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Campus Energy Master Planning
A Road Map to Carbon-Neutral Institutions in Northern U.S. 
Latitudes
by Shirine Boulos Anderson and Chad Wisler 

Higher education institutions can lead the way in reducing energy consumption and advancing carbon 
neutrality by starting with their on-campus facilities.

INTRODUCTION

Architecture, technology, and energy-intensive systems, on 
which advanced and developing societies heavily depend, are 
�������������	�
�������������������������������������������
higher education objectives and research structures going 
forward.

The imperative for the building sector to dramatically reduce 
its greenhouse gas (GHG) emissions to the atmosphere is 
driven by both the large amount of energy required to sustain 

current buildings and the rapid, irreversible changes to the 
climate triggered by increasingly potent feedbacks (such as 
��������������������������������������������	�	�������������
��������������������������������������������������������
At the very least, the unleashed chain reaction resulting from 
GHG climate forcing (i.e., GHG trapping of infrared radiation 
destined for outer space thereby raising the temperature of 
the earth’s systems) will increase the frequency of violent 
storms, accelerate sea level rise, and shift drought patterns. 
These changes threaten human security and global economic 
and urban infrastructures, coastal and otherwise.

Figure 1 Minimum September Arctic Sea Ice Volume, 1979–2017

Sources: The Polar Science Center, University of Washington (data); Anderson Group, Harvard University (mapping)
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With this realization, higher education institutions in the 
United States are increasingly committing to drafting a plan 
that will pave the way for them to become carbon neutral by 
2050 (or sooner).1

There are tangible, practical reasons why these institutions 
may be interested in advancing carbon neutrality and 
reducing energy consumption on their campuses, including to

 » Mitigate the rising costs of energy required to operate 
campus facilities;

 » Optimize dwindling funding resources in a stretched 
global economy;

 » Deal with obsolete facilities due for renovation and 
upgrading;

 » Maintain a competitive advantage both nationally and 
globally—funds retrieved from energy savings can be 
redirected for academic purposes;

 » Meet the expectations of students, who are informed 
by the published sustainability ratings of colleges 
and universities (for example, Princeton Review’s 
Guide to Green Colleges has made sustainability a key 
competitive criterion within higher education); and

 » Facilitate the emerging and increased recruitment of 
young faculty who are articulating their vision of a 

1 Such initiatives include (a) the American College and University Presidents’ Climate Commitment (ACUPCC), a national initiative to implement an 
incremental reduction of greenhouse gas emissions at signatory college and university campuses toward achieving carbon neutrality in 2050; (b) 
Architecture 2030 (2017, ¶ 1), “a non-profit organization established in response to the climate change crisis by architect Edward Mazria in 2002. 
Architecture 2030’s mission is to rapidly transform the global built environment from the major contributor of greenhouse gas (GHG) emissions 
to a central part of the solution to the climate crisis;” (c) the American Institute of Architects (AIA) 2030 Commitment, an AIA call to action by the 
nation’s architectural and engineering firms to progressively reduce the carbon footprint of the buildings they design, whether new or renovated, 
with a goal to design carbon-neutral buildings by 2030; (d) the Regional Greenhouse Gas Initiative, a 2009 northeast and mid-Atlantic states 
initiative capping CO2 emissions from the power sector that aims to reduce them annually to achieve a 10 percent reduction by 2018; (e) the 
Northeast Campus Sustainability Consortium (n.d., ¶ 1), established in 2004 “to advance education and action for sustainable development on 
university campuses in the northeast and maritime region;” and (f) the Association for the Advancement in Sustainability in Higher Education 
(2015–2017, ¶ “Our Mission”), the mission of which is “to inspire and catalyze higher education to lead the sustainability transformation.”

sustainable future to be integrated in academic curricula 
�	��������	����������	��������������

This initiative is not limited to facility operations and includes 
����������!������������	����������	����������������������	�
to campus activities, resource procurement, waste treatment, 
etc. However, given the lion’s share of energy consumption by 
campus facilities, the focus of this article is on the evaluation 
of energy use reduction strategies and the conversion of energy 
resources from fossil fuels to renewable ones in both existing 
and new campus facilities; these include the various building 
types on campus, be they residence halls, student life facilities, 
administrative and educational buildings (classrooms/labs), 
research facilities, and infrastructure buildings.

The framework for this discussion lies in a contextual 
overview of the contribution of buildings to carbon emissions. 
"����!��������#���#�$������������%&'&�������������
buildings consume about 48 percent of the energy produced 
������*���	�+������1������%�
����������������3%�!������
is for building operation with an additional 6 percent for 
building materials production. The building sector is thereby 
the largest single contributor to the rise of carbon dioxide in 
���������!������$������������%&'&�1%&�'��������������������
when looking at individual buildings, the embodied energy of 
����	�������������������������7����%&�!�������������������
used by a building in the United States over a 50-year period. 

Figure 2 CO2 Emissions by Sector
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$��	�������������������������������������!��!���������
building sector emissions. One only has to consider the 
number of higher education institutions in the United States 
(over 4,700) and the average number of facilities that form a 
���!���1�&&����'&&�����	����:�����������	�
�!����������
over one million buildings. Academic campuses are 
!�����������������������������������������������������!�����
cities in the way their building types are grouped. We imagine 
that academic campuses that succeed in making big strides 
�����	���������������������	��������������������	��������
cities to emulate in tackling their own carbon footprints. 

Academic campuses that succeed in making big 
���������	
�������	��������������	���������������

role models for cities.

<������
����������	��������!����
�	�����������	�����!���
����������������	����������������!�������2 For the purpose 
of this discussion, we can group the various building types 

2 There are two particular reasons we are focusing on the northeast region of the United States, although this analysis also applies to northern 
latitudes across the United States: (1) Our case studies (Mount Wachusett Community College and Cornell University) are examples from the 
northeast; and (2) The primary energy loads of buildings in the northeast (and higher latitudes in the United States) are thermal loads. The 
generation of thermal energy has traditionally relied on burning fossil fuels to generate steam (or hot water) in a central plant that is then 
distributed to buildings. In the southern or southwestern United States, the primary loads are cooling loads: chilled water is generated using electric 
power supplied to the chillers and condensing units (cooling towers). The energy profiles by building type differ significantly in northern versus 
southern latitudes.

into a “provider” group and four distinct energy “user” groups 
�����	�������������!��������

 » Infrastructure/central utility production plant (note 
��������������	�����!�����������	����������������!������
comparison since it is a provider of energy for each of 
the other groups); 

 » Science, technology, engineering, and mathematics 
(STEM) buildings, including research and teaching 
facilities;

 » Student life buildings;

 » Residence halls; and

 » Classroom/administrative buildings.

<������'����!�����������������������������������	������������
groups.

Figure 3 Energy Use Index by Building Type
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DATA GATHERING AND ANALYSIS

To begin evaluating their progress toward carbon emissions 
reduction and carbon neutrality, colleges and universities 
�������������!������������������������1��������������
�
some institutions have completed this task),3 track energy 
�����!�������������=�������������������������������
permanent metering systems,4��	�������������
consumption in new facilities based on design projections. 
These steps are essential prerequisites for the articulation 
of a campus energy master plan, which would conceivably 
set incremental goals with an end date for net-zero energy 
consumption.

STR ATEGIES TOWARD A CARBON-NEUTR AL GOAL

If institutions of higher education are to lead the way toward 
carbon neutrality ahead of federal and state adoption of 
widespread renewable energy resources, they will require 
discipline to manage the cost burden of shifting from 
inexpensive fossil fuels to wind, solar, hydro, geothermal, 
and/or other carbon-neutral technologies. 

If institutions of higher education are to lead the 
way toward carbon neutrality, they will require 
discipline to manage the cost burden of shifting 

from inexpensive fossil fuels to  
carbon-neutral technologies.

"�����������������!�����	�
�����������������������������
must be applied where possible to existing buildings before 
they reach the end of their life cycle and need full renovation 
or replacement. As for new building projects (whether new 
construction or full renovation), planning for energy use 
reduction is a prerequisite for laying the groundwork for 

3 American College and University Presidents’ Climate Commitment signatory institutions have agreed to complete an emissions inventory.
4 At a minimum, meter all major building utilities (chilled water, steam, electricity, water, and natural gas). While this is a complicated and 
financially burdensome initiative, the collection of data and additional levels of metering are recommended to provide comparative analysis, 
identification of usage trends, and feedback on areas for improvement. For example, more specific metering of electricity usage would parse power 
used for lighting, plug loads, and building engineered systems infrastructure. Finer analysis of chilled water, steam, and natural gas usage could be 
obtained either through the addition of select meters and/or the use of trended information on existing variables within the building management/
control system. Naturally, each building is unique and its data analysis approach must be tailored accordingly.

converting from fossil fuel sources to renewable resources. 
While planning for new construction is considerably less 
	����!������������	����������	��!������
������������
existing buildings to reduce their energy consumption is 
critical to achieving the end goal of carbon neutrality and a 
big step toward a sustainable future since they constitute the 
largest proportion of the campus built environment.

If we accept the premise that buildings require energy to 
function as they are intended to and we subscribe to the end 
goal of using renewable resources to run them, then the most 
economically viable approach is to reduce their energy use 
intensity to the minimum required for their proper function 
and only acquire the necessary renewable energy for their 
operation. Given the intermittent nature of wind velocity and 
solar energy availability, most college and university sites will 
require a hybrid approach that includes one or more sources 
of renewable energy to ensure reliability until such time as 
��������!�������������������������������������	�����

Shifting the energy source from fossil fuels to renewables 
may require greater reliance on power rather than steam for 
heating and chilled water for cooling, depending on available 
�������������������>��������!����
����������������?!��	�����
source may well be a fossil fuel, but the source can be 
switched to a renewable energy one in a later phase.

Three key principles to achieving a reduction in energy use 
intensity are

 » Reducing energy demand;
 » >�������������@�������������������������B��	
 » Recycling “waste” energy.

Each of these principles can be applied to institutional 
buildings to various degrees according to their energy 
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!���������	�������	��������J�������!����	��������������������
studies of Mount Wachusett Community College and Cornell 
*�����������������	��������������������������������!������
initiatives adopted at several college and university campuses. 
K�������
���������������������������	�����!��������������
of all college and university campuses: the infrastructure/
central utility production plant.

INFRASTRUCTURE AND CENTRAL UTILITY PRODUCTION PLANTS

The inherent mission of central utility plants is to produce 
energy for the various buildings on campus. They essentially 
need to convert natural resources into electric power, steam, 
and chilled water to heat/cool and operate these buildings.

Historically, when an academic campus is established, some 
on-site production of utilities is anticipated and planned 
for. However, a large number of campuses have not had the 
resources to accommodate the expansion of their central 
utilities at the same rate as the expansion of their facilities. 
"�����������������	��������������������������������������	�
be comprehensively upgraded or whether certain utilities are 
����������������������	������������	��������5

Since the mission of central utility production plants is 
essentially one of conversion, it is as relevant to discuss the 
������������������������������@��������������������	�����!���
Most often, they rely on fossil fuel resources (coal, oil, and 
increasingly natural gas). If we agree that the primary goal 
��������������������	�����������������������������������������

5 Local specialization involves the installation of microturbines, photovoltaics, small cogeneration systems, and more advanced systems to reduce 
dependence on centralized utilities. Certain campus building types lend themselves to the localized installation of high-efficiency systems such as 
heat pumps. David MacKay (2009) notes, “Heat pumps are back-to-front refrigerators. Powered by electricity, they pump heat into the building from 
the outside—either from the air, or from the ground. The best heat pumps, recently developed in Japan, have a coefficient of performance of 4.9; 
this means that using 1 kWh of electricity, the heat pump delivers 4.9 kWh of heat in the form of hot air or hot water. This is a far more efficient way 
to use high-grade energy to make heat, than simply setting fire to high-grade chemicals, which achieves a coefficient of performance of only 0.9.”
6 Demand reduction at the building level minimizes the demand at the central plant by maximizing the efficiency of building engineering systems, 
maximizing their energy recovery, and recycling “waste” energy.
7 Institutions that choose to adopt natural gas as a “transitional” fuel should also account for the methane leakage upstream between source and 
power plant. (Refer to the Cornell University case study for a further discussion of the significance of this issue.)
8 David MacKay (2009)’s research on this question notes that Denmark’s incineration delivers 10 TWh per year (1 TWh is equal to one billion kWh). 
For context, Denmark’s area is 16,570 sq. miles (slightly larger than Massachusetts’s area of 10,554 sq. miles) with a population of 5.6 million 
(compared with 6.7 million in Massachusetts). Controversy in the United States surrounding WTE is based on an assumption that WTE plants divert 
waste from recycling. However, evidence shows that WTE tends to be associated with increased recycling efforts. In addition, WTE plants using 
modern scrubbing technologies do not significantly contribute to CO2 emissions. Their advantage is in reducing the significant methane emissions 
from landfills as well as capturing scrap metals from combustion ash.

������!��������	�������
��������������������������������
energy conservation strategies we can apply once demand 
reduction has been applied at the building level:6

 » Cogeneration: simultaneous generation of dual sources 
of distribution energy such as hot water and electrical 
power through a single-input energy source such 
as natural gas,7 thereby obtaining increased overall 
�@���������	�������������������������������������

 » Trigeneration: simultaneous generation of triple sources 
of distribution energy such as combined cooling, heat, 
and power through a single-input energy source. A 
common application of trigeneration is the use of a 
��������������	���������
�������!��	����������������
power while the waste heat is utilized by an absorption 
chiller. The absorption chiller produces chilled water as 
well as supplemental waste heat.

 » Waste incineration to energy (WTE): this is a method 
commonly used in Europe that essentially meets several 
sustainability goals at once—diverting waste from 
��	�������������������	����!���������������
maximized, reducing methane emissions (which are 86 
times more nefarious than carbon dioxide over a period 
of 20 years), and not using fossil fuels.8

 » Shifting to a portfolio of carbon-neutral energy: 
this includes wind, solar thermal, solar photovoltaic, 
biomass, biogas, hydro, geothermal, and nuclear. 
1<����������	����������������?���	�!�����!������
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2004!) Colleges and universities must evaluate whether 
to invest in renewable and carbon-neutral resources 
at higher costs in the present day9—until such time as 
a carbon tax is adopted—rather than in “transitional” 
fossil fuel technologies that will run for the next 50 to 
75 years. This should be contrasted with the current 
projection of several feet of sea level rise within the 
same timeframe. If it is determined that fossil fuel–
generated energy is the appropriate solution (for your 
���!������������!��V�����������!�����������
���������
��!�����������������������1�?����������?��������
through a power purchase agreement) is recommended 
���������������������X����������������������

ENERGY REDUCTION BY BUILDING T YPE

When evaluating the energy demand of academic buildings 
�����������������*���	�+�����
�������������!����������#����
��������	��Y��������!�����B����������������	�����	���
���������!�������	������������������������������������
For example, hot water makes up a substantial amount 
of the energy consumption in a residence hall but is often 
minimal in an academic building, which lacks 24-hour 
�!��������	�������������������"��������������������������
in managing a building’s energy consumption is to reduce the 
demand across its various energy loads. Reduced building 
�����������!������#�������������������������������
����	������	�������������

9 Electric power generation and fuels technologies directly employ more than 1.9 million workers. The U.S. Energy and Employment Report (U.S. 
Department of Energy 2017, p. 8) notes, “In 2016, 55 percent, or 1.1 million, of these employees worked traditional coal, oil, and gas, while almost 
800,000 workers were employed in low carbon emission generation technologies, including renewables, nuclear, and advanced/low emission 
natural gas. Just under 374,000 individuals work, in whole or in part, for solar firms, with more than 260,000 of those employees spending the 
majority of their time on solar. There are an additional 102,000 workers employed at wind firms across the nation. The solar workforce increased by 
25% in 2016, while wind employment increased by 32%.” The continually rising numbers in the renewable sector workforce underline the shifting 
momentum toward an energy sector that is both sustainable and affordable.
10 Variations on this energy profile may be developed based on laboratory type; for example, an intensive chemistry building will likely have 
proportionally increased heating and cooling loads and increased overall energy usage given the larger quantity of exhausting fume hoods.

One note about existing buildings: It is important to 
recognize that a college campus’s existing building stock 
constitutes the greatest share of the campus’s energy 
�����!�����"�����!�����������	�����!���������������������
program for existing buildings—beyond simple measures and 
low-hanging fruit—is critical to achieving a carbon-neutral 
���!������%&'&�1���%&7&�����������������������

 » STEM research and teaching buildings�1������3���
Science, technology, engineering, and mathematics 
1+"Z[������������	�������������	���������!�������
�����������������������������	���Y�!��������
often comprise a mix of exhausted wet or dry labs, 
����������
��	��@�����"�����������������������
���+"Z[�����	��������������\&����'&&�#K��]��]
year depending on the percentage of lab program in 
the building.10 An examination of the typical energy 
consumption of a STEM laboratory building in the 
northeastern United States reveals space heating loads 
that are almost equal to all other loads combined. 
Energy use reduction strategies should include careful 
assessment of air change rates during occupied and 
unoccupied modes; use of air quality sensors and 
	���	����������
�����������	����	��������������	�
downsizing of head-end equipment; and use of non-
	����	�����������������	��������������	��������������
teaching spaces.

Figure 4 Energy Profile of STEM Buildings in Northern U.S. Latitudes
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 » Classroom and administrative buildings�1������7���
With an average energy use intensity of 47 kBtu/sf/year, 
this building type’s spaces are generally governed by 
code-required ventilation rates. To further reduce waste 
energy, classroom and administrative buildings lend 

�����������������������������������@����������!��������
heat recovery ventilation system, operable windows 
for natural ventilation, and hybrid ventilation systems 
(mechanized and natural) in the shoulder seasons 
(spring and fall).

Figure 5 Energy Profile of Classroom and Administrative Buildings in Northern U.S. Latitudes

 » Residence hall buildings�1������\���_���	����������
have variable energy use intensity rates because of their 
24-hour operation and the potential inclusion of food 
����������`������
������	������%&�%�Z�����+����1%&�\��
{����|������
�����������������	��������������}3�#K"*]
sf/year. Opportunities for reducing demand should be 

explored including mitigating electrical consumption 
from plug loads and hot water, which jointly constitute 
'}�!������������������	�����!�Y�������������
>���!������������������!�����������	�������������
will also reduce hot water energy use. 

Figure 6 Energy Profile of Residence Hall Buildings in Northern U.S. Latitudes

 » Student life buildings�1������}���+��	������������	����
also have varied energy use intensities due to the 
	�������!��������������������	��������!������`~$��
attributes. Many of these buildings have multifunctional 
space for student recreation and sports, academic clubs, 
or dining. Opportunities for reducing energy demand 
include energy recovery ventilation systems, expanded 

temperature settings, and improved lighting usage (with 
LED lighting for example). Additionally, integrated 
����������������!���������	�����	������Y��`~$��
system can often reduce wasted energy during the 
shoulder seasons when natural ventilation can be relied 
on.

Figure 7 Energy Profile of Student Life Buildings in Northern U.S. Latitudes
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SUPPLEMENTING WITH RENEWABLE ENERGY

As noted earlier, when considering alternative renewable 
energy sources for a building, it is critical to pursue the 
most practicable energy demand reductions and systems 
�@����������������������������������������������
��X����	��������������	��������!�����"������!���
���!����!������	������������������������������	���	������
�	�������������������������������������!���������
optimized, the amount of supplemental energy required for 
the site is minimized. 

Figure 8 Reduced Energy Use Requires Fewer Renewable 

Resources

There are several alternative energy options:

 » Photovoltaics (PV) use the sun’s energy to generate 
power. They can be mounted on roofs, arrayed in 
���	�
��������	������!��#����������������������!��������
rooftops, and used in building-integrated envelope 
systems to replace traditional spandrel glazing.

 » Solar thermal technology uses the sun’s energy to 
generate low-cost thermal energy. This energy is used 
��������������������������	���	���������!�����������
cooling systems.

 » Wind-generated power can be provided from a single 
wind turbine, a large-scale wind farm installation, or 
smaller building-mounted wind turbines. (Refer to the 
Mount Wachusett Community College case study.)

 » A geothermal system that uses the earth as a heat 
source in winter and a heat sink in summer, although 
requiring electricity to run its pumps, greatly reduces 
reliance on conventional fuel sources to attain 
comfortable temperatures through heating and cooling.

 » Biomass

 » University campuses are considered ideal for district 
energy applications because of their typically 
compact and centrally organized buildings.

 » Renewable biomass resources (e.g., wood, non-food 
agricultural products) can often replace fossil fuels 
as a production source. Ideally, resources are readily 
available nearby to reduce transportation from 
collection to utilization.

 » Scalable biomass utilization needs to be carefully 
reviewed against the available renewable resources, 
their proximity, and the potential long-term impacts 
versus other alternative energy sources.
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TOWARD A ZERO -NET ENERGY (ZNE) READY CAMPUS

As noted above, shifting the energy source from fossil fuels 
to renewables requires planning for building engineering 
systems that rely primarily on power rather than steam for 
heating and chilled water for cooling—unless renewable 
����������!����	������!�������������	������������@�����
storage capacity to mitigate their intermittency.11�>��������
phase, a building’s electricity-producing source may well be a 
fossil fuel that can be switched to a renewable energy source 
in a later phase.

Since heating constitutes the largest load on buildings in 
the northeastern United States, localized special systems 
should be considered when the goal is for a new or renovated 
building to be net-zero ready (ZNE ready). These systems 
����	��`~$�����������������������	�!��	�������*���	�
+��������������������������������������1~_<�
12 which 
uses refrigerant as the cooling and heating medium. A 
single outdoor condensing unit conditions this refrigerant 
and distributes it to multiple indoor zone terminal units. 
>������	��!����������@����������������	���������������
speed compressors and fans that circulate the refrigerant 
����������������	��������������������������	������	�������
zones depending on exposure and space requirements.

Ground source heat pumps are similar systems that use 
'&&����\&&�����	��!������	?���!���������������������������
condition its temperature to 55º F using the earth as a heat 
sink. The 55º F water temperature is used to heat or cool the 
air as the season requires.

Regardless of the systems being considered, essential steps to 
get ready for a ZNE campus include

 » Reducing loads by designing high-performance 
envelopes, ensuring airtight construction, and 
optimizing the orientation of new buildings;

11 This is a prospect we imagine in the future when the federal and state governments become serious about carbon taxation and there is 
widespread adoption of renewable resources–generated electricity.
12 Variable refrigerant flow (VRF) is an HVAC technology invented in Japan by Daikin Company in 1982 (Thornton and Wagner 2012).

 » �����������@������!���������	�����������	����
existing loads;

 » Establishing a renewable energy campus plan to meet 
�!������������������
���������������	�������������
!��������������������������������?���!������������
energy sources;

 » Establishing building and system commissioning 
protocols after construction and regularly after 
occupancy; and

 » Conducting post-occupancy energy performance 
assessments.

CREATING AN ENERGY-CONSCIOUS CAMPUS

A successful institutional energy master plan includes a 
protocol for implementation that is updated regularly. A 
graphic pathway to achieving carbon neutrality is depicted 
�����������>��������������������������������?����������!���
within a certain timeframe, then a comprehensive culture 
change involving all members of the institution’s community 
is required: 

 » Create buy-in. Identify the “connectors,” “mavens,” 
and “salesmen”—individuals with networking talent, 
developed interpersonal sensibilities, and an acute 
understanding of what’s at stake—from the facilities 
department, faculty, administration, and student body—
those who will move the energy consciousness of the 
few to become mainstream. With a strong collaborative 
team of stakeholders, the campus will be much more 
likely to develop a plan that is feasible, motivational, and 
accountable.

 » Promote occupant behavioral change through 
education. Consider making every new or renovated 
building an educational tool. For example, include a 
“sandbox” space where students can pull up visual 

Read online at www.scup.org/phe
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information on the building’s systems and energy 
�����!�����������������������

» Analyze and quantify your campus buildings:

» Organize campus buildings by type (STEM,
classroom, residence, or specialized such as
natatorium, museum, etc.);

» Classify the ages of these buildings and the life
expectancies of their systems; and

» Identify the building occupancies (e.g., is there a
low-occupancy mode or is the building occupied 24
hours a day?).

» Establish energy baselines for each building type on
campus:

» Introduce building engineering systems metering;

» Establish a historical utility database; and

» Identify energy density based on groupings of
building types (from above).

» Create an energy reduction plan. Specify energy
reduction goals for each building type. After
documenting the age of building systems in each
existing building, establish a priority list for system
replacements or upgrades. This should include user
equipment such as freezers, refrigerators, and fume
hoods.

» Invest in renewable energy. Develop a hybrid portfolio
of renewable resources where possible. Consider power
!���������������������������������������������|~�
����������������������1�����=��!��
�����������������
of existing and new buildings or elevated over parking
lots). Track renewable energy investments, campus
�����������!���
��	���������������

» Consider creating a reinvestment plan such as a green
revolving fund (see sidebar).

» Finally, track and publicize incremental achievements
toward carbon neutrality and update energy master plan
goals.

Figure 9 A Graphic Pathway to Carbon Neutrality

Read online at www.scup.org/phe
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SIDEBAR:  GREEN REVOLVING FUND

Developing a successful energy master plan requires 
����	������!!����������������������������������������
One popular approach developed by institutions is the 
“green revolving fund” (GRF). A GRF provides dedicated 
������	��������������@��������!��������
�
renewable energy development, and, in some cases, 
non-energy sustainable projects. The fund is generally 
maintained by capturing the cost savings from reduced 
energy use and has a set payback period of about four to 
ten years depending on the institution. Green revolving 
��	��������������������������?��������������������
reducing a school’s operating budget and implementing 
an abatement of greenhouse gas emissions.

��������������������������
develop a GRF was 
Harvard University, which 
started its fund in January 
2002. The fund was set up 
���������������'�������
�
�	��������������������
years the energy initiatives 
funded by the GRF had 

��	���	��!������������������������&&
&&&��"����
������������������������������������������������'&�
percent, and subsequently the fund was increased over 
�����=���������������������%����������%&&\��"����
��������������������	���������������	����|����	���
Summers (Campos and Lei 2006, ¶ 5) who said, “The best 
investment in the University is not the endowment but 
the Green Loan Fund.” 

Harvard’s fund is structured to provide zero-interest 
loans for new construction and renovation projects with 
a ten-year payback period and existing building upgrade 
!��V���������������?�����!�����#�!����	��"����������
���������	����V�������������������	���������������
the code compliant option and the energy upgrade. 
Applicants have the option of bundling projects together 
�������������!�����#��������������

CONCLUSION

U.S. academic centers bear a particular responsibility in 
preparing their graduates through education and research 
to be proactive contributors to society, all the more as 
government steps away from leadership in this area. 
+�����������	����!�������������������������������
the earth’s systems resulting from anthropogenic activity, 
thrusting the world into a transitional climate state that 
requires a serious commitment to achieving carbon 
neutrality by its most advanced institutions.

Read online at www.scup.org/phe
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MOUNT WACHUSETT COM MUNIT Y COLLEGE CASE STUDY

MISSION:  UNDERGR ADUATE EDUCATION

LOCATION: GARDNER, MASSACHUSET TS  

RENEWABLE ENERGY SOURCES:  BIOMASS,  SOL AR 

PHOTOVOLTAIC,  SOL AR THERMAL,  AND WIND

IMPLEMENTATION DUR ATION:  FIRST PROJECT L AUNCH IN 

MAY 2002 – ONGOING

CURRENT STATUS:   92% CARBON NEUTR AL

This case study was developed with input from Edward 
Terceiro, Jr., consulting engineer and former executive vice 
!����	����	��������������@�������[����J��������
�����
�����	��������������������������������������������%&��
�
and with the support and permission of president Daniel 
Asquino, whose vision enabled this project.

HISTORY

<��	�	�����\'
�[����J��������������������������
originally opened its doors in the old high school in 
Gardner, Massachusetts. The college enjoyed great success, 
rapidly expanding into other existing buildings in Gardner. 

As it began to attract an increasing number of students 
and consequently run out of space, it was decided that 
the college needed to relocate to permanent grounds that 
����	���!!����������������>���\7
��������	�������	�
that the college would be located on the former Heywood 
����
���%�&?��������#������������������	�����'}B�����
land was given to the city of Gardner and then sold to the 
��������������������"������������!��	�����	�����������
����������+�!���������}3��"�	��������������������������
over 450,000 square feet of classroom, laboratory, library, 
theater, and gymnasium space.

The new campus was designed to be an all-electric campus 
because at the time it was thought that nuclear energy 
����	����������������������������	��	���������������������
As a result, electricity obtained from that source would 
be less expensive than that obtained from fossil fuels. 
`������
����������������&�
���������������������������	������
to double its original value, a nuclear energy source had 
not been adopted, and sustainable alternatives had to be 
created.

Mount Wachusett Community College main campus

Read online at www.scup.org/phe
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RENEWABLE ENERGY CONVERSION

"����������������������������������������������!��V�����
was to replace the all-electric heating system with a wood 
���!��������?���	���	�������������J����������������
federal funding grant in place, the college broke ground on 
the construction of the new heating system in April 2002. 
"���!���������!�����������������%&&%�&'�������������
�
replacing the all-electric system. The wood chips were 

initially hardwood mill chips supplied from a concentration 
yard; however, due to high demand, the college shifted to 
����������!��>��������������
������!����������������������
plant cost $28,000, down from $400,000 for comparable 
�������������
���������������������=���	����'7&
&&&�
annually that the college could apply elsewhere. The average 
�����������������������������3�'[�#J�������������������
the contract.

Mount Wachusett Community College biomass plant 

"�����������!��V���������=�����	�������&?�����!����������
contract by NORESCO, a general contractor who met all the 
targeted project savings totaling $4.5 million.

$���������������!�������������������������������
energy project, the college adopted energy conservation 
measures, reducing demand and recycling waste. These 
����	�	��		��������?�@������������
���!��������
variable frequency drives and premium motors, replacing 
unit-installed domestic hot water heat exchangers, 
implementing domestic water conservation (low gallon-per-
��������������	����������?!��?��������������
����������
a consolidated compressor farm, expanding the central 
������	������������������������
��������������?�@������

heat pumps and demand control ventilation in selected 
areas, and adding lighting and occupancy-based controls.

>�%&&'
���������������	������������	�	����������������
of a 50 kW heat and power co-generation plant fueled by 
biomass to supply power to a plug-in electric vehicle station. 
"�����?������������������	������!��V����������	����������
�����������	����������	����������	�����>�����������������
operational.

The college built a relationship with Mass Electric, 
������!����	�	�������������������	������������������
development of renewable energy projects. For example, a 
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!������������!�����!��V���������!���	�	����!��	�����&&�#J�
at no cost to the college.

A solar thermal installation provides domestic hot water to 
the main college building. It is a drain down system that is 
only operated in warm weather. A second (full season) unit 
was installed at the college’s Fitness & Wellness Center in 
�!����%&�3��"��������������������������������	�����	����
produce 45 percent of the college’s domestic hot water use 
in the gymnasium showers.

>�%&��
�������������������	������������V������������
������!��V������������������������������\7�[J���	�
���������$��'����������	�������������!�	���	�����
installation. The cumulative energy sources are producing 
�&3�!����������������!��Y����������������	�����7�%}�#J�
�
���!���	����������	�����3��'�#J���J��������������	�
renewable energy installations, the college’s carbon 
����!��������������	���	�����%�!������

Mount Wachusett Community College wind turbine

GOAL S FOR THE FUTURE

The college is currently close to being a zero-net energy 
(ZNE) and zero net-carbon (ZNC) campus, ahead of the 
$������������%&'&���������
����������������������$�*|��
�
and the AIA Commitment to becoming carbon neutral by 
%&'&�

The college is in the design stages of a science, technology, 
engineering, and math (STEM) addition and renovation 
!��V�����	����	�������!����������%�!������������
footprint reduction by continuing to implement energy 
conservation measures. The STEM project is being 
designed with the goal of an overall campus reduction in 
�����������!�������������������	�������!�������"����
will be accomplished by the use of daylighting, rightsizing 
of existing electro-mechanical systems, potential conversion 
to a four-pipe system, and utilization of chilled beams.

LESSONS LEARNED

We asked college personnel, if they were to plan the 
conversion from fossil fuels to renewable sources of energy 
�������������
����������	������	��	����������

One respondent said, “Since the college was faced with 
reduced state appropriations and increasing energy costs 
it looked at the implementation of projects with great ROI, 
the low-hanging fruit. Consequently, when we implemented 
some of the larger projects, we were not able to bundle the 
projects to make the ROI more attractive overall. I think the 
college did a pretty good job with very limited resources! 
If there is one takeaway in my mind, it is that you must 
absolutely balance demand-side management with the 
implementation of the new technologies. Our success has 
been achieved by reducing our overall consumption (despite 
increasing demands of technology, additional buildings, 
etc.) along with the introduction of renewable projects.”

Read online at www.scup.org/phe
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CONCLUSIONS

What are the key factors that contributed to the success of 
the Mount Wachusett campus conversion from fossil fuels 
to renewable sources of energy?

 » Economics: With the rise of electricity costs, the 
����������	�	�����	�����������������������������
its resources. This undoubtedly suggests that as long 
����������������������������
��	��!�������������������
of fossil fuels, remains inexpensive, there will be little 
�����������������������������	����������������
push for conversion.

 » Vision and expertise��"���������������������	�
expertise in the executive branch of the institution 
was unquestionably critical in moving these 
projects forward. President Asquino’s vision and the 
empowerment of vice president Terceiro, combined 
���������������Y������������=!��������	��������
know-how, provided the necessary foundation for 
creative thinking coupled with appropriate analysis 
and implementation.

 » Regional factors: The availability of resources (e.g., 
wood chips, sun, wind) and ample open space/land 
necessary for the installation of wind turbines most 
������������!�	��_����������������������������������
����	������������������������	�	�������������
between urban and rural or suburban locations.
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CORNELL UNIVERSIT Y CASE STUDY

MISSION:  UNDERGR ADUATE AND GR ADUATE EDUCATION 

AND RESEARCH

LOCATION:  ITHACA,  NEW YORK  

RENEWABLE ENERGY SOURCES:  HYDROELECTRIC,  L AKE 

SOURCE COOLING, NATUR AL GAS,  SOL AR PHOTOVOLTAIC

IMPLEMENTATION DUR ATION:  FIRST PROJECT L AUNCH IN 

2000 – ONGOING

CURRENT STATUS:  33% CARBON NEUTR AL REL ATIVE TO 

2008 BASELINE

This case study was developed with the input and 
encouragement of W. S. (Lanny) Joyce, director, utilities 
and energy management, energy and sustainability at 
Cornell’s Division of Infrastructure, Properties and 
Planning, without whom a coherent synthesis would not 
have been possible.

HISTORY

�������*����������������	�	�����\7��	������!�������>���
League and federal land-grant research university located 
in Ithaca, New York, with satellite campuses in New York 
City and Education City, Qatar. The Ithaca campus is sited 
on 4,800 acres, and Cornell’s student population is about 
22,000. 

Cornell University campus

In June 2007, Cornell University president David Skorton 
signed the American College and University Presidents’ 
Climate Commitment (ACUPCC). This set into motion a 
series of initiatives toward the goal of achieving carbon 
���������������������������������������������!��!����������
a complete greenhouse gas (GHG) inventory based on four 
categories: on-site combustion of fossil fuels, purchased 
�����������������!���
����������?��	�	�������	�
������������������
��	����	��
��������
��	���������������

In 2008 the carbon footprint baseline for FY 2008 was 
���������	����'��
&&&������������1["����2-equivalent 
(CO2-e).

>�%&&�
��������������	�������������������!��
�������
������	������?���!��!!������������	�����!���
�������
����������
����������������
����������������!�������
�
and fuel mix and renewables.

K��%&�%
���������������������������!	���	�������������
�	�!��	��������@����������������	��������������
conversions, the most important being Cornell Beyond 
Coal, which eliminated coal as a fuel source. The estimated 
����������!������%&�%�����%��
&&&�["���2?�
����������
����������'��\�!��������	������������������������
1�&�
&&&�["���������������
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Cornell’s Ithaca campus president’s climate commitment inventory

>�[�����%&�\
��������!�������[������������#���������	�
the Senior Leaders Climate Action Group (SLCAG) with 
researching and reporting on viable energy alternatives for 
����>���������!���������������������������������%&'7��
The resulting report is entitled Options for Achieving 
a Carbon Neutral Campus by 2035 and is available for 
perusal on Cornell’s website (www.sustainablecampus.
cornell.edu/initiatives/options-for-achieving-a-carbon-
������?���!��?��?%&'7).

Cornell is unique in its adoption of a multipronged 
approach to reducing its campus carbon footprint.

K��%&�3
�������Y������������!������	�	�������	����
%�3
&&&�["���2-e, despite continued growth in buildings 
and facilities. However, the university has since accounted 
for upstream methane leakages associated with the delivery 
of natural gas to the power plant with an estimated impact 
of 580,000 MT CO2-e, more than tripling its carbon 
footprint. 

Solutions had to be explored for mitigating such a 
high carbon footprint in parallel with Cornell’s energy 
conservation work.

Cornell’s 2014 Ithaca campus greenhouse gas inventory: impact of using natural gas
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TACKLING CAMPUS ENERGY DEMAND

With buildings responsible for the highest energy demand, 
Cornell has moved to constructing high-performance smart 
����	���������������������������������=������@�������
However, the majority of Cornell’s buildings are preexisting 
�	���X�����������������	���������������#������#��
����������������������������@�����

Cornell’s energy conservation work (begun long before the 
above-referenced report was issued) was organized into two 
��V�����������������������������������!�����&���������������
%&&���	�%&�&��	�������	��������������������������
�!����''���������������%&����	�%&�\��"��������������
�������	������������!���������������<��%&�}�������<��
2000 despite a 22 percent growth in added buildings.

Energy conservation measures in existing buildings have 
����	�	�����������������
���������������������=������	�
air, installation of occupancy sensors, and programmable 
automated building controls. To date, these projects have 
��	������������������������������������������"���
���!��?��	���Z{��������������������������	�	���=��������
kWh of reduced electrical load, nearly three percent of the 
total campus electrical load.

�����������������������������������������>���������!���
was the implementation of “continuous re-commissioning” 
��������������&�����	�������������������:��������������
����������7�����	���:�����������������#��	��!�������
building systems to maintain peak performance and 
����������	���������������"����������������������&�����7�
percent overall energy use reduction to this program.

TACKLING CAMPUS ENERGY SUPPLY

A number of major initiatives have been implemented to 
reduce the campus’s carbon footprint:

 » Lake source cooling. Commissioned in 2000, Cornell 
University’s Lake Source Cooling Plant replaced and 
upgraded its central campus chilled water system 
���������������������������������	�3'7�����	��!�
waters of Cayuga Lake. In so doing, Cornell eliminated 
the use of refrigeration equipment and its associated 
energy consumption, thus reducing the impact on 
the environment and the campus’s cooling power 
���	������\�!������1����%�!����������������!��Y��
total electrical consumption). The annual electricity 
consumption reduction was calculated at 25 million 
#J�]����
����������!�����'
�&&�������

Cornell’s heating and cooling concept
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 » Combined heat and power plant��>�%&�&
�
approximately four months after the completion of its 
emissions inventory, Cornell University completed its 
Combined Heat and Power Plant, which converted its 
fuel source to natural gas and thereby enabled the end 
��������������������������������������������!���Y��
start of operation. In doing so, Cornell increased 
�������������@�����������������	�����������������
campus from 50 percent to 75 percent and reduced its 
annual CO2 emissions by about 28 percent.

 » Solar farm���>������%&�3
�����������!����	�����
installation of a 2 MWdc solar array on university-
owned property in the nearby town of Lansing in 
partnership with a private developer through a power 
!�����������������1||$���>�{��������%&�7
�����
second solar farm project, located in Geneva, New 
���#
���������������������������'�[J	����!�������
K�������	����%&�\
����������	�����������	�������
��������������������������������!�����������[J	���"���
of the solar farms emission credits are attached to the 
central campus carbon inventory; the other three are 
�������	������?���!��������������������������������
�
solar power is providing seven percent of the campus’s 
electricity needs and reducing overall GHG emissions 
���'
�'&������������

 » Hydroelectric plant��������Y���������	�����������!����
�������������������&���	��������������������
upgraded over the years to maintain production. Its 
���!������������	�����
%&&�#J�	����������������������
penstock; nevertheless, it contributes between 4.5 and 
5.5 million kWh of electricity annually or about two 
percent of Cornell’s electrical load.

GOAL S FOR THE FUTURE

The university’s carbon neutrality goals are articulated in 
two categories: electrical and thermal energy. In the future, 
Cornell could either

 » Pursue a combination of thermal energy and 
electricity production, which would entail adopting 
a scaled-up solution to providing thermal energy 
to the campus using “earth source heat” (ESH), a 
developing technology that would require drilling four 
�����������������������������Y���������������������
district heating (to meet the largest campus energy 
demand) and possibly some electricity. Biomass at 
a smaller scale would supplement peak demand for 
heat on extremely cold days. If fully implemented, 
this innovation would provide 82,000 MT of 
CO2?�������������������
������'��!�������������
university’s current carbon footprint. This would also 
entail continuing to develop water, solar, and wind for 
the production of electricity.

 » Or, electrify the entire campus, relying on renewable 
resources including geothermal technology coupled 
with ground source heat pumps, if ESH proves 
unfeasible.

[�������
������������'3�[J������	
������
��	�������
projects currently underway and aims to ensure that 
new campus building projects do not increase overall 
campus energy use by relying on green building and strict 
construction standards.

LESSONS LEARNED

We asked Cornell personnel about insights gleaned 
from their experience to date in moving toward carbon 
neutrality. The following comments were shared:

 » >����������������������?�
������������	�@��������
garner public support for less impactful innovative 
�!!�������
������������������������������������	��
on fallow land. Resistance to such projects is often 
due to a lack of understanding of the urgency of GHG 
��	�������	���X��������!���������������������������
dissemination and awareness raising.
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 » Approval by stakeholders at the trustee and senior 
administration levels requires thorough life-cycle cost 
��������1��$��������%7?����'&?���������������
������
with risk evaluation, including assessment of the 
social value of carbon.

 » Continuous re-commissioning has yielded tremendous 
value to the university.

 » Active building systems (such as engineering systems 
infrastructure) have been prioritized over passive 
systems (such as windows and insulation in older 
buildings) because of the longer payback for passive 
�������:������'&�������������	�����"������������
�����������������	�������!������������������������
�������������	������������������	���	�����������
undertakes the much costlier ESH project.

 » Today, Cornell’s new buildings are being successfully 
designed and constructed using 50 percent of the 
conventional energy standard for each building type.

CONCLUSIONS

What are the key factors contributing to the continued 
success of Cornell’s progress toward carbon neutrality?

 » Climate commitment: Cornell’s climate commitment 
is unquestionably propelling its stakeholders to 
explore all avenues to achieve carbon neutrality by 
%&'7����������������������������������	������
�
research, and outreach. Cornell is poised to be a 
national leader among colleges and universities that 
have committed to a low-carbon future.

 » Economics: Multiple economic factors have 
contributed to ongoing progress. Conservation work 
and continuous re-commissioning have created 
a downward cost trend despite added real estate. 
Dollars saved can then be reinvested into more 
conservation work, as with a revolving fund. Solar 
photovoltaics are also becoming highly competitive 

and worth the investment, particularly when favorable 
����������������	������|~�	�����!����

 » Vision and expertise: Cornell University’s bold 
����������=!�����Z+`��������X����������������
�����������������	���������������������������
and development funding from public and private 
partners. The university is forecasting that the time 
to act is in the near term as the social cost of carbon 
will only rise sharply thereafter. Finally, Cornell not 
only may play an important role in the development of 
a new technology on an industrial scale, but also will 
arm its graduating students with the knowledge to 
lead change around the world. 

Read online at www.scup.org/phe
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