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Abstract University campuses are complex structures, generally consisting in large 

amounts of built-up area and of users involved in a diversity of activities, resulting in a 

substantial consumption of resources, waste generation and greenhouse gases emissions, 

similarly to an urban community. Acting on the use phase, the so-called operations, offers 

the possibility of improving the environmental performance of buildings, facilities and 

outdoor spaces, resulting in higher savings rates at a short and medium term. 

Sustainability initiatives on campus operations may be arranged in several key areas, 

such as Energy, Buildings, Waste, Water, Transportation, Air and Climate and Food. This 

work focus on Energy and Buildings initiatives, by reviewing those studied or effectively 

implemented in university campuses with reported results in scientific publications. 

Literature shows a wide range and diversity of results. This work intends, thus, to 

understand those results, by exploring the extent to which the success of initiatives is 

related to campuses characteristics, particularly to the campuses dimension. 

The results of this work show a tendency for smaller campuses to present better results on 

the feasibility of actions, through higher rates of energy consumption decrease; larger 

ones present diverse impacts, being their probability of success dependent on the addition 

of supporting measures to the energy generation, as the implementation of energy storage 

or microgrids. These findings, even recognizing the need of more research to produce 

more robust conclusions, can help to identify key points for actions to optimize the 

adoption of sustainable strategies according to each campus specificities, and to succeed 

in the accomplishment of the sustainable campus principle. 
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1. INTRODUCTION 

Assuming the commitment to respond to climate change concerns, Higher Education 

Institutions (HEI) are increasingly involved in incorporating environmental concerns in the 

core of their activities, due either to the social responsibility of training future leaders and 

citizens, as to the recognition that campuses structures are large consumers of energy and 

other resources, with negative consequences on the environment and on the universities’ bills. 

Universities’ campuses comprise large and complex structures, embracing a significant 

number of users and activities that may occur at almost twenty-four hours a day. They involve 

not only the greenhouse gases (GHG) emissions and the consumption of energy, water, 

materials or food, but also the management of transportation and of the waste produced. 

Acting on the use phase, generally known as the operations phase, provides the opportunity to 

improve the environmental performance of campuses physical structures and infrastructures at 

a short and medium term, which may justify the attention that literature has been giving to 

this field, when compared to other aspects of sustainability in HEI such as Education or 

Governance [1]. 

Although relevant work has been done on the diverse approaches that HEI may adopt to be 

involved in sustainability principles [1]–[8], the knowledge on existing sustainable campus 

practices is still limited, as there is few scientific literature that may help to stimulate an in-

depth discussion on the theoretical and practical outlines of sustainable campus operations.  

This work intends, thus, to better understand the implementation of initiatives in universities 

campuses in the area of operations, regarding the accomplishment of the sustainable campus 

philosophy. For this purpose, a review on the scientific literature regarding the effective 

implementation of sustainability measures or the studies evaluating their feasibility in 

university campuses is proposed. The main objective is to understand the extent to which the 

success of initiatives – translated on the increase of renewable energy supply or on the 

decrease of energy demand or of GHG emissions – is related to campuses physical 

characteristics, such as the size of the campus. Knowing that universities have their own 

specificities, it is hypothesized that sustainability measures do not have the same impact in all 

campuses equally, and the evaluation of the most appropriate to each campus becomes crucial 

to increase their potential for success. 

2. MATERIAL AND METHODS 

The undertaken work resulted from a literature review based on scientific publications 

only, by searching on Science Direct (https://www.sciencedirect.com) and Google Scholar 

(http://scholar.google.com) websites, through the keywords “sustainab”, “university”, and 

“campus”. The collected publications were filtered by considering those published from 

2010 onwards, and categorized according to STARS [9] definitions – Energy, Buildings, 

Waste, Water, Transportation, Grounds, Air and Climate, and Food. This work focuses on the 

area of Energy and Buildings – the ones most addressed in literature – and only those who 

present results were considered. A total of 68 publications were retrieved for this survey – 

43 journal articles, 15 book chapters and 10 conference proceedings. The articles were 

organized according to the type of initiatives implemented or studied. 
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From each study, the HEI referred to was determined and classified according to the size, 

based on the QS classification (http://www.iu.qs.com/university-rankings/qs-

classifications/), a simplified approach of Carnegie Classification of Institutions of Higher 

Education that proposes a categorization of size according to the total number of students. 

Given the wide diversity of the results presentation in each study – rates of reduction on 

energy consumption, on electricity demand, savings, tons of CO2 emissions reduction, or even 

payback time for the feasibility studies – the interpretation of results was based on a 

qualitative approach – being considered that all the initiatives that provide reductions or 

savings have a positive impact. 

3. RESULTS AND DISCUSSION 

Figure 1 synthesizes the type of initiatives and case studies in Energy and Buildings areas, 

according to HEI dimensions. These are classified as S (institution with less than 5000 

students), M (greater or equal to 5000 and lower or equal to 12 000 students), L (greater 

or equal to 12 000 and lower or equal to 30 000 students) and XL (greater than 30 000 

students). The number of initiatives with positive results against the total number of 

initiatives for each type – x/x – is presented as well. 

 

 

Figure 1. Initiatives in Energy and Buildings areas on small (S), medium (M), large (L) and extra -large 

(XL) sized universities. 

http://classifications.carnegiefoundation.org/
http://classifications.carnegiefoundation.org/


Ana R. Amaral, Eugénio Rodrigues, Adélio R. Gaspar and Álvaro Gomes 

4 

An overview of the initiatives on Energy found on literature highlights the penetration of 

renewable sources for energy production as the most substantial, as well as its application 

to combined heat and power (CHP) plants or to heating/cooling systems. The addition of 

microgrids, batteries for energy storage or energy management systems are found as well. 

Regarding Buildings, the efficiency of the envelope, through the thermal insulation of 

opaque areas and the control of heat gains on glazing areas, is the most addressed 

initiative; in the case studies, it is reflected on the evaluation of retrofitting strategies for 

existing buildings.  

In what concerns to the share of initiatives per HEI size, the implementation of energy 

generation, distribution and management systems dominates the smaller universities (S). 

The remaining universities show a relatively balanced distribution between Energy and 

Buildings initiatives, although with differences in the most implemented. Medium-sized 

universities (M) present more actions on the improvement of buildings envelope, and the 

larger ones (L and XL) on the evaluation of retrofitting strategies. These initiatives 

generally comprise a combination of passive measures (thermal insulation of opaque 

envelope and upgrading of glazing areas) and improvement of active systems, as the 

increasing of lighting and/or HVAC systems efficiency. 

Analysing the impact of the initiatives itself, literature shows that the smaller universities 

have a greater potential for successful implementation of renewable energy systems, 

through higher percentages of energy supplied by renewable sources – more than 100 % 

[10], [11], against 80 % on M [12] and about 34 % on L [13], [14]. It is in such a way that 

the Environmental Campus Birkenfeld reported by [15], one of the smaller campus of this 

work’s body of literature, is considered the first Europe’s Zero-Emission Campus. For the 

case of larger universities (XL), various studies show that renewable energy generation do 

not supply substantially the campus energy consumption and, thus, has a minimal 

contribution [16]–[18]. The largest universities that present a major supply by renewable 

sources tend to implement a combination of initiatives to increase the energy system 

efficiency, such as hybrid systems [19], CHP [20], [21], microgrids [20], [22] or energy 

storage [23]. The energy management systems seem to help all the participating 

universities in decreasing energy consumption, regardless of their size or location. The 

same is noted in the deployment of smart meter displays, since the effectiveness of these 

measures are mostly dependent of the users’ behaviour and predisposition to be involved on 

the decrease of energy consumption. 

In what concerns to Buildings, passive measures present significant reductions on the 

decrease of energy demand, namely the thermal insulation of opaque envelope that seem to 

have a positive effect in all sizes, even with slightly prominent reductions on energy demand 

in smaller universities [24], [25]. The evaluation of retrofitting strategies present positive 

impacts in all sizes as well, with percentages of reduction on energy demand of about 40 % 

for M universities [26], between 6 % and 50 % for L universities [21], [27], [28] and between 

25 % (if only windows are replaced) and 93 % (combination of passive and active strategies) 

in XL universities [29]. Active systems, as the upgrading of artificial lighting to LED 

technologies and of HVAC systems, provide significant reductions on energy demand, being 

the smaller university the one with higher savings [30]. Again, the use of supporting 
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measures, as the automated controls for lighting, temperature setpoints or gas use, help the 

largest universities to perform better [31]. 

4. CONCLUSIONS 

The undertaken work revealed trends and some relationship between the impact of the 

initiatives and the size of universities, especially concerning renewables penetration measures. 

Thus, smaller universities tend to show better results through higher percentages of energy 

savings and of coverage by renewable energy generation. The larger ones seem to be 

dependent on the additional measures to support power generation, such as hybrid systems, 

CHP or microgrids. This conclusion may lead to the suggestion that there are types of 

initiatives more appropriate to each campus, according to its characteristics, namely the size. 

This study identifies some limitations. On one hand, the results found on literature and used in 

this work are presented on such a diversity of means that it would be of great importance to 

establish common metrics, performance parameters, calculation methods or even common 

measure units for results presentation, in order to be able to better discuss and compare 

initiatives and impacts among themselves. 

On the other hand, even recognizing the lack of comprehensive information on the literature 

and the few studies based on empirical data, the results achieved with this study raise a line of 

research, paving the way for future work. 

Hence, more research is needed, in order to draw robust conclusions that can help HEI to 

design action plans appropriate to the characteristics of each campus within a priority order 

framework, optimizing investments, resources and succeeding in the accomplishment of the 

sustainable university campuses. 
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