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Abstract: The food chain is a large contributor to environmental pollution, especially greenhouse gas
emissions, strongly associated with the consumption of animal-based proteins. The understanding of
the negative environmental impacts of dietary habits by the population is of the utmost importance
to provide the means to effect change to more sustainable eating patterns. The main purpose of
this study was to assess the carbon footprint of animal protein consumption in Portugal, while also
evaluating six mitigation scenarios aiming to lower greenhouse gas emissions through strategic
changes to the animal protein consumption of current dietary habits. Overall, the carbon footprint
associated with animal protein consumption is 2.63 kg CO, eq/(cap-day) nationally and 28.4 t CO,
eq/month for the faculty canteen. Meat is by far the largest contributor to the carbon footprint in
both cases, with beef being its “hotspot”. All scenarios showed significant reduction potentials, with
values ranging from 16% (lower value for both the national case and the faculty canteen) to 71%
(faculty canteen). In sum, substantial carbon footprint reductions can be attained if policymakers
support the implementation of effective measures to promote a shift in the current animal protein
consumption towards more sustainable eating habits.

Keywords: food; animal protein; sustainable consumption; human diet; faculty canteen; sustainability;
carbon footprint; mitigation scenarios

1. Introduction

The food production chain is a key contributor to climate change, accounting for
approximately 30% of global greenhouse gas (GHG) emissions [1]. The environmental bur-
dens associated with the food chain result from several activities, such as the combustion of
fossil fuels along the food system, the use and production of agrochemicals (e.g., fertilisers
and pesticides), enteric fermentation from ruminant cattle, land use change (including
deforestation), livestock manure, and bacterial fermentation occurring, for instance, at
flooded rice paddies [1,2].

Besides GHG emissions, the growth of intensive and industrialised agricultural pro-
duction has brought massive pressure on ecosystems and natural resources, leading to a
wide range of environmental problems. These include a significant loss of biodiversity
(through, for example, land occupation and promotion of Genetically Modified Organ-
isms (GMOs)), freshwater scarcity due to irrigation—agriculture is responsible for about
70% of freshwater withdrawals [3] —, water contamination by nitrogen, phosphorus
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and toxic chemicals, and soil degradation due to intensive and aggressive agricultural
production practices [3-5].

Recent figures show that over 80% of the GHG emissions of the European Union (EU)
diets are caused by the consumption of meat, dairy, and eggs [6]. Such relevance calls
for urgent mitigation measures to be implemented. According to the United Nations [7]
and the EAT-Lancet Commission [8], a drastic shift in production systems and dietary
patterns is crucial to cope with population growth and climate change. This urgency is well
documented by Clark et al. [1], whose findings point out that if all non-food system GHG
emissions were to comply with the decarbonisation targets of the Paris Agreement (while
maintaining the current food system GHG emissions), the world temperature would rise
above the settled 2 °C limit. Accordingly, the EAT-Lancet Commission stated that it is imper-
ative to also consider the food system as a key factor in the fight against climate change [8].

Many studies assess human diets’ environmental impacts [9-12]. From these, a certain
number converge their focus on assessing human behaviour in food consumption to form
the basis for GHG mitigation actions related to human diets [13-17].

Countrywide studies focusing on types of diets reinforce the large contribution that the
consumption of animal-based products has on overall GHG emissions. Analysing a shift
from the Danish diet to two Nordic diets, Saxe et al. [18] found that animal-based products
have larger impacts on GHG emissions when compared to plant-based ones. The same
study reveals that the consumption of animal-based products has a larger contribution to
GHG emissions when compared to local purchases, consumption of imported products,
or even the contribution of agricultural production methods (conventional or organic).
Vazquez-Rowe et al. [19] corroborate these findings for food consumption in Peru. The
authors suggest that efficient pathways to mitigate GHG emissions from the food sector
shall primarily focus on reducing food losses and replacing ruminant meat with less carbon-
intensive protein-rich foods. The work by van Dooren et al. [20] explored the relationship
between health and sustainability for six different human diets. They concluded that four of
the diets (Mediterranean, vegetarian, semi-vegetarian, and vegan) meet the EU’s 2020 target
of a 20% reduction in GHG emissions. They also concluded that the average Dutch and the
official recommended Dutch diets are not orientated to this EU target. In a similar study,
Aleksandrowicz et al. [21] stated that if typical western diets were changed by partially or
fully replacing meat consumption with, for instance, fish or plants, reductions summing
up to 70% in GHG emissions and land use and 50% in water use could be achieved. Some
authors studied the carbon footprint associated with Portuguese consumption patterns at
an aggregated level [22]. Similarly, they found that the consumption of livestock products
is also a large contributor to the overall GHG emissions of food consumption. The authors
report a potential 25% decrease in GHG emissions if the EAT-Lancet’s Planetary Health
Diet is adopted. Overall, studies on the environmental impacts of different diets tend to
converge on the idea that a diet low in animal-based products and high in plant-based
ones brings environmental improvements [8,13,14]. There are, however, two obstacles that
need to be carefully addressed: society’s reluctance to make dietary shifts and the lack of
concrete, realistic, and effective policies addressing this issue.

The 2015 GHG emissions of the Portuguese food system accounted for 0.05% of the
global GHG emissions and 1.6% of the European food system [23,24]. The Portuguese food
system contributes 31% to the total national GHG emissions, similar to the EU average
(30%) [23]. These emissions are split into several activities: agriculture and associated land
use and land-use change activities (46%), energy use (34%), industrial activities (11%), and
waste management (9%). The same study shows that, from the 21 Mt CO; eq emitted by
Portugal’s food system, the contribution of the production dominates (52%). Processing
has the lowest contribution to the impact of the entire food chain (6%). Distribution, which
aggregates transport, packaging, and retail, is the stage with the second-largest contribution
to the impact (28%). Finally, the consumption and disposal of food accounted for 14% of
the country’s food system emissions [23].
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Portugal is characterised mostly by a Mediterranean diet, as recognised by the United
Nations Educational, Scientific, and Cultural Organization (UNESCO) in 2013 [25]. In
the north of the country, there is also the predominance of the Atlantic diet, in many
ways similar to the Mediterranean, but with a higher intake of seafood and potatoes in
particular [26]. However, it is known that the country is shifting towards a “Westernised”
diet, wherein large quantities of animal-based proteins are consumed [25]. National studies
show that the Portuguese are consuming more than three times the amount of meat,
seafood and eggs recommended in the National Food Wheel and 33% more dairy, whereas
fruits and vegetables are well below the recommended values [27]. Portugal’s per capita
dietary carbon footprint is the largest within the EU, emitting 1460 kg CO; eq/(cap-year),
whereas the average EU diet emits 1070 kg CO, eq/(cap-year) [6]. Portugal is the world’s
third-highest consumer of seafood [28], driven by the fact that 62% of its population is
settled in urban areas on the coast [29]. It is also due to the long-life consumption of
dried salted codfish, one of the most popular products in Portuguese cuisine. FAO also
notices the larger carbon footprint of Portuguese dietary patterns by highlighting the large
caloric intake [30]. Food waste is also a severe issue in Portugal, amounting to 17% of the
country’s total food produced for human consumption [31]. Accordingly, Galli et al. [5]
found that Portugal’s ecological footprint is almost three times higher than its biocapacity
(3.69 gha/cap vs. 1.28 gha/cap), and food consumption has a contribution of 30% to
the ecological footprint. Overall, this study demonstrates that a lot of work is needed to
promote national sustainable food consumption policies.

The aim of the present study is to contribute to covering a current gap by assessing
the environmental impact associated with the consumption of animal protein sources by
the Portuguese adult population. The present study adds to [22] by providing a detailed
analysis of the CF for 23 animal-based proteins. This makes a step forward in understanding
food products that make the basis of national diets. The main purpose is to raise awareness
of the impacts of national food consumption, particularly of animal protein sources, and
analyse mitigation scenarios to reduce GHG emissions. In this regard, two case studies
were considered. The first one evaluates the carbon footprint (CF) of the national food
consumption patterns of animal-based proteins, while the other targets the consumption
of animal-based proteins in the canteen of the Faculty of Engineering of the University
of Porto (FEUP), Portugal. The national food consumption by the adult population is
estimated through the use of data from a national survey, and the environmental burden of
such consumption is assessed by the carbon footprint, which quantifies GHG emissions and
expresses them in CO, equivalents. For this purpose, carbon footprint values were mainly
retrieved from Life Cycle Assessment (LCA) and carbon footprint studies. By considering
the carbon footprint associated with each food, it is possible to calculate the carbon footprint
of a meal or also a dietary pattern. Carbon footprint impact values were preferred to the use
of the multiple environmental impact category values from LCA studies. This is because,
although LCA is a comprehensive tool, many literature sources regarding food products
focus, so far, on carbon footprint to evaluate the environmental impacts [32]. This simplified
analysis seemed to be the most appropriate due to the recognised large contribution that
animal-based proteins have specifically to climate change impacts [6].

In the end, this work defines and assesses mitigation scenarios to reduce GHG emis-
sions. Such scenarios were designed to provide some alternative pathways to impact
mitigation. By doing so, they can simultaneously raise public consciousness about the
environmental impacts of the national food consumption patterns and aid policymakers in
promoting actions that lead to more sustainable food consumption patterns.

2. Methods

The following sections detail the data collection process used for the Portuguese
national food consumption and in a faculty canteen, and how the carbon footprint values
for the individual food products were gathered. The carbon footprint mitigation scenarios
are also described here.
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2.1. Portuguese Food Consumption

Data regarding Portuguese dietary patterns were collected from the National Food
and Physical Activity Survey (IAN-AF). It is the result of a consortium between national
and international researchers involving nine entities, which is promoted by the Faculty of
Medicine of the University of Porto [33]. Data from the IAN-AF were used, as opposed
to data from Food Balance Sheets (FBS) and Household Budget Surveys (HBS). This is
because, unlike FBS and HBS (that focus on food availability), the IAN-AF estimates the
direct food consumption and, hence, is the more representative and accurate way for
the quantification of the dietary habits of the Portuguese population [34]. It is, therefore,
more suited to be used within the consumption scope of the present study. Moreover, the
IAN-AF survey is currently being used as the main source of information for food and
nutrition policies in Portugal, as mentioned in the Portuguese Journal of Public Health [35].
The IAN-AF gathered national information on the food consumption habits (including
nutritional intake and physical activity) of individuals, allowing the study of several
health aspects and establishing relations with citizens’ socioeconomic factors [33]. The
information was collected from a target population of country residents registered at the
National Health Service, aged between 3 months and 84 years, from October 2015 to
December 2016. A randomised selection of citizens was made from the ones registered in
each health care unit, according to their sex and age. Food consumption was assessed by
two 24 h recall questionnaires conducted face-to-face, on non-consecutive days. Overall,
5 811 candidates completed both interviews and 742 completed only the first. The two
groups were both representatives of the original sample, as the calculated p-values were
lower than 0.001 for every characteristic analysed (with a confidence level of 95%) [33]. The
IAN-AF study is considered a national reference for estimating the food consumption of
national citizens [35]. In the present work, out of the selected sample who completed the
two interviews (5811 participants), only adults 18 to 64 years (3102), and senior citizens 65
to 84 years (750), were considered. In total, this represents a sample of 3852 people [33].

Data were reported on each protein’s weight, both in its raw and cooked forms,
without distinction and corresponding to the edible (e.g., without bones, peels) amount
of the food item consumed before processing [33]. Some food diaries from the IAN-AF
include the full recipe consumed and not the individual quantity of food products used.
In this way, the IAN-AF data for these particular situations is a rough estimation of real
food consumption.

Solely animal protein is under the scope of this study, namely meat, seafood, eggs,
and dairy products. All the food products included in the four main categories are present
in Supplementary Material Table S1.

The overall consumption of a protein was obtained by adding all the constituents of
that food item, which are consumed separately. For example, the separate consumption
of chicken breast or chicken wings was summed and included in the “chicken” category.
This methodology was applied to all the food items and categories considered in the study.
The consumption of non-chicken eggs was assumed to be negligible. Processed foods were
excluded from the present study. These may comprise sausages, including charcuterie
products and cold meats (for instance, ham). Processed foods only account for 4.4% (mass)
of the total animal protein considered in this study. The reason for this exclusion deals with
the absence of carbon footprint values for such products in the literature and the fact that
their varied composition does not ease the identification of the individual ingredients by
the JAN-AF respondents.

Figure 1 presents the Portuguese population’s consumption of animal protein sources,
expressed in g per capita per day.
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Figure 1. Portuguese food consumption of animal-based proteins by the adult population based on
average daily meal data collected by the IAN-AF between October 2015 and December 2016.

The results from the IAN-AF show that milk is the most consumed animal protein in
Portugal (in mass), at around 81 g/(cap-day), followed by chicken and yoghurt, with 46
and 31 g/(cap-day), respectively. Among the dairy category, cheese is the least consumed
protein, with 12 g/(cap-day).

In general, Portugal consumes more meat than seafood. Meat has a total consumption
per capita per day of 127 g, far higher than the quantity of seafood—47 g/(cap-day). Within
meat, chicken and pork are the most consumed protein sources, representing, respectively,
36% and 28% of the overall meat consumption nationally. Concerning seafood, cod repre-
sents 27% of the national consumption of this food group (4% of the total consumption),
followed by hake, with 18%, and salmon, with 12%.

2.2. Food Consumption in a Portuguese Faculty Canteen

The Faculty of Engineering is part of the University of Porto, Portugal. Porto is
the second main city in Portugal and is located in the north of the country. The Faculty
of Engineering has the largest number of students within the University of Porto, with
more than 7000 [36]. Accordingly, its canteen has the largest number of seats on the
premises of the University of Porto—324 seats [37]. In 2019, the canteen served a total of
143,298 meals, including lunch and dinner [37]. This paper focuses solely on lunchtime
due to the drastically higher number of lunch meals served in comparison with dinner
meals, and the period chosen was October 2019. During this month, 16,403 meals were
served, of which 77% were served at lunch and only 23% were served at dinner (Table S2).
Three types of meals are available to be served during lunchtime: one with meat as the
main protein source (known as “meat” meal), another with seafood as the main protein
source (“seafood” meal) and finally, a low-fat meal containing either meat, seafood, or eggs
(“diet” meal). Despite the fact that the canteen is open during the weekends, the number of
meals served is much lower at that time. In fact, during October 2019, an average of five
“meat” meals, 1 “seafood” meal, and 1 “diet” meal were served on the weekends.

During the period assessed, the canteen at FEUP served, on average, 366 “meat” meals,
41 “seafood” meals, and 7 “diet” meals. Table S3 contains information provided by the
Social Services from the University of Porto (SASUP) with the description of every meal
and its composition in terms of the amounts of animal protein sources served.

Figure 2 shows the overall consumption in the canteen expressed in kg per month.
These values, provided by the SASUP, were obtained by considering the quantity served in
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Figure 2. Total consumption of animal-based proteins served during lunchtime at the canteen of the
Faculty of Engineering (University of Porto). Data provided by the SASUP.

Results show that despite meat and seafood appearing on the menu an equal number
of times (50 times each, according to Table 54), canteen users largely prefer meat to seafood.
Overall, during the time evaluated, only 235 “seafood” meals were served, in contrast with
11,360 “meat” meals. Among meat, the most consumed food products are pork, chicken, beef,
and turkey. In total, they account for 90% of the meat served at the canteen. The same occurs
with the national consumption of meat, according to the IAN-AF results (see Figure 1).

Regarding seafood, the larger consumption is for the category “other fish”. This is
due to the number of times (36) that the fish species included in this category are present
in the canteen menus throughout the month (see Table S5). Species from the “other fish”
category that were served the most accounted for 36% of the category consumption and
included redfish, pollack, and squid. “Other fish” is followed by codfish and tuna as the
most consumed seafood in the faculty canteen. Hake, one of the most consumed seafood at
the national level, is rarely found on the canteen menu, which leads to it being the least
consumed type of seafood.

Cheese, milk, and eggs present low consumption values in the faculty canteen since
they are not usually served as the main source of protein at lunch; instead, they are generally
used as secondary ingredients in meal preparation.

2.3. Carbon Footprints of Individual Food Products

The literature review on the carbon footprint values focused on four main categories of
animal-based proteins consumed by the target population: meat, seafood, dairy, and eggs.
The food products included in each category represent a total of about 80% of the overall
food products integrated into each animal protein group. The food products included in
this study are listed below:

Meat: beef, pork, chicken, turkey, rabbit, sheep, and goat.
Seafood: codfish, tuna, sea bream, sardines, salmon, shrimp, octopus, squid, swordfish,
horse mackerel, bass, hake, and mackerel.

e  Dairy: milk, cheese, and yoghurt.

The values for the carbon footprint were retrieved from a vast number of peer-
reviewed studies, which used the GHG Protocol methodology to quantify the footprint [38].
Of the 23 food products considered in this study, only seven (beef, pork, milk, eggs, sheep
and goat meat, yoghurt, and sardine) report the carbon footprint of their production for
Portugal. To face that limitation of values from the available literature for Portugal and
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to seek a more complete analysis, a larger number of global carbon footprint values were
collected in this study. With that, the aim was to perform a more comprehensive study.

Most of the carbon footprints are expressed in mass of CO; equivalent emissions
per mass of live weight (LW) or carcass weight (CW). Considering that only a few values
are expressed in animal edible weight (EW), and the consumption values are reported to
the edible part of the food item, a conversion of the CF values from LW and CW to the
edible portion was performed. The conversion was completed in steps. First, the values
were converted from LW and CW to retail weight (RW) through values retrieved from the
literature, and then from RW to EW using the average edible fraction of the food item taken
from the Portuguese Food Composition Table [39] (Table S6). For chicken, the mentioned
table already lists the conversion factor from CW to EW, which was instead used.

Several details associated with the carbon footprint values were also systematised. This
includes the functional unit, the origin of production, the system boundaries considered in
the study, and the animal production method.

Based on the values collected, the mean CF was calculated (Table S7). Figure 3 presents
the results obtained for the carbon footprint values per food product and the minimum and
maximum values for each. For salmon, bass, swordfish, octopus, and squid, only one study
was used. This average value was then used to calculate the overall carbon footprint of the
consumption of animal protein sources for both case studies (Portugal and the faculty canteen).
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Figure 3. Average, minimum, and maximum carbon footprint values (in kg CO; eq/kg edible food)
for single food products, based on single values (see Table S7).

The category “other fish”—included in the consumption in the faculty canteen—was
assumed to be the mean value of all types of seafood considered in this study. The carbon
footprint for this category is 5.3 kg CO; eq/kg edible food.

Overall, 394 CF values were collected from a total of 100 studies from 32 different
countries (Table S7). Some of the studies focused on specific regions instead of individual
countries, such as Europe [40] or East/Southeast Asia [41]. For meat, there was a large
heterogeneity in the origin of the footprint values, and a vast number of studies were
available. On the other hand, almost all the values for seafood were obtained from the
same study performed for the Galicia region in Spain [42].

The values obtained from the literature were compared with the CF values from a
review study by Clune et al. [43] (Table S7), where the authors performed a similar analysis
of carbon footprint values, reviewing a total of 369 studies. This step allowed for testing
the robustness of the data collected. The work from Clune et al. [43] reports the CF results
as kg CO, eq/kg produce or bone-free meat for several individual food products. Results
show that for meat, eggs, and dairy, the average CF values do not differ considerably
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from the ones obtained by Clune et al. [43]. In the case of seafood, a larger discrepancy
occurs between the CF results obtained for this study and the ones from Clune et al. [43].
This is possibly attributed to the differences in the number of CF values analysed and,
consequently, in the estimated average value for the CF since there is a small number of
footprint values available in the literature for the different types of seafood when compared
to meat. Additionally, the work from Clune et al. [43] does not comprehend all the types of
seafood considered at the national level and in the faculty canteen.

The carbon footprint from the overall consumption of animal-based proteins was
calculated by multiplying the consumption in mass by the average value of its carbon
footprint obtained from the literature. For national consumption, the CF result is expressed
in kg CO, eq/(cap-day), whereas, for consumption in the canteen, the CF is expressed in
kg CO, eq/month. Therefore, both results cannot be compared. It is also important to note
that the CF for the canteen is an exploratory study, and the conclusions should be carefully
read since it focuses on a rather small population having lunch at a faculty canteen over a
short period (one month).

2.4. Sensitivity Analysis

To assess the influence of the CF values on the overall dietary carbon footprint, a
sensitivity analysis was carried out by varying the edible yield of the animal proteins in
use, considering the national consumption. Therefore, the carbon footprint was calculated
for the average, minimum, and maximum edible yields for each food group, using the data
from the Portuguese Food Composition Table [39]. Results for the overall CF considering
the different edible yields are presented in Table 1. Results for all the food products and the
average, minimum, and maximum edible yields are presented in Table S8.

Table 1. Sensitivity analysis results (based on Table S8).

Carbon Footprint of National Consumption

(kg CO; eq/[Cap-Day]) Fraction of the

Food Group Edible Yield Considered for Each Food Item Total Consumption
Average Maximum Minimum
Meat 2.07 1.68 2.61 40%
Eggs 0.06 5%
Dairy 0.28 39%
Seafood 0.23 0.23 0.24 15%
Total 2.63 2.25 3.19 100%

Results show that considering the minimum edible yield, the CF was approximately
20% larger than the mean value; as for the maximum edible yield, it was 15% lower. As
for the food groups, the largest variation was observed in meat when the minimum edible
yield was used (+26%). For seafood, the largest variation was, again, when using the
minimum edible yield; however, this produced only a 2% increase in the carbon footprint.
This shows that the CF of consumption has a low sensitivity to the different edible yields
used. Therefore, the results are not greatly affected, allowing the conclusion that the use of
the mean value is acceptable in the present study.

2.5. Carbon Footprint Mitigation Scenarios

Scenarios may allow evaluation of the changes induced in the carbon footprint result-
ing from alterations in food consumption patterns. Such scenarios were meant to assess the
maximum reduction in GHG emissions that can potentially be attained by some dietary
shifts on the main types of animal protein consumed by the Portuguese population. In
this way, potential solutions can be used to support decision making by those responsi-
ble for planning menus either at home or at the university social services. Noteworthily,
some aspects of consumption (e.g., diet costs and consumer preferences) and the social
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dimensions of production (such as the livelihoods of farmers) were disregarded in defining
these scenarios.

The scenarios were designed to be practical and built based on the premises of the
National Food Wheel [44]. According to these guidelines, a food product can be substituted
by the same amount of another food product, as long as they belong to the same food
group. In this case, the substitutions were made within the group of “meat, seafood, and
eggs” by using interchangeable food products within the same food product groups. A
scenario contemplating dairy products (milk, yoghurt, and cheese) was not considered
in this study (except for scenario 1), not only because they belong to a different food
group in the National Food Wheel, but also because, as the consumption data show, dairy
products are not consumed as single products during lunch or dinner meals in Portugal, by
opposition to meat, seafood, and eggs.

A total of six scenarios were identified and evaluated. Except for scenario 1, all the sce-
narios apply to the two cases (national consumption and consumption in the canteen). The
exception is because scenario 1 aims to assess the relative importance of adjusting the daily
animal protein consumption patterns to the dietary guidelines settled in the National Food
Wheel. Hence, it is only appropriate to apply it to national consumption, the case study
that comprehends an entire day of eating. Furthermore, since recommendations for the
“dairy products” food group are also present in these guidelines, dairy was also included in
scenario 1. The other scenarios (2 to 6) aim to understand the relative contribution of meat,
in general, and bovine meat, in particular, to the overall carbon footprint. This is done by
assessing the total or partial replacement of this type of meat in the two cases considered.

The carbon footprint for each scenario was determined by first calculating the new
amount consumed for each animal protein, and then multiplying this amount by the
respective individual carbon footprint for each food product. The resulting carbon footprint
was obtained by the sum of the carbon footprint for each food product. This procedure is
valid for the two cases analysed.

For both national and canteen levels, a weighted replacement of each food product was
calculated to determine the overall consumption for each scenario. In this way, the original
share of each protein consumed was respected when the food product was replaced. The
calculation of the new consumption values for each scenario consisted of three main steps,
which are valid for both cases studied:

1. Calculation of the weight of the original consumption of each protein replaced in the
total consumption (in %).

2. Calculation of the weight of each replacement protein on the protein(s) to replace
(in %): each weight calculated in (1) is divided by the sum of all of them.

3. Calculation of the new consumption for each replacement protein: each value calcu-
lated in (2) is multiplied by the total consumption of the protein(s) to replace, and
finally added to the original consumption of each replacement protein.

Finally, the reduction potential of each scenario is calculated by comparing the original
consumption carbon footprint with the newly calculated consumption carbon footprint for
each scenario, which followed the same procedure described in Section 2.3, for Portugal
and the canteen cases.

Table 2 synthesises the main information about the carbon footprint mitigation scenarios.
A more detailed description of the scenarios can be found in Supplementary Material (Table S9).
Data used to calculate the reduction potential of each scenario are also in Supplementary
Material (Table S10).
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Table 2. Synthesised description of the six carbon footprint mitigation scenarios.

Scenario

Description

1—Adoption of the national guidelines with
recommendations for meat, seafood, dairy
and eggs consumption

The consumption of “dairy products” and “meat, seafood, and eggs” complies
with the national dietary guidelines established in the National Food Wheel [44],
which results in a reduction from the current values of 24 and 17%, respectively, to
the recommended values of 18 and 5%.

2—Beef consumption is halved

50% reduction in the consumption of beef and its replacement with any other type
of animal-based proteins considered in this study (excluding dairy).

3—Total replacement of beef Full replacement of beef with the other types of meat under study.
4—Total replacement of red meat with Beef, pork, and sheep and goat (red meat) are fully replaced with turkey, chicken,
white meat and rabbit (white meat), which have a lower carbon footprint (on average).

5—Total replacement of all types of meat

with seafood

Meat is fully replaced with all types of seafood consumed in each case study.

6—Total replacement of all types of meat

with eggs

Meat is replaced with eggs.

Carbon Footprint (kg CO, eq/(cap.day))

1.00

0.80

0.60

0.40

0.20

0.00

To statistically validate the results of the GHG mitigation scenarios, the significance
was evaluated through parametric hypothesis testing. The detailed analysis can be found
in Supplementary Material (in Statistical Analysis).

3. Results and Discussion
3.1. National Consumption of Animal Protein
Figure 4 shows that overall meat consumption corresponds to 78% of the CF associated

with animal protein sources. On the other hand, dairy products correspond to 11%, seafood
corresponds to 9%, and eggs to 2%.
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Figure 4. Carbon footprint of Portugal’s consumption of animal protein sources.

The total carbon footprint of animal protein consumption is 2.63 kg CO; eq/(cap-day).
Beef is the largest contributor, corresponding to 40% of the total carbon footprint. The
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second-largest contributors are chicken and pork. Overall, these three types of meat
represent approximately 69% of Portugal’s carbon footprint of the overall consumed animal
protein sources. Within the meat category, the consumption of beef, pork, sheep and goat
(red meat) corresponds to 53%, while the consumption of chicken, turkey, and rabbit (white
meat) sums up to 47%. Still, the carbon footprint of red meat accounts for 73% of the carbon
footprint of the meat category (in contrast with 27% for white meat).

Sheep and goat meat, although having the largest CF among all the distinct types of
protein considered, shows one of the smallest CF within the meat category (see Figure 4).
This can be attributed to the fact that it is the type of meat under analysis less consumed by
the Portuguese population. In the case of rabbit meat, its relatively small consumption and
the fact that it shows one of the smallest CFs leads to it being the meat with the smaller
CF—and having a lower value than most of the seafood considered ~!.

For dairy proteins, the CF values range from 0.06 kg CO, eq/(cap-day) for yoghurt
to 0.11 kg CO, eq/(cap-day) for cheese. Noteworthily, eggs and cheese, despite being
similarly consumed nationally — 16 and 12 g/(cap-day), respectively —, have different CF
values, which is related to the fact that the CF of the individual food products is larger for
cheese than for eggs.

Within seafood, cod and hake have the largest associated CF, which is essentially
related to their large consumption by the Portuguese population. In contrast, swordfish,
which shows the largest CF within the seafood category, has a small CF due to its small
consumption. The opposite happens for horse mackerel, showing one of the smallest CF
despite being the sixth-most consumed seafood in Portugal.

3.2. Consumption of Animal Protein in a Portuguese Faculty Canteen

The total carbon footprint of all animal protein-based lunch meals served in October
2019 in the canteen of the Faculty of Engineering of the University of Porto was 28.4 t
CO; eq/month. Figure 5 shows the carbon footprint of each food product served. Meat
was by far the largest contributor to the overall CF, accounting for up to 94% of the total
value. Within the meat category, beef, pork, chicken, and turkey are the four types of
meat considered which have the largest carbon footprint. The larger preference for “meat”
over “seafood” and “diet” meals, together with the large environmental impact of meat
consumption, is the basis for such large CF values.
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Figure 5. Carbon footprint of the animal-based lunch meals served in FEUP’s canteen in October 2019.

Despite representing over 3% of the overall CF, the category “other fish” had the
largest CF within seafood: 79%. This is due to the considerable number of times that kinds
of seafood included in “other fish” were served, together with the fact that this category had
the largest consumption (75%) among all the types of seafood consumed, as was mentioned
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in Section 2.2. Besides this multispecies seafood category, all the other types of seafood had
a negligible contribution to the total carbon footprint (less than 1%).

Together, dairy and eggs represent only a small fraction of the overall carbon footprint
of the canteen (summing up to about 2%). However, it is relevant to mention that these
food groups are not the main protein source in the meals served, but are instead generally
used in small portions in the preparation of the meal.

3.3. Carbon Footprint Mitigation Scenarios

A total of six carbon footprint mitigation scenarios were defined for the case of con-
sumption by the Portuguese population and the case of the faculty canteen. Except for
scenario 1, all the scenarios were assessed for both cases.

Table 3 shows the reduction potential achieved by each scenario.

Table 3. Carbon footprint reduction scenarios for consumption at the national level and in the
faculty canteen.

Scenario

Carbon Footprint Reduction

Consumption in the

National Consumption Faculty Canteen

1—Adoption of the national guidelines with recommendations

for meat, seafood, dairy and eggs consumption 53% )

2—Beef consumption is halved 16% 16%
3—Total replacement of beef 29% 32%
4—Total replacement of red meat with white meat 33% 32%
5—Total replacement of all types of meat with seafood 55% 59%
6—Total replacement of all types of meat with eggs 62% 71%

Results show that the reduction of the carbon footprint varies between 16 and 71% for
the canteen and 16 to 62% for the national level.

Scenario 6 presents the largest carbon footprint reduction potentially achieved for
both national (62%) and faculty (71%) levels. Scenario 5 also presents comparatively large
reduction potentials, namely 55 and 59%, respectively. The substitution of meat—the food
group with the largest carbon footprint—for eggs leads to the largest reduction, due to the
relatively small individual CF of eggs. In FEUP’s canteen, several different meals containing
at least one type of seafood or meat are provided at lunch and dinnertime. Consumers are
free to choose their type of meal. This means that, at best, the potential reduction of GHG
emissions may be 59% if consumers shift their dietary habits toward seafood.

Next on the list is scenario 1, which is only applicable nationally. Like the previous
ones, it more than halves the overall carbon footprint (53%). This scenario was built based
on the recommended guidelines from the National Food Wheel, while not accounting for
the consumption of non-animal products (such as vegetables and fruits). Nevertheless,
such exclusions are not likely to alter the results substantially. Literature values state that
fruits, vegetables, and nuts are only responsible for 4% of the carbon footprint of EU diets
(in opposition to the contribution of meat, dairy, and eggs, which account for about 80%) [6].
Such results show that an important climate change mitigation path could be achieved by
adopting a human diet closer to the recommendations set by the National Food Wheel.

All other scenarios (scenarios 2 to 4) led to a CF reduction larger than 16%. Scenarios
3 and 4 share some important characteristics—e.g., totally replacing the meat with larger
CF, beef—and, hence, result in similar results. For the consumption in the faculty canteen,
there was no difference between scenarios 3 and 4 (both led to a 32% reduction), while
nationally, the difference between the two scenarios was small (29 vs. 33%, respectively).

In scenario 4, beef, pork, and sheep and goat were replaced with chicken, turkey,
and rabbit. The average weighted carbon footprint of chicken, turkey, and rabbit (their
replacement proteins) is much lower than that of sheep and goat but slightly higher than
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pork. These differences in carbon footprints, together with consumption values, explain
the results obtained for the canteen and the national case.

In the canteen, where the consumption of sheep and goat is almost negligible, replacing
beef (scenario 3) or replacing sheep and goat and pork as well (scenario 4) has the same
effect. This is because the increase in the carbon footprint that results from replacing pork
with white meat is counterbalanced by replacing the negligible consumption of sheep and
goat meat (but with a comparatively larger CF).

However, for the national case, although pork is also more consumed in proportion,
there is a substantial increase in the consumption of sheep and goat meat in propor-
tion to the canteen. Therefore, replacing it has a large influence on the reduction of the
carbon footprint.

Globally, the mitigation scenarios point out that beef consumption is undoubtedly the
major contributor to the carbon footprint associated with the consumption of animal pro-
teins. For all scenarios where beef consumption is excluded from the meals, the reduction
varies between 29 and 71% (scenarios 3-6). The substitution of only half the beef shows the
lowest reduction—16% for both cases (scenario 2).

Results also show that the same scenarios allow for a larger CF reduction for the
canteen when compared to the national case (except for scenario 4). However, this remark
shall be considered carefully because only lunchtime meals are considered at the faculty
canteen and for only one month, while at the national level, the data refers to one year of
daily consumption patterns (where meat consumption is lower due to dairy consumption).

The results of the mitigation scenarios were validated statistically. After performing
a parametric hypothesis test for the average footprint reduction in the two cases, it was
calculated, using the p-value analysis with a 5% error, that the reduction value is not
only positive but higher than 20%. The confidence intervals for the average reductions
at a 95% confidence level were [14.2%, 69.8%] for the national case and [22.2%, 60.2%]
for the faculty canteen. The reduction in the two cases was also compared. It was con-
cluded that the carbon footprint reduction was, on average, the same, with an error of
5% (p-value of 0.9507). Overall, it was concluded that the reductions were significant
and similar (on average) in the two cases. More detail on this analysis is provided in
Supplementary Material (in Statistical Analysis).

The results obtained for the mitigation scenarios were compared to the few studies
available in the literature. The results are in line with the literature, in the sense that
reducing ruminant meat [19,21]—and beef in particular [17,18]—or meat in general [20,21]
can lead to significant reductions in the CF associated with food consumption patterns.
This work also corroborates the findings from the study by van Dooren et al. [20], in which
it is stated that a shift to a pesco-vegetarian (or pescatarian) diet can be an effective way to
reduce dietary CF.

A study from Aleksandrowicz et al. [21] analyses different mitigation scenarios from
several studies, where current average diets (The “current average diet” means the average
value from all studies considered for a specific scenario. In turn, an individual scenario is
categorised as the comparison between this baseline diet and a given sustainable diet. In
each scenario, the relative differences in GHG emissions between baseline and sustainable
diets were quantified. Note that all these scenarios contemplate the consumption of other
(non-animal) food groups, and that the studies they are based on assess the consumption
in different countries [21]) are compared with sustainable dietary patterns in terms of
GHG emissions. One scenario in particular analyses a pescatarian diet. Therefore, it
is similar to scenario 5 of the present work. Results show that the reduction resulting
from this scenario ranges from 17 to 55% [21]. Scenario 5 of the present work led to a
reduction of 55% nationally, the upper limit of the mentioned range. Another scenario
focused on the replacement of ruminant meat with monogastric meat (A ruminant has a
multi-compartmented stomach (generally four-chambered). Deer, cattle, antelopes, sheep,
and goats are among the most common ruminants [45]. A monogastric is a mammal with a
single-compartmented stomach, such as humans, poultry, pigs, and rabbits [46]), showing
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a reduction in a range of approximately 4 to 37%. This scenario resembles scenario 4 from
the present work. The main difference is that, in our work, besides beef and sheep and
goat, pork was also replaced (despite being monogastric). However, pork has a slightly
smaller individual carbon footprint than the weighted average of chicken, turkey, and
rabbit, enabling the establishment of a comparison between the two scenarios. In this way,
scenario 4 from the present work leads to a 33% reduction nationally, which fits within the
range of the literature study.

3.4. Policy Implications

The assessment of the global GHG emissions associated with food consumption is
of pivotal importance to strategic political decisions. This is relevant for Portugal, in
particular—the country with the largest per capita contribution to Europe’s dietary carbon
footprint. From this fact stems the importance of understanding the reasons behind such
consumption, as it shows to be very different from the consumption recommendations set
by the National Food Wheel.

Progress towards healthier and more sustainable eating habits should be encouraged
by familiar, community and school educational campaigns, improved marketing dissemi-
nation, and specialised education programs targeting professionals of the National Health
System. Health professionals (dietitians and nutritionists) have a pivotal role in planning
meals. The literacy on the CF of food products and meals may assist in promoting less
carbon-intensive menus by, for instance, experiencing the replacement of beef in current
meals by other foods with a lower CF. Pilots can be made at, for instance, schools. These
actions may likely form the basis for a documented Action Plan for the reduction of the
dietary carbon footprint promoted by the National Program for the Promotion of Healthy
Food (PNPAS) [47].

Some food policy initiatives in Portugal already address environmental issues (mostly
regarding food waste and circular economy) [5]. The creation of a national dietary guide-
line that integrates health and environmental considerations could be a catalyst and po-
litical commitment to encourage citizens to adhere to healthier and less impacting food
consumption [5,8]. In addition, the recognition of the impact of several food products may
drive health professionals to be more eager to use sustainable recipes based on traditional
culinary principles and flavours, for instance, through cookbooks and recipes created
by Chefs and made available by public institutions and by professional menu design in
catering enterprises [8,48]. Some examples of that are also advanced in related literature [8].

Not to be forgotten is the cost that may be associated with CF reduction of meals. This
is because consumer behaviour in industrialised countries is mostly driven by economic
factors [49]. Studies show that there is some consensus on the fact that sustainable diets
can be achieved without higher costs associated, especially when compared with the costs
of current consumption patterns [49,50]. Naturally, this is an important topic that shall be
evaluated with more detail, but some of the measures advanced are not costly and thus
align with the findings that it is possible for the final consumer to spend the same, or even
less, for a meal with lower CF.

Other studies also approach the effects that food cost policies can have on increasing
the consumption of healthy and sustainable foods. Financial incentives (e.g., subsidies)
to healthy and sustainable foods can naturally shift consumer purchasing patterns and,
consequentially, drive dietary change [49]. On the other hand, unhealthy and impactful
foods (e.g., red meat) could be recognized. Taxes on sugary drinks are already in place in
Portugal, and it was observed that the sugar content in these drinks dropped by 17% from
2016 to 2020 [47]. It should be noted, however, that such measures are not easy to implement.
These are likely to be met with fierce opposition by the agri-food industry, whose interests
may influence the policy agenda, as recognized by Portuguese health authorities [35].

It is not surprising that policymakers often operate in complex multidisciplinary
contexts, where a multitude of social, political, economic, and environmental aspects co-
exist. Dietary shifts can have a strong impact on the livelihood of both consumers and
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producers; thus, making food policies based solely on an environmental dimension is,
hence, not recommendable.

Allin all, the transition to sustainable diets—and climate change mitigation in general—calls
for concerted action between policymakers, society, producers, and other actors in the
food chain. They all should be aware that trade-offs between environmental, economic,
and social issues are likely to be inevitable. By alerting and raising awareness of the
carbon footprint associated with animal protein consumption, this study may be a valuable
resource for policymakers to take more informed GHG mitigation actions.

4. Conclusions, Limitations, and Future Work

This paper assesses the carbon footprint associated with the consumption of animal-
based proteins by the Portuguese adult population and also in a faculty canteen. After-
wards, six GHG mitigation scenarios were designed and assessed.

Bovine meat, despite being only the third most consumed, both nationally and in the
canteen, has a carbon footprint at least two times larger than chicken and pork. These are the
most consumed types of meat in both cases under study. Not surprisingly, for Portugal, and due
to its large consumption, codfish and hake have the largest carbon footprint of all the seafood
included in this study. On the other hand, in the canteen, the consumption of “other fish” reveals
the largest CF for the seafood category. As expected, due to their individual carbon footprints,
meat consumption has a significantly larger environmental impact even when compared with
the sum of all other animal proteins (dairy, seafood, and eggs).

The comparison of CF values for the present study with the ones from a systematic
review paper [43] revealed minor changes, hence contributing to the robustness of the
results. The sensitivity analysis performed on the different edible yields considered for
each of the food items under study also proved that the overall CF of consumption is not
affected by such variations.

Concerning the GHG mitigation scenarios, the CF reduction potential varies from 16
to 62% at the national level, and between 16 and 71% at the canteen. Scenario 1 evaluated
the mitigation potential of adhering to the nutritional guidelines of the National Food
Wheel. The fact that it led to the largest potential reduction nationally (53%) shows that the
drastic shift towards the overconsumption of animal protein—particularly carbon-intensive
sources such as dairy, beef, and pork—is the major cause of the large carbon footprint of
the Portuguese diet. In both cases (national and faculty canteen), the most extreme dietary
shifts, such as replacing meat with seafood (scenario 5) or eggs (scenario 6), resulted in the
largest reductions in GHG emissions. Not surprisingly, the replacement or limitation in the
consumption of one to all types of meat may lead to a relevant reduction in GHG emissions.

Some limitations were identified during the development of this paper. Overall,
the lack of a standardised uniformity in the methods and boundaries chosen for carbon
footprint determination may be the cause of substantial variations in the carbon footprint
values obtained for individual food products. Additionally, the small number of carbon
footprint values collected for some food products (mainly seafood), could have led to some
uncertainties in the final results since the literature available was not as vast as for meat.
Moreover, ideally, country-specific carbon footprints should be preferred to global ones, but
unfortunately, these are not readily available in a number that allows complete coverage of
animal-based food products. In the literature review, only 7 out of the 23 foods considered
had carbon footprint values specific to Portugal. That is a small sample. Hopefully, the
efforts and insights provided on this subject by the present study may impel future research
on this topic. Furthermore, regarding the environmental data retrieved from the literature,
it should be noted that the food production methods underlying the carbon footprints were
not analysed in detail in terms of their relationship with the respective carbon footprint
value. It is understood that this may be a limitation; however, the number of studies
available that characterise the carbon footprint for each product evaluated would not allow
for a detailed and complete assessment. Thus, the option was, again, to be more complete
while recognising such limitations.
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Another limitation is that the exclusion of processed foods may have led to an under-
estimation of the carbon footprint mainly associated with national meat consumption and
pork in particular since most of the meat-based processed food eaten in Portugal is made of
pork. It is recognised that it may influence, by underestimation, the results for meat-based
processed foods alone.

Regarding the definition of the mitigation scenarios, the validation of the replacement
choices must be conducted by health professionals for a complete nutritional evaluation of
the population’s diets. Another aspect relates to the extension of the environmental impact
categories to others than climate change. For instance, water use, land use transformation,
or freshwater eutrophication shall also be considered for more robust decision making
towards more sustainable diets. Finally, the fact that the analysis assumes that all the
protein assessed is consumed and no food waste is produced poses another limitation.

It should also be acknowledged that food consumption may have changed in recent
years in Portugal. Since the IAN-AF was published (2017), the world has faced a global
Pandemic. Although the post-Pandemic dietary impacts are yet to be evaluated, according
to the 2021 National Food Balance Sheet (2016-2020), the event itself has caused a slight
decrease in the availability of meat, seafood, and dairy, when compared to the pre-Pandemic
period (2016 to early 2020) [51]. Another noticeable change in animal protein consumption
may have occurred as a result of the potential adoption of more flexitarian, vegetarian, and
vegan diets. Nevertheless, no official data exist concerning the recent dietary options of the
Portuguese population; therefore, it cannot be affirmed with precision whether the food
consumption values used are underestimated.

Future work could focus on building new scenarios that also consider vegetarian or
plant-based protein replacements and compare those results with the original animal-based
scenarios, as well as considering processed foods and food waste. When considering the
shift from a meat-based diet to a plant-based diet, the risks of plant-based foods shall
be considered in line with recent findings in the literature [52]. Social and economic
studies may assist in better comprehending the potential adhesion to each of the mitigation
scenarios by the population and by catering or social food services.

Policymakers should address the problems of Portugal’s carbon-intensive diets by
alerting the population about it and providing the tools to increase environmental literacy.
Some other dimensions shall not be forgotten, for instance, food security and consumer
health, optimal nutritional intake, and affordability, to identify effective measures to strate-
gically shift the current consumption based on animal protein towards healthier and
sustainable diets.
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/ /www.mdpi.com/article/10.3390/su15065278 /s1, Table S1: List and amount of animal protein
ingredients included in each of the food categories, for the national consumption [53]; Table S2:
Number of lunch and dinner meals served in the faculty canteen, in October 2019 [54]; Table S3:
Description of menus served in the faculty canteen (October 2019) [54]; Table S4: Average mass served
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(based on [54]); Table S5: Seafood included in the "Other Fish" category from the faculty canteen
animal-based protein consumption (based on [54]); Table S6: Conversion factors from Live Weight
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