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“The more important responsibility of
this atomic energy agency would be to
devise methods whereby this fissionable
material would be allocated to serve

the needs of mankind. Experts would be
mobilized to apply atomic energy to the
needs of agriculture, medicine, and other

peaceful uses. A special purpose would
be to provide abundant electrical energy
in the power starved areas of the world.”

Address by Dwight D. Eisenhower
President of the United States

470th Plenary Meeting of the United Nations
General Assembly, December 8, 1953

Development set guidelines (Rio Principles) for

sustainable development policies that balance
human and ecological needs. The Rio Principles
have become a standard by which development
efforts are measured.

The Rio Declaration on Environment and

NUCLEAR TECHNOLOGY FULFILLS THE
RIO PRINCIPLES

Nuclear science and technologies have contributed
significantly to implementation of the Rio Principles,
effectively doing so even before the principles were
articulated in 1992.

International efforts to apply nuclear technology for
the betterment of mankind began with the 1957
creation of the International Atomic Energy Agency
(IAEA) under the aegis of the United Nations.

For more than four decades, IAEA has helped guide
international development and expansion of nuclear
technology for agricultural, medical, industrial,
energy and ecological purposes. These efforts have
helped address essential sustainable development
needs around the world.

Diverse applications of nuclear technology are list-
ed in Table 1. They protect or improve health, help
protect the environment, enhance agricultural and
industrial productivity, expand knowledge of the
world around us, and provide employment. These
applications demonstrate the validity of Dwight
Eisenhower’s vision of “atoms for peace.”

Ongoing application and transfer of
nuclear technologies to the
developing world offer the
opportunity to continue

effective application of

the Rio Principles.
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Table 1 — Applications of Nuclear Science and Technology in Modern Society
TYPICAL EHAMPLES OF APPLICATIONS

MEDICINE One-third of patients in U.S. hospitals receive treatments or tests involving
nuclear medicine.
Radioactive materials reduce need for prostate surgery.
Radioisotopes are used to test drugs, as part of development and
licensing process.
Radiation is used to sterilize surgical instruments and medical supplies.

INDUSTRY Radioisotope gauges help control thickness of paper and sheet metal and
fluid levels.
Radiation is used to toughen plastics and electronic components.
Radiography is used to check welds and find defects in castings.

Radioisotopes are used to measure wear and corrosion and trace
fluid flow.

CONSUMER PRODUCTS Radiation is used to toughen rubber for tires.
Photocopiers use small amounts of radiation to prevent paper from
sticking together.
Cosmetics, hair products and contact lens solutions are sterilized
with radiation.
Radioisotope gauges help control manufacturing processes to improve
quality control.

SCIENTIFIC RESEARCH Radioisotopes are essential to biomedical research on AIDS, cancer,
Alzheimer’s disease.
Exploration of deep space would be impossible without small nuclear
powered generators.
Radionuclides are essential for genetic research and determining the
structure of DNA.
Human, animal, and plant physiology measurements use radioactive tracers.

AGRICULTURE Radioisotopes are used to reduce post-harvest losses by

suppressing sprouting.

Radiation is used to preserve seeds and food products.

Radioisotopes help researchers as they develop disease-resistant plants
and animals.

Radioisotope methods are used in hydrology to study and predict
water supply.

Radiation techniques in pest control reduce the use of toxic chemicals.

LAW ENFORCEMENT & Radiation is used to scan luggage and in detectors for explosives.
PUBLIC SAFETY Small radioisotope sources enable smoke detectors to function.
Radiation is used to decontaminate mail suspected to have anthrax.

ENVIRONMENTAL Radioisotope techniques are essential to climatological
PROTECTION investigations related to global warming.

Solid wastes and sewage can be treated with radiation techniques instead
of toxic chemicals.

The chronology of contaminated river and lake sediments is studied using
radioisotope techniques.

Radionuclides help in the investigation of plant and sea assimilation of
greenhouse gases.

ENERGY Nuclear power generates electricity in a non-polluting, environmentally
benign manner.
Nuclear technologies help provide information to increase efficiency of
other energy technologies.



The Rio Principles place human beings at the center
of development concerns and identify eradication of
poverty as an “indispensable requirement” for sus-
tainable development.

Achieving the economic development to eradicate
poverty requires reliable and affordable delivery of
sufficient energy.

Infrastructure, such as schools, factories or public
transport, and services, such as sewage treatment,
water supply and purification, medical diagnosis
and treatment, and food production and preserva-
tion, all require steady and abundant supplies of
energy. Delivering that energy in the most environ-
mentally compatible manner ultimately requires
electrification.

Nuclear power already is supplying a significant
portion of the world’s electricity (16 percent of
global generation), promoting the judicious use of
natural resources and protecting the environment.
In 2001, nuclear generation was the fastest growing
source of electricity both in the U.S. and globally.

o

Every energy technology requires the expenditure or
“input” of some energy to establish and operate its
infrastructure and provide energy output.

Life Cycle Energy Ratio. The Life Cycle Energy Ratio
compares energy output to required inputs. It takes
into account the energy inputs for an entire energy
production system, including: constructing facilities
and manufacturing the equipment to produce and
distribute energy; mining, harvesting, refining or
transporting fuel; operating and maintaining produc-
tion equipment; and disposing of waste products.

To be sustainable over the long run, an energy tech-
nology must exhibit a high lifetime output-to-input
ratio. Table 2 lists Energy Ratios for solar, wind, nat-
ural gas, and other sources of electricity.

The current energy ratio for nuclear is competitive
with other major energy technologies, and the
future use of centrifuge technology for fuel enrich-
ment will enhance its energy ratio further, giving it a
significant advantage.

Table 2 - Life Cycle Energy Ratios for Various Energy Technologies

LIFETIME
ENERGY INPUT

LIFETIME

ENERGY RATIO AS PERCENT

ENERGY TECHNOLOGY OUTPUT/INPUT OF OUTPUT REFERENCE
Solar PV (utility) 5 20 Uchiyama, 1996
LNG 6 17 Uchiyama, 1996
Wind 6 17 Uchiyama, 1996
Solar PV (roof top) 9 11 Uchiyama, 1996
Coal 17 6 Uchiyama, 1996
Nuclear (diffusion enrichment) 21 5 ERDA, 1976; Perry, 1977
Natural Gas-pipe 26 4 Kivisto, 2000
Wind 34 3 Kivisto, 2000
Hydro 50 2 Uchiyama, 1996
Nuclear (centrifuge enrichment) 59 2 ERDA, 1976; Perry, 1977

Adapted from:

UIC Nuclear Issues Briefing Paper #57, May 2000

References:

ERDA (1976) A national plan for energy research, development and demonstration: creating energy choices for the future.

Appendix B: Net energy analysis of nuclear power production, ERDA 76/1.

Kivisto, A. (1995) Energy Payback Period & CO2 emissions in different power generation methods in Finland, and (2000)
personal communications.

Perry, AM., etal. (1977) Net Energy from Nuclear Power, IAEA Proceedings.
Uchiyama, Y. (1996) Life cycle analysis of electricity generation and supply systems, IAEA Proceedings.

Notes:

Estimates of the Energy Ratios vary depending on the assumptions made in the analysis and on real operating conditions. For
example, the significant difference between the two estimates of Energy Ratio for wind power represents, among other factors,
significant differences in utilization factors related to site characteristics.



Table 3 — Total GHG Emission Factors for the Production of Electricity

. (2005-2020)

In addition to efficiently providing energy for eco-
nomic development, the application of nuclear sci-
ence and technology creates employment opportuni-
ties in both developed and developing economies.

A detailed analysis of the role of nuclear science and
technology in the United States economy showed
that in 1995 there were 4.4 million jobs attributable
to the technology’s application (4 percent of all
employment). Only 10 percent of those jobs were in
the nuclear power industry with the remaining 90
percent in medicine, industry and research.

Ongoing transfer and expanded application of
nuclear technologies in developing countries con-
tinues to create new employment opportunities.
Many of those opportunities are in jobs that do not
require technical training (e.g., janitors, clerks,
receptionists, truck drivers, machine operators).
Some opportunities are in jobs which require some
technical training (e.g., welders, sheet metal work-
ers, chemical technicians), while others are in jobs
that require highly technical or specialized training
(e.g., engineers, accountants, managers, etc.). Some
positions provide training that improves workforce
skills (capacity building).

o

Generating electricity using nuclear technology
meets environmental protection requirements iden-
tified in the Rio Principles.

Controlled fission of small amounts of uranium fuel
generates large quantities of electricity without
combusting carbon-based fuel resources. This
avoids the release of both residual carbon gases and
other combustion byproduct emissions such as par-
ticulates, volatile organic compounds (VOC’s), sul-
fur dioxide and nitrogen oxides.

Waste management practices, in place since the
inception of the industry, have successfully prevent-
ed significant adverse impacts to the environment.
Improved production techniques have reduced
waste while increasing electricity output.

Greenhouse Gases and Carbon Emissions. Different
sources of electricity emit different amounts of
greenhouse gases (GHG) as shown in Table 3.
Nuclear power, like wind and hydro, produces min-
imal GHG emissions. Globally, use of nuclear
power currently avoids approximately 610 million
tons of carbon (MtC) emissions annually, about the
same as hydropower.

Power available to nuclear fuel
enrichment facilities includes
electricity from utilities employ-
ing carbon-based generation. As
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Adapted from:
“Climate Change and Nuclear Power,” IAEA Division of Public Information, November 2000.

Reference:
Spadero, Joseph V., Lucille Langlois, and Bruce Hamilton, 2000: “Assessing the Difference: Greenhouse Gas
Emissions of Electricity Chains,” IAEA Bulletin, Vol. 42, No. 2, Vienna, Austria.



Consistent with the Rio Principles, and unlike many
other energy sources, the costs to prevent environ-
mental degradation or pollution from nuclear ener-
gy are internalized in its price to the consumer.

In most countries, costs for electricity generated by
nuclear power incorporate all safety costs through-
out the fuel chain, the costs of safeguards against
non-proliferation, the costs of eventual nuclear
power plant decommissioning, and the costs of
waste management including disposal of low-,
intermediate- and high-level waste.

Properly transporting and disposing of wastes is
affordable for the nuclear power industry because
the volume of waste is small in relation to the value
of the power generated. Nuclear power generates
20 percent of electrical power in the U.S., yet pro-
duces only 2,000 tons of high-level waste annually
(for all plants combined).

By comparison, one must burn 17,000 tons of coal
to obtain the same amount of energy as released
from just one ton of nuclear fuel undergoing con-
trolled fission. Burning that much coal releases
quantities of wastes (both toxic and radioactive) too
large to safely isolate from the environment.

Adding uranium to the global energy portfolio slows
the depletion rate of fossil resources and helps extend
availability of fossil resources. This helps insulate
newly industrializing economies against international
price and supply swings in fossil resources.

Dedicating uranium fuel to the central-station pro-
duction of electricity frees fossil resources for other
critical applications — such as feed stocks for chemi-
cal processes and plastics, residential heating and
cooking, or transportation.

In contrast to fossil resources, reserves of fis-

sionable heavy metals have no other major

use. Current estimated reserves of uranium

would supply approximately 250 years of con-

sumption, using “once through” fuel technolo-

gy. Recycling existing stock using advanced reac-

tors and/or extracting uranium from seawater could
extend operations more than 10,000 years.

Demographic trends show high percentages of the global
population moving to urban areas, a phenomenon likely
to continue. Energy sources such as nuclear power — able
to deliver billions of megawatts of electricity with minimal
emissions and minimal use of land resources — will be
required to respond to this changing settlement pattern.

Advanced reactors will be modular, have higher
efficiencies and be even safer and cleaner than
today’s versions, making them more appropriate for
placement close to urban areas.

o

Generating electricity with nuclear energy helps the
developed world fulfill its differentiated responsibility
in the international pursuit of sustainable development.

Given the technological and financial resources
developed countries command, they are ethically
required to use advanced, capital intensive energy
systems — like nuclear — to ensure that simpler, more
accessible and affordable energy derived from fossil
sources is available to the rest of the world in
adequate supply.

For decades, the developed world, with oversight
from the IAEA, has transferred adaptive nuclear
technology to developing countries in diverse
forms — research reactors, medical sterilization
equipment, medical diagnostic and treatment
technology, insect control, environmental monitor-
ing and food protection. Training and teaching
programs associated with investments in these
technologies have built capacity for employment
and production of valuable goods and services.

Agricultural Improvement. An IAEA sponsored
project utilized nuclear technology to help develop
chickpeas resistant to Ascochyta blight and Fusarium
wilt, increasing their production in Pakistan by 45
percent over a five-year period.

Insect Control. Sterile Insect Technique (SIT), anoth-
er application of nuclear technology, has been used
to control the Mediterranean Fruit Fly in South
America, the Medfly in Israel and Jordan, and the
Tsetse Fly in Zanzibar. Tsetse Fly eradication in sub-
Saharan Africa could potentially open 10 million
square kilometers to agriculture.

Food Preservation and Safety. United Nations Food
and Agriculture Organization estimates that 25 per-
cent of the world’s food supply is lost every year to
pests and bacteria while people die of hunger.
Hundreds of millions of people worldwide are
affected by diseases caused by contaminated food.
Irradiation using radioisotopes has proved effective
in controlling pathogenic bacteria and parasites in
food products such as meat, poultry, fruits and veg-
etables, and seafood and spices. The process is
being utilized in many countries and its use is
expanding globally.

Nuclear Power. Transfer of nuclear power technolo-
gy has enabled developing countries such as South
Korea, Mexico, Brazil, China and India to begin
energy production utilizing newly developed
endogenous capacity. In South Korea, 42.8 percent
of electricity is now produced by nuclear power.



Sustainable development will require a long-term
sustainable source of energy, but continued depend-
ence on fossil fuels is not likely to be sustainable
over the next century, with regard to both fuel
supply and environmental impact.

Replacement of fossil fuels might be achieved by
development of a system in which hydrogen tech-
nology helps solve problems of energy storage, dis-
tribution, and end-use applications. However, such
an energy economy must have a primary energy
source, and the hydrogen infrastructure will take
time to develop.

Wind, Solar and Biomass. Wind, solar and biomass

(WSB) energy sources have the advantage of being

inexhaustible but make large environmental

demands with regard to land use. They are subject

to severe daily, seasonal and random fluctuations in

availability. Waste issues have not been
addressed for WSB energy because there has

been no extensive deployment over a suffi-
cient period (nor significant energy genera-
tion) to assess long-term problems or impacts
on environment.

Nuclear. Nuclear power is most economical
when it is run at a constant rate. It is not well
suited for meeting peak-load demands, but
would be well suited for supplying the primary

Nuclear Power Makes Minimal Demands on Land

A nuclear power plant (1,000 Me) requires only 1-4 km?
of land.

Replacement of a single nuclear power plant (1,000 Me)

by wind power would require 2,700 high capacity (1.5 MW)
wind turbines that would require a land area of

130 km? (50 mi.?)

Replacement by PV Solar panels would require 50-110 million

m? of solar panels (50-110 km? or 20-43 mi.?)

energy source for a hydrogen economy. Larger over-
all demand would permit the reduced unit cost
associated with larger base-load capacity.

The Future. In the long term, the potential exists for
an energy economy based on production of primary
energy from nuclear fusion (currently being
researched) coupled with hydrogen technology,
once hydrogen economy infrastructure is developed.

Bridge to the Future. It is expected that wind, solar
and biomass energy sources, fossil fuel energy
sources, and fission-based nuclear energy will all
help provide a bridge to such a sustainable future

energy supply.

For now, however, fission-based nuclear power is 40
years ahead of WSB energy supply. Nuclear power
must remain as an essential part of the mix of energy
sources if we are to continue with sustainable devel-
opment in the first half of the 21st century.

Achieving development that meets the needs and

aspirations of the present generation without com-
promising the ability of future generations to meet
their own needs is a challenging task.

Since the inception of cooperative international
efforts over four decades ago, nuclear science
and technology, including nuclear power,
have effectively applied the Rio Principles
and contributed to sustainable development
in many parts of the world.

This vital technology must continue to be
available as all nations strive for a healthy
and productive life in harmony with nature.

References:

Koetz, Maureen T., “A Place for Nuclear Electricity in
Sustainable Development?” 18th Congress, World Energy
Council, Buenos Aires, October 2001.

Nuclear Power Minimizes Waste Releases to Environment

Annually, world wide, nuclear power generation avoids
coal-fired power plant stack emissions of 610 MtC (about
4% of total global emissions from fossil fuels).

In the U.S., if electrical power generation were entirely nuclear,
the waste generated annually per person would weigh a little

more than one golf ball and have slightly less volume than
two wooden pencils.

The annual per capita generation of hazardous waste (U.S.)
is about one ton per person.

Worldwide, over 40 years, thousands of shipments have safely

moved 98 million kilograms of spent fuel, with no record of
any release of radioactive material to the environment.

References:
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IAEA, “Climate Change and Nuclear Power,” IAEA/PI/A72E 00-01779, November 2000.

“The IAEA, Nuclear Power and Sustainable
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of Public Information, 01-00678/FS Series 3/01/E
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