
Chapter 21

Human Behavior and 
Facility Energy Management*1

21.0 INTRODUCTION: WHY BEHAVIOR CHANGE IS
 IMPORTANT FOR ENERGY MANAGEMENT

 Throughout this text, in particular Chapters 1 through 4, we 
learned that economic benefits are a primary reason why energy man-
agement is important. The assumption is that if cost effective measures 
can be identified to save energy and cut costs in facilities, then decision 
makers will act to implement these measures and cost savings will re-
sult. But how often is this true? Consider these hypothetical (but very 
common) examples:
1. You are a consultant to an industrial operation. You have identified 

a pump retrofit project which offers a rate of return of 15% (larger 
than the company’s profit threshold), but your client fails to imple-
ment your recommendations.

2. A school facility received a heavy envelope upgrade including wall 
and roof insulation and new high performance windows. Howev-
er, facility energy consumption does not decrease.

3. As the operations manager of a hospital facility, you have deter-
mined that the hot water thermostat for washing laundry could 
be reduced 4 degrees, saving $1,000’s yearly while meeting all 
hygiene requirements. Yet the cleaning staff decline to act on your 
recommendation.

4. You are a sales representative of a heat pump system for a home. 
You have hard evidence from past sales that the fully-installed cost 
of the system will pay for itself in 2 years, but your prospect says 
“no thanks.”

5. A government subsidy program offers free energy audits and cash 
rebates to commercial businesses for high-efficiency water heaters. 
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After 6 months of intensive advertising and outreach, hardly any 
businesses have signed up.

6. A small factory owner had a controls upgrade implemented on a 
heating ventilating and air conditioning (HVAC) system and ex-
pects to see reduced utility bills which do not occur.

 Is there something wrong with the decision makers and technolo-
gies in these examples? It turns out there is nothing wrong with either. 
The people are just exhibiting normal human behavior. The technology 
is just following the laws of physics. Measures with attractive financial 
benefits “sit on the shelf,” so often that experts have developed a name 
for this phenomenon: the energy efficiency gap. This gap is defined as 
the difference between energy savings which are estimated to be cost-ef-
fective, and those which are actually implemented. Some experts have 
expanded on this concept of a gap to include barriers and other factors 
beyond initial investments which prevent the highest levels of energy 
savings to be realized (for example, implemented measures that un-
derperform). In this chapter we adhere to this broader definition of the 
energy gap2.
 Figure 21-1 presents a theoretical illustration of the energy efficien-
cy gap for a facility. Over time, a facility delivers various energy services 
(manufacturing processes, thermal comfort, entertainment, illumination, 
etc.) and consumes a certain quantity of energy. The efficiency gap tra-
ditionally refers to a lower level of consumption that could be achieved 
(while delivering the same services) with cost-effective, efficient technol-
ogy. Increasingly, experts are recognizing that consumption could be re-
duced even further with a cost-effective combination of technology and 
human behavior change. In other words, what is meant by the “energy 
efficiency gap” is emerging in the field of energy management to include 
technology, supportive human behavior and social change.
 It is important to understand that human behavior can work in two 
directions when it comes to energy consumption. Later in this chapter 
we introduce various behavior change programs and techniques which 
have proven to help reduce energy consumption beyond what is achiev-
able with technology alone. However some human behaviors erode 
energy savings, with the result being that the adoption of efficient tech-
nologies does not lower energy consumption as much as predicted (or, 
in extreme cases, might even increase consumption). Examples of such 
behaviors include improper technology commissioning, poor mainte-
nance practices, and increasing levels of energy services (called rebound 
effects, which will be discussed later in this chapter). We highlight the 
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difference between expected (estimated or theoretical) energy savings 
and realized savings. Implemented technologies do not guarantee sav-
ings, and implemented technology is not the final objective; realized 
energy savings is the objective.
 In order to understand why the energy efficiency gap exists, and 
what can be done to narrow this gap, conventional economics and engi-
neering science do not offer enough help. The key is recognizing that a 
facility energy system includes not only the physical systems, but also the 
people who live and work in the facility, or influence the design, construc-
tion, operation, maintenance, and activities occurring within the facility. 
The facility energy system is a physical-mechanical-human system where 
all parts affect and interact with each other. Further, the actions of the 
people can have a very discernible impact on facility energy performance. 
These people involved with the life of a facility make energy manage-
ment decisions which may appear irrational according to conventional 
economics and engineering ways of thinking. Their decisions may not 
fully support typical energy and cost priorities. However, the people are 

Figure 21-1: Illustration of the “energy efficiency gap” for facilities, 
including both technology and human behavior factors.
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absolutely essential and desirable parts of the facility energy system with 
useful insights and valid concerns about facility operations. Recognizing 
that people are part of the system and incorporating them in efficiency 
solutions is needed to achieve savings that persist over time.
 To address the human side of energy consumption, energy man-
agement professionals need to look beyond technology and economics 
to: 1) employ some of the methods practitioners have found to help peo-
ple improve facility energy performance, 2) broaden their knowledge 
to include applied psychology, and 3) expand their tool kit by learning 
some practical behavior change techniques.
 The remainder of this chapter is organized into the following sec-
tions:

 Section 21.1: Defining Behavior Change, Actors, and Actions to Save Ener-
gy

 Section 21.2: Energy Management is Not Perfect: Biases, Barriers and Crit-
icisms

 Section 21.3: Introduction to Behavior Change Program Design
 Section 21.4: Measurement and Evaluation of Energy Behavior Programs
 Section 21.5: Summary

 Energy management professionals should be familiar with typical 
behavioral actions that are proven to save energy. Before introducing 
these behavioral actions, we need to set the stage by defining behavior, 
identifying the typical “human actors” in the energy system, and clarify-
ing the difference between actions and programs.

21.1 DEFINING BEHAVIOR CHANGE, ACTORS,  
 AND ACTIONS TO SAVE ENERGY

21.1.1 What is Behavior Change?
 Behavior and behavior change are concepts rooted in the disci-
pline of psychology. According to the American Psychological Asso-
ciation3 “behavior modification” (synonymous with behavior change) 
is defined as “The systematic use of principles of learning to increase 
the frequency of desired behaviors and/or decrease the frequency of 
problem behaviors.” This general definition fits well in the practice of 
energy management.
 In energy management, the desired behaviors are to use energy more 
efficiently, reduce energy costs, and deliver satisfactory energy services. 
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The problem behaviors include wasting energy, incurring unnecessary 
costs, or allowing the delivery of sub-optimal energy services such as 
poor thermal comfort conditions or increased defects in manufactured 
products.

21.1.2 Human Actors in the Energy System
 Energy managers should recognize the many human actors in the 
facility energy system that affect and have a stake in the facility per-
formance. The actors may include facility owners and administrators, 
boards of directors, senior management, engineering designers, facility 
and equipment operators, facility occupants, technical service providers, 
equipment vendors, community representatives, as well as the utility 
companies that power the facility. Knowing who is affecting outcomes 
allows us to coordinate their efforts to achieve results.

21.1.3 Actions versus Programs
 There is an important distinction between actions, and the pro-
grams that lead to these actions occurring. Actions are the act of carrying 
out the tasks that save energy such as turning off equipment instead of 
leaving it running afterhours, buying more efficient motors, switching 
off lights when leaving a room, or programming boiler controls. Pro-
grams (or, in the more general sense, policies) refer to the various tech-
niques and organizational rules which are intended to influence people 
and increase the occurrence of desired, energy-saving actions. The rea-
son this distinction is important is that the desired actions do not occur 
as often as we like without some program designed to influence people’s 
behavior. The idea that just identifying and sharing information about 
energy efficient actions are sufficient to get people to actually carry them 
out is generally false. If you approach energy management with this 
expectation, you can expect to be perpetually frustrated. So let’s identify 
some typical behavioral actions which are proven to save energy, and 
later in this chapter we will introduce some techniques and programs 
which promise to help influence these “human actors” to carry out the 
targeted actions.

21.1.4 Behavioral actions proven to save energy
 We cannot list all of the potential behavioral actions proven to save 
energy in residential, commercial, institutional, and industrial facilities. 
But we can provide a good starter list and provide clear examples by 
summarizing the results of a widely-cited “behavioral wedges” study 
published in the U.S. Proceedings of the National Academy of Sciences4. 
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The study examined “17 household action types in 5 behaviorally dis-
tinct categories by use of the most effective documented interventions.” 
It was estimated that these “low or zero cost” actions could save energy 
in U.S. households to reduce greenhouse gas emissions by 123 million 
metric tons, which is greater than emissions of the entire country of 
France. The five behavior categories studied were:

1. Weatherization: weather stripping and HVAC equipment set-
points

2. Equipment Upgrades: showerheads, water heaters, low rolling re-
sistance (LRR) tires, fuel-efficient vehicles, and appliances.

3. Maintenance: HVAC filters, tune up air conditioning, car mainte-
nance

4. Adjustments: clothes washer hot/cold selection, water heater tem-
perature

5. Daily Behaviors: thermostat setback, line dry clothes, driving be-
havior, carpooling/trip-change.

 One of the key attributes of behavior change is that the behavior-
al actions that you target must be specific. To illustrate this, Table 21-1 
provides the 8 specific actions included in the Equipment Upgrades 
category. Notice that each action: a) identifies a baseline condition and 
b) is specific enough to estimate energy (and GHG) savings. For each 
action, the authors also estimate a “behavioral plasticity” defined as “the 
proportion of current nonadopters that could be induced to take action.” 
Note that the plasticity for each action is less than 100%, which is con-
sistent with the real world of facility energy management. Seldom can 
we expect 100% uptake of energy-saving actions by the actors you are 
targeting. In the study, the authors are also careful to recognize the dif-
ference between identifying “nonadopters that could be induced to take 
action” and the programs and policies needed for the actions to occur.
 We find it is useful to observe that behavioral actions typically fall 
into the following four categories, listed here along with illustrative ex-
amples:

1. Operation: laundry temperature setback; turning off lights, equip-
ment schedules, utilization of enhanced control schemes (such as 
temperature resets)

2. Maintenance: change HVAC filters, tune up heating and cooling 
equipment
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3. Purchasing: install low flow showerheads, choose condensing wa-
ter heater versus conventional, buying a variable speed gas com-
pressor.

4. Activity Substitution: wear sweater versus turn up thermostat; 
arrange furniture strategically; broom sweep sawdust instead of 
using compressed air.

 We believe these categories offer a useful framework for grouping 
behavioral actions to save energy. One reason is that in facilities it is of-
ten different actors who are responsible for the various actions. This is 
true in households, commercial buildings, as well as industrial facilities 
where different individuals or organizational groups have responsibility 
for operation, maintenance and purchasing energy-consuming equip-
ment. All categories affect final energy performance, and the greatest op-
portunity for savings varies by site. It is important to recognize that the 
first three categories usually can result in reducing energy consumption 
while maintaining equal or better levels of service. However, the activ-
ity substitution category involves the largest changes in the quantity or 
quality of energy services, and for that reason it can be more challenging. 
Whenever substantial changes in service are involved, the barriers to 
implementation are typically exacerbated. These are some of the “hid-

Table 21-1:
Specific “Equipment Upgrades” in Behavioral Wedges Study
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den cost” and “risk” barriers discussed in the next section, and energy 
managers need to be aware of these imperfect substitutions which might 
hinder their efforts.
 Another useful way to categorize behavioral actions is to group 
them into one-time actions which are performed more rarely and more 
consciously, and habitual actions which are performed more frequently 
and often less consciously5. Using the behavior wedges study to illus-
trate this grouping, the “Equipment Upgrades” category contains one-
time actions, while the “Daily Behaviors” category contains habitual 
actions.

21.2 ENERGY MANAGEMENT IS NOT PERFECT: 
 BIASES, BARRIERS, AND CRITICISMS

 Believe it or not, there are a lot of people, including some credible 
experts, who are harshly critical of policies designed to improve energy 
efficiency for a variety of reasons. The real life application of energy 
management is not perfect, and there are legitimate problems that pro-
fessionals encounter. The purpose of this section is to help you under-
stand what the problems are, provide insights into why they exist, and 
help offer solutions.
 This chapter is about the role of human behavior in energy manage-
ment, so we begin this section by introducing the most common cognitive 
biases involved in energy management decisions. Next, common barriers 
and criticisms are presented. We complete this section by referring back 
to examples that were listed in the Introduction.

21.2.1 Cognitive Biases
 Cognitive biases are the fundamental thought patterns that help 
us understand and judge the world around us. Research has shown 
that cognitive biases play a key role in people misunderstanding how 
much energy they use, and poorly estimating how much can be saved 
through common actions6. Understanding cognitive biases provides in-
sight for practitioners to be more effective in applying behavior change 
to improve energy management. We believe it is helpful to understand 
your own cognitive biases when designing and implementing behavior 
change programs, as well as biases of the target audience.
 Without understanding the underlying cognitive biases, energy 
managers will have more of a superficial level of knowledge to apply 
behavior change tools and techniques. By analogy, this is like someone 
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using engineering formulas, without understanding how the formulas 
were derived or what assumptions are necessary to validate their use in 
specific applications. Table 21-2 lists and describes common cognitive 
biases, and provides examples applicable to energy management.

21.2.2 Barriers to adoption of energy-efficient
 technologies and practices.
 Barriers to efficiency are numerous and have been extensively re-
viewed by many researchers. In Table 21-3 we list the most common set 
of barriers along with an example or explanation.
 Our purpose is to introduce the most common barriers which are 
identified as being relevant to energy managers. A comprehensive re-
view of all potential barriers and detailed descriptions are beyond the 
scope of this chapter. The reader should refer to articles by lead authors 
Sorrell and Thollander in the bibliography for further details.
 The reader may notice that there is overlap between biases and bar-
riers. Some barriers are obviously a direct result of cognitive biases, such 
as the framing bias and form of information barrier (status quo bias and 
inertia barrier is another example). In other cases, the barriers may not 
be directly a result of any of the common biases, such as access to capital. 
In fact, we highlight that this is precisely the opportunity for an energy 
manager to make progress. If a decision maker is not acting on an ener-
gy efficiency investment that appears to be cost-effective, is it because 
the person truly has no access to the capital or that some costs are truly 
hidden (underestimated)? Or, are there cognitive biases at work such as 
mental accounting or hyberbolic discounting? These questions strike at 
the core purpose of this chapter, which is to help energy management 
professionals understand why cost-effective and energy-efficient inter-
ventions often remain “on the shelf.” Later in this chapter, in the section 
on program design, we introduce some practical techniques and tools 
that are helpful in identifying biases and overcoming barriers.
 Next we will introduce common criticisms of energy management 
programs, then conclude this section with examples illustrating the ap-
plication of biases, barriers, and criticisms.

21.2.3 Common criticisms of energy efficiency improvements
 There are two criticisms of energy efficiency improvements which 
are ubiquitous: rebound effects and free ridership. Rebound effects are 
generally defined as a behavioral response to improvements in energy 
efficiency that reduce the net potential savings. For example, when a 
facility upgrades a cooling system to more efficient technology they 
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Table 21-2: Cognitive biases—how they are relevant to energy management7
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may simultaneously decide to condition additional spaces since they 
can now provide more services while staying within the current utility 
bill budget. Some experts view rebound effects as a major problem that 
justifies reducing investments in energy efficiency, while others find the 
effects are over-estimated and argue that some types of rebound provide 
positive welfare effects. Solutions to mitigate rebound effects have been 
proposed such as increasing investment in behavior change programs 
as more efficient technologies are adopted, adjusting facility energy 
purchase budgets, and increasing education and awareness programs 

Table 21-3: Common barriers to the adoption of energy-saving technolo-
gy and behavioral actions
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designed to change values and culture10.
 Free ridership is a consumer behavior phenomenon specific to 
subsidy programs, where consumers accept a subsidy for an investment 
they would have made anyway. This is generally not a major concern 
for “human actors” within facilities, but it is big concern for individ-
uals who are responsible for managing subsidy programs such as for 
energy utilities or government agencies. In simple terms, the criticism is 
that utilities or agencies may be giving away money to achieve energy 
savings that would have occurred anyway. Some have argued that free 
ridership is a major problem while others have countered that the effects 
are exaggerated. Whether directly concerned about free ridership or not, 
we suggest that energy management professionals should be generally 
aware of the free ridership concept11.

21.2.4 Examples of identifying barriers and criticisms
 We believe that all actors involved in energy management will 
benefit from being aware of common biases, barriers, and criticisms in 
order to identify them, discern which are real and which are perceived, 
eliminate real barriers when possible, and increase the realized energy 
savings. All of the major biases, barriers and criticisms of demand-side 
energy management policies and practices directly or indirectly involve 
human behavior. Let’s return to those common, hypothetical examples 
from the Introduction and list some potential biases, barriers and criti-
cisms that might be at work.

1. You are a consultant to an industrial operation. You have identified 
a pump retrofit project which offers a rate of return of 15% (larger 
than the company’s profit threshold), but your client fails to imple-
ment your recommendations.
• Risk aversion: there might be a maintenance manager who is 

concerned the new pumps may not perform well during sys-
tem start-up. The risk may be real or perceived. In any event, 
this barrier should be addressed.

• Hidden cost: the buyer may have past experience with the 
pump vendor where the installation costs were double what 
was proposed.

2. A school facility received a heavy envelope upgrade including wall 
and roof insulation and new high performance windows. Howev-
er, facility energy consumption does not decrease.
• Rebound: unbeknownst to the energy manager, the building 
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operator increased the space heating temperature settings after 
the retrofit in order to reduce the number of complaints about 
cold rooms in winter.

• Split incentives: the teachers in the school (who do not pay the 
utility bills) perceived the ventilation to be inadequate after the 
upgrade, and began leaving windows open much more often.

3. As the operations manager of a hospital facility, you have deter-
mined that the hot water thermostat for washing laundry could 
be reduced 3°C, saving €1,000’s yearly while meeting all hygiene 
requirements. Yet the cleaning staff decline to act on your recom-
mendation.
• Trust and credibility: the cleaning staff hold chronic distrust 

of management due to a variety of issues unrelated to energy 
management, and therefore do not believe it would save as 
much money as stated.

• Inertia: operating staff have been happy with the performance 
of the laundry service, and they have other priorities.

4. You are a sales representative of a heat pump system for a home. 
You have hard evidence from past sales that the fully-installed cost 
of the system will pay for itself in 2 years, but your prospect says 
“no thanks.”
• Access to capital: even though the prospect believes in the pay-

back, the person does not have the cash to buy the heat pump 
system.

• Hyperbolic discounting: the prospect may actually have access 
to credit, but due to this cognitive bias she has difficulty mak-
ing the decision to invest in the heat pump.

5. A government subsidy program offers free energy audits and cash 
rebates to commercial businesses for high-efficiency water heaters. 
After 6 months of intensive advertising and outreach, hardly any 
businesses have signed up.
• Form of information: the advertisements were presented in a 

complicated fashion that the business people did not under-
stand.

• Principal-agent problem: facility owners have authority to pur-
chase water heaters, but they delegate all facility decisions to the 
property management firms who do not control capital purchas-
es, and who pass on utility costs averaged into the leases.
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6. A small factory owner had a controls upgrade implemented on an 
HVAC system and expects to see reduced utility bills which do not 
occur.
• Diversity (Heterogeneity): the controls upgrade was standard 

for an institutional building, and was not customized for this 
factory where the office space cooling loads include substantial 
waste heat from large furnaces within the factory.

21.3 INTRODUCTION TO BEHAVIOR 
 CHANGE PROGRAM DESIGN

 Accounting for human behavior patterns in energy management, 
if done effectively, can produce greater energy savings that persist for 
longer times than when behavior is ignored. Implementing programs 
that acknowledge and account for this behavior is a relatively new 
dimension of energy management. Most of the theory and a majority 
of the programs developed to date have been aimed at the residential 
sector and the individual energy behaviors residents engage in at home. 
Commercial, institutional, and industrial operations have a lot to gain 
from following this lead. This section will provide energy management 
professionals some of the basic steps required to roll out energy behav-
ior programs and interventions in the workplace. The guidance in this 
section is complementary to the overall energy management program 
design presented in Chapter 1. The difference is that here we focus more 
on the behavior change aspects.
 Three principles of behavior change help to frame the program 
design process. Being comfortable with them will make program devel-
opment and implementation smoother and increase the likelihood of 
success.
1. Let context be your guide. There is no one best way or one size fits 

all approach for behavior change. Solutions emerge from the spe-
cific organizational context. Taking the time to understand the set-
ting, circumstance, and relationships results in appropriate design 
and successful programs.

2. Focus on designing a continuous improvement process (that incor-
porates a feedback cycle) and not one particular outcome. This will 
set the direction you want but not limit how you get there.

3. Change takes time and participants must feel valued. Solutions 
that are designed collaboratively with participants create trust and 
result in desired behaviors that persist for the long term.
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21.3.1 Facilitation Techniques for Effective Energy Management
 Several commonly used techniques to help people operate as part 
of the solution to facility energy management have been described by 
Westervelt (2014), and include forming a team, discussing objectives and 
drivers, building relationships, facilitating communications, and assist-
ing in the establishment of new behaviors.

• Establish an energy efficiency team. Multiple stakeholders with 
unique mindsets and skillsets affect facility operations and pull in 
competing ways. To coordinate and harmonize the many disjoint 
objectives of the people involved in the life of the facility, we rec-
ommend forming a broad spectrum team as a means of corralling 
and focusing efforts, and filling in gaps of understanding among 
stakeholders. By documenting agreed upon objectives in the form 
of a Current Facility Requirement, stakeholders define the operation-
al success that they are willing to support.

• Discuss objectives and drivers. Within the team, discussing objec-
tives, drivers and priorities will uncover why people do what they 
do and can shed the necessary light on workable solutions. Some 
prime drivers of actions are heavy workloads, lack of operator 
site-specific training, comfort issues, and cash flow limitations. A 
thoughtful review of the full context of the facility energy system, 
including the perspectives and desires of the stakeholders, allows 
for influencing and moving the culture of the facility to a new equi-
librium with higher energy performance. By meeting people where 
they are, we are appropriately positioned to nudge them to where 
they want to be, in a way that they are comfortable with and accept.

• Develop relationships. Developing trusting relationships is es-
sential to obtain a full understanding of drivers and constraints 
and to convince people to implement recommendations. People 
will not share their real concerns and the real obstacles to energy 
performance until they trust that you will do them no harm and 
that you have something of value to offer. People will not act on 
recommendations unless they believe you are suggesting prudent 
changes, with accurate calculations, and have their best interests in 
mind. Useful methods in relationship building include assuming 
a constructive viewpoint, reading the non-verbal communication, 
and framing interactions positively. One constructive viewpoint 
that drives fruitful actions is that of being respectful, non-threaten-
ing, and helpful.
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• Facilitate Communication. Facilitating communication means 
offering support so that people can discuss what is happening, 
so that it is simple to connect with each other to discuss, and so 
that during that discussion what is heard is what was meant. Facili-
tated communication entails bringing people together, setting up 
easy computer connections, and clarifying language. Clarifying 
language involves verifying understandings of words and using 
words judiciously, both by distilling words to make them more 
accessible to busy stakeholders and by providing language so that 
they can describe the efficiency efforts to others.

• Support New Behaviors. Persistent energy savings does not hap-
pen by accident. It requires operator coaching, development of 
procedures, and methods for ongoing tracking and adjustments to 
ensure performance gains do not evaporate.

 Working the human side of energy management is challenging, 
but also rewarding. The challenges present another layer of the detec-
tive-like work of systems optimization. Addressing the human facili-
tation component of energy systems is a fundamental piece of overall 
energy sustainability.

21.3.2 Phases of Program Design
 Energy management is a complex process that emerges as a result 
of human interaction with physical energy systems. This complexity is 
further increased by the wider socio-technical environment that we all 
work in. To help to bring clarity from these complex systems, it helps to 
break the program design into phases. The essential phases of program 
design are: strategy, operations, results, and reflection. The approach 
presented here provides an overview of the steps involved, questions to 
ask, and describes success beyond the bottom line energy savings.

• Strategy. To develop a strategy, begin by checking your assump-
tions about what is possible with others in your network. Set the di-
rection that you want others to follow by confirming expectations 
with participants. Collect relevant data to help determine your 
baseline, making sure the metrics are meaningful to all the actors 
in the program as well as the overall organization. This is a chance 
to move beyond energy and include indicators of success such as: 
staff engagement, reduced occupant complaints, reduced emergen-
cy service calls, reduced maintenance costs, quick completion of 
energy projects, and number of senior leaders asking about energy.
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• Operation. Identify key individuals who want to work with you. 
Decide together what must happen for the program to be success-
ful. Implement measures quickly and monitor what works and 
what needs to be changed by providing and asking for feedback 
from all actors. Continue to provide support for the early adopters 
and make time to talk about the program as often as possible.

• Results. Gather baseline measurements through a variety of meth-
ods such as: observation, surveys, interviews, audits, utility data, 
and sub-meters. Establish internal benchmarks. Gather measure-
ments again at regular intervals to help confirm if your program is 
moving in the right direction and provide insight regarding what 
must be revised. Monitor co-benefits such as: reputation of the pro-
gram, clear communication channels between staff, routine proce-
dures in place to retain savings, and extended equipment lifetime.

• Reflection. In order to build on success it is critical to look back 
without judgment to see the signals in the noise by identifying 
who is enthusiastic about the program. This is a chance to check 
assumptions and expectations again, make improvements, set new 
targets, recruit new actors, and share results with new audiences. 

 At this stage there are several elements that should be clear:
— All staff participate in the process are clear how they fit in
— Program goals are meaningful to all participants
— Actors are working with as complete information as possible
— Two-way flow of information is improved
— Metrics are tracked and reported to the right people at the right 

time
— Accomplishments are celebrated and made public
— Social potential is valued

21.3.3 Indicators of success
 A good behavior change program has organizational support, com-
mitment from participants and sets the foundation for change to occur. 
Although utility bill savings can range from 3%-30% depending on the 
context, co-benefits are almost always present and can sometimes be 
even better indicators of success than energy. Do not overlook the influ-
ence of building a sense of caring about energy management, stabilizing 
and improving working relationships and communication, and encour-
aging functioning teams. The ability to identify internal champions is a 
sure sign of success. Internal champions can lead energy management 
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for their department, help to identify new target energy behaviors, and 
guard energy management as a priority for all participants and the orga-
nization.

21.3.4 Tools of change
 Complementary to this design process there are several theories of 
change that are well documented in the academic and popular literature 
to enable energy behavior change at the individual, social and organi-
zational level. Further information on the tools introduced here can be 
found in the bibliography for this chapter.
 Community Based Social Marketing (CBSM) is one of the most 
common starting points and is grounded in the discipline of environ-
mental psychology. The author of CBSM, Doug McKenzie-Mohr, pro-
poses eight tools to save energy: commitment, prompts, norms, social 
diffusion, goods/services, communication, financial incentives, and 
convenience. Some of these strategies are discussed later in this section.
 More recently the International Energy Agency (IEA) created de-
mand-side management Task 24 Behavior Changer Framework (BCF). 
This task was developed to tackle real-world energy management chal-
lenges. Applying IEA’s framework is useful to hone in very clearly on 
the exact behavior that needs to be changed and who exactly the target 
audience is. The BCF goes through the top interventions, relationships, 
mandates and tools, and identifies their individual and collective poten-
tial.
 Additional solutions to energy behavior problems can find inspira-
tion from the discipline of complexity science, which embraces the un-
predictable, emergent, evolving and adaptable. The complexity science 
toolbox encourages discovery, interpretation and prototyping which all 
help the designer to be grounded in knowing that the unexpected might 
just be exactly what you are looking for.

21.3.5 Putting theory into practice with 
 behavior change interventions
 The ultimate purpose of an energy behavior change program is to 
design an intervention to induce actions that result in energy savings 
and related co-benefits (such as improved comfort, longer equipment 
life, etc.). There is an almost endless list of possibilities and many suc-
cesses that help guide the choice.
 The energy benchmark program is a great example of the power 
of social norms. End users are provided with a summary of their spe-
cific energy use compared to others in their community (neighborhood, 
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office, or building). When individuals or teams see that they use more 
energy than others around them (and when that information is present-
ed in an effective manner), this benchmarking intervention can motivate 
the recipients to find ways to become similar or more consistent with 
others by using less energy.
 Energy feedback interventions can be effective when end users 
understand the information that is being presented to them. Energy 
feedback in real time through metering, building automation systems, 
web portals or social media can trigger a behavior change if the recipient 
of the information knows what to do. On a larger scale, commissioning 
can provide the energy feedback that is required to take the appropriate 
actions to achieve efficient operations. The design of this intervention 
should target getting the right information to the right person at the 
right time so an energy saving action can be taken.
 Competitions or energy challenges are another method to get 
attention and build momentum for energy management. Team work 
and social cohesion are often cited co-benefits of energy management, 
which are fostered when working together toward a common goal. It is 
important for the program designer to remember that competitions are 
sometimes seen as a “flash in the pan” and without follow-up the early 
energy savings of competitions can quickly fade. The best competitions 
start off with extrinsic motivations and help participants move toward 
intrinsic motivation. Web-based competitions using gamification (game 
theory) complement energy management programs by letting individu-
als build on the early wins of team based competitions.
 Commitment interventions that do not rely on any financial in-
vestments hit above their weight. Asking participants to agree to a small 
request can change how a person sees themselves. The key to success is 
getting the request right so participants who agree or commit to it can 
see themselves acting that way. For example, “I will turn off the light in 
my office every time I step out for more than 3 minutes.” By making this 
commitment personally, or even better publically, individuals attempt 
to act consistently with their perception of themselves to protect their 
integrity.

21.3.6 Real World Example
 The University Health Network (UHN) in Toronto, Canada, is 
comprised of three acute care and one rehabilitation hospital. Energy 
management has been a main focus area at UHN since the inception of 
the energy management program in 1999. UHN has found that atten-
tion to the human and social aspects of energy management can help 
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organizations meet and sustain efficiency and conservation targets for 
the long term with minimal to no financial investments. This example 
demonstrates how UHN adopted LED lighting early and quickly across 
the organization.
 In 2012 the target behavior was to increase the willingness to try 
LEDs at a time when the products were extremely variable, very expen-
sive and there were very few successful case studies to draw from. The 
strategy was to look thoroughly at the possibilities available, identify 
products to try and areas to try them in. Finding an internal expert who 
understood the technology and had a personal interest was essential. 
With a key ally and locations that made economic sense to trial new 
LEDs, decision makers could be presented with an early business case.
 Decision makers could see that if the LEDs worked, there were a 
variety of co-benefits that might be realized including reduced heat and 
maintenance requirements for incandescent and fluorescent fixtures, us-
ing the skills and supporting the interest of valuable staff, and providing 
better quality light. A small pilot study in elevators was implemented. 
Metrics such as energy consumption, cost, and light quality were cap-
tured and reported. The next step was a higher profile trial in the chief 
executive officer’s (CEO) office.
 The switch in the CEO’s office was made and no negative outcomes 
were reported. Groups across UHN were involved and engaged in the 
pilots including the green team, finance, facilities, executives and infra-
structure. Each group defined their own measure of success, and togeth-
er the results confirmed that moving forward with LEDs was the right 
thing to do. Between 2013 and 2014 thousands of LEDs were installed in 
patient rooms, medical imaging, hallways, parkades and elsewhere. In 
2015 LEDs became the standard lamp at UHN for all construction and 
renovation projects with project managers and facilities staff actively 
seeking out and testing new LED products as they arrive on the market.

21.4 MEASUREMENT AND EVALUATION  
 OF ENERGY BEHAVIOR PROGRAMS

 Measurement and evaluation12 (M&E) of behavior change pro-
grams usually involves two types of methods: quantitative and quali-
tative. M&E of behavioral programs is, in some ways, no different than 
measuring and evaluating any other energy management program. In 
almost all cases, quantitative outcomes are of primary interest such as 
energy savings over time, or peak power reductions. However, behavior 
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change programs are relatively unique in that qualitative elements may 
be as important as quantitative. For example, if centrifugal fans are up-
graded in a dust control system, there may be little value in spending 
resources to evaluate the qualitative issues involved. However, if a new 
energy feedback system is integrated into the operator control display 
for the dust collection system, then qualitative factors will also be rele-
vant.
 M&E are general processes that apply to large-scale programs (like 
a state, provincial, or national-level government programs) as well as 
the scale of facilities or systems within a facility. In this section we focus 
on the facility scale or smaller. Additionally, there are a wide variety of 
tools and methods for evaluations. We have chosen to focus on practical 
tools and methods that we believe are most often accessible to facility 
mangers given their practical constraints of time, money, and expertise. 
There are a wide variety of research methods and research designs from 
the social and physical sciences which entail longer time frames, bigger 
budgets, and access to greater levels of expertise than is needed for ev-
eryday facility energy management. Research methods, such as random-
ized controlled trials, are not covered here.

21.4.1 Quantifying Energy Savings: the Key 
 Outcome of Behavior Programs
 Quantitative M&E of energy savings due to behavior-based inter-
ventions at the facility scale (or smaller) can be approached similarly 
to technology-based interventions. To quantify energy savings, careful 
application of the methods introduced in Chapter 1 are important. This 
includes quantitative tools such as Monitoring, Targeting, and Reporting 
(MT&R) and diligent application of the planning, metering, and analyt-
ical procedures in the International Performance Measurement and Ver-
ification Protocol (IPMVP). As highlighted in the IPMVP, a critical con-
sideration is the expected scale of the energy savings. If the intervention 
is large enough, then Option C (whole facility) metering may be a valid 
approach. In practice, behavioral actions are usually expected to be low 
cost with a low percentage of energy savings. As such, sub-metering of 
specific systems may be warranted (Options A or B). If energy metering 
is not feasible, then energy modeling could be considered. Simulation 
modeling (Option D) of small percentage energy savings is not likely 
to be adequate due to greater levels of uncertainty in models. In some 
cases, straightforward engineering calculations may suffice as models.
 With any quantitative M&E effort, it is critical to be clear what 
intervention or action is being evaluated, to plan ahead for collection of 
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baseline data, and consider the system boundary for the interventions. 
In practice, M&E can be complicated due to several factors such as: 
multiple interventions occurring in series or in parallel, different system 
boundaries, or changes in facility use or activity.
 Consider the hypothetical situation in Figure 21-2. This figure illus-
trates a facility which has implemented some energy-efficient technol-
ogy, and then some time later implements a behavior change program. 
In this example, energy consumption creeps up over time which could 
occur due to a variety of reasons such as equipment degrading, waste-
ful rebound effects, changes in use or service levels or operating hours, 
or normal variation in operating conditions such as climate. In this 
example, it could be that the behavior change program was applicable 
to multiple (or even all) systems in the facility, while the efficient tech-
nology was for one component only. Thus each intervention would have 
different start times, different persistence time periods, and different 
system boundaries. If other factors change such as activity (for example 
occupancy in a building, or product quality in a plant), operating hours, 
or environmental conditions (like weather patterns), then the M&E will 
require adequate data on these variables so that the appropriate baseline 
adjustments can be performed, and net energy savings attributions can 
be estimated. In this example, there is one technology intervention and 
one behavior change intervention, but in real situations there can be 
multiple interventions of both types. We highlight potential complexi-
ties with the goal to help energy managers adequately prepare and exe-
cute rigorous, quantitative M&E that is feasible within budget and time 
constraints.
 In some cases, the best option is to make use of published research, 
technical reports, or manufacturer data to apply “deemed” values of 
energy savings. Metering or modeling may not be feasible to quantify 
energy savings for a variety of reasons. To illustrate by example, refer 
back to the behavioral wedges study as listed in Table 21-1. The incre-
mental energy savings of adding a water heater blanket are not likely to 
be measurable within cost constraints. The IPMVP suggests that 10% of 
annual energy cost savings is an upper limit on verification budget. The 
effect of a water heater blanket will not likely be discernable on a facility 
energy bill due to the relatively modest energy savings, and considering 
there are usually variations due to changes in activity for end-uses of 
hot water. As well, there can be multiple actions occurring such as re-
placement of low-flow showerheads, efficient water heater replacement, 
and efficient clothes washer all adopted at the same or different times. 
Clearly in this example, it would be challenging at any cost to accurately 
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measure energy savings for individual measures (or even aggregate sav-
ings), let alone within the IPMVP cost guideline. In such cases, deemed 
savings will be the best option.

21.4.2 Quantifying Other Variables Besides Energy Savings
 While often the primary goal of a M&E program is to quantify 
energy (or peak power) savings, there are other important variables to 
quantify. In fact, some of these other variables may be necessary in order 
to make it possible to quantify energy savings. Two particular types of 
variables are performance measures and impact measures. Performance 
measures for a behavior change program are variables which measure 
the M&E program activity such as the number of people receiving a 
survey request, the number of pamphlets distributed, or the number 
of participants in a focus group. These variables are useful in order to 
understand the reach and cost of the behavior program. Impact mea-
sures are variables that more directly quantify the actual participation of 
actors in the program. This could include quantities such as the number 
of survey responses completed, the number of people requesting further 

Figure 21-2: Illustration of adoption of technology and behavior 
change program.
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information, or the number of product samples taken.
 Quantifying these other variables may be necessary in order to 
provide evidence that the behavior change program is responsible for 
the actions that save energy. For example, if there is evidence in a school 
facility that lights are turned out more frequently at night, or if pur-
chasing staff in an industrial plant begin ordering motors which exceed 
Premium efficiency standards, how can you be sure these actions are due 
to your behavior change program? Performance and impact measures 
of the behavior change program can help provide evidence to attribute 
actions to the program. Then the exercise of quantifying energy savings 
can be carried out with data to support that savings are actually attribut-
able to the program.

21.4.3 Qualitative Methods
 Not all information can be reliably and effectively put into num-
bers. Qualitative information is often important to understand how well 
the behavior change program is working, and how it can be improved 
over time. Three common types of qualitative methods are used: sur-
veys, interviews, and focus groups. Qualitative methods can use more 
open-ended questions to gather facts and perspectives that that may 
otherwise not be discovered. For example, if the behavior program 
has a positive or negative effect on other parameters besides energy 
consumption (for example, work productivity or sense of teamwork), 
qualitative methods can help reveal these perspectives. As well, other in-
formation such as barriers to energy-saving behavioral actions can come 
out with the qualitative information gathering. Strategic use of surveys, 
interviews and focus groups in facilities can help reveal this important 
information to help improve the current program, and to design new 
programs in the future.

21.5 SUMMARY

 Some of the “soft skills” and knowledge involved in the practice of 
energy management were introduced in the initial chapters of this book. 
In this chapter we have delved deeper into these soft skills to describe 
why human behavior is relevant in everyday practice. We have defined 
human behavior, identified actors, and presented examples of how be-
havioral actions have been proven to save energy. If you are one of the 
many “actors” involved in energy management, it is always important 
to keep in mind the difference between actions that save energy, and the 
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techniques and programs designed to make these actions occur more 
frequently. If behavioral actions proven to save energy were readily im-
plemented by simply sharing information, then this chapter would be 
unnecessary. However, the real world is not this way and the complexi-
ties are real. Thus we believe practitioners can be more effective if armed 
with the additional knowledge, tools, and techniques of behavior change 
to complement engineering and conventional economic approaches.
 We have introduced the essential knowledge and tools of human 
behavior in two sections. In the section on biases, barriers, and criticisms 
we have provided the reader an overview of common cognitive biases 
which is important knowledge to understand many of the myriad of 
barriers to realizing energy savings. In the section on program design, 
we have introduced a variety of programs and techniques which are 
likely to help increase the occurrence of energy-saving behavioral ac-
tions. You will no doubt notice there are areas of overlap between bias-
es, barriers, and programs. Examples include social norms as a tool of 
behavior change being related to the groupthink bias, and the extensive 
team-forming aspects of programs to help overcome credibility and trust 
barriers, and offset self-serving biases.
 It is important to emphasize that this chapter provides only an in-
troduction to the knowledge, tools, and techniques of behavior change 
in energy management. There is a lot more to learn and apply based on 
what is already well-supported by research and practical experience, 
and new knowledge and tools are constantly emerging. We suggest that 
maintaining a curious mind and a humble attitude will help.
 We conclude this chapter with some practical options to learn more 
about human behavior and energy management. First, make use of pub-
lished literature by reading some of the publications in the bibliography, 
and then continue to search similar sources in the future to learn about 
the latest findings. Second, is to invest some of your time and available 
training funds in workshops and courses; there are likely accessible 
options near you in the form of post-secondary courses or professional 
workshops13. Third, is to attend conferences or seminars to listen to case 
studies and meet like-minded colleagues14. Last, but not least, is to ex-
periment with some of the various concepts and tools in your own work. 
We hope you find the application of human behavior to energy manage-
ment as rewarding as we do.
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Endnotes
 1. This chapter was written by Dr. Eric Mazzi, PE, CEM of Mazzi Consulting Ser-

vices and New York Institute of Technology; Ms. Kady Cowan of University 
Health Network, Toronto; and Ms. Eileen Westervelt, PE, CEM, of Westervelt 
Engineering.

 2. As one example, the article by Backland (listed in the bibliography) defines an 
“energy management gap” which is larger than the “energy efficiency gap.”

 3. www.apa.org/research/action/glossary.aspx
 4. See article by Dietz, Gardner, Gilligan, Stern, and Vandenbergh (2009). Available 

free at www.pnas.org.
 5. See article by lead author Mourik (2015) in the bibliography.
 6. See articles by Attari (2010) and Dietz (2010) in the bibliography. Both available 

free at www.pnas.org.
 7. Table adapted from this article: Klotz, L. (2010). “Cognitive biases in energy de-

cisions during the planning, design, and construction of commercial buildings in 
the United States: an analytical framework and research needs.” Energy Efficien-
cy, 4(2), p.271. The book “Nudge” (2008) listed in the bibliography is an excellent 
resource for learning more about cognitive biases and ways to address them.

 8. This example is contained in the article by Attari (2010), listed in the bibliogra-
phy.

 9. In the research literature, a word often used for this barrier is “Heterogeneity”
 10. For further details, see the article by lead author Maxwell in the bibliography.
 11. Another related concept is spillover. This refers to energy efficiency policies and 

programs which are evaluated to have a positive influence (saving energy) on 
individuals who do not receive a subsidy. It is not usually viewed as a criticism 
of efficiency policy.

 12. We use the phrase “measurement and evaluation.” In general, approximately 
equivalent terminology found in other literature is “monitoring and evaluation” 
or “evaluation, measurement, and verification.”

 13. You may search using key words such as “change management,” “social market-
ing,” or some of the terminology in this chapter

 14. One conference that is particularly noteworthy is the Behavior, Energy, and Cli-
mate Change conference held annually in the U.S. (www.beccconference.org).






