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Abstract Schools are complex physical and social 
institutions within national education systems. They 
account for significant energy consumption and like 
other buildings can demonstrate inefficient patterns  
of energy use. Poor energy performance of educa- 
tional facilities is an intricate issue driven by com-
plex causality of interconnected and dynamic factors. 
Addressing this issue requires a systemic approach, 
which is heretofore lacking. The aim of this research 
is to present and describe a systemic framework to 
facilitate energy reduction in schools across different 

European contexts. This transdisciplinary approach 
to sustainable energy use has been piloted in 13 post-
primary schools located in six countries in northwest 
Europe. The research implements a series of planned 
activities and interventions, which help to unveil a 
systemic approach to improving energy efficiency in 
schools. The findings demonstrate how this approach, 
together with its ensuing methodologies and strate-
gies, can contribute to reducing carbon emissions and 
improve knowledge and awareness around sustainable 
energy.
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Introduction

Meeting national and international climate targets 
requires multi-dimensional approaches involving 
actors across all levels of society (Jensen et al., 2019). 
Schools and other educational institutions are complex 
organizations that play a significant role in framing 
the climate challenge and shaping our individual and 
collective response to achieving necessary reductions 
in energy use (Meehan et  al., 2018). According to 
some sources, education systems account for rather 
modest shares of the total energy consumption at the 
regional or national level (Chung & Yeung, 2020; 
Dascalaki & Sermpetzoglou, 2011). Other sources 
name schools as “significant energy consumers – on 
a par with residential and office buildings” (Thewes 
et al., 2014, p. 469), emphasizing their tangible share 
of carbon emissions in the public sector (Schwartz 
et al., 2021). Irrespective of the actual contribution of 
school buildings to the energy consumption balance, 
educational facilities play an important role as social 
institutions (AlFaris et  al., 2016). They can shape 
students’ views, beliefs, and attitudes, as well as 
equip them with the knowledge and skills that impact 
their careers and lifestyle choices. Schools also have 
a spillover effect on wider society manifesting from 
mutual relationships emerging between people and 

their social contexts (Ashwin et  al., 2015). As such, 
“school buildings can contribute a significant positive 
culture of energy efficiency” (Chung & Yeung, 
2020, p. 2, emphasis added). In general, educational 
establishments could be regarded as vital arenas of 
social and environmental change within the quadruple 
and quintuple innovation helix frameworks, which 
link environmental issues, academic research, policy 
making, society, and business (Morawska-Jancelewicz, 
2022). This goes in line with the holistic character of 
all sustainable development goals (SDGs), where such 
global goals as affordable and clean energy and quality 
education, as well as health and wellbeing, are closely 
interrelated (Hoque et al., 2022; UNICEF, 2019).

Nonetheless, this potential contribution is impacted 
by complexities in (i) social interactions and behavior 
change in a multi-stakeholder environment and (ii) 
physical interactions and building infrastructure 
management. Since energy efficiency and energy 
management are socio-technical concerns which 
embody technological, human, and interactionist 
issues, these issues must be addressed in an integrated 
and systemic manner (Bernardo et al., 2018; Goggins 
et  al., 2019; Zhang & Bluyssen, 2021). However, 
the lack of (low-cost) systemic approaches (or 
frameworks) to energy efficiency in a complex multi-
stakeholder social and physical environment of 
schools is a significant gap.

The aim of this research is to present and describe 
a systemic approach to addressing energy efficiency 
in schools, which can be applied across different 
educational systems and contextual conditions. This 
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approach is developed within a European project 
entitled ENERGE. ENERGE aims to reduce energy 
use in 13 secondary schools in six northwestern 
European countries and to transfer the obtained 
experience to other schools as a viable integrated 
solution. The project comprises a series of planned 
activities and interventions, which help to structure 
a conceptual framework for energy reduction in 
schools. The overall contribution of this paper lies 
in demonstrating how a systemic approach to energy 
efficiency in schools can be realized and generate 
benefits for schools and wider society.

The remainder of this paper is structured as 
follows. In the “Literature review” section, we present 
a review of related literature, including a focus on 
systemic approaches to sustainable energy use in 
schools. In the “Methods” section, we provide a 
detailed explanation of the employed methodology, 
while the “Results” and “Discussion” sections report 
and discuss relevant framework-based results and 
visualize the framework. The paper concludes by 
outlining the benefits and innovative nature of the 
framework.

Literature review

Approaches to energy efficiency in schools

Energy efficiency in educational institutions is an 
important area of academic research, policy, and 
practice (Rospi et  al., 2017). A significant number 
of studies are dedicated to various strategies to 
improve energy efficiency of educational facilities, 
incorporating both technical measures and social 
changes (Lourenço et al., 2014). According to Rospi 
et al. (2017), studies addressing energy use in schools 
may involve (a) in  situ investigation of (perceived 
and measured) indoor environmental quality (IEQ), 
including such parameters as temperature, humidity, 
illuminance,  CO2 concentration, etc. (e.g., Zhang & 
Bluyssen, 2021); (b) assessment of school buildings 
and their energy-related characteristics, in interaction 
with the outside physical environment, via energy 
audits (e.g., Arambula Lara et al., 2015) and with the 
help of benchmarks (e.g., Thewes et al., 2014); and (c) 
surveys of the school building inhabitants to analyze 
their thermal (and other) sensations and preferences, 
as well as their adaptive behaviors (e.g., Korsavi 

et  al., 2020). The latter imply various (thermal, 
visual, acoustic, etc.) questionnaire-based indoor 
comfort studies (Fuentes et al., 2008), including post-
occupancy evaluations in various types of educational 
facilities across different geographic locations 
(see Jowkar et  al., 2020 for a comprehensive list of 
such studies). There are also examples of detailed 
assessments of school building conditions and design, 
including human comfort, as well as various physical, 
social, psychological, cognitive, and other aspects of 
learning environments (Imms & Byers, 2017; Roudil 
et al., 2015; Sanoff, 2001).

The capacity for energy efficiency in the school 
environment can be significantly diminished by 
the sheer intricacy of user behavior in a multi-
stakeholder environment (McKenzie-Mohr, 2020; 
Stuart & Ozawa-Meida, 2020). Within school 
building energy management, Bernardo et  al. 
(2018) single out the following key stakeholders: 
(a) the schools themselves (with their own complex 
administrative and management structure and 
regulation, including members of the school board 
of directors, students, and staff, as well as the parents 
associations), (b) the school management companies, 
(c) facilities management companies, (d) energy 
supply companies, (e) energy services companies, (f) 
energy-related equipment manufacturers and retailers, 
(g) regional/national governments and international 
institutions, and (h) local communities. With respect 
to the day-to-day operation and maintenance of the 
building infrastructure, Stuart and Ozawa-Meida, 
(2020) suggest categorizing such stakeholders into 
the three groups: (1) building users (e.g., school 
students and staff); (2) energy professionals (e.g., 
energy supply and services companies), who are 
responsible for energy maintenance and relevant 
infrastructure operation; and (3) strategic managers 
(e.g., school board of directors), responsible for the 
strategic management of infrastructure.

All these stakeholders are engaged in complex 
feedback relationships, which underlie social 
interactions and are predicated on specific contextual 
influences, internal structures, and hard-to-measure 
variables (Bernardo et  al., 2018). Such complex 
interactions make behavior change a very difficult 
task. The difficulty of behavior change is augmented 
by the complex nature of social interactions within 
the education systems, including insufficient level 
of students’ and teachers’ self-efficacy (Mathwasa 
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& Sibanda, 2020; Tipon et  al., 2021), contested 
social norms (Schneider, 2000), and inertia and path 
dependence (Thomas, 2002). Students demonstrate 
lack of control over energy-saving activities in school 
buildings, while teachers often have limited scope, 
information, and incentive to carry out these activities 
(Zhang & Bluyssen, 2021). Indeed, these are typical 
issues for the public sector in general, which can 
demonstrate free-riding consumer behavior to energy 
saving (Stuart & Ozawa-Meida, 2020).

Similarly, the impact of the physical school envi-
ronment on energy efficiency involves the complexity 
of energy infrastructure and its management, as well 
as its intricate interactions with outside environment 
and other system elements. School buildings are often 
heterogeneous with variations in age and complexity 
of technology and energy infrastructure, and differ-
ences in its management and maintenance (Stuart & 
Ozawa-Meida, 2020). Managing dated building stock 
is difficult due to the investment-intensive charac-
ter of the stock and a possibility of disrupting vital 
educational activities. Large-scale infrastructural 
projects targeted at thermal renovation of building 
envelopes may not be economically beneficial and 
cost-effective subject to existing electricity prices and 
building construction costs (Friedman et  al., 2014). 
Moreover, new or renovated school building stock has 
been associated with increased electricity consump-
tion (Thewes et  al., 2014) and rebound effects such 
as increased indoor temperatures (Sorrell & Dimi-
tropoulos, 2008). Therefore, minimizing energy use 
in schools should be complimented with a focus on 
the thermal comfort of school occupants, which exists 
at the intersection of social, psychological, techno-
logical, and physical domains (Jowkar et  al., 2020;  
Korsavi et  al., 2020). However, the practice of ther-
mal comfort maximization in the real world has 
always posed a problem, especially in the public  
sector (Hellwig et al., 2019).

Energy efficiency can be also delivered via the 
so-called Energy Service Companies (ESCOs) and 
Energy Performance Contracting (EPC). These 
approaches are realized as integrated and holistic 
mechanisms, which merge various aspects of energy 
efficiency, including financial support, technical 
knowledge, management solutions, market research, 
engagement tools, and communication skills (Marino 
et al., 2010). There are cases of ESCO application in 
schools, when students become active members of 

energy efficiency management in a school-learning 
environment (Trombley, 2016). Among key barriers 
for ESCO approach manifestation, Bertoldi and Boza-
Kiss (2017) name issues with procurement, legal 
impediments, lack of facilitation, and financial costs.

Energy literacy and digital transformation for 
learning purposes

The term literacy in an educational context can be 
defined as the capacity of students to apply knowledge 
and skills in key subject areas and further to be able 
to analyze, reason, and communicate effectively as 
they pose, solve, and interpret problems in a variety 
of situations (UNESCO, 2006). Energy literacy is an 
iteration of literacy that is viewed as an essential tool 
which sensitizes citizens to create sustainable energy 
consumption habits (Martins et  al., 2020). Energy 
literacy also shares characteristics and learning 
objectives in the domains of science and technology 
literacy, which incorporate dimensions of knowledge, 
attitude, skills, behavior, and civic engagement. 
According to DeWaters and Powers (2013), the energy 
literate student should (a) have a basic understanding 
of science and how energy is used in everyday life; 
(b) understand the impact that energy production and 
consumption have on all spheres of our environment 
and society; (c) be sensitive to the need for energy 
conservation and the need to develop alternatives to 
fossil fuel-based energy resources; (d) be cognizant 
of the impact of personal energy-related decisions 
and actions on the global community; and (e) strive 
to make choices and decisions that reflect these 
attitudes with respect to energy resource development 
and energy consumption. Dwyer (2011) described 
energy literacy more simply as a baseline fluency and 
knowledge of complexities related to energy use. As 
such, energy education should impact knowledge, 
skills, attitudes, values, decisions, and actions (Barrue 
& Albe, 2013; DeWaters & Powers, 2013).

Energy education is connected to digital learning 
and the use of digitization, since digital transformation 
is affecting the way people learn and live. Digital 
transformation also deeply impacts the teaching 
profession. In the recently published EU Digital 
Education Action Plan (2021–2027), it is stated that 
the digital transformation has transformed society and 
the economy, but until the Covid-19 crisis, the impact 
of this transformation on education was much more 
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limited (European Commission, 2021). A study found 
that on average less than 40% of educators across the 
EU felt ready to use digital technologies in teaching 
(European Commission, 2021), while OECD data 
shows that, prior to 2018, on average 25% of the 
teachers and students did not use digital devices for 
teaching and learning (OECD, 2021). Large disparities 
between regions and countries exist in terms of digital 
infrastructure use as fewer than 1 out of 5 students 
attending schools have access to high-speed Internet in 
some countries (European Commission/Deloitte/Ipsos 
MORI, 2019). The majority of students use digital 
devices for browsing the Internet for schoolwork, 
emails, and online chatting, but, prior to the Covid-19 
pandemic, a much smaller number of students applied 
digital devices for using learning apps or playing 
simulations at school (OECD, 2021).

Systemic approaches to sustainable energy use in 
schools

Several examples of literature document systemic 
approaches to the issue of energy efficiency in 
schools. These holistic approaches feature some basic 
commonality of treating the issue of energy efficiency 
from multiple perspectives (technological, social, 
personal, economic, ecological, etc.), involving 
recognition of the fact that to tackle the issue of 
energy efficiency in schools, one has to deal with 
so-called wicked problems. These are characterized 
by uncertainty of explanations sensitive to the point 
of view, ever-changing and contingent nature of 
problems themselves, and intricate and ambiguous 
feedback causality, as well as the difficulty of finding 
solutions, often causing adverse side-effects (Rittel & 
Webber, 1973; Jackson, 2019).

A systemic methodological approach to energy 
management in schools, which integrates quantitative 
and qualitative data analysis, has been suggested by 
Lourenço et  al. (2014). Their approach operated at 
multiple levels of system analysis and addressed 
environmental, functional, and social factors 
influencing energy efficiency in schools, including 
associated energy use patterns, resource sources, 
building design, behavior change, raising awareness, 
and knowing building user needs. Among the 
limitations of their approach, the authors singled 
out the difficulty of understanding causality of user 
behaviors and their change.

Dias Pereira et al. (2019) have stressed the impor-
tance of combining indoor environmental qual-
ity (IEQ) and energy conservation in schools via a 
holistic approach. Their approach integrated multiple 
domains. There were as follows: energy auditing, IEQ 
control, energy efficiency planning, occupancy man-
agement, calculation of financial aspects of energy 
consumption, building management system operation, 
and some elements of responsible behavior change. 
However, the latter was not particularly pronounced 
in contrast to the research by Johansson et al. (2021), 
where behavioral change at both individual and col-
lective levels is seen as one of the central pathways 
toward energy efficiency in buildings.

Geraldi and Ghisi (2020, p. 1) have provided a 
holistic questionnaire framework for assessing the 
actual energy performance of school buildings, 
including both physical and human parameters, which 
“gives way to the development of consistent building 
stock modelling.” The framework allows monitoring 
of a rich picture of energy efficiency in schools by 
asking about such issues as energy management (e.g., 
awareness of monthly energy consumption), environ-
mental satisfaction, patterns of usage, etc.

A holistic approach to energy management in 
schools was proposed by AlFaris et  al. (2016, p. 
799), who stated that “a key strategy to increase the 
energy efficiency in a systemic way and professional 
approach is to develop an energy management pro-
gram.” Their energy management program primarily 
implied the establishment of a dedicated multi-stake-
holder energy management committee responsible 
for (i) regular energy audits to baseline energy usage 
(e.g., the historical energy data of the school) and (ii) 
setting realistic targets and development/implementa-
tion of action plans, strategies, and policies, includ-
ing in such sectors as engineering, economics and 
economic feasibility, management, etc. The commit-
tee comprised a maintenance engineer, management 
specialists, energy efficiency experts, teachers, and 
students. The program also included a training ele-
ment, but key social and cultural drivers of energy 
efficiency were missing from the program.

In contrast, Pietrapertosa et  al. (2021) aimed 
to increase energy efficiency in public schools by 
demonstrating the effectiveness of pupils’ engagement 
to promote energy savings through behavior change. 
Likewise, Cornelius et  al. (2014) put a major focus 
on theory-informed school-based interventions to 
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promote energy-saving behavior change, rather than 
simply changing awareness or improving knowledge. 
They highlighted the importance of relying on widely 
tested behavior change approaches (including in the 
domain of energy saving), like community-based 
social marketing (McKenzie-Mohr & Smith, 1999). 
Koumoutsos et  al. (2015) investigated a combination 
of a web platform of energy consumption monitoring 
in schools (IPv6 platform, http:// gen6. sch. gr) and 
social engagement via a school network. In the same 
vein, Carter (2014) integrated quantitative energy use 
monitoring by school children with their education and 
engagement in managing complex energy systems.

A further advancement was the use of soft systems 
methodology and value-focused thinking by Bernardo 
et al. (2018) to better understand the multiple aspects 
that influence energy efficiency of school buildings and 
incorporate energy and non-energy aspects to provide 
a more systemic approach to the issue of improving 
energy efficiency in schools. In order to achieve this, 
the authors (a) identified key stakeholders affecting 
energy efficiency in schools, along with their roles 
and concerns in this process; (b) highlighted the 
key problems associated with energy management 
in schools; (c) performed a structured analysis and 
description of the focal system and systemic analysis of 
solutions for the system transformation; (d) formulated 
a conceptual model of the activities within the system; 
(e) collaboratively debated changes aimed at improving 
the system; and (f) provided a structured tree of 
fundamental objectives to correct the system. This 
approach relies on a participatory methodology and 
interaction with key system’s stakeholders, involving 
students, teachers, and support staff.

Despite the wealth of literature on energy efficiency 
in schools, including some holistic approaches, there 
is a significant gap in the frameworks above that could 
really integrate multiple aspects of energy efficiency 
improvement in schools. There is a dearth of writings 
on systemic implementation of such integrated 
frameworks, while some elements of energy 
efficiency in schools are simply missing or being not 
adequately addressed. Among these elements, one 
can mention the following gaps pertinent to energy 
efficiency in schools: limited focus on energy literacy, 
non-consistent approach to user behavior, the need 
to consider personal energy-related experiences and 
lived histories, absence of viable business plans to 
realize energy efficiency projects in a continuous 

manner, and impaired stakeholder networking/
relationship building. The integrated methodology 
to address these gaps is described in the next 
section, which lists all methods within the ENERGE 
framework of energy efficiency.

Methods

Context analysis

ENERGE stands for “Energizing education to 
reduce greenhouse gas emissions.” It is an InterReg 
northwest Europe project, with transdisciplinary 
partners representing academia, business, non-profit 
organizations, and regional governmental authorities. 
A sample of 13 post-primary schools (“the project 
schools”) in six northwestern European countries, 
namely France, Germany, Ireland, Luxembourg, the 
Netherlands, and Northern Ireland, collectively referred 
to as “the project countries,” was selected by purposive 
non-probability sampling (Saunders et  al., 2019). The 
selected schools served as experimental laboratories for 
developing and testing a conceptual framework of energy 
efficiency in schools (“the ENERGE framework”).

The detailed analysis of the energy use in project 
schools was based on Zhang and Bluyssen (2021) and 
Geraldi and Ghisi (2020), with additional information 
and analysis considered as appropriate. The project 
schools provided information on the following fields: 
(1) occupancy patterns; (2) ownership and governance; 
(3) school layout details; (4) intra-school groups; (5) 
heating/cooling systems; (6) typical classrooms; and 
(7) electrical and heating energy consumption by fuel 
type. The latter point was calculated by dividing the 
used energy by the gross floor area in square meters 
as the most traditional way (Jota et  al., 2017). It 
was of particular interest to understand how energy 
consumption in a project school compared against those 
of other post-primary schools in the specific region.

It is worth noting that some of the methods have been 
trialed within the context of specific project countries or 
project schools. This was done for two reasons. Firstly, 
the Covid pandemic prevented reaching multiple stake-
holders and complicated information gathering. Secondly, 
the prime objective was to present a systemic framework 
for raising energy efficiency in schools, rather than to 
roll out all trialed methodologies to every project school. 
Indeed, the flexibility of the ENERGE framework and the 
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options it provides were considered attractive by schools. 
For instance, to understand how energy consumption 
in a project school compared against other post-primary 
schools in the region, the schools in Ireland were trialed. 
In Ireland, the relevant data on energy consumption by 
post-primary schools was provided by the Sustainable 
Energy Authority of Ireland (SEAI). The dataset featured 
416 post-primary schools and covered a 4-year period 
from 2016 to 2019. It included data on total school popu-
lation, total useful floor area (TUFA), and electrical/heat-
ing energy use as a 4-year average of total primary energy 
requirement (TPER).

Stakeholder analysis

Under a stakeholder analysis, ENERGE researchers 
assessed the network of stakeholders affecting or affected 
by the achievement of energy use efficiency within a 
school system. The ENERGE framework uses the fol-
lowing stakeholder analysis methods: (a) establishment of 
internal working groups (the ENERGE Committees and 
Teacher Network); (b) power-versus-interest grid exer-
cise; and (c) stakeholder analysis survey. These methodo-
logical tools help to identify and classify key stakehold-
ers who can affect or are affected by the focal problem; 
assess the stakeholders’ levels of interest and/or power in 
relation to the focal problem; select, recruit, and engage 
diverse stakeholders pertinent to the focal problem; and 
bring together stakeholders from various cross-country 
contexts (McHugh et  al., 2018). The advantage of the 
ENERGE project within this area lies in (i) its more prac-
tical focus on stakeholder analysis via the use of specific 
methodological tools; (ii) stakeholder engagement via 
establishment of different school-based working groups 
with strong educational focus (see the next sub-section); 
(iii) the collaborative nature of stakeholder interactions; 
and (iv) the cross-country nature of collaborative efforts.

Establishment of internal working groups (“ENERGE 
committees” and Teacher Network)

ENERGE committees in all project schools (one per 
project school) were formed to include 4–5 students 
and a teacher. The recruitment of candidates for the 
ENERGE committees and teacher network was based 
on volunteering and snowball sampling, when the pro-
ject partners initially identified a relevant candidate or 
candidates that later suggested other people ready for 

the membership (Bryman, 2016). The Teacher Net-
work, including 19 teachers from 11 partner schools 
across all project countries, discussed and shared ideas 
on teaching energy topics and developing energy lit-
eracy modules and activities. It also built channels for 
communication and collaboration across schools.

Power-versus-interest grid method of stakeholder 
analysis

Power-versus-interest grids determine which players’ 
interests and power bases must be considered in order 
to address a focal problem (Bryson, 2004). Subject to 
matrix interrelationship of power and interest, the grid 
categorizes stakeholders into 4 groups: crowd (low 
power, low interest), subjects (low power, high inter-
est), context setters (high power, low interest), and 
players (high power, high interest). The main objective 
of the exercise was to engage the ENERGE committee 
members in identifying and classifying key stakehold-
ers related to energy use in post-primary schools and 
homes, by placing these stakeholders on the power-vs-
interest grid and then substantiating their choices. The 
exercise was tested in Ireland with 14-year-old students 
(n = 4) and a teacher (the exercise was facilitated by 
two project partners). The exercise was also under-
taken by project partners (n = 16). An initial long list 
of possible stakeholders was drawn up, with a total of 
31 identified, grouped under 6 categories, focusing on 
external (non-school) stakeholders.

Stakeholder analysis survey

A survey was held among the school personnel of 10 
project schools within the period from April 2020 to 
June 2020. The survey obtained information on (a) 
stakeholder roles and interactions within the school 
system; (b) engagement in energy-related activities 
within the school; (c) levels of control over energy-
related activities within the school; and (d) common-
ality of performing energy-related activities within 
the school, including those related to knowledge and 
attitudes. The number of responses was 166.

ENERGE Digital Platform to monitor electricity and 
indoor environmental quality

To monitor electrical energy consumption and indoor 
environmental quality (IEQ), the ENERGE Digital 
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Platform was developed and installed in all project 
schools. The platform comprised (a) two meters to 
monitor and transmit data on electrical energy con-
sumption and (b) four indoor climate sensors to 
monitor and transmit data on temperature, humid-
ity, carbon dioxide, lighting, and noise levels at spe-
cific school locations. Inspection visits to the project 
schools were made to select meter/sensor installation 
sites and identify the existing circuitry configuration 
of electrical distribution boards. The devices regu-
larly transmitted data for analysis, which was subse-
quently linked to the development of energy literacy 
modules (see the next sub-section).

Development of energy literacy modules

ENERGE implements energy-related education in the 
curriculum across the project countries to improve 
energy literacy among second-level students (DeWa-
ters & Powers, 2011). The ENERGE energy literacy 
model was developed to identify energy literacy char-
acteristics and inform the development of ENERGE 
teaching and learning activities. A database of energy-
related teaching/learning activities was compiled and 
shared with Teacher Network members. In parallel, a 
systematic literature review was carried out to address 
(a) energy literacy definitions; (b) knowledge, skills, 
attitudes, or values associated with energy literacy; (c) 
conceptual frameworks for energy literacy; (d) princi-
ples of energy literacy learning/teaching; and (e) peda-
gogical practices for developing energy literacy.

Further, the Teacher Network members provided 
feedback on the alignment of the ENERGE energy 
literacy model with their subject curricula, as well 
as contributed to the database expansion by suggest-
ing relevant energy literacy units and activities. The 
scope and content of energy-related modules, units, 
and activities were agreed upon, and the Teacher 
Network members started to pilot them among their 
students. The original units/activities were reviewed 
and finalized based on feedback provided by teach-
ers after piloting in their classrooms.

Interviews

Key informant interviews with principals (n = 4) and 
head teachers (n = 2) were held in schools in Ire-
land and Northern Ireland. The interviewees were 

selected by purposive non-probability sampling to 
represent these schools. The interviews addressed 
the following key topics: (1) implementation of 
energy efficiency measures; (2) the decision-making 
process with respect to energy efficiency; (3) current 
and historic expenditures on energy efficiency; (4) 
the use of educational materials to teach energy effi-
ciency and/or sustainability; (5) availability of strat-
egies and relevant knowledge on energy efficiency; 
(6) using schools as sustainability-teaching labs; (7) 
expectations from the ENERGE project; and (8) the 
unique selling proposition of the ENERGE project.

The ENERGE framework also includes other 
research methods including a survey to analyze atti-
tudes and behaviors of students in relation to energy 
efficiency in their schools; indoor climate comfort 
survey among the students to analyze their comfort 
perceptions and preferences; the literature-based 
analysis of national education systems of the project 
countries; and the development of future ENERGE 
business scenarios. The methodologies and results of 
these elements are not addressed in the paper since 
their implementation is still ongoing. However, all 
elements of the ENERGE methodology, including 
context analysis, stakeholder analysis, networking 
and stakeholder engagement, surveys, building audit 
methodology, ENERGE digital platform installation, 
key performance indicators, education system govern-
ance analysis, energy literacy module development, 
and in-depth interviews, were presented as finalized 
reports ready to be communicated to all interested 
stakeholders, and specifically to school management. 
The corpus of these ENERGE reports, available to the 
public, experts, and all interested stakeholders, forms 
and solidifies the basis of the project methodology.

Results

Context analysis

Context analysis was a starting point for establish-
ing a baseline to monitoring progress in energy effi-
ciency over the course of the project. This analysis was 
holistic, moving from an overview of specific compo-
nents with their basic characteristics to understanding 
the whole system and environment (Crawley & Aho, 
1999). As could be expected, the analysis revealed 
large variability in the selected project schools with 
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respect to multiple parameters including characteristics 
of physical localities, curriculum orientation; occupa-
tion characteristics; operational patterns; management 
approaches; building and energy use elements and 
typologies. Such diversity is also a reflection of the 
variability of the national education systems, which 
vary widely in terms of structure and curricular content 
(UNESCO Institute for Statistics n.d.). The national 
education systems of different European countries 
also feature diverse approaches with respect to the way 
funds and other deliverables are distributed (Euro-
pean Commission/EACEA/Eurydice, 2019; Pedreschi, 
2020). Despite these differences, the ENERGE pro-
ject aims to develop a generalized framework (though 
adaptable for specific conditions) for achieving energy 
efficiency that can be applicable across diverse national 
and regional contexts.

The building stock across the project schools var-
ied greatly in many different aspects including heat-
ing provision (local boilers using gas, kerosene or 
woodchip, use of district heating, etc.), building fab-
ric (stonework, blockwork, prefabricated units, sin-
gle-glazed windows, triple-glazed windows, etc.), and 
other aspects. The curriculum orientation type of the 
project schools included general/classic (e.g., Ireland, 
Northern Ireland, the Netherlands), technically ori-
ented (e.g., Luxembourg), agricultural (e.g., France), 
and scientific (e.g., Germany). There was also pres-
ence of the vocational element (e.g., Luxembourg, 
France, Germany), which meant good acquaint-
ance with technical and energy-related subjects. To 
account for differences in curricula, interventions 
aimed to improve energy efficiency should account 
for the fact that there will be a range of knowledge 
among the staff and student cohorts.

Ownership structures varied between countries. The 
Diocese of Galway was stated as the school building 
owner of Coláiste Éinde (Ireland), while for the second 
Irish school (Seamount College Kinvara), the owner 
was the Department of Education. In Luxembourg, all 
three schools were owned by the Administration des 
Bâtiments Public or the public building administration, 
affiliated to the central government. For the French 
schools, school ownership was at a regional level—at 
the regional council of Centre-Val de Loire. Ownership 
rested at a local (city) level with schools in the Nether-
lands, where schools have large autonomy. In the two 
Dutch schools, the school owners were vo Haaglanden 
(the secondary education board in Hague region) and 

Stichting Boor & Gemeente Rotterdam. In Germany, 
the city administration of Trier owned Max-Planck-
Gymnasium Trier gymnasium and the district admin-
istration of Eifelkreis Bitburg-Prüm owned Berufs-
bildende Schule Prüm. In all project schools, budget 
allocation for school maintenance was executed by 
school owners.

The sizes of the project school populations, inclu-
sive of students and staff, varied from 500 to several 
thousand people (Fig. 1). Interventions which focus on 
overall change across the school cohort should con-
sider the varying level of effort which may be required 
to apply an intervention due to different school size 
levels. Purely quantitative differences in the school 
population may also lead to differences in school inter-
actions and population segments (for a review of the 
effects of school size on school practice and outcomes, 
see Opdenakker & Van Damme, 2007).

The project schools demonstrated a certain level 
of variance with respect to their operational days and 
hours (Fig. 2a, b). The term “school operational days” 
refers to the annual duration of the school operation, 
starting from the official staff planning event at the 
beginning of the school year until the end of the school 
year (when final teaching classes are held), excluding 
weekend days and recognized holiday periods. It is 
clear from Fig.  2a that the project schools in France 
and Ireland have fewer operational days, which could 
affect energy consumption. However, the difference 
mainly refers to summertime when energy consump-
tion is generally lower (low/no heating requirement). 
This is evident from analysis of monthly energy con-
sumption (for both electrical and heating energy) in 
all project schools over several years. For example, to 
illustrate this point, energy consumption in the Lycée 
Gaudier Brzeska (France) in July 2019 was almost 8 
times lower than in January 2019. The same pattern 
applies to all other project schools. This offsets the dif-
ference in energy consumption caused by the variation 
in operational days. The minor influence of operational 
days can be also confirmed by comparing energy con-
sumption in some project schools. For instance, the 
Berufsbildende Schule Prüm (Germany), which has 
less operational days and smaller GIA than the OSG 
Hugo de Groot (Netherlands), demonstrates higher 
specific energy consumption.

The term “school operational hours” refers to 
the number of hours the school remains operational 
during each working day, starting from the morning 
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Fig. 1  School population in 
the project schools

Fig. 2  Operational days (a) 
and hours (b) in the project 
schools
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arrival of the first personnel to the time all staff and 
students have left the school, but does not include 
boarding school activities (i.e., late-evening/night 
operation). Actual school operational hours might 
feature very diverse and complex patterns associated 
with mixed use of school buildings, including activi-
ties of after-school clubs and volunteer organizations, 
parent meetings, school theatrical performances, etc. 
These complex operational patterns mean that any 
energy efficiency measures focusing on out-of-hours 
energy checks should accommodate these differences.

The context analysis revealed various dichotomies 
in educational contexts of the project countries, like 
levels of centralization/control vs levels of autonomy/
independence. For instance, despite a general trend 
for increasing school autonomy in Europe, there are 
still significant differences between countries. While 
some countries (e.g., Netherlands, Estonia, Finland) 
grant a high degree of autonomy to secondary schools 
for managing financial and human resources, in other 
countries (e.g., Greece, Cyprus, Malta, Turkey), 
schools have very limited or no freedom in this area 
(OECD, 2013). This variation between countries is 
dynamic both at temporal (i.e., could vary over time) 
and geographic levels (i.e., subject on specific loca-
tion). Therefore, the project schools featured a vary-
ing level of managerial autonomy. For instance, the 
Irish schools (or their management boards) and Gym-
nasium Haganum (Netherlands) are responsible for 
their own maintenance. For the French, German, and 
Luxembourgish schools and one Dutch school (OSG 
Hugo de Groot), the responsibility for the mainte-
nance of their schools lies with specialized technical 
agencies. These diverse maintenance patterns can 
affect the applicability of both managerial and tech-
nical interventions; some schools may not be able to 
easily adjust maintenance, operational, or managerial 
procedures where inefficiencies are detected.

The project schools present with varying annual 
energy consumption values due to characteris-
tics which are unique to each school. This is not an 
uncommon result when comparing energy consump-
tion or efficiency across various buildings; to tackle 
this, there are many ways in which to report energy 
consumption figures. For instance, variables which 
can affect energy efficiency key performance indi-
cators (KPIs) include floor area (as detailed above); 
occupancy rates; occupancy hours per year; building 
use; building characteristics such as construction, age, 

and orientation; external weather (typically corrected 
using degree days (DD)); and more. The authors of 
this paper have spent considerable time focusing on 
the selection of appropriate KPIs (which will be pre-
sented in a separate paper due to the complex nature 
of the topic).

For the purpose of this paper, energy efficiency 
is reported based on the gross internal area of each 
school (Fig. 3). With respect to total annual energy 
consumption per GIA, the highest value of this 
parameter was observed at the Lycee Technique du 
Centre (Luxembourg) and the lowest at the Coláiste 
Éinde (Ireland). Lycée Technique du Centre (LTC) 
provides an interesting case study in terms of rel-
atively high energy consumption. This could be 
attributed to several factors. Each year, LTC hosts 
3600 students and apprentices with more than 800 
candidates enrolled in adult courses, all supervised 
by 340 teachers (Da Cruz Antunes, 2019). This pro-
vides the largest school population and the highest 
student-to-staff ratio among all project schools. This 
is within a GIA of 23,971  m2—similar to the GIA of 
Lycée Gaudier-Brzeska (France), which has a much 
smaller school population. The main building dates 
to 1965 and was modestly renovated in 1985. The 
school building structure is divided into three dif-
ferent blocks and six departments. Since the school 
specializes in such areas as engineering, mechanics, 
optics, and numerous fields of professional training, 
all departments have a lot of energy-intensive facili-
ties, like workshop rooms, IT sections, laboratories, 
chemistry sections, etc. Significantly, the school 
also has a swimming pool, a large sports center, and 
a festival hall. The electrical system caters for light-
ing, circulating pumps, ventilation, cooking and 
kitchen appliances, IT equipment, and large work-
shop machines. The lighting system comprises thin 
fluorescent tubes with the following power speci-
fications: 2 × 49 W tubes for workshops, 4 × 18 W 
tubes for classrooms, and 4 × 28 W tubes for corri-
dors (there are 117 available rooms in the school). 
These lighting devices are often not able to respond 
to presence detectors. Three large areas of the 
school are ventilated, including the swimming pool 
(with a volume flow of 9500  m3/h), the workshops 
(with a volume flow of 14,000  m3/h), and the fes-
tival hall (with a volume flow of 15,000  m3/h). The 
LTC heating system uses three large fuel oil tanks 
with a total volume of 90,000 L. In addition, three 

Page 11 of 26 21



Energy Efficiency (2023) 16:21

1 3
Vol:. (1234567890)

fuel oil combustion plants operate in the school, 
two with a maximum output of 1400 kW each and 
one with 1970 kW. All premises are heated by radi-
ators with valves positioned in fixed control posi-
tions. Therefore, the combination of these factors, 
i.e., a modestly renovated building, a significant 
school population and relatively smaller GIA (as 
compared to other project schools), abundance of 
energy-intensive facilities (e.g., a swimming pool) 
and dated energy systems, provides the high level 
of energy consumption in this school. This example 
also illustrates how the interdependence of such fac-
tors could determine the large diversity of energy 
consumption values among the project schools. It is 
pertinent to mention here that some of the factors 
influencing school building energy consumption 
may not render a direct impact on such consump-
tion. For example, according to Hoos et al. (2016), 
the final heat energy consumption in schools does 
not directly correlate with school building age due 
to subsequent partial or full renovation.

As discussed in the “Methods” section, it was 
of interest to compare at least some of the project 
schools with other corresponding schools at the 
national level. In order to perform this, the project 
partners obtained a dataset on energy consumption 
in over 400 Irish schools (Fig. 4). Energy consump-
tion was measured as a ratio (kWh/m2/year) of total 
primary energy requirement (TPER) to gross internal 
area (GIA). These schools were segmented into the 

following three categories: (a) schools with low use 
of energy; (b) schools with medium use of energy; 
and (c) schools with high use of energy. This cat-
egorization was based on the research by Hoos et al. 
(2016). The mean value of energy use for this sample 
was about 120 kWh/m2/year. The analysis reveals that 
the bulk of the sampled schools in Ireland is within 
low- (n = 188) and average-energy users (n = 184), 
which nevertheless may mean that they could benefit 
from various energy efficiency measures.

With respect to school maintenance and infrastruc-
tural operational issues, as well as the greatest chal-
lenges/barriers to their resolution, the project schools 
primarily noted the following issues:

• Financing issues (a lack of financing; a difficulty 
of seeking funding from national institutions; 
incremental character of financing, which arrives 
in installments and thus covers only specific areas)

• Listed property type of building
• Finding proper entities who perform infrastruc-

tural maintenance in schools

Some schools reported a lack of substantial sus-
tainability-related programs, or that such programs 
could be sporadic and involve small initiatives, such 
as reduction in plastic use and teaching sustainability 
in chemistry/physics classes (e.g., telling students to 
bring their own bottles). Comfort and thermal com-
fort surveys were not commonly found to occur in 

Fig. 3  Annual total consumption of energy (electrical and 
heating energy) per square meter of gross internal area (GIA) 
in the project schools by energy and fuel type. GIA is defined 
as the total useable school floor area (classrooms, store-

rooms, utility rooms, inside walls, corridors, etc.), measured 
to the internal face of the perimeter (outside) walls of school 
building(s), excluding these outside walls
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the project schools, and when they did, they were not 
applied consistently. For instance, one school man-
agement board conducts a survey every 2 years. This 
survey includes a question about how students rate 
the indoor climate on the scale from 1 to 5. However, 
the survey did not ask about (thermal) comfort in 
buildings directly, but rather about the general social 
atmosphere. There were also issues with electric-
ity use measurements and controls (e.g., fragmented 
character of reporting; metering logistics issues; 
issues connected with the change in energy suppliers 
and interrelationships with them; etc.).

Power-versus-interest grid method of stakeholder 
analysis

Using the methodology of the power-vs-interest grid 
exercise, the members of the ENERGE Commit-
tee mapped the stakeholders, related to energy use 
at their homes (Fig.  5a) and their schools (Fig.  5b). 
The power-vs-interest grid exercise for stakeholder 

classification helped to improve the students’ capac-
ity for mental modeling in comparison with sim-
ply brainstorming lists of possible stakeholders. It 
identified new stakeholders (e.g., guest speakers in 
schools, green school committee) and stimulated 
students’ ability to recognize complex relationships 
between stakeholders. Members of the ENERGE 
Committee were able to see a variability inside bigger 
groups, thus segmenting larger groups of stakehold-
ers into separate stakeholders with different power/
interest statuses (e.g., adults that “are and are not 
the bill payers” at home). With the help of the grid, 
they could also “fine-tune” stakeholder mapping with 
respect to their perceived power/interest statuses. It 
is worth paying attention that, in the school environ-
ment, “teachers” were considered to have more power 
than the “government” and more interest in the issue 
than the “Department of Education.” This demon-
strates a sometimes misplaced perception regard-
ing the level of autonomy of individual schools. The 
ENERGE Committee members identified that the 

Fig. 4  Energy consumption in 408 Irish schools
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power/interest boundaries between some stakeholders 
could be fuzzy (e.g., architects/designers for schools). 
They also recognized that stakeholder mapping with 
respect to power/interest status in the system is an 
intricate task, which depends on multiple considera-
tions and viewpoints.

In addition to its conceptual value, the exercise has 
a practical value. Usually, “crowd” stakeholders are 
monitored on a regular basis; “subjects” need to be 
completely informed; “context setters” must be kept 
satisfied by anticipating their needs, while “players” 
need to be thoroughly managed. If, for instance, the 
interest and power status of stakeholders is unclear, 
this may impede interventions within the project. In 
this case, effective tools, such as communication, 
commitments, social norms, or social diffusion, may 
not work effectively. For example, commitment (i.e., 
getting a verbal or written pledge to perform some 
behavior(s)) is directly related to a person’s interest 
(McKenzie-Mohr, 2020). If a person is not interested, 
it may not be efficient to heavily engage resources in 
commitment—particularly if they also lack power. 
Therefore, knowledge of the power/interest status of 
stakeholders helps to fine-tune related strategies in 
the project realization.

Another case of power-vs-interest grid exer-
cise methodology application for the analysis of 

non-school stakeholders pertinent to energy use in the 
project schools was among the project partners, who 
represented various project countries. Figure 6 shows 
the results of mapping such stakeholders by the pro-
ject partners.

This resulted in several important conclusions 
about the non-school stakeholders. Firstly, project 
partners, like the students in the previous exercise, 
were able to see a variability inside bigger stake-
holder groups, thus segmenting larger groups of 
stakeholders into separate stakeholders with differ-
ent power/interest statuses. Secondly, the project 
partners could adjust mapping stakeholders with 
respect to their perceived power/interest statuses and 
in relation to one another. They managed to see that 
some stakeholders could hold a transboundary posi-
tion on the grid, which complicated the assigning of 
stakeholders to specific categories. Thirdly, another 
important result was that the project partners revealed 
the presence of inter-regional variability in assess-
ing stakeholders. It became clear that the positions 
of some stakeholders with respect to their power and 
interest in the focal issue may vary, subject to a spe-
cific project country. Some stakeholders may be pre-
sent in certain countries, but may not operate in other 
countries, while different stakeholders may perform 
identical or similar functions in various countries. 

Fig. 5  Power-vs-interest mapping of stakeholders related to energy use at home (a) and school (b) by members of the ENERGE 
Committee. Some stakeholders are viewed as occupying transboundary positions
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For instance, regional educational authorities, which 
are strong in France and Northern Ireland, are not as 
prominent in Ireland, where their functions are man-
aged either on the central or local level. This may 
pose a certain challenge for formalization of key 
stakeholders within the ENERGE project. It was also 
recommended to (a) establish a participation group of 
diverse stakeholders, which could broadly represent 
the focal issue to further analyze stakeholders, and (b) 
rely on a viable methodology for further stakeholder 
assessment. The latter could include such methods as 
focus groups (Morgan, 1998), value network analysis 
(Allee, 2008), and other methodologies.

Stakeholder analysis survey

The implications of the stakeholder assessment sur-
vey for further research are multifaceted. The sur-
vey generated data for several important areas of 
school-based stakeholder interactions with energy. 
Figure 7a highlights the relation of school personnel 
to energy-related activities by answering the follow-
ing question: “Are you engaged in any of the follow-
ing energy-related activities within the school?” It 
is of interest that a modest number of the respond-
ents deal with energy saving and conservation (42 
responses out of 166, which make up less than 

30% of the respondents). However, a larger amount 
of school personnel (about 40%) are engaged in 
energy-related education.

Figure  7b shows how respondents perceive the level 
of their control (locus of control) over some comfort, 
environmental, and school operation issues by answering 
the following question: “In your opinion, do you have an 
opportunity to change or influence any of the following 
in school?” The highest level of control is perceived to be 
over lighting in classrooms (125 positive responses out 
of 166, which account for about 75%), while the lowest 
level of control is over water usage in schools (47 positive 
responses out of 166, which account for less than 30%). In 
general, the level of control over other issues is not high 
and could average at around 50%.

The survey demonstrated how often the 
respondents performed concrete energy-related 
activities (question: “How often do you perform 
the following activities in school?”; Table  1). 
The highest level of regularity in performance of 
the activities is shown in activity 5 (“Turn off the 
lights when I leave the classroom or other school 
room, which won’t be occupied after me”). The 
lowest level of performance is demonstrated in 
relation to activity 4 (“Ask other experts to tell me 
more about energy and how to save it”). As alluded 
to before, it is known that those who engage in 

Fig. 6  Power-vs-interest 
mapping of non-school 
stakeholders related to 
energy use in schools by the 
project partners
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self-reporting tend to over-report environmental-
conscious behavior. Different literature sources 
and case studies confirm that the level of over-
reporting could be by several orders of magnitude 
(McKenzie-Mohr, 2020).

The data on stakeholder duties, energy-related activi-
ties, relevant communication patterns, and loci of con-
trol (with respect to energy use) suggest that school per-
sonnel could be roughly subdivided into the following 
four distinct (though possibly intersecting) categories:

1) School personnel that show a high degree of inter-
est and activity in energy use and saving, which 
might be regular learners about energy saving and 
those asking other experts to tell them more about 
energy and its saving. The latter might be related 
to their professional jobs in school energy system 
maintenance and management.

2) Casual (routine) and regular performers of energy-
saving activities. These activities might be small in 
effect but quite regular (both conscious and uncon-
scious). Of course, as it was stated before, the 
regularity of performing these activities might be 
over-stated and affected by other factors.

3) Occasional performers of the energy-saving activi-
ties. This group might be prospective for energy 
efficiency–targeted projects. It is worthwhile to 
elucidate which factors block the school personnel 
from performing these activities regularly and then 
to address these factors via interventions.

4) Non-performers. There is a cohort of the school 
population that is not interested in energy use/
saving and is not engaged in energy-saving activ-
ities. The important questions are why this negli-
gence and non-performance happen and what can 
be done to tackle them.

Fig. 7  Stakeholder analysis 
survey results: (a) engage-
ment of school personnel 
in energy-related activities 
(question: “Are you engaged 
in any of the following 
energy-related activities 
within the school?”) and (b) 
perception of control (locus 
of control) with respect to 
some comfort, environmen-
tal, and school operation 
issues (question: “In your 
opinion, do you have an 
opportunity to change or 
influence any of the follow-
ing in school?”)
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Energy literacy

Within the ENERGE project, energy literacy encom-
passes not only the cognitive domain, but also the 
affective and behavioral characteristics—enabling 
citizens to think critically, solve problems, and make 
informed decisions about energy (Solomon, 1992). 
These three domains make up the essence of the 
ENERGE energy literacy model (Fig. 8).

Since the development of the elements of the 
model shown on Fig. 9 requires enduring efforts, the 
implementation of energy literacy modules, to sup-
plement existing school curricula for students aged 
12–18, can contribute primarily to the long-term 
impacts. ENERGE offers practical and affordable 
energy and building climate-related educational mate-
rials that are compliant with STEM curricula. This 
allows teachers to educate their students in science 
and technology–related topics using real-life data 
from the school building and its context, allowing for 
a more engaging and less abstract learning experi-
ence. At the same time, the students’ experiments in 
energy efficiency and indoor climate improvement 
strategies can result in a decrease in the energy use of 
the school and can allow school management to make 
evidence-based decisions on investments on energy 
efficiency measures. Therefore, the ENERGE pro-
ject positions itself between a tool of building energy 
management and a resource of educational materials, 
thus bridging both domains.

Initial piloting of the ENERGE literacy mod-
ules, units, and activities in the project schools 
resulted in several recommendations. Firstly, it was 

recommended to broaden the scope of the ENERGE 
educational materials to address sustainability and 
energy and include related topics like water, waste, 
or circular economy. The interviews with the project 
school principals and teachers highlighted that there 
was a preference for implementing interdisciplinary 
STEM-related topics. Secondly, educational materials 
need to be matched with the skills and competences 
of each specific age group. Not only age but also edu-
cation level needs to be considered when designing 
the ENERGE educational propositions. For instance, 
general and vocational education address different 
student learning outcomes. Moreover, the ENERGE 
educational materials need to align with national cur-
riculum. In the targeted countries, two types of cur-
ricula are evident, the common core curriculum and 
differentiated curriculum. Thirdly, it is important that 
appropriate support is available for teacher profes-
sional learning to design and implement these edu-
cational materials, as teachers are key influencers on 
student engagement and learning.

Key informant interviews with school management 
boards/administration

Interviews with the project school management 
boards/administration and teachers were instrumen-
tal in generating important insights. The question 
“Have you currently implemented energy efficiency 
solutions at your school(s)?” demonstrated the lack 
of systemic and consistent approaches to energy effi-
ciency. Schools highlighted activities such as infra-
structural changes (e.g., new windows, LED lights), 

Table 1  Frequency of performance of energy-related activities by the respondents

Activity Regularly Occasionally Never

1. Consider environmental impacts when making choices (e.g., consider environmental impact 
when you dispose of your waste)

66.9% 28.3% 4.8%

2. Learn more about energy and its use 25.9% 57.8% 16.3%
3. Learn more about how to save energy 21% 65.1% 13.9%
4. Ask other experts to tell me more about energy and how to save it 7.2% 57.2% 35.6%
5. Turn off the lights when I leave the classroom or other school room, which won’t be occupied 

after me
97.6% 2% 0.4%

6. Prevent heat loss by closing doors in cold times of the year 84.9% 13.3% 1.8%
7. Switch off overhead electrical lighting when there is sufficient daylight in the classroom or 

other school room
77.7% 18.1% 4.2%

8. Turn off electrical appliances/equipment when not in use to prevent electricity waste from a 
standby mode

65.7% 29.5% 4.8%
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Fig. 8  ENERGE energy 
literacy model

Fig. 9  The ENERGE 
framework of energy effi-
ciency in schools
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the establishment of green/eco teams in the schools, 
and some behavioral change strategies (e.g., using 
energy-saving prompts, PCs in standby mode, visiting 
energy management training by administration offi-
cials, etc.). One of the project schools pointed to the 
controversy between the need to implement energy-
saving steps (“plans to set up the computers to turn 
off automatically”) and the inconvenience of such 
practices (“teachers said they [PCs] took too long to 
start up in the mornings”).

The answers to the question “Who decides on tak-
ing energy efficiency measures and the selection of 
providers/installers?” confirmed the importance of 
senior administration of the schools, i.e., the board 
of management and principals, at the local (school) 
level. However, the decisive roles were played by the 
government or national education authorities. The 
question about 5-year expenditures on energy effi-
ciency measures revealed that the activities directly 
related to energy saving (e.g., new window installa-
tions) were often funded on the basis of health and 
safety needs, rather than energy saving.

A panorama of responses was obtained when the 
interviewees answered the question “Do you cur-
rently use educational materials to educate students 
on energy, energy efficiency and/or sustainability? 
If yes, what materials do you use and where did you 
obtain them?” Firstly, such educational materials 
are based on curriculum, but are often developed by 
the teachers themselves. Secondly, there was an evi-
dent shortage of such materials and some issues with 
resourcing them. Thirdly, there can be a student con-
tribution in the preparation of these materials. Finally, 
the specific focus on energy efficiency seems either 
rare or non-existent; the materials mostly cover gen-
eral topics, like energy use, renewables, and sustain-
ability. There is good potential for the ENERGE to 
provide educational materials to improve energy lit-
eracy in schools.

When reacting to different statements in the ques-
tionnaire, the interviewees provided valuable feed-
back. There a definite lack of clear-cut strategies 
and the required knowledge of formulating such 
strategies for making schools carbon neutral in the 
foreseeable future. All interviewees unanimously 
confirm the absence of sufficient funding to make 
school buildings healthy and energy neutral as they 
“have to fight for everything” and experience a “huge 
gap” with financing. The process of funding was 

described in the following ways: “It is always chal-
lenging to get funding for anything. Projects need 
to have a short payback and save money in order to 
have a better chance of getting funded.” and “Seek-
ing funding takes a lot of work, the schools need to 
‘play the game’ and chase the source of funding.” 
Such experience was not surprising, since, according 
to Eurostat data, in the period 2010–2019, the aver-
age general government expenditure on education as 
a ratio to GDP follows a decreasing trend (Eurostat 
2022). While answering the question “School build-
ings should be used as living labs for teaching stu-
dents on water, energy, waste etc.”, the interviewees 
marked the difficulty of getting student buy-in for 
such approaches. The vital role of family and parents 
was highlighted since the school cannot drive this 
transition to carbon neutrality alone.

Important results were generated when the inter-
viewees were asked to assess preferable outcomes 
from the ENERGE project. The interviewees marked 
the importance of both key components of ENERGE, 
i.e., energy literacy education and data-based energy 
management. On the one hand, its educational com-
ponent is paramount. On the other hand, ENERGE 
can give an opportunity “to get real-time insight in 
the energy performance and comfort of their school 
building, enabling evidence-based decision making on 
energy efficiency measures and tracking the impact of 
implemented measures.” However, it all depends on 
the practicality of ENERGE in both components as 
the educational component should produce important 
knowledge and skills, while the energy management 
component should make real savings and facilitate 
energy monitoring. As such, the interviewees sug-
gest to “market” ENERGE as a holistic, all-in-one and 
continuous approach. Moreover, among some inter-
viewees, there is a perception of an energy efficiency 
approach as a top-down, technology-driven, and totally 
deterministic tool where the role of schools is passive 
and active engagement of school building occupants is 
not pivotal, which is also governed by tight budgets of 
the schools. As one of the interviewees remarked: “…
energy-efficiency plans need to be integrated into the 
school, not bolted on. It should be done by teachers in 
a bottom up approach from the students right up to the 
management level.”

The interviewees confirmed the vitality of stake-
holders in energy efficiency, in general, and in the 
project realization, in particular:
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You need to have the right person on the ground 
to drive it. You need someone that is naturally 
motivated to put in the effort to motivate others, 
otherwise it probably wouldn’t get used. Also, 
some of the teachers feel that they do not know 
enough to be educating the students on energy 
efficiency. They would need training on energy 
efficiency and sustainability in order to feel 
comfortable enough to work with the students 
and answer their questions. A network of teach-
ers would be useful so that teachers from differ-
ent schools can talk to each other and offer tips 
and tricks for engaging with the students.

To this extent, building relationships between vari-
ous stakeholders, for example, between teachers and 
students in different countries or between schools and 
universities, is paramount.

ENERGE energy efficiency framework for schools

Figure  9 visualizes the ENERGE energy efficiency 
framework for schools. The ENERGE framework 
builds on the above methodological and research 
contributions and consists of the eight key elements, 
each of which can generate vital outcomes (“clouds” 
on Fig.  9). Each of these elements implies a set of 
methods, tools, and techniques aimed at directly or 
indirectly influencing energy efficiency in schools. 
All elements are interlinked. For instance, the propri-
etary energy- and IEQ-monitoring ENERGE Digital 
Platform provides actionable insights about energy 
and buildings, but it can also be used to raise energy 
literacy by engaging students in energy-monitoring 
exercises, so it has a pedagogical as well as a practi-
cal value.

It is pertinent to single out several important inter-
linking features that distinguish this framework from 
other approaches described in the literature review. 
Firstly, the framework strongly relies on sociological 
studies, especially on different types of stakeholder 
analysis (box  1, Fig.  9), which should become an 
indispensable part of approaching the issue of rais-
ing energy efficiency in schools. Secondly, there is 
a significant focus on participation, collaboration, 
engagement, empowerment, and community build-
ing, including on a cross-country basis (boxes 4 and 
5, Fig.  9). Moreover, this collaboration permeates 
all elements of the framework, including the Digital 

Platform operation (box 2, Fig. 3) and energy literacy 
development (box 3, Fig. 9). The framework confirms 
that energy efficiency is not only a technological chal-
lenge, but also a personal and social issue requiring a 
thorough understanding of various characteristics of 
relevant stakeholders and engaging them in collabo-
rative efforts. Thirdly, special care is given to raising 
energy literacy, which demonstrates rigor, consist-
ency, and active consultations with various stakehold-
ers. The elements on intervention strategies (box  8, 
Fig. 9) and business scenario development are beyond 
the scope of this publication as the ENERGE project 
is still in progress, while the stages of interventions 
and post-project maintenance will be reported sepa-
rately due to the large volume of generated materials 
and longitudinal character of these elements.

Discussion

Energy literacy, which is a cornerstone of the 
ENERGE framework, is known to correlate with such 
constructs as knowledge, attitude, self-efficacy, and 
behavior (Chen et al., 2015). Likewise, the developed 
ENERGE energy literacy model comprises affective, 
cognitive, and behavioral aspects. The strength of the 
framework lies in its holistic approach to energy liter-
acy module development, which considered all these 
aspects to present a balanced mix of theory, activities, 
exercises, curriculum-supporting materials, and direct 
energy efficiency measures.

Another strength of the ENERGE framework in 
the domain of energy literacy is in its collaborative 
approach to the development of curriculum-based 
energy literacy modules and other pedagogical tools, 
which were a manifestation of international collabo-
rative efforts. In this case, collaboration can become a 
way of combatting “uncertainties about instructional 
content” (Erçetin et al., 2015, p. 150), lack of interdis-
ciplinarity and associated limitations of standardized 
curricula. However, it should be noted that energy 
literacy is a complex, multi-stage and multi-dimen-
sional educational and learning process, depend-
ent on the interplay of various sociodemographic, 
psychographic, cognitive, cultural, and personal fac-
tors (Chen et al., 2015). The viability of any approach 
in the domain of energy literacy requires significant 
practical efforts, which should demonstrate consist-
ency over many years and across different contexts.
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Technology underlies the whole spectrum of 
technological and innovative responses to energy 
efficiency, such as devices, materials, information 
inputs, energy, ideas, methods, etc. The use of dif-
ferent digital devices in schools—particularly smart 
meters—could lead to significant benefits, includ-
ing in customization of energy-saving advice and 
provision of actionable insights. To this extent, the 
installation and operation of the IEQ- and energy-
monitoring digital platform in schools is another 
key element of the ENERGE framework. Apart 
from technological prowess, this platform can be 
used for energy literacy purposes and empower-
ment of school stakeholders to make actionable and 
informed decisions on the basis of the generated 
data. However, the actionability of these insights is 
predicated on multiple factors including accuracy 
and usefulness of data, user friendliness of inter-
faces, and deep embeddedness of technological 
solutions into the fabric of specific built environ-
ment and its operational practices (Kimura et  al., 
2018). Any practical user of such devices in a com-
plex dynamic environment such as a school should 
fully appreciate the complex interactions between 
generated data and specifics of daily routines (Saha-
kian et  al., 2021). As with energy literacy, robust 
testing of digital automation in schools in real-world 
settings is paramount to ensure the responsiveness 
of building users to energy efficiency-raising meas-
ures is understood (Hoicka & Parker, 2018; Kimura 
et al., 2018).

While the ENERGE framework does not develop 
innovative technologies per se, its potential lies within 
the combination of existing technologies, improved 
methodologies, and novel ideas to provide a holistic 
response to the issue of energy efficiency. Impor-
tantly, “technology in learning environments should 
be easy to use, reliable, and pedagogically relevant” 
and should “promote collaboration, engagement, 
interaction or deeper learning” (Casanova et al., 2020, 
p. 414). This is what defines the essence of the digital 
platform within the ENERGE framework.

Technology use is inextricably linked to values, 
perceptions, norms, and other sociopsychological 
aspects (Guerreiro et  al., 2015). Therefore, with 
respect to energy systems, Longhurst and Chil-
vers (2019, p. 973) ascertain that “what is often 
presented as a primarily ‘technical’ transition [of 
energy systems] is always normative in bringing 

forward particular forms of social and political 
order.” In connection with this, Wittmayer et  al. 
(2022) stress the role of societal and cultural val-
ues, norms, symbols, feelings, emotions, percep-
tions, and rituals. Likewise, the ENERGE frame-
work implies value co-creation/exchange between 
various stakeholders across all ENERGE dimen-
sions. There is now a consensus that the long-term 
task of improving energy efficiency in buildings 
is untenable without consistent and collaborative 
efforts of all stakeholders within various economic, 
political, socio-cultural, technological, pedagogi-
cal, personal, and other dimensions and systems 
(Pietrapertosa et  al., 2021). A problem of respon-
sible energy use in schools is shaped by a myriad 
of such stakeholder interactions, which include “a 
vast kaleidoscope of simple and complex relational 
exchanges” (Hastings & Domegan, 2018, p. 71). 
The ENERGE project has provided links between 
the schools and the local neighborhood. This has 
involved engaging with local public attractions 
like museums and libraries (where demonstra-
tion versions of the ENERGE platform have been 
presented) along with local authorities, regional 
authorities, and even a multinational company. 
Several local and regional authorities are part of 
the ENERGE consortium, which has helped build 
these links even stronger.

Therefore, the ENERGE framework focuses 
on stakeholder collaboration (between individu-
als, groups, and entities), networking, community 
building, and getting insights about the stakehold-
ers. However, the level of multidimensionality and 
systematicity of this task is significantly underrep-
resented and misunderstood; the suggested frame-
work, visualized with the help of Fig. 9, is aimed to 
raise this level.

Finally, the ENERGE framework builds upon 
cross-country experience and collaborations, link-
ing students and school staff from different countries 
in sharing their experience, knowledge, lived sto-
ries, etc., that are related to energy use and raising 
energy efficiency. Cross-cultural aspects are known 
to shape differences in energy conservation behav-
iors within and across various countries (Goggins 
et al., 2022; Long et al., 2018). Despite these differ-
ences, ENERGE helps to find a common ground and 
generalized approaches to tackling diverse issues of 
energy efficiency.
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Limitations and coping strategies

The aim of this research was to present a systemic 
framework to facilitate energy reduction in schools 
across different European contexts. However, the 
implementation of this task encountered several chal-
lenges, and thus, it has certain limitations.

Like any methodology, the ENERGE framework 
and methodology will adapt given further feedback 
from new participating schools. It should also be 
mentioned that its implementation coincided with 
Covid where schools were often shut for prolonged 
periods. Establishing baselines for energy consump-
tion was more challenging, and subsequent to Covid, 
many schools operated with windows open in winter 
for ventilation purposes. The health context was obvi-
ously more important than energy considerations at 
that time. However, despite this, the ENERGE frame-
work showed its robustness by allowing schools to 
engage with education materials, surveys, data via 
the digital platform, and other ENERGE options. 
We consider the results and framework very relevant 
given the lack of such systemic frameworks, which 
could be readily adopted by schools. This is even 
more important in the light of the current energy cost 
rises, where significant and immediate reductions in 
energy consumption, which will affect public institu-
tions, including schools, are required in the EU. To 
this extent, the wide range of methodological tools 
that we tested and are present in the format of mul-
tiple resources (e.g., ready-made energy literacy 
modules, the ENERGE digital platform, stakeholder 
analysis exercises, etc.) give schools a variety of prac-
tical methods to positively impact energy education 
and efficiency in their premises. The ENERGE-based 
approach increases certainty about “what works” and 
advocates the need to use a strategic and long-term 
perspective, when the results of interventions are 
evaluated on a longitudinal and multi-dimensional 
basis. ENERGE shows how the outcomes of energy 
efficiency can go well beyond reducing energy con-
sumption by a certain percentage value. It is consid-
ered of greater importance to first create a systemic 
framework for realization of various energy-related 
initiatives and strategies. Without such a framework, 
any intervention in the domain of energy efficiency 
has a strong chance of becoming disconnected from 
existing theories and the school cohort and becoming 
a series of one-off events.

There is a seemingly non-homogenous mode of 
the framework application in the project schools in 
the different countries. The Covid pandemic was a 
serious impediment for carrying out the framework 
application in a more homogenous way. However, the 
generalized framework was not intended to be homo-
geneously manifested or even tested in each country. 
At the early stages of the project, the project part-
ners carried out extensive research of the variations 
among the national educational systems in each of 
the project countries. Besides, the ENERGE project 
schools involve different types of educational estab-
lishments, like city gymnasiums, vocational colleges, 
small (almost rural) schools, etc. All these schools 
feature different governance models and diverse 
approaches to energy management. In general, the 
ENERGE project elucidated this large diversity of 
educational systems in different countries and of spe-
cific educational establishments even in one country. 
This showed a very rich and vibrant picture of the 
context within which schools try to raise or maintain 
energy efficiency. The ENERGE project thus dem-
onstrates that successful energy management frame-
works need to be aware of these contexts. Apart from 
that, all the ENERGE project partners were actively 
involved in contacting and collaborating with the 
schools’ staff and students, as well as in the operation 
of the ENERGE committees, which facilitated seeing 
unique circumstances of energy management in each 
specific school and creating what might be character-
ized as the ENERGE learning community. This com-
munity building is in progress and is supported by the 
installed ENERGE digital platform.

Therefore, the differences in national educa-
tion systems and in specific schools are too large for 
“homogenous” implementation of any energy-saving 
platform. Any energy-saving framework should be 
adapted for concrete conditions. This goes in line 
with the concept of contingent sustainability, which 
suggests that sustainable interventions should be 
determined specifically for each location and culture 
through public participation and stakeholder negotia-
tions (Morelli et al., 2013).

Conclusions

This paper provides a systemic framework for energy 
efficiency in schools, aimed at the transformation of 
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thirteen project schools into more energy-responsible 
places. Since energy efficiency in the educational envi-
ronment is a very complex issue, exacerbated by a 
range of interrelated personal, technological, social, and 
other factors, addressing this issue requires a systemic 
approach. Despite some available theoretical and practi-
cal endeavors undertaken to raise the level of systema-
ticity in this domain, the shortage of systemic energy 
efficiency approaches is currently a significant gap. The 
suggested ENERGE framework addresses this situation 
and offers a range of tested methodological tools, which 
have already generated important results. The contribu-
tion of this paper lies in demonstrating how a systemic 
approach to energy efficiency can benefit schools.

The benefits of the suggested framework over other 
approaches are numerous. Its holism expands to prac-
tically all domains of energy management in schools. 
Curriculum-embedded energy literacy education is 
aimed to provide comprehensive knowledge and skills 
about the focal issue. Digital transformation of the 
school energy sector monitors IEQ/energy and simulta-
neously serves educational purposes. Deep reliance on 
sociological studies caters for an important mission of 
knowing key stakeholders (at micro, meso, and macro 
levels), which can help to fine-tune relevant behavior 
change interventions to target specific segments of the 
addressed audience. Significant attention is given to 
the development of viable business scenarios for future 
manifestation of the framework and for the expansion 
of its experience to other schools. An indispensable 
element of the framework is in its sheer focus on col-
laboration, engagement, and participation of different 
stakeholders, including on a cross-country basis. The 
framework creates school-based groups of activists that 
operate as its ambassadors and conduits of the gener-
ated knowledge and skills. Everything is performed col-
laboratively. For instance, energy literacy modules are 
developed via an extensive process of collaboration. 
The level of interconnectivity of the elements of the 
framework is extremely high, meaning that each ele-
ment is related to others and all elements are mutually 
beneficial. The framework is backed up by a compre-
hensive and well-developed strategy of its realization, 
which hinges on such approaches as co-design sessions, 
digital ethnography, and behavior change interven-
tions. Taking into consideration all these benefits, the 
ENERGE framework can arouse significant interest and 
deliver benefits among different stakeholders associated 
with the issue of energy management in schools.

Funding Open Access funding provided by the IReL Con-
sortium. ENERGE is an Interreg North-West Europe (NWE) 
project, co-funded by the European Regional Development 
Fund Project Number NWE-827.

Data Availability The datasets generated during and/or 
analysed during the current study are available from the cor-
responding author on reasonable request.

Declarations 

Conflict of interest The authors declare no competing inter-
ests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

AlFaris, F., Juaidi, A., & Manzano-Agugliaro, F. (2016). Improve-
ment of efficiency through an energy management program as 
a sustainable practice in schools. Journal of Cleaner Production, 
135(1), 794–805. https:// doi. org/ 10. 1016/j. jclep ro. 2016. 06. 172

Allee, V. (2008). Value network analysis and value conversion of 
tangible and intangible assets. Journal of Intellectual Capital, 
9(1), 5–24. https:// doi. org/ 10. 1108/ 14691 93081 08457 77

Arambula Lara, R., Pernigotto, G., Cappelletti, F., Romagnoni, P., 
& Gasparella, A. (2015). Energy audit of schools by means 
of cluster analysis. Energy and Buildings, 95(15 May), 160–
171. https:// doi. org/ 10. 1016/j. enbui ld. 2015. 03. 036

Ashwin, P., Boud, D., Coate, K., Hallett, F., Keane, E., Krause, 
K-L., et  al. (2015). Reflective teaching in higher educa-
tion, (Pollard, A. & Pollard, A., series Eds.). London: 
Bloomsbury Academic.

Barrue, C., & Albe, V. (2013). Citizenship education and soci-
oscientific issues: Implicit concept of citizenship in the 
curriculum, views of French middle school teachers. Sci-
ence and Education, 22(5), 1089–1114. https:// doi. org/ 10. 
1007/ s11191- 012- 9571-4

Bernardo, H., Gaspar, A., & Henggeler Antunes, C. (2018). A 
combined value focused thinking-soft systems methodology 
approach to structure decision support for energy perfor-
mance assessment of school buildings. Sustainability, 10(7), 
2295. https:// doi. org/ 10. 3390/ su100 72295

Bertoldi, P., & Boza-Kiss, B. (2017). Analysis of barriers 
and drivers for the development of the ESCO markets in 

Page 23 of 26 21

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jclepro.2016.06.172
https://doi.org/10.1108/14691930810845777
https://doi.org/10.1016/j.enbuild.2015.03.036
https://doi.org/10.1007/s11191-012-9571-4
https://doi.org/10.1007/s11191-012-9571-4
https://doi.org/10.3390/su10072295


Energy Efficiency (2023) 16:21

1 3
Vol:. (1234567890)

Europe. Energy Policy, 107(C), 345–355. https:// doi. org/ 
10. 1016/j. enpol. 2017. 04. 023

Bryman, A. (2016). Social research methods. Oxford Press.
Bryson, J. M. (2004). What to do when stakeholders matter: 

Stakeholder identification and analysis techniques. Public 
Management Review, 6(1), 21–53.

Carter, K. (2014). Learning energy systems: An holistic 
approach to low energy behaviour in schools. In PLEA 
2014 Conference Proceedings, PLEA (Passive and Low 
Energy Architecture), Ahmedabad, India. Retrieved 
March 17, 2022, from https:// www. pure. ed. ac. uk/ ws/ porta 
lfiles/ portal/ 18926 124/ Paper_ 2912_ PR. pdf.

Casanova, D., Huet, I., Garcia, F., & Pessoa, T. (2020). Role of 
technology in the design of learning environments. Learning 
Environments Research, 23(3), 413–427. https:// doi. org/ 10. 
1007/ s10984- 020- 09314-1

Chen, S. J., Chou, Y. C., Yen, H. Y., & Chao, Y. L. (2015). 
Investigating and structural modeling energy literacy of 
high school students in Taiwan. Energy Efficiency, 8(4), 
791–808. https:// doi. org/ 10. 1007/ s12053- 015- 9327-5

Chung, W., & Yeung, I. M. H. (2020). A study of energy con-
sumption of secondary school buildings in Hong Kong. 
Energy and Buildings, 226(1 November), 110388. https:// 
doi. org/ 10. 1016/j. enbui ld. 2020. 110388

Cornelius, M., Armel, K. C., Hoffman, K., Allen, L., Bryson, 
S. W., Desai, M., & Robinson, T. N. (2014). Increasing 
energy- and greenhouse gas-saving behaviors among ado-
lescents: A school-based cluster-randomized controlled 
trial. Energy Efficiency, 7(2), 217–242. https:// doi. org/ 10. 
1007/ s12053- 013- 9219-5

Crawley, D. B., & Aho, I. (1999). Building environmental assess-
ment methods: Applications and development trends. Building 
Research & Information, 27(4–5), 300–308. https:// doi. org/ 10. 
1080/ 09613 21993 69417

Da Cruz Antunes, J. M. (2019). Energy saving potential of 
secondary schools with low investment. NWE ENERGE 
- Project: “Energizing Education to Reduce Greenhouse 
Gas Emissions.” Master thesis. Faculty of Science, Uni-
versity of Luxembourg.

Dascalaki, E., & Sermpetzoglou, V. (2011). Energy performance and 
indoor environmental quality in Hellenic schools. Energy and 
Buildings, 43(2–3), 718–727. https:// doi. org/ 10. 1016/j. enbui ld. 
2010. 11. 017

de JotaSouza, P. R. D. S. A. P. A., & da Silva, V. R. B. (2017). 
Energy performance indexes: analysis in public schools in 
Brazil. Energy Efficiency, 10(6), 1433–1451. https:// doi. 
org/ 10. 1007/ s12053- 017- 9530-7

DeWaters, J. E., & Powers, S. E. (2011). Improving energy liter-
acy among middle school youth with project-based learning 
pedagogies. 2011 Frontiers in Education Conference (FIE), 
12–15 October 2011, pp. T1D-1-T1D-7. https:// doi. org/ 10. 
1109/ FIE. 2011. 61429 61.

DeWaters, J. E., & Powers, S. E. (2013). Establishing meas-
urement criteria for an energy literacy questionnaire. 
Journal of Environmental Education, 44(1), 38–55. 
https:// doi. org/ 10. 1080/ 00958 964. 2012. 711378

Dias Pereira, L., Bispo Lamas, F., & Gameiro da Silva, M. 
(2019). Improving energy use in schools: From IEQ 
towards energy-efficient planning—method and in-field 
application to two case studies. Energy Efficiency, 12(5), 
1253–1277. https:// doi. org/ 10. 1007/ s12053- 018- 9742-5

Dwyer, C. (2011). The relationship between energy literacy 
and environmental sustainability. Low Carbon Economy, 
2(3), 123–137. https:// doi. org/ 10. 4236/ lce. 2011. 23016

Erçetin, Ş, Bisaso, S., & Saeed, F. (2015). Understanding 
chaos and complexity in education systems through con-
ceptualization of fractal properties. In ŞŞ Erçetin & S. 
Banerjee (Eds.), Chaos, complexity and leadership 2013 
(pp. 147–163). Springer International.

European Commission. (2021). Digital Education Action 
Plan (2021–2027). Resetting education and training for 
the digital age. Retrieved March 17, 2022, from https:// 
ec. europa. eu/ educa tion/ educa tion- in- the- eu/ digit al- 
educa tion- action- plan_ en.

European Commission/Deloitte/Ipsos MORI. (2019). 2nd 
Survey of Schools: ICT in Education Objective 1: 
Benchmark progress in ICT in schools. Publications 
Office of the European Union. https:// doi. org/ 10. 2759/ 
23401

European Commission/EACEA/Eurydice. (2019). The 
structure of the European education systems 2019/20: 
Schematic diagrams. Eurydice facts and figures. Lux-
embourg: Publications Office of the European Union. 
Retrieved March 17, 2022, from http:// www. euryd ice. si/ 
publi kacije/ The- Struc ture- of- the- Europ ean- Educa tion- 
Syste ms- 2019- 20_ Schem atic- Diagr ams- EN. pdf.

Eurostat. (2022). Government expenditure on education. 
Retrieved March 17, 2022, from https:// ec. europa. eu/ euros 
tat/ stati stics- expla ined/ index. php? title= Gover nment_ 
expen diture_ on_ educa tion.

Friedman, C., Becker, N., & Erell, E. (2014). Energy retrofit 
of residential building envelopes in Israel: a cost-benefit 
analysis. Energy, 77(1 December), 183–193. https:// doi. 
org/ 10. 1016/j. energy. 2014. 06. 019

Fuentes, M., Kessler, M., & Nicol, F. (2008). Assessing build-
ings with green credentials. In S. Roaf & A. Bairstow 
(Eds.), The Oxford Conference: a re-evaluation of educa-
tion in architecture (pp. 297–300). WIT Press.

Geraldi, M. S., & Ghisi, E. (2020). Building-level and stock-
level in contrast: A literature review of the energy perfor-
mance of buildings during the operational stage. Energy 
and Buildings, 211(15 March), 109810. https:// doi. org/ 10. 
1016/j. enbui ld. 2020. 109810

Goggins, G., Fahy, F., & Jensen, C. L. (2019). Sustainable tran-
sitions in residential energy use: characteristics and gov-
ernance of urban-based initiatives across Europe. Journal 
of Cleaner Production, 237(10), 117776. https:// doi. org/ 
10. 1016/j. jclep ro. 2019. 117776

Goggins, G., Rau, H., Moran, P., Fahy, F., & Goggins, J. 
(2022). The role of culture in advancing sustainable 
energy policy and practice. Energy Policy. https:// doi. org/ 
10. 2139/ ssrn. 40428 89

Guerreiro, S., Batel, S., Lima, M. L., & Moreira, S. (2015). Mak-
ing energy visible: Sociopsychological aspects associated with 
the use of smart meters. Energy Efficiency, 8(6), 1149–1167. 
https:// doi. org/ 10. 1007/ s12053- 015- 9344-4

Hastings, G., & Domegan, C. (2018). Social marketing. Rebels 
with a cause (3rd ed.). Routledge.

Hellwig, R., Teli, D., Schweiker, M., Choi, J.-H., Lee, M. C. 
J., Mora, R., Rajan, R., Wang, Z., & Atrash, F. (2019). A 
framework for adopting adaptive thermal comfort prin-
ciples in design and operation of buildings. Energy and 

Page 24 of 2621

https://doi.org/10.1016/j.enpol.2017.04.023
https://doi.org/10.1016/j.enpol.2017.04.023
https://www.pure.ed.ac.uk/ws/portalfiles/portal/18926124/Paper_2912_PR.pdf
https://www.pure.ed.ac.uk/ws/portalfiles/portal/18926124/Paper_2912_PR.pdf
https://doi.org/10.1007/s10984-020-09314-1
https://doi.org/10.1007/s10984-020-09314-1
https://doi.org/10.1007/s12053-015-9327-5
https://doi.org/10.1016/j.enbuild.2020.110388
https://doi.org/10.1016/j.enbuild.2020.110388
https://doi.org/10.1007/s12053-013-9219-5
https://doi.org/10.1007/s12053-013-9219-5
https://doi.org/10.1080/096132199369417
https://doi.org/10.1080/096132199369417
https://doi.org/10.1016/j.enbuild.2010.11.017
https://doi.org/10.1016/j.enbuild.2010.11.017
https://doi.org/10.1007/s12053-017-9530-7
https://doi.org/10.1007/s12053-017-9530-7
https://doi.org/10.1109/FIE.2011.6142961
https://doi.org/10.1109/FIE.2011.6142961
https://doi.org/10.1080/00958964.2012.711378
https://doi.org/10.1007/s12053-018-9742-5
https://doi.org/10.4236/lce.2011.23016
https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en
https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en
https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en
https://doi.org/10.2759/23401
https://doi.org/10.2759/23401
http://www.eurydice.si/publikacije/The-Structure-of-the-European-Education-Systems-2019-20_Schematic-Diagrams-EN.pdf
http://www.eurydice.si/publikacije/The-Structure-of-the-European-Education-Systems-2019-20_Schematic-Diagrams-EN.pdf
http://www.eurydice.si/publikacije/The-Structure-of-the-European-Education-Systems-2019-20_Schematic-Diagrams-EN.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_education.
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_education.
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_education.
https://doi.org/10.1016/j.energy.2014.06.019
https://doi.org/10.1016/j.energy.2014.06.019
https://doi.org/10.1016/j.enbuild.2020.109810
https://doi.org/10.1016/j.enbuild.2020.109810
https://doi.org/10.1016/j.jclepro.2019.117776
https://doi.org/10.1016/j.jclepro.2019.117776
https://doi.org/10.2139/ssrn.4042889
https://doi.org/10.2139/ssrn.4042889
https://doi.org/10.1007/s12053-015-9344-4


Energy Efficiency (2023) 16:21

1 3
Vol.: (0123456789)

Buildings, 205(15 December), 109476. https:// doi. org/ 10. 
1016/j. enbui ld. 2019. 109476

Hoicka, C. E., & Parker, P. (2018). Assessing the adoption of the 
house as a system approach to residential energy efficiency pro-
grams. Energy Efficiency, 11(2), 295–313. https:// doi. org/ 10. 
1007/ s12053- 017- 9564-x

Hoos, T., Merzkirch, A., Maas, S., & Scholzen, F. (2016). 
Energy consumption of non-retrofitted institutional build-
ing stock in Luxembourg and the potential for a cost-effi-
cient retrofit. Energy and Buildings, 123, 162–168.

Hoque, F., Yasin, R. M., & Sopian, K. (2022). Revisiting edu-
cation for sustainable development: Methods to inspire 
secondary school students toward renewable energy. Sus-
tainability, 14(14), 8296. https:// doi. org/ 10. 3390/ su141 
48296

Imms, W., & Byers, T. (2017). Impact of classroom design on 
teacher pedagogy and student engagement and performance 
in mathematics. Learning Environments Research, 20(1), 
139–152. https:// doi. org/ 10. 1007/ s10984- 016- 9210-0

Jackson, M. C. (2019). Critical systems thinking and the man-
agement of complexity. Wiley.

Jensen, C. L., Goggins, G., Røpke, I., & Fahy, F. (2019). 
Achieving sustainability transitions in residential energy 
use across Europe: the importance of problem framings. 
Energy Policy, 133(October), 110927. https:// doi. org/ 10. 
1016/j. enpol. 2019. 110927

Johansson, M., Gentile, N., & Neij, L. (2021). Energy effi-
ciency behaviour in the built environment—an assessment 
of current evaluation practices in the Nordic countries. 
Energy Efficiency, 14(3), 1–20. https:// doi. org/ 10. 1007/ 
s12053- 021- 09938-z

Jowkar, M., de Dear, R., & Brusey, J. (2020). Influence of long-
term thermal history on thermal comfort and preference. 
Energy and Buildings, 210(1 March), 109685. https:// doi. 
org/ 10. 1016/j. enbui ld. 2019. 109685

Kimura, O., Komatsu, H., Nishio, K., & Mukai, M. (2018). 
A prototype tool for automatically generating energy-
saving advice based on smart meter data. Energy Effi-
ciency, 11(5), 1247–1264. https:// doi. org/ 10. 1007/ 
s12053- 018- 9639-3

Korsavi, S. S., Montazami, A., & Mumovic, D. (2020). Venti-
lation rates in naturally ventilated primary schools in the 
UK; Contextual, Occupant and Building-related (COB) fac-
tors. Building and Environment, 181(15 August), 107061. 
https:// doi. org/ 10. 1016/j. build env. 2020. 107061

Koumoutsos, K., Kretsis, A., Kokkinos, P., Varvarigos, E. A., 
Nikolopoulos, V., Gkioxi, E., & Zafeiropoulos, A. (2015). 
Gathering and processing energy consumption data from 
public educational buildings over IPv6. Energy, Sustain-
ability and Society, 5(24),  1–12. https:// doi. org/ 10. 1186/ 
s13705- 015- 0051-y

Long, C., Mills, B. F., & Schleich, J. (2018). Characteristics or 
culture? Determinants of household energy use behavior 
in Germany and the USA. Energy Efficiency, 11(3), 777–
798. https:// doi. org/ 10. 1007/ s12053- 017- 9596-2

Longhurst, N., & Chilvers, J. (2019). Mapping diverse visions 
of energy transitions: Coproducing sociotechnical imagi-
naries. Sustainability Science, 14(4), 973–990. https:// 
doi. org/ 10. 1007/ s11625- 019- 00702-y

Lourenço, P., Pinheiro, M. D., & Heitor, T. (2014). From 
indicators to strategies: Key performance strategies for 

sustainable energy use in Portuguese school buildings. 
Energy and Buildings, 85(December), 212–224. https:// 
doi. org/ 10. 1016/j. enbui ld. 2014. 09. 025

Marino, A., Bertoldi, P., & Rezessy, S. (2010). Energy service 
companies market in Europe. Status report 2010. Lux-
embourg: Publications Office of the European Union. 
Retrieved December 11, 2022, from https:// publi catio ns. jrc. 
ec. europa. eu/ repos itory/ handle/ 11111 1111/ 15108.

Martins, A., Madaleno, M., & Ferreira Dias, M. (2020). Energy 
literacy: What is out there to know? Energy Reports, 
6(Supplement 1), 454–459. https:// doi. org/ 10. 1016/j. egyr. 
2019. 09. 007

Mathwasa, J., & Sibanda, L. (2020). Enhancing students’ self-effi-
cacy: Implication for high school guidance and counselling 
educators, counseling and therapy. In S. G. Taukeni (Ed.), 
Counseling and therapy (pp. 67–86). IntechOpen.

McHugh, P., Domegan, C., & Duane, S. (2018). Protocols for 
stakeholder participation in social marketing systems. 
Social Marketing Quarterly, 24(3), 164–193. https:// doi. 
org/ 10. 1177/ 15245 00418 761626

McKenzie-Mohr, D., & Smith, W. (1999). Fostering sustain-
able behavior: An introduction to community-based social 
marketing. New Society.

McKenzie-Mohr, D. (2020). Introductory workshop in commu-
nity-based social marketing. Online Zoom-based work-
shop held June 24–25 and 29–30, 2020.

Meehan, C. R., Levy, B. L. M., & Collet-Gildard, L. (2018). 
Global climate change in U.S. high school curricula: 
Portrayals of the causes, consequences, and potential 
responses. Science Education, 102(3), 498–528. https:// 
doi. org/ 10. 1002/ sce. 21338

Morawska-Jancelewicz, J. (2022). The role of universities in social 
innovation within quadruple/quintuple helix model: Practical 
implications from Polish experience. Journal of the Knowl-
edge Economy, 13(3), 2230–2271. https:// doi. org/ 10. 1007/ 
s13132- 021- 00804-y

Morelli, V. G., Weijnen, M., Van Bueren, E., Wenzler, I., De 
Reuver, M., & Salvati, L. (2013). Towards intelligently-
sustainable cities? Journal of Land Use, Mobility and 
Environment, 6(1), 73–86.

Morgan, D. L. (1998). The Focus group guidebook. Focus group 
kit. Volume 1. Thousand Oaks, California: Sage.

OECD. (2013). PISA 2012 results: What makes schools suc-
cessful? Resources, policies and practices (Volume IV). 
PISA, OECD Publishing. https:// doi. org/ 10. 1787/ 97892 
64201 156- en

OECD. (2021). 21st-century readers: Developing literacy skills in 
a digital world. PISA, OECD Publishing. https:// doi. org/ 10. 
1787/ a83d8 4cb- en

Opdenakker, M.-C., & Van Damme, J. (2007). Do school con-
text, student composition and school leadership affect 
school practice and outcomes in secondary education? 
British Educational Research Journal, 33(2), 179–206. 
https:// doi. org/ 10. 1080/ 01411 92070 12082 33

Pedreschi, L. F. (2020). Public services in EU trade and invest-
ment agreements. Springer Nature.

Pietrapertosa, F., Tancredi, M., Salvia, M., Proto, M., Pepe, 
A., Giordano, M., et al. (2021). An educational awareness 
program to reduce energy consumption in schools. Jour-
nal of Cleaner Production, 278,  123949. https:// doi. org/ 
10. 1016/j. jclep ro. 2020. 123949.

Page 25 of 26 21

https://doi.org/10.1016/j.enbuild.2019.109476
https://doi.org/10.1016/j.enbuild.2019.109476
https://doi.org/10.1007/s12053-017-9564-x
https://doi.org/10.1007/s12053-017-9564-x
https://doi.org/10.3390/su14148296
https://doi.org/10.3390/su14148296
https://doi.org/10.1007/s10984-016-9210-0
https://doi.org/10.1016/j.enpol.2019.110927
https://doi.org/10.1016/j.enpol.2019.110927
https://doi.org/10.1007/s12053-021-09938-z
https://doi.org/10.1007/s12053-021-09938-z
https://doi.org/10.1016/j.enbuild.2019.109685
https://doi.org/10.1016/j.enbuild.2019.109685
https://doi.org/10.1007/s12053-018-9639-3
https://doi.org/10.1007/s12053-018-9639-3
https://doi.org/10.1016/j.buildenv.2020.107061
https://doi.org/10.1186/s13705-015-0051-y
https://doi.org/10.1186/s13705-015-0051-y
https://doi.org/10.1007/s12053-017-9596-2
https://doi.org/10.1007/s11625-019-00702-y
https://doi.org/10.1007/s11625-019-00702-y
https://doi.org/10.1016/j.enbuild.2014.09.025
https://doi.org/10.1016/j.enbuild.2014.09.025
https://publications.jrc.ec.europa.eu/repository/handle/111111111/15108
https://publications.jrc.ec.europa.eu/repository/handle/111111111/15108
https://doi.org/10.1016/j.egyr.2019.09.007
https://doi.org/10.1016/j.egyr.2019.09.007
https://doi.org/10.1177/1524500418761626
https://doi.org/10.1177/1524500418761626
https://doi.org/10.1002/sce.21338
https://doi.org/10.1002/sce.21338
https://doi.org/10.1007/s13132-021-00804-y
https://doi.org/10.1007/s13132-021-00804-y
https://doi.org/10.1787/9789264201156-en
https://doi.org/10.1787/9789264201156-en
https://doi.org/10.1787/a83d84cb-en
https://doi.org/10.1787/a83d84cb-en
https://doi.org/10.1080/01411920701208233
https://doi.org/10.1016/j.jclepro.2020.123949
https://doi.org/10.1016/j.jclepro.2020.123949


Energy Efficiency (2023) 16:21

1 3
Vol:. (1234567890)

Rittel, H. W. J., & Webber, M. M. (1973). Dilemmas in a general 
theory of planning. Policy Sciences, 4(2), 155–169. https:// doi. 
org/ 10. 1007/ BF014 05730

Rospi, G., Cardinale, N., Intini, F., & Negro, E. (2017). Analy-
sis of the energy performance strategies of school build-
ings site in the Mediterranean climate: A case study the 
schools of Matera city. Energy and Buildings, 152(1 Octo-
ber), 52–60. https:// doi. org/ 10. 1016/j. enbui ld. 2017. 07. 018

Roudil, N., Flamand, A., Beillan, V., & Douzouet, S. (2015). 
La consommation d’énergie à l’épreuve des pratiques et 
savoirs d’usage des habitants. In M.-C. Zélem et C. Beslay 
(Dir.), Sociologie de l’énergie. Gouvernance et pratiques 
sociales (pp. 243–252). Paris: Éditions du CNRS.

Sahakian, M., Rau, H., Grealis, E., Godin, L., Wallenborn, G., 
Backhaus, J., ... & Fahy, F. (2021). Challenging social 
norms to recraft practices: A Living Lab approach to 
reducing household energy use in eight European coun-
tries. Energy Research & Social Science, 72, 101881. 
https:// doi. org/ 10. 1016/j. erss. 2020. 101881.

Sanoff, H. (2001). School building assessment methods. National 
Clearinghouse for Educational Facilities.

Saunders, M., Lewis, P., & Thornhill, A. (2019). Research 
methods for business students (8th ed.). Harlow, Essex, 
UK: Pearson Education Ltd.

Schneider, B. (2000). Social systems and norms. A Coleman 
approach. In M. T. Hallinan (Ed.), Handbook of the sociol-
ogy of education (pp. 365–385). Boston: Springer. https:// 
doi. org/ 10. 1007/0- 387- 36424-2_ 17

Schwartz, Y., Godoy-Shimizu, D., Korolija, I., Dong, J., Hong, 
S. M., Mavrogianni, A., & Mumovic, D. (2021). Develop-
ing a data-driven school building stock energy and indoor 
environmental quality modelling method. Energy and 
Buildings, 249(2), 111249. https:// doi. org/ 10. 1016/j. enbui 
ld. 2021. 111249

Solomon, J. (1992). Getting to know about energy in school 
and society. The Falmer Press.

Sorrell, S., & Dimitropoulos, J. (2008). The rebound effect: 
Microeconomic definitions, limitations and extensions. 
Ecological Economics, 65(3), 636–649. https:// doi. org/ 10. 
1016/j. ecole con. 2007. 08. 013

Stuart, G., & Ozawa-Meida, L. (2020). Supporting decentral-
ised energy management through smart monitoring sys-
tems in public authorities. Energies, 13(20), 5398. https:// 
doi. org/ 10. 3390/ en132 05398

Thewes, A., Maas, S., Scholzen, F., Waldmann, D., & Zürbes, 
A. (2014). Field study on the energy consumption of 
school buildings in Luxembourg. Energy and Buildings, 

68(Part A, January), 460–470. https:// doi. org/ 10. 1016/j. 
enbui ld. 2013. 10. 002

Thomas, R. M. (2002). Overcoming inertia in school reform: How to 
successfully implement change. Corwin Press Inc.

Tipon, F. K., Villanueva, A., Juan, M. B. K. L. M., Cruz, N. 
D., & Tus, J. (2021). The self-efficacy and its relationship 
to the academic motivation of the senior high school stu-
dents from public schools amidst the new normal educa-
tion in the Philippines. International Journal of Advance 
Research and Innovative Ideas in Education, 7(1), 2935–
2947. https:// doi. org/ 10. 6084/ m9. figsh are. 14813 397. v2

Trombley, D. (2016). Too cool for school: Engaging students 
with energy efficiency. In 19th biennial ACEEE conference 
on Energy Efficiency in Buildings, Pacific Grove, Cali-
fornia. Retrieved December 11, 2022, from https:// www. 
aceee. org/ files/ proce edings/ 2016/ data/ papers/ 8_ 1183. pdf

UNESCO Institute for Statistics. (n.d.). International Standard 
Classification of Education (ISCED). Retrieved March 17, 
2022, from http:// uis. unesco. org/ en/ topic/ inter natio nal- 
stand ard- class ifica tion- educa tion- isced.

UNESCO. (2006). Education for all: Literacy for life. EFA 
global monitoring report. Retrieved March 17, 2022, from 
https:// en. unesco. org/ gem- report/ report/ 2006/ liter acy- life.

UNICEF. (2019). Part III: Strengthening interlink-
ages. Policy Brief #4. Energy and SDG 4 (Qual-
ity Education). Retrieved December 12, 2022, from 
https:// sdgs. un. org/ docum ents/ policy- brief-4- educa 
tion- and- energy- unicef- 25385.

Wittmayer, J., Campos, I., Avelino, F., Brown, D., Doračić, B., 
Fraaije, M., Gährs, S., Hinsch, A., Assalini, S., Becker, T., 
Marín-González, E., Holstenkamp, L., Bedoić, R., Duić, 
N., Oxenaar, S., & Pukšec, T. (2022). Thinking, doing, 
organising: Prefiguring just and sustainable energy sys-
tems via collective prosumer ecosystems in Europe. Energy 
Research & Social Science, 86(2022), 102425. https:// doi. 
org/ 10. 1016/j. erss. 2021. 102425

Zhang, D., & Bluyssen, P. M. (2021). Energy consumption, 
self-reported teachers’ actions and children’s perceived 
indoor environmental quality of nine primary school 
buildings in the Netherlands. Energy and Buildings, 
235(15 March), 110735. https:// doi. org/ 10. 1016/j. enbui ld. 
2021. 110735

Publisher’s note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Page 26 of 2621

https://doi.org/10.1007/BF01405730
https://doi.org/10.1007/BF01405730
https://doi.org/10.1016/j.enbuild.2017.07.018
https://doi.org/10.1016/j.erss.2020.101881
https://doi.org/10.1007/0-387-36424-2_17
https://doi.org/10.1007/0-387-36424-2_17
https://doi.org/10.1016/j.enbuild.2021.111249
https://doi.org/10.1016/j.enbuild.2021.111249
https://doi.org/10.1016/j.ecolecon.2007.08.013
https://doi.org/10.1016/j.ecolecon.2007.08.013
https://doi.org/10.3390/en13205398
https://doi.org/10.3390/en13205398
https://doi.org/10.1016/j.enbuild.2013.10.002
https://doi.org/10.1016/j.enbuild.2013.10.002
https://doi.org/10.6084/m9.figshare.14813397.v2
https://www.aceee.org/files/proceedings/2016/data/papers/8_1183.pdf
https://www.aceee.org/files/proceedings/2016/data/papers/8_1183.pdf
http://uis.unesco.org/en/topic/international-standard-classification-education-isced
http://uis.unesco.org/en/topic/international-standard-classification-education-isced
https://en.unesco.org/gem-report/report/2006/literacy-life
https://sdgs.un.org/documents/policy-brief-4-education-and-energy-unicef-25385
https://sdgs.un.org/documents/policy-brief-4-education-and-energy-unicef-25385
https://doi.org/10.1016/j.erss.2021.102425
https://doi.org/10.1016/j.erss.2021.102425
https://doi.org/10.1016/j.enbuild.2021.110735
https://doi.org/10.1016/j.enbuild.2021.110735

	A systemic framework of energy efficiency in schools: experiences from six European countries
	Abstract 
	Introduction
	Literature review
	Approaches to energy efficiency in schools
	Energy literacy and digital transformation for learning purposes
	Systemic approaches to sustainable energy use in schools

	Methods
	Context analysis
	Stakeholder analysis
	Establishment of internal working groups (“ENERGE committees” and Teacher Network)
	Power-versus-interest grid method of stakeholder analysis
	Stakeholder analysis survey
	ENERGE Digital Platform to monitor electricity and indoor environmental quality
	Development of energy literacy modules
	Interviews

	Results
	Context analysis
	Power-versus-interest grid method of stakeholder analysis
	Stakeholder analysis survey
	Energy literacy
	Key informant interviews with school management boardsadministration
	ENERGE energy efficiency framework for schools

	Discussion
	Limitations and coping strategies
	Conclusions
	References




