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Abstract

The Indiana University Physical Plant seeks to identify areas across the Bloomington campus where
energy cost savings can be attained. The purpose of this Capstone project was to identify the
potential for energy-related cost savings associated with the use of computing devices and office-
related plug-in devices on the IU Bloomington campus. Four areas were investigated for potential
savings: plug-in devices in faculty and staff offices; Student Technology Centers (STCs); the IT-28
cyber risk mitigation policy; and Thin Client computing devices and docking stations. Additionally,
an electronically distributed survey of IU faculty, staff, and students was conducted to gather
information on individual behaviors and perceptions relating to these areas. Analysis of the data
gathered enabled the Capstone group to provide a targeted cross-section of energy consumption on
the IU campus in these areas and allowed for the development of policy recommendations for
consideration by the Physical Plant.
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1. Executive Summary

Energy costs are a significant part of Indiana University’s budget. The IU Physical Plant
seeks ways to save energy and reduce energy costs so as to better support the University’s
educational and research activities. Previous Capstone projects have aimed to aid the Physical Plant
in this mission by surveying the attitudes of IU students, faculty, and staff towards energy
conservation and by examining the electricity demand of IU facilities. This Capstone project builds
off of that earlier work by assessing the electricity costs associated with computing and office
devices.

This Capstone project had four major objectives. These were to:

1. Evaluate the potential for decreasing energy costs associated with plug-loads in offices by
identifying and auditing a cross-sectional subset of campus office buildings and extrapolating the
results to the whole campus;

2. Evaluate the potential for decreasing energy costs associated with the Student Technology Centers
(STCs);

3. Characterize the potential energy savings achievable through full implementation of the I'T-28
cyber risk mitigation policy; and

4. Evaluate and characterize the potential energy savings associated with increased use of thin clients
and docking stations on campus.

To reach these objectives, the Capstone group conducted five different project tasks: one
corresponding to each of the listed objectives as well as a survey task aimed at providing
supplemental data for the other project sections.

Survey Task

The survey project group developed and conducted an electronically distributed survey for
IU students, faculty, and staff that aimed to gather information on behaviors related to use of
computing and office devices. The survey garnered 500 student respondents and 1,380 faculty and
staff respondents, and met the standards for statistical significance for both groups.

The survey had several notable findings. A large majority of students (89%) indicated that
they do not use 1U’s wireless printing service, with 47% not even knowing that it exists. 24% of
students required access to the STCs in order to use software that they do not have access to on
their own computers. The faculty and staff survey results indicated that approximately 50% of
faculty and staff strongly oppose exchanging their current desktop computer systems for thin client
or tablet systems, which will present a challenge to be addressed before the policy changes
recommended by the office and thin client project groups can be implemented.

Office Task

The office project group conducted walk-through audits of five IU campus buildings
(Ballantine Hall, the CIB, the Kelley School, SPEA, and Swain West), examining the energy demand
of plug-in devices in the offices, conference rooms, and break rooms in those buildings. The office
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group determined that significant cost savings could be achieved by replacing office desktop
computer systems with thin clients and limiting the use of thermal comfort devices.

STC Task

The STC project group conducted tests of computer power demand in multiple usage states
and took observations of actual usage states of the computers in STCs. The STC group determined
that differences in usage state had no significant impact on computer power demand, but that
different models of computer did have significantly different power demands, indicating that the
patterns of computer use are not as important for energy costs as the types of computer being used.
The STC group also determined that STC computers do not currently enter standby mode when not
in active use, and recommended that this be changed in order to reduce energy costs.

IT-28 Task

The IT-28 project group examined the current implementation status of the I'T-28 cyber risk
mitigation policy and evaluated the energy savings possible through full implementation of the
policy. The I'T-28 group determined that approximately 84% of the servers on the Bloomington
campus had already migrated to the Data Center. It also determined that more than 400,000kWh in
energy consumption could be avoided every year through migration of the remaining servers to the
Data Center and into a virtual environment.

Thin Client Task

The Thin Client project group examined the energy savings possible through a transition
from desktop computers to thin clients and looked at the functionality of current thin clients to
determine if such a transition was feasible. The group determined that significant energy savings are
possible through a transition to thin client systems. It also found that modern thin clients are at least
as functional as the desktop computers in use in the STCs. However, the group also found that IU
faculty, staff, and students have negative perceptions of thin clients that may make a transition to
use of these systems unpopular.

Policy Recommendations

Office

e Transition away from individual office printers to print release stations for faculty and
administrative staff

e Progress towards widespread use of thin clients in all office areas

e Restrict the use of food-related appliances and devices to break rooms and kitchen areas

e [Fliminate the use thermal comfort devices in areas where heating and cooling issues can be
resolved through HVAC system improvements

e Increase communication efforts between IU Green Teams, building managers, and faculty
and staff

e Utilize directional air covers in buildings to facilitate the placement of conditioned or heated
air where it can be most effective and where the occupants of the room are actually located

e Caulk and seal existing window units (especially single pane windows) to limit air infiltration
and exfiltration
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e Place copiers, computers, and printers into default standby mode, or shut off, when not in
use

e Increase the use of high efficiency bulbs in office lighting equipment

Student Technology Centers

e Allow STC computers to enter standby mode after 30 minutes of inactivity
e Continue purchasing high efficiency desktops for offices and STCs where required
e Increase student awareness of wireless printing service

e Move servers performing duplicative services to Data Center

e Move physical servers (including those already moved to the Data Center) into the virtual
environment

e Examine cooling backups and other efficiency improvements for servers that remain in their
departments

e Each department should maintain up-to-date inventory records and building computing
policies that include purchasing standards
e [Enforce server migration plans

Thin Clients

e Transition to thin-client based systems in STCs and offices
e FEducate faculty, staff, and students about the improved functionality of thin clients
e Continue to improve IUanyWare

14



II. Introduction

A. Background Information

The Indiana University Bloomington (IUB) Physical Plant, in partnership with the Office of
Sustainability, is seeking to lower overall energy consumption on the IUB campus. This objective is
based on two core principles to lower energy costs and to achieve sustainable infrastructure and
planning goals. Reduced energy consumption became a priority for the IUB Physical Plant after the
release of the March 2010 Indiana University Bloomington Master Plan. This plan recommended
that the University should focus on energy efficiency projects and work to reduce the overall
campus carbon footprint (Smithgroup JJR, 2010). The 2012 Integrated Energy Master Plan (IEMP)
reaffirmed the University goals to transition to energy-efficient infrastructure and to work towards
campus carbon neutrality (8760 Engineering, 2012).

The support of these plans by IU President Michael McRobbie and the IU Board of
Trustees prompted the IUB Physical Plant to work specifically towards reducing energy
consumption associated with individual behaviors during campus peak demand. The University
defines peak demand as the highest level of energy capacity, measured in kilowatts (kW), that the
campus demands for 30 minutes in each billing period from Duke Energy, the University’s
electricity provider JUOS, 2014). This peak demand is converted to a peak demand charge that
comprises 40-50% of the University’s monthly electricity bill. Due to the expensive nature of the
peak demand charge, the IUB Physical Plant decided to focus on reducing individual behaviors
during campus peak demand. The focus on student, faculty, and staff energy consumption patterns
is due to the fact that building occupant behaviors account for an estimated 40% of all campus
energy consumption (8760 Engineering, 2012). The other purpose of a behavioral focus is to
encourage a campus-wide sustainability ethic that could further drive down energy costs.

The IUB Physical Plant and Office of Sustainability’s search for solutions in reducing energy
consumption during peak demand prompted a partnership with faculty and students at the IU
School of Public and Environmental Affairs (SPEA). The current V600 Capstone builds on the
work of two previous Capstone projects, completed in Spring 2013 and Fall 2013 under the
direction of faculty advisor Diane Henshel. The two primary objectives for the Spring 2013
Capstone were to create a comprehensive survey that assesses students’ understanding of energy use
and conservation and to develop a campus energy dashboard that would encourage student
participation in energy efficiency and sustainability (Betz et al., 2013). The Spring 2013 Capstone
survey concluded that students both frequently underestimated energy usage and also failed to
translate knowledge about energy conservation into behavioral changes. Through the survey results,
the Spring 2013 Capstone group successfully identified individual perception and behavioral barriers
to reducing energy use; however, the team did not identify potential actions to actually reduce
campus peak demand.

The Fall 2013 Capstone’s continued the work of the first Capstone, evaluating the major
factors driving energy demand and usage on the IU Bloomington campus (Bennett et al., 2013). To
do so, the project team created an energy use classification system at the sub-building level based on
the following characteristics: number of occupants, frequency of occupancy, and special electronic
or major equipment in the given room or space. The team used this classification system to estimate
individual building demand and then developed heat maps to visualize patterns of peak demand.
The results of this analysis indicated that major science, research, and class-room dominated
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buildings coincide with and appear to drive campus peak (Bennett et al., 2013). These results,
combined with those of the Spring 2013 Capstone, informed the current V600 Capstone team of the
factors driving campus peak demand (including building usage patterns), along with the barriers to
changing individual energy consumption behaviors. As a result, the previous Capstones’ results
directed us to focus on reducing peak energy demand in office and academic buildings, rather than
in residential buildings. We were also directed to focus on policy recommendations that were not
subject to behavioral barriers identified in the Spring 2013 Capstone.

B. Literature Review

Miscellaneous electrical loads (MELs) are all electric loads except those associated with main
heating, ventilation, cooling, water heating, and lighting systems (McKenney et al., 2010). As the
efficiencies of these main, typically centralized systems improve, MELs make up an increasing
percentage of the electricity consumption in commercial buildings (McKenney et al., 2010). MELs
make up 40% of the electric load in high-efficiency buildings (Kaneda et al., 2010), and around 30%
of the total electrical load in all American commercial buildings, more than any single main system
load (McKenney et al., 2010). Energy efficiency design teams have traditionally not included MELSs
in their purview, instead focusing on the energy intensive, main building support systems (Kaneda et
al., 2010). However, as the MEL share of building plug load increases, more attention is being paid
to reducing the electricity demand from MELs (Kaneda et al., 2010).

The 2010 American Council for an Energy-Efficient Economy (ACEEE) Summer Study on
Energy Efficiency in Buildings found that substantial reductions in MEL power demand could be
achieved (Kaneda et al., 2010). The ACEEE authors conducted two case studies on possible MEL
reductions; one on an office building used by one of the authors’ employers, and one on a server
closet (a small space containing a computing server). They found that electricity demand associated
with MELs could be reduced on average by 44%. The steps recommended by the ACEEE authors
for reducing MEL electricity demand included:

e Virtualization of servers and use of high-efficiency server designs

e Replacement of desktop personal computers with thin clients

e Reduction of the number of printers and copiers used

e Use of low-power modes for intermittently-used food-related appliances

The ACEEE authors highlighted the importance of server virtualization for MEL reduction;
virtualization of the server in the server closet case study reduced the electricity demand for that
MEL by 59%, reducing annual electricity consumption by 33,000 kWh (Kaneda et al., 2010).

A review of MELs across all areas of the economy, conducted by the Department of Energy,
found that replacement of all MEL-associated devices with a best-in-class (most energy efficient)
device could reduce the total electricity demand from MELs by 35% (McKenney et al., 2010). Of
this saving, approximately half would come from improvements in the energy efficiency of
electronics (computers, monitors, and other office equipment) (McKenney et al., 2010).

The ACEEE group suggested improved monitoring and use of monitoring technology as a way
to control electricity demand from MELs. One proposed technology was an infrared occupancy
sensor, which could be placed inside a workspace, monitoring when the space is occupied. When the
space is unoccupied, the sensor can automatically turn off all electronic equipment in the workspace
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(Kaneda et al., 2010). Another technique proposed was use of detailed electricity consumption
monitoring and personal feedback to modity individual behavioral patterns (Kaneda et al., 2010).

Several institutions have conducted energy audits in an effort to reduce MELs. These include
the University of Illinois Urbana-Champaign, Oregon State University, the University of California
at San Diego, and Lawrence Berkeley National Laboratory, all of which focused on two specific
approaches to conducting the audit: Load Reduction and Efficiency Improvements. Load reduction
focuses on managing energy consumption by turning off devices or not using controls. Efficiency
improvements upgrades the building envelope (the immediately surrounding area of a building), and
replaces old or failing systems (Sample 2009).

1. University of Illinois

The University of Illinois was contracted from the Smart Energy Design Assistance Center
(SEDAC) to perform an energy audit of a high school in Illinois (name redacted). The overall goal
was to identify promising energy cost reduction measures (ECRMs). The ECRM packages put
together by the SEDAC teams helped reduce the school’s energy use by 12 percent and yielded an
annual savings of $§25,719 per year (SEDAC, 2009).

In order to identify the calculated savings, the SEDAC teams utilized both site visits and
computational analysis to find a complete package for ECRMs. The SEDAC teams performed site
visits making notes of buildings energy use for lighting, HVAC systems, hot water, and additional
energy loads (office electronics) (SEDAC, 2009).

For computational analysis, the SEDAC teams used benchmarking tools, utility rates, and
energy use profiles to understand each of the building’s energy demands and energy utilization.
Benchmarking and energy profiles were calculated by collecting the utility electric and gas data to
calculate the building’s energy use intensity (EUI, measured in kBTU/sf/yr) and energy cost
intensity (ECI, given in $/sf/yr).

For the energy usage profiles, the utility bills for electricity and natural gas were used to
determine when a significant portion of energy was used to heat or cool the school. The profiles
help identify the amount of energy spent per amount of days required of heating or cooling, and
where efficiency improvements are needed. Utilizing the different tools available, the University of
Illinois was able to determine where their load and efficiency savings should be concentrated.

Opverall, the University of Illinois” team’s energy savings were achieved by making efficiency
changes with their lighting controls and improved HVAC systems. This audit serves as an example
of potential energy savings that can be achieved by meeting the correct amount of days required for
heating and cooling, such that private comfort devices were not deemed necessary.

2. Oregon State University

Oregon State University (OSU) performed an audit on two of their buildings, Richardson
Hall and Peavy Hall, to identify potential cost-effective energy upgrades for the buildings. The audit
was conducted by PAE Consulting Engineers, Inc. Similarly to the University of Illinois study, OSU
utilized site visits as well as performed computational analysis to find their energy cost savings. The
results of their energy audit could save 20% of the energy cost and $47,000 per year for Richardson
Hall, and 50% annual energy cost and $167,000 per year for Peavy Hall (OSU, 2012).
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For OSU’s site visits, the analysts toured each room of the building while cataloging
equipment that was left on while the room appeared unoccupied. Lighting type, conditions, and
controls were noted. HVAC systems were also observed to measure the heating and cooling
efficiency in each system (OSU 2012).

The PAE reviewed the preliminary energy modeling results and determined the Energy
Conservation Measures (ECM) which were required to reduce the energy usage; and using these
ECM, calculated the energy cost savings (OSU, 2012). The Energy Conservation Measures are
shown below:

Peavy Hall - Energy Conservation Measures

Improved Wall Insulation (meet current OR Energy Code levels)
Improved Roof Insulation {meet current OR Energy Code levels)
Improved Window Glazing (meet current OR Energy Code levels)
Convert controls to DDC controls (set back and schedule savings)
Constant volume to variable volume lab hood conversions

Lighting controls for classrooms
Occupancy sensors for commons & restrooms
8a |Replace air handling unit
8b |Replace VAV hoxes
8c |Incorporate economizer controls

9 |Variable speed fans for fan systems

10 |Waterside economizer for chiller plant

11 |Steam trap monitoring, temperature sensors for failure of traps / replacement of traps
12 |CO; demand based ventilation

13 |Low flow plumbing fixtures

14 |Exterior lighting control

15 |Egress lighting controls

16 |Pumping energy savings with VFD and two way valves for HW & CHW
17 |Insulate CHW, HW, steam and condensate piping where missing
18 |Replace motors with premium efficient motors

19 |Lighting upgrade for offices and classrooms

NGB W N e

Figure 1. List of Energy Conservation Measures at Peavy Hall.'

! Figure taken directly from OSU, 2012.
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Richardson Hall - Energy Conservation Measures
Improved Wall Insulation (meet current OR Energy Code levels)
Improved Roof Insulation (meet current OR Energy Code levels)
Improved Window Glazing (meet current OR Energy Code levels)
West (admin) penthouse envelope insulation
Lighting controls for the classrooms
Daylighting controls where applicable
Waterside economizer for chiller plant
Steam trap monitoring, temperature sensaors for failure of traps / replacement of traps
C0, demand based ventilation
10 |Low flow plumbing fixtures
11 |Exterior lighting control
12 |Egress lighting controls
13 |Pumping energy savings with VFD and two way valves for HW & CHW
14 |Insulate steam and condensate piping where missing (traps, PRV's, etc.)
15 |Lighting upgrade for Lumber Bay

W o0 |~ |oh [N & |[W (M=

Figure 2. List of Energy Conservation Measures at Richardson Hall.”

Based on the recommendations proposed by PAE, the Energy Use Intensities (EUIs) of the
current buildings were compared with model buildings and also with the results of the US
Commercial Building Energy Survey. At the time of the audit, energy use for Peavy Hall and
Richardson Hall were 7.1% and 18.3% greater than an average comparable building (OSU, 2012).

2 Figure taken directly from OSU, 2012.
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Peavy EUI Comparison [KBTU/SF/YR] Richardson EUI Comparison
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Figure 3. Comparing energy use intensity (EUI) values for the current energy bills at Oregon State
University, the modelled existing buildings and average results from the US Commercial Building
Energy Survey.’

3. University of California, San Diego

The University of California at San Diego (UCSD) used a campus wide scale for their audit
as the UCSD campus resembles a small town; of the 45000 daily population, 29000 are students.
There are around 450 buildings on the campus of which 60 of the largest buildings have been
metered to provide the aggregate energy consumption data. The university campus has broadly
spread energy generation, storage and management systems to supply electricity and thermal energy
using high temperature and chilled water to the buildings across campus (Agarwal, & Gupta, 2009).

The Computer Science and Engineering (CSE) building was used as a test bed for the
analysis of energy consumption. The CSE building had about 600 occupants and approximately 750
desktop PC machines

At UCSD the building meters report the data back to a central data acquisition center, and
the individual meter readings are collected by a separate storage and visualization server, which
stores aggregate time stamped data at 15 minute intervals (Agarwal & Gupta, 2009).

The initial observations, comparing few of the energy intensive buildings, suggested that the
CSE and the Calit2 (Research Building) consumed significantly more energy than the other buildings
due to the additional IT infrastructure in them. SDSC (San Diego Super Computer Center) had the

: Figure taken directly from OSU, 2012.
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highest energy consumption, which was attributed to the computer servers (Agarwal & Gupta,
2009).

— SpSC -- (a2 — CSE RIMAC Tenaya Hall‘
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Figure 4. A comparison of five UCSD campus buildings based on their energy usage modalities for
the month of August 2009. *

The energy consumption of the CSE building when analyzed for short term and long term
usage showed that the electric load was similar throughout the year. (As San Diego has neither harsh
winters nor very hot summers, the between-season heating and cooling demand differences are
likely to be much smaller than a university, like Indiana University, where the winters are cold and
the summers are very hot.) The ‘base load” was 325 KW and remained the same throughout the

year. Much of the base load energy consumption was attributed to the IT infrastructure in the
building.

¢ Figure taken directly from Agarwal & Gupta, 2009.
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Figure 5. Total energy consumption within the CSE Building for a year.’

. Thus about 25% of the total building energy consumption came from computer systems
(Agarwal & Gupta, 2009). Using the above analysis and results, energy saving recommendations for
IT equipment such as Wake-on-LAN and Somniloquy, which reduce power by increasing the use of
power saving states, were proposed to reduce the building energy demand (Agarwal & Gupta, 2009).

4) Lawrence Berkeley National Iaboratory Office

The Lawrence Berkeley National Laboratory conducted a survey of commercial and
educational buildings to explore the extent to which electronic office equipment is turned off or
automatically enters a low power state when not in active use (Roberson et al., 2004). The data
improves estimates of typical energy consumption and savings for different office equipment. The
office equipment surveyed included computers, monitors, printers, multi-function devices (all-in-one
devices), copiers, fax machines, and scanners. Additionally, miscellaneous equipment, such as TV’s,
portable HVAC systems, and lighting, were considered. This study expanded on previous work
conducted in California and Washington DC, to include 12 commercial buildings from San
Francisco, Pittsburgh, and Atlanta. The function of the buildings ranged from education buildings,
health care; and small, medium, and large offices (Roberson et al., 2004).

In each building, the groups surveyed as much area available to them in a four hour time
frame. The denser the area, defined by the number of computers per employee or employee per
1000 square foot, the more electronic equipment was made available for recording. Of the electronic

° Figure taken directly from Agarwal & Gupta, 2009. There were data collection issues for the months of March 2009
and August 2009.
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equipment recorded, the groups took note of which devices were left on, in a “power management”
mode, or turned off.

Of the office equipment surveyed, turn-off rates were highest for integrated computer
systems (ICS) (60%), copiers (48%), and scanners (41%). Power management rates were highest for
monitors (75% — 71%), ICS (61%), scanners (60%), and laser printers (60%). Lower power
management rates were lowest for desktop computers and fax machines (Roberson et al., 2004).

The study concluded there is “significant room for improvement” in power management
with desktop computers, and suggest, with future studies, to modify the parameters to enable
computers to power manage themselves and their attached monitors (Roberson et al., 2004).

Each of the four energy audits concluded that efficiency improvements and/or load
reductions can lead to significant energy savings. All four audits focused at least in part on
computing equipment, and Lawrence Berkeley Laboratory study also explicitly included evaluation
of other electronics. Efficiency improvements can solve over/under heating and lighting
overconsumption issues as seen in the University of Illinois and Oregon State University audits.
Additionally, load reduction in the form of power management or HVAC system controls can lead
to significant energy savings, as seen in the University of California San Diego and Lawrence
Berkeley National Laboratory audits.

II1. Spring 2014 Capstone Project Goals

A. Objectives

The Capstone project’s objectives were to:

1. Evaluate the potential for decreasing energy costs associated with plug-loads in offices by identifying a cross-
sectional subset of buildings on campus that have a high degree of faculty diversity:

a. Conduct physical inventory of plug loads in sample offices across multiple buildings;

b. Survey faculty and staff to collect a wide cross section of office plug-related electricity
usage;

c. Estimate energy use in each type of office, for the average office, and for average open
space workstations and break rooms;

d. Identify options for increased energy efficiency of office computers. Consider:
1. Using thin clients;
2. Docking stations for shared printers;
3. Using laptops instead of desktops;

e. Gauge faculty and administrative response to the implementation of new technology
standards;

f. Compare the usage of comfort devices, such as fans and space heaters, to building
heating and cooling patterns;

g. Identify specific building policies for each building within the cross-sectional subset,
including but not limited to: computer replacement, printing, food-related policies, and
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comfort-based electronics;
h. Develop campus-wide policy recommendations for reducing energy use in offices.

Evaluate the potential for decreasing energy costs associated with the Student Technology Centers (STCs):

a. Evaluate current utilization of STC Computers during peak and non-peak electricity
usage times;

Review management of STCs and compare to existing UI'TS management policies;
Quantify equipment energy costs;

Detail STC-related behavior of students through detailed surveys;

o a0 T

Identify the potential for increased use of wireless printing capabilities, which may

include recommendations for raising student awareness as well as other appropriate

policy recommendations;

f.  Develop energy reduction policy recommendations for UITS management;

g. Develop policy recommendations for getting students to shift energy consumption
related to computing to non-peak electricity usage times;

h. Develop policy recommendations for equipment energy savings.

Characterize the potential energy savings due to full implementation of the IT-28 cyber risk mitigation policy:
a. Identify the current status of I'T-28 implementation;

b. Analyze the potential for future energy savings based on IT-28’s full implementation.
Consider:

1. Cooling needs for servers not housed in the Data Center;

2. Computing needs for independent servers and utilization level (i.e. if the function the
server performs can be integrated into existing Data Center servers without
increasing net energy consumption);

c. Develop policy recommendations to encourage energy savings related to the
implementation of I'T-28, and:

Evalnate and characterize the potential energy savings associated with increased use of thin clients and
docking  stations on campus:
a. Evaluate the current utilization of thin clients on campus;
b. Analyze the potential for increased use of thin clients and docking stations in both STCs
and faculty and staff offices on campus based on improved implementation and
functionality;
c. Analyze the potential for energy savings from increased use of thin clients and docking
stations across campus;
d. Develop policy recommendations for increasing the utilization of thin clients on campus
in the near future. Specifically this will consider:

1. Using thin clients in the STC settings;

2. Using thin clients in office settings for faculty and staff;
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3. Using docking stations in the STC settings;
4. Using docking stations in office settings for faculty and staff.

. Areas outside the Scope of This Project

Potential areas of investigation not included in the project included:

Plug loads associated with appliances in residential facilities including dormitories and
apartments.

Plug loads associated with Indiana University’s Data Center (however, some consideration of
cooling costs at the Data Center is provided in the IT-28 section of this paper).

Electricity demand from hard wired systems. This includes ceiling lights, HVAC systems, wall
monitors, projector screens and any other piece of hardware that is wired directly to the building
infrastructure.

Plug loads associated with student-owned portable electronic devices (including laptop
computers, cellular phones, tablets, and other small electronic devices) that are intermittently
plugged into outlets within IU academic buildings (Faculty and staff-owned electronic devices
were considered as part of the office plug load task of this project).

Plug loads associated with laboratory equipment.

. Project Deliverables

An inventory of energy use from office-related plug loads:
a. Representative plug load inventory of five selected IU Bloomington buildings with
faculty and staff offices;
b. Specific policy recommendations for energy savings in selected buildings.
An energy assessment of representative STCs:
a. Inventory of desktop devices, printing devices, and Thin Clients in selected STC stations
and their associated energy demands;
b. Analysis of STC energy usage patterns.
A survey of energy use habits conducted in support of deliverables 1 and 2 approved by the IRB
and administered to faculty, staff, and students on the IU Bloomington campus.
Written bi-weekly progress reports, starting with a report delivered on February 28, 2014.
Monthly client meetings where progress and tentative findings were discussed.
A final comprehensive report presented at the end of the semester:
A formal public presentation of the final report (held in a large enough space that all interested
parties will be able to attend).
Participation in the capstone symposium scheduled for late April and creation of appropriate
materials for presentation at the symposium.
A contribution to the SPEA capstone website. Our addition will include copies of the final
presentation, final report, and other relevant and important information and findings.
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IV. Student, Faculty, and Staff Survey Task

A. Introduction
1. Background

The Spring 2014 Plug Load Assessment capstone group undertook five projects in order to
come to a full understanding of how Indiana University (IU) utilizes its energy. While some of these
projects looked at university policy initiatives, such as I'T-28, other parts focused on the active use of
technology centers by students, and device energy consumption by faculty and staff. These projects
required observational data to be gathered in order to craft detailed policy recommendations. Both
the Office and STC sections of this capstone required observational data in order to formulate
policy recommendations for the IU Physical Plant. For instance, knowledge of how students use the
Student Technology Centers (STCs) for their computing and personal electronic needs is essential
for verifying assumptions about student utilization of STC machines. The team decided to use a
survey to gather necessary data based off of the success of the Spring 2013 capstone group’s energy
behavior survey (Betz et al., 2013).

The design of the survey instrument focused on the length, clarity and relevance of the
survey questions in order to increase the survey response rate, the value of the provided answers,
and to ensure that the responses were useful to the substantive research teams. Most of the survey
questions were written in conjunction with the other project teams in order to provide data that
would help the groups validate their physical observations. We also sought to ensure that
respondents understood the end goals of the survey and how those goals could benefit them
personally. For students, we discussed in the survey announcements that the reduction in costs of
energy consumption could lead to improved resources and lower cost of attendance in addition to a
monetary incentive. For faculty and staff, we emphasized how participation in the survey would
allow respondents to have their comments and concerns about building comfort delivered directly
to the physical plant.

The survey’s main function was to provide supplemental information to other parts of the
project. For each of the projects, the survey aimed to collect information sought during the
observational periods, and gather information campus-wide. There are five sections of the survey.
Each section of the survey fulfilled the supplemental goals laid out below:

1) Student Technology Centers
The STC section of the survey aimed to determine how often students use the STCs,
which STCs they used, during what time period, and for what purpose.

2) Printing
The printing section of the survey aimed to determine student use of STC printers
and the wireless printing service.

3) Thin Clients
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The Thin Clients section of the survey aimed to determine how students used, if at
all, Thin Clients for their computing needs.

4) Personal Electronics
The personal electronic section of the survey aimed to determine how and when
students used their personal electronics while on campus.

5) Faculty offices
The faculty section of the survey aimed to determine how the faculty and staff use
electronics and personal comfort devices in their office space, and to derive implied
information about which buildings seem to have temperature control problems
based on the comments and the use of the comfort devices.

B. Methodology

1. Survey Study Design
a. Supporting Overall Research Goals

The survey was placed into the university’s electronic survey distribution and analysis
softwate, Qualtrics. The survey was split into two main branches (faculty/staff, students) due to the
different research aims for faculty and staff versus students. A complete list of survey questions can
be found in Appendix A.

In order to maximize our ability to capture data in one instrument without a follow-up
survey, many of the questions allowed for respondents to choose the option “Other” and enter a
text answer. These answers were collected, classified, and examined to find information of value to
the respondents not originally considered by the project group.

b. The Student Survey

The student survey was designed to gather information about student use of energy and
computational resources on campus. Each of the project teams provided questions to gauge how
well students are aware of and engaged with the different computer-related resources on campus.
The physical plant is interested in identifying how students interact with two specific energy
intensive resources on campus: charging of personal electronic devices and Student Technology
Center (STC) computational resources. Additionally, the survey for students asks about the
individual’s knowledge and interactions with Thin Clients and wireless printing resources on campus
to better guide future energy reduction efforts.

c. The Faculty Survey

The faculty and staff survey was designed to determine faculty and staff usage of electrical
and computational resources as well as gather information about office and work space temperature
control. Because the physical plant desires feedback about the environmental state of individual
buildings and offices, each respondent was asked to identify in which building their primary office is
located and then asked several questions about the temperature and air quality of their office.
Specifically, respondents were asked whether their office location’s temperature is adequate or needs
adjusting. They were also asked about their personal electronic devices, personal comfort and food
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appliances, and their knowledge of building policies that govern the use of such devices or
appliances.

2. IRB Approval

Because the study involved human subjects, it was necessary to obtain approval from the
Institutional Review Board (IRB). IRB serves to protect all subjects’ privacy and prevent emotional
ot physical harm (Office of Survey Administration, 2013). After capstone members completed
online training for research on human subjects, all survey materials and methodology were
submitted for review. Eric Campbell, co-survey team leader, led the application process under the
supervision of faculty advisor Dr. Diane Henshel. Ashley Bowers, Director of the Center for Survey
Research, provided extensive guidance throughout the process.

This study, IRB Protocol #1404707661, received Exempt Review approval on April 8, 2014.
3. Scope of the Population for Survey Distribution

The target population for the student survey is the entire current IU Bloomington student
population, approximately 40,000 undergraduate and graduate students. In order to generalize our
results to the entire student body, we needed to obtain a representative sample. The student survey
is designed to capture the habits and preferences of any student. Thus, we sought to distribute the
survey as widely as possible to all students on the Bloomington Campus.

For the faculty and staff survey, the target population is the entire current IU Bloomington
faculty and staff. Many of the questions revolve around the condition of offices and office buildings.
Since these conditions vary widely, the decision was made to try and reach the entire population of
faculty and staff in order to obtain a cross-sectional view of all of the university buildings.
Additionally, the Office group focused their analysis on five specific buildings with diverse
characteristics. Providing a broader survey distribution provides independent validation for whether
the intensely sampled buildings are indicative of other buildings with similar characteristics.

4. Number of Respondents

Determining how many respondents to aim for is a matter of probability statistics for a
population of significant size. “A carefully selected probability sample in combination with a
standardized questionnaire offers the possibility of making refined descriptive assertions about a
student body, a city, a nation, or any other large population,” (Babbie, p. 286). With a student body
of approximately 40,000 persons, the population is sufficiently large that the only consideration is
what confidence interval (CI) and estimated error we want to be able to claim when reviewing our
results. The table below outlines the necessary number of student respondents required for a CI of
95% and a range of estimated errors. We determined that for the student survey, an estimated error
of 5% would be our target, requiring at least 384 responses.
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Parameter Value Notes

Using a value of 50% provides for
p 0.50 the largest sample size required to
meet error goals

Using a value of 50% provides for
q 0.50 the largest sample size required to
meet error goals

Student's t-value for a 95%
Confidence Interval

E (Estimated Error) 4.380% 1% 2% 3% 4% 5% 10%|Possible Estimated Error
Necessary Response Rate to ensure
alevel of estimated error
percentage of the Sample Size to

Z=95% Cl 1.960

n=pq(Z/E)"2 501 9604| 2401 1067 600 384 96

Sample Size in Percent
ple Size 1.25%| 24.01%| 6.00%| 2.67%| 1.50%| 0.96%| 0.24%

of Students the student population
Isn>0.05N
(Is Sample Size > 5% of 0 1 1 0 0 0 If the sample size is greater than 5%
z
P:pulation) ° of the population, we must adjust

the standard deviation for the

Finite-population
pop Finite-Population Correction Factor.

A 1| 0.0044| 0.0099 1 1 1
Correction Factor

=

Table 1. Calculations for Determining Target Number of Survey Respondents.”

As previously discussed, the distribution for the faculty and staff survey was the entire
population. Instead of a target number of respondents, the aim of this survey is to have most of the
buildings on the Bloomington campus represented so buildings with temperature control concerns
can be identified. Therefore, the target number of respondents was as many as would take the time
to complete the survey.

5. Survey Distribution

Internet surveys are easy and inexpensive to distribute, however, they often come with low
response rates and possible biases (Langbein& Felbinger p. 193). One reason is that emailed surveys,
which is the internet method employed here, can be impersonal or potentially treated as spam
(Couper p. 5). Additionally, people are wary of clicking on links supplied in emails as they may have
malicious software attached. Unless the individual sending the email has established their identity
and trustworthiness, the email is likely to be ignored by the recipient or placed into a spam filter
(Couper p. 5). Therefore, the email subject line must convey enough information so that the
recipient will overcome any biases they may have about opening emails from unknown senders
asking for their time.

For our research, an internet survey is the easiest way to reach the Indiana University
population. The university’s Qualtrics software provides a convenient interface for building and
analyzing our survey. Since the majority of the population on the Indiana University campus is
educated, has extensive experience with the internet, and is accustomed to the university asking for

® Methods taken from Rubin, 2011.
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their participation in online surveys, we hoped to overcome many of the problems associated with
individuals assuming that links from an unknown sender is malicious.

Since the faculty and staff survey was sent by the Indiana University Communications, we
anticipated a higher response rate. The survey had the official sanction of the University’s Office of
the Vice Provost and respondents could be assured that the link was not malicious. Additionally,
sending the invitation email through the Indiana University communications office allowed for
safeguarding of personal identification information and non-biased distribution.

Timing of the survey was also a question we considered early. For an electronic survey,
upwards of 80% of all responses are received in the first week (Survey Monkey 2011). We provided
two weeks for responses from students and 5 calendar days for responses from faculty and staff.

a. Student Survey Distribution

The target number of student survey responses was just under 400. Knowing that response
rates for electronic survey distribution can be as low, sometimes much less than with paper mailed
surveys (which can have response rates in the 30% to 40% range) (Langbein and Felbinger p. 2), we
knew that we needed to have our survey viewed by as many students as possible. In order to achieve
our goal, we contacted a variety of student organizations on campus with large memberships.
Participating organizations included the Graduate and Professional Student Organization (GPSO),
Indiana University Student Association (IUSA), Panhellenic Counsel, Interfraternity council (IFC),
the Union Board, and other organizations in which the capstone group members were involved.
Several of these organizations distributed the link and information about our survey to their
membership list as well as provided advertising through Facebook and Twitter.

Individual project members also sent out personal emails with a link to the survey to friends
and acquaintances on campus as well as placing an announcement on each of our personal
Facebook walls. Some individuals connected to one or more of the project members also sent out
personal emails to their network. For example, at least one undergraduate in the College of Arts and
Sciences who is personally connected to a project member forwarded the announcement email to
everyone in all of her classes from the past two semesters using the online class administration
website, OnCourse, which provides contact emails for all students enrolled in a class. The attempts
to increase visibility by the members of the capstone class may have created a bias in the
respondents, since individuals are more likely to respond when they have a personal connection with
the survey administrator (Babbie, p. 288).

With the distribution to the IUSA and the GPSO, theoretically every undergraduate and
graduate student should have been contacted via some method, but predicting the response rate
from secondary distribution methods is extremely difficult (Babbie, p. 287).

In addition to advertising through on campus student organizations and our personal
networks, we utilized the TU Student Online Address Book to collect random email addresses for
Bloomington students through searches on last names to broaden the distribution and overcome the
potential biases noted above. This information collection conforms with the purpose of the
directory as stated on its website and no additional information, such as full name or academic
department, was collected along with the email list. The list has not been and will not be, shared with
any other individual or organization and once the initial survey and reminder emails were sent, the
list was deleted. When evaluating our distribution options, this method stood out as, though not
ideal, providing the best opportunity for obtaining the minimum number of responses with the
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smallest opportunity for response bias. The following table identifies which search terms were
utilized in collecting the 1021 emails from the IU Online Address Book.

Search Terms for Collection of Individual Email Addresses
from IU Online Address Book
Campus Bloomington
Role Student
Last Name (Starts With) First Initial(s)
Allen (any)
Brook A-J
Storm (any)
Smith A-B
Chamber (any)
Singh A-P
Lee A-H, Y-Z
John A-Z
Z A-Z
Mo A-C

Table 2. Search Terms Used for Individual Email Address Collection.

Direct communication to participants with an introduction to the survey and pertinent
information as to why the participant should respond has been shown to increase interest and
genuine participation, (Langbein and Felbinger, p. 6). Therefore, an introductory letter and a
reminder email were sent after seven days in order to boost our response rate (Survey Monkey
2011). Additionally, we offered a drawing open to the students for one of four prizes. The grand
prize winner received a $50 gift card to the Scholars Inn restaurant in Bloomington. Three additional
winners received a $25 gift card to the same location.

b. Faculty and Staff Distribution

The faculty and staff survey was distributed to the entire Indiana University faculty and staff
population through the IU Department of Communications. Our request for a general distribution
email to be sent to the entire email list was approved by the Vice Provost, Thomas Gieryn. The
survey cover email emphasized that this was an opportunity for the faculty and staff to provide
comments to the physical plant on their physical work environment. Email reminders were sent out
after two days in order to increase response rates. No monetary incentive was offered to the faculty
and staff.

C. Results

1. Distribution and Representativeness

We achieved our statistical goals: the total number of respondents included in the final data
set consisted of 500 Students and 1,380 Faculty and Staff Members. The breakdown of respondents
is shown below.
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Distribution of Survey Respondents
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Figure 6. Breakdown of Survey Respondents by Type.

a. Student Survey

Given our distribution plan, it is difficult to determine our actual response rate. Our original
hope was to achieve a response rate near 40% for the direct emails sent to just over 1,000 students
from the IU Address Book given the monetary incentive. In reality, we know that the response rate
for the entire population who saw an announcement for the survey was much lower. We know from
distribution to friends and acquaintances that at least another 1,000 students received a personal
email announcement, and there is no way to quantify how many students actually saw the
announcements sent out by various campus organizations. This leads to the inference that our
secondary sources of announcement, such as personal emails to friends, classmates and
acquaintances, posting though multiple organizations on campus, and endorsement by the Office of
Sustainability, likely significantly increased the number of students who received an announcement
with a link to the survey to well above 2,000 students. Due to the extensive use of social media and
outside groups for the promotion of the survey, it is not possible to determine how many students
the survey reached.
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Proportion

of Total
Student Type Number Responses
Undergraduate Student I 370 74%
Graduate Student [ ] 130 26%
Total 500 100%

Table 3. Breakdown of Student Responses by Undergraduate or Graduate Status.

One major concern with the distribution method was that the survey would be biased based
on a disproportionate number of the friends and acquaintances of the project members responding
to the survey. In order to determine whether we had a valuable sample of the student population, we
asked the students to list their current degree path as a demographic question. Below are the results
of this question. The data has been collated into the 20 major categories listed below. An example of
this collation is that nursing, optometry, exercise science, public health, dietetics, speech & hearing
sciences, MD, health administration, kinesiology, and physical therapy have all been placed into the
“Health” category. The large “Management” category consists primarily of various SPEA
concentrations. When looking at the final responses, over 125 unique responses were received. The
actual responses are available in the Student Survey (Appendix B).

We saw a larger number of respondents from students graduating in the next two years than
would be expected of a four year institution. Additionally, from the personal experiences of the
project members, many students become active members in on-campus organizations in their
second or third year. Finally, it is known that most friends and acquaintances of the group who
helped in distributing the survey were reaching an upper-class or graduate level audience. It is also
noted that many graduate programs are only two years long. Given that approximately one third of
the respondents were graduate students, slightly higher numbers of 2014 and 2015 graduates would
be expected. The large representation of SPEA degrees in the responses also seems to confirm our
concerns about not reaching as wide of an audience as desired.

Despite these concerns, we believe that the sample of students who responded to our survey
is sufficiently indicative of the actual student population that the results can be generalized across
campus. SPEA offers a wide variety of courses that attract a diverse subset of students. The variety
of “Management” responses indicates how broad the population is. Still, it is important to recognize
the limitations of the survey sample when interpreting the results below.
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Figure 7. Degrees Represented in Student Responses (by number of responses).

Proportion of

Response Number Total
2014 I 169 34%
2015 ] 155 31%
2016 ] 112 22%
2017 B 54 11%
Beyond 2017 | 8 2%
Total 498 100%

Table 4. Breakdown of Student Responses based upon Year of Graduation.

b. Faculty and Staff Survey

Distribution for the Faculty and Staff was handled by Mr. Nick McCammon in the Indiana
University Communications. The direct email was sent on April 15, 2014 to 6,984 individuals who
are either faculty or staff on the Bloomington campus. Due to the shortened time for analysis
between the survey going live to the faculty and staff, the final data set for this report was retrieved
on April 19 and included 1380 respondents. This is a response rate of 19.8% in only five full days of
data gathering. The responses to the survey also represent about 20% of both the entire IU
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Bloomington faculty (approximately 2100 total as of May 9, 2014 according to Tom Gieryn) and
staff (all remaining sent emails).

Proportion of

Response Number Total Responses
Faculty Member e 443 32%
Staff Member s 937 68%
Total 1,380 100%

Table 5. Breakdown of Faculty and Staff Responses by Respondent Type.

In addition to reaching a significant portion of the faculty and staff, we were able to get
responses corresponding to 143 buildings on campus. While many of the smaller buildings have
only a few responses, this represents nearly every academic and business building on the
Bloomington campus. Many of the large academic buildings; such as Ballantine Hall, Jordan Hall,
and the Wells Library; had a large number of respondents. From these results we can generalize our
physical observations and provide confidence in the overall policy recommendations from the office
group.

List of Buildings Represented in the Faculty and Staff Survey:

1125 E. Atwater Ave. Brisco

1185 W. 2nd St. Bryan Hall

120 W. Grimes Ln. Building H

1514 E. 3rd St. Campus View Apartments
1600 E. 3rd. St. Career Development Center
316 N. Jordan Ave. Carmichael Center

324 N. Jordan Ave. Carter House

326 N. Jordan Ave. Cedar Hall

410 N. Park Ave. CEEM

501 N. Park Ave. Center on Education and Lifelong Learning
506 N. Fess Ave. Chase Bank

516 N. Fess Ave. Chemistry

630 E. 3rd St. CIB

705 E. 7th St. CIPEC

815 E. 10th St. CMCL

821 E. 10th St. Cognitive Sciences
Admissions Office Communication House
Aerospace Studies Cook Hall

American Historical Review East Studio Building
American Indian Studies Research Institute Edmondson Hall

Art Museum Eigenmann Hall

Assembly Hall The Vincent and Elinor Ostrom Workshop
Atwater Eye Care Center Ernie Pyle Hall

Ballantine Hall Fine Arts Building

Blank Folklore Institute
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Forest

Foster Quad

Franklin Hall

Geology

Glenn A. Black Laboratory
Godfrey Center

Goodbody Hall

Henderson Parking Operations
Hodge Hall

Hutton Honors College
1IDC

IMU

Informatics East
Informatics West
Innovation Center

Institute for Social Research
International Programs
ISAT Hall

IU Auditorium

1U Warehouse

Jordan Hall

Journal of American History
Journalism Annex
Kirkwood Hall

Latino Cultural Center

Law

Lee Norvelle Theatre and Drama Center

Lewis Building

Lilly Library

Lindley Hall

Mathers Museum Annex
Maxwell

McCalla School

McNutt Quad
Mellencamp Pavilion
Memorial Hall
Memorial Stadium
Merrill Hall

Monroe County Government Center
Morgan Hall

Motrison Hall

Motor Pool
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MSBII

Music Addition

Music Practice Building
Musical Arts Center
Myers Hall

Nelson Administration Building
Organization of American Historians
Owen Hall

PBS Building

Physical Plant

Polish Studies Center
Poplars

Poynter Center
Psychology

Public Health
Radio-TV Building
Rawles Hall

Read Center

Registrar

School of Optometry
School of Social Work
Service Building
Showers Building
Simon Hall

Simon Music Library and Recital Center

Smith Research Center
SPEA

Speech & Hearing Sciences
SRSC

Statistics

Student Building

Student Health Center
Student Legal Services
Student Services Building
Swain East

Swain West

Sycamore Hall

Tennis Center

Teter Quad

Tulip Tree Apartments
Undergraduate Side (HH)
Union Street Center



Union Street Market
Unknown

Von Lee

Wells Library

Wildermuth Intramural Center
Woodburn Hall

Woodlawn House

Workshop in Political Theory and Policy
Analysis

Wright Ed. Building

Wright Quad

Wylie Hall

Table 6. List of Buildings Represented in
Faculty and Staff Survey
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D. Discussion

The survey was designed to provide the project teams with information to validate their
physical observations and generalize the policy recommendations for application to the entire
campus. Therefore, most of the actual results from the survey will be discussed in the appropriate
sections below. Here we discuss several interesting results that apply to the survey respondents as a
whole.

a. Student Survey

One main goal was to identify how long, where and for what purpose the average student
uses the STC computers. Our results suggest that neatly 2/3trds of the student population uses an
STC computer more than once a week for up to an hour and 98% (442 of 449) of all respondents
using STCs use them for printing. Finally, our respondents listed that they use nearly every official
STC laboratory on campus, providing a valuable cross-sectional look at computer usage over the
entire campus.

Proportion of

Total

Response Number Respondents
Never use STCs B 51 10%
Less than 1 time per week - 121 24%
1-3 times per week I 236 47%
More than 3 times per week - 91 18%
Total 499 100%

Table 7. Frequency of Student Use of STC Computing Resources

Proportion of

Total

Response Number Respondents
Less than 15 minutes ] 209 47%
15 - 60 minutes I 189 42%
Longer than 60 minutes . 51 11%
Total 449 100%

Table 8. Duration of Student Use of STC Computing Resources
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Proportion of

STC Using
Response Number Respondents
Printing —a2 98%
Web Browsing / Email I 217 48%
Word Processing ] 161 36%
Excel or Other Office Suite [ 106 24%
Other | 12 3%

Table 9. Student Uses of STC Computing Resources by Type of Use

These results have some interesting implications for overall student computer technology
usage on the Bloomington campus. First, this shows that 90% of students use the campus
computing resources and about 2/3"s use them on a regular basis. Additionally, we can see from the
data that a small portion of students use these resources for intensive computing. As will be
discussed later in the STC and Thin Client sections (Sections VI (p. 62) and VII (p. 81),
respectively), student use of the computers on campus would be well suited to resources that are less
energy intensive than the current machines standard in computer laboratories around campus.

b. Faculty and Staff Survey

A major focus of the faculty and staff survey was on developing an understanding of how
individual employees feel about their building environment and how they chose to change an
environment they dislike. From the overall data, just over 40% of all the faculty and staff surveyed
are satisfied with the temperature in their primary office during both the summer and the winter
months. A substantial minority of 26% and 20% find their office space to be too cold in summer
months or too hot in the winter months, respectively. These answers indicate potential cost savings
from optimizing the heating and cooling within buildings to avoid over-conditioning of the air.

Response Number %
Too Hot [ | 447 33%
Too Cold [ ] 346 26%
Just Right I 561 41%

Total 1,354 100%

Table 10. Summer Months Overall Workspace Temperature.
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Response Number %

Too Hot [ ] 278 20%
Too Cold [ ] 522 38%
Just Right ] 572 42%
Total 1,372 100%

Table 11. Winter Months Overall Workspace Temperature

Another aim of the survey was to gauge people’s knowledge about and receptiveness to
building policies aimed at reducing the energy consumption of a building. We found that over half
of all respondents surveyed were unaware whether or not the building in which their offices were
located had such policies in place. This item in particular seems to be a useful starting point for
reducing the energy consumption of a building.

Response Number %
Yes ] 170 12%
No [ ] 429 31%
Do Not Know I 777 56%

Total 1,376 100%

Table 12. Faculty and Staff Building Policy Awareness. Question: Does your building have any
policies indicating what devices you are allowed to bring into your workspace?

Our third major goal was to measure the receptiveness of the faculty and staff to changes in
computing resources that could lead to a reduction in overall energy used on campus. From a look
at the overall data, approximately 50% of the faculty and staff are strongly opposed to the
replacement of their desktop workstations with either a Thin Client or a tablet computer setup. A
potential move to laptops is not as opposed. Few respondents sought additional information about
the change.
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Thin Client 61 103 183 131 597 199 79 1353

Computer

Tablet

Computer

Wlth . 82 139 173 188 553 138 80 1,353

additional

Keyboard

and Monitor

Laptop

Computer

instead of 188 192 219 199 385 78 100 1,361

Desktop

Computer

Table 13. Receptiveness of Replacement of Desktop Computer with a Low Energy Alternative.
Question: How would you feel about replacing your traditional desktop workstation with the
following more energy efficient computing-based technologies?
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V. Office Plug Load Assessment Task

A. Introduction

Indiana University employs more than 2,000 faculty and 5,400 staff on its Bloomington
campus, and provides office space for thousands of these employees ("Faculty and staff," 2014).
These office spaces include, but are not limited to, individual offices, shared offices, cubicles,
reception areas, break rooms, kitchens, copy rooms, and conference rooms. The buildings housing
these office areas vary greatly in age, quality of construction and insulation, energy management
policies, and employee culture regarding sustainable energy practices. A number of buildings on
campus have Green Teams (registered with the IU Office of Sustainability), which are voluntary
groups formed within individual buildings in order to foster sustainable initiatives based on each
building’s individual needs. In regards to plug loads in office areas are due to a wide range of
computing and comfort devices, including: computers, monitors, printers, scanners, refrigerators,
microwaves, air purifiers, space heaters, and various other devices.

The capstone team sought to identify energy efficiency improvements possible with office-
based plug loads. The primary deliverable for this analysis was to provide data supported office-
based plug load energy efficiency recommendations.

Due to time and labor constraints, it was necessary to limit the scope of the energy audits to
sample inventories of several buildings. The authors consulted with facilities employees to ensure that
sampled office areas represented the overall composition of the audited buildings and that a diverse
range of offices were inventoried. The audits were conducted using established methodologies
created by organizations such as the American Society of Heating, Refrigerating, and Air
Conditioning Engineers (ASHRAE, 2009). In consultation with the project clients, we audited five
buildings on the IU Bloomington campus: the School of Public and Environmental Affairs (SPEA);
Ballantine Hall; the Cyber-Infrastructure Building (CIB); the Graduate Building at the Kelley School
of Business; and Swain Hall West.

The following sections provide an overview of the methodology used, energy audit results,
and a discussion of both quantitative and qualitative observations made throughout the audits. The
final section presents energy efficiency policy recommendations that we believe will result in energy
cost savings resulting from decreased office-based plug loads across the Bloomington campus.

1. Literature Review

According to the 2008 edition of the Annual Energy Outlook, the Energy Information
Administration (EIA) determined that office equipment and personal computers are “two of the
three fastest growing [electrical] end uses” with the third being televisions (Moorefield et al., 2008).
Studies have been conducted in offices and other commercial building areas to determine the
amount of energy consumed from these miscellaneous electrical loads (MELSs). Overall energy
consumption in the commercial energy sector accounted for approximately twenty percent of
United States primary energy consumption, or about 18.3 quadrillion (10") British thermal units
(BTU) per year in 2008 (McKenney et al., 2010). The Department of Energy conducted a study on
commercial buildings and identified 28 different MELs in five categories: refrigeration, consumer
electronics, other building MELs (such as vending machines and laundry equipment), non-building
MEL:s (such as waste water treatment and mobile phone towers), and medical (McKenney et al.,
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2010). They were able to determine that 30 percent of the 18.3 quads consumed came directly from
the MELs (McKenney et al., 2010). Due to resource constraints, our energy audit focused on
consumer electronics such as computers and televisions, heating and cooling devices, and cooking
and refrigeration appliances.

When conducting energy audits on MELSs, there are traditionally five major methods that can
be used. The first method is to use a survey, such as the Commercial Energy Consumption Survey,
which was conducted by the EIA (Lanzisera et al., 2013). This method allows office occupants to
collect data on their own devices and is combined with annual energy use and weather data. We used
a survey to determine the number of devices that faculty and students use. Specific information
about power consumption was not included. The second method is to align power-consumption
data with activity patterns in order to make estimates on MELs by device (Lanzisera et al., 2013).
The office team utilized this method by taking power consumption data and making assumptions
about how long a device would be used to figure out total kWh.

The third method is the primary method used in measuring plug loads for this study. This
method is known as Device Level Metering and is done in two phases. The first phase is doing in-
person examination of offices spaces and recording the plug load devices in those offices
(Moorefield et al., 2008). The office team conducted this type of walkthrough when it took
inventory in office and shared office spaces of the five buildings that it audited. The second phase is
to take actual plug load measurements by using energy measuring devices on various MELs. In one
example study, the MELSs were plugged into measuring devices and were left in that state to measure
power draw over two weeks (Moorefield et al., 2008). Figure 8 shows some of the measured power
draw from this study.
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Figure 8. Power Measurement of Selected MEL Devices.

The last two methods of MEL identification are expensive and require special