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ABSTRACT

The Cuajimalpa campus of the Autonomous Metropolitan University (UAM) is located in the
western region of Mexico City. In 2016, its global average population (students, faculty and
staff) was around 2750 people. Campus policies include sustainability as one of its main
aims. To evaluate and eventually reduce the environmental impact of the campus, its green-
house gas (GHG) inventory was assessed and the carbon footprint was calculated, using the
GHG protocol (GHGP): Scope 1: direct GHG emissions; Scope 2: indirect GHG emissions; and
Scope 3: other indirect GHG emissions, on a calendar year basis. Scope 1 includes mobile
and stationary sources and leakage of refrigerants; Scope 2 includes electrical energy usage;
Scope 3 includes consumption of paper, food, water, gases, cleaning products, solvents,
wastewater treatment, municipal and hazardous wastes and academic travel. In 2016, the
campus produced around 3000 tons of CO, equivalent, with Scope 1, 2 and 3 accounting
for 4%, 24% and 72%, respectively. Emissions analysis by activity indicated 51% for commut-
ing; 24% for electricity usage; 14% for academic travel; 11% for other activities. The inven-
tory will aid the establishment of policies for reduction and mitigation of GHG, resulting in
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environmental and potential economic benefits.

Introduction

The Universidad Autondéma Metropolitana (UAM) is
a public university founded in 1971 and has five
campuses located east, south, north, and west of
Mexico City and in the metropolitan area. The
Cuajimalpa campus (UAM-C) was founded in 2006
but temporary locations were used until the cur-
rent campus was constructed in 2013, in Santa Fe,
a western neighborhood of Mexico City. It consists
of an eight-storey, 44,349.70m? building. Until
1989, Santa Fe neighborhood was a zone of open
dumps in exhausted sand mines. From 1983 to
1988, an 850ha urbanization project to build a
business improvement district [1] was developed
in this western zone. The headquarters of leading
national and international companies have been
established here since the late 1980s, followed by
a real estate boom of luxury apartments.
Nowadays, this 900-ha zone has a residential
population of 35,000 people and an average float-
ing population of 233,000 people (temporary and
permanent employees, students and visitors) [2].
Unfortunately, the growth of the zone resulted in
serious problems of mobility and heavy traffic due

to commuting. The World Resources Institute (WRI)
Chapter Mexico estimated that an employee work-
ing in Santa Fe could spend 26 days per year in
commuting due to the limited access to the zone
(only five main access routes) because of its geog-
raphy (gullies) resulting in significant emissions of
greenhouse gases (GHG) [3].

In the context of sustainable development and
the mitigation of climate change, it is essential to
estimate GHG emissions. The global goal of stabi-
lizing the increase in the global average tempera-
ture to well below 2°C above pre-industrial levels
and of pursuing efforts to limit the temperature
increase to 1.5°C above pre-industrial levels was
proposed in 2015 by the Paris Agreement of The
United Nations Framework Convention on Climate
Change [4]. The Mexican goal is to reduce by 50%
the national GHGs emissions by 2050 [5]. In 2013,
Mexico emitted 665 million tons of CO, eq,
ranking 12th in terms of countries contributing to
global emissions [5].

The Greenhouse Gas Protocol Initiative is a
multi-stakeholder partnership of businesses, non-
governmental organizations, governments, and
other institutions convened by the WRI and the
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World  Business  Council  for  Sustainable
Development (WBCSD), a Geneva-based coalition
of 170 international companies. The mission of this
initiative, launched in 1998, is to develop inter-
nationally accepted GHG accounting and reporting
standards for businesses and to promote their
broad adoption [6]. The GHG inventory will help
an organization to better manage the full spec-
trum of GHG risks and opportunities existing along
its value chain [6].

As a public educational institution, UAM-C has a
commitment to the environment and sustainable
development. Therefore, the objective of this study
was to generate the GHG inventory that could
serve as a basis for developing a mitigation plan,
thus contributing to climate change mitigation, as
well as to the fulfillment of its social responsibility.

Methodology
Operatives and organizational limits

As proposed by the GHG protocol, the operational
boundaries of the UAM-C concerning direct and
indirect emissions were settled. The operative
accounting included three groups: i) direct emis-
sions (Scope 1) that come from sources owned or
controlled by the organization; ii) indirect emis-
sions (Scope 2), from the organization’s consump-
tion of purchased electricity; iii) other indirect
emissions (Scope 3) corresponding to the activities
within the organization, but originated from the
sources that are not owned or controlled by it.
Together, the three scopes provide a comprehen-
sive accounting framework for managing and
reducing direct and indirect emissions [6]. All the
sources and activities considered are listed in
Table 1 and fully described in the next sections.

Inventory

Mobile sources, stationary sources and refrigerant
gas leakage were considered in Scope 1 and elec-
tric energy usage was considered in Scope 2.
Scope 3 took into consideration the consumption
of paper, meat in the dining halls, water, gases,
cleaning products and solvents, as well as the gen-
eration and treatment of wastes (municipal and
hazardous wastes and wastewater), business travel
and commuting. The inventory includes the activ-
ities of the 10 experimental laboratories, seven
dedicated to academic research and three dedi-
cated to teaching.

Emission factors used for calculations were the
available values for national emission factors or
those selected accordingly from the literature.
Emission factors used for each source are listed in
Table 1S, in Supplementary Material.

Uncertainty

The accuracy level of a reported value can be due
to measurement error, lack of available data, mod-
eling assumptions or future estimation [7]. The
inventory data reported in this study were
obtained from registered or measured data, this
being the case for most of the values since the
UAM-C is a small campus. In each case, the source
of the inventory data is provided. However, the
contribution due to commuting (external transpor-
tation, Scope 3) was estimated from a survey and
validated by studies on transportation in this
region which, as mentioned above, is poorly
served and has serious problems of mobility and
heavy traffic due to business commuting.

The uncertainty due to the emission factors is
introduced by the fact that many of them were
not available specifically for the country; therefore,
generic global factors were used accordingly to
the IPCC.

Population

The population of the campus was divided into
three groups: i) students, consisting of the total
number of graduate and undergraduate students
enrolled; ii) faculty, comprising the academic person-
nel in the three academic divisions (Social Sciences
and Humanities, Communication and Design
Sciences and Natural Sciences and Engineering); and
i) staff that includes employees in administrative,
operative and maintenance roles. The population
varies across the trimesters of the year. In 2016, the
year used for this GHG inventory, the UAM-C had an
average population of 2202 students, 240 faculty
and 309 staff members according to the depart-
ments of school systems and human recourses.

Period of accounting

The calendar year of 2016 was used for the inven-
tory. According to the 2016 school calendar, there
were 212 working days, out of which 168 were
days with teaching activities (school days).
Therefore, it was considered that the student
population attended the university only on school
days, while the faculty and staff attended the uni-
versity on all working days.
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Table 1. Activities and their intensity by scope considered in the GHG inventory of the UAM-C in 2016.

Type Source/activity Compound/component Intensity Units
Scope 1. Direct emissions
Fixed sources Dining hall LP gas 12,022 L
Dressing room LP gas 2,064 L
Research and teaching laboratories LP gas 80 L
Mobile sources Vehicle fleet Gasoline 11,800 L
School transportation Distance 33,600 km
Fugitive emissions Refrigeration Refrigerants 10.52 kg
Scope 2. Indirect emissions
Electricity Electric Energy Electricity 1,564.53 MWh
Scope 3. Other indirect emissions
Resource consumption Water Water 15,612 m3
Paper Paper sheets 10.36 ton
Paperboard and others 2.67 ton
Meat consumption (dining hall) Chicken 6,643.73 kg
Pork 4,845.72 kg
Beef 4,317.10 kg
Fish 1,423.17 kg
Gases (research activities) Carbon dioxide 0.36 ton
Methane 0.03 ton
Solvents (research and teaching Acetone 35.00 L
activities) Chloroform 32.18
Ethanol 258.00 L
Hexane 36.00 L
Petroleum ether 6.00 L
Methanol 28.00 L
Ethyl acetate 30.00 L
Acetonitrile 12.00 L
2-methyl-2 butanol 12.00 L
Phenol 0.63 L
Spray paint 3.60 L
Xylene 5.21 L
Dichloromethane 4.00 L
Mixtures 36.81 L
Cleaning Liquid soap 4460 L
Detergent powder 300 kg
Bleach 190 L
Municipal waste management Recycling Paper sheets 2203 kg
Paperboard 1,282 kg
PET 78 kg
TETRAPACK 76.4 kg
Glass 473 kg
Iron 57 kg
Aluminum 18.2 kg
Other 51.7 kg
Organic fraction from the dining 9,889.6 kg
hall (animal feed)
Landfill Not recoverable 3,579.28 kg
Hazardous waste management Thermal oxidation Organic solvents 171.43 kg
Aqueous solutions 171.43 kg
Halogenate solutions 14.29 kg
Glass 2.14 kg
Empty containers 7.14 kg
Solids 5.71 kg
Wastewater management Aerobic wastewater treatment Chemical oxygen demand (COD) 148 ton COD
Commuting Private Automobile 2,212,716.77 km
Public Metro 4,257,314.79 km
Urban bus 5,444,910.84 km
Collective transport 127,997.70 km
Interurban bus 1,469,190.99 km
Work trips: lodging and transport Attendance at scientific meetings Air transport 2,193,588.71 km
Bus 18,399.96 km
Automobile 6,859.72 km
Lodging 1203 day
Academic guests Air transport 362,730.03 km
Bus 2,234.84 km
Lodging 130 day

Activities and emission factors considered in
Scope 1

Fixed sources

These sources included the dining hall, dressing
rooms/showers, and laboratories where liquefied
petroleum gas (LP gas) was used for heating. This

information was obtained through the department
of academic services and the laboratory personnel,
and it was assumed that all the fuel bought was
consumed. The emission factor for combustion of
LP Gas used was the one published by the
Mexican government [8].
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Mobile sources

Vehicle fleet. In 2016, the UAM-C had a fleet of
11 gasoline vehicles, according to the depart-
ment of transport and security. Vehicle fuel con-
sumption averaged 10km per liter per day. The
annual consumption of gasoline was calculated
from the volume used per day and the number
of working days of the year. The emission factor
for combustion of gasoline used was the one
recommended by the Mexican government [8],
and the heating value (MJ/L) was used as a
conversion factor. Detailed characteristics of
the fleet are provided in Table S2, in
Supplementary Material.

School transportation. The university has two
school transportation services that are provided by
a private company and by the Mexico City govern-
ment. These services are not owned by the
University, but leased or requested for the exclu-
sive transport of staff and students of the UAM-C.
For this reason, they were considered as within the
operational limits of the organization and thereby
included as direct emissions. Both provide four
round trips per day from the campus to the near-
est subway station “Tacubaya” covering the dis-
tance of 12.5km. It was considered that the trips
were made during school days, resulting in an
annual distance of 16,800 km. The emission factor
used was based on the distance covered by urban
buses using diesel [9]. The other means of com-
muting are described later in the document.

Fugitive emissions

We have identified 43 domestic refrigerators, 4
freezers, 2 ultra-freezers, 2 ice-makers, and one
cold room at the campus, using three types of
gases: R-134A, R-404A, and R-290. No air-condition-
ing equipment was identified whatsoever.
According to the UAM-C department of mainten-
ance, the equipment did not receive maintenance
or refrigerant reload during 2016. Therefore, the
data available for the leakage of refrigerant gases
was the original charge of refrigerant. In conse-
quence, the direct fugitive emissions from refriger-
ation were calculated according to the
methodology proposed by the United States
Environmental Protection Agency using the data
on the original charge of refrigerant gases pro-
vided by the manufacturer of each piece of equip-
ment [10].

Activities and emission factors considered in
Scope 2

Electrical energy

The electricity used in the UAM-C was purchased
from the Federal Electricity Commission (CFE), the
government company. The total amount of electric
energy consumption was calculated according to
monthly records of the UAM-C administrative
department. The emission factor used was that
recommended by the Mexican registry of emis-
sions [11].

Activities and emission factors considered in
Scope 3

Water consumption

The total amount of water consumption was pro-
vided by the 2016 records of the UAM-C adminis-
trative department. A generic emission factor was
used to calculate the GHG emissions [12].

Paper consumption

According to the department of administrative
services, different types of paper, such as virgin
office paper, recycled office paper, folders, card-
board boxes, photographic paper, cardboard, dis-
posable napkins, handkerchiefs, and absorbent
paper were used in 2016, and they were grouped
into virgin and recycled paper. A generic emission
factor for paper consumption was used consider-
ing that all the paper bought was indeed used
[13]. The mass of each type of paper was calcu-
lated considering the type of paper, the number of
purchased packages, the number of paper sheets,
the size of one sheet, and paper density (g/m?).

Food (meat) consumed in the dining hall

The dining hall is operated by the University and
provides breakfast and lunch services. The most
consumed types of meat in the university dining
hall (beef, pork, fish, and chicken) were considered
in the emissions inventory. The information rela-
tive to meat consumption was obtained through
the records of the department of general services.
Emission factors considered were reported by
EWG, 2011 [14].

Gases for research activities

Carbon dioxide and methane were used in some
research laboratories in experimental activities. In
this case, the volumes of gases used were
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provided by the laboratories and the emissions
were calculated using the emission factor global
warming potential (GWP) 100 years [10].

Solvents for teaching and research activities

A list of solvents and their approximate volumes
used for teaching and research activities was pro-
vided by each laboratory; the amounts were con-
verted to mass by using the density (g/L) of each
compound. Some of these substances were in
mixtures or were unknown solvents, and were
considered as generic solvents. The emission fac-
tors from Data Base Ecolnvent 3.3 were used
(SimaPro 8.3.0).

Cleaning products consumption

The cleaning products used in the university were
multipurpose liquid soap, liquid hand soap, pow-
der detergent, and bleach; the information regard-
ing these products was provided by the
department of general services. The emission fac-
tors per mass used for each type of soap were
obtained from Data Base Ecolnvent 3.3 (SimaPro
8.3.0). In the case of liquid soap, the mass was
obtained by multiplying the volume of soap by
its density.

Municipal waste management

At the campus, there is a program called
“SeparaAccion” to manage the generated wastes.
According to the program personnel, solid waste is
separated and sent to recycling while the non-
recyclable waste is sent to a municipal landfill. The
organic waste generated in the dining hall is
donated to third parties where it is used as pig
feed. The “SeparaAccién” program provided the
information relative to the quantity of generated
waste and the emission factors used were those
proposed by Turner et al. 2015 [15].

Hazardous waste management

Hazardous waste is generated by the laboratories
activities, but it is separated and later treated by
an external organization through thermal oxida-
tion. The information regarding the hazardous
waste was provided by generators at the Natural
Sciences and Engineering Division of the UAM-C
and the emission factors used were from the
University of Valladolid in 2015 [16].
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Wastewater management

The aerobic plant to treat the wastewater gener-
ated at the campus is operated by an external
enterprise. Unfortunately, the information on the
wastewater treatment plant (WWTP) operation in
2016 was not available, so 2017 data were used
considering that the campus population did not
vary significantly from 2016. The values of chem-
ical oxygen demand (COD) used were also from
2017, and the calculation of emissions considered
the total of consumed water, the removed COD
(input minus output values) and an emission factor
provided by the Mexican government [8].

Commuting

The vehicles used for commuting were divided
into two groups, public transport and private
transport. The information regarding commuting
was based on a previous internal study about the
bioclimatic conditions of the campus (Internal
report, data not published). This study reported a
survey with a sample of 270 students, 62 faculty
members, and 60 staff members; 81% of the sam-
ple declared using public transportation and the
remaining 19% reported using private transport.
The survey also included information about time,
average distance, and origin of travel. The GHG
emissions were calculated considering the annual
average distance for faculty and staff (attending
on working days), the yearly average distance for
students (attending on class days) and the annual
distance traveled by the school bus. The traveled
distance was divided into four types: subway,
urban bus, interurban bus, and urban van. The pro-
portion of each transport type used was calculated
simulating the routes in accordance with the origin
of the population. The distance was then esti-
mated by type of transport considering the popu-
lation using each type. Private transport emissions
were estimated according to the GHG protocol [9].
It was assumed that all journeys were made in gas-
oline automobiles fabricated in 2005 or earlier
with 1.2 persons per vehicle [3].

Work trips: lodging and transportation

This category included trips by teachers and stu-
dents to destinations outside the city for visits to
companies and research institutions, as well as
trips to congresses, symposiums, conferences and
other scientific events. The trips made by guests
from other cities, conferences and symposiums
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Table 2. Emissions of GHG of UAM-C in 2016 by scope.

presented later on.

Scope Source/activity Emissions (ton CO, eq)
Direct emissions Fixed sources 24.16
Mobile sources 83.06
Fugitive emissions (refrigeration) 3.39
Indirect emissions Electricity 716.55
Other emissions Water consumption 537
Paper consumption 16.52
Meat consumption (dining hall) 108.67
Gases (research activities) 0.88
Solvents (teaching and research) 0.81
Cleaning products consumption 31.70
Municipal waste management 0.04
Hazardous waste management 0.05
Wastewater management 0.11
Commuting (private transport) 525.45
Commuting (public transport) 972.18
Work trips: transport 423.84
Work trips: lodging 43.49
TOTAL 2,956.28
organized by the UAM-C were also taken into con- 80
sideration. The lodgings related to these activities 70_‘ (a)
were included as well. The information was .
extracted from the expense policies provided by 60
the department of administrative services. The 50 4
emissions were calculated considering the distan- 40 7
ces, and air and land travel emission factors [9,17]. i
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Scope 1

Given the fact that the devices used are mainly
domestic fridges, the emissions generated by
refrigerant leakage represented only 0.14% of the
total emissions (3.39tons CO, eq), primarily associ-
ated with ultra-freezers used in laboratories. In the
case of mobile sources, the emissions represented

Figure 1. GHG emissions in 2016, (a) by scope and (b) by

Sources/activities. Scope 1; E= Scope 2; [x]
Scope 3.

only 2.8% of the total emissions (83.06tons CO,
eq). However, these can be reduced by replacing
gasoline vehicles with those using fuel with lower



emission factors, such as electric or natural gas
vehicles, but the lack of infrastructure for this kind
of vehicles in Mexico City in addition to the invest-
ment required should be considered. In the case
of fixed sources, they represented 0.82% of the
total emissions (24.16 tons CO, eq); here, the feasi-
bility of replacing LP with natural gas with a
smaller emission factor and better market prices
needs to be considered. The emission of GHG fac-
tor for the combustion of natural gas is 12.5%
lower than that for LP gas combustion [8].

Scope 2

Even though the consumption of electrical energy
represented the second main emission source
(24% of the total, 716 tons CO, eq), its distribution
per activities at the university is unknown; thus, in
order to identify reduction opportunities, it would
be necessary to assess usage distribution.
Therefore, the inventory needs to be refined with
the identification of specific uses of electricity per
activity and per department as a first step to pro-
pose reduction strategies.

Scope 3

The consumption of meat in the dining hall repre-
sented 3.7% of the total emissions (108.67 tons
CO, eq). A hypothetical scenario, in which the con-
sumption of meat one day a week would be sub-
stituted with that of vegetables (20% reduction of
meat consumption per year) and considering that
most of the vegetables have an emission factor of
one order of magnitude lower than meat, this
action could mitigate the emission of 19.55tons
CO; eq representing 0.66% of the total emissions.

Regarding the use of paper, 13 tons of paper
per year generated 16.52tons CO, eq and repre-
sented 0.5% of the total emissions. Although these
emissions could be considered low, various actions
have already been implemented in the university
under the concept of green office, but their effect-
iveness will be evaluated in further studies of their
carbon footprint.

Water consumption generated almost 5.37 tons
CO, eq, which represents less than 0.3% of the total
emissions; as in the case of electric energy con-
sumption, the purpose and usage distribution must
be assessed to identify reduction opportunities.

Municipal waste treatment generated only
0.038tons CO, eq, which represents less than
0.001% of the total emissions, indicating that the
management program of the campus allowed the
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appropriate separation of almost 115.3tons of
waste. Comparing this scenario with a hypothetical
situation in which all the waste is not separated
but sent to landfill, the estimation is that separ-
ation and recycling represented mitigation of
4.5tons CO, eq (85% of the potential emissions
due to this source).

The hazardous waste treatment generated
0.05tons CO, eq (<0.002% of the total). As the
generated waste was sorted and the final disposal
was entrusted to an external company that treated
it appropriately, it is not necessary to take action
to reduce the emissions.

The wastewater treatment generated almost
0.110tons CO, eq that represents less than 0.004%
of the total emissions. However, in the next inven-
tory of GHG, the quality of data must be improved
to generate even more accurate information.

In the case of GHG used in the laboratories,
0.88tons CO, eq was emitted, representing less
than 0.03% of the total emissions. Since the
amount of gases used in the bioprocessing labora-
tory in research activity related to technologies for
air pollution control is reduced, implementing
actions to mitigate these emissions is considered
unnecessary.

Emissions from solvents used in laboratories
generated 0.810tons CO, eq (<0.03% of total
emissions). Ethanol was identified as the most
used solvent (258 L/year), indicating an opportun-
ity for mitigation with the implementation of a
plan for reducing its use. On the other hand, the
information regarding the use of solvents was
obtained through personal communication and is
approximate, so it is expected that implementing a
formal registry of their use could improve the qual-
ity of the data of the GHG inventory.

The use of cleaning products generated
31.7tons CO, eq (1% of the total emissions), and
since it is quite limited, the emissions of these
products are low, making any action for their
reduction unnecessary.

Work travel generated 424 tons CO, eq (14.34%
of the total) representing the fourth source of
emission. Since these journeys are for academic
and scientific purposes, they represent an oppor-
tunity to significantly reduce the emissions by
implementing actions such as: avoidance of using
air travels in short trips, and advice to the commu-
nity on the impact of the use of flights. Another
option is the use of video-conferences: when avail-
able, they would allow cost savings and better use
of the professors’ and guests’ time.
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Table 3. Comparative emissions of GHG of other universities.

Emissions (tons CO, eq)

By scope (%)

University/Institution Country Year

Total Per capita SP1  SP2  SP3  Reference
University of Santiago de Compostela Spain 2007  32,407.8 1.01 330 306 364 [21]
De Montfort University UK 2008/09 51,080 1.99 6.0 150 79.0 [22]
University of Valencia Spain 2010 58,517.8 0.88 6.3 200 736 [21]
National Autonomous University of Mexico. Engineering Institute ~ Mexico 2010 1577 1.47 50 420 530 [23]
University of Madrid. School of Forestry Engineering Spain 2010 2147 1.87 83 327 590 [24]
Pontifical Catholic University of Rio de Janeiro. Gavea Campus Brazil 2011 5,782 0.29 1.5 0.2 983 [25]
University of Talca. Curico campus Chile 2012 1,568.6 1.00 160 160 68.0 [26]
University of Alberta Canada 2012-13 325,351 6.51 52.0 40.0 8.0 [27]
Polytechnic University of Cartagena Spain 2013 9,088.4 1.07 36 169 794 [21]
University of Valladolid Spain 2014 22,080.5 1.1 246 302 452 [16]
Edith Cowan University Australia 2015 24,797.6 1.73 40 690 270 [28]
University of Cambridge UK 2016  102,049.9 3.50 200 520 280 [29]
University of California. Berkeley USA 2016 151,650 2.90 442 281 277 [30]
University of Malaga Spain 2017 24,8316 0.66 20 570 410 [31]
Autonomous Metropolitan University. Cuajimalpa Campus Mexico 2016 2,956.3 1.07 40 240 720 This study
SP: Scope.

Commuting represents the main activity, and
generates 51% of the total emissions. The 2017 ori-
gin-destination survey in the Metropolitan area of
the Mexican valley, performed by the National
Institute of Statistics, indicated that 53.4% of the
week-day trips are completed in public transport
while 25.2% in private transports [20]. Another
report by WRI-México indicated that 64% (545,000)
of the total trips taking place in the area of Santa
Fe is related to business activities, out of which
46% were performed using public transport, 41%
in private transport, 8% in transport provided by
the companies or institutions and 6% in taxis.
However, the occupation for private automobiles
was only 1.2 persons, therefore, they represented
87% of the vehicles circulating in the area [3]. Our
results indicated that commuting by private trans-
port resulted in the emission of 2.0tons CO, eq
per capita, 2.3 times that of public transport
(0.436tons CO, eq per capita). Mitigation actions
must be thereby related to the use of public trans-
port. However, these actions require the participa-
tion of both municipal (Cuajimalpa) and Mexico
City government. Considering the geography of
the area, with ravines and highways, the use of
electric bicycles is an option to be evaluated.

Comparison with other universities

As an internationally significant sector, Higher
Education Institutions have begun to address cli-
mate issues through carbon reduction policies on
and off their estates. However, there have been
very few research articles that document emissions
arising from all (direct and indirect) attributable
activities [18]. The emissions by scope and per cap-
ita of the UAM-C were compared with values of
other universities in Table 3. The studies reported

in Table 3 used a similar methodology of the three
scopes, the use of electricity and combustibles is
taken into account in all studies and some activ-
ities such as the construction of new buildings are
considered in some cases [16,21,31]. The main con-
tribution, in most of the studies, is related to indir-
ect emissions (Scope 3) attributable to commuting.
One approach to compare different studies is the
normalization per capita (considering the total
population). This value for the UAM-C was
1.07 tons CO, eq, which is higher than those from
the Pontifical Catholic University of Rio de Janeiro,
the University of Malaga and the University of
Valencia, 0.29, 0.66 and 0.88tons CO, eq/per cap-
ita, respectively (Table 3) [21,25,31]. On the other
hand, higher emissions per capita are reported by
the Tongji University and the Norwegian University
of Technology and Science (3.84 and 3.60 tons CO,
eqg/per capita) where other modeling approaches
were used [32,33]. Their values are similar to the
emissions of the University of Cambridge [29].
However, the main contributions to the carbon
footprint, reported by the University of Alberta
and the University of California - Berkeley for
Scope 1, related to the energy consumed for heat-
ing [27,30]. It is the main difference with our uni-
versity where a warm winter does not require
heating. On the other hand, the emissions per cap-
ita of the UAM-C (1.07 tons CO, eq) is similar to
those reported for the University of Santiago de
Compostela, the University of Talca, Curico cam-
pus, the Polytechnic University of Cartagena and
the University of Valladolid [16,21,26], but lower
than those reported for other univer-
sities [22-24,27-30].

These reports are important references as
benchmarks of emissions, but further efforts are
required to address target reductions in emissions;



for example, higher education institutions in
England have mandatory targets by 2020 to
reduce their Scope 1 and 2 emissions by 34%,
below a 2005/06 baseline, or some Scope 3 sour-
ces, such as water and waste, transport and pro-
curement [18,34].

Recommendations

Since Scope 3 had the highest contribution to the
emissions of the UAM-C, activities considered in
this scope must be carefully registered in the next
inventory of the campus, and the mitigation plan
should mainly focus on them.

The estimation of emissions due to commuting
(Scope 3) is one of the aspects with the most
opportunities for improvements. An annual survey
for a more accurate inventory was suggested to
the authorities and also the UAM-C community
participated in the annual survey of mobility
within the region as well.

Since the Scope 2 emissions represented 24% of
the total emissions, the reduction of electricity
consumption is one of the areas with opportuni-
ties for improvement. An initial study of the invest-
ment required for UAM- C facilities adequation (i.e.
LED lighting, solar panels, etc.) to reduce electricity
consumption expenditure has been conducted
(data not published) but also the reduction of the
carbon footprint can be estimated as well.

An inventory by the academic division could
also be also useful for the mitigation plan, since it
would allow identifying differentiated opportuni-
ties for mitigation. Intuitively, it could be identified
that the carbon footprint contribution of the sci-
ence and engineering division is higher than that
of Social Sciences and Design division, due to the
use of chemicals, equipment and generation of
hazardous wastes at the teaching and researching
laboratories. Therefore, their mitigation efforts
should be related to the rational use of chemicals
and improvements of the waste disposal system
implemented.

Another field of opportunity is the development
of an emission factors database since there is a
lack of data at the national level. It will contribute
to the reduction of uncertainties.

Conclusions

The UAM-C emitted in 2016 almost 3000 tons of
CO, eq, out of which 4% are related to Scope 1,
24% to Scope 2 and 72% to Scope 3. The main
contributions to GHG emissions were the use of
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vehicles for commuting (51%) and the use of elec-
tricity (24%). This study will serve us as a bench-
mark to establish the mitigation goals as an
Institution and to design a mitigation plan, includ-
ing the evaluation of the other four campuses of
the UAM. A quality management plan should be
also developed for more robust and accurate
inventory and the assessment of the possible miti-
gation strategies. Also, the development of
national emission factors would reduce the uncer-
tainness of the results obtained. Finally, the com-
mitment of the University authorities and
community will be fundamental for the develop-
ment of a program as our contribution to global
actions for climate change mitigation.
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