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The societal commitment to combat climate change is reflected in the Paris Agreement with the primary focus to
mitigate climate change by reducing or limiting greenhouse gas emissions. To facilitate the achievement of
emission reduction targets, innovative carbon crediting and offsetting mechanisms have been developed. These
mechanisms enable stakeholders to offset their emissions by using carbon offset credits if needed. These carbon
offset methodologies can be classified into two main categories. The first category involves directly reducing
greenhouse gas emissions from the environment through green and emission-capturing solutions, such as
reforestation and carbon capture and storage. The second category focuses on achieving a relative reduction in
carbon emissions by using or investing in technologies with lower carbon intensity compared to business-as-usual
practices, such as renewable energy. The reduction achieved in this second category is assumed to be equivalent
to not emitting the calculated amount of emissions. However, both categories generally do not address the
emissions’ sources directly. This study introduces a third approach by proposing the creation of a carbon offset
market at the emissions’ source, offering a novel way to directly tackle the origins of carbon emissions. This
approach aims to prevent emissions from being released in the first place, directly addressing the source of
emissions. It aligns with the precautionary principle, which advocates for proactive measures to prevent harm.
This approach should not be confused with the non-consumption approach, which is a top-down strategy focused
on reducing demand. Instead, it is a bottom-up approach that seeks to reduce the supply of emissions. This study
developed a four-step methodology for implementing a carbon offset market at the source, starting with fixing
fossil fuel extraction per producer, then fixing the profit margin per unit of extraction, then calculating the
carbon content per unit of fossil fuel, and finally creating a carbon offset market at the source where one can
offset their carbon footprint by paying an amount equivalent to the profit from fossil fuel extraction to the
producer in exchange for a reduction in an equivalent amount of fossil fuel extraction. It also offers insights into
emission reductions potential through this approach, along with cost calculations per unit of reduction based on
historical records, literature data, and statistical databases. The main advantage of the proposed approach is its
bottom-up focus on reducing the supply of emissions, which leads to tangible and quantifiable reductions in real
time. This method eliminates potential loopholes in traditional methodologies, ensuring that the reductions are
both immediate and verifiable.

1. Introduction

The impacts of climate change trace back to the Industrial Revolu-
tion, a period marked by the introduction of greenhouse gases into the
atmosphere (Brooke, 2014; Goodbody, 2018; Graven et al., 2020;
Mitchell, 1989). Initially, there was optimism that technological ad-
vancements would eventually provide solutions to this growing issue,
leading to a prolonged period of neglect (Alexander and Rutherford,
2019; Basiago, 1994; Gonella et al., 2019). However, the outbreak of
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two world wars resulted in widespread destruction and catalyzed in-
ternational cooperation toward stability and conflict reduction (Dai
et al., 2017; Morris, 2013; Morsink, 1993). This newfound peace
allowed humanity the freedom to address various issues, enhance the
quality of life, and make daily existence more comfortable (Sugiura
et al., 2010). While challenges like the Cold War, oil crises, and nuclear
incidents arose, the overall climate remained peaceful, fostering expo-
nential technological growth that reduced costs and improved living
standards (Painter, 2014). This progress, while enhancing quality of life,
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also escalated consumption patterns, altering the atmosphere, and
increasing greenhouse gas emissions (Driga and Drigas, 2019; Lamb
et al., 2021; Rosa et al., 2015). Unfortunately, climate change was
largely disregarded to support global economic expansion, with World
GDP skyrocketing from around 9 trillion in 1950 to over 100 trillion by
the early 2010s (Lubin, 2018). Concurrently, the global population
surged from 2.5 billion in 1950 to over 7 billion in 2020 (Statista, 2023b;
UN, 2024; Wilmoth et al., 2021). With rising population figures,
elevated consumption standards, and minimal concerns about resource
extraction limits, greenhouse gas emissions from fossil fuels surged from
6 billion tons of CO, in 1950 to over 35 billion tons of CO5 in 2020
(Friedlingstein et al., 2022). This unprecedented emission surge has led
to an approximate temperature increase of 1.2 ° Celsius from
pre-industrial levels (EEA, 2024; Gillett et al., 2021; Intergovernmental
Panel on Climate, 2023).

Climate change exerts profound and extensive impacts across mul-
tiple dimensions (Carleton and Hsiang, 2016). It drives a surge in tem-
peratures, intensifies extreme weather occurrences, leads to rising sea
levels, triggers biodiversity decline, and fuels concerns surrounding food
and water availability, public health, and economic stability. Moreover,
it compounds existing social disparities and poses threats to human
survival (Page, 2007; Welzer, 2015). Several notable instances of
climate change repercussions have captured global attention including
the rapid Arctic sea ice melt due to rising temperatures (Screen and
Simmonds, 2010), which disrupts polar ecosystems and amplifies global
sea-level rise through a self-reinforcing feedback loop; the heightened
devastation of Hurricane Katrina in 2005 (Brunkard et al., 2008),
exacerbated by warming ocean waters; the increasingly severe and
frequent California wildfires (Palinkas, 2020), linked to prolonged
droughts and elevated temperatures; the widespread coral bleaching
events in the Great Barrier Reef (Berkelmans et al., 2004), stemming
from warming ocean temperatures; the release of significant methane, a
potent greenhouse gas, as permafrost thaws in regions like Siberia and
Alaska (Anisimov and Zimov, 2021; Knoblauch et al., 2018); Cape Town
severe water crisis in 2017-2018 (Calverley and Walther, 2022), known
as "Day Zero," driven by droughts exacerbated by climate change; and
the 2019-2020 Australian bushfires (Chester, 2020; Deb et al., 2020),
fueled by record-high temperatures and prolonged droughts. These
manifestations of climate change result in the loss of both environmental
and human lives while diminishing overall quality of life.

Human society has recognized the pressing need to address climate
change and its profound economic implications (Adger et al., 2009;
Amen et al., 2008; Charnock and Thomson, 2019; Stern et al., 2022).
Climate issues have garnered widespread attention, prompting both
developed and developing economies to implement carbon emission
reduction policies and commit to carbon neutrality goals to tackle the
looming threats posed by rapid climate shifts (Dissanayake et al., 2020;
Huang and Zhai, 2021; Huisingh et al., 2015; Igbal et al., 2023; Wang
and Su, 2020). Numerous initiatives have been launched in response to
this global challenge (Damtoft et al., 2008). Notably, the Kyoto Protocol,
established in 1997 and enacted in 2005, stands as a pivotal interna-
tional accord (Gupta, 2016). Its primary objective was to enforce
binding emission reduction targets for developed nations, known as
"Annex I'" countries, during a commitment period spanning from 2008 to
2012 (Missfeldt and Haites, 2001). However, due to limited success, the
international community embarked on a new endeavor—the Paris
Agreement (Falkner, 2016). Ratified in 2015, this agreement builds
upon the Kyoto Protocol foundation but adopts a more adaptable
approach. Under the Paris Agreement, each country submits its Na-
tionally Determined Contributions (NDC), outlining voluntary emission
reduction objectives and strategies (Mills-Novoa and Liverman, 2019).
The overarching goal is to restrict global warming to well below 2 °
Celsius above pre-industrial levels, with an aspirational target of
limiting it to 1.5 ° Celsius (Hoegh-Guldberg et al., 2019; Rogelj et al.,
2016). Furthermore, various complementary policies and initiatives
have been launched to drive progress in this direction. These include the
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Sustainable Development Goals (SDGs) initiative (Fuso Nerini et al.,
2019), Renewable Energy Targets (Baruch-Mordo et al., 2019), Carbon
Pricing mechanisms (Ji et al., 2018), Energy Efficiency Standards (Wiel
and McMahon, 2005), Reforestation and Afforestation projects
(Trabucco et al., 2008), Clean Transportation Initiatives (Banister,
2011), and Climate Resilience Planning (Kim, 2018) aimed at reducing
climate change impacts. Collectively, these policies and agreements
exemplify a global commitment to combat climate change, transition
towards a low-carbon economy, and fortify resilience against the con-
sequences of a changing climate. Successful climate action necessitates
collaboration on the international stage, effective national policies, and
proactive local initiatives, all converging in the overarching mission to
address climate change comprehensively.

Among various mechanisms established to combat climate change,
one notable approach being carbon offsetting (Bumpus and Liverman,
2008; Hyams and Fawcett, 2013). Carbon offsets serve as a means to
mitigate the environmental impact of greenhouse gas emissions (Lovell
and Liverman, 2010). It involves investments in projects or activities
aimed at reducing or eliminating an equivalent amount of greenhouse
gases from the atmosphere. The Kyoto Protocol, one of the earliest in-
ternational policy frameworks addressing this issue, played a pivotal
role in introducing the concept of carbon offsetting by establishing Clean
Development Mechanism (CDM) (Gillenwater and Seres, 2011; Pfaff
etal., 2000). The World Resource Association has defined a single unit of
carbon offset as equivalent to the reduction, avoidance, or sequestration
of one metric ton of carbon emissions (Wei et al., 2021). Many countries,
including the European Union (EU), have embraced carbon offsetting as
a flexible mechanism to achieve carbon emission reductions (Wara and
Victor, 2008). The European Commission, for instance, issued Directive
2004/101/EC, which guides companies in implementing carbon off-
setting by utilizing emission reduction data verified by Kyoto green-
house gas reduction projects (de Cendra de Larragan, 2010). On the
national level, numerous countries have established carbon offset mar-
kets that include various components such as Carbon Credits (Dhanda
and Hartman, 2012; Tuerk et al., 2009). These markets employ a
market-based approach to facilitate the trading of carbon credits, dis-
tinguishing between compliance and voluntary markets (Corbera et al.,
2009). Robust verification and certification processes are in place to
prevent greenwashing and misleading claims about environmental
benefits (Nygaard, 2023). At the individual level, there is a growing
trend of individuals voluntarily engaging in carbon offsetting as an
expression of their commitment to environmental protection (Haya
et al., 2020; Segerstedt and Grote, 2016). An increasing number of or-
ganizations are offering voluntary carbon offsetting schemes to their
users as a means of compensating for GHG emissions (Becken, 2004;
Dhanda and Hartman, 2011; Gossling et al., 2007; Mair, 2011; Zhang
et al., 2018).

In the corporate sector, numerous companies have taken steps to
disclose their products’ carbon footprints, alongside their long-term
strategies to achieve carbon neutrality (Boiral et al., 2024; Kreibich
and Hermwille, 2021; Lee, 2011; Liu et al., 2023). These initiatives
collectively signify a global effort to address climate change by carbon
offsetting, combining international policy frameworks, national mar-
kets, and individual and corporate actions to reduce greenhouse gas
emissions and combat climate change effectively. However, the effec-
tiveness of these carbon offsetting mechanisms remains debatable (Calel
et al., 2021; Dhanda and Hartman, 2011; Kollmuss and Lazarus, 2011;
Pearse and Bohm, 2014). Carbon offset strategies are rooted in the
principle of acknowledging the "business as usual" scenario and then
taking deliberate measures to reduce emissions (Lovell and Liverman,
2010). This approach differs from reducing emissions at their source.
Carbon offset methodologies can be broadly categorized into two main
approaches. The first category involves directly mitigating greenhouse
gas emissions within the environment through environmentally friendly
and emission-capturing solutions, such as reforestation and carbon
capture and storage (Lefebvre et al., 2021). These strategies fall under
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the removal category, aimed at eliminating existing emissions for e.g.,
by capturing and storing carbon dioxide underground (Benson and Orr,
2008). The second category is centered on achieving a relative reduction
in carbon emissions by adopting or investing in technologies charac-
terized by lower carbon intensity compared to conventional practices,
such as renewable energy sources (Arnette, 2017; Lo, 2023). The
reduction achieved through this approach is considered equivalent to
the avoidance of emitting a specific quantity of greenhouse gases.
Essentially, these strategies are reduction-oriented, focusing on reducing
future emissions relative to the business-as-usual scenario, all while
maintaining existing consumption patterns. However, both categories
generally fail to address the sources of emissions directly, resulting in
only fractional and less quantifiable reductions. This shortfall is evident
in the continuous rise in global temperatures and the yearly increase in
greenhouse gas emissions. Pearse and Bohm (2014) outlined several
reasons why current carbon markets are unlikely to lead to radical
emissions reductions. These include issues such as the creation of
loopholes for polluters, corruption, and the failure to address the root
causes of emissions, resulting in limited long-term impact on climate
change. This ongoing trend underscores the urgent need for innovative,
practical solutions at the grassroots level to drive real, substantial re-
ductions in emissions.

This study proposed a distinct approach—the creation of a carbon
offset market at the source. This aims to preemptively prevent emissions
from entering the atmosphere, addressing the root cause of emissions at
their origin. This approach aligns harmoniously with the precautionary
principle, advocating proactive measures to avert harm rather than
reacting to it. It is important to note that this approach differs from the
non-consumption strategy, which operates from the top-down by
reducing demand. However, reducing the demand for one consumable
may inadvertently increase demand for another, leading to the "rebound
effect” and resulting in less net reduction in emission (Chakravarty et al.,
2013; Colmenares et al., 2020; Font Vivanco et al., 2022; Ottelin, 2016).
Instead, it adopts a bottom-up perspective, focusing on reducing the
supply of emissions. This study main objective is to propose a compre-
hensive four-step methodology for the establishment of a source-based
carbon offset market, starting with fixing fossil fuel extraction per pro-
ducer, then fixing the profit margin per unit of extraction, then calcu-
lating the carbon content per unit of fossil fuel, and finally creating a
carbon offset market at the source where one can offset their carbon
footprint by paying an amount equivalent to the profit from fossil fuel
extraction to the producer in exchange for a reduction in an equivalent
amount of fossil fuel extraction. Furthermore, it will shed light on the
calculation of potential emissions reductions achievable through this
approach, including an assessment of the associated cost calculation per
unit of reduction. The scope of this study is confined to defining the new
approach and providing an overview of its implications using aggre-
gated statistical data over time to contextualize and illustrate the pro-
posed approach, highlighting its advantages. It does not address broader
implementation challenges or potential limitations related to market
dynamics or the economic impacts on global energy markets, which will
be explored in future research.

2. Methods

The idea of carbon offsetting has undergone significant evolution in
recent decades, with recent years witnessing substantial efforts to
establish more stable, reliable, and effective global carbon offset mar-
kets. These efforts are aimed at preventing greenwashing (de Freitas
Netto et al., 2020) and ensuring verifiable claims that accurately capture
the complex nature of carbon offsetting, providing valuable information
for decision-makers. The scientific community and international orga-
nizations have contributed significantly to carbon offset research,
marking a notable progression from the first recorded carbon offset
publication in 1991 to an annual average of approximately 200 publi-
cations in recent years (Wei et al., 2021). However, this study takes a
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specific focus on the creation of a source-based carbon offset market,
utilizing readily available data. Consequently, comparisons between this
approach and others fall outside the scope of this research. The meth-
odology is structured as follows: Section 2.1 outlines the fossil-based
carbon emissions data sources, and Section 2.2 outlines the Proposed
Methodology for establishing a source-based carbon offset market.

2.1. Data sources on fossil-based carbon emissions

Carbon dioxide emissions stand as the leading catalyst of global
climate change, demanding immediate attention in both quantification
and mitigation. To compile this information, data was sourced from
online platforms like Statista and Our World in Data, that aggregate
statistical data pertaining to carbon emissions from fossil fuels
(Bowman, 2022; Ritchie, 2018). This comprehensive dataset encom-
passes changes over time, emissions across various regions, fossil fuel
consumption per capita, the breakdown of fossil fuel consumption by
type, its significance in the context of global primary energy sources, as
well as oil production and demand. This wealth of data serves as a
critical resource for gaining insights into and advancing the develop-
ment of source-based carbon offset markets. It offers valuable insights
into understanding the potential to mitigate the impact of emissions and
reduce their associated consequences. However, the scope of this study
is limited to defining the new approach and providing an overview of its
implications using aggregate statistical data over time to contextualize
and illustrate the proposed approach, rather than addressing broader
implementation with detailed data sources. Therefore, only statistical
data is utilized in this study.

2.2. Proposed methodology to create a carbon offset market at source

To create a carbon offset market at the source as shown in Fig. 1, this
study recommends a four-step methodology.

Fixed fossil fuel extraction per producer: The initial step pertains to
fossil fuel producers. To engage in the market, these producers are
required to set an annual, fixed limit on their fossil fuel extraction. This
limit serves as a crucial measure to curtail overall fossil fuel extraction,
thereby laying the groundwork for carbon offsetting initiatives

Declare profit margin per unit extraction: In the second step the
producer must publicly declare the profit earned per unit of fossil fuel
extraction. This information provides transparency and allows for the
calculation of financial contributions towards carbon offsetting.

Declare carbon footprint per unit of fossil fuel extraction: In the
third step, the producer is required to disclose the potential global
average life cycle carbon footprint associated with each unit of its fossil
fuel extraction by carbon coefficient content. This declaration is
instrumental in calculating the necessary offset to counterbalance the
carbon emissions stemming from fossil fuel use. This encompasses the
carbon footprint linked to carbon coefficient content of the fossil fuel
disregarding the extraction of fossil fuel, its transportation, processing
and other supply chain related emissions before reaching to final con-
sumer but include its use, leading to emissions. Supply chain emissions
are excluded because these emissions would not occur without the
extraction of fossil fuels. Including these emissions in the calculations
could lead to an overestimation of the emissions reduction, as it assumes
that the supply chain emissions might not occur, thereby disregarding
the potential rebound effect. Consequently, this approach simplifies the
calculation by excluding these emissions, as their inclusion could
introduce additional uncertainty into the equation.

Create carbon offset market at the source: In the fourth step, there
will be a carbon offset market where individuals, organizations, or
countries can offset their carbon footprint by calculating the equivalent
amount of fossil fuel emissions produced. This can be done by deter-
mining the profit generated per unit of fossil fuel extraction and then
paying that amount to the producer in exchange for a reduction in an
equivalent amount of fossil fuel extraction.
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Fig. 1. Proposed methodology for creating a carbon offset market at the source. It illustrates the process where emissions from an activity are first calculated and
then offset by determining the equivalent amount of fossil fuel extraction. The profit that would have been generated from this extraction is calculated and paid to the
fossil fuel producer in exchange for reducing extraction. By limiting fossil fuel extraction, emissions are directly reduced, as the unextracted fuel no longer contributes
to carbon emissions. This approach directly links carbon offsetting to fossil fuel supply reduction, ensuring a measurable and tangible impact on overall emis-

sion level.

By creating such a market, it becomes possible to directly reduce
carbon dioxide emissions at the source by reducing fossil fuel extraction.
This approach provides real-time visibility and accountability for carbon
emissions reduction, making it potentially more effective and impactful
compared to other carbon offset methods such as renewable energy or
tree plantation.

3. Results and discussion

In this section, the study discusses the proposed methodology and its
application analysis. The result section is structured as follows: Section
3.1 discuss the fossil based carbon emissions and its contributors, Sec-
tion 3.2 delves into the process of fixing fossil fuel extraction per pro-
ducer, Section 3.3 details the calculation of profit per unit of extraction,
Section 3.4 elaborates on the calculation of carbon footprint per unit of
fossil fuel extraction, Section 3.5 explores the development of the carbon
offset market at the source, Section 3.6 explores the advantages and
challenges of the proposed methodology and finally, Section 3.7 ex-
plores the future scope of the study.

3.1. Fossil based carbon emissions and its contributors

Prior to the industrial revolution, global CO; emissions from fossil
fuels were relatively minimal compared to today’s levels (Andres et al.,
1999). The growth in these emissions remained gradual until the

mid-20th century. In 1950, the world emitted approximately 6 billion
tons of COs. By the year 2000, this figure had soared to more than four
times that amount, reaching over 25.50 billion tons. Emissions have
since continued to surge, surpassing 37.15 billion tons annually in 2022
(Friedlingstein et al., 2023; Statista, 2023a).

Historically, global emissions were predominantly attributed to
Europe and the United States, which jointly accounted for over 85 % of
annual emissions until 1950 (Budget, 2023; Ritchie and Roser, 2020).
However, recent decades have witnessed a substantial shift, marked by a
significant increase in emissions across the rest of the world, notably in
Asia, with China taking a prominent role (Gregg et al., 2008; Lamb et al.,
2021; Li et al., 2016). In terms of fossil fuel consumption per capita in
2022, the United States leads with 63,836 kWh, followed by Australia at
54,286 kWh, while China ranks fifth with 25,344 kWh (Our World in
Data, 2024). Fossil fuel consumption by type is dominated by oil,
amounting to 52,970 TWh, followed by coal with 44,854 TWh and gas
with 39,413 TWh in 2022. In 2019, coal, oil, and gas collectively
accounted for approximately 84 % of global primary energy sources.
However, it is imperative that we swiftly decrease this percentage over
the coming decades by replacing these fossil fuels with low-carbon en-
ergy sources (Aratijo and de Medeiros, 2021; York, 2012). Regarding oil
production from 1998 to 2022, there was an increase from 3545.4
million metric tons to 4407.2 million metric tons, with the past five
years showing stability around 4400 million metric tons (Energy Insti-
tute, 2024). A similar trend is observed in the demand for crude oil



R. Aggarwal

worldwide, which rose from 83.65 million barrels per day in 2005 to
99.57 million barrels per day in 2022 (OPEC, 2024).

These trends indicate that although carbon offsetting mechanisms
have been in place for the past two decades, they have failed to directly
address the sources of emissions. As a result, the production of fossil
fuels continues to increase, contributing to a steady rise in carbon
emissions. This points to the need for more direct solutions that tackle
the root causes of emissions. Pearse and Bohm (2014) highlighted
several reasons why existing carbon markets are unlikely to bring about
significant emissions reductions. The persistence of this trend empha-
sizes the necessity for innovative and practical solutions at the grass-
roots level to achieve meaningful reductions in emissions. In response,
this study proposes the creation of a carbon offset market at the source to
directly address the origins of emissions.

3.2. Fixing fossil fuel extraction per producer

The first step involves fixing fossil fuel extraction per producer,
targeting fossil fuel producers specifically. To participate in the carbon
offset market, these producers must establish an annual, unchanging
limit on their fossil fuel extraction. This limit serves as a critical measure
to restrain overall fossil fuel extraction, laying the foundation for carbon
offsetting market at the source.

It is important to note that the fossil fuel extraction landscape can
exhibit changes over time due to various factors such as mergers and
acquisitions, the emergence of new players, and the discovery of new oil
and coal reserves and refineries. This dynamism can indeed pose chal-
lenges to the task of fixing fossil fuel extraction per producer. For
instance, in 2020, global discoveries of crude oil and natural gas
amounted to 12.5 billion barrels of oil equivalent, underlining the
continuous nature of such discoveries (Rystad Energ, 2023). The dis-
tribution of proved oil reserves worldwide in 2020, categorized by re-
gion, reveals significant concentrations: the Middle East at 48.3 %,
South and Central America at 18.7 %, North America at 14 %, Europe
and CIS at 9.2 %, Africa at 7.2 %, and Asia Pacific at 2.6 % (OPEC,
2023a). Additionally, when considering the distribution of oil reserves
by country, prominent countries include Venezuela at 17.5 %, Saudi
Arabia at 17.2 %, Canada at 9.7 %, Iran at 9.1 %, Iraq at 8.4 %, Russia at
6.2 %, Kuwait at 5.9 %, the United Arab Emirates at 5.6 %, the United
States at 4 %, Libya at 2.8 %, and Nigeria at 2.1 % (OPEC, 2023b).
However, in terms of leading oil-producing countries as of 2022, the
United States tops the list with a daily output of 17,770, followed by
Saudi Arabia at 12,136, Russia at 11,202, and Canada at 5576 barrels
per day (Energy Institute, 2023). Furthermore, when examining the
leading oil and gas companies based on market capitalization as of June
2023, notable contenders include ExxonMobil from the United States
with 352.79 billion U.S. dollars, Chevron, also from the U.S., with 241.7
billion U.S. dollars, Reliance Industries of India with 164.7 billion U.S.
dollars, Royal Dutch Shell from the UK with 155.58 billion U.S. dollars,
PetroChina from China with 151.78 billion U.S. dollars, Total Energies
from France with 117.3 billion U.S. dollars, ConocoPhillips from the U.S.
with 101.97 billion U.S. dollars, and many others (Financial Times,
2024). When it comes to coal, the leading coal-consuming countries
worldwide in 2022 (measured in exajoules) are China, ranking first with
88.41, followed by India with 20.09, the United States with 9.87, and
Japan with 4.92. In terms of the share of proved coal reserves worldwide
from 1991 to 2020, the distribution by region in 2020 was as follows:
Asia Pacific held 42.8 %, Europe & CIS accounted for 30.6 %, North
America represented 23.9 %, Middle East & Africa had 1.5 %, and
Central & South America held 1.3 %. As for the market capitalization of
the leading coal companies globally (measured in billion U.S. dollars),
the list includes China Shenhua Energy Co from China with 88.06,
Glencore from Switzerland with 70.47, Yankuang Energy (Yanzhou Coal
Mining) from China with 22.78, Coal India from India with 18.36, along
with several other smaller companies. These figures from Statista and
Our World in Data collectively depict the intricate and evolving
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landscape of fossil fuel extraction and market dynamics.

This study introduces a simplified approach to address uncertainties
and future implications within the fossil fuel industry by establishing a
direct link between extraction and reserves. Under this proposal, com-
panies involved in extracting fossil fuels from designated sites are
mandated to fix their annual extraction levels in accordance with their
reserve holdings. This approach primarily concerns companies engaged
in fossil fuel extraction, with refining and other downstream processes
excluded from this framework. Recognizing that the initial step in the
use of fossil fuels is extraction, this study advocates for all fossil fuel
extraction companies to set extraction limits relative to their reserves for
market participation. A minimum extraction threshold value relative to
their reserves is established as a prerequisite for market entry, below
which individual companies can determine their specific extraction
limits. This ensures that all participating extraction companies adhere to
their agreed-upon extraction levels, preventing over-extraction. It is
crucial to note that if an extraction company acquires another entity not
originally within the market framework, the acquired company must
reassess its extraction limits based on the date of acquisition by the
acquiring company. This prevents situations where one company con-
tinues extraction and subsequently acquires another entity already
participating in the market, which could distort extraction limits. This
study suggests that the limit should be recalculated based on the date of
acquisition and the acquired company’s extraction capacity, accounting
for whether it is high or low.

As a result of this approach, each fossil fuel extraction company is
assigned an annual extraction limit relative to its reserves, thereby
becoming a participant in the global carbon offset market at the source.
This ensures a more controlled and sustainable approach to annual fossil
fuel extraction within the industry.

3.3. Calculating profit margin per unit fossil fuel extraction

The second step entails the declaration of profit per unit of fossil fuel
extraction by the fossil fuel producer. This crucial disclosure publicly
reveals the profit generated for each unit of fossil fuel extracted. Such
transparency is essential as it enables the calculation of financial con-
tributions required for carbon offsetting initiatives. By openly declaring
their profit margins, producers contribute to a more accountable and
responsible approach to carbon emissions offsetting at the source.

Crude oil prices are influenced by a multifaceted interplay of factors.
Central to this dynamic is the balance between oil supply and demand,
where any shifts in either can exert substantial pressure on prices
(Krichene, 2002). Geopolitical tensions, conflicts, and disruptions in
major oil-producing regions can swiftly disrupt supply, causing price
spikes (Kissane, 2021). OPEC and non-OPEC policies, notably produc-
tion decisions, play a pivotal role in shaping global oil supply (Roeben,
2024). Economic conditions, such as global growth and inflation, impact
oil demand, while currency exchange rates can alter the purchasing
power of oil-importing countries (Boroumand et al., 2019). Addition-
ally, environmental regulations, technological advances in oil extrac-
tion, weather-related disruptions, and speculative activities in futures
markets all contribute to oil price fluctuations. Furthermore, the
ongoing transition towards cleaner energy sources and the energy pol-
icies of nations have introduced a long-term dimension to oil price dy-
namics (Solomon and Krishna, 2011). Thus, oil prices represent a
complex interplay of economic, geopolitical, environmental, and tech-
nological factors, making them highly volatile and subject to constant
scrutiny.

Historically, crude oil prices have undergone significant fluctuations.
Until the early 1970s, oil prices remained relatively stable. However, a
series of transformative events, including the OPEC oil embargo in 1973
and the Iranian Revolution in 1979, caused substantial spikes in oil
prices, leading to what are commonly referred to as "oil shocks”
(Hamilton, 2013; Issawi, 1978; Smith, 2022). The subsequent decades
saw periods of price decline, interrupted by spikes during geopolitical
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conflicts like the Gulf War in 1990-1991 (Lieber, 2019). Nevertheless,
prices generally remained lower than the peaks of the 1970s. The early
2000s witnessed a gradual increase in oil prices, driven by increasing
global demand, especially from emerging economies such as China and
India (Beirne et al., 2013; Leung et al., 2011). Prices reached historic
highs in mid-2008 but subsequently experienced a sharp decline during
the global financial crisis later that year (Aleklett et al., 2010). Over the
following years, prices recovered and exceeded $100 per barrel. Another
notable era of volatility occurred in the 2010s. Oil prices surged at the
beginning of the decade but then plummeted in mid-2014 due to a
combination of factors, including oversupply and weak demand. Prices
remained relatively low for several years before undergoing a moderate
recovery. The COVID-19 pandemic in 2020 had a profound impact on oil
prices, resulting in a historic collapse in demand and a brief period of
negative oil prices in 2020 (Gharib et al., 2021; Le et al., 2021). Sub-
sequently, prices rebounded as economies began to reopen, and demand
partially recovered. It is crucial to acknowledge that crude oil prices are
subject to an intricate web of influences, and analyzing historical trends
provides valuable insights into how these multifaceted factors have
driven price fluctuations. However, forecasting future oil price move-
ments remains a formidable challenge due to the ever-evolving nature of
these variables.

Historical coal prices also have exhibited a dynamic pattern over the
past few decades, shaped by an intricate interplay of economic, envi-
ronmental, and regional factors (C. Wang et al., 2024). Throughout the
1990s and early 2000s, coal prices generally remained stable, reflecting
consistent demand primarily for electricity generation. The mid-2000s
marked a turning point when prices began to climb, driven by surging
demand from rapidly industrializing nations like China and India,
alongside the rising costs of oil, which prompted adoption of coal as an
energy alternative (Ding et al., 2017; T. Wang et al., 2024). Later, coal
prices had soared to historic highs, influenced by global economic
growth and increased energy needs (Khan et al., 2021). However, the
global financial crisis of 2008 caused a temporary drop in prices. As the
2010s unfolded, coal prices gradually declined due to concerns about
pollution and climate change, coupled with a shift toward cleaner en-
ergy sources and competition from abundant natural gas supplies
(Houser et al., 2017; Liang et al., 2012; Nalbandian and Dong, 2013).
The 2020s continued this trend, with coal prices further decreasing,
exacerbated by the economic impacts of the COVID-19 pandemic, which
curtailed demand and led to oversupply in coal markets. These fluctu-
ations underscore the intricate nature of coal pricing, varying by region,
coal type, and evolving environmental regulations

This study proposes that participants in the global carbon offset
market at the source should disclose both their extraction costs and their
desired profit margins per unit of extraction of fossil fuel. While
extraction costs may differ among various producers, their expected
profits can also fluctuate based on the standardized market price. A
country with lower extraction costs but a standardized market price may
yield greater profits than others. Thus, this study suggests that all par-
ticipants reveal their anticipated profits from each unit of extraction,
fostering consensus on a standardized profit margin. Importantly, this
profit margin need not be tied exclusively to the cost of fossil fuel.
Consequently, it can be stable and subject to monthly updates. As a
result of this step, all producers aiming to participate in the market
would collectively determine their standardized profit margins per unit
of extraction. This approach contributes to transparency and equity in
the carbon offset market. Consequently, the result of implementing this
step is that all participating producers would collectively determine
their standardized profit margins per unit of extraction on a monthly
basis.

3.4. Calculating carbon footprint per unit of fossil fuel extraction

The third step involves the declaration of the carbon footprint per
unit of fossil fuel extraction. In this crucial phase, fossil fuel producers
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are mandated to reveal the potential global average life cycle carbon
footprint associated with each unit of their fossil fuel extraction,
calculated based on fossil fuel carbon coefficient content. This disclosure
serves as a vital component in determining the required offset to
counterbalance the carbon emissions generated by fossil fuel use. It
encompasses the carbon footprint linked to the carbon coefficient con-
tent of the fossil fuel, irrespective of factors such as extraction, trans-
portation, processing, and other supply chain activities before reaching
the end consumer and contributing to emissions. It is important to note
that this approach simplifies the calculation process, to reduce a degree
of uncertainty by disregarding emissions associated with supply chain
activities of fossil fuel.

In this study, fossil fuels are categorized into two main types: crude
oil and coal. To calculate carbon dioxide emissions per barrel of crude
oil, this study employs a straightforward formula (US EPA, 2024). This
calculation involves multiplying the heat content (5.80 mmbtu per
barrel) by the carbon coefficient (20.33 kg carbon per mmbtu), the
fraction oxidized (assumed to be 100 percent), and the ratio of the
molecular weight of carbon dioxide to that of carbon (44/12). Conse-
quently, the carbon footprint for crude oil is determined to be 432.3513
tons of CO4 per barrel. For coal, calculation is based on the average heat
content of coal consumed by the electric power sector in the U.S. in
2020, which stood at 20.84 mmbtu per metric ton. The average carbon
coefficient for coal combusted for electricity generation in 2020 was
26.12 kgs of carbon per mmbtu, with the fraction oxidized assumed to be
100 percent. Similar to the crude oil calculation, this study determines
carbon dioxide emissions per ton of coal by multiplying the heat content,
carbon coefficient, fraction oxidized, and the ratio of the molecular
weight of carbon dioxide to that of carbon (44/12). This results in a
carbon footprint of 1.996 tons of CO5 per metric ton of coal.

This study employs a simplified approach for calculating carbon
footprints, focusing solely on the carbon content of fossil fuels without
including supply chain emissions. However, it is worth noting that a
more comprehensive approach could involve accounting for the com-
plete life cycle carbon emissions from fossil fuels, including supply chain
related emissions from extraction to use. In such a comprehensive
approach, standardization would be essential to ensure consistency for
all participants in the market, accounting for various fuel types and
supply chain variables. In this study’s simplified approach, the carbon
footprint is established as 432.3513 tons of CO; per barrel of crude oil
and 1.996 tons of CO; per metric ton of coal for carbon offset
calculations.

3.5. Developing carbon offset market at the source

The fourth and final step involves the establishment of a carbon
offset market at the source. In this step, a market is created where in-
dividuals, organizations, or countries can offset their carbon footprint by
calculating an equivalent amount of fossil fuel being extracted and used
leading to emissions. This is achieved by determining the profit gener-
ated per unit of fossil fuel extraction and then compensating the pro-
ducer for a reduction in fossil fuel extraction equal to this amount.

Participants in this market will have to fix their annual fossil fuel
extraction and calculate the carbon footprint per unit of fossil fuel
extraction. They will also regularly update their profit margin per unit of
extraction on a global scale. This data provides the cost per unit of
carbon footprint associated with fossil fuel extraction. To purchase
carbon offsets in this market, individuals or entities need to calculate the
amount of carbon they wish to offset. They then determine the corre-
sponding fossil fuel extraction, based on the carbon footprint of different
types of fossil fuels, and calculate the profit margin associated with that
extraction. By paying this profit margin to the producer, they can
request a reduction in fossil fuel extraction equivalent to the offset they
seek.

It is important to note that the carbon offset, in terms of reduced
fossil fuel extraction, cannot be stockpiled or reserved by the buyer;
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instead, it is submitted to the government when a buyer claims a carbon
reduction. The government is responsible for overseeing and validating
these carbon offsets. This approach ensures a reliable and transparent
method for quantifying carbon reductions, minimizing the risk of
greenwashing.

3.6. Advantages and challenges of the carbon offset market at the source

Carbon offsetting, while adopted as a measure to mitigate the envi-
ronmental impact of activities, is not always as effective as it may appear
in its current applications. However, the proposed methodology of a
carbon offset market at the source aims to enhance its effectiveness
substantially. The intention is for individuals and organizations to
incorporate carbon offsetting into a comprehensive sustainability
strategy centered around emission reductions at the source. In this
approach, carbon offsetting becomes an integral component of the
overall solution. This shift in perspective aligns more closely with the
goal of achieving meaningful and lasting reductions in carbon emissions.
Carbon offsetting should be viewed both as a standalone solution and as
a complementary tool to other climate change mitigation strategies. As a
standalone solution, it offers a direct means of reducing carbon emis-
sions, independent of other activities. This implies that carbon offsetting
can be used not just to balance out the carbon footprint of specific ac-
tions, but also as an effective method to reduce emissions overall. As a
complementary tool, it provides a way to offset emissions when certain
activities are unable to reduce their carbon footprint fully. In this dual
role, carbon offsetting becomes a versatile tool—either to directly
mitigate climate change or to compensate for the environmental impacts
of other activities that cannot achieve full emission reductions on their
own.

One key argument for the proposed methodology lies in the persis-
tence of high emissions. Despite the implementation of carbon reduction
targets over the years, carbon emissions continue to rise steadily. Efforts
to curtail emissions through various means, such as green and emission-
capturing solutions, technology-driven reductions in carbon intensity,
and demand-side reductions in consumption, have proven increasingly
challenging. This study suggests that it may be time to embrace a
bottom-up approach focused on reducing the supply of emissions. Such
an approach could yield tangible, quantifiable reductions in emissions,
rather than relying solely on the perception of reduction without seeing
substantial changes on the ground. One prominent issue with current
carbon offset mechanisms is the presence of significant non-
additionality (Cames et al., 2016). This means that some offset pro-
jects may not be genuinely additional; they might have proceeded
without the offset funding, often as part of other sustainability initiatives
(Probst et al., 2023). However, they are still included in carbon offset
calculations, resulting in what appears to be multiple benefits but not
actual additional carbon removal from the atmosphere (Cavanagh and
Benjaminsen, 2014). For instance, if a reforestation project was already
planned and financed, purchasing offsets for it does not lead to extra
carbon removal. This multiplicity of counting creates a sense of
achievement but not actual multiple benefits, as one project is counted
numerous times. Another concern lies in long-term reliance within
current offset mechanisms. Investing in existing carbon offset projects
typically yields reductions over an extended period, often spanning
many years. This extended timeline may not be suitable for addressing
the emissions that are being generated today. There is a pressing need
for solutions that provide more immediate and reliable results. This
study proposes that such a solution may involve reducing emissions at
the source rather than relying on carbon offsets, which can seem like an
indefinite solution.

The current offset market often also suffers from a lack of trans-
parency in calculation methodologies. Ineffective offsetting can stem
from a lack of transparency and accountability within offset projects.
When it is unclear how offsets are calculated or what their real impact is,
it can erode trust in the entire offsetting process. The proposed
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methodology aims to address this issue by offering clear and easily un-
derstandable calculations without any ambiguity involved. Further-
more, there is a concern about questionable offset projects within the
current offset market. Not all offset projects are of equal quality; some
may be poorly managed, have unclear benefits, or even inadvertently
harm the environment. It is becoming increasingly challenging to
distinguish reputable offset projects from less credible ones. This prob-
lem is mitigated in the proposed methodology, where the market avoids
overestimated projects. The issue of uncertain permanence also plagues
the current offset market. Projects like tree planting can be undone by
events like wildfires or deforestation, raising doubts about the long-term
effectiveness of offsets. In contrast, the proposed methodology is based
on source reduction, ensuring that once the offset is paid, it is removed
without dependence on external factors. This enhances the reliability of
the offsetting process.

Another significant issue with current carbon offset practices is
market volatility. Carbon offset prices can fluctuate widely, making it
challenging for companies to plan and budget for their offsetting efforts.
These rapid price changes introduce uncertainty into offsetting initia-
tives. However, the proposed methodology offers more stability. It is
updated monthly, making it less susceptible to sudden fluctuations and
better suited for long-term agreements. Moreover, a major drawback of
current carbon offsets is their limited scope. Many offset projects focus
exclusively on one type of greenhouse gas or a specific emission source,
often overlooking the broader impact of other emissions. This narrow
focus can restrict the overall effectiveness of offsetting. In contrast, the
proposed methodology is source-based and thus includes all types of
emissions, providing a more comprehensive approach. Furthermore, the
current projects are prone to overestimating impact. There is a tendency
to overstate the effectiveness of carbon offset projects. It is crucial to
ensure that offsets are accurately calculated and genuinely compensate
for emissions, which is a key feature of the proposed methodology.

While this study highlights the advantages of the proposed approach,
it is important to note that the scope of this study is limited to defining
the new method and providing an overview of its implications using
aggregate statistical data over time. However, implementing such
changes may present direct and indirect challenges and limitations. One
significant challenge will be the dynamics of fossil fuel demand and
supply. By implementing carbon offsetting at the source, fossil fuel
supply will decrease, leading to higher prices that could impact energy
markets differently across developed and developing countries. Another
potential hurdle involves achieving consensus among fossil fuel pro-
ducers regarding participation and determining the terms and regula-
tions of the market, including enforcement mechanisms. While some
stakeholders may support the initiative due to its potential to combat
climate change, others might resist, particularly fossil fuel producers
concerned about market competition and profitability. As with any new
approach, there will be winners and losers, making it essential to
conduct a thorough stakeholder analysis and explore various scenarios
through simulations to fully understand the challenges and implications.
However, these considerations are beyond the scope of this study and
are not covered in this study.

3.7. Future scope

The future scope of this study includes areas not covered in the
current research, such as broader implementation challenges and po-
tential limitations related to market dynamics and the economic impacts
on global energy markets. Carbon emissions are a global issue, and there
are both direct and indirect links between various factors. Reducing
fossil fuel extraction can decrease supply, which may, in turn, raise the
price of fossil fuels in the market. There are also issues regarding market
participation, whether voluntary or mandatory, as well as the level of
regulations and government interventions. Political forces, energy se-
curity concerns, and price fluctuations in the market also need to be
considered. These aspects require detailed evaluation using recent data
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sources and the involvement of key stakeholders in the proposed
approach. In future research, these factors will be discussed in depth,
assessing their implications on the existing fossil fuel industry, energy
sector, and climate change. This continuation of the study will analyze
the broader impacts and challenges associated with the proposed
approach, offering a more comprehensive view of its real-world appli-
cation and outcome.

4. Conclusions

This study highlights the limitations of the existing carbon offset
mechanisms in effectively reducing carbon emissions and emphasizes
the need for new, innovative, and practical solutions at the grassroots
level to achieve real and substantial reductions in emissions. To address
this need, the study introduces a novel approach: the creation of a
source-based carbon offset market. This approach is built on a four-step
methodology. First, it involves setting fixed limits on fossil fuel extrac-
tion per producer. Second, it calculates the profit per unit of extraction.
Third, it determines the carbon footprint associated with each unit of
fossil fuel extracted. Finally, it establishes a carbon offset market
directly at the source, incorporating mechanisms for buying, selling, and
verifying carbon offsets. This market-based solution aims to create more
effective carbon reduction strategies by addressing emissions directly at
the point of fossil fuel production.

This study only provides a theoretical framework for the application
of the proposed methodology, using aggregate statistical data over time
to contextualize and illustrate the approach while highlighting its ad-
vantages. However, it does not address broader implementation chal-
lenges or potential limitations related to market dynamics or the
economic impacts on global energy markets. These aspects require
stakeholder analysis and simulation studies with various scenarios to
explore the practical implications of the proposed approach. Such in-
vestigations are part of the future scope of this study.

This innovative approach adopts a bottom-up strategy, focusing on
curbing the supply of emissions by addressing their origin to achieve
meaningful reductions. It offers a promising solution to enhance the
effectiveness of carbon offsetting, which traditionally focuses on indirect
emission reductions. By directly reducing the supply of fossil fuels, this
method targets the root cause of emissions, making it a more impactful
alternative to conventional carbon offset mechanisms. In conclusion,
this study suggests that carbon offsetting should be focused on source-
level emission reductions. By doing so, we can work towards
achieving more meaningful and lasting reductions in carbon emissions.

Disclosure statement

During the preparation of this work the author(s) used ChatGPT 3.5
in order to improve grammar. After using this tool/service, the author(s)
reviewed and edited the content as needed and take(s) full responsibility
for the content of the publication
CRediT authorship contribution statement

Rahul Aggarwal: Writing — original draft, Visualization, Validation,
Methodology, Investigation, Formal analysis, Data curation,
Conceptualization.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

Open access funding is provided by Chalmers University of

Environmental Challenges 17 (2024) 101034
Technology.
Data availability statement

All data generated during this study are included in this published
article.

References

Adger, W.N., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, L., Nelson, D.R., Naess, L.O.,
Wolf, J., Wreford, A., 2009. Are there social limits to adaptation to climate change?
Clim. Change 93 (3), 335-354. https://doi.org/10.1007/510584-008-9520-z.

Aleklett, K., H60k, M., Jakobsson, K., Lardelli, M., Snowden, S., Soderbergh, B., 2010.
The peak of the oil age — analyzing the world oil production reference scenario in
world energy outlook 2008. Energy Policy 38 (3), 1398-1414. https://doi.org/
10.1016/j.enpol.2009.11.021.

Alexander, S., Rutherford, J., 2019. A critique of techno-optimism. Routledge Handbook
of Global Sustainability Governance 152-167.

Amen, M., Bosman, M.M., Gills, B.K., 2008. Editorial: the urgent need for global action to
combat climate change. Globalizations 5 (1), 49-52. https://doi.org/10.1080/
14747730701850886.

Andres, R.J., Fielding, D.J., Marland, G., Boden, T.A., Kumar, N., Kearney, A.T., 1999.
Carbon dioxide emissions from fossil-fuel use, 1751-1950. Tellus B 51 (4), 759-765.
https://doi.org/10.1034/j.1600-0889.1999.t01-3-00002.x.

Anisimov, O., Zimov, S., 2021. Thawing permafrost and methane emission in siberia:
synthesis of observations, reanalysis, and predictive modeling. Ambio 50 (11),
2050-2059. https://doi.org/10.1007/s13280-020-01392-y.

Aratjo, 0.Q.F., de Medeiros, J.L., 2021. How is the transition away from fossil fuels
doing, and how will the low-carbon future unfold? Clean Technol. Environ. Policy 23
(5), 1385-1388. https://doi.org/10.1007/s10098-021-02123-x.

Arnette, A.N., 2017. Renewable energy and carbon capture and sequestration for a
reduced carbon energy plan: an optimization model. Renewable Sustainable Energy
Rev. 70, 254-265. https://doi.org/10.1016/j.rser.2016.11.218.

Banister, D., 2011. Cities, mobility and climate change. Jo. https://doi.org/10.1016/j.
jtrangeo.2011.03.009.

Baruch-Mordo, S., Kiesecker, J., Kennedy, C., Oakleaf, J., Opperman, J., 2019. From
Paris to practice: sustainable implementation of renewable energy goals. Environ.
Res. Lett. 14 (2), 024013.

Basiago, A.D., 1994. The limits of technological optimism. Environmentalist 14 (1),
17-22. https://doi.org/10.1007/BF01902656.

Becken, S., 2004. How tourists and tourism experts perceive climate change and carbon-
offsetting schemes. J. Sustainable Tourism 12 (4), 332-345. https://doi.org/
10.1080/09669580408667241.

Beirne, J., Beulen, C., Liu, G., Mirzaei, A., 2013. Global oil prices and the impact of
China. China Econ. Rev. 27, 37-51. https://doi.org/10.1016/j.chieco.2013.07.001.

Benson, S.M., Orr, F.M., 2008. Carbon dioxide capture and storage. MRS Bull. 33 (4),
303-305. https://doi.org/10.1557/mrs2008.63.

Berkelmans, R., De’ath, G., Kininmonth, S., Skirving, W.J., 2004. A comparison of the
1998 and 2002 coral bleaching events on the Great Barrier Reef: spatial correlation,
patterns, and predictions. Coral Reefs 23 (1), 74-83. https://doi.org/10.1007/
s00338-003-0353-y.

Boiral, O., Brotherton, M.-C., Talbot, D., 2024. Achieving corporate carbon neutrality: a
multi-perspective framework. J. Cleaner Prod. 467, 143040. https://doi.org/
10.1016/j.jclepro.2024.143040.

Boroumand, S., Mohammadi, T., Pajooyan, J., Memarnejad, A., 2019. The effect of
exchange rate, oil prices and global inflation shocks on macroeconomic variables for
the iranian economy in the form of a DSGE model. Iranian Econ. Rev. 23 (4),
1057-1083. https://doi.org/10.22059/ier.2019.73003.

Bowman, L.J., 2022. Statista. J. Business & Finance Librarianship 27 (4), 304-309.
https://doi.org/10.1080/08963568.2022.2087018.

Brooke, J.L., 2014. Climate Change and the Course of Global History: A Rough Journey.
Cambridge University Press. https://doi.org/10.1017/CB09781139050814.

Brunkard, J., Namulanda, G., Ratard, R., 2008. Hurricane Katrina Deaths, 2005. In:
Disaster Medicine and Public Health Preparedness, 2. Louisiana, pp. 215-223.
https://doi.org/10.1097/DMP.0b013e31818aaf55.

Budget, G.C. (2023). Global Carbon Budget 2023. https://policycommons.net/artifacts/
9769109/essd-15-5301-2023/10658360/.

Bumpus, A.G., Liverman, D.M., 2008. Accumulation by decarbonization and the
governance of carbon offsets. Econ. Geogr. 84 (2), 127-155. https://doi.org/
10.1111/j.1944-8287.2008.tb00401.x.

Calel, R., Colmer, J., Dechezleprétre, A., & Glachant, M. (2021). Do carbon offsets offset
carbon?

Calverley, C.M., Walther, S.C., 2022. Drought, water management, and social equity:
analyzing cape town, South Africa’s water crisis. Frontiers in Water 4, 910149.

Cames, M., Harthan, R.O., Fiissler, J., Lazarus, M., Lee, C.M., Erickson, P., Spalding-
Fecher, R., 2016. How additional is the clean development mechanism. Analysis of
the Application of Current Tools and Proposed Alternatives 2017. -2004.

Carleton, T.A., Hsiang, S.M., 2016. Social and economic impacts of climate. Science
(6304), 353. https://doi.org/10.1126/science.aad9837 aad9837.

Cavanagh, C., Benjaminsen, T.A., 2014. Virtual nature, violent accumulation: the
‘spectacular failure’ of carbon offsetting at a Ugandan National Park. Geoforum 56,
55-65. https://doi.org/10.1016/j.geoforum.2014.06.013.


https://doi.org/10.1007/s10584-008-9520-z
https://doi.org/10.1016/j.enpol.2009.11.021
https://doi.org/10.1016/j.enpol.2009.11.021
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0003
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0003
https://doi.org/10.1080/14747730701850886
https://doi.org/10.1080/14747730701850886
https://doi.org/10.1034/j.1600-0889.1999.t01-3-00002.x
https://doi.org/10.1007/s13280-020-01392-y
https://doi.org/10.1007/s10098-021-02123-x
https://doi.org/10.1016/j.rser.2016.11.218
https://doi.org/10.1016/j.jtrangeo.2011.03.009
https://doi.org/10.1016/j.jtrangeo.2011.03.009
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0010
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0010
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0010
https://doi.org/10.1007/BF01902656
https://doi.org/10.1080/09669580408667241
https://doi.org/10.1080/09669580408667241
https://doi.org/10.1016/j.chieco.2013.07.001
https://doi.org/10.1557/mrs2008.63
https://doi.org/10.1007/s00338-003-0353-y
https://doi.org/10.1007/s00338-003-0353-y
https://doi.org/10.1016/j.jclepro.2024.143040
https://doi.org/10.1016/j.jclepro.2024.143040
https://doi.org/10.22059/ier.2019.73003
https://doi.org/10.1080/08963568.2022.2087018
https://doi.org/10.1017/CBO9781139050814
https://doi.org/10.1097/DMP.0b013e31818aaf55
https://policycommons.net/artifacts/9769109/essd-15-5301-2023/10658360/
https://policycommons.net/artifacts/9769109/essd-15-5301-2023/10658360/
https://doi.org/10.1111/j.1944-8287.2008.tb00401.x
https://doi.org/10.1111/j.1944-8287.2008.tb00401.x
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0024
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0024
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0025
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0025
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0025
https://doi.org/10.1126/science.aad9837
https://doi.org/10.1016/j.geoforum.2014.06.013

R. Aggarwal

Chakravarty, D., Dasgupta, S., Roy, J., 2013. Rebound effect: how much to worry? Curr.
Opin. Environ. Sustain. 5 (2), 216-228. https://doi.org/10.1016/j.
cosust.2013.03.001.

Charnock, R., Thomson, I., 2019. A pressing need to engage with the intergovernmental
panel on climate change: the role of SEA scholars in syntheses of social science
climate research. Social and Environ. Accountab. J. 39 (3), 192-199. https://doi.
0rg/10.1080/0969160X.2019.1677258.

Chester, L., 2020. The 2019-2020 Australian bushfires: a potent mix of climate change,
problematisation, indigenous disregard, a fractured federation, volunteerism, social
media, and more. Rev. Evolution. Political Econ. 1 (2), 245-264. https://doi.org/
10.1007/s43253-020-00019-y.

Colmenares, G., Loschel, A., Madlener, R., 2020. The rebound effect representation in
climate and energy models. Environ. Res. Lett. 15 (12), 123010. https://doi.org/
10.1088/1748-9326/abc214.

Corbera, E., Estrada, M., Brown, K., 2009. How do regulated and voluntary carbon-offset
schemes compare? J. Integr. Environ. Sci. 6 (1), 25-50. https://doi.org/10.1080/
15693430802703958.

Dai, X., Snidal, D., Sampson, M., 2017. International Cooperation Theory and
International Institutions. Oxford University Press.

Damtoft, J.S., Lukasik, J., Herfort, D., Sorrentino, D., Gartner, E.M., 2008. Sustainable
development and climate change initiatives. Cem. Concr. Res. 38 (2), 115-127.
https://doi.org/10.1016/j.cemconres.2007.09.008.

de Cendra de Larragan, J., 2010. From the EU ETS to a global carbon market: an analysis
and suggestions for the way forward. European Energy and Environ. Law Rev. 2-17
kluwerlawonline.com/api/Product/CitationPDFURL?file=Journals\EELR
\EELR2010001.pdf.

de Freitas Netto, S.V., Sobral, M.F.F., Ribeiro, A.R.B., Soares, G.R.d.L., 2020. Concepts
and forms of greenwashing: a systematic review. Environ. Sci. Europe 32 (1), 19.
https://doi.org/10.1186/512302-020-0300-3.

Deb, P., Moradkhani, H., Abbaszadeh, P., Kiem, A.S., Engstrom, J., Keellings, D.,
Sharma, A., 2020. Causes of the widespread 2019-2020 Australian bushfire season.
Earth’s Future 8 (11), e2020EF001671. https://doi.org/10.1029/2020EF001671.

Dhanda, K.K., Hartman, L., 2012. Carbon offset markets: a viable instrument? In:
Zheng, Q.P., Rebennack, S., Pardalos, P.M., Pereira, M.V.F., Iliadis, N.A. (Eds.),
Handbook of CO: in Power Systems. Springer, Berlin Heidelberg, pp. 107-129.
https://doi.org/10.1007/978-3-642-27431-2_7.

Dhanda, K.K., Hartman, L.P., 2011. The ethics of carbon neutrality: a critical
examination of voluntary carbon offset providers. J. Bus. Ethics 100 (1), 119-149.
https://doi.org/10.1007/510551-011-0766-4.

Ding, Z., Feng, C., Liu, Z., Wang, G., He, L., Liu, M., 2017. Coal price fluctuation
mechanism in China based on system dynamics model. Natural Hazards 85 (2),
1151-1167. https://doi.org/10.1007/5s11069-016-2626-0.

Dissanayake, S., Mahadevan, R., Asafu-Adjaye, J., 2020. Evaluating the efficiency of
carbon emissions policies in a large emitting developing country. Energy Policy 136,
111080. https://doi.org/10.1016/j.enpol.2019.111080.

Driga, A.M., Drigas, A.S., 2019. Climate Change 101: how everyday activities contribute
to the ever-growing issue. Int. J. Recent Contributions Eng. Sci. IT 7 (1), 22-31.
EEA, E.E.A. (2024). Global and European temperatures. https://www.eea.europa.eu/en/a

nalysis/indicators/global-and-european-temperatures.

Energy Institute, 2023. Leading oil-producing countries worldwide in 2023 (in 1,000
barrels per day). Statista statista.com/statistics/237115/0il-production-in-the-top-
fifteen-countries-in-barrels-per-day/. https://www.energyinst.org/statistical-review
/home.

Energy Institute. (2024). Statistical Review of World Energy 2024, tab Oil production -
tonnes; Oil production worldwide from 1998 to 2023 (in million metric tons).
@Energylnstitute. https://www.energyinst.org/statistical-review/home.

Falkner, R., 2016. The Paris Agreement and the new logic of international climate
politics. International Affairs 92 (5), 1107-1125. https://doi.org/10.1111/1468-
2346.12708.

Financial Times, 2024. Leading oil and gas companies worldwide based on revenue as of
2024 (in billion U.S. dollars). Statista statista.com/statistics/272710/top-10-oil-and-
gas-companies-worldwide-based-on-revenue/. https://markets.ft.com/data/equities
/results.

Font Vivanco, D., Freire-Gonzélez, J., Galvin, R., Santarius, T., Walnum, H.J., Makov, T.,
Sala, S, 2022. Rebound effect and sustainability science: a review. J. Ind. Ecol. 26
(4), 1543-1563. https://doi.org/10.1111 /jiec.13295.

Friedlingstein, P., Jones, M.W., O’Sullivan, M., Andrew, R.M., Bakker, D.C., Hauck, J., Le
Quéré, C., Peters, G.P., Peters, W., Pongratz, J., 2022. Global carbon budget 2021.
Earth System Science Data 14 (4), 1917-2005.

Friedlingstein, P., O’Sullivan, M., Jones, M.W., Andrew, R.M., Bakker, D.C.E., Hauck, J.,
Landschiitzer, P., Le Quéré, C., Luijkx, L.T., Peters, G.P., Peters, W., Pongratz, J.,
Schwingshackl, C., Sitch, S., Canadell, J.G., Ciais, P., Jackson, R.B., Alin, S.R.,
Anthoni, P., Zheng, B., 2023. Global carbon budget 2023. Earth Syst. Sci. Data 15
(12), 5301-5369. https://doi.org/10.5194/essd-15-5301-2023.

Fuso Nerini, F., Sovacool, B., Hughes, N., Cozzi, L., Cosgrave, E., Howells, M., Tavoni, M.,
Tomei, J., Zerriffi, H., Milligan, B., 2019. Connecting climate action with other
sustainable development goals. Nature Sustainability 2 (8), 674-680. https://doi.
org/10.1038/541893-019-0334-y.

Gharib, C., Mefteh-Wali, S., Serret, V., Ben Jabeur, S., 2021. Impact of COVID-19
pandemic on crude oil prices: evidence from Econophysics approach. Resour. Policy
74, 102392. https://doi.org/10.1016/j.resourpol.2021.102392.

Gillenwater, M., Seres, S., 2011. The clean development mechanism: a review of the first
international offset programme. Greenhouse Gas Measurement and Management 1
(3-4), 179-203. https://doi.org/10.1080/20430779.2011.647014.

Gillett, N.P., Kirchmeier-Young, M., Ribes, A., Shiogama, H., Hegerl, G.C., Knutti, R.,
Gastineau, G., John, J.G., Li, L., Nazarenko, L., Rosenbloom, N., Seland, @., Wu, T.,

Environmental Challenges 17 (2024) 101034

Yukimoto, S., Ziehn, T., 2021. Constraining human contributions to observed
warming since the pre-industrial period. Nat. Clim. Change 11 (3), 207-212. https://
doi.org/10.1038/541558-020-00965-9.

Gonella, F., Almeida, C.M.V.B., Fiorentino, G., Handayani, K., Spano, F., Testoni, R.,
Zucaro, A., 2019. Is technology optimism justified? A discussion towards a
comprehensive narrative. J. Cleaner Prod. 223, 456-465. https://doi.org/10.1016/j.
jclepro.2019.03.126.

Goodbody, A., 2018. Climate Change and the Industrial Revolution: Informing Policy
through History, Memory, and Literature. RCC Perspectives (3), 53-58. http://www.
jstor.org/stable/26511173.

Graven, H., Keeling, R.F., Rogelj, J., 2020. Changes to Carbon Isotopes in Atmospheric
CO2 Over the Industrial Era and Into the Future. Global Biogeochem. Cycles 34 (11),
€2019GB006170. https://doi.org/10.1029/2019GB006170.

Gregg, J.S., Andres, R.J., Marland, G., 2008. China: Emissions pattern of the world leader
in CO2 emissions from fossil fuel consumption and cement production. Geophys.
Res. Lett. (8), 35. https://doi.org/10.1029/2007GL032887.

Gupta, A, 2016. Chapter 1 - Climate Change and Kyoto Protocol: An Overview. In:
Ramiah, V., Gregoriou, G.N. (Eds.), Handbook of Environmental and Sustainable
Finance. Academic Press, pp. 3-23. https://doi.org/10.1016/B978-0-12-803615-
0.00001-7.

Gossling, S., Broderick, J., Upham, P., Ceron, J.-P., Dubois, G., Peeters, P., Strasdas, W.,
2007. Voluntary carbon offsetting schemes for aviation: efficiency, credibility and
sustainable tourism. J. Sustainable Tourism 15 (3), 223-248. https://doi.org/
10.2167/jost758.0.

Hamilton, J.D., 2013. Historical oil shocks. Routledge Handbook of Major Events in
Economic History. Routledge, pp. 239-265.

Haya, B., Cullenward, D., Strong, A.L., Grubert, E., Heilmayr, R., Sivas, D.A., Wara, M.,
2020. Managing uncertainty in carbon offsets: insights from California’s
standardized approach. Climate Policy 20 (9), 1112-1126. https://doi.org/10.1080/
14693062.2020.1781035.

Hoegh-Guldberg, O., Jacob, D., Taylor, M., Guillén Bolanos, T., Bindi, M., Brown, S.,
Camilloni, I.A., Diedhiou, A., Djalante, R., Ebi, K., Engelbrecht, F., Guiot, J.,
Hijioka, Y., Mehrotra, S., Hope, C.W., Payne, A.J., Portner, H.-O., Seneviratne, S.I.,
Thomas, A., Zhou, G., 2019. The human imperative of stabilizing global climate
change at 1.5 °C. Science 365 (6459), eaaw6974. https://doi.org/10.1126/science.
aaw6974.

Houser, T., Bordoff, J., Marsters, P., 2017. Can Coal Make a comeback? Columbia Center
on Global Energy Policy, New York, NY.

Huang, M.-T., Zhai, P.-M., 2021. Achieving Paris Agreement temperature goals requires
carbon neutrality by middle century with far-reaching transitions in the whole
society. Adv. Climate Change Res. 12 (2), 281-286. https://doi.org/10.1016/j.
accre.2021.03.004.

Huisingh, D., Zhang, Z., Moore, J.C., Qiao, Q., Li, Q., 2015. Recent advances in carbon
emissions reduction: policies, technologies, monitoring, assessment and modeling.
J. Cleaner Prod. 103, 1-12. https://doi.org/10.1016/j.jclepro.2015.04.098.

Hyams, K., Fawcett, T., 2013. The ethics of carbon offsetting. WIREs Climate Change 4
(2), 91-98. https://doi.org/10.1002/wcc.207.

Intergovernmental Panel on Climate, C, 2023. Climate Change 2021 — The Physical
Science Basis: Working Group I Contribution to the Sixth Assessment Report of the
Intergovernmental Panel On Climate Change. Cambridge University Press. https://
doi.org/10.1017/9781009157896.

Igbal, M., Chand, S., Ul Hagq, Z, 2023. Economic policy uncertainty and CO2 emissions: a
comparative analysis of developed and developing nations. Environ. Sci. Pollution
Res. 30 (6), 15034-15043. https://doi.org/10.1007/s11356-022-23115-4.

Issawi, C., 1978. The 1973 oil crisis and after. J. Post Keynesian Econ. 1 (2), 3-26.
https://doi.org/10.1080/01603477.1978.11489099.

Ji, C.-J., Hu, Y.-J., Tang, B.-J., 2018. Research on carbon market price mechanism and
influencing factors: a literature review. Natural Hazards 92 (2), 761-782. https://
doi.org/10.1007/s11069-018-3223-1.

Khan, K., Su, C.-W., Rehman, A.U., 2021. Do multiple bubbles exist in coal price? Resour.
Policy 73, 102232. https://doi.org/10.1016/j.resourpol.2021.102232.

Kim, K.-G., 2018. Evolution of climate resilience and low-carbon smart city planning: a
process. In: Kim, K.-G. (Ed.), Low-Carbon Smart Cities: Tools for Climate Resilience
Planning. Springer International Publishing, pp. 1-76. https://doi.org/10.1007/978-
3-319-59618-1_1.

Kissane, C, 2021. The upending of the geopolitics of energy: disruption is the new
normal. In: Ankersen, C., Sidhu, W.P.S. (Eds.), The Future of Global Affairs:
Managing Discontinuity, Disruption and Destruction. Springer International
Publishing, pp. 247-269. https://doi.org/10.1007/978-3-030-56470-4_11.

Knoblauch, C., Beer, C., Liebner, S., Grigoriev, M.N., Pfeiffer, E.-M., 2018. Methane
production as key to the greenhouse gas budget of thawing permafrost. Nat. Clim.
Change 8 (4), 309-312. https://doi.org/10.1038/s41558-018-0095-z.

Kollmuss, A., Lazarus, M., 2011. Discounting offsets: issues and options. Carbon
management 2 (5), 539-549. https://doi.org/10.4155/cmt.11.49.

Kreibich, N., Hermwille, L., 2021. Caught in between: credibility and feasibility of the
voluntary carbon market post-2020. Climate Policy 21 (7), 939-957. https://doi.
org/10.1080/14693062.2021.1948384.

Krichene, N., 2002. World crude oil and natural gas: a demand and supply model. Energy
Economics 24 (6), 557-576. https://doi.org/10.1016/50140-9883(02)00061-0.

Lamb, W.F., Wiedmann, T., Pongratz, J., Andrew, R., Crippa, M., Olivier, J.G.,
Wiedenhofer, D., Mattioli, G., Al Khourdajie, A., House, J., 2021. A review of trends
and drivers of greenhouse gas emissions by sector from 1990 to 2018. Environ. Res.
Lett. 16 (7), 073005.

Le, T.-H., Le, A.T., Le, H.-C., 2021. The historic oil price fluctuation during the Covid-19
pandemic: what are the causes? Res. Int. Business and Finance 58, 101489. https://
doi.org/10.1016/j.ribaf.2021.101489.


https://doi.org/10.1016/j.cosust.2013.03.001
https://doi.org/10.1016/j.cosust.2013.03.001
https://doi.org/10.1080/0969160X.2019.1677258
https://doi.org/10.1080/0969160X.2019.1677258
https://doi.org/10.1007/s43253-020-00019-y
https://doi.org/10.1007/s43253-020-00019-y
https://doi.org/10.1088/1748-9326/abc214
https://doi.org/10.1088/1748-9326/abc214
https://doi.org/10.1080/15693430802703958
https://doi.org/10.1080/15693430802703958
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0033
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0033
https://doi.org/10.1016/j.cemconres.2007.09.008
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0035
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0035
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0035
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0035
https://doi.org/10.1186/s12302-020-0300-3
https://doi.org/10.1029/2020EF001671
https://doi.org/10.1007/978-3-642-27431-2_7
https://doi.org/10.1007/s10551-011-0766-4
https://doi.org/10.1007/s11069-016-2626-0
https://doi.org/10.1016/j.enpol.2019.111080
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0042
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0042
https://www.eea.europa.eu/en/analysis/indicators/global-and-european-temperatures
https://www.eea.europa.eu/en/analysis/indicators/global-and-european-temperatures
https://www.energyinst.org/statistical-review/home
https://www.energyinst.org/statistical-review/home
https://www.energyinst.org/statistical-review/home
https://doi.org/10.1111/1468-2346.12708
https://doi.org/10.1111/1468-2346.12708
https://markets.ft.com/data/equities/results
https://markets.ft.com/data/equities/results
https://doi.org/10.1111/jiec.13295
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0049
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0049
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0049
https://doi.org/10.5194/essd-15-5301-2023
https://doi.org/10.1038/s41893-019-0334-y
https://doi.org/10.1038/s41893-019-0334-y
https://doi.org/10.1016/j.resourpol.2021.102392
https://doi.org/10.1080/20430779.2011.647014
https://doi.org/10.1038/s41558-020-00965-9
https://doi.org/10.1038/s41558-020-00965-9
https://doi.org/10.1016/j.jclepro.2019.03.126
https://doi.org/10.1016/j.jclepro.2019.03.126
http://www.jstor.org/stable/26511173
http://www.jstor.org/stable/26511173
https://doi.org/10.1029/2019GB006170
https://doi.org/10.1029/2007GL032887
https://doi.org/10.1016/B978-0-12-803615-0.00001-7
https://doi.org/10.1016/B978-0-12-803615-0.00001-7
https://doi.org/10.2167/jost758.0
https://doi.org/10.2167/jost758.0
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0062
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0062
https://doi.org/10.1080/14693062.2020.1781035
https://doi.org/10.1080/14693062.2020.1781035
https://doi.org/10.1126/science.aaw6974
https://doi.org/10.1126/science.aaw6974
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0065
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0065
https://doi.org/10.1016/j.accre.2021.03.004
https://doi.org/10.1016/j.accre.2021.03.004
https://doi.org/10.1016/j.jclepro.2015.04.098
https://doi.org/10.1002/wcc.207
https://doi.org/10.1017/9781009157896
https://doi.org/10.1017/9781009157896
https://doi.org/10.1007/s11356-022-23115-4
https://doi.org/10.1080/01603477.1978.11489099
https://doi.org/10.1007/s11069-018-3223-1
https://doi.org/10.1007/s11069-018-3223-1
https://doi.org/10.1016/j.resourpol.2021.102232
https://doi.org/10.1007/978-3-319-59618-1_1
https://doi.org/10.1007/978-3-319-59618-1_1
https://doi.org/10.1007/978-3-030-56470-4_11
https://doi.org/10.1038/s41558-018-0095-z
https://doi.org/10.4155/cmt.11.49
https://doi.org/10.1080/14693062.2021.1948384
https://doi.org/10.1080/14693062.2021.1948384
https://doi.org/10.1016/S0140-9883(02)00061-0
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0080
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0080
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0080
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0080
https://doi.org/10.1016/j.ribaf.2021.101489
https://doi.org/10.1016/j.ribaf.2021.101489

R. Aggarwal

Lee, K.-H., 2011. Integrating carbon footprint into supply chain management: the case of
Hyundai Motor Company (HMC) in the automobile industry. J. Cleaner Prod. 19
(11), 1216-1223. https://doi.org/10.1016/j.jclepro.2011.03.010.

Lefebvre, D., Williams, A.G., Kirk, G.J.D., Paul, Burgess, J, Meersmans, J, Silman, M, R.,
Roman-Danobeytia, F., Farfan, J., Smith, P, 2021. Assessing the carbon capture
potential of a reforestation project. Sci. Rep. 11 (1), 19907. https://doi.org/
10.1038/541598-021-99395-6.

Leung, G.CK,, Li, R., Low, M., 2011. Transitions in China’s Oil Economy, 1990-2010.
Eurasian Geography and Econ. 52 (4), 483-500. https://doi.org/10.2747/1539-
7216.52.4.483.

Li, B., Gasser, T., Ciais, P., Piao, S., Tao, S., Balkanski, Y., Hauglustaine, D., Boisier, J.-P.,
Chen, Z., Huang, M., Li, L.Z., Li, Y., Liu, H., Liu, J., Peng, S., Shen, Z., Sun, Z.,
Wang, R., Wang, T., Zhou, F., 2016. The contribution of China’s emissions to global
climate forcing. Nature 531 (7594), 357-361. https://doi.org/10.1038/
naturel7165.

Liang, F.-Y., Ryvak, M., Sayeed, S., Zhao, N, 2012. The role of natural gas as a primary
fuel in the near future, including comparisons of acquisition, transmission and waste
handling costs of as with competitive alternatives. Chem. Cent. J. 6 (1), S4. https://
doi.org/10.1186/1752-153X-6-S1-54.

Lieber, R.J., 2019. Oil and Power After the 1991 Gulf War. The Iraqi Aggression Against
Kuwait. Routledge, pp. 153-175.

Liu, G., Liu, J., Zhao, J., Qiu, J., Mao, Y., Wu, Z., Wen, F., 2023. Real-time corporate
carbon footprint estimation methodology based on appliance identification. IEEE
Trans. Ind. Inf. 19 (2), 1401-1412. https://doi.org/10.1109/TI11.2022.3154467.

Lo, A.Y., 2023. Carbon offsetting and renewable energy development. Geographical Res.
61 (2), 158-163. https://doi.org/10.1111/1745-5871.12600.

Lovell, H., Liverman, D., 2010. Understanding carbon offset technologies. New Political
Econ. 15 (2), 255-273. https://doi.org/10.1080/13563460903548699.

Lubin, D., 2018. Dance of the Trillions: Developing Countries and Global Finance.
Brookings Institution Press. http://www.jstor.org/stable/10.7864/j.ctvintf4g.

Mair, J., 2011. Exploring air travellers’ voluntary carbon-offsetting behaviour.

J. Sustainable Tourism 19 (2), 215-230. https://doi.org/10.1080/
09669582.2010.517317.

Mills-Novoa, M., Liverman, D.M., 2019. Nationally determined contributions: material
climate commitments and discursive positioning in the NDCs. WIREs Climate Change
10 (5), e589. https://doi.org/10.1002/wcc.589.

Missfeldt, F., Haites, E., 2001. The potential contribution of sinks to meeting Kyoto
Protocol commitments. Environ. Sci. Policy 4 (6), 269-292. https://doi.org/
10.1016/51462-9011(01)00039-9.

Mitchell, J.F.B., 1989. The “Greenhouse” effect and climate change. Rev. Geophys. 27
(1), 115-139. https://doi.org/10.1029/RG027i001p00115.

Morris, J., 2013. From ‘Peace by Dictation’ to international organisation: great power
responsibility and the creation of the United Nations. Int. History Rev. 35 (3),
511-533. https://doi.org/10.1080/07075332.2013.795497.

Morsink, J., 1993. World war two and the universal declaration. Hum. Rts. Q. 15, 357.

Nalbandian, H., Dong, N., 2013. Coal and gas competition in global markets.
International Energy Agency Clean Coal Centre, London.

Nygaard, A., 2023. Is sustainable certification’s ability to combat greenwashing
trustworthy? [Review] Frontiers in Sustainability 4. https://doi.org/10.3389/
frsus.2023.1188069.

OPEC, 2023. Distribution of proved crude oil reserves worldwide in select years in 1960
and 2022, by region. Statista statista.com/statistics/273497/distribution-of-global-
proved-oil-reserves-since-by-region/. https://asb.opec.org/data/ASB_Data.php.

OPEC, 2023b. Distribution of proved oil reserves worldwide in 1960 and 2022, by
country. Statista statista.com/statistics/237065/share-of-oil-reserves-of-the-leading-
ten-countries/. https://asb.opec.org/data/ASB_Data.php.

OPEC. (2024). Demand for crude oil worldwide from 2005 to 2023, with a forecast for 2024
(in million barrels per day). opec.org/opec_web/en/; https://www.statista.com/statis
tics/271823/global-crude-oil-demand;/.

Ottelin, J. (2016). Rebound effects projected onto carbon footprints-Implications for climate
change mitigation in the built environment.

Our World in Data. (2024). Energy Institute - Statistical Review of World Energy (2024);
Population based on various sources (2023) — with major processing by Our World in
Data. “Fossil fuel consumption per capita” [Dataset]. Energy Institute, “Statistical
Review of World Energy”. https://ourworldindata.org/grapher/fossil-fuels-per-cap
ita.

Page, E. A., 2007. Climate change, Justice and Future Generations. Edward Elgar
Publishing.

Painter, D.S., 2014. Oil and geopolitics: The oil crises of the 1970s and the cold war.
Historical Social Research/Historische Sozialforschung, pp. 186-208.

Palinkas, L.A. (2020). The California Wildfires. In L. A. Palinkas (Ed.), Global Climate
Change, Population Displacement, and Public Health: The Next Wave of Migration
(pp. 53-67). Springer International Publishing. doi:10.1007/978-3-030-41890-8_4.

Pearse, R., Bohm, S., 2014. Ten reasons why carbon markets will not bring about radical
emissions reduction. Carbon management 5 (4), 325-337. https://doi.org/10.1080/
17583004.2014.990679.

Pfaff, A.S.P., Kerr, S., Hughes, R.F,, Liu, S., Sanchez-Azofeifa, G.A., Schimel, D., Tosi, J.,
Watson, V, 2000. The Kyoto protocol and payments for tropical forest:: An
interdisciplinary method for estimating carbon-offset supply and increasing the
feasibility of a carbon market under the CDM. Ecol. Econ. 35 (2), 203-221. https://
doi.org/10.1016,/50921-8009(00)00199-3.

Probst, B., Toetzke, M., Kontoleon, A., Diaz Anadon, L., & Hoffmann, V.H. (2023).
Systematic review of the actual emissions reductions of carbon offset projects across
all major sectors.

10

Environmental Challenges 17 (2024) 101034

Ritchie, H., 2018. Our World In Data, a Project of the Global Change Data Lab, a
Registered Charity in England and Wales (Charity 1186433), 12. University of
Oxford. Accessed July, UK, p. 2020.

Ritchie, H., & Roser, M. (2020). CO2 emissions. Our World in Data. https://ourworldindat
a.org/co2-emissions.

Roeben, V., 2024. What drives OPEC production policy? J. World Energy Law & Business
17 (1), 19-34. https://doi.org/10.1093/jwelb/jwad031.

Rogelj, J., den Elzen, M., Hohne, N., Fransen, T., Fekete, H., Winkler, H., Schaeffer, R.,
Sha, F., Riahi, K., Meinshausen, M., 2016. Paris Agreement climate proposals need a
boost to keep warming well below 2 °C. Nature 534 (7609), 631-639. https://doi.
org/10.1038/nature18307.

Rosa, E.A., Rudel, T.K., York, R., Jorgenson, A.K., Dietz, T., 2015. The human
(anthropogenic) driving forces of global climate change. Climate change and society:
Sociological Perspectives 2, 32-60.

Rystad, Energ, 2023. Volume of crude oil and natural gas discoveries worldwide from
2015 to 2023 (in billion barrels of oil equivalent). Statista statista.com/statistics/
1291416/0il-and-gas-discovery-volume-worldwide/. https://www.rystadenergy.
com/news/high-impact-wells-2024-africa-latin-america-oil-gas.

Screen, J.A., Simmonds, I., 2010. The central role of diminishing sea ice in recent Arctic
temperature amplification. Nature 464 (7293), 1334-1337. https://doi.org/
10.1038/nature09051.

Segerstedt, A., Grote, U., 2016. Increasing adoption of voluntary carbon offsets among
tourists. J. Sustainable Tourism 24 (11), 1541-1554. https://doi.org/10.1080/
09669582.2015.1125357.

Revolution and Oil Shock Smith, R.C, Smith, R.C., 2022. The Real Oil Shock: How Oil
Transformed Money, Debt, and Finance. Springer International Publishing 169-197.
https://doi.org/10.1007/978-3-031-07131-7 9.

Solomon, B.D., Krishna, K., 2011. The coming sustainable energy transition: History,
strategies, and outlook. Energy Policy 39 (11), 7422-7431. https://doi.org/
10.1016/j.enpol.2011.09.009.

Statista. (2023a). Annual carbon dioxide (COz) emissions worldwide from 1940 to 2023 (in
billion metric tons). https://www.statista.com/statistics/276629/global-co2-emiss
ions/.

Statista. (2023b). Development of the world population from 1950 to 2050 (in billions). http
s://www.statista.com/statistics/262875/development-of-the-world-population/.
Stern, N., Stiglitz Charlotte Taylor, J., Taylor, C., 2022. The economics of immense risk,
urgent action and radical change: towards new approaches to the economics of
climate change. Journal of Economic Methodology 29 (3), 181-216. https://doi.org/

10.1080/1350178X.2022.2040740.

Sugiura, Y., Ju, Y.S., Yasuoka, J., Jimba, M., 2010. Rapid increase in Japanese life
expectancy after World War II. Biosci Trends 4 (1), 9-16.

Trabucco, A., Zomer, R.J., Bossio, D.A., van Straaten, O., Verchot, L.V., 2008. Climate
change mitigation through afforestation/reforestation: A global analysis of
hydrologic impacts with four case studies. Agriculture, Ecosystems & Environ. 126
(1), 81-97. https://doi.org/10.1016/j.agee.2008.01.015.

Tuerk, A., Mehling, M., Flachsland, C., Sterk, W., 2009. Linking carbon markets:
concepts, case studies and pathways. Climate Policy 9 (4), 341-357. https://doi.org/
10.3763/cpol.2009.0621.

UN, U. N. (2024). World Population Prospects - Population Division - United Nations. http
s://population.un.org/wpp/.

US EPA. (2024, 2025-05-17). Greenhouse Gases Equivalencies Calculator - Calculations and
References. https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator
-calculations-and-references.

Wang, C., Xu, G., Sun, C., Xu, J., Xu, K., Jiang, L., Wang, Y., Su, S., Hu, S., Xiang, J.,
2024a. Modeling and forecasting of coal price based on influencing factors and time
series. J. Cleaner Prod. 467, 143030. https://doi.org/10.1016/j.
jclepro.2024.143030.

Wang, Q., Su, M., 2020. Drivers of decoupling economic growth from carbon emission —
an empirical analysis of 192 countries using decoupling model and decomposition
method. Environ. Impact Assess. Rev. 81, 106356. https://doi.org/10.1016/j.
eiar.2019.106356.

Wang, T., Wu, F., Dickinson, D., Zhao, W., 2024b. Energy price bubbles and extreme
price movements: Evidence from China’s coal market. Energy Economics 129,
107253. https://doi.org/10.1016/j.eneco.2023.107253.

Wara, M., Victor, D.G., 2008. A realistic policy on international carbon offsets. Program
on Energy and Sustainable Development Working Paper 74, 1-24.

Wei, J., Zhao, K., Zhang, L., Yang, R., Wang, M., 2021. Exploring development and
evolutionary trends in carbon offset research: a bibliometric perspective. Environ.
Sci. Pollution Res. 28 (15), 18850-18869. https://doi.org/10.1007/s11356-021-
12908-8.

Welzer, H., 2015. Climate Wars: What People Will Be Killed For in the 21st Century. John
Wiley & Sons.

Wiel, S., McMahon, J.E., 2005. Energy-Efficiency Labels and Standards: A Guidebook
forAppliances, Equipment, and Lighting -, 2nd Edition. https://www.osti.gov/bibl
io/877316.

Wilmoth, J., Menozzi, C., & Bassarsky, L. (2021). Global population growth and
sustainable development.

York, R., 2012. Do alternative energy sources displace fossil fuels? Nat. Clim. Change 2
(6), 441-443. https://doi.org/10.1038/nclimate1451.

Zhang, B., Ritchie, B., Mair, J., Driml, S., 2018. Is the Airline Trustworthy? The impact of
source credibility on voluntary carbon offsetting. J. Travel Res. 58 (5), 715-731.
https://doi.org/10.1177,/0047287518775781.


https://doi.org/10.1016/j.jclepro.2011.03.010
https://doi.org/10.1038/s41598-021-99395-6
https://doi.org/10.1038/s41598-021-99395-6
https://doi.org/10.2747/1539-7216.52.4.483
https://doi.org/10.2747/1539-7216.52.4.483
https://doi.org/10.1038/nature17165
https://doi.org/10.1038/nature17165
https://doi.org/10.1186/1752-153X-6-S1-S4
https://doi.org/10.1186/1752-153X-6-S1-S4
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0087
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0087
https://doi.org/10.1109/TII.2022.3154467
https://doi.org/10.1111/1745-5871.12600
https://doi.org/10.1080/13563460903548699
http://www.jstor.org/stable/10.7864/j.ctv1ntf4g
https://doi.org/10.1080/09669582.2010.517317
https://doi.org/10.1080/09669582.2010.517317
https://doi.org/10.1002/wcc.589
https://doi.org/10.1016/S1462-9011(01)00039-9
https://doi.org/10.1016/S1462-9011(01)00039-9
https://doi.org/10.1029/RG027i001p00115
https://doi.org/10.1080/07075332.2013.795497
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0097
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0098
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0098
https://doi.org/10.3389/frsus.2023.1188069
https://doi.org/10.3389/frsus.2023.1188069
https://asb.opec.org/data/ASB_Data.php
https://asb.opec.org/data/ASB_Data.php
https://www.statista.com/statistics/271823/global-crude-oil-demand/
https://www.statista.com/statistics/271823/global-crude-oil-demand/
https://ourworldindata.org/grapher/fossil-fuels-per-capita
https://ourworldindata.org/grapher/fossil-fuels-per-capita
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0105
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0105
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0106
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0106
https://doi.org/10.1007/978-3-030-41890-8_4
https://doi.org/10.1080/17583004.2014.990679
https://doi.org/10.1080/17583004.2014.990679
https://doi.org/10.1016/S0921-8009(00)00199-3
https://doi.org/10.1016/S0921-8009(00)00199-3
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0111
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0111
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0111
https://ourworldindata.org/co2-emissions
https://ourworldindata.org/co2-emissions
https://doi.org/10.1093/jwelb/jwad031
https://doi.org/10.1038/nature18307
https://doi.org/10.1038/nature18307
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0115
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0115
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0115
https://www.rystadenergy.com/news/high-impact-wells-2024-africa-latin-america-oil-gas
https://www.rystadenergy.com/news/high-impact-wells-2024-africa-latin-america-oil-gas
https://doi.org/10.1038/nature09051
https://doi.org/10.1038/nature09051
https://doi.org/10.1080/09669582.2015.1125357
https://doi.org/10.1080/09669582.2015.1125357
https://doi.org/10.1007/978-3-031-07131-7_9
https://doi.org/10.1016/j.enpol.2011.09.009
https://doi.org/10.1016/j.enpol.2011.09.009
https://www.statista.com/statistics/276629/global-co2-emissions/
https://www.statista.com/statistics/276629/global-co2-emissions/
https://www.statista.com/statistics/262875/development-of-the-world-population/
https://www.statista.com/statistics/262875/development-of-the-world-population/
https://doi.org/10.1080/1350178X.2022.2040740
https://doi.org/10.1080/1350178X.2022.2040740
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0124
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0124
https://doi.org/10.1016/j.agee.2008.01.015
https://doi.org/10.3763/cpol.2009.0621
https://doi.org/10.3763/cpol.2009.0621
https://population.un.org/wpp/
https://population.un.org/wpp/
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references
https://doi.org/10.1016/j.jclepro.2024.143030
https://doi.org/10.1016/j.jclepro.2024.143030
https://doi.org/10.1016/j.eiar.2019.106356
https://doi.org/10.1016/j.eiar.2019.106356
https://doi.org/10.1016/j.eneco.2023.107253
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0132
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0132
https://doi.org/10.1007/s11356-021-12908-8
https://doi.org/10.1007/s11356-021-12908-8
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0134
http://refhub.elsevier.com/S2667-0100(24)00200-2/sbref0134
https://www.osti.gov/biblio/877316
https://www.osti.gov/biblio/877316
https://doi.org/10.1038/nclimate1451
https://doi.org/10.1177/0047287518775781

	Carbon offsets compatible with the Paris Agreement to limit global warming: Call for a direct action
	1 Introduction
	2 Methods
	2.1 Data sources on fossil-based carbon emissions
	2.2 Proposed methodology to create a carbon offset market at source

	3 Results and discussion
	3.1 Fossil based carbon emissions and its contributors
	3.2 Fixing fossil fuel extraction per producer
	3.3 Calculating profit margin per unit fossil fuel extraction
	3.4 Calculating carbon footprint per unit of fossil fuel extraction
	3.5 Developing carbon offset market at the source
	3.6 Advantages and challenges of the carbon offset market at the source
	3.7 Future scope

	4 Conclusions
	Disclosure statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	datalink4
	References


