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Good morning everyone. Welcome to the National Institute of Standards and Technology and
to this event, the Fourth International Conference on Biofuels Standards.

This conference was organized by:

e Brazil’s National Institute of Metrology, Quality and Technology (INMETRO),
e the European Commission’s Directorate-General for Energy (DG-ENER), and
e the U.S. National Institute of Standards and Technology (NIST).

This conference is the most recent of the series of meetings organized to provide a forum for
discussion of measurements and standards needed to facilitate the development of sustainable
biofuels as global commodities.

| see many familiar faces in the audience, both technical experts and from the stakeholder
community, who have worked with us over the past several years to develop the measurement
and standards infrastructure to ensure that our energy portfolio includes biofuels from a variety
of feedstocks and in many blend proportions, and meet expanding global need.

As we look back on our history together, the first meeting in the series was a Workshop held in
Rio de Janeiro in 2006. At that meeting many technical experts expressed concern that the
inconsistency in measurement unit, and analytical methods used to measure specifications
could cause confusion when using different documentary standards. At an international
conference held in Brussels in early 2007 this issue was discussed further and technical experts
were challenged to work to assess differences among fuel standards produced by ABNT, the
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Brazilian National Standards Organization, ASTM International, and CEN, the European
Committee for Standardization, all widely used globally.

In July of 2007 there was a Symposium in Washington, D.C. which served to expand the number
of stakeholders and established the so called “Tripartite Team of international experts”, with
participants from the U.S., Brazil, and the EU, to address harmonization issues for biofuel
standards.

e This work was successfully completed in 2008, and required an incredible effort by the
Team with a meticulous assessment of biofuels standards, specifications and analytical
methods. In conjunction with this work, NIST and INMETRO began working on Certified
Reference Materials for bioethanol and biodiesel for use in calibrating instrumentation
and validating measurement results for various biofuel parameters/specifications.

e The EC developed and supported a program to develop and value-assign a series of
proficiency testing samples for use as blind tests of the ability of testing labs to make
fit-for-purpose measurements of key parameters of/in biofuels.

In Brussels in 2009, at the second international conference on biofuel standards, experts
discussed issues around sustainability criteria as they relate to standards development, and
during the third international conference in Amsterdam in 2010, technical experts and other
stakeholders expanded discussions to include the then newly developed aviation fuels
standards.

And so in this Fourth International Conference on Biofuels Standards we all gather again to
discuss Current Issues and Future Trends in Biofuels production.

e We know that biofuels are finding expanded utilization in ground transportation
systems, and more recently in aviation systems.

e A new organization, Commercial Aviation Alternative Fuels Initiative (CAAFI), has been
created to address technologies that will be useful for air transport.

e \We appreciate support of their members for this conference, and we look forward to
continued collaborations.

Biofuels are being produced from different feedstocks, using a wide range of

processes. Documentary and measurement standards, and reference data on thermophysical
and thermochemical properties of biofuels, play a critical role in assuring consistency and
quality of biofuels produced using different processes and feedstocks. The organizers of the
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conference are Brazil, the EU and the US, the three largest producers of biofuels, with
participation from other countries where biofuel production and utilization is increasing - this
group will participate in a panel discussion tomorrow.

You will begin your work this morning with an overview of the state-of-the-art on biofuels used
in surface transportation. Tomorrow will begin with an overview of the more recent
developments in utilization of biofuels in aviation, and specific issues and requirements for
biofuels that are utilized in commercial and military applications.

e One of the conference goals is to identify documentary and measurement standards
needed to facilitate trade and applications in new areas, and for new fuels.

e You will have very crucial discussions regarding technical and standards requirements
and of course, we must have discussions on the very critical issue of sustainability.

In closing, | wish you much success for this conference; if your past record is an indicator, |
know that your work here will have a very positive impact on the future of biofuels and our

global energy portfolio.

Thank you.
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The importance of the dialogue in biofuels standards between Brazil, the US and the EU
continues to grow. We have achieved very important results and increased collaboration at the
technical level. The effort of harmonizing standards and codes continues at ISO. The Brazilian
Government is very pleased with the results.

Expect to continue this cooperation in new areas such as aviation biofuels, the main focus of this
conference. Itis a new field with a lot of potential for our regions. New technologies need to be
tested to make this market a reality. But there are opportunities for greater synergies: R&D,
fuel certification, for instance.

Domestically, we continue to be committed to the sustainable production and use of ethanol
and biodiesel. The share of ethanol in our energy mix is still high (more than 40% of the gasoline
market) and we have implemented a 5% blend of biodiesel into fossil diesel countrywide.

Measures to revamp ethanol production have been adopted, which included additional finance
for the renewal of sugarcane fields and reenactment of a mandatory 25% ethanol blend in 2013
(the blend is currently set at 20%).

We expect that sugarcane and soybean will continue to be the main source of ethanol and
biodiesel, respectively (100% ethanol come from sugarcane; 80% biodiesel come from
soybeans). Cellulosic material from sugarcane (leaves and bagasse) is expected to be the main
source of cellulosic ethanol in the near future. Alternative crops, such as jatropha, are still in the
trials phase.

However, new uses for biomass under development in Brazil: cellulosic ethanol, bioplastics,
aviation biofuels, woody biomass for co-firing, projects for the sustainable production of palm
oil in the Amazon (palm oil agroecological zoning).
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Internationally, Brazil is still committed to the promotion of the sustainable production and use
of biofuels, including from food crops. We believe that biofuels can work as an important tool
for the sustainable development, as they can promote rural development, generate jobs and
income, and increase the production and availability of food, especially in developing countries.

Cooperation activities to assist other developing countries in setting their biofuels programs are
at the top of Brazilian energy diplomacy. Some countries in Latin America and the Caribbean
and in Africa have already benefited from a series of feasibility studies that assessed their
bioenergy potential and suggested projects to be implemented.

Brazil is actively working through the GBEP to promote the sustainable production and use of
bioenergy. We are fully committed to this multi stakeholder exercise.

Brazil is also fully engaged in the discussions of sustainable criteria of bioenergy at the ISO.
Approach that is consistent with multilateral trade rules.

Another important issue that will certainly be followed closely by Brazil and also by our
MERCOSUR partners is the discussions about the new EU renewable energy directive and its
implications for the biofuels international market.
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Greetings from Kyriakos Maniatis to the participants and apologies for not being able to

attend due to other commitments in Brussels.

The “Biofuels Directive”" set back in 2003 an indicative target for a minimum proportion
of biofuels and other renewable fuels to be placed on the markets in 2010. A
subsequent step to the “Biofuels Directive” was taken in 2009 with the “Renewable
Energy Directive”?, which established a mandatory 10% target for the share of energy

from renewable sources in the EU transport in 2020.

Concerning EU road fuel policy, the following key elements have been established:
e single market for road fuel,
e fuels fit for purpose (enabling the correct operation of vehicles and their
necessary emission control technologies to meet regulatory requirements),
e progressive decarbonisation and,

e security of supply.

Directive 2003/30/EC, repealed by the Directive 2009/28/EC

Directive 2009/28/EC
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The recently revised Fuel Quality Directive® implements the first three of these
objectives through setting mandatory minimum fuel specifications across the EU and
requiring fuel suppliers to reduce by 6% (by 2020) the greenhouse gas (GHG) intensity of

energy supplied for road transport.

Both the Renewable Energy Directive and the Fuel Quality Directive establish
sustainability criteria that must be met by biofuels if they are to count towards the
targets of those Directives or receive public support. At present the minimum GHG
reduction is set at 35% compared to diesel and petrol. This is to be increased to 50% by
2017 and to 60% for any new plant constructed after 01/01/2018. In addition both
Directives refer to the impact of indirect land-use change (ILUC) i.e. the emissions
arising from the conversion of the land required to meet biofuel demand on top of
existing food and feed production. | will come back later on the ILUC issue and the

Commission's new proposal.

12 Voluntary certification schemes have been approved via Commitology by the
European Commission and more are set to be approved. Some of these already operate

in the market facilitating the use of sustainable biofuels in the EU market.

The analysis of National Renewable Energy Action Plans (NREAPs) submitted by Member
States (MS) to the European Commission in June 2010 reveals that MS intend to slightly
overshoot the 10% target. To meet the 10% target, they intend that 8.5% comes from
the first generation biofuels, 1% from the second generation biofuels and 1% from
renewable electricity, most of the latter in railways rather than in cars. One Member

State expects some hydrogen from renewables to be used in transport by 2020. As in

Directive 2009/30/EC
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their national plans, MS seem to be mostly counting on first generation biofuels, their

sustainability is a key issue.

In the light of the NREAPs submitted by MS under the Renewable Energy Directive,
there could be a challenge to respect the blending limits of the Fuel Quality Directive.
The Commission is keeping this under review. “Protection grade” fuels are required to
be available and clearly marked at pumps so that consumers have access to blending
levels compatible with the vehicle technologies represented in today’s vehicle park. Any
future revision of blending limits needs to be assessed in the light of vehicle
compatibility, the definition of harmonised standards applied consistently across the EU

and be followed by adequate industry lead times.

Now back to ILUC.

We want to ensure that public support is targeted towards the biofuels that save

substantial GHG emissions compared to the fossil fuels they replace.

In the field of biofuels, concerns around the greenhouse gas emissions savings offered
by biofuels have been mostly linked to the issue of ILUC. We have conducted a number
of analytical studies on this topic and based on our current understanding we feel
confident that we can steer the markets towards the biofuels with less risk of causing

ILUC emissions.

The Commission's proposal that was issued on 17 October 2012 initiated the transition
to biofuels that deliver solid GHG savings also when estimated ILUC impacts are

considered while respecting existing investments.
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We propose to limit the amount of 1st gen. biofuels that can count towards the
Renewable Energy Directive targets to current consumption levels (5%). The remaining
growth in the biofuels' market is expected to come from advanced non-land using

biofuels, for which incentives are also increased (quadruple accounting).

In addition, we aim to increase the overall savings associated with all biofuels produced
in new installations. Therefore, the GHG emissions saving requirements are increased

to 60% for new installations.

The estimated ILUC emissions are included in the MS reports in both Directives. The
aim is to increase transparency of GHG savings of all biofuels, while recognising the
limits of modelling in the policy design. This may also result in a price premium for low

ILUC biofuels.

Through the same modelling work that we have used to estimate ILUC emissions, we
have also analysed the impact our policy has on food prices. The analysis estimates very
limited impact on the typical staple crops, as cereal prices increase with only 1% to 2%
associated to the predicted EU demand. This is also linked to the fact that we use very

little of the global cereal market for ethanol in the EU.

However, in order to achieve these targets significant development efforts have to be
undertaken by all stakeholders across the value chains at research, demonstration and
deployment stages. The European Commission has recognised this and we have been
supporting advanced biofuels with high GHG reduction potential under the 7th

Framework Programme and Horizon 2020 both at research and demonstration level.
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e The Commission has confirmed in its Renewable Energy Communication of 6 June 2012
that biofuels will play a prominent role for both, reaching the EU 2020 targets and in

achieving GHG reductions from the transport sector also in the future, beyond 2020.

e The Biofuels Flight Path in Aviation is a public private partnership initiative aiming to
achieve 2 million tons of bio-kerosene by 2020. This would represent about 4% of the
EU consumption of kerosene. The Commission is working with all stakeholders from the
aviation and biofuels sectors in trying to overcome the key barriers related to
technology development, the cost of bio-kerosene, and lack of financing for first-of-a-

kind-plant producing aviation biofuels.

e The Commission welcomes the cooperation established by the Tripartite work amongst
US, Brazil and the EU on Internationally Compatible Standards that issued its White

Paper in December 2007 and favours similar international cooperation in the future.

e | wish you success with the proceedings of today | can ensure you that you have the

support of the European Commission in your efforts to promote sustainable biofuels.
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AGENDA

 What Is driving programs & activities
« USDA Activities

e Q&AS
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s
POLICY

 Energy Independence and Security Act of
2007

- RFS 2

 Food, Conservation and Energy Act of
2008

— Energy Title IX
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L
USDA Programs and Activities

e Research
e Programs
e Collaboration

e Qutreach and Education
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Clear Targets — Scope Out Significant Challenges

Required investments needed to produce 21-
billionpgalions of advanced biofuels

Biofuels Strategic Production Report — A USDA Roadmap to Meeting the Biofuels
Goals of the Renewable Fuels Standard by 2022, June 23, 2010
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Use Reglon based Strategies to Develop Sustained Feedstock

Every region will make its own uue contribution, no’one region will
provide all the needed biomass to achieve targets
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—
Concentrate on a Specific Regional Feedstocks

e Crop residues

e Perennial grasses

* Energy cane

Non-food biomass:
e Lipid seed crops

e Invasive rangeland trees

No one feedstock will meet all national biofuel needs
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New Directions for Bioenergy R&D

« What Is a systems-based approach?

— Expand project boundaries to include Social,
Environmental, and Economic feasibility of innovation,
AND...

— link feedstock development, production, logistics,
conversion, product development and markets

— Transdisciplinary - no research “silos”
— Compatible with existing agricultural systems
— Integrate research, education, Extension
« Focus on Outcomes and Impacts
— Rural Development and Sustainability
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NIFA Bioenergy/Products Portfolio
e Joint DOE/USDA Plant Feedstock Genomics Program
$2M
e Agriculture and Food Research Initiative (AFRI)
— Sustainable Bioenergy Challenge $46M

« Joint USDA/DOE Biomass Research and Development
Initiative (BRDI) $40M

e Critical Agricultural Materials $1M

« Small Business Innovation Research Program (SBIR)
$4M

e Other and non-competitive ~ $15M
e >$100M NIFA annual investment in FY 2012
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Biomass Research and Development Initiative FY2009-2012

e $118M support 25 projects

e Focus on advanced biofuels/biobased industrial
products/chemicals

* Interest in small scale processing/rural manufacturing
* Funding range $3M - $7M
 Required integration of:
— feedstock development/production, feedstock logistics,
— feedstock conversion, product development

— system analysis, e.g. life cycle analysis, impacts on
food/feed supply
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Biomass Research and Development Initiative

FY 2009 awards focused on conversion technologies:

e Cellulosic Isobutanol Fermentation Biocatalyst (Gevo,
Inc.)

 Kinetic Models of Biomass Gasification (GE Global
Research)

* Production of Polyitaconic Acid from Northeast
Hardwood Biomass (Itaconix, LLC)

 Improving Biorefinery Economics through
Microchannel Hydroprocessing (Velocys, Inc.)





QSDA Regional Approaches to Bioenergy
= Systems

D
— Coordinated Agricultural Projects (CAP)

* Regional partnerships

— Academic, government, non-government, industry
* Work back from targets to develop entire supply chains
 Build on existing infrastructure and previous investments

 Integrate Research, Education, and Extension/Tech
Transfer

e Robust sustainabllity analysis: Impacts on ...
— Economics, rural communities, and the environment

« Targeted Feedstocks (perennial grasses, energy cane,
sorghum, woody biomass, oil crops)

e 2010-12: 6 awards totaling ~$146 M over 5 years






USDA Northwest Advanced Renewables Alliance
i (NARA): New Vista for Green Fuels,
Chemicals, and Products

WA St U, $40,000,000 (5 years)

41 Key Personnel representing 9 Universities, 3 Federal
Partners, and 4 Industrial Partners from 9 States:

— Renewable aviation fuel, value-added industrial chemicals
— Woody biomass residues,

purpose-grown trees

* Weyerhaeuser, Greenwood Res.
— Bioconversion and fuel production

« Gevo, Catchlight, Chevron






USDA Forest Service R&D

=l Critical Research
—_—

e Sustainable and economical forest biomass
management and production systems for public
& private ownerships

« Competitive biofuels and conversion
technologies and innovative bioproducts

e Information and tools for decision-making and
policy analysis

.. Reduce investor risk and significantly contribute
to U.S. energy security, environmental quality,
and economic opportunity





USDA Sustainable Production and

sl \anagement Research
=——
e Sustainable Soll Productivity

 Integrating Feedstock Production into
Forest Management Systems |

« Short Rotation Woody Crops
e Forest Operations Research
 Best Management Practices
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Food, Conservation, and Energy Act of 2008 -

Title IX — Energy

 Federal Procurement of Biobased Products (9002)
 Biorefinery Assistance Program (9003)

* Repowering Assistance Program (9004)
 Bioenergy Program for Advanced Biofuels (9005)
 Rural Energy for America Program (REAP - 9007)
« Biomass Research and Development (9008)

« Biomass Crop Assistance Program (9011)

e Community Wood Energy Program (9013)
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Renewable Energy/Energy Efficiency Investments by

Technology, 2003 - 11

Technology NI O SLELELLLEEL Leveraged Amount

Projects Guarantee Investments
Anaerobic Digester 166 S 95,592,536 S 295,039,652
Ethanol Production 63 $ 56,148,961 S 123,467,698
Solid Fuel Production 147 $ 35,858,243 S 87,792,770
Biodiesel Production 10 $ 22,319,086 S 69,739,987
Thermal Conversion 43 S 18,958,758 S 39,148,094
BIOMASS 429 $ 228,877,585 $ 615,188,200
ENERGY EFFICIENCY 5,399 $ 177,880,630 $ 356,326,946
GEOTHERMAL 198 S 6,109,847 S 22,474,229
HYBRID 40 S 3,607,001 S 188,288,374
SOLAR 1,054 $ 56,952,256 S 135,307,251
WIND 562 $ 109,595,668 S 604,957,982
FLEXIBLE FUEL PUMP 66 S 4,284,342 S 22,193,369
HYDROELECTRIC 7 S 8,497,001 S 13,298,709
HYDROPOWER 10 S 1,780,798 S 13,455,103

Planning grants

Feasibility Studies 174 S 5,878,094

Energy Audits 50 S 4,603,016

Renewable Energy Development Assistance 33 S 3,149,991
Total 8,022 $ 611,216,230 $ 1,971,490,163
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Rural Development, Title IXX Energy Investments

Fiscal Years 2003-11, with Performance Measures

Advanced
Total Jobs Saved- Businesses Energy Saved GHG Biofuel
Fiscal Year Projects Investments Created Assisted - Generated Reduced** Produced
Millions of Millions of 1,000 metric  Millions of
Number dollars Number Number kWh tons of CO2 gallons
2003 114 22 736 108 974 979
2004 163 23 411 186 504 643
2005 158 32 289 103 590 611
2006 412 45 1,357 285 997 1,304
2007 436 76 2,122 331 1,956 1,969
2008 764 50 1,797 537 2,438 2,643
2009 1,559 217 5,981 2,924 3,006 3,085
2010 2,609 236 2,371 5,250 4,676 7,794 882
2011 2,459 477 1,775 2,358 9,326 8,965 1,829
TOTAL 8,674 1,178 16,839 12,082 24,468 27,993 2,711
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INEOS New Planet Energy, Vero Beach,

Florida
First Commercial Scale Cellulosic Ethanol Producer

e $75 million loan guarantee;
$50 million DOE grant; $2.5 8
million State of Florida grant gass

« MSW and citrus pulp to 8
million gallons per year of
cellulosic ethanol and 6 MW
of electricity

« Mechanical completion 4/12; | :
Commissioning complete
9/12

 On schedule to produce 2
MG in 2012!
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Collaboration
Initiatives & MOUSs

o Flexible Fuel Pumps

 Wood to Energy

e Digester Initiative

« Farmto Fly - (Defense, CAAFI, MASBI)

« MOU - Dairy Indiustry

e MOU - Department of Navy
« MOU DPA-DOE/DON

« MOU - FAA
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Other Key Drivers in Renewable Energy

Development

 May 5, 2009, President Obama signed the directive establishing a new
working group to be chaired by the Secretaries of Energy and
Agriculture, and the Administrator of the EPA.

* February 2010, Biofuels Working Group Report (Growing America’s
Fuels)

« June 2010, USDA Roadmap for achieving 36 billion gallons renewable
biofuels by 2022; 21 billion gallons of advanced biofuels
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Other Key Drivers in Biofuels Development

 November 2010, Secretary Vilsack announces establishment of
Biomass Research centers leveraging resources to support 1st, 2nd and
3rd generation renewable fuels

e March 2011, President Obama releases BLUEPRINT FOR A SECURE
ENERGY FUTURE

« PARTNERING with other agencies and other countries like China
(2007)
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America’s Energy Security- Blueprint
for a Secure Energy Future

» Reduction of Imported Oil by 1/3 by 2025

« Expanding Biofuels Markets and Commercializing New
Technologies

— 4 Commercial-scale cellulosic or advanced biorefineries in the
next 2 years

— Expedite development of “drop-in” biodiesel and bio-jet fuel

e Clean Energy Standard
— 80% of Nation’s electricity from clean energy sources by 2035
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Key Points Moving Forward with Renewable Energy

Development
Focus on 2"d and 3" Generation Biofuels - i.e., cellulosic, biomass based diesel,

» Leverage regional resources, in the United States we have diversity in the types of
biomass resources available and where they are located.

A market oriented approach — we are not selecting feedstocks or technologies but
rely on markets

« Continue develop strategic partnerships to accelerate progress - domestic and
international / private and public

— Defense Production Act where Department of Navy, Department of Energy,
and USDA working together and funding jointly facilities for the production
of drop-in aviation biofuel

— Partnering
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Biomass Research Centers

Northwestern
Northern-Eastern

Central-Eastern '

Southeastern
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USDA Regional Biomass Research &
Demonstration Centers

Multifunctional landscape approach.

Regional dedicated energy crops and purpose-grown
woody species.

Incorporates sustainable biomass production into
existing agricultural and forest systems.

Systems designed to meet biorefinery requirements —
always considers a supply chain approach.
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—_———
2012 & Future Political Realities

 Super Committee - Deficit reduction
e 2012 Presidential Election Year
e 2012 New Farm Bill
e Renewable Energy Issues
— Tax credits and subsidies
— Infrastructure
—E-15 & FFVs
— Heat & Power
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s—
Looking Ahead — 2012 & Future

e Difficult to move forward —there is a need for
STABLE public policy especially in the short-
term

“*Commercial Cellulosic Facility” needed
— RFS2 Mandates — Cellulosic

 Use of biomass for energy production
Instead of traditional uses

— Food emotional issue
— Wood chips for fuel & heat power - resistance
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— ot PJeri lqlerlrllfl--n» lel”
2012 & Future

 No silver bullet
It will be difficult and challenging

 Require interdisciplinary cooperation,
coordination, and leveraging resources

« USDA Is positioned to meet the
challenge ahead
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—_—
Meeting the United States’ Future

Energy Needs
e Diversified Sources

 Need to increase efficiency
(conservation)

« Sound — Strong Research Base
 Partnering (across stakeholders)
o IT WILL BE CHALLENGING
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_"’" Use Reginbrpased Strategiesde Develop

Sustained Feedstock SuHﬁlles

e Optimally incorporate energy crops into existing
agriculture and forestry-based systemes.

e Address uncertainties up-front to reduce negative
impacts on existing markets and ecosystem services.

e |[ncrease production efficiency to increase grower
profits and reduce biorefinery transaction costs.
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Renewable Energy

Indianapolis

Louisville

Nashville

¥ 5 Birmingham

Montgomery

AMERICA’S FIRST
BIOFUELS CORRIDOR

DPA Coordinator
November 13, 2012






I ntrOd u Ctl on U DEPARTEENT OF o | Energy Efficiency &

ENERGY Renewable Energy

Develop and deploy integrated
biorefineries

Research and develop advanced

biofuels technologies
Navy/USDA/DOE Advanced Biofuels Life Cycle
Initiative Tf P {

IS

L
‘ L Distribution
& Processing & Conversion

Resource assessment — do we have g
enough biomass? n

Techno-economic analysis — can
biofuels be produced at competitive
prices?

Sustainability — What are the
greenhouse gas emissions?

2 | Office of the Biomass Program eere.energy.gov





Energy Efficiency &
Renewable Energy
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OIl Price Forecasts ENERGY | £ Effiency &

Renewable Energy

250

200 191

150 | 136

History
— Reference

—High Oil Price
100 |

Crude Qil Price ($/barrel, 20119%)

50 r

O 1 1 1 1 1 1 1 1 1
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Source: Energy Information Administration, “Annual Energy Outlook 2012", DOE/EIA-0383(2012), available at http://www.eia.doe.gov, June 2012
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Market Driver for Alternative Fuels ENERGY | Creroy Effciency &

Renewable Energy

« Military, aviation, marine, long-haul trucking, and long-distance rail
have limited alternatives to liquid transportation fuels

» Biofuels as a mechanism for reduced price volatility

« Opportunity for innovative technologies incorporating natural gas
and biomass

— Will natural gas prices continue to decline and remain stable?
— Can biomass and natural gas conversion processes be integrated?

— What are the greenhouse gas emissions implications of biomass-natural
gas technologies?

* Higher value use of biomass as a fuel substitute instead of an
electron substitute

5 | Office of the Biomass Program eere.energy.gov





Resource Assessment — “Billion Ton
ENERGY Renewable Energy

Energy Efficiency &

U.S. Billion-Ton Update:
Biomass Supply for a Bioenergy
and Bioproducts Industry

B DEPARTMENT OF

* Provides current and potential
— available biomass for 2012-2030

« Estimates are at the county level and
for a range of costs to roadside

e \ » Has scenarios based on crop yields
*t* and tillage practices

 Models land use for energy crops
and ensures meet food, forage, and
export commodity crop demands

* Includes sustainability criteria
* Report and data on the web

Data and analysis tools located on the Knowledge Discovery
Framework: hitp://bioenergykdf.net

6 | Office of the Biomass Program eere.energy.gov





U.S. Billion-Ton Update: Findings

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Baseline scenario

— Current combined resources from
forests and agricultural lands total
about 473 million dry tons at $60 per
dry ton or less; about 200 million dry
tons from forestry

— By 2030, estimated resources
increase to nearly 1.1 billion dry tons;
about 300 million dry tons from

forestry
High-yield scenario

— Total resource ranges from nearly 1.4
to over 1.6 billion dry tons annually of
which 80% is potentially additional
biomass;

— No high-yield scenario was evaluated
for forest resources, except for the
woody crops

B Forestland resources
currently used

2030 - _ W Forestiand biomass
5 5 g g & waste resource potential

[@ Agricultural resources
currently used

2022 - _ “ Agncu‘tura‘ e
; ; & waste resource potential
; . @ Energy crops

0] 200 400 600 800 1000 1200 1400 1600 1800

Million dry tons

i M Forestland resources
currently used

{ @ Forestland biomass
& waste resource potential

2017 - - ;
2012 - - |

0] 200 400 600 800 1000 1200 1400 1600 1800

i [@ Agricultural resources
currently used

: @ Agricultural land biomass
] & waste resource potential

[ Energy crops

Million dry tons

7 | Office of the Biomass Program
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Potential County-level Resources

Energy Efficiency &

at $60 Per Dry Ton or Less in 2030 ENERGY | reneuavi Enercy

Under Baseline Assumptions

County Level Biomass )
Dry tons per square mile annually /-

. 0 - 5500 W A

1] 125 250 500 Miles
L1 1 [ I |
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Integrated Biorefinery Projects

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

« 11 IBRs will produce
hydrocarbons from
biomass

« 12 IBRs will produce
cellulosic ethanol from
biomass

Project Scale Key

( Research and Development
(. Pilot

@ Demonstration

. Commercial

@ Complete/lnactive
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NE

ut
c::l::-. Rentech ClearFuels
KS
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OK
NM

.Sapphire

®uop
H

For more information visit:
http://www.eere.enerqgy.gov/biomass/integrated biorefineries.html
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® New Page, oT
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1A NJ
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U.S. DEPARTMENT OF Energy Efﬁciency &

Biochemical Conversion ENERGY | Renowable Energy

RD&D projects are improving the biochemical conversion of cellulosic biomass to
biofuels and chemicals. These processing routes entail breaking down biomass to
make the carbohydrates available for conversion into sugars, which microorganisms

and other catalysts can use to create biofuels and bioproducts.
Transformation

___________________________________________________________________

Product Upgrading '
& Recovery |

Biomass

_____________________________________________________

Deconstruction
* Biomass is first pre-treated, usually with a combination of hot water and

chemicals to make it amenable to hydrolysis
* The pre-treated biomass slurry is then exposed to enzymes, which unlock and

release (hydrolyze) the biomass sugars

Transformation
* The sugar-rich media is then fed to organisms, like yeast and E. Coli, which

transform the sugars into biofuels and chemicals e e
* Chemical catalysis can also be employed to transform the sugars into biofuels cellulose into sugar (image
courtesy of NREL)

and chemicals

eere.energy.gov

10 | Office of the Biomass Program





U.S. DEPARTMENT OF Energy Efﬁciency &

Thermochemical Conversion ENERGY | rencwable Energy

RD&D projects are improving the thermochemical conversion of cellulosic biomass.
These processing routes use heat and chemistry to convert biomass into a liquid or
gaseous intermediate, such as syngas or bio-oil. Customized processing of
intermediates produces biopower or biofuels such as gasoline, diesel, and jet fuel.

Deconstruction Transformation

| T | Syngas Cleanup :

: @ & Conditioning FUEESYMESIS
ue i |

| Pyrolysis ‘l ) Fuel P :
p Stabilzation REIFIOLESSIS

______________________________________________________________

‘ Biomass

1
L)
N

Deconstruction

» Pre-processed biomass is heated in reactors (in some cases with a catalyst) to
produce gas and liquid intermediates

Transformation
» Synthesis gas (aka syngas) is then scrubbed for impurities and converted into
Fighter plane operating on a

biofuels and chemicals 50/50 biofuels blend. Phot
. . . . . . Iotuels dlend. Fnoto
Liquid (aka pyrolysis oil) is stabilized and upgraded to produce biofuels and TN

chemicals

An F/A-18 Green Hornet

11 | Office of the Biomass Program eere.energy.gov





U.S. DEPARTMENT OF

Algae Feedstocks ENERGY | Coeroy Efficiency &

Renewable Energy

Activities include R&D on algal feedstocks and issues related to the
sustainable production of algae-derived biofuels.

High productivity Affordable and scalable algal biomass production
Reduced competition with agriculture Feedstock production and crop protection

Ability to use waste and salt water Energy-efficient harvesting and drying

Recycling of carbon dioxide Extraction, conversion, and product purification
Integrated production of fuels and co-products Siting and sustainability of resources

The goal of creating abundant, cost-
effective, and sustainable algal biomass
supplies in the United States involves
algal genetics, strain development, and
algal cultivation strategies. R&D
activities also factor in the economic
and environmental sustainability of
various routes and technologies to
produce algal biofuels and bioproducts.

12 | Office of the Biomass Program
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Micro-algae Resource Assessment us pemenon | Energy Efficiency &

ENERGY Renewable Energy

a b * A National resource
assessment identified
~430,000 km? of

o e == suitable land for algae
o LTS A\ cultivation with
A cos %, - | potential for 58 BGY of
Rl D algal oil production
.“?%‘_:J{f':-* '
i

* Optimizing to
maximize productivity
and minimize water
use identifies 10,000

a° ' | kmz2, or about 3.7M

y _ acres, mainly around
ean Annual Oil
Production per the Southwest and
ectare
1,000 L / ha-yr Gulf Coast
B 25
4.0 N * These optimized sites
5.0
6.5 1 would s_upport
o 80 production of 5 BGY

Wigmosta, M. S., A. M. Coleman, R. J. Skaggs, M. H. Huesemann, and L. J. Lane, 2011, National
microalgae biofuel production potential and resource demand, Water Resour. Res., 47, WO0OH04

13 | Office of the Biomass Program eere.energy.gov





Techno-Economic Analysis ENERGY | Eoroy Effcency &

Renewable Energy

e Setting R&D priorities

e Benchmarking

 Informing multi-sectoral analytical activities

e Track Program R&D progress against goals

 ldentify technology process routes and prioritize funding

* Program direction decisions:

» Are we spending our money on the right technology pathways?

« Within a pathway: Are we focusing our funding on the highest
priority activities?

14 | Office of the Biomass Program eere.energy.gov





Terminology and Concepts w3 osmaent or | Energy Efficiency &

ENERGY Renewable Energy

* Nth plant economics

— Costs represent the case where several biorefineries with this technology have
been built, which assumes lower contingency and other cost escalation factors

— Assumes no risk premiums, no early-stage R&D, or start-up costs

* Pioneer plant
— Costs represent a first-of-a-kind construction, where added cost factors are
included for contingency and risk
— Most closely represented by IBR projects
— Few estimates available in the public domain

 Design Case:
— Detailed, peer reviewed process simulation based on ASPEN or Chemcad
— Establishes cost of production at biorefinery boundary
— Provides estimate of nth plant capital and operating costs
— Based on best available information at date of design case

— Scope: feedstock cost (harvest, collection, storage, grower payment), feedstock
logistics (handling, size reduction, moisture control), conversion cost, profit for
biorefinery

— Excludes: taxes, distribution costs, tax credits or other incentives

15 | Office of the Biomass Program eere.energy.gov





Cost of Production for Hydrocarbon ot e | B ERAe e S
ENERGY Renewable Energy

i B

Biofuels

m Co-product
HO&M
Capital

- m Feedstock
1 -
Met oline Pyrolysis Fischer-Tropsch

-1
. Other economically viable technology routes for hydrocarbon biofuels exist, such as conversion of waste and plant oils, and
sugar-to-hydrocarbons

. These costs are projected for the Nth Biorefinery Plant, after operation of initial commercial-scale Pioneer Plants
Sources:

1. Sue Jones et. al., “Production of Gasoline and Diesel from Biomass via Fast Pyrolysis, Hydrotreating and Hydrocracking: A Design Case”, Pacific Northwest National
Laboratory, PNNL-18284, available from http:/www.pnl.govFebruary 2009.

2. Sue Jones et. al., “Techno-Economic Analysis for the Conversion of Lignocellulosic Biomass to Gasoline via the Methanol-to-Gasoline (MTG) Process”, Pacific
Northwest National Laboratory, PNNL-18481, available from http://www.www.pnl.gov, February 2009.

3. Anex, R. A, et. al., “Techno-Economic Comparison of Biomass-to-Transportation Fuels via Pyrolysis, Gasification, and Biochemical Pathways”, Fuel, July 2010.

$/gal  ?
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Biofuel Production Costs us. ozpasruenror | Eporon Efficiency &

Example of renewable fuels via pyrolysis ENERGY | renewable Energy

Renewable gasoline and diesel via pyrolysis

= $8.00 -

3 Feedstocks

T ® Feed Drying, Sizing, Fast Pyrolysis

° $7.00 — $1.33 _y 9 9 _ yroly S

= Upgrading to stable oil

\g: - ® Fuel Finishing

£ $6.00 - m Balance of Plant

»

S

c $5.00 - —

9

o $4.00 . $0.99 > .

c -~

: 5 wm —

' I >~

S $3.00 - | 347

35 I~ = .

E ~~_

c - ~ o

I= $2.00 -~ %201 ==3 $075

o

2 - s034

E dU.
—

$0.00 -

2009 2012 Projection Feedstocks Fast Pyrolysis Upgrading to Fuel Finishing  Balance of 2017 Projection
State of stable oil Plant
Technology

Pyrolysis costs by unit and projected cost reductions through R&D
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Algae Model Harmonization Initiative ENERGY | 5o Effcioncy &

Renewable Energy

« The Biomass Program uses a baseline algal

production scenario with model-based _
tior o with . . O HNREL

guantitative metrics to inform strategic planning Argonne 22 INIXEL  recific Northwest

QRATORY

Prowdly Cyperated by Ballele Since 1965

« Preliminary work on resource, techno-economic, Ejgj;‘i":'eb}ﬁ?as;', f,;g;;g‘g:;};ﬁﬁeggl:p;ggfafed
and life cycle assessments integrated with Potential from a Harmonized Model
external stakeholder input during ok & i Ryen Dands,” Denie Fshman,” Eward D. Frank.
Harmonization Workshop (Dec, 2011) e e o T P

! Argonne National Laboratory, Argonne, Hliinois

 ANL, PNL, NREL joint technical report Zi:f;,fﬂﬁjlfiﬁfa{f;wGm, e
“Renewable Diesel from Algal Lipids” (June, * Pacito Nortwest National Laboratoy, Rchiand, Washingion
2012), describes the conservative harmonized
pathway

« Renewable diesel from extracted algal lipids e o e ey ey & el Eney
pathway is the Biomass Program’s baseline to o e e T Y e e S gt ot S
measure progress Technical Repert

Prepared for the U.S. Department of Energy Biomass Program

» Subsequent workshops will be held to further the
Initiative and consider whole algae processing
and other innovative pathways

18 | Office of the Biomass Program eere.energy.gov





Integrated Baseline Design o5 oemssmewt or | Eneray Efficiency &

Co nﬂguraﬂon ENERGY | renewable Energy

0.05% (OP)

Makeup water Flocculent Makeup solvent Solvent recycle Hydrogen

l Offgas
1‘ Naphtha

Lipid Phase Solvent Upgrading
Extraction Separation Recovery (hydrotreater)

CO2
Centrifuge

Spent algae
+ water Biogas
Recycle water Blowdown ate fogr
Anaerobic energy Flue gas from turbine
T Recycle nutrients/ water Digestion

I

' 1

Makeup nutrients Vv

Sludge Power

Green = algae cell density
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I nteg I’ated B&SEllne = oo OEPARTENE OF | Energy Efficiency &

Process Performance and Sensitivity ENERGY | renewable Eneray

Breakdown of RD Production Costs

» The integrated baseline makes 2%
conservative assumptions on 3%\ 3% 3% = Ponds + inoculum + land
productivity, processing, and co- 1% Liners
pro ducts: m Infrastructure
.. ® Primary settling
» Annual average productivity 13 = DAF
grams/m2/day m Centrifuge

Cell disruption
Extraction/separation
AD + CHP system

» 80% processing efficiency
* No high-value co-products

30% m Hydrotreating
» The baseline performance is highly
uncertain and small changes in
productivity have big impacts $45
©
o %40
. . @ \
« Baseline assumption results: g 935 \ ——25% Tipid
e Unit Scale: 10 MGY renewable diesel & %% \ 50% lipid
_ . . =2 25
« Minimum Selling Price: ~$20/gallon = izo \~
 Emissions: 67.4 kg cO2e/MMBTU o $15 N
renewable diesel R L~
é $5 //
» Innovative work across the value chainis = %0 o

. . . . 0 10 20 30 40 50
showing promise in reducing costs. Baseline / oroductivity, gmald
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N ew PathwayS Belng CO”Sldered oo OEPARTENE OF | Energy Efficiency &

ENERGY Renewable Energy

» Feedstocks — integrate herbaceous and woody feedstocks into a uniform format that is
transportable over long distances

*  Biochemical — Biological conversion (bacterial, fungal, heterotrophic algae) of ligno-cellulosic
sugars to hydrocarbons

» Biochemical - Catalytic upgrading of sugars or sugar derivatives (furfural) to hydrocarbons
 Thermochemical - Catalytic fast pyrolysis with vapor phase upgrading (two liquefaction reactors)
* Thermochemical — In-situ catalytic fast pyrolysis (one liquefaction reactor)

* Thermochemical — Gasification, catalytic conversion or fermentation of synthesis gas to
hydrocarbons

* Algae — open pond, solvent extraction, algal lipid upgrading, anaerobic digestion of spent
biomass

» Algae — open pond, whole algae hydrothermal liquid upgrading, wet catalytic gasification

21 | Biomass Program eere.energy.gov
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