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Abstract: Using our academic research and teaching moduleshfemical engineering and
environmental science undergraduate students, esept a method for laying a foundation for
students to understand energy's value in the 2béticy more robustly and within the context of
both the developed and the developing world. Ia fa@per we argue that coming transitions will
be supported primarily not by new technologic imi@ms or discoveries, but by matching
systems to consumption patterns and vice versuillitbe a societal transformation, which
relates to limits, timeline, and geo-social contdstst, we present data on the saturation-like
character of the relationship between human dewedmp and energy consumption, and couple
this with a Maslovian assessment of the pyramidurhan needs. Second, we engage students to
explore the role of alternative energy solutionsalso understand the values the energy systems
seek to meet, which is a function both of where gbeiety is on the energy versus human
development curve and of timeline issues. Third adldress timelines as they relate both to
issues of depletion and to technologic maturity argkncy. Just as the depletion place limits on
the sustainability of fossil fuel-based energy eys, technologies that require fundamental
science breakthroughs are unlikely to be soluttoniexminent shortages. We need to understand
the realistic range of peak oil occurrence timinguxtaposition with an understanding of the
time-to-market of alternative energies. This equepgineering students to bring their technical
expertise to bear on qualitative problems of huah@relopment.
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1. INTRODUCTION

The world is facing sweeping energy transitionsedasn three challenges: (1) to mitigate
environmental impact; (2) to reduce dependence aepleting resources; and (3) to increase
access to energy for the still-developing half effanity. In order to make informed decisions to
advance effective energy transitions, strategiestrbe well-informed of the real values and
costs of energy sources and systems. Energy igrtportant, too broad, and too complex for
simplistic, compartmentalized, disciplinary stragatgg. It permeates virtually everything we use
and do. Whether we embrace the transitions praggtor attempt to hide our heads in the sands
of unlimited growth optimism, we will find ourselsein the midst of a sweeping energy
transition within the next few decades. This regsiithe ability to compare alternative energy
systems on common basis. We must develop strofegitee communication between technical
experts and social science experts, the publictl@mgoliticians that represent them. At the same
time, engineers working on technologies for sustaility must be able to understand the social
contexts and the needs their technologies are nteadrve. There must be dynamic processes
of technology and social sciences informing eatieiot
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There is a growing consensus that the resiliendesastainability of critical infrastructures will

be threatened this century and that the next geaeraf engineering professionals will be ill-
equipped to deal with that. It is imperative to ergland the values added to these systems by the
current energy inputs. One great challenge is lleersmagnitude of energy provided by oil, gas,
and coal currently. As these resources struggkeép pace with global demand, all systems will
be stressed and it will be important to optimizergy mix solutions based on a variety of
resources available. To broach these issues wittiests, we consider the place of energy
systems in relationship to a number of infrastriadtuisystems. Educational planning and
transformation will be essential to the resilieéghanging energy systems.

We suggest that it is important to create a sehteiwoven curricular models to develop new
paradigmatic approaches to understand energy andlétionship to other critical systems in a
more comprehensive fashion to: 1) assess the basenergy requirements of critical,
interdependent infrastructures needed to meettstalasustainability, and resiliency criteria in
response to perturbations in the energy supplyn¢tZdievaluate the real energy value added by
the entire portfolio of energy technologies (botbven and speculative) in the form of goods,
services, and environmental impacts they produltgffecting infrastructures. Ultimately, the
goal is to train energy professionals to understamergy using a systems approach and to think
critically about the potential energy gains of neehnologies in comparison to the reduction of
energy inputs for stable infrastructures.

2. ANEED FOR MULTI-DISCIPLINARITY

How best do we educate students about relationslefygeen energy use and the living and non-
living world? The pervasive disciplinary educatibnafrastructure presents a challenge in
addressing innately multi-disciplinary issues. Wepwose systematically connected training
across disciplines to enable students to engagesshes effectively. A robust understanding of
the linkages between critical infrastructural sysieis an essential step to achieve a more
sustainable society, whose systems can resporigtmégito changes in resource supply chains
or other critical systems. Since major economiggedd on energy imports, we cannot ignore the
impact of global stress factors on resources. Withdern energy vital to every sector of the
global economy and social support systems, theniatelisruption caused by a forced transition
from abundant energy supplies may be the definlhglenge of the coming decades. Meeting
this challenge demands an informed understandinth@fchallenge and impacts on related
systems. It will also require a workforce capablegmsping the complexities of inter-related
systems, and solutions dependent on social andn@soontexts.

Peter Reason discusses how we have come to ouenpresodern worldview, one which
obscures the crises of sustainability, justice poderty. These demand, he writes, that we see
ourselves as participants in the planet’s life etyst (Reason p. 6). Others have also discussed
the need to change our energy education (Dias,,2004 1994). Emerging professionals must
be equipped to evaluate the energy linkages o&sirfuctures and understand the needs being
served. How do we best provide students with titecalk, creative and futures thinking skills to
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develop innovative and alternative solutions totaunsbility issues? There is value in
connecting the technologies studied to the neezisgbrve.

We suggest a cross-disciplinary approach to tegchin which engineering interacts
dynamically with health, regional and social scesclt stands to provide educators as well as
students with a greater understanding of the liekalgetween critical infrastructures and an
example of a new pedagogical paradigm to incorpobabader, more systemic thinking into
students, from the early grades, through profess$imaining.

It will be essential to characterize the linkagesaeen critical infrastructural systems in pursuit
of more resilient and sustainable criteria. Buvill be difficult to develop a robust, high-level
understanding of complex systems. Since its inoaptihe scientific method has been widely
successful at dissecting problems into ever smatlemponents. As we have created
classifications and taxonomies, we have also adeiateasingly narrow specializations. While
specialization has been crucial in allowing tightbcused research to penetrate the minutest
levels of reality, it has also served to isolatguiny from the whole of reality, subjugating high-
level interconnectedness. With looming crises angtstainability of our use of resources, we are
confronted with the need to understand the wholaeality and the interconnectedness of
systems. It is exceedingly difficult to build sushderstanding by reassembling the tiny pieces
we have dissected into sub-specializations. To d¢ffisct, a paradigm shift is called for in
educational and engineering practice toward morapcehensive analyses that view linkages
between systems. While there are inter-discipjir@rgineering programs emerging globally,
the American academy certainly remains dominatedisgiplinarity.

Our experience finds students to be highly motwddg the challenge of applying their work to

important problems. They bring valuable creativity the task. Since students are less
indoctrinated by years of practice in the status gudisciplinarity, they are prepared to employ
—and to engage in developing — new paradigmsdcead innately inter-disciplinary problems.

3. WHAT CONSTITUTES A VITAL HUMAN NEED?

How do we reconcile the range of what people carsas vital needs? One way to do so is to
recognize a hierarchy (or continuum) of needs, sohwehich do not come into play until others
have been met. Abraham Maslow suggested five loieical levels of need that we use as a
launching point to class discussions, which are:

1. Biological and Physiological: food, water, air, wdh, sleep and procreation. These are
instinctive and critical to survival. Other desiagg secondary until these needs are met.

2. Security: protection from the elements, predatengmies, disease and uncertainty.

3. Belongingness and Love: family, friendship, and oamity are important at this level.

4. Esteem: people seek esteem, including: the desiaghieve and accomplish, to assume
responsibilities, to build personal worth and statsocial recognition and reputation.
Quality of life becomes particularly important histlevel.

5. Self-actualizing: the need to find meaning and peaepin life and realize one's potential.
Here, people seek rewarding employment, spirityplagation, and personal freedom.
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We find the idea of an evolving progression of rseédlpful as we take on the question of
energy’s role in meeting vital human needs.

3.1 Energy and Maslow’s Hierarchy

Energy does not directly feed, house, or clothepjgeoBut energy services facilitate the
production of food, construction materials, anditeg. The “causal chain” leading from energy
resources to improvements in people’s lives calobg and complex, requiring many other non-
energy inputs. Moreover, energy services oftengoinmprovements in several areas at once. For
example, consider all the uses to which electrizwvgyocan be directed: lighting, refrigeration,
communication, use of appliances, cooking, spaaéirigeand cooling, and even transportation.

So, while the link between energy and developmeat not be obvious, energy can be shown to
be a basic necessity for human activity and ecoa@md social development. For example, wide
scale poverty cannot be overcome without movinghapso-called Energy Ladder. The Energy
Ladder concept claims that given the opportunigogde naturally gravitate to energy systems
that improve their standard of living. They do hawve to be persuaded. When a system is more
effective, safer, cleaner, more convenient, andrdéble, it is adopted rapidly. Most Energy
Ladder discussion focuses on residential energy hessause household fuel (particularly
cooking) demand makes up more than half of totatggndemand for much of the world’s poor.
Raw biomass fuels are on the bottom rungs whilarsamhd wind is at the top. Moving up the
ladder, energy resources generally become progedgsicleaner, more efficient, more
technically sophisticated, and more expensive.

There is rarely a wholesale transition from onegrtim another. No single energy source or
technology can supply the breadth of energy inpedgiired to meet all applications. Wind and
solar can provide clean efficient electricity, whi¢s essential for many purposes, but for
cooking, charcoal is a more readily adapted impmamt over raw firewood. People assimilate
new fuels and new technologies depending on whegtwant to do. In turn, new energy systems
open up new applications. The progression from ifiien subsistence to industrial/modern

societies demands increasing energy inputs as aslihew technologies for agricultural,

commercial, industrial, transport, and public seeg, as well as household cooking.

Increased demand for energy is thus a function bbthcreasing population and of demand for
more energy to meet higher level needs. This i ttechnical and a social challenge.
Combining the issues of energy use and infrastraatequirements, the five different Energy
levels in Maslow’s hierarchy of needs then loolelik

1. Biological and Physiological Needs$n order to meet survival needs, food must be
secured, distributed, and processed. Pure water meudelivered. Housing must be built
and heated. Energy is expended in all these tasikg biomass provides minimal use.

2. Security NeedsEnergy can light the dark, preserve foods, andlenproduction of
goods. Societies that are able to employ energgare sophisticated ways can enhance
their security, but still may not be able to ackielevelopment.

3. Social NeedsCommunication, transportation and the buildingoablic infrastructures
become important in meeting social needs. Modegerggnhas facilitated large numbers
of people to have their social needs met in addittotheir biological and security needs.
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4. Esteem Need®uality of life rises to the fore once social ne@de met. Education and
other public services become important. The enwrent starts to receive attention.

5. Self-actualizing Need®lthough some have reached this level throughasibty, self-
actualization is yet to be seen by whole sociefiéss will be possible when most people
in society enjoy a high quality of life, with vefgw poor. (Ebenhack & Ebenhack, 2007)

4. ENERGY CONSUMPTION AND QUALITY OF LIFE

There is sufficient evidence to suggest a causatiefor energy in affecting the resiliency and
sustainability of the other basic infrastructurgtems mentioned above (Goldemberg, 2001;
Pasternak, 2000; Smil, 2005). Modern energy is is#gguto schools, hospitals, and waste
treatment systems. With judiciously targeted changepolicy and practice that promote broad
access to locally-produced modern energy, the paterexists to achieve significant
development in “Energy Poor Nations.” This can beawith modest investments in their own
energy sectors, utilizing a local energy mix.

Main themes that we highlight to students: 10
1. The Energy Advantage Relationship. Compari| gg-—-—--gn®e0. ®9, 00 ..
the UN Human Development Index to per cap| os! %2e °©
energy consumption reveals what we call “Tl o7&
Energy Advantage.” This links quality of life tg 06 1
energy consumption remarkably well. The poor{zos
nations do not consume enough to accommocd o.4§§

the most important aspects of developmel o3t 0 Energy Poor
mechanical  power; refrigeration; lighting ozt o Transiion
transport; and communication. 01t ® Energy Advaniagel

2. Modern versus Antiquated Energy Sources. M( oo

of the Energy Poor Nations lack access to mod 0 20 500 7500 10000 12540
; . - PCEC (kgoe)

fuels, leaving them dependent on inefficierr,
unhealthy, and development-crippling raw biomaks, firewood. The data show that the
more a nation depends on raw biomass, the loweguhkty of life its people can expect.

3. The Energy Export Curse. Some developing countgBson energy exports. The data
show that major energy exporting nations have logealities of life than nations
purchasing their energy resources.

4. Energy Security. The problem isn’'t that Energy Piations lack resources, it is the lack
of capital and experienced professionals to develodern energy for their own benefit.

5. Small Investment, Huge Payoff. Theoretically, ditthdditional energy is required in
Energy Poor Nations to increase quality of lifestahtially.

5. VALUING ALTERNATIVE ENERGY SOULTIONS

The practical reality of energy use is that consgnde not use joules, they use services provided
by energy: transportation, heating and coolinghtlitg the dark, cooking meals, etc. Valuing
energy provides perspective and allows us to cengdergy within the context of the needs it
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meets, the services it provides, and the impdtaston our way of life. So, we seek to measure
not the quantity of energy contained, but the vadéed by the energy resource. Students focus
on the effective end-use energy delivered to thesemer and the costs, or value reductions, to
provide such energy. There are a number of fadtoronsider when determining the value of
energy, including external factors that remain ééygunaccounted for in energy-cost analysis.
Factors to model an energy resource’s real valugeat include: energy resource viability;
energy economic viability; technical viability; sat acceptance (education, cultural
appropriateness); environmental concerns; heatirsafety.

As described by Ebenhack (2007), the proposed modeteptually looks similar to those
developed for assessing value-based pricing (Feidmna Wusrt, 2001). The primary result of
the model, then, is calculation of a real energueradded (REVA) index that is, essentially, a
coefficient to be applied to a specific energy tese (e.g. oil, coal, solar, nuclear) to assess tru
energy value. The starting point is a diagram foergy source value and assumptions upon
which to model future changes. REVA introduces shisl to traditional life-cycle assessments
(LCAS) (Friedrich et al., 2007; Kara et al., 200@nd et al., 2007;0sman et al., 2007), including
‘emergy’ calculations (Odum and Brown, 2007) andical thinking about calculations and
algorithms for quantifying the more social-connédcteariables. This engages students in
assimilating information broadly across disciplimeghe context of an analytical project and in
critical thinking in the face of analytical unceny.

5.1 Assessing Timelines

The urgency is both an impending shortage of patiral and the need to expand energy options
for the world’s poor. In some ways, oil and gasrespnt ‘alternative energy’ to fuelwood-
dependent people, but adding oil and gas to tmgirgy mixes must include plans to address the
increased competition for those resources over. tinkewise, the ‘renewable alternatives’ need
to assessed within a context of the role that eadhplay and in what time frames.

The transition toward more sustainable energy syst&ill not be simple. Maturation times are
required for innovative technologies to move frdra taboratory to demonstration scale, and on
to commercial scale. Historical analogies can suppht the assessments of technologic options
and how rapidly they can be adopted in various edst This, again, requires understanding
social contexts. Many note that the developing @vasl ‘leap-frogging’ directly to cell phone
technology, skipping the step of land-based telenamications and its infrastructure. To what
extent can the developing world skip over the fosl step in energy development? Can a
move toward more decentralized energy obviate madsifrastructure investments? Can the
adoption of new energy technologies be acceleratéol® do consumer preferences in the
affluent world challenge the rapid adoption of nemergy systems? Understanding the transition
toward more sustainable energy systems involvesrdustudies, which inevitably calls for
historical analysis, layered with the other techhand social science disciplines.

5.2 Example: A gigajoule is not just a gigajoule

In conventional analyses, it is all too commonampare energy units without considering their
effective use, let alone externalities. Similafyngineering students are conventionally given
some exposure to basic economic analyses. We duthgsSustainability demands systems-
level thinking. To introduce this in the classroame have also introduced several applied,
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project-based energy and sustainability courséseatyniversity of Rochester and the University
of Southern Maine. One technique that we have eyeplds to have students identify the context
and/or clientele for technologies they select teestigate. This requires them to think the
application and the consumer, drawing them intéatscience and/or humanistic concerns.

Several of the courses we have introduced are-tisied, to encourage a diverse enrolment. We
try to encourage groups to form with multiple didities represented, but that has not been as
broadly successful. In part, there seems to be scmadlenge in convincing non-technical
students that a course with an engineering listuignot be prohibitively technical for them.
Thus, we have commonly found imbalanced registnationaking it difficult to comprise mixed
teams. We believe that this issue can be addreksaagh diligent publicity efforts (and in the
long-term, word-of-mouth from former to future stunds can help this.) We consistently try to
be open to supporting the direction student interégke — we offer suggestions and some
direction, but not in proscriptive fashion. Thisshaeen very successful in encouraging highly
motivated student efforts, but intrinsically proisbensuring any desired mix of disciplinary
backgrounds, as students select their own groupsgnd projects of interest.

In one course that relates to evaluating the enwiental footprint and options for enhanced
sustainability on the campus and in the local comiguthe groups are required to identify
‘clientele’ with whom to interact and to invite tbe final presentation of their project. This has
been quite successful in tying their technical emts to the realities of client needs.

6. CONCLUSIONS

Sustainable development requires understandingelagionship between technical aspects of
energy production use and the human aspects oé \dargy is providing to people. This is at
once an intellectual challenge and a pedagogicpbrpnity. Understanding the dynamics of
energy's role on quality-of-life brings togetherchrical, social, and humanistic thinking.

Engineering students must engage with remote diseg while non-technical students can find
an entrée into dialogue on technical matters. Beth of students can benefit tremendously.

We propose that working across disciplinary bouiedato solve critical, real-world problems

facilitates multidisciplinary studies. The contexXtthe problem answers the age-old question of
many technical students regarding their socialmegeand humanities studies, "why do | need
this?" At the same time, it exposes the non-tecirstudents to technical matters in a context
that reinforces the meaning of the science andhtimebers. The students can see their efforts
blending to address important problems. The teakvwends to create a genuine interest in
understanding each other's expertise. When Ebenbeeed a cross-listed course with a
colleague from anthropology in which they formedident teams of engineering and

anthropology students to study options for mordasnable transportation systems, one of the
delightful outcomes was expressed interest fronersg\students to take more courses in the
other discipline. Another excellent outcome was theccessful development of deeper
understandings of complex issues, by bringing togyethe perspectives of disparate disciplines.
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There are gaps between technology and its use\te Baman needs. Thus we believe that a new
field of richly cross disciplinary research and ealion is emerging. Humanistic and social
science studies, standing alone, will be no molaigb than engineering or scientific studies
standing apart from the social context. The compgllreality is that we must find new,
innovative ways to work together on sweeping protsleacross our disciplinary boundaries. The
guestions of how society is to move to more suatdaenergy systems is a worthy challenge to
bring students and faculty together to develop pavadigms for inter-disicplinarity.
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