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ABSTRACT 

Energy efficiency has received increasing attention in sustainable development 
over the past years due to the attention of climate change mitigation. In this 
context, universities have the role of promoting sustainability through energy 
efficiency efforts, improving environmental, economic and social aspects and 
increasing energy savings and the use of renewable energy. The aim of this 
paper is to perform a systematic review of the literature on the topic energy 
efficiency initiatives/practices/actions at Universities and analyse how they are 
contributing to the four categories created by LiFE Index: facilities and operations; 
leadership and governance; learning, teaching and research; partnerships and 
engagement. The databases Web of Science and Scopus were used to the 
review and resulted in 100 articles published in the last 10 years. This research 
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illustrates a comprehensive approach related to the panorama of initiatives, 
practices and actions that universities are developing in the energy efficiency 
topic. In addition, the literature review highlights examples and barriers between 
energy efficiency and sustainable development by comparing and analysing 
them, showing its relevant features. 
 
 
Key words: Universities. Energy efficiency. Sustainable Development. 
Systematic review. LiFe Index. 

 

 

1 INTRODUCTION 
 
Energy efficiency is an essential strategy in energy and climate change 

mitigation policies with several benefits that no only reduce greenhouse gas 

emissions and local air pollution, but indeed reduce investments in energy 

infrastructures, lower the needs for fossil fuel, and improve quality of life 

(TAYLOR et al., 2010). Since the energy production and utilization are 

responsible for 80% of carbon dioxide and two-thirds of total greenhouse gas 

emissions worldwide (INTERNATIONAL ENERGY AGENCY, 2015), energy 

saving is an important component of many national and international responses 

to climate change and fossil fuel depletion (COTTON et al., 2016). 

Since universities can be compared to small towns due to their population 

size, infrastructure and environmental concerns such as footprints 

(ALSHUWAIKHAT and ABUBAKAR, 2008), as complex organizations, Bull et al. 

(2018) highlighted that they have a significant carbon footprint in their direct and 

indirect emissions. Regarding this context, universities have the role of promoting 

sustainability through energy efficiency efforts, improving environmental, 

economic and social aspects and increasing energy savings and the use of 

renewable energy. In addition, as presented in a recent systematic literature 

review on energy sustainability at universities (SALVIA and BRANDLI, 2020), 

research on energy efficiency is among the main areas that universities are 

exploring to contribute to sustainability goals. One way to promote Sustainable 

Development is education at higher levels as a way to improve the capacity to 

address environmental and developmental issues (AL-NAQBI and ALSHANNAG, 

2018). In this learning way, through cognitive and affective domains, students can 

acquire knowledge, attitudes and behaviour regarding sustainability 
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(SHEPHARD, 2008).  In addition, the increase of students’ enrolment in academic 

activities that involves sustainability is a critical component for knowledge 

economies and direct impacts on energy consumption with consequences in 

environmental, ethical and financial aspects (MTUTU and THONDHLANA, 2016).  

In responses to climate change, energy efficiency has an increasingly 

important role to play (IPCC, 2014). As presented by Salvia and Schneider 

(2019), energy efficiency has become increasingly common, especially in the 

context of higher education, including actions to reduce energy waste, 

development of technologies, investment in more efficient buildings and in 

research centers.  

Cotton et al. (2016) defend the idea that energy savings is critical for 

universities as carbon reduction levels, also sustainability in practice related to 

energy saving on campus is rarely integrated with teaching and learning and a 

wider student experience (WINTER and COTTON, 2012). In addition, Leal Filho 

et al. (2019) affirm that understanding the link between energy use and energy 

efficiency at universities can help to maximize the use of campus’ energy 

resources and reduction of carbon footprint. 

The objective of this research was to identify through a systematic review 

of the literature energy efficiency initiatives/practices/actions at Universities and 

analyse how they are contributing to the four categories created by LiFE 

(Learning in Future Environments) Index: facilities and operations; leadership and 

governance; learning, teaching and research; partnerships and engagement, 

highlighting examples and barriers between energy efficiency and sustainable 

development by comparing and analysing them, showing its relevant features.  

This paper is organized as 4 sections: the methodology is presented based 

on a systematic review and the studies of LiFE Index. Then, the results have also 

a discussion related to the 4 categories created by the measure instrument, and 

examples highlighted through the researches’ found. 

  

2  METHODOLOGY 
 
In this paper, to carry out the analysis of the best energy efficiency 

practices in universities, the authors conducted a systematic review that 

according to Denyer and Tranfield (2009) is a specific methodology that locates 
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existing studies, selects and evaluates contributions, analyses and synthesizes 

data, and describes evidence to allow clear conclusions about the subject. It 

differs from a literature review, since it represents a research that explores a 

specific issue with relevant criteria for selection/inclusion of articles (SALVIA and 

BRANDLI, 2020). 

Therefore, in order to develop knowledge about the theme discussed, this 

study outlined the research question as: what are the practices/initiatives/actions 

of energy efficiency applied in the universities that are part of the literature and 

encompass worldwide what is being done by the Institutions of Higher Education? 

Two important databases were used to identify the most relevant 

publications in the specific topic, Scopus and Web of Science, because they have 

scientific publications in several relevant areas to the theme. In order to identify 

the articles on the websites, three search strings were used: "energy efficiency" 

practices at universit*, OR "energy efficiency" initiatives at universit*, OR “energy 

efficiency” actions at universit*, as described in Table 1. 

 
Table 1: Research Topic for Performing Systematic Analysis 

Research Topic: 

"energy efficiency" practices at universit*  
(topic, abstract, title, keywords) 
OR 
"energy efficiency" initiatives at universit* 
(topic, abstract, title, keywords) 
OR 
energy efficiency" actions at universit*  
(topic, abstract, title, keywords) 

Source: Authors, 2019. 

 

The methodological process of the systematic review through stages is 

shown in Figure 1 and can be described as: development of the search question, 

search of the publications in the databases, application of review analysis of titles 

and abstracts, and data analysis through the software RStudio. 
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Figure 1: Steps Systematic Review 

 
Source: Authors, 2019. 

 

For the systematic search, the criteria used was the period, between the 

years 2010 to 2019, and the language - English, Spanish or Portuguese. All types 

of publications (journals, reviews, book, conferences) were included in the 

search, as well as all search areas, according to Table 2.  

After the search, the publications were extracted to the Microsoft Excel 

software to verify the duplication. The content analysis to filter the publications, 

according to the study’s line of interest was through the analysis of the title and 

the abstract, as suggested by Schulze et al. 2016. 

 
Table 2: Criteria for Research 

Criteria Inclusion Exclusion 

Period 2010 to 2019 
Any publication before 2010 and 
after May 2019. 

Language 
English, Spanish, 
Portuguese 

Any other language 

Source: Authors, 2019. 

 

To analyse and synthesize the data, RStudio interface was used.  It’s an 

extension of R software that uses a statistical programming language, available 

for free download (www.studio.com). This software provides a wide statistical 

variety (linear and non-linear modeling, classical statistical tests, time series 

analysis, classification, grouping, among others) and graphic techniques (R-

PROJECT, 2019). 

The remaining articles were analysed according to the categories used by 

Macgregor (2015) on James Cook University, located in Australia. The categories 

are: Leadership and Governance, Partnerships and Engagement, Learning, 
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Teaching and Research, Facilities and Operations. These are part of the LiFE 

Index - Learning in Future Environments - a system developed by the 

Environmental Association of Colleges and Universities of Australia, which can 

be defined as a performance improvement tool to help higher education 

institutions manage, measure, and improve their performance in social and 

environmental responsibility. 

One of the defining characteristics of the LiFE Index is the flexible 

development and improvement frameworks, presented in four priority areas. 

These priority areas have been developed with a holistic approach in mind, to 

accurately reflect the core business of educational institutions and demonstrate 

key areas of focus for those who are already working with sustainability. Within 

each of the priority areas, there are a number of comprehensive frameworks that 

help analyse the institution's current sustainability activities, guide future strategic 

plans and encourage progress, in a simple, systematic, and proactive way (LiFE 

INDEX, 2019). 

 
Table 3: Categories LiFE Index 

Category Examples of selection criteria 

Leadership and 
Governance (LG) 

Higher Education Institution’s commitment with 
support and financial activities and initiates regarding 
sustainability 

Partnerships and 
Engagement (PE) 

Symposiums, conferences, projects in partnership with 
other universities, initiatives with partnerships of 
private companies 

Learning, Teaching & 
Research (LTR) 

Curriculum with focus on sustainability, course, 
extension project, internship programs, extracurricular 
educational activities, research centers, etc. 

Facilities and 
Operations (FO) 

campus infrastructure, use of sustainable 
technologies, separation of waste, energy efficiency, 
buildings, etc. 

Source: adapted from Macgregor C, (2015). 

 

As shown in Table 2, the Leadership and Governance category is based 

on the institution's commitment to support and finance activities and initiatives in 

relation to sustainability. In the second category, Partnerships and Engagement, 

symposiums, conferences, projects in partnership with other universities, and 

initiatives with partnerships of private companies are included. Learning, 

Teaching and Research includes up-to-date curriculum with focus on 
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sustainability, being it subject, course, extension project, internship programs, 

extracurricular educational activities, research centers, etc. For the last category, 

Facilities and Operations, the campus infrastructure is considered, using 

sustainable technologies, separation of waste, energy efficiency, buildings, 

among others (MACGREGOR, 2015). 

 

3 RESULTS AND DISCUSSION 
 
 

The analysis of the scientific literature with the search topic is shown in 

Figure 2. The total number of articles located in the databases numbered 272 (69 

from Web of Science and 203 from Scopus). After the exclusion of duplications 

and content analysis (title and abstract), 100 articles were considered for the 

bibliometric analysis.  

 

Figure 2: Mapping systematic article search 

 

Source: Authors, 2019. 

 



 

R. gest. sust. ambient., Florianópolis, v. 9, n. esp., p. 503-524, mai. 2020.      510 
 

The bibliometric review was used to analyse the characteristics of 

publications in the topic of energy efficiency initiatives in universities, including 

countries, institutions, journals, citations, authors, content analysis (cloud of 

words most frequent in abstracts, author / title relations).  

Figure 3 shows the proportion of articles published per year between the 

period of 2010 and May 2019. With this analysis, it is possible to notice that the 

number of publications follows a pattern of articles ranging from 10 to 14 per year, 

between 2013 and 2017. However, in 2018, the number of duplications almost 

double. That may be explained by the publication of Towards Green Campus 

Operations: energy, climate, and sustainable development initiatives at 

universities (LEAL FILHO et al., 2018), and also by other three events that 

occurred in the same year: IEEE ANDESCON Conference Proceedings, the IEE 

International Conference on automation, and the International Conference the 

Smart Energy Systems and Technologies, illustrating the relevance of the topic 

in the current context. 

The systematic analysis included all categories of publications, finding the 

largest number of publications in conferences, followed by articles, book 

chapters, and review articles. 

In relation to the first 10 sources of publication, the journal Sustainability 

has the largest number of articles (n=4). Followed by 3 articles published in the 

Journal of Cleaner Production and 3 publications in the Towards Green Campus 

Operations series - Energy, climate and sustainable development initiatives at 

universities. The journals with 2 publications each are: Energy, Advanced 

Materials and Research and Energy for Sustainable Development. The other 

sources of publication are the conferences: 2018 IEEE Andescon, World Energy 

Engineering Congress 2013, International Scientific Symposium of the Croatian 

Economy, and International Conference on intelligent networking and 

collaborative systems, as shown in Figure 3. 
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Figure 3: Number of publications in the last 10 years 

 

Source: Authors, 2019. 
 

Figure 4: 10 Most Published Sources 

 

Source: Authors, 2019. 
 

Figure 4 shows the distribution of the first 10 countries with the highest 

scientific production, according to the reference country of the main author of the 

publications. Italy is the leader with 13 articles published, followed by the United 

States with one less article. The number of publications per country declined 

considerably, resulting in 7 publications from Malaysia and 6 publications from 

Brazil, Portugal, Spain and Canada. Australia, China and Romania have 3 

publications each. 
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Figure 5: Countries with the most publications  

 

Source: Authors, 2019. 

 

Regarding the first 10 most relevant authors to the publications in the 

researched topic, Table 4 describes the authors that the software R considered 

as most relevant - all of them have 2 publications. 

Table 4: Most relevant authors 

Authors  Publications 

Aleixo J 2 
Alves L 2 
Guedes MC 2 
Benitez DS 2 
Borges K 2 
Brandli LL 2 
Danelli RC 2 
Pereira I 2 
Reginatto G 2 
Villacreses S 2 

Source: Authors, 2019. 

 

The analysis of the abstracts and titles was developed by RStudio 

software. The word cloud, illustrated in Figure 6, shows that the words most found 

in the abstracts were energy, building, university, efficiency, sustainable, campus, 

consumption, performance, among others. 
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Figure 6: Word Cloud with the abstracts 

 
Source: RStudio, 2019. 

 
Figure 7: Network of co-occurring titles 

 
 

 
Source: RStudio, 2019. 
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The titles were analysed through Network analysis of co-occurrence, 

emphasizing the connections between the main word Energy with intermediaries, 

like university, that connects with buildings or campus, and in this way is forming 

Figure 7. The different colours are grouped as the connection and similarity of 

title’s topics, including a normalization of association and described as a Walktrap 

type of Clustering Algorithm, according to the software analysis R-Studio. 

According to RStudio software analysis, the most cited articles are 

described in Table 5. 

Table 5: 10 publications with the highest number of citations 
Author Title Source Year  Citation 
Buonomano A  Dynamic energy performance 

analysis: Case study for energy 
efficiency retrofits of hospital buildings 

Energy 2014 33 

Zivkovic S Improvements in environmental 
protection through Optimization of 
Production Processes a case study 

Fresenius 
Environmental 
Bulletin 

2016 3 

Altan H Redesigning Terraced Social Housing 
in the UK for Flexibility Using Building 
Energy Simulation with Consideration 
of Passive Design 

Sustainability 2015 3 

Waheed B An Integrated Decision-Making 
Framework for Sustainability 
Assessment: A Case Study of 
Memorial University 

Higher Education 
Policy 

2011 3 

Crespo B Design and Monitoring of a Micro-
Cogeneration System: A Wide 
Practice Proposed for Engineering 
Education 

Computer 
Applications in 
Engineering 
Education 

2016 2 

Massimo DE Valuation supports green university: 
case action at Mediterranea campus in 
Reggio Calabria 

Procedia Social 
and Behavioral 
Sciences 

2016 2 

Mantescu G Responsible Research and Innovation 
in Non-Formal Education Activities 
Related to Solar Energy Area 

Multidimensional 
Education & 
Professional 
Development. 
Ethical Values 

2016 1 

Deniz S A Laboratory Based Course on Energy 
Systems in a Mechanical Engineering 
Undergraduate Program 

Proceedings of the 
Asme Turbo Expo 

2016 1 

Pollard CE Up close and personal The value of 
feedback in implementing an individual 
energy-saving adaptation 

International 
Journal of 
Sustainability in 
Higher Education 

2016 1 

Barone GB ECCO: An integrated solution for 
Environment Compatible COmputing 
systems. 

2014 International 
Conference on 
Intelligent 
Networking and 
Collaborative 
Systems 

2014 1 

Source: Authors, 2019. 

 

The 100 articles found were analysed according to the categories: 

Leadership and Governance, Partnerships and Engagement, Learning, Teaching 
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and Research, Facilities and Operations, are part of the LiFE Index - Learning in 

Future Environments (MACGREGOR, 2015). 

Table 6 shows the number of articles that scored in 1, 2, 3 or 4 categories. 

It is noticed that 41% of the articles scored in two categories, reiterating the 

importance of connecting the energy efficiency initiatives with other areas beyond 

the research. 

 

Table 6: Number of articles in 1,2,3 or 4 categories 

4 categories 
9 articles 

3 categories 
33 articles 

2 categories 
41 articles 

1 category 
17 articles 

Source: Authors, 2019. 

 

When analysing the 100 articles by the title and abstract, it was punctuated 

with the number 1 the articles that had relation with the categories, and with the 

number 0 the articles that had no relation. Figure 8 shows that the category with 

the highest score was Learning, Teaching and Research (LTR), with a total of 94 

points. Followed by Facilities and Operations (FO) category with 61 points, 

Leadership and Governance (LG) with 43 points and Partnerships and 

Engagement (PE) 36 points. In relation to the last two, it is noticed that the 

number of Partnerships and Engagement is as relevant as that of Leadership and 

Governance, demonstrating how important it is for Universities to seek external 

contributions from industries, companies, and other universities to improve their 

initiatives in relation to sustainability. 

Figure 8: Articles punctuations’ in the four categories 

 

Source: Authors, 2019. 
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Although most universities punctuated more in Learning, Teaching and 

Research, it is important to connect integrating practice and theory, as Leal Filho 

et al. (2018) suggested as through lighting in-service learning to promote teaching 

staff and inter alia student-engagement by synergetic action and ethical 

discussions. Tang (2018) defends that education for sustainable development 

aims to change the attitudes and behaviours of the future generations with 

concerted effort of educational and institutions and educators. In fact, the author’s 

study concluded that in the end of a course named Engineering Sustainable 

Development, the results of a questionnaire were positive impacts on the beliefs, 

attitudes and intentions of students’ who participated, showing the importance of 

how knowledge can contribute to sustainability. Other authors related to the 

systematic review discussed the needs of the engineering education about the 

energy efficiency, and the importance of involving the students and the academic 

community at the procedure development (CRESPO et al., 2016; DENIZ, 2016). 

Regarding the category Leadership and Governance, Leal Filho et al. 

(2019) affirm that the implementation and adoption of sustainable procurement 

policies by Higher Education Institutions is a way to offer not only opportunities 

to reduce environmental issues and social impacts of their business operations, 

but also may contribute do raise awareness and commitment among staff and 

students. Furthermore, the support of senior management within a university is 

essential for bottom-up sustainable initiatives not fail in longer term due to a lack 

of investment and administrative support (ÁVILA et al., 2017). Waheed et al. 

(2011) also said that it is important to have a good communication and to develop 

a methodologically well-structured framework for decision-makers, to achieve 

sustainability activities’ goals at the university. 

A Green Campus includes technologies, programs and even curricula 

courses related to sustainable development. Leal Filho (2018) defends the idea 

that some universities engage less on campus greening and more on research 

or teaching, as the results of this study shows. The author also affirms that to 

have green campus can be costly due to requirement of substantial investments 

and improvements in infrastructure, and that the campus greening programs 

need to be considered as part of a major, institutional approach towards 

environmental conservation and resources efficiency. With regard to the category 
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Facilities and Operations, the systematic review’s articles say that for universities 

to improve energy efficiency and to become a green campus, it must build a 

strategic plan for sustainability, through an intervention at the buildings’ 

architecture, using the natural resources as ways to the ventilation and insulation 

(MASSIMO et al., 2016). In addition, Barone et al. (2014) presented the 

implementation of a complex and smart system, which can automatically and 

dynamically control the use of energy, in order to reduce the consumption and 

consequently the energy costs. 

Furthermore, Buonomano et al. (2014) describe the importance of the 

energy efficiency at the universities’ buildings, highlighting that the consumption 

will not only reduce with the consumers’ behaviours, although it is an important 

variable to consider, but also the building should be efficient energetically to 

consume less energy. Altan et al. (2015) show how to reinforce the energy 

efficiency by using a building energy simulation, regarding the local climate, in 

order to provide a sustainable building, which consume less energy. Mantescu et 

al. (2016) describe the importance of renewable energy, like solar energy, to 

increase energy efficiency in the university, and also to raise awareness among 

the academic community, as a way to improve the sustainable behaviour. Still in 

sustainability behaviour, Pollard (2016), describes a data system to monitoring 

the energy system, with the purpose of reduce the costs by energy-saving, in 

addition to encourage positively the academic community’s behaviour to save 

energy and be more sustainable. 

Figure 9 shows the relation of the 10 most cited articles with the four 

categories analysed by LiFE. Only 3 articles scored in all categories. All articles 

ranked in the category Learning, Teaching and Research. 5 articles were rated 

in this category and more Facilities and Operations, 1 article scored the same 

and in Leadership and Governance, and 1 article rated in Learning, Teaching and 

Research, and Partnerships and Engagement. 

Although Joshi et al. (2019) say that there are three division of barriers, 

which impede the development of the energy efficiency, being them: barriers of 

organizational, economic and behavioural, Ávila et al. (2017) affirm that the 

implementation of energy efficiency at university can cause positive impacts to 

the university’s structure, regarding the three main pillars of the sustainability. In 

fact, for Leal Filho et al. (2018) to approach the whole university embedding 
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sustainability can be recommended as tools for transformation in learning and 

education using teaching and learning, research, community engagement and 

general campus operations.  
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Figure 9: 10 most cited articles in the four categories 

 

Source: Authors, 2019. 

 

At the conclusion of this analysis, it is evident the connections between 

one or more energy efficiency categories of university initiatives, following the 

suggestion of Velazquez et al. (2006), that a higher education institution can be 

considered as a whole or as a part, which deals with and promotes, at regional 

or global level, the minimization of environmental, economic and social impacts 

in order to fulfil its functions of teaching, research, outreach and partnership, and 

management to help society make the transition to more sustainable lifestyles. 

 

4 CONCLUSION 
 
This research aimed at identifying energy efficiency practices at 

universities through a systematic literature review and analysing their contribution 

to the four categories used by the LiFE Index. After the search in the databases 

Web of Science and Scopus, 100 articles were considered for this study.  
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Results from the bibliometric analysis confirmed the expected trend of an 

increased number of publications in the last years. Not only did the topic of energy 

sustainability became more popular but also universities are more aware of their 

role in this context. By analysing title and abstracts, the main topics related to 

energy efficiency which arise were sustainable campus, buildings, renewable 

energy, energy consumption and education. It demonstrates how interconnected 

energy efficiency is in relation to other areas of sustainable campuses and the 

importance of education in raising awareness and promoting behaviour change.  

The results from the analysis according to the LiFE Index support this 

connection, since most articles were classified as examples of actions for 

Learning, Teaching and Research and Facilities and Operations. Less has been 

published in relation to Leadership and Governance and Partnerships and 

Engagement, which are areas that may need more attention and further 

investigation.  

The contribution of this paper is twofold: it presented an overview of 

publications in the topic of energy efficiency, suggesting the most common 

sources, topics and authors of this area; and, by focusing in the classification per 

priority areas, it offered an analysis of how the published articles are related to 

the aspects of sustainability in universities, revealing areas that could receive 

more attention in order to improve the contribution of these educational 

institutions to energy efficiency.  

Some limitations of this study include the aspects analysed in the review 

and the databases used. Future research may expand the analysis to other 

databases and add a full-text content analysis in order to investigate more 

aspects of each article, such as the methodology used in each one. 
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