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Kansas, United States
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in tidal currents.
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229 million

AFRICA

wind that blows more strongly and consistently
at high altitudes than at ground level.
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PRIMARY ENERGY
CONSUMPTION
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MIDDLE EAST

AIRBORNE WIND TURBINES can beneﬁt from

2015 GLOBAL PROJECTIONS

ASIA

Greensburg, Kansas rebuilt as a
model green community with the
goal of “100% renewable energy,
100% of the time” after a 2007
tornado destroyed or damaged
95% of the town.
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Understanding energy challenges and
solutions is critical to making informed
energy decisions—an essential skill for
all citizens.
Comparing the world’s projected energy
consumption and global population
density illustrates both where in the
world energy is used and our universal
need for it.
Explore the map and all its features to
excite your curiosity about the future
of energy.

Quadrillion Btu

2010 data

Top ten consuming countries (per capita) are labeled on the map.

ENERGY EFFICIENCY MODEL:
Abu Dhabi, United Arab Emirates

(labeled on map)

Masdar City is a planned city with the
goal of being the world’s most energy
efﬁcient city and having the highest
quality of life with the lowest
environmental footprint. It should
be fully complete by 2025.

LATIN AMERICA

RENEWABLE ENERGY SUITABILITY
Not all geographic locations are equal when it comes to
harnessing renewable energy resources to generate electricity.
However, by using weather prediction models and geographic
information systems (GIS), experts can visualize where these
technologies might be most successful, and where the energy
industry should invest to develop them.
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UTILITY-SCALE SOLAR may be one of the

most promising forms of renewable energy. The
International Energy Agency predicts it could
provide a third of the world’s energy by 2060.
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NEW MEXICO, USA
(Sapphire Energy, Green Crude Farm)

AUSTRALIA

AUSTRALIA &
NEW ZEALAND
7 Quad
28 million

CHANGING FACE OF ENERGY

While the world’s population is increasing, so too is our energy
consumption. As new technologies (like those at far right) continue
to be developed, they lighten our dependence on non-renewable
energy resources such as oil, natural gas, and coal. By 2040, our
use of nuclear power, hydroelectric energy, and other renewables
will represent over 20% of total energy consumption.

WIND

A good wind
resource has strong winds
when energy demand is high.
Wind speeds are generally
higher in wide open areas
and at high altitudes, where
there are fewer obstructions.
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ALGAE BIOFUEL can be produced by
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119
57

WORLD PRIMARY ENERGY
CONSUMPTION BY FUEL,
1990-2040

GLOBAL
POPULATION
RENEWABLES
NUCLEAR
NATURAL
GAS

artiﬁcially cultivating algae in tanks, preventing
the need to use precious farmland used by
conventional biofuel crops like corn.
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MASSACHUSETTS, USA
(Joule Unlimited, Joule Fuels)
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MAP DATA: 3TIER

Solar energy
suitability depends on
latitude, season, and time
of day. The more consistently
the sun reaches a speciﬁc
location, the more reliable
it is as resource.
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technologies can turn waste carbon dioxide
into renewable fuel for a variety of uses.

*Includes crude oil, lease condensate, and other liquid fuels.
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Principle 7: The quality of life of individuals and societies is affected by energy choices.
· Fundamental Concept 7.3: Environmental quality is impacted by energy choices.
· Fundamental Concept 7.4: Increasing demand for and limited supplies of fossil fuels affects quality of life.

PUBLISHED BY NATIONAL GEOGRAPHIC EDUCATION: DANIEL C. EDELSON, PH.D., VICE PRESIDENT.

• Saint Louis Science Center (St. Louis, Missouri)
• Reuben H. Fleet Science Center (San Diego, California)
• Paciﬁc Science Center (Seattle, Washington)
• Maryland Science Center (Baltimore, Maryland)
• Center of Science and Industry (Columbus, Ohio)

SPACE FOR
SCIENCE
CENTER/
MUSEUM
BRANDING

The Center for Science includes:
The Center for Science is a national collaborative network focused on advancing science and
technology, starting with the nation’s youth. For Connect! Transform the Future, six of its
leading science centers have partnered with National Geographic and GE to educate students
about energy, engage them in a conversation about the future of energy, and inspire them to
be the next generation of scientists and engineers.

Principle 6: The amount of energy used by human society depends on many factors.
· Fundamental Concept 6.3: Human demand for energy is increasing.
· Fundamental Concept 6.4: Earth has limited energy resources.
· Fundamental Concept 6.5: Social and technological innovation affects the amount of energy used by human society.
· Fundamental Concept 6.6: Behavior and design affect the amount of energy used by human society.
The focus of this poster is our global population density, our projected energy consumption, alternative
forms of energy, and “green” cities leading the way in these ﬁelds. Use the content and ideas on the back
of this poster to engage your students in the world map, geo-located text and images, and infographics
found on the front. The following energy literacy principles and fundamental concepts connect to the
poster content and can also be used for further exploration:
HOW DOES THIS POSTER FIT INTO THE ENERGY LITERACY FRAMEWORK?
Energy is an inherently interdisciplinary topic, providing opportunities for discussion in science, social
studies, English language arts, and other classes. At the same time, energy is a topic that is readily
applicable to students’ own lives, their communities, and the world they see around them every day.

(centerforscience.org)

ABOUT THE

CENTER FOR SCIENCE

GE works on things that matter. The best people and the best technologies taking on the
toughest challenges. Finding solutions in energy, health and home, transportation, and ﬁnance.
Building, powering, moving, and curing the world. Not just imagining. Doing. GE works.
For more information, visit the company’s website at www.ge.com.

(ecomagination.com)

ABOUT

GE

• EDUCATIONAL OUTREACH: The National Geographic Society is home to rich and diverse
resources that have enormous potential to support learning. As the educational outreach arm of
National Geographic, National Geographic Education is committed to maximizing the impact
of the Society’s rich media, scientiﬁc, and exploration programs on the education audience.
GEO-LITERACY: Geo-literacy is an essential skill for decision-making in 21st century personal,
professional, and civic life. It is the ability to make decisions based on an understanding of how the
world works and how people and places are connected. It requires an understanding of how Earth’s
interconnected human and environmental systems function, how to reason geographically, and how
to make systematic decisions.

National Geographic Education’s work targets two goals:
•

ENERGY LITERACY
(www.energy.gov)

The U.S. Department of Energy is a governmental department whose mission is to
advance energy technology and promote related innovation in the United States.

ENERGY LITERACY: ESSENTIAL PRINCIPLES AND
FUNDAMENTAL CONCEPTS FOR ENERGY EDUCATION
(http://www1.eere.energy.gov/education/energy_literacy.html)

This guide does not seek to identify all areas of energy understanding, but rather to
focus on those that are essential for all citizens K-Gray. It presents energy concepts
that, if understood and applied, will help individuals and communities make informed
energy decisions.

TED TALK: AMORY LOVINS—A 40-YEAR PLAN FOR ENERGY

Dear Educator:
The Connect! Transform the Future project is a national collaboration and conversation
about our energy future. National Geographic Education, GE, and the Center for
Science invite you and your students to explore complex issues in the energy
conversation through activities, reference content, multimedia, maps, and more!
National Geographic Education has designed a collection of educational materials to
bring students in Grades 4-12 content about energy sources, energy efﬁciency, and
energy conservation. These free, online education resources are standards-based
materials created for teachers and informal educators to use to engage students in
science, social studies, and geography concepts related to energy. Educating youth
about energy and energy solutions will be necessary if future generations are going to
help solve our energy problems. Being armed with a greater understanding of energy
allows us to make wiser choices in our personal lives, as well as in our communities.
This collection gives students a clear view of the beneﬁts and challenges of our energy
choices at a local to global scale, and their importance in our decision-making about
energy today, tomorrow, and in the future.
As part of the collection, National Geographic Education, GE, and the Center for
Science are pleased to provide you with this poster, which contains content designed
to illustrate our universal need for energy and the challenges of, and potential solutions
for, our energy future. Students will use the geographic perspective to explore energy
challenges and solutions at a local to global scale, and to excite their curiosity about
the future of energy.

(http://www.ted.com/talks/amory_lovins_a_50_year_plan_for_energy.html)

Energy innovator Amory Lovins talks about how to eliminate U.S. dependence on oil and
coal by 2050. The key is integrating four energy-using sectors—and four kinds of innovation.

EARTH: THE OPERATORS’ MANUAL
(www.earththeoperatorsmanual.com)

An operator’s manual helps keep your car or computer running at peak performance. Earth
science can do the same for the planet. To illustrate the evidence and the way forward, host
Richard Alley takes viewers on a high-deﬁnition trip around the globe, from New Zealand to
New Orleans, telling the story of Earth’s climate history and our relationship with fossil fuels.

• One Btu is the approximate amount of energy released burning a wood match.
• Written out, one quadrillion is 1,000,000,000,000,000.

ABOUT NATIONAL
GEOGRAPHIC EDUCATION

U.S. DEPARTMENT OF ENERGY

Renewable energy comes from replenishable
resources such as the sun, wind, and water.
While using wind turbines and water dams to
harness the energy from renewable resources
in order to generate electricity is not new,
harnessing this power in innovative ways
will allow us to curb our dependency on
non-renewables, and supply enough energy
for our growing population.

(natgeoed.org)

Energy Realities is a visual guide to global energy needs that shows how technology
and intelligence are ensuring humanity continues to progress. The site combines maps,
multimedia, and writing from four premier publishers and tells the story of energy use,
production, and sustainability on our planet.

One key element will be consuming less energy as a whole. According to the
Global Footprint Network, an international think tank working to advance the
science of sustainability, it takes Earth one-and-a-half years to regenerate the
resources the world uses (and wastes) in just one year. And if everyone in the
world consumed energy the way the United States currently does, it would take
four planets to sustain the world’s population. Just using energy more efﬁciently
won’t be enough to meet our energy demands. We must also begin to look
toward new technologies and renewable energy resources that may be more
sustainable for our growing population. Energy-related decisions require the
work of many experts to address economic, political, environmental, social,
and other factors. Due to these complexities, there is no single solution.

• Urban areas make up about half of the world’s population and consume
nearly two-thirds of its energy.
• Roughly 19% of the world’s electricity is generated by renewable energy
resources.
• Small electronic devices make up about 15% of residential electricity
consumption around the world.
• With the two largest nations in the world, India and China, Asia as a region
consumes the most energy; more than half of that goes to China alone.
• Coal, a non-renewable resource, continues to be in high demand, with
consumption expected to increase 40% in the next twenty years.
• While China is one of the largest consumers of the world’s coal (over 50%),
it also topped the list of “green energy” investors for 2012, investing nearly
twice that of the United States.
• The United States consumes almost 20% of the world’s energy, but it is
home to less than 5% of the world’s population.
• Fossil fuels are used to generate about 70% of electricity in the United
States, with approximately 20% coming from nuclear power and the
remaining from renewable energy resources—mostly hydroelectric.
• The United States power grid works nearly 100% of the time. But when
interruptions do occur—due to natural disasters or other events—it costs the
U.S. economy about $80 billion dollars a year.
• An estimated 1.2 billion people around the world still do not have access to
electricity.
• One quadrillion Btu equals 172 million barrels of crude oil. There are about
7 barrels of crude oil in a metric ton.

Since its founding in 1888 “for the increase and diffusion of geographic knowledge,” the
National Geographic Society has worked to educate audiences about our planet. National
Geographic Education is responsible for creating educational programs and resources for
schools, out-of-school settings, and the home.

In 2012, the Department of Energy (DOE) and the American Association for the
Advancement of Science (AAAS) published a guide titled Energy Literacy: Essential
Principles and Fundamental Concepts for Energy Education. The two groups recognized
the need to focus on those areas of energy understanding that are essential for all citizens,
and that energy is an inherently interdisciplinary topic. Below are excerpts from, and
connections to, the guide that will help you to engage your students in the energy
concepts on this poster. You can ﬁnd the full guide at www1.eere.energy.gov/education/energy_literacy.html.
(www.energyrealities.org)

Harnessing the power of fossil fuels, beginning in the 18th century, ignited a revolution in how
we produce materials: engines allowed us to manufacture products faster, and at a cheaper cost
than manual labor. However, fossil fuels—coal, oil, and natural gas—are ﬁnite energy resources.
Because fossil fuels took millions of years to form, and because the conditions under which they
formed no longer exist, these resources cannot be renewed in our lifetimes. We see this evidenced
in the increasing costs of gasoline and electricity. So while we continue to ﬁnd new reserves of
fossil fuels, and ways to extract them, we must look to the future and ﬁnd a way to meet our
growing energy demands.

USE THESE QUESTIONS TO ENGAGE STUDENTS IN THE CONTENT ON THE FRONT OF THE POSTER.
EACH QUESTION IS ALIGNED TO ENERGY LITERACY ESSENTIAL PRINCIPLES AND FUNDAMENTAL CONCEPTS.

THE GREAT ENERGY CHALLENGE

ENERGY REALITIES

Today there are more than 7 billion people on the planet, and that ﬁgure is growing rapidly. As our
global population continues to increase, so too does our demand for energy. To power the lights in
our homes and air conditioning in our buildings, and to recharge our escalating number of mobile
devices requires energy, and a great deal of it.

FOCUS QUESTIONS

USE THESE RESOURCES FOR FURTHER EXPLORATION OF
ENERGY TOPICS WITH YOUR STUDENTS.

The Great Energy Challenge is a National Geographic initiative to help you understand
our current energy situation.

ENERGY FAST FACTS

• The Museum of Science and Industry (Chicago, Illinois)

RECOMMENDED RESOURCES
(http://environment.nationalgeographic.com/environment/energy/great-energy-challenge/)

BACKGROUND INFORMATION

Go online to natgeoed.org/connect
to ﬁnd the full collection!

1. GLOBAL ENERGY CONSUMPTION BY REGION IN 2015 Look at the world map and the map
legend. What patterns do you see in population density? How do you think population density and
distribution impact energy demands? (Energy Literacy Fundamental Concept 6.3)
2. GLOBAL ENERGY CONSUMPTION BY REGION IN 2015 Look at the world map and the
map legend. Does a high population density always correspond with high energy consumption?
How does the relationship between population and consumption change across world regions?
Why might this be? (Energy Literacy Fundamental Concept 6.3)
3. 2015 TOP ENERGY CONSUMERS Look at the bar graph. Describe the differences you see
between 2010 and 2015. Which countries have had the greatest change in consumption between
2010 and 2015? Why? How do you think population growth, industrialization, and socio-economic
development impact what the top ten consuming countries will be in 2015 and beyond?
(Energy Literacy Fundamental Concept 6.3)

4. RENEWABLE ENERGY SUITABILITY Look at the maps, map legends, and captions. How do you
think suitability is calculated? What patterns do you see? Where else in the world may be suitable
for renewable energy resources like solar and wind? Explain your reasoning. How might increasing
human energy consumption place stress on the natural processes that renew energy resources like
solar and wind? (Energy Literacy Fundamental Concept 6.4)
5. CHANGING FACE OF ENERGY Look at the graphic. How does it illustrate how human
demand for energy is increasing over time? What do you predict will happen beyond 2040 as
our population continues to increase? (Energy Literacy Fundamental Concept 6.3, 6.4)
6. CHANGING FACE OF ENERGY Look at the graphic. For what energy resource do you see the
most signiﬁcant increase between 1990 and 2040? For what energy resource do you see the least
signiﬁcant increase? What can you infer from those changes? (Hint: Societies have choices about
how they respond to increased human demands for energy.) (Energy Literacy Fundamental Concept 6.3)
7. POSSIBLE FUTURE ENERGY TECHNOLOGIES Look at the photos and captions. Locate each on
the world map. How do you think social and technological innovation affect the amount of energy
used by human society? How might they affect quality of life? (Energy Literacy Fundamental Concept 6.5)
8. ENERGY EFFICIENCY MODELS Read about the two real-world models of energy efﬁciency
called out on the world map. Do you think the actions of individuals (changes in behavior) or the
actions of society (changes to the design of technology and infrastructure) have more impact?
Explain. (Energy Literacy Fundamental Concept 6.6)

ACTIVITY IDEAS
USE THESE IDEAS TO EXTEND THE LEARNING. EACH IDEA IS ALIGNED TO COMMON CORE STATE
STANDARDS FOR GRADES 6-12 LITERACY IN HISTORY/SOCIAL STUDIES, GEOGRAPHIC SKILLS,
AND/OR ENERGY LITERACY ESSENTIAL PRINCIPLES AND FUNDAMENTAL CONCEPTS.
1. VOCABULARY As the class reads and discusses the poster, list the following terms on the board
as students encounter them: energy efﬁciency, energy consumers, energy consumption, global
population density, renewable energy suitability, and renewable energy potential. Have students
write each term in vocabulary notebooks, along with: a) the context in which each term appears
on the poster; b) its dictionary deﬁnition; and c) a restatement of the deﬁnition in their own words.
(CCSS.ELA-Literacy.RH.6-8.4)

2. DATA ANALYSIS Analyze the graphs, charts, and maps on the front of the poster and write
a three-paragraph essay describing the trends related to population and consumption that are
evident based on the data. (Geographic Skill 4: Analyzing Geographic Information)
3. RESEARCH Identify one energy challenge (e.g., increasing demand or renewable energy
suitability) illustrated by the data on the front of the poster and generate a research question that
addresses the issue from a geographic perspective (Where? Why there?) Then conduct a short
research project to answer the question, drawing on several sources and generating additional
related, focused questions that allow for multiple avenues of exploration. (Geographic Skill 1: Asking

Geographic Questions; CCSS.ELA-Literacy.WHST.6-8.7)

4. RESEARCH Use the information on the poster front to generate a research question about
how energy choices made by humans have environmental consequences. Make sure the question
addresses the issue from a geographic perspective (Where? Why there?) Then conduct a short
research project to answer the question, drawing on several sources and generating additional
related, focused questions that allow for multiple avenues of exploration. (Geographic Skill 1: Asking
Geographic Questions; CCSS.ELA-Literacy.WHST.6-8.7; Energy Literacy Fundamental Concept 7.3)

5. READING Read the National Geographic Education encyclopedic entries on renewable
energy (natgeoed.org/renewable-energy), solar energy (natgeoed.org/solar-energy), and wind
energy (natgeoed.org/wind-energy). Take notes on the central ideas or information and provide
an accurate summary of each, distinct from prior knowledge or opinions. (CCSS.ELA-Literacy.RH.6-8.2)
6. WRITING Use this writing prompt: Based on the poster, what challenges might affect the U.S.
supply of energy in the future? What factors do you think will have the biggest impact on our future
energy supply, needs, and consumption? Have students write an argument introducing a claim and
supporting it with logical reasoning and evidence from the text. (CCSS.ELA-Literacy.WHST.6-8.1)
7. RESEARCH Greensburg, Kansas and Masdar City, Abu Dhabi both appear on the map as
models of energy efﬁciency at a large (city) scale. Use Internet or library resources to research
one of the models in depth and then write a summary of the project, including an analysis of the
circumstances that made it possible to implement changes to infrastructure and a reﬂection on
how project successes could inﬂuence other, existing cities.

(Energy Literacy Fundamental Concept 6.6; CCSS.ELA-Literacy.WHST.6-8.9)

8. DEBATE Read the National Geographic Education encyclopedic entry
on non-renewable energy (natgeoed.org/non-renewable-energy). Then have
students analyze the world map and data layers on the front of the
poster and hold a class debate on how increasing demand for
and limited supplies of fossil fuels affect quality of life.
(Energy Literacy Fundamental Concept 7.4)

