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ABSTRACT

	 To meet a number of objectives, not the least of which is cost sav-
ings, colleges and universities of all sizes, public and private, have been 
exploring opportunities to reduce energy use and costs. In operational 
or maintenance practices, energy inefficiencies may be present due to 
the condition of mechanical systems or campus infrastructure, or as a 
result of behavioral and cultural habits. To derive information for an 
energy master plan (EMP), and derive, prioritize and implement energy 
conservation measures, the first step is to obtain a perspective on cam-
pus-wide opportunities for an improved energy profile and resultant 
cost savings. This program of energy assessments has been performed 
at 13 of the colleges at the City University of New York (CUNY). The 
assessments identified opportunities in the following 12 categories on 
a building-specific basis for a total of 169 buildings: building envelope, 
lighting, HVAC, plumbing, boiler plant, chiller plant, building automa-
tion system, utility distribution, electrical, special systems (as appropri-
ate), O&M, and existing building commissioning (EBCx). There were 36 
subcategories, which are described for clarity as to the scope of the as-
sessment in these areas. The energy assessments have noted some com-
monalities among the energy saving opportunities that were observed. 
Buildings with some common uses (administration, library, science) did 
not necessarily reflect strong commonalities, possibly given the rela-
tively limited number of buildings with these uses in the database and 
the relative diversity of building age, historical use and construction. 
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The results of this article will be useful as a benchmark to stakeholders 
involved in or planning similar assessments.

INTRODUCTION

	 Buildings are a key area of interest for any type of energy reduc-
tion policy in the U.S., often noted as accounting for over 40% of nation-
al energy use as of 2008 (U.S. Department of Energy 2011) and around 
the world (United Nations Environment Programme 2014), across the 
public and private sectors. Institutions of higher education have been 
taking steps to reduce energy use, energy costs, and greenhouse gas 
(GHG) emissions. The drivers are varied, but include limited financial 
resources engendering a need for cost reduction wherever it does not in-
terfere with an institution’s basic mission, the necessity to be perceived 
as having a leadership role in the reduction of GHG emissions and 
impacts to climate change, and the public relations benefits from the 
aforementioned activities with respect to the expectations of potential 
students.
	 As a useful benchmark, we have recently focused on the higher 
education sector (colleges and universities), which features buildings 
representing a wide range of activities found elsewhere in the public 
and private sectors: offices, lecture facilities, libraries, laboratories, 
residential centers, athletic facilities (including natatoriums, ice rinks, 
field houses, fitness areas, stadiums, and support activities), confer-
ence centers, greenhouses, research facilities, motor pools and repair 
shops, and storage facilities. Campuses can encompass a large amount 
of space (often in the millions of gross square feet per institution) and 
age (significant capital growth in higher education occurred in the 1950s 
through the 1970s).
	 The results of energy assessments of college campuses have been 
presented in the literature, but typically based on assessments of single 
campuses (Kozman et al 2011; Pullen 2000), or of specific spaces or 
systems on a campus or with similar building uses (Pitts and Saleh 
2007; Doty 2011; Eberly 2012). Ritter (2012) presented the results of an 
ASHRAE (American Association of Heating, Refrigerating and Air-
Conditioning Engineers) Level 2 energy audit of a senior living facility, 
which would have some of the same building uses, and possible con-
formation, as found in some campus buildings (particularly residence 
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and dining halls). Zhou et al. (2013) is the exception, with an analysis of 
energy uses in more than 50 institutions in China.
	 Reported here are results from energy assessments on more than 
20 million square feet of higher education building systems, and spaces, 
such as central heating and cooling plants, teaching laboratories, gym-
nasiums (including natatoriums), classroom buildings, and administra-
tive and office buildings. These energy assessments were performed on 
behalf of the City University of New York (CUNY) and were funded 
through the auspices of the Dormitory Authority of the State of New 
York (DASNY), both of which had very active roles in this program. 
CUNY is an urban university system consisting of 24 campuses of 
4-year and community colleges, and over 500,000 total students located 
wholly in the five boroughs of New York City. The assessments were 
carried out through interviews of campus facilities staff, design/draw-
ings reviews, building field surveys (day and night), and of energy pro-
curement records. Together, these activities provided a broad picture of 
demand-side building energy consumption and GHG emissions, as well 
as opportunities for improvement. These opportunities were aggre-
gated into four categories: (i) immediate actions, such as behavior and 
operations & maintenance (O&M) changes; (ii) near-term actions, such 
as specific energy conservation measures (ECMs) with implementation 
horizons of up to 5 years; (iii) long-term actions, such as infrastructure 
renewal (IR) with implementation horizons of up to 15 years; and (iv) 
new construction and major renovation projects, including the pursuit 
of highly energy efficient buildings.
	 This article will discuss the process used and how it helps to pri-
oritize projects for implementation as well as the common findings and 
some calculated simple payback periods for these ECMs. The impor-
tance of the respective systems that were assessed is described from the 
perspective of energy use. The results presented herein will be of value 
to stakeholders involved in or planning similar energy assessments in 
that it provides:

•	 A road map of the process for those planning energy assessments 
and are conflicted over how to prioritize limited financial resourc-
es with respect to scoping of an assessment.

•	 Guidelines for those who have completed an energy audit or as-
sessment, given the number of campuses and buildings included 
in the database.
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•	 Validation by an external study in support of findings made at 
other campuses where such may be beneficial to the acceptance of 
similar results at a campus.

METHODOLOGY

	 The campus energy assessments were performed so that CUNY 
and the respective colleges could better ascertain the current state of 
energy-related matters at the college and to identify ECMs. The level of 
effort for the energy assessment aligns with an ASHRAE Level 2 Energy 
Survey and Analysis. ASHRAE “Procedures for Commercial Building 
Energy Audits (PCBEA)—Second Edition” is the generally accepted 
guide in the U.S., defining best practices for planning and perform-
ing facility energy assessments. This document classifies a commercial 
building energy audit into three levels of effort:

Level 1—Walk-through Analysis

Level 2—Energy Survey and Analysis, and 

Level 3—Detailed Survey and Analysis.

	 This approach would be typical for both energy audit and energy 
master plan efforts, and utilizes data from the PCBEA. Since the energy 
master plan often involves a larger portfolio of buildings, the scope of 
the effort would be substantially greater than for a single building en-
ergy audit. The Level 1 analysis establishes the general savings potential 
of the building or campus to establish which buildings have the greatest 
savings potential and to set priorities for conducting Level 2 and Level 
3 audits. The Level 2 audit involves a more detailed building survey, 
including energy consumption and peak demand analysis. A Level 2 
energy analysis identifies the savings and costs associated with ECMs 
that meet the owner’s constraints and economic criteria, along with pro-
posed changes to O&M procedures. The Level 3 engineering analysis 
focuses on potential capital-intensive projects identified during a Level 
2 analysis. 
	 This energy assessment was consistent with the following Level 2 
criteria:
•	 Provides a detailed building survey of systems and operations
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•	 Includes a breakdown of energy source and end use

•	 Identifies ECMs

•	 Develops the savings and costs associated with the identified 
ECMs

•	 Establishes the simple payback period and ranks each ECM to help 
evaluate which projects should be subjected to a more thorough 
analysis, such as that provided by a feasibility or ASHRAE Level 3 
investment grade study.

	 The following activities were performed as part of the campus 
energy assessment: 

•	 Survey of designated buildings to identify major energy-consum-
ing systems and equipment

•	 Review of available record drawings, maintenance records, prior 
energy studies, reports, and recent energy projects

•	 Review of energy procurement records

•	 Interviews with campus facility directors, stationary engineers, 
trades and O&M staff

•	 Lighting fixture survey and calculation of lighting watts per 
square foot for each building

•	 Performance of a night survey to determine light levels and unoc-
cupied lighting behaviors

•	 Survey of domestic water lavatory, toilet and urinal fixtures for 
water conservation performance

•	 Survey of computer laboratories and data centers

•	 Review of current utility metering systems and equipment for 
fossil fuel, electrical, steam, heating hot water, chilled water, and 
water usage, and an assessment of the potential for additional me-
tering.

	 The intent of the assessments that were performed was to establish 
a baseline of the condition of existing systems and equipment, mainte-
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nance practices, and occupant behavior throughout the campus. Based 
on these observations, opportunities for improvement were identified 
in the systems assessed. From these identified opportunities, a select 
number of ECMs were developed that, if implemented, would contrib-
ute to significantly reducing a campus’ energy profile, energy costs and 
GHG emissions.

Categories of Energy Savings Opportunities
	 Observations were recorded for 36 subcategories of facility infra-
structure and O&M with implications either directly or indirectly on 
energy use, which were described as energy opportunity areas; these 
elements were aggregated into 12 categories. The following lists the 
subcategories and describes the basis of the assessment for each subcat-
egory. They involved observations of physical condition, actual use or 
operation as compared to observed or anecdotal information, discus-
sions with campus staff and operators, review of operating records, and 
experience regarding the estimated life expectancy of infrastructure or 
equipment. Unless specifically noted below, testing or measurements 
were not conducted; collection of samples and invasive testing were not 
performed.

Building Envelope
	 Building envelope improvements reduce energy use by reducing 
thermal transmission through the building enclosure, and by reducing 
excessive air infiltration. When renovations are performed, it is impor-
tant to consider the energy benefit of improvements to the building en-
velope and to capture their contributions to reducing energy use, energy 
cost, maintenance time and costs, and GHG impacts.
	 Roof/Insulation—Physical condition was observed, and age and 
construction methods of roofing and envelope components were ob-
tained from campus records. Thermographic surveys for water infiltra-
tion were not performed.
	 A white roof may reduce the urban heat island effect that contrib-
utes to higher temperatures in cities. Vegetative “green roofs” also can 
reduce the heat island effect, although with much higher installation 
and maintenance costs. Roofing projects provide an opportunity to 
upgrade or replace the roof insulation systems, further enhancing the 
energy performance of the building.
	 Windows—Windows are the natural modulators of heat, light and 
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ventilation air in a building and have an important influence on energy 
use and occupant comfort in exterior perimeter spaces. While windows 
affect the heating and cooling in the areas nearest the exterior walls, 
daylight and ventilation can provide a greater impact area if the win-
dows and the spaces are properly designed. 
	 High-performance windows can reduce peak building heating 
and cooling loads, which reduces the capacity and first cost of equip-
ment needed to condition the building along with annual heating and 
cooling energy requirements. Since electrical peak loads usually occur 
on summer days when demand charges are highest, windows that re-
duce peak loads can result in energy demand cost savings as well.
	 While operable windows may provide a local comfort or ventila-
tion benefit, the performance of the central HVAC system can be ad-
versely affected by occupant behavior, potentially resulting in higher 
energy costs. To prevent windows from being opened while central 
heating and cooling systems are running, it may be advisable to per-
manently secure the windows in a closed position, or disable HVAC 
systems when windows are open.
	 Walls/Insulation—In 2014, ASHRAE updated Standard 189.1: 
“Standard for the Design of High-Performance Green Buildings” to pro-
vide total building sustainability guidance for designing, building and 
operating high-performance green buildings. ASHRAE 189.1 sets the 
requirements for wall construction and building insulation significantly 
higher than ASHRAE 90.1-2013, “Energy Standard for Buildings Except 
Low-Rise Residential Buildings.” 
	 While adding insulation to walls and roofs can improve a build-
ing’s energy performance in heating and cooling seasons, adding insu-
lation in existing buildings is unusually complicated and cost-prohibi-
tive. An exception would be replacing or adding to roof insulation when 
roofing systems are replaced, or adding exterior insulation as part of a 
siding project. Interior renovation projects can also provide opportuni-
ties to add insulation to the interiors of existing walls and roof systems.
	 Air Infiltration—Infiltration can be one of the leading causes of 
discomfort and energy use in a building. Uncontrolled leakage of out-
side air introduces moisture, particulates, noise, odors, and otherwise 
unwanted influences. Repairing or replacing window and door weather 
stripping, sealing openings in the exterior building envelope and pro-
viding vestibules and revolving doors are strategies that can be engaged 
to reduce unnecessary building air infiltration on campus.
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Lighting
	 Interior Lighting Fixtures—Incandescent, metal halide, and T-12 
fluorescent fixtures no longer represent best practices for campus 
interior lighting, where (light emitting diode (LED), and T-5 and T-8 
fluorescent fixtures are now common in modern energy-efficient de-
signs. Campus buildings are often subject to being re-purposed, rooms 
modified (split or combined), with utility services often impacted by 
these alterations. With respect to lighting, light levels that were ad-
equate for previous room uses may become inappropriate as the room 
or building is reprogrammed. When lighting fixtures originally were 
installed, energy efficiency may not have been a prime consideration. 
LED lighting technologies offer a wide variety of fixtures that were not 
available until recently. Depending on the lighting requirements of the 
space, a one-for-one fixture replacement often is not the best approach 
for lighting retrofits. Engaging the services of a qualified lighting de-
sign professional generally is recommended for all but the simplest 
lighting retrofit projects.
	 Interior Lighting Controls—The 1990s saw a surge in lighting 
retrofit projects on campuses, including the installation of occupancy 
sensors. However, in the intervening decades, sensor sensitivity and 
reliability have improved significantly and replacement should be 
considered, depending on age and condition. While some public spac-
es (such as entryways, hallways, stairways, and common areas) may 
remain lit throughout the night for security purposes, light levels can 
be reduced in these areas when they are largely unoccupied, with the 
use of installed sensors to increase an area to full lighting upon entry 
of an occupant. In many cases, behavioral issues also are at play; these 
energy assessments observed sensors that were blocked by furniture, 
equipment or supplies, or that were no longer functioning due to their 
age.
	 Exterior Lighting—The primary functions of exterior lighting are 
personal security, way finding and architectural feature illumination. 
It is possible to provide these functions cost effectively through the use 
of efficient LED fixtures and controls that respond to the presence of 
pedestrians and turn off when sufficient natural ambient light is pres-
ent. Once again, lighting retrofits of campus site lighting typically in-
volve more than simple replacements and are best implemented with 
the assistance of an exterior lighting design professional.
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HVAC
	 Demand Control Ventilation (DCV)—Historically, building ven-
tilation strategies have utilized fixed quantities of outside air that are 
scheduled based on maximum anticipated occupancies, often resulting 
in excessive ventilation during lightly occupied periods. DCV utilizes 
carbon dioxide sensors in the space or return air ductwork to provide an 
indication of the level of occupancy in the space. Outside air dampers 
are modulated based on the carbon dioxide levels, thereby reducing ex-
cess ventilation air and its associated heating and cooling requirements.
	 Outside Air Economizer—Air handling unit economizers save 
energy in buildings by using outside air for cooling when ambient tem-
perature and humidity conditions are sufficiently low to eliminate the 
need for mechanical cooling. Buildings with high internal heat loads 
associated with people, equipment and lighting can benefit from econo-
mizer “free” cooling for many hours per year, resulting in significant 
cooling energy savings; since the only energy an economizer uses is for 
blower operation, an economizer system in conjunction with a tradi-
tional HVAC system can significantly reduce energy consumption by 
drawing in cooler outdoor air, hence the term “free.”
	 Enhanced Air-side Controls—Advanced building automation 
strategies also can be used to modulate air handling unit supply air 
temperature and flow in response to interior loads and outdoor condi-
tions to improve energy efficiency. Manual control of air handling unit 
setpoints, however well intentioned, should be avoided.
	 Exhaust Heat Recovery—Utilizing the heat present in building 
exhaust airflows to preheat-required ventilation air is a sound energy 
conservation strategy. In new buildings subject to the New York State 
Energy Conservation Construction Code (NYECC), any non-toxic ex-
haust over 2,000 cubic feet/minute (CFM) is required to utilize energy 
recovery. Attempting to recover waste heat from air volumes of less 
than 2,000 CFM typically does not result in favorable payback time. 
	 In existing buildings, the cost-effectiveness of heat recovery is 
largely determined by the relative locations of the air exhaust and intake 
points. Where these are consolidated and in close proximity, exhaust 
heat recovery may be cost-effective. 

Plumbing
	 Water Saving Fixtures—Improved water use efficiency can reduce 
energy expenditure when the production of less hot water or chilled 
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water can be achieved. Fixtures installed prior to 1994 use considerably 
more water that those installed in subsequent years as shown in Table 
1. The U.S. Energy Policy Act of 1992 (EPAct) created a set of unified na-
tional standards for fixture maximum water use that is shown in Table 
2. Many local building codes recently have adopted the more stringent 
water efficiency standards of the U.S. Environmental Protection Agen-
cy’s (USEPA) WaterSense Program (see a description of WaterSense ap-
proved products at www.epa.gov/WaterSense/products/index.html) 
that are presented in Table 3. 
	 To reduce water consumption, it often is recommended that a 
phased plan be developed to replace older, inefficient plumbing fix-
tures at a campus. Where existing bathrooms are in need of renovation 
or general repair, fixture replacement can be easily accomplished as 
part of the renovation. Where no renovations are pending, it may be 
worthwhile to consider replacing toilets and lavatories with new water-
efficient fixtures as an ongoing maintenance project until all fixtures 
have been upgraded.

Boiler Plant
	 Stack Economizers—The addition of an economizer/feedwater 
heater to preheat boiler feedwater as it leaves the deaerator prior to en-
tering the boiler, has the potential to increase the efficiency of the boiler 
system by an additional 3%, increasing the overall system efficiency to 
as much as approximately 83%.
	 Blowdown Heat Recovery—Waste heat from boiler blowdown in 
the form of flash steam can be recovered for use in the deaerator or for 
other low pressure steam loads. Heat recovery also has the benefit of 
reducing blowdown temperature before it is discharged to a municipal 
sewer, for which there usually are thermal limits.
	 Hot Water Boiler Plant—Modern campuses are increasingly mov-
ing away from central steam distribution systems that have lower boiler 
efficiencies and higher distribution losses to medium-temperature hot 
water (MTHW) or high-temperature hot water (HTHW). MTHW is the 
most energy efficient central heating medium, because it is generally 
produced and distributed at a maximum temperature of 300°F, which 
is considerably lower than HTHW (400°F) or medium pressure steam 
(300°F, or higher).
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Chiller Plant
	 Chiller Source Energy—Chilled water can be generated using high 
pressure steam (turbine driven chiller), low pressure steam or hot water 
(absorption chiller), electrical power (motor driven chiller compressor), 
a natural gas engine, or direct fired natural gas (absorption). The selec-
tion of a chiller’s energy source should consider fuel supply availability 
and reliability, future energy commodity costs and demand charges, 
energy efficiency, equipment maintenance and mechanical complexity. 
Since fuel costs may change from year to year, it is worth performing a 
life cycle cost analysis to evaluate the most cost effective chiller system 
for a given application. Electrical motor driven, water cooled centrifu-
gal chillers generally have the highest mechanical efficiency when com-
pared with these alternatives. However, the potential for cost savings by 
replacing chillers by type may be a site-specific consideration.
	 Optimize Chiller Operating Sequence—Chiller plant controls that 
schedule the operation of chillers, pumps, and cooling tower fans can 
provide significant energy savings compared to manual plant operating 
strategies. Using advanced monitoring of loads, ambient weather con-
ditions and equipment electrical demand, chiller and pump sequencing, 
cooling tower temperature controls, and leaving water, temperatures 
can be optimized to provide the most efficient operating scenario for a 
given set of conditions.

Building Automation System (BAS)
	 Building /Energy Management—Control of HVAC systems at 
many campuses may still be performed with outdated pneumatic tem-
perature control systems. Transitioning to a direct digital control (DDC) 
BAS can optimize performance of the mechanical systems within any 
given building or group of buildings. The BAS can monitor and control 
a much larger number of individual points with no limit to the sophisti-
cation of the control sequences. 
	 Where the capability is present, a campus may not be taking ad-
vantage of the opportunity to sequence operations by time of day, sea-
son, or in response to environmental factors. This may include the estab-
lishment of supply air temperature setpoints, fan speed controls within 
certain tolerances, unoccupied heating and cooling modes, or morning 
startup/evening shutdown schedules. However, building systems may 
be inactivated and instead operated manually with the potential for in-
exact and significantly inefficient operations, with a concomitant waste 



55Winter 2016, Vol. 35, No. 3

of energy and of energy costs.
	 The following are advantageous strategies to be employed by a 
campus BAS:
•	 Optimize variable volume pumping and fan control for air han-

dling systems.
•	 Provide feedback that confirms the status of control points, such 

as limit switches on actuators for systems that currently have no 
feedback.

•	 Provide for monitoring of all HVAC equipment.
•	 Provide operating trend data to observe process variations and 

troubleshoot problems.
•	 Provide real-time energy usage data and estimated energy costs so 

that facility operators can monitor building performance, predict 
maintenance issues and make necessary adjustments to how facili-
ties run.

•	 Provide calculations and predict optimal start and stop times for 
equipment, in order to maximize setback times and minimize 
discomfort by pulling down or warming up spaces to anticipate 
occupancy.

•	 Interface with the campus maintenance management program (for 
CUNY this is DASNY’s Archibus system) to provide automated 
service requests and closure, based on alarms and manufacturer’s 
suggested operation and maintenance procedures.

	 In cases where existing HVAC systems are at or near the end of 
their useful life, upgrading to a BAS by itself is not recommended. The 
consideration of BAS as part of any major HVAC system renovation, 
including integration as part of a campus-wide system, is strongly rec-
ommended. As a corollary to adding BAS to the campus HVAC systems, 
adequate budget for BAS service must be set aside as part of the rollout. 
A simple 30-day annual service contract may not be sufficient to cover 
repair, calibration, and other maintenance issues with the BAS system 
that may not be appropriately covered by the existing personnel.
	 Advanced Utility Metering—The first step in managing energy 
consumption and resulting costs is to measure and track the energy con-
sumption of the individual buildings on campus using building level 
sub-meters. Sub-meters allow energy use patterns for each building to 
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be developed on a much more detailed level than is achievable with 
monthly utility consumption. Data from sub-meters is typically col-
lected continuously at 15-minute intervals, which allows variations in 
energy consumption to be evaluated based on time-of-use, rather than 
net quantities. Therefore, it provides temporal patterns of energy use. 
	 Finally, if implemented at the necessary level of detail, the college 
may use sub-metering as a method of applying greater accountability 
for energy use, including the option of billing individual departments 
for their energy consumption. This can result in a higher adoption rate 
of low-cost behavior driven ECMs, as the impact of energy conserving 
behaviors will directly reward each department via lower energy charg-
es. The task of analyzing data, determining trends and recommending 
actions must be an assigned duty. 

Applicability of Electrical Sub-meters
	 In a campus environment, electrical sub-meters are typically in-
stalled to monitor electricity consumption of either individual build-
ings, specific areas (i.e., lab areas and server rooms), or equipment 
(chillers and cooling towers) inside individual buildings. Sub-metering 
can bridge this information gap, and allow an electricity consump-
tion history to be developed for each building. The sub-metered data 
can then be analyzed for variations in energy use patterns either with 
time, such as load profiles useful in demand curtailment projects, or 
against an independent variable such as ambient temperature useful 
in developing the relationship between temperature-dependent cool-
ing and heating loads, and temperature-independent equipment and 
process loads. Sub-metered data can also be used to extend building 
benchmarking down to the department or zone level. This allows for 
the internal ranking of departments or zones which is useful for the pri-
oritization of energy efficient upgrade projects. Building electrical sub-
meters would be installed at each existing building’s main distribution 
panel. 

Applicability of Thermal Sub-meters
	 A Btu meter consists of two temperature sensors, with one sensor 
each placed in the supply piping and in the return pipe from the build-
ing, and a flow meter that measures the fluid flow corresponding to the 
measured temperature difference. Often, these measurements are con-
nected to a Btu meter controller that performs the heat transfer calcula-
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tion and reports the thermal use directly to the BAS or other monitoring 
system.

Other Metering Locations
	 In addition to metering the electricity consumption on a per 
building basis, it is useful to measure the power, fuel gas, and water 
consumption dedicated to the primary heating and cooling functions 
of each building. Heating and cooling functions utilize the greatest per-
centage of energy of all building systems and variations in the energy 
consumption of these components (electrical chillers, natural gas boil-
ers, and domestic makeup water for both systems) can be dramatic. 
	 In general, it is recommended that within each building, when ap-
plicable, additional sub-metering be applied to each electrical chiller’s 
electrical service, each cooling tower’s electrical service, pump electrical 
services, boiler natural gas supplies, boiler makeup water and boiler 
feedwater. Installing these meters will allow for the actual efficiency of 
each system to be measured directly. By measuring and tracking effi-
ciency of the plant components, intelligent decisions for operation of the 
plant can be made, rather than relying on rules of thumb and estimates 
of operating efficiency across different operating modes. 
	 While metering domestic water consumption does not have a 
direct impact on energy consumption, its production, treatment and 
delivery from the source of supply can represent a significant amount of 
imbedded energy. Understanding where water is used is an important 
step in managing the resource.

Utility Distribution
	 Chilled Water—Chilled water can be produced in building-level 
chillers or distributed campus-wide from a central plant. The physical 
condition of piping can contribute to water losses that will result in an 
energy cost to replace. Variable speed drive chilled water pumps will 
be more energy efficient than constant speed drive units when chilled 
water flow varies with load through the use of two-way control valves. 
Additional energy savings can be realized by resetting chilled water 
supply temperatures based on ambient conditions. Also, poorly con-
trolled piping “bridges” that connect individual buildings to the chilled 
water distribution loop can lead to undesirable operating conditions 
such as “low delta T syndrome,” resulting in inefficient operation, and 
concomitant energy inefficiencies.



58 Strategic Planning for Energy and the Environment

	 HTHW and MTHW Systems—These are typically pressurized sys-
tems that operate above the boiling point of water. Since these are closed 
piping systems, identifying and correcting water leaks as they occur is 
essential. Leaks are critical in these systems—heated water will boil off 
at leak points, requiring additional water to replace that which is lost, 
energy to heat it to a high temperature, and additional energy to pump 
this replacement water. Therefore, the integrity of piping systems is an 
important factor in energy losses. Likewise, maintaining the integrity 
of piping insulation reduces unnecessary heat loss and the delivery 
of lower-than-optimum temperature water. As with chilled water, ad-
ditional energy savings can be realized by resetting hot water supply 
temperatures based on ambient conditions. On campuses where HTHW 
or MTHW is used to heat domestic water in buildings, these loads may 
be the only systems served by the central plant in summer months when 
HVAC loads are not present. Since boilers operating at part load are less 
efficient than at full load, this can waste a great deal of pumping and 
heating energy. It may be more cost-effective to employ building-level  
water heaters fueled by electricity or fossil fuel in summer than to use 
hot water generators served by the central plant. In some cases, it may 
even be possible to shut down the central plant completely.
	 Steam Systems—Steam traps are vital components in steam 
systems. They are designed to remove condensate from the steam dis-
tribution piping and heat exchange equipment. They also remove non-
condensable gases, which impede heat transfer and result in corrosion. 
System debris, improper sizing, and improper application are common 
causes of steam trap failure. A well-maintained steam system will typi-
cally experience a 20% trap failure in a one-year period. To minimize 
losses associated with steam trap failures, a concerted effort must be ap-
plied to managing the steam trap population. A steam trap management 
program should incorporate the following activities:

1.	 Develop the program and the steam trap database template

2.	 Purchase testing equipment

3.	 Train personnel on the program procedures and the proper use of 
testing equipment

4.	 Locate and identify every trap, replacing failed traps as they are 
identified

5.	 Assess the operating condition of every trap at least annually



59Winter 2016, Vol. 35, No. 3

6.	 Update the established steam trap database

7.	 Estimate annual energy savings to demonstrate program effective-
ness.

	 A steam trap assessment should be conducted by personnel with 
knowledge in the operation and selection of steam traps. Therefore, 
training is critical to the success of the management program. The steam 
trap assessment should cover:

1.	 Trap operation,

2.	 Trap selection (type and size),

3.	 Trap installation, and

4.	 Condensate return.

	 Domestic Water—Domestic water is a utility that offers modest 
opportunities for improved energy efficiency. Metering water use, in-
cluding submeters at the delivery points to individual buildings, allows 
an evaluation of water use and potential losses inside buildings. Losses 
(leakage) require additional energy to pump makeup water; leaks also 
can encourage mold growth, impacting health of building occupants, 
and resulting in the deterioration of internal building infrastructure 
(adjacent walls, floors, equipment). Constant volume high-rise domestic 
water pressurization systems can benefit by change-out to variable vol-
ume flow units.
	 Electrical Power—It may be difficult to identify many specific 
items in the electrical distribution system that could be the focus of 
energy efficiency measures. The replacement of old transformers, es-
pecially oversized units, with new equipment will result in energy 
savings. However, this type of replacement generally would not be 
cost effective based on energy savings alone. Periodic infrared thermal 
surveys of critical electrical equipment and conductors can provide an 
early indication of potential problem areas, possibly preventing equip-
ment failures.

Electrical
	 High Efficiency Motors—Existing motors that are oversized for the 
loads they serve operate at lower efficiencies at part load. A properly 
sized smaller motor operating near its rated horsepower is more effi-
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cient that an oversized motor operating at part load. Prior to replacing 
a motor, it is recommended that the brake horsepower requirements of 
the existing installation be checked by measuring the motor amp draw 
under load using an electrical multimeter. With typical simple payback 
periods between 5 to 15 years, premium efficiency motor replacements 
can make sense if a motor is near the end of its useful life. As motors 
fail or are replaced as part of a scheduled maintenance project, install-
ing new U.S. National Electrical Manufacturer’s Association (NEMA) 
premium efficiency motors should be a consideration. 
	 Variable Speed Drives (VSDs)—Major fan and pump motors 
throughout the campuses may be a combination of constant speed and 
variable speed drive operation. VSD systems can significantly reduce 
electrical costs associated with fans and pumps when they operate at 
part load. The USEPA’s EnergyStar Building Manual advises that, when 
controlled properly, VSDs can reduce motor energy requirements by 40 
to 60%. Campuses should evaluate the installation of VSD systems in 
conjunction with future HVAC equipment or controls upgrades associ-
ated with campus buildings. VSD applications save energy only when 
they are part of a control strategy that results in significant annual mo-
tor run hours at reduced speed.
	 Plug Loads—These consist of equipment; personal space heaters 
and fans; and the use of private microwaves, refrigerators, toaster ov-
ens, and coffee pots when central kitchenettes are not available. Com-
puter peripherals, such as monitors, printers and scanners, continue to 
use energy, even after they are turned off. Power strips are readily avail-
able that provide electrical power surge protection and line noise filter-
ing in addition to sensing how much power computer peripherals use. 
When the power strip senses that the computer is off, it automatically 
shuts off the associated peripherals, preventing them from drawing 
an idle current. Depending on the number of peripherals, these power 
strips can have a payback of as little as six weeks. On modern campuses, 
computers and copiers are programmed to go into low power mode on 
a schedule that is communicated to the equipment through the campus 
IT network using power management software.
	 Vending machines also are in this category and are an often over-
looked waste of energy. Refrigerated and non-refrigerated vending 
machines on the campuses that were assessed did not appear to include 
occupancy-sensing controls. Refrigerated and non-refrigerated vending 
machines that incorporate these sensors are available from vendors and 
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can reduce electrical energy consumed during unoccupied periods. In 
non-refrigerated machines, the controls turn off the vending machine 
lighting when no one is in the vicinity after a preset interval. In refriger-
ated machines, the controls turn off machine lights and the refrigeration 
compressor after completion of the cooling cycle. For beverage coolers, 
the cooling system will repower on a preset interval of 1-3 hours to keep 
products cold. These controls should not be used on machines vending 
perishable foods, such as dairy products.

Special Systems
	 These are systems or equipment, such as data centers, lab hoods, 
natatoriums, ice rinks, water towers and other energy using systems, 
that generally are not present in all buildings. Therefore, the number 
of findings for these systems in the respective energy assessments is a 
reflection of this limited number of instances where they are present on 
a campus. For this reason, ECMs may be limited.
	 Laboratory Fume Hoods—Proper fume hood use and operation 
is difficult to achieve in practice, and so may result in safety issues, as 
well as unnecessary energy use. Hoods exhaust large quantities of air 
from the building. The make-up air that replaces it must first be filtered, 
heated, cooled, or dehumidified, with concomitant energy and finan-
cial costs. The primary concern with fume hood design is the safety 
of the occupants. To meet codes, minimum air flow velocities must be 
maintained across all hood sash openings. Hood face velocities must be 
periodically tested to demonstrate compliance. The design challenge 
becomes how to meet these requirements in the most energy efficient 
way. Behavioral changes are important in optimizing sash operation to 
maximize safety and minimize wasted energy; regular education and 
inspection are keys to this process.
	 Natatoriums—A natatorium (building with a swimming pool) 
creates special energy demands and can present special challenges 
for HVAC and other building energy systems. Higher humidity levels 
correspond to higher heating and cooling loads for the corresponding 
HVAC system. Natatoriums with fixed outdoor air ventilation rates 
without dehumidification generally have seasonally fluctuating space 
temperature and humidity level. Since these systems usually cannot 
maintain constant humidity conditions, they may facilitate mold and 
mildew growth and poor indoor air quality. In addition, varying activ-
ity levels also will cause the humidity level to vary and, thus, change the 
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demand on ventilation air. In general, there are advantages to having 
provisions to modulate the amount of outdoor air introduced through 
the HVAC system. 
	 Retractable pool covers can be used to effectively reduce the evap-
orative heating load on the pool, the humidity gain to the pool environ-
ment, and the associated energy loads to the HVAC system. According 
to the U.S. Department of Energy, covering a pool when not in use can 
save between 50% and 70% of the total energy required to heat the pool 
by reducing evaporation losses from the water surface (http://energy.
gov/energysaver/articles/swimming-pool-covers).
	 Data Centers—Data centers consume 25-50% or more energy per 
square foot than standard office spaces. Consequently, they are prime 
targets for applying energy conservation measures that can reduce elec-
tricity consumption. An important feature to consider in a data center 
is the air flow pattern within the room. Commonly referred to as “air 
management,” the fundamental principle is simple: minimize or elimi-
nate mixing cooling air supplied to the equipment with hot air rejected 
from the equipment. According to “High Performance Data Centers—A 
Design Guidelines Sourcebook” (Pacific Gas and Electric Company, 
January 2006), a properly designed air management system can reduce 
operating expenses, reduce first cost equipment investment, increase 
the data center’s power density (measured in watts/ft2) capacity, and 
reduce heat-related processing interruptions or failures.
	 A most useful strategy for good air management is implementa-
tion of hot zones and cold zones. For most data centers, the basic con-
cept of a hot zone/cold zone system is achieved by orienting the equip-
ment racks such that cooling air is supplied into a common “cold” aisle 
while return air registers pull air from a common “hot” aisle.
	 Equipment is installed into the racks to achieve a front-to-back 
airflow pattern, in close proximity to the return airflow registers. This 
minimizes the degree to which the hot and cold air streams mix and 
significantly improves cooling efficiency. Such strategies can double the 
effective cooling capacity of the system. Furthermore, as a consequence 
of this design, the return air temperature from the room is higher, which 
can extend air-side economization hours considerably by increasing the 
ambient outdoor temperature range acceptable for economizer use. 
	 Other strategies that can be pursued by campus staff to improve 
the energy and performance characteristics of the overall data center 
system are available.
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O&M Issues
	 The objective of O&M activities is to maintain equipment and in-
frastructure in an optimum operational profile. Deferred maintenance, 
which is an issue with many facilities in academic institutions across 
the country, is a function of budget exigencies. The result of deferred 
maintenance can be a continued degradation of condition and function, 
and the need for capital investment earlier than life cycle expectations 
otherwise would indicate; and possible health and safety issues to facili-
ties staff or to the campus community at large.
	 Duct and Piping Leaks—Needing to replace water, heating and 
cooling elements is the most obvious evidence of energy losses from 
leaks. Similar energy losses can occur from the leakage of conditioned 
air or infiltration of unconditioned air from HVAC systems. In addition 
to energy costs associated with leaks, there are also facility repair and 
remediation costs resulting from water damage and potential mold 
growth, the latter of which represents a potential health risk. Failure to 
repair pipe leaks creates safety issues, wastes energy, and reduces the 
effective life of the equipment.
	 Duct and Piping Insulation—Wear or loss of insulation will re-
sult in thermal losses, whether from water or air, with a concomitant 
increase in operating costs. When the result is a decrease in air tempera-
ture, there will be a reduction in occupant comfort within the affected 
spaces. These thermal losses waste energy both from a micro (single 
incident) and macro (across the campus) perspective, and more im-
mediately, waste financial resources to achieve and maintain thermal 
requirements.

Retro-commissioning
	 Existing Building Commissioning (EBCx)—This process, also 
referred to as retro-recommissioning, is “a systematic process for in-
vestigating, analyzing, and optimizing the performance of building 
systems by applying” (Building Commissioning Association 2015) the 
commissioning process to existing buildings. Depending upon the age 
of the building, EBCx can often resolve problems that occurred during 
design or construction, or address problems that have developed dur-
ing the building’s life. Buildings frequently undergo operational and 
occupancy changes that challenge mechanical, electrical and control 
systems, hindering optimal performance. Overall, EBCx improves a 
building’s O&M procedures and enhances overall performance. 
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	 As with new building commissioning, EBCx when performed cor-
rectly can provide significant benefits for the owner such as:

•	 Improved energy performance

•	 Improved equipment performance

•	 Increased asset value

•	 Improved thermal comfort and indoor air quality

•	 Increased training opportunities for building maintenance staff

•	 Improved building documentation (a systems manual).

	 In the EBCx process, building sub-systems are functionally tested 
and demonstrated capable of being operated and maintained according 
to the current facility requirements (CFR) of the building. According 
to the USEPA’s EnergyStar Building Manual, researchers at three of 
the foremost building commissioning authorities in the U.S., Lawrence 
Berkeley National Laboratory (LBNL), Portland Energy Conservation, 
Inc., and the Energy Systems Laboratory at Texas A&M University, con-
cluded in a study that EBCx is one of the most cost-effective means of 
improving energy efficiency in commercial buildings. The researchers 
statistically analyzed more than 643 buildings that had been commis-
sioned, representing 99 million square feet of floor space from 26 states. 
The results revealed that the most common problems were associated 
with the HVAC system. They identified numerous non-energy benefits 
as well. According to the study (Mills 2009), the median cost of commis-
sioning at existing buildings was $0.27 per GSF and generated a median 
savings of 15 percent, with a simple payback period of 0.7 years. EBCx 
particularly is recommended for buildings over 100,000 GSF, less than 
10 years old, and equipped with direct digital controls.

RESULTS

	 A total of 169 buildings were included in the energy assessments of 
the 13 campuses reported herein. For the 12 building infrastructure and 
system categories of energy conservation opportunities used in these 
assessments, Table 4 presents the number of buildings where opportu-
nities were found in the respective subcategories.
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Table 4.
Opportunities for energy conservation by building and system subcategories.

————————————————————————————————
	 Infrastructure/System	 Subcategory	 Number of
	 Category		   Buildings (of 169)
————————————————————————————————
Building Envelope	 Roof/Insulation	 31
	 Windows	 80
	 Walls/Insulation	 24
	 Air Infiltration	 74
————————————————————————————————
Lighting	 Interior Lighting Fixtures	 53
	 Interior Lighting Controls	 115
	 Exterior Lighting	 72
————————————————————————————————
HVAC	 Demand Control Ventilation (DCV)	 87
	 Outside Air Economizer	 80
	 Enhanced Air-side Controls	 89
	 Exhaust Heat Recovery	 38
————————————————————————————————
Plumbing	 Water Saving Fixtures	 74
	 Other Water Reduction Opportunities	 12
————————————————————————————————
Boiler Plant	 Stack Economizers	 12
	 Blowdown Heat Recovery	 9
————————————————————————————————
Chiller Plant	 Fuel Switching	 4
	 Optimize Operating Sequences	 27
————————————————————————————————
Building Automation	 Building/Plant Energy Management	 159
	 Systems (BAS) 	 Advanced Utility Metering	 149
————————————————————————————————
Utility Distribution	 Chilled Water	 43
	 Medium/High Temperature Hot Water	 27
	 Steam	 67
	 Domestic Water	 12
	 Electrical Power	 19
————————————————————————————————
Electrical	 High Efficiency Motors	 64
	 Variable Speed Drives (VSD)	 100
	 Plug Loads	 35
	 Power Distribution	 2
————————————————————————————————
Special Systems	 Laboratory Fume Hoods	 23
	 Natatoriums	 13
	 Data Centers	 22
	 Animal Research	 7
————————————————————————————————
O&M	 Duct and Piping Leaks	 56
	 Duct and Piping Insulation	 44
	 Health & Safety Issues	 26
————————————————————————————————
Commissioning	 Existing Building Commissioning	 32
————————————————————————————————
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	 The large number of findings associated with BAS encompass 
those systems requiring significant adjustment, which were significant-
ly underutilized, or buildings where a BAS was not present.
	 There was sufficient information to summarize the findings simi-
larly for buildings with specific uses: libraries, gymnasiums, adminis-
trative buildings and science buildings. These findings are for single-
use buildings; that is, they represent buildings that are (for example) 
only libraries (although they may have meeting rooms), or only science 
buildings (although they may be an amalgam of faculty offices, research 
and teaching labs), and classrooms. As a result, libraries would not be 
anticipated to have findings related to special systems such as labora-
tory fume hoods or natatoriums, as they do not apply to this building 
use; their presence would imply a mixed-use building. The results are 
presented in Table 5.

CONCLUSIONS

	 Table 3 represents building or system categories for which energy 
savings have been identified in the respective buildings. These findings 
by themselves provide a benchmark for the types of opportunities that 
may commonly be found in campus buildings. They offer a road map 
for the planning of energy assessments, and a guide for similar assess-
ments that may be performed. These observations may be especially 
helpful when resource limitations do not permit an energy assessment 
of as complete a nature as those described herein.
	 However, these data from the energy assessments, individually 
and collectively, are silent regarding:

•	 The magnitude of costs to achieve energy, cost or GHG reduc-
tions/savings;

•	 Whether costs to realize energy savings in a sub-category in one 
building or on one campus are directly comparable in another 
building or another campus, even if of the same size and character, 
because too many factors of construction, age, use, maintenance 
and management apply;

•	 The relative magnitude of energy savings per dollar expended in 
the various sub-categories.
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Table 5. Opportunities for energy conservation
by building and system subcategories in buildings with specialized uses.

————————————————————————————————
Infrastructure/	 Subcategory	 Libraries	 Gymna-	 Admin.	 Science
System Category			   siums	 Bldgs.	 Bldgs.————————————————————————————————
Number of Buildings 
in Use Category	 6	 11	 15	 18————————————————————————————————
Building Envelope	 Roof/Insulation	 2	 2	 4	 6
	 Windows	 4	 2	 8	 8
	 Walls/Insulation	 1	 1	 2	 4
	 Air Infiltration	 1	 5	 8	 8————————————————————————————————
Lighting	 Interior Lighting Fixtures	 3	 7	 4	 3
	 Interior Lighting Controls	 6	 9	 11	 12
	 Exterior Lighting	 2	 5	 8	 9————————————————————————————————
HVAC	 DCV	 4	 8	 9	 9
	 Outside Air Economizer	 5	 5	 8	 8
	 Enhanced Airside Controls	 4	 6	 10	 9
	 Exhaust Heat Recovery	 1	 4	 4	 6————————————————————————————————
Plumbing	 Water Saving Fixtures	 3	 5	 7	 8
	 Other Water Reduction
	 Opportunities	 0	 1	 0	 1————————————————————————————————
Boiler Plant	 Stack Economizers	 0	 0	 1	 0
	 Blowdown Heat Recovery	 0	 0	 0	 1————————————————————————————————
Chiller Plant	 Fuel Switching	 0	 0	 0	 0
	 Optimize Operating Sequences	 1	 0	 1	 3————————————————————————————————
Building Automation	 Building/Plant Energy Management
Systems (BAS)	 Advanced Utility Metering	 6	 11	 14	 17————————————————————————————————
Utility Distribution	 Chilled Water	 3	 4	 3	 6
	 Medium/High	 1	 3	 3	 4
	 Temperature Hot Water Steam	 3	 5	 5	 7
	 Domestic Water	 0	 1	 1	 1
	 Electrical Power	 1	 2	 0	 3————————————————————————————————
Electrical	 High Efficiency Motors	 2	 3	 9	 7
	 VSDs	 5	 6	 11	 12
	 Plug Loads	 1	 1	 4	 3
	 Power Distribution	 0	 0	 0	 0————————————————————————————————
Special Systems	 Laboratory Fume Hoods	 0	 0	 0	 11
	 Natatoriums	 0	 8	 0	 1
	 Data Centers	 3	 0	 1	 1
	 Animal Research	 0	 0	 0	 2————————————————————————————————
O&M	 Duct and Piping Leaks	 2	 6	 6	 6
	 Duct and Piping Insulation	 2	 3	 3	 5
	 Health & Safety Issues	 0	 2	 3	 4————————————————————————————————
Commissioning	 Existing Building Commissioning	 2	 3	 3	 2————————————————————————————————
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•	 The payback period for the respective opportunities, and the ex-
tent of variation in payback period, within a sub-category or from 
building to building or campus to campus;

•	 The implementability of options, such as interior lighting options 
(for example, upgraded occupancy sensors) that can readily be in-
stalled at any time, while options in other categories may require 
more intensive capital costs and/or extensive building renova-
tions to execute.

	 The information in Table 5 reflects the extent of the commonal-
ity of findings in buildings with specific uses. Opportunities relating 
to “Interior Lighting Controls” were identified for at least 67% of the 
buildings in each use category. Identified at even a higher rate were 
opportunities relating to BAS—“Building /Plant Energy Management” 
and “Advanced Utility Metering.” These encompass a range of issues 
from incomplete use of existing BAS to the installation of BAS equip-
ment; similarly, the advantages of existing metering may not be realized 
or, in many instances such metering, is not present or as far-reaching as 
could be for optimum effectiveness.
	 The commonalities observed may be related to the building uses. 
However, the authors are aware that correlation does not presume 
causation. Another explanation of the apparent confluence of these 
opportunities in like building types may be related more simply to the 
level of deferred maintenance and infrastructure rehabilitation faced 
by academic institutions in general, due to limited financial resources, 
especially for public institutions (Mitchell et al 2014, Quinterno 2012, 
U.S. Depts. Treasury/Education 2012). However, this information, as-
sembled as it is from 13 campuses, provides a guide by which others 
may compare their energy audit results or inform their energy auditing 
planners.
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