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ABSTRACT

Nascent development in alternative energy technologies can be
greatly affected by intellectual property environments. Tight control
over foundational patent rights by a few companies can hold up com-
mercialization. Conversely, widely dispersed ownership can create
thickets that discourage innovation investment ex ante. Given the
high-technology nature of the most promising alternative energy pro-
posals, such intellectual property impacts are of great concern. This
Article considers the issue in the specific context of the most widely
used alternative fuel source—ethanol-based biofuels. It finds that the
ownership environment is quite diverse and theoretically ripe for a so-
called anticommons effect. However, using analogies to general agri-
cultural biotechnology, this Article demonstrates that the biofuel pa-
tent environment is likely to undergo a striking transformation
through the effects of private ordering. It articulates a general model
of ordering behavior and suggests the most important conditions that
facilitate ordering in particular industries. This Article concludes
that market-based reordering of patent ownership, although not with-
out negatives, may promote efficient commercialization and blunt the
need for government intervention in certain alternative energies. It
should be factored into any rational public energy policy.
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I. INTRODUCTION

In recent years, the global community has expressed increasing
concern regarding the availability of future energy supplies. If oil
production peaks in the near future, as some suggest,! subsequent
supply will fail to meet demand. The emergence of China and India
as major consumers places even greater constraints on energy mar-
kets.2 To be sure, the current economic downturn has temporarily re-
lieved some of the pressure,® but energy-producing states have been
laboring to support prices,* and the failure to pursue expanded pro-
duction may lead to a severe shortage when the economy recovers.?
In addition to supply issues, current energy sources produce signifi-
cant levels of greenhouse gases that are now widely believed to be
contributing to a global warming trend.® Moreover, many energy re-

1. The notion of peak oil was discussed extensively in a 2005 report sponsored by the
U.S. Department of Energy. ROBERT L. HIRSCH ET AL., PEAKING OF WORLD OIL
PRODUCTION: IMPACTS, MITIGATION, & RISK MANAGEMENT (2005). Predictions of when it
will occur differ significantly. Id. at 17-19. U.S. oil production peaked some time ago in the
early 1970s. Id. at 16.

2. Id. at 55. See generally INTERNATIONAL ENERGY AGENCY (IEA), WORLD ENERGY
OUTLOOK 2007: CHINA AND INDIA INSIGHTS (2007).

3. See IEA, OIL MARKET REPORT 4 (2009) [hereinafter IEA-OMR] (forecasting that as
a result of the economic crisis and conservation in response to high prices in the summer of
2008, world oil use will fall for the first time since the early 1980s).

4. See Brian Baskin, Oil Ends at $45.38, a Five-Week High, WALL ST. J., Mar. 5,
2009, at C12 (“The draw indicates that the Organization of Petroleum Exporting Countries
has met with some success in reducing production to match demand weakened by the glob-
al economic downturn.”); Spencer Swartz & Neil King, Jr., OPEC Cuts 1.5 Million Barrels
from Daily Output, Cartel’s Move to Slash 2% of World Demand Lacks Immediate Impact;
Oil Price Drops to Lowest Level Since May 2007, WALL ST. J., Oct. 25, 2008, at A6 (describ-
ing the oil producing cartel’s attempt to shore up prices in the midst of economic decline).

5. According to the IEA, curbed investment and inadequate new supply in the face of
a global recovery “could sow the seed of a sudden reversion to much higher prices, and fur-
ther intense price volatility, . . . with all the adverse impacts on economic growth that this
would imply.” IEA-OMR, supra note 3, at 24.

6. See INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC), CLIMATE CHANGE
2007: SYNTHESIS REPORT 36-41 (2007).



2009] PRIVATE ORDERING 417

sources, particularly oil, are in the hands of unstable governments
that appear to pose an ever greater threat to international security
as their pockets are lined with energy profits.” Though people may
reasonably disagree as to the level of danger posed by any one of
these issues, it is fair to say that a cumulative pressure has pushed
the global consciousness toward the investigation of alternative
fuel sources.

At a glance, biofuels appear to neatly address many of the prob-
lems in current energy supplies. They are a source of energy that can
be produced in large quantities by any country with advanced agri-
cultural technologies and resources,® may be more environmentally
friendly than fossil fuels,” and could serve as a rural development
tool to boot.!® However, in its current form, biofuel production has
produced significant externalities, causing policymakers to look to-
ward the high-tech future of so-called second generation or cellulosic
biofuels.!! In this emerging environment, intellectual property—
particularly patents—can be expected to play a significant role. If in-
tellectual property rights provide the expected research and devel-
opment incentives, the future of biofuel innovation and global energy
supplies should be bright.

Unfortunately, there is a cloud on the horizon. In developing in-
dustries where dominant players have yet to emerge, overlapping pa-
tents may be spread among many competitors, forming a thicket of
rights. Second generation biofuels could comport with this model.
Michael Heller and Rebecca Eisenberg pointed out several years ago
that such an overabundance of rights could act as an anticommons—
a state in which no one can commercialize due to the veto power of

7. COUNCIL ON FOREIGN RELATIONS, NATIONAL SECURITY CONSEQUENCES OF U.S.
OIL DEPENDENCY 22-23 (2006).

8. Stephan Herrera, Bonkers About Biofuels, 24 NATURE BIOTECHNOLOGY 755,
755 (2006).

9. IEA, WORLD ENERGY OUTLOOK 2006, at 391-93 (2006) [hereinafter 2006 ENERGY
OUTLOOK] (discussing the possible positive environmental impact of biofuels but noting
that several factors may change this).

10. See, e.g., STEVEN E. SEXTON & DAVID ZILBERMAN, BIOFUEL IMPACTS ON CLIMATE
CHANGE, THE ENVIRONMENT  AND Foop 17-18 (2008), available at
http://www.energybiosciencesinstitute.org/index.php?option=com_docman&task=doc_down
load&gid=13; Ofir D. Rubin et al., Implied Objectives of U.S. Biofuels Subsidies 10-17 (Ctr.
for Agric. and Rural Dev. at Iowa State Univ., Working Paper 08-WP 459, 2008), available
at http://www.card.iastate.edu/publications/DBS/PDFFiles/08wp459.pdf (discussing the
impact of biofuels on job creation and commodity prices). A viable, long-term industry can
funnel profits into small businesses (as well as large agribusinesses). The recent rise in
commodity prices has seen the revival of small towns across the Midwest. See Jason Beau-
bien, Morning Edition: Ethanol Demand, Prices Boost Farm Communities (transcript of
NPR radio broadcast, Mar. 4, 2008), available at http://www.npr.org/templates/
story/story.php?storyld=87782087.

11. See, e.g., Mark Svenvold, The Biofuel Race, N.Y. TIMES MAG., Dec. 9, 2007,
http://www.nytimes.com/2007/12/09/magazine/09_7_biofuel.html.
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any individual’s overlapping patent.'? Theoretically, an anticommons
can slow or completely stall innovation. If this occurs, the hope
placed on biofuel energy may be effectively dashed.

This Article considers the issue of patent barriers in alternative
energy research and provides new optimism by highlighting an often-
overlooked countering effect: private ordering. The ability of firms in
some technologies to consolidate patent rights through sales and li-
censing can significantly reduce holdups, preserving the pace of in-
novation. To explore the private ordering phenomenon, this Article
first provides context in Part II by articulating the connection be-
tween patents and emerging technologies. The problem of building
block patents as well as patent thickets is addressed. Next, in Part
III, the Article describes the effect of private ordering, drawing an
analogy to agricultural biotechnology. Positive mechanisms of private
ordering behaviors are provided and the necessary conditions for or-
dering are described. Finally, in Part IV, the Article provides an out-
line for integrating the reality of private ordering into energy policy.
It suggests tools for avoiding market failures with information rather
than regulation, but it also cautions as to the broader social implica-
tions of consolidation, which may be quite negative. The road to
energy security is littered with ill-considered policy choices, the Ar-
ticle concludes, but the situation is now much more critical. Failing
to consider the behavior of the private market would be a serious
misstep in the search for a solution so desperately needed.

II. PATENT CHAOS AND ENERGY INNOVATION

The recent emphasis on alternative energy sources has brought
biofuels like ethanol to the forefront of the debate. Despite their ra-
ther low-tech heritage, future biofuel sources are grounded in cut-
ting-edge research. The positive impact of private patent rights on
innovation in research-intensive fields is an essential presumption of
the intellectual property system. But the reality is that patent rights
can serve as innovation barriers in some instances. Nascent fields
like second-generation biofuels may be especially susceptible. In view
of these concerns, it would be logical to conclude that government in-
tervention is necessary to preserve optimal levels of invention
and commercialization.

A. From the Farm to the Lab: Biofuel’s Future in High Technology

Biofuel is often discussed as a future, exotic fuel source in the
United States, but it has actually been in wide use for many years

12. Michael Heller & Rebecca Eisenberg, Can Patents Deter Innovation? The Anti-
commons in Biomedical Research, 280 SCIENCE 698, 698-99 (1998).
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and is the leading source of renewable energy.!® In fact, the United
States is a world leader in biofuel production.!* The most basic and
commonly used biofuel is ethanol.’® Ethanol is derived primarily from
farmed feedstocks (as opposed to lab-grown cell cultures) and can
power just about any type of mechanical device, provide heat, and
supply electricity. Interestingly, the technology for producing large
quantities of ethanol from feedstocks like corn and sugar cane'® is not
dramatically different from the methods that have been used for
thousands of years to produce alcoholic beverages.'” It is generally
viewed in the short term as a replacement for fossil-based automobile
fuels like gasoline and diesel,'® but it may have additional long-term
uses. Another common biofuel is “biodiesel,” a high-energy oil prod-
uct that can be derived from biomass waste products or even used
food 0il."* Because it requires a significant conversion of existing au-
tomobile engine technology for use in gasoline-powered engines, it
has not received as much attention and constitutes only about ten
percent of the world’s biofuel production.?

However, existing biofuel technology has important limitations
that make it far less viable as future fuel source, at least in its
present form. One limitation is the amount of greenhouse gasses re-
leased by the production of bioethanol from corn. When the fuel for
farm machinery and electricity for production facilities (both of which

13. According to the U.S. Energy Information Administration (EIA), biomass consti-
tuted fifty-three percent of the energy consumption from renewable sources, edging out
hydroelectric at thirty-six percent. EIA, RENEWABLE ENERGY TRENDS IN CONSUMPTION
AND ELECTRICITY 2007, at 1 (2009), available at http://www.eia.doe.gov/cneaf/
solar.renewables/page/trends/trends.pdf.

14. 2006 ENERGY OUTLOOK, supra note 9, at 387 (noting that the United States was
predicted to overtake Brazil in biofuel production by 2006).

15. Daniel M. Kammen et al., Energy and Greenhouse Impacts of Biofuels: A Frame-
work for Analysis, in ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT
(OECD), BIOFUELS—LINKING SUPPORT TO PERFORMANCE 41, 45 (2008).

16. Practically any sugar or starch containing biomass can be readily employed to
make ethanol, and different countries rely on a variety of different crops. For example,
Brazil has for years employed a wildly successful program to convert sugar cane into etha-
nol. 2006 ENERGY OUTLOOK, supra note 9, at 387. The country even exports surplus etha-
nol derived from this high-energy source. Id. at 397.

17. After the biomass is collected, it is fermented until the sugar converts to ethanol.
1d. at 388. That ethanol is then distilled to a more pure form. Id. While the machinery has
certainly moved into the industrial age—with gigantic bioreactors and fermentors that can
produce millions of gallons in a single batch—the technology has more in common with a
medieval brewery than modern biotechnology techniques. See Richard Doornbosch & Ro-
nald Steenblik, Biofuels: Is the Cure Worse than the Disease?, OECD Pub. No.
SG/SD/RT(2007)3, at 10 (2007) (“Ethyl alcohol, or ethanol, can be produced from any feeds-
tock that contains relatively dense quantities of sugar or starchy crops, using nothing more
than a flask.”); see also Kammen et al., supra note 15, at 46 (“[ClJurrent biofuel production
processes are many years old.”).

18. 2006 ENERGY OUTLOOK, supra note 9, at 386-87.

19. Id. at 387.

20. Id.



420 FLORIDA STATE UNIVERSITY LAW REVIEW [Vol. 36:415

are almost always derived from fossil sources) is taken into account,
the advantage of biofuels compared to oil is less clear.?’ Some argue
that, depending on the processing and the particular biofuel feeds-
tock used, the total amount of greenhouse gasses produced actually
represents a net increase over fossil fuels.?? This has obvious implica-
tions for the global warming rationale for switching to biofuels. Per-
haps a greater problem is posed by the current dependence on food-
related crops to produce bioethanol.?? For example, in the United
States, corn is by far the most common source of bioethanol. Al-
though humans do not directly ingest the corn used for biofuel pro-
duction, it is used for farm animal feed.?* Additionally, it takes up a
great deal of land that could otherwise be used for human food crops,
with more land being converted to biofuel production each year.?
This dependence on food crops has led to the suggestion that biofuel
production is increasing the price and scarcity of world food sources.?®
In view of these issues, the wave of criticism against current biofuel
sources has risen dramatically and quickly, dampening their pros-
pects for the future.

In response, biofuel proponents point to its high-technology fu-
ture, which could resolve a number of the current problems.?” These
technologies are often termed “second generation” biofuels.?® Most
plant matter, even in conventional biofuel feedstocks, is unsuitable

21. Doornbosch & Steenblik, supra note 17, at 17-18 (describing greenhouse
gas emissions).

22. Id. at 17 (“In some cases, emissions may be as high or higher than the net GHG
emissions from gasoline vehicles.”); SEXTON & ZILBERMAN, supra note 10, at 9-10.

23. Doornbosch & Steenblik, supra note 17, at 33-34; John Carey et al., Food vs. Fuel,
Bus. WK., Feb. 5, 2007, at 80 (“The roughly 5 billion gallons of ethanol made in 2006 by
112 U.S. plants consumed nearly one-fifth of the corn crop. If all the scores of factories un-
der construction or planned go into operation, fuel will gobble up no less than half of the
entire corn harvest by 2008.”).

24. Doornbosch & Steenblik, supra note 17, at 33.

25. Id. at 33-34.

26. ORGANISATION FOR EcCONOMIC CO-OPERATION AND DEVELOPMENT, FOOD AND
AGRICULTURE ORGANIZATION OF THE UNITED NATIONS [OECD-FAO], AGRICULTURAL
OUTLOOK 2008-2017, at 17, 30 (2008) (“[T]he energy security, environmental, and economic
benefits of biofuels production based on agricultural commodity feed stocks are at best
modest, and sometimes even negative . . . .”); SEXTON & ZILBERMAN, supra note 10, at 14-
17. According to the USDA, biofuel production has contributed ten percent of the overall
increase in food prices in the last year. Lauren Etter, Probe Sought of Bush Aides’ Biofuel
Statistics, WALL ST. J., June 28, 2008, at A2. Some suggest that it may be significantly
more when the impact on crops other than corn is taken into account. See Andrew Martin,
The Man Who Dared to Question Ethanol, N.Y. TIMES, July 13, 2008, at BU.5, available at
http://www.nytimes.com/2008/07/13/business/13feed.html (discussing the research of for-
mer USDA economist Keith Collins).

27. Doornbosch & Steenblik, supra note 17, at 5. But see Elisabeth Rosenthal, New
Trend in Biofuels Has New Risks, N.Y. TIMES, May 21, 2008, at A6 (stating that some
scientists are warning that second generation biofuels may pose problems because the
feedstocks are often invasive species).

28. See, e.g., Doornbosch & Steenblik, supra note 17, at 5.
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for current bioethanol production methods because it consists pri-
marily of woody “cellulose” as opposed to sugar or starch.?* However,
it is possible to convert cellulose to either sugar or starch using en-
zymes or other biotechnology mechanisms.?® Such conversion opens
up an almost limitless supply of biofuel feedstocks from sources that
have no relation to the food supply. For example, switchgrass, jatro-
pha, and poplar are prominently mentioned cellulosic feedstocks.?
Cellulosic waste products from food crops, such as corn stover,? could
also be converted to ethanol. In addition to a greater variety of bio-
fuel sources, cellulosic feedstocks can be grown on land that is not
important for food production.®® For many, including former Presi-
dent George W. Bush?® and President Barak Obama, the call is clear
to “generate more cellulosic ethanol from agricultural products like
corn stocks, switch grass and other crops our farmers grow.”

In spite of its clear advantages, cellulosic ethanol is not commer-
cially viable at this time. The expense of converting cellulose to
starch or sugar exceeds the energy benefits.?® Therefore, there is an
intense research effort into improving second-generation biofuels. It
is generally perceived that a “breakthrough” is required to make cel-
lulosic ethanol a viable option in the future. This breakthrough will
likely occur in one of three areas: (1) improved feedstocks, which may
include genetically modified plants that provide greater energy
stores or resist attack by insect or herbicide; (2) more effective or less
expensive enzymes for breaking down cellulose into compounds that
can be converted to ethanol; and (3) improved “ethanologens,” which
are microorganisms that convert substrates into ethanol or other

29. INT'L ENERGY AGENCY (IEA), ENERGY TECHNOLOGY PERSPECTIVES 2006, at 277
(2006) [hereinafter PERSPECTIVES 2006].

30. Id. at 277-79; EIA, Biofuels in the U.S. Transportation Sector (Feb. 2007),
http://www.eia.doe.gov/oiaf/analysispaper/biomass.html [hereinafter EIA, Biofuels].

31. See Doornbosch & Steenblik, supra note 17, at 11; PERSPECTIVES 2006, supra note
29, at 278 (“Fast-growing crops rich in cellulosic components, such as poplar trees and
switchgrass, are well suited to produce ethanol.”).

32. PERSPECTIVES 2006, supra note 29, at 277.

33. Doornbosch & Steenblik, supra note 17, at 14.

34. Press Release, The White House, Office of the Press Secretary, President Bush
Participates in Panel on Cellulosic Ethanol (Feb. 22, 2007), available at
http://georgewbush-whitehouse.archives.gov/news/releases/2007/02/20070222-5.html.

35. Barack Obama, Remarks at the Governor’s Ethanol Coalition, Energy Security Is
National Security (Feb. 28, 2006), available at http://www.barackobama.com/2006/02/
28/energy_security_is_national_se.php; see also President Barack Obama Holds a News
Conference with Regional Reporters, POL. TRANSCRIPT WIRE, Mar. 13, 2009 (“I've also said .
. . that we've got to do a much better job of developing cellulosic ethanol, that corn-based
ethanol, over time, is not going to provide us with the energy-efficient solutions that
are needed.”).

36. Doornbosch & Steenblik, supra note 17, at 11; PERSPECTIVES 2006, supra note 29,
at 278-79 (“Significant technological challenges exist for the production of ethanol from
woody feedstocks because all the steps of the production process need to be optimized.”).
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fuel-related compounds.?” Research may even bridge these categories,
for example, by breeding enzymes into the plants themselves.

The leap forward that is necessary to commercialize cellulosic
ethanol will require a great investment of time and money in basic
research and development. Any company that makes such an in-
vestment will require some protection of its position to assure a re-
turn on its investment. This has been traditionally viewed as the role
of intellectual property and, in particular, patent rights. For this rea-
son, the intellectual property environment for biofuels may be one of
the most important factors in the emergence of economical and effi-
cient cellulosic sources.

B. Patents as a Critical Research Incentive

For many with dreams of profiting from a research breakthrough,
patents are viewed as the ultimate tool. They provide their owners
with the right to exclude others from most practical applications of
the claimed invention.?® Although patents exist for a relatively short
period, particularly when the time to develop and market an inven-
tion is taken off the top,* they may give a patentee control over key
technology at a critical stage, generating great rewards. Conversely,
without patent protection, an inventor is left to rely on secrecy to
prevent competitors from benefiting from his or her research and de-
velopment efforts.”® Public use without any protection may lead to
free riding,*! which actually puts the inventor at a disadvantage vis-
a-vis a competitor.

37. PERSPECTIVES 2006, supra note 29, at 278; U.S. DEP'T OF ENERGY, BIOENERGY
RESEARCH CENTERS: AN OVERVIEW OF THE SCIENCE 9 (2008), available at
http://genomicsgtl.energy.gov/centers/brcbrochure_hq.pdf.

38. The U.S. Patent Act gives patent owners the right to exclude others from making,
using, selling, or offering to sell the invention in this country, and it gives them the right to
exclude others from importing it from another country without the authority of the patent
owner. 35 U.S.C. §§ 271(a), 271(e)(4)(B) (2000).

39. See, e.g., Daniel. R. Cahoy, An Incrementalist Approach to Patent Reform Policy, 9
N.Y.U. J. LEGIS. & PUB. PoL’Y 587, 618 (2006) (indicating that although a patent term runs
twenty years from the filing date, “[t]he effective patent life is shorter, as time spent prose-
cuting the application before the relevant patent examining authority comes off the top of
the twenty-year term, leaving most patentees with approximately eighteen years”).

40. See WILLIAM M. LANDES & RICHARD A. POSNER, THE ECONOMIC STRUCTURE OF
INTELLECTUAL PROPERTY LAW 294-95 (2003) (arguing that inventors will choose to keep
inventions secret if the disclosures accompanying patent protection result in more losses
than the exclusivity will provide in gains).

41. See, e.g., Kenneth W. Dam, Some Economic Considerations in the Intellectual
Property Protection of Software, 24 J. LEGAL STUD. 321, 333 (1995) (“The fundamental jus-
tification for creating property rights in the results of innovation is to deal with the appro-
priability problem.”); F. Scott Kieff, Property Rights and Property Rules for Commercializ-
ing Inventions, 85 MINN. L. REV. 697, 717-18 (2001) (discussing Demsetz’s description of
property rights as a solution to problem of underproduction when the inputs cannot other-
wise be fully appropriated). But for a detailed criticism of the potential overuse of the con-
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It is asserted that the amount of patenting actually serves as a
barometer of research activity.*> Observing the changes in the patent
landscape over time yields a trove of information about who is in-
venting what and, perhaps more importantly, who is in the position
to control the most essential technology. Of course, many other dy-
namics affect research and development spending, and it has been
suggested that the impact of patents differs significantly by indus-
try.*® For example, because product life span is short in computer-
related technologies, the utility of patents is perceived to be very
small, and companies generally do not innovate in order to obtain pa-
tents.** On the other hand, other industries clearly engage in re-
search with a view toward obtaining patents. Biotechnology and
pharmaceuticals tend to be at the top of this group, and advocates for
each vehemently argue that their success would be all but impossible
without strong patent rights.*

In predicting the impact of patent rights on next-generation bio-
fuel technologies, it is reasonable to place them in the same category
as biotechnology. The anticipated advances are biologic in nature,
and the agricultural industry has a robust history of utilizing bio-
technology research to increase crop yields, reduce insect infestation,
and resist herbicides.*® This field of “agricultural biotechnology” has

cept of free riding in justifying intellectual property law, see Mark A. Lemley, Property, In-
tellectual Property, and Free Riding, 83 TEX. L. REV. 1031, 1046-50 (2005).

42. See, e.g., Zvi Griliches, Patent Statistics as Economic Indicators: A Survey, 28 J.
ECON. LITERATURE 1661, 1701-02 (1990) (“In spite of all the difficulties, patents statistics
remain a unique resource for the analysis of the process of technical change.”); Jean O.
Lanjouw & Mark Schankerman, Patent Quality and Research Productivity: Measuring In-
novation with Multiple Indicators, 114 ECON. dJ. 441, 441-43 (2004).

43. See Edwin Mansfield, Patents and Innovation: An Empirical Study, 32 MGMT. SCI.
173, 174-75, 175 tbl.1 (1986) (surveying dependency on patents in 100 firms in twelve dis-
tinct industries).

44. See, e.g., Bronwyn H. Hall & Rosemarie Ham Ziedonis, The Patent Paradox Revi-
sited: An Empirical Study of Patenting in the U.S. Semiconductor Industry, 1979-1995, 32
RAND J. ECON. 101, 102 (2001).

45. See, e.g., FED. TRADE COMM’'N, TO PROMOTE INNOVATION: THE PROPER BALANCE OF
COMPETITION AND PATENT LAW AND POLICY ch. 3, at 17-20 (2003) [hereinafter FTC, To
PROMOTE INNOVATION], available at http://www.ftc.gov/os/2003/10/innovationrpt.pdf (not-
ing the almost universal recognition of importance of patents in biotechnology industry—
“[plarticipants stated that the biotechnology industry would not have emerged ‘but for the
existence of predictable patents’ ”); Ashish Arora et al., R&D and the Patent Premium 35
(Nat'l Bureau of Econ. Research, Working Paper No. 9431, 2003), available at
http://www.nber.org/papers/w9431.pdf.

46. See JORGE FERNANDEZ-CORNEJO & WILLIAM D. McCBRIDE, U.S. DEP'T OF AGRIC.,
ADOPTION OF BIOENGINEERED CROPS 4-7 (2002) (detailing the extent of adoption of bioen-
gineered herbicide-tolerant and insect-resistant crops in the U.S.); U.S. DEP'T OF AGRIC.,
ECON. RESEARCH SERV. (USDA-ERS), EcoNOMIC ISSUES IN AGRICULTURAL
BIOTECHNOLOGY 3, 10-11 (2001) [hereinafter ECONOMIC ISSUES IN AGRICULTURAL
BIOTECHNOLOGY] (providing an overview of several important genetic modifications to
crops). See generally DANIEL CHARLES, LORDS OF THE HARVEST (2001) (describing the ra-
tionale for and implications of the increased use of biotechnology in agriculture).





