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Abstract This study argues that enhanced energy education
will help resolve the dilemmas of mitigating climate change
and thus promote sustainability. Without enhanced energy
literacy among both the energy workforce and citizens, soci-
ety will be hard-pressed to make strategic choices about
energy. We build on previous work that defined energy
literacy and piloted programs to teach Energy 101 classes.
We present a Sankey diagram of the US energy economy as a
novel way to orient students to the entire energy economy, not
just individual fuels. Higher education must provide two
distinct pathways, one for the general education of all students
and one for students in programs that specialize in energy in
preparation for joining the energy workforce. Four challenges
face faculty and administrators: accommodating diversity in
the student body, rewarding faculty, building new curricular
pathways and courses, and integrating theory and practice.
More concerted action is needed despite recent reports of
reductions in carbon emissions and some growth of energy

education. The changes to date are small, politically contested,
and inadequately supported. Institutions need to build new
programs and communicate their progress to peers. This pa-
per’s novelty lies in (a) the argument that inadequate energy
education hinders the development of sustainability educa-
tion, (b) the distinctions made between climate and energy
education, (c) identification of major steps needed and chal-
lenges to be expected in energy education, and (d) the prop-
osition that reform must jointly address both general students
and students specializing in energy.
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Intensive use of fossil fuels silences all hope of building
sustainable societies. For 300 years, these fuels have provided
great benefits and shaped modern life. Climate science devel-
oped over the past 50 years, however, indicates that continued
reliance on fossil fuels seriously threatens climate stability
(Stocker et al. 2013). The likelihood of abrupt climate impacts
raises even more concerns (National Research Council 2013).

Renewable energy, increased efficiency, and conservation
offer great potential to mitigate climate change (Lovins 2011;
Jacobson and Delucchi 2011; Delucchi and Jacobson 2011;
Jacobson et al. 2013). Are renewables, efficiency, and conser-
vation the right strategic choices, preferable to others?
Advocates of nuclear energy see nuclear power as essential
to mitigate climate change (National Research Council 2009;
Stone 2013). Are they right? What about other choices less
frequently mentioned, such as geothermal and hydrokinetic
technologies?

These questions reveal a dilemma. On one hand, the soci-
ety needs to move away from energy technologies that threat-
en climate instability. On the other, changing these technolo-
gies raises difficult choices and possible dangers. Humanity
may be condemned to great hardship from climate change if it
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does not change energy technology, yet making the wrong
choices or picking the wrong pathways may disrupt energy
services and create serious risks.

We believe that citizens and leaders need increased energy
literacy to resolve the dilemma by making changes in tech-
nology, policy, and behavior. In addition, a new energy econ-
omy will also need a workforce with new skills, knowledge,
and perspectives (Cohen 2013). Energy-literate leaders in
politics, labor, business, and religion must help citizens and
the workforce cope with the challenges and embrace the
opportunities of change.

Despite the needs for energy literacy, very few college and
university students in the USA or elsewhere systematically
learn about energy as part of their education. Many, perhaps
most, students working on energy attend technical courses that
inadequately address societal content and sustainability.

In contrast to its response to energy, higher education has
responded to climate change in numerous ways. For example,
in the USA, the American College and University Presidents’
Climate Commitment began in 2006. Now, nearly 700 pres-
idents have committed to change the curriculum, facilities,
and practices (American College and University Presidents’
Climate Commitment 2013). Education about climate change,
however, is distinct from energy education and does not by
itself revamp teaching about energy.

This article argues that inadequate energy education hin-
ders development of sustainability education. New forms of
energy education must become a fundamental part of under-
graduate education, in the USA and everywhere else in the
world. The article identifies early steps already taken in the
USA, suggests a conceptual basis for making it interdisciplin-
ary, and outlines the major challenges involved.

Energy challenges and first steps to interdisciplinary
energy education

Energy clearly crosses the lines of many traditional academic
disciplines. Linking sustainability to energy education makes
an interdisciplinary approach imperative but thereby also
poses challenges to long ingrained academic habits.

The University of California, Berkeley (Norgaard 2004),
and the University of Delaware (Center for Energy and
Environmental Policy 2013) pioneered programs in inter-
disciplinary energy studies in the 1970s and 1980s, respec-
tively. More recently, other universities and colleges in the
USA have started programs (U.S. Department of Energy
2013), but very few institutions offer any credentials in
broad, interdisciplinary energy studies. In 2012, only 8 %
(132 of the 1,638 US colleges and universities according to
a census by the National Council for Science and the
Environment) offered such broad energy education pro-
grams. Only 25 universities currently offer a total of 37

such degree programs in this area (Vincent et al. 2013a).
Thus, the challenge lies in moving energy education from
purely a technical field into an arena encouraging many
kinds of students and faculty to examine all aspects of
energy technology and its relation to society.

The U.S. Department of Energy led an extensive process of
public engagement to develop Energy Literacy, a publication
that identified seven foundational principles and associated
concepts of energy education (Table 1, U.S. Department of
Energy 2012). Formulation of these principles and concepts
by a diverse group of energy and education stakeholders thus
established the broad outline of content needed. Thirteen US
federal agencies have endorsed Energy Literacy. More recent-
ly, the Association of Public and Land Grant Universities and
others built a generic “Energy 101” class to develop these
principles for classroom use, which the University of
Maryland piloted in spring, 2013 (Association of Public
et al. 2013).

The scale of the challenge now demands much more.
Transforming energy use globally requires thinking at a sys-
tems level above the supply of and demand for individual
fuels. Critical questions such as these will confront policy
makers and require systems-level thinking:

& To what extent can a country or region use efficiency and
conservation to reduce carbon emissions and energy use?

& What is the priority order for tapping different sources of
efficiency? For example, efficiency of energy use can
come from many sources including improved building
designs, more efficient lighting and transportation,
redesigned pipes, and better electric motors.

& Is carbon capture and storage likely to become safe, scal-
able, and cost-efficient?

& Can intermittent sources like wind and photovoltaic be
integrated into a stable, reliable, electric grid?

& Are biomass fuels compatible with acceptable food prices
and preservation of ecosystems?

& Is nuclear power acceptably safe, cost-efficient, and car-
bon emission-free?

& To what extent can injustice be avoided in the new energy
economy?

Table 1 Principles of energy literacy

• Energy is a physical concept that follows natural laws.

• Physical processes on earth result from energy flow.

• Biological systems depend on energy flows.

• Various sources of energy and energy transformations power human
activities.

• Economic, political, environmental, and social factors affect energy
decisions.

• Social factors affect the total energy used by societies.

• Energy choices affect the quality of life.
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Expanding interdisciplinary energy education

Bold responses must embrace a primary premise: a sustainable
energy economy requires difficult choices among fuels and
changes in energy budgets. An “energy budget” captures the
idea that individuals, households, and nations use energy to
satisfy demands for the services the energy provides. New
technologies and policies can change both supply of and
demand for energy; the challenge lies in marshaling resources
and tools to create a new, safe, cost-effective, sustainable
energy economy with minimal disruption to services.

Figure 1 portrays the US energy budget for 2013
(Lawrence Livermore National Laboratory 2013). It is a
Sankey diagram with bar widths proportional to the amount
of energy flowing to specific uses and sinks. The graphic
shows relative magnitudes of fuels used, energy transforma-
tions, and waste associated with each end use. It helps faculty
and students rise above “fuel trees” to see the big picture, an
“energy forest.” Transition to a new energy economy requires
this change in perspective. Sankey diagrams of energy bud-
gets in 2007 in all countries are available (Smith et al. 2011).

Energy budgets open new perspectives for interdisciplinary
energy education. Instructors can use the diagram to introduce
individual and household budgets and discuss particular as-
pects of energy use without losing the context of competing
energy sources. Consider, for example, the question “Can
shale gas extracted by hydraulic fracturing be a bridge to a

sustainable energy economy?” Henderson and Duggan-Haas
(2014) identified this subject as an important energy topic
requiring an interdisciplinary approach plus focusing stu-
dents’ attention on comparing alternative energy options.
Students can see in Fig. 1 the roles currently played by natural
gas and can then discuss alternatives to gas, the contributions
of gas extraction and use to climate change, possible dangers
to groundwater supplies, other opportunities for investment
capital, geopolitical implications of more gas production, and
ways to turn the “bridge” metaphor to a realistic transition
plan. Figure 1 focuses these questions toward understanding
the challenges of changing the existing energy forest into a
new pattern.

This example highlights two critical ideas about energy
education. First, students—both those specializing in energy
and those in other fields—must learn to see that every energy
source has strengths and weaknesses. Second, no one disci-
pline or perspective can claim complete authority.

Interdisciplinary approaches offer the best path forward
and historically opened new avenues of study, such as bio-
chemistry, physical chemistry, environmental studies, and
biotechnology. Inherent in the development of each was the
recognition that interesting problems lay between specialized
areas and required juxtaposition of concepts and methods
previously separated.

Energy education demands the same intrepid spirit. Those
involved in teaching and learning about energy must develop

Fig. 1 Energy flow chart for the USA in 2013
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a framework that identifies major problems, boundaries, con-
cepts, definitions, theories, methods, and accepted facts.
Numerous disciplines—such as physics, various engineering
subjects, and economics—are essential, but holistic energy
education must avoid constraints from any one discipline.
For example, an economic approach can rightly emphasize
costs and benefits, but some economic models overlook im-
portant considerations of distribution and social justice.

Pathways to a new energy education

We envision two pathways of expansion. First, opportunities
must exist for all students to learn about energy use as a whole
(energy budgets), why these use patterns must change, and the
trade-offs involved. Environmental Studies programs often
offer courses of this nature, but the number and reach of these
courses must be scaled up considerably to enable many more
students to enroll.

Second, students in engineering and other technical fields
must gain greater breadth to see their specialized skills as part
of the broader context of energy budgets. This could be
accomplished by adding context to technical courses or
through additional courses to supplement the technical clas-
ses. In either case, faculty in the technical fields should col-
laborate with scholars in the social sciences and humanities.

Faculty members who teach about energy often have la-
bored in isolation. They need a community of scholars from
multiple institutions with easy ways to share best practices.
Such a community already has formed for environmental
science and environmental and sustainability studies through
groups including the Council of Environmental Deans and
Directors (CEDD 2013), the Association for Environmental
Studies and Science (AESS 2013), and the Association for the
Advancement of Sustainability in Higher Education (AASHE
2013). These groups, however, have not focused on energy.
The Council of Energy Research and Education Leaders
(CEREL 2013) has begun a comparable effort to develop a
community of scholars and leaders offering broad, interdisci-
plinary energy education as well as traditional technical edu-
cation on energy.

Schools of engineering and geoscience departments cur-
rently produce most of the energy professionals, and their
respective contributions will remain important. Some progress
also already has occurred in the formation of broad and non-
traditional energy education. The 2012 census of US institu-
tions noted earlier identified more than 300 minors, concentra-
tions, and certificate programs in the energy area (Vincent et al.
2013a). Many of these reside in engineering and other techni-
cal fields. Their number and enrollments must expand rapidly.

Regardless of undergraduate major, however, many stu-
dents will work on energy after achieving postgraduate, pro-
fessional degrees in fields such as architecture, business, law,

public administration, and public health. Colleges and univer-
sities need to work with professional schools to create appro-
priate pathways.

Administrators and faculty face challenges in building
interdisciplinary energy education. These include diversity,
reward systems, curricular pathways, and meshing theory
and practice.

Diversity American higher education has struggled to provide
equal access to all students since well before the US Supreme
Court’s decision in 1954, Brown vs. Board of Education.
Many other countries face similar challenges. Energy issues,
however, touch everyone, so it is important to build programs
that serve a highly diverse array of students. Both the profes-
sional energy workforce and citizen leaders must be able to
work effectively with a multilingual, multiethnic population:
the concept of “sustainable energy systems” explicitly de-
pends upon equity and social justice.

Reward systems Institutions must outline clear pathways for
successful academic careers for those who build interdisci-
plinary programs of teaching and research in energy. Faculty
members need assurances that their efforts will be recognized.

Curricular pathways Students studying energy need an inte-
grated curriculum. For example, a student may need to build
knowledge and skills in physics, math, economics, history,
environmental studies, anthropology, psychology, toxicology,
materials science, communications, and project management.
The knowledge needed may require new courses or new
pathways in the curriculum.

Theory and practice Instructors should bring working profes-
sionals into their classrooms and build collaborative research
projects. In addition, most students will benefit from internships
or work experience in the private, non-profit, and governmental
sectors. Colleges and universities can generate many opportu-
nities for learning by creating student positions to promote
sustainable practices within the institutions (Thomashow
2013; Kurland 2011; Cortese 2005; Miller 2005).

The challenges of energy education should not be
underestimated. Each institution will need to solve questions
of integration, coherence, prerequisites, general education,
certificate programs, minors, andmajors; collaboration among
institutions will promote this process. The overriding man-
date, however, lies in enabling student access to relevant
courses and to certifying their achievements.

Actions needed

Is a special effort needed in energy education? The situation
within each country is unique, but in the USA, for example,
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carbon emissions have decreased, but only modestly, since
2007 (Energy Information Administration 2013a). At the
same time, programs in energy education have grown.
Similarly, programs in climate change and sustainability have
grown (Vincent et al. 2013b) and offer content on carbon
emissions and energy. Will changes currently underway in
technology and educational practices in the USA be sufficient
to promote more sustainable energy budgets?

Three factors lead us to suggest that current changes un-
derway are insufficient. First, low-carbon energy sources are
still minor compared to energy from fossil fuels (Energy
Information Administration 2013b; Fig. 1). Multiple sources
also indicate significant opportunities to enhance energy effi-
ciency exist but have not been implemented (American
Council for an Energy-Efficient Economy 2012; Laitner
2009; Lovins 2011). Carbon emissions will remain danger-
ously high for toomany decades, despite rapid growth of wind
and photovoltaic (Wiser and Bolinger 2012; U.S. Energy
Information Administration 2013c), two important but still
very minor non-carbon sources. The US energy budget is far
from what it should be to stabilize atmospheric levels of
carbon dioxide.

Second, growth of carbon-free energy sources remains
fragile and politically contested in the USA and many other
nations. The scientific consensus about climate change has
attracted concerted efforts to discredit it (Brulle 2013; Cook
et al. 2013; Oreskes and Conway 2010; Oreskes 2004), and
the doubts sown have inhibited needed policy developments.
As a result, existing programs in energy education remain
insufficient to drive the innovation needed for significantly
reduced emissions from fossil fuels. Energy-literate citizens
will better understand energy dilemmas, the costs of transi-
tion, and the costs of failing to make a transition.

Third, investments by the government in the USA remain
woefully insufficient. The Department of Energy (DOE) and
the National Science Foundation (NSF) are the key federal
agencies that have already made important contributions.
DOE has led in promotion of new technology and advancing
energy literacy. NSF has made major contributions by
supporting research in engineering, other sciences, and sus-
tainability, but NSF lacks a program focused on energy edu-
cation.More is needed, and universities and colleges also need
to consider putting more existing resources into energy
education.

Each institution and country must assess the adequacy of
its own programs in energy education. It is likely, however,
that the inadequacies in the USA also exist elsewhere. At the
same time, we recognize that colleges and universities already
have many challenges. Why add another task when institu-
tions already are struggling with multiple mandates, many
underfunded?

There are two reasons: first, the quality of life in the mid-
and late twenty-first century will depend on decisions made

about energy investments in the next 20 years. Second, both
the skilled energy workforce and citizens involved in
decision-making about energy require broad knowledge. In
short, energy literacy is vital to human well-being and unique-
ly depends upon the outcomes of educational programs.

Energy presents us with stark choices and unprecedented
challenges, but the barriers are surmountable. Without more
energy-literate graduates, however, the world will be hard-
pressed to resolve the dilemmas of building new energy
economies that mitigate climate change without losing vital
energy services or generating unacceptable risks.
Sustainability education is not complete without energy
education.

Acknowledgements A portion of this work was supported by NSF
grant 12-26492. Perkins thanks Susan Jenkins of the Energy Biosciences
Institute, University of California, Berkeley, for support as a Visiting
Scholar.

References

American College and University Presidents’ Climate Commitment
(2013) Program overview, avai lab le a t h t tp : / /www.
presidentsclimatecommitment.org/about/mission-history (accessed
2 Dec 2013)

American Council for an Energy-Efficient Economy (2012) Energy
efficient policies for local governments—fact sheet, http://www.
aceee.org/fact-sheet/local-government-ee-policy, 2 Sep 2014

AASHE (2013) About AASHE, http://www.aashe.org/about, accessed 3
Dec 2013

AESS (2013) About AESS, http://aess.info/content.aspx?page_id=
22&club_id=939971&module_id=35440, accessed 3 Dec 2013

Association of Public and Land Grant Universities et al. (2013) Energy
101, http://files.eesi.org/Energy-101-Course-Framework-Summary.
pdf, accessed 3 Dec 2013

Brulle RJ (2013) Institutionalizing delay: foundation funding and the
creation of U.S. climate change counter-movement organizations.
Clim Chang. doi:10.1007/s10584-013-1018-7

CEDD (2013) Council of Environmental Deans and Directors, http://
ncseonline.org/program/Council-of-Environmental-Deans-%2526-
Directors, accessed 3 Dec 2013

Center for Energy and Environmental Policy (2013) Center for Energy
and Environmental Policy, http://ceep.udel.edu/, accessed 3 Dec
2013

CEREL (2013) What we do, http://www.ncseonline.org/what-we-do,
accessed 3 Dec 2013

Cohen M (2013) Energy jobs are evolving to meet the sector’s new
demands. Energybiz, http://www.energybiz.com/article/13/05/
energy-jobs-are-evolving-meet-sectors-new-demands&utm_
medium=eNL&utm_campaign=EB_DAILY&utm_term=Original-
Member; (accessed 9 May 2013)

Cook J, et al. (2013) Quantifying the consensus on anthropogenic global
warming in the scientific literature. Env Res Lett 8. doi:10.1088/
1748-9326/8/2/024024

Cortese AD (2005) Integrating sustainability in the learning community.
Facil Manag 21, http://www.appa.org/FacilitiesManager/article.
cfm?ItemNumber=2255&parentid=2248, accessed 3 Dec 2013

Delucchi MA, Jacobson MZ (2011) Providing all global energy with
wind, water, and solar power, part II: reliability, system and trans-
mission costs, and policies. Energy Policy 39:1170–1190

358 J Environ Stud Sci (2014) 4:354–359

http://www.presidentsclimatecommitment.org/about/mission-history
http://www.presidentsclimatecommitment.org/about/mission-history
http://www.aceee.org/fact-sheet/local-government-ee-policy
http://www.aceee.org/fact-sheet/local-government-ee-policy
http://www.aashe.org/about
http://aess.info/content.aspx?page_id=22&club_id=939971&module_id=35440
http://aess.info/content.aspx?page_id=22&club_id=939971&module_id=35440
http://files.eesi.org/Energy-101-Course-Framework-Summary.pdf
http://files.eesi.org/Energy-101-Course-Framework-Summary.pdf
http://dx.doi.org/10.1007/s10584-013-1018-7
http://ncseonline.org/program/Council-of-Environmental-Deans-%2526-Directors
http://ncseonline.org/program/Council-of-Environmental-Deans-%2526-Directors
http://ncseonline.org/program/Council-of-Environmental-Deans-%2526-Directors
http://ceep.udel.edu/
http://www.ncseonline.org/what-we-do
http://www.energybiz.com/article/13/05/energy-jobs-are-evolving-meet-sectors-new-demands&utm_medium=eNL&utm_campaign=EB_DAILY&utm_term=Original-Member
http://www.energybiz.com/article/13/05/energy-jobs-are-evolving-meet-sectors-new-demands&utm_medium=eNL&utm_campaign=EB_DAILY&utm_term=Original-Member
http://www.energybiz.com/article/13/05/energy-jobs-are-evolving-meet-sectors-new-demands&utm_medium=eNL&utm_campaign=EB_DAILY&utm_term=Original-Member
http://www.energybiz.com/article/13/05/energy-jobs-are-evolving-meet-sectors-new-demands&utm_medium=eNL&utm_campaign=EB_DAILY&utm_term=Original-Member
http://dx.doi.org/10.1088/1748-9326/8/2/024024
http://dx.doi.org/10.1088/1748-9326/8/2/024024
http://www.appa.org/FacilitiesManager/article.cfm?ItemNumber=2255&parentid=2248
http://www.appa.org/FacilitiesManager/article.cfm?ItemNumber=2255&parentid=2248


Henderson JA, Duggan-Haas D (2014) Drilling into controversy: the
educational complexity of shale gas development. J Environ Stud
Sci. doi:10.1007/s13412-013-0161-9

Jacobson MZ, Delucchi MA (2011) Providing all global energy with
wind, water, and solar power, part I: technologies, energy resources,
quantities and areas of infrastructure, and materials. Energy Policy
39:1154–1169

Jacobson MZ et al (2013) Examining the feasibility of converting New
York State’s all-purpose energy infrastructure to one using wind,
water, and sunlight. Energy Policy 57:585–601

Kurland NB (2011) Evolution of a campus sustainability network: a case
study in organizational change. Int J Sustain High Educ 12:395–429

Laitner JA “S” (2009) Understanding the size of the energy efficiency
resource: ten policy recommendations to accelerate more productive
investments. Policy Soc 27:351–363

Lawrence Livermore National Laboratory (2013) Energy flow, https://
flowcharts.llnl.gov/, accessed 3 Dec 2013

Lovins AB (2011) Reinventing fire: bold business solutions for the new
energy era. Chelsea Green Publishing, White River Junction

Miller H (2005) Creating a culture of sustainability: how campuses are
taking the lead, http://www.hermanmiller.com/hm/content/research_
summaries/wp_Campus_Sustain.pdf, accessed 3 Dec 2013

National Research Council (2009) America’s energy future: technology
and transformation. The National Academies, Washington, DC

National Research Council (2013) Abrupt impacts of climate change:
anticipating surprises. The National Academies, Washington, DC

Norgaard RB (2004) Transdisciplinary shared learning. In: Barlett PF,
Chase GW (eds) Sustainability on campus: stories and strategies for
change. MIT Press, Cambridge

Oreskes N (2004) The scientific consensus on climate change. Science
306:1686

Oreskes N, Conway EM (2010) Merchants of doubt: how a handful of
scientists obscured the truth on issues from tobacco smoke to global
warming. Bloomsbury, New York

Smith CA et al (2011) Estimated international energy flows: 2007.
Lawrence Livermore National Laboratory, Livermore

Stocker TF et al (eds) (2013) Climate change 2013: the physical science
basis. Working Group I contribution to the fifth assessment report of
the intergovernmental panel on climate change: summary for
policymakers. IPCC, Switzerland

Stone R (2013) Pandora’s promise. CNN Films, Atlanta, http://
pandoraspromise.com/, accessed 8 Jan 2014

Thomashow M (2013) A sustainable culture for a college or university
involves infrastructure, community, and learning. Climate Neutral
Campus, http://www.climateneutralcampus.com/vol1_archives/
article.php?whitepaper=building-sustainable-campus, accessed 3
Dec 2013

U. S. Department of Energy (2012) Energy literacy: essential principles
and fundamental concepts for energy education, Version 1.0. U.S.
Department of Energy, Washington, DC

U.S. Department of Energy (2013) Energy education & workforce de-
velopment, https://www1.eere.energy.gov/education/index.html,
accessed 3 Dec 2013

U.S. Energy Information Administration (2013a) Table 12.1. Monthly
Energy Review, August

U.S. Energy Information Administration (2013b) Table 1.3. Monthly
Energy Review, August

U.S. Energy Information Administration (2013c) Table 3.1B. In: Electric
Power Annual with Data for 2011, U.S. Department of Energy,
Washington, D. C., http://www.eia.gov/electricity/annual/html/
epa_03_01_b.html, accessed 3 Dec 2013

Vincent S et al (2013a) Non-traditional and broad energy education:
results from the 2012 census of U.S. four year colleges and univer-
sities. National Council for Science and the Environment,
Washington, DC

Vincent S et al (2013b) Sustainability education: results from the
2012 census of U.S. four year colleges and universities.
National Council for Science and the Environment, Washington,
DC

Wiser R, Bolinger M (2012) 2011 Wind technologies market report. U.S.
Department of Energy, Energy Efficiency and Renewable Energy,
Washington, DC

J Environ Stud Sci (2014) 4:354–359 359

http://dx.doi.org/10.1007/s13412-013-0161-9
https://flowcharts.llnl.gov/
https://flowcharts.llnl.gov/
http://www.hermanmiller.com/hm/content/research_summaries/wp_Campus_Sustain.pdf
http://www.hermanmiller.com/hm/content/research_summaries/wp_Campus_Sustain.pdf
http://pandoraspromise.com/
http://pandoraspromise.com/
http://www.climateneutralcampus.com/vol1_archives/article.php?whitepaper=building-sustainable-campus
http://www.climateneutralcampus.com/vol1_archives/article.php?whitepaper=building-sustainable-campus
https://www1.eere.energy.gov/education/index.html
http://www.eia.gov/electricity/annual/html/epa_03_01_b.html
http://www.eia.gov/electricity/annual/html/epa_03_01_b.html

	Energy education and the dilemma of mitigating climate change
	Abstract
	Energy challenges and first steps to interdisciplinary energy education
	Expanding interdisciplinary energy education
	Pathways to a new energy education
	Actions needed
	References


