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Abstract 

Environmental management in University Institutions is of increasing importance given their 

demographic dimensions and all the operations that take place in them involving a high consumption of 

resources such as energy and water. In addition, universities take on the added responsibility of instilling 

sustainable practices in the students who will be future decision makers. 

This dissertation aims to evaluate the environmental performance of the Alameda Campus of Instituto 

Superior Técnico and further proposal and analysis of improvement solutions. 

To this end, the LiderA environmental certification system was used, verifying that it is possible to 

improve the environmental performance of the Campus from current level B to A+, based on proposals 

to reduce water consumption and waste generation combined with the energy efficiency plan under 

implementation, which will reduce Campus energy consumption by 21% until 2020. Through a 

benchmark analysis it was found that the Campus would be associated with “best practice” in energy 

consumption and “conventional practice” in associated GHG emissions and water consumption. 

It has been shown that it is possible to reduce water consumption by 18% in the Civil Pavilion through 

viable suggestions and payback periods of less than 4 years, which can also be extended to the entire 

Campus. At the same time, a waste management system based on recycling, composting and reuse 

was introduced, which could significantly reduce annual waste generation. The estimated investment 

for these proposals was 19.500 €. 

 

Keywords: University campus; Sustainable campus; Sustainable practices; Environmental 
performance; LiderA system 
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1. Introduction 

Climate change is a real problem and its 
consequences are increasingly severe. There is an 
urgent need to change the actual paradigm. 

According to the Fifth Intergovernmental Panel on 
Climate Change (IPCC) assessment report, the 
Earth's average global temperature increased by 0.85 
°C between 1880 and 2012. The main cause for these 
changes stems from the high increase in 
anthropogenic greenhouse gas emissions since the 
pre-industrial era [1]. 

At the same time, the issue of uncontrolled use of 
natural resources arises. According to the latest report 
published by the United Nations Environmental 
Program (UNEP), natural resource use has tripled 
since 1970 and continues to grow, resulting in 
increasingly negative impacts on the environment and 
human health [2]. 

Each year, an estimate is published on the day 
when humanity reaches the sustainable limit of 
available natural resources for that year (Overshoot 
day). In the recent year 2019, this limit was reached 
on July 29, three days earlier than in 2018, and the 
trend has been to trigger the environmental credit card 
earlier and earlier. Portugal has been an active 
contributor to this situation, and its overshoot day in 
2019 was on 26 May [3]. 

Higher education institutions play an important 
role in the fight against global warming and excessive 
resource consumption. 

First, operations carried out on university 
campuses have several consequences and impacts 
on the environment through waste generation, 
emissions and resource consumption. Furthermore, 
universities should instill sustainable practices in the 
students who will be future decision makers. 

Despite a continuous increase in the level of 
attention to the problem, the efforts made by 
universities are not enough.  

An assessment of the skepticism of 237 
Universities around the world regarding climate 
change, conducted in 2019, showed that most 
institutions do not have a well-developed sustainable 
development plan with actions to achieve 
sustainability, whether in education, operations or 
research [4]. 

In this context, this dissertation aims to explore the 
environmental performance of Higher Education 
Institutions and their university campuses, with special 
focus on the case study of the Alameda campus of the 
Instituto Superior Técnico of Lisbon. 

 

The methodology used followed the following steps: 

i. Bibliographic review to explore the importance 
of sustainability and environmental stewardship 
on college campuses. 

ii. Collection of a sample of universities, based on 
international environmental and sustainability 
rankings, for analysis of environmental policies 
and environmental performance in four areas 
(energy, water, GHG emissions and waste) to 
estimate benchmarks that allow identify 
sustainable good and bad practices. 

iii. Analysis and presentation of the LiderA 
environmental certification system. 

iv. Collection and analysis of information about 
Alameda Campus in terms of demographic, 
structural, operational characteristics and 
sustainability. 

v. Environmental performance evaluation of 
Alameda Campus, according to the LiderA 
system, and evaluation of improvement 
proposals. 

vi. Comparison of scenarios with and without 
improvements and discussion of results and 
main conclusions obtained. 
 

2. Sustainable Campus - Approaches and 

Performance 

2.1. Environmental Management on 
University Campuses 

Environmental management has become 
increasingly important in business environment, and 
many organizations and institutions are increasingly 
aware of its environmental impact. Numerous 
environmental management tools have been 
developed in recent decades, such as Environmental 
Management Systems (EMS), which aim to improve 
companies’ performance in this area, or environmental 
certification systems such as ISO1400, EMAS or 
LiderA, in Portugal. 

However, these tools have been mostly used by 
private sector industries and organizations. Other 
public sectors, such as education, have not followed 
this sustainable development strategy in the same 
way. Only in recent years some universities begun to 
take this approach [5]. 

The role of universities in sustainability 
performance was especially emphasized during the 
UNESCO Decade for Sustainable Development 
(2005-2014). The United Nations has declared this 
period as the decade of "Education for sustainable 
development". Since then, sustainability aspects have 
become important and determinant even for university 
rankings and several universities have initiated 
projects and initiatives to incorporate sustainability into 
their systems, which are essentially related to 
infrastructure, community and learning [6]. 

 

2.2. Performance indicators  

In an adaptation of a study made by Pinheiro, M. 
D. [7] was made a selection of the top 10 universities 
in the university’s rankings ARWU (Academic Ranking 
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of World Universities) for environmental science and 
engineering and Taiwan's NTU (National Taiwan 
University) in the area of ecology/environment, in 
2016, 2017 and 2018. This methodology allowed to 
select 23 universities. 

For each one, an investigation was made to obtain 
performance indicators in four areas: 

• Annual primary energy consumed expressed in 
(kWh/student m2 of built area/y) 

• GHG emissions associated with annual energy 
consumption expressed in (tCO2eq/student m2 
of built area/y) 

• Annual total water consumed expressed in 
(m3/student m2 of built area/y) 

• Annual waste production expressed in 
(kg/student m2 of built area/y) 

The objective was to estimate benchmarks to 
identify levels of good practice in resource and waste 
management on university campuses.  

The research was done through sustainability 
reports or other documents available online. Only 17 
universities in the sample considered presented valid 
data, but the University of British Columbia had data 
for its two campuses, Vancouver and Okanagan, 
therefore, the final sample had 18 universities (Table 
1). 

Table 1: Universities selected for analysis. 

 University 

1 Standford University, USA 

2 University of Wagenigen, NL 

3 University of California, Berkeley, USA 

4 Harvard University, USA 

5 University of Oxford, UK 

6 Colorado State University, USA 

7 Swiss Federal Institute of Technology, Zurich, CH 

8 University of Illinois at Urbana-Champaign, USA 

9 Priceton University, USA 

10 Massachusetts Institute of Technology (MIT), USA 

11 University of Alberta, CA 

12 University of British Columbia, Vancouver, CA 

13 University of British Columbia, Okanagan, CA 

14 University of Washington, Seattle, USA 

15 University of Minnesota, Twin Cities, USA 

16 Duke University, USA 

17 University of Florida, USA 

18 Michigan State University, USA 

 

Then, the empirical distribution of the data in each 
category was evaluated, by analysis on a boxplot 
graph, to identify possible outliers and to remove them. 

In energy, the University of Alberta, CA has been 
identified as an outlier. In emissions, the University of 
Alberta, CA and the Massachusetts Institute of 
Technology (MIT), USA were identified as outliers too. 

Also, on the water, the University of Alberta, CA 
has been identified as an outlier. In the waste, no 
outliers were found. 

Finally, a statistical analysis of the indicators was 
performed in order to estimate reference values 
associated with "Best Practice", "Conventional 
Practice" and "Worst Practice". For this, was adapted 
the methodology used in Ferreira et al. [8] for the 
combined analysis of energy intensity and carbon 
intensity in international retail stores. According to 
their methodology, benchmarks were calculated by 
applying the statistical operations median for 
"conventional practices" and 1st and 3rd quartiles for 
"best practices" and "worst practices" respectively. 

The benchmarks for identifying "best practice", 
"conventional practice" and "worst practice" in different 
categories are in table 2. Conventional practice is 
between the worst and best practice limit values. 

 

Table 2: Reference values for "best practice", "conventional 
practice" and "worst practice". 

3. Sustainability and Campus Management 

3.1. LiderA system 

In the context of the case under study, with the 
objective of evaluating the environmental performance 
of Alameda Campus and reducing the impacts 
associated with its operations, the Portuguese 
environmental certification system LiderA will be 
implemented. 

The system has a total of six strands and 20 areas 
divided into 40 criteria that have different degrees of 
weighting (wi) [9]. 

Assessment levels range from E (usual practice) to 
A++ (90% improvement over benchmark). 

 

3.2. Good Practices in Campus 

Based on the levels of “best”, “worst” and 
“conventional” practices identified in section 2.2 and 
through a linear distribution of the indicators of the 
universities analyzed (excluding outliers), it was 

 "Best 

practice" 

"Worst 

practice" 

Water consumption 

(m3/student m2/y) 
< 3,19 × 10−5 > 8,89 × 10−5 

Energy consumption 

(kWh/student m2/y) 
< 1,01 × 10−2 > 2,60 × 10−2  

GHG emissions 

(tCO2eq/student m2y) 
< 1,77 × 10−6 > 5,03 × 10−6 

Waste production 

(kg/student m2/y) 
< 1,33 × 10−4 > 5,57 × 10−4 
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possible to identify which institutions are the best in 
each area. The best university in each area was 
considered as a reference and a survey was 
conducted to identify the practices adopted. 

In water consumption, the best practice 
corresponds to the University of Washington, Seattle, 
USA (figure 1A), where the main measures are: 
Utilization of flow regulators in the taps, use of 
rainwater and efficient irrigation system. 

In energy consumption and associated emissions, 
the best practice belongs to University of British 
Columbia, Vancouver, CA (figure 1 B & C), whose 
main practices are: Program for adjusting thermal 
comfort conditions to occupancy levels; replacement 
of lamps by LED; 55% use of renewable energy 
(hydroelectric, biomass and biogas). 

The university with the best practice in waste 
management was the University of Illinois at Urbana-
Champaign, USA (figure 1 D) and its mains practices 
are: 3000 recycling points; Sale of recyclable products 
to recycling companies; Purchase of recyclable and 
longer lasting materials; excluding cutlery and plastic 
cups; mini recycling points in the cabinets. 

4. Alameda Campus 

4.1. Location and Features 

Alameda Campus is the main campus of the 
Instituto Superior Técnico of Lisbon, the largest school 
of engineering, architecture and technology in the 
country. 

It is currently made up of 26 buildings, in which 
various training, logistics, research and support 
activities are carried out (figure 2). 

The Campus has a total area of 92.000 m2 and a 
gross floor area of 110.000 m2. 

The number of students enrolled in 2018/2019 was 
9602. 

The buildings differ in their activities and mainly in 
their time of construction. There are buildings from the 
20th and 21st centuries and the environmental needs 
of each building are different. 

 

 

 

 

 

 

Figure 1:Llinear distribution of performance indicators on water consumption (A), energy consumption (B), GHG emissions (C) 
and waste generation (D) with respective "best", "worst" and "conventional" practice limits. 

“Best Practice” 

“Conventional 
Practice” 

“Worst Practice” 

A B 

C D 
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Figure 2: Alameda Campus Plant (numbers indicate green 
areas that make up a total area of 10.876,49 m2). 

4.2. Campus sustainability 

Sustainability at the Alameda Campus has been 
evaluated and optimized by an IST team founded in 
2011, called “Técnico- Sustainable Campus”, and with 
the development of various master's thesis works and 
theses. 

The sustainability project was created with the aim 
of improving resource efficiency across the various 
campuses and optimize their energy and water 
performance to reduce substantially their associated 
bills. 

Within the scope of the project, several measures, 
of low investment, have been taken in four core areas: 
Energy, Water, Waste and Mobility. 

 

Energy: 

With energy efficiency measures and consumption 
monitoring implemented so far, the Campus has 
reduced energy consumption by 16% compared to 
2011. 

In 2018, total energy consumption was 11.69 GWh, 
of which 11.15 GWh correspond to electricity 
consumption. The remaining consumption, about 5%, 
corresponds to natural gas. In addition, GHG 
emissions from energy consumption in the same year 
were 5358 tonCO2eq [10]. 

An energy efficiency plan, “Plano de Eficiência 

Energética - Técnico 2020" is currently being 
implemented to reduce Campus energy consumption 
through eight energy efficiency improvement 
measures. The measures include replacement of 
conventional bulbs with LED’s, installation of solar 
panels and replacement of insulation cover in various 
buildings [11]. 

The main expected results are: 

• Reduce campus energy consumption by 21% 

• Produce 8,4% renewable energy 

• Avoided CO2 emissions: 1222 tCO2eq/year 

• Energy bill reduction by 360.000 €/year 

 

Water: 

A monitoring system has been implemented for 
consumption control, distribution network continuous 
maintenance and leakage detection. 

With these measures, the campus achieved a 58% 
reduction in water consumption compared to 2011. 

Water consumption in 2018 at Alameda Campus 
was 58.359 m3, which corresponds to an annual bill of 
214.101,00 €. 

 
Waste: 

Waste management at the Campus is monitored by 
the Safety, Hygiene and Health Center. There are 
some different collection points but there is no well-
implemented recycling system and no waste recovery. 

Unfortunately, there is no waste monitoring system 
to quantify the waste produced. However, the 
Sustainable Campus has implemented some 
measures, mostly awareness raising, to try to improve 
performance in this area. 

Some future measures are foreseen such as 
excluding plastic cutlery, increasing the recycling rate 
and reducing paper use [10]. 

 
Mobility: 

Two measures were implemented to reduce the 
use of cars for travel to IST and to promote sustainable 
mobility: Project "U-Bike Portugal - Operação Técnico" 
and carpooling platform [10]. 

The first is a project that makes available to the 
academic community about 20 bicycles. The bikes are 
awarded through a draw held at the beginning of each 
semester and remain with the person during that 
semester. 

The second one It is a platform that has the 
functionality to enable travel sharing by car for those 
who preferentially use this means of transport to travel 
to the campuses of Técnico. 

 

4.3. Performance 

Through the benchmarks estimated in section 2.2, 
it was possible to analyze the level of practices 
adopted in Alameda Campus, in energy, water and 
emissions, which are the categories for which data 
exists. 

The calculated indicators as well as the associated 
practice are in table 3. 
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Table 3: Levels of practices adopted by Alameda Campus in water, energy and emissions, according to the calculated 
indicators. 

Water consumption 

m3/ano m3/student m2/year Practice 

58.359 5,53E-05 Conventional 

Energy consumption 

kWh/ano kWh/student m2/year Practice 

11.691.546 1,11E-02 Conventional 

GHG emissions 

tCO2eq/ano TCO2eq/student m2/year Practice 

5.358 5,07E-06 Worst 

 
 

5. Environmental Performance Assessment 

and Improvements 

5.1. LiderA evaluation 

P1 – (A) The campus was built on a vacant lot next to 
residential areas and access to water and sewage 
infrastructures. 

P2 – (E) Only 12% green areas. 

P3 – (E) No species monitoring studies. 

P4 - (D) There is no connection between the green 
areas of campus and the boundaries of the Campus. 

P5 – (A) Campus buildings have colors and sizes like 
buildings in the surrounding area. 

P6 – (E) There was no requalification of buildings. 

P7– (D) In general, Campus buildings don’t have 
insulation coverages and solar use can be hampered 
by the surrounding city structures. 

P8 – (D) Alameda Técnico campus obtained in 2015 a 
C-rated energy certificate. 

P9 – (E) Only 0.137% renewable energy per year 
(Solar thermal in the baths). 

P10 – (B) Consumption monitoring system and 
immediate leak repair. 

P11 – (E) No use of rainwater. 

P12 – (E) Not enough information obtained. 

P13 – (E) Not enough information obtained. 

P14 – (E) No food production on campus. 

P15 – (E) There is no treatment or reuse of 
wastewater. 

P16 – (E) There is no measure to quantify waste and 
there are few innovative measures. 

P17 – (E) The campus is in a busy area of the city and 
high noise levels. There is no information about 
acoustic insulation covers in buildings. 

P18 – (A) Natural gas is used in 8 buildings, but only 
5% of energy consumption corresponds to gas. 

P19 – (D) Most floors and buildings have light colors 
but there are few trees. 

P20 – (C) Natural ventilation in buildings. No VOC 
reduction measures. 

 

P21 – (A++) The campus is a place with an open field 
of view, well-lit and guarded, whose access is on main 
streets. 

P22 – (D) No information on identifying and preventing 
potential natural hazards during campus 
design/construction project.  

P23 – (E) Not enough information. 

P24 – (A+) Walking paths, cycle paths, shuttle, U-bike 
Portugal and carpooling. 

P25 – (A) Metro and bus less than 500 m. 

P26 – (C) Wide walks, most buildings have elevators 
and easy access, but mobility within the campus is 
mainly affected by parked vehicles. 

P27 – (A) Campus exterior spaces are safe, attractive, 
and accessible to all. 

P28 – (E) No campus versatility studies. 

P29 – (A++) The campus is in Lisbon city center, with 
access to several cultural and commercial buildings. It 
also promotes a lot of activities. 

P30 – (A++) IST promotes various social and cultural 
activities on the Alameda campus to engage the entire 
community. 

P31 – (B) There are several human amenities in the 
surrounding area but few natural amenities. 

P32 – (A++) The campus can be considered an 
architectural monument for its morphology and 
implantation. 

P33 – (E) No information on equipment performance 
in buildings (lamps, taps, etc.) was obtained. 

P34 – (E) There are no on-campus waste reuse 
solutions or a green or sustainable procurement 
program. 

P35 – (A) In 2017, Técnico had about 869 teachers 
and 552 technical and administrative staff, and most 
works at Alameda Campus. 

P36 – (B) Wifi and mobile application (Técnico Lisboa) 

P37 – (C) Sensitization of building managers and 
maintenance technicians for sustainable practices but 
little involvement from the rest of the community. 
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P38 – (A) There are a total of 10 buildings with a 
centralized system for controlling indoor 
environmental comfort. 

P39 – (B) Little dissemination of sustainable results 
obtained 

P40 – (E) There is little exposure to some innovative 
measures created 

 

In the end, Alameda Campus’s environmental 
performance rating was B. 

 

5.2. Improvement Opportunities 

Proposals for improvement in 3 areas were 
analyzed and their economic analysis made. 

Energy: 

• Wind turbines 

The wind potential of the campus was analyzed as 
an alternative to solar energy that will be implemented 
with the efficiency plan. 

Average wind speed on the Campus is 4,55 m/s. 
Two models of turbine adaptable to urban 
environment were analyzed. 

 

Table 4: Properties of the wind turbines analyzed. 

 BORNAY 
6000W 

HY – 3000 W 

Production (kWh/y) 12.840 4800 

Investment (€) 12.501,72 3954,00 

 
The first model has a payback period of 8.32 

years and it takes 119 turbines to achieve 25% 
renewable energy on campus. The second model has 
a payback period of 6.84 but would need 3319 
turbines. It is not a viable solution. 

Water: 

Two proposals were analyzed for the Civil 
Pavilion, whose distribution of consumption is as 
follows: 

Table 5: Distribution of water consumption on Civil pav. 
(adapted from [12]). 

Water consumption in 2018 

Civil Pav. 11.253 m3/y 

Lavatories (17%) 1913,01 m3/y 

Toilet flush (53%) 5964,09 m3/y 

 

Based on the flow rates of taps and toilets, the 
number of uses per year was estimated: 

Table 6: Water spent by use and number of uses in a year. 

Use of taps (7.2 l/min for 10 s) 1,2 l 

Toilet flush (7 l) 7 l 

1-year washbasin uses 1.594.175 

1-year flush toilets 852.013 

• Flow regulators (1,7 l/min) 
 
Water consumption per use would be 0,57 liters 

instead of the current 2,4 l. Annual water expenditure 
on taps in the pavilion would be reduced to 903,4 m3 
instead of the current 1913 m3. Therefore, 1009,2 
m3/year of water would be saved, which corresponds 
to a monetary saving of 3703, 68 €/year. 

There are 78 taps in the pavilion, so 78 regulators 
would apply (7,15 €) and the total investment was 
557,7 with a payback period of about 2 months. 

The result would be a 9% reduction in pavilion 
water consumption and 1,7% on campus. It is a viable 
solution. 

 

• Rainwater use system 
 
The implementation of a rainwater use system in 

the Civil pavilion was studied. The utilization area 
would be 1834.5 m2 (figure 3). 

 

 
Figure 3: Rainwater collection area (blue) and reservoir 
location. 

The amount of water used per year is given by 
the following formula [12]: 
 

𝑉𝑎 = 𝐶 × 𝑃 × 𝐴 × 𝜂𝑓 [1] 

Where, 

• C – Roof flow coefficient (0,8) 

• P – Annual average precipitation in Lisbon 
(802,95 mm) 

• A - Catchment area 

• 𝜂𝑓 - Hydraulic efficiency (0,9) 

 
Reservoir capacity was determined by [12]: 
 

𝑉 = 𝑀𝑖𝑛 {0,0015 × 𝑃 × 𝐴 × 𝑁;  0,003 × 𝐶𝐴 × 𝑁} [2] 

Where, 

• N - Maximum number of days retained water 
in tank (20 days) 

• CA - Annual consumption of toilet flush (l) 
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Would be obtained 1.060.581,69 liters per year, 
requiring a reservoir of 40,000 liters (maximum 
possible in the available area). The annual savings 
would be 3892,33 €/year. The total budget, including 
the reservoir and accessories, obtained by a budget 
simulation tool [13] would be 13.869,89 €. 

The estimated payback period was 3.92 years 
and the reduction in pavilion water consumption would 
be 9.4% and on campus 1.7%. It is a viable solution. 

Waste: 

Three measures to improve waste management 
on campus have been suggested, distributed across 
three dimensions: Reuse, Recycling and Recovery. 

 

• Materials reuse Platform: 
 
Creating an online platform for sharing unwanted 

materials in college. All departments can publish or 
claim unwanted materials (from office, laboratory, 
etc.). 

 

• Distribution of Eco-points in buildings: 
 
Distribution of various eco-points for organic waste, 

plastic and paper/cardboard (60 l each), in the 
corridors of the various campus buildings, including 
the removal of waste collection containers from 
classrooms. The distribution of containers in the 
civilian pavilion was exemplified. 27 eco-points 
(178.00 €) would be required and the total investment 
would be 4806 €. 

 

• Acquisition of a composter: 
 
Acquisition of a compostor for composting organic 

waste from campus Canteen.  
According to the Canteen’s manager, every day, 

on average, 1000 meals are served. Assuming that, 
an average of 0.16 kg of organic waste is generated 
for each meal cooked [13], then about 36,800 kg of 
organic waste is produced each year in Cantina do 
Cam. A 1200 L compostor could treat 3600 kg of waste 
per year, considering that the process takes 4 months. 
A model with the dimensions mentioned costs 246,50 
€. The compound could be used in the green areas of 
campus. 

5.3. Performance improvement (LiderA) 

Based on the Campus scenario following the 
implementation of the proposed resource 
management measures, together with some 
suggestions for improving criteria linked to other 
strands and the ongoing efficiency plan, a new 
Alameda Campus assessment was undertaken 
according to the LiderA system. 

It was shown that it would be possible to improve 
the assessment by 13 criteria and consequently 

increase the environmental performance of the 
Campus to A+ (table 7). 

 

Table 7: LiderA Criteria Improved with suggested proposals 
and expected outcomes of the "Energy Efficiency Plan - 
Técnico 2020" 

Criteria Improvement proposals Evaluation 

P3 
Increase the number of trees 

on campus 
C 

P4 Distribution of nests on trees B 

P7 
Rehabilitation of insulation 

cover in 7 buildings. 
A 

P8 New energy certificate rated B B 

P10 
Implementation of regulators 

and use of rainwater 
A+ 

P11 Use of rainwater A++ 

P14 Community garden A 

P16 
Recycling, composting and 

reuse platform 
A++ 

P33 
Increased energy and water 

efficiency 
A+ 

P34 Waste Reuse and Recycling B 

P37 
Increased awareness of 

sustainable action 
A++ 

P39 

Create waste monitoring 
system, share performance 
indicators and include the 
whole community through 

suggestions 

A+ 

P40 
Update Sustainable Campus 

page with data and initiatives or 
actions taken 

A++ 

6. Discussion  

6.1 Referential 

The selected environmental aspects were 
resource consumption (water and energy), GHG 
emissions associated with energy consumption and 
waste generation. These are the most significant 
aspects for this study because they are the four 
environmental areas for which most of the universities 
analyzed present data and because they are the four 
factors that together have the most weight in the 
LiderA system. 

In order that the data could be comparable 
between the various institutions, it became necessary 
to select normalizing parameters, using both the built-
up area and the number of students enrolled. These 
are two parameters that are also presented by most 
universities. 

The use of these factors was important because it 
was assumed that, in principle, the resource needs 
and waste production of universities are greater the 
larger the built area and the number of students. 
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6.2 Benchmark Analysis 

Based on IST performance indicators and 
benchmarks for "best", "worst" and "conventional" 
practices, it was possible to assess the level of 
practices adopted by IST in the areas of energy, 
emissions and water. 

Regarding energy, it has been found that the 
Campus, in the current situation, has a conventional 
practice but approaching the best practice limit. 
However, according to the expected results of the 
ongoing efficiency plan, it is estimated that Alameda 
Campus can reach the level of “best practice”, ranking 
among the best universities in the sample. 

In terms of GHG emissions, in tons of CO2eq, 
associated with energy consumption, the results are 
not so good, and the Campus is currently among the 
worst universities in the sample, with levels associated 
with “worst practice”. " However, after the 
implementation of this efficiency plan, it is estimated 
that the thresholds of “conventional practice” can be 
reached, but still very far from being associated with 
best practice. 

Suggested water-saving measures would reduce 
the Campus performance indicator from 5,53E-05 to 
5,30E-05 m3/student m2/year, but would not be 
enough to achieve best practice level. However, it 
should be reminded that the proposed measures are 
limited to the civil pavilion, and if they were extended 
to other buildings, then IST would certainly reach the 
“best practice” threshold and rank among the best 
universities analyzed. 

It should be noted that the rankings chosen 
(ARWU) and (NTU) for university selection use as their 
main classification criteria the number of scientific 
articles published in the area of environment and 
sustainability, not giving much weight to the measures 
they apply in their campuses for resource 
management. So, the fact that a university ranks first 
in the analyzed rankings does not mean that it 
necessarily must have the best performance in terms 
of water consumption, energy and waste generation. 

 

6.3 Environmental performance LiderA 

The currently, environmental performance 
assessment of the Alameda Campus of IST, according 
to the LiderA system, is B very close to A. In this 
context, measures were sought to improve 
performance. 

In terms of energy measurements, no new and 
viable measures were found to improve Campus 
performance. It should be noted that a multi-solution 
plan is already underway to improve energy efficiency 
on the campus and to reduce electricity and natural 
gas consumption using solar energy. The solution 
explored was wind energy, but it proved to be 
ineffective according to the assessment made. 

For water, two measures were suggested, whose 
application proved viable. Water consumption on the 

campus could be considerably reduced by applying 
the measures studied for the Civil Pavilion, where a 
reduction of 18% was achieved. 

Regarding waste, three suggestions were made 
for improvement that may be equally viable, and this 
is the area of the three in question where less 
investment has been made in Campus until now. 

Table 40 shows the reduction in water 
consumption and waste generation on the campus, 
after applying the suggested measures, which account 
for a total investment of 19,500 €. Energy saving data 
are also presented, and it is emphasized once again 
that this reduction is not due to measures suggested 
in this dissertation. 

 
Table 8: Annual savings values after implementation of 
improvement measures. 

Waste Water Energy 

kg % m3 % kWh % 

3600 - 2069,76 3,5 2.455.224,66 21 

 

In the end the LiderA rating would be improved 
to A++ level. 

 

6.4 Limitations 

The first limitation found in the elaboration of this 
dissertation was related to the difficulty in finding 
reliable data on the environmental performance of 
universities. Few colleges publish detailed 
sustainability reports, and most of the data were 
obtained through the STAR's system [13], to which 
nearly all USA institutions are associated. 

Another obstacle was the fact that the Alameda 
Campus is made up of several isolated buildings in 
which activities vary, so the acquisition of detailed data 
for water and energy consumption is complicated. The 
Sustainable Campus already has monitoring means 
that make it possible to know the fraction of 
consumption in each building, but its distribution by 
equipment or activities becomes a more complex task. 

In the same way, the suggestion of improvements 
for the Campus, in general, also becomes more 
complicated, reason why it was decided to study most 
of the solutions for a single building, the Civil pavilion. 

7. Conclusions and recommendations 

7.1 Final Considerations 

Environmental management is increasingly a 
reality in University Institutions. Given the size of a 
University Campus, both in demographic, constructive 
and operational dimensions, it is imperative that they 
adopt a good sustainability plan to manage their 
resources more carefully. 

The Alameda Campus of Instituto Superior 
Técnico, a case study in this dissertation, has, since 
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2011, a sustainability project that works on solutions 
that improve its environmental performance, focusing 
on four areas: energy, water, mobility and waste. 

There has been a lot of progress on all fronts, with 
energy being the one that stands out. The indicators 
point to a level of “conventional practice” and an 
energy efficiency plan is currently underway to be 
completed by 2020, whereby the campus will greatly 
improve its energy efficiency. Campus energy 
consumption is expected to decrease by 21% and 8% 
of this consumption will come from solar energy. With 
this, the Campus is expected to reach the level of “best 
practice”. Regarding the associated GHG emissions, 
there is some disparity, and the current values 
associate the Campus with the “worst practice” with 
the perspective of reaching the “conventional practice” 
after the plan in force. 

Regarding to water, very positive results have been 
achieved with low cost measures, but greater 
investment is required for better results.  

In terms of waste, no major measures have yet 
been taken to significantly reduce its generation, 
respectively.  

The LiderA system was applied to evaluate the 
environmental performance of Alameda Campus. 
Based on its 40 criteria, distributed among several 
aspects, it was found that the Campus currently has a 
level of performance B. However, through 
improvement proposals and considering the results of 
the energy efficiency plan under implementation, it 
was shown that rating may rise to A+. 

For water consumption, with a budget of 14,443.23 
€, through the installation of flow regulators in the 
washbasins and a Rainwater Utilization System, it 
would be possible to reduce drinking water 
consumption by 18% in the Civil pavilion, which 
corresponds to 3.5% of global consumption in 
Campus. The high viability of these solutions showed 
that they should be applied throughout the campus. 

At waste level, it was found that IST does not have 
a very elaborate management plan. Therefore, it was 
suggested to adopt a recycling system, exemplified for 
the Civil Pavilion, the composting of Cantina's organic 
waste and the creation of a platform for the reuse of 
unwanted materials in college. 

In sum, the hypothesis of the thesis was proved, 
having identified all aspects that contribute negatively 
to the environmental performance of the Campus, and 
improvements were proposed for them, which showed 
that it is possible to improve the environmental 
performance of the Campus to a reference level. 

 

7.2 Future Recommendations 

Looking ahead and following the completion of the 
"Energy Efficiency Plan – Técnico 2020", it would be 
advantageous to start an environmental certification 
process for the different Alameda buildings. The 
LiderA criteria for which less information has been 

gathered are those for buildings, so a detailed 
information gathering, and subsequent environmental 
assessment of the buildings would be an added 
advantage. 

Additionally, a waste monitoring system should 
also be implemented, and it would be good for Técnico 
to publish a sustainability and environmental 
management report, which would report on all your 
activities and their results. 
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