DRIVING ENERGY EFFICIENCY ARER F
Z /d hE/IKE[*» Z d /> E<A?

By
Debbie Breisblatt
Chongyang Du
Derek Fletcher
Dr. PrasaKasibhatla, Advisor
Dr. Charlotte Clarkddvisor
SeltHelp Credit Union, Client

May, 2012

Masters project submitted in padl fulfillment of the
requirements for the Master of Environmental Management degree in
the Nicholas School of the Environment of

Duke University

2012



ABSTRACT

Self Help Credit Union, a leading provider of loans to small businesses and disadvaetagadacross

the country, is seeking to improve the energy efficiency of its North Carolina retail bank buildings in
accordance with itsampanywide sustainability objectives Kp@E % E}i S[e } i S]A A o &} ee]e
Help in understanding the energy use of its retail bank branches, and to identify and recommend cost
effective energy efficiency improvements and amployee engagement indtive that would lead to

more efficient energy consumption habits among employees.

Improving enery efficiency may be achieved bwesting in energy efficient technologies and reducing
energy consumption through behavioral chan@eir project was dividginto two parts: an energy audit
dedicated to finding opportunities for investment in energy efficient technologies, and the design of an
energy competition dedicated to the behavioral aspects of saving energy. For the energy audit
component, we conductedn on-site audit ofthe South Asheville retail bank branch to collect the data

v e« EC S} pjo *}%Z]*8] § u} o }( 8z pl]o JvP[e v EPC pe ]Jv 8Z
utilized insights from this model to recommend cadfective energy effieincy investment
opportunities for the branch. For the energy competition component of our project, we conducted a
literature review of behavioral economic theory and social marketing to inform the designretail
bankbranch competition framework interetl to heighten employee awareness of energy efficiency and
instigate behavioral change.

The results of the energy audit suggest Self Help Credit Union should invest in a programmable
thermostat and purchase 150 4ft 25w florescent bulbs for its South\AN#héeranch. If implemented in
tandem with reducing the water heater supply temperature to 120 degrees and implementing
aggressive powesave settings on company equipment, the audit will reduce annual building electricity
use by 39.5% and save approxielgt$3,250 per year. Our research loehavioraleconomics and social
marketingled us to conclude thadesigringa competition frameworkvould be the most effective way

to habituate energy efficient behavior at Self o %[« E § ]o v IOuEompéitiexXspans six
monthsand isdivided intosixthemed minicompetitions(Thermostats, Lighting, Transportation,
Recycling, Electronic Appliances, Water Heating and Conservatitimpoints allocatedfor different

energy efficient actions



Introduction

Energy is at the heart of most critical economic, environmental and developmental issues facing the
world today. Fossil-fuel based economies have led to an array of severe impacts on the environment and
society including climate change and geopolitical conflicts (Jaffe, 2004). And, with rising energy costs,
energy conservation and energy efficiency have become attractive low-cost ways to reduce energy
demand. Increased energy efficiency and conservation can be achieved by using more efficient devices
and technologies, and by reducing energy consumption through behavioral change. These measures
can also unlock significant financial benefits. A 2007 McKinsey and Company report on reducing U.S.
greenhouse gas emissions suggested that commercial building efficiency measures would result in an
annual net benefit of $18 billion by 2030. The energy efficiency measures analyzed included:
substitution of advanced lighting technologies (e.g. CFLs and LEDs) for inefficient lighting; increased in-
use efficiency and reduced stand-by losses in office equipment; more efficient HVAC equipment in initial
installation and retrofits; better insulation and air tightening in building shells; and more efficient
commercial water heaters. As a result, a wide range of stakeholders, including building owners and
corporate tenants, stand to benefit from increased adoption of building efficiency measures (McKinsey
and Company, 2007). This client-centered Master’s Project aims to assist one such building owner, Self-
Help Credit Union, in capturing the financial benefits from increased energy efficiency by recommending
energy efficiency investments similar to the measures mentioned in the McKinsey report and by

fostering energy efficient behavior at Self-Help’s retail bank branches.

Our Client: Self-Help Credit Union
Self-Help Credit Union (Self-Help), headquartered in Durham, NC, is one of the nation’s leading
community-development lenders, credit unions and real estate developers. Since 1980, Self-Help has

accessed funding sources such as deposits, grants and other investments from individuals and



institutions, to provide banking, home asthall business lending, community facilities lending, real

estate developmentan ¢} ] 00C E *%}ve] 0 ]JVA «3u v8eX dZ JE u]ee]}v ]* "&}
ownership and economic opportunity for all, especially people of color, women, rural residents and low

A 08Z (uJo] * v }u btp/jdiweseR-help.org/aboutus) Drivenby this mission, SeHelp

has provided financial support of over $5 billion to small businessespradits, and home buyers.

As an organization that also attaches importance to environmental sustainabilig&plhas
developed a portfolio ofriple-bottom-line commercial loans that prioritize social equity, economic
development and environmental benefitist{p://www.self-help.org/aboutus/policy
initiatives/envirommentalstewardshipinitiative-1). SelfHelp hashired a full time Green Initiatives

Manager, Melissa MalkiVeber, who is the poirdof- }vS § (}E& }HE D 8 EJ[*s %o E}i S§X

Project Objectives

The goal for our project was to deepen Selfo %o [¢ pv &S v JvP }( v EPC pe P ]Jv ]S
specifically its retail bank branches, and to idendifid recommend energy efficient solution

addition, SelHelp was already considering developing an energy awareness campaign for its employees
and sought our assistance in designing an effective initiative that would lead to greater energy efficient
behavior.

The specific tasks undertaken as part of this project were to:

&
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X Conductan energy assessment of one of Sglio % @& ]S hv]}v[e E S ]Jo vl E& v Z »

identify and recommend energy efficiency investmethigt are financially feasible.

x Designan energy competition frameworknd toolkit for Sef, 0% @& ]S hv]}v[e & § ]Jo
branches to heighten awareness of energy usage and to begin to habituate energy efficient
behavior in the employees

X Write six monthly energy education booklétsbe usedas a reference.
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http://www.self-help.org/about-us

Retail Bank Branch Energy Audit

On 14 November 2011, our team traveled Asheville, North Carolina to conduct an audit of the Carolina
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of energy auditing, a summary of our audit methodology and a discussion of our findings and

recommendations to our client.

Materials and Methods

Enegy Auditing

Energy auditing is the practice of evaluating how a building uses and pays for energy, and of
recommending strategies to save money by reducing total building energy consumption (Thumman,
2008). Audits typically involve four distinct phaséstfthe auditor performs a utility cost analysis to
understand daily and seasonal patterns in building energy use and how these temporal patterns interact
with the utility rate structure. Second, an ite walk through is conducted to collect informatiabout

key building energy use variables such as building construction materials, HYAC system type and
lighting/equipment types and densities. Next, the auditor creates and calibrates an energy use baseline
for the building, often using sophisticated liiig modeling software tools. Last, a variety of energy
conservation opportunities are modeled (preferably with building modeling software) for cost and
impact on building energy use (Krarti, 2011). Energy audits have grown in popularity over the past thir
years as auditing techniques have improved and governments and utilities have offered incentives for
building retrofits stemming from a desire to increase building sector energy efficiency (Hansen, 2004).
The increased popularity of audits is also &titable to their effectiveness: no or leeost operational
changes in buildings often yield 162@% reductions in energy costs, while changes requiring capital

investment often yield between 30%0% reductions in energy costs (Capehart et al, 2009).

C



Model Selection & Description

To assist in our analysis, we sought a sophisticated building modeling tool capable of capturing the
dynamic, interactive effects of several energy use variables including the building shell, the heating,
ventilation & air conditioning (HVAC) system, weather, and building usage patterns. Several criteria
informed our model selection process. We required a model that had been rigorously vetted and widely
used by reputable institutions, was affordable, and offered the ability to simulate the impact of changes
to the building design. We also needed the model be relatively user-friendly. This requirement was less
for our own benefit than for our client’s; we hope our work will define a simple, easy-to-use process the

company can learn and replicate in future assessments of company buildings.

After researching and rejecting a number of possible modeling platforms, including EnergyPro (too
expensive), EnergyPlus (too difficult to use), BEopt (too untested) our group settled on eQuest as the

model we would use for our project.* The matrix below helped inform our decision process.

Figure 1. Decision matrix of possible building simulation choices

Software Cost Widely Used? Simple interface? Developer
eQUEST? Free Industry standard Yes US DOE
EnergyPro3 $800 CA state programs Yes EnergySoft, Inc.
BEopt* Free Relatively new, no Yes NREL

evidence of wide use
EnergyPlus’ Free Relatively new, used in Reads txt input, US DOE
SF federal building GUI as add-on

eQuest was developed in the late-1970s through a collaboration between the U.S. Department of

Energy, Lawrence Berkeley National Laboratory, NASA and the utility industry. Since its inception it has

L In this analysis, we used eQUEST version 3.63b, released in 2009.

2 eQUEST website: http://www.doe2.com/equest/

3 EnergyPro website: http://www.energysoft.com/main/page_energypro_ep_information.html
* BEopt website: http://beopt.nrel.gov/

> EnergyPlus website: http://appsl.eere.energy.gov/buildings/energyplus/
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indication of its purpose as a tool acs#se to inexperienced modelers, yet sophisticated enough to
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intuitive task of entering observed values into wadifined data fields. After testing the software, our

group decided that eQuest was straightforward enough that our work could be easily continued by our

client after our graduation.
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It is nevertheless important, however, to establish a basic understanding of the some critical features of
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into outputs. A flow chart describing the basic structure of the eQUEST model is shown in Figure 1,
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® For a full accounting of the math behind the model, please see the DBMgineers Manual Version 2.1A,
found on the eQUEST homepage.



Figure 2. eQUEST Model Flowchart
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As the first step in the model, input data is entered into the Building Description Language (BDL)
Processor, which checks that all data ithim proper format and that all values are within the required
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insulation levels, building construction materials and indoor/outdoor air temperatures. The BDL
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from each source (solar radiation through windgwsergy from lights/people/equipment, conduction
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heat into the building environment. Response and weighting factors are a vital part of the calaulation
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prepared by the BDL Processor.



The Loads and Systems Program calculates the heating or cooling loads in the building for every hour of
the year given building use/ambient weather conditions during that hour. Heating or cooling loads are
defined as the rate at which energy must be added to or removed from a room to maintain the indoor
air temperature specified by the thermostat settings. Using the response and weighting factors
calculated previously, the building operating schedule, and average hourly weather data (notably
temperature, wind speed/direction, cloud cover and sun angle) at a reference location near the building
site, algorithms in the Loads and Systems Program are able to simulate a set of heating or cooling loads
per unit time (BTU/hr) for each hour of the year. The Loads and Systems Program also calculates the
electricity needed to power the building’s lights/equipment during each hour of the year given user-

defined buildings schedules and lighting/equipment usage intensity values.

Next, the “Plant Program” uses the thermal loads calculated by the Loads and Systems Program to
determine the amount of energy (kwh for electric systems; therms for gas systems) needed to power
the HVAC equipment. The Plant Program consists of algorithms that convert hourly thermal loads
(BTU/hr) to hourly kwh or therm requirements given input data such as the number of systems of each
type (gas furnaces, electric resistance heaters, heat pumps, direct expansion coils), furnace and air
conditioner size and efficiency, and water heater size, temperature and efficiency. The hourly
lighting/equipment energy requirements are added to the hourly thermal energy requirements to arrive

at the building’s total energy demand for each hour of the year.

Finally, the “Economics Program” simulates the total cost of building energy use by overlaying a user-
defined utility rate schedule on the hourly energy demand profile created by the Plant Program. The
Economics Program creates several output reports including monthly and annual building energy
consumption by end-use, monthly and annual peak energy demand by end-use, and projected monthly

utility bills. Used in conjunction with the Energy Efficiency Measure Wizard, a feature of eQUEST that



models the combined effect of multiple usdefined building efficiency improvements, and provided
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Economics Program is also capable of calculating theyldke savings characteristics (i.e. net present

value, internal rate of return, payback period) of each proposed efficiency measure.

Audit Preparation and Results

Prior to the onsite energy audiin Asheville, our team developed a checklist of the data to be collected

during our assessment by studying the inputs required in the model. The audit outline (Appendix A) was

the product of this effort, and helped guide our-site assessment, ensuringat no vital pieces of
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to develop initial hypotheses about how utility cost reductions could be most effectively achieved. The

bank uses Progress E@P C[+ ~~u 00 ' vt@E]a (@ER] _ E § «3EpP SuE U AZ E Jv ~

is charged for ofpeak electricity use, $0.044 is charged forgtk electricity use, $7.48/kw is charged

for nonsummer onpeak energy use, and $10.10/kw is charged for semom-peak energy uséThe

most salient finding from our initial utility cost analysis was what struck us as an unusually low ratio of
on-peak to offpeak electricity use: in the winter an average of just 34.5% of electricity use came on
peak, while durig the summer just 52.4% of electricity use camepeak. This is a positive trend in the
sense that offpeak energy is considerably cheaper with a tiofieisebased rate schedule; still,

however, every effort should be made to curtail-piak energy useigen an opportunity for substantial
reductions. During the audit, we made sure to investigate the probable cause of the unusually low ratio

of on-peak electricity use.

Our team spent the afternoon of 14 November 2011 in the offices of the Carolina Mo@rtadiit

Union, talking to employees about their energy consumption behaviors, measuring insulation levels,
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times.
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counting lightbulbs, noting thermostat levels, copying appliance model numbers for future reference,
and diagramming ventilation zones, among othesks. The full results of our ite data collection
effort are given in the bold text in Appendix A, while a summary of notable baseline building

characteristics are provided in the table below.

Figure 3. Summary of notable audit findings

Building Characteristics Room Type l\‘/'\/%gté?f] \7\/|/gSIc_1?tS
Square Feet 5510 sq. ft. Private offices 1.83 1.0
Building Schedule 8-6 M-F, Copy Room 1.37 1.0
no holidays

Thermostat setpoint (summer 68° Lobby 1.08 0.3
Thermostat setpoint (winter) 72° Restrooms 0.29 0.1
Heating system size 28.1kw Conference Room 0.24 0.3
Cooling system size 5 tons Kitchen/Food Prep 0.55 2.5
Cooling system efficiency 8 SEER Storage (conditioned) 0.56 0.5
Attic Insulation R-30 Storage (unconditioned) 0.06 0.5
Wall Insulation R11 Building Face Window coverage percent
Window Ufactor 0.3 East 14.6%
Window SHGC 0.29 West 25.7%

Water heating supply temp. 135° North/South 6.7%

Model Creation & Validation
Several critical assumptions were made in creativgrodel. First, the HVAC units and windows were
old enough that efficiency values proved difficult to come by; their efficiencies were estimated based on

several phone conversations with employees of the manufacturing companies. Second, using our



manual counts of light bulbs and appliances from the on-site assessment, we needed to convert lighting
and plug-load intensity into W/Sq ft for every room in the building in order to convert the
measurements into the units required by eQuest. These conversions were made by approximating the
usage percentages of each lighting fixture and piece of office equipment in the building based on
conversations with building employees. Last, we used eQUEST’s “intelligent default” values where we
were unable to find actual values. The most notable example of a default value in our model was with
building air infiltration rates, where we lacked the blower-door equipment needed to make the required
measurements. eQUEST’s method of producing “intelligent” default values to estimate missing data
fields is described thusly in the overview document provided on eQUEST’s homepage: “[The intelligent
default system] collects the most important information first, which is used to refine the defaults for
later, more detailed inputs....Once you are satisfied with the level of detail you have provided.... the
wizard provides any missing information using eQUEST’s hierarchical default process.” (Energy Design
Resources). Given the resources available to our group and our level of building science expertise, it was

necessary to rely on a small number of eQUEST’s intelligent default values in creating our model.

We performed a sensitivity analysis to estimate the degree of error introduced in the model as a result
of using eQUEST’s default building air infiltration rate. Our method was to define the relationship
between air infiltration rate and overall building energy use by running a series of model simulations
where all input variables were held constant except the air infiltration rate, which was increased or
decreased by a fixed increment each time. This investigation revealed that the relationship between air
infiltration and overall building energy use in eQUEST is defined by a constant linear function: for every
5% increase or decrease in the rate of building air infiltration, overall building energy use increases or
decreases by 1%. Thus, if the true building infiltration rate were 25% higher than eQUEST’s assumption,

the model’s would underestimate building energy consumption by 5%.
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Fig 4 3D modeled building rendering (left); actual building (right)

Given the uncertainties described above, it was especially important to validate the accuracy of the
model by comparing the simulated monthly energy use data to the observed buddargy
consumption as recorded in monthly utility bills. The first step in this process was to upload hourly
weather data for Asheville for the period in question (May 20ahuary 2012), so that the model was
calibrated to theactualweather in Ashevilleather than theaverageregional weather for the time
period? Next, we plotted a trendline of the simulated building energy use versus the actual building
energy use. If the model had predictive power, the simulated trendline would closely track tia actu

trendline. The result of this comparison is shown in the figure below.

® Note that only nine months of eneyglata were available because the office did not open until May 1, 2011.

11



Fig 5. Model validation test: simulated vs. actual energy use

Simulated vs Actual Monthly Energy Use (Asheville)
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The figure above shows a plot of the simulated building energy use versus the actual building energy use
in the Asheville building. The simulated energy use trendline appears to track the actual energy use
trendline closely: the simulation captures the slight rise in energy use during the warm summer months,
the depression in energy use during the mild spring and fall, and a large spike in energy use during the

cold winter months. However, it is important to run a statistical test to confirm the validity of our model.

Confirmation of model validity is accomplished by calculating a coefficient of determination (R?)
describing the extent to which the simulated building energy use describes the observed energy use,
then testing for whether the model explains enough of the observed data for model to be considered
significantly predictive of actual energy use. If the simulation meets the significance criterion, we may
reject the null hypothesis that the simulated building energy use curve does not predict actual building
energy use, and proclaim our model to be valid.

12



Step 1: Calculate coefficient of determination{R

The Rvalue is calculated via the formula: 4% L s F %:
U
Where:
SS= Sum of the squared variance between the modeled building energy use and actual building energy
use for each month

S%:= Sum of the squared variance between the modeled building energy use amiktremodeled
energy usdor each month.

Given the following data table:

. . 6 HDY” 5868 Seea 2 D
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An 48value represents the proportion of variability in a dagd €n this case the actual utility data) that
is explained by a given model. Thus, given4ftvalue of 0.972, we conclude our eQUEST model
explains 97.2% of the variability in observed building energy use.

Step 2: Determine whether-Yvalue isstatistically significant
To test the significance of this correlation coefficient, we calculate the approprittistic and
observe whether it exceeds the minimum threshold required for significance.

PL 4§% where n = number of olesvations

{Ft
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Given seven degrees of freedom, the criticatdtistic threshold to establish 99.9% significance level is
4.79. Given that our calculateestatistic of 15.59 exceeds this threshold, weymaject the null

hypothesis that the model fails to explain reality, and conclude with greater than 99.9% confidence that
the model is valid and has predictive power.

13



Results

Subsequent to establishing the accuracy of our eQuest model, our team medbarigapact of an
EE C}( vEPC ((1]1VCJu%kE&}A uvsde 8} 8Z plo JvP[e +]PVX &]E*S
establish a detailed baseline of current office eneogg patterns. The results of this baseline simulation

are shown below.

Fig 6. Badie Building Energy Use Patterns

As of November 2011, the building used approximately 86,500 kWh of electricity anhOéllgis

energy, the largest portion is consumed by space heating (43%), followed by equipment/appliances
(17%), lightig (16%), and space cooling (13%). Electricity use spikes dramatically in the winter as the
electric furnace runs virtually nestop, dips in the spring and fall, and picks up slightly in the summer as

the share of electricity devoted to space cooling imges.

°The building runs exclusively on electricity. It does not use gas.
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Insights from our on-site audit informed our selection of energy efficiency measures to test with the
model. One observation we made almost immediately upon entering the building was that the air
temperature was very warm—almost uncomfortably so. Our investigation into the thermostat settings
revealed that the temperature was set excessively high (72 degrees on that day), and that the
thermostat was essentially always left on overnight. Thus, we made a note to model the effect of buying
a programmable thermostat set to more moderate temperatures. We also hoped to model the impact
of installing less energy-intensive fluorescent lighting™ (25w bulbs in place of 32w bulbs), increased use
of power-saving functions on office computers and equipment, a lower temperature setting on the
water heater, and the replacement of the air conditioning unit and an old refrigerator in the break
room. We were told that the office had no appetite for overly disruptive or capital-intensive measures,
which ruled out an analysis of the possibility of switching from electric to gas heating.'* Additionally, the
office already had excellent insulation (R-30 in the attic and R-11 in the walls), so an analysis of

insulation replacement was ruled out as well.

The results of the energy efficiency runs are shown in the chart below. Note that each successive row is

additive with respect to the previous line; for example the “Lighting” scenario includes the “Thermostat

scenario, and the “16 SEER AC” line represents all efficiency measures applied in unison.

' We ruled out LEDs as a lighting option due to their high cost. A representative 48 inch, T8, 25 watt CFL tube costs
$4.43/bulb whereas a 48 inch, T8, 17 watt LED tube costs $74.99/bulb. From an economic standpoint, the high
capital cost of the LED bulb does not make up for its lower operating cost, especially given our client’s emphasis on
payback periods of less than three years.

CFL tube: http://www.1000bulbs.com/product/54511/F-32T8ADV830.html

LED tube: http://www.ledlight.com/t12-t8-led-tube-light-4foot-17-watt.aspx

" We also ruled out replacing the furnaces because all electric furnaces have roughly the same efficiency. The
relative amount of electricity electric furnaces use is a function of their size, and we determined that these heating
units were properly sized.

15
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Fig 7. Energy Efficiency Measure Scenarios

Total MWh Incremental | Cumulative | Upfront Payback
Run MWh/yr | saved/yr | % Reduction | % Reduction Cost S saved/yr yrs
Baseline 86.48 - - - - - -
Thermostat 56.44 30.04 34.7% 34.7% S75 $ 2,853.80 0.03
Lighting 54.09 2.35 2.7% 37.5% $650 S 223.25 2.91
Equipment 52.77 1.32 1.5% 39.0% - S 125.40 -
Hot Water 52.35 0.42 0.5% 39.5% - S 39.52 -
Refrigerator 51.85 0.51 0.6% 40.0% $550 S 48.07 11.44
16 SEER AC 49.09 2.76 3.2% 43.2% $2,500 S 262.01 9.54

This chart demonstrates the dramatic improvement that results from purchasing a programmable

thermostat: a mere $75 investment results in a 34.7% reduction in building energy use and saves nearly

$3,000 per year. These savings result from ensuring the thermostat is set to moderate levels during

work hours and the HVAC system is turned during non-work hours at all times, without the possibility of

human error such as forgetting to manually adjust the thermostat to the appropriate setting. Our

primary recommendation to our client for the energy audit portion of our project is to invest in a

programmable thermostat not just for the Asheville retail branch, but for all ten retail branches under

Self Help Credit Union’s watch.

Gains from other efficiency measures were more modest, but nevertheless significant. Changing out

32w florescent bulbs for 25w bulbs would result in 2.7% annual site energy savings and recover an initial

investment of about $650 in less than three years, a critical “decision benchmark” for our client.

Changing to aggressive power-save settings on company computers and lowering the supply

temperature of the hot water heater to 120 degrees both come at no cost and together would result in

2% annual site energy savings and save approximately $165 per year. We recommend that our client

follow through on each of these actions.
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The final two energy efficiency measures that we modelegplacement of the refrigerator and air
conditioning unitv are not recommenedfor our client. Replacement of the refrigerator saves only
JUS Al % E C EU Jvep((1 ] v8 (E}u }JUE 0] VE[* %o E+% 3S]A 3} ipe3](
Replacing the current air conditioner (8 SEER) with a highly energgréffitddel (16 SEER) reduces site
energy use by 3.2% annually and saves about $260 per year, but does not merit a $2,500 investment.
For an investment in an air conditioner to make sense, the share of space cooling (how just 13% of total

building energy usewould need to be higher than it is now.

In sum, we recommend the client invest in a programmable thermostat, purchase 150 4ft 25w
florescent bulbs, reduce its water heater supply temperature to 120 degrees and implement aggressive
power-save settings omompany computers and equipment. Together, these changes will reduce annual
building electricity use by 39.5% and save approximately $3,250 per year. Below is a simulated graph of

building energy use given implementation of our recommendations.

Fig 8. Buding Energy Use after Implementation of Recommended Maasu
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Retail Bank Branch Competition

SelfHelp was interested in piloting a retail bank branch energy efficiency competition to heighten
awareness of energy usage and chattgebehavior of employees at the branches. This section begins
with a literature review of behavioral economic theory and social marketing that informed the basis of
the competition and concludes with a description of the competition framework that veggded for
future implementation by Selflelp. Thecompetition framework is meant to reduce the behavioral
barriers associated with energy efficiency rather than quantify specific savings from removing those

barriers, since we do not have data to do so.

Materials and Methods

Literature Review

The foundation of the SeHelp Retail Bank Branch Competition is rooted in behavioral economic
theory. Behavioral economics examines tfeasons for the irrational economic decisions that
individuals commonly make-or example, an individual is given a free compact fluorescent light bulb
and informed that if he replaces his current incandescent light bulb with this compact fluorescent bulb
he would instantly be saving money and energy. However, he leaves thel@stamt light bulb in his
light fixture because the incandescent bulb hasn't burned out; even though the economically rational
thing to do would be to replace the incandescent light bulindingssuggest, as the previous example
implies, that some indiduals ignore useful information when making decisions even when it is almost
costless or would cut down costs and that Aimancial motives can affect energy use (Stern, 1989).
Decision making includes tendencies such as social preferences due to eixtbneakces and habit
formation (Fuller, 2010). A few key behavioral economic concepts that we studied in framing the

competition include:
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x Aversion to LossIndividuals value avoiding a loss much more than a gain, even if the gain

exceeds the loss (Camerdi999).

x Social Utility and Bounded Selfterest: Individuals do not make economic decisions in
isolation, solely considering economic gaiftfie social impacts of a decision have a significant
impact on economic choicedhis means that social normsdhow individuals conform to peer

groups is very important in economic decision making (Mullainathan and Thaler, 2000).

x Bounded Rationality and Experiendaformed Decision makingEven in an environment of
perfect information, humans may imperfectly prasethe information givenThey will tend to
overvalue information that they received recently or from what they see as a trusted source.
They can also only process a certain amount of information, and can begin to ignore
information in a norrational waywhen experiencing information overload (Mullainathan and

Thaler, 2000).

x Devaluing invisible benefity ,pu ve AJoo ] }uvs v (]85« 3Z § }v[s Z A Ale]
impact on their daily livesThis particularly affects energy efficiency, as othgoriovements,
such as room renovations, have a much more visible and regular impact on individuals (Fuller,

2010).

Many energy efficiency programs and policies are based on the assumption of two main barriers to
implementation. The first barrier assumesahindividuals do not improve the energy efficiency of their
home or workplace, because it does not make economic sense for them (Fuller, Bdd@)er words, if
individuals had access to capital, they would make energy improvemEotsexample, if yo give
someone a loan for an energy upgrade that paid for itself within the term of loan, they would choose
the upgrade.However, as behavioral economic theory has shown, individuals do not always act
according to their own selhterest. In 1978, the UEongress enacted the Residential Conservation
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Service which mandated the major gas and electric utilities in the US to provide homeowners-with on
site assessments in order to enhance energy efficiency and provide homeowners with access tc interest
free orlow-cost loans and a listing of local contractors and suppliénsly 5.6% of eligible households
requested that an RCS assessor evaluate their home; and of those, only 50% took steps to enhance the

energy efficiency of their home (McKendv®hr, 1999).

The second barrier assumes that individuals do not have sufficient information to allow them to make
the economically rational decisionn fact, many energy analysts believed that given full information
about the costs and potential savings from enerfficeency, energy users will take effective economic
action in their own interests and make energy efficiency improvements (Stern, 1983yhit, many
energy efficiency programs focus on informatioaised initiatives to increase the understanding of the
intended audience or change attitudes (Fuller, 20Mhile providing information may influence a few

people, it does not necessarily translate into behavioral change or energy efficient action.

Doug McKenziohr, in his seminal bookostering Sustairtde Behavio1999), provides several
documented examples where education alone has little or no effect on behawia@me particular

example, participants in intensive workshops focused on residential energy conservation were exposed
to three hours of ducational material in a variety of formats indicating that it was possible to
significantly reduce home energy usdpon completing the workshop, participants indicated a greater
awareness of energy issues and a willingness to implement the changesateadvocated in the
workshop. Despite these changes in attitudes and awareness, the participants behavior did not change
only 2% of them had implemented the energy conservation recommendatibing.bewildering fact

that people who are strongly supporé of energy conservation and energy efficiency are no more likely
than the average person to actually conserve energy or adopt energy efficient behavior is known as the

"attitude-behavior" gap (Fuller, 2010).
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Creating incentives that apply behavioral eoanic theory and that utilize social marketing to address
these irrational economic decisions may reduce barriers to action and increase behavioral change.
Social marketing draws on research in social psychology to design effective programs that promote
behavioral changeThis research also indicates that effective programs involve direct contact with
people (McKenzidohr, 1999). The incentives and strategies from social marketing we have chosen to

employ in the retail branch competition include:

x Personto-Person marketingRisk aversion and social utility mean that individuals place a
greater value on information that they receive from people they know and trlikis means
that marketing from word of mouth, social networking and trusted advocates imtbrplace

or community is particularly valuable (Fuller, 2010).

x Targeting individuals at the point of actianmperfect information processing means that
individuals are unlikely to use information they are given if it is received at a time remote from
the relevant point of actionTherefore, information should be given to individuals as close in

place and time to the point of action as possible (Fuller, 2010).

x Social norms and colleague comparisor@ocial utility and bounded setfterest inform an
indiA] g o[ *SE}VP }u%poe]}v 8} }v(}Eu &} §Z Thefefgree }( $Z |E «}
establishing energy efficiency as a normed behavior in specific social settings can promote
action. A specific application is colleague comparison, which promote\behahange by

showing individual whether their energy use conforms to their colleagues (Fuller, 2010).

x Commitments and competitionsindividuals are much more likely to take action when they
have made a public commitment to do sAdditionally, a competion can be a strong
reinforcement for adopting that behavior, as it includes a public commitment to action as well
as creating a social norm and stimulating competitive instincts (Mckdfaie, 1999).
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x Emotional investment in a path to actiarPrograms with seek to incentivize major change can
benefit by developing relationships and trust with individuals through smaller early actions
leading to larger stepsWorking with groups over time is also more likely to reinforce new social

norms and behavior clmge over the long term (McKenzMohr, 1999).

Competitions utilizing the other social marketing strategies and incentives aforementioned are an

extremely effective vehicle for habituating behavioral chanijeimerous case studies exist that

demonstrate theefficacy of competitions to achieve energy savings on large and small sEales.

example, the BrainShift Foundation, a nonprofit that uses competition to raise environmental awareness

and reduce energy usage, recruited towns in Massachusetts to conjpetev ~ v EPC ~u | }Av_
(Energy Smackdown: Driving Participation through Friendly Competition, 2010). The towns competed

over a 12month 4-season cycle to reduce energy use and CO2 emissidresprogram competition had

two levels: competition among inddual homes evaluating their pgerson energy use and a

neighborhood competition in which each energy reducing action was designated a certain number of

points and the teanwide tallies are compared. The Foundation held a number of smaller competitions
throughout the year escalating the commitment level and the number of points awarded for major

energy efficiency investments as time went owhen the competition ended, the average electricity

reduction for all participating households, verified byitgibartner, NSTAR, was 14%ul hv]A E+]3C[e
Aued v ]0]8C K((] Z + o0} @& Av }v 8Z +3E 3 P] +}(°*}]ou EI §]vP &
Au 1 YJAv_ Ju% 3]13]}v A]3Z §Z ]Jvd v3 8} Z 13u 8 epes Jv o Z A1YE v
employees. This competition is an-8eek pointsbased initiative that includes mini weédéng

competitions with incentives to further motivate participatioRarticipants will be able to track through

a competition website their own points as well as thergsiof other competing teams and rankings will

be made public every week with the intention to escalate the commitment to the competiiitie.

metrics for success of the competition will be the number of overall participants that register and the
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number d active participants for each of the mini competitions as tracked by online point entries since
it would be extremely difficult to tie the competition to actual energy saviriyss competition is also
JVvP pe * %]0}S % E}i S Uitwil bé(cohverted intolan Bnnual yedong

competition.

Understanding behavioral economics theory and the irrational economic decisions individuals commonly
make along with social marketing strategies can lead to effective programs or initidiatdaduce
environmentally sustainable behavioEducation and access to capital alone may not change behavior;
rather, establishing energy efficiency as a social norm and/or driving energy efficiency actions through

competitions can habituate energy efiéncy behavior.

Results

Based on our research of behavioral economics and social marketing, we have chosen to design a

competition framework to habituate energy efficient behavior at Selbo %[+ E S ]J]o VITh€E v Z X
competition is designed to spa&hmonths, a length of time that should be long enough to build strong
reinforcement for adopting sustainable behavior, as it includes public commitment to action as well as

creates a social norm and stimulates competitive instindise competition timefame was also

determined based on case studies of successful englgyed competitions that spanned between 2

ujvdZe v }v C & v }UE o] v3[+ Vv A] 8ZX dZ }u% 35]35}}v Aloo ]/
competitions, one for each month of the overafimpetition, and will be pointbased, with points

allocated for different energy efficient actions meant to target hot spots identified in the energy
assessmentBelow is a table describing the meompetition themes. For more details, please refer to

AppendixB.
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Figure 9. Description of Monthly MirCompetitions

Mini-Competition
Theme
Thermostats

Lighting

Recycling

Electronic Appliances

Transpotation

Water Heating and
Corservation

Description

dZ]e u}vsZ[e Z oo vP (} pe * }v SZ
the thermostat has on energy usage. As indicated in
energy audit, appropriatelyesting the thermostat for
different seasons can result in significant energy cost
savings. Points can be earned for setting the thermos
up/down 2 degrees as well as replacing manual
thermostats with programmable thermostats.

dZ]e u}vSsZlpngeds to reduce the amount of
energy used from lighting. Points can be earned by
placing visual cues to turn off the lights near the light
switch or room entry/exit as well as installing more
efficient lamps.

dZ P} o }( $Z]e u}vé&iLte refydeasfuch
as possible in order to minimize office waste. Points «
be earned by designating recycling bins throughout th
office as well as setting the printers to print double
sided.

dZz } i §]A }( §Z]-alengs Bfte reduce the
amount of energy used by office appliances. Points ¢
be earned by activating the power saving settings on
computers and copiers as well as plugging appliances
into a power strip that is turned of at the end of the da
dZ]e u}vsZ[e Z oo VP (} pe * }v GE
of energy used in daily transportation to and from the
office. Points can be earned for designating carpool
spots in the parking lot as well as using public
transportation

The duadl %o W E %o} P} 0 }( $Z]e u}vsZ[e
reduce the amount of energy used in water heating ar
the amount of water used in the office. Points can be
earned for reducing the temperature of the water
heater as well as installing aeaas on faucets.
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The retail bank branch that earns the most points over the month for the-competition will win a

prize and then the bank branch that earns the most points over the entire 6 months will be named the
overall competitiorwinner and receive a grand prizén deploying the competition and gaining buny

from the retail bank staff, we believe that perstmperson marketing is essential.o whit, before the
competition begins, each bank branch should have a designateddodi, who is influential at the

branch that will champion the competition and encourage their colleagues to particifispending on
ZYA o EP U + }vvpu E }( *8 ((USZ E S$]Jo vl EvVvZ]U"rMNE v 3§ I
and enthusiastistaff members could also be formedhis individual(s) will also keep track of the points
earned by their colleagues and self and report them to the competition administrator at the end of

every month. In order to disseminate the competition informatiamcluding the monthly challenge,

scoring system, bank branch rankings, etc., we have created a newsletter for each month (see Appendix
B). We believe that the metric of success for this competition should be the number of staff members
that participate énce it would be difficult to tease out actual energy savings from the competition in

noisy utility bill data and because the intent of the competition is to begin to habituate energy efficient
behavior in the employees. Once the competition is over, alebe that it is essential to gain feedback
from the participants as to whether the competition heightened their awareness of energy usage at the
retail bank branch and what parts of the competition they liked or disliked. This feedback can be used

to inform future competitions or to create a new strategy for inducing behavioral chamge.following

is a roadmap for executing the Retail Bank Branch Energy Challenge:
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Figure 10 Retail Branch Energy Challenge Roadmap

\

{Identify Green Champions at each participating retail bank branch and explain objectives of the
competition and strategies to champion the competition at the branches.
{Send the Green Champions the materials for each month of the competition and instructions for
how to record and report the points earned for each rinimpetition.

PreLaunch {Select the prizes for each month's maumpetition and the grand prize

Preparations

{Send out a branclide email announcing the competition and competition logistics

J

~

{Send out an email the first working day of the month to all branch employees with the newletter
announcing the month's miriompetition theme, scoring system, tips to conserve energy,
rankings, "green" employee profile, and prize for the month.

{Send out a reminder email haMfay through the month to all employees.

{Connect with all the Green Champions ha#fy through the month to share ideas and strategies
for successfully encouraging participation in the competition
{Collect point totals from Green Champions at each bank branch and determine rankings

J

{Finalize rankings and declare an overall competition winner. Award grand prize to winning bank
branch.
{Send out final email thanking employees for participating in competition and ask for feedbag¢k on

Competition the competition.
(@0)alolll[s0)al=1ale | {Analyze feedback and determine if competition should be expanded or repeated in the futufe.

Feedback
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Internet-based research

The energy education component of our project provides energy basics, energy tips and multimedia
energy education resources in accordance with the concepts we learned from behavioral economics
theories. The forms of energy education materials include monthly energy education booklets, energy
reminder stickers, monthly energy competition newsletters templates and flyers for the Self-Help Retail
Bank Branch Energy Challenge. Thorough internet research was performed to learn the achievements
of existing energy awareness programs in the U.S. The Department of Energy and the Energy
Information Administration provide abundant resources for energy awareness and education. A number
of utilities, energy service companies, and non-profit organizations also provide energy saving tips and
educational materials to heighten consumers’ energy awareness and spur behavioral changes on energy
use. We were inspired by these resources in the process of preparing the energy competition materials

for Self-Help.

Monthly energy education booklets are designed to be distributed as the supporting materials of the
Self-Help Retail Bank Branch Energy Challenge. A Quick Response Code is generated for each booklet,
which provides the convenience of reading the booklets on a smart phone. The objective of the energy
education booklets is to promote energy awareness by educating people on general energy issues and
energy saving opportunities. The general energy issues discussed in the energy education booklets
include energy sources, energy consumption, energy and the environment, and the EnergyStar Program.
We also provide short-term and long-term energy saving tips in the booklet to support the deployment
of the energy competition. Because our clients are more interested in no-cost and low-cost ways to save
energy within the retail bank branches, we emphasize no-cost behavioral changes in these booklets.
Multimedia energy education resources such as online games and videos are also included in the energy

education booklets. An example booklet is displayed below. Please refer to Appendix C for more details.
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Figure 11 An Example Booklet on Energy Sources
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Supporting materialghat directly relate to the monthly energy competitions are flyers, stickers, and
newsletters in acaamance with the monthly themesOur client hgalready designed and spread some
energy stickers and flyers to promote energy saving behaviors within the retail fankstickers and

flyers wae designedo complement the existing energy awareness matkrivithin the SelHelpretail
banksto motivate energy saving behaviors. Stickers provide the key energy saving tips of each monthly
theme. Flyers describe the detailstbE monthly energy competitions such as the sogisystemand

prizes. Examples ddtickers and flyers are showed in the figures belBVease refer to Appendix D for

more details.

Figure 2. Sticker Example on Lighting Bigbtieker Example on Recycling

Figure 14 Flyer Example on Liding
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Monthly newsletteswill also be distributed electronically to the employees in the-Selp retail bank
branch to report the results dhe monthly energy competitions, and provide energy facts and tips to
help the staff conduct their own emgy saving initiatives. Energy awareness games and interviews of
green champions are also included in the newsletters. One example of the newsletter is showed in

Figure 13.Please refer to Appendix B for more details.

Figure B. An Example othe EnergyCompetition Newsletter
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Discussion and Recommendations

Achieving maximum energy savings requires a balance between making energy efficiency investments
and changing personal behavi@ur intention is not to favor one approach over the otheut to

promote them as equally viable ways to save ener@ur project has sought to strike this balance by

first analyzing current energy use at a bank branch, and using those results to inform both energy
efficiency investments and the creation of a caetipon to drive behavioral change at the retalil

branches. By leveraging the lessons of both the quantitative (building science/modeling) ditatigaa
(behavioral economic theory) approaches to energy efficiency, our project will drive the maximum

energy savings for our client at the lowest [silsle cost.

The energy audit portion of the project revealed several energy efficiency improvements the Asheville
branch can make that will save a significant amount of money. The most important of these invesstmen
is to purchase a programmable thermostat to ensure the building is kept at a moderate temperature
and is not heated or cooled during nevorking hours. This step alone costs only $75 and will save the
organization over $2,500 per year. Other recommeiata include replacing all 32w florescent tubes
with 25w tubes, switching all incandescent lights to compatréiscens reducing the water heater

supply temperature to 120 degrees, and switching to an aggressive gavarg mode on all office
equipment.All told, these changes will reduce site electricity use by approximdt and save $3,200

per year.

Another recommendation is for Self Help to continue performing audits of their facilities. We selected

eQuest as our modeling platform in part becaits@as simple enough that the complete auditing

process could be learned and replicated by our client. An advantage of eQuest is that it does not require

% E( 3 JV(}EuU 3]}vV 8Z <} (BA E J¢ <p]% % A]3Z ~]vs oo]fetvd ( poOS.

a pretty good idea of building energy use patterns even if certain pieces of information are missing. With
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a reasonable amount of effort, Self Help can learn the eQuest software and offer complementary audits

to its bank branches as a method of savimgney and forging strongeies to its satellite branches.

The two main components of our project, the energy audit and the retail bank compettien,
complementary.&}E& A& uU%o0 U JUuE PE}U% Z}e 8} «SEYU SPE Vv VS]E u}lvsZ
progranmable thermostats after seeing firsiand their powerful impact on energy savings in the

Asheville branclhikewise, behavioral theory gave us insight on ways to communicate the audit findings

in a way that is more likely to spur action. Some strategic 8a&yEHelp cancommunicate the numbers

based results of our audit include emphasizing loss rather than potential gain, relying upon a trusted,

influential source to deliver the recommendations, and utilizing the persuasive power of social norms to

drive the more behaviorabased recommendations, especially those inv@uighting and equipment

use.

SelfHelp can utilize the concepts from behavioral economic theory and social marketing to begin to
habituate energy efficient/sustainable behavior in its retank branch staffMore specifically, we
recommend that SelHelp initiates a competition between its bank branches to drive energy
efficient/sustainable behavior rather than simply provide educational materials to its t#ffle
providing educationbmaterials can play a role in informing the retail bank branch staff of energy
efficient practices, our research has shown that providing information alone does not result in
behavioral change or energy efficient actiofhis competition will notonly pIC }v v Jv JA] n o[«
Ju% 3$]3]A Jve3]v 8« 8} "AJvU_ u3 AlJoo o0 +3povieiful tHdl taErivé e} ] o vIEu-

behavioral changasurrounding energy efficiency.

We also recommend that Persa@o-Person marketing is used to promote the competitiat the retail
bank branch levelTo whit, the competition should be championed by at least one influential leader or a

NE vd u_]v Z vl &E v Z-idand guprdnteel@ success of the competitidine
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metric of success for a competih of this kind should be participatiaronsidering the goal of the
competition is to heighten awareness of energy usage in the office and begin to habituate energy

efficient behavior in employees.

We believe that our recommendations will help Selpbegin to realize maximum energy savings at its
retail bank branches through both energy efficiency investments and behavioral change and are

consistent with Self, 0% [+ }uu]3u v3 3} VA]JE}vu v3 0 *pue3 Jv ]0]3C v ]88« }% G
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Appendix At Energy Audit Worksheet & Results

Part 1 tInterview with Energy Champio(EC)

-When was the building builtdnknown

-Is there any documentation from the original construction of the buildiNg?

-Is there any documentatioaf the renovation? (They mentioned there was a budget from the minor
renovation in 2010t s this available?Yest floor plans

-E 3Z E }puvde E 08 8} 3Z plo]vP[e]vepE v 3Z 5 v P]JA pue
ISO/IBC filings)?$b, may we analyze then\to

-Building schedule (hours, days of operation incl. cleaning crews). What about hoNtlegk@days &;

no holidays

-Thermostat setpoints (by season, when occupied, when unoccup&dieg summer, 72 deg winter,
essentially no cange when unoccupied

-What are the uses for hot water in the building? Is the hot water heater powered by gas or electricity?
Electricity, primarily dishwashing/handwashing

-Is there a record of utility bills (water, gas, electricitys, accessible oni¢

-What is the square footage®510 sq ft

-What, if anything, is known about the HVAC system (heating, cooling, effici&itg)ectric heating,
cooling

-What is the building frame constructed with (steel, wooWy@od

Part 2- Guided Walkthrough withEnergy Champion
-Have the energy champion show us all the rooms of the building.
- In each roomrecord number of lightbulbs and lightbulb wattage. Ask EC about the usage frequency of
Z E}}lu[e 0]PZSs ~]X X 9 UE]VP }% & S]VP Z}uE--
-Take note of eachron[s %o % E}AEJu § ]I ~}E u *pE % E ]* 0C ]J( %o}e*] 0 +X
-Make sure to ask EC if there are any rooms thatnateconditioned.
- }uvs v v}s N}SZ E&_ v EPC pe e ~ }u%US E*U S YeX K S Jv pe P o |
-Observe attic crawlspace if posgitand measure depth of insulatioR30, patchy in places.
-Observe basement (if it exist®yo basement
-Locate and observe the AC unit, furnace, hot water heater. Take detailed notes on specification if
printed on exterior (see below).

Part 3 t Work we can do on our own
General
-Number of floors (above grade/below grad&®above grade
- plo JvP (}}8% E]JVS *Z %o ~"> basicvectamglE S vPo U § Xe
-Length of each side of building260, W= 40
-Building orientation (N,S,E,WfPont door faces ast

Roof/Walls
-Floor to floor heights? Floor to ceiling heighi&s# 12 ft, F:C 9ft
-Roof style: flat or pitchedRitched, approximately 45 degrees, w 2ft overhang
-Roof construction (wood, metal, concretéjfood frame
-Roof finish (buikup, concrete asphalt, aluminum, wood)? Color (light, dark, mediuAgphalt tile
-Exterior board insulation on roof? Thickness? Type (polystyrene, polyurethane, polyisocyaNorage)
-Wall construction (wood, metal, concretey?ood
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-Wall finish (wood, brick, concrete, steel)? Brick
-Wall insulation? R11

Ceilings/Floors
-Ground floor exposure (earth contact, over (un)conditioned space)? Earth contact
-Floor type (vinyl tile, carpet-no pad, carpet-rubber pad, carpet-fiber pad, ceramic/stone) Vinyl tile
-Floor construction (inches concrete)? Any floor insulation? Approx 6 in concrete
-Ceiling style (acoustic tiling, drywall, plaster)? Acoustic tiling
-Ceiling insulation? R3

Doors
-Number of doors by orientation (NSEW)? 1E, 1 W
-Door type (glass, opaque)? Opaque
-Door construction if glass (single, double, triple), (Clr/tint, Pilkington, reflective, low-e, electro, afg,
cardinal, guardian) or (clear, clear low iron, bronze, green, grey, blue) and 1/8 or % inch. N/A
-Door construction if opaque (steel or wood, core type i.e. solid/hollow, polystyrene, polyurethane)
Steel, hollow, H=7ft, W=6ft

Windows
-Window category: Clr/tint, Pilkington, reflective, low-e, electro, afg, cardinal, guardian, viracon,
Visteon) or (clear, clear low iron, bronze, green, grey, blue) and 1/8 or % inch. Anderson C4-86 High
Performance window, consultation with Anderson employee determined 0.3 U-factor, 0.29 SHGC.
-Percent window coverage on each side of building (NSEW) Estimated 14.6%