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Forestry has been playing an important role in Nordic economies for centuries. With the dramatic acceleration of global
warming, forests have increasingly played a strategic role not only as biomass sources but also as carbon sinks.

What is slowing down the scale-up of reforestation programs and the sale of carbon credits from nature-based
solutions? Why are not enough financial resources dedicated to nature-based technologies?

Forests are generally considered temporary capture and storage solutions, while the market is looking in the direction
of long-lasting or permanent storage technologies. Fraud and double-counting have jeopardised the Voluntary Carbon
Market (VCM), reducing market acceptancy for nature-based credits.

When it comes to decision-making, economies are under increasing pressure, as the “polluter pays” principle can
undermine an already fragile system. Production constraints and emissions reductions are the two faces, of an increasingly
petty coin under inflationary stress. The EU ETS system was designed to address a problem caused by the markets,
through the markets. Its efficacy is still an open question with no clear answer. Taxonomy pressures have been increasing
industrial sensitivity to the sustainability discussion, driving trends towards energy efficiency and emission reductions.
In the last decades, in Europe, important GHG emission decrements have been successfully achieved, especially in the
leading economies. Still, global emissions, in absolute terms, keep growing year after year. In 2023 we long-breached the
tragic limit of 1.5°C. Oceans registered the highest average temperature on record while biodiversity keeps shrinking
across the majority of the ecosystems. At the end of 2024, politics still fail, on a global scale, to address consistently the
emergency. The COP29 ended up as an oil lobby gathering rather than a climate and biodiversity table. At the New Your
Climate Week, the discussion was still stuck on the technicalities, instead of designing action plans. All this while
greenwashing is widespread and hard to tackle. Insurance costs are spiking due to climate change and the decades-old
financial forecasts are turning out to be too optimistic to hedge consistently properties, facilities and the food production
sector.

With the right technological and political tools, Afforestation, Reforestation and Proforestation may play a key role
in supporting the global green transition by providing us with precious time. Forests are a powerful, scalable and
financially sustainable alternative to expensive and slow-to-implement technology-based solutions. Biodiversity
restoration through ARR solutions would help address the Kunming-Montreal agreement objectives. Innovative financial
solutions joining strengths with sustainable forestry management can be crucial to the successful development of the
Carbon Reduction and Carbon Farming framework from the EU.

In this paper, we will present how project development protocols, if resilient and redundant enough, can play a crucial
role in permanent carbon sequestration, ecosystem services restoration and independence from faulty legacy Validation
and Verification Bodies. The proposed protocol provides solid guidelines for Project Developers while creating the
grounds for financially sustainable long-term carbon pools. Innovative Forest Management practices will guarantee the
local communities a stable regular source of high-quality biomass while generating an income from carbon sequestration
and storage in permanent forests. Integration of modern validation and verification technologies and techniques, such as
aerial and satellite LIDAR and thermal imagery, have increased in accessibility. This will have them playing a critical
role in restoring credibility. Transparency, Traceability and Transmissibility of the information.

Keywords: EU ETS, EUA, Global Warming, Climate Change, Forestry, Nordic Countries, Industry, Production
constraints, Carbon Credits, Carbon Pools, Carbon Sinks, Sustainable Forestry Management, CRCF, ARR, Kunming-
Montreal, Biodiversity, Proforestation, Greenwashing, GHG, CO,, Energy and Green transition.
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1. Introduction

One of the biggest challenges of the 21 century will be providing enough food and resources to feed
the majority of the global population. At the same time, climate change and pollution constraints are
going to be great challenges that urgently need to be addressed. It is estimated that food production,
transportation, preservation, transformation and consumption account for up to about 30% of the total
anthropomorphic COz-e (Carbon Dioxide equivalent) emissions [1]. The increasing population and
the subsequent increasing demand for food will present considerable challenges, both from climate
change and food security perspectives. As keeping our global temperature increase under 1.5° C
became the main survival goal, on the other side, the global food demand is hindering the efforts of

the Paris Agreement [2].

From a nutritional perspective, securing enough sustainable intakes of high-value proteins will be
among the major difficulties. In Western society, animal sources of protein are still playing a major
role in the diet. Husbandry is also the main responsible for GHG (Green House Gasses) and water

consumption globally.

Influencing Consumers’ consumption habits can help to sustainably reduce their footprint [3] while
improving their diets and general health status [4]. From a global perspective, consumption habits
differ considerably on a regional basis. In the majority of the world, access to food sources is a priority
in climate change. Poverty, environmental distress and social instability have priority. However, in
developed countries, consumers have an increasing attitude towards the environmental discussion.
When it comes to food, purchases are steered by different aspects, such as price, habits, marketing
and information. Disposable income plays also a major role in the consumer’s choice when it comes
to choosing between organic or sustainable produce and traditional farming. Information can also be
a double-edged sword, as it can end up confusing the consumer if wrongly designed. When it comes
to carbon emissions communication, many attempts have been made in the last decade to increase
consumers’ awareness of sustainability through carbon labelling, in all the developed countries. These
attempts came with different approaches and goals. Some of these carbon labels aimed to point out a
reduction or compensation of the CF (Carbon Footprint), while others claimed to calculate the amount
of GHG and CO»-e emissions in the production and transformation process [5]. Often greenwashing

behaviours end up damaging the efforts taken to increase the consumers’ awareness [6], [7]



With different receptions from differently educated audiences. Climate negationists tend to confuse
freedom of speech with the right to have a say in the scientific discussion, even without having the
technical requirements or tools to effectively engage in the discussion in a structured way. As deniers
lack scientific grounds to stand on, they tend to rely on populism, ignorance and political arguments
to undermine the efficacy of environmental bills and pollution taxes. Short-sighted, these actions
increased in number and impact due to the massive expansion of social media and internet. This leads
to dangerous confirmation biases in the low-educated voting public. Cheap and simplistic comforting
theories tend to get a better grasp on human minds, compared to sophisticated and harsh measures

required to tackle the global crisis.

The fossil fuel industry always had a strong interest in promoting these misinformation campaigns.
In 1996 their public relations apparatus launched a variety of reports, letters to the editor, and the like
claiming that the conclusion of the Second International Panel on Climate Change IPCC was false.
The Wall Street Journal deliberately attacked, Ben Santer, the Lead Author of Chapter 8 of the 1995
IPCC Working Group I Report (AR2 WGI), which addressed the global warming issue. The WSJ
was accusing him of “corruption”, claiming that Santer fraudulently altered the report’s conclusions

to “deceive the policymakers and the public” [8].

In recent years, with the pervasive rise of social media platforms, the velocity at which fake news
spread has escalated exponentially, intensifying the challenge of separating fact from fiction. The
proliferation of deceptive climate-related news disseminated through various media channels is aimed
at manipulating public perceptions and influencing behavioural patterns. This deceptive narrative
underscores the urgency of implementing robust strategies to combat misinformation, especially in
domains as crucial as climate science and sustainability. Al, deep learning and machine learning

models will play an increasing role in fake news spread in the future [9].

In 2018, in the United States of America, 68% of adults occasionally get news on social media. The
majority of the users are sceptical about the reliability of the information (57%). 20% of them use
social media as their main source of information, still, most of the consumers find difficulties
understanding current events. The main drive is the “ease of use” of the content. In the U.S.
convenience society, pre-digested, cheap and accessible information is the leading factor in the use
of social platforms. Facebook (43%), YouTube (21%) and Twitter, now X, (12%) are dominating the
panorama[ 10], concentrating the power, and the responsibility of preventing fake-news, in 3 large

American listed companies, Meta, Alphabet and X.



Recent efforts to promote the “Polluter pays principle” have been clashing with the lack of
transparency in the offsetting industry and difficulty in accessing the information. Legacy Validation
and Verification Bodies have been subject to a consistent number of scandals in recent years. Fraud,
Double-counting and lack of resilience of the developed projects have been jeopardising the

Voluntary Carbon Market (VCM) effort to sequester from the atmosphere greenhouse gasses [11].

Forests have always been one of the main carbon sequestration mechanisms on our planet. The Nordic
Countries have been historically the geographic area with the highest concentration of native forests
and nature-based carbon pools. However, in the last centuries, the logging industry has been
increasing in size, reducing the stock of native biodiverse forests in the region. This was evident in
Finland, where after the 2008 financial crisis, the LULUCF sector has been under increasing pressure,
with alarming data from the Finnish Bureau of Statistics in 2022. Finland's historical role as a negative
emissions country came less in 2018 and 2021, where for the first time in history, national emissions

turned on the positive side.

What are the main obstacles preventing the scalability of the forests as carbon sinks on the VCM, and
what can be done to restore trust in the industry? Are there mechanisms to communicate to consumers
the efforts taken by the polluters, in a transparent way? Fraud in carbon credits is a widespread
phenomenon, hard to tackle. Right now, the system runs on Validation and Verification Bodies
(VVB) on a trust-based system. However, those in charge of assuring the industry of a transparent
market, have systematically failed in the past decades. Are there alternative solutions to legacy trust-

based VVBs? How can independent monitoring and auditing be empowered?

Our work will present how traditional forestry can financially benefit from joining the Afforestation,
Reforestation and Proforestation markets, what kind of protocol needs to be in place to guarantee the
interests of both the Project Developers and carbon credits Buyers, and how carbon credits can present
a strategic financial opportunity for foresters to increase their income while protecting the
environment, the biodiversity and the ecosystem services. Transparency needs to be at the heart of
the entire process. An accurate and detailed public ledger is the solution to increase information
accessibility and verifiability. This can lead to a new class of carbon assets, with high integrity, and
no need for vestige expensive verification and trust-based mechanisms. Greenwashing can be

systematically fought by simplifying information access and flow, from the producer to the consumer.



2. Carbon Offsetting and Production Emissions: Two Faces,

One Coin

For more than twenty years there has been a global urge to reduce the footprint of human activities
on a global scale. At a slow pace, the discussion on climate has been moving from university halls
down into the societal and political discussion, and further down to our homes and local pubs. Social
awareness increased dramatically when climate change impacts shifted from being mere data on
charts to threatening civil societies’ existence. The urge to reverse carbon emissions conflicted with
consumerism and modern societies' lifestyles. However, shifting energy and resource production
towards renewable and circular economy solutions won’t be enough. An increasing urge for
consumption rationalisation is needed. Solid progress has been made from a scientific perspective in
understanding what needs to be urgently done to prevent further catastrophes [12]. Much of the
environmental efforts are achieved by the wealthier parts of the planet, which is not going to be

sufficient to prevent major habitat and consequently species loss.

But how can habitat simplification be responsible for species, including human loss? What is the
quantifiable economic impact of this process? To answer these fundamental questions is necessary to
take a step back and briefly introduce the grounds. Biodiversity represents the number, abundance,
composition, spatial distribution, and interactions of genotypes, populations, species, functional types
and traits, and landscape units in a given system. These interactions are at the base of fundamental
Ecosystem Services (ES), such as pollination and seed dispersal, regulation of climatic conditions,
control of pests and diseases, and regulation of human and animal health. Food and other natural
resource production are based on biodiversity. Biomass production, micro-nutrients and water
filtering and recycling are strictly related to a healthy and bio-diverse environment [13]. Agriculture
is a process that provides and receives ES at the same time. The impact of Agriculture extends well
beyond the mere production of resources, such as fibres, fuel, materials and food. Many of these
impacts are serendipitous, some of them are planned, and few of them are avoidable. On Earth, the
agricultural environment is mostly managed directly by humans. Farming has been practised for
millennia, at the point where farmlands became a distinct environment with its ecosystem. The main
economic aspect valued by society has been for a long time the financial output of agricultural
activity. This has been neglecting the importance of ESs, which are not directly quantifiable,

marketable and most often tangible. However, the simplification of biodiversity, increasingly



enhanced extraordinary weather conditions and the surge of new alien species into simplified

environments have raised awareness of this strategic issue [14].

In particular, agricultural insurance, compensatory plans and subsidies have been dramatically
growing, in recent years. These indemnity protocols often do not fully repair the financial damage
sustained by farmers and communities. The actual impact of climate change and ecosystem
simplification is much higher than what is shown in statistics figures. Among all the forms of life,
insects and birds are among those who play the most visible role in agriculture. Honeybees, in
particular, are a perfect example of an environmental meter. Crucial for their pollination role, they
are particularly sensitive to climate change, pollution, and other stress factors. In a study on the direct
economic impact on producers of beehive losses [15], it is presented how honeybee colony losses can
be compensated, by beekeepers splitting colonies. However, these interventions come with financial
costs. The financial damage sustained, in many cases, is largely uncompensated by the national
support compensatory measures. However, the honeybee loss is very likely small compared to the

indirect economic losses.

Insurances can play a mere mitigation role and not a fully compensatory role in climate change and
production disruption. Since AIG and Munich Re started raising concerns on climate change in the
early 2000s, the global insurance industry shortly followed the lead in researching and developing
sustainable solutions for P&C policies (Property and Casualty insurance). The major concern raised
is that the traditional protection models will not be able to sustain, in the long term, the compensatory
necessities of insured societies, even with the aid of governments and auxiliary compensatory organs.
The inequality of compensatory capacity between developed societies and under-developed ones is
also consistently wide [16]. Swiss Re, in their sigma 4/2021 report [ 17] outlines that their P&C global
risk pool will more than double in less than twenty years (2040). Their forecast for global premium
increases due to climate change effects will be by 5.3% annually. In developed countries, an increase
in the frequency and severity of events will add from 30% to 63% to insured catastrophe losses. In
some key markets like China, the United Kingdom, France and Germany, the increase could be as
much as 90-120%. This is the optimistic estimate, based on a global temperature increase of 1.5 °C

from pre-industrial times.

The values shown in the following graphic are the upper range of estimates for each country as yielded
by the Swiss Re model. The perils considered in their model include tropical cyclones, winter storms,

floods and wildfires.
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These are the biggest risks facing insurers and are most likely to be impacted by climate change
effects. Natural catastrophe risks are calculated under the assumption that the global mean surface
temperature will increase by 1.5 °C by 2040 from pre-industrial times. With the high degree of

uncertainty in climate change trends, Swiss Re forecasts are by design intended as best estimates.

According to the model of Helzheu and Turner [18] the United States of America, Japan and China,
followed by Mexico, Italy and Taiwan, have the largest expected protection gap against natural
catastrophes (Nat Cat) in absolute USD terms. These are the three largest economies in the world,
with the largest property values exposed. However, if we exclude from the model quakes, which are
mainly unrelated to climate change, and we consider mainly the impacts of floods and wind, China
and the USA are in the first place, followed by Japan, Mexico, Taiwan and South-East Asian
countries. These countries, in particular, excluding Japan and Taiwan, have a global strategic role in
the food production supply chain. Having these countries exposed to insurance under-capacity implies
that the main producers of food supplies are going to be subject to major disruption due to extreme
weather conditions, without the capacity to financially react to these increasingly expected events. In
the United States, the insurance and compensatory program is mainly run by the Federal Crop
Insurance Program (FCIP). A study commissioned by the United States Department of Agriculture
Economic Research Service has been analysing the impact of climate change on agriculture in the
U.S.A., based on different climate change scenarios. The study shows that in all the expected
scenarios, even in the moderate ones, there is expected a reduction of yields for all the main
domestically produced crops, in particular corn, soybean and wheat. Climate change will enhance the
increase in prices, which will lead to higher insurance premiums and, consequently, higher subsidies.
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Presumably, the same implications from similar scenarios will be true in the rest of the world, which
implies a global scarcity of available crops. Under the moderate emissions scenario, the cost of
today’s FCIP would be about 3.5 % higher than in a future with a climate similar to that of the recent
past. Under the higher emissions scenario, this cost increase is 22 %. These estimates would be higher
if the analysis did not account for adaptation to climate change. While not all possible forms of
adaptation are included, this study explicitly accounts for how farmers may change what they plant,
where they plant it, and how they manage it in response to changes in expected yields and prices. If
the study did not include adaptation in its models, the estimates of cost increases would jump to 10
% and 37 %, under the moderate and severe greenhouse gas concentration scenarios, respectively.
The study presented the necessity for a coordinated effort of farmers and the government to adapt and
shift their production paradigms. Mitigation strategies must include a change in crops farmed,
enriching and preserving soil organic fraction, developing efficient irrigation systems, and collecting
and storing water. Premiums for farmers should also vary according to the actions taken to improve

their farm resilience to climate change effects [19].

It is out of the discussion that climate change is going to impact insurance premiums consistently,
where they are in place. The projected yearly permanent income reduction is 19% on average globally
(population-weighted average) in comparison with a baseline without climate-change impacts (with
a likely range of 11-29%, following the likelihood classification adopted by the Intergovernmental
Panel on Climate Change)[20]. GHG capture and reductions are not going to happen without
investments. The polluter-pays principle is at the base of this reasoning. Globally, awareness on the
subject is not only increasing thanks to academia and environmentalists’ efforts, but unfortunately
due to the direct impact on people and economies day after day. Emission reduction and climate
compensation schemes are under constant development and deployment. The most ambitious and
well-developed one is the European Emissions Trading System or EU ETS. Even if fairly advanced,
the system presents many criticalities and has more of an emission taxation impact rather than a direct

offsetting eftect of GHG.

Without stepping into the behavioural economics or sociology fields, the tendency in societies of
economic actors is to push the problem somewhere else and retain accountable third parties instead
of recognising each and individual impact on the climate. The sad truth is that the atmosphere cannot
be compartmented. Saving our planet won’t come without a financial commitment to restore the
ecosystems and sequestrate CO> from the atmosphere and the oceans. Consumption growth and net

zero are not two good old chaps. The function is proportionally inverted and no industry has ever
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been inclined to accept the fact that production emissions and pollution are to be considered as

production factors and not as a free unlimited and intangible commodity.

Coin flipped, what is the current status of the two major carbon sinks, oceans, and forests? Oceans
are the biggest sink globally. Since pre-industrial times, GHG emissions have been continuously
increasing. About 42% of the emissions persisted in the atmosphere, enhancing greenhouse effects.
26% has been absorbed by oceans. This is the main contributing factor to increased seawater
acidification, impacting the CaCOs3 cycle, marine flora and fauna. On top of that, warmed-up seawater
has a limited chemical buffering capacity, reducing progressively the ability to sequester and

effectively store in deep waters the CO» [21].

The second biggest sequestration tool at our disposal is forests. Unfortunately, between the years
2000 and 2012, the biggest loss of forest sinks occurred in tropical regions, with peaks of emissions
from 2005 and 2010. Not only the consistent loss of sinks or CO> release in the atmosphere are of
major concern, but ecosystem services loss associated with deforestation as well. Restoration and
protection guidelines are lagging [22]. Reduced Emissions in Deforestation and Degradation
(REDD+) programs have shown globally not homogeneous results in forest protection and
afforestation, due to high rates of fraud, lack of consistent monitoring, corruption and not equitable
funding allocation or re-distribution [23], [24], [25]. With changing latitudes, temperate forest
management is not performing much better. In the Nordic Countries, the forestry industry has been
playing a strategic role in national economies. The paper and wood industries are strictly dependent
on the national logging sectors. A third aspect is the use of biomass for bioenergy production as a
substitute for fossil fuels, such as coal, turf and lignite. Nordics have been developing strategic
national frameworks involving laws, regulations and standards to protect forestry national resources
[26]. Even with a solid framework in place, due to economic growth and energy demands pressure,
the trade-off, between sustainable harvesting and carbon pools, has been crossed quite often in the
recent past [26], [27], [28], [29], [30]. In Finland, emissions turned historically positive three years
in the past decade. In 2018 (2.3 Mt. CO2 eq.), 2021 (3.5 Mt. CO2 eq.) and 2022 (4.4 Mt. COz eq.) the

historical role of Finland as a carbon sink became less [31].
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Source: Finnish Ministry of Environment

Carbon Offsetting is not only an urgent necessity, but potentially a financial opportunity for private
actors, as the Carbon Credit markets are exponentially growing, and will play a strategic role in
achieving net zero for companies and governments. No matter the reduction in total emissions,
residual emissions will still need to be offset. On top of that, we will need to get carbon negative to
compensate for the damage already occurred. Scalable conventional Carbon Dioxide Removal (CDR)
on land plays an important near-term role, scaling up quickly from present levels in the future

pathway [32].

It is still important to remember that net zero won’t be the silver bullet in solving global warming and
climate change. Unfortunately, projections are growing increasingly grim, day after day. A recent
paper from King et al. presented an analysis of how various properties of the climate system evolve
differently under sustained net-zero emissions. While there may be weak changes in the Northern
Hemisphere land temperature means and extremes, ocean warming is projected to continue. The
Southern Hemisphere's high latitudes show particularly slow responses to net-zero emissions, with
long-term warming for many centuries projected beyond emission cessation and is accompanied by
continuing Antarctic Sea ice decline. Extratropical locations in the Southern Hemisphere are
projected to warm for centuries after emission cessation in stark contrast to other land areas [33]. Net
zero is not the end of the journey but the starting point for the restoration process. It will take
additional financial and production efforts to sequester the excess of GHG in the atmosphere in order

to revert the impacts of the last centuries of industrial emissions.
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3. Emission Accounting Standards

3.1 Different origins of emission accounting in the EU and in the USA

In this chapter, we will start by describing the origin of emission accounting in Europe and the United
States, how they differed, and for which technical reasons these systems were needed. We will then
see how accounting methods and conditions can lead to much different results, which led to the
adoption of the ISO standard 14083 in September 2023. We will introduce the main organisms
working on the subject and in the final part, we will explain the difference between the two possible
approaches when it comes to emissions accounting, based on data availability. As this paper is not
focused on accounting methodologies, we will keep a wider view of accounting and focus, for
practical purposes, on diesel fuel and Heavy-Duty Vehicles (HDV) only. As we will see, emissions
accounting is an extremely complex subject, in a very early stage of the science. The standards are

evolving day by day and a universally accepted model is still far from being adopted.

When we consider accounting emissions. The EU and the US legislation differ in this sector.
Differences are evident in their historical development, in how targets are set and the results are

measured.

In the US, the economy fuel aspects have been considered since 1975. Due to the oil price shock of
1973, the National Highway Traffic Safety Administration (NHTSA) advised Congress to adopt the
Corporate Average Fuel Economy Standards (CAFE). The CAFE was included in the Energy Policy
and Conservative Act of 1975, with the main economic goal to decrease the dependency of the USA
on imports of Crude, with the subsequent effect of protecting the US economy from international

price fluctuations.

The CAFE had an important role in limiting the increase in consumption of small and medium-sized
vehicles. In 1975 the avg. Miles driven per gallon of fuel was 13.1 mpg. In 1987 it increased to 22
mpg. After a drop in the following years, a new consistent leap forward was made during the Obama
Administration, which increased the focus on the environmental aspects of energy policies. The

consolidated data of 2022 report a solid 26.0 mpg [34]
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Figure 2 Trend of the average fuel economy for LDV, from 1975 until 2023 in the USA

Source: US EIA Energy Information Administration

In Europe, the attention towards the reduction in emissions started in 1992, when the levels of nitrogen
oxides (NOx) were getting particularly high, requiring the introduction of catalytic converters. In
terms of CO; emissions, Europe placed more emphasis than the US on their reduction, pushing the
sales towards diesel engines, more efficient than gasoline ones, while reducing the taxes applied to
diesel fuel. There are many other differences in standards between the two regions when it comes to
emission reduction standards which won’t be discussed in this paper. However, both systems have
their pros and cons. In one system, we can find a Federal mandatory Fuel Economy Standard for
newly produced vehicles (in 2020 the target was 38.9 mpg), in Europe we can find that the
measurement of the standards is not self-certified by the producers, but need to be certified by the
Governments or labs approved by the governmental authorities, pushing the industry towards a
transparent communication of their technical standards. The EU limits were regulated in the
legislation 715/2007. Later these standards will be more commonly known as “EURO”, from 1 to the

present 6.

When it comes to the logistics industry, it is interesting to notice that the requirements of emission
limit of CO,, from EURO 4 to 6, didn’t change, there has been only a push towards the reductions of
NOx and PM. In terms of CO., there has been only a significant limit lowering from EURO 1 to
EURO 3. For the light commercial vehicles running on diesel, the Class I under 1305 kg, we have
been passing from 2.27 g/km to 1.0 g/km with the EURO 2 category, and 0.64 g/km with the EURO
3 engines. From the EURO 4 on, the limit is set to 0.5 g/lkm, showing that the technical efficiency of
the combustion engines can be barely improved at this stage. For Class II, between 1305-1760 kg, we

passed from the EURO 1 set at 5.17g/km to the EURO 4, set at 0.63 g/km. For the Class III or light
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commercial vehicles above 1760 kg, we passed from EURO 1 set at 6.9g/km to EURO 4 set at
0.74g/km (dieselnet.com).

The CO, get more complex when it comes to Heavy-Duty vehicles. The first performance standards
for newly produced Heavy-Duty Vehicles (HDV) in the EU were set in June 2019 by Regulation
2019/1242. The regulation set the reduction targets for the various HDV categories by 2025 and 2030,
relative to the 2019 baseline. Different parameters have been determined by classifying the HDVs by
category and configuration, with specific requirements for each group. The standards follow a so-
called tank-to-wheel approach. This is made by addressing the tailpipe CO2 emissions, expressed in

grams of CO; per tonne-kilometre (g/t-km).

3.2 The actual state of art: iso 14083-2023

In March 2024, there is still no universally accepted framework for greenhouse gas emission

accounting.

The discussion on the necessity of standardised accounting methods has been going on for more than
a decade at the European and more in general international level. What has been mainly lacking is a

universal model granting an acceptable level of consistency in the measurements [35].

A first standard was expected to be released by the European Committee for Standardization (CEN)
in 2012 following the EU Parliament and Council Directive 2003/87/EC [36]. In paragraph 6, the

Directive is stated as follows:

<<It is necessary to establish basic monitoring methodologies to minimise the burden on operators
and aircraft operators and facilitate the effective monitoring and reporting of greenhouse gas
emissions according to Directive 2003/87/EC. Those methodologies should include basic calculation
and measurement methodologies. The calculation methodologies should be further differentiated into
a standard methodology and a mass balance methodology. Flexibility should be provided to allow a
combination of measurement methodologies, standard calculation methodology and mass balance
within the same installation, provided the operator ensures that omissions or double counting do not

occur.>>

In Chapter 1, Section 1 Article 2, was stated that the new model for the collection of the data should

have started occurring from the 1% of January 2013.
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The International Organization for Standardisation issued in March 2023 ISO 14083, providing a
common methodology for the quantification and reporting of greenhouse gas (GHG) emissions
arising from the operation of transport chains of passengers and freight [37]. The new standards are
based on Smart Freight Centre’s GLEC Framework 2.0. The SFC is a global NGO for climate action,
focused on accelerating the reduction of logistics emissions by designing and providing the training
and the tools necessary to achieve the ambitious goal of zero emissions in the global logistics sector
by 2050 (smartfreightcentre.org). The SFC has been focusing on accounting for emissions since 2014
when the Global Emissions Logistics Council (GLEC) started developing its framework. These
guidelines consisted of the first globally recognised methodology to calculate emissions. Version 3.0

of the framework was freshly released in September 2023 [38].

The GLEC model improved with this version, as now it considers also the GHG emissions cost for
provisioning the energy factors. Whereas the emissions of the transport operations constitute the tank-
to-wheel (TTW) emissions, the energy procurement emissions for transport activity or hub operations
make up the well-to-tank (WTT) emissions. This aspect is very important as the WTT factor is a
consistent fraction of the TTW aspect. By summing up the two, we end up with an effective increase

in the emissions.

Well-to-Wheel (WTW) average GHG emissions have been revised in the latest framework v3 based
on the revised ecoinvent 3.9.1 system. The new data is increased in accuracy by considering the
previously unknown/ unquantified high levels of methane venting directly to the atmosphere in the
fossil fuel extraction phase. The result is that, at the date of September 2023, the energy production
WTT emissions are significantly higher, in some cases up to 50%, for fossil and fossil-derived fuels

than previous energy production emission estimates [38]

WTW emissions have been changing consistently in recent years. The improvement of the models
led us to better accounting and measurements. In 2011, Guidelines for Measuring and Managing CO»
Emission from Freight Transport Operations, released ECTA and Cefic, a precursor to the
2003/87/EC, indicated 2.8 Kg CO2/litre, while in September 2023, the most recent Framework v3, is
indicating updated values for 4.13 Kg CO> / Kg.

We normalise the data by converting Kg CO2/1t into Kg CO2/Kg using the GLEC Framework
reference value for diesel, which is sourced from ecoinvent v3.9.1. Diesel density Kg/It is 0.83. The

parameter can be easily sourced by the table at page 78, of the GLEC Framework V3 [38]
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Diesel density = 0.83 Kg/lt

We proceed by multiplying the most recent CO> emission factor for the diesel density:

4,13 ¥ 0.83 = 3.4279 Kg/lt

As we can see, compared to the 2011 parameters, for 1 litre of Diesel, emissions increased by 0.6279
Kg/lt (21.65%), passing from 2.8 Kg/lt to 3.4279Kg/It. The 2011 model used the data from the
CEN/TC 320/ WG 10 Methodology for the calculation and declaration of energy consumption and
GHG emissions in transport services. This example was merely meant to highlight how the data
availability, and reliability, in this new accounting field, are still raw and require further analysis and
improvements to ensure more accurate models. We are confident that 10 years fast forward, thanks
to the steep learning curve and the introduction of machine learning models, we will be in the
condition to give even more accurate estimates of emissions, granting us more reliable tools to

measure anthropogenic emissions.

The operational emissions from gaseous fuels, such as methane (LNG), should be considered
differently due to the “slips”. The LNG slip occurs when the gas is not completely combusted in the
engine, or during the transportation, storage and refuelling process. The legislation that applies to
engines used in different situations also varies, with differences in the limits of methane emissions
based on location and mode of use. This is due to the properties of methane being a gas potent

greenhouse gas [39]

By observing the EU Diesel WTW factor, we will get 4.13 kg CO»/Kg. By subtracting the TTW
emissions of 3.17 kg CO2/Kg we will see that the WTT emissions are 0.96 kg CO2/Kg. The WTT is
30.28% of the TTW emissions (0.96/3.17=0.3028).

By using US Diesel standards, even if we have a higher Kg/I density (0.847 in the US against 0.83 in
the EU) and slightly worse Lower heating values (42.6 MJ/Kg in the US against 42.8 in the EU), the
WTT emissions are 20.81% (3.89-3.22=0.67 WTT. 0.67/3.22=20.807). The main factor impacting

the WTT difference is the accessibility to Intraregional crude sources.

According to Eurostat, EU import dependencies for crude oil and petroleum products accounted for
97.7% in 2022, while the USA, in 2022, the EIA (US Energy Information Administration) reported

65% of importations for crude and 19% for refined and distillates. However, the USA were a net
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exporter of oil, gas and derivates in the same year. The most important aspect to analyse is the actual
origin of the commodities (and destination) and the logistic chain adopted. Most US crude imports
were from Canada (52%) and Mexico (10%). Overseas Persian Gulf imports impacted only 12%,

with Saudi Arabia (7%) and Iraq (4%).

According to Greene, et al. 2020 [40] emissions accounting has been largely neglected by oil
consumers who typically apply one single emission factor regardless of its supply chain. Their paper
highlighted the importance of the distance between the oil source and the point of use. The impact of
the logistics, especially in the case of seaborne transport of crude, is the main impacting factor when

it comes to WTT emissions accounting.

The maritime sector is the most difficult one to decarbonize. The vast majority of the oil tankers are
powered by marine diesel and heavy fuel oil. On average, 40% of the annual global crude oil

production is transported by sea [41].

According to the GLEC Framework from 2019 for emissions factors, the Arab Gulf — Europe routes
impact more than double their equivalents from Latin America towards the USA. At the same time,
Latin American, Persian Gulf, and African routes towards East Asia are among the most impacting
ones, only passed by the Arab Gulf — North America routes, which, as we have seen before, impact

only, on average, for 14% of the US imports.

Based on this observation, the EU area would benefit consistently from the general electrification,
based on renewables, of the LDVs and HDVs. This process would reduce the dependency on fossil

energy while lowering the operational and carbon debt costs.

The emission TTW factor may vary depending on the purity grade of the fuel or the burning
conditions of the engine (idle-low speed, high speed, low loads, etc...). Fuel purchased on any
particular day at a particular location would have a natural variability associated with it. This is
because emission factors vary, depending e.g., on the nature of the original feedstock, the locations
of production and consumption, the distribution mechanisms used, the energy inputs and the nature
of the production processes used. Especially fossil-based fuels are a blend of different oil sources, to
fit within the tolerance standards of the regional market. This is why parameters such as emissions
and Lower heating values are a representative and conservative average of the laboratory
observations. Generally, variation tends and has to be, relatively low to assure fuel compatibility with

the different kinds of engines.
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As previously mentioned, in recent years we have been observing a consistent change in the
equivalent amount of COze emissions to be considered per reference unit of energy source deployed.
By improving the amount and quality of the data collected, laboratories have been able to improve
their models. However, the laboratory analysis certifications may underestimate the emissions grade
occurring in operational conditions. For example, the amount of NOx emissions is driven by the
efficiency of the after-treatment systems, which are highly duty-cycle dependent. In addition, diesel
emissions from Light-Duty Vehicles (LDV) differ consistently from those of Heavy-Duty Vehicles
(HDV) due to the operational requirements. While LDV NOx emissions increase with the increase of

speed and acceleration, those of HDV are higher during idling, low speed and low load phases.

This new analysis, obtained with the GREET Model (Greenhouse gases, Regulated Emissions, and
Energy in Technology Model) from the Energy Systems and Infrastructure Analysis Division, from
the Argonne National Laboratory in Illinois, are in contrast with previous laboratory results. R&D

GREET has been releasing studies and updates on the subject since 1995.

In the USA, the Argonne National Laboratory’s Systems Assessment Centre has been helping US
Federal and state-level agencies define policies and strategies to account for and assess carbon
emissions through accounting tools such as the AFLEET Model. Not only the fleets” emissions are at
the centre of the focus of the Argonne Energy Systems and Infrastructure Analysis division, but they
work also on the US water and land footprint. They also have developed a calculator for the Feedstock

Carbon Intensity (FD-CIC) for farming and crops for biofuel production.

The AFLEET Charging and Fuelling Infrastructure (CFI) Emissions Tool estimates well-to-wheel
WTW greenhouse gas emissions and vehicle operation air pollutant emissions. The Federal Highway
Administration (FHWA) use the Argonne National Laboratory analysis as its reference point. The
CFI Program covers electric vehicle charging, as well as hydrogen, propane, and natural gas fuelling
infrastructure. AFLEET was developed with the support of the Joint Office of Energy and

Transportation,

3.3 The accounting: energy-based and activity-based approaches.

As in the old guidelines from the European Chemical Transport Association ECTA from 2011 [42],
based on the work of Prof. Alan Campbell McKinnon, from the Heriot-Watt University in Edinburgh
and the Kuehne Logistics University in Hamburg, prepared for CEFIC [43], guidelines adopted later
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on by ISO 14083, there are two possible approaches to the calculation: Energy-based and Activity-
based.

The Energy-based approach allows us to assess the emissions down to vehicle level. This will reflect
the vehicle type, the energy type, the routing, and others. It is the most accurate way to calculate
transport emissions. This is the easiest and most precise method. Blended fuels, such as diesel and
bio-diesel, will need to be proportionally accounted for by using the respective emission conversion

factor.

C02 emissions = fuel consumptions * fuel emissions factor

This method is simple and easily implementable by smaller companies. By accounting for the amount
of fuel purchased for the logistics operations, the company can accurately estimate the amount of CO»

emissions.

For example, if a small operator purchased 1000Kg of Diesel and 250Kg of Biodiesel, the total

emissions for their fleet in the reference period will be:

1000 * 4.13 + 250 * 1.27 =4447.5 Kg COze

The conversion factors are easily accessible with the GLEC Framework v3 or the GREET WTW

calculator (in July 2024, the most recent release is from 2022).

The Activity-based approach is more complex, mainly used by companies when they do not have
direct access to energy and fuel consumption data from transport operations. This usually happens
when the transportation operations are outsourced. This approach will require the estimation of the

CO; emissions.

CO02 emission = transp. mode * (vol.x avg. distance * avg.CO?2 e. factor per tonne — km)

The CO» emission factor per tonne-km will vary according to the transportation mode selected. In the
case of dual transportation mode, two separate calculations, each one with its specific emission factor
will need to be performed and then put together in the final accounting. To avoid double-accounting,
only the transportation operations under the control and paid by the producer need to be accounted
for. If the customer is collecting the goods, then he will be responsible for the accounting of the

related transportation emissions.
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EcoTransIT is a tool produced by a company based in Hanover, Germany, focused on providing
consultancy services to access emissions at the corporate level (ecotransit.org). It is accredited by
SFC. EcoTransIT World (Ecological Transport Information Tool for Worldwide Transports)
calculates the environmental impacts of any freight transport service. EcoTransIT World provides
energy consumption and GHG Emissions for trucks, trains, ships and aeroplanes. It recommends
using one of the 2 most common measures when adopting this method: Bulk and unit load expressed
in tonnes, or containers expressed in TEU (Appendix 1). After setting up the origin, the destination,
and the preferred transport mode, we will obtain a visual outlook of our GHG emissions and a
printable EC 16258 declaration to use for the accounting. Plenty of extra interactive analyses are
available for detailed emissions and combined transport optimisation (Appendix 2). The accounting
for the emissions may be performed manually, however utilising an internationally recognised and

standardised tool, such as EcoTransIT, simplifies the daily accounting operations.
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4. Polluter-Pays Principle: The EU ETS System

4.1 EUA, European Union Allowances dynamics

The European Emissions Trading System (EU ETS) works on a system of emissions allowances
(EUA). 1 EUA equals 1 ton of COze. The allowance quantity is capped and decreases every year.
Every time an actor emits 1 ton of COze, it must surrender an equivalent allowance. Allowances can
be bought and sold through auction on the market. This encourages the trade of allowances between
companies. This can lead certain industries to move their business to countries with higher emission
allowances. To prevent this, the total emissions per industry is capped, and a certain share of free
allowances is still guaranteed to specific sectors. If a company buys an allowance, the revenue is used
to fund green technologies and modernise the infrastructures of developing countries, to increase their
efficiency and reduce their emissions. This is meant to guarantee a fairer green transition for those

members not in the economic conditions to directly reduce their emissions.

This system has the advantage of introducing accountability when it comes to pollution. The more
the actor pollutes, the more increases its financial liability. On the other hand, the financial liabilities
are determined universally and the revenue of these liabilities can be used to strengthen the

sustainability action across the Union.

A fines system is set in place for economic operators to ensure their compliance with the allowances
system. Companies can access three types of EUAs: Allowances allocated for free, allowances
purchased on the primary market (EEX Auctioning system) and allowances purchased on the

secondary market.

Free allowances are established to compensate for costs related to climate policies. This allowances
strategy aims to counter the phenomenon of carbon leakage. Carbon leakage refers to the case where
businesses transfer their production to other regions where the emissions limits are much higher or
not monitored at all. The allowances policy, in that case, would be counter-productive, as the carbon
leakage would nullify the efforts taken as these productions would be relocated to non-regulated

geographic areas. Energy-intensive industries are the ones at higher risk of carbon leakage.
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After attentive assessments with the stakeholders, the EU has been working on carbon leakage lists.
The first one was for the period 2013-2014, and the second one was for the period 2015-2020. The
third list will cover the period 2021-2030.

These sectors and sub-sectors exposed to potential leakage received allocations up to 100% of their
requirements. Other sectors have seen their free allowances reduced progressively, from 80% in 2013

down to 30% in 2020.

Free allowances are based on the performance principles. By analysing the emission quantities per
tonne of product, the production facility gets benchmarked. The higher the efficiency achieved, the
higher the free allowance received for the production. This will push producers to invest in
modernisation and ecological solutions to reduce their general emissions while keeping their market

competitiveness.

The electricity and heat production sector has been one of the first that have seen their free allowances
reduced to zero, in 2013. However, Lower-income Member States have kept getting free allowances
with the purpose of improving their production efficiency (60.77% of the total support), modernising
their network and deploying clean technologies (5.89%). Retrofitting of infrastructure and
energy/thermal efficiency got important support as well (21.66%). This referred to phase 3, going
from 2013 until 2019. These free allocation exceptions will continue during the phase 4 period of
2021-2030. The countries that have decided to benefit from these allowances are Bulgaria, Hungary
and Romania. The other eligible countries decided to have their allowances auctioned on the market.
This is an aspect of the EU Modernisation Fund, aiming to improve the energy efficiency of 13 of the
lower-income Member States. These derogations are part of the Article 10c of the EU ETS Directive.
The extension to this derogation can be found in Chapter 3.1.4 of the Report from the Commission

to the European Parliament and the Council on the Functioning of the European Carbon Market in
2020 [44]

4.2 Allowances purchased on the European Energy Exchange

To allocate the EU emission allowances, businesses covered by the EU ETS system have to buy an
increasing proportion of allowances through auctions. It was established in 2005. It is the largest cap-
and-trade scheme in the world. The European Energy Exchange (EEX). The auctioning volumes will
keep increasing in volumes as the free allowances will gradually get reduced throughout all sectors.
This mechanism is supposed to be the most transparent available mechanism for companies to

24



compensate for their emissions. The revenue from these auctions is allocated to climate protection
measures. The allowances auctioning is growing consistently. The Volume Weighted Average Price
VWAP passed from 24.61 euros in 2020 to 80.32 in 2022. The revenue from 2.66B euros to 6.81B
euros [45].

4.3 Allowances purchased on the secondary market

Small market participants who cannot access the primary market due to difficulties in meeting the
minimum contract requirements, can purchase allowances, with a markup, from brokers and other

intermediaries.

Once the emission allowances have been put into circulation and auctioned, they can be traded.
Trading on the CO2 market can be directly OTC between the two counterparts, via intermediate stock

exchanges or other intermediaries, such as brokers with access to the primary market (auctions).

While all allowances have the same characteristics and are therefore interchangeable, different EUA

products are traded in the markets, which differ in delivery time and payment.

The EUA can be traded as spot or futures. The spot market is a short-term market. The EUA will be
delivered and paid for promptly. Immediate means that the spot transaction must be fulfilled within
three days. This also means that the party to be delivered must have its allowances physically in the
registry account to be able to deliver them in this short time. On the futures market, the agreement is
reached today on a future delivery date and a future price to be paid. Payment (settlement) is usually
made on the day of delivery (expiration). The most frequently traded futures contract on the CO>
market is the December contract, which is delivered and paid around mid-December. A special
feature is the possibility of circumventing a physical settlement of the transaction by closing a position

early or extending the delivery date by rolling over the contract, by paying a transaction fee.

4.4 Banking and Borrowing Schemes

Banking allows companies to save up unused EUAs in one period to be used in the future. These
emissions can serve either the emission operational or modernisation requirements, either can be sold
on the secondary market. This system can provide a grade of flexibility. If companies are expecting

EUA prices to rise, they can be interested in purchasing and banking EUA allowances, increasing
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short-term reductions. Unlimited banking can present a risk as well, such as higher than idea
emissions levels in later phases [46]. This can be a risk if the returns from the EUAs sold at T+0 are
not properly invested to speed up the off-setting economy transition. Otherwise, massive returns from
EUA:s, if properly allocated, can provide an exponential positive impact on the whole sustainability

sector.

On the other hand, the borrowing schemes allow companies to postpone their purchases of EUAs.
This can be a strategic decision when it comes to cash flow or technological reasons. This is a
common phenomenon for those companies expecting to receive free EUAs in a future financial
period. In contrast with the banking system, this mechanism postpones the off-setting effect of the
allowances. However, this mechanism can increase operational flexibility in the short term while
waiting for more efficient or effective technologies in future. This can present a higher risk for those
companies that do not present financial stability and resilience to shocks. If a company is at risk of
insolvency, it will tend to increase its borrowing practice. Borrowing also creates a political risk, as
lobbies can promote weaker off-setting goals [46]. If delaying becomes a common practice in the
industry, it can lead to systematic failure. From the off-setting perspective. This is a major risk with
free allowances due to moral hazard. The ETS system has specific rules for specific cases to regulate
or limit borrowing and prevent abuses. All the emissions need to be settled within the compliance
period, which can vary from one to three years. While the EU ETS, UK ETS and the Swiss systems
allow banking and borrowing, the situation may differ for the other systems, where borrowing and

banking may face restrictions if not a complete ban to the practice.
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5. Carbon Markets, an Industrial Threat and Financial

Opportunity

5.1 Production constraints in Finland, forestry, energy transition and

heavy industry

In May 2022. The Finnish Bureau of Statistics, Tilastokeskus, published alarming data on the health
status of Finnish forests. For the second time on record, in 2021, emissions exceeded removals. The
problem needs to be identified in the Land Use, Land-use Change and Forestry (LULUCF) sector.
The LULUCEF includes all the activities linked to the management of cropland, grassland, wetland,
forests, settlements and others. Europe is covered more than three-quarters by forests and cropland.
Land serves as a carbon sink and storage in various forms. Afforestation promotes carbon
sequestration from the atmosphere, while deforestation releases carbon stocks. In addition, climate
change-related threats, such as wildfires, pests and extreme weather conditions enhance the carbon
stock release effect even further. In 2021, from an industrial perspective, we have seen an increase of
emissions by 6%, the sector of steel production has been expanding, with a consequent increase in
GHG emissions, while the emissions from agriculture dropped by 1%.
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Figure 3 Greenhouse gas emissions in Finland by Emission category and year

Source: Tilastokeskus, Finnish Bureau of Statistics

Although the positive net GHG balance was a phenomenon extending for less than 3 years, the

situation of the LULUCF sector doesn’t look very green. In the last 10 years, the sector kept
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deteriorating steadily as observable in the previous chart. The negative emission trend was mainly
linked to the reduction in emissions from the other sectors (non-LULUCF). The LULUCF emissions
have been massively unchanged in the reference period, while the carbon sink effect of the Finnish
environment kept deteriorating. Even if we have to consider that there have been adjustments in the
calculation and accounting methods in recent years, and the impact of the different emission factors
has been continuously revised, we can confidently affirm the decline of the role of the LULUCF
sector in the GHG emissions reduction. Suppose we dig into the past even further. In that case, we
can see that since statistics on the subject have been available, the emissions and subtraction
equilibrium has been kept by a massive effort from the non-LULUCF sector, with a progressive
deterioration of the LULUCEF sector, which occurred after the 2008 Financial Crisis. This has to be
seen as a potential financial threat, as negative emissions imply reduced compensation obligations

not only for the industrial and energy production sectors but also for the forestry-related sectors.
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Finland’s emissions are strongly pushed by the energy sector. The average Finn has a higher average
CF compared to the rest of Europe, mainly for weather and temperature reasons (8.6 t COze/year vs
7.4 t COze /year). Also, Finland is sparsely inhabited and has plenty of rural communities, making
private transportation an important emissions factor. Logistics require goods to travel for a much
higher average distance compared to the rest of the continent. Most of these distances are covered by

road transport. In 2022, 41.8% of Finnish energy production was from renewable sources.
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Biomass energy production has been playing a major role in the scenario. Recycled and residual wood
waste and round-wood fuel, also in the form of pellets or chipped wood, have been the energy source
of choice, especially in rural areas. Biomass can substitute coal and peat, but wind and solar energy
will play crucial roles in energy production, which is necessary to sustain the electrification of the
transportation sector. Biomass may be accounted as a renewable source of energy, however, the
discussion on the subject is still wide open. Removing plant material from an ecological system will
reduce the nutrients and carbon content in the soil over time. At that stage, a net carbon emission is
achieved. This is comparable to processes such as forest clearing and wildfires. In other terms, most
of the avoided fossil-energy-related emissions strike back in the form of soil depletion[30], [47]. On
the other hand, when it comes to the energy of choice, we have to consider that a regionally sourced
biomass has a lower grade of emissions linked to the transportation of the fuel itself. When it comes
to Europe, as mentioned before, the availability of fossil fuels is quite limited, increasing the emission
factor due to extraction and transportation from thousands of kilometres away. Sustainable harvesting
will play a crucial in providing enough biomass for energy while preserving the soil equilibrium and
the biodiversity of the interested plots of harvested land. A trade-off can be difficult to achieve
without the intervention of experts monitoring and assisting the biomass collection process. Particular
attention needs to be addressed to what cannot be easily seen or implied without in-depth analysis.
Not ghosts and phantoms, but microorganisms, responsible for the decomposition of dead organisms
and plants, play a critical role in the stability and health of the systems. Destabilising those brings
responsible harvesting efforts to a dead-end, promoting soil impoverishment and even desertification
[48]. As we have seen in the Statistics Finland reports on the health status of Finnish LULUCEF, this
is no longer the case in Finland. In countries like Italy, India, Finland and the USA the usage of
biomass for energy is linked to non-sustainable forest management [49]. Instead of being a great
opportunity for sustainable energy production, the Finnish Biomass market is turning into a long-term
CF threat instead of an opportunity to reduce the future dependency on EUA purchases. A consistent
and structured change in harvesting and forest management is needed, to guarantee a long-term
curbing of energy cost increases, linked to low to null EUA purchase requirements. This is critical
not only for the consumers or the environment but for the competitiveness of the Nordic Energy

Market and consequently of the Finnish industry.

From the industrial perspective, the EU ETS system is seen with concerns. The Confederation of the
Finnish Industries EK reported, in 2020, their strong support for the “Taxonomy” framework
proposed by the EU Commission, on the condition that the implementation system would have been

based on a science-based approach. Another aspect of concern was the uncertainty on carbon-
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neutrality investments. They claimed that the private sector will be the major responsible for
delivering a technological change in energy production, energy efficiency and industrial sustainability
development. The private sector is the main actor when it comes to the Research and Development

of new products and technologies [50].

However, when it comes to fossil fuels, Finland traditionally relied on great amounts of coal, both in
the energy sector and in metallurgical production, specifically in the steel industry. Due to the high-
grade requirements for coal in steel production, coal is imported from the USA and Australia, while
the coal used for energy is sourced from the former USSR [51]. Replacement plans have been rolled
out, with an expected reduction in coal-energy production of 1700 GWh/year, with a consequent
GHG reduction of 660k tonnes/ year. By the 1% of May 2029, coal-fire power and heating generation
will be banned in Finland [52]. After the geopolitical tension escalation on the Black Sea, natural gas
imports have seen a 50% reduction, hitting mainly heavy-industry energy production. Measures have
been implemented by adopting substitutes, such as propane, biomass and coal. This will increase the
industry's resilience in the long run, with reduced import requirements from the neighbouring
countries. Peat has been phased out for wood, as its profitability shrunk after EUA prices soared
above 10 €/ton [53]. Efficiency improvements and energy-saving measures have been for a long time
less profitable than fuel switching for companies in the energy sector. Energy companies whose
production capacity is more flexible in respect to fuel type and production volumes have the best
possibilities to adapt to the market changes caused by emissions trading. However, with the current
price level, in November 2024, well above 60 €/ton, and the free allowances phasing out, this option

became progressively less viable, pushing the industry towards renewable solutions.

Talking about the industry, Finland has more than 8000 companies in the steelworks sphere. Around
30% of the industry is located within the Tampere-Turku-Helsinki triangle. In the north of the
country, precisely in Tornio, Outokumpu became a global leader in the production of “green’ stainless
steel. Production in Tornio started in 1976, sourcing ore from the nearby Kemi mines. For the logistic
hub, Outokumpu relies on the neighbouring harbour of Royttd. This massive industrial project is a
global example of production integration, innovation and efficiency. Ferrochrome production, but in
general the whole sector, has high energy requirements. Outokumpu claims that their Scope 1 2 and
3 value chain emissions per tonne of steel are 1.7 tCOze/t in 2018. (Outokumpu.com) against the

estimated EU average of 2.8 and the Chinese and Indonesian average of 7.4 tCOxe/t [54]
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Another report from CREA, the Centre for Research on Energy and Clean Air, in a March 2024 report
states that Chinese steel has on average emissions close to 2 tCO.e/t, while the global average is 1.91
tonnes. It is unclear whether these estimates include Scope 3 analysis of Chinese steel carbon
emissions [55], [56] sets the average full life-cycle emissions of Chinese steel at 2.33 tCOzelt,
including Scope 1 2 and 3.

Finland still holds a leadership position in terms of low emissions and transparency when it comes to
the ESG reports. However, claims such as those from Green Steel World, without specifying sources
and accounting methodologies, can drop a shade of greenwashing on their reports, as they are not

compliant with the ISO 14083 framework.

The free EUA reduction is a major threat to the European steel industry, as mandatory compensations
will increase the steel price in the future, with the risk of incurring carbon leakages. Companies will
have more incentives to move their production outside Europe, threatening employment while

increasing pollution.

On the other hand, a strong increase in European customs towards the importation of highly polluting
goods, such as steel, can protect the domestic industry while they transition towards sustainable green
steel production. Companies like Outokumpu may benefit from protectionist policies while keeping

their global leadership in steel production.

As decarbonising transportation and industrial sectors is a major unsolved challenge, investment in

carbon sinks will play a critical to extend the time required for fossil fuels to phase out.
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5.2 Forestry in the Nordics. Current profitability and opportunity cost

There is wood and wood. Each wood type has its qualities and uses based on age, volume and quality.
As the core of this chapter is to investigate the appeal of a change of destination of use of forestry
resources, from the traditional sectors to the young carbon sequestration and storage industry, we will
use a conservative comparative approach, by considering only top-quality timber with high-density,
sow logs for construction grade, easily accessible and logistically appealing (roadside delivery

pricing), from land with no environmental restrictions.

The data had been sourced for Sweden from the Skogsstyrelsen database[57]. For Norway from
Statistisk sentralbyré [58]. Data for Finland has been sourced from Luonnonvarakeskus [59]. Norway
and Sweden have data expressed in quarters QoQ, while Luonnonvarakeskus provides pricing data
on a Month-on-Month basis MoM. Finnish data has been normalised with a conservative approach,

taking the highest registered price QoQ per type of Roundwood.

Table 1 Roundwood logs prices per m’ in Sweden, Norway and Finland, from 2019 until 2024
on a quarterly average basis, converted in EUR

Source: Skogsstyrelsen, Statistisk sentralbyra and Luonnonvarakeskus

Sweden Norway Finland
Pine Spruce Broad leaf Pine Spruce Broad leaf Pine Spruce Broad leaf
2019 Q1 49.00 54.63 52.71 50.31 55.33 46.61 62.63 65.00 51.27
2019 Q2 46.59 52.37 50.33 50.00 54.41 52.56 61.65 64.10 51.69
2019Q3 45.43 50.00 48.76 47.63 52.18 52.68 62.54 62.95 50.12
2019 Q4 46.37 49.34 48.29 47.22 49.30 45.14 59.18 61.99 49.61
2020 Q1 47.12 49.37 48.67 44.21 45.20 42.87 58.57 60.72 49.09
2020 Q2 46.12 47.23 46.86 41.12 41.59 - 58.86 61.88 50.51
2020 Q3 45.59 45.79 45.69 41.01 41.55 46.96 58.41 62.42 50.12
2020 Q4 45.74 48.78 47.72 44.66 43.79 49.67 58.85 62.59 51.00
2021 Q1 48.90 51.84 50.89 49.32 49.41 57.14 61.77 64.25 50.33
2021 Q2 49.00 52.48 51.33 52.47 53.03 50.49 64.08 66.93 52.49
2021 Q3 48.88 52.84 51.88 55.98 59.21 67.98 64.51 70.17 53.08
2021 Q4 51.06 56.10 54.45 58.78 61.38 44.72 64.44 69.06 51.03
2022 Q1 55.28 58.42 57.43 61.62 64.07 69.11 64.04 69.27 52.46
2022 Q2 58.00 60.80 59.80 62.04 64.57 69.48 67.27 72.04 54.05
2022 Q3 58.67 62.21 61.17 63.43 67.54 69.89 68.35 76.08 63.52
2022 Q4 57.31 63.56 61.32 61.04 63.38 52.94 71.78 77.06 62.81
2023 Q1 59.73 64.61 62.88 53.06 55.32 52.25 72.78 76.90 66.95
2023 Q2 61.60 67.20 65.30 51.54 54.50 59.69 74.75 78.61 71.91
2023 Q3 63.47 72.63 69.98 55.58 59.57 57.08 76.60 84.02 78.75
2023 Q4 66.67 77.51 73.89 57.06 60.52 56.69 73.04 76.47 75.87
2024 Q1 75.84 82.23 80.03 59.64 62.77 51.91 73.76 76.92 76.35
2024 Q2 81.19 89.11 86.11 63.24 65.62 59.01 77.77 80.63 73.22
2024 Q3 82.60 91.27 87.73 66.82 70.47 107.91 81.54 85.31 77.94

Note 1, Q3 2024 price for broad leaf logs in Norway may be an anomaly.

Note 2, Q2 2020 price was not available at the moment of the data extraction, in November 2024
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Regional prices tend to differ slightly from the national average, which will be considered in our
analysis. To simplify the analytical process, all the prices have been converted into EUR based on the

historical EURNOK and EURSEK average exchange rate per quarter.

Inflation, cost of energy and shortage of supply have been driving prices up at a consistent pace. The
declining trend, in 2020, was strictly linked to the shrinking demand due to the global economic
slowdown. With the effect of the expansive fiscal policies of the global central banks, production

started resuming, and so demand for goods and commodities.

Table 2 Aggregated Roundwood logs average price per quarter from 2019 until 2024

Source: Skogsstyrelsen, Statistisk sentralbyrd and Luonnonvarakeskus

Average price per quarter in €/ton and Ap from 2019 Q1 baseline

a1 p Q2 p Q3 p Q4 Ap
2019 54.17 53.74 - 0.8% 52.48 - 3.1% + 50.72 - 6.4%
2020 49.54 - 8.5% 49.27 - 9.0% 48.62 - 10.2% 50.31 - 7.1%
2021 53.76 - 0.7% 54.70 + 1.0% 58.28 + 7.6% 56.78 + 4.8%

2022 61.30 + 13.2% 63.12 + 16.5% 65.65 + 21.2% 63.47 + 17.2%
2023 62.72 + 15.8% 65.01 + 20.0% 68.63 + 26.7% 68.64 + 26.7%
2024 71.05 + 31.2% 75.10 + 38.6% 80.46 + 48.5%

Aggregated, the Average Roundwood price in the 3 reference countries passed from 54.17 €/m? in
2019 QI to 80.46 €/m? in Q3 2024, resulting in an average price increase of 48.54%. The 2024 Q3

Norwegian price for broad leaf logs has been excluded from the analysis.
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Aggregated price in the reference countries, €/m?
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Figure 7 The aggregated average price for roundwood logs in Sweden, Norway and Finland,
from 2019 until 2024, converted in €/m°. The reference exchange rates are the quarterly
average SEK/EUR and NOK/EUR

Source: Skogsstyrelsen, Statistisk sentralbyra and Luonnonvarakeskus

On average, prices grew by 67.33% in Sweden. Prices for all the 3 types of logs remained aligned for

the entire period.

Roundwood logs price in Sweden, €/m?
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Figure 8 Roundwood logs prices per m* in Sweden, from 2019 until 2024 on a quarterly
average basis, expressed in Roundwood logs prices per m® in Sweden, from 2019 until 2024 on
a quarterly average basis, converted in €/m?

Source: Skogsstyrelsen, Statistisk sentralbyra and Luonnonvarakeskus
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In Norway, we will exclude from the calculation the 2024 Q3 reading for broad leaf logs, as it may

be an anomaly related to the preliminary release of the data. We will consider, to analyse the trend,

only prices for Pine and Spruce. In 5 years, the average roundwood price per m* grew by 29.96%.
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Figure 9 Roundwood logs prices per m? in Norway, from 2019 until 2024 on a quarterly

average basis, expressed in Roundwood logs prices per m® in Norway, from 2019 until 2024 on

a quarterly average basis, converted in €/m?

Source: Skogsstyrelsen, Statistisk sentralbyra and Luonnonvarakeskus

Finland had, in 2019, a lower average price per m?® for birch, while Spruce and Pine remained quite

aligned for the entire reference period. Birch registered the highest growth, 52.02%. Pine and Spruce

grew on average by 30.73%. The average growth, for Pine, Spruce and Broad leaf logs, was 36.83%.
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Figure 10 Roundwood logs prices per m? in Sweden, from 2019 until 2024 on a quarterly

average basis, expressed in Roundwood logs prices per m* in Finland, from 2019 until 2024 on

a quarterly average basis, converted in €/m?

Source: Skogsstyrelsen, Statistisk sentralbyrd and Luonnonvarakeskus
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The EU cap and trade system, with a progressive reduction in free emission allowances, has led to a
stark price increase in the last 5 years. Early in 2024, the market experienced a consistent price drop
linked to weak demand from power plants and sluggish industrial demand. Strong renewable power
output across Europe has cut demand for permits from thermal power plants while the change in the
compliance deadline date is also expected to shift some demand to later in the year. The Directive
(EU) 2023/959 moved the surrender deadline from April 30th to September 30th, postponing the
EUAs purchase requirements for the industry. These factors led to EUAs oversupply and lagging
demand and with it a slowdown of the emission reduction efforts. The shift is quite evident in the

following chart.

/ Historical / 1H 2024 base case ~ 2H 2024 base case
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Figure 11 EU Carbon Price trajectory projection, from 2015 to 2035
Source: Bloomberg NEF

The question that would require further investigation is if the industrial slowdowns are proportionally
or inversely correlated to an increase in CO2 emission costs as a production factor. Can EUAs be a
lead indicator of expected economic slowdown or it’s lagging compared to industrial output data?
Can the EU use the EUAs supply as a spanning leverage to regulate industrial output? Would it be
ethically correct to consider the nature of the EU ETS system itself? As I am not aiming to raise
funding for a PhD with this paper, I will leave these questions pending and do not state that further

investigations are required.

But let’s dive back into our price analysis. The following table shows the increase in the percentage
of EUAs price from a 2019 1st quarter baseline. Allowances prices grew from 21.79 €/t to 67.96 €/t
in 2024 Q2, a hike of 211.89%. EUAs reached a record high of 100.34 €/t on the 21st of February
2023. Bloomberg is expecting the price to keep climbing to 145 €/t by 2030. In 2026 free allowances
for aviation will be removed. Industrial and energy sectors will see their free allowances continuing
to phase out and the maritime sector surrender requirements will get into full regime. These catalysts

will push the prices up, even with a re-introduction, in 2026, of the LULUCEF into the EU ETS system.
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In the following table and chart, we can see how fast has been growing the price of emission
allowances since the 2019 baseline. These emission costs, paid by the industry, end up piling up on
consumers’ bills, enhancing the impact of the currently ravaging inflation. On the one hand, the
principle is correct. Emissions have been considered a free commodity. This was true until we started
realising the massive regional and global impacts of production waste. Pollution reduction regulations
started phasing in, and in recent decades, with the dramatic increase of GHG in the atmosphere, the

urgency became an cmergency.

Table 3 EUAs average price per quarter from 2019 until 2024. Raw data was expressed in 1D

Source: ICAP International Carbon Action Partnership

Average price per quarter in €/ton and Ap from 2019 Q1 baseline

a1 ap Q2 p Q3 Bp Q4 Ap
2019 21.79 25.33 + 16.2% 2696 + 23.7% + 2451 + 12.5%
2020 22.62 + 3.8% 21.14 - 3.0% 27.16 + 24.6% 26.47 + 21.5%
2021 39.06 + 79.3% 49.82 + 128.6% 56.94 + 161.3% 67.07 + 207.8%
2022 8254 + 278.8% 82.92 + 280.5% 79.53 + 265.0% 75.71 + 247.5%
2023 87.50 + 301.6% 86.06 + 295.0% 84.35 + 287.1% 76.30 + 250.2%
2024 57.76 + 165.1% 67.69 + 210.6%
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Figure 6 EUAs price trend per quarter in the period 2019-2024

Source: ICAP International Carbon Action Partnership

Before proceeding with a comparison between the traditional forest industry and the emerging carbon
capture and storage opportunities, we need to state the obvious. Not 100% of the biomass per hectare
is high-quality roundwood. Roadside Roundwood presents the highest prices as they are cleared and

delivery-ready. As the thesis we are here defending is the higher opportunity cost of carbon farming
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compared to traditional wood felling, we will conservatively consider in the comparison the best price

possible for biomass, in contraposition with the average price of EUAs from 2019 to 2024.

Growth comparrison between EUA and Roundwood
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Figure 13 Growth comparison between EUAs and Roundwood logs price in Sweden, Norway
and Finland, expressed in percentages. Baseline reference price 2019 Q1

Source: Skogsstyrelsen, Statistisk sentralbyra, Luonnonvarakeskus and ICAP

As we can see from the previous growth comparison figure, carbon prices have been rising much
faster than high-quality roundwood in the reference period, underlining the maturity, and the urgency,
of carbon sequestration policies. This can be also evident from the recent European Carbon Removal
and Carbon Farming Framework. The proposed policy aims to reduce consistently anthropogenic
activities, especially in the agriculture sector, while creating the ground for standardised sustainable

carbon farming policies, right now sparsely regulated.

Traditional forestry and farming, where highly profitable, will continue playing important economic
roles in Nordic Societies. Carbon Farming should not be seen as a threat of any sort. On the contrary,
CRCF policies can consistently help foresters to capitalise on the financial opportunity of turning

their least profitable plots of land into permanent carbon storage.

Remotely located commercial forests present increasing access difficulties. Logistics are growing
more expensive year after year and so do the other accessory costs. These woods present a medium
to low return opportunity for the landowners, while they could have full return potential if turned into
permanent forest sinks. Banks and Financial Institutions may strongly benefit from this policy as well.
Non-performing loans, collateralised by land, end up loading institutions of woodlands with low

commercial value. Instead of felling the trees, with dubious or heterogeneous quality and diameters,
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they can be turned into permanent sinks, allowing institutions to recover from their financial

cxposures.

Carbon Farming is an additional tool, which can help forest owners, or landowners with unproductive
land, to strengthen their financial resilience to climate change and related extreme weather events.
Increasingly often, pests, extreme weather and storms, and forest fires, can damage, if not
compromise, high-quality forest or cultivation land. Including in their portfolio carbon sink,
especially where forests present higher felling costs, due to logistics or terrain difficulty, permanent
carbon sinks, can consistently lower the financial risks. Having landowners exposed to carbon credit
markets can be beneficial not only for the local economy but more in general for the national trade

balance, as the credit sale would weigh the foreign trade balance of the target country.

After the maximum sequestration period is reached, the woods can be responsibly harvested, with
dynamics and strategies that enable a self-restoration process in a short amount of time. This will be
the key enabling factor to preserve the sink healthily while reducing or disabling the carbon leakage
risk. The biomass regularly and sustainably harvested, in the case it won’t result in high-quality logs,
can help the substitution process of coal in energy production, accelerating the energetic transition

from fossil to renewable resources.

5.3 European Carbon Removal and Carbon Farming Policy

In April 2024, the European Parliament approved a provisional agreement enabling the first EU
voluntary framework for certifying carbon removal, carbon farming and carbon storage. This Carbon
Removal and Carbon Farming (CRCF) regulation backbone will facilitate investments in climate
technologies and sustainable farming while preventing greenwashing. Land managers can get
financial incentives by adopting practices that enhance carbon sequestration in biomass, dead organic
matter, and soils, reducing CO: emissions. Introduced by the Farm to Fork Strategy and aligned with
the European Green Deal, it aims to incentivize better land management for climate action. These
financial incentives, which can come from public or private sources, reward land managers for their

efforts in carbon capture and/or emission reduction.

Land managers can generate carbon farming credits by adopting these practices. These credits can be
sold on voluntary carbon markets or through incentive programs, creating an additional income

source alongside food or biomass production.
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Selling carbon credits provides financial benefits for land managers, while also improving land
resilience, environmental quality, and land profitability. The effectiveness of carbon farming depends
on factors such as climate, soil type, land use history, and infrastructure. Carbon farming has the
potential to contribute to broader climate goals by promoting sustainable agricultural and forestry

practices.

This framework plays an important recognition and support role for reforestation, and biodiversity
protection and restoration, projects. As said in the previous chapter, forests play a crucial economic
and environmental role in Nordic Countries. For centuries forests have been providing high-quality
logs for various industrial sectors, from the paper, cardboard and pulp industries to wood

transformation into wood derivate products [60].

The European Union aims to establish, by 2028, a CRCF registry. Until then, the certification schemes
will maintain their registries, exposing the sector to the double-counting risk as these registries are
not integrated and easily accessible. The financing of the EU Union registry will be funded by annual
fixed fees proportionate to the use of the registry to sufficiently contribute to covering the annual
operating costs of establishment and management of the Union registry, such as those for staff or IT
tools. Fraud may occur if more than one certificate is issued for the same activity because the activity
has been registered under two different certification schemes or has been registered twice under the
same scheme. Fraud may also occur when the same certificate is used several times to make the same

claim based on a carbon activity or a certified unit [61].

Delaying so much in the design of the registry, and monitoring system, is a huge risk as it can
inevitably jeopardise the entire operation as there won’t be a way to prevent fraud in the initial phase.
The protocol should be defined in a scientific and centralised way, and the parameters should be in

place before the beginning of any carbon farming activity.

This may result in a lack of transparency of the actions taken, as it won’t be open to the public without

a registration and a fee payment.

Another interesting aspect, that is going to be introduced into the protocol, is the introduction of an
insurance or collective buffer on the carbon sequestrated and sold. This is a complete novelty as the
majority of the current project developers do not consider a safety buffer strong enough. Monitoring
needs to be constant and demonstrated. If the monitoring comes less, the credit should be considered

released back into the atmosphere.
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Due to the CRCF framework, and the increasing demand combined with a lagging supply of high-
quality carbon capture and storage offsets, a new opportunity arises for regulated and politically stable

countries, such as Northern Europe.

The northern European climate is divided into two main regions, temperate and boreal. Due to the
rigid climates and polarised light-dark cycles, the dominant vegetation comprises cone-bearing cold-
tolerant trees, such as pines, spruce and fir. These trees carry needle-like leaves, which require less
energy to warm up, facilitating photosynthesis in spring and autumn. These trees are long-lived but

slow-growing, due to the scarcity of free nitrogen in the soil.

Terpenes are the main compounds of resins in pine trees. They are naturally rich in carbon and played
important roles in human societies since fire was discovered. Natural resin applications can vary from
pharmaceutical applications to food additives, to biofuels. Terpenes enable pine trees' resistance to
diseases and parasites while granting them a much higher degree of recovery in case of structural
damages caused by natural factors. Pine trees are long-lasting, resilient and rich in air-captured

carbon, making them one of the most important and scalable tools for reverting global warming [62].

Due to the rigid climate, this region is not traditionally voted for extensive or intensive large-scale
farming. A restricted selection of crops can efficiently grow in open fields. A reduced population is
prevalently concentrated in urban areas. These factors made the Nordic Countries’ territories rich in
forestry coverage, with the only exception of Iceland due to geological implications. The majority of
these forests are traditionally commercially viable. Around 16% of Finnish forests fall under 1 of the
5 protected forests category. Denmark protects 20% of its forests while Norway and Sweden do not
reach 10% of protected forest areas. Avoided deforestation is a fundamental element of
the additionality of carbon sequestration [63]. Turning the forest into a permanently protected area,
with the elements of active sustainable forest management, can play a critical role in global carbon
sequestration. The current CRCF scheme has a weakness linked to what could happen to the forest
sinks after they reach their sequestration maturity. No clear or structured solution is presented by the
legislator to address this criticality, which can compromise the sequestration effort, exposing the
buyers to the risk of fraud. In particular, when the landowner stops receiving a passive income from
carbon sequestration and monetisation, there will be a high risk of having the landowner felling the
trees to get access to the timber or the biomass for commercial or private purposes. The proposed
solution to the EU Commission is introducing a sequestration buffer by underestimating the

sequestration of the sink by 30 to 40% and limiting the sellable credits period to 40/50 years
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depending on the vegetation type, well before the maximum reachable sequestration plateau. At that
point, the landlord can engage in sustainable harvesting up to 20/30% of the reserve, and keep
financially benefitting, in time, from establishing a permanent forest reserve. This will reduce the risk

of carbon leakage and deforestation due to a lack of passive income from carbon credits.

Forestry can be revitalised by tapping into the CRCF framework. Strong resilient native trees are the
pillar for long-lasting carbon sinks. Felling costs and logistics are increasing with the energy costs.
Regulations on forest protection, at national and European levels, are increasing the degree of
complexity of a previously weakly regulated industry. Carbon Farming will potentially create a new
industry, in synergy with the traditional forestry industry while guaranteeing sustainable harvesting

and preventing carbon leakages.
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6. Turning the Nordics into a Permanent and Verifiable

Carbon Sink

6.1 Kunming-Montreal Agreement, empty promises and compromised

trust

As already presented, pine trees are rich in carbon-rich compounds like terpenes, granting them a
high degree of resistance to parasites and diseases [62]. This makes them one of the best family trees
to be deployed for scalable and rapid carbon sequestration and long-lasting storage. But they can play

a critical role both in carbon sequestration and habitat and biodiversity restoration.

In particular, when it comes to biodiversity restoration, in December 2022, in Montreal, Canada, the
COP15 took place. The representatives agreed to define a strategy to halt biodiversity loss. The
Kunming-Montreal Global Biodiversity Framework (GBF) has 4 goals [64]:

A. The integrity, connectivity and resilience of all ecosystems will be maintained, enhanced, or
restored, substantially increasing the area of natural ecosystems by 2050. Human-induced
extinction of known threatened species is halted, and, by 2050, the extinction rate and risk of
all species will be reduced tenfold and the abundance of native wild species will be increased
to healthy and resilient levels. The genetic diversity within populations of wild and

domesticated species, is maintained, safeguarding their adaptive potential.

B. Biodiversity is sustainably used and managed and nature’s contributions to people, including
ecosystem functions and services, are valued, maintained and enhanced, with those currently
in decline being restored, supporting the achievement of sustainable development for the

benefit of present and future generations by 2050.

C. The monetary and non-monetary benefits from the utilization of genetic resources and digital
sequence information on genetic resources, and of traditional knowledge associated with
genetic resources, as applicable, are shared fairly and equitably, including, as appropriate with
indigenous peoples and local communities, and substantially increased by 2050, while

ensuring traditional knowledge associated with genetic resources is appropriately protected,
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thereby contributing to the conservation and sustainable use of biodiversity, following

internationally agreed access and benefit-sharing instruments.

D. Adequate means of implementation, including financial resources, capacity-building,
technical and scientific cooperation, and access to and transfer of technology to fully
implement the Kunming-Montreal Global Biodiversity Framework are secured and equitably
accessible to all Parties, especially developing country Parties, in particular the least
developed countries and small island developing States, as well as countries with economies
in transition, progressively closing the biodiversity finance gap of $700 billion per year, and
aligning financial flows with the Kunming-Montreal Global Biodiversity Framework and the

2050 Vision for biodiversity.

Global targets for 2030

Target 10 requires that areas under agriculture [...] and forestry are managed sustainably, in particular
through the sustainable use of biodiversity, including through a substantial increase of the application
of biodiversity-friendly practices, such as sustainable intensification, agroecological and other
innovative approaches, contributing to the resilience and long-term efficiency and productivity of
these production systems, and to food security, conserving and restoring biodiversity and maintaining

nature’s contributions to people, including ecosystem functions and services.

Target 10 will require consistent public and private investments, in terms of research, technology and
funding, to be achieved. Sustainability and natural resource exploitation have not been, historically,
working well together. Creating sustainable resource utilization is proving difficult, both from
financial and technical perspectives. Such ambitious goals put pressure on governments. On one hand,
GDP constraints jeopardize climate action, on the other hand, global warming and climate change are
increasing financial risks and losses season after season. It is a vicious circle hard to break. This has
led, in past, to a consistent amount of environmental accounting trickeries to showcase achieved

targets, which were not there.

Emblematic cases, like the UN program under the United Nations Framework Convention on Climate
Change (UNFCCC), aiming to reduce carbon emissions from forests in developing countries, are on
the news day after day. The Reducing Emissions from Deforestation and Forest Degradation

(REDD+) program uses an incentive-based approach whereby participating countries are paid to
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reduce forest carbon loss and increase carbon storage. Country-level carbon accounting is
challenging, and estimates of uncertainty in emission reductions are increasingly required in REDD+
reports. This requirement is hard to meet if countries lack the necessary resources, tools, and
capabilities. Some REDD+ programs adjust their payments for the uncertainty reported, which
presents a perverse incentive because uncertainties are larger if more sources of uncertainty are
reported [65] This very high degree of uncertainty in the accounting methods and data leads to
systematic fraud and greenwashing cases. More often than not, the certification body is selected based
on how lax monitoring and accounting criteria are, to maximize financial benefits despite lagging or
inconsistent results. Verra, the biggest certification body globally, is responsible, according to various
investigations, above all the one from The Guardian [11], for an astonishing amount of fraud. The
joint investigation effort was undertaken with the German “Die Zeit” and “SourceMaterial”, a non-
profit investigative journalism organization. Of 94.4 million carbon credits claimed, only 5.5 million
could have been real emission reductions. The investigation team utilized satellite imagery to cross-
check the results and the numbers claimed by numerous offsetting projects that selected Verra as their
certification body. Following this, the CEO of Verra, David Antonioli, resigned after 15 years [66].
The numbers claimed by The Guardian may be open for discussion, however, what is of concern is
the fact that the main body responsible for ensuring the effect of the actions undertaken failed. For
the last decades, trust was at the base of the purchased credits. When trust comes less, the entire

industry is compromised.

6.2 Transparency, traceability and transmissibility of the information

In the previous chapter, we presented enabling and disabling factors for Nature-based Direct Air
Capture and Storage (TDAC). After oceans, forests present the second-biggest GHG-capturing
solution on our planet. However, the industry lost trust in forestry-based solutions due to a high degree
of fraud, including multiple-counting of the same credit or even cases where the additionality of the

effort wasn’t in place.

Double (or more realistically multiple) counting is when a carbon credit is claimed by more than one
entity, even though no additional carbon benefit is produced. Different entities buy, from different
brokers, the same carbon credit, which has been negligently certified more than one time and sold to
different players. The Project developer cashed multiple times in the same effort, compromising

credibility. This is possible due to a lack of transparency and traceability in the process. Lack of
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monitoring, ex-ante and/or ex-post, creates a dangerous blind spot where speculators and criminals

can both thrive, at the expense of the environment, society and the rest of diligent project developers.

Having public registries of carbon credits in place is not sufficient to guarantee efficacy in fraud
prevention. Carbon registries suffer from the fact that they are sparse, and complex to access, navigate
and interpret. Each certification body has its methodology, its registry, with its design (Appendices 3
and 4).

For Project Developers is a cherry-picking process when it comes to the certification bodies. The risk
is linked to picking favourable protocols for the Project Developer, where the financial benefits are
maximized, despite the protocol redundancy and integrity. The buyer of the credit, more than often,
is not in the position to deeply understand or evaluate the degree of the impact of the voluntary action
undertaken. This is because it is hard to know who is the owner of a specific carbon credit.
Information is missing, even if on the certification agencies' website “transparency” is mainstream.
Both, Gold Standard and Verra, do not showcase the buyer's name for the credits. (Appendix 5).
Brokers or Project Developers should have an information transmission process in place, to guarantee
that the buyer and end-utilising entity are reported back to the registry. Another important aspect to
mention is the risk of aggregating the “Tons of CO;” sequestered and sold into batches. This

complicates the traceability in time of the information, both from financial and spatial perspectives.

But transparency is a much more complex discussion. It is a strategic aspect that needs to be

considered at any stage and level of the planning of a protocol. Transparency requires publicity for:
1. Price of purchase of each single Tons of CO;
2. Publicity of the purchaser, current owner and beneficiaries of each single tonne;
3. Publicity of the Project Developer, his details, location, updated contacts;

4. Publicity not only of the aggregated project/target area, but of specific carbon sink, including
the amount of conservatively estimated total stored CO,, Geolocation, size of the addressed
area, and type of vegetation, ground, aerial and satellite imagery archives, land ownership

certifications, proceedings and reports on the sink.

Transparency is not sufficient alone. Traceability is also critical. The history of the specific project,
sink, actors and in the end, each Ton of CO,, should be traceable in time and space. This helps

researchers to access the entire history of a project in time and develop analyses and studies on the

46



impact of the project. It reduces auditing costs and improves the efficacy of monitoring and protection
efforts, helping the prevention of accidents, like forest fires, thanks to accurate planning. To ensure

traceability the following aspects should be guaranteed:

1. Project Developer track record of its activity and developed projects, including warnings and

sanctioned actions;

2. Carbon sink entire record of related events, entire ground, aerial and satellite optical (LiDAR)
or thermal imagery record with related analysis, including model-generated analysis via

Machine Learning (ML) showcasing the storage evolution in time;

3. Each single carbon sink should have a complete list of every single Ton of CO> stored in the

sink;

4. Each Ton should have its permanent page with a complete appended history of every event
that occurred to it, date of official sequestration, expected period of permanence/storage,
financial transactions record, environmental accidents that eventually released it back into the
atmosphere, information linked to the owners in time with its current status (spent, not spent,

released due to accident, released to accident and substituted by...).

Another fundamental aspect of the effectiveness of the process is the transmissibility of the
information. Importing offset certificates into a CSRD reporting and compliance system can be
expensive in terms of time and auditing costs. Another risk is having a company purchase a certificate
of an offset, spending it and then reselling the same certificate to another company. This is a risk that

requires structured monitoring in the Voluntary Carbon Market (VCM).

To address that, the certificate shouldn’t be simply assigned to a beneficiary after being purchased,

and recorded in the broker’s registry. A higher degree of safety mechanism should be in place.

Transmissibility plays also another important role. The efforts taken by the polluter to offset its
emissions should be easily accessible to consumers. A system designed in such a way empowers the
polluter as each Ton of CO; offset can be linked to a specific unit of consumption, of services or
goods. Each Token can come, for example, with a QR code, which can be printed on a product label,
service invoice, or certificate. This way, the consumer can be informed, in full transparency, where

its emissions have been offset, when, how, and for how long. Each QR code will be re-directing the
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consumer to the specific Ton of CO: in the registry, and from there the consumer will be able to

navigate through the platform in an agile and easily accessible way.

Greenwashing has been presenting incredible challenges. Consumers’ awareness has been
manipulated and deceived. Putting trust in ecolabels is getting incrementally difficult. Even if
additional eco-labels or carbon labels may not be the right thing to do when addressing consumers,
transmitting information about the impact of different products on the climate is a prerequisite for
consumer power. A carbon label must be introduced carefully so that it attracts consumer attention in
competition with all the other information found on a single package [67]. To achieve results, we
recommend providing the consumer with valuable, transparent and quantifiable information on their
consumption preferences. For producers, showcasing the impact of their customers’ choices is a
virtuous thing, which can only benefit their corporate perception, while reducing consistently their
communication and marketing costs. A QR code or similar tracking system is an optimal technology,
reducing if not closing the informational gap while connecting Project Developers with final
consumers. This can lead to additional indirect emission reductions while benefitting early adopters

of this technology.

This is why the transmissibility of the results will play a strategically incremental role in the fight

against global warming and climate change while reducing the phenomenon of Greenwashing.

6.3 Redundancy, a protection buffer against fraud and other accidents

When a company offsets its emissions, these get into its balance sheet. As we introduced before, a
change of perspective is occurring in the production sector. Air pollution is not considered an

unlimited granted right, exactly as water stream pollution was regulated decades ago.

The Eco-design for Sustainable Products Regulation (ESPR), a long-awaited Directive from the
European Union, entered into force on 18 July 2024. The Directive requires companies to design
environmentally sustainable and circular products. The ESPR Regulation will contribute to achieving
the Union’s climate and energy objectives. In line with the goals set out in the Paris Agreement,
adopted on 12 December 2015 under the United Nations Framework Convention on Climate Change
(“Paris Agreement”), and approved by the Union on 5 October 2016. Regulation (EU) 2021/1119 of

the European Parliament and of the Council establishes a binding Union domestic reduction
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commitment to net greenhouse gas emissions of at least 55 % by 2030 and enshrines in legislation

the target of economy-wide climate neutrality by 2050 [68].

Emission allowances became de facto a production factor, a commodity. This is why is important for
the company to purchase high-quality and high-integrity carbon offset, guaranteeing a long-lasting
sequestration period, if not permanent. This is critical to offset unavoidable emissions in production.
During the Life-Cycle Assessment LCA, as seen in chapters 3 and 4, a company needs to consider
the emission factor linked to the sourcing of the raw materials, their transportation, their

transformation, their distribution and in the end their disposal (Scope 1, 2 and 3).

Redundancy for carbon credits is a requirement to have efficacy, in time, in reducing global GHG air
concentration in the atmosphere. Permanence and carbon leakage are the focus of the discussion.
These are among the main factors in terms of price discrimination between technology-based
solutions. Technology-based Direct-Air Capture (DAC) solutions can present long-lasting
sequestration, but at a very high price in terms of installation costs, with results difficult to trace in
time and space. Scalability is also a major concern. On the other hand, even if geologically speaking
a tree may have a relatively short lifespan, the forest ecosystem in its complexity presents a long-
lasting solution in terms of GHG carbon capture and storage. Afforestation, Reforestation and
Revegetation (ARR), as previously seen, are the second-best solution, after oceans, in terms of carbon

sequestration rate and storage capacity.

Even though forests can sound like a great tool on one side, on the other are subject to wildfires and
other calamities. It is also important not to overestimate the total amount of CO> stored in the carbon
sink. This can lead to distortions in the sequestration claims. Carbon credits from nature-based
solutions, or Nature-DAC, to be competitive with Technology-DAC solutions, should have a
considerable safety buffer when audited. A buffer between 30% and 40% is recommended to
guarantee, in the first place, a claim of sequestration with consistency. Second, a generous buffer
provides the Project Manager with enough flexibility to guarantee the minimum claimed degree of

carbon storage per hectare.

A financial reserve, in the end, is the best solution to protect the buyer. The Project Developer, or the
broker, should have a financial reserve, in terms of CO> stored and “not spent” or cash, to deploy in
case of accidents. These resources are to be utilised in an automatic compensatory mechanism for the
loss in CO; suffered by the buyer. For integrity, the buyer should be promptly informed of any

accident, and immediately compensated without additional costs or complex procedures.
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These factors are the key necessary to put on the same level of TDACs, NDAC:sS, in particular ARR

solutions. Only with a redundant and resilient protocol trust can be achieved for forestry.

6.4 A consistent protocol to guarantee the highest grade of integrity

The proposed protocol aims to address a wide range of critical aspects affecting currently used
protocols from different organisations. The application of this protocol is subject to the technology
availability for each specific region. Accessibility of the forest, for scientific and monitoring

purposes, may vary depending on the terrain and climatic conditions.

Many of the presented points are widely adopted and accepted standards in the industry, such as the
concept of additionality. Some of them will instead address specific unsolved questions from the
current models. The monitoring process and procedures may vary, as well as the remuneration and

validation process. The geographic area impacts the species composition, structure and

The following protocol will be divided into two sections, one for Afforestation, and one for

Reforestation projects.
Regenerative Afforestation and Reforestation

1. Additionality

An additional project would have not occurred without the incentive provided by carbon credit

revenue.
2. Regenerative Afforestation

Only native trees may be planted in the target area. The goal is the original ecosystem restoration to
create a favourable environment for ecosystem services regeneration. No agroforestry and tree
plantations with commercial purposes should be considered, as they do not constitute additionality
and do not favour the restoration of native ecosystems. The target area should have not been a native

forest in the previous 20 years, to prevent speculative land clearance of native forests.
3. Reforestation

Reforestation may be admitted if the cause of the land clearance is not intentional, such as a landslide

or flooding.
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In case a forest, native or commercial, suffers from damage caused by negligent or intentional acts,
outside the sphere of control of the Project Developer and/or the landowner, investigated and
ascertained by the local authorities, may be admitted it the reforestation framework. Such events
include illegal felling, of the target perspective project area, by third parties, with no direct or indirect

connections with the landowner or the Project Developer, or forest fires.

A fixed, non-negotiable penalty of 50% for the credits generated must be considered for the first 20
years. These credits should be used to increase the “reserve pool”. This measure would prevent land

clearance malpractice in favour of proforestation efforts.
4. Robust quantification of GHG removals

The removals should be robustly quantified. Based on the mix of native trees planted, it is possible
to get a scientific estimation of carbon sequestration at the “growth plateau”. This range is the result
of scientific observation in similar regions or neighbouring areas or direct measurements of the

biomass (aboveground and belowground).

This approach will generate 2 safety buffers, guaranteeing a solid degree of confidence in the carbon

storage estimation.

I.  The “growth plateau” may vary in time (expressed in years) and quantity of maximum storage
capacity for CO,. The “time to plateau” should be taken with a conservative approach. A

maximum of 75% of this “time to plateau” should pay carbon credits to the landowner.
Time to growth plateau * 75%
E.g.: 60 years *0.75 = 45 years of payments

II.  The COs: storage calculation should be based on the lower yearly sequestration average
capacity. This value should be taken conservatively, with at least a 30% buffer. The data on

which the calculation is based may be collected by:
- Running measurements in similar native woods in the same geographic area;

- Utilising the regional authority publications on the subject (if scientifically based and

solid), or the local forestry association analysis;

51



- In the absence of one of the previous two, utilising scientific literature, published in
accredited journals and peer-reviewed, to get a conservative estimation of the minimum

sequestration rate, per year, per family of trees.
Minimum registered growth rate per type of tree * 70% confidence
E.g.: 100% pine (range min 17- max 25 tons CO> ha yr'! [69]) * 0.7
17 *0.7 = 11.9 tons/year
S. Permanence

The land on which the project is developed must be converted and protected following the
International Union for Conservation of Nature (IUCN) category V or VI. This is fundamental to

guaranteeing the balance between human activity, biodiversity restoration and carbon storage.

After the project reached the limit in terms of sellable carbon credits, the risk of reversal increased
consistently. The forest is ready for harvesting and no further carbon credits may be granted to the

landowner.

To guarantee the continuous co-benefit for the landowner and the environment, Sustainable Forestry
Management practices must be set in place. This guarantees a regular income from felling campaigns
for the landowner while guaranteeing the self-regeneration of the ecosystem. The distance in time,
for a limited and controlled felling campaign must be defined based on the risk of wildfires, the type

of forest, the type of native trees and the type of [UCN classification in place.

Regulated felling activities proved beneficial not only in protecting the health status of the forests but
also in increasing the capacity of indirectly stored CO2 [70]. By utilising biomass for energy, biochar

or hardwood production, plenty of benefits are achieved altogether.

Low-quality biomass can substitute fossil fuel in the production of energy. In advanced facilities,

biochar may be obtained as a bi-product and utilised mixed in the soil to increase its properties.

High-quality Roundwood comes with additional storage of CO> while becoming a construction

material or being utilised in other long-lasting applications.

Carbon leakage is limited consistently, by guaranteeing a local supply of biomass in time.
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Monitoring of the carbon sink should not cease with the last tranche of payments to the Project

Developer. Satellite imagery collection should be continued regularly to monitor any reversal events.
6. Double-counting prevention

Double-counting should be prevented by adopting a solid information system. The carbon credit
should be designed to prevent double-claiming, double-issuance and in general double-use. This can
be done by utilising a centralised, redundant registry, checking that the same project is not registered
in other registries, and adopting all the legal measures required to guarantee the integrity of the

project.

A declaration of absence of previous commitments with other registries, and the design of a solid
legal framework, securing punishment in case of illicit activities or false declarations, is fundamental
to protect the credibility of the platform and the financial commitment of the carbon credit buyer and

utiliser.
7. Migrations

The Project Developer shall not migrate the carbon pool to another program after joining one
platform. The Project Developer may migrate the program in case of bankruptcy of its current
program or inconsistency of its current program, on the condition that the entire track record for the

target project is available.

In case of migration, the entire record of issued credits, current owners and beneficiaries of the
previously issued credits, and the entire documentation must be available. If the track record is
complete and available, migration costs shall not constitute a reason for discriminating against a
Project. This is to guarantee the permanence of the currently stored and spent CO2, while supporting
the virtuous decision of the Project Developer. Not accepting the Project Developer’s migration
request, in case of insolvency or inconsistency of its previous program, would be against the rational

ethical principles that should constitute any decent program.
8. No environmentally adverse impact of the project

Excluding carbon leakage, which unfortunately is a phenomenon hard to regulate and contrast
effectively, the development of the project should have no negative impacts on the local ecosystems.
Protected areas should not be altered. Natural swamps and bogs should not be converted into forests

as they already represent natural carbon pools.
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Afforestation projects may target abandoned agricultural land.
9. Transparency

The registries should be designed to facilitate free access to the information in an agile and
anonymous way to any actor, private, corporate or governmental. Transaction prices and execution
dates should be public information. Beneficiaries, project developers, project documentation, land
monitoring analysis and historical data, and land ownership. The information shall be publicly
available in electronic format and shall be accessible to non-specialised audiences, to enable scrutiny

of mitigation activities.
10. Red flags

Each carbon pool dedicated page should present the possibility, for any individual, to anonymously
raise a warning in case of accidents, events of reversal, suspected fraud or any other illicit activities.
Red flags shall be investigated promptly, by contacting the interested parties and acquiring the
required information to escalate the case. The outcome of the investigation must be recorded in the
history of the target project, Project Developer or beneficiary. A suspension period may be considered

for all the parties liable in case of positive results of the preliminary investigation.
11. Traceability

Information on the emissions stored in a pool or purchased by a polluter should not be available only
in an aggregated form. Every single Ton of CO> should have a dedicated page with a specific serial
number, identifying it uniquely. Each single carbon sink should be identifiable uniquely, and not

aggregated with the other carbon sinks in the same project.
12. Verification of the information

Satellite monitoring, both optical and thermal, achieved very competitive prices, both for research
and commercial purposes. Each carbon sink should be traced and monitored via satellite solutions.
The imagery and analysis collected should be available to the public on the specific page of the carbon
sink. The carbon sink should be highlighted to ease the readability of the information. Additionally,
aerial imagery may be collected for more detailed information. Thanks to satellite technology,
verification and validation have become cheaper, reducing the previously critical role of Validation
and Verification Bodies VVB. Satellite imagery may be commissioned by the beneficiary to audit the

information provided by the Broker and/or the Project Developer. This solves the problem of “trust”
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in the certification bodies, which have been responsible for a consistent amount of fraud and errors

in the past decades, showing a lack of reliability of the legacy VVB mechanism.

Auditing still plays a critical role. The Broker and validation methodology must be audited regularly,
ideally at least on a yearly basis. This is to assure the buyers of the correctness of the information

while validating the solidity of the process and the procedures in place.

An “integrity organism”, acting independently, must assure the correctness of the information and
validate each block of Tons of CO; sequestered. Even though third-party auditing remains a tool for
accuracy, consistency, transparency, and integrity, satellite auditing will increasingly substitute VVB,

due to lower costs, higher efficacy and expedited feedback.
13. Compensatory measures

A minimum 5% share of the turnover from carbon credit sales should be allocated to a reserve pool.
The broker should be utilising this reserve to purchase, from sparsely located and different Project

Developers, carbon credits that cannot be spent.

These credits held in the reserve pool should be utilised to compensate for reversal events. In case of
accidents, carbon credits from the pool will automatically substitute the carbon credits that suffered

the reversal event.

The reserve should always remain above 5%. The reserve can be below 5% for a period of maximum
3 months after a major reversal accident occurs. During this period a deep assessment of the accident
must be conducted to precisely estimate the degree of the reversal event. After this extraordinary
emergency phase, the total amount of carbon credits in the reserve must be returned above the 5%

safety limit.

This reserve pool acts as a warranty for the buyer, constituting the first line of response in case of

accidents. It is also acting as a “third buffer”, guaranteeing the integrity of the carbon credits.
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Proforestation

Proforestation cases need to be addressed slightly differently, based on the type of vegetation subject
to the analysis, the age of the forest and the information available on the project that needs to be

scrutinised.
1. Additionality

An additional project would have not been protected without the incentive provided by carbon credit
revenue. This can specifically refer to felling forests. The act of preventing the reversal event
(programmed felling) has positive benefits such as the persistence of the carbon pool, the maintenance
of the currently established ecosystem services, and the protection of the established biodiversity and

microbial balance.
2. Monocultures conversion

Monocultures may be considered on the condition that the Project Developer has been putting in place
measures to favour the progressive natural transition of the target area from monoculture to natural

forest, with the ideal goal of achieving the status of native forest.

If the monoculture is mainly composed of non-native or alien species or represents a high risk of
reversal due to the age of the trees, partial felling of the current monoculture is recommended, with
substitution of the trees with native species. The felling operations may not exceed 30% of the
currently stored biomass, with an interval of at least 10 years, until complete substitution is achieved.
Variations of this part of the protocol may be required to address the special characteristics or

requirements of different species, climates and soils.

If the monoculture is composed of native species, then no felling operations are required. However,
it is recommended, during the planned felling operations, to proceed with a partial substitution, via

seedlings or seeds, with other native species, in the cleared areas.
3. Robust quantification of GHG removals

The stored CO; should be robustly quantified. Based on the mix of native trees planted, it is possible
to get a scientific estimation of carbon sequestration at the “growth plateau”. This range is the result
of scientific observation in similar regions or neighbouring areas or direct measurements of the

biomass (aboveground and belowground).
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In proforestation, the size of the carbon pool may be quantified via direct and/or satellite

measurements.

As a complete track record for the proforestation project may be missing, a more conservative

approach in the estimation of the sellable carbon credits must be used.

II.

The “growth plateau” may vary in time (expressed in years) and quantity of maximum storage
capacity for CO. The “time to plateau” should be taken with a conservative approach. A
maximum of 75% of this “time to plateau” should pay carbon credits to the landowner. If the
current age of the wood is documented, the past years shall be considered as sequestered CO»

with a 10-year gap.
Time to growth plateau * 75%
E.g.: 60 *0.75 = 45 years of payments
Total amount of carbon credits sellable = (Current age of the wood — 10 years)
E.g.: 23 years — 10 = 13 years

Using the above example, the 10-year gap won’t be forfeited, but it will be paid from year 45
to year 55.

The CO; storage calculation should be based on the lower yearly sequestration average
capacity. This value should be taken conservatively, with at least a 30% buffer. The data on

which the calculation is based may be collected by:

Running preferably direct measurements, or indirect ones in similar native woods in the same

geographic area if the land is not accessible (E.g. 1);

Utilising the regional authority publications on the subject (if scientifically based and solid),

or the local forestry association analysis (E.g. 2);

In the absence of one of the previous two, utilising scientific literature, published in accredited
journals and peer-reviewed, to get a conservative estimation of the minimum sequestration

rate, per year, per family of trees (E.g. 2).

Currently measured or estimated stored CO> * 70% confidence

57



E.g. 1: 5ha * (23 years-10-year gap) * 19.7 tons of CO:> ha/yy * 0.7
5*13*19.7*0.7 =896.35 tons CO;
E.g. 2: 5ha * (23 years-10-year gap) * 17 tons of COz ha/yy * 0.7
S*13*17*0.7=773.5 tons CO>

Like in the case of regenerative afforestation projects, we will generate 2 safety buffers, guaranteeing
a solid degree of confidence in the carbon storage estimation. Measurements are always preferred to
estimations. The higher costs incurred with the direct or indirect measurements tend to pay a higher

premium compared to the conservative estimation.
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7. Conclusion

Each day, our position worsens. The unfolding crisis is beyond our control, but we can decide how
to use the time we have left. Accelerating carbon sequestration via forestry and biodiversity

restoration must become a top priority to address rising GHG levels in the atmosphere and oceans.

Our research aimed to find solid alternatives to trust-based systems from legacy VVB. Transparent
and accessible public ledgers, with integrated aerial and satellite monitoring, would not only enable
independent and cheaper auditing and accounting but also increase the transmissibility of the

information to the consumer.

This would help solve another important research question, how to effectively counter greenwashing
phenomena. Consumers need education on how their actions impact the environment, whether
positively or negatively. Modern tools like the internet, QR codes, and imagery sensing can enhance

awareness. Trust in sustainable development can be restored by showcasing tangible results

Net zero is only the beginning; much more work is required. Legacy VVBs played a foundational
role but must evolve. Satellite and aerial monitoring now provide cost-effective, reliable land and
forest assessments, enabling carbon credit buyers to directly audit efforts and share results with

consumers.

The market demands carbon credits with greater permanence and redundancy at scale. Technology-
based solutions have often failed in reliability, scalability, and efficacy. We cannot wait for them to
mature. With equivalent public and private investments, we could have already restored vast degraded
landscapes, regaining their ecosystem services, including carbon sequestration. By 2030, Europe’s
projected 20M hectares of abandoned land, if regeneratively afforested, could double the LULUCF

sector’s sequestration capacity, exceeding the European Environmental Agency’s goals.

Our original question, on how to accelerate forestry-based carbon credit adoption can be answered
through standardization, redundancy and integrity. The proposed protocol offers the necessary strong
baseline for Project Developers and Brokers to structure ARR projects sustainably and resiliently. Its

robust compensatory mechanisms ensure lifetime permanent storage, enabling credible results.
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Appendices

Appendix 1: A view of the setup page from EcoTransIT

Source: EcoTransitlT
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Appendix 2: A view of the Calculation Result page from EcoTransIT
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Appendix 3: A view of Verra Registry, sorted by Estimated Annual Emission Reduction and

Project Type (Agriculture Forestry and Other Land Use)
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Appendix 4: A view of Gold Standard Registry, sorted by Retired CO:ze quantity and Project

Type (Agriculture Forestry and Other Land Use)
Source: Gold Standard
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Appendix 5: An extract from a Gold Standard batch of carbon credits. As we can see the

“using entity” is missing. This is a common major transparency problem in the current

registry systems.

Source: Gold Standard
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