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Abstract
The Instituto Superior Técnico (IST) is an institution whose activities involve energy consumption,

transportation and the purchase of many goods and services that have direct and indirect CO2
emissions. These impacts on the environment can be measured by calculating the carbon footprint.
The objective of this study is to quantify the IST carbon footprint using a hybrid model of Process
Analysis (PA) and Input-Output (IO). In the first approach the greenhouse gas protocol was followed
and was considered the following categories: transport, energy, food and solid waste. For input-output
approach it was used the accounts report, the balance sheet and IST invoices to account for goods and
services. The physical and monetary inputs was classified in economic activities and then combined
with data from INE to perform the model. The carbon footprint in 2013 (reference year) was estimated
at 21,557 tons of CO2 equivalent. In the last part of the thesis, carbon footprint reductions are
suggested.
Keywords: Greenhouse gases, carbon footprint, Process Analysis, Input-Output Model

1. Introduction
Carbon dioxide ( CO2) is naturally present in the
atmosphere as part of the Earth’s carbon cycle
among the atmosphere, oceans, soil, plants, and an-
imals. Human activities such as the combustion of
fossil fuels (coal, natural gas, and oil) and defor-
estation are responsible for the increase that has
occurred in the atmosphere since the industrial rev-
olution [10]. The present rate of CO2 production is
now larger than its removal by natural sinks like
forests. This gas strongly absorbs the longer in-
frared wavelengths radiated by sun-warmed objects
and does not allow as much of it to escape into
space, creating the greenhouse effect. There are
other Greenhouse Gasses (GHGs) in Earth’s atmo-
sphere: water vapor (H2O), methane (CH4), ni-
trous oxide (N2O), ozone (O3), etc. Methane has
a much greater greenhouse effect than CO2, how-
ever, CO2 is found in much greater quantities in
the atmosphere than methane. Water vapor is the
largest component of the greenhouse effect, but its
contribution is not growing rapidly as CO2 is, and
humans don’t have as much control over water va-
por as they do over CO2 emissions [2]. The Global
Warming Potential (GWP) is a concept that was
created to compare the ability of each greenhouse
gas to trap heat in the atmosphere relative to an-
other gas. Carbon dioxide was chosen as the refer-
ence gas to be consistent with IPCC (Intergovern-
mental Panel on Climate Change) guidelines. The

GWP of a gas is defined as a ratio of radiative forc-
ing (both direct and indirect) over a 100-year time
horizon resulting from the emission of a unit mass
of gas relative to carbon dioxide [2]. The GHGs are
usually presented in metric tons of carbon equiv-
alent (MTCE). Carbon corresponds to 12/44th of
weight of CO2 so, to convert the emissions of differ-
ent gases in tons of carbon equivalent, the following
equation is used: MTCE= tons of gas * GWP *
(12/44) The mass emission of each gas multiplied
by its GWP gives the equivalent emission of the gas
as carbon dioxide equivalents (CO2e). For example,
methane has a GWP of 21 which means that 1 kg
of methane has the same impact on climate change
as 21 kg of carbon dioxide and thus 1 kg of methane
would count as 21 kg of carbon dioxide equivalent.
The excessive increase of GHGs concentrations has
led to increased the overall average temperature of
the Earth, which may have serious consequences.
Ice is melting faster than previously estimated, rais-
ing sea levels and possibly causing flooding in low
altitude areas. Climate may change, making some
areas to get drier and some others to get more wet
affecting agriculture and causing hunger. Biodiver-
sity can also be affected as a result of changing sea-
sons [2].

2. Definition of carbon footprint
In the literature, there seems to be no clear def-
inition of carbon footprint. In most cases “car-
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bon footprint” is used as a generic synonym for
emissions of carbon dioxide or greenhouse gases ex-
pressed in tons of CO2 equivalents instead of CO2
in particular and is calculated for the time period
of a year. The exact origin of the expression is un-
known but it is reasonable to assume that it was
derived from the Ecological Footprint concept for-
mulated in the 1990s [13]. Carbon footprint ’has
become a synonym for the impact of climate change
in individuals, communities, nations, companies or
products. To date carbon footprints have been cal-
culated for countries and sub-national regions, in-
stitutions such as schools, products, businesses and
investment funds. Examples of possible emission
sources are transport, electricity, paper, manufac-
tured products, food, drink, health and hygiene
products. For the context of this thesis carbon foot-
print is defined as a measure of the exclusive total
amount of greenhouse emissions that is directly and
indirectly caused by an activity or is accumulated
over the life stages of a product.

3. Setting the boundary
Setting a boundary is very important to know
which activities are being considered. Operational
boundaries can be defined by companies on what
emissions to include in the assessment. The
Greenhouse Gas Protocol (GHGP) is a interna-
tional accounting tool for quantify and manage
greenhouse gas emissions. The GHGP categorized
the emissions into three different scopes which in
the case of an organization like university will be:
Scope 1: direct process emissions;
Scope 2: indirect emissions from the purchase of
energy;
Scope 3: indirect emissions caused by the purchase
of goods and services;

Figure 1: Scopes

4. Aims
IST as an energy and sustainability national insti-
tution of reference had not yet, its carbon footprint
accounted for. Quantifying the carbon footprint is
not only important to estimate the impact of their
activities but also to reduce them. Climate change

policy is usually focused on the reduction of direct
carbon emissions but there is a huge unexplored
potential in the reduction of indirect carbon emis-
sions, through the purchase of products and services
which themselves have low carbon content. Reduc-
tion of carbon footprint is not only important from
a environmental point of view but it also helps to
reduce the costs of the university and gives a bet-
ter image of the university for students, employees
and the community in general. IST has to take the
social responsibility in mitigating the effects of cli-
mate change and environmental pollution created
by their operations. There are many universities all
over the world that already measuring their carbon
footprint. The goal of my thesis is to quantify the
carbon footprint of IST using hybrid analysis be-
tween Process Analysis and Input-Output and pro-
pose measures to reduce it.

5. Methodology
Process analysis (PA) is a bottom-up method
developed to evaluate environmental impacts
products from “cradle to grave”. The main focus
of PA are direct emissions, but it can also include
some second order impacts. To avoid double
counting, defining the boundaries for the analysis
is essential. PA works well for products but it has
problems scaling up to households, industries, or
governments. To calculate the carbon footprint by
this method it is necessary to: determine activ-
ity/consumption (kwh used, km travelled) of each
category; derive associated GHG emission factors
(kg CO2e/kWh used, kg CO2e/km travelled or
kg CO2e/passenger multiply activity/consumption
data by the associated emission factor; add up to
determine the overall carbon footprint.
GHG = activity/consumption data*emission fac-
tor. This method cannot encompass the whole
economy and all production stages because of
limitations in resources and data. Therefore,
an Environmental Input-Output (EIO) analysis
provides an alternative top-down approach to
carbon footprinting.

An Input-Output (IO) model consists of a system
of linear equations, each one of which explains
the distribution of an industry’s product through
the economy. The interdependencies of supplier
and demander are analysed right along with the
production chain [4]. All direct and indirect GHGs
emissions across supply chain can be quantified
from a production of a good or a service for a
given demand, which includes emissions released
worldwide. Carbon footprint can then be estimated
using IO analysis, by multiplying the output of
each sector by its environmental impact per euro
output. All higher order impacts are taking to
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account and the whole economy system is setting
as a boundary.

Suppose that the economy can be categorized into
n sectors. If we denote by xi the total output (pro-
duction) of sector i and by fi the total final demand
for sector i’s product, a simple equation could be
written accounting for the way in which sector i
distributes its product through sales to other sec-
tors and to final demand:

xi =
n∑

j=1
zij + fi (1)

The zij terms represent interindustry sales by sec-
tor i to all sectors j (including itself, when j = i)
Introducing technical coefficient aij = zij/xj , 1 is
replaced by

xi =
n∑

j=1
aijxj + fi (2)

In matrix form:

A = Zx−1 (3)

These technical coefficients are fixed in time i.e in-
put proportions between different economic sectors
are fixed and do not change significantly in the
short-term. Z is the matrix of intermediate con-
sumption.

x = (I − A)−1y = Ly (4)

L = (I − A)−1 is known as Leontif inverse in
which each matrix component lij represents the to-
tal amount directly and indirectly requirements of
good or service i to deliver one unit of final demand
of good or service j.

The methodology requires a implementation of
two matrices: a use matrix U (input matrix) which
has dimensions of commodity x industry (c x i) and
describes the use of domestic products by industry;
a make matrix V (output matrix) which has dimen-
sions of industry x commodity (i x c) and describes
how industries make commodities.
Similarly to the technical coefficients, aij :

B = Ux̂−1 (5)

In the make matrix the total output x of any
industry is the summation of all commodities pro-
duced by that industry:

x = Vi (6)

The commodity input q’ is the column sum of V
(the prime denotes transposition):

q′ = i′V (7)

To obtain the commodity output q the input ma-
trix must be summed to the final demand e:

q = Ui + e (8)
The industry input x’ is equal to the input matrix

added do the primary input v:

x′ = i′U + v (9)

cmda indb fdc total out
cmd U e q
ind V g
vad v’
total in q’ x’
a commodity; b industry;
c final demand; d value added.

Final demand comprises consumption, invest-
ment, government expenditures, and exports and
value added includes the payments sectors such as
households, government (taxes and fees), and pro-
prietors’ income. To generate a total requirements
matrix as in Eq.4 it is assumed an industry-based
technology model and rectangular activity:

Dq = x (10)

The total requirements matrices have exactly the
same structure as the Leontief inverse in the original
IO model and can be written as:

L = Vq−1(I − A)−1 (11)
Defining a vector R with GHG emissions by in-

dustry and a vector x which is the total output by
industry it is possible to write the vector of coeffi-
cients d:

d = R/x (12)
The total emissions R∗ associated with consump-

tion Y is then:

R∗ = dLY (13)
One of the disadvantages of IOA on carbon foot-

printing is the uncertainty of IO calculations. It
is often argued that aggregation of IO tables leads
to uncertainty and could be less accurate than the
uncertainty introduced by truncation error in PA
[3]. In other hand, EIO models use data that are
aggregated at the level of economic sectors rather
than individual products. The data is grouped in a
limited number of industries (125 in Portugal) and
so, we only have the impact of an industry but not
of a specific product. An hybrid approach combines
the strength of both methods, PA and IO [1]. Such
an approach allows to preserve the detail and accu-
racy of bottom-up approaches in lower order stages,
while higher-order requirements are covered by the
input-output part of the model.
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6. Results

A process analysis for scope 1 and 2 will be done.
For the scope 3 an hybridization between PA and IO
will be performed. The emission factors that will be
used are from CarbonoZero, a Portuguese enterprise
that works in environmental auditing. CarbonoZero
takes into account dioxide emissions of carbon diox-
ide (CO2), methane (CH4), nitrous oxide (N2O).
The results are given in tons of CO2 equivalent, us-
ing the most recent values of potential global warm-
ing determined by the Intergovernmental Panel on
Climate Change (IPCC). The emission factors are
the same as those recommended by the IPCC set
to the national reality when relevant. In these sit-
uations the information used is published by the
Portuguese Environment Agency (APA), the Direc-
torate General of Energy and Geology (DGEG) and
INE.

6.1. Scope 1

This scope 1 comprises the direct emissions from
burning natural gas and from the Shuttle which
is a vehicle used to connect Alameda and Tagus-
Park campus. Regarding the first, the total gas
consumed in 2013 was 182 092m3. In the figure we
see that the highest consumption is made by Por-
taria Av. Rovisco Pais, followed by the IST pool
and canteen.

Figure 2: consumption of natural gas in 2013

Dir emis m3/y Em fa Sou tCO2
Nat Gas 182 0927 2.17 APA 395.14

For the Shuttle some calculations were made
based on the route of the bus between Alameda
and Tagus-Park. Considering that a typical bus
spends about 35L / 100 km diesel[6], travels about
18.5 km and makes in average five round trips per
working day of the period of classes and exams
(about 40 weeks throughout the year), it follows
that Shuttle consumes approximately 12,950 L of
diesel.

Dir emis L/Km Em fa Sou tCO2
Shuttle 0.35 2.64 APA 34.19

6.2. Scope 2
6.2.1 Purchased electricity

This scope comprise indirect emissions from pur-
chased electricity. According to the annual activity
report of IST, the total energy consumed by the
Alameda Campus in 2013 was 11 673 266 kWh,
TagusPark 1 518 517 kWh, and ITN 2 645 904 kWh.

Figure 3: Annual electricity consumption of IST-
Alameda

The Fig. 3 shows the annual consumption of elec-
tricity per type of building based on electricity me-
ters distributed over the Alameda Campus. We can
see that the building with more energy consumption
is the Civil building followed by North Tower and
Central.

The emission factor of national power system for
the year of 2013 is estimated in 0.374 kgCO2/kwh
(DGEG)which gives a total of 4,365.80 tons of CO2.

6.3. Scope 3
Scope 3 is composed by indirect emissions from
commuting, solid waste, goods and services. The
first three can be calculated with process analysis,
while the last one, due the second or more order
impacts will be calculated with Input-Output anal-
ysis.

6.3.1 Commuting

In order to estimate the carbon footprint of com-
muting, an on-line survey was applied to the IST
community. There was a total of 5.54 % answers,
regarding the total population of the IST: 89.19%
were students, 11.37% were teachers/searchers and
3.47% were staff . Survey responses give the follow-
ing information: usual mean of transportation (sub-
way, bus, train, boat, car, motorcycle); km travelled
by car and motorcycle; time spent in a trip; sin-
gle occupancy car or car share; number of journeys
to IST per year. To calculate the km travelled by
public transportation, it was used the time inserted
and the average velocity of each mean. The results
are presented in the table 4. The most widely used
transport is the subway (30%)and is used mostly by
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students. A significant group of people (18%) come
to IST by foot. There are many students who are
not from Lisbon and therefore live in rented houses
near the IST. The third most used transport is the
car in which 69,1% of the people come in single oc-
cupancy and 30,1 % share the car with an average
of 1.53 people. This is the popular mean of trans-
portation for teachers searchers and staff.

Figure 4: Types of transportation to IST

Figure 5: Transportation by type of group

Trans Em fact Av km CO2/y[t]

City Rail

Subway 0.025 — 7.07 18.40
Bus 0.073 0.03 6.32 26.54
Car* 0.2 0.129 16.83 154.49
Train 0.013 0.061 13.27 11.10
Motorcycle 0.032 0.064 8.79 4.144
Ferryboat 0.065 — 4.73 2.10

As expected, the biggest carbon footprint is
caused by car followed bus, subway, train, motorcy-
cle and ferryboat. 41% of people that use car drive
less than 7 km which is the average km of people
that use subway. So, there were many people that
use car for short distances in Lisbon.
The structure of IST community is formed by

8.5% of PhD students, 49.77% of bachelor students,
30.93% of master students, 6.78% of teachers and
researchers and 4.03% of faculty staff. To scale up
the sample to entire population a weighted average

with the real proportion of classes was made. The
result was that the IST community produced a total
of 3,685.58 tons of CO2 per year from commuting.

6.3.2 Travel to conferences or professional meet-
ings

In the online survey it was also requested informa-
tion about travel to conferences and professional
meetings due to IST in 2013. The students, staff,
teachers and researchers had to fill out a table with
the destination of the conference, the mode of trans-
port used, km travelled and number of times that
went to that conference. In Fig.6 the number of
roundtrips to conferences and other professional
meetings is shown. The conference more distant
was in Kyoto, Japan, at 11,000 km away and the
nearest was in Lisbon.

Figure 6: Number of rountrips to conferences or
professional meetings

Most of the trips were made by teachers and re-
searchers and by airplane.

The total carbon footprint of the sample was: 20
997 kgCO2 for Phd, 712 kgCO2 for Graduation, 11
280 kgCO2 for Master, 132 699 kgCO2 for Teach-
ers, 74 928 kgCO2 for Searchers and 897 kgCO2 for
Staff.

The average footprint per group is shown in Fig.
7 and is bigger for Phd students, teachers and
searchers. Because of their work they have to go
to more conferences and most of them are outside
of our country.

To extrapolate to the entire community, a mul-
tiplication of the carbon footprint average of each
class by weight of the actual proportion was made.
The result was 5, 015 tons of CO2. It was much big-
ger than commuting because of the distances and
emission factor that is higher. For flights with dis-
tances less than 500 km the emission factor is 0.338
KgCO2/pkm. For distances between 500 and 6000
km is 0.217 KgCO2/pkm and for bigger than 6000
is 0.197KgCO2/pkm. It is used the Strength Index
Radioactive (RFI - Radiative Forcing Index) for all
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the gases emitted by reference to CO2 . Source CE
Solutions (2003); IPCC (1999).

Figure 7: Average footprint per group

6.3.3 Solid waste

Most of non-recyclable solid waste is collected and
then stored in a compressor. When it reaches the
maximum capacity, the container is picked up by
Valorsul, which is the company responsible for the
treatment and recovery of municipal solid waste of
Lisbon. In 2013 it was recorded 193.54 tons of non-
recyclable waste in the compressor. There are other
4 small containers used by catering that have or-
ganic waste. Each one has 240 L and is picked
up every day with a average weight of 30 kg and
with 75% full of its capacity. So, during the year
are produced about 9 tons of organic waste . The
emission factor associated to this type of waste is
estimated in about 1 KgCO2/kg and it is calculated
for the municipal solid waste in Portugal, based on
the normal composition of waste and of the different
forms of treatment in the last year. It takes into ac-
count indirect emissions from incineration and from
degradation over the course of 30 years for landfills.
The total non-recyclable waste is then 202.54 tons.
For the recyclable waste of ecopoints there are

no records but the volume can be estimated, con-
sidering the number of times that waste is collected
with the average weight of each container.(This
information was provided by the entity responsible
for collecting garbage in Lisbon)

Recy Avg W/Cont.(Kg) Q(t/year)
Paper/Cardb 45 4.50
Plastic 60 3.00
Glass 300 3.30

I used the WAste Reduction Model (WARM)[7]
to calculate CO2 emissions of recycled waste.
WARM is a tool designed by US Environmental
Protection Agency (EPA) and calculates the reduc-
tion of GHG emissions from recycling in tons of
carbon dioxide equivalent. The GHG emission fac-
tors were developed following a life-cycle assessment

methodology that is consistent with IPCC guide-
lines. WARM evaluate the upstream GHG emis-
sions that recycled material avoids to produce the
same amount of material from virgin inputs. This
includes all of the GHG emissions associated with
collecting, transporting, processing and recycling
or manufacturing the recycled material into a new
product for use.

Mat Recy[t] GHG/t tCO2 e
of mat recycl

Mix Paper 4.5 -3.59 -1
Mix Plast 3 -1.03 -16
Glass 3.3 -0.28 -3

There are also toxic waste resulting from the op-
eration of the various laboratories and many prod-
ucts that require specific treatment (table above):

Recy Mat Quantity[t]
Lab chem 2.42
Batt 0.23
Lamps 0.35
Oils eng, trans and lub 0.80
Contaminated waste 9.61
Acids 0.015
Especific subst 0.042
Solvs 2.46
Metals 1.98
heavy metals 0.251
Sharp objects 0.003
Concrete 153.46

WARM can only calculate emissions for metals
and concrete. The remaining, because they con-
tain toxic or hazardous substances will not be con-
sidered. The metals category in WARM comprises
copper wire, steel can, and aluminium cans and in-
got. They were selected because they are among the
most common materials found in municipal solid
waste and because they were identified as having a
large GHG impact across their life cycles.

Material Recy [t] GHG / ton tCO2 e
of material recy

Al Cans 0.495 -9.11 -5
Al Ingot 0.495 -7.19 -4
Steel Cans 0. 495 -1.81 -1
Copper wire 0. 495 -4.72 -2
Concrete 153.46 -0.01 -1

Recycled waste give -30 tons of CO2, so in total
solid waste produce 169.54 tons of CO2.

6.4. Social canteen
The Canteen of IST serves an average of 380 meals
a day, 6 days a week. Students can choose a dish
with meat, fish or macrobiotic food. In (Peter Scar-
borough, 2014) [11] the GHG emissions of different
diets was estimated.
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Diet Em fact[kgCO2e/day]
High meat-eaters (>=100 g/d) 7.19
Med meat-eaters (50-99 g/d) 5.63
Low meat-eaters (<50 g/d) 5.63
Fish-eaters 3.91
Vegetarians 3.81
Vegans 2.89

The emission factor was divided by two in order
to get the carbon footprint per meal. It is assumed
medium meat-eaters.

Figure 8: Food preferences of students

Dish Avg n. of
meals/day

CO2 emis-
sions[kg]

Meat 301 147083.2845
Fish 74 28170.768
Macrobiotic 20 6136.1925

The total carbon footprint of food was 181.39
tons of CO2.

6.5. Goods and Services
The IST expenditure of 2013 [5] was compiled and
classified according to the type of good or service
being purchased. After grouped, expenditure was
matched to the closest corresponding code of eco-
nomic sector of INE [9]. To apply the input-output
model the data had to be disaggregated into 431
products of DPP2008 system. This system de-
scribes the technology of the Portuguese economy
in 2008, in a input-output table with 125 lines of
business and 431 goods and services.
In Fig. 9 the most significant categories are pre-

sented and some items were aggregated in a more
general category.
The services and equipment related to laboratory

and cleaning has the highest impact followed by
"travel and accommodation" and "computer equip-
ment and services".

6.6. Carbon footprint of IST
The total carbon footprint of IST was estimated as
21 557 tons of CO2 in the year 2013. Given that
IST has a population of 12,847, this value represents
1678 kg of CO2 per person per year.
Indirect emissions from scope 3 has the highest

emissions followed by energy from scope 2 and di-

Figure 9: CO2 impact of goods and services

rect emissions from scope 1.

Figure 10: Carbon footprint per scope

7. Actions to reduce carbon footprint
Results from PA and IO show that IST has CO2
emissions from a wide range of activities and pur-
chases: energy, transportation, solid waste, goods
and services, Fig. 11

Figure 11: Carbon footprint structure

The highest contribution is from transportation
in which commuting and travel to conferences are
included. Most of these emissions are from air
travel. One way to reduce is to introduce video
conferencing. Another is make a plane restriction:
if the distance is less than 900 km, then bus/train
must be taken. This measures should be supported
by a campaign to raise awareness for the negative
impacts of air planes in the environment. Only a
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10% of reduction could avoid 501 tons of CO2 per
year.

7.1. Commuting
In daily commuting to the IST, one might promote
car sharing among people. There is only a small
percentage that do it (30%). Currently the people
that work in IST (Staff, teachers, searchers) have
unlimited access to parking lot of IST, that is why
these groups have car with the highest percentage in
the means of transportation of the survey. A more
effective, but perhaps unpopular measure would be
to charge a parking fee within the IST for those
who live in Lisbon, relatively close to the IST. The
value would be symbolic but enough to make peo-
ple opt for public transport. The money from the
fees would be for reforestation to compensate CO2
emissions. The percentage of people that travel to
IST by car can be estimated. In the sample used,
about 17% went by car, but the exact proportions of
classes of the community are not represented here.
Therefore, to validate this value, other aspects had
to be considered. There are 751 parking spaces on
the campus of Alameda and each car carries an av-
erage of 1.53 people, which corresponds to about
10% of the population of the school. IST park is
completely filled several times throughout the day,
which means a higher percentage of cars than that
accounted for. In addition, public parks around the
school have usually cars owned by people from IST,
but they are paid so it is assumed that are not many.
In conclusion, 17% of people that use car to go to
IST seems to be an acceptable value, which corre-
sponds to 2184 people. From this percentage, 41%
live close to the IST, less than 7 km away. Assuming
that this group of people had to pay 1.50 euros to
park and consequently 20% choose public transport,
this would mean a reduction of 405 tons in carbon
footprint of transportation and 282 euros/day for
reforestation (due to the other 21%).

7.2. Canteen
The carbon footprint of canteen is the lowest but it
can also be reduced. The canteen could implement
an meatless monday campaign. In every Monday
the canteen provide 3 macrobiotic options. This
action could reduce 15 tons of CO2 per year.
The energy carbon footprint can also be reduced.

The Fig.12 shows the disaggregation of electric-
ity consumption as a result of an energy audit by
the Sustainable Campus team. The largest shares
within the" Others" are laboratories, data centers
and computer clusters. HVAC and lighting are
among the plots that consume more energy. There
are many buildings such as North and South Tower
that have glazed surfaces that could reach very high
temperatures and because of that need permanent
air conditioning in the warmer seasons. Recently,

Figure 12: Energy disaggregation

in 2014, was applied a solar film in South Tower
to reduce the cooling requirements of the building.
The annual consumption in cooling is 550 MWh per
year and with is film is estimated a reduction of 30
% which represents a reduction of 144 tonnes CO2.

7.3. Civil building
Civil building is the one with the biggest carbon
footprint. The energy inefficiency of the building is
commonly known by the academic community. The
architecture was considered inadequate for the cli-
mate of Lisbon, due to its large glass areas covering
60% of the total area of the facade, the presence
of horizontal glazing unshaded and its poor ther-
mal insulation. In 2002 there was a project named
"Eco-building"[8] approved by the program of EU
funding initiative that was made to improve the ef-
ficiency of civil building. The overall coefficient of
heat transfer was measured:

Coeff of heat
transf

Meas 2002
W/m2◦C

Leg limit Aim

Ext walls 3.2 1,8 0,54
to 4.6 to 0,57

Cov 2,9 1,25
Glass wind —–

One of the main problems of the building is its
weak thermal insulation. Thus, one of the actions
included in the project was the introduction of in-
ternal thermal insulation in opaque surroundings.
In the walls could be installed mineral wool of 60
mm thick lowering the coefficient for values between
0.54 W / m2◦C and 0.57 W / m2◦C, while the cov-
ers would be installed polystyrene plates of 60 mm
thick reducing the coefficient to 0.45 W / m2◦C.
For the excessive fenestration of the building (about
60% of the facade area) it was expected to replace
the current simple glass (5.8 W / m2◦C) by double
glazed low emissivity (2.0 W / m2◦C).

7.4. HVAC system
The existing HVAC system is the main factor of
energy consumption in the building (Table 7.4), the
main problem is the lack of centralized temperature
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control. The project propose a HVAC system based
on an absorption cycle powered by solar panels and
an energy management system (BEMS)that would
manage the system of air conditioning and artificial
lighting. In terms of artificial lighting, the project
proposes the introduction of occupancy sensors in
classrooms to avoid situations that happen often,
where the backlight stays on all night. Electronic
ballasts to reduce the power consumption could also
be installed.
All these measures can reduce in about 50% the

energy consumption of the building saving 1073
MWh of the energy per year which represents a re-
duction of 401 tons of CO2 emissions per year. The
payback of the project was estimated in 8 years.
Unfortunately the IST and the Eco-Building pro-
gram does not agreed on the financial model to fol-
low, which led to the loss of the support given by
the program. .
The implementation of solar HVAC equipment

remains possible. However, it is important to redo
the energy analysis, taking into account the recent
developments of this technology, which can signif-
icantly increase the efficiency of the proposed sys-
tem.

[MWh] % CO2 [t]
AVAC system 911 40 341
Lighting (of-
fices and

659 29 246

classrooms)
Others 697 31 261
Tot 2267 100

7.5. Photovoltaic Panels
There are other solutions that could be imple-
mented such as the installation of photovoltaic pan-
els (Fig.13) on top of the IST buildings. This so-
lution was studied in the thesis named "Study of
the incorporation of Renewable Energy in the IST
Campus: Alameda and TagusPark " [12]. The con-
clusion was that IST is able to produce 1191 MWh
per year in campus Alameda, which is equivalent to
reducing in about 10% of total energy consumption.
The project was considered profitable with a pay-
back estimated in 9 years. This solution represents
an reduction of 437 tons of CO2 per year. Tagus-
park has a floor area of 628 m2 with the capability
to produce 170.22 MWh per year which represents
a reduction of 63.58 tons of CO2 per year.

7.6. Lighting
Regarding lighting, 44% is spent in public areas
and 15% in offices. As one walks along the cam-
pus there are numerous corridors, halls and offices
permanently illuminated without being in use. The
security has order to turn off the lights that are not
being used but is not an efficient system. A gen-

Figure 13: Photovoltaic panel

eralized solution of the civil building could imple-
mented: Presence sensors could be installed in hall-
ways, WC’s, stairs and other places of passage as
well as electronic ballasts. Also, could be installed
modulating light intensity sensors that adjust the
amount of artificial lighting to the existing natural
lighting.

Figure 14: Lamps. Source: sustainable campus team

The existing lamps are also not the most efficient.
The Table 7.6 shows a comparison of the most com-
mons lamps of each type.

Bulb type W equi L/W Tot
Incandescent 60 W 13 lm/W 800
Fluorescent
tube

18 W 45 lm/W 800

CFL 11 W 60 lm/W 700
LED 9 W 100 lm/W 900

The most efficient lamps are LED but only 1% of
IST lamps are this type. T8 fluorescent lamps can
be replaced by T8 LED with an average reduction
of 50% of energy consumption. There are 77% of
T8 lamps which means a reduction of 38.5% of CO2
emissions in lighting i.e 305 tons of CO2. In addi-
tion to being energy efficient, these lamps have long
life and are ecologically friendly. They don’t have
toxic materials like mercury (which is dangerous
for environment) and are 100% recyclable. These
lamps can reduce carbon footprint by up to a third
and the long operational life time means that one
LED light bulb can save material and production of
25 incandescent light bulbs.
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8. Conclusions

The aim of this thesis was to calculate the carbon
footprint of IST and to suggest measures for its re-
duction. The carbon footprint was estimated in 21,
557 tons of CO2 which corresponds to 1.68 tons
per person enrolled in IST. 71 % of these emissions
are indirect resulting from transport, purchase of
goods and services, solid waste and canteen; 27%
were indirect emissions from purchased electricity
and 2% are caused by the direct burning of nat-
ural gas and the shuttle, which is a bus provided
by IST. The total value of the emissions can be re-
duced through various measures that also involve a
change of mindset. It is necessary create a culture
of sustainability, raising awareness of the environ-
mental impact of their behaviours. Simple actions
such as coming by public transport or car-pooling
with colleagues upon the journey to IST can make
the difference. Many other different actions can be
made effortlessly by each of us: turning off the lights
whenever they are not necessary; not leaving ap-
pliances on standby; choosing the vegetarian food
dish and recycling. On the other hand, the disclo-
sure in the School web page of consumption and
the actions that can be taken to improve efficiency
is an important tool for raising awareness. In ad-
dition to what each can do individually, other ba-
sic measures (that may require costs but would be
rewarded in the medium / long term) can be ap-
plied: application of a green fee (to promote public
transport and investment in reforestation and car-
bon capture); introducing video conferencing when
possible; apply plane restriction for distances less
than 900 km; installation of occupancy sensors and
light intensity in the common areas; replacement of
T8 fluorescent tube lamps by LEDs; installation of
photovoltaic panels in the top of IST buildings in
order to make microgeneration of electricity. HVAC
system powered by solar panels; replacement of sin-
gle glazing by double glazing with low emissivity in
civil building; introduction of an energy manage-
ment system (BEMS); overall improvement of Civil
building insulation; Solar film in South Tower. If all
the measures were applied IST could avoid 1807.58
tons of CO2 per year which represents 8.39% of the
total carbon footprint. In the future, it is necessary
that the goods and services are classified as close as
possible to economic activities. It was very difficult
and time consuming to have to break down the cat-
egories that were very generic and group them into
economic activities through hundreds of invoices; It
is also important to calculate carbon footprint ev-
ery year and to create an integrated online portal
of the Faculty page that dynamically calculates and
discloses the carbon footprint of IST.
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