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Case Study 
For strategic reasons, the University of Coimbra (UC) in Portugal was selected as a case study to validate the proposed hybrid methodology. First, as one of the world's oldest HEIS and a UNESCO World Heritage Site, UC presents a complex structure necessary to test the comprehensive CF assessment. Its community has over 32,000 people dispersed across 4 campuses, encompassing over 100 buildings and infrastructures, including 16 food units, 13 university residences, 2 stadiums, 1 theatre, 2 museums, 16 libraries, and extensive research infrastructure.
Second, UC is a leader in sustainability. Signatory to the United Nations Global Compact since 2019, it has been in the top 30 of the Times Higher Education Impact Ranking since 2020, particularly regarding SDG 13 - Climate Action. Additionally, the Quacquarelli Symonds Sustainability Ranking 2024 evaluated UC as the 181st most sustainable HEI worldwide. UC was considered the most sustainable Portuguese-speaking HEI in these two international and recognised rankings. This is mainly due to the UC's attention to these rankings demands, as it produces sustainability-related documents that are readily available. These documents, which follow validated reporting standards such as the Global Reporting Initiative (GRI), communicate some relevant operational environmental criteria. Much information could be inventoried for CF assessment, from the sustainability reports (since 2020) to the operational and financial records.
The third reason is the limitation of current reporting of GHG emissions, which is familiar to other Portuguese HEIs. While UC has published the CF in the annual sustainability reports, they only accounted for scope 1 (stationary natural gas consumption and mobile fossil fuel consumption) and scope 2 (electrical energy consumption). Scope 3 has not yet been reported because the existing data collection does not allow for a reliable analysis (University of Coimbra, 2023c). Over the last five years, the average CF published by the UC was 6.04 kt CO2-eq, with a standard deviation of 0.55 kt CO2-eq (9.15%). The CF peak was in 2019 with 6.60 kt CO2-eq. In 2023, there was a carbon intensity of 0.19 t CO2-eq/person. 
The temporal coverage covers 2019-2023, with 2019 being selected as the baseline year to avoid pandemic distortions. Additionally, normalisation is crucial because UC's community experienced significant growth (16.5%) during the sampling period. Table A.1 shows the UC reporting flow.
[bookmark: _Ref197369795]Table A.1. Data from UC community (2018-2023).
	Flows
	Unit
	2019
	2020
	2021
	2022
	2023

	Students
	person
	25,188
	25,722
	25,580
	28,182
	30,308

	Workers
	person
	3,894
	3,379
	3,483
	3,550
	3,570

	Total
	person
	29,082
	29,101
	29,063
	31,732
	33,878


Table A. 2 presents the overall characteristics for each of the 9 sub-categories assessed.
[bookmark: _Ref197369914]Table A. 2. Activities data characteristics.
	Sub-category
	Approach
	Characteristics
	Key considerations

	Purchased Electricity
	PB
	Grid consumption. 
	Mixed national grid.

	Commuting
	PB
	Gasoline cars, electric cars, scooters, and buses.
	Survey-based travel patterns, standardised distances with students and staff differentiation.

	Fuel & Energy
	PB
	Natural gas, gasoline, and diesel consumption.
	Production and transmission stages considered. 

	Purchased Goods
	PB
	Food (8 categories); 
Water consumption;   
Photovoltaic panels; 
Paper.
	From canteens;
From a local supplier;
Measured by kWh produced;
From consumed reams.

	Capital Goods
	EEIO
	Construction; 
Retail trade.
	Construction values were subtracted from the retail.

	Stationary Combustion
	PB
	Natural gas consumption.
	Measured by kWh consumed;

	Mobile Combustion
	PB
	Gasoline, diesel, and GLP.
	Measured by litre consumed;

	Waste
	PB
	Electronic, municipal solid, paper, medical, and wastewater.
	Wastewater volume was assumed to equal water consumption.

	Sinks
	PB
	Botanic Garden (12 ha) and São Marcos Farm (13 ha forested).
	Species-specific estimation based on the climate/biome.



Table A. 3 presents a classification of (+) good, (o) average, and (-) poor regarding the data compiled. 
[bookmark: _Ref197369965]Table A. 3. Data availability for the UC inventory.
	Category
	Activity
	Emission factors
	

	
	Period
	Detail
	Period
	Tier
	Stage
	IPCC 
	Ref

	Purchased electricity
	+
	o
	+
	2
	Production
	AR5
	(Portuguese Environmental Agency, 2023a)

	Commuting
	o
	+
	-
	2
	Complete
	AR6
	(Portuguese Environmental Agency, 2023b)

	Fuel & energy
	+
	o
	+
	1
	Production
	AR4
	(Climatiq, 2023)

	Purchased goods
	-
	-
	-
	2*
	Production
	AR5, AR6
	(Portuguese Environmental Agency, 2023b), (Mesquita & Carvalho, 2024)

	Capital goods
	-
	-
	-
	2
	Complete
	AR5
	(Merciai & Schmidt, 2018)

	Stationary combustion
	+
	o
	+
	1
	Production
	AR4
	(Climatiq, 2023)

	Mobile combustion
	+
	o
	+
	1
	Production
	AR4
	(Climatiq, 2023)

	Waste
	+
	o
	+
	1
	Disposal
	AR4, AR5
	(Portuguese Environmental Agency, 2023b), (Climatiq, 2023)

	Sinks
	+
	o
	-
	2
	Complete
	AR6
	(Portuguese Environmental Agency, 2023b)


* Most of them.


[bookmark: _Ref171073302]Activity Inventory
The use of natural gas and liquid fuels (gasoline and diesel), consumed in mobile and stationary combustion, were considered in scopes 1 and 3 because CF accounts for the extraction and production of fuels (which occurs upstream) and their combustion (within the HEI). The analysis also included the electricity purchased, but as there was no specific information about the suppliers and shares, and thus a national mixed grid was considered. The photovoltaic panels were considered purchased goods since their emissions mainly come from the manufacturing phase (upstream). UC installed photovoltaic solar panels in different buildings (559.6 kVA of installed power in 2023). In 2023, UC self-generated electricity from 2,136 solar panels, corresponding to about 4% of the electricity consumed (0.64 GWh). Water was accounted for through the supplier's purchase invoice. 
In the case of activities, the periods were assessed, and most of them proved to be present except for purchased goods (such as food) and capital goods (construction), where the 2020 figures were repeated for 2019. On the other hand, in terms of detail, goods (capital and purchased) were not broken down as desired. 
Thus, in the EB activities, the equipment was added to the consumption of capital goods, and the construction was added to purchased goods, as they are relevant to the UC budget. Food consumption occurs mainly through SAS canteens, and the values were aggregated according to the Portuguese food wheel categories (vegetables, meat, fish and eggs; cereals; fruits; milk and dairy products; fats and oils) and sugar. It was assumed that the percentage of animal protein was 40%, 30%, and 30% for pork, chicken, and fish, respectively. An important detail is that since 2019, UC has abolished beef as part of a policy movement to reduce its environmental footprint. Regarding waste, five sub-categories were identified: electronic and electric (e-waste), municipal solid waste (MSW), paper and cardboard, medical waste, and wastewater. Since no data on wastewater was available, the value considered was the same as the consumption value.
The contribution of community commuting was considered based on the values obtained in the diagnosis of mobility in the UC due to questionnaires answered by their community in 2023. It is essential to note that UC is the Portuguese HEI with the most displaced students from different parts of the country and other countries. In addition, the average travelling distance was calculated as 9.91 km/trip. The assumption was an annual attendance rate of 36 weeks, accounting for round trips. The number of students per bus was assumed to be 10. Annual correction factors were made due to externalities caused by the effect of the COVID-19 pandemic. These correction factors were based on the months with face-to-face classes: three months in 2020 and seven months in 2021. The correction factors were 0.25 and 0.6 for 2020 and 2021, respectively.
To construct the commuting inventory, the following assumptions were made about the chosen  activities:
· Transportation modes: Seven different commuting options were captured: walking, electric scooter,  carpooling/ride-sharing, public transportation, taxi/ride-hailing, conventional combustion vehicles, and electric/hybrid vehicles.
· Usage frequency: The survey categorised transportation usage as "at least 3 times per week," "1-2 times per week," or "rarely/never," allowing for the establishment of weekly usage patterns for different demographic groups.
· Travel distances: Respondents indicated their typical one-way commuting distance within five distance bands: up to 1 km, 1-2 km, 2-5 km, 5-10 km, and more than 10 km. For modelling purposes, the midpoint of each range (0.5 km, 1.5 km, 3.5 km, 7.5 km) was used and assigned 15 km as a conservative estimate for the highest category.
To develop a comprehensive environmental assessment of university commuting over the 2019-2023 period, the following modelling approach was applied:
· Temporal extrapolation: Assuming that the transportation modes and patterns identified in the 2022 survey reflect general preferences over the past five years, with necessary adjustments for pandemic-related disruptions.
· Pandemic adjustment factors: To account for the significant disruption to campus activities during the COVID-19 pandemic, temporal correction factors were applied to the commuting estimates: 1.0 for standard academic years (2019, 2022, 2023), 0.67 for partial disruption (2021), and 0.25 for severe disruption (2020).
· Academic calendar: Assuming an average of 36 active weeks per year for the university community during normal operations, which formed the basis for annual travel calculations.
· Modal frequency conversion: Survey responses of "at least 3 times per week" were modeled as 5 trips per week, "1-2 times per week" as 2 trips per week, and "rarely/never" as 0 trips per week.
· Public transportation: In the case of community bus transport, it was considered that the average capacity of 10 passengers per bus was the default in the Ecoinvent database (v3.9).
The figures were compiled for the entire community, summing up the activities of all students and workers. The annual PKM was then calculated using the formula:

Where Nyear represents the number of individuals per year, Davg is the average one-way commuting distance (in kilometres), and Fmode denotes the weekly frequency of using a specific transportation mode. The factor 2 accounts for round trips, while 36 corresponds to the number of active academic weeks in a year. Finally, AFyear is an annual adjustment factor reflecting the impact of pandemic-related variations. This calculation was performed for all transportation modes across all demographic groups to establish the total transportation activity matrix for each year from 2019 to 2023.
In the case of carbon capture through biomass growth, the physical flow is measured in hectares (area). In particular, the Botanic Garden (founded in 1772) has about 12 ha, with several species from all over the world; the São Marcos Farm has 17 ha and is located in a rural area near Coimbra, producing about 2% of all food the UC needs, and was assumed that 13 ha are forest, while the rest is used for infrastructure and agriculture. Table S1 presents the comprehensive inventory of activities considered in the carbon footprint assessment of the University of Coimbra (UC). The activities are categorised according to the Greenhouse Gas Protocol (GHGP) scopes and sub-categories with the ISO 14064:2018 categories, providing a detailed breakdown of the institutional activities from 2019 to 2023.
The prevention of double accounting and the establishment of cut-off criteria represented critical methodological challenges in this CF assessment. Given the limitations of available data, the cut-off criteria were implicitly defined by the comprehensive inclusion of all traceable emission sources and transparent documentation of data limitations. Strategies were implemented to ensure accounting precision:
1. Strict Boundary Definition 
a. Explicit demarcation of organisational boundaries;
b. Clear segregation between direct and indirect emissions;
c. Systematic cross-referencing of emission sources.
2. Economic-Based and Process-Based Data Reconciliation 
a. Careful subtraction of construction values from retail trade expenses;
b. Elimination of overlapping monetary and physical flow calculations;
Table B. 1 presents the comprehensive inventory of activities considered in the carbon footprint assessment of the University of Coimbra (UC). The activities are categorised according to the Greenhouse Gas (GHG) Protocol scopes and ISO 14064:2018 categories, providing a detailed breakdown of the institutional activities from 2019 to 2023.
When collecting environmental data related to the system under study, three groups of documents were accessed:
1. Sustainability Reports (University of Coimbra, 2020, 2021, 2022, 2023b);
2. Commuting Questionnaire (Iniciativa Energia para a Sustentabilidade & Gabinete para o Desenvolvimento Sustentável, 2024);
3. Management and Accounts Reports (Universidade de Coimbra, 2019, 2020, 2021, 2022; University of Coimbra, 2023a)
For data quality assessment, a multi-tiered verification framework across different data types was implemented. Activity data underwent a three-step validation process: (1) initial cross-checking against original source documents including financial statements, sustainability reports, and facility records; (2) temporal consistency analysis to identify anomalous year-on-year variations exceeding ±15%, which were then verified through direct consultation with institutional data managers; and (3) comparative validation against sector benchmarks where available, particularly for energy consumption and procurement data. 
[bookmark: _Ref197370337]Table B. 1. Complete inventory of activity data (2019-2023).
	Activity
	GHGP
Scope
	ISO 14064
 Category
	GHP 
Sub-category
	Value Chain
	Unit
	2023
	2022
	2021
	2020
	2019
	Ref.

	Natural gas
	3
	Product used
	Fuel & Energy
	Upstream
	GWh
	5.3
	5.2
	4.2
	4.8
	6.6
	Sustainability Reports 

	Diesel
	3
	Product used
	Fuel & Energy
	Upstream
	m3
	16.9
	17.6
	18.9
	16.0
	33.6
	Sustainability Reports 

	Gasoline
	3
	Product used
	Fuel & Energy
	Upstream
	m3
	2.8
	1.9
	1.8
	1.3
	2.4
	Sustainability Reports 

	LPG
	3
	Product used
	Fuel & Energy
	Upstream
	GWh
	0.00
	0.0
	0.0
	0.0
	0.0
	Sustainability Reports 

	Electricity
	2
	Imported energy
	Purchased electricity
	Upstream
	GWh
	17.3
	17.1
	15.7
	14.7
	17.3
	Sustainability Reports 

	PV generation
	3
	Product used
	Purchased goods
	Upstream
	GWh
	0.6
	0.6
	0.7
	0.6
	0.5
	Sustainability Reports 

	Natural gas
	1
	Direct emission
	Stationary combustion
	Own operations
	GWh
	5.3
	5.2
	4.2
	4.8
	6.6
	Sustainability Reports 

	Diesel
	1
	Direct emission
	Mobile combustion
	Own operations
	m3
	16.9
	17.6
	18.9
	16.0
	33.6
	Sustainability Reports 

	GLP
	1
	Direct emission
	Mobile combustion
	Own operations
	m3
	2.4
	0.0
	0.0
	0.0
	0.0
	Sustainability Reports 

	Gasoline
	1
	Direct emission
	Mobile combustion
	Own operations
	m3
	2.8
	1.9
	1.8
	1.3
	2.4
	Sustainability Reports 

	T&L Purchased
	3
	Product used
	Fuel & Energy
	Upstream
	GWh
	17.3
	17.1
	15.7
	14.7
	17.3
	Sustainability Reports 

	T&L Produced
	3
	Product used
	Fuel & Energy
	Upstream
	GWh
	0.6
	0.6
	0.7
	0.6
	0.5
	Sustainability Reports 

	Public water
	3
	Product used
	Purchased goods
	Upstream
	m3
	144464.0
	130996
	122515
	114233
	172474
	Sustainability Reports 

	Paper
	3
	Product used
	Purchased goods
	Upstream
	ton
	8.1
	6.7
	13.8
	19.2
	38.4
	Sustainability Reports 

	Vegetables
	3
	Product used
	Purchased goods
	Upstream
	ton
	231.1
	198.9
	115.6
	128.6
	128.6
	Sustainability Reports 

	Chicken
	3
	Product used
	Purchased goods
	Upstream
	ton
	57.1
	44.1
	23.5
	16.6
	16.6
	Sustainability Reports 

	Swine
	3
	Product used
	Purchased goods
	Upstream
	ton
	76.1
	58.8
	31.3
	22.2
	22.2
	Sustainability Reports 

	Fish
	3
	Product used
	Purchased goods
	Upstream
	ton
	57.1
	44.1
	23.5
	16.6
	16.6
	Sustainability Reports 

	Cereals
	3
	Product used
	Purchased goods
	Upstream
	ton
	98.7
	79.1
	42.9
	52.4
	52.4
	Sustainability Reports 

	Fruits
	3
	Product used
	Purchased goods
	Upstream
	ton
	90.9
	73.2
	38.1
	52.4
	52.4
	Sustainability Reports 

	Dairy products
	3
	Product used
	Purchased goods
	Upstream
	ton
	39.2
	33.0
	18.0
	46.3
	46.3
	Sustainability Reports 

	Oils
	3
	Product used
	Purchased goods
	Upstream
	ton
	27.4
	22.0
	16.3
	28.0
	28.0
	Sustainability Reports 

	Sugar
	3
	Product used
	Purchased goods
	Upstream
	ton
	13.3
	11.7
	4.9
	3.6
	3.6
	Sustainability Reports 

	Electronic waste
	3
	Product used
	Waste
	Downstream
	ton
	12.7
	12.15
	13.3
	16.3
	17.7
	Sustainability Reports 

	Municipal solid
	3
	Product used
	Waste
	Downstream
	ton
	402.6
	503.24
	426.0
	458.0
	458.0
	Sustainability Reports 

	Paper 
	3
	Product used
	Waste
	Downstream
	ton
	56.2
	68.0
	52.1
	55.1
	83.1
	Sustainability Reports 

	Medical
	3
	Product used
	Waste
	Downstream
	ton
	36.1
	34.7
	48.1
	48.5
	21.8
	Sustainability Reports 

	Wastewater
	3
	Product used
	Waste
	Downstream
	m3
	144464.0
	130996.0
	122515.0
	114233.0
	172474.0
	Sustainability Reports 

	Gasoline car
	3
	Transportation
	Commuting
	Upstream
	Mm
	31386.1
	29722.6
	18391.6
	6863.1
	28249.1
	Commuting Questionnaire 

	Scooter
	3
	Transportation
	Commuting
	Upstream
	Mm
	2174.6
	2033.6
	1239.2
	465.7
	1853.5
	Commuting Questionnaire 

	Electric car
	3
	Transportation
	Commuting
	Upstream
	Mm
	3261.4
	3081.1
	1901.0
	710.3
	2905.4
	Commuting Questionnaire 

	Bus
	3
	Transportation
	Commuting
	Upstream
	Mm
	2189.5
	2046.1
	1245.8
	468.4
	1860.6
	Commuting Questionnaire 

	Construction
	3
	Product used
	Capital goods
	Upstream
	k€
	17642.0
	13773.0
	4757.8
	2411.7
	2411.7
	Management and Accounts Reports 

	Retail trade
	3
	Product used
	Capital goods
	Upstream
	k€
	9475.6
	5971.3
	11343.1
	5422.9
	9544.9
	Management and Accounts Reports 

	Botanic garden
	
	Direct emission
	Sink
	Own operations
	ha
	12.0
	12.0
	12.0
	12.0
	12.0
	Sustainability Reports 

	São Marcos farm
	
	Direct emission
	Sink
	Own operations
	ha
	13
	13
	13
	13
	13
	Sustainability Reports 


PV: Photovoltaic; (T&L):Transmission & Loss

Emission Factor Inventory
The emission factor inventory dialogues well with the activities due to the choice of life cycle stages, which were complementary and careful to avoid double accounting. The guiding principle was maximum information capture without compromising data integrity, effectively using available online and institutional resources to create a robust yet conservative CF assessment. The EFi was selected in the highest tier possible, always opting for values based on the country under study. A total of 36 EFi were required in this study. Other European and governmental entities, such as the ADEME (France) and BEIS (United Kingdom), were chosen because of the spatial proximity and availability of the Climatiq database (Climatiq, 2023). About 57% of EFi was achieved in Tier 2. 
In the case of fuels, the production and combustion phases were counted. The EF of the purchased electricity, on average 0.197 kt CO2-eq/GWh, was obtained from APA and corresponded to the GHG emissions calculated for the electricity in the Centre Region in Portugal (Agência Portuguesa do Ambiente, 2023). As recommended by the GHG Protocol, emissions related to electricity losses and distribution were added, which accounted for around 10% of emissions from purchased electricity and self-production (World Bank Group & International Energy Agency, https://data.worldbank.org/indicator/EG.ELC.LOSS.ZS). Thus, this correction was considered in the EF from APA (The World Bank, 2018). The CF of the photovoltaic panels was calculated per kWh produced, dividing the entire impact of production by the life cycle of the panel. Recent literature on Portuguese food habits was considered, and EF extracted for this study resulted from the aggregation of various typologies (Mesquita & Carvalho, 2023). The EFs were aggregated according to the categories of the Portuguese food wheel plus sugar. 
The EF of waste sub-categories was chosen based on an open-loop system, i.e., the landfill is the final destination. EF for municipal solid waste and medical waste could be found in APA (Portuguese Environmental Agency, 2023b). The remaining waste streams were calculated using values found for the United Kingdom, such as the wastewater. Although the UC separates several types of waste (such as glass and plastic), no recent information on its management was found. For flows from EEIO (Finance, Equipment, and Construction), the EFs were obtained from EXIOBASE, which gave Tier 2. For construction, the EF aggregated all stages of building construction, repair, and demolition. Finally, we used the EF for retail trade for equipment purchased. The equivalent CF from equipment and construction was 0.67 and 0.13 kg CO2-eq/€, respectively.
The carbon sink contribution was based on average data from the APA, where the Forest Land (FL) species from the United Nations Framework Convention on Climate Change models were selected (Portuguese Environmental Agency, 2023b). The EF considered the increment of carbon through natural fixation per year. As the vegetation cover was not homogeneous, some assumptions needed to be made. In the case of the São Marcos farm, as the vegetation cover is primarily native, the result was an average between maritime pine (FL1) and other broadleaves (FL8). In the case of the Botanical Garden, the final result was an average factor between Other oaks (FL7) and Other broadleaves (FL8). The carbon density used for the calculation was 2.2 t.m-3 of wood. The natural gas EF significantly increased between 2018 and 2022 (21 %). All the others remained practically the same or decreased. In the case of electricity, the EF decreased by around 46% in five years, which is justified by the decarbonisation policies. There was a decrease in all economic-based EFi, with the amount related to Equipment being the most significant, at around 25%. 
[bookmark: _Hlk188948537]The inventory quality was assessed to validate the methodology and identify areas for further improvement, as referred to by the GHG Protocol. It is, therefore, important to observe the limitations of the inventory in order to improve the estimates made continuously. The overall assessment indicates a moderate level of uncertainty, with data sources being consistent across most categories and emission factors aligned with the latest IPCC reports, and the national tiers were the majority. Concerning data quality, more than half of the EF (55.56%) were Tier 2. Most GWPs came from the most up-to-date IPCC databases: AR6 (22.58%) and AR5 (51.61%). Process-based EF was primarily sourced from governmental and institutional databases. The Portuguese Environment Agency (APA) provided the most used source for transport, electricity, and carbon sinks (Portuguese Environmental Agency, 2023b). Additionally, other European governmental bodies, such as ADEME (France) and BEIS (United Kingdom), were sourced through the Climatiq database (Climatiq, 2023). For food, the EF used followed one of the most recent studies on the impact of food in Portugal (Mesquita & Carvalho, 2024). Economic-based EF came from EXIOBASE, one of the most reliable EEIO databases globally (Merciai & Schmidt, 2018). Table 5 summarises the EF particularities.
Table C.1 provides a detailed compilation of the study's emission factors (EF). The emission factors were carefully selected to ensure geographical relevance, technological proximity, temporal accuracy, and comprehensive coverage of greenhouse gases (CO₂, CH₄, NO₂). This meticulous selection process aimed to enhance the precision and reliability of the CF assessment by prioritising emission factors that closely represent the actual environmental conditions and technological context of the studied institution.
For emission factors, a standardised quality rubric that evaluated each factor based on four criteria: geographical representativeness, temporal correlation, technological correlation, and reliability of the source methodology was employed. Each criterion was scored on a scale of 1-3, with the overall data quality score determining the assignment of tier classifications. For instance, an emission factor for electricity consumption derived from the Portuguese grid in 2022 (same year as analysis) received high scores for both geographical and temporal correlation, qualifying it as Tier 2, while international average values for certain waste categories received lower scores, placing them in Tier 1. Where multiple data sources existed for the same activity (e.g., natural gas consumption records from procurement versus facility management), we conducted systematic reconciliation to identify discrepancies, with deviations exceeding 5% triggering additional verification steps.

[bookmark: _Ref197371143]Table C. 1. Emission factors used (kg CO2-eq/activity unit)
	Source
	LC
	Activity
(unit)
	2023
	2022
	2021
	2020
	2019
	Country
	Tier
	GWP
	Ref

	Natural gas
	CTG
	GWh
	3.11E-02
	3.11E-02
	3.14E-02
	2.39E-02
	2.39E-02
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Diesel
	CTG
	m3
	6.10E-04
	6.10E-04
	6.10E-04
	6.10E-04
	6.17E-04
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Gasoline
	CTG
	m3
	6.13E-04
	6.13E-04
	6.13E-04
	5.93E-04
	5.99E-04
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	LPG
	CTG
	m3
	3.11E-02
	3.11E-02
	3.14E-02
	2.39E-02
	2.39E-02
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Mixed Grid
	CTG
	GWh
	3.11E-02
	1.51E-01
	1.51E-01
	1.75E-01
	2.24E-01
	Portugal
	2
	AR5
	(Agência Portuguesa do Ambiente, 2023)

	PV generation
	CTG
	GWh
	1.51E-01
	3.23E-02
	3.23E-02
	3.23E-02
	3.23E-02
	France
	1
	AR5
	(Écologique, 2024)

	Natural gas
	CTG
	GWh
	3.23E-02
	1.83E-01
	1.83E-01
	1.84E-01
	1.84E-01
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Diesel
	CTG
	m3
	1.83E-01
	2.56E-03
	2.51E-03
	2.55E-03
	2.59E-03
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Gasoline
	CTG
	m3
	2.56E-03
	2.16E-03
	2.19E-03
	2.17E-03
	2.21E-03
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	LPG
	CTG
	m3
	3.04E-03
	3.04E-03
	3.04E-03
	3.04E-03
	3.04E-03
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	T&L Purchased
	CTG
	GWh
	3.04E-03
	1.51E-02
	1.51E-02
	1.75E-02
	2.24E-02
	Portugal
	2
	AR5
	(Agência Portuguesa do Ambiente, 2023)

	T&L Produced
	CTG
	GWh
	2.16E-03
	3.23E-03
	3.23E-03
	3.23E-03
	3.23E-03
	France
	1
	AR5
	(Écologique, 2024)

	Public water
	CTGa
	m3
	1.51E-02
	1.49E-07
	1.49E-07
	3.44E-07
	3.44E-07
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Paper1
	CTGa
	ton
	3.23E-03
	4.80E-04
	4.80E-04
	4.80E-04
	4.80E-04
	Portugal
	2
	AR6
	(Climate TRACE, 2024)

	Vegetables2
	CTGa
	ton
	1.18E-03
	1.18E-03
	1.18E-03
	1.18E-03
	1.18E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Chicken2
	CTGa
	ton
	6.30E-03
	6.30E-03
	6.30E-03
	6.30E-03
	6.30E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Swine2
	CTGa
	ton
	9.10E-03
	9.10E-03
	9.10E-03
	9.10E-03
	9.10E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Fish2
	CTGa
	ton
	1.02E-02
	1.02E-02
	1.02E-02
	1.02E-02
	1.02E-02
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Cereals2
	CTGa
	ton
	1.14E-03
	1.14E-03
	1.14E-03
	1.14E-03
	1.14E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Fruits2
	CTGa
	ton
	9.50E-04
	9.50E-04
	9.50E-04
	9.50E-04
	9.50E-04
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Dairy products2
	CTGa
	ton
	1.20E-03
	1.20E-03
	1.20E-03
	1.20E-03
	1.20E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Oils2
	CTGa
	ton
	5.25E-03
	5.25E-03
	5.25E-03
	5.25E-03
	5.25E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Sugar 2
	CTGa
	ton
	2.50E-03
	2.50E-03
	2.50E-03
	2.50E-03
	2.50E-03
	Portugal
	2
	AR5
	(Mesquita & Carvalho, 2023)

	Electronic waste
	CTG
	ton
	2.13E-05
	2.13E-05
	2.13E-05
	2.13E-05
	2.13E-05
	United Kingdom
	1
	AR5
	(Department for Environment, Food & Rural Affairs, 2023)

	Municipal solid1
	CTG
	ton
	1.00E-05
	1.00E-05
	1.00E-05
	1.00E-05
	1.00E-05
	Portugal
	1
	AR5
	(Portuguese Environmental Agency, 2023b)

	Paper waste
	CTG
	ton
	1.04E-03
	1.04E-03
	1.04E-03
	1.04E-03
	1.04E-03
	United Kingdom
	1
	AR5
	(Department for Environment, Food & Rural Affairs, 2023)

	Medical waste3
	CTG
	ton
	1.24E-05
	1.24E-05
	1.24E-05
	1.24E-05
	1.24E-05
	Portugal
	1
	AR5
	(Portuguese Environmental Agency, 2023b)

	Wastewater
	CTG
	m3
	2.72E-07
	2.72E-07
	2.72E-07
	7.08E-07
	7.08E-07
	United Kingdom
	1
	AR4
	(Department for Environment, Food & Rural Affairs, 2023)

	Gasoline car1
	CTG
	Mm.pax
	2.04E-04
	2.04E-04
	2.04E-04
	2.04E-04
	2.04E-04
	Portugal
	2
	AR6
	(Portuguese Environmental Agency, 2023b)

	Diesel car1
	CTG
	Mm.pax
	1.94E-04
	1.94E-04
	1.94E-04
	1.94E-04
	1.94E-04
	Portugal
	2
	AR6
	(Portuguese Environmental Agency, 2023b)

	Gas car1
	CTG
	Mm.pax
	1.42E-04
	1.42E-04
	1.42E-04
	1.42E-04
	1.42E-04
	Portugal
	2
	AR6
	(Portuguese Environmental Agency, 2023b)

	Bus1
	CTG
	Mm
	1.21E-03
	1.21E-03
	1.21E-03
	1.21E-03
	1.21E-03
	Portugal
	2
	AR6
	(Portuguese Environmental Agency, 2023b)

	Construction4
	CTG
	k€
	6.75E-04
	6.75E-04
	6.75E-04
	6.75E-04
	6.75E-04
	Portugal
	2
	AR5
	(Merciai & Schmidt, 2018)

	Retail trade4
	CTG
	k€
	1.30E-04
	1.30E-04
	1.30E-04
	1.30E-04
	1.30E-04
	Portugal
	2
	AR5
	(Merciai & Schmidt, 2018)

	Botanic Garden1
	CTG
	ha
	-6.60E-03
	-6.60E-03
	-6.60E-03
	-6.60E-03
	-6.60E-03
	Portugal
	2
	
	(Portuguese Environmental Agency, 2023b)

	São Marcos farm1
	CTG
	ha
	-1.05E-02
	-1.05E-02
	-1.05E-02
	-1.05E-02
	-1.05E-02
	Portugal
	2
	
	(Portuguese Environmental Agency, 2023b)


1 EF from 2021; 2 EF from 2023; 3 EF from 2016; 4 EF from 2019
LC: life cycle; CTG: Cradle to Grave; CTGa: Cradle to Gate.


Results
The CF analysis revealed a complex landscape of institutional emissions, with substantial variability across different activities and years. Table D.1 presents a comprehensive breakdown of carbon emissions by source, highlighting the relative significance of different institutional activities and their evolution from 2019 to 2023.
[bookmark: _Ref197371418]Table D.1.CF results for the UC in kt CO2-eq.
	Activity
	Area
	2023
	2022
	2021
	2020
	2019

	Natural gas
	Fuel & Energy
	0.165
	0.163
	0.132
	0.114
	0.158

	Diesel
	Fuel & Energy
	0.010
	0.011
	0.012
	0.010
	0.021

	Gasoline
	Fuel & Energy
	0.002
	0.001
	0.001
	0.001
	0.001

	LPG
	Fuel & Energy
	0.075
	0.000
	0.000
	0.000
	0.000

	Electricity
	Purchased electricity
	2.612
	2.587
	2.371
	2.564
	3.881

	Photovoltaic generation
	Purchased goods
	0.021
	0.021
	0.022
	0.020
	0.017

	Natural gas
	Stationary combustion
	0.967
	0.949
	0.769
	0.879
	1.214

	Diesel
	Mobile combustion
	0.043
	0.045
	0.047
	0.041
	0.087

	GLP
	Mobile combustion
	0.007
	0.000
	0.000
	0.000
	0.000

	Gasoline
	Mobile combustion
	0.006
	0.004
	0.004
	0.003
	0.005

	Transmission & Loss (purchased)
	Fuel & Energy
	0.261
	0.259
	0.237
	0.256
	0.388

	Transmission & Loss (produced)
	Fuel & Energy
	0.002
	0.002
	0.002
	0.002
	0.002

	Public water
	Purchased goods
	0.022
	0.020
	0.018
	0.039
	0.059

	Paper
	Purchased goods
	0.004
	0.003
	0.007
	0.009
	0.018

	Vegetables
	Purchased goods
	0.272
	0.234
	0.136
	0.151
	0.151

	Chicken
	Purchased goods
	0.360
	0.278
	0.148
	0.105
	0.105

	Swine
	Purchased goods
	0.693
	0.535
	0.285
	0.202
	0.202

	Fish
	Purchased goods
	0.583
	0.450
	0.239
	0.170
	0.170

	Cereals
	Purchased goods
	0.113
	0.090
	0.049
	0.060
	0.060

	Fruits
	Purchased goods
	0.086
	0.070
	0.036
	0.050
	0.050

	Dairy products
	Purchased goods
	0.047
	0.040
	0.022
	0.056
	0.056

	Oils
	Purchased goods
	0.144
	0.116
	0.086
	0.147
	0.147

	Sugar
	Purchased goods
	0.033
	0.029
	0.012
	0.009
	0.009

	Electronic waste
	Waste
	0.000
	0.000
	0.000
	0.000
	0.000

	Municipal solid
	Waste
	0.004
	0.005
	0.004
	0.005
	0.005

	Paper and cardboard
	Waste
	0.059
	0.071
	0.054
	0.057
	0.087

	Medical
	Waste
	0.000
	0.000
	0.001
	0.001
	0.000

	Wastewater
	Waste
	0.039
	0.036
	0.033
	0.081
	0.122

	Gasoline car
	Commuting
	6.402
	6.062
	3.751
	1.400
	5.762

	Scooter
	Commuting
	0.423
	0.395
	0.241
	0.091
	0.360

	Electric car
	Commuting
	0.463
	0.438
	0.270
	0.101
	0.413

	Bus
	Commuting
	2.640
	2.467
	1.502
	0.565
	2.244

	Construction
	Capital goods
	11.910
	9.298
	3.212
	1.628
	1.628

	Retail trade
	Capital goods
	1.228
	0.774
	1.470
	0.703
	1.237

	Botanic garden
	Sink
	-0.079
	-0.079
	-0.079
	-0.079
	-0.079

	São Marcos farm
	Sink
	-0.086
	-0.086
	-0.086
	-0.086
	-0.086

	Total
	
	29.531
	25.288
	15.008
	9.352
	18.493


To complement the sensitivity analysis carried out, Figure D.1 has been added.
Figure D.1 presents the top 10 sensible activities for 2023. 

[bookmark: _Ref188006852]Figure D.1. Top ten activities in 2023 with the highest sensitivity variation.
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