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Genetically modified (GM) crops continue to see extensive global adoption. Revenues are

growing rapidly and are substantially larger than commonly reporte

. Within the United

States, more than 50% of cropland is now planted in GM seed resulting in 2010 revenues
of nearly $110 billion. Together with 2010 revenues from biologics of $75 billion and rev-
enues from industrial biotechnology of $115 billion, I estimate that total 2010 revenues
from genetically modified products exceeded $300 billion, or the equivalent of more than

2% of Gross Domestic Product (GDP).

U.S. GM Crop Revenues

Farmers continue to adopt GM crops in the
United States. As of 2009, approximately 50%
of U.S. cropland was plant dp with GM seed.
GM corn, cotton, and soy have all reached ap-
proximately 90% market penetration, which
may represent the saturation point for these
crops (Figure 1). Sugar beets have achieved
similar levels of penetration just two years
after market introduction. New guidelines
from the U.S. Department of Agriculture
(USDA) that allow companies seeking approv-
al of GM crops to prepare their own environ-
mental impact studies may speed up the intro-
duction of new strains2.

Clarifying the Economic Benefits of GM Crops

Sufficient experience with GM crops now
demonstrates solid evidence of yield improve-
ments and reductions in primary inputs such
as fuel, water, and chemicals (Figure 2). Inter-
nat1onally, a summary of peer-reviewed sur-
veys of farmers in 12 countries found average
yield increases generally in the range of 20-
30% across multiple strains of GM corn, soy,
and cotton®. One recent study estimated that
on 10 million acres, Bt corn provides the fol-
lowing benefits: $231 million additional rev-
enue from yield gains, a reduction in use of
5.5 million pounds of insecticide, a reduction
of 5.5 million gallons of water from reduced
insecticide application, a reduction in 70,000
gallons of aviation fuel not used in insecticide
application, and improved environmental con-
ditions for non-target organisms and wildlife*.
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Figure 1: Acreage of GM crops has been increased rapidly, with GM corn, soy, cotton, and sugar beets reaching

>90% market penetration. Source: USDA.
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The realization of specific yield increases often
depends on environmental factors such as the
sandiness and moisture content of the soil,
which affect the viability of pests and their lar-
vae.

Adoption of GM crops often brings substan-
tial additional benefits. For examp%e the use
of Herbicide Resistant (HR) strains is correl-
ated with an adoption of reduced-till or no-till
practices, which result in increased soil carbon
and nitrogen content®. Moreover, the use of Bt
corn has resulted in regional declines in the
European corn borer population that are es-
timated to have saved growers of non-Bt corn
$3.9 billion over 14 years®.

Despite growing evidence of economic be-
nefits, contradictory reports continue to
emerge regarding the overall economic im-
pacts of GM crops. These discrepancies occur
in large part due to differences in how pesti-
cide use is recorded (for example, by total
volume or by active ingredient volume) and
similar experimental issues, although a literat-
ure review by the National Research Council
found substantial variation in performance
and yield across different farms and different
crops’. Given the variability in assessing crop

erformance, I feel the best indicator of the
arm scale benefits of GM crops is simply the

continued use and increased adoption by
farmers worldwide.

The best indicator of the farm scale benefits of
GM crops is simply the continued use and in-
creased adoption by farmers worldwide.

Proof of demand by farmers can be found in
1) the increase in acres planted and 2) the in-
crease in composite seed price indices of
between 30 and 100% for GM corn, soy, and
cotton seeds. The price increase includes the
effects of demand and greater value (seed plus
insecticide in one package, for example)®. Fi-
nally, farmers also report substantial labor sav-
ings (20-30%) from using GM crops in re-
duced application of pesticides or weed man-
agement’®. For small farmers, in particular, this
labor savings can be monetized by using this
time for offg farm employment, thereby further
amplifying the indirect benefits of planting
GM crops.

Putting the Numbers Together

GM Crops

Revenues from GM crops are growing rapidly
and are substantially larger than generally re-
ported. A diverse range of publications contin-
ue to confuse revenues from GM seed sales

Average U.S. Corn Yield, 1866-2009
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Figure 2: Corn yield improvement over eight decades through breeding and genetic modification. Inset: Total
U.S. land under cultivation has declined over the last 30 years™.
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U.S. Farm Scale Revenues from Major GM Crops
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Figure 3: Farm scale revenues from GM corn, soy, and cotton. Source: USDA.

with actual farm scale revenues from GM
crops. In 2010, global revenues from GM
seeds and associated licensing amounted to
$11.2 billion, approximately half of which was
in the United States'!. The sale of GM crops at
market, however, earned substantially more.
The three largest crops—GM corn, soy, and
cotton—earned $100 billion in U.S. farm scale
revenues in 2010 (Figure 3). I estimate that
GM sugar beets contributed just over $1.5 bil-
lion'?, with GM papaya, canola, and other
crops contributing roughly another billion dol-
lars. This brings tota% U.S. revenues of GM
seeds and crops to over $105 billion. Contin-
ued increases in GM crop acreage in the next
few years will certainly raise the total, with
revenues from GM alfalfa contributing $1-2
billion dollars next year assuming planting is
not again halted by lawsuits.

U.S. 2010 revenues from GM crops was just un-
der $110 billion.

Biologics
Other sub-sectors of the bioeconomy are also
rowing rapidly. Estimates of global revenues
rom biotech drugs (biologics) continue to
vary widely, ranging from $48 to $138 bil-
lion!3. In 2010 half this revenue, and about
half the annual growth, was generated within
the United States'*. Biologics constitute an
ever larger share of annual drug approvals,
reaching 28% in 2010, largely due to a multi-
decadal declining trend in small molecule ap-
provals®. Assessing the sub-sector is complic-

ated by the fact that approximately 85% of
companies selling biologics are private, ac-
counting for 50% of employment and 27% of
sector revenues, with these figures derived
from surveys rather than publicly transparent
sources such as financial filings!®. Based
primarily on financial filings of public com-
anies, I estimate that 2010 U.S. revenues
rom biologics were approximately $75 billion.

U.S. 2010 revenues from biologics were approx-
imately $75 billion.

Industrial Biotechnology

Revenues from industrial biotechnology, here
defined as fuels, materials, chemicals, and in-
dustrial enzymes, continue to display the most
rapid growth within the bioeconomy. How-
ever, while data on revenues from biologics
and GM crops is relatively easy to come by, the
same cannot be said for industrial biotechno-
logy. This dearth of quality data is in large part
due to the lack of reporting mechanisms for
the biotech industry at the level of most na-
tional governments; the data that exists is in-
stead collected by private consulting firms and
through voluntary surveys by such organiza-
tions as the OECD. Data on other economic
activity in the United States is generally
gathered via the North American Industrial
Classification System (NAICS). NAICS codes
are used by the Department of Commerce to
attribute employment and revenues to those
sectors of the economy for which codes are
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defined. There are, however, no codes specific-
ally identifying biotechnology-related busi-
nesses.

U.S. 2010 revenues from industrial biotechno-
logy were at least $115 billion.

The methodology used here to assess reven-
ues from industrial biotechnology involves
surveying multiple reports from governments
and private consulting firms and then remov-
ing contributions from products that are not
obviously derived from genetic modification,
such as biodiesel or chemicals purified from
natural sources'. In particular, it is challen-
ging to disentangle the portion of revenues
due to so-called “bio-based chemicals”, which
to date are unlikely to be substantially derived
from genetically modified systems. Various
sources put “bio-based chemicals” at 5-10% of
total chemical sales as of 2010. Contributing
to the challenge, total global chemical sales
are reported in the range of $1.8 to $3.2 tril-
lion, a spread of nearly a factor of 1.5. The
largest contribution to increasing U.S. reven-
ues from industrial biotech in 2010 was an ap-
proximately 30% increase in ethanol sales!®.
Extending prior revenue figures in the sub-
sector, I estimate that 2010 U.S. revenues from
industrial biotechnology were at least $115
billion®.

Revenues are likely to climb sharply starting
in 2011 with the market introduction of chem-
icals, fuels, and co-products such as cosmetics
from firms such as Solazyme, Gevo, and Amyr-
is. In particular, I estimate that chemicals pro-
duced by the new wave of genetically modi-
fied microbes could see sales of nearly a bil-
lion dollars next year.

The three aforementioned companies are
the most discussed, but many companies that
began life as venture capital-funded “biofuels”
companies in 2005-2008 have come to the in-
evitable realization that competing in the
global liquid fuels market will be challenging.
Consequently, while these companies refine
their production processes to reach profitable
production of fuels with retail values of
~$1/L, they are beginning to enter markets
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for higher-value petrochemical replacements
that sell for $10-1000/L. The next five years
will bring many more entrants into this mar-
ket, particularly as barriers to entry fall with
decreasing costs of modifying and using or-
ganisms to produce biochemicals that are
drop-in replacements for petrochemicals?.

And So Goes the World...

Governments around the world see biotechno-
logy as an opportunity for economic develop-
ment and a route to increased independence
and influence. In addition to major invest-
ments by growing economic powerhouses In-
dia and China, countries such as Indonesia,
Pakistan, and Brazil are intent on developing
domestic biotech research and development
capabilities. Malaysia has bootstrapped itself
from receiving none of it's GDP from biotech
in 2005 to a self-reported 2.5% as of 2010.
Table 1 displays estimates of 2010 biotech rev-
enues, estimated growth, and 2020 target rev-
enues for selected countries?'.

Developing economies are rapidly harvest-
ing the fruits of this investment. Nearly 50%
of GM crops are grown in developing coun-
tries, with a 17% annual increase compared to
4% for industrialized countries??. Yield im-
provements are thus accumulating faster in
developing countries, and increased global
yields of GM cotton have contributed to a de-
crease in price that is reportedly causing Cali-
fornia growers to rotate away from cotton to
more profitable crops?. Growth in revenues
from biologics suggests that developing eco-
nomies are poised to generate substantial
value in this sub-sector as well; China's 2010
contribution of 5% of global sales growth is
more than double the share of sales them-
selves?*. In industrial biotechnology, in addi-
tion to substantial domestic investment in
technology development, many emerging eco-
nomies are able to import skills and techno-
logy in the form of partnerships with compan-
ies looking to use abundant local biomass to
generate renewable fuels and chemicals.

The next five years will see a substantial in-
crease in such products entering global mar-
kets. New players will emerge constantly, en-

Country 2010 Biotech Revenues 2010 Est. Growth 2020 Target Biotech Revenues
Malaysia 2.5% 25% 10%
China 2.5% 20% 5-8%
United States >2% 10-15% NA
India 0.24-0.40% 20% 1.6% (2015)
Pakistan 1.6% <5% NA
Europe <1.0% 5% NA

Table 1: Biotech Revenues as Share of GDP. Source: Biodesic.
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abled in large part by falling cost barriers and

proliferating sﬁills and in?rastructure%. Up-

coming Biodesic Technical Notes will focus on

global biotechnology investment and shifts in

the scale of production as small companies be-

Ein to compete directly in petrochemical mar-
ets.
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