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Government spending alone cannot accomplish

a task of this magnitude. How can we faciljtate the flow of
private capital into the production of biofuels?




INTRODUCTION

America is finally coming to grips with the need to minimize its dependence on imported oil. Faced with a host
of geopolitical risks and the looming threat of climate change, policymakers are taking a hard look at ways to

diversify the nation’s energy portfolio.

In the last few years, biofuels—that is, energy-dense liquid fuels made from plants and other organic matter—have
enjoyed a significant momentum, both at home and abroad. Today, most cars and SUVs in the United States are
capable of running on gasoline blended with 10 percent ethanol, and multiple airlines have conducted successful
tests of bio-jet-fuel blends.! Major oil companies have announced multi-million-dollar plans to invest in biofuel
ventures and research. Global revenue of ethanol and biodiesel production reached $34.8 billion in 2008 and is
expected to triple by 2018.* A bit of comparison will put this growth in perspective, however: This 2008 figure
represents just 2 percent of the $1.76 trillion in revenues generated by the top five oil companies in the world.

The United States has seen oil imports worsen an already gaping trade deficit. Against this backdrop, biofuels hold
tremendous appeal as an energy source that could be produced domestically. The development of a flourishing

biofuels industry would generate jobs and open the door to major opportunities for the U.S. agricultural sector.

Despite their promise, biofuels must overcome considerable hurdles. Scientists, policymakers, and activists continue
to debate the pros and cons of these fuels. Further process and technology refinements are needed to ensure that

biofuels make a significant dent in carbon emissions while avoiding other negative environmental impacts.

Building a robust, large-scale biofuels industry is no small task. Beyond the extensive R&D effort required, it will
also be necessary to build a network of cutting-edge processing plants and to open up nationwide distribution and

retail channels. Taking this idea to scale will call for a vast infusion of capital.

Achieving a major shift in the mix of energy sources used by the United States requires government support to
set things in motion. The federal government has already put a variety of mechanisms into place, from tax credits
to direct grants. On December 4, 2009, U.S. Energy Secretary Steven Chu and Agriculture Secretary Tom Vilsack
announced that nineteen biorefineries would receive $564 million in funding from the American Recovery and
Reinvestment Act (ARRA). In addition to receiving a $50 million grant from the Department of Energy (DOE)
as part of this ARRA funding, Sapphire Energy also received a $54.5 million loan guarantee under the USDA's
Biorefinery Assistance Program for developing a process that will transform algae into jet fuels and diesel. These
public programs are to be matched with more than $700 million in private and non-federal cost-share funds, for

total project investments of almost $1.3 billion.?

The effort to leverage private matching funds in the investments described above underlines a crucial point:
Government spending alone cannot accomplish a task of this magnitude. Federal programs can help lead the way,

but policymakers must find strategies for bringing more private investors with additional funds to the table.
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How can we facilitate the flow of private capital into the production of biofuels?

To answer that question, a Financial Innovations Lab, jointly developed and funded
by the Milken Institute and the Office of Energy Policy and New Uses at the U.S.
Department of Agriculture, was convened in Washington, D.C. This event gathered
leading scientists and technologists, biofuel producers, rural stakeholders, banks,
institutional investors, venture capitalists, public officials, and representatives from
think tanks and clean-tech industry associations. Together they identified practical
solutions that can encourage investment and help this fledgling industry grow to

maturity, building a greener economy in the process.

BUILDING ON SUCCESS:
THREE GENERATIONS OF BIOFUELS

For the sake of convenience, many industry observers refer to three “generations” of
biofuels. These demarcations are largely artificial and can be refined further, but because

they are currently terms-of-art, they will be used in this report.

These terms do not imply that later generations are necessarily superior to earlier
generations—just that they use different feedstock and are in different phases of
development, and consequently, have different funding needs. There are also general

challenges that apply to all generations of biofuels.

Part I of this report will identify these obstacles, while Part II presents recommended

policy changes and financial tools that can overcome these hurdles, attract more private

capital, and scale up investment in biofuels.

\

[The three]
generations [of
biofuels] are
extremely blurred....
Ten years from now
there are going to

be plants that are
operating profitably
in every one of those
categories....

Bill Hagy,

Special Assistant for
Renewable Energy Policy,
USDA, Rural Development




Introduction

The First Generation

Roughly speaking, the first-generation biofuel in the
United States is ethanol, which is produced from corn
through fermentation, a process that has been employed
for thousands of years and understood for centuries. In
many ways, this is a mature technology with large-scale
industrial production already taking place in the United
States and abroad. Extensive infrastructure has been
built, beginning with corn crops in the field and ending
with the delivery of ethanol- and petroleum-blended fuels.
Over the years, greater efficiencies have been achieved in
each aspect of the process, from planting to fermenting to

distilling. Further refinements continue to be achieved.

These new process efficiencies have changed the energy
equation markedly. Whereas only a few years ago, one
input of energy into the process yielded only about one
output of energy (assuming everything went right),
today the situation is improving. One input of energy
yields 1.67 outputs of energy when corn is used to
produce ethanol.* Increased yields from new strains

of corn are expected to further increase the efficiency
of corn as a feedstock. However, by comparison, in
Brazil, where sugarcane is used, one energy input
yields 9.3 energy outputs.” An oft-mentioned concern
regarding first-generation biofuels is their impact on
food prices. According to an April 2009 report from
the Congressional Budget Office, food prices rose 5.1
percent from April 2007 to 2008. But the CBO estimates
that increased corn demand due to ethanol production
was responsible for only a 0.5 to 0.8 percent hike, or 10
to 15 percent of the total rise. Increased energy prices
drove prices up by 1.1 percent, accounting for more
than one-fifth of the increase.® Soaring energy prices
combined with the huge drop in dollar, not increased
ethanol production, were the major contributors to

higher food prices in 2008.

In the United States, ethanol is largely sold by refiners to
oil companies, which blend it into standard gasoline fuel
mixes based upon various federal and state mandates.
As a result, while a great deal of ethanol is refined
domestically, very little high-ethanol content fuel (such
as E85, a blend that is 85 percent ethanol, 15 percent
gasoline) is available at service stations. While there are
more than 7 million “flex-fuel” vehicles on the road that
are designed to use either E85 or gasoline, only around
360,000 vehicles currently run on E85—largely because
so few service stations offer the product to consumers.”
By contrast, Brazil has mandated that all vehicles use at
least E25, a blend of 25 percent ethanol and 75 percent
gasoline.® Although gasoline contains more Btu’s per
gallon than ethanol, higher-compression internal
combustion engines have the potential to increase the
mileage delivered by ethanol or ethanol blends,” making
up for some of differences in energy density between
gasoline and ethanol.

The ethanol industry in the United States has seen
dramatic ups and downs. With the Energy Policy Act of
2005, interest in producing corn ethanol soared, while
rising crude oil, gasoline, and natural gas prices in 2006
drove up ethanol prices.'® This initial boom did not last,
however. Fifty planned ethanol plants were shelved in
late 2007 and early 2008,"" and net returns declined in
2008 due to falling or volatile ethanol prices.'? This shift
in fortunes has been attributed to increased feed costs,
structural changes in the market, and the increasingly
tight correlation between corn and crude oil prices,
given oil’s still critical role in the production of corn."”
Despite the bumpy road already traveled, the industry
has managed to survive and today ethanol still accounts

for the lion’s share of biofuel production.
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The Second Generation

Second-generation biofuels are produced from feedstocks
that include the cellulose in plants; their production
process therefore requires the breakdown of plant cell
walls.' Feedstocks include biomass waste from corn,
wood, wood chips, and nonfood crops such as
miscanthus and camelina.

From an industrial point of view, these processes are
newer but not as cheap to undertake as the production
of ethanol from corn. Different approaches have been
taken with regard to cellulosic ethanol production.
Some producers have focused on more efficiently

using specialized enzymes to break down cellulose,
while others have concentrated on producing enzymes
more cheaply; still others are attempting to genetically
modify the cell walls of plants. In each case, cellulosic
ethanol offers the hope of large-scale increases in energy
efficiency, in which one input of energy into the process
could potentially yield as many as 36 outputs of energy."”
This is far greater than the 1.67 outputs of energy
currently derived from corn ethanol or the 9.3 outputs
that can be produced from sugarcane.

Commercial cellulosic ethanol production has taken
some notable but small steps forward in recent years,

with Jogen Energy Corporation delivering 100,000 liters

The Third Generation

Third-generation biofuels have tremendous potential
for energy production, efficiency, and minimizing
environmental impact, but they are still under
development and are furthest from commercialization.
Some of these fuels, such as algae-based biodiesel,
promise to perform just like petroleum. But their
production process has the potential of becoming
carbon negative (meaning that the process removes CO2
from the atmosphere).*® Once costs are brought down
to a competitive level with other fuel sources, third-

generation fuels have huge appeal.

of cellulosic ethanol to Royal Dutch Shell in 2008,'¢

and Verenium Corporation launching construction of
its first commercial-scale production plant, capable of
producing 36 million gallons per year, in 2009."” More
recently, POET Ethanol Products secured the final
funding to construct its $200 million Project Liberty
commercial-scale cellulosic ethanol plant in Iowa, based

on its successful pilot plant in South Dakota.'®

Broadly speaking, however, second-generation investors
and the U.S. Department of Energy currently find
themselves at odds, despite the fact that the DOE has
committed $1.3 billion to biorefineries. Investors, made
wary by the recession and tight credit markets, have
been reluctant to back specific projects without

the assurance of DOE support, while the DOE will

not dispense funding until it sees proof of significant
private investment. Until this “chicken or the egg”
problem is resolved, dozens of plants will continue to
be put on hold due to a lack of financing. This delay

in construction will make it unlikely that the United
States will be able to meet its self-imposed timetable
for integrating cellulosic ethanol into the nation’s energy

portfolio (see figure 1, in the next section of this report).”

Whereas first-generation biofuels are already
commercially viable and the second generation

is making strides into commercialization, third-
generation biofuels are in the pre-commercialization,

venture-funded phase.

Both second- and third-generation biofuels face

the important challenges of finding a key nonfood
feedstock that can be produced on a large enough scale
to compete with corn-based ethanol. The development
of such a feedstock would significantly change the
landscape of the industry. While still in their infancy,
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third-generation biofuels could be game-changers given the lack of controversy surrounding their land use, their
low emissions in production and use, and especially their negative carbon footprints. The desired end molecules

can be cultivated directly in a feedstock such as algae, eliminating the need for expensive industrial processes.*

Research developed in Arizona
State University’s Algal-Based
Biofuels and Biomaterials project
has moved from the laboratory
to field pilot-scale demonstration

and production.

Photo by David Tevis. Courtesy of Arizona State

University and Arizona Board of Regents.




One of the most pivotal tasks in building a
vibrant biofuels industry will be counteracting the

chilling effect on investment that comes fiom

policy uncertainty and the oil market's,pricevolatility.
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PART I

ISSUES & PERSPECTIVE

SETTING AN AMBITIOUS TARGET

The production of biofuels is expected to increase dramatically in the coming decade. In May 2009, the

Environmental Protection Agency (EPA) revised the National Renewable Fuel Standard, raising the volume of

biofuels required to be blended into gasoline from 9 billion gallons in 2008 to 36 billion gallons by 2022 (see figure 1).

That target figure would represent approximately 11 percent of annual U.S. consumption of gasoline and diesel.?

To reach this target, the Obama administration created several new incentives to accelerate progress while
augmenting programs already put in place by prior administrations. The USDA's Biorefinery Assistance Program,
for example, offers up to $250 million in loan guarantees per project for the development and construction of
commercial-scale biorefineries or for retrofitting existing facilities that can develop advanced biofuels.”

In addition, the U.S. Department of Energy (DOE) is providing loans of $25 million and $50 million to pilot and
demonstration plants, respectively. On top of federal programs, a number of states provide grants, revolving credit

facilities, subsidies, and tax credits for biofuel producers.

As a result of these and other initiatives, biofuel production is on the rise. Like other forms of energy, biofuels
respond to incentives and mandates. By setting a clear target for production, the federal government is assuring

producers that it is committed to assisting the industry.

FIGURE
1 Total Renewable Fuel Standard
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Sources: Energy Independence and Security Act of 2007, Renewable Fuels Association.
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SELECTED GOVERNMENT COMMERCIALIZATION PROGRAMS FOR
BIOFUEL PRODUCTION AS OF 2009

A number of incentive programs have been created to promote the research, development, and production of biofuels,
including the following:

Environmental Protection Agency:
= Renewable Fuel Standard IT mandating that 36 billion gallons of renewable fuel must be blended into the nation’s gasoline by 2022

Department of Agriculture:
= Biomass Research and Development Initiative (issued jointly by the USDA and the Department of Energy)
= Renewable energy systems and energy efficiency improvements (grants, loans, and loan guarantees)
= Biorefinery Development Grants
= Biorefinery Assistance Program
= Repowering Assistance
= Bioenergy Program for Advanced Biofuels
= Feedstock Flexibility Program for Producers of Biofuels
= Biomass Crop Assistance Program (BCAP)
= Other supportive and non-exclusive programs
¢ Value-Added Producer Grants Program (VAPG)
¢ Business and Industry (B&I) Guaranteed Loans ($1 billion annually, to guarantee up to 90 percent of a loan by
commercial lender)
¢ Rural Business Enterprise Grants (RBEG; focus is on smaller projects)

Department of Energy:
= Biorefinery Project Grants
= Loan guarantees
¢ $786.5 million in total as part of a “commercial biorefinery effort”
¢ $480 million for integrated pilot and demonstration projects
- Loans up to $25 million for pilot plants
- Loans up to $50 million for demonstration plants
= $110 million in research grants in key program areas
= $60 million for ethanol research
= $300 million for the Clean Cities program, a government/industry partnership to put more than 9,000 alternative fuel
vehicles on the road and add 542 refueling stations across the nation
= $176.5 million in direct funding for commercial-scale biorefineries

Internal Revenue Service:
= A variety of producer and tax credits targeted toward large and small operations for ethanol, biodiesel, and future
renewable fuels. Examples include:
¢ Volumetric ethanol excise tax credit of $0.45/gallon
¢ Small ethanol producer credit of $0.10/gallon
¢ Cellulosic biofuel producer tax credit up to $1.01 per gallon
+ Biodiesel tax credit of $1/gallon (pending congressional approval for extension)
¢ Special 50 percent depreciation allowance for cellulosic biofuel plant property

State programs:
= All fifty states and the District of Columbia have standards for the use of alternative fuels.
= Forty-five states have incentive programs in place for alternative fuel use. Most of these incentives take the form of
reduced sales taxes, but ten states have production payments for biofuels, and sixteen states have incentives for
supporting biofuel infrastructure (primarily fueling stations).
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FUNDING CHALLENGES FOR THE BIOFUELS INDUSTRY

Biofuels are not unique in their reliance on government
assistance to spur sales. All energy products have
received some form of government support—and some
have been doing so for decades. Traditional fossil fuels
have historically claimed the lion’s share of government
support in the aggregate, while ethanol has received
the largest recent share when measured on a per-gallon

or per-barrel basis.

In addition, several factors need to be taken into account
when assessing the economic impacts of government
assistance to the biofuels industry. Importing foreign

oil is not without costs to the taxpayer, given the
resources devoted to protecting shipping lanes and
production centers. The nation’s continuing dependence
on energy imports from unstable regions creates
considerable vulnerability. In addition to enhancing
U.S. energy security, alternative energy sources such

as biofuels present a positive externality to society by
reducing—and with some technologies, perhaps even
reversing—carbon emissions. These are social returns
on the government’s investment in the biofuels industry
that cannot be fully monetized but must be taken under

consideration.

It is estimated that the two major federal incentive
programs, the Volumetric Ethanol Excise Tax and the
Ethanol Small Producer Credit, cost $8 billion in 2008.2*
Required federal assistance for biofuels will certainly

be much higher in order to increase the current 10.75
billion gallon production level to the 36 billion gallon
goal set by the EPA for 2022.

The biofuels industry will require initial and perhaps
even long-term government programs and mechanisms,
but it cannot fully mature without significant investment

from the private sector. Private funding will be needed

in each segment of the value chain, from research and
development through crop and feedstock production
and eventually retail distribution and sales. In order to
attract sufficient private investment, investors must see

this sector as capable of providing acceptable returns.

Can the United States achieve its policy goals regarding
the use of biofuels while phasing out government
assistance? Policymakers, scientists, and investors are
exploring better uses of both public and private funding,
and looking at better ways to reduce risks and increase

private investment into the sector.

One of the most pivotal components will be
counteracting the chilling effect on investment that
comes from policy uncertainty and the oil market’s
price volatility. As recent history shows, when oil prices
rise, investment capital often moves into alternative
sources of energy. But when oil prices fall, as they do
periodically, much of that investment is lost. This cycle,
repeated every few years, has discouraged investment
commensurate with the enormous size of the market

opportunity.

In addition, industry experts are looking at market
gaps—areas of inefficiencies in the markets and in the
alternative-energy value chain—that need to be
addressed for productive investments to yield profitable

long-term results.

It is also important to consider what types of defensive
measures leading energy producers might take to retain
their position in the economy. Faced with a potential
loss of market share, oil companies have two general
strategies to take: oppose the development of biofuels
through negative press, or invest in the sector directly or

via joint ventures, as some firms have done.
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T Moving across the biofuels chain
Supply side: Demand side:
Reducing costs and increasing = Government mandates
access to finance = Request for proposal
= Venture capital = Tax rebates
= Equity financing = Infrastructure

(e.g., installing pumps)

= Revolving funds
= Consumer awareness

= Producer crop credits
= Financial instruments to mitigate risks
(e.g., insurance for producers, ethanol futures and swaps)

Distribution

Transportation

Process / Refine

Feedstock
(production/logistics)

Land

Source: Milken Institute.

Fortunately for the future of biofuels, oil companies are becoming serious investors in this sector. Venture capital
has long been a major source of private investment in this sector, and in recent years, oil giants such as Chevron,
BP, and Exxon have started venture units and/or partnerships with established venture firms in order to fund
biofuels research and production.”® While the private money currently invested in the biofuels industry is only a
small fraction of government spending, it is expected to grow. In 2008, venture capital investment in all alternative
fuels—including biofuels—was $639 million,* while government assistance for corn ethanol alone in the same
year topped $9 billion.”

Venture capital is adept at investing in small start-ups, but there is little expertise within the venture community in
financing large-scale energy plants, given differences in orders of magnitude and rates of return between venture
and project financing. (Venture investment is typically under $10 million, while project financing is typically above
$100 million.) This financing gap must be overcome if biofuels are going to progress from the start-up stage to the
next level of growth. Many enterprises never find a way to bridge the gap, which is known as the “valley of death”
This moniker refers to the fact that small companies often perish at this point for lack of additional investment

capital, a shortage that is exacerbated by policy uncertainty and, at the moment, current economic conditions.

There is great urgency to design policies that create incentives for positive outcomes (greater fuel production,
more efficient business practices, decreased emissions) and penalties for negative outcomes (sustained reliance
on subsidies, deforestation, increased overall carbon emissions) so the industry can grow at a healthy pace and
biofuels can assume a larger role in the nation’s energy portfolio.
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Building a biofuels market with the capacity to supply a significant portion of the United States is a major
endeavor. There are different challenges for each generation of biofuels, as they are in different phases of research
and production. Ethanol from corn and sugarcane is an established product, but one that requires project financing
to reach the scale necessary to service the American transportation sector. Newer technologies, such as cellulosic
biofuel derived from waste products (second generation) and biofuels derived from algae (third generation), have
considerably farther to travel along the technology stream; they require venture capital to launch demonstration
plants before they can reach the next level. There are general challenges that apply to all generations of the
biofuels industry, too.

Measures need to be taken to help suppliers cope with uncertainty, as well as to create demand for the end
products. A range of potential solutions will be discussed in Part II of this report.

FIGURE

3 Funding challenges for biofuels

Public grants and tax incentives

@ Valley of death @ Valley of death

= Initial investment in
demonstration projects

Source: Milken Institute.

Angel investor Venture capital v
/_/% A
- ™
Technology
incumbent Seed/Start-up Early stage
Third Generation: Second Generation:
= R&D

= Achieving commercial-scale operation
= Bringing down costs
= Further investment in facilities

Funding challenges

Project finance

A
~ ~

Expansion Late stage

T T

First Generation:

= Scaling up

= Further R&D

= Upgrading distribution and infrastructure

= Increasing market share

= Mezzanine and bridge financing for IPO or M&A
= Collapsing market/Falling prices




16 FINANCIAL INNOVATIONS LAB

THE FINANCIAL INNOVATIONS LAB

In the Financial Innovations Lab that took place on September 23, 2009, experts from the worlds of finance and

economics, science and technology, agriculture and industry, government and academia came together to design

models that can leverage public funding with private investment to generate a sustainable market for biofuels.

Defining the Challenge
The Lab began by establishing a framework for

understanding the scope of the problem. Joel
Kurtzman, Executive Director of the Milken Institute’s
SAVE initiative, highlighted key issues surrounding the
biofuels industry, including the need to mobilize private
capital and the opportunities that biofuels present for
the environment and investors alike. Misallocated
funding, badly designed incentives, and the challenges
inherent in scaling up the industry were highlighted

as major problems for participants to tackle during the

course of the Lab.

Stephen Kaffka of the California Biomass Collaborative
focused on how to assess the impact of biofuels from a
holistic perspective. Professor Kaffka urged participants
to consider biofuels in a larger context that includes the
broader economy, the environment, energy security,
and sustainability. When it comes to policy remedies,
he noted, biofuels must be viewed as a multi-stakeholder

undertaking involving many different areas of society.

Kaftka pointed out that biofuels will not be sustainable
unless they are produced correctly. The industry

must proceed in a way that does not displace food
production or lead to deforestation (which actually
increases overall carbon emissions). He also pointed
out that current policy does not allow for better end
results through more diverse practices. New crops
could lead to better outcomes, but environmental

politics have posed complications (such as restrictions

on the planting of energy crops in areas where there

is hypersalinity resulting from water policies of the
past). Kaffka suggested that because so many policies
focus on different aspects of sustainability, the result

is a highly complex array of rules with inconsistent
incentive structures. This can actually hinder solutions
and slow the development and implementation of next-
generation technologies that could perform better than

current options.

Christopher Groobey, a partner at the law firm

of Wilson Sonsoni Goodrich and Rosati, shared
observations gleaned from his years of experience in
financing the ethanol industry. He pointed out that
producers of first-generation biofuels suffered from
extreme fluctuations in corn price. Many have already
filed for or are now facing bankruptcy; even with the
right technology, feedstock, and location, they are still
starved by lack of working capital in a bad credit cycle.
Investors who came late to the game are more interested
in buying old ethanol plants at discounted prices

than investing in new technologies and plants. These
investors bring little benefit to the truly innovative firms

that have been active in R&D over the years.

In the daylong discussions that followed, Lab
participants focused on pinpointing the obstacles that
currently stand in the way of the full development of
the three different generations of biofuels and devising

solutions for overcoming them.
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THE INDIRECT LAND USE CHANGE ISSUE

Changes in land use as a result of increased demand for biofuel feedstocks (whether corn or biomass) have
surfaced as an issue of concern to some interest groups in the debate of food versus fuel. In theory, biofuels
production in any country can raise domestic demand for a particular feedstock, tending to push its price
higher—and when that same feedstock is traded internationally, the result is upward pressure in other countries,
too. Higher prices, and presumably greater profits, will tend to result in increased production of those feedstocks
in trading partner countries. For example, higher corn prices in the U.S. could theoretically induce higher corn

prices in another country, resulting in shifts of acreage to corn in that country.

That said, there are other drivers of shifts in acreage at play as well. Where reduction of rain forests or grassland is
observed, it should be recognized that demand for exotic woods often drives legal and illegal logging. Allocating
tracts of land to otherwise landless persons can increase the conversion of forest to agricultural uses. And the
increase in demand for cattle grazing can also add to forest clearing pressures. In considering this issue, it is
important to recognize the presence of numerous drivers that can result in forest and range land conversion

to other uses, many of which have nothing to do with production of biofuel feedstocks. Admittedly, increased
demand for corn in the U.S could raise corn prices and that effect could induce price increases elsewhere around
the world. But in fact, the U.S. has continued to produce enough corn to meet all its export demand and has
increased its own corn acreage to meet increased demand for biofuel feedstocks. In the U.S., as biofuel production

has grown, corn carryover stocks have also increased.

Finally, the issue of indirect land use change drivers is made even murkier by the lack of reliable data on the actual
land use changes that are occurring around the world, especially in countries with rain forests, and the lack of
metrics explaining cause and effect relationships. While the issue is one of legitimate policy interest, much more
research is necessary before any definitive judgments can be made as to the actual effect of higher biofuel feedstock

prices on land use change pressures worldwide.
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FINANCIAL INNOVATIONS FOR BIOFUELS DEVELOPMENT

IDENTIFYING THE BARRIERS

The major barriers to funding and growth in the biofuels industry are outlined below:

BARRIER 1: REGULATORY UNCERTAINTY

Regulatory uncertainty was identified by Lab participants as a “principal chilling factor” that discourages

private investment. Although government policies in the past decade have largely favored the biofuels industry,
uncertainties remain a key concern of current and potential investors. Negative policy shocks have occurred in the
past: The California Low-Carbon Fuel Standard approved by California Air Resources Board in April 2009,

for example, was criticized by many as posing an unfair penalty to corn-based ethanol.

Also, most current government incentives for the biofuels industry are provided in the form of subsidies or tax
credits. Investment decisions were made based on these incentives. When too many programs are enacted at the
same time, however, excessive capital can cause the industry to overbuild. Incentives initially created a land-rush
that brought money into the corn-derived ethanol industry at inflated valuations. The result was a boom-to-bust
roller-coaster ride.

In addition, short-term incentives can change significantly because of political pressure or budgetary constraints.
For biofuel firms that rely heavily on debt financing, the changing policy dynamic can influence cash flows, making

it even harder to survive the valley of death.

Lab participants suggested that regulators should establish consistent, long-term policies for developing the biofuels
industry, thus sending coherent signals to investors and building a stable regulatory platform that can outlast

changes in administration or shifts in the political and budgetary winds.*®

BARRIER 2: UNCERTAINTY IN SUPPLY AND FEEDSTOCK PRICES

The sharp increase in corn prices witnessed in 2007 and 2008 was a major factor behind the bankruptcy of many
ethanol producers, whose businesses were not yet robust enough to survive large fluctuations in feedstock prices.”
Ethanol firms that relied heavily on debt financing could not keep a positive cash flow when the cost of production
squeezed their already-thin profit margins. Second- and third-generation biofuels will eventually face the same
challenge as demand rises for the feedstock they use. Lab participants believe that financial instruments could be

designed to hedge such risks.
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Weather risk is another reason for fluctuations in prices. Biofuels (with the possible
exception of some types of experimental algae production) rely on outdoor farming,
and it is not possible to precisely control the output of feedstock whenever weather is
involved. Extreme weather conditions can cause sharp decreases in supply, and hence
spikes in price—but this particular kind of price volatility cannot be traded away unless
the feedstock supply is diversified by trading with other countries.

In addition, shifts in demand can cause unexpected increases in feedstock prices.
Biofuel producers need tools to hedge against negative shocks from both the supply
side and the demand side.

BARRIER 3: THE VALLEY OF DEATH FOR
NEXT-GENERATION BIOFUELS

First-generation biofuels managed to make it through the valley of death. However, this
outcome was described by one participant as “a combination of luck and policy;” which
cannot be fully replicated by the second and third generations.

Several second-generation pilot plants are currently under construction, but not many

are in operation. In this environment, potential investors would rather wait and see the
outcome of current projects before proceeding ahead with their own—and this reluctance
has slowed the industry’s overall development. Many Lab participants stressed the urgency
of helping demonstration plants move forward and encouraging private capital to provide
funding so that the second and third generations can mature and grow to scale.

BARRIER 4: MARKET FAILURES AND
DYSFUNCTIONAL CAPITAL MARKETS

Many investors in first-generation biofuels were burned badly in 2006 and 2007, as spiking
corn prices, overbuilding, and regulatory uncertainties bankrupted many firms. Without
essential changes in the industry and new tools to insulate investors from the various risks
that became apparent in the first-generation experience, private investors are reluctant to
provide funding again, especially for new technologies. Instead, some are opting to buy
old-technology ethanol firms at deeply discounted prices. While consolidation within an
industry is usually healthy and can lead to better use of capacity, in this sector, a market
failure results when new, more efficient, and perhaps more environmentally friendly
technologies are developed by biofuels firms but not rewarded by investors.

The situation has been further exacerbated by the financial crisis and the ensuing recession.
With credit markets essentially frozen from 2008 into 2010, it has been extremely difficult
for biofuel producers to use term funding to pull themselves through the start-up phase.

Loan guarantees are
best used for helping
bridge the value

of debt as far as
moving technology
forward. But it’s not
going to help the
fundamental risk of
the industry as far
as commodity price
risk and the lack of
a long-term forward
market.

Paul Ho,
Hudson Clean
Energy Partners
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The Financial Innovations Lab
brought together a number

of industry experts, including
Corinne Young, Director

of Government Affairs for
Myriant Technologies LLC,

which develops second-

generation biofuels.

Small businesses rely on both equity financing and debt financing. Debt financing allows firms to use appropriate

leverage and is usually available on more flexible terms. However, biofuel firms find it difficult to obtain bank
loans, largely because of the long-term nature of the investment that is needed. Biorefineries, for example, need
to be funded via ten- to thirty-year loans. These enterprises have relatively thin profit margins, and are faced with

enormous uncertainties from both regulations and the marketplace.

Without a mechanism for securitization, banks must keep these long-term assets on their balance sheets; they are
forced to account for the interest-rate risk and the risk of not being able to roll over short-term credits during a
downturn. This combination of factors has left banks reluctant to lend to biofuel firms. No strategy has yet been
implemented for effectively mobilizing other private capital to provide loans while receiving a reasonable rate of return.

Lab participants outlined ideas for new models that can fill this gap; these are detailed in Solution 5 of this report.

At present, ethanol is used primarily as an additive in gasoline. While there are now large numbers of vehicles capable
of using E85 (a mixture of 85 percent ethanol, 15 percent gasoline) and cheap conversion kits are available for cars,

very few retailers sell this type of fuel. The lack of retail outlets has hampered demand for first-generation biofuels.

In addition, Lab participants pointed out that currently there is an absence of consistency for biofuels. This hinders
broad acceptance, as consumers want clear product information and reliable sources of supply. The federal government

could and should do more to provide authoritative facts and establish industry standards.
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CRAFTING SOLUTIONS: FINANCIAL AND POLICY INNOVATIONS

SOLUTION | Expand the Biofuels Interagency Working Group and create more

1 effective coordination and communication

Today multiple federal agencies have their own biofuel programs in place. Lab participants
observed that some momentum is lost when biofuel producers compare the different
programs available and try to figure out which deal is the best. Close examinations of

core agency expertise and capabilities, as well as a greater degree of coordination among
agencies, are needed to improve efficiency.

In May 2009, President Obama announced the establishment of the Biofuels Interagency
Working Group, co-chaired by the secretaries of Agriculture and Energy and by the administrator
of the EPA. The formation of such a working group is a positive step toward better
coordination among federal agencies.

Lab participants applauded this move, but suggested further strategies to improve the
effectiveness of the collaboration. They recommended bringing the Treasury Department
into the working group, since it is implicitly involved in the renewable energy sector
through tax credits and grants. The presence of Treasury would not only give the group
additional credibility for investors, but would also bring important perspective to
discussions about funding.

Additionally, Lab participants stated that the key to the working group’s success would be
its ability to coordinate the senior leadership of different agencies. Regular face-to-face
meetings would encourage meaningful communication and lead to an expedited decision-
making process. Efficient access to budget data, departmental expertise, and resources will
help agencies share information quickly and make policy decisions with a greater depth of
understanding than would be possible if they acted individually.

Participants felt that each of the participating agencies should allocate dedicated budgets for
biofuel programs, but consider joint reviews of solicitations for grants. Currently the Biomass
R&D Technical Advisory Committee advises the DOE and USDA on technical evaluation of
proposals. It was suggested that while government agencies can rely on scientists to address
technical concerns, more experienced investors and banks should also have a larger presence
in such a committee for a thorough review of the commercial feasibility of potential projects.
The most promising projects could then receive expedited grants and guarantees, thus
moving more quickly from pilot and demonstration programs to commercialization.

A follow-up note: In February 2010, the White House’s Biofuels Interagency Working
Group released the report Growing America’s Fuel, in which several recommendations
were made that align with those suggested at the Lab.

[N]ow there is a solid
mix of programs that
address everything
from feedstock all

the way through
market ... but [there

is a need to] integrate
and coordinate the
application of these
policies and then

to work more with
industry and financial
interests to fine-tune
them, make them more
user friendly, and fund
them expeditiously.

Corrine Young,

Myriant Technologies
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SOLUTION
D Establish tolling arrangements for pilot plants

Two approaches were suggested by Lab participants to help pilot plants survive the valley of death. One is for the
government to play a key role in the process by creating a feedback profit incentive chain. Through this kind of
arrangement, the biofuel producer receives public funding while contractually agreeing to funnel a portion of
profits back into the plant, ensuring that the producer maintains continued interest in the improvement of the

plant rather than in extracting profits.

Tolling arrangements offer another approach that would guarantee profit for demonstration plants for a period of
time. These mechanisms have proven to be an effective model for the power industry, and are now being adopted
by other alternative energy industries. When signing a tolling arrangement contract, biofuel producers receive
feedstocks from the counterparty and promise to produce and deliver biofuels under a cost-plus agreement,

in which the price for the end product is set at a level that is determined by all input prices. This kind of arrangement

effectively locks in a certain profit margin for biofuel producers.

These arrangements are needed since investors are reluctant to take a chance on building the “first” successful
next-generation biofuel plant because of the huge uncertainties involved in investing in a new technology.

The first successful plant will sink a large chunk of capital into R&D investment. But once it is operational and
proven successful, a host of competitors will pursue the same technology, potentially eliminating the gains

of the first producer (and in fact penalizing that company for expending so much in R&D). As private investors
do not wish to jump into such a market, government should play an active role in encouraging the development
of demonstration plants.

SOLUTION ]
3 Employ crop insurance

The biofuels industry faces a combination of seasonal, crop, and weather risks that are not present with other fuel
industries. The natural gas and oil markets have their own unique set of risks that are addressed in the aggregate
by using tools such as long-term storage facilities and management of reserves. But feedstock growers are subject

to a greater frequency of risk, and these issues pose a much larger problem for this relatively young industry.

Unchecked volatility in supply will have a greater impact on the smaller biofuels market than it does on the more
mature gasoline market. If a few plants are unable to operate due to the lack of feedstock (or any other reason),

it ripples through a more significant proportion of the market (by contrast, the effects on the oil market are
relatively contained if a few refineries shut down). The lack of backup supply would shake confidence in the overall
biofuels market. This discrediting would lead to a chain reaction in which creditors lose the confidence to continue
funding biofuels. One bad year in the early years of a biofuel plant’s life can have an outsized effect on the market

as a whole and create a major issue for feedstock growers in the United States.
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Another problem faced by feedstock producers is price instability. Their faith in biofuel feedstock profits could be
shaken by a temporary but sharp price decline. If they opted out and switched to more traditional crops, it would
have a large impact on biofuel supplies.

Marv Duncan, Senior Agricultural Economist at the USDA’s Office of Energy Policy and New Uses, summed up
the problem of feedstock dependency and the need for crop insurance to mitigate the issue:

We also are dealing with feedstocks that do not have a ready market, apart from the market to a particular processing
plant. In the case of cellulosic biomass, were probably looking at a 50-mile radius around the plant as the catchment
basin for the feedstock. If the plant goes out of business, or otherwise reneges on a purchase contract, the farmers who
have committed to producing the feedstock will be left high and dry. Consequently, we believe some type of insurance
mechanism will be needed to assure payment for the biomass contracted to the biofuel plant. Establishing such a
specialized insurance program may require the joint efforts of both the private sector and the federal government.

Crop insurance can effectively help mitigate such risks. The modern federal crop insurance program, provided
by the USDA, has been proven extremely successful in helping farmers reduce risks like the ones mentioned
above. The program is essentially a public-private partnership: The federal government provides subsidies and
reinsurance, while private insurers deliver coverage.

Some of the policies currently offered by the USDA’s Risk Management Agency are for food crops, but could be
applied to the feedstock market:

= Crop revenue coverage (CRC): Provides revenue protection based on price and yield expectations by
paying for losses below the guarantee at the higher of an early-season price or the harvest price.

= Group risk income protection (GRIP): Makes indemnity payments only when the average county
revenue for the insured crop falls below the revenue chosen by the farmer.

= Income protection (IP): Protects producers against reductions in gross income when either a crop’s price
or yield declines from early-season expectations.

= Revenue assurance (RA): The producer chooses the level of coverage by selecting a dollar amount from a
range defined as 65 to 75 percent of expected revenue.

= Catastrophic coverage (CAT): Pays 55 percent of the established price of the commodity on crop losses in
excess of 50 percent. The premium on CAT coverage is paid by the federal government; however, producers
must pay a $300 administrative fee (as of the 2008 farm bill) for each crop insured in each county.
Limited-resource farmers may have this fee waived. CAT coverage is not available on all types of policies.

To improve on the current crop insurance program, Lab participants suggested that private insurers should be
allowed and encouraged to provide additional assistance that goes beyond the scope of USDA insurance programs.
A vibrant insurance market could underwrite a crucial portion of the risk sustained by producers and encourage
more funding of these plants. Participants also agreed that the government should not set a cap on feedstock prices.

Having both public and private policies for feedstock producers is a ground-up measure that not only benefits
the farmer, but also assures biofuel refiners that their feedstock supply is protected. By providing an insurance
mechanism to protect farmers from both financial and natural risks, government and private agencies could

provide greater stability to the feedstock market.
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SOLUTION
4 Long-term forward markets

More can be done to mitigate the risks posed by fluctuations in crop and output prices. Lab participants suggest
that the government should take the initiative to establish long-term forward markets so that feedstock growers,
biofuel producers, and investors can reduce price risks.

A futures market already exists for corn. By trading standardized contracts, producers and suppliers can hedge
against price fluctuations and make plans for long-term production. Non-standardized forward contracts can also
be used for the same purpose. Forward markets for feedstocks other than corn, however, still need to be developed.
The ability of these markets to work effectively will have important implications for the risk-management practices
available to second- and third-generation biofuel firms.

Perhaps equally important, a long-term forward market should be established for end products. With future
demand and profit margins locked in, biofuel producers could plan future production without having to deal with
excessive uncertainties in demand. Meanwhile, investors could enjoy greater confidence that would encourage
them to make significant long-term investments.

Lab participants stressed the importance of biofuel firms making risk management a top priority. A well-designed
and -executed risk-management strategy would involve hedging with respect to input costs and product prices.
Such a strategy should be tailored to allow the company to manage through bad cycles and maintain a positive
margin. Long-term forward contracts, a well-developed and widely used financial instrument, can be used by both

producers and potential investors to achieve more sophisticated risk management.

M/mcw % Alan Boyce, President and
/ CEO of Adecoagro, leads

' a discussion about overcoming
TS

the obstacles to financing
second-generation biofuel
production.
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SOLUTION 5 )
S Create a “Greenie Mae” for securitization

The biofuels industry needs a great deal of capital in order to get its products to consumers. From soil to the pump,
biofuels production involves major fixed and variable costs, from the fertilizer necessary at the feedstock level to
the steel and concrete necessary to build the plants.

Currently, the USDA and DOE both offer loan guarantees and grants to support biofuel plant construction in the
United States. These incentives are not insignificant. For example, as previously mentioned, the USDA’s Biorefinery
Assistance program offers a maximum $250 million loan guarantee per project. This is aimed at the more
established biofuel producers with clear potential to scale to commercial levels.

It is important to realize, however, these programs alone do not provide sufficient capital to expand biofuel projects
to the scale that is necessary to make a significant dent in the nation’s need for transportation fuel.

Loan guarantees can’t work without loans. The goal of handing out loan guarantees should be to encourage private
capital to lend to biofuel plants. An efficient and extensive model for a government loan guarantee program already
exists in the residential housing sector. Despite the problems that have surfaced since 2007 in mortgage-backed
securities, it is worth remembering that securitization functioned smoothly for decades and successfully expanded
the housing market for millions of families who have not experienced any problems. It is possible to draw on the
examples of Ginnie Mae, the FHA, and the VA while putting measures into place that will avoid the problems that
became apparent during the meltdown.

FIGURE

4 A possible model for securitization

Government programs
provide loan guarantees
for standardized loans

Greenie Mae securities
Biofuel firms standardized loans Possible investors

First-generation biofuels | ] ’ ‘ Hedge funds ‘
Pooled
Second-generation biofuels | ——————~ :lash ‘ LT TN ‘
Asset-backed o
securities pool ‘ Sovereign wealth funds ‘
fr—

Third-generation biofuels

|l

‘ Individual investors ‘

X-generation biofuels

Source: Milken Institute.
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Lab participants suggested that government loan guarantee programs within the USDA and DOE could be used
to tailor and standardize loans, which then could easily be securitized by a proposed “Greenie Mae.” This would
eventually create a liquid asset-backed securities market in which guaranteed securities can trade on an option-
adjusted spread of LIBOR without any other government assistance. Standardized and transparent, such a market
could provide financing at terms that are hundreds of basis points lower in yield than any government loan

guarantee program, thus significantly lowering financing costs for developers.

Attendees also floated an alternative idea to “Greenie Mae” involving a covered bond model. This model involves
servicing secured debt in the form of standardized bonds to finance small and medium-sized projects. A federal

agency, or “green bank,” can be established to be an insurer for the bond market.

There are five primary proposed steps involved in setting up a green bank:

Establish the federal guarantor as an independent agency

Create standardized debt terms

Define credit structures

Create funding mechanisms
Establish a forward market for biofuel bonds

Credit structure is a key component of this model. It should be designed so that loan originators (green lending
institutions) must reserve capital against a 5 to 20 percent first loss guarantee. Consequently, loan originators
would retain some “skin in the game” and incentives would be correctly aligned. To be able to do so, they need to

satisfy certain capital requirements.

FIGURE

T A green bank

End investors: Green bank:
Purchase Pool Of A federal agency

secured bonds standardized J that provides
loans loan guarantees

Small and medium biofuel firms:

With the option of buying back debt Sl Lt institutions:
Originate and service loans,
at below par from the bond market
and take first loss

Source: Milken Institute.
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When bonds are traded at a loss, bond issuers have the option to retire debt by purchasing bonds back from the
market at the market price. They can then choose to refinance at a lower interest rate, hence reducing the interest
risks for borrowers. The counter-cyclical properties of the green bank provide protection for developers, lenders,
and guarantors. Capital flow generated from this model would be able to cover larger projects for a longer time

period. No extra burden would be imposed on taxpayers if the model is properly implemented and leveraged.

Another idea presented as an alternative to loan guarantees was for the government to pursue equity matching. In
this model, the risks taken by businesses are matched by equivalent risk taken by the government. This approach
not only allows the federal government to lessen the risks assumed by businesses by taking an equivalent share

of the investment, but also provides the government with upside investment potential, thereby creating an

opportunity for taxpayers to enjoy returns.

SOLUTION
6 Upgrade infrastructure and add retail outlets

A prosperous biofuels industry hinges on building greater demand from end-users. Consumer behavior will
ultimately determine the success or failure of this effort. Several measures can be taken to increase consumer

acceptance of biofuels, thus raising demand:

= Upgrade the current fuels infrastructure to accommodate ethanol.

= Expand retail outlets. Most filling stations do not have ethanol pumps; installing them can increase
consumer awareness and stimulate demand. Increasing visibility and availability while encouraging the

development of biofuel-friendly cars will make the industry more sustainable.

= Increase consumer awareness by promoting industry standards, educating the public, and ensuring

reliable and widely available sources of supply.
= Introduce legislation to increase the production of flex-fuel vehicles.
These measures would lead to a greater degree of transparency and sustainability in the biofuels industry. Although

they are not strictly “financial innovations,” they are solutions that can substantially accelerate the development of
the biofuels supply chain.



Financial Innovations for Biofuels Development 29

CHALLENGES FOR THE FUTURE

= What can be done to ensure that corn ethanol is on track to become environmentally friendly when
measured on a life-cycle assesment?

» What needs to be done to increase the energy output-to-input ratio for corn ethanol?
= How can policymakers reach an accord with environmentalists on land-use issues?

= Given the boom-and-bust story of the early ethanol plants, investors remain skittish. As a result, they
now want to be the second to invest in order to better understand the real economics of biorefineries
and the ultimate market price of biofuels. What can be done to persuade investors to put more of their

capital at risk?
= Are there better end molecules than ethanol? If so, how can they be exploited and commercialized?

= In some cases, it has proved difficult for investors to gain access to government funds allocated to
alternative energy and biofuels. What needs to be done to make government agencies more responsive?




Policy solutions need to be long-term in nature, and designed

to eventually help this market function on jits own
without such extensive government support.
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CONCLUSION

Biofuels hold great promise for addressing the economic, environmental, and security issues inherent in U.S.

dependence on imported oil.

Ethanol derived from corn is already economically viable, and is becoming more so over time. This sector of the
biofuels industry now accounts for 6 percent of U.S. transportation fuel. New methods for developing, planting,
and raising crops and refining corn products into ethanol have increased energy yields significantly. There is

no reason to believe that these increases in efficiency will not continue, especially if the market and investment

problems mentioned in this report are addressed.

But second- and third-generation products still need more investment in research and development before they
can be commercially viable or competitive with corn-derived ethanol. Even so, there is little doubt that new
technologies and processes will be able to convert cellulosic feedstocks, municipal and other waste products, and

algae and other biological forms into useful molecules—and eventually do so economically.

These fuels provide many of the most desirable attributes of petroleum-based fuels, including:

Energy density: The fuel output must be sufficiently dense and cost-effective to power vehicles.
Transportability: We have to be able to safely transport these fuels in order to be competitive.

Use of existing infrastructure: The United States has a vast and established network of gas stations.
Biofuel needs to be supplied at these locations or others, without prohibitive switching costs for providers

and consumers.

The correct end molecule will be able to address all of these issues.

Together, the three generations of biofuels have the potential to offset a large share of petroleum-based fuels. The
United States can create a domestic industry and generate new jobs, and do so in a way that is environmentally
sustainable. Over the long term, the nation can leverage its tremendous agricultural productivity and its bioscience

leadership into an export industry for these fuels.
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As exciting as this prospect might sound, there are major obstacles to overcome:

= The public knows too little about biofuels and their promise. As a result, there are many erroneous
assumptions, especially about corn-derived ethanol. In addition, some environmentalists have criticized
biofuels because they are good but not perfect. This is an education problem.

= The United States needs a streamlined, holistic policy approach that includes all relevant federal bodies
and links to state groups as well. At present, the policy framework is a patchwork of incentives, assistance,
and penalties that are difficult to navigate and sometimes contradictory. Overcoming this requires
government coordination at the right levels.

= Much of the emphasis to date has been placed on jumpstarting production, but distribution problems
have never been adequately addressed. More needs to be done to expand the availability of ethanol at
service stations, creating a nationwide network of retail outlets.

= Biofuels are an agricultural product. For grass-based feedstock, seasonal and weather risks need to be
managed. Other risks, such as the cost of inputs and unstable market prices, need to be addressed as well.
Crop insurance and other risk-management programs should be open to this sector.

= There are insufficient financial mechanisms at present to create a truly robust industry. There is a need for
green banks, loan guarantee programs, and expanded credit facilities.

The solutions identified by Lab participants and detailed in this report would not only stimulate supply, but would
create demand and facilitate financial intermediation.

At the end of the day, it seems that the government is expected to shoulder much of the responsibility. It is true
that the government is the most logical entity that can take the lead in setting up the loan guarantee market, the
insurance market, and the forward market—but those steps must be taken if we are to achieve the ultimate goal of
attracting a vast wave of private capital.

Indeed, many Lab participants agreed that the federal government should serve as a “safe harbor” to instill
confidence in private investors. It is important that policymakers bear in mind that short-term subsidies and tax
credits, generous though they may be, are not the answers that will empower biofuel producers and investors.
Policy solutions need to be long-term in nature, and designed to eventually help this market function on its own
without such extensive government support. This is the only sensible strategy for leveraging private capital in the
biofuels industry without adding an extra burden to taxpayers.

Policymakers must understand that if biofuels are to become a major source of fuel in the United States, their scale
could dwarf most other areas of the agriculture sector. Supplying energy for the nation’s transportation needs is a
$2 trillion-plus industry. The biggest service that policymakers can perform is to remove the roadblocks that have
so far prevented this enormous new sector from getting off the ground. The framework they put in place must be
robust enough to form an infrastructure that is equal to the task.

If policymakers get this right, the benefit to the United States will be enormous. In addition to addressing climate
change, enhancing national security, and reducing the trade deficit, the increased adoption of biofuels can benefit
agricultural producers in rural America. Successfully building a vibrant, mature biofuels industry could have a
transformative effect on the U.S. economy.
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