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This report, the third in the State of Sustainability series produced by Sightlines a Gordian company and 
the University of New Hampshire Sustainability Institute, analyzes campus efforts to mitigate and adapt 
to climate change. The report is aimed at facilities, finance and sustainability leaders. It identifies current 
sustainability “wins” and provides a series of forward-looking recommendations across four widely-adopted 
strategies: fuel switching, energy efficiency, space management and mechanical upgrades. Previous State of 
Sustainability reports have examined the first two strategies at length; this year’s report provides an update 
on higher education’s progress in these areas and then introduces new data and discussion surrounding 
space management and mechanical upgrades.

Four key findings are outlined:

1. Natural gas is the current fuel of choice in higher education. It is domestically plentiful and cleaner-burning than 

coal and oil. However, it is still a contributor to climate change and many sustainability advocates consider it a 

“bridge fuel” that should be replaced by renewable sources as soon as possible. There is a risk that today’s low 

natural gas prices could lead to a situation of entrenchment in which the energy economy “stays on the natural 

gas bridge for too long.” In higher education, nearly all campuses have switched to natural gas, but campuses 

pursuing comprehensive renewable energy strategies are still in the minority. These strategies will be essential 

for institutions looking to achieve long-term mitigation progress.

2. Campuses are slowly but steadily improving energy efficiency. Energy efficiency is a win-win: institutions save 

money while reducing negative externalities associated with energy usage. However, organizational and 

financial barriers remain. To continue making progress, we recommend that institutions regularly evaluate 

campus energy performance, establish systematic construction/renovation guidelines and create long-range 

strategic energy plans. Embedding energy efficiency into institutional priorities then enables the adoption of 

innovative financial mechanisms to bolster investment into efficiency efforts.

3. Over the last decade, gains in energy efficiency have been partly counteracted by widespread campus space growth. 

To avoid taking two steps forward and one step back, institutions should carefully consider how much space 

they need to conduct their core mission and right-size their campus accordingly. We recommend regular space 

utilization analyses, where the environmental and operational costs of constructing new space or leaving under-

utilized space online are clearly communicated.  

4. Sophisticated mechanical systems—with more capabilities and greater flexibility of control—are becoming 

prominent in new construction, but these sophisticated systems can be more energy-intensive than simpler ones. 

At the same time, higher education faces a growing number of aging buildings with mechanical systems that 

are reaching end-of-life; institutions will need to decide whether to replace/upgrade these old mechanical 

systems or replace buildings altogether with new construction. Due to the convergence of these two trends, 

attention to mechanical system design is imperative: decisions made today will impact campus financial and 

environmental performance for decades to come. While there is no one-size-fits-all solution, we recommend 

a nuanced approach to construction and renovation choices, in which more complex is not always better and 

selected systems are tailored to needs.

Executive Summary
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Each year, the State of Sustainability report from Sightlines and the University of New Hampshire Sustainability Institute 

sets out to measure the U.S. higher education sector’s efforts to improve campus sustainability. Using data from Sight-

lines and publicly available sources, the report provides an annual “check-up” on higher education’s progress and then 

positions the results within a wider framework to reflect on the significance of identified trends. 

Across higher education, institutions are responding to a strong scientific consensus that human activity is contrib-

uting to environmental changes such as higher average global temperatures, diminishing polar ice and warming 

oceans. Scientists have identified significant risks to human and environmental health that will very likely arise 

from these changes. Longer and hotter heat waves, more extreme weather events and proliferation of vector-borne 

disease are only a few dangers posed by anthropogenic climate change (IPCC 2014). In light of such risks, climate 

action not only involves mitigating future contribution to climate change by reducing carbon footprints, but also 

adapting to changes already locked in by past activity. Over 600 U.S. colleges and universities have publicly com-

mitted to engage in such climate action since 2006 (Second Nature 2015). This year’s report will investigate efforts 

across the sector, pursuant to these climate action goals, to address anthropogenic climate change.

Mitigation and adaptation are two distinct, but equally essential, responses to climate change. Mitigation efforts 

seek to limit the concentration of greenhouse gases (GHGs) in the atmosphere by lowering human-driven emissions 

and increasing GHG sequestration. Tactics for lowering emissions include (a) those that reduce the overall amount 

of human activity causing emissions and (b) those that reduce the amount of emissions per unit of human activity. 

Mitigation efforts are preventative and, therefore, most effective when executed as early as possible. Coordinating 

collective action on mitigation is notoriously difficult; while costs of mitigation efforts are borne locally, benefits are 

felt globally.

In contrast, adaptation efforts seek to make natural or human systems more resilient in the face of anticipated 

climate-related stressors. This limits the harm caused by climate change and can simultaneously be leveraged to 

improve those natural or human systems and boost local quality-of-life. Not all adaptation efforts depend on early 

timing for success and collective action on adaptation is more easily incentivized because both costs and benefits 

are felt locally.

Mitigation and adaptation responses are both crucial for addressing climate change. “...Neither adaptation nor miti-

gation alone can avoid all climate change impacts,” writes the Intergovernmental Panel on Climate Change. “Un-

mitigated climate change would, in the long term, be likely to exceed the capacity for natural, managed and human 

systems to adapt.” (IPCC 2007; IPCC 2014)

However, not all efforts to address climate change will serve both mitigation and adaptation goals. Any given effort 

to address climate change may:

• Serve both mitigation and adaptation goals

• Serve one goal, but be harmful to the other

• Serve one goal, but be neutral for the other (Howard 2009)

Introduction
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This framework is useful for prioritizing which climate action efforts to pursue. In many circumstances, tradeoffs  

between mitigation and adaptation will emerge. This is true even for efforts that serve one goal, but are simply 

neutral for the other. Climate action happens within an environment of constrained time, resources and collective 

will to act; therefore, pursuing an effort that furthers only one goal means less attention will go toward the other. 

Wherever tradeoffs emerge, the balance between mitigation and adaptation must be managed. Efforts that serve 

both mitigation and adaptation should be given high priority.  

Figure 1 demonstrates how a variety of common campus 

efforts might fit into this framework. This report narrows 

in to focus on the following four widely-adopted 

strategies: fuel switching, energy efficiency, space 

management and mechanical upgrades. Previous State of 

Sustainability reports have examined fuel switching and 

energy efficiency at length; this year’s report provides 

an update on higher education’s progress in these areas 

and then introduces new data and discussion surrounding 

space management and mechanical upgrades, to help 

higher education leaders balance their climate action 

efforts wherever tradeoffs emerge.

Figure 1
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In recent decades, higher education has engaged in fuel switching from fossil fuels with a high carbon intensity 

(e.g., coal) to substitutes that are cleaner-burning, particularly natural gas. This transition mirrors larger economic 

trends, as technological advancements now enable the capture of unconventional natural gas sources. With falling 

prices and global availability, natural gas has gained prominence in response to growing energy demands, pressures 

from emissions reduction agreements and the desire for domestic energy security (IEA 2011; IEA 2016). 

The cheap, available and cleaner-burning nature of natural gas has led many to regard it as a “bridge” fuel to 

facilitate a final fuel-switch, a gradual transition to renewable energy sources with no emissions impact. Although 

select campuses have explored comprehensive renewables strategies (University of New Hampshire and Edison 

Energy 2017), renewables are not yet widely adopted in higher education due to challenges like cumbersome 

procurement processes. Prices are also regionally variable and not yet always competitive with traditional energy 

sources. Therefore, many campuses have switched to natural gas to make progress on emissions reductions until 

technological and policy advancements can overcome these obstacles. 

Decisions to fuel-switch are driven by market forces, but the consequences of these decisions persist much longer 

than price fluctuations. 

During the 1990s, some institutions transitioned to 

natural gas in response to low prices relative to other 

fossil fuels. Now, another wave of low prices beginning 

in the late 2000s has coincided with a period of 

tight operating budgets. Much of higher education 

faces financial stress from the Great Recession and 

falling enrollment; for those institutions not already 

transitioned, natural gas provides a near-term solution for 

cutting utility spending. Many campuses also face aging 

utility infrastructure installed during a construction boom 

in higher education over a half-century ago (Sightlines 

2017b). As institutions look to replace old plant 

equipment, installing modern, high-efficiency natural gas 

infrastructure seems a logical choice. 

Background

FUEL SWITCHING

Replacing current energy sources with substitutes that 

emit fewer GHGs per unit of energy produced.

Figure 2
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Fuel switching to natural gas serves climate change mitigation goals in the short-term (Figure 2). Burning natural 

gas is more efficient and cleaner, emitting fewer GHGs per unit of energy produced than other fossil fuels at the 

point of combustion1. Fuel switching is an appealing mitigation response because it reduces emissions without 

changing overall energy consumption and because it is still part of a familiar technological paradigm.

In the long-term, however, there are drawbacks that dampen mitigation benefits. Utility infrastructure replacement 

is expensive and often funded by long-term bonds. Once natural gas infrastructure is installed, it will likely remain 

for an entire life cycle, locking in roughly 50 years of natural gas use. If this phenomenon unfolds across higher 

education, it could delay a sector-wide transition to renewables. 

Although natural gas is a short-term boon for mitigation, its increased use will hinder adaptation. Natural gas 

production is intrinsically a water-heavy process and methods of capturing natural gas from unconventional sources 

(i.e., “fracking”) pose additional risks. Overall competition for water, along with risk of chemical groundwater 

contamination, will cause production to exacerbate water scarcity issues that arise from climate change (IPCC 2007; 

Peduzzi 2013). Furthermore, the large-scale habitat fragmentation and degradation that occurs due to natural gas 

extraction can reduce the resilience of ecosystems against extreme weather events (Peduzzi 2013).

The infrastructure required to support natural gas use may also adapt poorly to climate change. Sea level rise will 

disrupt off-shore natural gas exploration and production operations. Coastal processing and distribution facilities are 

at increasing risk from surges and extreme weather events (McCarthy et al. 2001). Climate-related disruptions to 

natural gas infrastructure will cause expensive damage and issues of reliability.

 1  Currently, campus carbon footprint measurement for on-site stationary fossil fuel is limited to emissions at the point of combus-
tion. However, the mitigation benefits of natural gas may be reduced when considering upstream emissions: many studies find 
significant emissions impact from methane leakage during extraction and transportation phases of the natural gas supply chain 
(Harris et al. 2015).
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Energy efficiency is another strategy used in higher education to address climate change: according to a 2015 

survey of higher education facilities managers, 92 percent of respondents report that their institution’s culture 

encourages energy efficiency practices. Furthermore, 65 percent see energy efficiency as very important to fulfilling 

their institution’s core mission. Respondents identified many motivations for pursuing energy efficiency, including 

stakeholder demand, favorable government incentives, pressure to produce cost savings, increased attention to 

environmental impact and changing industry standards (Redshift Research 2015). 

Here, again, a larger trend sets the stage for increased focus on energy efficiency in higher education. Most states 

and cities in the U.S. have now adopted the International Energy Conservation Code (IECC), which sets metering 

requirements for new construction projects (Ahmad et al. 2016). Some municipalities are mandating that energy 

consumption is reported for commercial buildings over a certain size (NREL 2016). Energy metering, for buildings 

both new and existing, is a prerequisite for certification under LEED, a popular green building rating system that 

certifies 2.2M gross square feet (GSF) per day (USGBC 2017). Thus, facilities managers nationwide, including at 

colleges and universities, can access a growing body of building-level energy consumption data from their own and 

other buildings.

Tracking and benchmarking building-level data is crucial 

for improving energy efficiency. It enables institutions 

to improve load planning, identify inefficiencies, make 

targeted decisions about improvements and verify energy 

savings (Ahmad et al. 2016). When operating funds 

for campus facilities come from various sources, it has 

additional benefits: detailed energy metering allows 

facilities managers to implement chargebacks to different 

departments or budget centers (ENERGY STAR 2002). 

This may, in turn, more closely align incentives for campus 

occupants to be efficient users of energy.

Energy efficiency serves both mitigation and adaptation 

goals (Figure 3). Energy-efficient practices—and 

investment into efficient envelopes, mechanical systems 

and appliances and equipment—enable campuses to meet the needs of campus users and fulfill the institutional 

mission even while cutting GHG emissions. As with fuel switching, energy efficiency is an appealing mitigation 

response because it reduces emissions without necessarily sacrificing amenities.

ENERGY EFFICIENCY

Reducing the amount of energy required to support 

each unit of any given human activity.

Figure 3
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Energy efficiency supports adaptation by bolstering campus resilience in the face of energy reliability issues. 

Institutions face a future of tighter fossil fuel supplies, price volatility and more extreme weather events that can 

damage energy distribution infrastructure. Those who require less energy to keep campus running will minimize 

the overall risk of disruptions to the energy supply (Ahmad et al. 2016) by reducing strain on aging grids (Howard 

2009). As average global temperatures rise, demand for electricity for cooling will rise in tandem; reliable grid 

infrastructure will be crucial to facilitate adaptation to hotter conditions.
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Sustainable space management is an increasingly relevant idea in higher education. Sightlines has tracked 

construction and enrollment trends at hundreds of institutions nationwide since 2007 and finds that higher 

education has, on average, seen a higher rate of campus space growth than enrollment growth in this period. In 

other words, institutions now have a greater amount of space per student (Sightlines 2016). 

This trend is not intrinsically positive or negative. Some campuses require a greater amount of space per student 

than others to fulfill specific institutional goals or missions. 

However, in the context of climate action, space growth does have strong implications. Just as the construction 

of new space involves assuming additional financial and operational responsibility, it also calls for considering its 

additional impact on climate change. Each new square foot of space brought online has an emissions impact across 

the building life cycle, from carbon embedded within building components, to emissions from construction and 

renovation processes, to emissions associated with day-to-day operational demands (Sightlines and University of 

New Hampshire 2016). 

Sustainable space management occurs when institutions 

create a plan to make the most of existing campus 

space and avoid unnecessary space growth. This serves 

both mitigation and adaptation goals (Figure 4). Space 

management mitigates climate change by avoiding 

the lifetime of downstream emissions that result from 

constructing new space. It helps campus communities 

adapt by reducing the level of resources required to 

keep campus running; in the face of increasingly scarce 

resources, resilience can be derived from the ability to 

function on less. 

SPACE MANAGEMENT

Maximizing and optimizing use of the existing building 

stock to avoid constructing unnecessary new space.

Figure 4
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Mechanical upgrades are one final strategy for addressing climate change examined in this report. A wave of 

buildings across higher education, erected during a construction boom 50 years ago, is now reaching end-of-life 

(Sightlines 2016). Institutions are renovating these buildings or replacing them with new construction, often 

upgrading old mechanical systems to more modern ones. Upgrades discussed in this report encompass both (a) 

installation of new systems to add major capabilities like central cooling and (b) replacement of simpler systems 

with more sophisticated ones with greater control and customization.

Some of these mechanical improvements have roots in advancing technology and standards surrounding indoor 

air quality (IAQ). In the 1970s, U.S. regulators made major strides in cleaning up air pollutants, establishing the 

connection between clean air and positive long-term health outcomes (Harlan and Ruddel 2011). By the 1990s, IAQ 

became a focus for facilities professionals when a series of legal cases established the responsibility of building 

owners to protect occupants from poor indoor environments. Today, regulations encourage industry to continue 

to push the envelope, moving toward performance-based approaches that measure actual IAQ improvements. 

Technological advancements not only allowed for escalating IAQ and ventilation standards overall, but also 

increased ability to customize ventilation across many zones (Spengler and Chen 2000).

A rise in the use of air conditioning provides additional important context for mechanical improvements in higher 

education. Between 1960 and 2000, the U.S. saw the widespread adoption of air conditioning to cool indoor 

environments (Ackermann 2010). This coincided with an upward trend in the number of heat waves across the 

nation, and by the 1990s, air conditioning was considered 

ideal to protect human health, especially in the hottest 

climates. The proliferation of indoor cooling is solidly 

linked to reductions in negative health events from 

heat, the primary type of weather-related death and 

hospitalization (Ackermann 2010; Luber and McGeehin 

2008; Harlan and Ruddel 2011; Basu 2009).  

Mechanical upgrades at college campuses primarily 

serve the adaptation goal (Figure 5). Addition of central 

cooling will support the comfort and health of campus 

occupants in the face of rising temperatures, especially 

in locations where heat waves will be common (Howard 

2009). In addition, the average person in the U.S. spends 

90 percent of time indoors (Lawrence Berkeley National 

Laboratory 2001), and if climate change drives more 

MECHANICAL UPGRADES

Improving the ability of existing buildings to fulfill more complex 

program needs and provide greater occupant well-being.

Figure 5
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extreme weather events and the spread of vector-borne disease, this may increase further. As humans spend a 

greater amount of time indoors, IAQ will become more important for human resilience than ever before.

There are, however, drawbacks to mechanical upgrades in terms of mitigation. Indoor cooling is tied to the use of 

refrigerants, a source of GHG emissions (Howard 2009). Furthermore, as we discuss in later sections, there are signs 

that increased adoption of air conditioning and more complex ventilation systems are driving higher energy usage. 

The magnitude of the emissions impact from this is variable: as temperatures rise, institutions will consume more 

electricity for cooling and less fossil fuel for heating. The overall emissions impact of this exchange depends greatly 

on the future carbon intensity of electricity production, that is, the extent to which electricity generators switch to 

cleaner energy sources (Mansur et al. 2008).



STATE OF SUSTAINABILITY IN HIGHER EDUCATION 2017  Trends in Climate Change Mitigation and Adaptation 10

The purpose of this report is to identify areas of strategic opportunity to improve higher education’s mitigation and 

adaptation efforts. We investigate trends in fuel switching, energy efficiency, space management and mechanical 

upgrades using data from energy bills, building inventories and occupant satisfaction surveys. This section will 

present findings of both campus- and building-level performance. Details of the methodology are available in 

Appendix Two.

Across higher education, institutions are making headway in reducing GHG emissions associated with energy 

consumption. Emissions per square foot in 2016 are down from the 2007 baseline: we find a 22 percent reduction 

in stationary fossil emissions and an 18 percent reduction in purchased electric emissions (Figure 6). Below, we dig 

deeper into two trends that are shaping this decline in normalized emissions: fuel switching and energy efficiency.

Findings

Figure 6
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Fuel Switching

Evidence of fuel switching in both on-site stationary fossil fuel and purchased electricity is prominent in the data; 

across higher education, institutions have cut usage of energy sources with higher carbon intensity in favor of 

cleaner ones. This has contributed to falling emissions by reducing the amount of emissions produced per unit  

of energy consumed.

In the last decade, the Sightlines database has tracked a transition 

toward natural gas as the preferred stationary fossil fuel. In 2007, natural 

gas accounted for 75 percent of stationary fossil fuel consumption 

across all institutions in the database. By 2016, this share had increased 

to 92 percent (Figure 7). Wherever institutions switched to natural gas, 

it primarily displaced coal, a fuel with nearly twice the average carbon 

intensity at the point of combustion.

Over the same period, electric grids across the U.S. have experienced  

a similar transition. Declining coal use, and growing use of natural 

gas and renewables, in electricity generation has resulted in cleaner 

electricity in many parts of the country. Carbon intensity has declined 

in 23 out of 26 regional electric grids between 2007 and 2014, the year 

for which most recent data is available (Figure 8). Of the grids making 

progress, nearly half have reduced their carbon intensity by 20 percent 

or more. When estimating campus carbon footprints, institutions of 

higher education benefit from the progress made by the regional grid 

from which they purchase electricity.

Figure 7

Figure 8
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Energy Efficiency

Along with declining carbon intensity, another driver of emissions reductions is improved energy efficiency. This 

means that not only are institutions emitting fewer GHGs per unit of energy consumed due to fuel switching, but 

they are also consuming less total energy per square foot. 

This trend is more pronounced in fossil fuel consumption than in electricity consumption. In 2016, fossil 

consumption (BTU/GSF) fell 15 percent from 2007 baseline (Figure 9). In comparison, electric consumption (BTU/

GSF) declined only 3 percent from 2007 baseline. In the discussion, we consider a few factors that contribute to this 

disparity.

Figure 9
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Space Management

Higher education has made progress in reducing normalized emissions; each square foot of campus space now emits 

fewer GHGs. However, when considering the sector’s contribution to climate change, trends in overall energy usage 

are also pertinent. Every additional BTU of energy has a climate impact.

In the last decade, higher education has seen widespread space growth: eight out of ten campuses in the Sightlines 

database support more square footage now than in 2007. In many cases, the addition of square footage at these 

“growth” campuses has driven up overall energy usage. Nearly half (46 percent) of ‘growth’ campuses now consume 

an equal or greater amount of total fossil fuel than in 2007 (Figure 10). Over half (56 percent) of “growth” campuses 

now consume an equal or greater amount of total electricity.  Therefore, despite improved emissions efficiency per 

square foot, continued space growth will pose a challenge to limiting campus carbon footprints.

More square footage may not be the sole driver of rising energy consumption on “growth” campuses; specific 

characteristics of new space may also contribute. A study of individually-metered buildings in the Sightlines 

database finds that, on average, buildings constructed less than 25 years ago (“new construction”) consume 33 

percent more energy than older, renovated buildings (“renovated”) and 38 percent more energy than older, non-

renovated (“old”) buildings (Figure 11). This trend likely involves a variety of drivers. For example, a new building 

may house an expanding energy-intensive STEM program; its systems may have more sophisticated controls that are 

difficult for operators to master; and it may include modern features to fulfill shifting design standards or occupant 

wishes.

Figure 10
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In the remaining findings below, we examine these drivers and others. Regardless of underlying reasons, however, 

the data reveals that as campuses construct new space, they are likely to add greater consumers of energy to their 

building stock.   

Figure 11
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Mechanical Upgrades

As colleges and universities renovate or replace buildings, they often upgrade mechanical systems to a higher level 

of technical capability. This includes introducing more systems to support a new capability (such as central cooling) 

or installing systems with more sophisticated capabilities (such as more complex controls). During renovations, 

design choices are constrained by existing conditions; in contrast, new construction allows for a great deal of 

flexibility constrained only by budget. To acknowledge this, the data is segmented to distinguish old, renovated and 

new construction buildings.

We use a three-tier framework to define our measure of technical capability (Figure 12). Each tier corresponds with 

the ability to serve differing ventilation and cooling needs, and differing levels of customization for IAQ and thermal 

controls. Whenever these needs change, driven by program demands or occupant expectations, institutions are 

compelled to upgrade mechanical systems. Below, we examine the climate impact of these choices and investigate 

whether institutions are choosing the right level of technical capability for their program and occupant needs.

The data indicates that as technical capability rises, energy consumption (normalized by square foot and degree day) 

tends to rise as well. Mid-Tech buildings consume 36 percent more fossil fuel and 76 percent more electricity than 

Low-Tech buildings, and High-Tech buildings consume 96 percent more fossil fuel and 70 percent more electricity 

than Mid-Tech buildings (Figure 13).

Figure 12
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This points to the possibility that higher energy consumption in new construction can be traced to increased 

technical capability. Before examining this question, however, it is necessary to separate the data by building type 

due to discrete patterns in residential and academic/administrative buildings. The standard for mechanical upgrades 

differs significantly between the two building types and so does energy consumption: residential buildings consume, 

on average, 40 percent less fossil fuel and 49 percent less electricity than academic/administrative  

buildings (Figure 14). Therefore, we examine residential and academic/administrative buildings separately  

in the below analyses.

Figure 13

Figure 14
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Residential

To examine the relationship between mechanical upgrades and energy consumption, we look first at the technical 

capability of residential buildings across the three age groups introduced above. Among old buildings, a large 

majority of the sample is Low-Tech, lacking central air conditioning. Even among renovated buildings, most remain 

Low-Tech. Among newly constructed residential buildings, however, there is a distinctly different pattern: 68 

percent of the sample is Mid- or High-Tech (Figure 15).

Next, we look at the energy consumption of this sample. Fossil fuel consumption is comparable in renovated and 

new construction buildings (Figure 16). Meanwhile, old, non-renovated buildings consumed 13 percent more fossil 

than the other two groups. This may be attributed to more efficient envelopes and heating systems that are used in 

renovations and new construction.

In contrast, electric consumption is substantially different in each group and may correlate with the patterns of 

mechanical upgrades discussed above. Renovated buildings consume 12 percent more electricity than old buildings, 

in line with the moderate increase in Mid- and High-Tech buildings seen in that sample. New construction buildings 

consume an additional 27 percent more electricity, corresponding with a larger leap in technical capability.

Figure 15

Figure 16
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Widespread mechanical upgrades are driven by two major influences: changing program needs and occupant 

expectations. In residential buildings, program needs do not change substantially, so occupant expectations 

are the more salient influence. The above data indicates that occupants are likely not demanding changes in 

heating; however, the rising popularity of central air conditioning and individually controlled thermostats may be 

driving institutions to build new residential buildings to a Mid-Tech standard, with substantial effects on electric 

consumption. 

To measure the effectiveness of this shift, we leveraged occupant satisfaction surveys from the Sightlines database 

to identify if occupants were more comfortable2 in air conditioned or newly constructed residential buildings. We 

find that occupant comfort is no higher in Mid-Tech (that is, buildings with central air) than in Low-Tech buildings 

and occupant comfort is only 3 percent higher in new construction than in renovated buildings.

2  Our measure of occupant comfort is an aggregate of occupant ratings of building temperature, air quality, undesirable odors and 
distracting noises.
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Academic/Administrative

Among academic/administrative buildings, we find changing patterns of mechanical upgrades across all three 

groups. While old, non-renovated buildings are predominantly Low-Tech, institutions appear to conduct mechanical 

upgrades during renovations, resulting in a shift toward the Mid-Tech, and less strongly, High-Tech levels (Figure 17). 

Among new construction buildings, high technical capability is even more common.

When looking at the energy consumption of this sample, we find that renovation of older buildings makes little 

difference. 

However, looking at new construction buildings, a jump of 41 percent more fossil and 36 percent more electricity 

consumption occurs (Figure 18). This corresponds to the large leap in technical capability seen in that sample. As 

displayed in Figure 13, High-Tech buildings, with more frequent and customized air ventilation, demand more energy 

as heated or conditioned air is exhausted more often rather than recirculated. 

We examined satisfaction survey data once more, to measure the effectiveness of this shifting technical capability in 

academic/administrative buildings. We find again that there is no difference in occupant comfort between Mid- and 

High-Tech buildings and that newly constructed buildings score only 6 percent higher than renovated ones.

Figure 17
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Within the new construction subset, we find that buildings with the highest technical capability disproportionately 

drive high energy consumption: High-Tech new construction consumes 209 percent more fossil and 84 percent 

more electric than Mid-Tech new construction (Figure 19).

In academic/administrative spaces, changing program needs can influence design choices even more strongly than 

occupant wishes. For example, ventilation demands of science research or medical space are much higher than 

that of classroom or office space. Therefore, we hypothesized that institutions may be constructing these High-

Tech buildings due to increased focus on STEM programs. However, we find that only 43 percent of the High-Tech 

buildings in this sample serve agriculture, science, or health-related functions likely to require advanced mechanical 

capabilities (Figure 19). In contrast, 57 percent of this sample is standard classroom or office buildings. In most 

cases, the technical capability in High-Tech buildings seems higher than necessary to serve program needs. 

Figure 18

Figure 19
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Key Finding One: Natural gas has nearly universal adoption as a “bridge fuel”

Higher education has seen a nearly-complete transition to natural gas due to the convergence of external factors 

(e.g. price signals) and on-campus factors (e.g. need to replace aging utility infrastructure, pressures to reduce post-

recession operating budgets and an increased focus on climate change mitigation). Natural gas now accounts for 92 

percent of stationary fossil fuel consumption sector-wide.  

Recommendation: Pursue renewable technologies, to keep natural gas a short-term “bridge”

Natural gas can help facilitate a move away from coal and oil. However, there are adaptation risks associated with 

overreliance on it, and while natural gas is a cleaner-burning fuel, concerns remain about its long-term mitigation 

impact as well. For example, if aging nuclear and hydroelectric infrastructure in the U.S. is replaced with natural gas 

infrastructure in coming decades, overall utility emissions would increase (IEA 2011). In addition, any leakages from 

natural gas infrastructure will result in fugitive emissions of methane, a potent greenhouse gas (Alvarez et al. 2012; 

Peduzzi 2013). 

As a result, it is not advisable to rely too heavily on natural gas as a “bridge fuel”. Researchers caution against a 

situation of entrenchment, in which low natural gas prices drive entities to make capital investments that lock in 

natural gas use and “stay on the bridge for too long” (Davis and Shear 2014). Any entities entrenched in long-term 

natural gas use limit their ability to transition to renewables and leave themselves vulnerable to future fossil fuel 

price volatility.

Long-range decision-making is essential for colleges and universities looking to respond to mitigation and 

adaptation challenges. Fuel switching is an area of tension between today’s needs and tomorrow’s consequences. 

Institutions should invest in utility infrastructure with long-term outcomes in mind. For those still transitioning 

to natural gas, this means postponing further infrastructure renewal in favor of gradually integrating renewable 

energy. For those who transitioned to natural gas in the 1990s, this means paying close attention as large-scale 

renewable solutions evolve and become more feasible; although it is common practice to wait until current 

Discussion

MITIGATION 

Natural gas helps campuses reduce their carbon 

footprints in the short term, due to lower 

carbon intensity than coal/oil at the point of 

combustion. However, long-term alternatives 

should be sought.

ADAPTATION 

The negative externalities of extracting non-

traditional sources of natural gas hinders the 

ability of both natural habitats and man-made 

infrastructure to adapt to climate change.

FUEL SWITCHING
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equipment passes end-of-life before adopting new technologies, these institutions should press further and move 

to renewables once financial obligations for past fossil fuel infrastructure are met. 

Higher education institutions are long-term investors, job trainers and living laboratories to test out new 

technologies and strategies (NACUBO and Second Nature 2012). As a result, many are already early adopters of 

cutting-edge renewable technologies who can provide guidance to other institutions. Despite the complexities of 

renewable energy contracts and financing, the economics of green power are growing ever-more advantageous, and 

we have learned from these early adopters that a four-pronged approach may be beneficial:

1. Transitioning to building heating systems that can interface with renewable electric sources or geothermal 

pumps

2. Maximizing onsite renewables that provide some financial benefits, but also visibility

3. Executing power purchases from large-scale offsite projects 

4. Filling any gaps with short-term unbundled RECS, the cost of which can be offset by the savings from the onsite 

and offsite strategies (University of New Hampshire and Edison Energy 2017)  
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Key Finding Two: Campuses are slowly, but steadily improving energy 
efficiency

Campus leaders recognize the importance of improving energy efficiency from an environmental and financial 

perspective and have invested accordingly. In the last decade, fossil fuel efficiency has improved by 15 percent and 

electric efficiency has improved by 3 percent.

The disparity in progress on fossil fuel efficiency versus electric efficiency is likely related to shifting building 

standards. Technological advances on multiple fronts have heavily influenced electric consumption: more 

customizable temperature and air change controls are now possible; occupants more frequently see central 

cooling as a prerequisite; and plug loads are growing to support more appliances and personal devices. These 

trends, however, have left fossil fuel consumption relatively untouched. Buildings still consume fossil fuel for 

thermal purposes and occupant expectations about heating did not change as they did regarding electricity-related 

functions. Efforts to reduce fossil fuel use in buildings, therefore, may face fewer counteracting forces than efforts 

to reduce use of electricity.

Recommendation: Seek continuous improvement in energy efficiency with innovative financial strategies

It is imperative that campuses continue to invest in energy efficiency. Energy efficiency efforts support both 

mitigation (e.g. reducing emissions from energy consumption) and adaptation (e.g. improving grid resilience) goals. 

Furthermore, increasing efficiency is a win-win situation where institutions can see substantial cost avoidance 

while reducing negative externalities associated with campus energy usage. Energy efficiency and clean energy 

projects are strong investments that can yield three to five times the annual returns of traditional endowment 

investments (Sightlines 2017c). However, economists find persistent underinvestment in energy efficiency (Allcot 

and Greenstone 2012). The most common barriers to investing in energy efficiency include lack of prioritization, 

insufficient capital funding and difficulties in influencing decision-makers (Redshift Research 2015; Close and  

Close 2010).

MITIGATION 

Efforts to improve energy efficiency are 

important for climate mitigation. Consuming 

less energy for the same level of activity and/

or consuming the same energy and being able 

to support greater activity are both means of 

increasing energy efficiency. 

ADAPTATION 

Campuses that are more efficient today reduce 

their exposure to future risks associated with 

fuel price volatility, fuel shortages and grid 

failures.

ENERGY EFFICIENCY
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The following can help sustainability advocates begin to overcome these barriers:

1. Build a case with objective data. Make data management a priority. Tracking and communicating the benefits of 

energy efficiency is key to capturing the attention of decision-makers. 

2. Create staying power. Energy efficiency goals are continuously 

present—and best practices are continuously advancing—

yet efficiency is not always communicated as an ongoing 

funding priority. Call for comprehensive, enduring policies 

to embed energy efficiency into long-term institutional 

priorities. This is best achieved by creating a strategic energy 

or sustainability plan, writing systematic construction/

renovation guidelines and then regularly evaluating energy 

performance against established goals (Close and Close 

2010).

3. Dream big. Once overarching energy efficiency policies are in 

place, some campuses are then finding innovative means to 

fund their programs.

SOME IDEAS TO TRY:

• PERFORMANCE CONTRACTS

• GREEN REVOLVING FUNDS

• CARBON CHARGES

• ENDOWMENT OR CROWD-SOURCE 

FUNDING OF ENERGY PROJECTS
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Key Finding Three: Energy efficiency gains are muted by widespread  
campus expansion

Eight in ten campuses now support more square footage than they did in 2007. This results in a figurative tug-of-

war where space growth and energy efficiency improvements are opposing forces. Nationwide, institutions are 

more efficient on a per square foot basis than ten years before. However, in this same period, roughly half of all 

growing campuses are consuming more energy overall. This is due in part to more square footage coming online 

and due in part to the fact that newly constructed buildings tend to consume more energy than older buildings, 

both renovated and non-renovated. Our data indicates that increased technical capability contributes to the higher 

energy demand of new construction.

Recommendation: Right-size campus 

Institutions should consider how much space is needed to conduct their core mission of educating their student 

body. There are now fewer traditionally aged students and fewer non-traditional students pursuing higher education 

than during the recession. The impact is measurable:

• Public institutions, across 43 of the 50 U.S. states, have fewer students than they did five years ago (State 

Higher Education Executive Officer Association 2016). 

• Enrollment at private institutions is down 11 percent nationwide between 2010-2014 (The College Board 2016).  

 If you build it, the students might not come, but the energy demands inevitably will. One guaranteed method for 

campuses to find economies of scale is to increase building occupancy. A study of MIT campus buildings found that 

energy consumption is primarily driven, not by building occupancy level, but by outside temperature and daily open/

closed schedules. Therefore, adding more students into a space will not significantly raise energy consumption 

(Martani et al. 2012), but closing underutilized space will reduce it. How can institutions optimize  

the relationship between building occupancy and energy consumption?

1. Conduct regular space utilization analyses and set standards of occupancy

2. Communicate the environmental and operational costs of constructing new space or leaving under-utilized 

space online, and employ regimes to allocate those costs to users

3. Target under-utilized buildings for demolition and consolidate functions

4. Consider pedagogical approaches that enable teaching more students with less space

MITIGATION 

Every square foot of every building consumes 

energy.  Having fewer buildings or smaller 

buildings is a means by which campuses can 

mitigate against climate change.

ADAPTATION 

Campuses that are more efficient with their space 

use, those who are educating more students 

using less building square footage,  

are increasing grid resilience.

SPACE MANAGEMENT
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Key Finding Four:  Buildings with higher technical capability tend to consume 
more energy

Technological advances, shifting building standards and human preferences have prompted the installation 

of mechanical systems with more features (Spengler and Chen 2000, Ackermann 2010).  However, there are 

downsides to making these upgrades. Our results show that buildings with higher technical capability tend to 

consume more energy and have only marginally higher occupant satisfaction scores.   

Recommendation:  More complex is not always better; Make tailored design choices to match occupant needs

The decision-making process for selecting mechanical systems is fraught. Every campus manages a diverse array of 

buildings of different ages and functions. Furthermore, a crisis is looming in higher education, a growing number 

of aging buildings with mechanical systems that will reach end-of-life in the next decade. Institutions will need 

to decide whether to replace/upgrade these old mechanical systems or replace buildings altogether with new 

construction (Sightlines and University of New Hampshire 2016). Our findings can guide decision-makers on which 

mechanical upgrades are now “standard” and the corresponding climate impacts. While we recognize that there is 

no one-size-fits-all solution, we recommend a nuanced approach to making construction and renovation choices, in 

which more complex is not always better and selected systems are tailored to occupant needs.

The data shows that buildings with higher technical capability tend to consume more energy. This is likely due in 

part to the addition of more systems and in part due to human error. Many campuses struggle to train and retain 

staff with the skillset necessary to properly maintain technologically advanced systems (Sightlines 2017a). When 

building operators and users cannot fully optimize complex modern systems, efficiencies are lost. 

With higher energy and refrigerant inputs, mechanical upgrades can hinder climate change mitigation. Throughout, 

our recommendations weigh these considerations against occupant satisfaction, comfort and program needs. We 

recommend the following path for decision-makers:

1. Residential Buildings:

 a.  If Possible: Renovate.   

Renovated residential buildings consume a similar amount of energy to non-renovated buildings. 

Residential renovations are often less costly than new construction (Devol 2013). There are natural 

constraints in residential renovations: it is difficult to change floorplan configurations and/or add ductwork 

MITIGATION 

Features of High-Tech buildings, such as central 

air conditioning and frequent air changes, may 

consume more energy and will require additional 

refrigerants to operate. These features increase 

the need for climate mitigation.

ADAPTATION 

Central air conditioning and frequent air changes 

are common in new construction; these features 

may be important for human adaptation to some 

of the negative consequences of climate change.

MECHANICAL UPGRADES
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for central air conditioning. As such, most residential buildings remain Low-Tech even after renovation. 

Some may have concerns that students demand modern amenities, such as central cooling. However, the 

data shows that occupant satisfaction is not higher in a Mid-Tech residential building. Furthermore, there 

are signs that the “arms race of amenities” in higher education is fizzling. Many campuses that invested 

heavily into campus housing as a means to entice prospective students did not find success (Selingo 2017).

 b.  If New Space Must Be Built: Install central cooling, continue to avoid frequent air changes and limit suite/

apartment-style accommodations.   
Newly constructed residential buildings tend to consume more energy than renovated ones. More frequent 

air changes are not to blame, as this remains rare. However, central cooling and suite/apartment-style 

accommodations with individual unit controls have become standard and drive higher energy consumption. 

Air conditioning can be a wise adaptation investment in areas that face more extreme heat waves. 

However, suite/apartment floorplans lead to “sprawl,” with nearly twice the space dedicated to each 

building occupant (Devol 2013). Students self-report a preference for suites and apartments (Samuels and 

Luskin 2010), but high housing costs can affect student retention (Webster and Showers 2011) and some 

institutions are responding by offering basic housing at the lowest possible cost (Devol 2013). Furthermore, 

it is important to keep a broader perspective in mind: prospective students will reject an institution with 

poorly maintained residential buildings, but accommodations need not be extravagant. Prospective 

students rate academic/administrative facilities as far more consequential in college selection (Cain 2006).

2. Academic/Administrative Buildings: 

 

a.  If Possible: Renovate.    

Renovated academic/administrative buildings consume a comparable amount of energy to non-renovated 

buildings. During renovation, central air conditioning is frequently installed, but the sophisticated 

systems—and associated energy demand—of a High-Tech building are avoided. The data shows that 

occupant satisfaction is no higher in a High-Tech academic/administrative building than a Mid-Tech 

one. Furthermore, new construction is often costlier than renovation (Brown and Viccicia 2010) and 

has a significant environmental impact (Sightlines and University of New Hampshire 2016). So when 

should campuses choose new construction over renovation? Only when there is a business case that new 

construction will measurably improve the educational outcome for students or the financial outlook for the 

institution in a way that renovation cannot. In other words, consider renovation the default decision.

 b.  If New Space Must be Built: Install central cooling and tailor technical capability to match needs. 

Newly constructed academic/administrative buildings tend to consume more energy than renovated 

buildings. In new construction, central cooling is standard and sophisticated systems are extremely 

common. However, the data shows that these buildings do not necessarily house programs that require 

higher technical capability. In fact, 57 percent of the High-Tech buildings in this sample are standard 

classroom or office buildings. This is likely a consequence of design “drift,” in which institutions choose 

more sophisticated systems regardless if they are needed. As a result, some new buildings have 

unnecessarily high energy use intensity.
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 c.  If High Technical Capability Is Essential: Emphasize sustainable design and operations.  

Some buildings—such as data centers, research laboratories and healthcare facilities—do require specialized 

air handling. High-Tech facilities are often overlooked for efficiency improvements because operators 

assume they are either already optimized or so mission-critical that they should not be disturbed (Mills 

2011). However, the data indicates that these buildings have an outsized financial and environmental 

impact. As such, campuses should devote more attention to sustainability within these buildings across 

each phase of the building life cycle. During the planning and design stage, focus on limiting building 

size, consolidating functions that require specialized air handling into fewer locations across campus and 

conducting life cycle cost analysis (LCCA) to identify more efficient equipment (Mills et al. 2008). During 

the operations stage, provide training for building operators and recommission regularly: the payback 

period for recommissioning is two times faster for specialized laboratory and healthcare facilities than 

for standard academic/administrative buildings (Mills 2011). Another critical aspect of High-Tech building 

operations is educating building occupants (Mills et al. 2008). Consistent with “occupant ownership” 

principles common in net-zero and other super-sustainable buildings, energy conservation should be a 

core occupant responsibility in all High-Tech buildings. The recent proliferation of energy metering in new 

construction can be leveraged to more closely align incentives for occupants to become energy stewards.

There is no one-size-fits-all solution to managing campus facilities. The above recommendations are data-driven and 

objective, but some campuses will have unique constraints related to local climate, design of existing buildings, or 

atypical program demands. 

Regardless of circumstance, however, decision-makers should be aware of the long-term cost, both financial and 

environmental, of today’s design decisions. Whenever possible, campuses should strive to embed sustainable 

principles into long-term campus planning: Conduct LCCA to compare alternatives. If budget cuts are necessary, 

look for opportunities to limit building size rather than dropping sustainability priorities. Objectively measure 

what design elements are “nice-to-have” versus “need-to-have” for occupants. Seek financial mechanisms to allow 

investment into energy efficiency and a transition to renewable energy; even with a learning curve and ongoing 

improvements, many such mechanisms have now moved from the realm of the “experimental” into proven best 

practices. Look to the many organizations within higher education offering resources on this front, from NACUBO 

and APPA to the Billion Dollar Green Challenge, Second Nature and AASHE. Integrating these sustainable principles 

tackles mitigation goals and allows institutions the leeway to install amenities for adaptation when necessary, 

thereby bolstering the long-term physical and financial sustainability of the campus.
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Higher education business, facilities and sustainability officers have invested a great deal toward reducing campus 

resource use, waste and negative ecological impact in the last decade. In this report, we explore trends in fuel 

switching, energy efficiency, space management and mechanical upgrades. When campus leaders make decisions 

within these realms, they weigh financial, environmental and practical considerations.

Occasionally, incentives align to result in substantial progress. Let’s consider one of higher education’s major 

sustainability accomplishments in the last decade: Average fossil emissions have improved significantly due to 

improving fossil fuel efficiency and the phase-out of high carbon-intensity coal and oil. The will to act arose due 

to the convergence of three factors: (1) price signals encouraged fuel switching (2) at a time when many campuses 

had asserted their intention to reduce emissions and (3) needed to replace aging utility infrastructure regardless. 

Increasingly, campus leaders committed to improving long-term institutional financial and environmental 

performance are tuning into these opportunities.

Unfortunately, win-wins do not always exist and 

climate action continues to face a context of 

constrained time, resources and collective will to 

act. Buildings and infrastructure are aging. With 

each decision to add space, renovate buildings, or 

replace systems, campuses are locking themselves 

into decades of future energy demands. How can 

campuses work toward a sustainable future?

We have a large and growing body of objective 

evidence that has begun to provide signals about 

how to move forward. Now, higher education 

leaders should embrace the lessons that this data 

provides—to recognize campuses in need of right-

sizing, to reach for the next technology to replace 

natural gas as a core energy source,  

to continually focus on energy efficiency and to 

manage the technical capability of mechanical 

systems according to needs.

This will require a combination of both mitigation against runaway GHG emissions and adaptation to the new 

conditions brought on by climate change. We provide just a few examples of the inherent trade-offs; many more 

should be anticipated as campuses tackle climate change. Moving forward, essential tools in our toolbox will be 

objective data, long-term vision and a sustainable approach to campus planning.

Conclusion
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It is our hope that the report will help inform, prompt dialogue and inspire leaders on campuses everywhere who are 

committed to campus leadership on climate change solutions.
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Appendix Two: Methodology

Sightlines maintains the largest third-party verified database of higher education facilities data in North America. 

This study is based on data from a subset of the 450+ colleges and universities that are Sightlines members. They 

represent different Carnegie classes and all geographic regions of the country and are a mix of both public and pri-

vate institutions. With the exception of community colleges (which are underrepresented), the database reflects the 

composition of higher education institutions in the U.S. as a whole.  

For campus-level analyses, we analyze trends from fiscal year 2007 through fiscal year 2016 in order to offer a 

ten-year window into the sector’s performance. For building-level analyses, we analyze 2016 energy and space 

data from the Sightlines members that provide sub-metered data for fossil and/or electric consumption. Occupant 

satisfaction is also analyzed at the building-level; data is collected through surveys distributed to faculty, staff and 

students.

Data is collected directly from institutions that use Sightlines’ proprietary ROPA process. This process quantifies 

data from source documents (such as energy bills) and verifies the results by reviewing them with campus facilities 

and sustainability staff. Inputs are updated yearly and verified using a standard process to ensure consistency across 

institutions. Space and energy trends are analyzed using Sightlines’ internal data processing tools. Emissions from 

purchased fossil fuels and purchased electricity are calculated using the methodology established by the indus-

try-leading Campus Carbon CalculatorTM v.9.0.  
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