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At Stanford University
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At universities and colleges across the country, environmental sci
ence programs are increasing in number and size as society attempts to
learn more about and craft pol icies to deal with environmental issues.
The qu estion "What should we do ?" grows more urgent. Many academ
ics now realiz e this is a question deserving serious consideration, not
onl y in research, but in undergraduate and graduate education.

On e answer is relatively simple: reduce greenhouse gas emi ssions
by increasing energy efficiency and the use of renewable energy sources.
While there are many concerns, primarily economic, about renewable
ene rgy sources, few voice objections to enhancing energy efficiency, at
least, in theory. Despite the possibilities, energy use continues to grow
and efficiency onl y increa ses slowly. Are the technologists fundamen
tally wrong, or are there non-technical barriers to achie ving efficiency
potentials in the real world?

The next question is, "Given the economic and environmental ben
efits of replacing inefficient equipment with more energy efficient tech
nologies, wh y are they not being implemented at a faster pace?" While
official assessments tend to focus on technical possibilities, several an
swers to the implementation question have been identified by Stanford
Uni versity studen ts wh o pursued projects aimed at understanding this
practical qu estion. Their conclusions: sub-optimization, ignorance, spe
cial interests and inst ituti onal barriers. As educators, how can we deal
wi th these problems in the classroom, i.e., how can we extend the class
room into the "real world ?"

This article summarizes the rat ionale for a year-long course which
could be the core or the culmination of an energ y/ environment program.
This course would comb ine theory and practice, taking students from
beginning to end of an ene rgy efficiency project at their univer sity or
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college, from design to implementation, including selling the project to
local decision makers. This article will describe our experiences at
Stanford which led to the development of a prototype of such a course.
(for a more prosaic treatment of the experiences of Stanford students see
Schneider, S.H. and E. Selmon, 1996).A number of courses at Stanford in
various programs focus on energy, but they are primarily theoretical or
technological. In devising an energy course to address implementation
barriers, we initially focused solely on projects, assuming the students
had the necessary background of engineering and economics to tackle
them and that the bulk of the learning could be done in the field. By
letting students choose their own projects and work on them to comple
tion, they must put their prior knowledge to use in ways most had not
previously experienced in academic classes. Outside of the class, they
start from square one.

First they must choose the specific situation on which they want to
work. If the project is not interesting to the students, they will not do a
thorough job-a good reason to let them choose their own projects. But
even this is no guarantee of success. For example, one group in our
course tried to assess the potential for retrofitting a standing 300 watt
halogen lamp, commonly used in the dorms by students at most schools,
with compact fluorescents. One of the students was only interested in the
design of the retrofit and did not participate in the other aspects of the
project. This caused tensions that we believe degraded their collective
final presentation and paper.

Another problem is that once the conceptual and field parts of the
project are done, putting the work down on paper may seem anticlimac
tic, resulting in a sloppy final paper. It is difficult to convince a decision
maker to implement projects when the reports are slipshod, i.e., without
good quantitative technical and economic analysis and clear exposition.

Once a group has decided on a situation to study they must then
attempt to first identify and then answer the questions that lie behind a
good project. What are the problems being addressed and at what scales
of technology and society? From whose perspectives are they problems?
Does the problem result from an institutional barrier or from the lack of
information, time or money? Is it a problem of technology or inappropri
ate incentives to managers or consumers? What are potential solutions?
Are they global or only problem-specific? Is the solution a paradigm shift
or a quick-fix? Can it be applied at other scales or to other problems?
Students rarely face these questions in a traditional classroom setting.
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They need guidan ce from the facult y, visiting lecturers with "real world "
experience, and many exam ples-including the projects of their fellow
students.

However, ene rgy efficiency issues require not only "rea l wo rld"
projects, but classroom teach ing and con text, as well, to ga in the theoreti
calor techn ical background necessary to place the projects wi thin the
proper framework whi le wo rking on it. We event ually se ttled on a for
mat that combined studen t projects with many gues t lecturer s. The lec
tu re topi cs ranged from "ins titutional barriers to ene rgy conserva tion" to
"energy efficien t light ing techn ologies" to "energy efficiency in the de
ve loping wo rld ." (See Appendix A- com plete list of lectur es) The
projects were, as we exp lained earlier, left up to the groups to find an d
do. Th is resulted in a combination where studen ts, while ad d ress ing
simi lar issues them selves, hea rd many examples of actual problems
faced in implementing energy efficiency and way s in which they were
(or were not) overcome. They were able to learn from and build on the
experiences shared by the lecturers and make contacts wi th professionals
who could ad vise them in their wo rk. Moreover, the classro om discu s
sions allowed them to learn from each othe r, as well-a critical factor in
their en thusias m.

Generally, the studen ts' projects were local both for logist ical con
venience and becau se that is the scale at which most decisions affec ting
energy efficiency are made. Therefore, there were specifics to our cur 
riculum which might not be repl icable elsew here. Neverthe less, the gen
eral issue s the stude nts faced sho uld be similar around the country.

STANFORD AS A MICROCOSM

When we became involved in energy efficiency at Stanford, we
started along two differen t paths. Schneider took the academic rou te,
set ting up a spec ial p roject course, ESlOx, for stude n ts in teres ted in
studying energy efficiency at Stanfo rd . The projects these freshmen and
sophomo res worked on ranged from a study of the lighting in the stu
de n t un ion, where incandescent s and high-pressure sod ium lamps are
used , to the possibility of using solar water heating in one of the dorms.
One group study ing the lighting in one of the dormitor ies found that
Housing and Food Services, the dep artment in charge of the dorms,
avoided the mos t efficien t (and higher qu ality) lighting option in order to
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achieve a "homey" look. The student group conducted a survey of stu
dents living in one of the dorms and found that residents un an imously
preferred lighting quality and energy efficiency to the "homey" look.

An alternative route was taken by Selmon. He, along with a group
of students interested in energy efficiency, began meeting in the winter
of 1992 with Professor Gil Masters of the Civil Engineer ing department
to di scuss energy use at Stanford. At first they hoped to address ene rgy
use for all of Stanford, but eventually decided to focus on one building,
the Terman Engineering Center, which houses the School of Eng ineering.

The group worked through the winter and spring qu art ers of 1992
to design a lighting retrofit for Terman. This involved extensive metering
of energy use to help det ermine lighting's share of the electricity load,
walk-throughs at all hours of the day to de termine the hours of use, and
survey s of the occupants to determine their concerns and needs relating
to lighting. The final design was submitted with a paper to Scott Gould,
the Stanford Energy Engin eer, and Mike McKnight, the manager of the
Util ities Division at the time.

Unlike the projects in Schneid er's course abo ve, the project did not
end at thi s po int , however, because Gould expressed interest in the
work. He was one of the few staff members at the time wh o not onl y
held a position with energy conservation responsibilities, but who also
had a genuine interest in energy efficiency and in stude n t input.

The following fall, the team did more detailed coun ts of the fixtures
and an alyses of the costs and savings of the project. They also examined
a number of options for the various areas of the building, going so far as
to install one option in an office to get responses from the occupan ts of
the building. This not only allowed them to measure the results, but
help ed to build support among the building's occupants and probably
avoid ed many complaints after the project was completed.

By May of 1993 they had completed a proposal which retrofitted
every fixture in the building, including the offices, classroom s, laborato
ries and the library. Moreover, they had conducted extensi ve studies to
determine the hours of use and the electric load attributable to lighting.
As a final step in convincing the University to implement the project,
they did all of the work necessary to put the project out for bid, includ
ing writing up the specifications for the contractor. After the proj ect was
complete, the two studen ts performed analyses of the ene rgy use to
verify the savings. The results were very close to the original es timates,
21% actual reduction in energy use versus a 23% pred iction .
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This project took five quarters, or, approximately, three semesters,
to bring to the point where the University implemented it. It involved
extensive cooperation with University staff . However, the result was ex
tremely successful. The University got a ready-to-implement project
which saved $27,000 per year with an initial cost of $114,000 (nearly a 4
year payback, a considerably better return on investment than Stanford 's
endowment) and favorable publicity through articles about the project in
The Stanford Daily, the student newspaper, and Energy User News, a trade
publication. The students gained valuable experience in identifying and
addressing barriers to energy efficiency and presented a paper on the
project at the Association of Energy Engineers annual convention in At
lanta.

Furthermore, student involvement made the project more success
ful in reducing energy use. The project was comprehensive, retrofitting
every fixture and utilizing various control technologies, and the savings
were verified. The students had the time to examine all aspects of the
proj ect and package all of the parts as one project with a single rate of
return.

While the Terman lighting retrofit was near ideal for student en 
ergy efficiency projects, there are some aspects which make it difficult to
reproduce in an ongoing class . Most importantly is the time the proj ect
took to complete. One-and-a-half years is a ver y long time for an y stu
dent to devote to a class . However, much of the time involved with this
project was spent learning about the technologies ava ilable. Ideally, stu
dents would have a background in the technologies from previous
classes.

After the Terman project was completed, Schneider and Selmon
joined forces and began to talk about institutionalizing ene rgy efficiency
teaching and action at Stanford. We collaborated on a second year of
ESlOx in the spring of 1994. This time the student volunteer s built on
some of the exp eriences of the previous year. There were three projects:
one on university housing, one studied the org anization and accoun ting
of the university, and a final group attempted to continue the work on
the student union, but failing that re-focused on the music department's
building.

All of the students learned lessons that seemed generally true
around the campus and probably around the world, as well. The sp lit
incentives whereby each management group optimizes its own local
situation, but creates a clear suboptimization for the organization as a
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whole, is a typical problem. Accounting situations where people who
pay the electric bills are not the same people who pay for efficiency
investments-both from fixed budgets-is a prime example.

At the root of all these difficulties is the question of scale. The price
of doing business does not usually reflect the costs of global warming,
ozone depletion, biodiversity loss and other problems of that scope be
cause they can occur at different scales and in different political jur isd ic
tions than the activities that cau se them. Not onl y is local efficiency more
valued than global efficiency, but "political efficiency" is of the utmost
value because many small groups might no longer be able to pursue
their traditional activities unimpeded once the damage they might cause
at the global scale becomes known and valued.

After our experience with the second year of ESlOx volunteer stu
dents, we decided that a more formal and higher level course should be
tried. We hoped to integrate our experiences from ESlOx and the Terman
project into a course that would teach students about the barriers to
energy efficiency, both in class and through their projects, and would get
some aspects of their proposals and recommendations implem ented. We
wanted the studen ts to focus on local energy efficienc y projects while
still studying and addressing issues of scale. This led to the development
of the prototype course that was taught in the spring of 1995, Earth
Systems (ES) 179, Energy Systems: Achieving Energy Efficiency in the Real
World. This course was also cross-listed as Civil Engineering (CE) 179, an
action which encouraged a number of engineering studen ts to enr oll.

TH E COURSE

The course intended to not only teach energy efficiency in the class
room, but to give students "real world" experience. To this end we at
tempted to use guest lectures from various parts of the corporate world.
(See Appendix A for the lectures and lecturers).Moreover, we made the
projects count for most of the students' grades.

The students generally responded favorably to the lectures. Some
saw the lecture on lighting as repetitive because it covered technologies
most of the students understood; however, other stude n ts really enjoyed
that lecture because it addressed many of the specific problem s the lec
turer had faced in doing retrofits, from initial barriers to selling a project
to problems that arise during or after the project is implemented.
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A number of the major lessons we hop ed to teach in the class in
volved the interpersonal and comm unications skills necessar y for, not
only designing projects, but implementing them in spite of some time s
ini tially hostile reactions. Therefore, we encou raged stude n ts to wo rk in
groups and to practice these ski lls first by working wi th each othe r.

Furthermo re, we emphasized the impo rtance of con tacts wi th the
people in decision mak ing roles for the situation being addressed. To this
end we arranged special lunches for 3 or 4 students at a time with
Schnei de r, Selmo n and the guest lecturer (if any) . This allowed pe rsonal
con tacts and esprit de corp to develop that helped studen ts with team
projects. From our previous expe riences, we believed the teams and the
connections were keys to successful projects.

In addi tion to assis ting studen ts in developing their ideas, we also
tried to aid studen ts, based on our experiences, in designing and imple
menting their projects. Selm on met with each group two or three time s
throu ghout the qu art er, as well as othe r informal talks after class, to
discu ss their projects. These discussions we re not jus t a chance for stu
dents to describe their progress, but also an opportuni ty for them to get
some help in addressing various issues and barriers that arose.

The stude n ts were given great freedo m in choosing their project
topics. Our only requ irements were that they focused on ene rgy effi
ciency an d tha t the fina l recommendations were readily implem entable
(in principle, at least ) at the local level. We emphasized tha t we we re not
grading projects on thei r success at impl ementation because one aca
demic qua rter is rarely long eno ugh to implement a project an d because
the students had no direct manager ial au tho rity. We were more inter
es ted in the ove rall process and the forma l written and oral p resentation
of the project.

How did the team s answer the ques tions we raised earlier in thi s
article? Did they ana lyze the situa tion and their recomm end ations thor
oughly and quan titatively? Did they examine how their problem s and
so lu tions might change at different scales? Did their presentation con
vince the class of the import ance of the problem and the feasibility of the
prop osed solu tions? Did the final paper incorporate the issues and con
cerns brou ght up by the class during the presentat ions? Was the work
careful and we ll-presen ted, showing respect for the intended aud iences,
i.e., the decision-makers?

The students crea ted a d iverse array of projects. One group looked
at the lighting in a local pr ivate high schoo l, proposed a ret rofit and
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wrote a manual for building occupants, be they office wo rkers or stu
dents, to help them design and propose their own retrofits.

Ano ther gro up stud ied computer use at Stanford, and set ou t to
correct misinformation most people have abo ut using their comp uters,
such as how often they can turn the computers off, the energy use of
m on itors and screen save rs. The studen ts also hop ed to determine how
effec tive pr oviding correct information would be in reducing ene rgy use
by computers . The y first had to find out the correct informat ion abo ut
computer ene rgy use, the abilit y to turn computers on and off wi tho u t
dam agin g them, and the energy use of monitors. They then need ed to
determine ho w to measure computer use without interferin g with the
user (i.e., students in the dorms). They eventually se ttled on using a
program whi ch records how lon g a computer is on and a temperature
sensor to measure monitor use.

The group decided to focu s on studen t computer use. They tried to
ge t as many studen ts as possible in a single dorm to partic ipate. They
had to convi nce the other students that their study would not harm the
com puters in an y way, particularly with viruses, an d would not interfere
with their work. They circulated a clever and colorful flyer in the dorms.
The group then let their equipmen t take readings for a wee k before they
gave dorm residents information about computer energy use and better
ways to use their computers, such as turning off the monitors during
sho rt idl e period s and the computers them selves for lon ger id le periods.
They then waited an other week before going to ga the r the data. They
found a significant drop in computer use: the computers we re on about
18 hour s less per week after the educational effort. Around a campus
with thousands of computers, some of which use a few hundred wa tts of
power, the ene rgy sav ings could be large.

Using this information they put together a number of recommenda
tions for the uni versit y. These include d teaching abo u t computer ene rgy
use in the introductory computer classes for studen ts and staff, send ing
information with university mailings, and giving a shee t of information
to everyone buying computers at the Stanford Bookstore.

The success of the prototype course has been to in trod uce the stu
dents to many of the factors preventing energy-efficiency implemen ta
tion in the real world. The lectures gave the studen ts some con textual
background, followed by actua l examples from othe r people's expe ri
ences.
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PROJECT IMPL EMENTATION IS VALUABLE ,
BUT DIFFICULT TO ACHIEVE

However, some proj ects were never full y implem ented because the
studen ts no longer had a formal se tting- the cla ss-to keep them moti
vated and focu sed. In the Terman project , a large part of the expe rience
was in designing a more detailed proposal and ironing out the flaws be
fore it went to bid . Ther e wa s also the inter action with the bu ilding occu
pants in choos in g an alternative which worked for them. Finally, there
wa s th e sa tis fac tion of having implemented a major ene rgy efficiency
proj ect, parti cularly given the monitoring program after implementation.

To improve the implementation phase for future classes we propose
a ye ar-long course. (Perhaps with a seco nd year follow-up sem in ar) Th e
first qu arter , or semes ter, would include gues t lecturer s to di scu ss th eir
expe riences . The stude n ts would work on choos ing and writing a dra ft of
their proposal. In Energy SystCI/IS, the stude nts' proj ect papers focu sed on
defining th e problem, contacting th e key personnel, identifyin g and
qua n tita tive ly analyzing alternative solutions and recommending one .

The rest of the yea r would be spen t working with the necessary
staff and decision-makers to refine the proj ect and implement it. Thi s
stage would require close involv em ent of some of the staff inv olved with
the project. They would be necessc1rY to help identify flaw s in the pro
po sal and correct them , and to support the project through the dec ision
making proce ss in order to implem ent it. Thi s would probably wor k best
with on-cam p us proj ects because stude n ts and faculty can then build an
ongoing working relationship with staff and have more influen ce in
implementing the proj ects.

INT ERACTIONS WITH PROFESSIONAL STAFF

Throughout all of our expe riences with en ergy-efficien cy iss ues at
Stanford we have found that the relationships with the professional sta ff
can not onl y aid the success of a project, but can also greatly enhance the
learning experi ence. Developing good working relation sh ips with the
staff the stude n ts will be working w ith is probably the sing le most im
portant asp ect of making a success ful energy curr iculum focu sed on
implementing so lu tions to actual situations.

In working on the Terman project, Go uld was invaluabl e. He put
Selmon in tou ch with everyone he need ed to talk to. He review ed ever y
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version of the proposal. He made sure Selmon knew about everything
that needed to get done for implementation. He also helped with verifi
cation by giving Selmon access to the necessary equipment and data.

That relationship also helped the students in the second year of
ESlOx and of Energy Systems because Gould and his colleagues were
willing to give the time to talk to the students. He put them in touch with
other staff at Stanford who were better able to help with specific issues.

In talking with the technical staff, we found that many enjoyed
working with students. These people were willing to put in extra time to
help the students. The staff enjoyed being a direct part of the educational
mission of Stanford. Furthermore, many of them were independently
interested in energy efficiency, and the students could help them further
their interests.

However, some staff people see students as inconsistent and un
willing to follow through. Students would often work on projects for
only three months, the length of an academic quarter, or ignore the
project during mid-terms and finals . Also, when students start work on a
project they often need training, which the staff could see as a waste of
time if they only get three months' work out of the students. These staff
people need to be convinced of the commitment of the students to be
willing to work with them. They also need to be warned in advance
about the academic schedule, particularly the dates of mid-terms, finals,
and semester breaks, so they can adjust the schedule of the project.

Connections with the energy-related staff must be maintained.
They must be long-term contacts to make them work.. The ideal relation
ship would be to have students doing energy-efficiency projects that the
staff do not have time to do or that they were not aware of, and having
the staff assist the students in bringing the projects to fruition. Some of
these projects could last longer than a single year, with staff helping to
provide continuity for new students, perhaps by showing them where
the previous ones left off. This requires a long-term relationship between
the faculty, the students and the staff.

SUSTAINING THE ENERGY SYSTEMS APPROACH

Margaret Mead once outlined three things necessary to make a
non-traditional program work.: a charismatic leader, enthusiastic young
workers, and a benefactor willing to fund the enterprise. The energy
curriculum proposed certainly qualifies as non-traditional. The efforts to
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d ate have bee n fairly successful pedagogically becau se they ha ve had
eno ug h of the three ing red ien ts Mead identified . But sus tain ing an en
ergy sys tems app roach that includes a significan t " rea l world" compo
nent wi ll require maint aining the organization and commi tme n t on the
part of stude n ts, faculty, staff and ad ministra tion. We are in the m idst of
wo rking to tran scend these cons tra in ts and ins titu tiona lize our model at
Stanford-although it is not ye t clear whe the r this w ill emerge from the
ene rgy track recently crea ted within the Earth Sys tems p rogram, becom e
part of the environme ntal engi neering curriculum or some combina tion
of these and other ad min istra tive arrangeme n ts.

But Stanford is not a special case. Appropriate faculty, staff and
administrators to fashion an institutionally sustainable energy systems
program will vary widely, but can be assembled at many other schools
and in many countries. We hope our examples and suggestions here
will encourage others to, in their own institutional context, extend the
model and provide their students the opportunity to learn, make a
difference, and save the ir institutions money, all at the same time. We
look forward to hearing of these experiences.
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