Healing, Fueling, Feeding: How Biotechnology Is Enriching Your Life.

reduce CO2 emissions by 32 million tons annually by
lowering temperatures for washing clothes and dishes?
prevent 241 million people annually from suffering from malaria?

ensure no child ever goes to bed hungry?
stop chronic disease from resulting in 7 out of 10 deaths each year?
make farming more Earth-friendly?
cut the cost of inputs for producing nylon by 50%?

How do we…
shrink the waste from making vitamin B-2 by 95%?

eliminate 78% of cervical cancer?
Reduce by 50% food crops in developing countries lost to pest and disease?

reduce greenhouse gas emissions by 86%?
feed 7 billion people?
decrease water use by the textile industry by 50%?

save 2.1 million people annually from dying of diarrheal diseases?

Executive Summary
What is the biggest, most alarming challenge facing society today?
Is it how to feed 7 billion people and ensuring no child ever goes to bed hungry?
Or is it how to reduce greenhouse gas emissions and help stop human-induced climate change?
Or is it how to help save lives by eliminating the threat of cancer, HIV/AIDS, and rare diseases?
Or is it some combination of all these things?

What about you, personally—what’s the biggest hurdle in your life?
Is it how to eat more healthily and live greener while saving money?
Or is it how to conserve energy and minimize your own carbon footprint?
Or—maybe it’s how to ensure your mother survives breast cancer?

We all face challenges, each and every day. Some are personal,
and some are much grander in scale.
So—how do we tackle them? How do we solve them—from the mundane problems of day-to-day living to the
bigger-picture problems that deﬁne a generation?

These are the questions we ask ourselves every day: how do we live better,
and what tools do we need?
We believe biotechnology has a central role
in meeting these and other urgent challenges.
Biotechnology is all around us and is already a big
part of our lives, providing breakthrough products
and technologies to combat disease, reduce our
environmental footprint, feed the hungry, and make
useful products. Even though we may not recognize it,
we see it every day in our homes and workplaces, and
everywhere in between. At its simplest, biotechnology
harnesses cellular and biomolecular processes and puts
them to work for us.
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The science of biotechnology isn’t easy. Nature does
not readily yield her secrets. Still, every day in nearly
every country on Earth our brilliant scientists decode a
bit more of the language of life. The science continues
to astonish and amaze. Today, there are more than 250
biotechnology health care products and vaccines
available to patients, many for previously untreatable
diseases. More than 13.3 million farmers around the
world use agricultural biotechnology to increase yields,
prevent damage from insects and pests and reduce
farming’s impact on the environment. And more than

50 bioreﬁneries are being built across North America
to test and reﬁne technologies to produce biofuels and
chemicals from renewable biomass, which can help
reduce greenhouse gas emissions.
Most of us don’t realize that humans have used
biotechnology for literally thousands of years; fermenting
beer, aging cheese, and baking bread are just a few
examples. These rudimentary forms of biotechnology
often relied on fermentation, capitalizing on yeasts and
other microorganisms to enhance our food supply and
make other lifestyle improvements.
Today, biotechnology continues to help improve the way
we live, and it helps us do so more responsibly. In the last
40 years, we have seen many important breakthroughs
that enable us to:

population growing 43% and the population of Africa
projected to double during that same period.
The population is also aging, especially in more developed
countries including the United States, Canada, and
Japan—and at increased risk for developing age-related
degenerative diseases and other health conditions. Left
unchecked, this threatens our economic stability and
social infrastructure.

 harness bacteria and yeasts as nature’s microscopic
workhorses;

 leverage genetic markers; and
 deploy a more sophisticated, systematic use of
enzyme-based production processes.
The result is a diverse and nearly endless set of practical
biotechnology products helping us live longer and
healthier lives, have a more abundant and sustainable
food supply, use safer and more efﬁcient industrial
manufacturing, and reduce our greenhouse gas footprint.

Confronting the Challenges of Today
and Tomorrow
We face many challenges in the near future. Globally, the
population is expected to increase 38% by 2050, from
6.8 billion in 2009 to 9.4 billion in 2050, with the U.S.

Against this backdrop, we face a dwindling supply of
fossil fuels, limited arable land for food production, a
scarcity of clean water, the looming impact of climate
change, and constantly evolving threats to our health and
nutrition. Even so, recent advances in biotechnology are
helping us prepare for and meet these challenges today.
New medicines have helped reduce the debilitating
impacts of multiple sclerosis and cystic ﬁbrosis,
drastically improving life expectancy for those suffering
from them. For other diseases, including many cancers
and hereditary conditions, important new diagnostic
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tools leverage genetic testing and other biomarkers to
help physicians determine whether a patient is likely to
respond to a medication and choose the right dosage.
To address the challenges of climate change and
resource scarcity, biotechnology is helping us become
more environmentally sustainable. New manufacturing
processes leveraging biotechnology reduce waste,
minimize water use, prevent pollution from harmful
chemicals, and reduce the generation of greenhouse
gases. For example, using biofuels cuts greenhouse
gas emissions by 52% or more , while lowering the
temperature for laundering clothes could potentially save
$4.1 billion annually.
The development of new biofuels and other renewable
fuels has helped enhance our energy sustainability
while reducing dependence on foreign oil, while new
biodegradable plastics are reducing the need for landﬁlls.
Agricultural applications of biotechnology have helped
create a more sustainable food supply by increasing crop
yield, reducing agriculture’s environmental impact, and
enhancing resistance to destructive pests. For example,
through modern biotechnology corn plants resist
the dreaded corn borer, resulting in healthier plants,
more corn for food, feed and fuel and fewer insecticide
applications.

Promise for the Future
We have only tapped a small fragment of the many
potential uses—and beneﬁts—of biotechnology. Everyday,
research scientists explore new ways to improve our
quality of life using biotechnology applications.
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In health care, researchers are capitalizing on genetic
information to develop promising new cures for
cancer, including therapeutic vaccines, and—through
personalized medicine—working to help the right
patients get the right treatment at the right time. And
promising new work on malaria, tuberculosis, and dengue
fever could prove the key to developing vaccines for
deadly diseases that have plagued the globe for centuries.
While great progress has already been made to improve
our food supply and reduce the environmental footprint
of our farms, further positive impacts are not far off.
Through new biotechnological innovations, scientists are
in the process of developing salt-tolerant and droughtresistant crops and opportunities for leveraging currently
non-productive land. New applications will also improve
the nutritional value of our food, the health of our forests
and the sustainability of livestock production.
Biotechnology is also paving the way for a 21st century
industrial revolution that moves our economy away from
a petrochemical-based economy to a more green and
cleantech focused, bioprocessing-based economy. This
could lead to the emergency of a new “home grown” value
chain, giving every state the opportunity to sustainably
leverage local biological resources.

Raising the Bar: Enhancing Our Competitiveness
The last 40 years have seen an explosion of innovation
and creativity within the biotechnology industry. The
life-changing applications we’ve come to rely on today
were made possible by a highly skilled workforce with
extensive training in science and math. Ensuring a steady
supply of that same talent is critical to ensuring we fully

THE BOTTOM LINE
Biotechnology has a long history of helping create a better, more sustainable way of life, and continues to
provide tremendous value by leveraging cutting edge technology to address looming challenges and help
create a brighter future.
s 7EVE USED BIOTECHNOLOGY FOR THOUSANDS OF YEARS AND IT CONTINUES TO HELP IMPROVE THE WAY WE LIVEAND
to live more responsibly. The diversity of its applications is nearly endless.
s "IOTECHNOLOGY IS ALL AROUND US HELPING SOLVE PROBLEMS AND MAKE USEFUL PRODUCTS 7E SEE IT EVERY DAY IN
OUR HOMES AND WORKPLACESAND EVERYWHERE IN BETWEEN
s "IOTECHNOLOGY HELPS US ANSWER THE WORLDS MOST PRESSING CHALLENGES RESOURCE SCARCITY CLIMATE CHANGE
clean water shortages, an aging population, and cancer, to name just a few.
s 4HE BIOTECH INDUSTRY CONTINUES TO BE A POWERFUL ECONOMIC GROWTH ENGINE PROVIDING HIGH QUALITY JOBS FOR
RESEARCHERS AND SCIENTISTS AND GENERATING EMPLOYMENT FOR MILLIONS OF WORKERS IN OTHER INDUSTRIES

realize the untapped potential of biotechnology, and that
the prospective biotech applications we envision today
become tomorrow’s reality.
Today, the biotechnology industry employs 1.3 million
workers, and the industry continues to be a key growth
engine for our economy. These high quality, talentrich jobs enjoy a portability experienced by few other
industries.
The boosts to our competitiveness don’t stop with
biotech’s workforce. Biotech applications themselves
yield many economic advantages—from reducing the cost
of raw materials and operating costs to increasing rural
economic development through higher incomes from
higher crop yields using fewer inputs.

Our national workforce is stronger, too, from better
availability of more nutritious food, longer life
expectancies, and increased productivity due to reduced
disability and mortality from diseases such as diabetes
and rheumatoid arthritis.
By continuing to invest in biotech companies and in
training a skilled workforce with high aptitudes for
science and math, we can help ensure the biotech
industry is fully equipped to carry on its investigations
into helpful new biotech applications that address
looming challenges while improving our quality of life far
into the future.
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Biotech is helping to heal the world and make it a healthier place by developing new
medicines that dramatically reduce rates of infectious disease and save millions of
children’s lives. Biotech is improving the odds for millions of patients around the
world with serious, life-threatening conditions, and is providing tailored treatments to
individuals to minimize health risks and side effects. These medicines also create more
precise tools for disease detection, while combating serious illnesses and everyday
threats confronting the developing world.
To bring these new discoveries to patients, the biotech industry has harnessed nature’s
own toolbox and looked inside our bodies, to use our own genetic makeup to heal and
guide lines of research.
In the process, the biotech health sector has helped spur economic growth by creating
millions of jobs across the U.S., helped disabled workers rejoin the workforce and
become productive members of society, and kept the U.S. competitive in a rapidly
advancing, high-tech global economy.

Heal

Biotechnology:
Saving and
Extending Lives
In every stage of life, biotechnology can help us live
longer, healthier lives more fully than ever before by
preventing and treating illness. In the United States
and around the globe, countless breakthroughs in
biotechnology, such as vaccines, medications, and
diagnostic testing, have revolutionized health care and
changed the way we think about and treat disease.

Jump Start to a Healthy Life
Infants and children are among of the most vulnerable
when it comes to disease susceptibility. Biotech vaccines
help prevent and treat some of the most dangerous
childhood conditions—increasing life expectancy, reducing
costs of care and avoiding immeasurable suffering. In the
U.S., the recommended immunization series prevents
approximately 10.5 million cases of infectious illness
each year and 33,000 deaths.1 Worldwide, 2.5 million
child deaths are prevented each year by immunization.2
Rotavirus is one of the most devastating childhood
diseases, especially in developing nations. Typically,
it causes severe diarrhea and is often accompanied by
vomiting and fever. The leading rotavirus vaccines,
RotaTeq® (Merck) and Rotarix® (GlaxoSmithKline),
have seen tremendous success in treating the disease and
reducing related hospital visits.
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Case Study 1. Killing Old Foes
Since the development of the ﬁrst vaccine by Edward Jenner in
1796, we have seen tremendous progress in our ability to prevent
deadly childhood infections, effectively assuring health and
wellness for our children and a foundation for a healthy adulthood.
*ENNERS DISCOVERY IN  MARKED THE BEGINNING OF THE END OF MANY
diseases that had caused suffering around the world for centuries,
especially in children at their most helpless age. A century later, by
the beginning of the 20th century, vaccines had been developed for
rabies, diphtheria, typhoid fever, and plague; by the 1990s, deadly
INFECTIONS LIKE SMALLPOX AND POLIO HAD BEEN ERADICATED OR NEARLY
eradicated worldwide.
Today, vaccines have been developed for more than 20 infectious
diseases, and many are given to our children at a young age.
“Vaccines have virtually eliminated a number of childhood
diseases and have prevented millions of deaths worldwide,” says
$R 0AUL /FlT -$ CO INVENTOR OF A ROTAVIRUS VACCINE h7ITH THE
development of vaccines, children are no longer threatened by
deadly infection at their most vulnerable stage, and instead are
given a foundation for health and wellness to last a lifetime.” As a
RESULT OF CONTINUOUS DEVELOPMENT AND INNOVATION TODAYS VACCINES
NOT ONLY PROTECT OUR SOCIETYS MOST IMPORTANT GENERATION OUR
children, throughout early life, but give them increased longevity
AND QUALITY OF LIFE FOR YEARS TO COME

Case Study 2. Protecting 1 Million Newborns
By age two, almost all children are infected by respiratory syncytial
virus (RSV). For most, RSV results in a simple cold. But for some more
VULNERABLE INFANTSSUCH AS THOSE BORN PREMATURELY AND THOSE WITH
HEART AND LUNG PROBLEMSIT CAN QUICKLY PROGRESS FROM A LOW GRADE
FEVER COUGHING AND DIFlCULTY BREATHING TO LIFE THREATENING CONDITIONS
including bronchiolitis and pneumonia.
&OR !RIEL $OGGETT THIS BECAME ALL TOO REAL IN  h-Y SON 7ILL
WAS BORN FOUR WEEKS EARLY AT  WEEKS GESTATIONAL AGE 7HEN HE
WAS ONE MONTH OLD ) NOTICED 7ILL WAS BREATHING ABNORMALLY AND HIS
LIPS WERE TURNING BLUE ) TOOK HIM TO MY LOCAL EMERGENCY ROOM AND
AFTER OBSERVATION THEY TOOK HIM VIA -EDIVAC TO #HILDRENS (OSPITAL
"OSTON WHERE HE REQUIRED A VENTILATOR v RECALLS !RIEL h/VER THE NEXT
FEW WEEKS 7ILLS CONDITION CONTINUED TO DETERIORATE SO DOCTORS
PLACED HIM ON %#-/ A MACHINE THAT FUNCTIONS AS BOTH THE HEART
AND LUNGS WHEN THEY WONT OPERATE ON THEIR OWN 7HILE ON %#-/
7ILL SUFFERED A STROKE IN HIS OCCIPITAL LOBE CAUSING HIM TO LOSE ALL
HIS RIGHT SIDED VISION AND SUFFER PERMANENT WEAKNESS THROUGHOUT THE
right side of his body.
“It was almost three months before he was ﬁnally discharged,” Ariel
CONTINUES h!ND 7ILL STILL HOLDS THE RECORD FOR THE LONGEST STAY AND
SICKEST INFANT DUE TO 236 RELATED ILLNESS AT #HILDRENS (OSPITAL "OSTONv
Synagis®-ED)MMUNE PROTECTS HIGH RISK INFANTS FROM 236HELPING
to reduce hospitalizations that cause an emotional and ﬁnancial
BURDEN ON PATIENTS AND THEIR PARENTS )T WORKS BY GIVING HIGH RISK
newborns passive immunity; their immune systems are too immature
to produce antibodies on their own, so Synagis steps in. Since FDA
licensed Synagis, over 1 million infants have received protection from
serious RSV.

WILL DOGGETT

s 236 ACCOUNTS FOR UP TO 1.7 million physician ofﬁce visits, 400,000
EMERGENCY ROOM VISITS 125,000 infant hospitalizations, and about
500 infant deaths every year in the United States.
s 3YNAGIS HAS A 78% to 80% efﬁcacy in preventing RSV
hospitalization in premature infants without chronic lung disease
and has been shown to reduce recurrent wheezing in infants.4
s 4HE ESTIMATED DIRECT MEDICAL COST OF 236 ASSOCIATED HOSPITAL CARE
is $750 million annually.5
h-Y DOCTOR TOLD ME ABOUT 236 WHEN 7ILL WAS lRST BORN BUT DIDNT
RECOMMEND 3YNAGIS v NOTES !RIEL h)T IS POSSIBLE THAT IF 7ILL HAD INITIALLY
received Synagis following birth, he may never have contracted RSV.
It is conceivable that all of his medical conditions could have been
AVOIDED )NSTEAD MY SON WILL LIVE WITH THE CONSEQUENCES FOR THE REST
of his life.”
236 INFECTION DOES NOT CAUSE LONG LASTING IMMUNITY SO RE INFECTION IS
common and children may be infected up to three or four successive
RSV seasons.6
h0ER HIS DOCTORS RECOMMENDATIONS 7ILL RECEIVED 3YNAGIS EVERY MONTH
DURING HIS SECOND AND THIRD 236 SEASONS v SAYS !RIEL h,UCKILY HE HAS
not contracted the virus again.”
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Similarly, the introduction of a vaccine for pneumococcal
meningitis in 2000 led to a signiﬁcant reduction in
infection rates, particularly among society’s most
vulnerable populations: incidence declined by 64%
among children 2 and under and by 54% among those
65 and older.12 An early cost-effectiveness analysis of
the vaccine Prevnar® (Pﬁzer) projected that an infant
vaccination program would save $342 million in medical
expenses and $415 million for work-loss and other costs,
before accounting for vaccine costs, by preventing:

 more than 12,000 cases of meningitis;
 53,000 cases of pneumonia;
 1 million episodes of middle ear infections; and
 116 deaths from pneumococcal infection.13
 In Latin America, Rotarix vaccination decreased
hospitalizations for diarrhea among children under
one year of age by 42%, and in the United States and
Finland, by 63% during the ﬁrst year of life.7

 In 2009, deaths due to rotavirus in Mexico dropped by
more than 65%.8

 In the United States, RotaTeq reduced the number of
lost workdays from rotavirus by nearly 87%.9
The vaccines are so successful, it is estimated that their
widespread use has the potential to prevent about 2
million deaths over the next decade.10 In the United States
alone, rotavirus vaccination has the potential to prevent
annually:

 344,000 physician ofﬁce visits;
 188,000 emergency department visits; and
 as many as 67,000 rotavirus-related hospitalizations.11
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Prevnar13® (Pﬁzer), a new vaccine that protects against
six additional strains of pneumococcal meningitis, was
approved by the FDA in December 2009.14

Changing the Odds
Some advances in biotechnology have changed more than
disease prevention and treatment. The outlook for cancer
diagnoses, for example, has changed drastically: no longer
a death sentence, cancer survival rates have increased
signiﬁcantly for a number of types of cancer (see Figure
1) and treatments are more effective than ever.15
Innovative treatments are also changing the outlook
for multiple sclerosis (MS), an autoimmune disease
that affects the brain and spinal cord. Because of nerve
damage, patients can suffer severe symptoms in all parts
of the body, including muscle loss, loss of bladder and
bowel control, and vision loss. In addition to causing

Figure 1. Surviving Cancer16
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Other biotech innovations are changing how we think
about disease by moving us away from treatment and
toward prevention. For example, 70% of cervical cancer
stems from two strains of the human papillomavirus.20
The cancer vaccines Gardasil® (Merck) and Cervarix®
(GlaxoSmithKline) provide protection against these
viruses. The U.S. currently spends an estimated
$2 billion each year treating cervical cancer;21 a
widespread vaccination campaign could save the health
care system as much as $1.4 billion annually—in addition
to thousands of lives.
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emotional and physical suffering for the 250,000 to
300,000 patients in the U.S., MS also exerts a signiﬁcant
toll on our economic competitiveness:

 Employees with MS need an average of 25.3 more
disability days per year.17

 Total annual indirect costs for employees with MS are
$4,352 more on average.18
While a cure remains elusive, treatments like Tysabri®
(Biogen Idec/Elan) and Betaseron® (Bayer) are
helping MS patients ﬁght disease progression and stay
healthier longer; new treatments like Ampyra® (Acorda)
help improve walking ability by 25% and treatment
convenience.19
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Faster Detection, Better Accuracy,
Greater Mobility
Biotech diagnostic tools have enhanced our ability to
detect and diagnose conditions faster and with greater
accuracy—helping improve patient prognosis.
RICE UNIVERSITY UNDERGRADUATE
ELIZABETH NESBIT HOPS ON A BIKE
TAXI TO MAKE THE 6 KILOMETER TRIP
FROM NAMITONDO TO NAMITETE
TO DEMONSTRATE THE DIAGNOSTIC
LAB-IN-A-BACKPACK TO HEALTH
CARE PROVIDERS AT ST. GABRIEL’S
HOSPITAL IN MALAWI.

Case Study 3. Lab-in-a-Backpack22
Bioengineering design students at Rice University have partnered
with Baylor International Pediatric AIDS Initiative (BIPAI) and
Baylor Shoulder to Shoulder physicians to develop a portable
$IAGNOSTIC ,AB IN A "ACKPACK WHICH INCLUDES A POWER SOURCE AND
TOOLS SPECIlC TO THE NEEDS OF THE DEVELOPING COUNTRIES WHERE ITS
USED MOST OFTEN #ENTRAL !MERICA AND 3UB 3AHARAN !FRICA
h4HESE STUDENTS ARE BRILLIANT AND ARE MAKING A DIFFERENCE IN THE
WORLD v SAID 2UTH "USH A PHYSICIAN WHO HAS USED THE BACKPACK ON
HER MEDICAL SERVICE TRIPS TO -AYETTE (AITI SINCE 
&OR PHYSICIANS TREATING PATIENTS IN RURAL HARD TO REACH OR EVEN
WAR TORN COMMUNITIES IN DEVELOPING COUNTRIES TIMING MEANS
EVERYTHING &OLLOW UP VISITS CAN BECOME IMPOSSIBLE AND INNOVATIVE
AND CREATIVELY ENGINEERED TOOLS BECOME ESSENTIAL TO MAKE AN
accurate diagnosis.
h)M BETTER ABLE TO TREAT MY PATIENTS WHO OFTEN WALK FOR SIX TO NINE
HOURS FOR MEDICAL TREATMENT BECAUSE OF THE BACKPACK v SAID "USH
h(AVING THE CAPABILITY TO TEST FOR ILLNESSES SUCH AS DIABETES AND
URINARY TRACT INFECTIONS AND BEING ABLE TO CHECK BLOOD LEVELS IS
ESSENTIAL TO CORRECTLY DIAGNOSING PATIENTS "EFORE THE BACKPACK )
OFTEN HAD TO GUESS RISKING THE PATIENTS HEALTHv

There are more than 1,200 biotechnology diagnostic
tests in clinical use today.23 These types of diagnostics
range from faster and more accurate strep throat tests to
tests that pinpoint speciﬁc cancer cells in order to select
treatment options. Many of these tests require only a
simple blood sample or mouth swab—eliminating the
need for costly invasive surgery.
Many biotech diagnostic tools are now portable, allowing
physicians to conduct tests, interpret results and
determine treatment on-the-spot. These tools have had
a profound effect on access to health care in developing
countries, many of which lack a health care delivery
infrastructure.

Personalized Medicine:
Cures Designed Just for You
Today, biotechnology is helping personalize medicine
by tailoring treatments to the individual patient and the
speciﬁc circumstances necessitating treatment. This is
known as personalized medicine: leveraging information
about individual genetic make-up to guide health care
decisions, rather than treating every individual like the
anonymous statistical average.
The use of genetic information can help determine:

 which treatment will likely work best;
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We are on the leading edge of a true
revolution in medicine, one that promises to
transform the traditional “one size fits all”
approach into a much more powerful strategy
that considers each individual as unique and
as having special characteristics that should
guide an approach to staying healthy.
— Francis S. Collins, Director, U.S. National Institutes of Health24

 the safest and most effective dosage; and
 whether a person is predisposed to develop a speciﬁc
disease later in life.
Biotech diagnostic tools have helped drive the
personalization of medicine in our health care system.
Genetic tests identify patients predisposed to developing
various cancers, osteoporosis, emphysema, type II
diabetes, and asthma. This gives patients an opportunity
to take preventive steps by avoiding disease triggers such
as poor diet, smoking, and other behavioral factors.
Other biotech diagnostic tests look for speciﬁc genetic
markers that determine whether a patient is likely to
beneﬁt from a certain treatment. For example, new tests
have been launched recently that identify patients likely
to respond to the following cancer treatments:

Case Study 4. Tailoring Breast Cancer Treatment
3OME OF THE MOST EXCITING NEW BIOTECH DIAGNOSTIC TESTS HELP IMPROVE
breast cancer treatment and care. One of these diagnostic tests
determines whether a breast cancer patient has an aggressive
form of breast cancer associated with the human epithelial growth
FACTOR RECEPTOR  (%2   4HIS FORM OF BREAST CANCER STRIKES QUICKLY
SPREADS AGGRESSIVELY AND IS OFTEN DEADLY (OWEVER PATIENTS TREATED
WITH (ERCEPTIN® 'ENENTECH EXPERIENCE EXTREMELY POSITIVE
OUTCOMES TWO RECENT CLINICAL TRIALS FOUND THAT CHEMOTHERAPY PLUS
(ERCEPTIN cut the chance of cancer recurrence in half compared to
chemotherapy alone.25
*UDY +AYSE A BREAST CANCER SURVIVOR AND PATIENT KNOWS lRSTHAND
the power of the latest breast cancer treatments and diagnostic
tests. “I was ﬁrst diagnosed with breast cancer 15 years ago. At the
TIME THERE WAS NO TESTING FOR (%2  OR A TREATMENT FOR PEOPLE WITH
that type of breast cancer, so I was treated with a lumpectomy and
radiation and went into remission,” recounts Judy. “But at my annual
EXAM IN LATE  WE FOUND A TUMOR 4HE CANCER WAS BACK AND IT WAS
INVASIVE "UT THIS TIME MY DOCTORS HAD A NEW WEAPON IN THEIR ARSENAL
THEY WERE ABLE TO TEST FOR THE (%2  FACTOR 4HEY DETERMINED ) WAS
(%2  POSITIVE MEANING ) WAS ELIGIBLE FOR (ERCEPTIN )TS NOW PART
OF MY TREATMENT PROGRAM AND DOESNT COME WITH THE DEBILITATING
side effects of other breast cancer treatments. My doctor told me if
(ERCEPTIN HAD BEEN AVAILABLE THE lRST TIME AROUND ) PROBABLY WOULD
not have had a recurrence.”
(ERCEPTIN IS A TAILORED TREATMENT THAT WORKS BY BLOCKING THE (%2 
receptor, stopping the cancer tumor from growing and eventually
KILLING THE CANCER CELLS /NLY PATIENTS WITH (%2  POSITIVE BREAST
CANCER ARE ELIGIBLE FOR (ERCEPTINMAKING THE (%2  DIAGNOSTIC TEST
critical to determining the appropriate breast cancer treatment.

 Iressa® (Astra Zeneca, for non-small cell lung cancer);
 Tarceva® (Genentech, non-small cell lung and
pancreatic cancers);
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 Gleevec® (Novartis, chronic myeloid leukemia and
gastrointestinal stromal tumor); and

 Campath® (Genzyme, B-cell chronic lymphocytic
leukemia).
A recent study showed that hospitalization rates
dropped 30% when genetic information was used to
determine the best dosing for heart patients taking
warfarin (the world’s most prescribed blood thinner).26
One diagnostic test shows whether patients are
developing resistance to Gleevec®, while yet another
enables selection of the correct dosage of a powerful
chemotherapy drug for pediatric leukemia. These tests
have saved lives by preventing overdose fatalities.
Research has also shown that a woman’s risk of
developing breast and/or ovarian cancer is greatly
increased if she inherits a speciﬁc harmful genetic
mutation. A simple blood test can now determine if a
man or woman has inherited these genes. Many research
studies are being conducted to ﬁnd newer and better
ways of detecting, treating, and preventing cancer in
individuals who carry the gene mutation.27
In December 2004, the FDA approved AmpliChip CYP450
Genotyping Test (Roche/Affymetrix), a blood test that
allows physicians to consider unique genetic information
from patients in selecting both the choice and dose of
medications for a wide variety of common conditions
such as cardiac disease and cancer. The test analyzes the
enzyme cytochrome P4502D6, which plays an important
role in the body’s ability to metabolize commonly
prescribed antidepressants, antipsychotics, beta-blockers,
and some chemotherapy drugs, among others.

14

New, personalized applications of biotech tools and
therapies continue to emerge as new discoveries about
human genetics unfold. As our understanding of the
human genome improves, so too will our ability to
develop targeted treatments. For example, oncology
may soon enter an era when cancer treatment will be
determined as much or more by genetic signature than by
location in the body.28

How Bean Curds and Snails
Improve Your Health
Biotechnology and health have been closely intertwined
throughout history, with some of the most exciting
advances arriving in the last 40 years. In health care
alone, the diversity of applications is virtually endless—
with nature and the human genome itself often providing
the inspiration for what’s next.
Biotech medicines diagnose, treat, and even prevent
a host of illnesses—from some of the most deadly and
disabling chronic diseases, including cancer, diabetes
and cardiovascular disease, to the rarest disorders that
afﬂict only a few thousand people worldwide—and
new products tackling unmet medical needs are being
investigated every day.

A Long History of Curing Deadly Disease
Modern biotechnology may ﬁnd its origins thousands of
years ago, but today’s biotech solutions are a far cry from
those ancient remedies.
Anchored in the science of discovery and development,
biotechnology-based therapies have helped to improve
quality of life while reducing death and disease rates and,
in some cases, eradicating disease altogether. Vaccines, for
example, have played a critical role in drastically reducing
the imprint of some of the deadliest and most debilitating
infectious diseases in human history (Figure 3).

Figure 2. Ancient Biotechnology-Based Remedies
)N  "# THE lRST ANTIBIOTICMOLDY SOYBEAN CURDS SIMILAR TO TOFUWAS
USED TO TREAT BOILS IN #HINA29 The ancient Egyptians applied yeast to leg
ULCERS AND SWELLINGS AND TOOK YEAST INTERNALLY FOR DIGESTIVE DISORDERS
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Figure 3. Injections of Hope31

How It Works: Biotechnology Drug Discovery and
Development
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There are three basic ways that biotech scientists develop
therapies:
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Figure 4. The Life-Saving Impact of Biotech Therapies32,33
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To understand how biotech products are made, picture
biotechnology as a scientiﬁc method that uses nature’s
toolbox to create life-saving therapies. The “tools” are
thousands of living cells and their component molecules,
and biotech scientists must explore different ways to use
them to create the medicines we use today.

cells; and

 working with genes, the molecules responsible for
inherited traits.
The diversity of applications is virtually endless. Often,
biotech scientists ﬁnd inspiration in two main sources:
they look inside the human body, to our DNA, and outside,
to the plants and animals around us.

Figure 5. The Steps of Biotech Research and Discovery
The biotechnology research and development process is constantly evolving
as technology advances. The process below is illustrative; certain steps
may occur simultaneously or at different points depending on the speciﬁc
application under development.

Plant/animal observation

DNA/gene isolation

Collection of compounds

Identify new potential

Screen for/identify
therapeutic protiens

Determine gene
sequence

Through genetic research like the Human Genome
Project—a thirteen year public-private collaboration
that paved the way for leveraging genetic information
in preventing, diagnosing, and treating disease—we
have learned how to change the code in DNA molecules,
meaning that we can give cells new instructions. Biotech
scientists are using this knowledge to help correct
defective genes that cause a disease. In time, it may be
possible to use gene therapy to cure hereditary conditions.
Gene therapy focuses on ﬁnding ways to introduce
corrective genes into cells in order to:

 correct a cell malfunction;
 add a new function to a cell; or,
 in the case of cancer, add a gene to a cancer cell that
causes that cell to die.

VALIDATION OF TARGETS

A variety of different types of gene delivery systems are
used to deliver genes into target cells, including:

 modiﬁed viruses, which appear to be very efﬁcient at

DEVELOPMENT OF
SUSTAINABLE PRODUCTION

getting genetic information into cells;

 “naked” DNA containing the corrected genes; or
 artiﬁcial lipids carrying new DNA.
Cracking the Code: Deciphering Your DNA
Healthy or not, our cells are guided by DNA instructions
that tell them what to do. But how do we transition our
knowledge of DNA behavior to therapeutic discovery and
production? It all begins with understanding how our
genetic code works. Recent developments, such as the
completion of the human genome sequence, have rapidly
increased our understanding of human genetics.

The goal is to match the appropriate delivery system
with the gene, the target cell, and the disease, in order to
develop effective therapeutics.
The wealth of information made available through the
Human Genome Project and subsequent genetic research
has enabled more targeted research, even for traditional
small molecule drugs. This not only saves valuable time
and resources, but vastly improves the likelihood of
success.

Healing, Fueling, Feeding: How Biotechnology Is Enriching Your Life.
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From Mother Nature to You
Next time you’re outside, take a look around you. Chances
are that some of the living organisms you observe—plants
and animals alike—possess compounds or qualities with
health care applications. Biotechnology helps us tap into
these qualities to create nature-inspired therapies.
The years-long process is time and resource intensive,
requiring:34

 collecting a diverse array of organisms from land and
marine habitats all over the world, in accordance with
local, national, and international laws and regulations;

 bringing them back to labs for analysis of the potential
Case Study 5. Giving Sight to the Blind
"ORN WITH A RARE RETINAL DISEASE CALLED ,EBERS CONGENITAL AMAUROSIS
#OREY (AAS HAD LOST MOST OF HIS SIGHT BY THE TIME HE WAS  AND WAS
LEGALLY BLIND (E OFTEN CLUNG TO HIS PARENTS WHEN GOING OUT AND
DEPENDED ON A TEACHERS AIDE "RAILLE A LARGE TYPE COMPUTER SCREEN
AND CANE WHILE AT SCHOOL #OREY EXPECTED TO EVENTUALLY LOSE HIS VISION
entirely.
"UT JUST TWO YEARS LATER HIS PROGNOSIS HAS UNDERGONE A  DEGREE TURN
(E NOW ENJOYS THE SAME ACTIVITIES AS ANY ACTIVE HEALTHY  YEAR OLD BOY
GO KARTING HIKING AND PLAYING BASEBALL
#OREYS MIRACULOUS RECOVERY WAS DUE TO AN EXPERIMENTAL GENE
THERAPY PROCEDURE )N FALL  HE RECEIVED AN INJECTION IN HIS LEFT
eye. The injection contained a virus specially engineered to replace
DNA containing a defective version of the gene responsible for his
debilitating condition, RPE65, with a normal version of that same gene.
)N FACT #OREY WAS ONE OF  PATIENTS IN A GROUNDBREAKING STUDY ON
the potential applications of gene therapy for patients suffering
FROM ,EBERS CONGENITAL AMAUROSIS ALL PATIENTS SHOWED SIGNIlCANT
improvement in both subjective and objective measures of their vision.
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biological and pharmaceutical activity of their natural
products;

 isolating promising compounds;
 testing them (“proof of concept”);
 ﬁnding a clinically meaningful application;
 determining how to sustainably synthesize the
compound in large quantities;

 testing the product in patients for safety and efﬁcacy;
and

 gaining regulatory approval.
However, the reward is worth the effort. Scientists have
already had success developing some plant and animalinspired therapies that have been approved and are in
clinical use (see Figure 6), and many more hold promise:

 In the ocean, organisms contain compounds that could
heal wounds, destroy tumors, prevent inﬂammation,
relieve pain and kill microorganisms.

Case Study 6. Medicine from the Sea: Can a Snail Cure Pain?
.O BIGGER THAN YOUR THUMB THE CONE SNAIL #ONUS MAGUS HAS VENOM THAT
PACKS A PUNCH IT ENABLES THE CONE SNAIL TO PARALYZE AND SWALLOW A WHOLE
ﬁsh its own size. “The cone snail caught the attention of researchers in the
late 1970s, who began investigating its venom to help better understand
HOW OUR NERVOUS SYSTEMS WORK "UT IT WAS SEVERAL YEARS BEFORE IT BECAME
clear the venom held potential for pain relief, too,” recounts George
-ILJANICH 0H$ FORMER 3ENIOR $IRECTOR OF 2ESEARCH AT %LAN h7E BROKE THE
venom into its components, called peptides. I collaborated with the team
responsible for isolating the peptide, ziconotide, that had the potential to

 On land, ﬁeld trials with protein-producing plants
are providing the essential building blocks that
may one day yield treatments for cancer, HIV, heart
disease, Alzheimer’s disease, diabetes, and many other
debilitating illnesses.

After Discovery: Manufacturing
Biotechnology-Based Therapies

BLOCK PAIN SIGNALS AND LED THE ORIGINAL INVESTIGATIONS INTO UNDERSTANDING
ITS POTENTIAL PAIN MITIGATING PROPERTIES 7E SET ABOUT lNDING A WAY TO
sustainably manufacture ziconotide, and then began the long process of
clinical development and testing the synthetic peptide in patients. Even in
THE EARLY DAYS IT WAS EXTREMELY MOTIVATING AND ENCOURAGING TO SEE THE
impact of what would become Prialt® on patients.”
Manufactured by Elan, Prialt® helps manage severe chronic pain in adults
who have failed other therapies.

After careful culture (the duration varies depending on
the protein produced and the nature of the organism),
the proteins are isolated from the cultures, stringently
tested at every step of puriﬁcation, and formulated
into active products for clinical use. All of these
procedures are in strict compliance with U.S. Food
and Drug Administration (FDA) regulations and good
manufacturing practices.

Producing biotech drugs is a complicated and timeconsuming process (see Figure 7). Many years can
be spent just identifying the therapeutic protein,
determining its gene sequence, and working out a process
to make the molecules using biotechnology.
Once the method is devised and scaled up, the biotech
medicines can be produced in large batches. This is
done by growing host cells that have been transformed
to contain the gene of interest in carefully controlled
conditions in large stainless-steel tanks. The cells are
kept alive and stimulated to produce the target proteins
through precise environmental conditions.

Healing, Fueling, Feeding: How Biotechnology Is Enriching Your Life.
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Figure 6. From Nature to Medicine:
Biotechnology Drug Therapies36,37
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Figure 7. Biotech Manufacturing Process
This manufacturing process describes a typical recombinant biotechnology product, and may be different for other biotechnology based therapies.
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Malaria, Cancer, and Diabetes:
New Hope Against Old Enemies
From infectious diseases and cancer to bioterrorism and
chronic disease, our health—and health care systems—
are at risk. New advances driven by the biotechnology
health care sector are helping tackle current and looming
challenges by confronting them head on. By preparing us
today, biotechnology is helping ensure we have a better
tomorrow.

Global Diseases in the Crosshairs
Every day, researchers work to harness the power of
biotechnology for the ﬁght against global infectious
diseases. Tremendous progress has already been made

to treat and eliminate these diseases: globally, signiﬁcant
declines have been seen in the rates of certain infectious
diseases, including a 78% decline in measles since 2000,38
the complete global eradication of smallpox by 1980,39 and
the eradication of polio in the Americas by 1994.40
Despite this progress, infectious diseases are still the
second leading cause of death worldwide each year,41 and
new strains of infectious diseases continue to emerge.
Through close collaboration with governments and nongovernmental organizations, there is hope that biotech
companies may develop better treatments for neglected
diseases such as Chagas, Dengue, African Sleeping
Sickness, and Leishmaniasis.

Figure 8. Worldwide Burden of Selected Infectious Diseases42
DISEASE
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chronic disease that can result in damage to the heart, brain, and
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digestive tract
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Addressing Future Threats to World Health

Case Study 7. Combating Malaria
-ALARIA KILLS NEARLY  MILLION PEOPLE AND PUTS HALF OF THE WORLDS
POPULATION AT RISK EACH YEAR50 The disease has proven difﬁcult to
control and prevent, and strategies to combat malaria must involve
multifaceted solutions in order to provide any hopes for success at
controlling this deadly disease.51
Prompt and Accurate Diagnosis: The biotech industry has
developed malaria tests that can detect the disease rapidly, allowing
PHYSICIANS TO GET QUICK AND ACCURATE DISGNOSES SO THAT TREATMENT IF
needed, can begin as soon as possible.
Cost-Effective Treatment: #URRENT EFFECTIVE TREATMENT FOR MALARIA
OFTEN INVOLVES THE USE OF !RTEMISININ #OMBINATION 4HERAPY !#4 
!RTEMISININ A COMPOUND FOUND IN THE #HINESE WORMWOOD PLANT 52
IS IN SHORT SUPPLY AND HARD TO PROCURE THEREFORE MAKING IT IS A
VERY EXPENSIVE TREATMENT FOR THOSE POPULATIONS MOST VULNERABLE
to malaria. 4HANKS TO EFFORTS FROM THE BIOTECHNOLOGY INDUSTRY
however, this problem may soon be eliminated. Biotech scientists
have discovered that artemisinin can be artiﬁcially synthesized in
A FAST AND COST EFlCIENT MANNER USING YEAST AND E.coli cells.54 The
!RTEMISININ 0ROJECT A PARTNERSHIP BETWEEN !MYRIS SANOl ADVENTIS
THE 5NIVERSITY OF #ALIFORNIA "ERKELEY /NE 7ORLD (EALTH AND THE
"ILL AND -ELINDA 'ATES &OUNDATION IS CURRENTLY WORKING TO DEVELOP
this new biotechnology.55
Preventative Measures: "IOTECHNOLOGY SCIENTISTS HAVE BEEN WORKING
in partnership with governments and organizations for years to
develop a malaria vaccine, and are getting closer every day.
Recently, Sanaria received a grant from the U.S. National Institutes
OF (EALTH TO BEGIN 0HASE )) TRIALS OF A MALARIA VACCINE CURRENTLY
in development.56 !DDITIONALLY SCIENTISTS AT 'LAXO3MITH+LINE ARE
developing two different vaccines for the disease, one of which
boosts the immune system to target malaria parasites in the blood
stream and, in recent studies, has been shown to be highly successful
at producing immunity to malaria in children. 
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Biotechnology plays an important role in helping
proactively address serious threats to global health. This
includes both visible threats, such as increasing rates of
cancer, as well as unseen threats, such as pandemics and
bioterrorism.
Cancer
Cancer is the third leading cause of worldwide deaths
each year, and cancer rates in the U.S. and elsewhere are
only predicted to increase—potentially exacting a harsh
toll on our health and economy:

 From 1975 to 2000, rates of cancer doubled, and rates
are expected to double again by 2020 and to triple by
2030, with 2030 cancer rates resulting in 17 million
deaths.59

 Cancer costs are expected to take an increasingly large
toll on the U.S. economy, with cancer cost estimates at
$147.6 billion in 2020.60
Biotechnology is helping us better understand the
molecular and genetic basis of cancer, fueling the
development of new therapeutics and vaccines to treat
some of the world’s most common cancers:

 Gardasil® (Merck) and Cervarix® (GlaxoSmithKline)
protect again human papillomavirus, the cause of 70%
of cervical cancer.

 Therapeutic cancer vaccines under development
by EMDSerano, Bavarian Nordic, Pﬁzer, and others
leverage immunostimulant technology to help the
body eradicate cancer cells on its own.

 Stimuvax® (Merck/Oncothyreon), a cancer vaccine
in Phase III trials stimulates the immune system to
attack cancer cells common to lung cancer, breast
cancer, prostate cancer and colorectal cancer cells, all
while leaving healthy cells unharmed.61
Bioterrorism
Security experts have repeatedly highlighted the
reality and likelihood of bioterror threats, stating that a
biological attack on the U.S. is more likely than a nuclear
attack.62 Public opinion data echoes this anxiety: after
chronic diseases such as diabetes, heart disease and
obesity, bioterrorism ranks as Americans’ most urgent
health concern.63
Case Study 8. The Urgent Need for Biopreparedness

Figure 9. How concerned are you that each of the following
will happen to you or an immediate family member during the
next 12 months?64

53 SECURITY EXPERTS VIEW A BIOTERRORISM ATTACK AS AN INCREASINGLY
LIKELY POSSIBILITY AND A GREATER THREAT THAN EVEN A NUCLEAR ATTACK )N
their June 2009 report, former U.S. Senators Bob Graham and Jim
4ALENT REITERATED THE URGENCY AND REALITY OF THIS THREAT h;4=HE LETHALITY
of a biological weapon could rival a nuclear bomb, but it is much less
EXPENSIVE TO PRODUCE THE STARTING MATERIALS ARE ACCESSIBLE AND THE
DIVERSITY OF TECHNOLOGICAL EXPERTISE REQUIRED IS NOT NEARLY AS GREAT
&OR THESE AND MANY MORE REASONS IN OUR COMMISSION REPORT 7ORLD
AT 2ISK WE STATED THAT TERRORISTS ARE MORE LIKELY TO OBTAIN AND USE A
biological weapon than a nuclear weapon.”
&ORMER 53 DEPUTY SECRETARY OF (EALTH AND (UMAN 3ERVICES 4EVI
Troy was responsible for overseeing U.S. bioterrorism and emergency
PREPAREDNESS h53 BIOPREPAREDNESS IS AN INCREASINGLY IMPORTANT
COMPONENT OF OUR NATIONAL SECURITY 7E NEED TO CONTINUE TO DEVELOP
medical countermeasures to help minimize the impact of a bioterrorism
ATTACK )N ADDITION OUR MILITARY AND lRST RESPONDERSESSENTIAL
PERSONNEL LIKE PARAMEDICS POLICE OFlCERS AND lREMENNEED TO BE
APPROPRIATELY EQUIPPED TO FACE THESE CHALLENGESv
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Biotechnology manufacturers are working with
government agencies in the U.S. and around the globe
to develop vaccines and therapeutics for potential
bioweapons—including smallpox and anthrax.
Diabetes

ANGIE STONE

Case Study 9. Biotech: Helping Achieve Your Dreams
!NGIE 3TONETHE 'RAMMY NOMINATED SINGER SONGWRITER AND
ACTRESS BEST KNOWN FOR HER 2" SOUL AND NEO SOUL MUSICIS
PARTNERING WITH %LI ,ILLY AND #OMPANY ON THE &EARLESS !FRICAN
!MERICANS #ONNECTED AND %MPOWERED &!#% $IABETES )NITIATIVE
TO SHARE HER STORY AND BE A PART OF A MOVEMENT OF !FRICAN
!MERICANS JUST LIKE HER WHO FACE DIABETES ON A DAILY BASIS
h)M JUST LIKE A LOT OF PEOPLE LIVING WITH THE DISEASEGETTING MY
DIABETES UNDER CONTROL WASNT SO EASY AT lRST
“Ten years ago, I was diagnosed with diabetes after I started
EXPERIENCING A FEW COMMON SYMPTOMS ASSOCIATED WITH HIGH BLOOD
SUGAR LIKE FREQUENT URINATION AND UNQUENCHABLE THIRST ) COULDNT
stop going to the bathroom and no matter how much water I
DRANK ) COULDNT GET ENOUGH $ESPITE HAVING A FAMILY HISTORY OF THE
DISEASE MY DIAGNOSIS CAME AS A SHOCK BECAUSE ) DIDNT THINK ) WAS A
candidate for diabetes.
“Even after I was diagnosed and my doctor prescribed medication,
) DIDNT TRULY TAKE THE DISEASE AS SERIOUSLY AS ) SHOULD HAVE ) WAS
IN DENIAL ABOUT MY CONDITION AND THE IMPORTANCE OF TAKING MY
MEDICATION CHANGING MY DIET AND GETTING MORE EXERCISE 4HROUGH
TRIAL AND ERROR AND WORKING WITH MY HEALTH CARE TEAM ) KNOW NOW
ITS IMPORTANT FOR ME TO TAKE CONTROL AND FACE MY DISEASE FEARLESSLY
so I can be healthy for myself, my family and my fans.”
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The number of Americans diagnosed with diabetes—
the seventh leading cause of death in the U.S.—has
risen by epidemic proportions, from less than 1% of
the U.S. population in 1958 to 5.9% in 2007.65 This is of
serious concern, as diabetes can cause serious health
complications like heart disease, blindness, kidney
failure, and lower-extremity amputations. Annually,
treatment of diabetes costs the U.S. $174 billion—of
which $58 billion covers indirect costs like disability
payments, time lost from work, and premature death.66
Lifestyle choices like diet and exercise and other
environmental factors often serve as the trigger for
chronic diseases like diabetes, but it’s often our own
genetic make-up that loads the gun and predisposes us to
developing the disease.
Regardless of how diabetes manifests, biotech therapies
and tools are helping ﬁght its devastating impact. For
example, insulin has a critical role in controlling glucose
in many diabetes patients; each percentage point drop
in the blood test measuring glucose levels can reduce
the risk of microvascular complications (eye, kidney,
and nerve disease) by 40%.67 Less quantiﬁable but as
important are the quality of life improvements lent by
these therapies and tools—such as how new insulin
pumps and meters are enabling young athletes to
continue competing in their chosen sport.

3.2 Million Jobs and Counting
The biotech health sector has a vital role in enhancing
our competitiveness, serving as an engine of growth and
helping foster a highly skilled workforce that excels in
math and science. The need for a highly skilled workforce
in the biotech health sector creates investments in
education and rewarding, portable, high paying jobs:

 The biotech health sector depends on a unique and
highly skilled workforce. Bioscience workers must
possess exceptional skills, including knowledge
of advanced sciences like molecular biology, and
knowledge of how to operate and interpret data from
advanced scientiﬁc instrumentation.68

 The need for this expert workforce means that the
United States must continue to make investments
in educational programs in science and math, as the
biotech industry provides an important, steady supply
of jobs, especially important in times of economic
hardship, and represents one of the most important
segments of our economy today, both in its current
output and in its potential for growth.69

 1.3 million people were employed by the biotech
industry in 2006, and these jobs generated 6.2 million
related jobs throughout the rest of the economy, a job
multiplier of 5.8.70

 Investment by biotech ﬁrms in research and
development is highly important not only to industry
growth, but also to the creation of new medicines and
technologies to improve our health. Biotechnology
ﬁrms in the United States spent $25.1 billion on
biotechnology research and development, accounting
for 75% of the total biotechnology R&D expenditures.71
Figure 10. Employment Supported by the U.S.
Biopharmaceutical Sector, 1996–200672

 The skill set needed for biotech jobs is incredibly
transferable and portable, so biotech workers have
job security without being conﬁned to one geographic
area, one company, or one specialty.
The biotech health sector provides an important impact
to state employment rates and economic output, and
signiﬁcant investments in biotech research and jobs
will only continue to increase these impacts to state and
national economies.
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Figure 11. State Biopharmaceutical Sector Employment Multipliers (2006)73
%VERY NEW JOB IN THE BIOPHARMACEUTICAL SECTOR ALSO GENERATES NEW JOBS IN OTHER INDUSTRIES 4HIS IS CALLED THE EMPLOYMENT MULTIPLIER &OR EXAMPLE AN EMPLOYMENT
MULTIPLIER OF  WOULD MEAN THAT EACH NEW BIOPHARMACEUTICAL JOB WOULD GENERATE  NEW JOBS IN OTHER INDUSTRIES "ELOW WE CAPTURE THE BIOPHARMACEUTICAL
employment multiplier for each individual state.
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Workforce Productivity
In addition to providing high paying jobs and broad
economic impact, the biotechnology industry also has a
distinct impact on our workforce productivity across the
country through the therapies it produces. The economic
impact of disabling chronic disease is considerable for
employers and immense for those that are unable to work
as a result of these diseases.
For example, rheumatoid arthritis (RA), a painful
autoimmune disease, causes 66% of employed
rheumatoid arthritis patients to experience work
absences.74

Case Study 10. Out of Bed and Back to Work
!UTOIMMUNE RHEUMATIC DISEASES ARE AMONG THE MOST DEBILITATING KNOWN TO
HUMANKIND ,EFT UNTREATED THEY ROB INDIVIDUALS OF QUALITY OF LIFE AND KEEP
them from becoming a productive contributing member of society.

 The median work absence for RA patients is 39 days

/NE SUCH DISEASE IS ANKYLOSING SPONDYLITIS !3  4HIS FORM OF RHEUMATIC
DISEASE PRIMARILY AFFECTS THE SPINE AND LEADS TO INmAMMATION THAT CAUSES
it to fuse, resulting in severe chronic pain and discomfort. Debra Lappin, a
LAWYER AND PRESIDENT OF THE #OUNCIL ON !MERICAN -EDICAL )NNOVATION IS
AN !3 PATIENT

per year.75

 Costs of rheumatoid arthritis consequences, such as
lost productivity, total $10.9 billion annually.76
However, new biotech therapies such as Enbrel®
(Amgen/Pﬁzer), Humira® (Abbott), Remicade® (Johnson
& Johnson), and Simponi® (Johnson & Johnson) for
debilitating rheumatoid and autoimmune diseases like
RA and Crohn’s disease can:

 Help employees remain active, productive, and healthy
for a longer period of time;

 Decrease rates of absenteeism and presenteeism;
 Improve workforce efﬁciency and productivity;
 Enhance quality of life by making treatment more
convenient; and

 Minimize painful treatment side effects.

DEBRA LAPPIN

h) WAS PRACTICING LAW WHEN ) WAS DIAGNOSED WITH !3 IN  7E DIDNT
KNOW MUCH ABOUT THE DISEASE AT THE TIME AND THERE WERENT MANY THERAPIES
AVAILABLE "Y  ) HAD AN AUTOIMMUNE RESPONSE THROUGHOUT MY JOINTS
and eyes that became completely disabling. Ultimately, I was forced to
TAKE DISABILITY FROM MY JOB AS A PARTNER AT AN INTERNATIONAL LAW lRM )T
WAS DEVASTATING ) WAS YOUNG LOVED MY JOB AND ENJOYED WORKINGBUT IT
became clear that my immune system could not handle the challenge of
WORK v $EBRA RECALLS h&OR  YEARS ) WAS OUT OF THE WORKFORCE "UT DURING
this time I became active in the arthritis community, advocating for research
AND BETTER ACCESS TO CARE ) HAD AN EXCELLENT RHEUMATOLOGIST WHO BECAME A
TRUE PARTNER IN MY CARE 7HEN %NBREL® ;!MGEN0lZER= THE lRST BIOLOGICAL
TREATMENT FOR RHEUMATOID ARTHRITIS CAME TO MARKET IN  ) WAS ONE OF
THE lRST !3 PATIENTS IN LINE TO TEST THIS DRUG 7ITHIN A FEW SHORT MONTHS MY
health was improving. My mobility and energy levels returned. Imagine
THE DAY WHEN ) KNEW ) COULD RETURN TO WORK %NBREL DIDNT JUST CHANGE MY
LIFEIT SAVED IT 9OU CANT PLACE A VALUE ON BEING ABLE TO RETURN TO WORK AND
PRODUCTIVITYFOR ONESELF ONEgS FAMILY AND SOCIETYv
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Producing exciting new biofuels, and fueling the economy with new and better
products, industrial and environmental biotechnology is creating a brighter and more
sustainable future. Today, industrial biotechnology is streamlining manufacturing,
reducing the steps needed to make certain chemicals by up to 80%, and reducing the
energy required in manufacturing processes by upwards of 50%. Using biological
feedstocks, industrial biotechnology is reducing dependence on foreign oil and
opening the way to a sustainable, home-grown biobased economy.
The biotechnology industry is using natural biological processes such as fermentation
and harnessing enzymes, yeasts and microbes as high-productivity microscopic
manufacturing plants. In doing so, industrial and environmental biotechnology
is producing a wide range of everyday products—biodegradable plastics, “green”
chemicals, energy-saving low temperature detergents, pollution-eating bacteria,
multi-vitamins and renewable biofuels are just some of the myriad products produced
and enhanced by biotechnology.
Whether applied to the needs of the developed or developing world, industrial and
environmental biotechnology is generating sustainable and responsible economic
development, using renewable and local natural resources to create a brighter
economic and environmental future for all of humankind. Industrial biotechnology
is helping manufacturers operate more efﬁciently, to save energy, reduce resource
consumption, and bring new and improved products to the market—and, in doing so,
biotechnology is keeping industry competitive and creating quality jobs. What makes
industrial biotechnology unique is that its technologies enable critically important
business and economic goals to be met within a model of resource and environmental
sustainability. Industrial biotechnology is thus both a fundamental force for modern
economic growth and a platform for sustainable U.S. and global development.

Fuel

What if we could…
transform manufacturing with biobased resources and technologies?

do so in an environmentally sustainable way?

do all this while generating new
high-paying, high-quality jobs?
We can.
For over 8,000 years, humans have used enzymes,
microbes and other biological building blocks to improve
quality of life and increase economic prospects. But it
was Louis Pasteur’s invention of pasteurization in the
mid 1800s that ushered in a new age of enlightenment
as scientists discovered the role of microbial activity in
fermentation.

Industrial Biotechnology: Flexible Tools for a
Better World

Modern biotechnology is now expanding the application
and engineering of microbes and enzymes into a broad
variety of industrial processes, serving to construct
products faster and in a resource- and environmentallysustainable manner at reduced cost and using less energy.1
Today, microbes, enzymes and their bioengineering form
the basis of a suite of technologies and processes that
together are termed “industrial biotechnology.”

 plastics;
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The application of industrial biotechnology is beneﬁtting
a diverse range of industries, including:

 food processing;
 pharmaceuticals manufacturing;
 fuels and specialty chemicals manufacturing;
 textiles and paper;
 advanced materials and beyond.
Industrial biotechnologists are leveraging the complexity
and reﬁnement of the natural world, building upon

biological structures and processes to create a new
paradigm of efﬁcient, sustainable and environmentallybenign industrial tools for both the developed and
developing world.

economy—not just places rich in fossil resources, or
those with the ﬁnancial wherewithal to acquire scarce
resources.
For the United States, industrial biotechnology
represents a solution to key national imperatives:

Modern industrial biotechnology is grounded in
biocatalysis and fermentation technology. Typically
using a controlled environment (termed a “bioreactor”),
original and genetically engineered microorganisms
or cell lines are used to convert raw materials into
commodity chemicals and higher-value processed
chemicals, pharmaceuticals, biobased materials,
bioplastics and biofuels.

 Economic Development: The U.S’s position as a
global bioscience leader is being leveraged for new
business development, job creation and economic
growth via new industrial biotechnologies and
applications. Industrial biotechnology is improving
the competitiveness of existing industry and providing
a platform for new business development and growth.

The application of industrial biotechnology is driven
by fundamental business models: the desire to add
value, increase efﬁciency, reduce production costs
and introduce new and improved products to the
marketplace. Industrial biotechnology is made unique,
however, by its ability to meet these business goals within
a model of resource and environmental sustainability. In
this way, industrial biotechnology is both a fundamental
tool of modern economic growth and a central platform
for sustainable global development.

 Economic Security: Industrial biotechnology has
opened a pathway to a U.S. economy rooted in homegrown renewable biological resources, as opposed to
a petroleum-based economy heavily dependent on
foreign crude oil and other ﬁnite, non-sustainable
fossil resource imports. High—and highly volatile—
crude oil prices can have dramatic destabilizing
inﬂuences on economies, whereas the use of homegrown renewable resources means reliable and
predictable feedstocks to fuel the economy.

 Environmental Sustainability: Resource inputs and
Touching Nearly 7 Billion Lives
The momentum for industrial biotechnology is
driven by global needs. For both the developing and
developed world, industrial biotechnology is a route to
more equitable and evenly geographically distributed
economies. By converting locally-produced biomass and
biological resources into value-added manufactured
products and energy, people from all parts of the
globe have the opportunity to participate in this new

outputs for industrial biotechnology are generally
biodegradable and non-polluting. The use of organic
materials provides a route to green manufacturing
and new tools and technologies that improve process
efﬁciencies, reduce process energy consumption and
limit the production of waste. Industrial biotechnology
goes even further, providing technologies for
environmental remediation—cleaning up the legacy of
a previously non-sustainable industrial process.

Healing, Fueling, Feeding: How Biotechnology Is Enriching Your Life.

33

Fuel

The Role of Industrial Biotechnology in
Sustainable Development
Industrial biotechnology represents a key link in the
chain of sustainable production, from the production of
green inputs to market use and post-use recycling. As
Figure 1 illustrates, industrial biotechnology provides
multi-faceted solutions to the sustainability challenge
of traditional industrial manufacturing, as well as a
broad range of valuable products for consumers in the
marketplace.

Industrial biotech products have a signiﬁcant market
footprint today and are anticipated to constitute a
$228 billion to $547 billion market by 2025.2 Within
this global industry, a broad variety of products and
processes are making substantial current contributions
to environmental preservation and sustainable
development.
Figure 1. Industrial Biotechnology Solutions to Sustainable
Production of Key Goods and Commodities

GLOSSARY TERMS
Industrial biotechnology applies tools such as microbes
and enzymes to traditional manufacturing and chemical
processes to produce biobased products and materials
FROM RENEWABLE FEEDSTOCKS

Renewable
"Green"
Inputs

Biocatalysis is the use of natural catalysts, such as protein
enzymes, to perform chemical transformations on organic
compounds.
Commodity chemicals are chemicals such as ethanol that
have low monetary value and are thus sold primarily in
BULK
Polymer refers to a large class of natural and synthetic
materials with a wide variety of properties.
Biopolymers are polymers that are produced from
RENEWABLE BIOMASS FEEDSTOCK
Feedstock IS THE RAW MATERIAL REQUIRED FOR AN INDUSTRIAL
process.
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INDUSTRIAL
BIOTECHNOLOGY

High efﬁciency
manufacturing

Chemical
Products

(lower cost, higher
speed, reduced energy
and process resource
consumption)

Reduced use of
environmentally
persistent chemicals
and materials
Carbon neutral and/
or biodegradable
inputs and products
Organic
by-products
recycled and
re-used

Energy
Liquid Fuels
Plastics
Food
Products
Textiles
Paper
Products
Pharmaceuticals
Personal
Care
Products

…and many other products

Household Products Stabilizing Our Climate
Global energy consumption in 2010 stood at 508
quadrillion (quad) BTUs,3 the equivalent of over 4
trillion gallons of gasoline or 492 trillion cubic feet of
natural gas.4 Clearly these numbers are staggering—as
demonstrated by the number of zeros in Table 1.
With global energy consumption anticipated to rise to
637 quads by 2025, energy conservation must be seen
as a key goal for the world, our nation and individual
households. Every day, industrial biotechnology is
providing solutions to energy conservation and climate
stabilization, as the examples below illustrate.

Detergents That Could Save Us
$4.1 Billion Each Year
Small things can make a big difference. Laundry and
dish washing, for example, are among the most energy
intensive household activities—requiring the heating
of large quantities of water and the consumption of
electricity to drive the wash process. Reducing the
temperature required to effectively clean soiled clothes or
dishes can result in signiﬁcant savings for the consumer,
and biotechnology has made that a reality.
Table 1. Global Energy Consumption
Equivalency by Energy Type
FUEL TYPE

1 QUADRILLION BTUS
EQUIVALENT

2010 GLOBAL CONSUMPTION
OF 508 QUADS EQUIVALENT

Gasoline

    GALLONS

4,067,556,000,000 gallons

45,000,000 tons

    TONS

970,000,000,000 cubic feet

492,760,000,000,000 cubic feet

Coal
Natural
gas

The difference in the cost of energy required to heat
water to 140°F (60°C) for a traditional non-biotech
detergent versus 86°F (30°C) for a biotech enzyme
enriched detergent adds up quick. Novozymes, a
leading biotechnology company in the development
and production of industrial enzymes, notes that by
washing at 86°F (30°C) rather than 140°F (60°C), the
CO2 savings potential in the U.S. and Europe alone is
around 32 million tons annually—equivalent to the
emissions of 8 million cars.5
With products like these, we can achieve not only
energy savings, but also savings for the consumer. The
Rocky Mountain Institute calculates that on average
a household spends $72 per year on electricity for
washing laundry6—so reducing this by half through lower
temperature, biotech-enhanced detergents would save
the average household $36 per year. With 115 million
households in the United States, this would equate to a
total household energy savings of $4.1 billion annually
in the U.S. alone.
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Nylon Production—Minus 80% of the Steps
Manufacturing is an energy-intensive business, but
industrial biotechnologies have empowered leaner and
greener approaches. The production of many of the
chemicals and materials used to make everyday products
typically requires numerous energy-intensive steps,
often at high temperatures and high pressures. However,
industrial biotechnology is enabling entire processing
steps to be shortened—or omitted altogether—and
undertaken at lower temperature and pressure levels
(thereby conserving energy).
For example, producing dodecane dioic acid—a chemical
ingredient required for producing nylon—requires four
synthesis steps and four isolation steps in the traditional
petro-chemical non-biotech process. The industrial
biotechnology approach reduces this to just one synthesis
and one isolation step—a reduction of 4:1 (or 80%) in
processing requirements to produce the same product.
The resulting savings for this one chemical alone are
estimated to be 75% in terms of capital equipment and a
50% cut in operating costs.7

Lowering Greenhouse Gas Emissions
Biotechnology is unlocking pathways to a low carbon
future, ﬁnding ways to produce our fuels, chemicals,
materials and other products in ways that greatly reduce
greenhouse gas emissions. World Wildlife Fund notes
that industrial biotechnology today already reduces CO2
emissions globally by a factor of 16.5:1, meaning for every
one ton of CO2 emitted by industrial biotech processes,
on average 16.5 tons of CO2 emissions are prevented from
the non-green processes that biotech replaces.8
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Case Study 1. Brewing Technology Saves CO2
Equivalent of 85,000 Car Emissions
Malting barley for use in brewing is an energy and water intensive
PROCESS 4HE BARLEY HAS TO BE SOAKED IN WATER TO ALLOW IT TO
germinate and then has to be heated for drying. Brewers and
biotechnologists wondered if this entire step could be removed and
A GREAT TASTING BEER PRODUCED WITH UN MALTED BARLEY 4HE ANSWER
IS hYESvMADE POSSIBLE WITH THE USE OF AN ENZYME #ONSUMER TESTS
show the new beer to be comparable in taste to the original. By
removing the malting process, the application of this biotech enzyme
TO BREWING IS ESTIMATED TO SAVE   TONS OF #/2 for every 10%
OF GLOBAL BEER PRODUCTION THAT IS CONVERTED TO UN MALTED BARLEYA
#/2 SAVINGS EQUIVALENT TO THE EMISSIONS OF   CARS

One of the best ways to reduce greenhouse gas emissions
is to replace fossil fuels with biofuels. The burning
of fossil fuels releases concentrated carbon into the
environment—carbon that was safely locked away deep
within the earth for millions of years. Biofuels, on the
other hand, typically use plant materials that absorbed
carbon dioxide from the atmosphere in order to grow.
Burning a plant only releases the same absorbed carbon
back into the atmosphere for recycling—a process called
“carbon neutral.”
At present, fossil fuel resources are used in the
agricultural and production processes that make biofuels,
so they are not truly carbon neutral—but even the ﬁrst
generation of biofuels improved with biotechnology
processes, such as corn ethanol, are noted by the U. S.
Department of Energy to produce between 19% and 52%
less greenhouse gas emissions than gasoline.9

Revolutionizing Chemical Consumption
in the Pulp and Paper Industry
Pulp and paper production in the U.S. is a $7.7 billion
industry and uses more than 40 chemicals in its
production processes.11 Data shows that industrial
biotechnology applied in the pulp and paper industry has
resulted in a 90% reduction in the use of chlorine and
reduced the industry’s energy consumption by 32%.12
Some examples of biotech companies providing valuable
solutions for the pulp and paper industry include:

 Novozymes. Use of Novozymes enzymes has made it
possible to reduce the amount of chlorine chemicals
used by 10% to 15%, and reduced energy consumption
during the bleaching process by 40%.

Reducing the Use of Petrochemicals in
Production Processes

 Leykam. Using fungus that releases enzymes to
Pick up the average product—a telephone or a TV remote
for example—and you will be holding a product that
required many chemicals to produce. As the American
Chemistry Council points out:
Chemistry provides the raw materials for more
than 70,000 products that help keep you safe,
warm, cool, on time, in motion, and connected.
From heart monitors to satellites to cell phones
to microwave ovens to synthetic ﬁbers, chemistry
makes the things that make modern life possible.10

selectively degrade lignin as opposed to chemical
treatment has resulted in 30% to 40% less energy
input and results in savings in energy costs and
chemical use.

Biofuels production is proving to be an economic driver
for the developing world. In 2010, the U.S. EPA has
designated Brazilian sugarcane ethanol as an advanced
biofuel due to its 61% reduction of total life cycle
greenhouse gas emissions.

While chemicals have a tremendously important
economic and social impact, persistent, nonbiodegradable chemicals present disposal and
environmental challenges. Biotechnology is currently
being applied in many ways to reduce the volume of
chemicals, number of process steps, and variety of
chemicals needed for everyday manufacturing processes.

7ITH ENERGY DEMAND PROJECTED TO GROW BY  BY
2025, with much of the demand increase coming from
the developing world, a move to biobased, renewable,
LOW CARBON OR CARBON NEUTRAL FUELS ENABLED BY INDUSTRIAL
biotechnology, is of central importance to the health of
the planet.
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Simplifying Vitamin B-2 Production
Vitamin B-2, also known as riboﬂavin, plays a very
important role in maintaining human and animal health.
Vitamin B-2 is central to energy metabolism, and is
required for the metabolism of fats, carbohydrates, and
proteins.
Biotechnology has revolutionized and simpliﬁed the
production of vitamin B-2 (Figure 3). The industrial
biotechnology process, developed by Hoffman La-Roche,
Figure 3. From Seven Steps to One: Production of Vitamin B-2

Old Process

Glucose
Ca-Arabonate
Ca-Ribonate
Riobolactone
Ribose
Ribitylxylidine
Phenylazo-RX

HAZARDOUS WASTE GENERATED

-ANY COMPLEX CHEMICAL STEPS
and waste products

New Industrial
Biotechnology
Production Process

One Step
FERMENTATION
Using a
genetically
enhanced
microorganism
No Hazardous Waste

VITAMIN
B-2
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DSM, and others for the production of vitamin B-2 took a
laborious and costly traditional multi-chemical synthesis
and puriﬁcation process and reduced it to a one-step
fermentation process whereby a fungi micro-organism
directly transforms vegetable oil into the required
vitamin. This highly efﬁcient process now produces over
1,000 metric tons of vitamin B-2 annually. Evaluation of
the beneﬁts of the one-step process shows a reduction
of CO2 emissions of 30% and a 95% reduction in waste
production.13
Fish Friendly: Eliminating Phosphate
Chemicals in Detergents
Sodium tripolyphosphate used to be a key ingredient in
most detergents and a major contributor to phosphate
water pollution and harmful algae blooms, both of which
upset the balance of aquatic ecosystems. Biotechnology
companies like Novozymes and Genencor developed
enzymes to remove clothing stains more effectively
than phosphates, replacing a polluting chemical with
a non-polluting biobased additive while improving the
performance of the end product.

into the environment. These misplaced petrochemical
based plastics don’t break down well—meaning their
careless disposal remains an environmental problem
for centuries. Industrial biotechnology, however, has
brought highly effective alternative and biodegradable
plastic materials to the market to replace traditional nondegradable petrochemical plastics.

Case Study 2. Streamlining the Production of Antibiotics
"IOCHEMIE A SUBSIDIARY OF .OVARTIS USES AN ENZYME CATALYZED
manufacturing process for producing cephalosporin, a commonly
prescribed antibiotic. This has resulted in signiﬁcant reductions in
chemicals usage.
Using genetic modiﬁcation of microorganisms producing the process
enzymes, the company has developed a manufacturing process that
PRODUCES  TIMES LESS WASTE SOLVENT TO BE INCINERATEDREDUCING
the environmental emissions and energy usage associated with waste
incineration.

PLA Plastics: From Sugar Beets to
Biodegradable Plastic
Polylactic acid (PLA) is a biopolymer that uses corn
or sugar beet as a renewable process feedstock. Unlike
traditional plastics, PLA is recyclable, biodegradable, and
can be composted.16

4HE %UROPEAN #OMMISSIONS *OINT 2ESEARCH #ENTRE
reports that biotechnologies applied to the production of
 !MINODEACETOXYCEPHALOSPORANIC ACID A KEY INTERMEDIATE FOR
THE SYNTHESIS OF CEPHALOSPORIN HAVE RESULTED IN  LESS ELECTRICITY
USE #/2 reductions of 75% and a 90% reduction in wastewater.14

NatureWorks (a Cargill company) is producing PLA
products under the Ingeo™ brand label. The biopolymer
is being used in fabrics, plastic ﬁlms, food and beverage
containers, textiles, coated papers and boards, and many
other packaging applications. NatureWorks reports that
Ingeo™ requires 68% less fossil fuel to produce than
traditional plastics while being completely biodegradable.

Finding Solutions for 14 Million Tons
of Plastic Waste
One of the most exciting sustainability impacts of
industrial biotechnology has come via the production of
biodegradable plastics and associated materials.

PHA Plastics: A Polymer Fighting Pollution

The developed world generates substantial volumes of
waste. In the U.S. alone, the Environmental Protection
Agency (EPA) reports that 132 million tons of municipal
solid waste goes to landﬁlls every year—the equivalent of
half of all the automobiles in the U.S. being buried every
year. Of these 132 million tons, 10.5% (14 million tons)
are estimated by the EPA to be plastics.15
Despite environmental controls and close regulation,
a signiﬁcant amount of plastic and other waste is not
properly disposed of in landﬁlls and instead makes its way

Telles, a joint venture between ADM and Metabolix,
Inc., is producing Mirel® bioplastics—a line of
Polyhydroxyalkanoates (PHA) biopolymers. PHA
production uses a biotech enabled fermentation process
to convert sugar into plastics that have a wide range of
uses. Biodegradable PHA can displace many petroleumbased plastics such as ABS, polycarbonate and
styrenes. The ability of PHA to biodegrade in an ocean
environment is a particularly important asset in tackling
the growing global ocean pollution challenge.
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Industrial Biotechnology can also help the environment
and the economy by converting organic waste into
valuable products. As noted previously the U.S. pours 132
million tons of waste into landﬁlls annually, and 66.4% of
this is “organic waste”:17

 38.1% paper;
 10.9% food waste;
 12.1% yard trimmings; and
 5.3% wood.
In addition to this municipal waste, many industries
produce organic waste streams that now, using
biotechnology, can be converted into valuable products
and energy.
Glycerin: From a Growing Problem to an Economic
Opportunity
Glycerin is a colorless, odorless, thick and sticky liquid
that is widely used in soaps and cosmetics, food additives,
industrial foams and transportation ﬂuids. Despite
glycerin’s many uses, there is currently a large-scale
oversupply of it. Biodiesel production, which generates
glycerin as a byproduct, has further saturated the market.
Industrial biotechnology is helping solve the glycerin
glut. Biotech divisions of companies such as Glycos
Biotechnologies Inc., Dow, Huntsman, Davy Process
technology (DPT), and Solvay have developed conversion
technologies producing value-added chemicals from
glycerin. Microbes have been developed that efﬁciently
convert glycerin to valuable chemicals like ethanol,
succinic acid, propanediols, and lactates. Glycos
Biotechnologies, for example, uses non-pathogenic
microorganisms to convert glycerin into ethanol.
40

Environmental Remediation and Clean-Up
Industrial biotechnology can also be used for
environmental remediation, that is, to clean up the
environment after disasters and accidents such as oil
spills. These include two primary biotechnology product
groups:
1. “phytoremediation” which uses genetically optimized
plants to absorb pollution and toxic substances from
the ground and groundwater; and
2. “microbial bioremediation” which uses
microorganisms to digest pollutants.
The ﬁrst genetically engineered organism for
bioremediation was a pseudomonas (a type of
bacteria) capable of breaking down oil hydrocarbons.
Since the development of the original pseudomonas
bioremediation microbe, several other microbes
have been developed through genetic engineering for
treatment of oil spills. Biotechnology is also being used
in the production of nutrient capsules used to speed the
bacterial digestion process of pollutants.

Creating renewable fuels needed for
energy sustainability and security
Some renewable energy technologies—such as solar and
wind power—have only one use: to produce electricity. In
contrast, biological materials, or biomass, are renewable
resources with many uses, including:

 fuels for generating electricity;
 liquid transportation fuels; and
 biobased chemicals and materials.
Biomass is the most globally available and most versatile
renewable energy asset. It uses sunlight and CO2
absorbed from the atmosphere to produce green energy.
Biotechnology is a vital tool in unlocking this “biological”
energy for human use. Industrial biotechnology supplies
enzymes that drive the process of converting plant
starches and sugars into alcohols via fermentation.
These enzymes are called “biocatalysts” and are critical
to achieving high levels of process efﬁciency and
productivity.
Biotechnology is also paving the way for new secondgeneration advanced biofuels. It now allows us to
efﬁciently and cost-effectively convert non-food biomass
(such as crop residues, switchgrass, and hybrid wood
plants) into ethanol and valuable co-product chemicals,
polymers, and materials. Industrial biotechnology is
also making possible a variety of new “drop in” biofuel
molecules (such as biobutanol and “green gasoline”) that

can be directly substituted for petroleum-based fuels. For
example:

 Enzymes are used to break down starch into
fermentable sugars. The sugars are then fermented
by yeast to produce ethanol or other fuels and
products. Biotechnology companies such as Verenium,
Novozymes, Dyadic, Genencor, and Iogen, are active in
the development and production of advanced enzymes
for improved fuel production from a variety of nonfood sources.

UNLOCKING THE FUEL POTENTIAL OF
CELLULOSIC MATERIALS
#ELLULASES ARE ENZYMES THAT BREAK DOWN CELLULOSE
Biotechnology has enabled the identiﬁcation of
CELLULASES PRODUCED BY MICROBES AND FUNGIAND THEIR
PRODUCTION AT INDUSTRIAL SCALES 7ITHIN .ORTH !MERICA
cellulosic ethanol plants have been developed by
companies such as Abengoa, Iogen, Lignol, Mascoma,
0/%4 6ERENIUM AND 7ESTERN "IOMASS USING ENZYMATIC
conversion processes. The industrial biotechnology
investments being made by these and other companies
ARE RAPIDLY BRINGING CELLULOSIC BIOFUELS TO A MARKET
reality with all its economic, energy security, and
environmental beneﬁts.
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 New strains of yeast—engineered using
biotechnology to tolerate high levels of alcohol—have
improved the productivity and speed of ethanol
fermentation processes.

 Algae—some of the world’s most productive
organisms—are also being developed as a source
of biofuels and other bioproducts. Several algae
demonstration projects are now under way.
Industrial biotechnology unlocks the many beneﬁts
of using home grown biomass for energy and biofuels,
including:

 providing a pathway to energy independence and
security;

 creating a more geographically distributed and equitable
opportunity for fuels production across the United
States and the developed and developing world; and

 helping protect the environment and combat global
climate change.
While ﬁrst-generation corn-to-ethanol plants reduce
greenhouse gas emissions by as much as 52% over
petroleum-based fuels, ethanol made from cellulosic
feedstocks (e.g., switchgrass), agricultural residues (e.g.,
corn stover), or wood forest residues has the potential to
reduce greenhouse gas emissions by as much as 129%,
compared to gasoline.18
Beyond these beneﬁts, cellulosic biofuels represent a
game-changing technology. Never before has society been
poised to so effectively harness what have traditionally
been regarded as waste products. Potential sources of this
“cellulosic biomass” (the inedible cellulose ﬁbers that
form the stems and branches of most plants) include:
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ON NOVEMBER 3, 2009, POET HELD A
PROJECT LIBERTY FIELD DEMONSTRATION
OF BIOMASS HARVESTING EQUIPMENT,
INCLUDING THIS COMBINE, WITH
MORE THAN A DOZEN AGRICULTURAL
EQUIPMENT MANUFACTURERS IN
EMMETSBURG, IOWA.

Case Study 3. Transforming Small Town Iowa
Biofuel production is one of the most promising new industries for
promoting rural economic development. Traditionally, the production
of fuel has necessitated tremendous capital investment and elaborate
INFRASTRUCTURE MAKING IT DIFlCULT FOR RURAL COMMUNITIES TO ENTER THE
MARKET 7ITH THE ADVENT OF BIOFUELS AND THE NEED FOR ETHANOL PRODUCERS
to be located near biomass supplies, the landscape is changing.

New businesses have been attracted to Emmetsburg since the POET
PLANT OPENING INCLUDING CHAIN STORES A CASINORESORT AND THE TOWNS
lRST -C$ONALDS FRANCHISE !CCORDING TO #RAIG "ROWNLEE A THIRD
generation corn farmer, “The town was dying a slow death. The farm
COMMUNITY WASNT MAKING ANY MONEY AND WAS LIVING ON CROP SUBSIDIES
.OW PEOPLE ARE SPENDING MONEY LIKE THEY HAVENT IN A LONG TIMEv19

Emmetsburg, a small Iowa town with a population under 4,000, is one
such community being transformed by bioethanol. The Emmetsburg
ETHANOL PLANT OPERATED BY 0/%4 %THANOL ,,# IS A  MILLION GALLON
PER YEAR FACILITY WITH  FULL TIME EMPLOYEES !S A RESULT OF PLANT
EXPENDITURES FOR GOODS AND SERVICES AS WELL AS WAGES PAID TO
employees, the ethanol plant has contributed an additional $60 million
per year to the local economy.

)N  0/%4 ANNOUNCED ITS PLAN TO EXPAND THE %MMETSBURG PLANT TO
BECOME ONE OF THE NATIONS lRST COMMERCIAL CELLULOSIC BIORElNERIES
0ROJECT ,IBERTY AS THE PLAN IS KNOWN CALLS FOR INCREASING THE PLANTS
capacity to 125 million gallons per year and is anticipated to be in
operation by 2011. Although it will still produce corn based ethanol,
 OF THE FEEDSTOCK WILL BE DERIVED FROM CORN COBS AND lBERS

 crop residues (such as corn stalks, wheat straw and
rice straw);

 wood waste;
 municipal solid waste; and
 dedicated energy crops (such as switchgrass,
miscanthus or fast-growing hybrid trees like poplar
and willow).

Despite the wide abundance of cellulose-containing
natural resources (cellulose is estimated to make up half
of all organic carbon on the planet), cellulosic biomass
remains a highly undervalued and underused energy
asset in the United States and around the world. A 2005
analysis by the Natural Resources Defense Council found
that ethanol from cellulose could supply half of U.S.
transportation fuel needs by 2050 without decreasing
production of food and animal feed.20
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The Economic Growth Engine: From Trade
Surpluses to High-Quality New Jobs
From saving energy to reducing water usage and waste
generation, applied industrial biotechnology is doing
right by the planet. But just as exciting—it is doing it
while fostering economic growth and creating new jobs.
Research, innovation, creativity and the high
technologies that result from these inventive activities
are the most valuable assets in the U.S. economy.
These high technologies—including industrial
biotechnologies—have a long history of delivering for
the U.S. economy: between 1990 and 2003 U.S. hightechnology generated a $243 billion trade surplus
in high-tech goods—compared to a $3.4 trillion deﬁcit
in all other U.S. goods combined. The development,
commercialization and deployment of advanced
technology drives economic growth and opportunity.
The 21st Century is being called “The BioCentury”
by many. Providing solutions to identiﬁed needs is
a fundamental force behind business and economic
growth, and industrial biotechnology is all about
providing solutions to needs—whether those needs are
global (like ﬁghting climate change), national (such
as economic development), or personal (having the
products that make life easier and more enriching).
Ultimately, biotechnology is about efﬁciently bringing
useful products to market.
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A well known multinational’s corporate slogan captures
the essence of industrial biotechnology best: “We don’t
make a lot of the products you buy. We make a lot of the
products you buy better.®” Biotechnology is being applied
to the needs of industry to:

 make industry more efﬁcient;
 help introduce new and improved products; and
 generate business growth.
Biotechnology is at the cutting-edge of American
scientiﬁc and technical innovation, producing a host of
new and exciting products and technologies that keep
American business competitive. The net societal impact
of this is economic development: real productivity and
economic gains that foster job and wealth creation.
Biotechnology gives industry better ways of doing
things—and generating better ways of doing things
forms the platform of a successful and growing economy.
Whether at home, in the workplace, or on the go, the
full range of industrial biotechnology products and
applications for consumers is virtually limitless (see
Figure 4 and Table 2).

Figure 4. Industrial Biology at Home
)NDUSTRIAL AND ENVIRONMENTAL BIOTECHNOLOGY IS CLEARLY A POWERFUL INNOVATION ENGINE FOR THE 53 ECONOMY A FACT ILLUSTRATED BY THE BROAD RANGE OF EXAMPLES OF
SOME CURRENT APPLICATIONS OF BIOTECHNOLOGY TO MAKING MANUFACTURED PRODUCTS FOR CONSUMERS ACROSS THE NATION

Enzymes clean
clothes and
dishes at lower
temperatures
than chemical
detergents,
saving energy.

Microorganisms
can safely
remove more
protein stains
and mold from
carpets and
other fabrics.

Enzymes can
keep fruits from
breaking apart
in baked goods.

Enzymes can
speed up
fermentation
in beer.

Enzymes help
to extract more
fermentable sugars
from fruits and
starchy vegetables
(potatoes) to
produce more
alcohol or wine,
more efﬁciently.

Enzymes
can convert
transfats to
more healthful
fats in oils.

Enzymes also
extract harmful
substances from
corks, to prevent
off-tastes in wine.

Enzymes
convert the
starch in corn,
potatoes and
other grains to
sugars for use
in sweeteners
and sodas.

Enzymes can help
reduce the amount
of bleaching needed
for paper production.
And, enzymes can
also remove inks from
paper to be recycled.

Bread baked
with enzymes
remains fresh
longer.

Enzymes allow
us to get every
single drop of
juice out of fruits.

Enzymes remove
more types of
stains and soils
from clothes
than chemical
detergents, without
bleaching dyes
from fabrics.

Fabrics can be
pretreated with
enzymes to change
their texture without
wear on the ﬁbers,
making them
more durable and
longer-lasting.

Enzymes can replace
harsh chemicals in
pretreatment of
cotton and in leather
softening. Enzymes
are biodegradable,
cheaper, and less
damaging to fabrics.

Enzymes
help animals
to digest
food better,
promoting
better nutrition
and less waste.

Healing, Fueling, Feeding: How Biotechnology Is Enriching Your Life.

45

Fuel

Table 2. Taking Industrial Biotech Home
CONSUMER
PRODUCT

OLD NON-BIOTECH
MANUFACTURING
PROCESS

Potassium bromate,
A SUSPECTED CANCER
causing agent at certain
Bread levels, added as a
preservative and a dough
strengthening agent
#HEMICAL INGREDIENTS
such as propylene
Personal glycol and butylenes
Care glycol from petroleum
USED AS SOLVENTS TO MIX
ingredients

Mineral oil and
petroleum jelly from

Cosmetics fossil sources used as
ingredients

Phosphates added as a

Detergent brightening and cleaning
agent

.EW COTTON TEXTILES
prepared with chlorine
Textiles OR CHEMICAL PEROXIDE
bleach

7OOD CHIPS ARE BOILED IN
a harsh chemical solution
Paper to yield pulp for paper
MAKING

7OVEN FABRIC COVERINGS

Diapers MADE FROM PETROLEUM
based polyesters
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ENVIRONMENTAL
SUSTAINABILITY
BENEFITS

CONSUMER
BENEFIT

Genetically enhanced microorganisms
PRODUCES BAKING ENZYMES TO
s %NHANCE RISING
s 3TRENGTHEN DOUGH
s 0ROLONG FRESHNESS

2EDUCES #/2 emissions in
grain production, milling and
BAKING AND TRANSPORTATION

s (IGH QUALITY BREAD
s ,ONGER SHELF LIFE
s %LIMINATES SUSPECTED CARCINOGEN
potassium bromate

Genetically enhanced microbe produces
  PROPANEDIOL FROM RENEWABLE FEEDSTOCKS
which can function as a solvent, humectant,
EMOLLIENT OR HAND FEEL MODIlER

20% reduction of
greenhouse gas emissions
compared to petroleum
PDO

s (IGH PURITY
s %NVIRONMENTALLY SUSTAINABLE AND
renewable process
s .ON IRRITATING FOR SENSITIVE SKIN
s %NHANCED CLARITY

Metathesis chemistry applied to convert
renewable vegetable oils to replacement
ingredients

s 2EDUCTION OF PROCESS
temperatures
s ,OW TOXICITY PRODUCTS AND
byproducts

s 3MOOTHER LESS GREASY FEEL
s 3EMI OCCLUSIVE lLM FORMER
s %NHANCED HAIR CARE PROPERTIES

Microbes or fungi genetically enhanced to
produce biotech enzymes, which are added
as brightening and cleaning agents
s 0ROTEASE ENZYMES REMOVE PROTEIN STAINS
s ,IPASES REMOVE GREASE
s !MYLASES REMOVE STARCH

Elimination of water
pollution due to phosphates

s "RIGHTER CLEANER CLOTHES WITH
lower wash temperature
s %NERGY SAVINGS

Use of biotech cellulose enzymes to produce
PEROXIDES
s ALLOWS LOW TEMPERATURE BLEACHING OF
TEXTILES
AT  # AND
s AT A NEUTRAL P( RANGE

s  REDUCTION IN
greenhouse gases
s  REDUCTION IN NON
renewable energy use

New fabrics have
s LOWER IMPACT ON THE ENVIRONMENT
s BETTER DYEING RESULTS
s A PERMANENT SOFT AND BULKY
handle

7OOD BLEACHING ENZYMES PRODUCED BY
genetically enhanced microbes to selectively
DEGRADE LIGNIN AND TO BREAK DOWN WOOD CELL
walls during pulping

Reduces use of chlorine
BLEACH AND DIOXINS IN THE
environment

#OST SAVINGS FROM LOWER ENERGY AND
chemical use

Bacillus microbe ferments corn sugar to
lactic acid, which is heated to create a
biodegradable polymer for woven fabrics

 TO   REDUCTION IN #/2
emissions

s "IODEGRADABLE
s %ND OF LIFE OPTIONS INCLUDE
composting, rather than landﬁlls

NEW INDUSTRIAL
BIOTECH PROCESS

'ENETICALLY ENHANCED MICROBE PRODUCES  
PROPANEDIOL WHICH IS A BUILDING BLOCK FOR
other polymers such as Nylon

20% reduction of
greenhouse gas emissions
compared to petroleum
PDO

Fibers have
s DURABILITY ELASTICITY AND SOFTNESS
s PERMANENT STAIN AND ULTRAVIOLET
ray resistance

Polyurethane foam
Furniture produced from petroleum

0OLYOLS SUCH AS #ARGILLS "I/( OR $OWS
Renuva) derived from soy and other
RENEWABLE FEEDSTOCKS ARE CHEMICALLY MIXED
WITH OTHER INGREDIENTS TO CREATE A mEXIBLE
foam

s  REDUCTION OF NON
renewable energy
s  REDUCTION IN TOTAL
energy demand

#OMPARABLE QUALITY AND PROPERTIES
to polyurethane foam

Isoprene used in synthetic
Synthetic rubber produced from
Rubber petroleum

Genetically enhanced microorganisms
ferment BioIsoprene™ from sugars derived
from renewable resources. BioIsoprene™
polymerized to synthetic rubber and other
elastomers

Reduced use of petroleum

s (IGH PURITY AND LOW COST
s 0REDICTABLE RAW MATERIAL COST
and availability

0ETROLEUM IS CRACKED AND
distilled into gasoline
Biofuels and byproducts, some
OF WHICH ARE mARED INTO
atmosphere

Novel enzymes convert starches and
cellulose in biomass into sugars. Genetically
enhanced microbes convert sugars to a
growing range of alcohols and esters

s  TO  FEWER
greenhouse gas emissions
s #LEANER BURNING 
fewer tailpipe emissions
OF NITROGEN OXIDES AND
CARBON MONOXIDE

s 2EDUCED VOLATILITY IN RAW
material cost and availability
s 4HE ETHANOL INDUSTRY CREATED
  DOMESTIC JOBS IN 

#HEMICAL BUILDING BLOCKS FERMENTED FROM
SUGAR (EAT PROCESSING AND MIXING CONVERTS
ethanol to a polyethylene

s  REDUCED USE OF FOSSIL
energy
s 0LASTICS CAN BE FULLY
biodegradable or
recyclable

#OMPARABLE QUALITY AND PROPERTIES
TO PETROLEUM BASED POLYETHYLENE

Bacillus microbe ferments corn sugar to
lactic acid, which is heated to create
a biodegradable polymer (such as
.ATURE7ORKS )NGEO

s  REDUCTION IN '('
emissions
s   REDUCTION IN NON
renewable energy usage

#OMPOSTABLE SERVICEWARE
eliminates contamination of food
WASTE WITH PETRO BASED PLASTICS

Bacillus microbe ferments corn sugar to
lactic acid, which is heated to create
a biodegradable polymer (such as
.ATURE7ORKS )NGEO

s  REDUCTION IN '('
emissions
s   REDUCTION IN NON
renewable energy usage

%NABLES FEEDSTOCK RECOVERY VERSUS
TYPICAL @DOWNCYCLING THAT OCCURS
WITH EXISTING 0%4 BASED BOTTLES

Nylon ﬁbers made from

Carpet petroleum in a chemical
reaction

Polyethylene made from
Plastic Films NATURAL GAS LIQUIDS

Food Polystyrene products
Serviceware based on petroleum

Polyester, a synthetic

Beverage polymer ﬁber, produced
Packaging chemically from
PETROLEUM FEEDSTOCK
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Harnessing the Biobased Economy: Improving
Economic Development
What if we could move away from overdependence on
foreign oil?
What if we could use homegrown natural resources to
power our economy?
What if the production of these natural resources
and their conversion into value-added manufactured
products could be distributed all across the country to
beneﬁt every state and almost every community?
With industrial biotechnology the answer to these
questions is, “We can.”
As the U.S. Government itself has pointed out, the U.S.
economy is hostage to global oil prices:
“Cheap oil fuels America’s economy—most of
which is imported. Small changes in crude oil
prices or supplies can have an enormous impact on
our economy—increasing trade deﬁcits, decreasing
industrial investment, and lowering employment
levels. Developing a strong industry for biomass
fuels, power, and products in the United States
will have tremendous economic beneﬁts including
trade deﬁcit reduction, job creation, and the
strengthening of agricultural markets.”21
The U.S.’s huge landmass and world-leading agricultural
and forestry productivity provide the raw material
and potential raw material for a new economy—a
biobased economy built around home-grown,
sustainably produced, natural biomass resources. By
using agricultural biotechnology to increase yields and
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Case Study 4. I Scream, You Scream,
We All Scream for Ice Cream
Ice cream and frozen treats are something enjoyed by
just about everyone, but these tend to be “guilty treats”
because of high levels of fat and sugar content. A new food
biotechnology discovery by Unilever, however, called “ice
structuring protein” (ISP), is helping to produce products
that are lower in fat, sugar, and calories, and the technology
has the added beneﬁt of slowing melting and allowing more
fruit to be incorporated into the product. ISP is produced
FROM A MODIlED BAKERS YEAST USING FERMENTATION AND THE
technology is approved for use in lower fat ice cream,
popsicles, and other frozen treats in the U.S., Europe, and
other major regions of the world.

processability of biomass in concert with industrial
biotechnology to efﬁciently and cost-effectively convert
that biomass into energy, liquid fuels, plastics, materials,
chemicals and ﬁbers the biotechnology industry sets the
stage for a bold new future.
The U.S. Department of Energy emphasizes the
beneﬁts of moving to a biobased resource and industrial

biotechnology economy, noting that many beneﬁts will be
associated with it, including:23

 Improved national energy security
Case Study 5. Synthetic Biology—A New
Approach to Engineering Biology
Synthetic biology is a new biotechnology tool enabling
biotechnologists to go far beyond manipulation of one or two
genes, and instead into engineering changes in entire genetic
pathways. In effect scientists can now “write” DNA code, rather
THAN MAKING SIMPLE MODIlCATIONS TO AN EXISTING CODE 3UCH
biotechnology brings some astounding opportunities to the
INDUSTRIAL BIOTECH SPHEREMOST NOTABLY AN ABILITY TO CUSTOM
engineer microbes, such as bacteria or yeast, to produce
speciﬁc chemical compounds (compounds that the microbe
never previously made).
%XAMPLES OF SYNTHETIC BIOLOGY SUCCESSFULLY APPLIED IN
MANUFACTURING PROCESSES ALREADY EXIST IN PHARMACEUTICALS
MANUFACTURING WITH PRODUCTION PROCESSES FOR THE ANTI MALARIAL
DRUG ARTEMISININ AND THE WIDELY PRESCRIBED CHOLESTEROL
lowering statin Lipitor® (Pﬁzer).
#ODEXIS IS A BIOTECH COMPANY ACTIVE IN SYNTHETIC BIOLOGY
AND NOVEL BIOCATALYST DEVELOPMENT FROM ENZYMES #ODEXIS
biotechnology is being used to synthesize the chiral side chain
of atorvastatin, the active ingredient in Lipitor. The new process
has reduced the cost of producing the statin by up to 70% and
CAPITAL EXPENDITURES BY 20
Synthetic biotechnologies and biocatalysts have the advantage
of reducing process steps and operating at lower temperatures
AND PRESSURES THAN THEIR CHEMICAL PROCESS COMPETITION 4HE NET
result is less consumption of energy in processing and reduced
CAPITAL COSTS FOR EQUIPMENT SINCE THE EQUIPMENT NEED NOT
withstand high temperatures and pressures).

 H[ZkY[Zh[b_WdY[ed\eh[_]diekhY[ie\[d[h]o
 :[Yh[Wi[Zj^h[Wje\ikffboZ_ihkfj_ediZk[je
natural disasters, political instability, and price
volatility

 Increased economic growth
 ;Yedec_Yeffehjkd_j_[i\ehZec[ij_Y"hkhWb
economies
 :[Yh[Wi[Zf[jheb[kcjhWZ[Z[ÓY_j

 Broad-based environmental beneﬁts
 H[ZkY[Z]h[[d^eki[]Wi[c_ii_edi
 H[ZkY[Zf[jheb[kcki[_d\k[bfheZkYj_ed$
The petroleum-based economy has tended to concentrate
value-added economic activity around the huge
infrastructure of very large-scale reﬁnery complexes and
chemical facilities—often at big coastal ports, the ports of
call for supertankers bringing in foreign oil. In contrast,
under the biobased model, value-added activity will be
distributed all across the nation.
How is this possible? In short, the reason is three-fold:

 Agricultural and forest land is distributed widely
across the nation;

 Cellulosic materials including woody biomass,
perennial grasses, and other biomass are able to be
grown over a wider area than current row crops; and

 The comparatively low-bulk density of biomass means
it cannot be shipped very far before it needs to be
converted into a higher-value, higher-density product.
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Studies show that the supply radius for bioreﬁneries will
vary between 15 and 50 miles,24 depending on the agronomic
and transportation characteristics of a region—and that this
would support individual reﬁneries of up to 100 million
gallons per year capacity. The net result is, and will
increasingly be, new jobs and economic opportunity.
Despite the biofuel industry’s relative infancy, 189 ethanol
bioreﬁneries operate in the U.S.25—already exceeding the
141 total petroleum reﬁneries operating in the U.S.26
Industrial biotechnology is bringing new high paying,
high quality jobs to communities and will underpin
future economic growth across the developed and
developing world. Ultimately though, the positive
impacts of industrial biotechnology come down to the
everyday life beneﬁts of the jobs and products produced
via biotechnology.
Case Study 6. The U.S. Economic Impact of Advanced
Biofuels Production
!N ANALYSIS BY "IO %CONOMIC 2ESEARCH !SSOCIATES BIO ERA CALCULATES
the projected economic impacts of building an advanced biofuels
ECONOMY BY MEETING THE 53 2ENEWABLE &UEL 3TANDARDS
REQUIREMENT FOR  BILLION ANNUAL GALLONS OF PRODUCTION BY 27
4HE PROJECTED ECONOMIC IMPACTS BENElTS OF THIS BIOTECH ENABLED
INDUSTRY WILL BE SUBSTANTIAL WITH BIO ERA ESTIMATING IMPACTS AT
s   DIRECT JOBS CREATED BY    BY  AND  
by 2022. Total job impacts in the economy (comprising direct and
indirect employment via the employment multiplier effect) could
REACH   IN    IN  AND   BY 
s 4OTAL DIRECT AND INDIRECT ECONOMIC OUTPUT GENERATED BY THE
advanced biofuels industry could reach $20.2 billion by 2012, $64.2
BILLION BY  AND  BILLION BY 
s !NTICIPATED CUMULATIVE REDUCTION IN PETROLEUM IMPORTS OVER THE
PERIOD   WOULD EXCEED  BILLION
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AFTER LEARNING ABOUT
FERMENTATION IN BIOPROCESS
TRAINING AT THEIR LOCAL
COMMUNITY COLLEGE, LAURA AND
THAD CRANE FOUND JOBS WITH
CARGILL AND, IN THEIR SPARE TIME,
OPENED THE CRANE WINERY.

Case Study 7. A Personal Story: A Midwest Couple
Enters the Bioeconomy
7HEN !RVIN-ERITOR DECIDED TO CLOSE ITS DOORS IN  ONE )OWA FAMILYS
LIVES WERE FOREVER CHANGED ,AURA AND 4HAD #RANE BOTH MACHINISTS
WERE LEFT UNEMPLOYED WITH A YOUNG DAUGHTER TO SUPPORT 7ITH LIMITED
employment opportunities for machinists in their region, both Laura and
Thad opted to enter into the Bioprocess Technology Program at Indian
(ILLS #OMMUNITY #OLLEGE 4HE TWO YEAR PROGRAM PREPARES WORKERS TO
ENTER THE BIOECONOMY BY OFFERING COURSES DESIGNED TO TEACH SKILLS IN
LARGE SCALE FERMENTATION BIOPROCESSING EQUIPMENT AND THE APPLICATION
OF SCIENTIlC PRINCIPLES AND TECHNICAL SKILLS
In 2002, Laura and Thad both completed the Bioprocess Technology
Program and graduated with an Associate of Science. Since
GRADUATING ,AURA AND 4HAD HAVE BOTH FOUND JOBS WITH #ARGILL A MAJOR
biotechnology company producing products and services for the food,
AGRICULTURAL lNANCIAL AND INDUSTRY SECTORS 4HAD WORKS AS A 0RODUCTION
4ECHNICIAN AND ,AURA WORKS AS A ,AB 4ECHNICIAN A POSITION SHE CREDITS
the Bioprocess Technology Program for helping her secure. According to
,AURA h) WOULD NEVER HAVE GOTTEN INTO A LAB POSITION WITHOUT COMPLETING
THE BIOPROCESS TRAINING AT )NDIAN (ILLS #OMMUNITY #OLLEGEv
"IOPROCESS 4RAINING IMPACTED THEIR LIFE IN ANOTHER IMPORTANT WAY IN
 THE #RANES OPENED A SMALL WINERY 2ECOUNTED ,AURA h7E TOOK THE
KNOWLEDGE WE LEARNED IN FERMENTATION ;THROUGH BIOPROCESS TRAINING= AND
OPENED OUR OWN WINERY 3O IN ADDITION TO BEING EMPLOYED AT #ARGILL
WERE ENTREPRENEURS AS WELLv

Sources
Sustainable 3USTAINABILITY IN A GENERAL SENSE IS THE CAPACITY TO MAINTAIN A CERTAIN
process or state indeﬁnitely. In an ecological and environmental sense it means
shaping human activity so that society, its members and its economies are able to meet
their needs and potential now without compromising the ability of future generations
to meet their own needs.
2
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Feed
With a global population of nearly 7 billion expanding every day, feeding the world
with nutritious foods via sustainable agriculture is an intense challenge. Agricultural
biotechnology is leading the charge in meeting this challenge—providing solutions that
increase crop yields, preserve and improve soils, enhance the control of pests, weeds
and harmful diseases, and produce more healthful food with enhanced vitamin and
nutrient levels.
Since their introduction in the 1990s, biotech crops have been grown on more than 2.3
billion acres of farmland worldwide, helping to improve farmer incomes, food security,
and the sustainability proﬁle of agricultural production. Biotechnology inventions
such as herbicide tolerant crops, insect resistant crops and disease resistant plants
have revolutionized modern agriculture while greatly reducing the need for a diverse
range of agricultural chemical pesticides. Furthermore, agricultural biotechnologists
are bringing to market the next wave of biotech plants with a host of new and exciting
production characteristics such as drought tolerance, cold tolerance, saline tolerance,
and plants with enhanced nitrogen-use efﬁciency—reducing the amount of fertilizers
needed for high levels of productivity.
While feeding the world, agricultural biotechnology is also on the front lines of fueling
the world—providing grain and biobased feedstocks such as crop residues and energy
crops, for the production of high-value, environmentally friendly biofuels, bio-based
chemicals, biopolymers, and bio-based materials.

Feed

What if…
we could feed the world?
we could do so in an environmentally sustainable way,

and the foods we consume
were safer and healthier?
Not only is this possible—it’s happening now
with the help of modern biotechnology.
The use of biotechnology to enhance our food supply isn’t
anything new. The fact is we’ve been using it ever since
humans ﬁrst attempted to cultivate the environment
surrounding us some ten or twelve thousand years ago.
When humans ﬁrst started to plant crops it marked
progress away from a nomadic hunter-gatherer culture
and made possible the formation of settlements, towns,
and then cities. By farming and herding, our early
ancestors built farms that generated a surplus of food.
This freed many people to take up specialized crafts such
as weaving, metal-working, pottery making, and stonemasonry. These crafts, in turn, formed the basis for the
trade of goods for food and other necessities thus creating
the ﬁrst commercial economy. 1
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Crop Improvement: Empowering Human Progress
Over the centuries agriculture improved and farmers
noticed that certain plants and animal offspring had
superior characteristics to others. They saved the seeds
of superior plant varieties to plant the next year (the
foundation of selective breeding) and they used superior
livestock to breed healthier and better yielding herds. In
effect, farmers were the ﬁrst experimental scientists—
using observation of their crops, livestock, and agronomic
conditions to improve their yields and the quality of food.
Despite humanity’s long history with agriculture, it was
only recently that “modern” biology experiments began
applying bioscience to plant improvement:

 1700 to 1720: Thomas Fairchild creates Europe’s ﬁrst
2

hybrid plant.

Figure 1. Teosinte
The original wild grass ancestor of modern corn bears little resemblance to
MODERN CORN BECAUSE OF HUMANKINDS SELECTIVE BREEDING AND HYBRIDIZATION OF
the plant.

 1866: Austrian monk Gregor Johann Mendel
publishes the ﬁrst study on heredity describing how
plant characteristics are passed from generation to
generation.3

 Late 1800s: Researchers crossbreed cotton to develop
hundreds of varieties with superior qualities.4

 1908: G. H. Shull of the Carnegie Institute produces
the ﬁrst U.S. hybrid corn through self-pollination
techniques.5

 1930s: Hybrid corn varieties became commercially
available,6 leading to a tripling of corn yields over the
next 50 years.7

 1960s: Norman Borlaug’s development of dwarf wheat
increases wheat yields by 70%, launching what has
been termed the “Green Revolution.”
Illustration by Nicolle Rager Fuller, National Science Foundation.

Together with the discovery of DNA’s double-helix
structure in 1953 and techniques for splicing genes in
1973, bioscience developments have paved the way for
a “Second Green Revolution,” a revolution using the
tools of biotechnology to generate crops with enhanced
agronomic traits including resistance to diseases and
insect pests, and engineered resistance to herbicides
allowing more efﬁcient weed control.
In the 1990s the era of biotechnology-enhanced
agriculture began with government authorization for
commercial deployment of biotech soybeans, corn,
cotton, canola, and papaya. Because of tremendous
production advantages, biotech crops have become
the most rapidly adopted technology in the history of
agriculture.

Biotech Crops: Feeding Human Progress
Around the World
The phenomenal growth of biotechnology-enhanced
crops across the globe is a testament to the positive results
observed by the pragmatic farmers who grow them.

 In 1996 farmers in six countries planted biotech crops
on 4.2 million acres.

 By 2000, this had grown to farmers in 13 countries
planting on 109.2 million acres—a 25-fold increase
in just ﬁve years.8

 In 2009 more than 330 million acres of biotech crops
were grown in 25 countries and 14 million individual
farmers chose to grow biotech crops.9
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The adoption of biotech crops has not been limited to
farmers in the developed world:

 2009 data indicate that almost 93% (13 million) of the
14 million farmers growing biotech crops in 2009 were
“small and resource-poor farmers from developing
countries such as China, India, Philippines and South
Africa.”10

 In terms of total acreage of biotech crops planted, the
developed world (with its larger farms) planted 40% of
the acreage, while developing countries accounted for
60%.11
Between 1996 and 2009 more than 2.3 billion acres of
biotech crops “have been successfully grown as a result of
approximately 70 million repeat decisions by farmers to
grow these crops.”12
Figure 2. Total Acres of Biotech Crops Grown in 2009.13
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Countries on all six settled continents have authorized
biotech crops for their farmers. As Figure 3 shows, in
2009 the Americas had the largest number of countries
and total biotech crop acreage, followed by Asia where
India and China combined grew biotech crops on nearly
30 million acres.14 In Africa, three key agronomic regions
of the continent now contain nations that serve as an
example of biotech crop advantages (North Africa with
Egypt, Southern Africa with South Africa, and Burkina
Faso in West Africa). East Africa is expected to soon be
represented in biotech crops by Kenya.

Figure 3. Nations of the World Growing Biotech Crops in 200915

#5 CANADA
20.3 million acres
#ANOLA -AIZE
Soybean, Sugarbeet

#19 CZECH REP.
<0.1 million acres
Maize
#14 SPAIN
0.2 million acres
Maize
#20 PORTUGAL
<0.1 million acres
Maize

#1 UNITED STATES
158.1 million acres
3OYBEAN -AIZE #OTTON
#ANOLA 3QUASH 0APAYA
Alfalfa, Sugar Beet

#25 SLOVAKIA
<0.1 million acres
Maize

#22 POLAND
<0.1 million acres
Maize

#6 CHINA

9.1 million acres
#OTTON 4OMATO 0OPLAR
Papaya, Sweet Pepper

#21 ROMANIA
<0.1 million acres
Maize

#15 MEXICO
0.2 million acres
#OTTON 3OYBEAN

#18 HONDURAS
<0.1 million acres
Maize

#11 PHILIPPINES
1.2 million acres
Maize

#17 COLUMBIA
<0.1 million acres
#OTTON

#23 COSTA RICA
<0.1 million acres
#OTTON 3OYBEAN
#10 BOLIVIA
2 million acres
Soybean
#16 CHILE

<0.1 million acres
Maize, Soybean,
#ANOLA
#3 ARGENTINA
52.6 million acres
Soybean, Maize,
#OTTON

#24 EGYPT
<0.1 million acres
Maize

#2 BRAZIL

#13 BURKINA FASO

52.9 million acres
Soybean, Maize,
#OTTON

0.2 million acres
#OTTON

#7 PARAGUAY
5.4 million acres
Soybean
#9 URUGUAY

#8 SOUTH AFRICA
5.2 million acres
-AIZE 3OYBEAN #OTTON

#4 INDIA

20.8 million acres
#OTTON

#12 AUSTRALIA
0.5 million acres
#OTTON #ANOLA

2 million acres
Soybean, Maize
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Biotechnology in Agriculture—Multiple
Technologies Meet Widespread Needs
It is generally recognized that the growth of global
population, in combination with rising incomes and
associated food demands, mean that by 2030 global food
supply may need to be doubled.16 As the Council for
Agricultural Science and Technology (CAST) notes:17
This growth is a staggering challenge for agriculture
because most of the world’s usable farmland
is already in production. In 1991, 0.81 acres of
farmland was available to feed each person. By
2050, only 0.37 acres of farmland will be available
for each person. It means that the productivity of
each unit of land must be increased.

The United Nations Millennium Project estimates
that 50% of the world’s population consists of farmers
cultivating small land-holdings—farmers who use the
food they produce to feed their families.18
Clearly, we face many challenges in ensuring the
productivity and sustainability of the global food supply.
Fortunately, the scope of beneﬁcial impacts generated
by biotechnology in agriculture and food production is
extremely broad and capable of meeting these challenges.
Key categories of beneﬁts from biotechnology in
agriculture include, for example:

 Increased agricultural yields and agricultural
productivity;

 Reduced environmental impacts of agricultural
production;

 Increased farmer incomes;
 Enhanced food safety, nutrition, and health; and
 Opportunities for new and expanding industries in the
sustainable production of biobased fuels, chemicals,
plastics and materials from agricultural and forest
biotech crops.
Biotechnology is on the frontlines generating new
and brighter futures for humankind. The application
of biotechnology in agriculture and food production
promises global agriculture that is both more productive
and environmentally sustainable.
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TOOLS FOR FEEDING THE WORLD:
KEY BIOTECHNOLOGIES IN AGRICULTURE
Molecular Breeding and Marker Assisted
SelectionRAPIDLY IDENTIlES THE GENES ASSOCIATED
with positive traits, speeding their integration into
crop lines for farmers.
Tissue CulturePRODUCING COPIES OF DESIRABLE
plants without the need of seeds, this technology
ALLOWS THE PRODUCTION OF DISEASE FREE HIGH QUALITY
planting material and the rapid production of
uniform plants

Philippines being the first country in Asia to
have a biotechnology crop for food and feed
approved for commercialization generated
significant development for farmers by
attaining higher yield, thereby becoming
profitable, reducing pesticide use and
helping the country attain sufficiency in
grain. Adoption of biotech corn in particular
has increased consistently since it was
first commercialized delivering economic,
environmental, health and social benefits to
all kinds of farmers in the country.

Genetic Engineering%NGINEERING IMPROVED PLANTS
BY ALTERING THEIR GENETIC MAKE UP USING RECOMBINANT
DNA technology. This assures that only desirable
GENES WITH KNOWN POSITIVE BENElTS ARE INCORPORATED
in crops. Genetic engineering can accomplish in
ONE YEAR WHAT WOULD TAKE  YEARS WITH SELECTIVE
breeding. In many cases the beneﬁts derived from
genetic engineering of transgenic plants would be
impossible via any other route.
RNA Interference (RNAi)IS A METHOD OF BLOCKING
the function of speciﬁc genes and is being used in
producing plants with pest resistance, novel traits and
increased yield.
Diagnostics Development"IOTECHNOLOGY IS
producing highly reﬁned diagnostic tools for early
IDENTIlCATION OF PLANT AND LIVESTOCK DISEASES

—Rosalie Ellasus, Farmer in the Philippines
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How to Feed 7 Billion People
With global population increasing rapidly and the vast
majority of farmable land already in production, the
future of humankind depends on increasing agricultural
yields. Biotechnology today is unlocking dramatic
productivity increases.
Independent research data indicate that biotech crops
are at the forefront of increasing agricultural yields. Table
1 highlights yield improvement data for four biotech
crops—soybeans, corn, cotton and canola—with soybeans,
for example, seeing an additional biotech-related yield
totaling 74.7 million tons between 1996 and 2007. 19
U.S. Department of Agriculture (USDA) data on annual
corn yields dramatically illustrate the extent to which crop
improvements, via selective breeding and hybridization,
led to large-scale yield increases from the 1960s through
the mid-1990s, and how (starting in 1997) biotechnology
has allowed the trend in yield gains to continue.20 As shown
in Figure 4, during the “biotech corn era”, which began
in 1997, yield has increased from the 1996/97 production
year yield of 127.1 bushels per acre to 165.2 bushels/acre in
2009/10 (a substantial 30% yield increase).21

THE NUMBERS IN PERSPECTIVE
)T TAKES ONE THIRD OF A TON OF GRAIN TO SUSTAIN ONE PERSON
for one year (current global average). Therefore an
additional 16 million tons of corn produced by biotech
crops could potentially feed 48 million people.
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Table 1. Additional Crop Production Arising from Positive
Yield/Production Effects of Four Biotech Crops

1996-2007
ADDITIONAL
PRODUCTION
[MILLION TONS]

2007 ADDITIONAL
PRODUCTION
ALLOCABLE TO
BIOTECH CROPS
[MILLION TONS]

PERCENT
CHANGE IN 2007
PRODUCTION
ON AREA OF LAND
PLANTED WITH
BIOTECH CROPS

Soybeans

74.7

15.9



Corn



16.6



Cotton

7.5

2.2



Canola

4.9

0.6

9.4

The trend in yield increases allocable to biotech is likely
to continue into the future—with crop yields even better
than they are now. This optimism is driven by biotech
companies’ recent ﬁeld trial results and the expanding
ability to “stack traits” (i.e., introducing more than one
transgene into a crop to add multiple input or output trait
beneﬁts).22 The projections for U.S. soybean and corn
yield through 2030 in Figure 5 show the signiﬁcantly
enhanced yield from biotech crops versus a continuation
of the historic yield increase trend line.
Such conclusions are certainly reasonable given the
actual data for corn reported in the journal Crop Science
and reproduced in Figure 6: corn yields for biotech corn
have grown at a signiﬁcantly greater pace than for corn
produced via traditional breeding and hybridization
techniques.23

Figure 4. USDA ERS Data Show Substantial Growth in Corn Yields Via Selective Breeding, Hybridization, Marker Assisted
Breeding and Biotech Crops
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Figure 5. United States Historic Data and Projections of Crop Yield Increases from Biotechnology in Corn and Soybeans 24
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Figure 6. Average U.S. corn yields and kinds of corn, 1865 to 2004.25
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So how is biotechnology helping to achieve these
yield increases?

How a Common Soil Bacterium Improves Insect
Resistance and Crop Yields

Well, like many complex issues the answer is multifaceted. Several biotechnology innovations are generating
agricultural yield increases—but especially notable are
those producing traits that reduce crop damage and
destruction due to pests, weeds, and diseases. Together,
these crop threats reduce yield, hurt farmer incomes, and
increase the cost of food globally.

One of the keys to achieving crop yield increases has
been the development of biotech crops containing insect
resistance (IR) traits. Biotech crops developed with
IR traits are reducing crop losses to insect pests and
reducing the use of various pesticides associated with
risks to health and the environment.
The Miracle of Bt

Each of these threats is responsible for similar levels of
crop losses (pathogens causing 12% losses, insects 13%,
and weeds 12%).26 It is estimated that diseases and pests
together reduce global production of food by more than
35%—a cost estimated at more than $200 billion per
year.27 Using biotechnology to limit these losses is of
critical importance to global food security.
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Take, for example, Bacillus thuringinesis (Bt). Imagine a
common soil bacterium that would destroy the larvae of
some of the most destructive crop pest insects, and you’ll
have what biologists found in Bt.
How does it work? Bt produces a protein that effectively
paralyzes the larvae of Asian and European corn borers

and the cotton bollworm—the most destructive pests to
corn and cotton crops. But the power of Bt doesn’t end
here:

THE BOON OF Bt BIOTECHNOLOGY28

 There are more than 200 Bt produced proteins with

"T CROPS HAVE MANY ADVANTAGES FOR FARMERS AND SOCIETY

varying effects on a broad range of insects; and

 Bt is widely used by organic growers for pest control.
Leveraging the characteristics of Bt, crop
biotechnologists have taken the Bt gene coding for the
desired insecticidal proteins and incorporated it into the
genome of crop plants. The result is quite astounding—
crops that have a built-in defense against their most
threatening insect enemies. The Bt proteins are highly
speciﬁc, only affecting the targeted pest insects, and have
no deleterious effects on humans, livestock, or wildlife
that eat the crop output.

Increased Yield. By effectively combating the damage and
loss of crops from targeted insects, Bt biotech crops generate
HIGHER YIELDS &IELD STUDIES IN )NDIA FOR EXAMPLE SHOWED "T
COTTON INCREASED YIELD BY  IN  AND  IN 
Improved Pest Management. "T CROPS PROVIDE NO
maintenance or limited maintenance, providing ongoing
PROTECTION THROUGHOUT THE COMPLETE LIFE CYCLE OF THE CROP
Reduction in Pesticide Applications. If the plant has
engineered protection from the Bt gene produced proteins
then the need to spray insecticides is greatly reduced. USDA
ANALYSIS SHOW REDUCTIONS OF BETWEEN  AND  PERCENT
depending on region of the U.S.
Improved Field Conditions for Non-Target Organisms.
The speciﬁcity of Bt in targeting only speciﬁc pests means
that broader spectrum insecticides are not needed. The
result has been proliferation of other beneﬁcial organisms
IN FARMERS lELDS
Safer Corn. By reducing insect damage, Bt corn provides
less opportunity for fungi and microbial pathogens to infect
DAMAGED CROPSTHE RESULT HAS BEEN REDUCTION IN CORN
MYCOTOXINS THAT HARM BOTH LIVESTOCK AND HUMANS
Less On-Farm Energy Use. 7ITH REDUCED SPRAYING TILLING
AND OTHER INSECT CONTROL ACTIVITIES REQUIRED FARMERS SAVE TIME
ENERGY CONSUMPTION AND WEAR AND TEAR ON EQUIPMENT 4RACTORS
NEED TO MAKE LESS PASSES ON lELDS AND ENERGY IS SAVED
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Across the globe, farmers using Bt cotton and corn are
applauding this key application of biotechnology to
agriculture:29

With the old seed, I used to plant it, and then
when it was knee-high, I had to go and buy
chemicals to control the insects. With this
new seed, I don’t have to buy the chemicals
anymore…so I just plant it and leave it. And
my life is now easier and better.
—Elizabeth Jele, South African Cotton farmer

One thing that has helped by using Bollgard is
that there has been a reduction in the number
of times of spraying pesticides…This cotton
had to be sprayed only once. Since I had to
spray only once, my expenses have reduced.
And the bollworms that come, have vanished
—Keshavrao Bhaurao Pawar, Indian farmer

I have spent less energy on the farm and
less money on inputs and other costs with
Bt cotton compared to the conventional one
I have been planting that require up to 12
sprays of pesticides and fungicides to get a
decent harvest.
—El-Hadji Karim Ouedraogo, Cotton farmer, Burkina Faso, West
Africa.
64

Figure 7. 9kckbWj_l[<Whc?dYec[8[d[Ójie\?di[Yj
Resistant Cotton and Corn: 1996-200730
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Since 1997, the use of pesticides on biotech crop areas has
been reduced by 790 million pounds of active ingredient
(395,000 tons).31 Overall:

 The environmental impact of insecticide use on IR
crops decreased by 27.8% in cotton and by 6% in
maize (corn); and

 The positive impact on farm incomes over the 1996 to
2007 time period was $12.6 billion for IR cotton and
$5.7 billion for IR corn.32
In sum, insect resistant crops have proven to be a winwin-win application of biotechnology:

 Global food security is increased through greater crop
yields;

 Farmer incomes are increased via higher yields and
lower input costs; and

 Environmental gains are realized via more limited
applications of chemical insecticides.

Figure 8. 9kckbWj_l[<Whc?dYec[8[d[Ójie\>[hX_Y_Z[
Tolerant Soybeans, Corn, Canola, and Cotton: 1996-200735

The Helping Hand of Herbicide Tolerance.
Herbicide tolerant (HT) crops are biotech crops that have
been improved through the addition of genetic traits that
make them immune to herbicides that previously would
have destroyed the crop along with targeted weeds. The
most common herbicide-tolerant crops (cotton, corn,
soybeans, and canola) are crops resistant to glyphosate, an
herbicide effective on many species of grasses, broadleaf
weeds, and sedges. Other genetically modiﬁed herbicidetolerant crops include corn resistant to glufosinateammonium, and cotton resistant to bromoxynil.33
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Not surprisingly farm incomes have also beneﬁted
signiﬁcantly from HT biotechnology. As Figure 8 shows,
between 1996 and 2007:

$5,000

 HT soybean technology generated over $21.8 billion
in farm income beneﬁts;
$0

 HT corn generated $1.5 billion;
 HT canola generated $1.4 billion; and
 HT cotton generated $848 million.34
Leading the Fight Against Plant Diseases
Plant diseases can be particularly devastating. The Irish
Potato Famine which began in September 1845 is one of
the most well-known historic events of a plant disease
ravaging a nation; that famine was caused by a fungal
pathogen—but it is just one event among thousands that
have plagued agriculture and society.
Today plant diseases remain a leading cause of crop loss.
As with insect and weed issues, however, biotechnology is
providing solutions to plant diseases.
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The Great Hawaii Papaya Comeback

KEY ADVANTAGES OF HERBICIDE TOLERANCE
Increased Yield. One approach used herbicides applied
BEFORE CROPS AND WEEDS WERE WELL ESTABLISHEDA TECHNIQUE
THAT REDUCED CROP YIELD VIA hKNOCK BACKv SIDE EFFECTS OF
THE HERBICIDES (4 CROPS HOWEVER ARE TREATED WITH ONE KEY
herbicide to which the crop is tolerant and it is applied when
CROPS ARE ESTABLISHED AND BETTER ABLE TO AVOID KNOCK BACK
Reduced Costs for Farmers. Easier weed control is
MORE COST EFFECTIVE WEED CONTROL SAVING FARMERS TIME
Improved weed control has also reduced harvesting costs
AND PROVIDED A hCLEANER CROPv ABLE TO ACHIEVE MARKET
PRICE PREMIUMS 53 FARM INCOME BENElTS FROM 
2007 are estimated at nearly $20 billion resulting from
enhanced productivity and efﬁciency gains from agricultural
biotechnology.
Environmental Beneﬁts from No-Till Agriculture. Plowing
TILLING IS A TRADITIONAL APPROACH TO WEED CONTROL (4 CROPS
HOWEVER FACILITATE ADOPTION OF NO TILLAGE SYSTEMS REDUCING
labor and fuel costs associated with tilling, improving soil
moisture retention, holding carbon in the soil and reducing
SOIL EROSION !NALYSIS PERFORMED IN #ANADA FOR EXAMPLE
FOUND A  REDUCTION IN FUEL USE ON FARMS ALLOCABLE TO
NO TILL PRACTICES
Time for a Second Crop. "ROOKES AND "ARFOOT NOTE THAT
BIOTECH (4 SOYBEANS hHAVE ALSO FACILITATED THE ADOPTION
of no tillage production systems, shortening the production
cycle. This advantage enables many farmers in South
America to plant a crop of soybeans immediately after a
wheat crop in the same growing season. This second crop,
additional to traditional soybean production, has added
67.5 million tonnes to soybean production in Argentina and
Paraguay between 1996 and 2007.”

Papaya is a tropical and subtropical crop grown in small
back yard plots as well as in large-scale commercial
farms. It produces year round and is one of the most
nutritious fruit crops, rich in both vitamins A and C. It is
a healthy staple food for many people around the globe.
In the United States, however, the plant disease Papaya
ringspot virus (PRSV) broke-out in 1992 in the Puna
district of Hawaii and all but wiped out the production of
papaya—a major export crop for the state. As CIMMYT,
the International Maize and Wheat Improvement
Center, reports:39
Up until 1992, Hawaii enjoyed steady production
of papaya with greater than 80% of their crop
being exported out of state. In 1992, Hawaii
accounted for more than 75% of the papaya
imported to mainland U.S. In May 1992, PRSV
was discovered in Puna, the main papaya

4RANSGENIC PAPAYA PLANTS SHOW RESISTANCE RIGHT WHILE NON TRANSGENIC PLANTS
(left) are susceptible to papaya ringspot virus under ﬁeld conditions.
Photograph Courtesy of Dr. Stephen Ferreira, University of Hawaii, and Dr. Dennis
Gonsalves, USDA/ARS, Hilo, Hawaii.
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growing area where 95% of Hawaii’s papaya was
being grown, and by 1995, PRSV was widespread
throughout the area. The papaya production
steadily dropped from 53 million pounds in 1992 to
26 million pounds in 1998. The papaya industry in
Hawaii was on the way to virtual extinction.

Case Study 1. Biotech for Animal Health
h$EVELOPMENT OF IMPROVED VACCINE AND DIAGNOSTIC BASED DISEASE
control strategies has beneﬁted considerably from advances in
biotechnology, particularly those relating to recombinant DNA
technology. Efﬁciency of the vaccine development process has
been increased at all levels, from the analysis of immune responses
to the production and delivery of protective antigens to the
target species. Serological analysis of antibody prevalence has
also become more straightforward as a result of the availability
OF RECOMBINANT PATHOGEN PROTEINS (OWEVER GREATEST ADVANCES
arising from biotechnological development relate to the detection
and characterization of pathogens in infected hosts.”67

Biotechnology literally came to the rescue with a
transgenic PRSV-resistant papaya that fortuitously had
been developed by Cornell University and University
of Hawaii researchers beginning in 1991. Approved
for growing in 1998, the transgenic papaya varieties
“Rainbow” and “Sun-up” have replaced infected papaya
in Puna and other areas of Hawaii, bringing production
back-up to pre-PRSV outbreak levels. Biotechnology
effectively saved the Hawaiian papaya industry. Today
papaya is Hawaii’s second-largest fruit crop with an
estimated value of $18 million grown on 178 farms.40

$ * -C+EEVER

Biotechnology contributes to animal agriculture in
a range of positive ways, with some leading areas of
application being:

Biotechnology, Increasing the Yield of the
Livestock Sector
According to the United Nations Food and Agriculture
Organization (UN-FAO) livestock contributes 40% of the
global value of agricultural output and directly supports
the livelihood and food security of almost one billion
people. Rapidly rising global incomes and urbanization,
combined with underlying population growth, are driving
rising demand for meat and other animal products
in many developing countries.41 In addition livestock
agriculture is part of a vertically integrated value-adding
agricultural industry; for example, fully 80% of corn and
70% of the soybeans produced in the U.S. are used for
livestock feed.

Metabolic Modiﬁcation. Advances in bioscientists’
knowledge of the regulation of nutrient use in livestock
have led to the development of biotechnology-based
metabolic modiﬁers. These modiﬁers have become
a key biotech tool for increasing yield in animal
agriculture. As noted by the Council for Agricultural
Science and Technology, metabolic modiﬁers are a
group of compounds that “have the effect of improving
production efﬁciency (weight gain or milk yield per feed
unit), improving composition (lean:fat ratio) in growing
animals, increasing milk yield in lactating animals, and
decreasing animal waste per production unit.”43 The
major metabolic modiﬁers used are produced using the
biotechnology process of recombinant DNA technology.
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Livestock Health Products. Biotechnology helps
diagnose, treat, and prevent animal diseases in both
livestock and companion animals. Infectious diseases
are the leading cause of livestock output loss, and a
number of signiﬁcant disease events (such as foot and
mouth disease and BSE) have had large-scale impacts
on farmers and consumers. Some livestock diseases are
also “zoonotic” in nature, meaning they have the ability
for transmittal from animals to humans. Biotechnology
has developed rapid diagnostic tests for diagnosis of
disease and vaccines against viral and bacterial livestock
diseases. The biotech based test for BSE, for example,
gives results in just one day instead of the three to ﬁve
days previously required.
Reproduction, Selection, and Breeding. In the ﬁeld
of livestock reproduction, new biotechnologies such
as embryo transfers, in vitro fertilization, cloning, and
sex determination of embryos have been developed for
multiple livestock species. The tools and technologies
of genetics and biomarkers are used to identify genetic
traits associated with positive production and animal
health attributes and to help producers raise livestock
with optimized production characteristics, such as leaner
or more tender and ﬂavorful meat.
Animal Nutrition. Biotechnologists have successfully
developed enzyme-based treatments for livestock feed
products that increase the digestibility of feed and reduce
any anti-nutritive factors. One of the key biotechnologies
being used in animal nutrition is technology to decrease
the amount of phosphorus, an environmental pollutant,
contained in livestock manure. Similar work is taking
place to limit nitrogen excretion also.
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Agricultural biotechnology has long been
a source of innovation in production and
processing, profoundly impacting the
sector. Rapid advances in molecular biology
and further developments in reproductive
biology provide new powerful tools for
further innovation.
—United Nations FAO44

Making Food and Agriculture
Planet-Friendly
As of May 2010, the world population stood at just under
7 billion people. By 2025 this is projected to grow to 8.7
billion, by 2030 9.3 billion and by 2035 it is expected
to exceed 10 billion.45 The expanding population will
increase demands on agricultural land, water, energy, and
natural resources—and the use and consumption of these
resources impact the global environment.
As population grows, so does pressure to force marginal
lands into production—lands with fragile soils and poor
water resources.
Figure 9. Projected Growth of World Population 2010-203546
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Already upwards of 2 billion people are malnourished,
and the need to sustain 3 billion more people by 2035
places a global imperative on ﬁnding ways to meet the
daily life needs of this huge population. But, this need
must be met in an environmentally sustainable way. It is
an immense challenge.
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#ROPLAND AND POPULATION ARE NOT EVENLY DISTRIBUTED
#HINA HAS ONLY  OF THE WORLDS PRODUCTIVE LAND BUT
 OF THE WORLDS POPULATION47
Biotechnology provides tools and technologies that
provide solutions to many of these global environmental
challenges. The key areas in which biotechnology does
and can provide environmental beneﬁts include:

 Increasing agricultural yields, thereby reducing
pressures to force more land, often marginal and
highly erodible land, into production;

 Using biotech herbicide tolerant crops that allow
the use of no-till farming practices—practices which
enhance soil moisture content, reduce erosion and
limit carbon dioxide emissions;

 Using biotech crops that need fewer applications
of pesticides and herbicides, and that thrive in
a no-till environment, greatly reducing on-farm
energy consumption and associated environmental
impacts; and

 Reducing waste production from livestock feedlots
and concentrated animal agriculture operations via
biotechnology-improved feed products and biotech
nutritional supplements for livestock.

Biotechnology and the Conservation
Tillage Revolution
Traditional methods of row crop cultivation have
required regular plowing, also known as tillage, of the soil.
The primary purpose of tillage has been to turn over the
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top layer of soil, in part to bury weeds and the remains
of previous crops, and also with a goal of bringing fresh
nutrients to the surface. Unfortunately, this practice
also serves to expose the soil to erosion and associated
nutrient losses. In dry conditions soil is lost to wind and,
of course, the process of plowing is also energy and labor
intensive.
Since the mid-1990s, however, farmers have been able
to choose an alternative to tillage. There is a strong
movement into no-till or limited-till agriculture. By
leaving soil undisturbed, and by leaving some crop
residues on the soil surface, farmers are actually
recreating the natural type of robust prairie soils that
once covered the nation 200 years ago.

Where we went away from the tillage and
went to the no till, we’ve cut the amount
of fuel use dramatically. Because it’s fewer
trips over the field.…And, in the fall when
we are able to plant earlier with the newer
genetics we’re harvesting at a much nicer
time of the year…We definitely do not spend
the amount of gas…to dry this crop as we
did a number of years ago. It allows us to
harvest in much better weather…which
means less field loss.
—Gordon Wassenaar, U.S. Corn and Soybean Farmer48

 less sediment and chemical runoff entering streams
and ecosystems;

 reduced ﬂooding potentials;
 less dust and smoke pollution;
 less carbon dioxide released into the air; and
 carbon sequestration.
Biotechnology and Reduced Greenhouse
Gas Emissions

As the Conservation Technology Information Center
(CTIC) notes, “there is a strong association between
the use of herbicide-tolerant biotech crops and recent
improvements in tillage reduction.”49 Farmers are more
conﬁdent in achieving good levels of weed control under
no-till with the use of HT crops and CTIC reports that
“nearly all the growth has occurred in crops where
herbicide-tolerance technology is available,” most
notably in soybeans, cotton and canola.
The environmental beneﬁts of conservation tillage and
no-till agriculture are multifaceted and have been shown
to include:

 reduced soil erosion;
 improved soil moisture content;
 healthier, more nutrient-enriched soil;
 more beneﬁcial soil microbes and earthworms;
 reduced consumption of fuel for farming equipment;
 the return of beneﬁcial insects, birds and other
wildlife in and around ﬁelds;

Biotech crops have resulted in signiﬁcant reductions
in greenhouse gas emissions, the gases associated
with global warming and negative climate change
consequences. In 2007, for example, the 274 million
acres of biotech crops resulted in a 31.3 billion pound
reduction in carbon dioxide emissions—the equivalent of
removing 6.3 million cars from the road for a year.50

And…it’s not just a small benefit to the
environment through this new technology.
It’s—it really is huge. There’s no-till and
minimum-till operations have just overtaken
the landscape. Things that we just couldn’t do
before without these technologies.…There’s
less soil erosion, wind erosion…which is a great
advantage to our water supply and a whole host
of other things. So I think the environment is
probably one of the greatest benefactors.
—Al Skogen, U.S. Soybean Farmer51
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Biotechnology: Key to Limiting Agricultural
Chemicals Entering the Environment
Achieving high levels of agricultural productivity and
yield depends on the use of fertilizers, insecticides,
fungicides, herbicides, and other highly-effective
agricultural input chemicals. As farming is largely an
open-air open-ﬁeld activity, the ﬂow of water through
agricultural ﬁelds eventually leads to some of these
agricultural chemical inputs moving out into the
environment.
One of the key environmental beneﬁts of biotech crops is
the reduction in insecticide applications and herbicide
applications with these crops. In countries where biotech
crops have been planted, pesticide use on four biotech
crops—soybeans, corn, cotton, and canola—has fallen by
791 million pounds (8.8%). This has resulted in a 17.2%
reduction in the associated environmental impact.53
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Safer, Healthier, More Nutritious
Foods for Consumers
Beyond producing more agricultural output,
biotechnology in agriculture is being applied to producing
healthier, more nutritious, and safer foods.

7ORLD PRICES OF CORN SOYBEANS AND CANOLA WOULD BE
higher, on average, than 2007 baseline levels if biotech
crops were no longer available to farmers.

Biotech Crops and Healthier Food
Whether in the developed world (where obesity is
at epidemic levels) or the developing world (where
malnutrition takes a huge global toll) human nutrition is
a matter of great public health concern:54

 One-sixth of the world’s population suffers from
hunger; and

 Over half of the global population suffers from “hidden
hunger” due to the poor nutritional quality of available
staple foods.
Billions of people in the developing world simply do not
have access to a well-rounded and diverse diet. What is
needed, in lieu of such a diet, is an approach to fortifying
their staple crops with the nutrients that are typically
missing from their diets. Biotechnology is helping achieve
this goal:

 Vitamin A Enrichment. Vitamin A deﬁciency is a
leading cause of blindness in the developing world and
is particularly prevalent among children. To combat
this deﬁciency, biotech processes are being used to
enrich staple crops with `-carotene (provitamin A).
`-carotene is produced naturally in rice plants, but

only in their green tissues, not in the rice grain that
people eat. The development of the biotech crop
“Golden Rice,” however, used genetic engineering to
get `-carotene expressed in rice grains. At its current
stage of development, Golden Rice could provide half
the required daily intake of Vitamin A for a 1 to 3 year
old child in a 2.5 ounce serving. Biotechnologists are
also working to incorporate increased expression of
`-carotene in potatoes, canola, tomatoes, carrots and
cauliﬂower.55

 Iron for Fighting Anemia. Insufﬁcient iron in the
diet has led to anemia in 2 billion people worldwide.
Anemia, which reduces the capacity of blood to carry
oxygen, is a silent plague for those afﬂicted, sapping
their strength, causing weakness and fatigue and
shortness of breath on exertion. Exhausted and weak,
those impacted by anemia have a hard time meeting the
demands of daily life. Biotechnologists have worked on
two fronts to increase iron availability in staple crops:
(1) by increasing iron content in crops such as rice, and
(2) by decreasing the level of phytate in the crop (which
inhibits the body’s ability to uptake iron).
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Biotech Foods: A Tool for Fighting Obesity
In the diet of those in the developed world, the
consumption of oils and fats is associated with many
negative health conditions, not the least of which is
obesity. The World Health Organization (WHO) reports
that “obesity has reached epidemic proportions globally,
with more than 1 billion adults overweight—at least
300 million of them clinically obese—and is a major
contributor to the global burden of chronic disease and
disability.”56

Saturated fatty acids are commonly judged to
have a negative health impact as they lead to
increased serum cholesterol levels and a higher
risk of coronary heart disease. Therefore,
all recommendations stress the importance
to limit the intake of saturated fatty acids.
Monounsaturated fatty acids, on the other
hand, have a positive impact on the serum
lipid profile, lead to decreased LDL-oxidation
and favorably influence the metabolism
of diabetics. However, it is essential that
monounsaturated fatty acids be mainly
supplied by plant oils like rape seed or olive oil
and not by foods that are simultaneously rich
in saturated fatty acids.
—Ursel Wahrburg57
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Fats and oils are an essential part of the human diet,
but in the developed world, especially the western
hemisphere, we consume far too many of them and the
wrong type:

 Saturated fats and trans-fats are associated with
increased levels of cholesterol and cardiovascular
disease.

 Monounsaturated fatty acids, however, are associated
with positive health effects when derived from plant
oils.
Biotechnology is enabling the production of modiﬁed
plant oils optimized for promoting human health—by
changing the abundance of individual “bad” fats or by
producing “good” fats not normally found in crop plants.58
Indeed, these biotech oilseed crops are already a market
reality:

 In soybeans, the normally nominally expressed fatty
acid oleic acid has been greatly enhanced in crops
grown on thousands of acres.

 In other food crops, biotechnology is being used to
express positive oil traits, such as Omega-3 fatty acids,
associated with improved cardiovascular health.
In addition to work on the plant side, biotechnologists
and animal scientists are also using biotechnology to
create healthier meat products, such as beef with lower
fat content and pigs with a higher meat-to-fat ratio.59

Powering the Emerging Bioeconomy
There are clear and powerful imperatives—
environmental, strategic and economic—that make
alternative, non-fossil resource economic development
models of central importance to our planet.
Plant-based biofeedstocks (dedicated energy crops,
crop residues, tree branches, etc.) add limited carbon
to the environment, since they absorbed carbon from
the atmosphere in order to fuel their growth process.
Plant biomass now represents the clearest hope for a
sustainable economic future—a future built around
green, renewable resources for fuels, chemicals, plastics,
materials, and ﬁbers.60
First generation biofuels (including corn ethanol
and soy-based biodiesel) have already had a positive
impact on the U.S. economy and the economies of many
individual states and U.S. communities. More than 100
communities across the U.S., for example, are home to
ethanol plants with the vast majority using locally grown
biotech corn as the feedstock.
The impact of ethanol in the corn-belt has been a boon
to rural communities and state economies. For example,
the Minnesota Department of Agriculture reports that 14
ethanol plants in the state:

 Generate almost $1.4 billion in annual economic
impact; and

 Are responsible for 5,300 jobs in the state.

In Nebraska, the Nebraska Ethanol Board reports that 11
plants there have generated almost 3,000 jobs across the
state. The Chief Economist of the Nebraska Public Power
District notes that “I don’t know of a single industry that
has had a more positive impact on rural economies than
ethanol.”61
Importantly, because biotech corn has such strong yields,
corn ethanol production has grown in the U.S. without
negatively impacting corn for food and feed applications.
As the National Corn Growers Association notes:
There is no shortage of corn. In 2007, U.S. farmers
produced a record 13.1 billion bushel corn harvest—
and some 2.3 billion bushels (about 13 percent)
were used in ethanol production. In other words,
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there is still room to signiﬁcantly grow the ethanol
market without limiting the availability of corn.
Steadily increasing average corn yields and the
improved ability of other nations to grow corn also
make it clear that ethanol production can continue
to grow without affecting the food supply.62
Ultimately, the great promise of biofuels and the
bioeconomy depends on two things:

 The availability of high productivity biomass
feedstocks with characteristics that suit them to
sustainable production and economic processing
(the application for agricultural and forestry
biotechnology); and

 The development of biotechnology-enabled processes
for the industrial processing of biomass into valueadded fuel, chemical, plastics, materials, ﬁber
and other products (the application of industrial
biotechnology).

Case Study 2. Big Economic Impacts from First
Generation Corn Ethanol Plants63
4HE .EBRASKA 0UBLIC 0OWER $ISTRICT .00$ UNDERTOOK ANALYSIS OF
the economic impact of a “typical” 40 million gallons per year corn
ETHANOL PLANT AND FOUND THE IMPACTS TO BE SUBSTANTIAL GENERATING
s  MILLION IN CONSTRUCTION PHASE ECONOMIC IMPACTS
s !NNUAL RECURRING ECONOMIC OUTPUT IMPACTS ON THE LOCAL ECONOMY
of $70.2 million
s #REATION OF  FULL TIME DIRECT JOBS AND A TOTAL OF  JOBS IN THE
local economy
s )NCREASING LOCAL HOUSEHOLD INCOMES IN THE COMMUNITY HOSTING THE
plant by $6.7 million annually.
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Plant Biotechnology a Key to Unlocking
the Bioeconomy
A critical challenge for agricultural biotechnology is to
increase biomass yields so that both food and bioeconomy
demands can be met. It’s not an easy challenge, but
biotechnology is proving up to the task.
For example, a key focus of plant and agricultural
biotechnologists is the development of “Dedicated Energy
Crops” (DECs). DECs are non-food, low-carbon footprint
crops (such as switchgrass, eucalyptus, and miscanthus)
developed speciﬁcally as raw materials for biofuels.
Biotechnology is being used in the development of these
specialized crops.
The OECD’s International Energy Agency states that
“biomass is the most important renewable energy source
today.”64 Biotechnology is, and will continue to be, a key
contributor to realizing maximum energy value through
biomass feedstocks:
Plant-based systems capture solar energy and can
be produced in a renewable manner. However, the
harvestable parts are not well optimized for energy
transfer and this has been a signiﬁcant limitation
to the development of economically viable and
sustainable biomass energy systems. Biotechnology
has provided a new toolset that can be used to design
and optimize the capture of solar energy through
crops. Further development of biotechnology and
genomics tools will enable the development of crops
with speciﬁc traits that are optimized for biofuels
and bioenergy. The implementation of such a system
will enable a sustainable platform for centuries to
come and should be given a high priority in society.65

Looking Forward: The Promise of Future
Food, Agriculture, and Forest Biotechnologies
Today, biotechnology provides widespread beneﬁts in
food and agricultural applications. Biotech crops:

 Have generated undeniable beneﬁts in terms of
increased yield in both developed and developing
economies;

 Have signiﬁcant environmental and sustainability
beneﬁts attached to them; and

 Are providing healthier, safer and more nutritious food
and feed products.
In the near future we can expect biotechnology to be at
the forefront in providing solutions to the world’s most
pressing issues—feeding a signiﬁcantly expanding global
population with sufﬁcient volumes of healthful and
nutritious foods; promoting environmental sustainability;
and providing a central path to an industrial bioeconomy
built upon renewable biofuels, biobased chemicals and
biobased materials.
Some of the exciting prospects for agricultural and food
biotechnology in the near future include:

 Drought Tolerant Crops. Drought stress is the
primary challenge to high levels of crop production
for many crops and many regions of the world. Even
temporary moisture deﬁcits reduce yields in crops
such as corn, and such deﬁcits are commonplace in
almost any non-irrigated growing environment each

Genetically modified crops are proving to
be an unmitigated environmental miracle.
Herbicide-tolerant plants are now grown
with minimum tillage, which reduces the soil
erosion that results from ploughing. Droughttolerant plants are nearing the market and
salt-tolerant ones are not far behind. Within
a decade there may be crops that are no-till,
insect-resistant, omega-3-enriched, drought
tolerant, salt-tolerant and nitrogen –efficient.
If they boost yields, then the 21st century will
see more and more people better and better fed
from less and less land.
—Matt Ridley, science writer for The Economist66

year. Crop biotech companies are using markerassisted selection and plant transgenic technology to
engineer drought tolerant corn and other crops.

 Flood Tolerant Crops. Flooding of cropland is a
serious issue in much of the world. As researchers
at the University of California Davis note: “Globally,
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rice is the most important food for humans, and each
year millions of small farmers in the poorest areas
of the world lose their entire crops to ﬂooding.”67 As
with drought tolerance, crop biotechnologists and
geneticists are using marker-assisted selection and
plant transgenic technology to engineer ﬂood tolerant
rice, the staple crop for three billion people.

 Nitrogen Use Efﬁciency. Nitrogen fuels plant growth,
and so soil enrichment through the application of
nitrogen fertilizer has been a major contributor to
high-agricultural yields across the world. However,
fertilizers are expensive and their overuse has
contributed to nitrogen fertilizer being washed out
of soils and into water supplies. A number of biotech
companies are focusing on nitrogen use efﬁciency
(NUE) and are using transgenics to insert genes
associated with high-levels of nitrogen use efﬁciency
into rice, corn, wheat and other crops. It is also
important to note that some existing biotech crops
have already been found to have enhanced nitrogen
use efﬁciency characteristics. For example, scientists
at the University of Illinois have found that Bt corn
hybrids have “a higher NUE and yield primarily due to
higher nitrogen uptake efﬁciency of 71% in Bt hybrids
versus 55% in non-Bt hybrids.”68

 Salinity Tolerance. Many areas of the globe have
groundwater that has a high salt content rendering it
unusable for irrigation. Compounding the problem,
evaporation of poor quality irrigation water leaves
salt solutes that have accumulated over time in many
soils, ruining their agricultural productivity. Increased
salinity presently affects about 20% of the world’s
area under irrigation, without taking into account
arid areas or deserts, which comprise a quarter of the
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total land area on the planet. If crops with high levels
of salinity tolerance can be developed it may allow
salt-impacted land to be returned to production and
new marginal lands to be brought into production.
Genetic engineering is being used in pursuit of several
salinity-tolerance strategies, including: “increasing
a crop’s ability to limit the uptake of salt ions from
the soil; increasing the active extrusion rate of salt
ions; and improving the compartmentalization of
salt ions in the cell vacuole where they do not affect
cellular functions.”69 These approaches are leading
to successes being reported with experiments in rice,
canola, and tomato.

 Release of Nutritionally Enhanced Crops. Crops to
ﬁght Vitamin A deﬁciency, iron deﬁciency, and other

micronutrient deﬁciencies are already developed and
nearing commercial release. Transgenic rice grains
have been produced that increase both iron intake
and iron bioavailability—promising a solution to iron
deﬁciency that plagues 30% of the world population.
Golden Rice stands ready to do the same thing
with Vitamin A. Similar near-term opportunities
exist across a range of crops, such as corn, potatoes,
tomatoes and lettuce. In addition, biotechnologists
are working to increase the expression of naturally
occurring pro-health substances in foods, an approach
termed “functional foods.” Work is taking place here
to enhanced protein quality and level, expression
of essential amino acids, production of healthy oils
and fatty acids, and more dietary ﬁber, in addition to
minerals and vitamins.

 Forest Biotechnology. Diseases and insect pests

Ash trees, while the pine beetle threatens the loss of
the Rocky Mountain region’s pine trees. Biotechnology
is being applied to produce transgenic trees with
resistance to plant pathogens and insect pests. Those
working with transgenic “heritage trees” such as Elm
and Chestnut are optimistic regarding the potential
to restore these trees to the American landscape via
the application of biotechnology. Biotechnology and
transgenics also holds promise for introducing yield
enhancement and other traits to commercial soft
and hardwood species—doing for forest productivity
what has already been started in biotech crops.71
Biotechnology is also being used to expand the range
of useful trees into areas where cold temperatures
limited their growth. Cold tolerant Eucalyptus
represents the ﬁrst of these range-enhanced trees.

 Molecular Farming and Plant Made

have ravaged some tree species and continue to cause
widespread forest losses. The American Elm almost
disappeared as a result of Dutch Elm Disease, and
today the Emerald Ash Borer is similarly destroying

…the coming decades will be unparalleled
and will place plant researchers in the
position of being able to modify the
nutritional content of major and minor
crops to improve many aspects of human
and animal health and well-being.
—Martina Newell-McGloughlin, Director, University of
California Systemwide Biotechnology Research and
Education Program (UCBREP) and Co-Director,
NIH Training Program in Biomolecular Technology70

Pharmaceuticals. Plants express a wide-range of
chemical compounds called “phytochemicals” and
biotechnologists are leveraging plants as smallscale chemical “factories” for the production of
chemicals useful to humans. Plants have been used
to produce pharmaceuticals since the 1990s. Today,
however, biotechnology has advanced to enable
the production of complex technical therapeutic
proteins via plant pathways, with examples including
antibodies, blood products, cytokines, growth factors,
hormones, recombinant enzymes and human and
veterinary vaccines. Molecular farming will likely
bring several products to market in the near future
with applications to the treatment of diseases and
conditions such as cystic ﬁbrosis, non-Hodgkin’s
lymphoma, hepatitis, Norwalk virus, rabies, and a
range of gastrointestinal illnesses.72 In some instances,
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the chemicals may not need to be extracted to be
of use. For example, researchers have successfully
vaccinated volunteer patients against Norwalk virus
in clinical trials by having them eat transgenic potato
that expresses the vaccine.73 Biotech companies are
using plants for development of both pharmaceutical
and non-pharmaceutical products and are using
plants to produce bulk therapeutics, such as insulin
and lactoferin, in a far more cost-effective manner
than other techniques—helping make the therapies
more affordable and widely available to meet global
health needs.

 Genetically Engineered Animals. Animal
biotechnology is a highly promising ﬁeld, likely to
be associated with multiple public health beneﬁts.
Genetically engineered animals will improve human
health via production of novel proteins, vaccines,
drugs and tissues for prevention and therapeutic
application. Livestock animals are being engineered
that will have improved food production traits,
enabling them to help meet growing food needs
worldwide. Genetically engineered livestock can also
be produced that use feed more efﬁciently and produce
less manure. For example, Enviropig™ is a genetically
engineered line of Yorkshire pig that is uniquely able
to digest the phosphorus in cereal grain, which limits
the amount of phosphorus in pig manure.74 Genetically
engineered animals may also be used to produce
industrial products such as spider silk used in medical
and other applications.75

 Growth of the BioEconomy. The development of
dedicated energy crops and other custom engineered
biomass crops will facilitate a revolution in economic
development—particularly in rural areas across both
developed and developing nations. Advancements, in
particular, in regards to lignocellulosic biomass yields,
storage and processability will be key drivers of the
development of an economy increasingly powered by
highly distributed rural bioreﬁneries producing not
only biofuels but also a range of value-added chemical,
biodegradable plastics and other high value materials.
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