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Executive summary 

Scope and purpose 

This report presents the findings from a project with the aim of providing a review of the 
evidence base regarding the design, characteristics and effectiveness of household energy 
efficiency interventions to help inform Australian energy policy, interventions and consumer 
advocacy. The project featured a systematic review of published household energy efficiency 
interventions in advanced economies to assess what works and what doesn’t work. We 
assess how issues with the aims, design, target populations, theoretical frameworks, and 
implementation components, evaluation design and outcomes measured, influence the 
effectiveness of household energy efficiency interventions. The findings add to the evidence 
base regarding the effectiveness of household energy efficiency interventions, and will help 
inform better policy, interventions and consumer advocacy to help Australian households 
achieve better energy and related co-benefit outcomes, and provide good return on 
investment (ROI). 
 

Method 

Following a systematic search of published academic literature across three databases (Web 
of Science, Scopus and ScienceDirect) and grey literature (e.g. government reports) in Google 
searches, literature concerning a total of 107 household energy interventions were included 
in the review. The literature was then analysed to address the following research questions 
to help inform future energy policy and energy efficiency interventions in Australia: 

RQ 1. What is the overall evidence of the effectiveness of household energy 
intervention? 
RQ 2. Which theories/models/conceptual frameworks are used to inform energy 
interventions, and how do these influence their effectiveness? 
RQ 3. What populations or groups were the focus of household energy 
interventions? 
RQ 4. Which intervention approaches and elements are used, and which are most 
effective? 
RQ 5. How are outcomes measured in household energy interventions?  

 

Key findings – what works and what doesn’t 

The review identified that 90 out of 107 interventions resulted in positive energy efficiency 
outcomes. This suggests that, overall, household energy efficiency interventions can be 
successful; in many cases because they focused on what mattered to the household. The 
review findings identified a number of key factors influencing the success of energy efficiency 
interventions.  
 

What works  

In terms of what works, we identified the following factors as important: 

1) Using multiple intervention components that combine elements such as home retrofits, 
home audits, education and information, behaviour change marketing, and technologies 
like in-home displays can increase the chances of successfully impacting energy 
efficiency. 

2) Develop insights that are region-/population-specific before conducting an intervention. 
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3) Identify clear aims and objectives from the outset and use appropriate methods to 
ensure that success can be evaluated. For example, if aiming to reduce electricity 
consumption, kWh reduction provides an objective measure; if aiming to increase 
awareness of energy efficiency then carefully designed surveys or interviews may be 
used. 

4) Intervention measurement and impact and outcome evaluation, including measurement 
of co-benefits, cost effectiveness and ROI, should be designed from the beginning of any 
intervention. 

5) Use appropriate social/behavioural theories to guide intervention design, implementation 
and evaluation. 

6) Interventions should be segmented, targeted and tailored to the relevant target 
populations, and situational contexts as far as is possible.  

7) Overall, the most effective intervention elements were home retrofits, digital tools (e.g., 
websites or apps) and workshops/training to support positive energy efficiency 
outcomes.  

 

What doesn’t work  

In terms of what doesn’t work, we identified the following factors for consideration: 

1) Failing to identify clear aims and objectives, and agreeing on and designing-in impact and 
outcome evaluation measures from the start makes it difficult to evaluate the 
effectiveness of household energy interventions.  

2) Not generating consumer insight and being aware of householders’ preferences when 
designing an intervention can lead to failure. For example, many householders are 
unwilling to upgrade energy-inefficient heating systems if they regard them as very 
reliable.  

3) Failure to use appropriate social/behavioural theory affected the likelihood of success. 
4) Failure to understand and acknowledge contextual differences across geographic 

locations, and demographic and cultural groups can result in interventions that are not 
appropriately designed and tailored for purpose.  

5) Delivering household energy efficiency interventions that incorporate some upfront costs 
borne by households can affect chances of success. Upfront costs can be deemed too 
high by some households and may lead to a lack of participation in interventions, even if 
over the long term they would be cost-effective. 

6) Relying on the provision of energy usage feedback alone in interventions has mixed 
results. It is better to combine different feedback types (i.e., particularly cost and usage 
feedback) to householders.  

7) Household energy efficiency interventions that rely on consumer self-report measures 
may overestimate the perceived benefits, and more objective measures (such as kWh) 
should be used as far as possible.  

8) Cost effectiveness and ROI is rarely reported in household evaluations. 
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Implications and recommendations for energy policy and advocacy  

The key findings offer useful direction for future energy policy and advocacy. 

 

Use multi-layered approaches operating at the macro, micro and individual level, and 
multiple intervention elements 

Energy behaviours are complex, and are subject to multiple levels of influence on behaviours 
and outcomes working at the macro level (e.g. policy, social norms), micro level (workplaces, 
local communities) and individual level (householders). Currently most energy efficiency 
interventions focus on individuals, creating an implicit assumption that the responsibility for 
energy efficiency rests solely with the consumer. However, the wealth of evidence from the 
behaviour change literature indicates that individuals alone cannot address wicked and 
complex problems such as energy efficiency, and therefore whole-of-systems interventions 
working at the macro level (e.g. policy change, shifting social norms, infrastructure), micro 
level (e.g. community development and support), and individual level (e.g. home retrofits, 
information and education) are required. Policymakers and relevant stakeholders should 
work to ensure that there are multiple intervention elements featured in household energy 
efficiency interventions, as the likelihood of success is greater. 

 

Context really matters – ensure that policies and programs support the segmentation, 
targeting and tailoring of interventions according to the specific context 

While the majority of household energy efficiency interventions take a general population 
approach (e.g. 90% of those identified in this review), those interventions that feature 
segmentation, targeting and tailoring of intervention components tend to be more effective. 
Policymakers should acknowledge the unique characteristics of target population groups, and 
their geographic, social, cultural, political, technological and environmental context. Pilot 
interventions can also be used to ensure interventions are fit for purpose in a specific 
context.  
 

Ensure that energy policies and interventions are consumer-centred 

Energy efficiency interventions need to be sensitive to peoples’ needs, wants, desires 
and lifestyles. Generating consumer insight through research and engagement is a critical 
precursor to the design, delivery and success of interventions. Ideally, household energy 
efficiency interventions should involve working with and alongside householders, and foster 
co-design and co-delivery of intervention components.  

 

Be clear about defining aims and objectives, and desired outcomes and impacts  

It is critical to be clear about what the aims of objectives are for specific household 
energy efficiency interventions. While we found that most interventions are effective, 
comparability is difficult due to the variation in definitions of energy efficiency (e.g. only 
reducing kWh energy use, or also concerning comfort, health and wellbeing) and what 
success means. Some interventions may aim to reduce overall energy consumption as 
measured in kWh, while others may aim to produce health or wellbeing co-benefits. 
Therefore, aims and objectives need to be identified clearly at the outset of any intervention, 
and outcomes that are Specific, Measurable, Achievable, Relevant and Time-Bound (SMART) 
should be set to evaluate success.  
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Make use of appropriate social/behavioural theory to guide the design, implementation 
and evaluation of household energy efficiency interventions 

Our findings identified the use of theory as an important success criteria for household 
energy efficiency interventions. Theory is critical to any efforts to bring about behavioural 
and social change as it relates to the underpinning ideas about why something is the way that 
it is, and the key factors influencing this. Theories are used to describe, classify and predict 
future behavioural responses. Therefore, theory provides a framework for conceptualising 
and analysing the process of behavioural influence and change, guiding research regarding 
specific behaviours, and assisting with planning and selecting household energy efficiency 
interventions.  

 

Good evaluation is the key to demonstrating success 

Evaluation of the process, outcomes and impact of household energy interventions is crucial 
to demonstrate success. Our review found that sound evaluation was not always a strong 
feature of interventions. A robust framework for evaluation should be considered and 
incorporated at the start of any intervention. It should also be designed to suit the context of 
the intervention, the outcomes sought and the resources available – drawing upon the full 
range of quantitative statistical and qualitative methods available as appropriate.  

 

Be mindful of unintended consequences 

Our review identified that some household energy efficiency interventions can backfire and 
generate unintended consequences and negative effects. Therefore, careful scoping and 
scenario planning is required prior to delivering interventions. Pilot-testing interventions and 
their consistent components can be a good way to identify unintended consequences and 
mitigate these prior to full intervention launch. Interventions that may have been successful 
in one context may not necessarily succeed in a different jurisdiction, and therefore direction 
policy and intervention transfer should be carefully considered, and local contextual factors 
accounted for.  
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Introduction and background 

Improving energy efficiency for residential households is a policy emphasis for governments 
in developed countries as electricity prices rise. The need to balance the affordability, 
reliability and sustainability of a national energy supply has led to a large number of 
interventions that aim to increase the energy efficiency of households to save consumers 
money, reduce environmental impact and address the demand on the energy grid. In 
addition, technological development is on the rise, with the introduction of smart meters, as 
well as the advent of faster internet opening the way for Internet-of-Things-enabled devices 
to help consumers manage their energy use.  In Australia and globally, there have been more 
than 1000 energy efficiency interventions over the past decade, and thus there is a significant 
evidence base for policymakers and industry to use as a foundation for societal and economic 
goals in the face of technological change. To date there has not been a systematic review of 
these interventions to identify the type and features of energy efficiency interventions that 
are most effective, particularly in light of the complexity and multiplicity of household energy 
use practices (Waitt, Roggeveen, Gordon, Butler, & Cooper, 2016). Energy interventions 
targeted at households vary widely and can involve engineering retrofits to the home, energy 
audits, in-home displays, education, changes to energy tariffs, incentives, influencing social 
norms, or various multifaceted behaviour change initiatives (Geller, Harrington, Rosenfeld, 
Tanishima, & Unander, 2006). As the electricity and societal landscape evolves, more 
information is needed on the relevance and efficacy of these campaigns in order to guide the 
role of government in electricity management now and in the future. A key question for 
energy policymakers is which of these different approaches are most effective in encouraging 
energy efficiency while maintaining a reasonable level of comfort and wellbeing for 
householders? Such insight can help ensure that energy policy and interventions are 
evidence based and more effective. Indeed, energy researchers (see Sorrell, 2007) have 
already recognised the need for evidence-based policy and practice (EBPP). A useful way to 
inform EBPP in energy is through the use of systematic reviews of the research evidence.  

 

Purpose and objectives 

For the purpose of this report, we refer to any energy efficiency scheme, program or 
initiative that aims to improve residential energy efficiency as an intervention. In this report 
we respond to the need for a concise review of the evidence-base on residential household 
energy efficiency interventions to address five research questions: 

RQ 1. What is the overall evidence of the effectiveness of household energy 
intervention? 
RQ 2. Which theories/models/conceptual frameworks are used to inform energy 
interventions, and how do these influence their effectiveness? 
RQ 3. What populations or groups were the focus of household energy 
interventions? 
RQ 4. Which intervention approaches and elements are used, and which are most 
effective? 
RQ 5. How are outcomes measured in household energy interventions?  

 

To address these research questions, we use a systematic literature review process to focus 
the research and achieve holistic insights.  
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Energy efficiency context 

The definition of energy efficiency used in this paper is “energy efficiency is using energy 
wisely and economically to sustain everyday life, live comfortably and support wellbeing” 
(Butler, Gordon, Roggeveen, Waitt, & Cooper, 2016, p.152). We have selected this definition 
due to the inclusion of the concepts of both cost-saving (economic) and co-benefits such as 
health (wisely). This broader approach to energy efficiency is aligned with the purpose of 
policy to provide affordable services that foster citizen wellbeing. Policymakers worldwide 
have identified energy security, sustainability and equity as the great trilemma of modern 
times (World Energy Council, 2016). As Australia, much like the rest of the world, struggles to 
ensure sustainable energy for its citizens, energy efficiency becomes ever more critical. 
Indeed, Australia is ranked poorly for energy efficiency when compared to other major 
developed countries, coming last out of 16 countries, indicating that there is a great deal 
more that can be done to improve (Castro-Alvarez, Vaidyanathan, Bastian, & King, 2018).  

Household energy efficiency plays an important role by ensuring usage is sustainable and 
reducing strain on the grid, leading to energy supply that is more reliable, cheaper and more 
accessible to all (i.e., over-usage strains the grid, leading to blackouts and eventual 
investment in supply capacity, which necessarily raises prices and puts vulnerable consumers 
at risk). However, in part due to a delayed feedback mechanism with electricity use 
(Rothschild & Gaidis, 1981), there is a lack of visibility of energy usage and the impacts of 
efficiency changes – even when technology is available that addresses this delay, access and 
utility of these data are issues (i.e., smart meter data not available everywhere, or when 
provided is often not in a consumer-friendly format, or consumers are not able to understand 
and use the data). Hence, energy efficiency interventions are a key component of ensuring 
successful energy efficiency for the benefit of consumers, suppliers and society as a whole. 

Between 2012 and 2016 the Australian Government awarded over a hundred million dollars 
to various interventions to support industry, community and individuals to manage energy 
usage and costs via the Community Energy Efficiency Program (Hargreave, Mcalester, 
Walters, & Yao, 2017). “Policy action to improve energy efficiency slowed in 2016, putting at 
risk the continuation of current efficiency trends” (International Energy Agency, 2017, p/ 
37).To understand the effectiveness of energy efficiency for low-income earners the 
Australian Government ran a national funding initiative, the Low Income Energy Efficiency 
Program, in 2015–16 to trial different approaches to designing and delivering household 
energy interventions (Department of Environment and Energy, 2016). 
 

Benefits of this research for energy consumers 

Energy consumers bear the brunt of poorly designed energy efficiency interventions or reap 
the benefits from effective interventions. Increasing the likelihood of success for energy 
efficiency interventions ultimately benefits consumers as they save money and have long-
term reliable access to electricity.  

This research will assist the energy industry, policymakers and stakeholders to understand 
the core design principles that underpin effective energy efficiency interventions for the 
purpose of developing cost-effective, effective initiatives. Our intent is to: 

 improve consumer energy efficiency outcomes through better interventions 
 equip policymakers with the evidence to develop policies that encourage 

development of energy efficient goods and services by suppliers for consumers 
 enable industry to confidently design and deliver energy efficiency interventions that 

will assist consumers in managing their electricity. 
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Key findings: What works and what doesn’t 

The findings of the review identified key success and failure features – what works and what 
doesn’t – in a household energy efficiency intervention for a developed economy. 

 

What works  

In terms of what works, we identified the following factors as important. There are three 
broad categories of intervention features that can either enhance or detract from the success 
of interventions: design, process and evaluation (see Figure 1). A number of themes emerged 
from the evidence of what does and does not work. It should be noted that even though 
these are for three different phases (Design, Implementation, and Evaluation phases – please 
see), these insights as to what works actually apply to all phases. For instance, the 
importance of deciding on clear aims and objectives (Design phase), influences how the 
intervention is conducted (Implementation phase) and how it should be measured 
(Evaluation phase). 

 

Design  
1) Develop insights that are region-/population-specific before conducting an intervention. 
2) Use appropriate social/behavioural theories to guide intervention design, implementation 

and evaluation. 
 

Implementation 

3) Using multiple intervention components that combine elements such as home retrofits, 
home audits, education and information, behaviour change marketing and technologies 
like in-home displays can increase the chances of successfully impacting energy 
efficiency. 

4) Interventions should be segmented, targeted and tailored to the relevant target 
populations and situational contexts as far as is possible.  

5) Overall, the most effective intervention elements were home retrofits, digital tools (e.g., 
websites or apps) and workshops/training to support positive energy efficiency 
outcomes.  
 

Evaluation 

6) Identify clear aims and objectives from the outset and use appropriate methods to 
ensure that success can be evaluated. For example, if aiming to reduce electricity 
consumption, kWh reduction provides an objective measure; if aiming to increase 
awareness of energy efficiency then carefully designed surveys or interviews may be 
used.  

7) Intervention measurement and impact and outcome evaluation, including measurement 
of co-benefits, cost effectiveness and return on investment (ROI), should be designed 
from the beginning of any intervention. 
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Figure 1 Three phases of an intervention - Design, implementation and evaluation 

 

 

 

What doesn’t work  

In terms of what doesn’t work, we identified the following factors for consideration: 

 

Design 

1) Not generating consumer insight and being aware of householders’ preferences when 
designing an intervention can lead to failure. For example, many householders are 
unwilling to upgrade energy-inefficient heating systems if they regard them as very 
reliable.  

2) Failure to understand and acknowledge contextual differences across geographic 
locations and demographic and cultural groups can result in interventions that are not 
appropriately designed and tailored for purpose.  
 

Process 

3) Failure to use appropriate social/behavioural theory affected the likelihood of success. 
4) Delivering household energy efficiency interventions that incorporate some upfront costs 

borne by households can affect the chances of success. Upfront costs can be deemed too 
high by some households and may lead to a lack of participation in interventions even if 
over the long term they would be cost-effective. 

5) Relying on providing energy usage feedback alone in interventions has mixed results. It is 
better to combine different feedback types (i.e., particularly cost and usage feedback) to 
householders.  

 

Evaluation 

6) Failing to identify clear aims and objectives, and agreeing on and designing-in impact and 
outcome evaluation measures from the start makes it difficult to evaluate the 
effectiveness of household energy interventions.  

7) Household energy efficiency interventions that rely on consumer self-report measures 
may overestimate the perceived benefits, and more objective measures (such as kWh) 
should be used as far as possible.  

8) Cost effectiveness and ROI is rarely reported in the household evaluation. 
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A summary of the main themes emerging from the findings around what works and what 
doesn’t is represented visually in Figure 2. 

 

 

Figure 2 Energy efficiency interventions – What works and what doesn't 
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Insights and policy implications  

There were six categories of insights about energy efficiency interventions derived from the 
findings of the systematic literature review: 

 

 
1. Energy efficiency is complex: A multi-layered approach is needed 

 
2. Relevant benefits increase engagement: What’s in it for me? 

 
3. Unintended consequences can derail success: Caution advised 

 
4. Targeted and relevant approaches work: Context matters 

 5. Intended goals should inform beginnings: Plan for strong evaluation 

 6. Guidance keeps interventions on track: Use theory appropriately 

 

 

These insights each have implications for future energy policy, advocacy, innovation in the 
supply of goods and services, and provision and sale of energy.  As such, each section 
presents the insight(s) followed by the resulting implication. 

 

 Energy efficiency is complex: A multi-layered approach is needed 

Insight: Multiple types of feedback were more effective 
There are five types of feedback that can be provided to households: usage, cost, 

emissions, health and social norms. Usage feedback was the most commonly used but on its 
own achieved mixed results, with only 50% of interventions achieving successful outcomes 
based on this feedback alone. Combining usage feedback with the other types of feedback 
significantly increases the success rate. Once usage feedback was combined with other forms 
of feedback – particularly cost feedback – the success rate increased to 88%.  
 

Insight: Multiple intervention elements (and levels) were more effective 
Most interventions (54%) had a single intervention element, while 25% used two intervention 
elements or more. Intervention elements include: information/education, pricing 
intervention elements (tariffs, rewards), smart meters/in-home displays, home retrofit, home 
audit, policy changes, digital (web/app) and workshops/training. An intervention might 
therefore combine providing education with the support of a digital app. The number of 
intervention elements has a direct impact on the success of the intervention: as the number 
of intervention elements increases, success is likely to increase. It should be noted that even 
though most interventions were at the individual or micro level, macro-level interventions 
can be just as successful – indeed, depending on the outcome sought, sometimes the macro 
level is more appropriate. Interventions across multiple levels provide a balance. 
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Insight: Most energy efficiency interventions achieve their aims; however, comparability is 
difficult due to the variation in definitions and measurement 

The evidence for the effectiveness of energy efficiency interventions was very positive, with 
over 84% of interventions resulting in positive energy efficiency outcomes. However, while 
many studies reported a reduction in kWh as their key outcome, the systematic literature 
review actually uncovered five types of energy efficiency outcomes evident for energy 
efficiency interventions; adoption of energy efficiency technology, awareness and knowledge 
of energy efficiency information and practices, energy efficiency behaviour, bill savings and 
electricity/gas reduction (kWh). It is important to select how effectiveness will be determined 
based on what is appropriate to the given context. 

 

 

Implication: Use multi-layered approaches operating at the macro, micro and individual levels, 
and multiple intervention elements 

Energy behaviours are complex and are subject to multiple levels of influence on behaviours 
and outcomes working at the macro level (e.g. policy, social norms), micro level (workplaces, 
local communities) and individual level (householders). Currently, most energy efficiency 
interventions focus on individuals, creating an implicit assumption that the responsibility for 
energy efficiency rests solely with the consumer. However, the wealth of evidence from the 
behaviour change literature indicates that individuals alone cannot address wicked and 
complex problems such as energy efficiency, and therefore whole-of-systems interventions 
working at the macro level (e.g. policy change, shifting social norms, infrastructure), micro 
level (e.g. community development and support) and individual level (e.g. home retrofits, 
information and education) are required. Policymakers and relevant stakeholders should 
work to ensure that there are multiple intervention elements featured in household energy 
efficiency interventions, as the likelihood of success is greater. 

 

 

 

 Relevant benefits increase engagement: What’s in it for me? 

Insight: Information at a convenient, timely location assists adoption of energy 
efficiency technology 

Interventions using information and smart meter/in-home displays provided 
immediate benefits for people and encouraged adoption of technology, such as adding 
thermostatic controls to their radiators, solar PV, and adding lagging jackets to hot-water 
tanks. According to the EAST framework from behavioural economics, in order to create 
lasting change, the desired behaviour must be easy, attractive, social and timely – hence 
these intervention elements make it easy (consumers do not have to act), attractive 
(immediate benefits to comfort and cost), social (affects the whole household) and timely 
(feedback is immediate).  
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Insight: Feedback that is clear and shows the benefits for the customer is effective  

The most effective combination of feedback types was usage and cost. The reason for this 
may be that this information is clear, objective and inherently relevant to households – it 
neatly links cause (usage) and effect (cost) and helps to close the feedback loop that so often 
makes electricity habits hard to shift. 

 

Implication: Ensure that energy policies and interventions are consumer-centred 

Energy efficiency interventions need to be sensitive to peoples’ needs, wants, desires and 
lifestyles. Generating consumer insight through research and engagement is a critical 
precursor to the design, delivery and success of interventions. Ideally, household energy 
efficiency interventions should involve working with and alongside householders, and foster 
co-design and co-delivery of intervention components.  

 

 
 

 Unintended consequences can derail success: Caution advised 

Insight: Some interventions had unintended effects  
Improvement in one aspect of a consumer’s life can lead to detriment in another. 
Consider for instance those living below the poverty line, who appear to be very 

energy efficient but, in reality, are simply sacrificing their health and wellbeing to ensure a 
lower energy bill. It is therefore important for holistic measures to be utilised to ensure that 
any gains in energy efficiency are not at the consumers’ expense. 

 

Insight: Some interventions can backfire 

Notably, sometimes interventions did not only fail to achieve a positive outcome but instead 
created the opposite outcome from what was intended. This effect was most commonly seen 
in home audits, smart meters/in-home displays and pricing interventions. This could be due 
to a number of factors, for instance consumer reactance (not wanting to be told what to do) 
or moral licensing (consumers find they are doing well in one area, and then tend to do 
worse in another). 

 

Implication: Be mindful of unintended consequences 

Our review identified that some household energy efficiency interventions can backfire and 
generate unintended consequences and negative effects. Therefore, careful scoping and 
scenario planning is required prior to delivering interventions. Pilot-testing interventions and 
their consistent components can be a good way to identify unintended consequences and 
mitigate these prior to full intervention launch. Interventions that may have been successful 
in one context may not necessarily succeed in a different jurisdiction, and therefore direction 
policy and intervention transfer should be carefully considered, and local contextual factors 
accounted for.  
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 Targeted and well-planned approaches work: Context matters 

Insight: Country-specific data are not necessarily transferable 
The United States of America (USA) was the dominant country in the 
literature, with over 35% of all studies examining energy efficiency in a North 

American context. However, the climatic, infrastructure, social, cultural, political and 
technological environment of countries limits the transferability of evidence from one 
country to another. Hence, energy efficiency studies should be critically examined before 
their findings are applied to a different country.  

 

Insight: Limited targeting of specific populations 

The vast majority of the studies examined in this systematic literature review used general 
population approaches. This was largely due to random sampling and a lack of targeting. 
Indeed, rather than focusing on specific groups of people, energy interventions appear to be 
focused around housing types such as apartments (see Asensio & Delmas, 2016), homes with 
specific energy devices like Solar PV (see Hondo & Baba, 2010), specific geographic regions 
where an electricity network operated (see Allcott, 2011), or sometimes a combination of 
both housing type and area served by utility (Alberini & Towe, 2015). This means most 
interventions are tested where it is convenient to do so, and hence have missed focusing on 
some vulnerable consumers, high users of electricity or even the more advantaged. 

 

Insight: The intervention needs to reflect local climatic and socio-cultural practices 

Interventions that leverage local practices; that is, energy activism in countries or regions 
where activism is high will enhance outcomes. Indeed, Stephenson et al.’s (2010) seminal 
study found the significant importance of different ‘energy cultures’ and developed a model 
allowing for these cultures to be considered when developing interventions designed to 
change energy behaviours(Stephenson et al., 2010). Such considerations should be made 
during the design phase of interventions, as alignment with local socio-cultural practices as 
well as more pragmatic concerns such as climate, can dramatically influence an intervention’s 
success. 

 

Implication: Context really matters – ensure that policies and programs support the 
segmentation, targeting and tailoring of interventions according to the specific context 

While the majority of household energy efficiency interventions take a general population 
approach (e.g. 90% of those identified in this review), those interventions that feature 
segmentation, targeting and tailoring of intervention components tend to be more effective. 
Policymakers should acknowledge the unique characteristics of target population groups, and 
their geographic, social, cultural, political, technological and environmental context. Pilot 
interventions can also be used to ensure interventions are fit for purpose in a specific 
context.  
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 Intended goals should inform beginnings: Plan for strong 
evaluation 

Insight: Effectiveness depends on the outcome sought  
The review showed that different intervention techniques were more or less effective for 
different outcomes. Knowing the outcome that is sought will guide the intervention that 
should be pursued.  To reduce overall household electricity consumption, look first at 
retrofitting as this will have a greater impact than pricing. When seeking to change specific 
behaviours (e.g., turning off lights, etc.), workshops tended to be more effective than 
changes to government energy policy, while those interventions looking for bill savings were 
more effective when they involved policy change than when pricing interventions (such as 
increasing prices) were involved. Once the outcome is decided, only then can the appropriate 
technique be selected – looking at a list of ‘most to least effective’ interventions is simplistic 
and misleading. 

Implication: Be clear about defining aims and objectives, and desired outcomes and impacts  

It is critical to be clear about what the aims of objectives are for specific household energy 
efficiency interventions. While we found that most interventions are effective, comparability 
is difficult due to the variation in definitions of energy efficiency (e.g. only reducing kWh 
energy use, or also concerning comfort, health and wellbeing) and what success means. 
Some interventions may aim to reduce overall energy consumption as measured in kWh, 
while others may aim to produce health or wellbeing co-benefits. Therefore, aims and 
objectives need to be identified clearly at the outset of any intervention, and outcomes that 
are Specific, Measurable, Achievable, Relevant and Time-Bound (SMART) should be set to 
evaluate success.  

 

Insight: A claim of success does not equal reduction in electricity usage 

The review identified that 90 out of 107 interventions resulted in positive energy efficiency 
outcomes. However, a finer-grained analysis reveals a mixed story of success. There is wide 
variety in the energy efficiency outcomes targeted and measured in these interventions, with 
only 51% defining success as a reduction in electricity use as measured by kWh. The 
remaining 49% of interventions measured other energy efficiency outcomes, such as 
awareness/knowledge, use of technology and practices. Evidence demonstrates that 
awareness/knowledge does not always translate into a corresponding reduction in kWh, 
therefore claiming success on the basis of a psychological or behaviour measure as a proxy 
for electricity usage is misleading. Also important is that most interventions do not report 
cost-effectiveness or ROI, which is unhelpful for policy and future intervention design. 

 

Implication: Good evaluation is the key to demonstrating success 

Evaluation of the process, outcomes and impact of household energy interventions is crucial 
to demonstrate success. Our review found that sound evaluation was not always a strong 
feature of interventions. A robust framework for evaluation should be considered and 
incorporated at the start of any intervention, including a way to measure ROI if appropriate. 
It should also be designed to suit the context of the intervention, the outcomes sought and 
the resources available – drawing upon the full range of quantitative statistical and 
qualitative methods available as appropriate.  
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 Guidance keeps interventions on track: Use theory appropriately 

Insight: Theory use is not clearly reported 

Using theory can be an excellent way to guide an evidence-based 
intervention; however, the findings at first glance indicate that successful interventions did 
not need theory. Theory: provides a framework for conceptualising and analysing the process 
of behavioural influence and change, guides research regarding specific behaviours, and 
assists with planning and selecting household energy efficiency interventions. Many of the 
intervention details indicate an implicit use of theory but did not report that theory. This may 
be due to the differing requirements of journals about the use and reporting of theory as well 
as the lack of need in industry and government reports to include theoretical bases. There is 
a substantial evidence base in the behaviour change literature that demonstrates the value of 
theory for intervention success (Carins & Rundle-Thiele, 2014; Thornley & Marsh, 2010) so 
our findings may be an anomaly.  
 

Insight: Interventions using multiple theoretical frameworks were more effective 

Less than half of the 107 interventions (46%) reported the use of theory, models or 
conceptual frameworks in their design, implementation and evaluation – though some 
interventions may have used theory implicitly without reporting it. The most common 
approach drew on social norms theories, featuring in six interventions. In general, those 
interventions explicitly reporting theory-use were less successful than those not reporting it, 
with the exception being those studies using multiple theories in combination. This approach 
recognises the complex and multifaceted nature of energy efficiency, and may explain the 
greater success rates here. 

 

Insight: Interventions with social and behavioural theories were more effective 
The review indicated that the theories that were used most often (and most successfully) 
were those that used social norms, behavioural economics and economic theory. These 
approaches are successful because they focus on what matters to the consumer, not to the 
expert (i.e., what other people do/think, what value is in it for my household, etc). It is 
common that there is a disconnect between the experts/policymakers, who may see issues 
from a macro perspective, and the consumers, who are operating from a micro perspective. 
Theories that help address this disconnect are most effective.  

 

Implication: Make use of appropriate social/behavioural theory to guide the design, 
implementation and evaluation of household energy efficiency interventions 

Our findings identified the use of theory as an important success criteria for household 
energy efficiency interventions. Theory is critical to any efforts to bring about behavioural 
and social change as it relates to the underpinning ideas about why something is the way that 
it is, and the key factors influencing this. Theories are used to describe, classify and predict 
future behavioural responses. Therefore, theory: provides a framework for conceptualising 
and analysing the process of behavioural influence and change, guides research regarding 
specific behaviours, and assists with planning and selecting household energy efficiency 
interventions. 
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Recommendations for policy, industry and advocacy 

The insights derived from the findings have been used to develop a roadmap (see Figure 3) 
and specific recommendations for the design and delivery of effective household energy 
efficiency interventions. 

 

Future roadmap and recommendations 

The insights presented provide a roadmap for the best way forward. This roadmap requires 
consumer advocates, policymakers and industry professionals to work together. 
 

Figure 3 Roadmap for the future 

 
 

Key items of importance are: 

 developing and applying a consensus definition of energy efficiency 
 use of a logic model in intervention planning to ensure outcomes and impact are 

distinct, and to assist with a plan for appropriate measurement 
 ensuring that both the technical and human factors that motivate and create barriers 

for energy efficiency are part of the intervention design and delivery 
 designing and recommending interventions that go beyond a single-shot simplistic 

approach 
 encouraging multi-discipline teams to work together on multifaceted interventions. 
 ensuring that theory, if used, is reported 
 engaging in risk-mitigation strategies for interventions 
 understanding regional differences and the need for targeted populations, and 

designing these into interventions 
 incentivising the diffusion of energy technology that allows for tailored, convenient 

feedback and information 
 facilitating industry cooperation to provide personalised information about electricity 

usage in a convenient, immediate manner.  
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Following on from the roadmap, specific recommendations are provided in Table 1. 

 

Table 1 Recommendations for leveraging the insights 

Insight  Recommendation – policymakers Recommendation –advocacy 
groups 

Recommendation – Industry 

Most energy efficiency 
interventions are effective; 
however, comparability is difficult 
due to the variation in definitions 

Incorporating a consensus 
definition into government 
promotional materials and policy 
documents 

Guiding and promoting a 
consensus definition of 
energy efficiency 

Ensuring intervention 
development is in line with 
consensus definition 

A claim of success does not equal 
reduction in electricity usage 
 
Effectiveness depends on the 
outcome sought 

Government-funded 
interventions should require a 
logic model of evaluation in the 
design of the intervention  
 
Objectives of the intervention 
need to mirror the evaluation 
stage 

Provide guidance on the 
outcomes required to 
generate energy efficiency 
impact  

Broader perspectives are 
needed on positive outcomes 
that are possible, beyond 
electricity wattage reduction  

Theory use is not clearly reported 
 
 
Interventions with social and 
behavioural theories were more 
effective 

Government-funded 
interventions to report theory 
basis if it is used  
 
Ensure that both the technical 
and human factors that motivate 
and create barriers for energy 
efficiency are part of the 
intervention design and delivery 

Develop guidelines for 
reporting theory or 
frameworks 

Ensure that the 
frameworks/models/mechani
sms by which interventions 
are guided are 
comprehensively mapped and 
detailed in pre-
design/implementation and 
evaluation stages  

Interventions using multiple 
theoretical frameworks were more 
effective 
 
Multiple types of feedback are 
more effective 
 
Multiple intervention elements 
were more effective 

Design and recommend 
interventions that go beyond a 
single-shot simplistic approach  
 
 
Incentivise multi-discipline 
teams to work together  

Promote the need for 
multiple frameworks to be 
used in energy efficiency 
interventions 

Investigate where combining 
frameworks can overcome 
potential limitations 

Some interventions can backfire 
 
Some interventions had unintended 
effects 

Include the potential hazards in 
risk-mitigation strategies 

Develop tips and guidelines 
for avoiding unintended and 
negative effects for 
consumers 

Resources and procedures 
should be devoted to 
investigating/reporting 
unintended consequences 
(backfires) of interventions 

Country-specific data are not 
necessarily transferable  
 
Limited targeting of specific 
populations  
 
The intervention needs to reflect 
local climatic and socio-cultural 
practices 

Where regional differences are 
likely to yield different results in 
an energy efficiency 
intervention, pilot specific and 
targeted interventions to build 
the evidence base  

Identify regions and 
population groups that 
require different 
approaches in an energy 
efficiency intervention 

Even within the same country, 
regional differences exist – 
energy efficiency 
interventions should be 
adapted for each region being 
targeted 

Feedback that is clear and shows 
the benefits for the customer is 
effective.  
 
Information at a convenient, timely 
location assists adoption of energy 
efficiency technology 

Incentivise the diffusion of 
energy technology that allows 
for personalised, convenient 
feedback and information  
 
Facilitate/regulate industry to 
provide personalised 
information about electricity 
usage in a convenient, 
immediate manner 

Advocate for technology to 
be accessible and 
convenient for all 
population groups 

Enhance customer value and 
loyalty by providing 
personalised information 
about electricity usage in a 
convenient, immediate 
manner 
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Design principles for effective energy efficiency interventions 

When developing the roadmap and a path forward, seven design principles derived from the 
findings and insights can form a foundation for future implementation (see Table 2). Design 
principles are guiding criteria for the development of any intervention.  

 

Table 2 Design Principles 

Design principles and description 

 

Evidenced Based: There is a sizeable evidence base available of different types of energy efficiency 
interventions, the elements used and the outcomes/impact sought. This evidence-base should be 
the starting point for the design and delivery of interventions or services. 

 

Easy and Informative: Consumers are already overwhelmed by the sheer volume of information and 
tasks that come their way each day. As governments around the world focus on ‘consumer 
empowerment’, demands on consumers to take an active role in all aspects of their life increase. 
Interventions that require less effort (like structural changes or simple swaps) therefore have a 
greater chance of being effective. 

 

Positive and Helpful: Consumers do not wish to feel judged or deprived. Interventions should come 
from a positively-framed perspective and show how they will help the consumer – rather than simply 
giving them another thing to worry about. 

 

Personalised and Relevant: Interventions should be focused on the specific target audience they seek 
to influence and should be tailored to this group. Personalised and relevant interventions have a 
greater chance of consumer involvement. 

 

Measurable: The influence of interventions should be able to be easily and accurately measured. 
During the initial planning for interventions, decisions should be made on the exact outcome or 
impact sought and how this will be measured. 

 

Easy to Find: To enable interventions – and learnings from interventions – to have their full impact, 
they need to reach the right people. When interventions are planned and designed, a plan for a 
communication strategy to support dissemination to relevant stakeholders should occur at the same 
time (i.e., Who needs to see it? When? Where and how will they find it?). This may mean taking 
small, practical steps like completing journey mapping, boosting Search Engine Optimisation (SEO), 
ensuring correct keywords are used and placing the information on relevant databases. 

 

Balance Ideal with Reality: The need to align the outcome or impact with the available resources and 
constraints of the organisation is a strong consideration. Matching the design, process and 
evaluation approach with the available resources overrides an aspirational ideal. 
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Suggested future funding for electricity efficiency initiatives 

From the research, three themes regarding potential future electricity efficiency funding for 
initiatives emerged. These three themes, “Which combinations work best and for who?”, 
“Walking in the shoes of the consumer (taking a consumer perspective)” and “Developing a 
consistent benchmark framework for electricity efficiency”, provide strategic insight into 
where resources/funding can be allocated to gain a greater understanding of successful 
interventions.  

1. Which combinations work best and for who? 

A key finding of the research was that a combination of structural (installations) and 
behavioural approaches were the most effective. This provides a strong evidence base that 
future funding of energy efficiency interventions should be cautious of funding explorations 
of interventions or research which rely on leveraging one element (i.e. education) to achieve 
significant electricity efficiency changes. Instead, from the findings of this research, it is 
suggested that there needs to be a stronger focus and preference for funding interventions 
and research which explore a combination of approaches to change electricity efficiency. In 
addition, a finding from the research suggested that many of the interventions took primarily 
a holistic (whole) market approach. This is counter to key marketing principles whereby 
strategies should be tailored towards a target market to ensure greater ROI. This leads to the 
proposition that a key initiative for future funding should be investigating “Which 
combinations work best and for who?” This initiative can be guided by the following set of 
research questions: 

1. What combinations of behavioural approaches are the most effective? 
2. What combinations of structural approaches are the most effective? 
3. What combinations of behavioural and structural approaches are the most effective? 
4. What combinations with structural/installation-based interventions are the most 

effective?  
 

2. Walking in the shoes of the consumer (taking a consumer perspective) 

Another key finding of the research was that there is currently a lack of understanding both 
from practice and research as to the consumer perspectives of electricity efficiency. This is 
not to be confused with simply consumers’ preferences to be energy efficient or “save the 
environment”. Instead, this finding suggests future funding initiatives should focus on 
interventions which seek to provide a deeper understanding of the key consumer motivators 
and inhibitors for electricity efficiency. These motivators and inhibitors can and should 
include cultural, structural, economic and psychological factors which collectively contribute 
to consumers’ ability to use electricity in a desired way. Funding future initiatives that seek to 
understand such factors and “walking in the shoes of the consumer” is important to ensure 
interventions are designed in such a way that they match the situation faced by consumers 
and maximise initiative effectiveness. To address this research priority, “Walking in the shoes 
of the consumer”, the following research questions are suggested:  

 What are the main consumer cultural motivators and barriers to electricity efficiency?  
 What are the main consumer structural motivators and barriers to electricity 

efficiency? 
 What are the main consumer economic motivators and barriers to electricity 

efficiency? 
 What are the main consumer psychological motivators and barriers to electricity 

efficiency? 
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3. Developing a consistent benchmark  framework for electricity efficiency  

A common theme that emerged from the systematic review is that there are multiple, and at 
times conflicting, key performance indicators for electricity efficiency interventions. This 
suggests there is a need for a methodical process by which criteria and a framework are set 
for measuring the effectiveness of electricity efficiency interventions. Future funding should 
therefore be devoted to undertaking a multi-disciplinary approach to generating a set of 
criteria and or a framework by which the success of energy efficiency interventions can be 
assessed and compared. The questions which should be explored in developing the 
criteria/framework are: 

 What is/are the electricity production key performance indicators for electricity 
efficiency interventions? 

 What is/are the environmental key performance indicators for electricity efficiency 
interventions? 

 What is/are the consumer key performance indicators for electricity efficiency 
interventions? 
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Method and approach 

A systematic review attempts to collate all relevant evidence that fits pre-specified eligibility 
criteria to answer a specific research question (Moher et al., 2015). Furthermore, a 
systematic review uses explicit, systematic methods to minimise bias in the identification, 
selection, synthesis and summary of studies (Moher et al., 2015)As such, this systematic 
literature review followed the steps recommended by Sorrell’s (2007) work on the role of 
systematic reviews in improving the evidence base for energy policy. The caveat to note is 
that this literature review is systematic not comprehensive, which means that research may 
exist that could have been useful but was not identified in the search and screening stages. 

Limitations of this method are: 

 Issues in searching for grey literature have been identified by Mallet, Hagen-Zanker, 
Slater and Duvendack (2012, p. 449): “differences in websites’ search functions mean 
that search strings have to be either adapted or discarded altogether, and relevant 
websites may be excluded, whether unintentionally (lack of knowledge) or otherwise 
(time/resource constraints). This means that potentially high numbers of pertinent 
studies can be missed.” 

 The systematic review process is an extremely resource-intensive and time-
consuming process often in part due to the higher number of studies that need to be 
individually screened (Mallett et al., 2012). As noted by Mallet and co-authors (2012), 
“since doing a systematic review properly implies following the same protocol for 
each study, each article had to be thoroughly screened and assessed – no short cuts 
could be taken.” 

 Another potential limitation is the use of participant self-ratings; individual studies 
can also be influenced by the decision-maker's perceptions and views (Wallace, 
Nwosu, & Clarke, 2012). Study design comparisons between papers can be hard to 
conduct as researchers have carried out their investigations in different ways 
(MacGill, 2019).  

 An alternative method would be a meta-analysis, which statistically compares 
interventions with similar intervention designs and with similar outcome measures. 
However, meta-analyses are required to be heavily standardised and strictly 
conducted. They are much more common in areas where random controlled trials are 
possible such as pharmacy, where a controlled dosage of a drug can be administered 
to patients who are blinded to treatment or controls; whereas in energy 
interventions, blinding households and administering retrofits or new technology is 
much more difficult, if not impossible.  

 

Systematic literature review stages 

As outlined in Figure 4, the stages of the review process start with a clear specification of the 
research question or questions to be addressed, followed by an exhaustive search of the 
available literature.  Next, an explicit criteria for the inclusion or exclusion of studies is 
applied, the quality of the included studies is appraised using transparent and standardised 
criteria and, finally, the results are summarised and synthesised in an objective manner, with 
the dissemination of results to the appropriate audience (Sorrell, 2007).  
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Figure 4 Stages in the systematic review process 

 

Figure adapted from Sorrell (2007). 

 

Search and screening process 

Three major databases (Web of Science, Scopus and ScienceDirect) were used to search for 
potentially relevant abstracts. These databases cover a wide range of published research in 
the fields of business, social science and engineering/built environment, with a total of over 
100 million records. Search parameters included English-only manuscripts published prior to 
October 2017. Grey literature (reports and government documents) was also included, 
however these were limited to documents that were found using a Google search (this 
means that there are likely to be industry or government initiatives that exist but were not 
included due to lack of searchability; that is, search engine optimisation keywords). This 
constraint means that effort is needed when publishing grey literature online to ensure that 
keywords are included to enable appropriate searches. Inclusion and exclusion criteria were 
developed for the search (see Table 3). All articles were screened for relevance and quality.  
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Table 3 Inclusion and exclusion criteria 

Focus Inclusion Exclusion 

Consumer group Households and homes Commercial, office and dormitory 

Language English  Language other than English 

Time frame Between 1990 and August 2017 Older than 1990 

Paper types Journal articles Editorials, conference papers, review, 
conceptual 

Method types Empirical Laboratory experiments, formative, 
methodological  

Locations Advanced economies  

 

The search identified 3310 articles. Once duplicates were removed, this number reduced to 
1330 of which 885 were removed because they were off-topic, from a non-advanced 
economy or were published before 1990. There were now 445 articles left which were then 
assessed for eligibility using the inclusion criteria, with 336 excluded. This left 107 
articles/reports to be included in the analysis. This number is considered large when applying 
a systematic literature review process. Figure 5 provides a graphical representation of the 
screening process for articles. 

 

Figure 5 Screening process for articles 
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Findings 

In addressing the five research questions (see Figure 6), the review identified 107 relevant 
energy efficiency interventions for inclusion, across 108 papers. One intervention had two 
published papers which investigated two different research questions (see Boudet et al., 
2016, 2014). Interventions were varied in their impact on outcomes, geographic location and 
targeted populations/sub-groups, techniques and activities used in the intervention, design 
and outcome measures used in evaluation, and theories/models used to inform their design. 

 

Figure 6 Research Questions 

 

 

Effectiveness of household energy interventions 

The findings from research question one relate to the themes of: Energy 
efficiency is complex: A multi-layered approach is needed; and Unintended 
consequences can derail success: Caution advised. These themes and the 

following insights also derive information from RQ4. Specifically, three insights are drawn 
from the findings: 

 most interventions achieve their aims, however direct comparability is complex 
 unintended effects were found for some interventions  
 interventions can backfire 

 

Effective interventions 

Of the 107 interventions included in the review, 91 were found to have had a positive impact 
on reported outcomes, twelve reported no change and four showed a detrimental effect, 
such as increasing electricity when reduction was the objective (see Figure 8). Thus, the 
evidence finds support for the effectiveness of household energy efficiency interventions in 
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general.  There was a lack of inclusion of energy efficiency co-benefits, such as thermal 
comfort or reduction in financial stress as outcomes (Bedggood, O’Mahony, Pervan, & 
Buergelt, 2018). This demonstrates a narrow definition of energy efficiency limited to 
electricity use (e.g. kWh).  

 

Seventy-two interventions reported a reduction in electricity use, of these 69 measured 
electricity reduction with a median reduction of 9%. Electricity use reductions among these 
69 interventions ranged from 80% for a comprehensive energy retrofit (Akbari, Bretz, Kurn, & 
Hanford, 1997) to 0.5% for a financial policy change intervention (Ó Broin, Nässén, & 
Johnsson, 2015). Thirty-five interventions reported other positive impacts on outcomes such 
as positive changes in awareness or knowledge about energy efficiency (seven studies), 
adoption of energy efficiency technology (six studies), or behavioural changes (thirteen 
studies), bill savings (seven studies) and gas reduction (two studies; see also Figure 7). 

 

Figure 7 Number of interventions with positive energy efficiency outcomes 

 

Defining effectiveness 

The variation in outcomes ranging from awareness to kWh reduction indicates an assumption 
that all outcomes may be equal in their relationship to the impact of an energy efficiency 
intervention.  For instance, when an intervention defines outcomes as awareness and then 
claims success, this may imply that there would be equivalent reduction in electricity usage 
and impact.  Using the logic model of evaluation to classify the results of an intervention (see 
Figure 8), short-term outcomes such as awareness and knowledge are distinct from long-
term outcomes such as behaviour, bill savings and kWh, and cannot be reported 
interchangeably or as proxies.  Likewise, long-term outcomes are distinct from the impact of 
the intervention.  While there may be a causal relationship between short- and long-term 
outcomes, they are different, and other factors, such as housing structure and ability to enact 
change, can reduce the relationship.  
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The impact of the energy efficiency outcomes is difficult to assess due to the variation in the 
measurement of these outcomes and in some cases no data reported. In particular, 
qualitative findings cannot be directly compared with quantitative findings.  

 

Figure 8 Recommended logic model approach for energy efficiency interventions 

 

There were five types of energy efficiency outcomes evident for energy efficiency 
interventions: adoption of energy efficiency technology, awareness and knowledge of energy 
efficiency information and practices, energy efficiency behaviour, bill savings and 
electricity/gas reduction (kWh; see Figure 9). 

 

 

Figure 9 Energy efficiency outcomes 
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Awareness and the behaviour gap 

Prior research is clear that outcomes such as awareness and knowledge do not always 
translate into behaviours (Christiano & Neimand, 2017) and cannot be used as proxies. In 
particular the Powershift analysis by the GEER group on the 2015–16 Low Income Energy 
Efficiency Program (LIEEP) found that energy efficiency behaviours such as switching off lights 
and keeping the air conditioning at 24 degrees did not necessarily lead to the corresponding 
change in kWh and bill savings (see Figure 10 and Figure 11).Further, sometimes awareness 
and knowledge do not translate into the desired behaviours, for instance in studies reported 
by Tiefenbeck, Staake, Roth, and Sachs (2013) and Jacobsen, Kotchen and Vadenbergh 
(2010), where consumers engaged in moral licensing or overcompensation with their energy 
behaviours – in short, making consumers aware resulted in increased kWh (over and above 
what the participants actually required).  

 

Figure 10 LIEEP program evaluation 
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Limited effectiveness 

Twelve interventions reported very limited or no change to the outcome measure, with five 
showing no change in electricity use, four reporting mixed results in outcome evaluation and 
three reporting a marginal reduction in electricity use that was not statistically significant. 
Four interventions reported a negative impact in which there was an increase in electricity 
use, or where the environmental impact or cost of the intervention was deemed to be too 
high. Of these four, two reported increases in electricity use, one reported limited success 
due to high costs and lack of impact on carbon emissions, which were a stated focus in that 
intervention, and one reported a lack of adoption of energy efficiency grants, which was a 
stated focus in that intervention. 

 

 

 

 

 

 

 

 

 

 

 

 

Vignette: Retrofits in apartments 

One of the most successful interventions was 
conducted in a Danish apartment complex called 
Traneparken (Thomsen et al., 2016). The project used 
an energy retrofit which involved many energy 
efficiency features, such as: new facades, new windows, 
additional insulation, mechanical ventilation with heat 
recovery and a photovoltaic installation on the roof. For 
the 12.9% (8.6% net) increase in rent, the tenants 
received a better indoor climate, flats that are easier to 
organise due to warmer walls and windows, fewer 
drafts, and glazed balconies overlooking renovated 
outdoor areas. A dramatic reduction of 31% was 
recorded, mostly due to the savings made in heating 
and domestic hot water before and after renovation. In 
addition, the tenants’ overall satisfaction with 
perceived indoor climate before and after the retrofit 
was measured and was found to have improved. It 
should be noted, however, that retrofits can be a high-
cost intervention relative to other types of intervention. 

Results: 

Reduction of 31% in energy use. 

Tenants more satisfied with indoor 
climate. 
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Figure 11 Impact of energy efficiency interventions 

 

 

 

 

 

 

 

 

 

 

 

 

Lessons from Failure 

Lessons can also be learnt from failure. There were four interventions that did not achieve 
their outcomes. The key reasons for these failures were: 

 

 Moral licensing: People may adopt constructive conservation practices in one area but 
these can make people increase usage in other areas.  
 

 Over-compensation: Some people largely increased their electricity usage when they 
enrolled in green-energy interventions, and these increases were not able to be offset 
by the marginal savings made by other households. In essence, using green energy 
seemed to reduce people’s motivation to conserve energy.  
 

 Low awareness: A lack of awareness by some participants of the range of "low energy" 
devices and bulbs in the marketplace.  
 

 Expenses: Upfront costs were deemed too high by some participants, even if over the 
long term they would be better off financially.  
 

 Remaining with the status quo: Unable to upgrade energy-hungry heating systems 
owned by participants because even though they were highly inefficient they were 
seen as very reliable.   
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Vignette: Green energy use increases energy use 

Work by Jacobsen, Kotchen and Vadenbergh (2010) 
investigated a household’s decision to engage in a 
form of environmentally friendly behaviour based on 
the desire to offset another behaviour that is 
environmentally harmful. The Green Power Switch 
(GPS) intervention gave customers the option to 
purchase electricity from alternative energy 
sources. They found that people enrolling in a green-
electricity intervention increased their 
electricity consumption by 2.5%.  The fact that 
electricity consumption increases for some households 
that purchase green electricity raises the question of 
whether the net effect on emissions is positive or 
negative for the environment. In essence, using green 
energy seemed to reduce people’s motivation to 
conserve energy.  

Vignette: Moral licensing and electricity use 

In the Tiefenbeck et al. (2013) article on moral 
licensing, the research question was: Can isolated 
environmental campaigns focusing on defined target 
behaviours trigger cross-domain adoption of additional 
environment-friendly behaviours (positive spillover)? In 
this study the real net performance of these 
interventions was evaluated by investigating the 
potential positive or perverse side effects dominate by 
exemplifying the impact of a water conservation 
campaign on electricity consumption. Drawing on both 
daily water (10,780 data points) and weekly electricity 
(1386 data points) consumption data from 154 
apartments, their results show that residents who 
received weekly feedback on their water consumption 
lowered their water use (6.0% on average), but at the 
same time increased their electricity consumption by 
5.6% compared with control subjects. After comparing 
possible confounding factors, Tiefenbeck et al. (2013, 
p. 160) found that their results were "consistent with 
the concept of moral licensing, which can more than 
offset the benefits of focused energy efficiency 
campaigns." Ultimately they advocate for the adoption 
of a more comprehensive view in environmental 
intervention design/evaluation in order to quantify and 
mitigate these unintended effects. 

 

Result: 

Residents who received weekly 
feedback on water consumption 
lower water use by 6% but increase 
electricity use by 5.6% 

Result: 

Residents who chose to use green 
energy used 2.5% more electricity. 
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Theories and frameworks that inform energy efficiency interventions  

The findings from research question two relate to the theme of Guidance keeps 
interventions on track: Use theory appropriately. Specifically, three insights are 
drawn from the findings: 

 theory use is not clearly reported 
 interventions using multiple theoretical frameworks were more effective 
 interventions with social and behavioural theories were more effective.  

 

Less than half of the 107 interventions (46%) reported the use of theory, models or 
conceptual frameworks in their design, implementation and evaluation (see Table 4). The 
most common approach drew on social norms theories, featuring in six interventions. Four 
interventions reported the use of a multi-theoretical approach, for example Schultz, Estrada, 
Schmitt, Sokoloski and Silva-Send (2015) combined feedback theory, social norms theory and 
framing theory. The remaining interventions may have used theories or frameworks 
implicitly; however, as these were not reported no assumptions can be made.  On closer 
inspection, many interventions did not explicitly state a theoretical underpinning; however, 
on reading the details a theoretical approach appears evident. For example, (McCoy and 
Lyons, 2017) discussed concepts such as moral licensing and priming as possible theoretical 
explanations for the results, but these were reported as frameworks used.  

 

Table 4 Use of theory in energy efficiency interventions 

Theory Number of 
interventions 
using the 
theory 

Successful 
outcome 

Intervention mechanism Articles 

Social norms 6 (6%) 6/6 

100% 

Pricing mechanism (tariffs, 
rewards)  
Information/education 
Policy changes 
Home retrofit 
Digital (web/app) 
Workshops/training 
Home audit 
Smart meter/in-home displays 

Allcott (2011), Harries et al. (2013), 
Ozawa, Furusato, & Yoshida 
(2017),Podgornik, Sucic and Blazic 
(2016), Ro, Brauer, Kuntz, Shukla, 
& Bensch (2017), Schultz et al. 
(2015) 

Behavioural 
economics 

4 (4%) 3/4 

75% 

Pricing mechanism (tariffs, 
rewards) 
Information/education 
Policy changes 
Home retrofit 
Digital (web/app) 
Workshops/training 
Home audit 
Smart meter/in-home displays 

Agarwal, Rengarajan, Sing, & Yang 
(2017), Asensio and Delmas (2016), 
Cosmo & O’Hora (2017), 
Guerassimoff & Thomas, (2015) 

Theory of 
planned 
behaviour 

3 2/3 

66% 

Pricing mechanism (tariffs, 
rewards) 
Information/education 
Policy changes 
Home retrofit 
Smart meter/in-home displays 

Anda & Temmen (2014), Bjørnstad, 
(2012), Hondo and Baba (2010) 
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Theory Number of 
interventions 
using the 
theory 

Successful 
outcome 

Intervention mechanism Articles 

Social practice 
theory 

3 2/3 

66% 

Pricing mechanism (tariffs, 
rewards)  
Information/education 
Policy changes 
Home retrofit 
Smart meter/in-home displays 

Murtagh, Gatersleben, & Uzzell, 
(2014), Schelly (2014), Strengers & 
Maller (2011)  

Economic 
theory 

5 4/5 

90% 

Pricing mechanism (tariffs, 
rewards) 
Information/education 
Policy changes 
Home retrofit 
Smart meter/in-home displays 

Alberini and Towe (2015), Havas, 
Ballweg, Penna, & Race (2015), Ida, 
Murakami, & Tanak (2016), Ito, 
(2015) Kirkpatrick & Bennear 
(2014) 

Feedback 
theory 

4 3/4 

75% 

Information/education 

Digital (web/app) 

Smart meter/in-home displays 

Iwafune, Mori, Kawai, & Yagita 
(2017), Nilsson et al. (2014); Ozawa 
et al. (2017), Schultz et al. (2015) 

Learning 
theory 

1 1/1 

100% 

Information/education 

Workshops/training 

Craig & Allen (2015) 

Multi-
theoretical 
approach 

6 4/6 

66% 

Pricing mechanism (tariffs, 
rewards) 
Information/education 
Policy changes 
Home retrofit 
Digital (web/app) 
Workshops/training 
Home audit 
Smart meter/in-home displays 

Asensio and Delmas (2016), 
Bjørnstad (2012), Ozawa et al. 
(2017), Ro et al. (2017),Schultz et 
al. (2015), Wallenborn, Orsini, & 
Vanhaverbeke (2011)  

No theory 
evident 

58 (54%) 52/58 

90% 

Pricing mechanism (tariffs, 
rewards) 
Information/education 
Policy changes 
Home retrofit 
Digital (web/app) 
Workshops/training 
Home audit 
Smart meter/in-home displays 

  

  

The interventions where theory was reported appear to have lower effectiveness than 
interventions where theory was not reported (see Table 5). However, given that theory may 
have been present in some of the 58 articles, caution should be taken when drawing 
conclusions from this finding. Another consideration is whether those studies using theory 
had more rigorous evaluation processes – a likelihood, as appropriate theory-use requires 
planning from design through to evaluation.  

Very few interventions used multi-theoretical approaches, despite research suggesting that 
energy use is a complex and multifaceted phenomenon (Owens & Driffill, 2008; Shove & 
Walker, 2014). Of the six interventions where a multi-theoretical approach was taken, four 
were effective – hence a 66% success rate is evident.  
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Table 5 Outcome of use of theory in energy efficiency interventions 

Outcome No theory reported Theory reported Total 

Positive (electricity reduction) 52 90% 38 78%   

Negative (electricity increase) 2 3% 2 4%   

No change 4 7% 8 16%   

Nothing measured 0 0% 1 2%   

TOTALS 58 100% 49 100% 107 

*Note: Positive = Achieved their objectives. Reduced electricity usage or increased energy efficiency awareness, behaviour 
adoption. 

Negative = Did not achieve their objectives 

No change = No change or very marginal change 

 

 

 

 

  

Vignette: Gamification and household electricity 
consumption 

A project by Ro, Brauer, Kuntz, Shukla, and Bensch 
(2017) made use of multiple theories, including 
normative influence, competition, self-perception, 
social diffusion and rewards. Ro et al. (2017) designed 
and implemented a social game that aims at getting 
individuals to reduce their household-level greenhouse 
gas emissions, including energy consumption. Using 
elements of gamification and behaviour change, the 
study tested its effectiveness in two large-scale field 
studies with a total of 1,975 people and found that the 
game significantly reduced people's household 
electricity consumption six months after the game and, 
also, that playing the game led to increased self-reports 
of household efforts to save energy and perceived 
importance of sustainability. Ro et al. (2017, p. 21) 
assert that “Gamification is an effective tool to change 
behaviours.” 

 

Result: 

Gamification led to significant 
reductions in household electricity 
consumption. 
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Geographic location and populations in energy efficiency interventions  

The findings from research question three relate to the theme of: Targeted and 
relevant approaches work: Context matters. Specifically, three insights are drawn 

primarily from the findings: 

 country-specific data are not necessarily transferable 
 limited targeting of specific populations 
 the intervention needs to reflect local climatic and socio-cultural practices. 

 

The search revealed that the USA was the dominant country represented in the interventions 
analysed, followed by the United Kingdom (UK), Australia, Japan, Sweden, Canada and 
Denmark (see Table 6). Thus, there is a skew in the findings towards American interventions. 
Two interventions were conducted in more than one country, with one in Spain, France, 
Malta and Cyprus (Podgornik et al., 2016) and one in the European Union’s 14 countries (Ó 
Broin et al., 2015).  
 

Table 6 Countries with energy efficiency interventions 

Country Papers Percentage Country Papers Percentage 

USA 38 35.51% Italy 2 1.87% 

UK 14 13.08% Multiple 2 1.87% 

Australia 7 6.54% Netherlands 2 1.87% 

Japan 6 5.61% Belgium 1 0.93% 

Sweden 6 5.61% Cyprus 1 0.93% 

Canada 5 4.67% Finland 1 0.93% 

Denmark 5 4.67% France 1 0.93% 

Ireland 4 3.74% Greece 1 0.93% 

New Zealand 3 2.80% South Korea 1 0.93% 

Singapore 3 2.80% Norway 1 0.93% 

Germany 2 1.87% Spain 1 0.93% 

 

The climatic, infrastructure, social, cultural, political and technological environment of 
countries limits the transferability of the evidence across countries. For instance in Japan, 
households use unit cooling and heating in every room and Japanese households make 
frequent purchase and replacement decisions for air-conditioners (Mizobuchi & Takeuchi, 
2016). Consequently, people in Japan have more energy-efficient investment opportunities 
(i.e., chances to purchase energy-efficient air-conditioners for replacement or additional use) 
than those in European countries and the USA. As another example of cultural difference, in 
Denmark there is a strong cultural practice of local energy activism (Bauwens, Gotchev, & 
Holstenkamp, 2016), where alternative energy production is higher than in countries with 
lower levels of activism – something that could be leveraged for Danish interventions but 
perhaps not for interventions in other countries. 

There is variation within countries with regard to the relative popularity of different types of 
energy saving behaviours. Compared with the overall trend, curtailing energy (i.e., a type of 
demand response where consumers reduce energy use in response to a request, or when the 
grid provides less energy for a set time period) is reported to be more common than 
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investing in energy efficiency measures in a number of countries such as the UK, Hungary and 
France (Bauwens et al., 2016). For example, while the UK ranks as the top seventh country 
with regard to how often consumers curtail their energy use, it has the bottom fourth 
position with regard to energy efficiency investments. In a number of other countries—such 
as Austria, Poland and the Czech Republic—we observe the opposite situation, where 
efficiency behaviour is reported to be relatively more common than curtailment behaviour. 
Furthermore, external conditions, such as infrastructure, markets, industrial networks, 
regulations and policies, are likely to differ between countries. Even within more integrated 
economies, such as the European Union, the energy mix is highly variable between countries 
(Sarrica, Brondi, Cottone, & Mazzara, 2016). Different energy cultures exist across the world 
(Stephenson et al., 2010) and these are likely to influence the adoption of energy-intensive 
devices, energy efficiency practice and behaviours and adoption of energy saving or 
generating technologies, such as solar panels or smart devices. 

When it comes to populations participating in energy efficiency interventions, analysis 
revealed four profiles of people participating in energy efficiency interventions, with a 
general approach more common than a targeted approach. Vulnerable groups that were 
included were those with low income and the elderly; however, there were other vulnerable 
groups who were not specifically reported (see Figure 12). While these groups may have 
been included in general population interventions, the lack of specific interventions for the 
groups most in need of energy efficiency to combat rising prices is evident. As many of the 
general population interventions involved random sampling methods, this precludes the 
ability to specifically sample for vulnerable groups. For instance, Hamilton et al. (2013) 
examined the UK’s ambitious retrofit interventions that encompassed 13 million people, 
while Macintosh and Wilkinson (2011) detailed the Solar PV rebate interventions that were 
implemented in Australia with over 100,000 households. The random sampling used in each 
of these instances means that while some specific populations of interest are likely to be 
captured in the data, this is not necessarily guaranteed. 

 

Figure 12 Participant profile for energy efficiency interventions 
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Rather than focusing on specific population groups, energy interventions appear to be 
focused around housing types, such a block of apartments with similar floor layouts (see 
Asensio & Delmas, 2016), homes with specific energy devices such as Solar PV (see Hondo & 
Baba, 2010), specific geographic regions where an electricity network operated (see Allcott, 
2011), or sometimes a combination of both stock type and area served by utility (Alberini & 
Towe, 2015).  

 

 

 

  

Vignette: Low-income and electricity feedback 

Focusing on low-income households, Podgornik and 
colleagues (2016) evaluated the effect of customised 
consumption feedback and other information 
interactions on energy-behaviour patterns and energy 
savings. They tested two different consumption-
feedback services: 1) appliance-specific consumption 
breakdown with a simple kWh, CO2 and costs 
presentation of the electricity consumption; and 2) 
informative billing with and individualised periodic 
reports (efficiency indicators). The equipment-
installation phase was used to install the monitoring 
equipment (smart meters and in-home displays) and 
educate the participating households about equipment 
usage, giving them a walkthrough of how the 
equipment worked.  

This was accompanied by an interactive awareness 
campaign, which emphasised the proper understanding 
of the consumption feedback and other complementary 
energy services provided to low-income households. 
The research has demonstrated electricity savings of 
between 22% and 27% when individualised and 
household-specific awareness campaigns and 
contextualised consumption feedback are introduced to 
the targeted households. The savings reached as high as 
36% when efficient energy behaviour was additionally 
stimulated by complementary measures. 

Result: 

Electricity savings of 22–27% when 
individualised and household-specific 
awareness campaigns and 
contextualised consumption feedback 
are used. 
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Techniques used in energy efficiency interventions 

The findings from research question four relate to the themes of: Energy 
efficiency is complex: A multi-layered approach is needed; Relevant benefits 
increase engagement: What’s in it for me?; and, Unintended consequences can 

derail success: Caution advised. These themes and the following insights also share 
information from RQ1. 

Specifically, four insights are drawn from the findings: 

 multiple types of feedback were more effective 
 multiple intervention elements (and levels) were more effective 
 information at a convenient, timely location assists adoption of energy efficiency 

technology 
 feedback that is clear and shows the benefits for the customer is effective  

 

There were eight types of intervention elements used in the interventions (see Figure 13). 
These include the following options: 

 Information/education 
 Pricing intervention element 

(tariffs)  
 Rewards  
 Smart meter/in-home displays 

 Home retrofit 
 Home audit 
 Policy changes 
 Digital (web/app)  
 Workshops/training 

 

Figure 13 Eight types of intervention elements 

  

Levels of intervention – macro and micro 

Interventions were classified into one of two levels: macro or micro. The micro level includes 
individual and household interventions such as using in-home displays to provide smart 
meter feedback about household electricity consumption (Schultz et al., 2015) and the macro 
level which included policy-level interventions such as regulations. There were also 
interventions that spanned multiple levels. The majority of interventions were at the micro 
level (92, 86%), with only a small amount focusing on the macro level (9, 8%), and an even 
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smaller amount focused on the multi-level (6, 6%) (see Table 7). The success of the 
intervention did not appear to vary according to level of intervention, with more than 80% of 
interventions across all levels being successful. Only a small number of interventions had 
negative outcomes, with none reported in either the macro- or multi-level groups and four 
found in the micro-level group. Success did not appear to vary according to the level of 
intervention, although this could have been affected by the very small number of 
interventions at the macro level included in the analysis.  

 

Table 7 Outcomes for micro and macro intervention levels 

Level Number of 
interventions 

% reporting successful 
outcomes  

% reporting 
negative 
outcomes 

% reporting no 
change 

Micro  92 (86%) 85% 4% 11% 

Macro 9 (8%) 89% 0% 11% 

Multi-level 6 (6%) 83% 0% 17% 

TOTAL 107    

 

Of the eight types of intervention elements used in the interventions, the most used 
intervention element was information/education and the least used was workshops/training 
(see Table 8).  

Table 8 Intervention elements for each level 

Intervention element Number of 
interventions 

% of intervention 
element used at 
micro level 

% of intervention 
element used at 
macro level 

% of intervention 
element used 
across level 

Information/education  43 91% 2% 7% 

Pricing intervention element 
(tariffs) and rewards 

39 77% 15% 8% 

Smart meter/in-home displays 36 94% 0% 6% 

Home retrofit 34 85% 9% 6% 

Home audit 14 86% 0% 14% 

Policy changes  12 50% 25% 25% 

Digital (web/app) 11 91% 0% 9% 

Workshops/training 9 78% 0% 22% 

 

The most used intervention elements for micro-level interventions (households and 
individuals) were in-home displays, information/education, digital (web/app), retrofits and 
audits, and for macro-level interventions the most used intervention elements were policy 
changes and pricing intervention elements (see Figure 14). The most common intervention 
elements across both levels were workshops/training, policy changes and home audits.  
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Figure 14 Most and least used intervention elements across levels 

 

 

Energy efficiency outcomes for intervention elements 

This table details the median outcomes reported for each intervention element when 
quantitative outcomes were available. For instance, in the interventions that measured 
electricity reduction and used a pricing intervention, the median reduction was 8% compared 
to home retrofits where electricity use was reduced by 13%. The intervention element that 
appears to improve energy efficiency behaviours (e.g. switching off lights, using a clothesline 
and not a dryer, keeping the air-conditioning temperature at 24 degrees) is 
workshops/training compared to policy changes, which appear to have no behavioural 
improvement. The intervention element that appears to have the most effect on bill savings 
is policy changes compared to pricing interventions, which yielded no change. Gas reduction 
is most affected by home retrofits. Information/education elements and smart meters/in-
home displays appear to be the most effective for encouraging adoption of technology while 
pricing interventions had the least effect (see also Table 9). 
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Table 9 Median outcomes per intervention element 
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Adoption of technology increase 8% 15%      15% 

Awareness improvement - 22% - - - - - - 

Behavioural improvement 0% 25% 0% - 13% 31% - 13% 

Bill savings 0% - 6% 3% - - - 5% 

Electricity reduction 8% 7% 4% 13% 9% 9% 8% 9% 

Gas reduction - 1% - 30% - - - - 

 
The most effective intervention elements were digital (web/app), workshop/training and 
retrofit, with the least effective being home audits. Policy changes had both positive and no 
effects, while pricing mechanics and information/education had negative effects by 
increasing electricity usage (see Table 10).  

 

Table 10 Effectiveness of intervention elements 

Intervention element used % Positive outcome % negative 
outcome 

% no change 

Digital (website/application) 100% 0% 0% 

Workshops/training 100% 0% 0% 

Home retrofit 97% 0% 3% 

Information/education 93% 2% 5% 

Pricing intervention element (tariffs, financial 
rewards) 

77% 8% 15% 

Policy changes  75% 0% 25% 

Smart meters/in-home displays 30.8% 11% 0% 

Home audit 12.1% 7% 0% 
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Most (54%) of the interventions had a single intervention element, while 25% used two 
intervention elements (see Table 11). The number of intervention elements is related to the 
reported success of the intervention. The number of intervention elements were positively 
correlated with successful outcomes (r = 0.88), negatively correlated with no change in 
outcome (r =-0.89), and negativity correlated with negative outcomes (r = -0.61). This means 
that as the number of intervention elements increases, success is likely to increase, and 
negative or no change in electricity usage reduces. Of the single intervention element 
interventions, the most used was home retrofits, followed by pricing intervention elements 
and information/education. The least used as a single intervention element intervention 
were digital (web/app) and workshops/training. For the interventions using two intervention 
elements, the most common combination was pricing intervention elements and smart 
meter/in-home displays, for those using three intervention elements the most common 
combination was information/education, home retrofit and smart meter/in-home displays.  

 

 

 

 

Vignette: Energy retrofit and apartments 

Taylor’s (2016) energy retrofit project was conducted 
in a multifamily apartment complex in the hot, humid 
region of Orlando, Florida. Retrofit packages addressed 
efficiency of the apartment units’ mechanical systems, 
building envelope features and appliances. Specific 
energy conservation measures included SEER-15 heat 
pump HVAC systems, ENERGY STAR® certified 
refrigerators, solar window film, R-30 attic insulation, 
duct repair, compact fluorescent lighting (CFLs), and 
water saving showerheads and aerators. The average 
cost of retrofits, including equipment and installation, 
was US$4359 per unit. The total project cost for the 
four properties in this analysis was US$1,011,388 
(US$4359 per unit), with an overall expected life of 12 
years for the typical package of retrofits. Annual gross 
energy savings per treatment unit averaged 2094 kWh 
(21.9 %). As Taylor (2016, p. 397) points out, “Results 
of the analysis across complexes support a strategy of 
targeting upgrades to properties and units with poor 
pre-retrofit energy performance, which is likely to 
improve overall intervention savings and, in turn, cost-
effectiveness.” 

Results: 

Energy retrofit resulted in an average 
21.9% reduction in kWh per annum. 
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Table 11 Number of interventions and successful outcomes 

Number of 
intervention elements 
used 

Number of 
interventions 

% of interventions 
reporting success 

% of interventions 
reporting no change 

% of interventions 
reporting negative 
outcomes 

1 58 79.2% 13.7% 6.90% 

2 27 88.9% 11.1% 0.00% 

3 9 88.9% 11.1% 0.00% 

4 9 100.0% 0.00% 0.00% 

5 2 100.0% 0.00% 0.00% 

6 1 100.0% 0.00% 0.00% 

7 1 100.0% 0.00% 0.00% 

8 0 0% 0.00% 0.00% 

Grand Total 107 
   

 

For interventions that used a single intervention element, the most likely choice was home 
retrofit, pricing intervention element or information/education (see Figure 15).  

 

 

Figure 15 Single intervention elements used in interventions 
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Vignette: Community involvement and smart 
meters 

Anda and Temmen (2014) used both 
information/education and smart meters to 
achieve an energy reduction of 10%. Their 
community-based social marketing (CBSM) 
program used eco-coaching to provide a feedback 
loop for household energy behaviour change. 
Development of educational materials and 
training packages was constructed for eco-
coaching. Smart meters were installed to provide 
households with more accurate usage data, data 
were analysed to provide individualised feedback, 
specialist eco-coaches discussed savings 
possibilities with the households, and if this was 
implemented a change would be seen in the 
meter read. This completed one cycle of the loop.  

 

 

Vignette: The importance of message framing 

Bager and Mundaca’s (2017) project on loss-
aversion used behavioural economics and 
cognitive bias to test the assumption that 
consumers underestimate potential gains and 
overestimate potential financial losses resulting 
from electricity use. Using three intervention 
mechanisms of information and education, a 
digital application, and in-home displays, they 
found that the provision of loss-framed, salient 
information reduced daily demand by 7–11%, 
compared to unframed information. Data loggers 
were added to existing analogue meters to 
collect, store and transmit data between the 
electricity supplier and the end user. No in-home 
display unit was used, so users accessed 
consumption information using software installed 
on their smartphones, tablets or computers. 
Bager and Mundaca (2017, p. 68) suggests that 
policies that address smart meter technology 
need to consider not only the pure provision of 
information but also how it is designed and 
presented to users.  

 

Results: 

Provision of loss-framed, salient 
information via digital apps, in-home 
displays and information/education 
reduced daily electricity demand by 
7–11%. 

Results: 

Eco-coaching was successfully used 
to encourage the installation and use 
of smart meter technology.  
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Energy efficiency outcomes and feedback 

Feedback on electricity consumption has been posited as a tool for customers to better 
control their consumption and ultimately save energy (Fischer, 2008). Ehrhardt-Martinez 
(2018, p. 128) writes that "feedback is proving a critical first step in engaging and 
empowering consumers to thoughtfully manage their energy resources." Researchers 
Grønhøj and Thøgersen (2011) have found that feedback made household electricity 
consumption more visible and salient, empowered consumers to take action with respect to 
lowering their energy consumption, and even stimulated social influence processes related to 
energy savings between spouses as well as between (teenage) children and their parents.  

Usage is the amount of electricity in kWh that is used by the household and is sometimes 
reported as live usage, usage compared to yesterday or usage compared to other 
timeframes. Device-specific usage was also sometimes obtained (Podgornik et al., 2016, p. 
28): “In all addressed dwellings special attention was given to the appliance-specific 
consumption and end-users were able to decide which appliances would be monitored in 
their dwellings. Their decisions were based on the information provided during the 
awareness campaign in the pre-installation phase.” 

Cost feedback presents changes in electricity usage in dollar amounts, either as a cost to be 
paid or a saving amount made.  Vassileva, Dahlquist, Wallin, and Campillo, (2013, p. 316) 
state, “The users were also able to see the cost [in Swedish krona] accumulated since the 
installation of the display.” Emissions feedback focuses on quantifying changes in energy 
usage as changes in CO2 emissions. For example, Nilsson’s in-home display reports “carbon 
emissions (using values for marginal electricity, i.e. coal condensing emission intensities)” 
(2014, p. 22). Health feedback reports on the health impacts of reduced usage. For example, 
“Last week, you used 66% more/less electricity than your efficient neighbours. You are 
adding/avoiding 610 pounds of air pollutants which contribute to health impacts such as 
childhood asthma and cancer” (Asenio & Delmas, 2015, p. 12).  

Social norms were also used. This provides feedback in the form of a comparison to similar 
households or neighbours. For example, "would then display the average consumption of 
similar households in addition to that household's current use. The lights were coded to 
provide an injunctive norm, which demonstrates the approval or disapproval of the resident's 
current energy use. If the household was using more than the ‘similar households’ average, 
the light displayed red. Similarly, the light displayed green if the household was using less, 
and yellow if usage was the same" (Schultz et al., 2015). 
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Vignette: Smart communities and energy feedback 

In their project, Burchell, Rettie and Roberts (2016) 
draws on research carried out in Smart Communities – 
a two-year project in which electricity and gas 
consumption feedback played a key role. This study 
was distinctive because it was accompanied by a 
weekly email communication intervention and was 
provided within the context of community action. Time 
was invested in designing the emails and six main 
distinctive featuring were drawn upon, these were: 
Regularity (sent weekly and at always at the same 
time), Action-based (emphasising specific actions 
members could take), Locale (features information 
about local area), Community (emphasising community 
as a whole) and Style (written in an accessible, friendly 
and supportive way). The behaviour change was 
dramatic, with a 13% increase. Project findings suggest 
that, although by no means panaceas, approaches 
such as these can support long-term engagement with 
energy consumption feedback, including by women, 
and can support behaviour change. 

Vignette: Community events and energy efficiency 

Scott’s (2016) energy interventions used three 
community events to deliver increases in energy 
efficiency, such as switch lights off in unused rooms, 
close the curtains at night, and reduce heating in 
unoccupied rooms. The research team worked directly 
with the Brockville Community Development Project 
(BCDP). The three energy events in Brockville took 
place over 3 months. The first event was held in 
conjunction with a community potluck dinner. After 
dinner, the energy advisor presented a PowerPoint 
about household energy and led focus groups to 
discuss individual household energy issues. The second 
energy event was collaboratively shaped from 
feedback from the first event and discussions between 
the community, researchers and consultant. It 
consisted of practical workshops on how to install 
plastic glazing over windows, under-floor and ceiling 
insulation, and wrap hot water cylinders. The final 
energy event took part in conjunction with a Brockville 
spring clean event. This event consisted of community 
members and others sharing their stories of how they 
had changed their in-home energy use and aspirational 
stories associated with renewable energy. 

Results: 

A 13% increase in positive energy 
efficiency behaviours was reported. 

A targeted and personalised weekly 
email campaign was utilised. 

Results: 

Three community events were used 
to motivate and educate consumers 
on saving energy – these show the 
power of the social element of 
interventions. 
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Of the interventions in the analysis, 66% did not use feedback in their study and 44% used 
feedback, with usage and cost feedback being the most commonly reported (see Figure 16).  

 

Figure 16 Feedback used in interventions 

Type of Feedback Frequency of Use 

 

30.8% 

 

23.4% 

 

7.5% 

 

2.8% 

 

11.2% 

 

Of the 37 interventions that used feedback, most used multiple forms of feedback, with only 
27% using one form of feedback. If a single feedback type was used, the most common 
choices were usage feedback, cost feedback or emissions, or social norms feedback. No 
intervention used health feedback on its own. The most common combination of feedback 
was usage and cost, with 88% of dual feedback interventions selecting this combination. 
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Usage feedback on its own achieved mixed results, with only 50% of interventions achieving 
successful outcomes. Once usage feedback was combined with other forms of feedback – 
particularly cost feedback – the success rate increased to 88% (see Table 12). 

 

Table 12 Effectiveness of feedback in energy efficiency interventions 

Feedback type used in 
intervention 

Number of 
interventions 
using feedback 

Percentage 
of interventions 
using feedback 

% with 
successful 
outcomes 

% with 
negative 
outcomes 

% with no 
change 

1 type of feedback 

Usage feedback  6 6% 50% 17% 33% 

Cost feedback 1 1% 0% 0% 0% 

Emissions feedback 1 1% 0% 0% 100% 

Health feedback 0 0% 0% 0% 0% 

Social norms feedback 3 2% 100% 0% 0% 

2 types of feedback 

Usage and cost feedback 16 22% 88% 0% 13% 

3 types of feedback 

Usage feedback  
Cost feedback  
Emissions feedback 

2 2% 0% 0% 100% 

Usage feedback  
Cost feedback 
Social norms feedback 

3 3% 100% 0% 0% 

Usage feedback 
Health feedback 
Social norms feedback 

1 1% 100% 0% 0% 

4 types of feedback 

Usage feedback  
Cost feedback  
Emissions feedback 
Social norms feedback 

3 3% 100% 0% 0% 

Usage feedback  
Cost feedback  
Emissions feedback 
Health feedback 

1 1% 100% 0% 0% 

5 types of feedback 

Usage feedback  
Cost feedback  
Emissions feedback 
Health feedback 
Social Feedback 

1  1% 100% 0% 0% 

No feedback 69     

Total 107     
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Measurement of energy efficiency outcomes 

The findings from research question five relate to the theme of: Intended goals 
should inform beginnings: Plan for strong evaluation. Specifically, two insights 
are drawn from the findings: 

 effectiveness depends on the outcome sought  
 a claim of success does not equal reduction in electricity usage. 

 

Quantitative evaluation methods were used in 79 interventions (74%), with 14 interventions 
using qualitative methodology (13%) and 14 used mixed methods (13%). The specific 
techniques used are shown in Figure 17. The types of data collected ranged from self-
reported responses on a survey, to verbal responses in interviews to smart meter data. 

 

Figure 17 Techniques used in qualitative and quantitative methods 

 

 

 

 

 

 

 

 

 

Mixed methods adopted a variety of combinations, including: postal surveys and semi-
structure interviews, family interviews and case-control comparisons, randomised control 
trials with interviews and focus groups, semi-structured interviews with energy demand 
measurement, household interviews in combination with surveys and energy usage data, and 
case studies with interviews and longitudinal usage data.  

Some mixed-method studies used qualitative research to inform the design of an 
intervention, later using quantitative methods to measure changes in behaviour and 
electricity usage. Others designed the intervention before conducting primary research, 
followed by using quantitative techniques to measure changes in behaviour and usage, and 
afterwards using qualitative methods to understand why behaviour change had occurred or 
not occurred.  
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Many variations with and between measures reduces the comparability of the outcomes in 
the interventions: 

 effect sizes were very rarely reported 
 objective measures of electricity usage were typically recorded by smart meters and 

this made measurement very accurate  
 23 studies reported no quantitative outcome measures  
 84 studies reported a quantitative change in an outcome measure. 

 

Electricity usage as the most used energy efficiency outcome 

By far the most common outcome measured was a change in electricity usage, measured at 
the household level in kilowatts per hour (kWh), usually in the form of a reduction in 
electricity usage after the intervention has been implemented (see also Table 13). Sixty-nine 
studies reported an electricity reduction with a median savings of 9%. Two studies focused on 
adoption, one of an energy saving feature and another of solar installations with a median 
adoption rate of 8%. A further two studies focused on raising awareness levels of energy and 
recognising an energy efficiency campaign, reporting a median increase of 22.15%. Behaviour 
change was measured in three interventions and a median increase of 13% was reported. Bill 
savings were found in six papers, with a median saving of 4.45%. Lastly, quantitative 
measures of gas reduction were reported by two papers, with a median reduction of 15.39%. 

Electricity bill reduction in dollar amounts was also compared, usually year-on-year to 
account for seasonal changes. Qualitative assessment examined behaviours in terms of good 
energy efficiency practices adopted and energy inefficiency practices abandoned, as well as 
positive and negative emotions associated with behaviour adoption or abandonment.While 
the data collection for awareness, behaviours and adoption was consistent (survey or 
interview) the operationalisation varied widely. For instance, awareness of level consumption 
patterns and carbon footprint was used by Salo et al. (2016) by delivering personal advice 
tailored for households on the basis of consumption measures, while Pelenur and 
Cruichshank (2013) probed the theme of awareness (learn about energy) with the question, 
“Why is learning about energy an advantage for you?” in an interview setting. Additionally, 
Bertrand, Goldman, Zhivan, Agyeman and Barber (2011) surveyed tweens regarding an 
energy awareness campaign using the following question, “Have you seen, heard, or read 
something about saving energy in the past 6 months?’’ 

Qualitative studies contained more variation in the measurement compared to the 
quantitative studies. For example, in some studies there were explicit interview questions to 
solicit information about awareness, while in other studies the concept emerged from the 
data (sometimes organically). When there was measurement of energy efficiency behaviours, 
there was a wide variety of behaviours investigated across the studies. The common 
behaviours were switching off appliances/lights, using a drying rack instead of a dryer, only 
using the washing machine when you have a full load. Others were context-specific, such as 
adjusting the hot water heater and refrigerator temperature or questions such as, “We use 
the Owl [in-home display device] more often now than when we started.” 
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Table 13 Measures used for energy efficiency outcomes 

Outcome Measure (s) used Technique Type of data 

Electricity usage kWh Smart meter, wireless 
in-home display, 
interval meter 

Continuous 

Bill savings Dollar amount in local currency 

 

Actual energy bills to 
calculate expenditure 

 

Household estimate 

Continuous 

Awareness “Became more aware of their electricity use 
because of the study” 

 

“Awareness of star energy ratings labels“ 

Survey 

Interview 

Likert scale 

Dichotomous 

 

Adoption (of energy 
saving features) 

Added double glazing to some or all of your 
windows, installed attic or wall insulation 

 

Replaced appliances with A rated ones 

 

Fitted a new lagging jacket on your hot water tank, 
fitted other energy saving devices Added solar 
panels 

 

Added draught-proofing to your doors or windows, 
replaced a central heating boiler with a more 
efficient one 

 

Added thermostatic controls to radiators 

Survey 

Interview 

Likert scale 

Dichotomous 

 

Behaviours Turn off power strip at night 

 

Self-reported 
residential energy-
saving behaviours 

Binary yes/no 
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Conclusion 

The review identified that 90 out of 107 interventions resulted in positive energy efficiency 
outcomes. This suggests that, overall, household energy efficiency interventions can be 
successful; in many cases because they focused on what mattered to the household. The 
review findings identified a number of key success factors influencing the effectiveness 
energy efficiency interventions.  The insights presented provide a roadmap for the best way 
forward. This roadmap requires consumer advocates, policymakers and industry 
professionals to work together.  The findings add to the evidence base regarding the 
effectiveness of household energy efficiency interventions, and will help inform better policy, 
interventions and consumer advocacy to help Australian households achieve better energy 
and related co-benefit outcomes, and provide good return on investment (ROI).  
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