
2007 ExCo59 Meeting   1



2   2007 ExCo59 Meeting



2007 ExCo59 Meeting   3

1.0

2.0

3.0

4.0

5.0
6.0
7.0

SESSION A:  BIOREFINERSESSION A:  BIOREFINERSESSION A:  BIOREFINERSESSION A:  BIOREFINERSESSION A:  BIOREFINERY PY PY PY PY PAAAAATH FTH FTH FTH FTH FORORORORORWWWWWARD,ARD,ARD,ARD,ARD,
PILPILPILPILPILOOOOOT PLANTS, AND THE ST PLANTS, AND THE ST PLANTS, AND THE ST PLANTS, AND THE ST PLANTS, AND THE STTTTTAAAAAGE GGE GGE GGE GGE GAAAAATE PRTE PRTE PRTE PRTE PROCESSOCESSOCESSOCESSOCESS

1.1 Commercializing Biorefineries: The Path Forward
1.2 Insuring Success through Stage Gate and Beyond
1.3 Providing Biochemical Technologies at the Pilot Scale for Integrated

Biorefinery Development
1.4 Biorefinery, The Bridge Between Agriculture and Chemistry

SESSION B:  THERMOCHEMICAL TECHNOLSESSION B:  THERMOCHEMICAL TECHNOLSESSION B:  THERMOCHEMICAL TECHNOLSESSION B:  THERMOCHEMICAL TECHNOLSESSION B:  THERMOCHEMICAL TECHNOLOGIES, IBUS,OGIES, IBUS,OGIES, IBUS,OGIES, IBUS,OGIES, IBUS,
AND INTEGRAAND INTEGRAAND INTEGRAAND INTEGRAAND INTEGRATED CEREAL PRTED CEREAL PRTED CEREAL PRTED CEREAL PRTED CEREAL PRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

2.1 Pilot-Scale Thermochemical Technologies for Integrated Biorefinery
Development - The Thermochemical Conversion Platform

2.2 Integrated Biomass  Utilization Systems: Best Basis for Biorefiners
2.3 Integration of Biomass and Cereal Ethanol Production

SESSION C:  BIOREFINERSESSION C:  BIOREFINERSESSION C:  BIOREFINERSESSION C:  BIOREFINERSESSION C:  BIOREFINERYYYYY:  THE L:  THE L:  THE L:  THE L:  THE LONG WINDING RONG WINDING RONG WINDING RONG WINDING RONG WINDING ROOOOOADADADADAD
3.1 Incorporating Conversion R&D and Testing Adaptation in an

Existing Facility
3.2 Upgrading of Byproducts from Biodiesel and Sugar Industry by

Bioconversion and Chemical Catalysis
3.3 Commercializing Thermochemcial R&D and Pilot-Plant Results

SESSION D:  IOGEN AND DEPSESSION D:  IOGEN AND DEPSESSION D:  IOGEN AND DEPSESSION D:  IOGEN AND DEPSESSION D:  IOGEN AND DEPARARARARARTMENT OF ENERTMENT OF ENERTMENT OF ENERTMENT OF ENERTMENT OF ENERGGGGGY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICE
4.1 The Iogen Story
4.2 Project Management Center: Managing the The Biofuels Portfolio

TTTTTOUR:  NOUR:  NOUR:  NOUR:  NOUR:  NAAAAATIONAL RENEWTIONAL RENEWTIONAL RENEWTIONAL RENEWTIONAL RENEWABLE ENERABLE ENERABLE ENERABLE ENERABLE ENERGGGGGY LABORAY LABORAY LABORAY LABORAY LABORATTTTTORORORORORYYYYY

TTTTTOUR:  COORS PLANTOUR:  COORS PLANTOUR:  COORS PLANTOUR:  COORS PLANTOUR:  COORS PLANT

LISLISLISLISLIST OF PT OF PT OF PT OF PT OF PARARARARARTICIPTICIPTICIPTICIPTICIPANTSANTSANTSANTSANTS



4   2007 ExCo59 Meeting



2007 ExCo59 Meeting   5

The International Energy Agency (IEA) Bioenergy
Implementing Agreement provides a structure
through which Member Country experts from
research, government, and industry share ideas,
collaborate on research, and strategize on how
to foster the growth of bioenergy worldwide.
Members of IEA Bioenergy met in Golden,
Colorado April 25-27, 2007 for their 59th
Executive Committee Meeting (ExCo). Part of the
meeting was a workshop to provide updates on
current practices and to share ideas on policies
and strategies regarding research and
development (R&D) that will foster the
biorefinery concept. The workshop and
associated study tour provided the participants
with opportunities to view cutting-edge bioenergy
technologies and R&D facilities. The meeting
also enabled the members to address the
planning and business administration tasks
required to maintain the continued operation of
the IEA Bioenergy Agreement.

Introduction

The following countries were represented at the meeting:

•  Australia
•  Austria
•  Belgium
•  Canada
•  Denmark
•  European Commission
•  France
•  Germany
•  Japan
•  Netherlands

•  New Zealand
•  Norway
•  South Africa
•  Republic of Korea *
•  Sweden
•  Switzerland
•  Turkey  *
•  United Kingdom
•  United States of America

*  Denotes Non-Member Countries that attended the meeting
     as Observers.
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Bob Wooley, National Renewable
Energy Laboratory (NREL), U.S.A.
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The biorefinery concept is critical to the development and
integration of bioenergy into the world economy. However, a
clear implementation path is needed. This includes R&D in
critical technology areas, technology scale-up and pilot plants,
and best management practices. Session A of the ExCo 59
meeting was designed to provide an overview of the
commercialization of the biorefinery concept and the various
strategies members of the Executive Committee 59 are using.
Four speakers from the United States (U.S.) Department of
Energy (DOE), the U.S. National Renewable Energy Laboratory
(NREL), and the representative from the Netherlands provided
input into this session.

The ExCo member from U.S. DOE discussed the policies that the
United States government is pursuing to promote the
development of biorefineries. In particular, the discussion was
focused on the President’s “Twenty in Ten” (20 in 10) goal to
reduce twenty percent of gasoline consumption in ten years.
This goal will help thrust forward the biorefinery concept
through increased production of biofuels by 2017. Several
federal agencies, as well as the national laboratories including
the U.S.-based NREL, are in the process of collaborating
on this goal.

The next presentation was led by NREL.  It focused on the Stage
Gate Process, an innovative solution to manage R&D projects.
The Stage Gate Process is based on the notion that as
management practices improve, R&D funds will be spent more
efficiently and the technical challenges facing efforts such as
the 20 in 10 will be met more quickly. The discussion in this
session also provided an overview of NREL’s pilot scale
biochemical biorefinery and how it is a critical tool in furthering
the commercialization of biorefinery technologies.

The presentation by the ExCo member from the Netherlands
provided an overview of the integrated relationship between
agricultural feedstocks for a biobased chemical industry, a
critical component of the integrated biorefinery. All of these
presentations provided an overview of how various efforts in
different countries have been deployed to accelerate the
use of bioenergy.

1.0
SESSION A:  BIOREFINERSESSION A:  BIOREFINERSESSION A:  BIOREFINERSESSION A:  BIOREFINERSESSION A:  BIOREFINERY PY PY PY PY PAAAAATH FTH FTH FTH FTH FORORORORORWWWWWARD,  PILARD,  PILARD,  PILARD,  PILARD,  PILOOOOOT PLANTS,T PLANTS,T PLANTS,T PLANTS,T PLANTS,
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The U.S. is pursuing R&D activities that will bring
commercially viable biorefineries to the market through a
multi-faceted strategy that is based on analysis, the
Presidential “Twenty in Ten” Initiative, and the drive to
reduce U.S. dependence on foreign oil.

In April 2005, DOE published the study entitled Biomass as
Feedstock for Bioenergy and Bioproducts Industry: The
Technical Feasibility of a Billion Ton Annual Supply, which
indicated that the U.S. has the potential to displace 30
percent of current U.S. petroleum consumption using a
variety of biomass feedstocks (corn stover, wheat straw,
switchgrass, etc.). This analysis provided the foundation for
DOE to pursue a strategy that examines multiple biomass
feedstocks. Currently, this report is being updated by the
U.S. DOE Oak Ridge National Laboratory and is expected to
be published in 2008.

The U.S. biomass R&D effort was further shaped by the
announcement of the U.S. Biofuels Initiative, which
complements the Twenty in Ten Initiative. The U.S. Biofuels
Initiative set the goal to achieve biofuels production to
displace 30 percent of the nation’s 2004 gasoline use by
2030. To achieve this goal, the U.S. structured its
government-funded research portfolio along five pathways:

1)    Feedstock R&D
2)    Biochemical R&D
3)    Thermochemical R&D
4)    Products R&D
5)    Balance of Plant

Through this multiple-pathway approach, the U.S. will deploy
integrated biorefineries throughout the country to meet its
bioenergy objectives.

In the effort to commercialize the biorefinery concept, DOE
considers its critical role to be the mitigation of risk
associated with the commercialization of emerging
technologies. At present there is significant private
investment in biofuels development, although early failures
in R&D efforts could jeopardize further investment.
Therefore, DOE looks to provide 80 to 100 percent of the
funds needed for basic R&D and technology development.

As the technologies mature and the proof-of-concept and
commercial viability are demonstrated, the U.S. government
share of the funding is reduced and more of the financial
burden is shifted to the commercial sector. This is the case
with the U.S. DOE 942 solicitation, which aims to provide

COMMERCOMMERCOMMERCOMMERCOMMERCIALIZING BIOREFINERIES:CIALIZING BIOREFINERIES:CIALIZING BIOREFINERIES:CIALIZING BIOREFINERIES:CIALIZING BIOREFINERIES:
THE PTHE PTHE PTHE PTHE PAAAAATH FTH FTH FTH FTH FORORORORORWWWWWARDARDARDARDARD

loan guarantees for the development of commercial
biorefineries. These loan guarantees mitigate the financial
burden on lending institutions because the U.S. government
is held responsible should the recipient default on the loan.

To avoid early failures in R&D projects, DOE uses the Stage
Gate Process. It is an advanced management system which
tracks the progress of R&D projects within its technology
development portfolio. The Stage Gate process enables
evaluation of a project’s performance in bringing science
and technology to commercial applications quicker, at lower
costs, and with improved probability of success. This is
accomplished by tracking the project at the beginning of the
R&D stage and providing a framework for each project to go
through a series of Stage Gate reviews before receiving
support to continue to the next stage. R&D starts with
significant government investment and as a project or
technology progresses, industry takes on a greater role
through each stage. Commercialization is the end goal in
this process.  It is structured so that it incorporates steps
such as exploratory research, development research, and
technical support to address problems that will arise when
moving to the commercialization phase.

In the Stage Gate Process, it is important to evaluate what
has been done throughout each project stage. During a
Stage Gate review, it may be determined that a project
should be stopped. The process may reveal that there are
shortcomings and more work is needed in a particular area,
or that the project should proceed to the next stage. The
final assessment is critical to making sure that the right
projects are being pursued.

Independent Project Analysis, Inc. (IPA) originated the Stage
Gate Process under the Rand Corporation in the 1970’s,
and has applied it to a variety of research portfolios,
including those within the synfuels industry. IPA
independently measures the performance of capital
projects, evaluates risk factors and unknowns, and predicts
the success of a project to guide the research process and
mitigate potential barriers. The Stage Gate Process provides
suggestions on how outcomes of commercial projects can
be improved. DOE has enlisted the services of IPA to help

Although a large portion of U.S policy aimed at reducing the
nation’s dependence on foreign oil is centered on biofuels,
the U.S. recognizes the need for a balanced approach to
achieving its goal. The U.S. has begun to examine the need
for more flexible fuel vehicles and improvements in the
fueling infrastructure.

ENSURING SUCCESS THRENSURING SUCCESS THRENSURING SUCCESS THRENSURING SUCCESS THRENSURING SUCCESS THROUGHOUGHOUGHOUGHOUGH
SSSSSTTTTTAAAAAGE GGE GGE GGE GGE GAAAAATE AND BEYTE AND BEYTE AND BEYTE AND BEYTE AND BEYONDONDONDONDOND
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implement the Stage Gate Process for the DOE Biorefinery
Development projects to ensure maximum value is gained
from project investments.

NREL’s pilot scale biochemical biorefinery in the U.S. is a
critical tool in furthering the commercialization of biorefinery
technologies.  This facility was constructed to generate
critical data on the behavior of the system for use in the
design of larger commercial demonstration facilities.

NREL’s pilot plant can be used to test the feasibility of
proposed processes and implement process changes. It also
can be used to research solutions to potential process
bottlenecks and problems that can occur when
implementing a new technology or process. Because pilot
scale plants are less expensive to build and operate
compared to commercial scale facilities, this testing
arrangement is much more cost effective than
demonstrating new technologies and processes at a
commercial facility. Another benefit of NREL’s pilot plant is
the ability to provide design data on a variety of topics such
as chemical reactions, mass and heat balances, material for
construction, control strategies, and operating costs for a full
scale plant. The pilot plant allows NREL to gather metrics
associated with competing technologies in terms of cost and
productivity to provide the commercial sector with
independently verified data needed by industry to make the
appropriate business decisions.

NREL is in the process of adding new capabilities to its pilot
plant to enable it to handle a wider range of pretreatment
chemistries.  NREL is also adding new unit operations and
expanding instrument and control capabilities.  These
expansions will enable NREL to provide more useful
information to the commercial sector and facilitate the
deployment of more technologies into the market place.

BIOREFINERBIOREFINERBIOREFINERBIOREFINERBIOREFINERYYYYY, THE BRIDGE BET, THE BRIDGE BET, THE BRIDGE BET, THE BRIDGE BET, THE BRIDGE BETWEENWEENWEENWEENWEEN
AAAAAGRICULGRICULGRICULGRICULGRICULTURE AND CHEMISTURE AND CHEMISTURE AND CHEMISTURE AND CHEMISTURE AND CHEMISTRTRTRTRTRYYYYY

The relationship between agricultural feedstocks and a
biobased chemical industry is extremely important to the
biorefinery. For each country, the bridge between agriculture
and chemistry is different. In many countries, efforts have
been enacted to ensure that biomass feedstocks are used
in finished products. In Holland, a number of initiatives have
been established to increase development of bioenergy,
specifically a goal of 30 percent from biomass by 2030.

To tackle these issues, many countries realize the
importance of supply chains and co-production of
alternative products through biomass. The role of farmers in
the supply chain is also important because producing and
selling biomass needs to make economic sense for farmers.
A combination of different products both from the farmer
and from the chemical industry will increase the potential
revenue and provide stronger incentives. The importance of
co-products is exemplified in a pilot plant established in
northern Holland 10 years ago, which converted grass into
three major products with multiple applications.

There is renewed interest from the chemical industry and
the pulp and paper industry because of rising prices of
traditional feedstocks, and pulp and paper waste streams
are now a more economically feasible feedstock. Chemicals
can be made from biomass without major inputs. Also, when
converting biomass to ethanol, the co-products are almost
equal in value to the ethanol produced.

There are advantages of small-scale processing such as
harvesting in the fields with lower transport costs and
reduced water; however, the lacking economies of scale is a
disadvantage of small-scale processing. Major
developments needed for the biorefinery include lower raw
material costs and better refinery efficiencies, separation
technologies, and downstream processes.

The integrated biorefinery increases the value of individual
biomass components, as well as co-products. The
biorefinery bridges the gap between agriculture and the
chemical industries by providing a demand for biomass
feedstocks and producing a menu of finished chemical
products. When these products are produced from non-fossil
fuel feedstock, they also promote strategic national goals for
renewable energy production.

PRPRPRPRPROOOOOVING BIOCHEMICALVING BIOCHEMICALVING BIOCHEMICALVING BIOCHEMICALVING BIOCHEMICAL
TECHNOLTECHNOLTECHNOLTECHNOLTECHNOLOGIES  AOGIES  AOGIES  AOGIES  AOGIES  ATTTTT

THE PILTHE PILTHE PILTHE PILTHE PILOOOOOT SCALE FT SCALE FT SCALE FT SCALE FT SCALE FOR INTEGRAOR INTEGRAOR INTEGRAOR INTEGRAOR INTEGRATEDTEDTEDTEDTED
BIOREFINERBIOREFINERBIOREFINERBIOREFINERBIOREFINERY DEVELY DEVELY DEVELY DEVELY DEVELOPMENTOPMENTOPMENTOPMENTOPMENT
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Abengoa
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Thermochemical technologies are key components of the
integrated biorefinery concept. Biorefineries must be able to
utilize various feedstocks and integrate multiple conversion
processes.

One of the challenges faced by biorefineries is to develop
thermochemical technologies that are technically and economi-
cally feasible at the appropriate scale for reasonably available
biomass resources. NREL’s pilot plant facility attempts to
address this challenge by measuring the technical and eco-
nomic feasibility of a pre-commercial scale facility.

Presenters described the goal of most biorefineries, which is to
produce cost-competitive biofuels at approximately one U.S.
dollar per gallon, and to produce gasoline-ethanol blends that
meet industry, federal, and state specifications. To achieve this,
biorefineries need to integrate bioethanol and electricity
combined with heat to achieve processing efficiencies.
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Biorefineries utilize two main processes, biochemical and
thermochemical, in converting raw biomass feedstocks into
finished products such as ethanol. Thermochemical
conversion utilizes heat and pressure to convert carbon into
finished products.

There are several barriers for thermochemical conversion in
biorefineries: feedstock analysis, conversion, gas clean-up
and conditioning, and integration of operations. Multiple
feedstocks necessitate multiple conversion processes which
can complicate integration in a biorefinery. Moreover,
gasification of feedstocks is a complex function which needs
to incorporate varied types of equipment. Clean-up of waste
streams from thermochemical processing affect the
economics of the process.

At NREL, most of the thermochemical work is focused on
particulate removal and to consolidate as many processes as
possible. NREL’s recent focus has been on fuel synthesis to
produce biofuels from clean syngas.  NREL can generate
syngas to test unit operations and look at integration and
catalyst performance issues. Once these technical
challenges are addressed and the goals are achieved, major
breakthroughs in biorefinery production will ensure that the
U.S. will have the means to produce finished products from
renewable resources.

Integrated Biomass Utilization System (IBUS) began by
seeking alternative uses for straw. As the concept
developed, it became clear that ethanol was a good
alternative use to animal feed. The key activity of IBUS is the
integrated utilization of sugar/starch and lignocellulosic
feedstocks. Most crops contain both sugar and starch, and
lignocellulose, which are separated at the biorefinery.

In an integrated production of bioethanol and electricity, 55
to 65 percent of the input energy is lost as heat. This energy
can be captured during the co-production and utilization of
fuel ethanol and heat energy. The IBUS concept utilizes the
surplus steam to produce high-quality solid biofuels. The
IBUS system requires less energy and therefore has lower
energy costs. Use of low pressure steam from electricity

Abengoa is a biorefinery technology company which
integrates starch-hybrids and biomass. It has strategic
interests in producing fuels for future technologies such as
hydrogen, and it anticipates its ethanol production will form
the basis for hydrogen fuels.

Abengoa is currently working on the development of a
thermochemical pathway for conversion of any
carbonaceous feedstock to ethanol. Current projects include
a biorefinery pilot plant in York, United Kingdom sponsored
by the U.S. DOE, which converts 1.5 tons/day of biomass
feedstocks from corn stover, wheat straw, and switchgrass.
Abengoa also has a commercial biomass ethanol
demonstration plant in Salamanca, Spain supported by the
European Commission, which uses 70 tons/day wheat straw
as a feedstock and produces 5 million liters/year of ethanol.
Abengoa has various gasification, catalyst development, and
ethanol reforming projects. One such project is a hybrid
starch and biomass commercial plant in a conceptual
design phase. Its output will be 700 tons/day integrated
with a cereal ethanol plant.

PILPILPILPILPILOOOOOTTTTT-SCALE THERMOCHEMICAL TECHNOL-SCALE THERMOCHEMICAL TECHNOL-SCALE THERMOCHEMICAL TECHNOL-SCALE THERMOCHEMICAL TECHNOL-SCALE THERMOCHEMICAL TECHNOLOGIES FOGIES FOGIES FOGIES FOGIES FOROROROROR
INTEGRAINTEGRAINTEGRAINTEGRAINTEGRATED BIOREFINERTED BIOREFINERTED BIOREFINERTED BIOREFINERTED BIOREFINERY DEVELY DEVELY DEVELY DEVELY DEVELOPMENT –OPMENT –OPMENT –OPMENT –OPMENT –
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INTEGRAINTEGRAINTEGRAINTEGRAINTEGRATION OF BIOMASS ANDTION OF BIOMASS ANDTION OF BIOMASS ANDTION OF BIOMASS ANDTION OF BIOMASS AND
CEREAL ETHANOL PRCEREAL ETHANOL PRCEREAL ETHANOL PRCEREAL ETHANOL PRCEREAL ETHANOL PRODUCTIONODUCTIONODUCTIONODUCTIONODUCTION

generation means energy can be obtained without additional
CO2 emissions. The process can recycle byproducts, does not
produce waste water, and does not emit volatile organic
compounds.
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IncorIncorIncorIncorIncorporating Conporating Conporating Conporating Conporating Convvvvvererererersion R&D and Tsion R&D and Tsion R&D and Tsion R&D and Tsion R&D and Testingestingestingestingesting
AAAAAdaptation in an Existing Fdaptation in an Existing Fdaptation in an Existing Fdaptation in an Existing Fdaptation in an Existing Facilityacilityacilityacilityacility
Gary Welch and Michael Ladisch, Aventine
Renewable Energy and Laboratory of Renewable
Resources Engineering, Purdue University

UUUUUpgrading of Byprpgrading of Byprpgrading of Byprpgrading of Byprpgrading of Byproducts froducts froducts froducts froducts from Biodiesel andom Biodiesel andom Biodiesel andom Biodiesel andom Biodiesel and
Sugar Industries bSugar Industries bSugar Industries bSugar Industries bSugar Industries by Biocony Biocony Biocony Biocony Bioconvvvvvererererersionsionsionsionsion
and Chemical Catalysisand Chemical Catalysisand Chemical Catalysisand Chemical Catalysisand Chemical Catalysis
Thomas Willke, Federal Agricultural Research
Centre Institute of Technology and
Biosystems Engineering

CommerCommerCommerCommerCommercializing Thermochemical R&Dcializing Thermochemical R&Dcializing Thermochemical R&Dcializing Thermochemical R&Dcializing Thermochemical R&D
& Pilo& Pilo& Pilo& Pilo& Pilot Plant Rt Plant Rt Plant Rt Plant Rt Plant Resultsesultsesultsesultsesults
P. Nair, UOP
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Bio-cascading is a term which describes processing that utilizes
the feedstock material in its entirety, helping to make effective
use of limited biomass resources. The integrated biorefinery
attempts to utilize the entire feedstock stream to produce
biofuels and valuable co-products.

Some technical challenges for biorefineries include:

*  Hydrolysis degradation of products, fibers in corn
    ethanol products;

*  Incorporating new conversion R&D in existing
    biorefinery facilities;

*  Upgrading byproducts resulting from biodiesel
     and the sugar industry to be more efficient; and

*  More efficient transportation.
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Ethanol is used as a fuel additive (E5 and E10) as well as a
stand alone product (E85), and can help achieve the U.S.
Presidential “Twenty in Ten” goal to reduce dependence on
imported oil. Corn is the major feedstock for ethanol
production, although only 13 percent of all corn produced in
the U.S. is used in ethanol production. The majority of corn
is used for animal feed and export; however, the increasing
demand for corn has created a conflict known as the “food
vs. fuel” debate. Therefore, other feedstocks, such as
cellulosic materials, are needed for maximum ethanol
production. However, corn will continue to be the key
feedstock until cellulosic ethanol becomes cost competitive.

INCORPORAINCORPORAINCORPORAINCORPORAINCORPORATING CONVERSION R&D ANDTING CONVERSION R&D ANDTING CONVERSION R&D ANDTING CONVERSION R&D ANDTING CONVERSION R&D AND
TESTESTESTESTESTING ADTING ADTING ADTING ADTING ADAPTAPTAPTAPTAPTAAAAATION IN AN EXISTION IN AN EXISTION IN AN EXISTION IN AN EXISTION IN AN EXISTING FATING FATING FATING FATING FACILITCILITCILITCILITCILITYYYYY

Biomass transport, pretreatment, conversion, product, and
energy costs are all barriers which must be overcome in
order to upgrade byproducts from biodiesel and the sugar
industry through bioconversion and chemical catalysis.
Some important steps for biorefineries are to address
reduction costs for combined pretreatment, and
conservation and separation costs such as in sugar and
starch refineries.  Cost reduction in the biorefinery is the
major challenge facing the biofuels industry. There is also
significant potential for cost reduction through greater
transportation efficiency and cheaper and more
efficient feedstocks.

Biofuels have had an increasingly important role in the
global energy supply, exhibiting 12-15 percent annual
growth. There are two major biobased transport fuels:
ethanol and biodiesel. The U.S. and Brazil are the primary
centers for ethanol production, and Europe is the primary
center for biodiesel production. As an emerging technology,
biofuels markets today are supported by subsidies to help
compete with petroleum-based fuels. If the mandates
proposed by the U.S. and European Union are adopted, they
will create an additional demand for about 3 million barrels
per day of renewable transport fuels by 2020.

UOP is a supplier and licensor of processing technology
which it applies to renewable feedstocks to help the major
biorefinery centers in the world. UOP’s approach to biofuels
production uses direct conversion and pyrolysis. The
availability of cellulosic biofuels will make a significant
impact on the amount of biofuels. Typical biomass is
composed of cellulose, hemicellulose, lignin, and sugars/
oils. Because of the various compounds which make up
biomass, it is difficult to process. A significant impact on the
transportation fuel market will also require the use of
lignocellulosic material for biofuels. UOP and NREL have
partnered to pursue research together and to provide a
foundation for the development of biofuels economically.

COMMERCOMMERCOMMERCOMMERCOMMERCIALIZING THERMOCHEMICALCIALIZING THERMOCHEMICALCIALIZING THERMOCHEMICALCIALIZING THERMOCHEMICALCIALIZING THERMOCHEMICAL
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UPGRADING OF BYPRUPGRADING OF BYPRUPGRADING OF BYPRUPGRADING OF BYPRUPGRADING OF BYPRODUCTS FRODUCTS FRODUCTS FRODUCTS FRODUCTS FROM BIODIESELOM BIODIESELOM BIODIESELOM BIODIESELOM BIODIESEL
AND SUGAND SUGAND SUGAND SUGAND SUGAR INDUSAR INDUSAR INDUSAR INDUSAR INDUSTRIES BTRIES BTRIES BTRIES BTRIES BY BIOCONVERSIONY BIOCONVERSIONY BIOCONVERSIONY BIOCONVERSIONY BIOCONVERSION

AND CHEMICAL CAAND CHEMICAL CAAND CHEMICAL CAAND CHEMICAL CAAND CHEMICAL CATTTTTALALALALALYYYYYSISSISSISSISSIS



2007 ExCo59 Meeting   17



18   2007 ExCo59 Meeting

The Iogen StThe Iogen StThe Iogen StThe Iogen StThe Iogen Storororororyyyyy
Maurice Hladik, Marketing Director, Iogen

PrPrPrPrProject Management Centoject Management Centoject Management Centoject Management Centoject Management Center: Managinger: Managinger: Managinger: Managinger: Managing
the Biofuels Pthe Biofuels Pthe Biofuels Pthe Biofuels Pthe Biofuels Pororororortftftftftfolioolioolioolioolio
Jim Spaeth, U.S. Department of Energy
Golden Field Office
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4.0
SESSION D:  IOGEN AND THE DEPSESSION D:  IOGEN AND THE DEPSESSION D:  IOGEN AND THE DEPSESSION D:  IOGEN AND THE DEPSESSION D:  IOGEN AND THE DEPARARARARARTMENT OF ENERTMENT OF ENERTMENT OF ENERTMENT OF ENERTMENT OF ENERGGGGGY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICEY’S GOLDEN FIELD OFFICE

This session discussed the demonstration commercial plant
funded by the DOE Biomass Program with Iogen.  The Iogen
plant uses straw as feedstock and will demonstrate the
cellulose ethanol making process.

Another presentation was on the Project Management Center,
part of DOE’s Golden Field Office. This Center manages $1.2
billion in R&D funding for a variety of energy efficiency and
renewable energy projects, including biomass projects. The
presenter provided an overview of the role of this office in
managing the DOE biomass projects.
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Iogen is a leader in producing enzymes, and has been active
in producing ethanol since the 1970’s. Its business
objectives are to be a world leader in the development and
deployment of cellulose ethanol technology, and to expand
upon its existing strategies and partnership alliances.
Iogen’s demonstration plant exclusively uses straw and is a
successful operation of a semi-works demonstration facility.
The plant demonstrates a cellulose ethanol process and
integrates all key unit operations into one continuous
process. Iogen believes that cellulosic ethanol could displace
more than 30 percent of the U.S.’s present petroleum
consumption.

The U.S. DOE Office of Energy Efficiency and Renewable
Energy (EERE) has a dedicated field Project Management
Center (PMC) at its Golden Field Office (GFO) in Golden,
Colorado. The PMC function is to manage EERE’s R&D
portfolio, which is approximately $1.2 billion annually. This
includes the Biomass Program research funds awarded to
laboratories, industry, and academia.

GFO uses common practices and business processes to
manage projects from basic R&D to commercialization. An
important activity of GFO is enacting sections of the Energy
Policy Act of 2005: Section 932 Commercial Integrated
Biorefinery; Section 941 Revisions to Biomass R&D Act of
2000; Section 942: Cellulosic Ethanol Reverse Auction; and
Loan Guarantees.

THE IOGEN STTHE IOGEN STTHE IOGEN STTHE IOGEN STTHE IOGEN STORORORORORYYYYY PRPRPRPRPROJECT MANAOJECT MANAOJECT MANAOJECT MANAOJECT MANAGEMENT CENTER:GEMENT CENTER:GEMENT CENTER:GEMENT CENTER:GEMENT CENTER:
MANAMANAMANAMANAMANAGING THE BIOFUELS PORGING THE BIOFUELS PORGING THE BIOFUELS PORGING THE BIOFUELS PORGING THE BIOFUELS PORTFTFTFTFTFOLIOOLIOOLIOOLIOOLIO
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5.0
TTTTTOUR:  NOUR:  NOUR:  NOUR:  NOUR:  NAAAAATIONAL RENEWTIONAL RENEWTIONAL RENEWTIONAL RENEWTIONAL RENEWABLE ENERABLE ENERABLE ENERABLE ENERABLE ENERGGGGGY LABORAY LABORAY LABORAY LABORAY LABORATTTTTORORORORORYYYYY

One of the premier research and development facilities
focusing on renewable energy in the United States is the
National Renewable Energy Laboratory. NREL has state of the
art facilities where it performs research and development of
renewable energy technologies. NREL also provides research
expertise for DOE’s Office of Science, and the Office of
Electricity Delivery and Energy Reliability. The ExCo 59 Meeting
toured the facilities at NREL and the National Bioenergy Center
to get a better understanding of NREL’s capabilities.
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The Biomass Surface Characterization Lab (BSCL) at NREL is
designed to give scientists insights into the chemical and
biological reactions which can transform renewable plant
and waste materials into useful sources of energy.  BSCL
features electron and optical microscopes and other
research tools to probe biomass-to-energy processes at
atomic and molecular levels.  Computer hardware and
software systems are available for researchers using the lab
to capture, record, and analyze the data they obtain. The
highly sensitive instruments used in the lab must operate in
a strictly controlled environment. The BSCL includes systems
to monitor and maintain temperature, humidity, acoustical
vibration, and cleanliness.

Biochemical conversion involves the following three steps:

(1)   Converting biomass to sugar or other
        fermentation feedstock (NREL’s process
        design uses dilute acid pretreatment
        followed by enzymatic hydrolysis);

(2)   Fermenting these biomass intermediates
        using biocatalysts (microorganisms
        including yeast and bacteria); and

(3)   Processing the fermentation product to
        yield fuel-grade ethanol and other fuels,
        chemicals, heat, and/or electricity.

Researchers at the Biochemical Conversion Process
Development Unit (PDU) are working to improve the
efficiency and economics of the biochemical conversion
process technologies by focusing their efforts on improving
pretreatment technology, breaking hemicellulose down to
component sugars, and developing more cost-effective
cellulase enzymes for breaking cellulose down to its
component sugar.

NREL’s one ton per day PDU is an integrated pilot plant for
converting biomass to ethanol at a rate of 900 kg (1 ton)
per day of dry biomass.  It was designed to provide a user
facility to accelerate the development of processes for the
conversion of a wide variety of lignocellulosic biomass types

NREL’s biomass conversion program produces products
such as ethanol fuel from corn stalks, develops gasification
processes that use wood chips to generate electricity, and
more.  The Thermochemical Process Development Unit can
be operated in either gasification or pyrolysis mode.  The
half-ton-per-day thermochemical process development unit
is based on a fluidized-bed reactor coupled with a thermal
cracker (tubular reactor).  This configuration is very flexible
and can handle a range of process conditions to reflect
product gas compositions of interest to NREL’s industrial
partners.

Particulate removal, secondary catalytic conversion, and
condensation equipment are also available. The modular
design of the facilities allows it to readily accommodate
equipment supplied by research partners. Process mass
balances are continuously computed from online data.
Products and intermediates can be analyzed by several
methods, including:

*  Gas chromatography;
*  Molecular beam mass spectrometry;
*  Non-dispersive infrared spectrometry;
*  Residual gas analysis; and
*  Fourier-transform-infrared spectrometry.

Raw synthesis gas and pyrolysis vapors can be upgraded
using the fluidized-bed catalytic reforming reactor. The
integration of power generation applications with biomass
gasification processes can be evaluated, for example, by
testing product gas usage in internal combustion engines or
microturbines. So can the production of fuels and chemicals
in microcatalytic reactors. These capabilities add up to a
unique research and development facility for optimizing and
integrating thermochemical biomass conversion processes.

BIOMASS SURFBIOMASS SURFBIOMASS SURFBIOMASS SURFBIOMASS SURFAAAAACE CHARACE CHARACE CHARACE CHARACE CHARACTERIZACTERIZACTERIZACTERIZACTERIZATION LABTION LABTION LABTION LABTION LAB

BIOCHEMICAL CONVERSION PRBIOCHEMICAL CONVERSION PRBIOCHEMICAL CONVERSION PRBIOCHEMICAL CONVERSION PRBIOCHEMICAL CONVERSION PROCESSOCESSOCESSOCESSOCESS
DEVELDEVELDEVELDEVELDEVELOPMENT UNITOPMENT UNITOPMENT UNITOPMENT UNITOPMENT UNIT

THERMOCHEMICAL CONVERSION PILTHERMOCHEMICAL CONVERSION PILTHERMOCHEMICAL CONVERSION PILTHERMOCHEMICAL CONVERSION PILTHERMOCHEMICAL CONVERSION PILOOOOOT FAT FAT FAT FAT FACILITIESCILITIESCILITIESCILITIESCILITIES

to ethanol. The objective of this project is to perform routine
maintenance and calibration activities to maintain the
facility in a state of operational readiness for both internal
and external customers. In addition, this project implements
an activity that significantly improves the operability of the
pilot plant and enhances its capability to supply necessary
process performance data for customers.  Unit operations
include feedstock washing and milling, pretreatment,
enzymatic hydrolysis, fermentation, distillation, and
solid-liquid separation.
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The Alternative Fuels User Facility is the most widely used
facility at NREL.  Its pilot plant allows testing and
development of complete production processes.
Fermentation trials can be performed with aerobic or
anaerobic microorganisms in batch, fed-batch, or
continuous mode.  The fermentation portion can also be
used to further using sugar or other intermediate biomass
components rather than cellulosic feedstocks.

ALALALALALTERNATERNATERNATERNATERNATIVE FUELS USER FATIVE FUELS USER FATIVE FUELS USER FATIVE FUELS USER FATIVE FUELS USER FACILITCILITCILITCILITCILITYYYYY
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6.0
TOUR:  COORS PLANTTOUR:  COORS PLANTTOUR:  COORS PLANTTOUR:  COORS PLANTTOUR:  COORS PLANT

The Coors Brewery in Golden, Colorado produces
approximately 87,000 tons per year of brewer’s grains on a dry-
matter basis from the brewing process.  The feed is currently
sold as cattle feed in a wet and dry form. There are nine other
byproducts of the brewing process that contain fermentable
starches or concentrations of ethanol. Coors developed a
biomass conversion plant to convert these various biomass
feedstocks into higher value-added products and provide a
test-bed to commercialize emerging enzymatic technologies.

The biomass conversion plant, which began operation in 2005,
uses the synergies of an existing building and equipment that
was currently not in use at the site to incorporate the design
into the four-stage evaporator system at the facility. The plant
produces in excess of 4MMgpy of 200 proof ethanol through
conventional processes which include: low temperature cook
section, enzymatic conversion of starches to fermentable
sugars, yeast fermentation (two 250,000-gallon fermenters),
stripping of ethanol from the mash, distillation, and molecular
sieve dehydration of the alcohol. The wet distillers grain and
solubles are then consumed by the cattle feeding and dairy
operations in northeastern Colorado.  There are two water
treatment facilities on the premises.
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