feedstock cost per ton by biofuel yield in liters per ton, 
the total feedstock cost per liter was calculated.   This was then converted to US$ per liter. 
 
Fuel conversion plant costs were assumed to be the sum of capital costs and operating 
costs.  Capital cost per liter of biofuel was calculated as the initial cost of the conversion 
plant cost times an annual amortization factor (determined by the weighted cost of capital 
and economic lifetime of the plant), divided by annual plant capacity in liters of output.  
Adding this capital cost per liter to labor and operation and maintenance cost per liter, 
total plant cost per liter was obtained.  This was then converted to US$ per liter. 
 
Cost credits for co-products were then subtracted.  The value of co-product per ton of 
feedstock was calculated by multiplying the value of co-product per ton of co-product by 
the number of tons of co-product per ton of feedstock.  Then dividing the value of 
coproduct per ton of feedstock by the liters of biofuel produced per ton of feedstock, the 
value of co-product per liter of biofuel was derived.  This was then converted to US$. 
 
Comparing Costs of Conventional Fuels 
 
The wholesale cost of conventional petroleum-based fuels was assumed to have two main 
components: (1) crude oil input and (2) refinery margins.  The wholesale costs of 
conventional gasoline and diesel fuel were then converted to equivalent costs of ethanol 
and biodiesel by adjusting for the different energy densities of the fuels. 
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Crude oil input costs were treated parametrically.  Assuming a given crude oil cost per 
barrel, it is a straightforward matter to divide by 42 gallons per barrel and by 3.7854 liters 
per gallon to calculate crude oil input cost per liter of gasoline or conventional diesel.  
Then, multiplying by the ratio of ethanol energy content per liter to gasoline energy 
content per liter, it is possible to derive the equivalent crude input cost per liter of ethanol.  
(The energy content of ethanol was assumed to be 21.15 megajoules per liter, which was 
calculated as the energy density of 26.8 MJ/kg times specific gravity of 0.789 kg/liter.  
The energy content of gasoline was assumed to be 31.49 megajoules per liter, which was 
calculated as the energy density of 42.7 MJ/kg times specific gravity of 0.737 kg/liter.)  
For biodiesel, which has the same energy content as conventional diesel, the equivalent 
crude input cost per liter is the same as the actual crude input cost for conventional diesel. 
 
 Crude Oil  Gasoline or Diesel  Ethanol Equivalent 

Price Per Barrel    Crude Cost Per Liter Input Cost Per Liter 
 $  30 $0.189 $0.127 
 $  40 $0.252 $0.169 
 $  50 $0.314 $0.211 
 $  60 $0.377 $0.254 
 $  70 $0.440 $0.296 
 $  80 $0.503 $0.338 
 $  90 $0.566 $0.380 
 $100 $0.629 $0.423 
 
Refinery margins were taken from empirical data for 2005, which were assumed to be 
representative of recent margins in different regions: 
 

• Refining costs for Asia were taken to be the difference between average 2005 
refinery gate prices in Singapore ($62.20 per barrel for premium unleaded 
gasoline and $67.58 per barrel for 0.05% gasoil or diesel) and the average 2005  
cost of benchmark crude for Asia ($49.42 per barrel for Dubai crude), as provided 
by the Oil Market Division of the International Energy Agency.   

 
• Refining costs for the United States were taken from the U.S. Energy Information 

Administration Annual Energy Review as the difference between the sales price of 
refined product to resellers ($1.672 per gallon or $70.22 per barrel for gasoline 
and $1.745 per gallon or $73.29 per barrel for diesel) and the composite refiner 
acquisition price of crude ($1.196 per gallon or $50.23 per barrel). 

 
 Refinery Margin Gasoline or Diesel Ethanol or Biodiesel Equivalent 
 Per Barrel of Product Refinery Margin Per Liter Refinery Margin Per Liter 
 Asia Diesel: $18.16  $0.114 $0.114 
 Asia Gasoline: $12.78 $0.080 $0.054 
 US Diesel: $23.06 $0.145 $0.145 
 US Gasoline: $19.99 $0.126 $0.084 
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BIOFUEL ECONOMICS 

 
Adding crude and refining costs, one obtains total wholesale cost:  
 
 Crude Oil  Diesel, Asia    Asia Biodiesel Equivalent 

Price Per Barrel    Wholesale Cost Per Liter Wholesale Cost Per Liter 
 $  30 $0.303 $0.303 
 $  40 $0.366 $0.366 
 $  50 $0.428 $0.428 
 $  60 $0.491 $0.491 
 $  70 $0.554 $0.554 
 $  80 $0.617 $0.617 
 $  90 $0.680 $0.680 
 $100 $0.743 $0.743 
  
 Crude Oil  Gasoline, Asia   Asia Ethanol Equivalent 

Price Per Barrel    Wholesale Cost Per Liter Wholesale Cost Per Liter 
 $  30 $0.269 $0.181 
 $  40 $0.332 $0.223 
 $  50 $0.394 $0.265 
 $  60 $0.457 $0.308 
 $  70 $0.520 $0.350 
 $  80 $0.583 $0.392 
 $  90 $0.646 $0.434 
 $100 $0.709 $0.477 
  
 Crude Oil  Diesel, United States  U.S. Biodiesel Equivalent 

Price Per Barrel    Wholesale Cost Per Liter Wholesale Cost Per Liter 
 $  30 $0.334 $0.334 
 $  40 $0.397 $0.397 
 $  50 $0.459 $0.459 
 $  60 $0.522 $0.522 
 $  70 $0.558 $0.558 
 $  80 $0.648 $0.648 
 $  90 $0.711 $0.711 
 $100 $0.774 $0.774 
 
 Crude Oil  Gasoline, United States  U.S. Ethanol Equivalent 

Price Per Barrel    Wholesale Cost Per Liter Wholesale Cost Per Liter 
 $  30 $0.315 $0.211 
 $  40 $0.378 $0.253 
 $  50 $0.440 $0.296 
 $  60 $0.503 $0.338 
 $  70 $0.566 $0.380 
 $  80 $0.629 $0.422 
 $  90 $0.692 $0.465 
 $100 $0.755 $0.507 
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BIOFUEL ECONOMICS 

 
Evaluating the Cost-Effectiveness of Biofuels 
 
Several cases were evaluated, based on information from APEC economies and Brazil: 
 

 Cost of ethanol from sugar cane in Brazil, vs. cost of gasoline 
 Cost of ethanol from maize (corn) in U.S., vs. cost of gasoline 
 Cost of ethanol from lignocellulose in U.S. 2030, vs. cost of gasoline  
 Cost of biodiesel from palm oil in Malaysia, vs. cost of conventional diesel  
 Cost of biodiesel from palm oil in Indonesia, vs. cost of conventional diesel 
 Cost of biodiesel from jatropha in Indonesia, vs. cost of conventional diesel  
 Cost of biodiesel from waste cooking oil in Chinese Taipei vs. cost of diesel 
 Cost of biodiesel from rapeseed in Korea, vs. cost of conventional diesel 

 
 
Ethanol from Sugarcane in Brazil 
 
Various studies indicate that Brazil can produce ethanol from sugarcane for an overall 
cost between $US0.20 per liter and US$0.30 per liter.  Using the simplifying assumption 
that wholesale gasoline costs in Brazil approximate those in the United States, this would 
make Brazilian ethanol competitive with gasoline at crude oil prices somewhere in the 
range of $28 to $50 per barrel. 
 
 
Ethanol from Lignocellulose in the United States, 2030 
 
A US study indicates the cost of producing ethanol from corn stover, using acid pre-
hydrolysis and enzymatic hydrolysis, could decline to about US$0.24 per liter, including: 
 

 9 cents feedstock cost at $30 per ton, 
 9 cents capital plant cost assuming 10% cost of capital and 20-year lifetime, 
 9 cents operation and maintenance (O&M) and labor costs, and 
 3 cent credit for electricity co-product. 

 
Thus, by 2030, for an “n-th of a kind plant,” ethanol from lignocellulose should be cost-
competitive with gasoline at crude oil prices of $37 per barrel or higher.  Adjusting to a 5% 
real cost of capital, the cost would be US$0.21 per liter, competitive with crude above $30.  
But achieving these goals will require considerable effort and technological progress. 
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Ethanol from Corn in the United States, 2006 
 
Updating a 2002 survey of ethanol production by the U.S. Department of Agriculture to 
take account of recent cost and price trends, an analysis from the U.S. Department of 
Energy finds ethanol can be produced for about US$0.30 per liter, including: 
 

 21 cents feedstock cost at $88 per ton, 
 3 cents capital plant cost assuming 5% cost of capital and 20-year lifetime, 
 12 cents operation and maintenance (O&M) and labor costs, and 
 6 cent credit for Dried Distillers Grains and Solubles (DDGS) as co-product. 

 
Thus, ethanol from corn would be competitive with gasoline at crude oil prices of about 
$50 per barrel.  However, in a sensitivity case taking account of higher recent corn prices 
(and co-product value) associated with a rapid rise in ethanol production from corn, the 
analysis finds that feedstock cost would be about 11 cents higher and co-product credit 
would be about 4 cents higher, resulting in a cost 7 cents higher or US$0.37 per liter, 
which would correspond to a higher crude oil price of roughly $68 per barrel. 
 
Biodiesel from Palm Oil in Malaysia 
 
A Malaysian analysis indicates that the current cost of producing biodiesel from palm oil 
is roughly US$0.38 per liter: 
 

 26 cents feedstock cost at $288 per ton, 
 6 cents capital plant cost assuming 8% cost of capital and 20-year lifetime, 
 6 cents operation and maintenance (O&M) and labor costs, and 
 Less than 1/2 cent credit for glycerin co-product. 

 
Thus, biodiesel from palm in Malaysia is cost-competitive with conventional diesel at 
crude oil prices of $42 per barrel or higher.  Adjusting to a 5% real cost of capital, the 
total cost would be US$0.37 per liter, competitive with crude above $41 per barrel. 
 
Biodiesel from Palm Oil in Indonesia 
 
An Indonesian analysis indicates that the current cost of producing biodiesel from palm 
oil is roughly US$0.41 per liter: 
 

 29 cents feedstock cost at $297 per ton, 
 7 cents capital plant cost assuming 8% cost of capital and 15-year lifetime, 
 5 cents operation and maintenance (O&M) and labor costs, and 
 No credit for byproducts. 

 
Thus, biodiesel from palm in Indonesia is cost-competitive with conventional diesel at 
crude oil prices of $47 per barrel or higher.  Adjusting to a 5% cost of capital and 20-year 
life, the cost would total US$0.39 per liter, competitive with crude above $44 per barrel. 
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Biodiesel from Jatropha in Indonesia 
 
A related analysis from Indonesia indicates that the current cost of producing biodiesel 
from jatropha curcas oil is about US$0.48 per liter: 
 

 37 cents feedstock cost at $671 per ton after refining, 
 8 cents capital plant cost assuming 10% cost of capital and 10-year lifetime, 
 3 cents operation and maintenance (O&M) and labor costs, and 
 No credit for byproducts. 

 
Thus, biodiesel from jatropha in Indonesia is cost-competitive with conventional diesel at 
crude oil prices of $58 per barrel or higher.  Adjusting to a 5% cost of capital and 20-year 
life, the cost would be US$0.44 per liter, competitive with crude above $52 per barrel. 
 
 
Biodiesel from Waste Cooking Oil in Chinese Taipei 
 
An analysis from Chinese Taipei shows the current cost of producing biodiesel from 
waste cooking oil is about US$0.70 per liter, including: 
 

 US$0.48 feedstock cost at $753 per ton, 
 US$0.02 capital plant cost assuming 10% cost of capital and 10-year lifetime, 
 US$0.20 operation and maintenance (O&M) and labor costs, and 
 No credit for byproducts. 

 
Thus, biodiesel from waste cooking oil in Chinese Taipei would be cost-competitive with 
conventional diesel fuel unless crude oil prices rose to around $93 per barrel.  Adjusting 
to a 5% cost of capital and 20-year lifetime, the cost would decline slightly to $0.69 per 
liter, so biodiesel from waste cooking oil would compete with crude at $92 per barrel. 
 
 
Biodiesel from Rapeseed in Korea 
 
A Korean analysis indicates that the current cost of producing biodiesel from rapeseed is 
roughly US$1.37 per liter, including: 
 

 US$1.58 feedstock cost at $753 per ton, 
 US$0.03 capital plant cost assuming 5% cost of capital and 20-year lifetime, 
 US$0.20 operation and maintenance (O&M) and labor costs, and 
 US$0.44 credit for glycerin, oil cake and straw co-products. 

 
Thus, biodiesel from rapeseed in Korea would not be cost-competitive with conventional 
diesel fuel unless crude oil prices roughly tripled to around $200 per barrel.  (However, 
with a subsidy of $0.84 per liter, which lowers the effective price to $0.53 per liter, such 
biodiesel can compete with conventional diesel at crude prices over $66 per barrel.) 
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Conclusions 
 
It would appear from the data and analysis presented that several biofuel options are in a 
cost-competitive range at current oil prices of well above US$50 per barrel.  Ethanol 
from sugarcane in Brazil is cost-competitive at crude prices of $28 to $50 per barrel, 
biodiesel from palm oil in Malaysia is cost-competitive with crude above $41 per barrel, 
biodiesel from palm oil in Indonesia is cost-competitive with crude above $44 per barrel, 
biodiesel from jatropha in Indonesia can compete with crude at prices over $52 per barrel, 
and ethanol from corn in the United States is cost-competitive at crude prices of $50 to 
$68 per barrel, depending upon the assumed cost of corn feedstocks.  In addition, ethanol 
from lignocellulosic feedstocks like agricultural residues, forest residues, and grasses, 
while not cost-competitive with today’s technology, could someday produce ethanol on a 
competitive basis with crude as low as $30 per barrel as technology progresses. 
 
This analysis does not take account of local variations in fuel transportation costs which 
can obviously affect the ability of biofuels to compete in local markets.  In places that are 
close to areas of biomass and biofuels production, yet far from ports where conventional 
petroleum products are delivered, the transportation costs for biofuels may be lower than 
for conventional fuels, giving biofuels an additional economic edge.  Conversely, in 
places that are far from biofuels production and close to ports, the transportation costs for 
biofuels may be significantly higher, and their competitive position much weaker. 
 
Another important point is that the analysis does not take account of environmental 
externalities.  Many studies indicate that for biofuels grown on conventional cropland, the 
life cycle carbon emissions are substantially lower than for petroleum-based fuels.  
Almost all analyses agree that for biofuels from lignocellulosic feedstocks like farm and 
forest residues and grasses, the life cycle carbon emissions could be drastically reduced.  
Consequently, if the value of carbon emissions reductions were incorporated in the 
calculations, the competitive position of biofuels in the marketplace would be enhanced.
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NOTE ON ECONOMICS OF ETHANOL FROM SUGARCANE IN BRAZIL 
 
A recent Brazilian study indicates that “Ethanol production costs (without taxes) in the 
most efficient mills in the Center-South, with stable input costs” are US$0.20 per liter.  
The study goes on to assert that this cost for sugar-based ethanol “is equivalent to the 
international price for gasoline with no additives for oil at US$25/barrel.”1   
 
A study issued in 2006 by the Organisation for Economic Co-operation and Development 
(OECD) finds a production cost for ethanol in Brazil in 2004 of US$0.219 per liter.  This 
assumes that 14.87 tons of sugar cane feedstock are required to produce a ton of ethanol, 
and that the cost of sugarcane is US$10.95, so that the overall feedstock cost is 14.87 x 
$10.95 or $162.80 per ton of ethanol.  Adding in processing costs of $113.50 per ton of 
ethanol, the net production cost totals $276.30 per ton of ethanol.  Assuming that ethanol 
has a specific gravity of 0.793, there would be 1262 liters per ton of ethanol.  Dividing 
$276.30 by 1262, one obtains the figure of $0.219 per liter.  The study suggests that this 
would allow Brazil to produce ethanol economically at crude oil prices as low as $39.2   
 
A 2006 study by Martines-Filho and Vian finds that fixed and variable production costs 
for Brazilian ethanol production from sugarcane in 2005 were $0.21 and $0.89 per gallon 
of fuel, respectively, implying a total cost of US$1.10 per gallon or US$0.29 per liter.3   
 
A presentation by the Brazilian Ministry of Agriculture in 2007 indicates that the cost of 
ethanol production in Brazil is around US$0.30 per liter at the mill, without taxes.4

 
A paper by economists at the Center for Agricultural and Rural Development at Iowa 
State University in the United States explains Brazil’s competitive advantage:  “Given 
Brazil’s long history in producing ethanol, costs have declined steadily because of 
technological advancements and increases in yield, economies of scale, and 
organizational learning.  Costs are also kept low by using the by-product bagasse, a 
fibrous residue remaining after the cane is crushed, to generate electricity for the plant.5

       

                                                 
1 Isaias de Carvalho Macedo, editor, 2005, Sugar Cane’s Energy: Twelve studies on Brazilian sugar can 
agribusiness and its sustainability  (UNICA – Sao Paulo Sugarcane Agroindustry Union), pp. 35, 186.  
Cost estimate is derived from a 2001 analysis by J.M.M. Borges, “Alternatives para o desenvolvimento do 
setor sucroalcooleiro” with updates for inflation and exchange rates to December 2004. 
2 M. von Lampe, Agricultural Market Impacts of Future Growth in the Production of Biofuels (Working 
Party on Agricultural Policies and Markets, Committee for Agriculture, Organisation for Economic 
Cooperation and Development, AGR/CA/APM(2005)24/Final, February 2006), p. 34. 
3  J. Martines-Filho, H.L. Burnquist and C.E.F.Vian, “Bioenergy and the Rise of Sugarcane-Based Ethanol 
in Brazil” (Choices 21(2): 91-96, 2006). 
4 Linneu Carlos da Costa Lima, Secretary of Production and Agroenergy, Ministry of Agriculture, livestock 
and Food Supply, “Bioenergy in Brazil: Opportunity for Investments” (Foodex, Japan, March 2007). 
5 Simla Tokgoz and Armani Elobeid, “An Analysis of the Link between Ethanol, Energy, and Crop 
Markets” (Iowa State University, Center for Agricultural and Rural Development, Working Paper 06-WP-
435, November 2006), p. 10.    
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TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 

STUDY SUMMARY SHEET 
 

Economy: United States 
 
Name of Study: Lignocellulosic Biomass to Ethanol Process Design and Economics Utilizing 
Co-Current Dilute Acid Prehydrolysis and Enzymatic Hydrolysis from Corn Stover (2002). 
 
Sponsor of Study: National Renewable Energy Laboratory (NREL) 
 
Type of Biofuel Considered:  Ethanol  
 
Types of Feedstock: Corn stover (an agricultural residue).  Similar figures would be 
applicable to other residues like wheat straw, as well as to energy crops like switchgrass. 
 
Feedstock Cost Assumptions (Local Currency Costs per Hectare Planted) 
Types of 
Feedstock 

Capital 
cost/ha e.g. 
tractors 

Labor 
cost/ha  

Seed and 
Fertilizer 
costs/ha  

Fuel  
cost/ha  

Other 
costs/ha 
 

Total 
Feedstock 
cost/ha 

n/a n/a n/a n/a n/a n/a n/a 
       
       
Note: Cost model assimilates all feedstock costs to a delivered cost  
 
Feedstock Cost Conversions (Local Costs per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Feedstock 
Yield 
tons/ha  

Total 
Feedstock 
cost/ton 

Fuel Yield 
liters/ton 
feedstock  

Total 
Feedstock 
cost/liter 

Units of 
currency 
per $US 

Feedstock 
Cost $US 
per Liter 

Corn Stover   n/a $30/dry 
US ton 

340 
litre/dry 
US ton 

$0.088 1 $0.088 

Note: F /     G =  H / I = J / K =     L 
 
Fuel Conversion Plant Capital Cost Assumptions (Local Currency Costs per Liter) 
Types of 
Feedstock 

Conversion 
Plant Cost 
(total local 
currency) 

Weighted 
Cost of 
Capital 
(percent) 

Economic 
Lifetime of 
Plant (years 
in service)  

Annual  
Capital  
Cost of 
Plant 

Annual 
Plant 
Capacity 
(liters) 

Plant 
Capital  
Cost per 
Liter 

Corn Stover $197.4 
million 

10% 20 $23.189 
million 

262.3 
million  

$0.088 

 M r n P Q  R 
 
Note: M  x   [amortization factor]   = P / Q = R 
 
 where     amortization factor    =    r (1+r)n  /  [(1+r)n – 1] 
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Fuel Conversion Plant Total Cost Calculations (Total Plant Dollar Costs per Liter) 
Types of 
Feedstock 

Plant 
Capital 
Cost per 
Liter  

Plant Labor 
Cost per 
Liter 

Operation 
and Main-
tenance 
Cost/Liter 

Total 
Plant Cost
per Liter 

Units of 
currency 
per $US 
 

Total 
Plant   
Cost $US 
per Liter 

Corn Stover $0.088 $0.013 with 
benefits & 
overhead 

$0.072 $0.173  $0.173 

       
Note: R + S + T = U / K = V 
 
Byproduct Cost Credits (Local Credit per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Tons of 
Byproduct 
per Ton of 
Feedstock  

Liters of 
Biofuel 
per Ton of 
Feedstock 

Byproduct 
Value per 
Ton of 
Byproduct 

Byproduct 
Value per 
Litre of 
Biofuel 

Units of 
currency 
per $US 

Byproduct
Credit  
$US per 
Liter 

Corn Stover 203.3 
Kwh/Ton 

340 
liter/ton 

$0.041/ 
Kwh 

$0.025/ 
liter 

1 $0.025/ 
liter 

       
Note:      W  / I x X = Y / K =     Z 
* byproduct electricity 
 
SUMMARY OF COST CALCULATIONS 
Types of 
Feedstock 

Feedstock Cost 
$US per Liter 

Total Plant Cost 
$US per Liter 

Byproduct Credit 
$US per Liter 

Net Biofuel Cost  
$US per Liter  

Corn Stover      $0.088      $0.173      $0.025       $0.236 
     
Note: L +  V  - Z =  TOTAL 
 
Web address where study is posted: 
http://www.eere.energy.gov/biomass/progs/searchdb.cgi Report ID 6483 
 
Analytical Notes: 

1. Feedstock: What is the basis of the feedstock cost assumptions made? 
2. Conversion Plant: What is the basis of conversion plant costs assumptions made? 
3. Byproduct: What is the basis of the byproduct value assumptions made? 
 

All information was based on the NREL 2002 cellulosic ethanol design report and is in 
2000 dollars. All corresponding assumptions are contained in the report 
 
Contacts & Authors  
Lawrence J. Russo, Jr.   Zia Haq  
U.S. DOE Biomass Program   U.S. DOE Biomass Program 
Phone: +1 (202) 586-5618  Phone: 1 (202) 586-2869 
larry.russo@ee.doe.gov  zia.haq@ee.doe.gov
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TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 
STUDY SUMMARY SHEET 

 
Economy: United States 

 
Name of Study:  USDA 2002 Ethanol Cost of Production Survey (with 2006 updates) 
 
Sponsor of Study: United States Department of Agriculture (Hosein Shapouri and Paul 
Gallagher, Office of the Chief Economist, Agricultural Economics Report Number 841.) 
 
Type of Biofuel Considered: Ethanol   
Types of Feedstock: Corn (Maize) 
 
Feedstock Cost Assumptions (Local Currency Costs per Hectare Planted) 
Types of 
Feedstock 

Capital 
cost/ha e.g. 
tractors 

Labor 
cost/ha  

Seed and 
Fertilizer 
costs/ha  

Fuel  
cost/ha  

Other 
costs/ha 
 

Total 
Feedstock 
cost/ha 

Corn N/A N/A N/A N/A N/A N/A 
       
       
Note: A +     B + C + D +     E = F  
 
Feedstock Cost Conversions (Local Costs per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Feedstock 
Yield 
tons/ha  

Total 
Feedstock 
cost/ton 

Fuel Yield 
liters/ton 
feedstock  

Total 
Feedstock 
cost/liter 

Units of 
currency 
per $US 

Feedstock 
Cost $US 
per Liter 

Corn (mid) N/A   $88.39   416.4 $0.212 1 $0.212 
Corn (high) N/A $132.59   416.4 $0.319 1 $0.319 
       
Note: F /     G =  H / I = J / K =     L 
 
Fuel Conversion Plant Capital Cost Assumptions (Local Currency Costs per Liter) 
Types of 
Feedstock 

Conversion 
Plant Cost 
(million 
dollars)  

Weighted 
Cost of 
Capital 
(percent) 

Economic 
Lifetime of 
Plant (years 
in service)  

Annual  
Capital  
Cost of 
Plant 
($million) 

Annual 
Plant 
Capacity 
(million 
liters) 

Plant 
Capital  
Cost per 
Liter 

Corn $145.0      5      20  $11.64 378.5 $0.031 
       
       
 M r n P Q  R 
 
Note: M  x   [amortization factor]   = P / Q = R 
 
 where     amortization factor    =    r (1+r)n  /  [(1+r)n – 1] 
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Fuel Conversion Plant Total Cost Calculations (Total Plant Dollar Costs per Liter) 
Types of 
Feedstock 

Plant 
Capital 
Cost per 
Liter  

Plant 
Labor 
Cost per 
Liter 

Operation 
and Main-
tenance 
Cost/Liter 

Total Plant 
Cost per 
Liter 

Units of 
currency 
per $US 
 

Total 
Plant   
Cost $US 
per Liter 

Corn $0.031 $0.024 $0.095 $0.150     1 $0.150 
       
       
Note: R + S + T = U / K = V 
 
Byproduct Cost Credits (Local Credit per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Tons of 
Byproduct 
per Ton of 
Feedstock  

Liters of 
Biofuel 
per Ton of 
Feedstock 

Byproduct 
Value per 
Ton of 
Byproduct 

Byproduct 
Value per 
Litre of 
Biofuel 

Units of 
currency 
per $US 

Byproduct
Credit  
$US per 
Liter 

DDGS (mid)  0.3036    416.4      $88  $0.064      1 $0.064 
DDGS (high)  0.3036    416.4    $132  $0.096      1 $0.096 
       
Note:      W  / I x X = Y / K =     Z 
 
SUMMARY OF COST CALCULATIONS 
Types of 
Feedstock 

Feedstock Cost 
$US per Liter 

Total Plant Cost 
$US per Liter 

Byproduct Credit 
$US per Liter 

Net Biofuel Cost  
$US per Liter  

Corn (mid)     $0.212      $0.150    $0.064      $0.298 
Corn (high)     $0.319      $0.150    $0.096      $0.373 
     
Note: L +  V  - Z =  TOTAL 
 
Web address where study is posted: www.usda.gov/oce/reports/energy/index.htm
 
Analytical Notes (Please provide brief explanations on attached sheets): 
 

1. Feedstock: What is the basis of the feedstock cost assumptions made? 
 
Feedstock costs for the mid case were based on an average recent historical price of 
$2.25 per bushel.  Given 2,200 pounds per ton and assuming 56 pounds of corn per 
bushel (National Corn Growers Association, World of Corn), there are 39.29 bushels 
of corn per ton.  So $2.25 per bushel equates to $3.35 x 39.29 = $88.39 per ton. 
 
Prices in this neighborhood were the expectation in mid 2006, when the Food and 
Agriculture Policy Research Institute (FAPRI) at the University of Missouri projected 
that the retail price of corn would be $2.10 in 2006-07 and $2.20 in 2007-08.  In fact, 
the farm price of corn averaged $2.05 in 2004-05 and $2.03 in 2005-06. 
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Based on recent run-ups in corn price in response to a doubling of ethanol production 
between 2005 and 2007, high case assumes corn price 50% higher, $3.37 per bushel 
or $132.59 per ton.  This is consistent with March 9, 2007 World Agriculture Supply 
and Demand Estimates (WASDE)  by the U.S. Department of Agriculture (USDA) 
that prices for the 2006-07 corn crop would range from $3.00 to $3.40.  
 
Analysis assumes a conversion efficiency of 2.8 gallons of ethanol per bushel of corn 
(also National Corn Growers Association, World of Corn).  This is for recent plants; 
while the 2002 USDA study gives an ethanol yield of 2.6623 gallons per bushel for 
all dry mill plants, there has been an improvement in conversion efficiency over time. 
Multiplying by 39.29 bushels/ton and 3.7854 liters/gallon, this is 416.4 liters per ton.  
 
 
2.   Conversion Plant: What is the basis of conversion plant costs assumptions made? 
 
Plant capital cost assumption is based on average construction cost in 2006 of $1.45 
per gallon of annual ethanol production capacity, or $145 million for a typical plant 
with a yearly production of 145 million gallons, equivalent to 378.5 million liters. 
 
Plant labor cost is assumed to include labor cost of $0.0544 per gallon ($0.0144/liter), 
administrative cost of $0.0341 per gallon ($0.0090/liter), and “other” cost of $0.0039 
per gallon (0.0010/liter), directly from the 2002 USDA study without adjustment. 
 
Several components of operation and maintenance cost, totaling $0.0289/liter or 
about one-third of O&M cost, are also taken directly from the study, which surveyed 
costs for 21 dry-mill ethanol plants and took the average.  These include waste 
management ($0.0059/gallon or $0.0016/liter), enzymes ($0.0366/gallon or 
$0.0097/liter), yeast ($0.0043/gallon or $0.0011/liter), chemicals ($0.0229/gallon or 
$0.0060/liter), and plant maintenance ($0.0396/gallon or $0.0105/liter).   
 
Other components of operation and maintenance cost, totaling $0.0658 per liter, are 
calculated using updated prices from the U.S. Energy Information Administration: 
 
• Assuming that 1.19 kilowatt-hours of electricity are needed to produce a gallon of 

ethanol and that electricity costs 5 cents per kWh for industrial users, the 
electricity component is $0.0595/gallon or $0.0157/liter.   
 

• Assuming that 30,000 British Thermal Units of natural gas are needed per gallon 
of ethanol to generate steam in the production process and that gas costs $4.50 per 
thousand cubic feet while there are 1,030,000 Btu per thousand cubic feet of gas, 
the natural gas component can be calculated at $0.1311/gallon or $0.0346/liter.  
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• Assuming that 5 gallons of water are needed in producing a gallon of ethanol and 
that water costs $1.20 per thousand gallons (SRI Consulting 2003, PEP 
Yearbook), the water component would be $0.0060/gallon or $0.0016/liter. 

 
• If gasoline costs $1.00 per gallon at wholesale, then denaturant costs $0.0526 per 

gallon or $0.0139 per liter. 
 
3.  Byproduct: What is the basis of the byproduct value assumptions made? 
 
Dried Distillers Grains and Solubles (DDGS) are a valuable byproduct produced from 
the protein-rich portions of the corn grain which can be used for animal feed.  A rule 
of thumb is that a bushel of corn yields 17 pounds of DDGS.  Multiplying by 39.286 
bushels/ton and dividing by 2,200 pounds/ton, the approximate yield is 0.3036 tons of 
DDGS per input ton of corn feedstock.  As calculated above, the biofuel yield is 
416.4 liters of ethanol per input ton of corn feedstock.  And historical prices have 
been around $80 per short ton or $88 per ton of DDGS (Agricultural Yearbook 2006).  
High case assumes DDGS prices, like underlying corn prices, are 50% higher. 
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TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 

STUDY SUMMARY SHEET 
 

Economy:  Malaysia 
 
Name of Study:  Calculations by Economics and Industry Development Division 
Sponsor of Study:  Malaysian Palm Oil Board 
Type of Biofuel Considered:  Biodiesel 
Type of Feedstock:  Crude Palm Oil (CPO) 

 
Feedstock Cost Assumptions (Local Currency Costs per Hectare Planted) 

Types of 
Feedstock 

Capital 
cost/ha 
e.g. 
tractors  

Labor 
cost/ha 

Seed and 
Fertilizer 
costs/ha  

Fuel 
cost/ha 

Other 
Costs/ha  

Total 
Feedstock 
cost/ha  

 
CPO 

 
RM240 

 
RM450 

 
RM1378 

 
RM344 

 
RM856 

 
RM3,268 

   Note:                  A              +        B        +       C        +      D          +        E         =       F 
 

Feedstock Cost Conversions (Local Costs per Hectare to Dollar Costs per Liter)    
Types of 
Feedstock 

Feedstock 
Yield 
tons/ha 
(1) 

Raw 
Feedstock 
cost/ton 
(2) 

Feedstock 
Refining 
cost/ton 

Total 
Feedstock 
cost/ton 

Fuel 
Yield 
liters/ton 
feedstock 

Total 
Feedstock 
cost/liter 

Units of 
currency 
per $US 

Feedstock 
Cost $US 
per Liter 

 
CPO 

 
3.6 

 
RM908 

 
RM100 

 
RM1008 

 
1100 

 
RM0.92 

 
RM3.5 

 
$US0.26 

 
 

 F    /        G       =      H1   +        H2       =   H          /   I   = J /   K    =        L 
 

Fuel Conversion Plant Capital Cost Capital Cost Assumptions (Local Currency Costs per Liter) 
Types of 
Feedstock 

Conversion 
Plant Cost 
(million 
Malaysian 
Ringgit) 

Weighted 
Cost of 
Capital 
(percent) 

Economic 
Lifetime 
of Plant 
(years) 

Annual 
Capital 
Cost 
(million 
RM) 

Annual 
Plant 
Capacity 
(million 
liters) 

Plant 
Capital 
Cost per 
Liter 
(RM) 

CPO 40 8 20 4.07 66 0.062 
 
 M     r    n         P                  Q           R 
  
Note:       M  x  [amortization factor] =  P /         Q       =       R 
    
      Where amortization factor =  r (1+r)n / [(1+r)n-1] 
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Fuel Conversion Plant Total Cost Calculations (Total Plant Dollar Costs per Liter) 

Types of 
Feedstock 

Plant 
Capital 
Cost per 
Liter 

Plant 
Labor 
Cost per 
Liter 

Operation 
and 
Maintenance 
Cost/Liter 

Total Plant 
Cost per 
Liter (RM)

Units of 
currency 
per $US 

Total Plant 
Cost $US 
per Liter  

CPO RM0.062 RM0.03 RM0.335 RM0.43 3.5 $0.12 

 
Note:        R      +   S   + T    =   U /        K         =      V 
 
 
Byproduct Cost Credits (Local Credit per Hectare to Dollar Costs per Liter) 

Types of 
Feedstock 

Tons of 
Byproduct 
per Ton of 
Feedstock 

Liters of 
Biofuel 
per Ton of 
Feedstock 

Byproduct 
Value per 
Ton of 
Byproduct 

Byproduct 
Value per 
Litre of 
Biofuel 

Units 
currency 
per $US 

Byproduct 
Credit 
$US per 
Liter 

CPO 0.1 1100 175 0.016 3.50 $0.0045 

 
Note:        W      /    I    x X    =   Y /        K         =      Z 
 

 
SUMMARY OF COST CALCULATIONS 

 
 
 
  
  
 

Types of 
Feedstock 

Feedstock 
Cost $US per 
Liter 

Total Plant Cost 
$US per Liter 

Byproduct 
Credit $US per 
Liter 

Net Biofuel 
Cost $US per 
Liter 

CPO $0.26 $0.12 $0.0045 $0.38 

Note:      L          +                V          -       Z        =     TOTAL 
 
 

Analytical Notes:  
 
1.  Feedstock: Feedstock cost based on annual survey of cost of production.                
Biomass is still not commercialised. The CPO needs to undergo refining process. 
 
2.  Conversion: This is informed by a few biodiesel plants in operation. 
 
3.  Byproduct: This is informed by a few biodiesel plants in operation (glycerine). 
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TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 

STUDY SUMMARY SHEET 
 

Economy: Indonesia 
 
Name of Study:  Calculations by Ministry of Energy, Mineral Resources and Forestry  
Sponsor of Study: Coordinating Ministry for Economic Affairs  
Type of Biofuel Considered: Biodiesel  
Types of Feedstock: Jatropha Curcas Oil (JCO) and Crude Palm Oil (CPO) 
 
Feedstock Cost Assumptions (Local Currency Costs per Hectare Planted) 
Types of 
Feedstock 

Capital 
cost/ha e.g. 
tractors 
(thousand 
Rupiah) 

Labor 
cost/ha 
(Thousand 
Rupiah) 

Seed and 
Fertilizer 
costs/ha  
(Thousand 
Rupiah) 

Fuel  
cost/ha 
(Thousand 
Rupiah) 

Other 
costs/ha 
(Thou-
sand 
Rupiah) 

Total 
Feedstock 
cost/ha 
(Thousand 
Rupiah) 

Jatropha     250    2,600    1,300      150     500    4,800 
Palm     n/a      n/a      n/a      n/a     n/a      n/a 
       
Note: A +     B + C + D +     E = F  
 
Feedstock Cost Conversions (Local Costs per Hectare to Dollar Costs per Liter) 

Types of 
Feedstock 

Feedstock 
Yield 
tons/ha 

Raw 
Feedstock 
cost/ton 
(Thousand 
Rupiah) 

Feedstock 
Refining 
cost/ton  
(Thousand 
Rupiah) 

Total 
Feedstock 
cost/ton 
(Thousand 
Rupiah) 

Fuel Yield 
liters/ton 
feedstock  

Total 
Feedstock
cost/liter 
(Rupiah) 

Units of 
currency 
per $US 

Feedstock 
Cost $US 
per Liter 

Jatropha     5.0    960    5,213    6,173    1,833   3,368   9,200   $0.37 
Palm    n/a    n/a      n/a    2,735    1,030   2,656   9,200   $0.29 
         
Note: F /     G =  H1 + H2 = H / I = J / K =     L 

 
Fuel Conversion Plant Capital Cost Assumptions (Local Currency Costs per Liter) 
Types of 
Feedstock 

Conversion 
Plant Cost 
(Million 
Indonesian 
Rupiah) 

Weighted 
Cost of 
Capital 
(percent) 

Economic 
Lifetime of 
Plant (years 
in service)  

Annual  
Capital  
Cost 
(Million 
Rupiah) 

Annual 
Plant 
Capacity 
(liters) 
 

Plant 
Capital  
Cost per 
Liter 
(Rupiah) 

Jatropha       250      10      10     40.7   55,000     740 
Palm    2,100        8      15   245.3 360,000     682 
       
 M r n P Q  R 
 
Note: M  x   [amortization factor]   = P / Q = R 
 
 where     amortization factor    =    r (1+r)n  /  [(1+r)n – 1] 
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Fuel Conversion Plant Total Cost Calculations (Total Plant Dollar Costs per Liter) 
Types of 
Feedstock 

Plant 
Capital 
Cost per 
Liter 
(Rupiah) 

Plant 
Labor 
Cost per 
Liter 
(Rupiah) 

Operation 
and Main-
tenance 
Cost/Liter 
(Rupiah) 

Total Plant 
Cost per 
Liter 
(Rupiah) 

Units of 
currency 
per $US 
 

Total 
Plant   
Cost $US 
per Liter 

Jatropha      740        38       234     1,012   9,200   $0.11 
Palm      682      200       234     1,116   9,200   $0.12 
       
Note: R + S + T = U / K = V 
 
Byproduct Cost Credits (Local Credit per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Tons of 
Byproduct 
per Ton of 
Feedstock  

Liters of 
Biofuel 
per Ton of 
Feedstock 

Byproduct 
Value per 
Ton of 
Byproduct 

Byproduct 
Value per 
Litre of 
Biofuel 

Units of 
currency 
per $US 

Byproduct
Credit  
$US per 
Liter 

Jatropha       n/a      n/a      n/a      n/a      n/a      n/a 
Palm       n/a      n/a      n/a      n/a      n/a      n/a 
       
Note:      W  / I x X = Y / K =     Z 
 
SUMMARY OF COST CALCULATIONS 
Types of 
Feedstock 

Feedstock Cost 
$US per Liter 

Total Plant Cost 
$US per Liter 

Byproduct Credit 
$US per Liter 

Net Biofuel Cost  
$US per Liter  

Jatropha         $0.37         $0.11          n/a         $0.48 
Palm         $0.29         $0.12                n/a         $0.41 
     
Note: L +  V  - Z =  TOTAL 
 
 
Analytical Notes: 
 

1. Feedstock: What is the basis of the feedstock cost assumptions made? 
Calculated based on several production plantations. 

 
2. Conversion Plant: What is the basis of conversion plant costs assumptions made? 

Estimated from a few research plant activities. 
 

3. Byproduct: What is the basis of the byproduct value assumptions made? 
No byproducts with economic value are assumed to occur. 

 
Contacts: 
Dr. Andi Novianto 
e-mail: novianto@ekon.go.id
Telephone: +62(21) 350-0901 
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TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 
STUDY SUMMARY SHEET 

 
Economy: Chinese Taipei 

 
Name of Study:  Study by New Energy Technology Division,  
Energy and Environment Research Laboratories, ITRI 
 
Sponsor of Study: Industrial Technology Research Institute (ITRI) 
 
Type of Biofuel Considered: Biodiesel 
 
Types of Feedstock: Refined waste cooking oil (RWCO) 
 
Feedstock Cost Assumptions (Local Currency Costs per Hectare Planted) 
Types of 
Feedstock 

Capital 
cost/ha e.g. 
tractors 

Labor 
cost/ha  

Seed and 
Fertilizer 
costs/ha  

Fuel  
cost/ha  

Other 
costs/ha 
 

Total 
Feedstock 
cost/ha 

RWCO    n/a    n/a    n/a    n/a    n/a    n/a 
       
       
Note: A +     B + C + D +     E = F  
 
Feedstock Cost Conversions (Local Costs per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Feedstock 
Yield 
tons/ha  

Total 
Feedstock 
cost/ton 
(yuan) 

Fuel Yield 
liters/ton 
feedstock  
(yuan) 

Total 
Feedstock 
cost/liter 
(yuan) 

Units of 
currency 
per $US 

Feedstock 
Cost $US 
per Liter 

RWCO    n/a   1590   1000   15.9 33   $0.482 
       
       
Note: F /     G =  H / I = J / K =     L 
 
Fuel Conversion Plant Capital Cost Assumptions (Local Currency Costs per Liter) 
Types of 
Feedstock 

Conversion 
Plant Cost 
(million 
Taipei yuan) 

Weighted 
Cost of 
Capital 
(percent) 

Economic 
Lifetime of 
Plant (years 
in service)  

Annual  
Capital  
Cost of 
Plant 
(million) 

Annual 
Plant 
Capacity 
(million 
liters) 

Plant 
Capital  
Cost per 
Liter 
(yuan) 

RWCO    55.47     10%     10   9.025    11.40   0.79 
       
       
 M r n P Q  R 
 
Note: M  x   [amortization factor]   = P / Q = R 
 
 where     amortization factor    =    r (1+r)n  /  [(1+r)n – 1] = 0.1627 
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Fuel Conversion Plant Total Cost Calculations (Total Plant Dollar Costs per Liter) 
Types of 
Feedstock 

Plant 
Capital 
Cost per 
Liter  
(yuan) 

Plant 
Labor 
Cost per 
Liter 
(yuan) 

Operation 
and Main-
tenance 
Cost/Liter 
(yuan) 

Total Plant 
Cost per 
Liter  
(yuan) 

Units of 
currency 
per $US 
 

Total 
Plant   
Cost $US 
per Liter 

RWCO 0.79 0.3 6.03 7.12 33  $0.216 
       
       
Note: R + S + T = U / K = V 
 
Byproduct Cost Credits (Local Credit per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Tons of 
Byproduct 
per Ton of 
Feedstock  

Liters of 
Biofuel 
per Ton of 
Feedstock 

Byproduct 
Value per 
Ton of 
Byproduct 

Byproduct 
Value per 
Litre of 
Biofuel 

Units of 
currency 
per $US 

Byproduct
Credit  
$US per 
Liter 

RWCO    n/a    n/a    n/a    n/a    n/a    n/a 
       
       
Note:      W  / I x X = Y / K =     Z 
 
SUMMARY OF COST CALCULATIONS 
Types of 
Feedstock 

Feedstock Cost 
$US per Liter 

Total Plant Cost 
$US per Liter 

Byproduct Credit 
$US per Liter 

Net Biofuel Cost  
$US per Liter  

RWCO      $0.482     $0.216           n/a      $0.698 
     
     
Note: L +  V  - Z =  TOTAL 
 
Analytical Notes: 
 

1.  Feedstock: What is the basis of the feedstock cost assumptions made? 
The cost of waste cooking oil is based on a market survey. 
 
2.  Conversion Plant: What is the basis of conversion plant costs assumptions made? 
Costs are estimated based on experience with a typical plant. 

 
3.  Byproduct: What is the basis of the byproduct value assumptions made? 

 
Contacts & Authors: 
 
Hom-Ti Lee 
E-mail: HTLee@itri.org.tw
Telephone: + 886 (3) 591-6293 
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TASK GROUP ON BIOFUEL ECONOMICS AND TRADE 

STUDY SUMMARY SHEET 
 

Economy: Korea 
 
Name of Study: Utilization of Biodiesel to Maximize Unused Agricultural Area in Korea 
 
Sponsor of Study: Ministry of Agriculture, Forests and Fisheries 
 
Type of Biofuel Considered: Biodiesel   
 
Types of Feedstock: Rapeseed 
 
Table 1. Feedstock Cost Assumptions (Local Currency Costs per Hectare Planted) 
Types of 
Feedstock 

Capital 
cost/ha  
(Korean won) 

Labor 
cost/ha  
(Korean won) 

Seed and 
Fertilizer 
costs/ha  
(Korean won) 

Fuel  
cost/ha  
(Korean won) 

Other 
costs/ha 
(Korean won) 

Total 
Feedstock 
cost/ha 
(Korean won)

Rapeseed 165,574 2,400,106 338,672 24,362 84,750 3,013,463
Note:  A +     B  + C + D +     E = F  
 

Table 2. Feedstock Cost Conversions (Local Costs per Hectare to Dollar Costs per Liter) 
Types of 
Feedstock 

Feedstock 
Yield 
tons/ha  

Total 
Feedstock 
cost/ton) 
(Korean won) 

Fuel Yield 
liters/ton 
feedstock  

Total 
Feedstock 
cost/liter 
(Korean won)

Units of 
currency 
per $US 

Feedstock 
Cost $US 
per Liter 

Rapeseed        4 753,366     476   1,582 1,000   1.58 
Note: F /     G =  H / I = J / K =     L 
 

Table 3. Fuel Conversion Plant Capital Cost Assumptions (Local Currency Costs per Liter) 
Types of 
Feedstock 

Conversion 
Plant Cost 
(million 
Korean won) 

Weighted 
Cost of 
Capital 
(percent) 

Economic 
Lifetime  
of Plant 
(years in 
service)  

Annual   
Capital Cost 
of Plant  
(million    
Korean won) 

Annual 
Plant 
Capacity 
(million 
liters) 

Plant 
Capital  
Cost per 
Liter 
(won) 

Rapeseed 35,000 5 20 2,808 100 28 
 M r n P Q  R 
 
Note: M  x   [amortization factor]   = P / Q = R 
 
 where     amortization factor    =    r (1+r)n  /  [(1+r)n – 1] 
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Table 4. Fuel Conversion Plant Total Cost Calculations (Total Plant Dollar Costs per Liter) 

Types of 
Feedstock 

Plant 
Capital 
Cost per 
Liter (won) 

Plant 
Labor 
Cost per 
Liter 
(won) 

Operation 
and Main-
tenance 
Cost/Liter 
(won) 

Total Plant 
Cost per 
Liter (won)

Units of 
currency 
per $US 
 

Total 
Plant   
Cost $US 
per Liter 

Rapeseed     28     63     141     232  1,000     0.23 
Note: R + S + T = U / K = V 
 
Table 5. Byproduct Cost Credits (Local Credit per Hectare to Dollar Costs per Liter) 
Types of 
Byproduct 

Tons of 
Byproduct 
per Ton of 
Feedstock  

Liters of 
Biofuel 
per Ton of 
Feedstock 

Byproduct 
Value per 
Ton of 
Byproduct 
(Korean won) 

Byproduct 
Value per 
Litre of 
Biofuel 
(Korean won) 

Units of 
currency 
per $US 

Byproduct
Credit  
$US per 
Liter 

Glycerin     0.1    476 1,000,000  210 1,000 0.21 
Oil Cake     0.5    476    200,000  210 1,000 0.21 
Rape Straw     0.98    476        9,799    21 1,000 0.02 
Total      0.44 
Note:      W  / I x X = Y / K =     Z 
 
Table 6. SUMMARY OF COST CALCULATIONS 
Types of 
Feedstock 

Feedstock Cost 
$US per Liter 

Total Plant Cost 
$US per Liter 

Byproduct Credit 
$US per Liter 

Net Biofuel Cost  
$US per Liter  

Rapeseed        $1.58      $0.23     $0.44    $1.37 
Subsidy       ($0.84)          -      -        - 
Net price        $0.74      $0.23     $0.44    $0.53 
Note: L +  V  - Z =  TOTAL 
 
Analytical Notes: 
 

1.  Feedstock: What is the basis of the feedstock cost assumptions made? 
 
Production costs to cultivate rapeseed are based on the average production cost of 
barley during the three-year period from 2001 through 2003. 
 
In table 1, other costs include pesticide and material costs.  Fuel Yield in liters per ton 
of feedstock is calculated as 0.43 (oil content), times 0.98 (extraction rate), times 1.13 
(conversion factor), times 1,000(unit) 
 
In table 2, fuel yield per liter is final biodiesel production from feedstock per liter. 
In Korea, intensity of land use is quite high. So, without subsidy to farmers, it is quite 
hard to cultivate rapeseed. The feedstock cost does not consider government subsidy.  
 
To show the market impact of subsidies, the real production cost of rapeseed oil is 
compared with the market price net of subsidy in table 6. 
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2.  Conversion Plant: What is the basis of conversion plant costs assumptions made? 
 
In table 3, plant capital cost does not include rental cost of land, and weighted cost of 
capital is regarded as loan interest rate in 2005. All components of the plant are 
assumed to be made domestically, which keeps the plant capital cost quite low. 
 
In table 4, operation and maintenance costs include material (58 won/kg), catalyst (8 
won/kg), energy (27 won/kg), transportation (30 won/kg), marketing cost (30 
won/kg), and other costs (6 won/kg). Labor cost includes R&D labors as indirect 
labor cost. This is why the labor cost is quite high compared to other cases. 
 
 
3.  Byproduct: What is the basis of the byproduct value assumptions made? 
 
In table 5, byproduct from biodiesel extraction process is glycerin. In the cultivation 
of rapeseed, there are two kinds of byproducts: rape straw and oil cake. Rape straw 
can be used as fuel in the biomass CHP, and oil cake is a fertilizer or animal feed. 
 
 
4. Final production cost:  
 
The first row is gross production cost and the second row is government subsidy on to 
the cultivation of rapeseed. The third row is the market price net of subsidy. 

 
 
Contacts & Authors: 
 
Dr. Jeong Hwan Bae  
Telephone: +82 (31) 420-2263 
Email: baejh@keei.re.kr
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APEC BIOFUELS TASK FORCE 
TASK GROUP ON BIOFUEL RESOURCES 

 
SUMMARY OF ANALYTIC APPROACH AND FINDINGS 

 
 
Overview 
 
The Task Group collected information on current and projected biofuel resource potential 
in various APEC economies, using a standard format.  These resource potentials were 
then compared with current petroleum consumption in those economies to assess the 
portion of petroleum based fuels for transport that biofuels might potentially displace. 
 
 
Estimating Biofuel Resource Potential 
 
Resource potential was measured in different ways, depending upon the data available.  
However, the basic idea, for most biofuel feedstocks, is fairly straightforward.  First, it is 
necessary to estimate the amount of land available for biomass cultivation (in hectares) 
and the yield of biomass (in tons per hectare), which when multiplied together give the 
amount of biomass available (in tons).  This amount is then multiplied by biofuel yield 
(in liters of biofuel per ton of biomass) to estimate the amount of biofuel that could be 
produced from the feedstock.  Estimated biofuel production from various feedstocks can 
then be summed to find an overall estimate of resource potential for an economy.  
 
In the case of resource estimates for production of ethanol from agricultural residues, the 
point of departure is sometimes the amount of crop that is produced (in tons).  This 
amount is multiplied by a yield factor (tons of residue per ton of crop) to arrive at the 
amount of residue (in tons) that may be converted to ethanol.  For certain crops, such as 
rice, the amount of useable residue can be substantially greater than the amount of crop.  
 
 
Comparing with Conventional Fuel Use 
 
It is quite straightforward to compare the amount of biofuel potential with the amount of 
conventional fuel use.  For biodiesel, which is similar to regular diesel, it is a simple 
matter to divide potential resources in liters by 1,130 liters per ton arrive at potential 
resources in tons.  But for ethanol, which has a different energy content per unit of weight 
or volume than does the gasoline it typically displaces, additional conversion factors are 
necessary.  Starting with an estimate of ethanol resource potential in liters, one divides by 
1,267 liters per ton to arrive at the ethanol resource potential in tons.  Since ethanol has 
an energy content of 26.8 megajoules per kilogram while gasoline has an energy content 
of 42.7 megajoules per kilogram, one then multiplies the ethanol potential in tons by 
(26.8/42.7) to obtain the ethanol resource potential in tons of gasoline equivalent. 
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Reliable statistics on petroleum based supply and demand in APEC economies have been 
collected for many years and are readily available.  APEC Energy Demand and Supply 
Outlook 2006, published by the Asia Pacific Energy Research Centre (APERC), indicates 
both total petroleum demand and petroleum use in the transport sector (almost entirely 
petroleum-based) for all APEC economies, in million tons oil equivalent.  The numbers 
for several economies with substantial biofuel resource potential are as follows: 
 
    Petroleum Demand          Transport Oil Demand 
 Economy    2002    2030    2002    2030 

 
Australia     33.8     54.8   27.7   45.6 
Canada     76.5   111.2   48.5   75.4 
Indonesia     46.9   109.9   23.7   68.6 
Malaysia     20.0     51.6   13.4   39.0 
Philppines     13.8     38.4     9.0   29.8 
Chinese Taipei     33.4     63.9   13.9   25.3 
Thailand     31.1     97.4   18.8   62.9 
United States   766.8 1111.7 603.4 918.3 
Viet Nam       8.4     44.4     4.7   25.6 
 

 
Ethanol Resource Potential in APEC Members of ASEAN 
 
A recent study cited in a review of biofuels by the Mitsubishi Research Institute (MRI) 
examines the potential for production of ethanol from agricultural residues in several 
APEC economies that are also members of the Association of South East Asian Nations 
(ASEAN).  The potential for ethanol production in 2030 was examined for residues of 
sugarcane (bagasse and filter cake), cassava (crude fiber, stalks and leaves), corn (crude 
fiber, stalks, leaves, cobs and husks), rice (paddy straw), oil palm (shells and empty fruit 
bunches), and coconut (shells and fiber).  Estimated potentials were found as follows: 
 
 Economy Ethanol  Ethanol Gasoline Equivalent 
 (Million Liters) (Million Tons)  (Million Tons)  
 Indonesia 55,995 44.2 27.7 
 Malaysia 16,157 12.8   8.0 
 Philippines 21,617 17.1 10.7 
 Thailand 13,968 11.0   6.9 
 Viet Nam 11,138   8.8   5.5 
 
Dividing the calculated ethanol potential in million tons of gasoline equivalent, just 
calculated, by the current and projected petroleum demand and transport sector petroleum 
demand, found earlier, one arrives at the estimated potential for ethanol from agricultural 
residues in each of these economies to displace oil, in percent: 
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         Ethanol Potential from Agricultural Residues as Share of 
    Petroleum Demand          Transport Oil Demand 
 Economy    2002    2030    2002    2030

Indonesia     59%     25%    117%  40% 
Malaysia     40%     16%      60%  21% 
Philippines     78%     28%    119%  36% 
Thailand     22%       7%      37%  11% 
Viet Nam     65%     12%    117%  21% 

 
 
Studies of Ethanol Resource Potential by APEC Members 
 
A few studies of ethanol resource potential have been performed by domestic agencies of 
APEC member economies and by international agencies of which they are members.   
Details of the calculations are set forth in subsequent pages.  In Australia, a study by 
CSIRO considers the potential for producing ethanol from crops that are currently 
exported.    For Canada, an assessment by the Organisation for Economic Co-operation 
and Development (OECD) examines the potential for ethanol from grain crops and 
agricultural residues.  In Thailand, the Department of Energy Development and 
Promotion considered biomass potential in 2010 from a variety of sources including 
agricultural crop residues, animal manure, forest residues, new wood plantations, 
municipal solid waste, and conservation in residential cooking and industrial processes.. 
In the United States, the “Billion Ton Study” by the Departments of Energy and 
Agriculture also considered biomass potential from a wide range of crops and residues, 
most notably including a scenario of high crop yield increase with land use change.  
 
Estimated resource potentials can be summarized as follows: 
 
 Economy Ethanol  Ethanol Gasoline Equivalent 
 (Million Liters) (Million Tons)  (Million Tons)  
 Australia     9,804     7.7     4.9 
 Canada     4,194     3.3     2.1 
 Thailand   54,831   43.3   27.2 
 United States 352,565 278.3 174.7 
 
Dividing the calculated ethanol potential by the current and projected petroleum demand, 
as before, the potential for ethanol to displace conventional oil use is derived: 
 
              Ethanol Potential from Available Resources as Share of 
    Petroleum Demand          Transport Oil Demand 
 Economy    2002    2030    2002    2030

Australia     14%       9%      18%  11% 
Canada       3%       2%        4%    3% 
Thailand     87%     28%    145%  43% 
United States     23%     16%      29%  19% 
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Studies of Biodiesel Resource Potential by APEC Members 
 
Some studies of biodiesel resources have also been performed by APEC economies.  In 
Australia, the study by CSIRO mentioned earlier considers the potential for producing 
boiodiesel from oilseed crops, tallow, and waste cooking oil.  For Canada, the OECD 
assessment mentioned earlier looks at oilseed crops, animal fats, and other fats and oils.  
Chinese Taipei has examined biodiesel from waste cooking oil.  The Malaysian Palm Oil 
Board has investigated the potential for biodiesel production from crude palm oil.   
 
Estimated resource potentials can be summarized as follows: 
 
 Economy   Biodiesel   Biodiesel Diesel Equivalent 
 (Million Liters) (Million Tons)  (Million Tons)  
 Australia        903     0.8     0.8 
 Canada        473     0.4     0.4 
 Chinese Taipei          60     0.05     0.05 
 Malaysia   16,300   13.9   13.9 
 
Dividing the calculated biodiesel potential by the current and projected petroleum 
demand, the potential for biodiesel to displace conventional oil use is derived: 
 
              Biodiesel Potential from Available Resources as Share of 
    Petroleum Demand          Transport Oil Demand 
 Economy    2002    2030    2002    2030

Australia     2.4%     1.5%      2.9%   1.8% 
Canada     0.5%     0.4%      0.8%   0.5% 
Chinese Taipei     0.1%     0.1%      0.4%   0.2% 
Malaysia   69.5%   26.9%  103.7% 35.6% 

 
 
Conclusions 
 
Based on the data and analysis presented, it appears that a fairly substantial percentage of 
conventional petroleum demand could potentially be displaced by biofuel production in 
several APEC economies.  However, a very large share of the biofuel resource potential 
is based on “second-generation” lignocellulosic feedstocks such as agricultural residues, 
forest residues and grassy non-food crops, which are not yet cost-effective to produce.  
Therefore, to realize the substantial potential for biofuels to displace oil, focused research 
and development to lower the costs of biofuels from lignocellulosic feedstocks is key.  
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Indonesia 
 
Name of Study:  Biofuel Potential of Agricultural Waste in ASEAN Economies 2030 
Sponsor of Study: ITOCHU Corporation and Alpha Consulting Corporation, Japan 
Types of Biofuel Considered:  Ethanol 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Crop 
Yield 
(million 
tons) 

Residue 
Harvest 
Factor 
(percent) 

Residue 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural 
Residues 

                       55,995   

Sugar cane      n/a   159.4    33.0%    52.6       157     8,257 
Rice paddy      n/a     72.0  159.0%  114.4         69     7,894 
Oil palm      n/a   243.3    37.0%    90.0       200   18,005 
Coconut      n/a     23.0    69.9%    16.1       322     5,178 
Cassava      n/a     51.1      7.0%      3.6       200        715 
Maize (corn)      n/a   507.6    16.8%    85.3       187   15,947 
 
Analytical Notes: 
 
4. Area: What means were used to determine the area assumed to be planted? 

 
Areas planted are not indicated in the study. 
 

5. Crop Yield: How does the study estimate crop yield in tons or per hectare? 
 
Crop yield in tons is imputed from residue harvest and harvest factor.   
 

6. Harvest Factor:  How does the study estimate tons harvested per ton of crop yield? 
 
Harvest factor for each crop is calculated as lignocellulosic residue yield divided by 
crop yield in a portion of the study where both are shown for selected districts. 
 

7. Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Fuel yield for each crop is calculated as ethanol yield divided by lignocellulosic 
residue yield in part of the study where both are shown for selected districts. 
 

Contacts & Authors: 
 
Cited in paper by Tomoyasu Hirano, Mitsubishi Research Corporation  
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Malaysia 
 
Name of Study:  Biofuel Potential of Agricultural Waste in ASEAN Economies 2030 
Sponsor of Study: ITOCHU Corporation and Alpha Consulting Corporation, Japan 
Types of Biofuel Considered:  Ethanol 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Crop 
Yield 
(million 
tons) 

Residue 
Harvest 
Factor 
(percent) 

Residue 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural 
Residues 

                       16,157   

Sugar cane      n/a      2.0    33.0%     0.7       157        104 
Rice paddy      n/a      3.2  159.0%     5.2         69        356 
Oil palm      n/a  208.3    37.0%   77.1       200   15,414 
Coconut      n/a      1.0    69.9%     0.7       322        230 
Cassava      n/a      0.4      7.0%     0.03       200            6 
Maize (corn)      n/a      1.5    16.8%     0.25       187          46 
 
Analytical Notes: 
 
1.   Area: What means were used to determine the area assumed to be planted? 

 
Areas planted are not indicated in the study. 
 

2.   Crop Yield: How does the study estimate crop yield in tons or per hectare? 
 
Crop yield in tons is imputed from residue harvest and harvest factor.   
 

3.   Harvest Factor:  How does the study estimate tons harvested per ton of crop yield? 
 
Harvest factor for each crop is calculated as lignocellulosic residue yield divided by 
crop yield in a portion of the study where both are shown for selected districts. 
 

4.   Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Fuel yield for each crop is calculated as ethanol yield divided by lignocellulosic 
residue yield in part of the study where both are shown for selected districts. 
 

Contacts & Authors: 
 
Cited in paper by Tomoyasu Hirano, Mitsubishi Research Corporation  
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Philippines 
 
Name of Study:  Biofuel Potential of Agricultural Waste in ASEAN Economies 2030 
Sponsor of Study: ITOCHU Corporation and Alpha Consulting Corporation, Japan 
Types of Biofuel Considered:  Ethanol 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Crop 
Yield 
(million 
tons) 

Residue 
Harvest 
Factor 
(percent) 

Residue 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural 
Residues 

                       21,617   

Sugar cane      n/a    47.3    33.0%   15.6       157     2,451 
Rice paddy      n/a    23.3  159.0%   37.1         69     2,558 
Oil palm      n/a      0.45    37.0%     0.17       200          33 
Coconut      n/a    46.2    69.9%   32.3       322   10,390 
Cassava      n/a      4.1      7.0%     0.3       200          57 
Maize (corn)      n/a  195.1    16.8%   32.8       187     6,128 
 
Analytical Notes: 
 
1.   Area: What means were used to determine the area assumed to be planted? 

 
Areas planted are not indicated in the study. 
 

2.   Crop Yield: How does the study estimate crop yield in tons or per hectare? 
 
Crop yield in tons is imputed from residue harvest and harvest factor.   
 

3.   Harvest Factor:  How does the study estimate tons harvested per ton of crop yield? 
 
Harvest factor for each crop is calculated as lignocellulosic residue yield divided by 
crop yield in a portion of the study where both are shown for selected districts. 
 

4.   Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Fuel yield for each crop is calculated as ethanol yield divided by lignocellulosic 
residue yield in part of the study where both are shown for selected districts. 
 

Contacts & Authors: 
 
Cited in paper by Tomoyasu Hirano, Mitsubishi Research Corporation  
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Thailand 
 
Name of Study:  Biofuel Potential of Agricultural Waste in ASEAN Economies 2030 
Sponsor of Study: ITOCHU Corporation and Alpha Consulting Corporation, Japan 
Types of Biofuel Considered:  Ethanol 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Crop 
Yield 
(million 
tons) 

Residue 
Harvest 
Factor 
(percent) 

Residue 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural 
Residues 

                       13,968   

Sugar cane      n/a    82.2    33.0%   27.1       157     4,261 
Rice paddy      n/a    51.0  159.0%   81.1         69     5,595 
Oil palm      n/a    15.6    37.0%     5.8       200     1,158 
Coconut      n/a      1.7    69.9%     1.2       322        372 
Cassava      n/a    24.4      7.0%     1.7       200        342 
Maize (corn)      n/a    71.3    16.8%   12.0       187     2,241 
 
Analytical Notes: 
 
1.   Area: What means were used to determine the area assumed to be planted? 

 
Areas planted are not indicated in the study. 
 

2.   Crop Yield: How does the study estimate crop yield in tons or per hectare? 
 
Crop yield in tons is imputed from residue harvest and harvest factor.   
 

3.   Harvest Factor:  How does the study estimate tons harvested per ton of crop yield? 
 
Harvest factor for each crop is calculated as lignocellulosic residue yield divided by 
crop yield in a portion of the study where both are shown for selected districts. 
 

4.   Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Fuel yield for each crop is calculated as ethanol yield divided by lignocellulosic 
residue yield in part of the study where both are shown for selected districts. 
 

Contacts & Authors: 
 
Cited in paper by Tomoyasu Hirano, Mitsubishi Research Corporation  
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Viet Nam 
 
Name of Study:  Biofuel Potential of Agricultural Waste in ASEAN Economies 2030 
Sponsor of Study: ITOCHU Corporation and Alpha Consulting Corporation, Japan 
Types of Biofuel Considered:  Ethanol 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Crop 
Yield 
(million 
tons) 

Residue 
Harvest 
Factor 
(percent) 

Residue 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural 
Residues 

                       11,138   

Sugar cane      n/a    24.4    33.0%     8.1       157     1,266 
Rice paddy      n/a    47.3  159.0%   75.1         69     5,184 
Oil palm      n/a      0.0    37.0%     0.0       200            0 
Coconut      n/a      1.2    69.9%     0.8       322        274 
Cassava      n/a      8.4      7.0%     0.6       200        118 
Maize (corn)      n/a  136.7    16.8%   23.0       187     4,296 
 
Analytical Notes: 
 
1.   Area: What means were used to determine the area assumed to be planted? 

 
Areas planted are not indicated in the study. 
 

2.   Crop Yield: How does the study estimate crop yield in tons or per hectare? 
 
Crop yield in tons is imputed from residue harvest and harvest factor.   
 

3.   Harvest Factor:  How does the study estimate tons harvested per ton of crop yield? 
 
Harvest factor for each crop is calculated as lignocellulosic residue yield divided by 
crop yield in a portion of the study where both are shown for selected districts. 
 

4.   Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Fuel yield for each crop is calculated as ethanol yield divided by lignocellulosic 
residue yield in part of the study where both are shown for selected districts. 
 

Contacts & Authors: 
 
Cited in paper by Tomoyasu Hirano, Mitsubishi Research Corporation  
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Australia 
 
Name of Study: Upper Limits to Ethanol and Biodiesel Production in Australia Based on 
Current Australian Feedstock  
 
Sponsors of Study: Commonwealth Scientific and Industrial Research Organisation, 
CSIRO Sustainable Energy  
 
Types of Biofuel Considered: Ethanol and Biodiesel   
 
Types of Resources Included and Technical Assumptions on Production Yields 
Type of Resource Area 

Planted 
(million 
hectares) 
(inferred) 

Net 
Yield 
(tons per 
hectare) 

Total 
Feedstock 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million 
liters) 

      
Conventional  
Crops to Ethanol 

    18.5       37.9        14,857 

Sugar      0.43 11.5        5.0 620      3,075 
Molasses N/A N/A        1.0 280  280 
Wheat    12.12 1.7      20.6 360      7,419 
Coarse Grain      5.95 1.9      11.3 360      4,083 
      
Ethanol Limit        37.9     14,857 
- Resource at 10%          3.8       1,486 
      
Conventional 
Crops to Biodiesel

   2.533       1,013 

Oilseed crops 
(cottonseed, 
canola, others)  

   2.533 400      1,013 

      
Waste Products 
to Biodiesel 

       0.598          525 

Tallow             0.500 894         447 
Waste cooking oil             0.098 800       78 
       
Biodiesel Limit     3.131    1,538 
- Resource at 10%        0.313          154 
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A parallel analysis in the study examines the amount of feedstock that is exported, on a 
five-year historical average.  The working assumption is that exported feedstock is 
surplus to domestic food needs and hence available, in principle, for biofuel production. 
 
 
Type of Resource Area 

Planted 
(million 
hectares) 
(inferred) 

Net 
Yield 
(tons per 
hectare) 

Total 
Exported 
Feedstock 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million 
liters) 

      
Conventional  
Crops to Ethanol 

           24.6          9,804 

Sugar              3.8 620      2,356 
Molasses          0.5 280  140 
Wheat           14.8 360      5,328 
Coarse Grain             5.5 360      1,980 
      
Ethanol from 
Crop Exports 

       24.6      9,804 

      
Conventional 
Crops to Biodiesel

   1.498          599 

Oilseed crops 
(cottonseed, 
canola, others)  

   1.498 400         599 

      
Waste Products 
to Biodiesel 

       0.340          304 

Tallow             0.340 894         304 
Waste cooking oil             0.000 800         0 
       
Biodiesel  
from Exports 

   1.838      903 
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Analytical Notes  
 
 
1.   Area: What means were used to determine the area assumed to be planted? 

 
Planted areas (million hectares) were inferred as total potential feedstock (million 
tons) divided by net yield (tons per hectare). 
 
 

2.   Net Yield: How does the study estimate yield in tons per hectare? 
 
Yields and production for conventional crops are 5-year averages for 2000-2001 
through 2004-05 growing seasons, obtained from Australian Bureau of Agricultural 
Resource Economics (ABARE), Australian Commodity Statistics.     
 
 

3.   Harvest Factor:  How does the study estimate tons harvested per tons gross yield? 
 
Calculations are based on net yields, which already take account of harvest factors. 
 
 

4.   Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Yield for sugar from Enecon.  Yields for molasses and wheat from DEUS 2005.  
[Need this reference in full.]  Yield for coarse grain assumed same as for wheat.  
Yield for oilseed crops from AusBioFuels  [reference?].  Yield for tallow from 
Reference 1 [please indicate].  Yield for waste cooking oil chosen conservatively at 
800 liters per ton per 870 l/t from Ref 1 and 810 l/t from DEUS 2004 [reference?] 

 
 
Contacts & Authors: 
 
Deb O’Connell, Mike Dunlop 
Dr Tom Beer, Stream Leader, Alternative Transport Fuels 
CSIRO Energy Transformed Flagship 
CMAR; PB1, Aspendale, Vic.  3195 AUSTRALIA 
Phone +61(3) 9239 4546   
Fax: +61(3) 9239 4444 
e-mail: tom.beer@csiro.au 
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Canada 
 
Name of Study:  Organisation for Economic Co-operation and Development (OECD), 

20xx.   An Assessment of the Opportunities and Challenges of a Bio-
Based Economy for Agriculture and Food Research in Canada. 

 
Sponsor of Study: OECD Countries 
 
Types of Biofuel Considered:  Ethanol and Biodiesel 
 
Types of Resources Included and Technical Assumptions on Production Yields 
Type of Resource Area 

Planted 
(million 
hectares)

Gross 
Yield 

(tons per 
hectare) 

Harvest 
Factor 

(percent)

Total 
Feedstock
(million 

tons) 

Fuel 
Yield 
(liters 

per ton) 

Biofuel 
Production 
Potential 
(million 
liters) 

Conventional 
Crops to Ethanol 

      4.581  1,722

Corn (maize) 1.243 7.19  15.0% 1.340 400 536
Wheat 9.733 2.22 15.0% 3.241 365 1183
Triticale 0.022 2.36 15.0% 0.008 375 3
  
Agricultural 
Residues to Ethanol 

8.000 309 2,472

     
Ethanol Resource    12.581  4.194
     
Conventional        
Crops to Biodiesel 

   0.276  303

Canola 3.887 1.43 4.8% 0.267 1,100 294
Soybean 0.122 2.48 2.8% 0.009 1,100 9
       
Waste Products to 
Biodiesel 

   0.154  170

Animal Fats 0.100 1,100 110
Misc. Fats & Oils 0.054 1,100 60
  
Biodiesel Resource 0.430  473
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Analytical Notes: 
 
The assumption was made that about 15 percent of the total production of cereal grains 
and oilseeds would be used for ethanol and biodiesel production without serious conflict 
with other markets.   Therefore, harvest factors for these conventional crops are assumed 
to equal 15 percent times the percentage of harvested area extractable as feedstock .  This 
percentage extractable as feedstock is assumed to be 100 percent for cereal grains (corn, 
wheat and triticale), 32 percent for canola and 19 percent for soybean.  Similarly, the 
assumed amount of available agricultural residue is the amount remaining after soil 
protection and animal uses are met. 
 
Yield of grain comes from detailed industry statistics maintained by Statistics Canada.  
Residue yield and other harvest factors come from scientific literature and research 
experiments conducted by Agriculture and Agri-Food Canada and other partners.  Fuel 
yield for grain comes from Statistics Canada, industry cooperators, and Natural 
Resources Canada (residue conversion). 
 
 
Contacts & Authors: 
 
Mark Stumborg, P.Eng. 
AAFC – SPARC 
1 Airport Road, Box 1030 
Swift Current, SK  CANADA 
Tel: (306)778-7261 
Email: stumborgm@agr.gc.ca
 
 

 42 
 

mailto:stumborgm@agr.gc.ca


BIOFUEL RESOURCES 
 

 
TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy:  Malaysia 
 
Name of Study:  Calculations by Economics and Industry Development Division 
 
Sponsor of Study:  Malaysian Palm Oil Board 
 
Type of Biofuel Considered:  Biodiesel 
 
 
Type of Resources Included and Technical Assumptions on Production Yields 
 
Types of 
Resources 

Area 
Planted 
(million 
hectares)  
(1) 

Gross 
Yield 
(tons per 
hectare) 
(2) 

Harvest 
Factor (%) 
 
 
(3) 

Net 
Harvest 
(million 
(tons) 
(4) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 
(5) 

Biofuel 
Production 
Potentials 
(billion 
liters) (6) 

 
Crude 
Palm Oil 

 
4.1 

 

 
3.8 

 
95 

 
14.8 

 
1100 

 
16.3 

 
Note:   A   x B x C =     D      x      E   =  F 
 
 
Analytic Notes: 
 
(1) Area:  Actual area based on reports required by Malaysian Palm Oil Board (MPOB). 
 
(2) Gross Yield:  Actual weighted average based on reports required by MPOB. 
 
(3) Harvest Factor: Normal conversion rate from crude palm oil to biodiesel. 
 
(5) Fuel Yield: Actual conversion experienced in Malaysia. 
 
(6) Biofuel Production Potential: Malaysian government policy currently allows only 6.0 
million tons of palm oil to be converted into biodiesel. This policy might be reviewed 
from time to time. Current production potential therefore is only 6.6 billion liters a year. 
 
Contacts and Authors: 
Mr Jamil Nordin 
Economics and Industry Development Division 
Malaysian Palm Oil Board 
Email:  njamil@mpob.gov.my
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Chinese Taipei 
 
Name of Study: Calculations by New Energy Technology Division 
 
Sponsor of Study: Industrial Technology Research Institute (ITRI) 
 
Types of Biofuel Considered:  Ethanol and Biodiesel   
 
Types of Resources Included and Technical Assumptions on Production Yields 
Type of 
Resource 

Area 
Planted 
(hectares) 

Gross 
Yield 
(tons/ha)

Harvest 
Factor 
(percent) 

Net  
Yield 
(tons/ha)

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(liters/ha) 

Conventional 
Crops to Ethanol 

      

Sugar cane *A 90 - - 80 7200 
Sweet Potato *A 21 - - 160 3360 
Conventional 
Crops to Biodiesel 

      

Soybean *A 2.25 - - 180 405 
Sunflower *A 1.3 - - 350 455 
Waste Cooking 
Oil 

*B   - 1000  

 
Analytical Notes: 
 
*A:  Chinese Taipei has ~220,000 hectares of set-aside land per year which is considered 
as the possible land for energy crops including sweet potato, soybean, and/or sunflower.  
However the total plant area and the partition among various corps are still under study. 
As an example, if all the set-aside land were to be devoted to sugar cane, with a yield of 
7,200 tonnes per hectare, this could produce as much as 1,584 million tons of ethanol. 
 
*B: It is estimated that ~60,000 tons of waste cooking oil can be potentially used as the 
feedstock for biodiesel production.  With a fuel yield of 1,000 liters per ton, this could 
potentially be used to produce as much as 60 million liters of biodiesel fuel. 
 
Contacts & Authors: 
Hom-Ti Lee 
HTLee@itri.org.tw,  
Phone: +886 (3) 591-6293 
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: Thailand 
 

Study: Assessment of Sustainable National Biomass Resource Potential for Thailand 

Scenario A: PROJECTED BIOMASS RESIDUE POTENTIAL IN 2010 

Sponsors of Study: Thailand Bureau of Energy Study, Research and Development, 
Department of Energy Development and Promotion, Thailand 

Types of Biofuel Considered:  Ethanol 
 
 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(million 
tons) 

Harvest 
Factor 
(percent) 

Net  
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural 
Residues 

      n/a        53.674       300   16,102   

Sugar cane      n/a   68.582    34.9%  23.967       300     7,190 
Rice paddy      n/a   24.655    41.4%  10.198       300     3,059 
Oil palm      n/a     5.196  310.7%  16.142       300     4,843 
Coconut      n/a     1.419    43.9%    0.623       300        187 
Cassava      n/a   14.590      3.6%    0.523       300        157 
Maize (corn)      n/a     6.071    16.8%    1.017       300        305 
Cotton      n/a     0.075  322.7%    0.242       300          73 
Soybean      n/a     0.359  202.5%    0.727       300        218 
Sorghum      n/a     0.290    81.0%    0.235       300          70 
 
Type of 
Resource 

Number of 
Animals 
(million 
head) 

Gross 
Yield 
(tons per 
head) 

Recover-
able Solid 
Fraction 
(percent) 

Net 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Manure       3.186       300        956 
Beef cattle      5.292     1.825   8.72%    0.842       300        253 
Dairy cattle      0.303     5.475 13.95%    0.231       300          69 
Buffalo      2.294     2.920   8.88%    0.595       300        178 
Swine: adults      0.489     0.730 28.18%    0.101       300          30 
Swine: piglets      3.197     0.182 28.18%    0.164       300          49 
Swine, native 
and fattening 

     5.913     0.438 28.18%    0.730       300        219 

Chicken  164.607     0.011 27.19%    0.490       300        147 
Duck    21.830     0.011 10.73%    0.026       300            8 
Elephant      0.0035   14.600 13.32%    0.007       300            2 
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Type of Resource Area 

Planted 
(million 
hectares)

Sustain-
able 
Yield 
(tons per 
hectare) 

Net 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Wood Supplies   51.312    48.808       300   14,642 
Forest Area  13.031       5.622       300     1,687 
  Tropical evergreen    5.825     0.350   2.039          300       612 
  Mixed deciduous    2.867     0.350   1.003       300       301 
  Dry dipterocarp    4.041     0.350   1.414       300       424 
  Pine    0.130     0.350   0.046       300         14 
  Mangrove    0.168     6.667   1.120       300       336 
Farm Holding Land  21.197       26.102       300    7,831 
  Paddy land  10.927     1.000  10.927       300    3,278 
  Under field crops    5.122     1.000    5.122       300    1,537 
  Under tree crops    1.612     1.000    1.612       300       484 
  Para-rubber plantation    1.959     3.504    6.864       300    2,059 
  Under vegetable    0.153     1.000    0.153       300         46 
  Grassland    0.122     1.000    0.122       300         37 
  Idle Land    0.515     1.000    0.515       300       154 
  Other land    0.787     1.000    0.787       300       236 
Unclassified Land  17.084     1.000  17.084       300    5,125 
      
New Wood Plantations  [3.038]   19.5  59.237       300  17,771 
 
Type of 
Resource 

Number of 
People in 
Cities 
(million) 

Gross 
Yield 
(tons per 
person) 

Recover-
able Solid 
Fraction 
(percent) 

Net  
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Municipal Solid 
Waste 

   11.258     100.0%    5.577       300     1,673   

Bangkok      5.605    0.567  100.0%    3.177       300        953 
Central region      2.290    0.462  100.0%    1.058       300        317 
Northern region      0.916    0.432  100.0%    0.395       300        118 
Northeast region      1.325    0.341  100.0%    0.451       300        135 
Southern region      1.122    0.441  100.0%    0.495       300        148 
 
Type of Resource Biofuel 

Use 
(million 
tons) 

Potential 
Biofuel 
Savings 
(percent) 

Net  
Savings 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Biomass Saving        12.289       300     3,687   
Residential cooking    8.809    34.9%    3.072       300        922 
Industrial   18.669       49.4%    9.217       300     2,765 
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Summary of Biofuel Potential by Type of Resource 
  

Net  
Savings 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Agricultural Residues   53.674       300   16,102   
Manure (Animal Waste)     3.186       300        956 
Wood Supplies   48.808       300   14,642 
New Wood Plantations   59.237       300   17,771 
Municipal Solid Waste     5.577       300     1,673   
Biomass Saving      12.289       300     3,687   
        
Total  182.771       300   54,831 
 
 
Analytical Notes: 
 
1.   Area: What means were used to determine the area assumed to be planted? 

 
Agricultural residues: Areas planted are not shown in the study but are implicit in 
calculated agricultural yields which were derived from official Thai agricultural data 
such as Center for Agricultural Information, Agricultural Statistics of Thailand. 
 
Manure (animal waste):  Numbers of animals from Livestock Economics Data 1997. 
 
Wood supplies:  Forest area taken from Forestry Statistics of Thailand 1997.  Farm 
holding area taken from Agriculture Statistics of Thailand Crop Year 1996/97.  
Unclassified land is calculated as total land minus total forest area and farm holding 
land.  It includes, among other things, degraded forest reserves, swamp, sanitary 
districts, municipal areas, railroads, highways, and real estate. 
 
Municipal solid waste:  Population data for different regions of Thailand from 
National Statistical Office, Quarterly Bulletin of Statistics, Vol. 45, 1997. 
 
 

2.  Gross Yield: How does the study estimate yield in tons or per hectare? 
 
Agricultural residues: Ten agricultural products with high residue potential were 
studied.  Baseline analysis focused on the year 1997, from which changes in 
production were estimated per projected changes in harvested area and product yield.  
Numbers in this column represent amounts of crop produced, not amounts of residue. 
 
Manure (animal waste):  Tons of waste per animal from Thailand Department of 
Agricultural Extension, Calculation and Construction of Biogas Manual. 
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Wood supplies:  Basis for assumptions not detailed in study. 
 
Municipal solid waste:  Tons of solid waste per person from Bangkok Department of 
Public Sanitation and Thailand Pollution Control Department. 
 
Biomass saving:  Residential use of fuelwood, charcoal and agricultural residue from 
Department of Energy Development and Promotion, Rural Household Energy 
Consumption, 1996, 1997.  Industrial use of fuelwood, rice husks and bagasse in 
boilers, ovens and furnaces from Department of Energy Development and Promotion, 
Study to Prepare the Master Plan on Electricity Generation from Biomass, 1999. 
 
 

3.   Harvest Factor:  How does the study estimate tons harvested per ton gross yield? 
 
Agricultural residues:  For each of the ten agricultural products with high residue 
potential, a “residue production ratio” was multiplied by the amount of production to 
arrive at overall residue generated, and a “surplus availability factor” (indicating 
surplus recoverable and not used for energy production) was multiplied by the 
amount of overall residue to arrive at the amount of available surplus residue.  These 
two ratios were calculated from empirical data for 1997 and assumed to remain 
constant when applied to projected 2010 production to estimate 2010 surplus residue.   
Harvest factors for several types of residue exceed 100% because the combined mass 
of bagasse, trashier, husk, straw, empty bunches, fiber and frond exceeds the mass of 
conventional product from the crop; residue in the form of shell was excluded here. 
 
Manure (animal waste):  Recoverable solid fraction based on field investigations and 
laboratory tests by Thai Department of Energy Development and Promotion (DEDP) 
 
Wood supplies: Entire sustainable yield is assumed to be harvested. 
 
Municipal solid waste:  Entire available mass of waste is assumed to be harvested, 
although the bulk of such waste is currently disposed of in landfills. 
 
Biomass saving: Potential efficiency improvements in residential cooking and 
industry estimated by Department of Energy Development and Promotion. 
 
 

4.   Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Study does not directly estimate liters of fuel per ton of feedstock, so a value of 300 
liters of ethanol per ton of residue was conservatively chosen per the following data: 
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(S&T)2 Consultants Inc. and Meyers Norris Penny (2001).  An Evaluation of an 
Expanded Saskatchewan Ethanol Industry.  Saskatchewan Economic and Co-
operative Development, Regina.  Yield of 300 liters per ton is cited for lignocellulosic 
feedstock on page 23. 
 
Energy and Resources Group and Goldman School of Public Policy, University of 
California at Berkeley (2006). EGR Biofuel Analysis Meta-Model.  Science.   
Preferred assumption of 0.38 l/kg for ethanol from cellulosic feedstocks is cited. 
 

Contacts & Authors: 
 
Principal author: Boonrod Sajjakulnukit.  E-mail: Boonrod_s@dede.go.th
Other authors: Rungrawee Yingyuad, Virach Maneekhao, Veerawan Pongnarintasut. 
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: United States 
 
Name of Study: “Billion Ton Study” – Biomass as Feedstock for a Bioenergy and 
Bioproducts Industry: The Technical Feasibility of a Billion-Ton Annual Supply 
 
Scenario A: HIGH CROP YIELD INCREASE WITH LAND USE CHANGE 
 
Sponsors of Study: U.S. Department of Energy and U.S. Department of Agriculture 
 
Types of Biofuel Considered:  Ethanol and Biodiesel 
 
Types of Resources Included and Technical Assumptions on Production Yields 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(tons per 
hectare) 

Harvest 
Factor 
(percent) 

Net  
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Conventional       43.4       87.5       370     32,375 
Corn (maize)      31.0     12.1   19.9%     74.8       370     27,676 
Sorghum        2.8       4.7   21.7%       2.8       370       1,036 
Barley        1.5       4.2   29.7%       1.9       370          703 
“Other Crops”        8.1       3.2   15.3%       4.0       370       1,480 
“Double Crops”       n/a      n/a     n/a       4.0       370       1,480 
       
Biofuel Crops      29.4     385.9       300   115,770 
Grasses        6.2       4.9   50.0%     15.4       300       4,620 
Trees        0.9       4.9   50.0%       2.2       300          660 
Perennials      22.3     18.3   90.0%   368.3       300   110,490 
       
Agricultural 
Residues 

     97.4     449.4       300   134,790 

Corn (maize)      31.0     12.1   71.4%   268.4       300     80,520 
Sorghum        2.8       4.7   30.9%       4.0       300       1,200 
Barley        1.5       6.4   49.0%       4.7       300       1,410 
Oats        0.6       5.2   36.0%       1.2       300          360 
Wheat (winter)       12.3       6.7   50.6%     40.9       300     12,270 
Wheat (spring)        6.9       4.0   40.3%     10.9       300       3,270 
Soybeans      25.7       6.4   29.0%       4.9       300     14,370 
Rice        1.4     14.3   75.0%     14.7       300       4,410 
Cotton lint        5.0       3.0   60.0%       8.9       300       2,670 
Other crops        8.1       3.2   90.0%     23.5       300       7,050 
Double crops        n/a       n/a     n/a     15.0       300       4,500 
Wood fiber        2.1       4.9   90.0%       9.2       300       2,760 
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Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(million 
tons) 

Harvest 
Factor 
(percent) 

Net 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million 
liters) 

       
Forest Residues     591.9    159.2       300    47,760 
Logging residues      59.5   78.0%     46.4       300    13,920 
Other removals      29.0   60.0%     17.4       300      5,220 
Timber thinnings    259.8   18.7%     48.6       300    14,580 
Other thinnings      20.5   53.6%     11.0       300      3,300 
Primary mill res.      93.1     1.8%       1.7       300         510 
Secondary mill res.      15.6     6.1%       6.1       300      1,830 
Urban wood residues      62.3   44.9%     28.0       300      8,400 
       
Waste Products    102.4      74.9       300    24,070 
Manure      68.0   64.0%     43.5       300    13,050 
Fats and Greases        5.0   40.0%       2.0    1,100      2,200 
Muni Solid Waste      29.4 100.0%     29.4       300      8,820 
       
Grand Total    170.2   1156.8   354,765 
 
 
Web address where study is posted: 
www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf
 
 
Contacts & Authors: 
 
Robert D. Perlack, Lynn L. Wright, Anthony F. Turhollow and Robin L. Graham 
Environmental Sciences Division, Oak Ridge National Laboratory, 
P.O. Box 2008, Oak Ridge, Tennessee 37831-6285, USA 
 
Bryce J. Stokes, Forest Service, U.S. Department of Agriculture 
Donald C. Erbach, Agricultural Research Service, U.S. Department of Agriculture 
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: United States 
 
Name of Study: “Billion Ton Study” – Biomass as Feedstock for a Bioenergy and 
Bioproducts Industry: The Technical Feasibility of a Billion-Ton Annual Supply 
 
Scenario B: MODERATE CROP YIELD INCREASE WITH LAND USE CHANGE 
 
Sponsors of Study: U.S. Department of Energy and U.S. Department of Agriculture 
 
Types of Biofuel Considered:  Ethanol and Biodiesel 
 
Types of Resources Included and Technical Assumptions on Production Yields 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(tons per 
hectare) 

Harvest 
Factor 
(percent) 

Net  
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Conventional  43.4      53.3      370    19,901 
Corn (maize)      31.0     10.1   15.0%    46.9      370    17,353 
Sorghum        2.8       4.2   15.8%      1.8      370         666 
Barley        1.5       3.7   11.3%     0.6          370         222 
“Other Crops”        8.1       3.0     8.7%      2.0       370         740 
“Double Crops”        n/a       n/a     n/a      2.0      370         740 
       
Biofuel Crops      21.3     164.1      300    49,230 
Grasses        6.2       4.9  50.0%    15.4   300      4,620 
Trees    0.9      4.9      50.0%      2.2      300         660 
Perennials      14.2     11.6 100.0%   146.5      300    43,950 
       
Agricultural 
Residues 

82.6    286.4     300      85,920 

Corn (maize)      31.0    10.1   56.9%  178.3      300    53,490 
Sorghum        2.8      4.2   11.5%     1.3      300         390 
Barley        1.5      5.4    33.6%     2.8      300         840 
Oats        0.6      4.7   23.3%     0.7      300         210    
Wheat (winter)       13.5      5.7   35.7%   27.4      300      8,220 
Wheat (spring)        7.7      3.5   28.3%     7.4      300      2,220 
Soybeans      28.9      5.9     7.4%   12.7      300      3,810 
Rice        1.4    12.6   60.0%   10.3      300      3,090    
Cotton lint        5.0      2.7   40.0%     5.5      300      1,650 
Other crops        8.1      3.0   90.0%   20.8      300      6,240 
Double crops        n/a     n/a     n/a   10.0      300      3,000 
Wood fiber        2.1      4.9   90.0%     9.2      300        2,760 

 52 
 



BIOFUEL RESOURCES 
 

 
 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(million 
tons) 

Harvest 
Factor 
(percent) 

Net 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million 
liters) 

       
Forest Residues     591.9   159.2       300    47,760 
Logging residues  59.5 78.0% 46.4       300    13,920 
Other removals  29.0 60.0% 17.4       300      5,220 
Timber thinnings    259.8 18.7% 48.6       300    14,580 
Other thinnings  20.5 53.6% 11.0       300      3,300 
Primary mill res.  93.1   1.8%   1.7       300         510 
Secondary mill res.  15.6   6.1%  6.1       300      1,830 
Urban wood residues  62.3 44.9% 28.0       300      8,400 
       
Waste Products    102.4     74.9        300    24,070 
Manure      68.0   64.0% 43.5 300    13,050 
Fats and Greases        5.0   10.0%   2.0    1,100      2,200 
Muni Solid Waste      29.4 100.0% 29.4 300      8,820 
       
Grand Total    146.3   737.9   226,881 
 
 
Web address where study is posted: 
www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf
 
 
Contacts & Authors: 
 
Robert D. Perlack, Lynn L. Wright, Anthony F. Turhollow and Robin L. Graham 
Environmental Sciences Division, Oak Ridge National Laboratory, 
P.O. Box 2008, Oak Ridge, Tennessee 37831-6285, USA 
 
Bryce J. Stokes, Forest Service, U.S. Department of Agriculture 
Donald C. Erbach, Agricultural Research Service, U.S. Department of Agriculture 
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TASK GROUP ON BIOFUEL RESOURCES 

STUDY SUMMARY SHEET 
 

Economy: United States 
 

Name of Study: “Billion Ton Study” – Biomass as Feedstock for a Bioenergy and 
Bioproducts Industry: The Technical Feasibility of a Billion-Ton Annual Supply 
 
Scenario C: BASELINE SUMMARY OF CURRENT AVAILABILITY 
 
Sponsors of Study: U.S. Department of Energy and U.S. Department of Agriculture 
 
Types of Biofuel Considered: Ethanol and Biodiesel 
 
Types of Resources Included and Technical Assumptions on Production Yields 
Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(tons per 
hectare) 

Harvest 
Factor 
(percent) 

Net  
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million liters)

Conventional      38.1       14.2       370      5,254 
Corn (maize)     27.8 8.2 6.0%     13.5 370      4,995 
Sorghum 3.5 3.5 4.0%      0.5 370  185 
Barley 1.7 3.0 3.9%    0.2 370   74 
“Other Crops” 8.1 2.5    0.0%    0.0 370    0 
“Double Crops” n/a n/a n/a  n/a 370    0 
       
Biofuel Crops 11.2     0.0 300    0 
Grasses 10.3 4.9 0.0%   0.0 300   0 
Trees  0.9 4.9 0.0%   0.0 300   0 
Perennials  0.0 0.0 0.0%   0.0 300   0 
       
Agricultural 
Residues 

98.1    113.3 300    33,990 

Corn (maize)      27.8 8.2 36.0% 74.8 300 22,440 
Sorghum        3.5 3.5  0.0%   0.0 300          0 
Barley        1.7 4.4  9.0%   0.7 300      210 
Oats        0.8 4.2  3.1%   0.1 300        30 
Wheat (winter)       12.7 4.7   14.7%   8.8 300   2,640 
Wheat (spring)        7.1 3.0 11.0%   2.2 300      660 
Soybeans      29.5 4.0   0.0%   0.0 300          0 
Rice        1.3    10.6 40.0%   5.7 300   1,710 
Cotton lint  5.6 2.5 20.0%   2.7 300      810 
Other crops  8.1 2.5 90.0% 18.1 300   5,430 
Double crops n/a n/a n/a   0.0 300          0 
Wood fiber   0.04 4.9 100.0%   0.2 300        60 
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Type of 
Resource 

Area 
Planted 
(million 
hectares) 

Gross 
Yield 
(million 
tons) 

Harvest 
Factor 
(percent) 

Net 
Harvest 
(million 
tons) 

Fuel Yield 
(liters fuel 
per ton of 
feedstock) 

Biofuel 
Production 
Potential 
(million 
liters) 

       
Forest Residues     570.5   136.3       300     40,890 
Logging residues  48.8    65.0% 31.7 300 9,510 
Other removals  18.3    50.0%   9.2 300 2,760 
Timber thinnings    259.8    18.7% 48.6 300     14,580 
Other thinnings  20.5    53.6% 11.0 300 3,300 
Primary mill res.  93.1      1.8%  1.7 300          510 
Secondary mill res.  15.6      6.1%  6.1 300       1,830 
Urban wood residues  62.3    44.9% 28.0 300 8,400 
       
Waste Products      82.1     59.7       300     18,630 
Manure      54.9    63.9% 35.1 300     10,530 
Fats and Greases        3.5    25.7%   0.9    1,100          990 
Muni Solid Waste      23.7  100.0% 23.7 300       7,110 
       
Grand Total    147.4    323.5      98,764 
 
 
Web address where study is posted: 
www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf
 
 
Contacts & Authors: 
 
Robert D. Perlack, Lynn L. Wright, Anthony F. Turhollow and Robin L. Graham 
Environmental Sciences Division, Oak Ridge National Laboratory, 
P.O. Box 2008, Oak Ridge, Tennessee 37831-6285, USA 
 
Bryce J. Stokes, Forest Service, U.S. Department of Agriculture 
Donald C. Erbach, Agricultural Research Service, U.S. Department of Agriculture 
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Analytical Notes 
 
1.  Area: What means were used to determine the area assumed to be planted? 
 
The land mass of the United States encompasses nearly 2,263 million acres (916 million 
hectares): 33% forest land, 26% grassland pasture and range, 20% cropland, 8% special 
uses, and 13% other.  About one half of this land has potential for growing biomass.  The 
agricultural land base, from which about a quarter of U.S. biomass consumption comes, 
is 448 million acres (181 million hectares). The forest land base, from which about three-
quarters of U.S. biomass consumption comes, is 749 million acres (303 million hectares).  
This includes 504 million acres (204 million hectares) of timberland, 168 million acres 
(68 million hectares) of other forestland, and 77 million acres (31 million hectares) of 
reserves like parks or wilderness that are assumed to be excluded from potential harvest.   
 
Baseline Case:  Agricultural land area for 2001 from U.S. Department of Agriculture, 
Natural Resources Conservation Service and National Agricultural Statistics Service.   
 
High and Moderate Yield Increase Cases:  Areas for conventional crops are those 
projected for 2014 by U.S. Department of Agriculture, Office of the Chief Economist. 
 
High Yield Increase Case: Assumes the addition of perennial crops, specifically the 
conversion of 40-60 million acres to perennial crop production (average crop yield of 8 
dry tons per acre); 93% of which is made available for bioenergy.  Assumes 5 million 
acres are shifted to woody crops, with 75% going to fiber and 25% available for energy.   
 
 
2. Gross Yield: How does the study estimate yield in tons per hectare? 
 
The amount of biomass sustainably removable from agricultural lands is currently about 
194 million dry tons annually.  This amount represents just 16% of the 1.2 billion dry 
tons of plant material produced on agricultural land.  Thus, it is estimated that the amount 
of sustainably removable biomass could increase fivefold to nearly 1 billion dry tons in 
35 to 40 years through a combination of technology changes, adoption of no-till 
cultivation, and changes in land use to accommodate large-scale production of perennial 
crops.  Attaining these levels of crop yield increase and collection will require a 
continuation of research, deployment of new technologies, and incentives. 
 
Baseline Case:  Crop yields for 2001 from U.S. Department of Agriculture, Natural 
Resources Conservation Service and National Agricultural Statistics Service.   
 
High and Moderate Yield Increase Cases:  The amount of grain available for biofuel 
manufacture fuel use was calculated by first subtracting from overall grain production the 
amounts needed to meet food requirements plus feed and export requirements. 
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High Yield Increase Case: Changes in soybean varieties result in 50 to 100 percent more 
residue, while maintaining similar grain yields.  Half of the total biomass produced is 
assumed to be crop residue.  Collection equipment recovers as much as 75% of residue.   
 
Moderate Yield Increase Case: Corn yields are assumed to increase by 25 to 50 percent.  
Yields of wheat and other small grains are assumed to increase at rates in baseline 
projections by the U.S. Department of Agriculture, Office of the Chief Economist.  
Collection equipment is assumed to be capable of recovering as much as 60% of residue.  
 
For conventional crops, yields per hectare are listed separately for crop and residue.  Corn, 
for example, contains crop (grain) and residue (stalks and cobs).  In the baseline, corn is 
assumed to yield 8.2 tons per hectare of grain and 8.2 tons per hectare of residue. 
 
 
3. Harvest Factor: How does the study estimate tons harvested per tons gross yield? 
 
On agricultural lands, some residue will nearly always need to be left to maintain soil 
moisture and quality, limit rainfall and wind erosion, and maintain or increase soil carbon 
levels  But the amount that can be taken off sustainably is expected to increase as crop 
yields and total residue produced increase.  Future residue collection technology with the 
potential of collecting up to 75% of the residue is envisioned.  In the case of corn, residue 
collection is assumed to increase from 36% in the baseline to about 60% in the moderate 
crop yield increase scenario and 71% in the high crop yield increase scenario. 
 
With respect to conventional crops, it may seem surprising that a relatively small 
percentage of the overall grain is assumed to be used for biofuel.  It should be kept in 
mind that this represents the starchy portion of the grain.  Other portions (such as protein 
in the form of distillers’ dry solids), have higher value uses (for example as animal feed).  
In the case of corn, the portion used for biofuel is about 6% in the baseline, 15% in the 
moderate crop yield increase scenario, and 20% in the high crop yield increase scenario. 
 
Key components of biomass from forests include logging and other residues, timber and 
other thinnings, mill residues, and urban wood residues.  In the baseline, 65% recovery is 
assumed for logging residues and 50% recovery for other residue removals, based on 
current technology and practice.  In future, these recovery factors are assumed to increase 
by one-fifth, to 78% and 60%, due to improved technology and collection methods.   
 
Thinnings, undertaken to reduce fire risks and hazards, are limited to areas with access to 
roads, areas that can be accessed without adverse impacts to soil and water, and areas that 
are on sufficiently flat terrain to be harvested economically.  Only 60% of the identified 
treatable areas are assumed to be accessible.  To limit site impacts, recovery in these 
areas is assumed limited to 85% of total material.  Material is assumed to be recovered on 
a 30-year cycle before any sites are re-entered.  Only 30% of overall material, such as 
tops, limbs and branches, is assumed to be residue available for biofuels, while 70% is 
assumed to be either sold as higher-value wood products or discarded as unsuitable. 
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Mill residues available for biofuels are assumed to be restricted to the relatively modest 
percentage that is not already used as fuel or products.  In secondary wood processing 
mills, about 40% is available for biofuel as 60% is used for products.  In primary wood 
processing mills, only 2% is available surplus for biofuel production, with somewhat less 
than half used for process energy and somewhat more than half going to wood products.  
In pulp and paper mills, virtually all the residue goes to process energy so none is surplus. 
 
Of urban wood residue, somewhat more than half is recovered (recycled), combusted for 
energy, or unusable, so that less than half is available for conversion to biofuels. 
 
 
4: Fuel Yield: How does the study estimate liters fuel produced per ton of feedstock? 
 
Study does not directly estimate liters of fuel per ton of feedstock, so values of 370 liters 
of ethanol per ton of conventional crop and 300 liters of ethanol per ton of residue were 
conservatively chosen pursuant to the following data: 
 
(S&T)2 Consultants Inc. and Meyers Norris Penny (2001).  An Evaluation of an 
Expanded Saskatchewan Ethanol Industry.  Saskatchewan Economic and Co-operative 
Development, Regina. 
Yield of 370 liters per ton is cited for wheat, rye and barley on pp. 13, 16, 20-22. 
Yield of 300 liters per ton is cited for lignocellulosic feedstock on p. 23. 
 
H. Shapouri, M. Salassi et al. (2006).  The Economic Feasibility of Ethanol Production 
from Sugar in the United States.  U.S. Department of Agriculture, Washington, DC. 
Yield of 98.21 gallons per ton of corn is noted on p. 17.  Times 3.7854 l/g = 372 l/ton. 
Yield of 1 gallon per 0.0101 tons is noted on p. 18, or 99 g/t.  Times 3.7854 l/g = 375 l/t. 
 
Directorate for Food, Agriculture and Fisheries, Committee for Agriculture, Working 
Party on Agricultural Policies and Markets (2006).  Agricultural Market Impacts of 
Future Growth in the Production of Biofuels.  Organisation for Economic Co-operation 
and Development (OECD), Paris. 
Yield of 1 ton ethanol per 3.20 tons coarse grain (presumably corn) cited on page 41. 
Yield of 1 ton ethanol per 3.49 tons wheat cited on page 41. 
Ethanol has a specific gravity of 0.789, 1 ton of ethanol occupies 1000/.789 = 1267 l. 
Then corn yields 1267 litres ethanol per 3.20 tons or 396 litres per ton. 
And wheat yields 1267 litres ethanol per 3.49 tons or 363 litres per ton. 
 
Energy and Resources Group and Goldman School of Public Policy, University of 
California at Berkeley (2006). EGR Biofuel Analysis Meta-Model.  Science.   
Summary table cites assumed biorefinery yields of 0.37 litres/kg (370 l/t) in studies by 
Patzek and Pimentel; 0.39 l/kg (390 l/t) in studies by Graboski, de Oliviera and Wang; 
and 0.40 l/kg (400 l/t) in studies by Shapouri and cites 0.40 l/kg as preferred assumption. 
Preferred assumption of 0.38 l/kg for ethanol from cellulosic feedstocks is also cited. 
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APEC BIOFUELS TASK FORCE 
ADDITIONAL PAPERS ON ECONOMICS AND RESOURCES 

 
 

This section of the Biofuels Task Force Report  presents additional papers that have 
relevance to both the economic costs of biofuels and the amounts of available biofuel 
resources. 
 
 
Life-Cycle Energy and Greenhouse Gas Emissions Impacts of Fuel Ethanol 
 
The first paper, prepared by Argonne National Laboratory in the United States, 
summarizes recent assessments of the net carbon emissions from different types of 
biofuels, relative to the net carbon emissions from conventional petroleum-based fuels.  
This paper relates to biofuel economics in the sense that incorporation of carbon values 
would boost the competitive position of biofuels in cost comparisons with conventional 
fuels.  Just as important, the paper relates to biofuel resources, in that the bulk of 
unrealized resource potential lies in lignocellulosic feedstocks such as farm and forest 
residues and grasses, which also have the greatest potential to reduce greenhouse gas 
emissions relative to the use of conventional fuels derived from crude oil. 
 
 
Biofuels and Rural Development: Examples from APEC Economies and Brazil 
 
The second paper, prepared by several Task Force members, provides some preliminary 
assessments of the benefits of biofuels for rural economies in the APEC region.  This 
relates to economics quite directly, in the sense of contributing to employment and 
income.  And by providing benefits to rural economies, biofuels also provide the stimulus 
that is required to expand the biomass resource base and to develop biofuels production 
from that base.    
 
 
Survey of Biofuels Data Collection in APEC: Summary Results 
 
The third paper, prepared in cooperation with the Expert Group on Energy Data and 
Analysis (EGEDA), provides a very brief summary of the status of biofuels data 
collection.  Few APEC economies collect systematic data on biofuel costs and production, 
which are needed in order to track our progress in expanding biofuel resources on a cost-
effective, market-driven basis. 
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Life-Cycle Energy and Greenhouse Gas Emission Impacts of Fuel Ethanol 
 

Michael Wang 
 

Center for Transportation Research 
Argonne National Laboratory 

mqwang@anl.gov 
 

Prepared for the APEC Biofuel Task Force 
 

March 26, 2007 
 
 
Introduction 
 
Of the countries using fuel ethanol, the U.S., Brazil, and China are three top fuel ethanol 
consuming countries. In 2006, the U.S. consumed 4.9 billion gallons of ethanol. In 2005, 
Brazil consumed about 4 billion gallons ethanol and China consumed about 340 million 
gallons. The chart below shows the historical ethanol use tend and the requirement of 
ethanol use in the future in the U.S. It is expected that the actual ethanol use in the near 
future in the U.S. will far exceed what is required in the 2005 Energy Policy Act.  
 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

M
ill

io
ns

 o
f g

al
lo

ns
/Y

ea
r

Historical Ethanol 
Use 

Energy Policy Act 
Requirements

Figure 1.  Historical Fuel Ethanol Use and the 2005 Energy Policy Act Fuel Ethanol Use 
Requirements in the United States 
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Life-Cycle Analysis of Fuel Ethanol 
 
It has been debated whether ethanol achieves energy and environmental benefits. Since 
1995, with support primarily from the U.S. Department of Energy’s (DOE’s) Office of 
Energy Efficiency and Renewable Energy (EERE), Argonne has been developing the 
GREET (Greenhouse gases, Regulated Emissions, and Energy use in Transportation) 
model. With the GREET model, Argonne has been examining energy and emission 
effects of fuel ethanol relative to petroleum gasoline.  
 
For a given vehicle and fuel system, GREET separately calculates the following.  
 

• Consumption of total energy (energy in non-renewable and renewable 
sources); fossil fuels (total of petroleum, natural gas, and coal); natural 
gas; coal; and petroleum. 

 
• Emissions of GHGs, including carbon dioxide (CO2), methane (CH4), 

and nitrous oxide (N2O). 
 
• Emissions of six criteria pollutants: volatile organic compounds 

(VOCs), carbon monoxide (CO), nitrogen oxides (NOX), particulate 
matter measuring less than 10 microns in diameter (PM10), particulate 
matter measuring less than 2.5 microns in diameter (PM2.5), and sulfur 
oxides (SOX). These criteria pollutant emissions are further separated 
into total and urban emissions.  

 
Figure 2 shows the coverage of the GREET model for life-cycle analysis. In the 
chart, the fuel-cycle analysis (or WTW analysis) is conducted by using the 
GREET 1 series, which covers energy feedstock recovery (e.g., crude oil 
recovery), energy feedstock transportation (e.g., crude transportation), fuel 
production (e.g., petroleum refining to gasoline and diesel), fuel transportation, 
and fuel use in vehicles. The chart also shows the vehicle-cycle analysis, 
conducted by using the GREET 2 series, which includes raw material recovery 
(e.g., iron ore mining), material production (e.g., steel production), vehicle part 
fabrication (e.g., engine production), vehicle assembly, and vehicle disposal and 
material recycling.      
 
For fuel ethanol analysis, GREET begins with production of agricultural chemicals such 
as fertilizers and pesticides and extends to vehicles using ethanol. Figure 3 shows the fuel 
ethanol production pathways that are included in GREET. Besides corn ethanol, GREET 
includes cellulosic ethanol with cellulosic biomass feedstocks comprising crop residues 
(e.g., corn stover and wheat straws), switchgrass, fast-growing trees (e.g., hybrid popular 
and willow trees), forest residues, and sugar cane. 
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Figure 2.  Life-Cycle Analysis of Vehicle/Fuel Systems with the GREET Model 
 
 

 
 
Figure 3.  Fuel Ethanol Production Options in the GREET Model 
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Of all the activities presented in Figure 3 for ethanol production pathways, the two that 
have the most significant effects on ethanol’s energy and emissions are farming and 
ethanol production. These two activities are discussed in detail below. 
 
Farming Activities 
 
For the corn to ethanol pathway, corn farming is a key activity affecting corn ethanol’s 
results. Corn farming requires a significant amount of fertilizer inputs. In addition, fossil 
energy is used to operate farming machinery, to pump water for irrigation, and to dry 
corn kernels.  
 
The United States has about 80 million acres of corn farms that produce more than 11 
billion bushels of corn per year. Figure 4 shows the planted acreage of major crops in the 
United States. As the figure shows, the total U.S. crop acreage peaked at 360 million 
acres in 1981. Since then, the number of acres planted for crops has gradually declined to 
319 million acres in 2006, thanks to the Conservation Reserve Program (CRP) and other 
U.S. Department of Agriculture (USDA) environmental protection programs.  
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Figure 4.  Planted Acreage of Major Crops in the United States 
 
It is worth noting that while corn ethanol production increased by almost 30 times 
between 1980 and 2006, the number of corn farming acres has been held steady — at 
around 80 million acres (Figure 4). One major reason is that the corn yield per acre has 
steadily increased. Over the past 100 years, the U.S. corn yield per acre has increased 
nearly eight times. However, the increase in per-acre corn yields before the 1970s 
resulted from increased application of chemicals, especially nitrogen fertilizer, to corn 
farms. While the high chemical inputs during that period helped increase per-acre corn 
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production, they did not help corn yield per unit of fertilizer input, which is directly 
related to corn ethanol’s energy and emission effects. 
 
However, since 1970s, the increase in the corn yield per acre has been achieved from an 
increase in corn productivity through better seed variety, better farming practices, and 
other agricultural measures. Between 1990 and 2005, corn yield per acre increased by 
42%, while nitrogen fertilizer application increased by only 2%, phosphorous and potash 
fertilizer application actually decreased, and lime application increased by 33%. Corn 
productivity, defined here as bushels/lb of all four chemicals, has increased 32% — from 
0.469 bushels/lb of chemicals to 0.618 bushels/lb between 1990 and 2005. 
 
Researchers and policymakers have been engaged in a discussion about possible sources 
of the additional corn that will be needed to meet the demand if the United States 
significantly increases its corn ethanol production. There are several alternatives. First, 
the existing 80 million acres of corn farms will continue to increase their per-acre yields. 
One conservative estimate of corn yield is about 160 bushels/acre, which will be reached 
in a few years. More optimistic estimates predict a yield of 180 bushels/acre by 2015. 
Thus, additional corn production from existing corn farms could be 800 to 1,600 million 
bushels of corn per year — providing enough corn for 2.24 to 4.48 billion gallons of 
ethanol production. Switching from other crops to corn and using some other lands (such 
as CRP lands) are other alternatives to further increase corn production. For example, the 
USDA recently maintained that an additional 10 million acres could be available for corn 
farming by 2010, increasing the total corn farming acreage to 90 million acres by 2010 
and providing at least 1.4 billion bushels of corn production.  
 
On the other hand, other cellulosic biomass feedstocks for ethanol production require 
very small amount of chemical and energy inputs. In the case of crop residues such as 
corn stover and wheat straws, some additional amount of fertilizer and pesticide will need 
to be applied after crop residues are removed from fields for the purpose of 
supplementing the nutrient losses associated with the removed crop residues. Also, fossil 
energy is required for collecting and transporting residues from fields to ethanol plants. 
 
In the case of farmed grass and trees, fertilizer and chemicals may be applied to enhance 
growth of biomass in managed farms. Energy will be required for collecting and 
transporting grass and wood trees from farms to ethanol plants. 
 
For forest residues, energy will be used for harvesting, stumping and transporting forest 
residues from forests to ethanol plants. 
 
Sugar cane farming requires fertilizers and pesticide. Fossil energy is used in planting, 
harvesting, and transporting sugar cane from farms to sugar cane mills. Open field 
burning is currently practiced in Brazil’s sugar cane farms before and after sugar cane 
harvest. These activities are taken into account in analyzing sugar cane ethanol’s energy 
and emission benefits. 
 

 64 
 



ADDITIONAL PAPERS 
 

 
Ethanol Production  
 
Corn Ethanol Plants 
 
Historically, corn ethanol plants are classified into two types: wet milling and dry milling. 
In wet milling plants, corn kernels are soaked in water containing sulfur dioxide (SO2), 
which softens the kernels and loosens the hulls. Kernels are then degermed, and oil is 
extracted from the separated germs. The remaining kernels are ground, and the starch and 
gluten are separated. The starch is used for ethanol production. 
 
In dry milling plants, the whole dry kernels are milled (with no attempt to remove 
fractions such as germs). The milled kernels are sent to fermenters, and the starch portion 
is fermented into ethanol. The remaining unfermentable portions are produced as 
distillers grains and soluables (DGS) and used for animal feed. In general, wet milling 
plants are much larger than dry milling plants. For example, several wet milling ethanol 
plants in the United States have an annual production capacity of about 150 million 
gallons; the annual capacity of dry milling plants has been about 50 million gallons until 
very recently. 
 
All corn ethanol plants that have come online in the past several years, and those that will 
come online in the next few years, are dry milling plants. The capacity of some of the 
new dry milling plants is 100 million gallons per year. Drying milling plants have been 
fueled primarily with natural gas. Process fuel costs are the second largest expense in 
ethanol plants (after corn feedstock). Because natural gas prices have skyrocketed in 
recent years, new plant designs are being developed that will reduce process fuel 
requirements or allow the use of process fuels other than natural gas. We established a 
current average and a 2010 average ethanol case to represent ethanol production of the 
whole industry now and in the future. Also, we evaluated corn ethanol plants with natural 
gas, coal, or wood chips providing steam for plant operation.  
 
Cellulosic Ethanol Plants 
 
In cellulosic ethanol plants, cellulose and hemi-cellulose go through hydrolysis to 
produce simple sugars for fermentation into ethanol. The lignin portion of the biomass 
can be used to generate steam and power for ethanol plant operation. In fact, based on the 
mass and energy balance in cellulosic ethanol plants, the power generated from lignin 
exceeds the power demand inside of ethanol plants, resulting in a net export of power 
from cellulosic ethanol plants.  
 
Sugar Cane Ethanol Plants 
 
Sugar juice from sugar cane is fermented into ethanol. Cane residues, the so-called 
bagasse, are burned in ethanol plants to generate steam and power. In the past, bagasse 
was burned to provide needed steam and power for sugar cane ethanol plant operation. In 
recent years, major efforts were made in Brazil’s sugar cane mills to generate power for 
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exporting to electric grids. Nowadays, sales of electricity by sugar cane mills is part of 
the key economic decisions for sugar cane mill operations. 
 
 
Life-Cycle Energy and GHG Emission Results 
 
Fossil Energy Balance   
 
Energy balance for a fuel is usually defined as the energy content of a unit of the energy 
product minus the fossil energy inputs used to make it. Calculations of fossil energy 
inputs include all key activities used in the production of the energy product. The GREET 
model can estimate energy inputs required to produce transportation fuels, including 
ethanol.  
 
Figure 5 presents energy balance results for different types of fuel ethanol together with 
gasoline. As the figure shows, gasoline has a negative energy balance because it begins 
with 1 million Btu of petroleum already embedded in it. On the other hand, all corn 
ethanol options have positive fossil energy balances. The fossil energy balance values for 
corn ethanol vary from 170,000 to 640,000 Btu per million Btu of ethanol, depending on 
type of process fuels used  in corn ethanol plants. Cellulosic ethanol has an even higher 
positive energy balance: from 790,000 to 900,000 Btu per million Btu of ethanol. Sugar 
cane ethanol yields a positive energy balance of 810,000 Btu. 
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Figure 5.  Energy Balance of Fuel Ethanol and Gasoline (energy balance here is defined 
as the energy content in a fuel minus fossil energy inputs of process fuels and 
feedstocks): Btu per million Btu of fuel 

 66 
 



ADDITIONAL PAPERS 
 

 
 
Why does corn ethanol have a positive energy balance while petroleum gasoline’s energy 
balance is negative? The difference is primarily caused by the definition of the energy 
balance calculations: the energy in an energy product minus the fossil energy used to 
produce that product. In the corn ethanol case, the feedstock for ethanol production is 
corn; the energy needed for corn plat growth (through photosynthesis) is solar (not fossil) 
energy. Solar energy is not considered in the energy balance calculation because solar 
energy is renewable and is not subject to resource depletion (unlike fossil energy). In the 
case of petroleum gasoline production, the feedstock is petroleum; the Btu in the 
petroleum used to produce gasoline is taken into account in the energy balance 
calculation. 
 
Energy balance for corn ethanol has been debated since late 1970s. Figure 6 summarizes 
energy balance results for corn ethanol from more than 25 studies over the past 27 years. 
As the chart shows, while more earlier studies showed negative energy balance for corn 
ethanol, most recent studies showed positive energy balance for corn ethanol. 
 
 

 
Figure 6.  Energy Balance of Corn Ethanol from Past Completed Studies 
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Greenhouse Gas Emissions  
 
Figure 7 presents the changes in GHG emissions for the 10 ethanol options relative to the 
results for petroleum gasoline. The 10 fuel ethanol options are arranged from the worst to 
the best in terms of GHG emissions. If coal is used as the process fuel in corn ethanol 
plants, the GHG emission reduction benefits of corn ethanol vanish. On average, corn 
ethanol reduces GHG emissions by about 20%.  
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Figure 7.  Life-Cycle Greenhouse Gas Emission Changes by Fuel Ethanol Relative to 
Gasoline 
 
 
For corn ethanol produced in plants fueled with natural gas, GHG emission reductions 
vary from 28%, so natural-gas-fueled corn ethanol offers distinct GHG emission 
reduction benefits. Furthermore, if DGS or biomass (such as wood chips) is used as a 
process fuel, corn ethanol could achieve 39–52% reductions in GHG emissions. However, 
cellulosic ethanol is — by far — the best option to reduce GHG emissions. When 
resource supply (corn versus cellulosic biomass) is taken into account, cellulosic ethanol 
is certainly the ultimate ethanol option, offering GHG reductions of 76-91%. On the other 
hand, sugar cane ethanol that is produced in Brazil and used in the U.S. results in 64% 
reductions in GHG emissions. 
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Biofuels and Rural Development: Examples from APEC Economies and Brazil 
 
Brazil 
 
One study showed that in 1997 the ethanol sector employed about 1 million people.  
Thirty-five percent of these jobs were temporary harvesting jobs employing many poor 
migrant laborers from the Northeast, but 65 percent were permanent. Moreover, the 
number of jobs in manufacturing and other sectors in Brazil created indirectly by the 
ethanol sector was estimated at 300,000.  Many of the jobs created are unskilled, and this 
situation offers an opportunity for increased income to poor rural people. And small 
farmers are not left out: some 60,000 small farmers produce about 30 percent of the 
sugarcane in Brazil.1

 
Indonesia 
 
The Indonesian government said that it will set aside one trillion Rupiah ($110 million) to 
help farmers pay interest on loans they take to plant more crops that can be used to 
produce biofuels. The Indonesian government hopes that increased investments in 
industries that produce energy from palm oil, sugar cane and jatropha will help create 
five million new jobs and cut government fuel subsidies. Indonesia is one of the leading 
producers of palm oil.”2

 
Malaysia 
 
“The plantation industry is a crucial part of the country’s development. Malaysia is a 
world leader in palm oil and natural rubber production and the cultivation of these crops 
is a major agricultural activity in the country. Apart from smallholders who depend on 
these commodities for their livelihood, there are also waged labourers employed by 
plantation companies. In 2005, an estimated 1,268,500 people were employed in the 
agriculture and fishery sector, which includes farm workers, plantation workers and 
forestry workers. Large segments of the population involved in the agriculture and 
plantation sector are poor.”3

 
Chinese Taipei 
 
Government statistics4 showed that the total cultivated land is about 835,000 hectares and 
the utilization rate is about 23.2% in 2004.  It’s estimated that 220,000 hectares of set-
aside land (two crops a year) can be used to produce soybean for biodiesel and sweet 
potato for ethanol that may create 880,000 new jobs in rural area.  In 2006, 15 farmers 
unions sighed contracts with a biodiesel producer to provide soybean from 1721 hectares 
of set-aside land as the feedstock. 
 

                                                 
1 http://www.ifpri.org/pubs/books/ar2005/ar2005_essay.asp
2 http://www.domain-b.com/industry/oil_gas/20060821_Biofuels.html  
3 http://www.wrm.org.uy/bulletin/105/Malaysia.html  
4 http://eng.coa.gov.tw
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United States 
 
Iowa: A January 2005 study conducted by two economists at Iowa State University, Paul 
Gallagher and Dan Otto concluded that Iowa’s developing ethanol industry benefits the 
state’s economy on many levels. The study found that Iowa’s 14 existing ethanol plants 
and 9 plants under development will contribute a total of $3.9 billion to the state’s 
economy once all plants are in production. It also found that the Iowa ethanol industry as 
a whole will contribute $16 million annually in state tax revenues and create a total of 
5,187 direct and indirect jobs within Iowa’s economy. 
 
A July 2005 report by the U.S. Department of Commerce ranked the Iowa economy as 
one of the fastest growing in the United States. A key factor benefiting Iowa and the 
economies of local communities is the fact that almost all of the ethanol industry’s corn 
and labor, plus 44% of other inputs, are purchased within the state. Clearly, the ethanol 
industry is well suited to Iowa and many other agricultural states. And the economic 
impacts in Iowa ripple throughout the state’s economy. $910 million in corn purchases 
are made annually and this impact is projected to increase each year.  More than $82.4 
million is expended on wages each year.  The ethanol industry purchases more than 
$161.6 million in ingredients for plant operations annually.  More than $203.7 million in 
energy is purchased each year, much of it provided by Iowa-based companies. About 
$2.40 is added to the value of each bushel of corn processed at the plants.5

 
Minnesota: Minnesota’s diverse crop and livestock production is well suited to ethanol 
production. Minnesota law requires that virtually all gasoline sold in the state contain 
10% ethanol. In 2005, Governor Tim Pawlenty proposed a requirement for the state to 
displace 20% of gasoline use with ethanol by 2010.  According to the Minnesota 
Department of Agriculture, the 14 ethanol plants operating in the state generate $1.36 
billion in total economic impacts, more than 5,300 jobs, and a local market for more than 
one-sixth of the corn produced by the state’s farmers.6

 
Nebraska:   A recent study by the Nebraska Ethanol Board provided an in-depth look 
into the benefits of ethanol production. In November 2005 eleven ethanol facilities in 
which $712 million was invested were operating in the state, with the capacity to produce 
534 million gallons of ethanol annually using over 205 million bushels of corn.  The net 
value of ethanol and feed co-products produced by these facilities exceeds $1 billion 
annually.  Thanks to ethanol production nearly 3000 jobs have been added in the state. At 
least 865 of those jobs are directly at the ethanol facilities themselves. The annual 
average payroll at the eleven facilities is well over $36 million, and that amount increases 
each year. Purchases by Nebraska ethanol facilities equate to nearly $483 million per year. 
Utility purchases by these facilities are more than $92 million dollars each year. Since 
electric power facilities in the state are publicly owned, these purchases keep electricity 
costs low for all residential and industrial consumers in the state.  The ethanol plans has 
boosted state income tax receipts $19 million, local property tax receipts by  $3.4 million, 

                                                 
5 http://www.ethanolacrossamerica.net/CFDC_EconImpact.pdf
6 http://www.ethanolacrossamerica.net/CFDC_EconImpact.pdf
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and payroll tax receipts by $2.5 million per annum. This tax impact increases each year 
as the plants invest additional capital in expanded capacity. 
 
Residents of Plainview, Nebraska, a small farming town of 1353 people, invested 
millions of dollars to build a 25 million gallon facility which brought 33 direct jobs and 
73 indirect and induced jobs. The average salary paid to employees of the plant 
significantly exceeds the county average.  By turning corn into ethanol, $3.10 is added to 
each of the 9.6 million bushels of corn that make their way through the plant each year. 
That equates to almost $30 million dollars being added to the income of local farmers 
each year.  In a recent year, $128,772 in property tax was paid to Pierce County by the 
ethanol facility, thereby boosting revenue for essential services in this rural county.7

 
South Dakota:  The start of ethanol production at the James Valley Ethanol plant in the 
spring of 2003 has boosted employment and population in the town of Groton, South 
Dakota. The plant produces nearly 50 million gallons per year of ethanol from locally 
produced corn. Groton now boasts a population of more than 1,300 residents which 
includes families of employees attracted to quality jobs at the new plant.8  
 
 
 
 
 
 

                                                 
7 http://www.ethanolacrossamerica.net/CFDC_EconImpact.pdf
8 http://www.ethanolacrossamerica.net/CFDC_EconImpact.pdf
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Biofuel Data Collection in APEC Economies 

 
The following questionnaire, prepared by the Biofuels Task Force, was sent out to 
members of the APEC Expert Group on Energy Data and Analysis (EGEDA) in late 
2006: 
 
  

BIOFUEL DATA QUESTIONNAIRE  
FOR APEC ECONOMIES 

 
I. What kinds of data on the QUANTITY of biofuels are collected in your economy? 
 
I. A. How frequently are quantity data collected? 
 
Data on Quantity of Biofuels Supplied Not collected Annual Quarterly Monthly
Total Biofuel Supplied to the Economy     
Production of Biofuel in the Economy     
Imports of Biofuel into the Economy     
Exports of Biofuel from the Economy     
   
I. B. How fuel-specific and feedstock-specific are the quantity data? 
 
Data on Quantity of Biofuels Supplied Total Amount By Fuel Type By Feedstock
Total Biofuel Supplied to the Economy    
Production of Biofuel in the Economy    
Imports of Biofuel into the Economy    
Exports of Biofuel from the Economy    
 
II. What kinds of data on the PRICES of biofuels are collected in your economy? 
 
II. A. How frequently are price data collected? 
 
Data on Price of Biofuels Supplied Not collected Annual Quarterly Monthly
Total Biofuel Supplied to the Economy     
Production of Biofuel in the Economy     
Imports of Biofuel into the Economy     
Exports of Biofuel from the Economy     
 
II. B. How fuel-specific and feedstock-specific are the price data? 
 
Data on Quantity of Biofuels Supplied Total Amount By Fuel Type By Feedstock
Total Biofuel Supplied to the Economy    
Production of Biofuel in the Economy    
Imports of Biofuel into the Economy    
Exports of Biofuel from the Economy    
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III. What data on fuel-flexible vehicles and biofuel filling stations are collected? 
 
III. A. How frequently are such data collected? 
 
Data on FFVs and Filling Stations Not collected Annual Quarterly Monthly
Number of Fuel-Flexible Vehicles Sold     
Number of Biofuel Filling Stations     
 
III. B. How fuel-specific and vehicle-type-specific are the data? 
 
Data on FFVs and Filling Stations Total Number Only By Fuel or Vehicle Type
Number of Fuel-Flexible Vehicles Sold   
Number of Biofuel Filling Stations   
 
Fifteen APEC economies responded to the questionnaire:  Brunei Darussalam, Canada, 
China, Hong Kong, Indonesia, Japan, Malaysia, New Zealand, Peru, Philippines, Russia, 
Singapore, Chinese Taipei, United States, and Viet Nam.  Of these, only four collect 
official biofuels data. 
 
With respect to the quantity of biofuels: 

• Canada collects monthly data on total imports and exports, as well as ad-hoc data 
from time to time on supply by fuel type and production by feedstock.  

• Philippines collects annual data on supply, production and exports by fuel type. 

• Russia collects annual data on quantities of firewood produced for heating. 

• United States collects monthly data on production and imports by fuel type. 
 
With respect to biofuel prices: 

• Philippines collect quarterly data on prices of biofuel supplied by fuel type. 

• Canada and United States do not collect data on biofuel prices. 
 
With respect to fuel-flexible vehicles and infrastructure: 

• Canada collects annual data on the number of fuel-flexible vehicles sold by 
vehicle type and the number of biofuel filling stations by fuel type. 

• Philippines collects annual data on the total number of biofuel filling stations. 

• United States collects annual data on the number of fuel-flexible vehicles by 
vehicle type. 

 
It may be that biofuels associations in various economies collect some biofuels data as 
well.  However, it certainly appears that biofuels data collection is limited in both scope 
and frequency, even in some APEC economies where biofuel markets are growing 
rapidly.  The APEC Energy Working Group may therefore wish to encourage more 
systematic biofuels data collection. 
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APEC BIOFUELS TASK FORCE 
EXECUTIVE COMMITTEE 

 
AUSTRALIA 
Ms. Naomi Ashurst 
Minerals & Fuels Branch, Resources Division 
Department of Industry, Tourism & Resources 
GPO Box 9839, Canberra ACT 2601   
e-mail: naomi.ashurst@industry.gov.au
Phone:  +61 (2) 6213 7926 (TBC) 
Fax:  +61 (2) 9416 9246 (TBC) 
 
 
CANADA 
Mark Stumborg, P.Eng. 
Head, Applied Science 
Agriculture and Agri-Food Canada 
1 Airport Road, Box 1030 
Swift Current, SK S9H 3X2 
e-mail: stumborgm@agr.gc.ca
Phone: +1 (306) 778-7261 
Fax: +1 (306) 778-3188 
 
 
CHILE 
Carlos Fernandez, PhD, MBA 
Director of Strategic Studies 
Foundation for Agriculture Innovation 
Ministry of Agriculture 
Loreley 1582, La Reina, Santiago 
e-mail carlos.fernandez@fia.gob.cl 
Phone: + 56 (2) 431-3013 
Fax.  +56 (2) 431-3064 
 
 
CHINA 
Mr. LIANG Zhipeng 
Deputy Director 
Division of Renewable Energy and Rural Electricity 
Energy Bureau, National Development and Reform Commission 
38 S. Yuetan Street, Beijing 100824 
e-mail: liangzp@ndrc.gov.cn 
Phone: +86 (10) 6850-1445 
Fax: +86 (10) 6850-1857 
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HONG KONG, CHINA 
Mr. Carl LAM 
Senior Engineer 
Electrical and Mechanical Service Department 
Hong Kong Special Adminsitrative Region Government 
3 Kai Shing Street 
Kowloon, Hong Kong 
e-mail: carllam@emsd.gov.hk
Phone: +85(2) 2808-3159 
Fax: +85(2) 2890-6081 
 
 
INDONESIA 
Dr. Andi Novianto 
Assistant to Deputy Minister for Energy, Mineral Resources and Forestry 
Coordinating Ministry for Economic Affairs 
Main Building Fifth Floor 
Lapangan Banteng Timur No. 2-4 
Jakarta 10710 
e-mail: novianto@ekon.go.id
Phone: +62 (21) 350-0901 
Fax: +62(21) 352-1967 
 
 
JAPAN 
Observer: 
Mr. Hiroyuki Kato 
Deputy Director  
New Energy and Industrial Technology Development Organization (NEDO) 
18F MUZA Kawasaki 1310 Omiya-Cho,  
Saiwai-ku Kawasaki City,  
Kawasaki 212-8554  
e-mail: katohhry@nedo.go.jp
Phone: +81-44-520-5190  
Fax: +81-44-520-5193   
 
Alternate: 
Mr. Ken Johnson 
Advisor 
New Energy and Industrial Technology Development Organization  (NEDO) 
18F MUZA Kawasaki 1310 Omiya-Cho,  
Saiwai-ku Kawasaki City,  
Kawasaki 212-8554  
e-mail: k-johnson@nedo.go.jp
Phone: +81-44-520-5190   
Fax: +81-44-520-5193   
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KOREA 
Mr. KiJune KIM 
Director, New & Renewable Energy Division 
Energy and Resources Development office 
Ministry of Commerce, Industry, and Energy  
1 Joongang-dong, Gwacheon-si,  
Gyunggi-do 427-723 
e-mail: kkj@mocie.go.kr
Phone: +82 (2) 2110-5402 
Fax: +82 (2) 2110-5405 
 
Alternate: 
Mr. Jin-Suk LEE 
Principal Researcher, Bioenergy Research Center 
Korea Institute of Energy Research 
71-2, Jang-dong, Yusong-gu,  
Daejeon, 305-343 
e-mail: bmjslee@kier.re.kr
Phone: +82 (42) 860-3553 
Fax: +82 (42) 860-3739 
 
 
MALAYSIA 
Mr. Au Leck CHAI 
Undersecretary 
Development of Oils and Fats Industries Division 
Ministry of Plantation Industries and Commodities 
Aras 6-13, Lot 2G4, Precint 2 
Pusat Pentadbiran Kerajaan Persekutuan 
62654, Putrajaya 
e-mail: auleck@kppk.gov.my
Phone: +60 (3) 8880-3300 
Fax: +60 (3) 8880-3382 
 
Alternate:  
Ms. Norhana Abdul Majid 
Principal Assistant Secretary 
Development of Oils and Fats Industries Division 
Ministry of Plantation Industries and Commodities 
Aras 6-13, Lot 2G4, Precint 2 
Pusat Pentadbiran Kerajaan Persekutuan 
62654, Putrajaya 
e-mail: norhana@kppk.gov.my
Phone: +60(3) 8880-3300 
Fax: +60(3) 8880-3382 
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MEXICO 
Mr. Diego Arjona-Arguelles 
Director General  
Research, Technology Development and Environment 
Secretariat for Energy (SENER) 
890 Insurgentes Avenue, 12th floor, 
Colonia Del Valle, CP. 03100, Mexico City 
e-mail: darjona@energia.gob.mx
Phone: +52 (55) 5000-6000 
 
Alternate: 
Mr. Juan C. Mata Sandoval 
National Commission for Energy Savings (CONAE) 
Rio Lerma 302 (1er Piso) Col. Cuauhtemoc 
Deleg. Cuauhtemoc C.P. 06500, Mexico City 
e-mail: jmata@conae.gob.mx
Phone: +52 (55) 3000-1001 
Fax: +52 (55) 3000-1003 
 
 
NEW ZEALAND 
Mr David Natusch 
Managing Director 
Resource Development Limited 
PO Box 21 
Hunterville, Rangitikei 
e-mail: dnatusch@ihug.co.nz 
Phone: +64 (6) 322 8773     
Fax:  +64 (4) 565 0461 
 
 
CHINESE TAIPEI 
Dr. Hom-Ti Lee 
Deputy Director, New Energy Technology Divison 
Energy and Environment Research Laboratories 
Industrial Technology Research Institute 
Room 309, Building 64 
195, Section 4, Chung Hsing Road 
Chutung, Hsinchu, Taiwan 310 
e-mail: HTLee@itri.org.tw
Phone: +886 (3) 591-6293 
Fax: +886 (3) 582-0030 
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Alternate: 
Dr. Fanghei Tsau 
Director, New Energy Technology Division 
Energy and Environment Research Laboratories 
Industrial Technology Research Institute 
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Department of Alternative Energy Development and Efficiency (DEDE) 
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Phone: +66 (2) 225-9760 
Fax: +66 (2) 224-9280 
 
Alternate: 
Dr. Boonrod Sajjakulnukit 
Department of Alternative Energy Development and Efficiency (DEDE) 
17 Rama 1 Road, Kasatsuk Bridge 
Bangkok 10330 
e-mail: boonrod_s@dede.go.th
Phone: +66 (2) 225-7324 
Fax: +66 (2) 223-4318 
 
 
UNITED STATES 
Jeffrey Skeer 
Office of Policy and International Affairs 
U.S. Department of Energy 
1000 Independence Ave., S.W. 
Washington, D.C. 20008 
e-mail: jeff.skeer@hq.doe.gov
Phone: +1 (202) 586-3662 
Fax: +1 (202) 586-0013 
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Dr. Yonghun Jung, Vice President 
Asia Pacific Energy Research Centre 
Inui Building Kachidoki 16F 
1-13-1 Kachidoki 
Tokyo 104-0054, Japan 
e-mail: jung@aperc.ieej.or.jp
Phone: +81 (3) 5144-8537 
Fax: +81 (3) 5144-8555 
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Dr. Cary Bloyd, Chair 
APEC Expert Group on New and Renewable Energy Technology 
Argonne National Laboratory 
14905 Notley Road 
Silver Spring, MD 20905, USA 
e-mail: bloyd@anl.gov
Phone: +1 (301) 651-8899 
Fax: +1 (301) 388-0537 
 
 
BRAZIL (By Invitation of the Energy Working Group) 
Claudia Vieira Santos 
First Secretary and Chief, Ethanol Division 
Ministry of External Relations 
Palacio Itamaraty 
Esplanada dos Ministerios, Bloco H 
Brasilia, DF, Brazil 
e-mail: csantos@mre.gov.br
 
Alternate: 
Ms. Carla Barroso Carneiro 
First Secretary, Embassy of Brazil 
11-12, Kita-Aoyama 2-chome, Minato-ku 
107-8633 Tokyo, Japan 
e-mail: carla@brasemb.or.jp
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APEC BIOFUELS TASK FORCE TERMS OF REFERENCE 

Approved by the APEC Energy Working Group 
(31st Meeting, Singapore,  May 2006) 

 
 
1. Preamble 
 
Biofuels could have very large advantages for APEC economies in terms of both energy 
security and the environment, since they have the potential to diversify fuels away from 
oil and since their life-cycle of production and use can emit much less carbon than oil.  
Consequently, expanded use of biofuels is anticipated in the APEC Energy Security 
Initiative (ESI) and Action Plan and by recent Energy Ministers’ Meetings.   
 

(a) The ESI Implementation Plan, endorsed by Leaders in October 2003, calls for 
member economies and the APEC Energy Working Group to “continue to 
develop projects which contribute to non-petroleum and longer-term responses to 
energy security and which recognize the close link between energy security and 
sustainable development, including …alternative fuels…”  The ESI Action Plan, 
also endorsed by Leaders in October 2003, calls for APEC members to “facilitate 
investment in clean and more efficient energy infrastructure and technology.”   

 
(b) The sixth Energy Ministers Meeting, EMM6, which took place in Manila in June 

2004, called for “accelerated cooperation on the development of alternative 
transportation fuels.”  Accordingly, a biofuels collaborative has been established 
under the APEC 21st Century Renewable Energy Development Initiative.   

 
(c) The seventh Energy Ministers Meeting, EMM7, which took place in Gyeongju, 

Korea in October 2005, “agreed that effective responses to high and increasingly 
volatile oil prices require a broad range of supply and demand-side measures . . . 
including vehicle fuel efficiency and alternative transport fuels.”  Accordingly, 
energy ministers directed the Energy Working Group “to develop practical 
measures to enhance cooperation supporting the development of alternative 
transport fuels, including the establishment of a Biofuels Task Force.”  Leaders, 
meeting in Busan, Korea in November 2005, encouraged this initiative. 

 
 
2. Objective of the Biofuels Task Force 
 
The main objective of the Biofuels Task Force is to help APEC member economies better 
understand the potential for biofuels to displace oil in transport.   The Task Force should 
aim to report substantive conclusions to the Energy Working Group for appropriate 
consideration by future meetings of energy ministers, beginning with the eighth Energy 
Ministers Meeting, EMM8, to be held in Australia in May 2007.  The Task Force should 
focus on joint analysis of key issues affecting the potential of biofuels, including:  
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(a) Economics: the costs of producing transport fuels from different forms of biomass, 
in comparison to the projected costs of automotive fuels produced from oil; 

 
(b) Infrastructure: infrastructure requirements for adapting fueling stations to biofuels, 

the cost of meeting such requirements, and how fast adaptations should be made; 
 

(c) Vehicles: practical measures for promoting fuel-flexible vehicles that are biofuel-
capable, and how fast such vehicles can be expected to penetrate the market; 

 
(d) Resources: the likely extent of biofuel resources, in terms of land that might 

available to cultivate crops for biofuel production and associated biofuel output; 
 
(e) Trade: the potential benefits of trade in biofuels, in view of the fact that biofuels 

can be produced from a variety of crops at different costs across the APEC region.  
 
3. Background for the Biofuels Task Force 
 

(a) Economics: At crude oil prices above $50 per barrel, there is major potential for 
biofuels such as ethanol and biodiesel to cost-effectively displace petroleum fuels 
in automotive transport, using biofuel production technology already available.  
As oil prices increase and biofuel technology develops, the potential may grow. 
Accordingly, sizeable commitments are being made to biofuels in several APEC 
economies.  In addition, biofuels may substantially reduce emissions such as 
carbon dioxide, enhancing their value if environmental costs are considered.  

 
(b) Infrastructure: Widespread use of ethanol and other biofuels would require 

modifications to traditional petrol filling stations that road vehicles use.  Since the 
number of filling stations is large, the cost and time required to accommodate the 
fuel distribution infrastructure to biofuels would be substantial.  Decisions about 
where and how rapidly to modify the distribution infrastructure will thus have a 
real impact on the practical pace at which biofuels use can expand. 

 
(c) Vehicles: Fuel-flexible vehicles can be manufactured at little or no additional cost 

relative to conventional vehicles.  However, vehicle fleets can take up to two 
decades to turn over.  Accelerated uptake of fuel-flexible vehicles on the road 
could thus greatly enhance the short-term ability of APEC economies to switch 
between oil-based fuels and biofuels for transport according to market conditions. 

 
(d) Resources: Substantial displacement of petroleum-based fuels by biofuels would 

necessarily require the cultivation of very large amounts of land.  This could be land 
used in addition to, in place of, or in complement to traditional agricultural crops.  
Depending on how fast biofuels develop, and the types of crops used to produce 
biofuels, land use limitations could constrain long-term biofuels development.  Yet 
development of cellulosic ethanol production techniques will also make large 
amounts of agricultural waste available as feedstocks, countering such limitations. 
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(e) Trade:  Biofuels can be produced from a variety of crops, including but not 
limited to corn, sugar cane, cassava, palm oil and other cellulosic crops.  Because 
such crops can be grown in a broad range of APEC economies, and because the 
costs of land, capital and labour vary widely across the APEC region, there are 
likely to be major opportunities for trade in biofuels as markets for biofuels 
develop over time. 

 
 

4. Activities of the Biofuels Task Force 
 

(a) Economics:  Build consensus in the EWG and across APEC economies on the 
current and prospective cost paths of various biofuel technologies, as well as the 
comparative cost of biofuels and conventional automotive fuels over time.  Use 
recent reports by APEC economies, International Energy Agency and Future 
Fuels Foresighting Project (of the EWG and Industrial Science and Technology 
Working Group), as well as work under Collaborative XI of the 21st Century 
Renewable Energy Development Initiative, as points of departure for the cost 
analysis.  Summarize results for Expert Group on New and Renewable 
Technologies, EBN, EWG and APEC energy ministers, with discussion of results 
by each group.  Disseminate agreed results to policymakers, leaders and public.  

 
(b) Infrastructure:  Assess the costs of adapting fuel transmission and distribution 

infrastructure in APEC economies to make biofuels available to businesses and 
consumers, as well as the cost-effectiveness of adapting the infrastructure to 
biofuels at various rates.  Evaluate infrastructure adaptation costs per unit of 
infrastructure, such as costs per filling station, and multiply by the estimated units, 
such as number of stations, to arrive at economy-wide and region-wide 
assessments of the adaptation costs.  Analyse costs and benefits of alternative 
strategies for modifying infrastructure to accept biofuels, such as focusing 
initially on densely populated urban areas and gradually proceeding toward less 
densely populated areas over time. 

 
(c) Vehicles:  Evaluate policy options for accelerating the uptake of fuel-flexible, 

biofuel-capable vehicles in APEC economies.  Assess the fuel-switching 
capability that could evolve as automobile stocks turn over and conventional 
petrol-only vehicles are gradually replaced with fuel-flexible vehicles as new 
vehicles are purchased.  Disseminate information on the potential benefits of fuel-
flexible vehicles to automobile manufacturers, policymakers, mass media and the 
general public. 

 
(d) Resources:  Assess the land and other resources requirements for replacing 

different amounts of conventional petroleum fuel with different kinds of biofuels 
under different soil and weather conditions.  Evaluate possible constraints on the 
expansion of biofuels markets due to limits on land and resource availability, as 
well as strategies for joint production of food crops and biofuels on the same land 
that might help to ease such constraints. 
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(e) Trade:  Assess the economic benefits of trade in biofuels across the APEC region, 

in terms of prospects for enhanced GDP, employment and balance of payments.  
Study how standards for biofuels could enhance biofuel trade opportunities. 

 
 

5. Anticipated Benefits of Biofuels Task Force Activities 
 

(a) Economics:  Improve understanding of the economic potential of biofuels to 
displace oil and reduce greenhouse gas emissions across the APEC region. 

 
(b) Infrastructure:  Improve understanding of the pace at which infrastructure can 

practically be modified to accommodate biofuels, associated constraints on the 
pace at which biofuels are likely to penetrate the market, and ways to alleviate the 
constraints. 

 
(c) Vehicles:  Improve understanding of the pace at which fuel-flexible vehicles are 

likely to penetrate the market, associated constraints on the volume of biomass 
fuel use, and means of accelerating the market penetration of fuel-flexible 
vehicles. 

 
(d) Resources:  Improve understanding of the land and other requirements for biofuel 

production, associated constraints on the pace and degree of biofuels expansion, 
and practical measures that might be taken to encourage biofuels production. 

 
(e) Trade:  Improve understanding of how trade in biofuels can benefit the APEC 

region and how technical standards for biofuels can promote such trade. 
 
6. Organisation of the Biofuels Task Force 
 
Each APEC economy, through the Energy Working Group, is invited to name one 
member and one alternate member to the Executive Committee of the Biofuels Task 
Force, which will oversee the activities of the Task Force, will elect a chair and vice chair, 
and will be responsible for reporting the conclusions of the Task force to the Energy 
Working Group and Energy Ministers.  The Task Force will serve for an initial term of 
three years, to be subject to renewal by the Energy Working Group.  In addition, APEC 
economies are invited to nominate experts to participate in each of several Task Groups, 
to be formulated along the lines of the activities described above.  It is anticipated that 
Task Group members will include not only energy policy experts, but also policy experts 
in industrial technology, transport, agriculture and trade.  
 

(a) Task Group on Biofuel Economics 
(b) Task Group on Biofuel Infrastructure 
(c) Task Group on Biofuel Vehicles 
(d) Task Group on Biofuel Resources 
(e) Task Group on Biofuel Trade 
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