Agricultural Decarbonization
for a Better Future

Best Practices Manual for
Decarbonization in the Agricultural Sector

Agricultural Innovation  Sustainability « Energy Transition * Circular Economy

Funded by: Promoter: Partner:
Iceland [P[l:lj &
Liechtenstein

mountains

Norway grants of research e gat?



Authors:
Déborah Bozz
Alberto Teixeira
Luis Silva

Sara Rodrigues

Johanna Johansson

Translation:

Soénia Rio

Edition:
1st Edition

Editor:

MORE — Mountains of Research Collaborative Laboratory — Association.

DOI: https://doi.org/10.5281/zenodo.14267865



Table of contentes

1. CONEXTUBNIZALION ...t 5
2. AGI-TOOA SECION ... 7
3. HISTOY e 9
3.1. 1St Agricultural reVolUtioN...........cooiiiiiiiiiiiiee e 9

3.2, 2" Agricultural reVOIULION ...........ceeivieecie et 9

3.3, 39Agricultural revolULioN ............ccoceeeiiuieeiirie e 10

3.4. 4" Agricultural reVOIULION.........ccueeiivieee et 10

3.5. 5N Agricultural reVOIULION.........cc.ceoiiueeeciee et 11

4. LegiSIation ........coovviiiiiiii 13
4.1.  European Union Legislation ...........cooooeiiiiiiiiieeeeeeeeeeeeee e 13

4.2.  Portuguese 1egislation...........cooooeeeeeieieeeeee 16

4.3. Norwegian [egislation ... 21

5. Partner Regions and Organizations of the 'Agricultural Decarbonization for
a Better FUtUIe' PrOJECT........ooviiiiiiii 27
5.1. Tras-os-Montes, Portugal..........ccooooeeiiiiiiiiiii e, 27

5.2, Stavanger, NOIWAY ......ccoeuiiiiiiiii et e e et e e e e eaan s 28

5.3, Project Case StUAIES.......ceeieeeiiiiiiiieie e 29

5.3.1.  BogSAAIEN GAI .......cevveeieeiee e 29

5.3.2.  Elenovations..........ccccciiiiiiiiiii 30

5.3.3.  R@YSIANA GArd ........ccoviiiiiieiiie et 31

5.3.4. Acushla, SA.......ccoooviiiiiiiieeeeen, Error! Bookmark not defined.

5.3.5. Sortegel — Frozen Products, SA ........cccceeiiiiiiiiieeiiiee e 32

5.3.6. Tréas-os-Montes Prime - House of Santo Amaro...........cccceeeenee 33

5.3.7.  Agromontesinho - Agricultural Estate of Vinhais......................... 34

6. Methods, Practices and Techniques for the Agri-food Sector................... 36
6.1.  OrganiC agriCUIIUIe.........coii i i e e 36

6.2.  Precision agriCUUIe .........cccuii i e e e 37



6.3.  Life cycle analySiS........ccoooieeeiiiiiiiiice e 38
6.4.  BIOTErTIlIZErS ....oveiiiiiiiee 38
6.5.  Rainwater harveting for irrigation ............ccccccieeeii i, 39
B6.6. COMPOSHNG. ..ot iieeiiiiiiiiiit e e e e et e e e e e et eeaaaeeanne 39
O R O] oo o] oL PSP 40
6.8.  Cultivation of NativVe SPECIES...........uuuuuuiiiiiiiiiiiiiiiiiiiiiieiiiineeees 40
6.9.  Environmental eduCation..................uuuuuiimmmimmimiiiiiiiiiiiiiiieeeeenes 41
6.10. Green financing and carbon markets .............cccccciiiiiiiiiiiiiiiiiiis 41
6.11. PhotovoltaiC Panels ..............uuuuiiiiiiiiiiiiiiiiiiiiiiiiieee 42
6.12. Integrated agricultural SYStEMS ......ccoiiiiiiiiiiiiiiiiee e 43

Challenges and opportunities in the agri-food sector ...............c.ccoevvvvnnnnn. 44

CONCIUSION ...ttt e e 46

R O EINCES ... e et 48



Agriculture is constantly developing, and with this development and
investment in the sector, we can observe significant technological innovations,
such as chemical fertilizers, pesticides, tractors, and genetically modified seeds.
However, these innovations have had major consequences, mainly related to the
environment (De Lima & Martins, 2022). Currently, people are becoming more
informed and learning about their environmental responsibility, meaning they are
increasingly interested as consumers in green agricultural products. Although
there are not many varieties available, this could be an area for investment to
help the sector grow (Xin, Xu & Zheng, 2024).

According to Assad & Almeida (2004), five challenges are posed for
farmers who want to manage for sustainable agriculture. Since agricultural
activity is essential for everyone, these challenges include: (1) environmental
challenges, (2) economic challenges, (3) social challenges, (4) territorial
challenges, and (5) technological challenges. Overcoming them requires
knowledge about each challenge in a way that is specific to the location of the
activity, as well as other components and human aspects. Likewise, Adisa et al.
(2024) adds that the agricultural sector is empirically linked to environmental
degradation, resource depletion, and, primarily, promoting socio-economic

inequality.

Organic agriculture, combined with innovation and technology, has
become an alternative for achieving sustainable development in the agricultural
system. Organic farming avoids using chemical fertilizers, pesticides, and other
additives that harm the environment. However, the practice has its limitations,
which is where technology and innovation come into play to minimize these

challenges (Gamage et al., 2023).

Chataut et al. (2023) notes that another significant demand emerging in
the agricultural sector is the intensive use of energy and greenhouse gas (GHG)
emissions, highlighting the importance of further research on agricultural energy
efficiency, especially focusing on the physical, chemical, and biological factors of
crops. Data shows that there are differences in the level of GHG emissions



between the industry and agriculture in countries within the European Union. This
demonstrates that the agricultural system is very complex, and efficient
management to reduce GHG emissions will depend on specific research related
to crops, regions, countries, and other conditions (Murawska & Gorynska-
Goldmann, 2023). Just like organic farming, precision agriculture is emerging as
an alternative to improve agricultural management. By gathering detailed
information about the conditions of the area, strategies will be created to optimize
the management of these crops, increasing operational efficiency (Chataut et al.,
2023).

According to the FAO (2019), the management of water resources, soil
management, carbon footprint, and energy efficiency can affect the agricultural
system in different ways depending on the stage of the food chain. Water and soil
are more utilized in the primary phase, energy is more relevant in the processing
phase, while GHGs can accumulate throughout the entire supply chain. In this
way, the circular economy arises with the premise of proposing cultural and
behavioral changes to reduce the environmental impact of the agricultural supply
chain, promoting the sustainable use of resources and the reuse of materials,

moving away from linear extraction and disposal practices (Lopes, 2022).

According to Haque, Fan & Lee (2023), the relevance of the circular
economy in the agricultural system should be strengthened, as it can generate
new opportunities and business markets, contributing to environmental,
sustainable, and efficient strategies, fostering the economic sector while
addressing the needs of producers and services. One of the major challenges is
reconciling food production with the environment. Driven by the Green
Revolution, the modern agricultural system has focused on using fewer

chemicals and a more circular system (Selvan et al., 2023).

In summary, modern agricultural systems are facing significant
environmental and socio-economic challenges. This creates the need for a shift
toward a sustainable system that already foresees changes in the sectors that
require transformation. Efforts by farmers in this shift are essential, but
governments, companies, and stakeholders in this sector must collaborate, as a
successful transition requires public policies, collaborations, and, most

importantly, investments.



The agri-food sector is one of the most important in the economy, playing
a key role in food security, environmental sustainability, and the economies of
countries. It encompasses a wide range of activities, from production to
processing, distribution, and regulation of food. This sector is essential for
ensuring the supply of food to the population, while directly influencing

environmental and economic issues at both national and global levels.

Torrens (2020) describes that the systematization of the agri-food sector
occurred in the 20th century through industrialization, as well as the control of
production chains in this sector. This led to significant impacts, particularly on the
economy, but not only—there were also cultural, environmental, and social
impacts. The most efficient agri-food system would be one that integrates a
productive system with natural resource management, ensuring food production
and consumption, with the goal of guaranteeing the sustainability of the agri-food

system (Fraga et al., 2022).

According to De Fraga et al. (2022), the changes in the agri-food system
today primarily focus on the financial aspect of the sector, neglecting essential
issues such as environmental changes, population growth, the land market, and
especially food distribution. Antunes (2018), on the other hand, addresses how
the agri-food system is a sector that causes food contamination, environmental
pollution, poisoning of rural workers, excessive processing and preservatives in
food. In summary, the sector is a major cause of diseases, inequalities, and

environmental injustice.

The conventional agri-food system must be revised, as it has hindered
access to food, worsening the situation of food and nutritional insecurity, and,
more importantly, causing other major problems, such as rural exodus and
environmental degradation (Mussoi et al., 2015). Currently, due to the significant
impacts of the SARS-CoV2 pandemic, the agri-food sector is under pressure to
make changes in its processes in order to ensure food and nutritional sovereignty,
addressing structural and multidimensional changes, promoting life, as well as

the fundamental right to food (Torrens, 2020).



However, Esposito, Sessa & Malandrino (2020) describe that in recent
years, the agri-food sector has been paying more attention to issues that are not
directly linked to its system, such as environmental respect and human
resources. This highlights the significant challenges the sector will face, as
society and the market are demanding more environmentally responsible
approaches and the combination of socio-economic actions to reduce food waste
and loss. The authors Caiazza & Bigliardi (2020), in turn, explain how the agri-
food sector needs to improve its communication strategy, as consumers are
becoming increasingly demanding. In other words, the sector must adapt to the

new market, marketing strategies, and emerging technologies.

Agri-food systems are interconnected with environmental impacts.
Therefore, Chandrakumar et al. (2019) highlight the importance of using
methodologies that can measure environmental impacts, such as GHG
emissions, as well as evaluate the entire system. This approach can propose
improvements in techniques and technologies, seeking to gather information from
the product level, through processing, company data, and global sector data.
Meanwhile, ljassi, Rejeb & Zwolski (2021) discuss the multifunctionality of the
agri-food sector, explaining how it becomes difficult to understand all the
processes and, especially, to identify the impacts of this sector. As a result, they
emphasize the importance of developing reference methods and techniques that
can be used to evaluate these impacts. While the most frequently cited impacts
are environmental, attention should also be given to the social and economic

impacts of this sector.

Therefore, approaching the agri-food sector in a more holistic way, linking
it with themes such as sustainability, management, and the implementation of
innovations, is an increasingly necessary strategy for the sector. Only this
interdisciplinary collaboration can create a path toward a better future (Ababou,
Chech & Elhiri, 2023). In summary, while the agri-food sector is of great
importance, it is facing increasing pressure for changes in its system. Thus, it
must develop and invest in innovation and technologies to promote positive and

sustainable changes in this fundamental sector of the global economy.



3.1. 1St Agricultural revolution

The first agricultural revolution, known as the Neolithic Revolution, marked
the transition of human societies from hunter-gatherers to sedentary agricultural
communities. According to Whayne (2024), the Neolithic revolution brought about
the beginning of a change in human lifestyle, moving from solely hunting and
gathering to practicing rudimentary agriculture, which also promoted the
development of communities. During this phase, agriculture 1.0 had very small
agricultural production and relied on rudimentary tools such as sticks, stones, and

minimal equipment (Ahmed et al., 2024).

During this period, there was heavy reliance on human and animal labor,
with production being significantly low and focused solely on subsistence
(Petrovi¢ et al., 2024). Humans began cultivating plants and domesticating
animals, establishing the first permanent settlements. This development enabled
the creation of food surpluses, which in turn facilitated population growth and the
rise of complex civilizations. The end of the last Ice Age resulted in population
growth due to a warmer and more humid climate, which increased soil fertility.
This shift marked the end of mobile foraging, as people settled in one place,
investing in making poor lands more productive by clearing forests, irrigating

when necessary, and planting wild seeds (Allen, 2024).

3.2. 2" Agricultural revolution

Industry 2.0 is characterized by the use of machines, fertilizers, and
improved seeds with the aim of helping farmers produce more, and it is known
as agribusiness or industrial agriculture (Polymeni et al., 2023). The second
agricultural revolution occurred during the Industrial Revolution and was
characterized by mechanization and the adoption of new technologies in
agriculture. Machines such as the iron plow and, later, the tractor, allowed for a
significant increase in agricultural productivity. Furthermore, the introduction of
new farming methods, such as crop rotation, helped improve the efficiency and

sustainability of agricultural production.



An era in which the energy sources were oil and gas also brought many
innovations to the transportation industry, allowing agricultural products to be
transported, significantly improving efficiency and productivity (Liu et al., 2021).
During this period, farmers operated agricultural machinery manually, and many
chemicals were used. This period saw a significant increase in the efficiency and
productivity of agricultural work. However, it also led to several problems, such
as chemical contamination, environmental destruction, excessive energy

consumption, and the waste of natural resources (Zhai et al., 2020).

3.3. 39 Agricultural revolution

The third agricultural revolution, known as the Green Revolution, was
marked by the introduction of high-yielding varieties of grains, intensive use of
fertilizers and pesticides, and the expansion of irrigation. During this period, the
transformation of agricultural management began, meaning the use of software
and value chain systems to improve management (Haloui et al., 2024). Driven by
scientific and technological advances, it resulted in significant increases in food
production, especially in developing countries. However, it also brought
challenges, such as environmental degradation and dependence on chemical

inputs.

The idea of precision agriculture also became popular, where agricultural
systems aimed to increase resource efficiency and operational performance by
utilizing advances in computing and electronics (Bazargani & Deemyad, 2024).
As a result, this period became a major response to societal issues as well as
environmental and health problems, as it introduced the concept of reducing

agricultural inputs and sparked discussions on these topics (Fountas et al., 2024).

3.4. 4™ Agricultural revolution

The fourth agricultural revolution, or Agriculture 4.0, is characterized by the
integration of digital and automated technologies in the agricultural sector, such
as the Internet of Things (loT), artificial intelligence (Al), big data, among others

(Fountas et al., 2024). These innovations enable real-time monitoring and



management of agricultural operations, optimizing resource use, reducing waste,

and increasing efficiency and sustainability.

This brings the shift to digital, evolving in parallel with the industrial sector,
advancing further with new technologies and equivalent capabilities, envisioning
the future of manufacturing (Haloui et al., 2024). Precision agriculture, combined
with agricultural Internet of Things (IoT), leads to this revolution that interconnects
different technologies. However, it still faces challenges with theoretical concepts.
The goal, nevertheless, was to improve productivity and sustainability of crops,
enhance working conditions, and improve the quality of production and

processing (Zambom et al., 2019).

3.5. 5™ Agricultural revolution

Agriculture 5.0 represents an important milestone for investors who
prioritize environmental, social, and governance aspects. This new revolutionary
era integrates innovative technologies with the goal of increasing efficiency and
promoting sustainability, adapting to the specific demands of agri-food systems.
The convergence of robotics, augmented reality, and 6G technologies marks a
significant advancement, enabling real-time monitoring and the automation of
agricultural practices (Haloui et al., 2024). It aims to provide farmers with
precision tools tailored to the specific needs of their sectors, but also to create
transformative strategies that encourage behavioural changes and increase the
adoption of these technologies. However, it must also address social challenges,
such as technological barriers and the need for behavioural changes (Fountas et
al., 2024).

It is important that at this stage, new ways of producing healthy and
affordable food are discussed, as well as the need to address the care and non-
degradation of ecosystems through policies and programs that explicitly bring an
environmental and social justice dimension to the discussions on food systems
(Fraser & Campbell, 2019). The fifth agricultural revolution emerges with the
premise of smart solutions. That is, in addition to integrating technologies and
artificial intelligence as in the fourth revolution, it will also focus on sustainability

and the autonomy of agri-food processes, seeking to redefine the way food is



produced by placing technology at the center of modern agriculture. A future is
envisioned where digital technologies are seamlessly integrated into the
complexities of agriculture, optimizing resources, increasing productivity, and

promoting sustainable practices (Fountas et al., 2024).



This topic will address the current legislation related to (1) the European
Union, (2) Portugal, and (3) Norway, concerning the promotion of sustainability,

reduction of the carbon footprint, and conservation of biodiversity.

4.1. European Union Legislation

The European Union is currently an example when it comes to legislation,
guidelines, and regulations, particularly in environmental matters. The EU's
legislations aim to harmonize the policies of Member States, ensuring a high
standard of environmental protection across the region. As such, they cover a
wide range of areas, including water management, air quality, biodiversity
conservation, reduction of greenhouse gas emissions, and the transition to a

circular and sustainable economy.

The Kyoto Protocol was celebrated in 1997 and is the first international
legal treaty to limit the GHG emissions of developed countries. By signing it, the
EU committed to reduce 8% of GHG by 2008-2012 and as a result, the European
Climate Change Programme (ECCP) was created to identify and prepare the

implementation of measures to combat climate change.

Then, the Paris Agreement, a groundbreaking achievement in climate
policy, was signed in 2015, at the 215t COP, where almost all countries in the
world agreed to make an ambitious effort for the combat of climate change and
adaptation to its impacts, aiming at a sustainable low carbon economy.

From the Paris Agreement steamed the biggest efforts in environmental
policy in the EU, as the Green Deal in 2019, the beacon that sets the agenda for
actions towards sustainability, providing guiding principles for policy and
strategies for its members to develop. The Green Deal underlines the objective
of reaching carbon neutrality by 2025, while sustaining economic growth that is
not resource depleting, in an inclusive, just manner. Also, an intermediate goal is
set, to reach at least 55% reduction in GHG net emissions when comparing with
the levels of 1990 by 2030.



In 2021, the Climate Law was adopted in the EU, as part of the Green
Deal, legally binding the organization with the aim of reaching carbon neutrality
until 2050, through regulation of GHG emissions and removals by its member

states and promoting investment to foster the shift to a green economy.

The EU Emissions Trading System (EU ETS) is a cornerstone for climate
policy that will likely play a big role in reaching carbon neutrality, as it was the
world’s first carbon market that remains one of the leading ones. The EU ETS
applies in all EU Member States, the European Free Trade Association countries
(Iceland, Liechtenstein and Norway) as well as Northern Ireland for several
sectors, as electricity generation and aviation. When it comes to sectors not
included, as is the case for agriculture, the Effort Sharing Regulation establishes
for each EU Member State a national target for the reduction of greenhouse gas

emission in each sector.

The CBAM - Carbon Border Adjustment Mechanism (Regulation (EU)
2023/956 of the European Parliament and of the Council of 10 May 2023) is
another european regulation that aims to impose a carbon price on certain
products imported into the EU, ensuring that the same price for carbon is imposed
in imported products as the ones imposed inside the EU. This prevents
companies from placing production in countries with fewer environmental policies
to evade and then exporting them into the EU for a smaller price and for a higher

carbon footprint. There is a transition period in place until the end of 2025.

Other important laws and regulations can be consulted on Table 1.

Table 1: European Union laws and regulations concerning sustainable food production and decarbonization.

o It establishes a change regarding the number of
Official Journal of o ) )
emissions permits to be placed in the market
the European Greenhouse gas N ]
) o ) 2023 stability reserve for the European Union's
Union L 110, 25 emissions permits. o ) )
greenhouse gas emissions trading system until

April 2023
2030.
It establishes recommendations for the Union's
Official Journal of transition to a climate-neutral and environmentally
the European Just transition to 2022 sustainable economy by 2050, ensuring that it is
Union C 243, 27 climate neutrality. fair and leaves no one behind, in line with the
June 2022 principles of the European Green Deal and the

European Pillar of Social Rights.




Official Journal of

the European

Regulation on the
governance of the

It establishes a governance mechanism to
implement strategies and measures aimed at
achieving the objectives and targets of the Energy
Union and the European Union's long-term

2018
Union L 328, 21 Energy Union and commitments on greenhouse gas emissions, in
December 2018 Climate Action. accordance with the Paris Agreement, for the first
ten-year period from 2021 to 2030 for energy and
climate.
It establishes the regulation aimed at achieving
o net-zero greenhouse gas emissions for the
Official Journal of .
) Member States as a whole by 2050, mainly
the European European Climate ]
] 2021 through the regulation of greenhouse gas
Union L 243, 9 July Law. o )
2021 emissions and removals at the Union level,
investment in green technologies, and the
protection of the natural environment.
It establishes the LIFE Program, the Environment
Official Journal of Program for the and Climate Action Program for the period 2021-
the European Environment and 2021 2027, which aims to contribute to a fair transition
Union L 172, 17 Climate Action to a sustainable, circular, energy-efficient
May 2021 (LIFE). economy based on renewable energy and climate
neutrality.
Regulation on ] o
. o It establishes obligations for Member States
Official Journal of binding annual ) o o ]
] regarding minimum contributions for the period
the European reductions of _ _
) 2018 2021 to 2030, to meet the reduction of their
Union L 156, 19 greenhouse gas o
o greenhouse gas emissions by 30% below 2005
June 2018 emissions from
levels by 2030.
2021 to 2030.
Regulation on
o reducing It establishes provisions governing the
Official Journal of . o i
greenhouse gas minimum contribution of the European Union
the European o
) emissions to meet | 2009 Member States to meet the European
Union L 140, 5 ] ) o )
the Community's Community's greenhouse gas emissions reduction
June 2009 ) . .
commitments by commitment for the period 2013 to 2020.
2020.
Official Journal of It establishes a common framework for the
the European Energy from 2018 promotion of energy from renewable sources,
Union L 328, 21 renewable sources. where Member States must adopt support
December 2018 schemes for energy from renewable sources.
It establishes an environmental agenda aimed at
Official Journal of ] accelerating the green transition to a circular,
General Union ] ) o
the European ) ] neutral, sustainable, non-toxic, resource-efficient,
Environment Action | 2022

Union L 114, 12
April 2022

Program for 2030.

renewable energy-based, resilient, and
competitive economy in a fair, equitable, and

inclusive manner, and to protect, restore, and




improve the state of the environment, reversing

and halting biodiversity loss.

Strategy for a fair, It establishes strategies aimed at ensuring access
Farm to Fork healthy, and eco- 2020 to sufficient, nutritious, sustainable, and healthy
Strategy friendly food food for all Europeans at all times through the
system. transition to sustainable food systems.
It establishes a new growth strategy aimed at
transforming the EU into a fair and prosperous
European Green European Green 2019 society, with a modern, resource-efficient, and
Deal Deal competitive economy, where there are no net
greenhouse gas emissions by 2050 and in which
economic growth is decoupled from resource use.
It establishes a policy that addresses all Member
States with a multisectoral approach, including
food and nutritional security, sustainable
) ] management of natural resources, reduction of
Bioeconomy Bioeconomy )
2018 | dependence on non-renewable and unsustainable
Strategy Strategy. ] )
resources, climate change adaptation and
mitigation, strengthening European
competitiveness, and increasing employment
opportunities.
It establishes a policy to promote open strategic
] ] autonomy, leading the development of digital,
Horizon Europe Horizon Europe . ) .
] ) enabling, and emerging technologies, sectors,
Strategic Plan Strategic Plan 2021 ) o
and value chains to accelerate and steer digital
2021-2024 2021-2024. »
and green transitions through human-centered
technologies and innovations.
It establishes a policy aimed at increasing the
) . circular economy of key economic players in order
Circular Economy Circular Economy o o o
) ] 2020 | to make a decisive contribution towards achieving
Action Plan Action Plan . ) )
climate neutrality by 2050 and decoupling
economic growth from resource use.
4.2. Portuguese legislation

Portuguese

legislation

on

this

topic is comprehensive and

multidisciplinary, reflecting the country's commitment to environmental, social,

and economic issues. It includes measures for adaptation to climate change,

promotion of energy efficiency, and reduction of greenhouse gas emissions.

Additionally, the legislation aims to combat food waste, protect biodiversity, and

sustainably manage water resources and waste. Strategies are also in place to

ensure food and nutritional security, promote sustainable agriculture, and




implement rural development policies. These initiatives demonstrate a
continuous effort to balance economic development with environmental

preservation and social well-being.

The National Strategy for Climate Change Adaptation (NSCCA) defines
the aims and instruments to compensate the effects of climate change and
improve the efforts towards decreasing climate change. It considers several
scenarios, national and regional goals and actions tailored to each sector. The
NSCCA that is in place until the end of 2025 considers 10 sectors, one of them
agriculture and 6 theme areas related to different instruments, including research
and innovation. Since the approval of the Basic Climate Law in 2021, the
government must present a new Strategy every 10 years. Portugal got his first
NSCCA approved in 2010, which was a great effort since many EU members had

not done it yet.

The AdaPT program was also an important response to the needs
identified in the NSCCA and constitutes the first integrated approach in terms of
adaptation actions towards CC in Portugal, allowing for structuring projects to
take place. This was financially supported through the European Economic Area
(EEA) Agreement (EEA Grants).

The Portuguese National Adaptation Plan for Climate Change (P-3AC)
was adopted in 2019, to systematize and complement the ENAAC 2020, focusing
on achieving one of its objectives: to implement direct and relevant measures in

the territory for CC adaptation, across several sectors of society.

Focusing on the long term, the National Roadmap for Adaptation 2010 will
continue the efforts of the NSCCA and evaluate the vulnerabilities, impacts and
trajectories of the Portuguese territory, to define the priorities and focal sectors.
It will aim at supporting the activities of the National Strategy, focusing on the

implementation and monitoring of the P-3AC and other tools of adaptation to CC.

Considering the mitigation of CC, the most important instruments are the
National Energy and Climate Plans 2030 (NECP 2030) and the Roadmap for
Carbon Neutrality 2050.



The Roadmap for Carbon Neutrality 2050 (Resolution of the Council of
Ministers no. 107/2019) establishes the trajectories for reaching carbon neutrality
by 2050, based on an economically and technically viable vision, reducing the
level of emissions between 85% and 90% when comparing to the levels of 2005,
with a contribution of all sectors by improving efficiency, efficacy and fostering

innovation.

The NECP 2030 was developed according to obligations established by
the Regulation on the Governance of the Energy Union, that sets common rules
for planning, reporting and monitoring on EU climate and energy targets for 2030,
that are in line with the Paris Agreement. The national goals for 2030 are the
reduction of GHG emissions by 45 to 55% compared to 2005 a 47% incorporation
of renewable energy in national energy consumption, amongst others. The
renewable energy efforts are also supported by the Industrial Strategy and Action
Plan for Ocean Renewable Energy (Resolution of the Council of Ministers no.
174/2017).

One of the eight strategic objectives defined by the NECP 2030 is to
“Promote sustainable agriculture and forestry and foster carbon sequestration”,
pinpointing the essential role agriculture is expected to play in national goals
towards decarbonization, through sustainable management practices that
promote carbon sequestration, reduction of emissions related to resource
consumption (e.g. fertilizers), bioeconomy promotion, wildfire prevention and
improvement in animal effluent management. Agriculture-derived GHG
emissions are expected to be decreased by 11% to achieve the national

decarbonization goals.

Below, table 2 presents additional key laws and regulations.

Table 2: Portuguese laws and regulations concerning sustainable food production and decarbonization.

It aims to establish the composition,

duties, and responsibilities of these

Statute of the Institution for plant, animal, and food institutions, with
Decree-Law No. ] )
99/93 Plant, Animal, and Food 1993 the right to promote, research,
Protection manage, and control plant, animal, and

food protection within the territory of

Portugal.




Resolution of the

National Program for

It aims to provide general guidelines for

the efficient use of water resources in

Council of Ministers o 2005 o
Efficient Water Use Portugal, especially in the urban,
No. 113/2005 ) ) )
agricultural, and industrial sectors.
Resolution of the Program for Monitoring and It aims to detail the components of the
Council of Ministers Evaluation of the National 2005 climate change monitoring system as
No. 59/2005 Plan for Climate Change. well as the concept of indicators.
It aims to define the legislation
Decree-Law No. Wildlife and Biodiversity 2008 produced on nature and biodiversity
142/2008 Preservation conservation and repeals Decree-Laws
No. 264/79 and No. 19/93.
It aims to control and ensure
compliance with the legislation
Decree-Law No. Authority for Economic and 2012 regulating economic activities in both
194/2012 Food Safety the food and non-food sectors, as well
as assess and communicate risks
within the food chain.
It aims to establish the first
Decree-Law No. National renewable energy 2013 amendments to Decree-Law No.
39/2013 targets 1141/2010, which sets the national
renewable energy targets.
It aims to be a reference document in
Ordinance No. 187- Strategic Plan for Urban 2014 the area of urban waste, facilitating the
A/2014. Waste (PERSU 2020) implementation of a set of key actions
in waste management.
Aims to amend the administrative and
legal procedures related to
Law no. 92/2015 Agricultural development 2015 expropriated and nationalized areas
under the laws that regulate the
resizing of operations.
Aims to protect the aquatic
environment from the damage caused
Decree-Law No. ) )
National Water Plan 2016 by pollutant discharges, restore the
76/2016 _
functioning of natural systems, and
combat biodiversity loss.
Aims to contribute through financing to
the achievement of goals related to
Decree-Law No. 42- Fund for Nature and )
o ) 2016 climate change, water resources,
A/2016 Biodiversity Conservation )
waste, and the conservation of nature
and biodiversity.
) o ) Aims to identify measures for the
Council of Ministers Industrial Strategy and the ) ) )
. ) sustainable financing of ocean
Resolution No. Action Plan for Ocean 2017

174/2017

Renewable Energies

renewable energies and an integrated

vision of the development of value




chains that support ocean renewable

energies.

Council of Ministers

National Strategy and its

Aims to promote the reduction of food
waste through an integrated and

Resolution No. Action Plan for Combating 2018 multidisciplinary approach, as well as
46/2018 Food Waste carry out diagnosis, assessment, and
monitoring.
Aims to be a key instrument in the
Council of Ministers | National Strategy for Nature pursuit of environmental policies and to
Resolution No. Conservation and 2018 respond to national and international
55/2018 Biodiversity 2030 responsibilities to reduce biodiversity
loss.
Aims to recognize and distinguish the
Decree-Law No. ) ) specificity of Family Farming in its
Family Farming Statute 2018 ) ] ]
64/2018 various dimensions and promote
appropriate public policies.
Aims to contribute to the realization of
Council of Ministers ) ) the human right to adequate food and
] National Council on Food ) o
Resolution No. . . 2018 to support an integrated vision of
Security and Nutrition ) B
103/2018 issues related to food and nutritional
security.
Aims to identify decarbonization
Council of Ministers pathways across all sectors of the
) Roadmap for Carbon ) o
Resolution No. ) 2019 | economy, seeking to reduce emissions,
Neutrality 2050 ) o ] ]
107/2019 increase efficiency and innovation, and
promote improvements.
) o Aims to implement adaptation
Council of Ministers . . ) o
) Action Program for Climate measures through the identification of
Resolution No. ) 2019 o ) ] ]
Change Adaptation physical interventions with a direct
130/2019 . .
impact on the territory.
Aims to establish principles and
Council of Ministers ) guidelines for fire management as part
) National Plan for Integrated ) )
Resolution No. 45- ) 2020 of an integrated strategy, in order to
Management of Rural Fires . o
A/2020 minimize damage and maximize the
benefits of fire.
) o Aims to promote partnerships and local
Council of Ministers ) ) . )
] Healthy Neighborhoods interventions for the health and quality
Resolution No. 52- 2020 ) o -
Program of life of territorial communities, by
AJ2020 ) )
supporting projects.
) o Aims to establish measures related to
Council of Ministers ) ) o
) National Energy and Climate decarbonization, greenhouse gas
Resolution No. 2020

53/2020

Plan 2030 (PNEC 2030)

emissions, renewable energy, energy

efficiency, energy security, the internal




market, and research, innovation, and
competitiveness.
Aims to contribute to an integrated
) o vision of issues related to food and
Council of Ministers . . . )
) National Strategy for Food nutrition security, supporting the
Resolution No. B ] 2021 ) ) )
and Nutrition Security implementation of the human right to
132/2021 )
adequate food and a sustainable and
healthy food system.
Aims to ensure food supply, contribute
Strategic Plan for the to environmental and climate
Decree-Law No. ) )
1212023 Common Agricultural Policy | 2023 performance, and support the
of Portugal socioeconomic development of rural
areas.
) o Aims to establish the strategy for waste
Council of Ministers ) )
) National Waste prevention and management, along
Resolution No. 2023 ) o i
Management Plan 2030 with guiding rules covering other types
31/2023
of waste.
It aims to define the governance
. structure and functioning of the
. National Network of the )
Ordinance No. ) ] National Network of the Common
Common Agricultural Policy | 2024 . . o
108/2024/1 Agricultural Policy, within the scope of
(NNCAP) ) .
the Common Agricultural Policy
Strategic Plan.
- ) It aims to establish the rules applicable
] Specific Regulation of the ) o
Ordinance No. ] ) to operations within the scope of the
Thematic Area Climate 2024 ) ] )
125/2024/1 . L thematic area of climate action and
Action and Sustainability L
sustainability.
4.3. Norwegian legislation

In this section, Norwegian legislation related to the environment, climate
change, and biodiversity will be discussed, aiming to provide a comprehensive
overview of the main laws, plans, programs, and strategies implemented in the

country.

In Norway, climate adaptation for municipalities is already being
subsidized, as regulated by the “Regulation on grants for climate adaptation”
(Forskrift om tilskudd til Kklimatilpasning) that enables research needed to
understand the impacts of climate change, to develop climate change adaptation
plans for county municipalities and municipalities and develop human resources

knowledge and capacity. Support to non-profit organizations for promoting



activities and engagement with climate change and environmental issues is also
being regulated by the 2021 “Regulations on grants to voluntary climate and
environmental organizations as well as climate and environmental foundations”
(Forskrift om tilskudd til frivillige klima- og miljgorganisasjoner samt klima- og

miljgstiftelser).

The “Climate Targets Act” from 2017 (Lov om klimamal) is the most
important national climate regulation in Norway as it establishes guidelines and
implementation of Norway’s climate targets, as well as greenhouse gas
emissions and removals as part of a transition to a low-emissions society by
2050. It constitutes the transposition of the Paris Act on national law and
establishes a goal for reducing the GHG emission level by at least 55% by 2030
and 90 to 95% by 2050, considering the reference year of 1990. These efforts

are being implemented in a collaborative manner between Norway and the EU.

As only 3% of Norway constitutes arable land and of that only 30% is
suitable for grain and vegetable production, land is a valuable resource in the
country and efficient effective management is essential for national food security
and self-sufficiency, a goal that has been a focus of the political efforts and

consequent national legislation.

The Land Act (land law) of 1995 established that the land resources of the
country should be managed in the most useful for society and people who depend
on the agrifood sector. These rules include the forms of use and exploitation of
land resources, as well as property division and possession, ensuring an
appropriate, varied system with a focus on the development of the local

community, settlement and employment.

The country has strict rules of possession in the sense that people who
own arable land to farm it or otherwise lease it for others to farm. Also, wood
production is very important for the country, with small-scale farms combining
agriculture and forestry. Sustainable management of forests with an aim for local
and national economic development as well as conservation of biological
diversity, is regulated under the “Forestry Act” (Lov om skogbruk-

skogbrukslova).



Below is Table 3, presenting the legislations and a brief description of each

one, to provide a better context for the topic.

Table 3: Norwegian laws and regulations concerning sustainable food production and decarbonization.

Lov om jakt og fangst av

It aims to protect wildlife habitats, as
well as species that can be hunted and
hunting seasons, the killing of animals

without considering protective

(skogbrukslova)

Wildlife law o 1981 measures, hunting of deer and beavers;
vilt (viltloven) o . )
criteria regarding reasons and rights to
shooting, hunting, and trapping animals,
as well as the rights related to hunted
animals.
It establishes guidelines to create
conditions for the land of the country,
) ) including forests and mountains and all
Land Law Lov om jord (jordlova) 1995 ) )
their resources, to be used in a way that
is most beneficial to society and
agriculture.
It aims to ensure food safety and
Lov om .
] promote health, quality, and consumer
matproduksjon og ) )
Food law 2003 interests throughout the value chain, as
mattrygghet mv. . .
well as ensure environmentally friendly
(matloven) ]
production.
It establishes the regulation governing
Forskrift om gjenvinning waste management in Norway, focusing
Waste regulation og behandling av avfall 2004 on recycling, treatment, and handling. It
(avfallsforskriften) applies to all types of waste, including
urban and industrial waste.
It establishes measures to limit and
. . manage pollution to protect the
) Forskrift om begrensning ) ]
Pollution control ) environment and public health. It
. av forurensning 2004 . e
regulation ) ] includes provisions on waste
(forurensningsforskriften) ] o
management, air and water emissions,
noise control, and soil contamination.
It establishes the management and
conservation of forests to promote the
Lov om skogbruk sustainable management of forest
Forest law 2005

resources for local and national

economic development and to ensure

biodiversity.




Lov om forvaltning av

It aims to manage biological and
geological diversity and ecological

processes through sustainable use and

Biodiversity .
naturens mangfold 2009 nature conservation, in order to preserve
Management Law . . »
(naturmangfoldlioven) it as the foundation for human activity,
culture, health, and well-being, as well
as the foundation for Sami culture.
It establishes the guarantee that nature,
. ) Lov om forvaltning av with its biological, landscape, and
Nature diversity i ) ) . .
| naturens mangfold 2009 geological diversity, and its ecological
aw
(naturmangfoldlioven) processes, are preserved through
sustainable use and conservation.
It establishes a strategy for an
Strategy for an environmentally sustainable aquaculture
Environmentally Strategy for an industry in Norway. It is a national
Sustainable Environmentally 2009 strategy that focuses on the
Norwegian Sustainable Norwegian environmental aspects of sustainable
Aquaculture Aquaculture Industry agriculture, future goals, and the
Industry government's proposals for new
measures.
It establishes guidelines and
) _ . implementation of climate goals, as well
Climate Change Lov om klimamal o
) 2017 as emissions and removals of
Law (klimaloven) .
greenhouse gases as part of a transition
to a low-emission society by 2050.
] ) It establishes the Norwegian
Klimastrategi for 2030 — ) )
o Government's strategies to achieve the
) norsk omstilling i ) ]
Norway's Climate ] ) 2030 reduction targets under the Paris
europeisk samarbeid - 2017 ) ) )
Strategy for 2030 Agreement, mainly focusing on domestic
Meld. St. 41 (2016—- o )
emission reductions and the use of the
2017) o )
EU's flexibility mechanisms.
Regulation on . . . It establishes a subsidy scheme aimed
) _ Forskrift om tilskudd til _ ) .
Climate Adaptation o ) 2018 at promoting climate adaptation efforts
klimatilpasning ) . . .
Grants in municipal and regional authorities.
Food, People, and
the Environment: Mat, mennesker og It establishes an action plan that
The government's miljg: Regjeringens provides a framework to intensify
action plan on handlingsplan for Norway's efforts to increase sustainable
sustainable food baerekraftige 2019 food production, improve nutrition,

systems in the
context of
norwegian foreign
and development

policy

matsystemer i norsk
utenriks- og
utviklingspolitikk 2019—
2023

enhance employment and value
creation, and promote capacity building
and good governance in foreign and

development policy.




Lov om vern mot

It establishes rules for the prevention of
environmental pollution, such as general

provisions regarding pollution, licenses

Pollution Law forurensninger og om 2019 for activities that may cause pollution,
avfall special rules regarding water discharge
facilities, and provisions related to
waste.
It establishes strategies for the
Norwegian o necessary technological developments,
Regjeringens . )
Government's . competitive production of clean
hydrogenstrategi: pa vei o
Hydrogen Strategy: ) 2020 hydrogen, emissions-free transport, eco-
mo
Towards a Low- ) friendly public contracts, safety and
o . lavutslippssamfunnet .
Emission Society standards, national research, and
international collaboration and research.
Regulation on ) o ) )
o It establishes the provision of financial
Subsidies for Non- ) o
o ) ) ) support to non-profit organizations and
Profit Climate and Forskrift om tilskudd til ) ) )
] o ] foundations that contribute to promoting
Environmental frivillige klima- og ) )
o . o 2021 engagement with climate and
Organizations and | miljgorganisasjoner samt ) ) ]
) ) o environmental issues and stimulate
Climate and klima- og miljgstiftelser ) o
. environmental activities at the local,
Environmental . )
) regional, and national levels.
Foundations.
It establishes strategies that prioritize
four areas of action, such as the
production and supply of sustainable,
) safe, and healthy high-quality food,
Global Food Nation ) ) )
by 2030 Matnasjonen Norge 2021 creating a foundation for growth and
y .
value creation across the country,
innovation and diversity, and building
competencies, recruitment, and
reputation.
Climate, Hunger,
and Vulnerability:
Strategy for Klima, sult og sarbarhet: . . .
) ) It establishes strategies to contribute to
Climate Strategi for o -
) o ] achieving sustainability goals,
Adaptation, klimatilpasning, ) ) )
) ] 2021 strengthening developing countries to
Climate-Related forebygging av ) ) ]
) ] adapt to climate change, climate risks,
Disaster klimarelaterte katastrofer ) )
. . and natural disasters prevention.
Prevention, and og sultbekjempelse
the Fight Against
Hunger
Norwegian ]
] Meld. St. 26 (2022-2023) It establishes measures to prepare and
Parliament Book 2022

(2022-2023):

— Klima i endring:

adapt nature and society to climate




Changing the
Climate - Together
for a Climate-

Resilient Society

sammen for et

klimarobust samfunn

change, creating a climate-resilient
society.

Regulation on
Ffunding for
investment in
sustainable food

production

Forskrift om midler til
satsing p-rekraftig
matproksjon og
verdiskaping i nord

2023

It establishes initiatives to strengthen
vulnerable producer communities,
enhancing the specialization of the

agricultural sector and the food value

chain, and leveraging regional
advantages and opportunities in Arctic

agriculture.




The identification and selection of the research object was based on the
‘Agricultural Decarbonization for a Better Future' project established by the
Mountains of Research Collaborative Laboratory (MORE) - Association, in
cooperation with the company Bogsdalen Gard, establishing partnerships
between Portuguese and Norwegian entities aimed at accelerating the transition
to a more sustainable agri-food sector. This topic clearly describes the regions
where the project focuses (Tras-os-Montes in Portugal and Stavanger in

Norway).

5.1. Tras-os-Montes, Portugal

The land of Tras-os-Montes, Figure 1, is a sub-region located in the
northeast of the country, belonging to the Northern region. It covers an area of
5,544 km2 and had a population of 107,293 inhabitants according to the 2021
census. It is composed of 9 municipalities and 175 parishes, with the city of
Braganca as the administrative center of the sub-region. It is bordered to the north
and east by the Spanish provinces of Galicia and Castile and Ledn, respectively,
to the south by the municipalities that are part of the Douro Intermunicipal
Community, and to the west by those of the Alto do Tamega Intermunicipal
Community. Regarding the climate, the Terra Fria and Terra Quente
Transmontana regions have distinct morphological and climatic characteristics.
Terra Fria has a high relief, cold and humid climate, while Terra Quente has lower
relief and a hot and dry climate. The local economy is heavily based on the agri-
industrial sector, with emphasis on the production of vegetables, fruits such as
chestnuts, almonds, cherries, mushrooms, olive oil, and wines, as well as

livestock such as cattle, sheep, goats, and pigs, and the growing transformation



and commercialization of endogenous products (Terra de Tras-os-Montes,
2024).

Figure 1. Map of Tras-os-Montes.
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5.2. Stavanger, Norway

Stavanger, Figure 2, located in the county of Rogaland, is a city considered
the third-largest urban area in Norway, covering 71 km? and with a population of
133,209 inhabitants according to the 2021 census. It includes the continental part
on the western side of Gandsfjorden/Byfjorden, between Dusavik to the north and
Forus to the south, with the city center at the mouth of Gandsfjorden. Additionally,
Stavanger includes the islands to the north and east of the mouth of
Gandsfjorden. In 2020, it was merged with Rennesgy and Finngy, while the
southeast part of the island of Ombo, which before 2020 belonged to Hjelmeland,
borders Sandnes to the south, Sola to the southwest, and Randaberg to the west.
At sea, the municipality borders Kvitsgy in Hasteinfjorden/Kvitsayfjorden to the
west, Bokn and Tysveer in Boknafjorden/Nedstrandsfjorden to the northwest,
Suldal in Boknafjorden to the north, Hjelmeland in Ombofjorden/
/Gardsundsfjorden to the northeast, Strand in Fisterfjorden/Hggsfjorden to the

east, and Sandnes in Gandsfjorden to the southeast.

28



Regarding its economic activities, the city is an important maritime center,
being the third most important city in Norway in this sector, but the extraction of
oil and natural gas is the main industry. It also has a modest hydroelectric energy
production, with the largest plant being Rgrheim. With the merger with Finngy
and Rennesgy, the agricultural area increased to 36% of the municipal territory.
The service sector, including commerce, hospitality, transportation, and storage,
represents smaller proportions of employment compared to the county
(Thorsnees & De Amoriza, 2024). Figure 2 presents the map of the city of

Stavanger.

Figure 2. Map of Stavanger.
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5.3. Project case studies

5.3.1. Bogsdalen Gard

Bogsdalen Gard is a farm focused on implementing holistic and
regenerative agriculture principles, with an emphasis on soil improvement. It is
located in Sirevag, a village in the municipality of HA in Rogaland County,
Norway. The farm's location was previously a property that sold pine trees,
primarily for Christmas, so the soil remains poor and low in organic matter, even

after the trees were harvested, due to the type of pine species that grew there.
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The farm began to be managed by Aleksander and Johanna in 2022, with
the aim of offering the local community experiences on the farm, as well as
providing meat, eggs, and vegetables, with a focus on animal welfare and
production in harmony with nature. The idea is to focus on sustainable livestock
farming in an extensive system, selling meat, vegetables, fruits, and value-added
products directly to consumers, either at the farm itself or through local markets,

applying a short food supply chain business model.

In the future, they plan to expand the business by renting out the upper
part of the barn as a venue for events and accommodations in the midst of nature,
as well as offering courses and workshops for farmers and hosting volunteers.
Thus, this project and business model goes beyond food production, becoming
an economically and socially diversified and holistic enterprise.

ANNo. 2020

5.3.2. Elenovations

Elenovations, based in Stavanger, is a GreenTech company that offers
innovative technology focused on enhancing plant growth and quality while using
fewer resources. In other words, they aim to bring a new sustainable solution for

plant cultivation on farms, with the lowest possible energy consumption.~

The company is working to be a pioneer in the development of technology
for the application of magnetic fields in plant growth and yield, aiming to assist
agriculture while reducing the use of natural resources. LifePot is an innovation
with a validated patented technology (patent pending) that treats plants to grow
healthier, with better root development, stronger stems, and more robust leaves,

maintaining their quality for much longer.



Elenovations has already conducted tests on over 30 crops, including
tomatoes, basil, lettuce, potatoes, saffron, and others. The results have shown
that their technology has the potential to control production time, accelerate
growth speed, produce high-quality plants, control crop size, reduce energy,
water, and fertilizer consumption, manage germination induction, increase yield,
improve root development, extend preservation time during storage, and control

dormancy.

ELENOVATIONS

5.3.3. Rgysland Gaard

The company Rgysland Gaard is in Bjerkreim, Rogaland, with the goal of
producing meat while prioritizing animal welfare, as this directly impacts the

quality of the meat produced.

The farm covers an area of 240 hectares and is dedicated to livestock
production, specifically beef and pork. The animals are raised freely throughout
the year, even in winter, mainly roaming flat grazing areas and pine forests in

the mountains, with access to a barn where they can take shelter if they wish.

The product line includes a variety of sausages and cured meats, as well
as fresh meat. The company also has a retail store where it prepares gourmet

meals, characterized by the high quality of the products.




5.3.4. Sortegel — Frozen Products, SA

Sortegel is a company specializing in frozen products and is currently a
leading European unit for the processing and export of chestnuts. Founded in
1988, it is in Sortes, Braganca, Portugal. Of its annual chestnut production,
approximately 25% is sold fresh, while the remaining 75% is used for peeling and
IQF freezing. In addition to chestnuts, the company also markets other IQF
products, including strawberries, cherries, raspberries, blueberries, blackberries,

and figs.

The chestnut is classified with a Protected Designation of Origin (PDO)
and has a reddish color. It is harvested exclusively from the ground, without using
any mechanical processes to force the chestnuts to fall from the tree. The
company operates with an annual production of around 10,000 tons, with

approximately 400 hectares of its own production.

aSORTEGEL

5.3.5. Acushla, SA

Acushla is a company located in Quinta do Prado, Vila Flor, in the Tras-
os-Montes and Alto Douro region of Portugal, and is managed by Joaquim
Moreira. The site consists of 14 hectares of century-old olive groves and 200
hectares of new olive groves, with approximately 70,000 olive trees. Once fully
matured, these trees will produce around 250,000 liters of olive oil, with the

production area following an organic farming system.

The company produces a variety of olive oil extracted from olive trees
typical of the Tras-os-Montes region, such as Cobrancosa, Madural, Verdeal, and
Cordovil. In its production, the use of pesticides and other chemicals is strictly
excluded, fully respecting the conditions defined by the organic farming method,

as outlined in the sector's legislation.



Being a Protected Designation of Origin (PDO) product from Tras-os-
Montes, it is a high-quality extra virgin olive oil with a low acidity level. The olive
grove is cultivated using techniques that respect natural life cycles and minimize
environmental impact. The oil has a balanced, medium fruity flavor with subtle

bitterness and spiciness, and its color is a greenish-yellow.

ACUSHLA

5.3.6. Tras-os-Montes Prime - House of Santo Amaro

Tras-os-Montes Prime - Casa de Santo Amaro is a family-run farm that
has been in operation for eight generations, dedicated to producing high-quality
olive oil in Succées, Mirandela. Currently, 80% of its production is organic, with
plans to expand to 100% next year. The farm offers various olive oil brands,

although only one is exclusively organic.

In addition to its own olive oil, Casa de Santo Amaro provides services for
around 20 Douro wine producers, such as Sogrape, Vale Meéo, and Quinta do
Crasto, processing olives from their estates. Another area of the farm’s activity is
the production of nursery seedlings, particularly of the Cobrancosa and Madural
varieties, with an annual output of approximately 200,000 plants for sale. In the
organic olive groves, the grass is manually cut multiple times, a more expensive
process compared to conventional fields where glyphosate (2L per hectare, once
a year) is used, and the olive groves are not irrigated, receiving copper sulfate

treatment to prevent diseases.

The Casa de Santo Amaro mill, which has adopted modern methods since
1894, produces 300,000 litters of olive oil per year, of which 60,000 liters are

bottled. It operates 24 hours a day, and production is organized by variety and
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stored in small tanks to segment the quality. Olive oil from the oldest olive trees
is processed together. The different brands reflect the varied olive groves, in line
with the Portuguese tradition of blends, and follow the PDO Azeite de Tras-os-
Montes certification, which does not allow monovarietal oils. The plants are kept
in the nursery for one year, in a non-climate-controlled greenhouse that protects

from rain and accumulates heat, before being sold to producers.

CASA DE SANTO

AMARO

Extra virgin olive oil

5.3.7. Agromontesinho - Agricultural Estate of Vinhais

The company Agromontesinho - Casa Agricola de Vinhais was built in
2019 and began its operations in 2020. However, last year the factory remained
inactive due to low economic viability, as much of the production was
compromised by fungi. At that time, the decision was made to directly export the
chestnuts to Italy, where they have a partnership with an Italian company that
provides the technology for chestnut processing, with which they maintain a

commercial agreement.

The company receives 40 to 50 tons of chestnuts daily. However, the
production line has a daily processing capacity of 25 tons of chestnuts, and it also
has a scale that supports up to 60 tons. The process begins with the weighing of
the chestnuts, which are then transported by a conveyor belt to an automatic

calibrator, where they are sorted by size.

During processing, the chestnuts first go through a water tank, where
impurities are removed through flotation. They are then dried in "burners" and
peeled in two stages: one machine removes the pericarp (outer shell), and
another vaporizes the inner shell (integument), resulting in whole, peeled
chestnuts with no burns or cooking. After that, they are cooled and frozen at -

55°C. The broken chestnuts are separated for other uses, while the whole ones



are stored at 1°C in four warehouses with a total capacity of 1,200 tons, where

they can be preserved for up to a month.

=

CASA AGRICOLA
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Based on the research conducted and the project development, it was
observed that simple, yet effective practices are not widely adopted in the agri-
food sector. These practices can make a significant difference in outcomes, both
environmentally and in terms of financial and social impacts. Therefore, easy,
medium, and difficult-to-apply techniques were selected, with their advantages
and disadvantages characterized and presented.

It is essential that, initially, simple techniques that will yield positive results
be implemented. This will allow for gradual investments and the application of
more robust techniques, with the necessary focus for each sector. This approach
ensures a smooth and efficient transition, maximizing benefits in terms of
sustainability and productivity. Furthermore, the gradual adoption of these
practices allows for continuous monitoring of results, enabling adjustments and

optimizations as needed.

Engaging all stakeholders, from farmers to end consumers, is crucial to
ensure the acceptance and success of these initiatives. Awareness campaigns
and training programs are also key to empowering farmers and promoting the

adoption of best practices.

Therefore, the strategic and gradual implementation of these techniques
not only improves productivity but also contributes to environmental sustainability

and social well-being, creating a more resilient and responsible agri-food sector.

6.1. Organic agriculture

Description: Organic farming, which avoids the use of synthetic fertilizers
and pesticides, is an approach that contributes to decarbonization. Although the
yield of organic crops may be slightly lower, soil health and biodiversity benefit,



resulting in greater carbon sequestration capacity and a reduced need for

external agents (Gliessman, 2015).
Level of application: Easy.

Advantages: Organic farming aims to promote better soil quality in food
production by avoiding synthetic fertilizers and pesticides, reducing
environmental impact, and improving biodiversity. It also supports sustainable
agricultural practices that increase the soil's ability to sequester carbon,

contributing to climate change mitigation.

Disadvantages: Organic farming has lower and slower productivity
compared to conventional farming, requiring more labor and more intensive
management practices, which makes organic products more expensive for

consumers.

6.2. Precision agriculture

Description: Precision agriculture is one of the main approaches to
reduce the use of chemical agents such as fertilizers and pesticides, while
optimizing resource application, resulting in a lower environmental impact. Its
implementation in farms across Europe has led to an average 20% reduction in
fertilizer use and up to a 50% reduction in agricultural pesticides. This, in turn,
has significantly reduced nitrous oxide (N,O) emissions, a potent greenhouse
gas. Soil sensors, drones, and GPS systems enable the monitoring of crop
conditions and the application of only the necessary amount of resources, which
not only increases efficiency but also reduces emissions associated with the
production and application of these products (European Environment Agency,
2020; Rosati et al., 2021).

Level of application: Medium.

Advantages: Precision agriculture seeks more efficient resource
management and increased productivity, aiming to reduce operational costs and

environmental impact.



Disadvantages: The adoption of precision agriculture requires significant
investments and advanced technologies such as sensors, drones, and GPS

systems, in addition to the need for specialized training.

6.3. Life cycle analysis

Description: Life Cycle Analysis (LCA) is a methodology that seeks to
assess the environmental performance of a specific product by detailing its flows
and analyzing the system. It can be inherently complex and time-consuming,
using process analysis that typically involves collecting data from individual
processes to quantify these flows and their effects (Claudino & Talamini, 2013;
Stephan, Crawford & Bontinck, 2019).

Level of application: Difficult.

Advantages: Life Cycle Analysis (LCA) can evaluate the full
environmental impacts of a product, identifying opportunities for recycling and
reuse, optimizing processes, and reducing greenhouse gas emissions. It is also

capable of considering real impacts on biodiversity, helping to minimize them.

Disadvantages: LCA requires specific software and extensive data
collection, making the process time-consuming and complex. Additionally, it can
involve significant financial investment, particularly for smaller companies or

projects with limited resources.

6.4. Biofertilizers

Description: Liquid biofertilizers are organic compounds of animal or plant
origin, used to fertilize the soil and promote plant growth through nutrient
absorption and/or the production of growth hormones. In addition to their
nutritional benefits, these biofertilizers have demonstrated fungistatic,
bacteriostatic, and insect-repellent properties, proving effective in controlling
plant diseases and pests as well (de Medeiros & Lopes, 2006; Brahmaprakash &
Sahu, 2012).

Level of application: Medium.



Advantages: Improves soil health and biodiversity by reducing the need
for chemical fertilizers. It benefits beneficial microorganisms, utilizes organic

waste, and promotes a more sustainable agricultural system.

Disadvantages: Requires specific methodologies for each type of crop,
demanding technical knowledge for formulation and application. It may have
lower efficiency compared to chemical fertilizers, requiring more time to show

results.

6.5. Rainwater harveting for irrigation

Description: The installation of rainwater harvesting tanks for collecting
and storing rainwater for non-potable uses represents a significant saving in the
use of drinking water. This system is suitable for a variety of uses, such as
flushing toilets, garden irrigation, and laundry washing (Fewkes, 2000; Villarreal
& Dixon, 2005).

Level of application: Easy.

Disadvantages: Reduces the consumption of potable water leading to

savings on water bills Simple installation maintenance and use

Disadvantages: Requires investment in collection and storage
infrastructure. Dependent on the availability of rainwater which varies by season

and region. Requires ongoing maintenance.

6.6. Composting

Description: Composting is a process of decomposition of organic waste
by various microorganisms, transforming it into stable products suitable for
various applications, with the most common being as fertilizers (Pan et al., 2024;
Wu et al., 2024).

Level of application: Easy.

Disadvantages: Reduces the need for chemical fertilizers, increases the

soil's ability to retain water, and improves aeration, which can promote healthy



plant growth. Additionally, it helps reduce the amount of solid waste sent to

landfills and incinerators.

Disadvantages: Requires adequate space for installation and storage of
compostable materials. The process also demands significant maintenance time,
such as turning the compost, and technical knowledge to monitor the conditions

of the compost.

6.7. Cover crops

Description: The use of cover crops is an agroecological strategy for field
crop production, soil fertility management, water quality improvement, climate
change mitigation, and increased microbial activity, through the use of one or
more types of crops to cover the solil, interspersed with permanent crops
(Chapagain, Lee & Raizada, 2020; Launay et al., 2022).

Level of application: Easy.

Disadvantages: Planting cover crops can reduce soil erosion by
protecting the surface. The decomposition of cover crops adds organic matter to

the soil, improving microbial biodiversity, fertility, and water retention capacity.

Disadvantages: Growing cover crops requires investment in seeds, as
well as planting and management, which can increase costs and labor for the
farmer. It also requires specialized knowledge about which crops to choose and

how to manage and integrate them effectively.

6.8. Cultivation of native species

Description: Native species are varieties that occur naturally in a specific
region or ecosystem, having adapted over time to the specific environmental
conditions of an area, including climate, soil, and interactions with other species.

They play key roles in reducing environmental impacts (Lazaridi et al., 2024).

Application level: Easy.



Advantages: Native species are adapted to local conditions and are
highly likely to thrive in their natural habitat. They are more resistant to local

diseases and climate changes and contribute to the maintenance of biodiversity.

Disadvantages: Native species may face challenges when confronted
with invasive species that compete for resources or introduce new diseases.

Invasive species can also have higher production yields.

6.9. Environmental education

Description: Environmental education is a set of learning strategies
aimed at helping individuals understand and raise awareness about the
challenges posed by the environment. These challenges are shaped by learning
resources, time available for learning, learning space, curriculum design, and the
characteristics of the learners (Fang, Hassan & LePage, 2023; Uralovich et al.,
2023).

Application Level: Medium.

Advantages: Environmental education raises awareness and sensitivity
about environmental issues such as climate change, pollution, and biodiversity

loss, fostering more sustainable behaviors.

Disadvantages: Environmental education can be time-consuming due to
slow behavioral changes that are difficult to measure. Its effectiveness varies
depending on the quality of teaching, the participants' interest, and requires
adequate resources, teacher training, educational materials, and infrastructure,

which can limit its overall impact.

6.10. Green financing and carbon markets

Description: Green financing programs, such as the Green Climate Fund,
are being implemented globally to support projects that contribute to climate
change mitigation in agriculture. These funds encourage the adoption of low-
carbon technologies and the transition to more sustainable practices.

Additionally, carbon markets offer opportunities for farmers to sell carbon credits



by adopting practices that sequester CO,, creating an additional source of

income while promoting financial sustainability (Gardner, 2021).
Application Level: Medium

Advantages: Green financing programs and carbon markets enable the
sale of carbon credits for CO, sequestration practices and also provide incentives
to finance the transition to low-carbon technologies, accelerating the adoption of

sustainable practices.

Disadvantages: There are significant uncertainties and price volatility in
the carbon market. Additionally, the certification and monitoring processes
required to participate in these markets are complex and may require technical

expertise and resources.

6.11. Photovoltaic Panels

Description: Photovoltaic panels are devices that convert sunlight into
electricity through the photovoltaic effect, capturing solar radiation and
transforming it into electricity. They contribute to the diversification of energy
sources and the reduction of greenhouse gas emissions (Meribout et al., 2023;
Umar, Qureshi & Nawaz, 2024).

Application Level: Medium.

Advantages: Solar panels generate electricity from sunlight, reducing
dependence on fossil fuels and greenhouse gas emissions. They offer an
effective and sustainable solution for electricity production, with significant

environmental benefits and energy cost savings.

Disadvantages: Solar panels have intermittent production and depend on
sunlight availability. The initial installation cost can be high, and the return on
investment may take several years to recover. Additionally, regular maintenance

is required.



6.12. Integrated agricultural systems

Description: Integrated agricultural systems refer to farming operations
that incorporate trees, grain crops, ground species, or livestock, leading to a
better optimization of land use with sustainable management practices and
technologies aimed at mitigating the environmental impacts of agricultural
activities (Borges, Calonego & Rosolem, 2019; da Silva et al., 2021).

Application Level: Difficult

Advantages: Integration can improve the use of available resources, such
as light, water, and nutrients, resulting in higher productivity efficiency. It also
promotes soil health, reduces environmental degradation, and limits economic
risk by diversifying income sources through the combination of crops and
livestock.

Disadvantages: Integrating various practices can be complex, requiring
specific knowledge of the different components, along with higher investment,

time, and effort demands.



The challenges and opportunities in the agri-food sector are strongly linked to
key aspects such as the transition to renewable energy sources, the adoption of
new soil and crop management practices, the development of regulations and
public policies that can support and monitor these transformations, as well as the
dissemination of knowledge and the promotion of responsibility for conscious

consumption.

During the COVID-19 pandemic, we observed that food demand remained
stable; however, in terms of food security and supply chain management, most
countries faced difficulties, with less developed nations experiencing even
greater challenges in resolving these issues (Hamid & Mir, 2021). Despite still
having major problems to address in the agri-food sector, technological revolution
has brought significant advances, such as remote sensing and precision

agriculture, among others (Webb & Buratini, 2016).

Innovation in the agri-food sector arises from various needs, driven by new
technologies, such as high labor costs and the demand for increased productivity
to improve the economy. In addition, facilitators like governance, data security,
new business models, political changes, and innovative ecosystems also play a
crucial role in this process (van Hilten & Wolfert, 2022). According to Chaparro-
Banegas et al. (2024), the agri-food sector faces challenges related to innovation,
which are also linked to research and development, highlighting that to promote

innovation in the sector, companies need to invest in training and investment.

Still within the context of changes in the sector, automation and
mechanization stand out as key topics, bringing discussions about
transformations that can optimize processes and promote sustainable use of
resources. However, concerns about agricultural labour arise, as many farms and
farmers face difficulties in adapting (Christiaensen, Rutledge & Taylor, 2021).
Another frequently discussed point is technology in the agri-food sector and how
it has improved and added value through tools like Big Data and loT, ensuring

more sustainable resource use and optimizing processes (Kosior, 2018).



At the same time, new issues arise, such as the high costs for
implementing these technologies, as well as scalability, intangible security and
privacy aspects, interoperability issues, and the lack of standardization—some of
the barriers to their implementation (Shoomal et al., 2024). Knowledge about
some technologies and methodologies that can be applied in this sector needs to
be significantly expanded. That is, research and education are crucial for
improving the sector, as the lack of awareness and understanding among farmers

and stakeholders also hinders adoption (Podder et al., 2024).

One point to note is the management of waste generated in the agri-food
sector, where the circular economy emerges with the premise of managing the
entire process, reducing waste, and bringing a new form of production that can
be applied to traditional systems (Pomoni et al., 2024). This includes the
substitution of mineral and synthetic fertilizers with biological fertilizers, as well as
products that use circular economy processes with potential applications in
agriculture, horticulture, or soil regeneration, representing a strategic interest for
more sustainable agriculture (Hénault-Ethier et al., 2024).

Finally, Ukoba et al. (2024) provide an interesting perspective on the role
of governments and how public policies can play a supportive, incentivizing role
and clarify and regulate activities, showing how these can be leveraged by
individuals, communities, and societies. In line with this topic, Abbate, Cenobelli
& Cerchione (2023) present the idea that policies and governments working on
sustainable agriculture initiatives should support a cultural shift to promote and
implement digital technologies in the agri-food sector.

It is observed that the agri-food sector faces complex and interconnected
challenges, ranging from the transition to sustainable practices to adapting to new
technologies, highlighting several weaknesses and difficulties of the sector in the
face of the new reality. This same sector still has significant advantages and
opportunities to increase productivity and promote sustainability, provided there
is continued investment in research, innovation, and training for it to evolve
effectively. Furthermore, building a sustainable future for the agri-food sector
depends on an integrated and proactive approach that considers economic,

environmental, and social needs.



The agri-food sector is vast and has a direct impact on the environment,
and the global concerns related to this sector, addressed at international events,
are justified, as issues such as food security, social well-being, environmental
preservation, and food production are closely linked to it, directly influencing the
quality of life and the future of society.

Regarding decarbonization in the agri-food sector, the complexity of the
topic becomes evident as each aspect within this sector, whether production
processes, types of products, or waste generated, requires a specific and
differentiated approach. Due to the heterogeneous nature of agri-food activities,
solutions to reduce impacts, whether environmental or social, need personalized

strategies, adapted to the particularities of each area of operation.

When analyzing the cases of Portugal and Norway, countries involved as
partners in this project, significant differences are identified regarding the
production, import, and export of agri-food goods, reflecting the realities and
challenges faced by each country, which vary substantially. It is essential to adapt

guidelines according to the specific contexts of each nation.

Regarding the methods, techniques, and practices analyzed, there is a
predominant trend focusing on the development of new technologies and
innovations. However, it is crucial to recognize that many existing techniques,
often underutilized, have great potential to contribute significantly. The efficient
implementation of these simple and consolidated practices can represent an
immediate and effective step forward in reducing environmental and social
impacts, offering a viable alternative to technological innovations that, in some

cases, still require development or adaptation.

Furthermore, from small producers to large industries, it is essential to
raise awareness about the importance of decarbonization and the adoption of
sustainable solutions. Efficient public policies, economic incentives, and
environmental education programs play a key role in this process, ensuring that
the recommended practices are not only known but also continuously and

effectively applied.



Thus, collaboration between the public and private sectors, as well as the
integration of different scientific and practical knowledge, is indispensable for the
agri-food sector to contribute decisively to mitigating climate change and building

a more sustainable future.
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