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e enter 2010 at a turning point in the debate
on global climate change, in which the focus
is rapidly moving from a scientific analysis
of how human activity affects climate to a
political discussion on how best to regulate
greenhouse gas (GHG) emissions so as to
lessen the human and environmental toll of
global climatic disruption. Policymakers in many countries
are actively engaged in drafting legislation at the local, state/
province, and federal levels to enact substantial regulatory
limits on GHG emissions. Colleges and universities, being
swept up in this legislation, will soon have to begin to mea-
sure and abate campus GHG emissions or face potential fiscal
repercussions.

.

Bill St. Arnaud is Chief Research Officer at CANARIE. Larry Smarr is the Harry E. Gruber Professor in
the UCSD Jacobs School’s Department of Computer Science and Engineering and is the Founding Director
of the California Institute for Telecommunications and Information Technology (Calit2), a University of
California, San Diego, and University of California, Trvine, partnership. Jerry Shechan is the Chief of Staff
at Calit2. Tom DeFanti is a Senior Research Scientist at Calit2.

14 EDUCAUSEreviewINovember/December 2009 © 2009 Bill St. Arnaud, Larry Smarr, Jerry Sheehan, and Tom DeFanti Illustration by C.J. Burton © 2009 ember 2009C1EDUCAUSEreview 1D




Climate Change
and Higher Education

limate change has taken cen-

ter stage in global diplomacy.

Many countries are debating
legislation that would regulate enti-
ties on required reductions in GHG
emissions over time. Importantly,
the category of regulated entities will
likely include higher education in-
stitutions, especially those that have
their own power plant to generate
heat and/or electricity.

For more on the science behind
the current energy and climate
change imperative and on the poten-
tial impact for colleges and universi-
ties from such regulation, see Bill St.
Arnaud, Larry Smarr, Jerry Sheehan,
and Tom DeFanti, “Climate Change
and Higher Education,” in the online
version of this issue of EDUCAUSE
Review (http://www.educause.edu/
library/ermo961).

Modifying the current societal use of
carbon-based fuels is exceedingly com-
plex, and at-scale experiments on carbon
reduction techniques need to be carried
out immediately. Since college and uni-
versity campuses are effectively small
cities, they are an ideal scale for exploring
innovative approaches to the reduction
of carbon footprints. Realizing that this
challenge may also be an opportunity, a
number of higher education institutions
are turning themselves into experimental,
living laboratories of the “greener” future.!

By transforming their building, transpor-
tation, and electrical-generation energy
subsystems into instrumented testbeds,
institutions can use their actions to reduce
carbon footprints as learning and optimi-
zation environments for society at large.

Information technologies—including
networked computing, storage, and
visualization (also collectively termed
cyberinfrastructure)—are rapidly being ad-
opted across all campuses as research and
education become increasingly digital.
These technologies hold a key to early car-
bon reductions. However, the increased
use of these technologies is a uniquely
double-edged sword regarding climate
change, since the manufacturing, electrifi-
cation, and cooling of IT equipment itself
is a significant GHG contributor.

For example, the Climate Group
(http://www.theclimategroup.org), in its
“SMART 2020” report, estimates infor-
mation and communications technology
contributions to global GHG emissions to
be about the same as that of the aviation
industry—some 2-3 percent.* Further-
more, the report notes that this industry
is rapidly growing in its emissions, esti-
mated to roughly triple between 2002 and
2020. On the other hand, the report also
estimates that greater use of these tech-
nologies can result in overall reductions of
roughly 15 percent of total “business as
usual” emissions by 2020, through appli-
cations to carbon minimization in indus-
try, transportation, buildings, and power.
This applies to campuses in the areas of
intelligent infrastructure (transporta-
tion and building) and dematerialization
(digital paper and elimination of travel).

Measurements of CO.e

reenhouse gas (GHG) quantities are often given in “metric tons of CO, equiv-

alent” (mTCO,€). Ametric ton (or tonne) is equivalent to 1,000,000 grams, or

approximately 2,204 pounds. One metric ton of CO, (556 m®) has a volume
slightly less than the Washington monument (623 m*). An average North American
inhabitant produces about 20 metric tons per year. Although CO, is the primary
GHG gas, there are many other gases that also contribute to the greenhouse effect.
Carbon dioxide equivalent (CO,¢) is ameasure used to compare the emissions from
various greenhouse gases based on their global warming potential. For example,
one ton of methane is equivalent to emissions of 21 tons of carbon dioxide. Other
GHG gases include nitrous oxide, ozone, hydrocarbon and chlorofluorocarbons,

plus black carbon.
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The message for higher education is
clear: to decrease campus GHG emissions
overall to meet emerging carbon regula-
tion, institutional leaders need to reduce
the campus carbon footprint by decreasing
the emissions of their existing cyberin-
frastructure while they simultaneously
increase their use of cyberinfrastructure in
areas such as intelligent infrastructure and
dematerialization. In the process, green in-
novations of campus researchers can appear
on the “over the horizon” radar for society as
a whole, offering an essential head start on
the socioeconomic transition from a high-
carbon to alow-carbon global system.

Reducing the Campus Carbon
Footprint: Intelligent Infrastructure
Major reductions in GHG emissions from
campuses are possible by developing
renewable sources of energy for the gen-
eration of electricity, by creating “smart
electrical grids” in campus buildings, and
by transforming the campus transporta-
tion fleet to low-carbon.

Smart Electrical Grids and Buildings

In the United States, the electrification,
lighting, heating, and cooling of buildings
accounts for around 40 percent of all CO,
emissions.’ Although efforts to create
more sustainable buildings are under
way—for example, new construction at
both the University of California, San
Diego (UCSD) and the University of Cali-
fornia, Irvine (UCI) will be Silver or Gold
Leadership in Energy and Environmental
Design (LEED) certified—increased atten-
tion to design alone will not be sufficient.
Rather, what is needed is the deployment
of embedded sensors providing better
real-time energy management so that
the building occupants can adjust their
behavior and so that smart autonomous
management systems can be created to
decrease lighting, power, and cooling
demands. For example, UCI is installing
“smart” real-time air quality sensing in
laboratories to cut energy consumption
by as much as 50 percent. “Smart lab”
parameters include reducing air changes
from six to four per hour, slowing fume
hood-face velocities from 100 FPM to 60
FPM (40 FPM when unoccupied), and
running exhaust stacks at minimal veloci-
ties when wind conditions allow.



Since college and university campuses are effectively small cities,
they are an ideal scale for exploring innovative approaches
to the reduction of carbon footprints.

UCSD is applying a campus-scale
approach in which approximately sixty
campus buildings have their electrical
energy use available online in real time
through a web interface (http://mscadaol
.ucsd.edu/ion/) (see Figure 1). These
meters collect power-use data for elec-
trical loads from Metasys, a commercial
direct digital energy management system
that is connected to the largest campus
buildings and serves a combination of
constant volume and variable air volume
HVAC systems. The collected data is con-
verted and made available using an open

FIGURE 1. UCSD web interface showing real-time energy usage for a subset of the buildings on campus

protocol OPC (OLE for Process Control),
which drives visualization interfaces in-
cluding detailed energy usage.

Drilling down to individual buildings,
the new UCSD Computer Science and
Engineering (CSE) building is being in-
strumented as a testbed for campus moni-
toring of comprehensive energy. Professor
Rajesh Gupta and his colleagues have
worked with the UCSD facilities manage-
ment team to instrument this mixed-use
building that houses 500 people and more
than 1,000 computers.* The sub-metering
currently monitors power use on fifteen

separate circuits, as well as over forty end-
point plug loads. The monitoring breaks
out power use by building areas (floors
and wings), as well as by functional use
such as lighting, PC and laptop plug loads,
HVAC, and servers.

Gupta can graph the total power use in
kW (averaged over fifteen-minute inter-
vals) of the CSE building (see Figure 2). He
finds that the peak load (caused by turn-
ing on the building’s mechanical systems
for air conditioning during the day) is
nearly twice the baseline electricity load.
In contrast, the building lighting load,
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to low- or zero-carbon emitting vehicles is a logical first step.

which is what most occupants focus on to
reduce electrical use, is only 15 percent of
the base load.

This means that more than half of the
current baseline electrical usage for the
CSE building could be saved by selective
reduction in energy use of computers
when they are not being used. Gupta
and his team are developing detailed
instrumentation to measure macro- and
micro-scale power use augmented by an
operational wireless networking testbed
consisting of 39 sensors and 156 radios.
This will allow the development of tech-
nologies that enable fine-grained and
autonomous management of power use
by IT equipment. Since many campus
buildings that house researchers will
have similar profiles, controlling the use
of IT equipment in the buildings may be
“low-hanging fruit” for reducing the over-
all base electrical load of a campus, thus
reducing the campus carbon emissions.
Doing so will also become a major new
activity for campus IT professionals over
the coming decade as they partner in new
ways with their facilities colleagues.

Intelligent Transportation

The United States accounts for nearly 45
percent of all vehicle miles driven in the
world. Road congestion domestically is

estimated to cost Americans $200 billion
in lost economic productivity, wasting 3.7
billion hours and 2.3 billion gallons of fuel
peryear.’ In California, 40 percent of GHG
emissions come from transportation.®

To help eliminate congestion, em-
bedded roadway sensors can provide
information to commuters through the
web, handheld devices, or intelligent
vehicle navigation systems. For instance,
Calit2 has developed the California Wire-
less Traffic Report, an intelligent traffic
management system (http://traffic.calit2
1et/). Deployed in San Diego, Silicon Val-
ley, and San Francisco, the report allows
thousands of users each day to receive au-
tomated alerts when their primary routes
become congested and thus to alter their
routes. The report also aggregates daily
data on the commute time of these drivers
and shares this information so that drivers
can make data-driven decisions on when
the best time is each day for them to leave
for their commute to avoid traffic conges-
tion. Meanwhile, Calit2 is also partnering
with UCI’s Institute of Transportation
Studies (http://www.its.uci.edu/), which
houses a distributed online database for
traffic on the Orange County freeways;
this system enables transportation man-
agement using cooperating roadside and
in-vehicle communication devices.

Since most colleges and universities
have their own transportation fleets, con-
verting them to low- or zero-carbon emit-
ting vehicles is a logical first step. Shuttle
buses that are integrated with wireless
global positioning system (GPS) and that
provide riders with applications for smart
phones can form a very efficient and use-
ful people-moving system on campus.
At UCI, the Advanced Power and Energy
Program (http://www.apep.uci.edu/)—
which consists of the National Fuel Cell
Research Center (NFCRC), the UCI
Combustion Laboratory, the Distributed
Technologies Testing Facility, and the
Pacific Rim Consortium on Combustion,
Energy, and the Environment—is working
with Toyota to test early models of plug-in
electric hybrid cars. Over the last decade,
the NFCRC and the Institute of Transpor-
tation Studies have also tested all-electric
and hydrogen fuel cell vehicles, and they
operate two hydrogen-refueling stations’
This allows system-scale research on
campus alternative-energy transporta-
tion solutions. In 2007, UCI became the
first campus in the nation to retrofit its
shuttle system for B100 (pure biodiesel),
reducing campus carbon emissions by an
estimated 480 tons annually.

UCSD has an ambitious program
under way to reduce the carbon footprint

FIGURE 2. Variation of the electrical load in the UCSD CSE building during a week in August 2009 (Power KW)
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amethod for reducing their carbon footprint.

of its fleet, of which approximately 45
percent are already alternatively fu-
eled vehicles. Included in this number
are over three hundred small electric
and more than fifty hybrid vehicles.
Additionally, the campus fleet has con-
verted its entire diesel fuel supply to a
B20 biodiesel blend.® Recently, UCSD
purchased five “Fast-Charging Com-
pressed Natural Gas (CNG)-Electric”
buses for its shuttle fleet. To support the
buses, fueled by CNG, the campus is in-
stalling a CNG station that will support,
in addition to the buses, other heavy- and
light-duty CNG vehicles that are being
added to the fleet? Finally, through a
partnership with San Diego Gas & Elec-
tric, in 2010 the campus will take delivery
of its first all-electric, full-sized vehicle:
the Nissan Leaf. Through grant fund-
ing from the U.S. Department of Energy,
the campus will also receive charging

infrastructure along with the electric ve-
hicles. By 2011, UCSD will have as many
as twenty full-sized electric vehicles in
its inventory.

Finally, UCI is expanding on-campus
housing, giving the university the high-
est percentage of on-campus students
in the University of California System
and thus eliminating much of the need
for commuting. The U.S. Environmental
Protection Agency presented the univer-
sity with an Environmental Achievement
Award for its Sustainable Transportation
program, which eliminates more than
18,000 mTCO,e annually by promoting
alternative transportation, such as car
sharing, bicycling, and walking. UCI also
earned the state’s most prestigious envi-
ronmental honor: a 2008 Governor’s En-
vironmental and Economic Leadership
Award for climate change for its green
commuting and transportation program.

Reducing the Campus Carbon
Footprint: Dematerialization
Dematerializationisanotherareainwhich
the use of cyberinfrastructure can lead to
greener campuses. The “SMART 2020”
report defines dematerialization as the sub-
stitution of high-carbon products and ac-
tivities with low-carbon alternatives—for
example, replacing face-to-face meetings
with videoconferencing or using online
systems instead of paper-based pro-
cesses.® Many colleges and universities
are already moving toward online systems
to replace much of their paper-based pro-
cesses, but those institutions may not be
considering this as a method for reducing
their carbon footprint.

One area of in which higher education
can show leadership is in the conversion
to digital textbooks. A study commis-
sioned by the Institute for Prospective
Technological Studies noted that the

Two Living Laboratories: The Campuses of the
California Institute for Telecommunications and Information Technology (Calit2)

he University of California, San Diego

(UCSD), with 45,000 daily occu-

pants, is the second-largest user
of electricity (~40 MW) in San Diego
(after the city itself, which is the seventh-
largest city in the United States). UCSD
has an aggressive program to reduce its
carbon footprint for generating elec-
tricity, which saves approximately $8
million annually in energy costs. UCSD
operates a natural gas cogeneration facil-
ity that supplies about 90 percent of the
campus electricity, which reduces reli-
ance on out-of-state coal-burning power
generation. UCSD’s carbon-reduction
program also includes installing 1.2
MW of solar panels (with an additional
2 MW likely), acquiring a 2.8 MW fuel
cell powered by locally sourced meth-
ane from a San Diego waste-treatment
plant, and exploring the use of cold sea-
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water for cooling to reduce energy and
freshwater use. This program will allow
UCSD to move approximately 15 per-
cent of its fossil fuel power generation
to renewable energy in just a few years.
Because of its energy savings and cogen-
eration, UCSD was able to export over 3
MW of electricity to the region during
the San Diego wildfires in 2007, when
four of the five California electrical grid
connections to San Diego had been ren-
dered inoperable.

The University of California, Irvine
(UCI), is the only university campus
cited in the “Best Overall” category of
California’s Flex Your Power statewide
energy-efficiency campaign in Decem-
ber 2008. UCI led in efficiency by saving
3.7 million kWh of electricity during
the 2007-8 fiscal year, reducing peak
demand by up to 68 percent and saving

nearly 4 million gallons of water an-
nually. UCI's 2008 calendar-year GHG
reduction program (e.g., green building
construction, low-carbon generation
infrastructure, energy efficiency) annu-
ally eliminates 62,000 mTCO, ¢ and saves
the campus $28.9 million. In 2008, UCI
agreed to have SunEdison finance, build,
and operate a solar energy system at UCL.
In March 2009, UCI began purchasing
energy generated by the system, which is
expected to produce more than 24 mil-
lion kWh (equivalent to offsetting nearly
12,000 mTCO,e) over twenty years. UCI
also has an 18 MW combined heating,
power, and cooling co-generation plant
and employs a 62,000 ton-hour chilled-
water thermal energy storage system
capable of reducing up to 6 MW of
electrical peak demand on the regional
electrical system.



FIGURE 3. The September 8, 2009, Calit2 All Hands Meeting in a mixed virtual/physical setting that
“sews together” the two Calit2 auditoriums at UCSD and UCI (photo credit: Erik Jepsen, Calit2 UCSD)

dematerialization and virtualization of
physical products such as books, DVDs,
and newspapers can result in significant
reductions of overall GHG emissions.”
A good example of this approach is the
recent announcement that Amazon is
providing its Kindle DX e-book reader
as a replacement for textbooks in six
university trials throughout the United
States. Not only will this save students’
backs, but it will also reduce the carbon
footprint in the manufacturing and ship-
ment of textbooks.

According to a study by the Babcock
School of Management, one pound of
textbooks produces five pounds of CO,,
one pound of printer paper generates
four pounds of CO,, and one pound of

newspaper produces three pounds of
CO, 2 Much of this carbon emission can
be avoided by giving students devices
such as e-book readers. Moreover, with
expected regulation, carbon will eventu-
ally trade at over $100 per metric ton,
which would go a long way to paying for
e-books through carbon savings. Califor-
nia is spearheading these national efforts
with the announcement, by Governor
Arnold Schwarzenegger in June 2009, of
a digital textbook initiative aimed at grad-
ually phasing out hardcopy textbooks for
K-12 classes at all state schools.”

The use of mixed physical and virtual
meeting spaces can also have a significant
impact on reducing transportation emis-
sions by avoiding unnecessary travel.

FIGURE 4. The virtual/physical space “sewing together” the University of Melbourne and the Calit2
auditorium at UCSD (photo credit: Pinar Istek, Calit2 UCSD)
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Networked high-definition video systems
can create the impression that two rooms
in different places are “joined” into a
single virtual/physical room. Calit2 uses
commercial high-definition video con-
ferencing systems (see Figure 3) to allow
for meetings in which both the UCSD
and the UCI members are in one virtual/
physical auditorium.

At the next level of realism, Cisco has
been an early leader in the deployment
of these technologies (http://www.cisco
.com/telepresence). As of August 2009,
it had more than 533 TelePresence units
located in 163 major cities in 45 countries
worldwide, resulting in the elimination
of nearly 70,000 face-to-face meetings—
an environmental impact equivalent to
taking over 25,000 vehicles off the road
and saving 150,000 metric tons of emis-
sions* Currently, both Calit2 buildings
and partners at the Electronic Visualiza-
tion Laboratory (EVL) at the University
of Tllinois, Chicago (http://www.evl.uic
.edu), are being equipped with Cisco
TelePresence units.

Calit2 and EVL have been explor-
ing how to best create mixed physical/
virtual spaces using streaming digital
media (either high-definition or digital
cinema) for collaborative analysis of
high-resolution data through the Opt-
[Puter project (http://www.optiputer
net), funded by the National Science
Foundation. Using uncompressed®
or lightly compressed high-definition
video over both the National Lamb-
daRail and the Global Lambda Inte-
grated Facility (GLIF, http://www.glif
is) dedicated optical fiber networks, Calit2
and EVL are providing a prototype for the
next generation of telepresence to support
international research collaborations.

InJanuary 2008, as a project of the Aus-
tralian American Leadership Dialogue,
Calit2 and Australia’s University of Mel-
bourne integrated an OptIPortal (high-
resolution tiled wall display built by the
University of Melbourne using Calit2 tech-
nologies) with lightly compressed high-
definition video (http://www.qvidium
.com) to support a series of presentations
using the OptIPortal with interactions
from audiences at both ends (see Figure
4).6 This landmark broadband communi-
cations demonstration used the dedicated



more data-intensive research collaborations.

optical gigabit/s network of Pacific Rim
GLIF members (AARNet, Pacific Wave,
and CENIC). All the technical consulting
was done via the Internet, so no Calit2 staff
members needed to fly to Melbourne to
help bring up that end of the connection,
which eliminated even more potential
carbon emissions. There are now nine of
these OptlIPortals in Australia and another
titty worldwide, many of which are being
interconnected to support the OptIPlanet
Collaboratory.

Avyear later, Calit2 at UCSD had set up
a persistent collaborative workspace with
the new NASA Lunar Science Institute
(http://lunarscience.nasa.gov/) at NASA
Ames Research Center in Mountain View,
California, using the CENIC dedicated
10 Gbps optical network. By combining
OptIPortals and commercial video tele-
conferencing units at both ends, teams
are able to jointly explore high-resolution
images from the new Lunar Reconnais-
sance Orbiter, as well as from the Mars

Exploration Rovers (see Figure 5). In ad-
dition to reducing the carbon emissions
associated with flying, the very existence
of these collaborative systems greatly
increases the frequency with which the
collaborating sites interact, speeding up
the pace of research between them.

In summary, the increasing use of low-
carbon telepresence, via high-capacity
research and education networks such
as these, will reinforce and accelerate the
global trend toward more data-intensive
research collaborations. But since it is
important that the deployment of these
networks themselves do not create addi-
tional GHG emissions, research into the
best low-carbon architectures of future
international networks is essential.

Reducing the Campus Carbon
Footprint: Data Centers

Data centers are central to campus
emission-reduction strategies. The
“Smart 2020” report estimates that by

FIGURE 5. NASA investigator Larry Edwards (on screen) in front of the NASA Lunar Science Institute’s
OptiPortal doing a “virtual handshake” with Calit2's Kai-Uwe Doerr, who is standing in front of the
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HIPerSpace OptiPortal in the Calit2 at UCSD building (photo credit: Erik Jepsen, Calit2 UCSD)

2020, nearly 20 percent of all global IT
GHG emissions will be caused by data
centers,” leading industry, federal labora-
tories, and academia to focus on ways to
measure and reduce these “hot spots”®
In July 2008, the Silicon Valley Leader-
ship Group (SVLG), in conjunction with
Accenture and Lawrence Berkeley Na-
tional Laboratory, released a report that
documents eleven real-world technology
initiatives and seventeen case studies
performed over sixteen months by data
center operators, technology providers,
and policy experts as part of the SVLG’s
Data Center Demonstration Project. The
report shows that dramatic energy reduc-
tions are already taking place as best prac-
tices are being shared and implemented
on a global basis.”

Instrumented Data Centers

UCSD is extending this trend from the
data center operators to the application
end users. In the GreenLight Project
(http://greenlight.calit2.net/), funded by
the National Science Foundation, UCSD
is creating the GreenLight Instrument, a
set of eight instrumented racks (each of
which can hold up to forty 1U servers)
of computing, storage, and networking
hardware installed (see Figure 6) in a
Sun Microsystems Modular Datacenter
(http://www.sun.com/products/sunmd/
$20/). The goal of the UCSD GreenLight
Project is analogous to putting a calori-
meter into the networked server complex.
The projectallows researchers to measure
and quantify various parameters—such as
disk drive access, optimized computer
code, and network loading—that affect
energy consumption.

Online power-distribution units and
harness-measurement systems provide
energy-usage data in real time, includ-
ing information on power usage and
efficiency both for individual compo-
nents and for the servers themselves.
These measurements include details on
energy consumption for computing and



FIGURE 6. Two Sun Microsystems Modular Datacenters at UCSD (left) and one of the eight racks pulled out with a load of 1U PCs (right) (photo credit: UCSD)
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running a wide variety of applications and
algorithms. The ultimate goal of Green-
Light is to make the proliferation of com-
puter servers more energy-efficient by
instrumenting and driving both long-term
and real-time improvements in “work-
per-watt” through virtualization software/
middleware, as well as through hardware
architectural shifts into multi-core,®
general-purpose graphics-processing
units and field-programmable gate ar-
rays. Energy usage data, both current and
archival, will be available in real time over
the Internet to assist energy-efficiency
research. Through carefully implemented
service-oriented architectures, GreenLight
plans to allow researchers anywhere to run
test jobs and measure comparative work-
per-watt for their codes.

To get an idea of the scale of energy
savings possible, consider the work of
Tajana Simunié-Rosing, a GreenLight
computer science researcher and the
director of the UCSD System Energy
Efficiency Lab (http://seelab.ucsd.edu),
who is exploring energy-efficiency ap-
proaches using closed-loop power and
thermal-management strategies. She has
developed an optimal dynamic power-
management algorithm for a given class
of workloads by monitoring the system
characteristics and the statistical proper-
ties of the workload. When coupled with
machine learning to select adaptively
among these specialized policies, this
approach can lead to a measured energy
savings of up to 70 percent per device
with variable workloads. Simunié¢ Ros-
ing has also demonstrated how the same
machine learning algorithms can be
used, along with thermal sensors, for
online adaptation between a set of dy-
namic thermal-management algorithms
to obtain the best temporal and spatial
thermal profiles. Further reduction of up
to 60 percent in thermal hot spots with no
performance overhead can be obtained
by using proactive thermal-management
strategies.?? This innovative work has at-

tracted a number of industrial partners as
well as federal government sponsors.?

To provide a wide range of disciplinary
applications, GreenLight targets research
scientists from five communities—meta-
genomics, ocean observing, microscopy,
bioinformatics, and digital media—who,
through this instrumentation, will un-
derstand how to measure and then mini-
mize energy consumption, to make use
of novel energy/cooling sources coming
online at UCSD, and to employ middle-
ware that automates the optimal choice of
compute/power strategies.

Powering Data Centers with

Zero-Carbon Energy Generation

With this data, researchers can under-
take a baseline emissions measurement
and can quantify the specific carbon off-
sets that could be earned if the compu-
tational and network equipment is opti-
mized for energy efficiency. However, in
addition to making the data center more
energy-efficient, campuses can actually
get rid of all the carbon emissions by
switching to zero-carbon energy genera-
tion for the data center.

The UCSD solar voltaic and fuel cells
generate over 5 MW of direct current
(DC). Currently, two of GreenLight’s
racks are fully DC-fed, preparing for a
second modular data center installation.
The integration of renewable energy
generation with DCloads is now partially
funded by a California Energy Commis-
sion Smart Grid Integration award. The
“DC to DC” modular data center design
concept includes an intermediate power
enclosure with a rectifier and energy
storage device for 400 Volts of DC (VDC)
power and a DC-DC power converter to
take the 650 VDC from the fuel cell to
400 VDC. Thus, servers within the DC
modular data center, fitted with avail-
able 400-VDC power supplies, will be
unaware of an external power supply of
480 VAC from the distribution grid or
650 VDC from the fuel cell.

at renewable energy sites,
high-speed optical network connections nearby.
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This advanced energy system will
serve as a decentralized, diurnal peak
reduction system, allowing load shift-
ing of up to 200 KW to be removed from
the grid at any time to address regional
energy shortfalls. Tt also provides energy
savings by eliminating power conver-
sion losses for both the AC and the DC
options. Of course, the DC modular data
center itself is a proof-of-concept for al-
lowing the placement of servers near the
source of zero-carbon DC power.

Placing Data Centers near Remote
Zero-Carbon Energy Generation Sites
In the GreenLight example, the modular
data center acts as a local cloud for com-
puting and storage. Many cyberinfra-
structure and IT applications can easily
run on similar energy-managed cloud
computers, whether they are “cluster
condominiums” operated by colleges/
universities or are the commercial vari-
ety (e.g., Google, Amazon, Yahoo, MSN),
which have created vast data center
complexes and are beginning to offer
“excess capacity” as services. However,
as long as these large-scale data centers
are run off of conventionally generated
electrical power, the institution’s carbon
footprint—though it can be moderated as
described above—remains significant.
In contrast, if remote data centers
are run and cooled from sources of
zero-carbon-emission (e.g., solar, hydro,
fuel cell, wind) or low-carbon-emission
(e.g., bio-fuels) energy, then much more
significant savings in GHG emissions
can be realized. Using more renewable
energy has long been a recognized goal
of the IT industry, but increasing the
amount of renewable power as part of
an energy mix is complicated by the fact
that most renewable energy sources are
in remote locations. The IT industry,
distinct from any other sector, is ideally
suited to having some of its infrastruc-
ture located at renewable energy sites,
as long as there are high-speed optical
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network connections nearby. Many large
data centers deployed by Google, Micro-
soft, and others have already adopted
this strategy, often using old aluminum-
smelting facilities that have high electri-
cal current leads to hydro plants.

An IT infrastructure deployed at
renewable energy sites has a number
of advantages. One is the completely
independent and redundant power in-
frastructure, consisting of the traditional
infrastructure provided by electrical
utilities in cities and another infrastruc-
ture based on independent renewable
power sources located largely outside
of cities. More important, by locating
network nodes at renewable power sites,
network providers will have a greater
certainty of price, since they will not be
competing with other industry sectors
for the same power, leading to time-
dependent fluctuations in price.

Several initiatives of this sort are
under way:

m MIT and the University of Massachu-
setts have proposed to build a new
data center at a small hydroelectric
dam ninety miles outside of Boston,
in the town of Holyoke.?*

m A number of countries are exploring
the relocation of domestic scientific
research high-performance comput-
ing facilities to Iceland, where they
will be powered and cooled by cost-
effective, environmentally friendly,
geothermal and hydro energy.»

m Geodynamics (http://www
.geodynamics.com.au), a renewable
energy company in Australia, is pro-
posing to place data centers next to
geothermal/solar energy sources it is
developing in central Australia.

The biggest challenge in being discon-
nected from the conventional electri-
cal grid and in using renewable energy
sources such as windmills and solar pan-
els to power data centers and networks is
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intermittent and/or unreliable
no matter how green they purport to be.

reliability. Researchers and educators will
not tolerate computing or network ser-
vices that are intermittent and/or unreli-
able—no matter how green they purport
to be. To address this challenge, Prompt
(a Canadian university-industry consor-
tium), the University of British Columbia,
and UCSD have signed a “Memorandum
of Understanding” to develop collabora-
tive research programs for identifying so-
lutions that will enable the deployment of
reliable zero-carbon networks, cyberin-
frastructure, and data centers.? This col-
laborative initiative is open to any North
American institution that is interested in
reducing its GHG footprint.

In August 2009, the Canada-California
Strategic Innovation Partnership (CCSIP)
announced the funding of the Canada-
California Consortium for a Zero Carbon
Internet, which will identify opportuni-
ties for green IT pilots on campuses in
California and Canada, thereby raising
awareness of GHG and carbon footprint
issues.Inaddition, CANARIE (http://www
.canarie.ca), Canada’s national research
and education network organization,
has launched the C$3 million Green IT
Pilot Program, an initiative intended to
help catalyze industry-academia partner-
ships in developing zero-carbon cyber-
infrastructure solutions?” The program
encourages the development, testing,
and demonstration of new network and
cyberinfrastructure architectures that
will provide the same reliability and us-
ability of current systems, but in which
computer servers, databases, and network
nodes are relocated to zero-carbon data
facilities powered solely by renewable
resources.

The intent of these programs is to
deploy working prototype network and
cyberinfrastructure architectures where
computation and network nodes are
powered by renewable energy sources
such as windmills, micro-hydro, geo-
thermal, and solar-powered systems.
Reliability and redundancy are achieved

through the use of clouds and virtualiza-
tion using middleware developed for
cyberinfrastructure grids. In many ways,
the challenges of building a zero-carbon
computing and network infrastructure
are no different from those of building a
traditional computational grid in which
the availability of resources, such as com-
putation cycles and network bandwidth,
now also include the carbon footprint of
available power.

Learning How to Reduce

the Carbon Footprint

Clearly, with the growing efforts to re-
duce carbon emissions from college and
university campuses, information needs
to be shared quickly across the commu-
nity. One way this has been happening
is through a series of international ad
hoc workshops. In Canada, CANARIE
and CAUBO (Canadian Association of
University Business Officers) have held
workshops on how institutions can re-
duce their carbon footprints. (There is a
sense of urgency on this topic in Canada,
since it is expected that many Canadian
provinces will follow the lead of Brit-
ish Columbia and will mandate carbon
neutrality,)

In Australia, the University of Mel-
bourne hosted the Symposium on
Sustainability of the Internet and ICT in
November 2008, bringing together lead-
ers from industry, not-for-profits, and
education for a two-day workshop. In the
United States, Calit2 and the California
Public Utilities Commissions hosted the
Greening of the Internet Economy work-
shop in January 2009, bringing a similar
U.S. stakeholder community together to
examine the impact of carbon legislation
on IT, data center power efficiency,
smart buildings, smart grids, intelligent
transportation, and IT-enabled carbon-
minimization efforts.

To build on the success of these
community events, we believe that an
international “Greening the Internet”



symposium should be held annually,
alternating the physical hosting sites
around the globe. Technical efforts
should be undertaken to create “virtual
conference audience sites” to allow for
the greatest international participation
and to reduce the carbon footprint of at-
tendance. An important aspect of such a
program is educating college and univer-
sity CIOs and researchers about the value
of earning carbon offsets by undertaking
initiatives such as relocating servers and
databases to zero-carbon data centers.

Conclusion: The University

Leadership Opportunity

Higher education institutions have a long
and successful history of creating both
scientific and technological innovations
for the benefit of society. Indeed, the U.S.
land-grant institutions were established,
in large part, to support the need for
leading-edge research in the dominant
industry of the time: agriculture. Today,
those of us in higher education have the
opportunity to recommit ourselves to
enabling societal transformation by using
our campus “cities” as proofs of concept
for the green infrastructure revolution.
By focusing not only on how we can
make our campus cyberinfrastructure
more energy-efficient, but also on how
we can use that cyberinfrastructure for
even larger energy savings in our build-
ing and transportation infrastructure, as
well as adopting dematerialization tactics,
we can learn a number of best practices
that can be transferred to society at large,
thereby speeding the day when global
GHG levels will stabilize.
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