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Bioenergy Update
A Biofuels/Biorefinery Development Report Card

Introductio n

Based on a review of bioenergy research and emerging technologies, we reported in March
2006 that a great deal of new technology was in various stages of development that had the
potential to dramatically transform rural economies within the relativelr future. We also
indicated that biomass energy offered considerable opportunity for owners and managers of
MinnesotaOs farms and forests, with production of liquid transportation fuels offering the greatest
potential. In August 2007, after a more ewdi@e look at bioenergy research and development
globally, we again described bioenergy assabstantial opportunity foMinnesota, and
particularly for production of both liquichiofuels and biochemicafs. We also discussed the
biorefinery concept® a vision of a network of integrated manufacturing plamapable of
producinga variety ofenergy, chemical, and fiber products from wood and other forms of
biomass this is an idea that has been explored by scientists for at least 90 years, aggressively
purszued by commercial interests in northern Europe since thel@8ds, and more recently
promoted and financed by governments worldwide.

Despite the reality that biodiesel was made from pulping liquor in Germany as long ago as 1920,
wood-derived ethanol wasxtensively produced in Europe in the 1940s, and a wide range of
chemicals and energy have been produced from woody biomass by pulp and paper mills
worldwide for the better part of a century, commercialization of technologies needed for-present
day biorefnery viability remains elusive. Is it all just a dream that will never be realized? When
might technical and economic feasibility of second generation fuels occur? What products are
likely to go into largescale commercial production first? These afevaof the questions that
people are asking regarding the likely future of biochemicals and second generation biofuels
production.

This report examines the current status of second generation biofuels and biorefinery
development globally, and in North Amiga and the Upper Midwest in particular. We begin by
looking at current uses of biomadsrived energy in various parts of the world, regional trends,
and national and regional priorities for development of transportation biofuels vs. other forms of
bioenergy. We then focus on progress toward second generation fuels and biochemicals and
nearterm prospects for biorefinery commercialization. Our review reveals considerable
technological progress, current production of a number of biofuel and biochenudatis on

pilot and limited commercial scales, and optimism that laggde commercialization of at least
portions of the biorefinery concept is not far away.

Bowyer, J., J. Howe, and K. Fernholz. 2006. Biomass Ernefpm Farms to Fores&és Emerging
Opportunity for Rural America. Dovetail Partners, Ma?&h
(http://www.dovetailinc.org/documents/DovetailBioenergy03068. pdf

2 Bowyer, J., and Ramaswamy, S. 2007. An Assessment of the Potential for Bioenergy and Biochemicals
Production from ForedDerived Biomass in Minnesota. Dovetail Partners, Inc., August 29.
(http://www.dovetailinc.org/reports/pdf/BlandinlRRBioenergy P@82 907 yf.pdf
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Biofuels Within the Context of Bioenergy Development Globally

Biofuels and biochemicalsethnology development and production continue to be driven by
government funding of research and development and by a range of incentives and mandates.
These tools are being used by governments worldwide in an attempt to reduce reliance on fossil
fuels a chemicals derived from petroleum, while also reducing carbon emissions.

Currently, firstgeneration biofuels production is generally rewarded through investment and
production credits at the same time that a portfolio of research and development, suppo
incentives, mandates, and investment credits are being used to bring about progress toward
production of secondeneration biofuels and biochemicals. The greatest public sector support
for biofuels and biochemicals development exists in the more ecoalbndeveloped countries,

with greater emphasis on other forms of bioenergy in the lesser developed countries.

United States

The Federal Renewable Fuel Stand@/&EPA 2009a,bjirives much of the activity within the

U.S. relative to biofuels developnterinder requirements of ith standard,the volume of
renewable fuel to be blended into gasoline rises from 9 billion gallons in 2008 to 36 billion
gallons by 2022. Targets call fttre production of conventional ethanol to increase to 15 billion
gallonsper year by the year 2016, with advanced biofuels production about 7.25 billion gallons
in that year. The federal standard also requires further increases in the production of advanced
biofuels, such as cellulosic ethanol and biortzssed diesel, to rela@0 billion gallons annually

by 2022(Figure 1) These goals are tempered by a reGeypartment of Energy assessment that
concluded that the U.S is unlikely to attain the 36 billion gallon target.

Figure 1
Biofuel Targets Under the U.S. Renewable Fuels
Standard
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Source: U.S. Energy Independence and Security Act of 2007 (H.R. 6)

Sharp increases in U.production of firstgeneration ethanol since 2004, almost all from corn
starch, resulted in production levels by the end of 2008 that were on target, approximating 9
billion gallons from 170 production facilities (Figure 2); domestic production plusmyzirts

brought ethanol consumption as a percent of gasoline consumption to an estimated 7 percent in
2008, up sharply since 2000 (Figure 3). The United States is now the worldOsfezlicgr

of ethanol, having recently surpassed Brazil in this regdrderestingly, the United States

Brazil and Germany togetherow account for over half of biodiesel and more thanety
percentof bioethanol productioglobally.
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Figure 2
Ethanol Production in the United States,
1980-2009
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Figure 3
Ethanol Consumption in the United States as a
Percent of Gasoline Consumption, 1980-2008
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Source: Renewable Fuels Association (2008) and Energy
Information Administration (2009).

Domestic biodiesel prodtion, which has been running ahead of targets as established in the
Renewable Fuel Standard, reached an estimated 700 million gallons in 2008 from 173 production
facilities. However, a sharp decline is projected for 2009, the result of a loss of Eueapedn
markets due to antilumping actions on the part of the E.U. and dropping diesel prices (Figure
4).

A number of separate governmental initiatives are intenddactlitate attainment of goals as
established in the Renewable Fuel Standarch ashe Biomass Research and Development
Initiative of the US Departments of Energy and Agriculture (January 2@fh measures,

when combined with numerous other federal measures and separate initiatives in a number of
states aimed at biofuels and biochensi¢achnological advancement and private investment, are
likely to provide powerful incentives for continued development leading toward establishment of
a network of biorefinerie¥.

% Unfortunately, it is also likely that prices in established biomass markets will increase, and especially for
woody biomass products such as pulpwood and hog fuels with potentially substantial negative impacts on
established wad products manufacturers.
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Figure 4
Biodiesel Production in the United States,
2000-2009
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Source: National Biodiesel Board (November 2009); Davis (May 2009).

A new wrinkle developed in the nationaldfuels effort in May 2009 when the Environmental
Protection Agency issued a draft rule reaffirming government support for iadreas of
advanced biofuels. Following the lead of the E.U., the ERA mdicated intent, for the first
time, to measure abon dioxide emissions from alternative motor fueldnder thedraft rules,
manufacturers otornbased ethanol will have to demonstrate tingir productsdeliver full
lifecycle greenhouse gas emission savings of 20 per cent compared to the fogsieplates
Otherbiomassbased fueland cellulosic biofuelsvill have tosave50% and60%, respectively.
Whether such rules will serve to limit future development remains to be seen.

One factor thats likely to inhibit biofuels development is theeusf substantial quantities of
biomass for production of energy products other than biofdgtsoducts such as biomass
derived electricity, fuel pellets, and lepvessure steam for district heatthgWhile volumes at

this point are relatively modest, gvth is rapid. For example, about 1.8 million tons of fuel
pellets, mostly from wood and mostly for export markets, were produced in 2008, a quantity
more than 2.5 times greater than just four years earlier (Table 1).

Energy products such as biomalssived electricity and fuel pellets also benefit from a variety

of incentives. Biomass to electricity, for instance, is encouraged through direct subsidies of as
much as 2.1 cents per kilowatt hour, while production of both biomass electricity and fusl pelle

are supported by measures such as the 2008 Biomass Crop Assistance Program (BCAP) under
which payments are made to those delivering biomass to biomass energy products producers.

Canada

As in the United States, Canada has adopted a biofuels mandae Canadan measure
specifies 5% and 2% renewable content in gasoline and diesel fuel, respectively, by 2010.
Several provinces have adopted higher targets. Manitoba recently became the first province to
mandate biodiesel blends, requiring a minimurpe2cent blend beginning November 1, 2009.
National renewable fuels targets are supported by what is known acdBENERGY for
Biofuels program The initiative is funded by up to CCHY.5 billion over 9 years Additional

* Bratkovich, S., Bowyer, J., Howe, J., Fernholz, K., and Lindburg, A. 2@@@nmunityBased Bioenergy
and District Heating: Benefits, Challenges, Opportunities and Recommendations for Woody Biomass.
Dovetail Partners, m, April 22. (http://dovetailinc.org/files/DovetailDistHeat0409.pdf
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funding is available to supportrgouction of liquid biofuels by farmers and largeale
demonstration facilities for secomgeneration biofuels production.

The ecoENERGY initiative providesperating incentives to producers of renewable alternatives
to gasoline and diesahd makes investment in production facilities more attractive by partially
offsetting the risk associated with fluctuating feedstock and fuel priceSs in the U.S,,
continued development activity is likely.

Rapid growth of production of other forms of biomass energgluding biomasslerived
electricity and fuel pellets, complicates the biofuels picture. Various incentives provided by
government entities at the federal and provincial level are helping to drive this development.

Europe

In 2003 the European Unicedopted a goal of 5.75% biofuels in road transport fuel by 2010.
While this goal and accompanying incentives have served to stimulate biofuels production
(Figures 5 and 6) and consumption it appears that the EU will fall short of the 2010 goal (Figure
7).

Figure 5
EU Ethanol Production, Production Capacity,
and Number of Plants, 2006-2010
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Source: U.S.D.A. Gain Report NL9014 (2009).

New goals for renewable fuels production have been established as part of 2009 EU Climate
Change legislation. The newest measure calls for an overall 20 percent share for renewable
energy in the EU energy mix, with pant this 20 percent share to be realized in the form of at
least 10 percent renewable energy in transport. Biofuels per se are not specified (meaning that
biomasselectricity powered vehicles would count toward the goal), but given present
momentum in bituels development, a significant portion of the renewable target is likely to be
satisfied in this way. A recent stipulation to biofuels targets is that GHG emissions associated
with production and use of such fuels must be at least 35% lower than Sibrfdets, and by

2017 50% lower (and 60% for new installations). Moreover, biofuels may not be made from raw
materials obtained from land with high biodiversity value, including forests or other wooded
land. Continuously forested areas are also excladed source of raw materials for biofuels
production. An interesting caveat is that second generation fuels meeting the above guidelines
will count double toward renewable energy goals, while renewable energy used to power
transport vehicles will be coted by a factor of 2.5.

DOVETAIL PARTNERS, INC. www.dovetailinc.org
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Figure 6
EU Biodiesel Production, Production Capacity,
and Number of Plants, 2006-2010
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Source: U.S.D.A. Gain Report NL9014 (2009).

Figure 7
EU - Total Biofuels as a Percent of
Transportation Fuels, 2006-2010
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Source: U.S.D.A. Gain Report NL9014 (2009).

Although both the U.S. and EU are pursuing biofuels development, such development looks
quite different on the two sides of the Atlantic. In Europe, where dieselohg been the
preferred automotive fuel, biodiesel is the dominant focus; in 2009 the EU is expected to produce
four times the volume of biodiesel as the U.S. On the other hand, production of ethanol within
the EU in 2009 will be only about 8 percentloét in the U.S. (Table 1).

As noted earlier, one factor that is likely to inhibit biofuels development in the U.S. is use of
biomass for production of other forms of energy. The same is true in Europe. -27 EU
countries production of pelletized fuslfrom biomass will reach an estimated 8 million metric
tons in 2009, about four times U.S. production. Some of those pellets and other forms of
biomass are likely to eventually provide direct competition to the developing biofuels industry,
not only thraagh consumption of a portion of the same raw material pool, but also through
production of electricity that will be used to power vehicles.

® The 27 member states of the EU Arestria, Belgium, Bulgarig Cyprus theCzech RepublicDenmark Estonia
Finland France Germany GreeceHungary Ireland Italy, Latvia, Lithuania Luxembourg Malta, theNetherlands
Poland Portugal Romania Slovakiag Slovenia Spain Swedenand théJnited Kingdom
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Table 1
Production of Biodiesel, Ethanol, and Wood
Pellets in EU and US

U.S. 2009
0.6
10.1
1.8%*

Biodiesel (bill. gal)
Ethanol (bill. gal)
Wood pellets (mill. mt)

* This figure is for 2008; production in 2009 is projected
to be substantially greater. Much of U.S. wood pellet
production is currently exported to EU countries.

Research and development aimed at new and improved biofuel technologies (inaladohg
biomass to biofuels), pilot scale research, technology adoption and biofuel systems
implementations being aggressively financed in the EU centrally and by a number of individual
countries The highest priorities are being pursued in a coordinaéstiidn. The EU, for
instance, is currently pursuing identification/establishment of tenERawpean Research
Infrastructures and Centers of Excellertbhat will focus on renewable energy and chemicals
development Research priorities for the new centarslude biofuels, sustainable chemistry,
biorefineries, andnovel technologies focarbon dioxide capture and storageSpecific to
biorefineries, a key objective isnmediate support and coordination of ongoing biorefinery
research projects with high pote in terms of industrial exploitation of resulfSTP-Update,
2008.

Asia

In view of the fact that some 1 billion in Asia, including over-btiaé of the rural populations in

China and India, currently still do not have access to electricity (ScHaefess 2008), there is

great interest in finding ways to expand energy availability across Asia. Moreover, 70 percent of
AsiaOs energy needs are currently provided by fossil fuels. These two factors, combined with the
fact that over ondalf of potentié bioenergy supplies globally are reportedly located in Asia
(Figure 8), are driving interest in bioenergy development in the Asian countries.

While there is considerable interest in bioenergy, the lack of electricity availability in rural areas
is driving Asian bioenergy development toward electric generation, charcoal, and biogas. In
these countries concerted research and development focused on biorefinery development is
unlikely in the near to miderm.

DOVETAIL PARTNERS, INC. www.dovetailinc.org
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Figure 8
Estimated Regional Shares (Percent) of Biomass
Supply Globally, 2004

O Asia w/o China

B China

O Fmr USSR

E Non-OECD Europe
O Middle East

B OECD

O Africa

@ Latin America

Soure: Renewables Information 2006 @ OECD/IEA 2006, [Figure Number 4], p. [4]

China

As reported by the United Nations in 2003, and based on 1996 data, 61 percent of rural
household energy in China came from traditional uses of biomass (i.e. heating and eook
smallscale biogas). Based on projections of growing energy demandten@arnergy
shortages in rural areas have been forecast.

Given the growing need for both traditional uses and for expansion of electricity to households
that do not now havi, combined with recognition that current uses of biomass are inefficient,
China has set ambitious goals for renewable energy development. The Renewable Energy Law
of the PeopleOs Republic of China (National PeopleOs Congress 2005) which wenttinto effec
January 1, 2005 addresses a wide array of renewable energy pathways, including wind, solar,
hydro, biomass energy, geothermal, ocean waves and others. The direct burning of straw,
firewood, and dung is specifically not covered by the law, as thermgoeat is seeking to
displace these forms of energy production by more efficient technologies. Targets are
aggressive. In 2003 it was envisioned that renewable energy would provide 10 percent of total
energy demand in 2010 and 16 percent by 2020. YO0 at hand, the reality is much
different. As reported in China Climate Change {Nfet (2009) bioenergy will account for only

1 percent ofenewable energy consumption in 2010 and an estimated four percent by 2020.

Although the percentages are sm#ie numbers are impressivéccording to statisticsrom
ChinaOs Ministry of Agriculturdy the end of 2005 more than 18 million peasant households
were using methane gas for fuel.The ministry also reports rapid bémergy electricity
developmentChina's installedyeneratingcapacitywill reportedly reactb.5 million kilowatts by
2010, and 30 million W by 2020.

Despite the fact that biofuels are mentioned prominently in ChinaOs current renewable fuels
planning documents, numerical targets show gtethdt the emphasis in bioenergy development

is biomass power, biogas, and briquettes (Table 2). Based on biomass availability, crop residues
are expected to play the greatest role in bioenergy production (Figure 9).

DOVETAIL PARTNERS, INC. www.dovetailinc.org
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Table 2
BiomassEnergy Development TargelChina

Development Target
Form of Energy/ Year 2005 2010 2020 Actual 2007
Biomass power (GW) 2.0 5.5 30.0 2.2
Biogas (billion ) 8.0 19.0 44.0
Biomass ethanol (million met tons)* 1.0 1.8 10.0 1.6
Biodiesel (million metric tons)* 0.1 0.2 2.0
Briguettes (million metric tons) 0.0 1.0 50.0

* Plans call foproduction of ethanol from cassava, sugar cane, sweet sorghum, and cellulose (with about 1/3
from cellulosg and production of biodiesel from waste food oil, jatropha, and other oil plants suitable for
cropping in mountainous regions.

Source: Targets, Chuangzhi (2003); Actual 2007, Research and Markets (2008).

Figure 9
Composition of the Biomass Resource in China
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Source: Chuangzhi (2003).

Production of #hanol in China reached 1.6 million tons (about 536,000 gallons) in 2007 and
based on current investment is expected to reach 5 million tons in 2010. Biodiesel capacity is
also increasing, although slowly. Recent reports indicate that most biodiehgttpmo to this

point has made use of waste cooking oil. Neamn plans, however, are to greatly increase
biodiesel production, and to target-piioducing plants such as rapeseed antbedring woody
plants.A current pilot initiative, involvinghe Unted Nations Development Program and China's
Ministry of Science and Technologis encouragg farmersin several southern provincés

grow Jatropha curcas trees as raw materials for biodlesatdition, the groundwork is being

laid for largescale phanting of shrubs and trees that yield oil (Li 2007)

India

Little progress in bioenergy development has occurred within India, although the potential for
such development is high. Rajvanshi (2007) reported that about 60 percent of the rural
population,or 400 million people, do not have access to electricity, relying instead on primitive
biomassfueled cooking stoves and kerosene lanterns. Even in urban areas blackouts and
brownouts are reported as common, sometimes resulting in unavailability of joovi@rto 15

hours a day.

Beyond biomas$ueled cooking stoves, biogas is produced by a number of communities and
family units for a variety of uses. As long ago as 1997 it was estimated that there were as many
as 2.5 million biogas plants in operatioor@ss the country (Lawbuary 1999). Despite this
reality, there has been only limited progress in recent years in expanding renewable energy
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development. However, perhaps as a sign of things to come the central government created a
Ministry of New and Reewable Energy that began operations on May 29, 2009. In the newest
five-year plan the Ministry has set a goal of 10 percent of domestic generating capacity to be
provided by renewables, translating t& fercent of total electricity use within the caynt

The situation with biomass energy is similar. In 1998 biomass was estimated to supply 57
percent of IndiaOs energy demand, mostly in the form of fuel used in cooking stoves. Recent
progress in developing a more modern biomass energy industry isasizeuinn Table 3; as yet
achievements relative to estimated potential are modest.

Table 3
Biomass Energy Development Progress in India, 207
Year Estimated
production
Method of Production Units | 200203 | 200405 200607 potential
Electricity/Cogemration MW 102.6 136.1 228.0 80,000
Biomassgasification MW 2.1 8.3 --
Waste toenergy MW 3.8 8.0 17.4
Ethanol litres -- -- 300 million 156 billion
(79 mill. gal.)

Pyrolysis oll kg -- -- -- 400 billion

Source: India Ministry of Bw and Renewable Energy (2009); Est. production potential, Rajvanshi (2007)

Virtually all biomass derived fuels are expected to be derived from agricultural residues (an
estimated 600 million tons annually). Projected biomass electricity productiantigbig about

50 percent of current installed capacity while the ethanol potential is 42 percent of projected oll
demand within India in 2012. Thus, the potential impact of biomass energy development on
India is quite significant.

Indonesia

Indonesiais estimated to produce 146.7 million metric tons of biomass per year, equivalent to
about 470 gigajoules (130.6 MW h) per year (Duryea 2007). Primary forms of biomass and their
potential contribution to energy production are shown in Figure 10. NotEithae 10 does not
include palm oil or the oil of any other plant species; Indonesia is a leading producer of palm oil
(with Malaysia and Indonesia ranked #1 and #2 globally in palm oil production).

Duryea reported that several kinds of biomass to ernam@guction technologies have been
empirically tested in Indonesia including 1) production of biogas from organic vegetable waste
for use as a fuel and for generating electricity, 2) gasification of charcoal and wood sawdust for
electricity generation, an@) carbonization of smatliameter logs, sawdust, wood slabs and
coconut shells into charcoal. All of these pathways are being pursued, though the latter is
viewed as perhaps having the greatest promise for the near term. At this point it appears that
guidelines for harvesting and removing biomass in the form of siiatieter trees and logging
residues have not yet been developed.

DOVETAIL PARTNERS, INC. www.dovetailinc.org
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Figure 10
Composition of the Biomass Resource in Indonesia
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Source: Duryea (2007)

In addition to the three technologies identified above, development of biofuels iseatgp b
pursued, with these efforts focused almost entirely on palm oil.

In January 2006 a national energy policy calling for 5 percent biofuels in the energy mix by 2025
was issued as a Presidential Regulation. In July of that same year the Energy Ministry
announced aggressive plans to invest US$22 billion over the following five years to develop
alternative fuels from such crops as oil palm, cassava, jatropha, and sugar cane
(Rademakers2006). Ethanol production in Indonesia was about 140 million li&06874n with

most produced from sugar cane, while biodiesel was about 1,550 millionBitresually all

from palm oil. Despite aggressive targets for growth in both areas, falling petroleum prices in
2008 had a severe impact on the fledgling industries.

Given the extensive palm oil estates across Indonesia and the large biomass production potential,
Indonesia is likely to emerge as a major player in the global biofuels market. Many observers
note that the country does not currently require the blendingpiofuels with traditional
transportation fuels, denying domestic biofuels producers stable markets.

Africa

As reported by the Energy Information Administration (EIA 1999), Africa is the worldOs largest
consumer of biomass energy (firewood, agrigalturesidues, animal wastes, and charcoal),
calculated as a percentage of overall energy consumfgiomass in 1999 accounted for as
much as twethirds of total African final energy consumption.

EIA further reported thaalout twothirds of bionass usevas in the form of firewood in 1999,
with biomass energy use accounting38t of North African, 15% of South African, and 86% of
subSaharan (minus South Africa) consumption in that yédrica-wide, some 780 percent of
households use biomass enelfehse 2006), with 91 percent of wood produced in Africa
consumed as fuel. This use is projected to grow significantly in the near term (Table 4).

Table 4
Wood Fuel Use in Africa
(million m3)
2000 2010 2020
635 741 850

Source: Fehse (2006)

DOVETAIL PARTNERS, INC. www.dovetailinc.org
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Despite angartially because of dependence on biomass energy, deforestation is one of the most
pressing environmental problems faced by most African nations, and one of the primary causes
of deforestation is wood utilization for fueSo, as the developed countrieeve decisively to

create a new biomass energy industry, the world leader in biomass energy production is
experiencing major problems related to reliance on biomass for energy production. The reality
serves as a caution to aggressive biomass energy pesait

In the face of such daunting problems, recentegkl conferences within Africa have begun to
address renewable energy and biofuels development possibilities across the continent. A
meeting in Ethiopia in mi®007 resulted in an OAction Plarr Biofuels Development in
AfricaO and the OAddis Ababa Declaration on Sustainable Biofuels Development in Africa.
Another meeting in Senegal in early 2008 examined renewable energy more broadly and resulted
in further declarations to scale up renewablergn In both meetings it was noted that among

the many benefits of renewable energy development in Africa would be greatly enhanced
prospects of food seHufficiency. Nonetheless, potential impacts on forests of southern Africa
loom large, and guideles for how, when, and how much biomass to remove in energy harvests
are among the pressing needs in this region.

Despite the problems, several players are actively engaged in biofuels development in Africa
One player i€Energem an energy and biofuelompanythat currentlyproduces ethanol from
molasses in Kenyalhe company is also focusing on production of biodiesel from jatropha in
Mozambique.

South America

Brazil is by far the leading producer of bioenergy in South America and a major playaiyglob
In 2008, ethanol production in Brazil approximated 6.5 billion gallons, second only to the United
States (9 billion gallons).

A report, now more than a decade old (de Andrade 1998) noted that Brazil accounted for 49
percent of all biomass energynsumed in Latin America and that 21 percent of BrazilOs total
energy consumption was bioenet@ynainly sugar cane ethanol for transportation, fuelwood for
the industrial, commercial, and residential sectors, and charcoal for industrial use. At that point
just under onéalf of BrazilOs biomass energy came from fuelwad estimated 71.7 million

tons in 1996 gleaned both from primary and secondary forests. This volume was down from a
peak of about 106 million tons of woody biomass use for the pe8i®d 11989, with the decline
mainly attributable to a decline in conversion of wood to charcoal for use by the metals and
minerals industries. Subsequently, charcoal production continued to decline through 1999, but
since then has begun to increase agaareasing about 50 percent over the past seven years.

Currently there are a number of mudbuntry renewable energy initiatives underway across
South America, with many led by or involving Brazil. Thus far, negative impacts of bioenergy
production on ta Amazon forests have not occurred. Charcoal production is mostly concentrated
in the subtropical regions south of the Amazon basin and mostly in secondary planted forests.
The remoteness of most of these forests, for now at least, makes them an oahkigdate in

the near term as a source of raw materials for liquid fuels production.

One South American country in which biofuels development may impact natural forests is Chile.
Here, wood supplies much of the energy for much of the countryOofdtadart forest
products manufacturing facilities. Wodided commercial electrical generation on a significant
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scale is being pursued. The government, amid controversy, has also announced a renewable
energy target of 15 percent by 2010, with biofuelgaificant part of such development. Initial
discussions are focused on rapeseed, sunflower, and wheat as potential raw materials for
biodiesel and ethanol; forest biomass is currently not being actively discussed as a biofuel raw
material, though commemrlization of cellulosic ethanol technologies could change this
situation.

Progress Toward Commercialization of Second Generation Fuels

Although progress continues to be made in bringing segendration lignocellulosic biofuels

into commercial produin, there is currently no commercial production anywhere in the world
outside of small pilot and demonstration facilities. That this is the case in the United States is
not surprising given targets established in the Renewable Fuel Standard that mait émtion

of only very small volumes of advanced biofuels starting in 2010, with marked increases in
production beginning about 2015 (Figure 1). This timetable meshes with current projected start
up dates for a number of facilities that have been argesliar that are now under construction
(Dovetail Partners 2009a,b; IEA 2009).

A key to when commercialization will occur is the point in time at which biofuels become cost
competitive with established fossil fuel products. As this is a moving targehdiageupon

global petroleum prices, biofuel commercialization depends upon a combination of factors.
These include 1) the success of scientific and technological efforts to reduce operating costs in
biofuel production, 2) the rate of scientific and tedbg@al advancement relative to solving
remaining technical problems and developing new technologies, 3) unwavering government
support for biofuels development, and 4) government policies that define subsidy levels for
biofuels vs. fossil fuels. Changespolicy that would either remove subsidies from fossil fuels,

or that would shift subsidies away from fossil fuels and toward biofuels could have a significant
impact on how rapidly the biofuels industry in the U.S. and elsewhere develops.

In contemplatig when commercial production of second generation biofuels such as cellulosic
ethanol and biodiesel might become reality, it is worth reflecting on the past. The technology of
producing ethanol from lignocellulosics is not new. At least 17 pulp milsniand have been
periodically in the business of producing ethanol on a commercial scale frpmodiyct black

liquor (i.e. from lignocellulosics) over the past 90 years. Much of this production is directly
linked to World War Il, and thus productionrpals for these plants during the period 1940

are common; however, in many cases production continued through the 1950s, and in one case
up to 1990 KiemelS 2008). Tembec (a Canadian manufacturer of pulp and paper) has been
producing lignosulfonates drresins since the miti980s, ethanol since 1991, and biogas since
2006.

Successes in research and development combined with the financial support of governments
worldwide are beginning to attract considerable interest and investimesgconelgeneration
biofuels developmentn the part of the private sector. For instance, a European bitmnass
liquids project, termed OPTFUEL, has been initiated by a group of 10 industrial firms.
Volkswagen AG has taken the leaderghiphe initiative that includesutonobile manufacturers

Ford Motor Co. and Renault SA., among others. The goal is to develop over the next three to
four years a commerciglcale, secondeneration bialiesel plant with 200,000 tor§60 million
gallons)per year outputin the U.S., he DowChemical Compangnnouncedn late June 2009

that it plans to workwith Algenol Biofuels, Inc. to build and operate a psotle algadased
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integrated biorefinery that will converhdustrially derivedCO, into ethanoland industrial
chemicals. In Asia, Nippon Oil, Toyota Motor and others announced in March 26@9they

will jointly establish a bioethanol research association, to be named the Research Association of
Innovative Bioethanol Technology, to research and develogsdale production techraies

for cellulosic bioethanol.

For now a trickle of lignocellulosic biofuels is coming from pilot and demonstration biofuels
facilities across North America, Europe, and from several facilities in Brazil and Asia. When
largescale production of secdigeneration lignocellulosic biofuels will become reality is
anyoneOs guess at this point, but commesci@é plants now under construction around the
world combined with those recently announced point to the period 2012 to 2016 as one in which
a breakthough is likely.

Biofuels to Biorefineriesb Prospects for Integrated Biorefinery Development
The Biorefinery Concept

In discussing future prospects for technical and economic viability of Ointegrated biorefineriesO it
is important to define what is raet by this term. The Biomass Program of the U.S. Department
of Energy defines integrated biorefineries as follows:

Biorefineries are similar to petroleum refineries in concept; however, biorefineries
use biological matter (as opposed to petroleum or other fossil sources) to produce
transportation fuels, chemicals, and heat and power.

Integrated biorefineries employ various combinations of feedstocks and conversion
technologies to produce a variety of products, with the main focus on producing
biofuels. Side products can include chemicals (or other materials) and heat and
power. The renewable feedstocks utilized in integrated biorefineries include, but are
not limited to: grain such as corn, wheat sorghum, and barley; energy crops such as
switchgrass, miscanthus, willow and poplar, and agricultural, forest, and industrial
residues such as bagasse, stover, straws, forest thinnings, sawdust and paper mill
waste. The benefits of an integrated biorefinery are numerous because of the
diversification in feedstocks and products.

Included under this definition are existing commercial facilities that produce ethanol from corn
starch and biodiesel from soy oil, one reason perhaps why both the Renewable Fuels Association
and National Biodiesel Board have begufemeng to current ethanol and biodiesel plants as
biorefineries. With ethanol and biodiesel plants already spread across much of United States,
and with evidence in the historical record of an operating ObiorefineryO in Germany that
produced several chérals and biogas from pulp mill black liquor as early as 19d#@njelS

2008), one might wonder why there is still discussion about when commercial biorefineries
might become reality.

The key here is the word Ointegrated.O What is being shumligh curent initiatives around
the world that seek to bring about integrated biorefinery developmenteavetechnologies
(second generation technologidsy integrating the production of biomadsrived fuels and
other products in a single facility.
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Thereare many forms of renewable buaterials that can be used as biorefinery feedstocks. The
form of raw material has a major impact on technologies employed and thus the type of refinery.
European energy researchers Reith and Steinmetz (2009) describediffenant types of
biorefineries:

1) whole crop/cereal biorefineries that use dry cereal grain residues or sugar crops
as raw materials.

2) oilseed biorefineries that use raw materials such as rapeseed, sunflowers, or
soybeans as raw material.

3) green biorefineries that can use wet biomass such as green grass, potatoes, sugar
beets, seaweed, or algae.

4) lignocellulosic biorefineries that can use various forms of wood and bark,
pulping and paper residues, crop residues, and ene@y &s raw material.

Research and Development
EU-27

Research and development efforts relative to integrated biorefineries are occurring on all four of
these fronts.In the EU27 alonethere areat least0 pilot and demonstration facilitigecused

on integratedproduction ofsecondgenerationbiofuelsand other products (with modepicted

on a new interactive welbased map and associated database (IEA 2008ble 5 shows the
number of EU pilot and demonstration facilities by area of focus.

Table 5
Biorefinery Pilot and Demonstration Projects in the-EU
as of December 2008 by Area of Focus

Focus of Biorefinery Number of Facilities
Whole crop/cereal 10
Oilseed 8
Green 13
Lignocellulosic 23
Other 6
Total 60

* Source: Reith and Steinmetz (2009), Dovetail Partners (2009), IEA (2009)

Details regarding EU lignocellulosic biorefinery pilot and demonstration projects are shown in
Table 6. In the area of lignocellulosjcas in all other areas of focus, the greatest number of
projects is located in western and northern Europe. There are few projects in southern Europe
and none to date in eastern European countries.
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Table 6

Details Regarding EU Lignocellulosic Befinery Pilot and Demonstration Projects

Objective/raw material

Principal/Location

Syngas, FTdiesel from forest residues,
recycled wood waste, wood from short
rotation woody crops

StoraEnso, Finland
Choren, Germany

Syngas from black liquor: Filiesel, DME

Chemrec, Sweden

Bioethanol from wood chips, sugarcal
bagasse, wheat and corn stover, gr
recycled waste

SEKAB, Sweden

Biodiesel from tall oil

Sunpine, Sweden

Ethanol from wheat straw

Abengoa, Spain
Dong Energy, Denmark

FT-diesel from straw

FCZ, Germany

Cellulose pulp from straw

CIMV, France

Woodbased chemicals: specialty cellulos
lignin, vanillin, ethanol, yeast

Borregaard, Norway

Lignin removal from black liquor; lignin to
fuel, phenols, carbon fibers, metal ion
sequestering

Lignoboost,Sweden

Biodiesel from straw pellets, other
lignocellulosics

BFT Bionic Fuel Technologies, Denmark
Forschungszentrum, Germany

Ethanol, biogas, lignin, hydrogen from
various grasses, garden waste, straw

BioGasol, Denmark

Syngas from lignocellulosics

CTU, Austria
Vienna Univ. of Tech., Austria

FT liquids from straw, wood, dried silage,
organic residues

Cutec, Germany

Ethanol from agricultural and forestry
wastes

Mossi & GhisolfrChemtex, Italy

Ethanol from lignocellulosics

Procethol, France
TMO Renewabls, UK

Ethanol, biogas, lignin from wheat straw,
corn fiber

Tech. Univ. of Denmark

Sugars, concentrated acid from coniferou
wood sawdust

Weyland, Norway

Ethanol from cereal straw, grasses, or wg

SYdChemie, Germany

Source: FagernSs and Solantaust®9®, Johnson et a2009), Dovetail (2009a)EA (2009).

None of the European projects have yet reached commercial scale. According to the European
Commission, Community Research and Development Information ServiG®ORDIS)
deployment of integrated biefineries is not expected before 2020.

Under the European Commissioff Framework Program, a program that sets priorities and
provides funding for research and development in the! B@,million (about USD$85 million)

is provided for collaborative biorefinery projects. Some believe that this is insufficient. A recent
article (Milmo 2009) reported that @I the worldwide push to desop technology and
infrastructure for biorefineries, Europe is losing ground internationally because of the
fragmented nature of its R&D activities and the lack of funds and resources for large
demonstration facilitie® It was noted th&tnding for the development biorefineries is OtinyO

in the EUregion, comparedwith funding provided for development the US and Chinaln
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the article the director for industrial biotechnology policy at the European Association of
Biolndustries (EuropaBio) is quoted as saying thlatle the EU is spending considelalsums

on research in generdl doesn't have a budget for development schemes, like demonstration
plants. It was noted thaemonstration units are important for the development of biorefineries
because they are required to test technologies for makupgoducts sincebiorefineries will

need to gain financially from the better margins of higleue products to be economically
viable.

U.S.

There are currently at lea35 pilot and demonstratiofacilities in operation in North America,

with about aquarter of thenfocused on woody biomagkigure 11, Table 7) A number of

others are in the conceptual stage. Details are provided for lignocellulose oriented projects in
Table 8; the number of projects listed isB2& number greater than the 22 wated in Table B

due to the fact that some projects fall into more than one category.

Figure 11
U.S. Cellulosic Ethanol Biorefineries
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Developed by Dovetail Partners, avazlable at:
http://'www.dovetailinc.org/content/cellulosic-ethanol-biorefineries

Blue markers display operational biorefineries.
Yellow markers display biorefineries in develogm.
RE8 markers display brefinery projects that haveeen suspended.

Table 7
Biorefinery Pilot and Demonstration Projects in the United States
by Area of Focus

Focws of Biorefinery Number of Facilities
Whole crop/cereal 5
Oilseed 0
Green 5
Lignocellulosic 22
Other 3
Total 35
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Details Regarding Biorefinery Pilot and Demonstration Projects in the United States
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Objective/raw material

Principal/Locatbn

Ethanol from corn stover, wheat straw, milo
stubble, switchgrass

Abengoa, Kansas
Abengoa, Nebraska

Ethanol from switchgrass, grass seed straw, sn
grain wheat straw, corn stalks

AE Biofuels, Montana

Ethanol from lignocelluosic feedstocks that
requre little or no pretreatment

BBI BioVentures, Colorado

Biodiesel, syngas from forest residues, stumps
and bark in pellet and chip form

Gas Technology Institute, lllinois

Ethanol from softwood, waste wood, cardboard
paper

KL Energy, Wyoming
KL Energy, S Dakota

Mixed alcohols from Georgia pine and Colorad
beetle killed pine

Range Fuels, Colorado

Ethanol, methanol from hardwood and softwoo
residues.

Range Fuels, Georgia

FT liquids, mixed alcohols from lignocellulosics
municipal wastes via syngas

Souhern Research Institute, North
Carolina

Objective/raw material

Principal/Location

Ethanol, mixed alcohols, various chemicals fror
municipal solid waste, sewage sludge, manure
agricultural residues, energy crops

Terrabon, Texas

Ethanol from green wastevzood waste, and othe
cellulosic urban wood waste

BlueFire, California

Ethanol from plant biomass, municipal solid
waste, bagasse, and agricultural waste via syn

Coskata, Pennsylvania

Ethanol from lignocellulosics

Coskata, Florida
Coskata, Illinois

Ethanol from corn cobs

Ecofin, Kentucky

Ethanol from wood chips, grasses, corn stover,
and sugar cane bagasse.

Mascoma, New York

Ethanol from corn fiber, corn cobs, corn stalks

POET, South Dakota

POET, lowa

Dupont Danisco Cellulosic
Ethanol

Gulf Alternative Energy, lowa

Ethanol, biogas, lignin from wheat straw, corn
stover, poplar

Pacific Ethanol, Oregon

Ethanol and intermediate chemicals from popla
wood chips, sugar

ZeaChem, Oregon

Ethanol from plant biomass and wood waste

American Energy Emetprises,
Connecticut

Biodiesel and waxes from softwood chips, xion
merchantable wood and forest residues

Flambeau River Biofuel, Wisconsin

Ethanol from municipal solid waste

Fulcrum Bioenergy, Nevada

Biofuels from hemicellulose extracts from wood
chips

Old Town Fuel and Fiber, Maine

Source: FagernSs and Solantausta (2009): Johnsor§2€08l), Dovetail (2009b)EA (2009).
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Johnson et al. (2009) report that although none of these faciliies have reached
commercialization, tw®the POET South Dakotadility and the Range Fuels Georgia facitity

have reached Stage 4 (validation) in the U.S. Department of Energy five stage development
process. The POET South Dakota effort is expected to lead to commercial production of ethanol
from corn cobs in 2011.

The Range Fuels Georgia plant, that uses wood residues to produce ethanol and methanol, is
close to commercialization. Construction of the first phase of what will eventually be a 300
million liter (79 million gallon) per annum plant is reportedly stiied for completion by early

2010, with a production rate of 38 million liters (10 million gallons) by the middle of the year;

the effort is supported by USDA with an $80 million loan guarantee (Johnson et al. 2009). Full
commercialization will obviouslyake longer.

Whereas integrated biorefinery pilot and demonstration projects in the European community are
reported to be severely limited by unavailability of funding, the situation is significantly different
in the U.S. In January 20GBe US Departné of Energy announceithe availability ofup to
US$200 million over six years (202D14) to support the development of pilot and
demonstratiorscale biorefineriegsfocused on ipt-scale, (minimum throughput of one dry
metricton of feedstock per daynd demonstratiorscale(minimum throughput of 50 drgnetric

tons of feedstock per dayfacilities. This funding comes on top of $585 million in federal
funding provided to establishment of such facilities since 2005; various states are providing
funding a development incentives as well. This level of funding has attracted interest from
scientists and entrepreneurs from around the world, bringing considerableodfexpertise to

the U.S. biorefinery development effort.

Canada

Canadian lignocellulosi pilot and demonstration biorefinery facilities are listed in Table 9.
These facilities are all focused on production of ethanol.

Table 9
Details Regarding Lignocellulosic Biorefinery Pilot and Demonstration Projects in Canada
Objective/raw material Principal/Location
Ethanol from treated wood waste Enerkem, Alberta

Enerkem, Quebec
Enerkem, Quebec
Ethanol from agricultural residues, wheat, barley, logen, Ontario

and oat straw

Ethanol, lignin from hardwood and softwood Lignol Innovations, Brish Columbia
residues

Ethanol from wood chips, forest and agricultural | Woodland Biofuels, Ontario
residues

Ethanol from wheat straw Birch Hills, Saskatchewan

Ethanol from lignocellulosics, spent sulfite liquor | Tembec, Quebec

As in other parts of the world conartialization is not imminent in any of these projects. Since
Canada has abundant oil and natual gas reserves, biofuels development is generally viewed as
less urgent than in the United States. Nonetheless, as noted earlier Canada has dpdwmated
$1.5billion during the period 2008 through 20tbrboost production of biofuels.
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Support for biorefinery development is being handled strategically, with grants provided as
opportunities arise. Recent investments include CDN$10 million by the BC prdvincia
government for biorefinery development, and CDN$15.5 million fi@anada's Agricultural
Bioproducts Innovation Prograto the Canadian Triticale Biorefinery Network in Alberta.

Outside North America and Europe

Lignocellulosic pilot and demonstration facilities outside of North America and th27Eate

listed in Table 10There is relatively little work in biorefimg development occurring outside of
North America and Europe. It should be noted, however, that China inagurated its first
bioenergy research center in kg9, preceded by several days by the releaseGifimese
Academy of Science®port that outling a plan to achieveommercial productionf bioenergy

on a massive scale in Chjmaplacing30 percent of oil imports by 2050here is no information
available that indicates that any of the facilties indicated above are near commercialization.

Tablel0
Details Regarding Lignocellulosic Biorefinery Pilot and Demonstration
Projects Outside North America and the EU

Objective/raw material Principal/Location
Ethanol from wheat and barley straw Abengoa Bioenergy, Spain
Ethanolfrom wood construction waste Bioethanol, Japan
CRAC, China
Ethanol from sugarcane bagasse Dedini, Brazil

Marubeni, Thailand

Queensland Univ. of Tech., Australia
Ethanol from wood residues, bagasse and othg Ethec, Australia

lignocellulosics

Ethanol, vaious sugars, electricity from Mission New Energy, India
agricultural residues
Ethanol from various lignocellulosics Venenium Biofuels, Japan

Paper Mills as a Primary Focus for Biorefinery Development

Within the forest sector, chemical pulp and papéls have long been viewed as a logical first
point of lignocellulosic biorefinery development. Such mills have for generations been in the
business of procuring and handling large volumes of woody biomass, reducing wood to
constituent chemicals, and fitably producing an array of useful products, including industrial
chemicals, and energy in the process.

While it can be argued that many paper mills around the world are currently operating as
biorefineries, at the present time it is not obvious $keabnd generation biofuels and biorefinery
development will, in fact, be centered in the pulp and paper sector. Examination of current pilot
and demonstration projects shows that while the pulp and paper industry is a principal player in
some initiatives,this is not the case in a great many others. This may change as biofuels
technologies are perfected and investors begin looking for profitalgpedyict opportunities to
improve overall profitability.
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The Bottom Line

Biofuels and biorefinery teclotogy is developing steadily, with the most concerted effort to date
centered in the United States. The U.S. is the current leader in production of first generation
ethanol and a major player in first generation biodiesel. Now it appears that thenfirserccial

scale production of secofggneration biofuels may occur in the United States as well, albeit
with the considerable involvement of scientists and entrepreneurs from the EU, Canada, and
elsewhere. Nonetheless, fsltale commercial production dignocellulosic biofuels still
appears to be several years to a decade away.

Whether the pulp and paper industry will play a major role in the biofuels/biochemicals industry
of the future remains to be seen. Developments over the next few years shagilchdire
clarity to how this is likely to play out.
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provides authoritative information about the impacts and trade-
offs of environmental decisions, including consumption choices,

land use, and policy alternatives.
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