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Climate Change 10, e5cc1031 (2024)

Impact of carbon pricing policies
on economic growth and green

innovation: A global analysis

Kossivi Fabrice Dossa'?%", Yann Emmanuel Miassi'?

ABSTRACT

This study conducts a systematic literature review to comprehensively analyze the
impact of carbon pricing policies on economic growth and green innovation, with a
focusing on selected countries. We tapped into Google Scholar and related sources
to identify studies in this area on carbon pricing, economic growth, and green
innovation among eight developing countries: Argentina, Brazil, China, India,
Mexico, Indonesia, Colombia, and South Africa. The outlined survey aims to bridge
existing knowledge gaps in emerging economies. Our analysis shows that some of
the developing nations mentioned are implementing environmental fiscal reforms
to reduce greenhouse gas emissions, while others maintain distorting subsidies.
Notably, the safeguards of carbon prices can help businesses transition towards
sustainability as well as encourage innovative activities that enchance
competitiveness. Contrary to popular belief, carbon pricing in developing countries
does not necessarily have a regressive effect at the household level, especially in
rural areas with diverse energy use patterns. In addition, employment rate and GDP
indicate different overall dynamics over time when undergoing structural change
towards decarbonization processes by nation economies. In other words, a well-
targeted set of socioeconomic-specific carbon price rules might result in many
advantages, such as increased economic growth fairness and progress toward
sustainable development goals. This study underscores the importance of designing
complex carbon pricing strategies for transitioning to a low-carbon future in

developing countries.

Keywords: Carbon price, economic development, green innovation, specific nations,

sustainability

1. INTRODUCTION

The world needs to address carbon emissions and promote environmentally
friendly innovation. As a result, the implementing of carbon pricing legislation has
emerged as a significant solution under consideration by global communities (Frey,
2017). These policies aim to reflect the environmental costs associated with carbon

emissions in the prices of goods and services by using mechanisms such as carbon
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taxes and cap-and-trade systems. The objective is to foster the adoption of cleaner and more sustainable technologies and practices. In
recent years, the emission of carbon dioxide (CO2) has significantly increased, and widely recognized as one of the primary drivers of
global warming and climate change. Without changes to current climate policy, mainstream climate change scenarios project global
temperatures increase by 3 degrees Celsius (°C) relative to pre-industrial levels by the end of this century (IPCC, 2014). Based on the
most recent climate survey conducted by the European Investment Bank (EIB), a significant majority of Europeans (56%), view climate
policy as a driving force for economic expansion.

Government expenditures, border controls, incentives, taxes, subsidies, and regulations collectively constitute climate action.
Anticipated friction accompanies these changes, potentially resulting in heightened productivity and economic expansion (Nordhaus,
2019). Numerous scholars concur that the most economically efficient approach to curtailing greenhouse gas emissions is imposing a
price on GHG emissions, commonly referred to as "carbon pricing", owing to CO2 being the predominant GHG emission (Alton et al.,
2014; Aldy, 2015; Edenhofer et al., 2015). Global net anthropogenic CO2 emissions must decrease by approximately 45% from their 2010
level by 2030, reaching net zero by 2050, to align with emissions targets outlined in the Paris Agreement to limit global warming to
1.5°C above pre-industrial levels. By 2030, CO2 emissions must decrease by roughly 25% from 2010 levels and achieve net zero by 2070
to constrain global warming to 2°C (United Nations, 2021).

However, forecasts from the United Nations for 2030 indicate a probable 16% increase in global greenhouse gas emissions over 2010
levels. Green innovation emphasizes on vibrant, low-carbon, resource-efficient, climate-resilient, clean, biodiverse, and sustainable
economies. Carbon pricing schemes fall under the jurisdiction of individual regions. As of April 2020, there were 61 specific carbon
initiatives globally, including 31 Emissions Trading Systems (ETS) and 30 carbon taxes, either already implemented or slated for
implementation at regional, national, or subnational levels. These schemes encompass a carbon price per ton of carbon dioxide
equivalent (/tCO2 e) ranging from less than USD1 to over USD120, covering 12 gigatons of carbon dioxide equivalent (GtCO2 e), or
approximately 22% of global GHG emissions. Additionally, over 74 multilateral Reducing Emissions from Deforestation and Forest
Degradation (REDD+) initiatives were operational globally as reported (World Bank Group, 2020). Given the recent implementation of
several of these programs, insufficient data is available to support extensive ex-post research.

Ex-ante studies regarding the potential socioeconomic impacts of carbon pricing may have been conducted in other emerging
economies or developing nations. Hence, a critical aspect of this review entails understanding how policies related to carbon pricing
influence economic growth. The evaluation will analyze the impact of policies related to carbon pricing on the incentives for green
innovation alongside economic growth. Within this critical intersection, the review aims to comprehensively examine the effects of
carbon pricing policies on two fundamental dimensions: Economic growth and green innovation. By scrutinizing empirical studies,
theoretical models, and real-world instances, this research aims to elucidate the nuanced relationship between carbon pricing and
various facets of economic development. This encompasses considerations of macroeconomic indicators, sectoral impacts, and the
potential for sustainable and inclusive growth on a global scale within the context of these policies. The research questions become
imperative:

What is the implication of carbon emissions on economic growth and green innovation?

What is the implication of gross national income (GNI) per capita (sdg8.5) (ppp $) on economic growth and green innovation?
What is the impact of carbon pricing on firms’ competitiveness in selected countries?

What are the macroeconomic impacts of carbon pricing in selected countries?

What is the impact of carbon pricing on households in selected countries?

2. MATERIALS AND METHODS

China, India, Argentina, Brazil, Mexico, South Africa, Colombia, and Indonesia are selected for this study. The first two countries are
the world's largest in population and GDP. Brazil and Mexico are also among the major emerging economies. South Africa and
Indonesia represent regions with major environmental problems. All these countries are different economically and developmentally.
The methodology integrates data from diverse sources, including peer-reviewed research papers, government policy papers, academic
studies, the United Nations Statistics Division, and models to examine the impacts of carbon pricing policies.

Analytical techniques such as ex-post analysis, difference-in-differences analysis, Social Accounting Matrices (SAM), Computable

General Equilibrium (CGE) models, microsimulation models, and input-output models are applied across various countries, including
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China, India, Argentina, Brazil, Mexico, South Africa, Colombia, and Indonesia. Through a comprehensive review and synthesis of
findings, the analysis assesses the effects on firms in terms of emission reductions, competitiveness, and patent filings, as well as on
GDP, employment, greenhouse gas emissions, and households. It compares different carbon pricing scenarios, considering revenue
recycling mechanisms and their implications for economic indicators and emissions reduction goals. Additionally, distributional
impacts across income groups are evaluated using indicators such as the Gini coefficient and changes in poverty rates, shedding light
on the equity implications of carbon pricing policies.

3. RESULTS

Distribution of selected countries to Carbon dioxide emissions per capita (production) (Tonnes)

Carbon emissions per capita reflect the average amount of greenhouse gases emitted by individuals within a country (Figure 1).
Countries with higher emissions per capita typically have a more significant environmental impact and contribute more significantly to
global climate change. In the dataset provided, countries such as China, South Africa, and Argentina have relatively higher carbon
emissions per capita compared to others such as Colombia and India. This indicates varying levels of environmental impact and the
potential for higher mitigation efforts. Countries with higher carbon emissions per capita, such as China and South Africa, face more

significant pressure to mitigate their emissions to address environmental concerns and international commitments.

Carbon dioxide emissions per capita (production)
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Figure 1 Distribution of selected countries with respect to Carbon dioxide emissions per capita (production) (Tonnes); Source: United
Nations Statistics Division (2022).

Distribution of selected countries with for Gross National Income (GNI) per capita (SDG8.5) (PPP $)

The per capita Gross National Income (GNI) data in Figure 2 pertains to the mean income obtained by individuals in Argentina, China,
Mexico, and Brazil. Economic growth, often assessed by the progression of Gross National Income (GNI) per capita, is pivotal role in
enhancing quality of life, mitigating poverty, and promoting socioeconomic progress. Countries with higher Gross National Income

(GNI) per capita, such as Argentina, China, Mexico, and Brazil, have a propensity for superior infrastructure, healthcare systems, and
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educational prospects, hence resulting in elevated levels of living standards. Carbon pricing is a policy tool aimed at reducing

greenhouse gas emissions by assigning a monetary cost to carbon emissions.
Gross National Income (GNI) per capita (SDGS8.5) (PPP S)
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14,370 14,384 15 948
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Figure 2 Gross National Income (GNI) per capita (SDG8.5) (PPP $); Source: United Nations Statistics Division (2022).

Impact of carbon pricing on the competitive position of firms in developing countries

To change business dynamics in many sectors of the economy, carbon pricing is an important policy instrument that influences
decision-making on industrial activities such as production, consumption, and investment (Table 1). At least to combat climate change
along with sustainability policies, this method, although part of broader policy frameworks, may increase expenses companies
particularly when they are competing against locations with less stringent environmental regulations. This fosters integration that
encourages innovation and technological advances, compelling firms to allocate funds towards R & D focused on reducing emissions
and improving energy efficiency.

Although there may be initial challenges, the purpose of implementing carbon pricing is to align economic motives with
environmental objectives thereby boosting competitiveness and promoting sustainable economic growth. While empirical evidence
shows mixed results in some countries, enterprises can take proactive measures such as green innovation to reduce potential adverse
effects and adopt sustainable practices for the long-term. For this reason, it establishes a link between carbon pricing, economic

competitiveness, and worldwide sustainable development aspirations.

Table 1 Effects of carbon pricing on the competitiveness of companies in certain nations

Carbon
Method and ) Findings: Impacts Economic Implications
Country | Research Price (USD/ .
data on firms
tCO2e)
The economic ramifications of observing a
The influence on the | negligible effect on sectoral or provincial
aggregated aggregate results and a detrimental effect on
province or sectoral | publicly traded companies indicate that
. outcomes is shown | although carbon pricing policies may not cause
) Zhang and Various ex- . o . . . .
China . Pilot ETS to be insignificant. substantial alterations in broader economic
Duan, (2020) post studies . ) o o o
Still, the impact on | indicators, specific firms operating in sectors or
listed businesses' provinces may encounter difficulties. This
firm-level results is | circumstance may result in variations in the
negative. financial performance of different companies,
which may impact their ability to compete and
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generate profits. Furthermore, this could
underscore the necessity for personalized
interventions or safety nets to facilitate the
challenges faced by these particular enterprises
thereby ensuring a more equitable and

sustainable transition in the economy.

Difference-

in-difference

Pilot ETS
(2013- 2015)

Emission reduction
is achieved through
capacity reduction
rather than
reducing the
intensity of
emission. It was
observed that there
was a loss of
competitiveness,
particularly among
state-owned

enterprises.

In terms of reducing emission, the economy may
be influenced by prioritizing capacity reduction.
This approach could potentially lead to issues
such as inefficient production, which may have
negative impacts on overall economic output.
Prioritizing capacity decline above improvement
in efficiency can result in the underuse of
resources and hinder the prospect of economic
development. The consequences of companies,
especially state-owned enterprises, reducing
competitiveness via using methods for reducing
emissions are likely to harm the country’s
economy in terms of employment, gross
product, and socioeconomic well-being
generally. This statement emphasizes the
importantce of crafting laws introduce carbon
pricing and implement technologies aimed to
reducing CO2 levels in ways that foster
productive systems, innovation and sustainable

environmental growth.

Low-carbon patent

filings increased 5-

The increase in low-carbon patent applications

that have been observed indicates a positive

Ex-post
P . 10% among the economic impact brought about by the
Zhu et al., analysis . . ) . o .
Pilot ETS regulated introduction of the Pilot Emissions Trading
(2019) 2001-2015 ) ) .
data companies due to Scheme (ETS), thus showing that carbon-pricing
ata.
The Pilot ETS policies can be used as tools to drive innovation
initiative. and sustainable economic development.
A mere 2-3% of
ASI 2007- manufacturing Carbon pricing can help reduce carbon
Goldar and 2008 data enterprises would emissions from manufacturers, thereby
Bhalla, (2015) see a decline in their | enhancing their global competitiveness. This is
India Ex-post 4to15 export volumes. evident from the low number of manufacturing
Goldar et al., firm-level Inverse correlation firms experiencing a drop in exports and the
(2017) 2009-2013 between emission negative link between emission intensity and
data intensity and export | export quantity.

volumes.

Table 2 illustrates the macroeconomic consequences of carbon pricing in selected countries. These analyses simulated emissions
reductions through the application of different carbon price levels. To mitigate adverse effects, strategies for revenue recycling were
employed to optimize the overall macroeconomic impact. Designing and implementing a carbon pricing policy package is complex,

involving diverse input parameters and outcomes tailored to the socioeconomic context of each nation.
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Table 2 Macroeconomic impacts of carbon pricing in selected countries

Carbon Findings: Impacts
Method | Price on GDP, Economic Implications
Country Research
and data | (USD/ employment, and
tCO2e) GHG emissions
There is expected to be a 0.5% increase in GDP as a
With revenue result of the shift of carbon pricing revenues towards
recycled to reduce reductions in corporate income tax and labor costs,
) corporate income suggesting good economic growth prospects.
Argentina | - - 10 . . . .
tax and labor costs, Businesses can potentially increase their
expected +0.5% competitiveness and profitability by reducing
GDP corporate taxes and labor expenses, thus leading to an
expansion of investments, output, and employment.
Without income
recycling, GDP
would fall -3.1% to - | Considering the impact of revenue recycling form
SAM 5.4%. Redistributing | carbon pricing, particular attention should be paid to
revenue to families | presented cases. The absence of revenue recycling
Grottera et 2002-
Brazil L, 2017) 2003 4.7 and 9.5 | reduces GDP by comes with a considerable fall in GDP: -3.1% and -
al,,
dat. 1.5% to 2.5%. With 5.4%. Therefore, it can be concluded that the failure of
ata
income allocated to | revenue recycling will lead to severe economic
diverse sectors, contraction.
GDP rose 0.3%
while falling 2.1%.
. Reducing value-added tax (VAT) and capital tax to
With revenue - .
recycle revenue from carbon pricing has an economic
o recycled to reduce ) o )
Caoetal, CGE 0.3 rising . implication that leads to a slight decrease of -0.1% of
VAT and capital ) ]
. (2016) and model to3.714 GDP thereby suggesting very slight adverse effects on
China o . tax, -0.1% GDP, - . .
Timilsina et (2010- rising to L the total economic output. Nevertheless, this method
3.3% emissions . o ]
al., (2018) 2030) 22.6 has been successful in acheieving environmental
-0.7% GDP, -16% o o -
o goals, resulting in a significant reduction in emissions
emissions
by -3.3%.
With revenue fully
recycled, positive The economic implications of recycling all revenue
impacts on GDP, from carbon pricing are that it shows positive effects
Three- 1001 consumption, and on different indicators of the economy. GDP,
in
ME - employment. consumption, and employment are positively affects
. Landa et al., 2030, rising L . o
Mexico (2016) model t0 700 b Emissions from by fully recycling revenue, indicating overall
o
(2014- 2050 Y energy economic growth and stability. This implies that
2050) consumption: -40% | revenue recycling strategies effectively mitigate
by 2030, -75% by potential negative economic impacts of carbon pricing
2050 compared to policies.
BAU.
CGE o GDP: -1.07% to From these numbers, it can be inferred that
South Alton et al., 3 rising to . . . . .
. (2010- -1.23% implementing a carbon pricing policy would likely
Africa (2014) 30 .
2025) Employment: —0.5% | have mild adverse effects on GDP, employment, and
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to -0.6% Emissions:
-36% to —41%

emissions hence the economic implication. If GDP
were to decline form around -1.07% to -1.23%, there
would probably be some reduction in economic
growth. Similarly, employment is projected to fall
between -0.5% and -0.6%.

India

Ojha et al,,
(2020)

With revenue

recycled to

The economic implication of recycling revenue from

carbon pricing to households suggests a negligible

CGE
model
(2021-
2040)

09to6.7

households, 0.0% to
-0.2% GDP. With
revenue recycled to

impact on GDP, ranging from 0.0% to -0.2%. This
indicates that there may be a very a slight decrease or
no change in overall economic output when revenue
is returned to households. On the other hand,

industries, slight
gain in GDP

recycling revenue to industries results in a slight gain
in GDP, implying a small increase in economic

output.

The composition of the environmental policy package influences both the trajectory of the consumer price index and the

distribution of the burden of the carbon price. Revenue recycling strategies were developed through ex-ante simulations involving

households with different income levels and residential locations. These strategies aimed to mitigate the effects of carbon pricing on

domestic consumption while maintaining incentives for emission reduction. Additionally, employing revenue recycling techniques led

to various socioeconomic advantages, such as enhanced equity and poverty reduction. A concise overview of these findings is provided

in Table 3 of the comprehensive global studies compiled by Wang et al., (2016), encompassing recent and revised literature.

Table 3 Distributional impacts of carbon pricing on families in selected countries

Carbon
Method and Price Findings: Impacts Economic Implications
Country Research
data (USD/ on households
tCO2 e)
Since higher-income households typically
have greater consumption levels and may
bear a larger share of the carbon pricing
Higher-income burden, they may experience more
Mi households are significant reductions in disposable
icro-
. Romero et al., ) ) most affected, and income. On the other hand, middle-class
Colombia simulation 10 and 50 . . .
(2018) del middle-class households, with relatively lower
mode
households are least | consumption levels and potentially
affected. receiving compensation or subsidies
through revenue recycling mechanisms,
may experience fewer negative economic
impacts.
The potential economic consequences of
urban families encountering a gradual
Urban households, . )
Yusuf and ] influence in contrast to rural households,
. ORANI-G progressive for . o . L
Indonesia Resosudarmo, 30 especially within the eighth decile, indicate
model rural households up . . . .
(2015) i i a subtle dispersion of the policy's economic
to the eighth decile. | | . .
impacts across various geographic areas
and income brackets. Urban areas,
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characterized by purchasing patterns and
lifestyles that contribute to elevated carbon
emissions, may see a more pronounced
decrease in disposable income for families
due of carbon pricing implementation. On
the other hand, rural families, particularly
those in lower-income categories up to the
ninth decile, may have comparatively less
economic effects, maybe because they
consume less and rely less on activities that
produce high amounts of carbon
emissions. The unequal impact seen
underscores the need to take into account
geographical and income variations
throughout the formulation and execution
of carbon pricing policies, to guarantee
impartiality and equality across various

socioeconomic cohorts.

Metropolitan Shanghai's Suits Index of -
0.078 indicates a possible adverse effect on

economic inequality in the region. The

households, -0.27%

) Metropolitan Suits Index is used to assess the impact of a
. Jiang and Shao, | Input-output . . e .
China 2.9 Shanghai’s Suits tax or policy, indicating whether it is
(2014) model ) ) )

Index =-0.078 regressive or progressive. Negative values
suggest that higher-income households
bear a smaller burden than lower-income
families.

L The fact that rural poverty increases more

Progressive in o o
than urban poverty indicates that specific

aggregate up to the . . .

) . rural families, especially those in lower-
. Input-output sixth decile. Rural .
Mexico Renner, (2018) 3.5, 20, 50 ) income brackets, may bear a
model poverty increases . . .
disproportionate burden or experience

more than urban .
adverse economic consequences as a result

poverty. .
of the policy.

With revenue The economic implication of recycling

recycled to: Reduce | revenue from carbon pricing to reduce

corporate tax: corporate tax is regressive, indicating that
. Regressive Reduce the burden falls disproportionately on
South Alton et al., CGE (2010- 3 rising to . .
. sales tax: lower-income households. This approach
Africa (2014) 2025) 30 ) ) ) ) )

Proportional may exacerbate income inequality as it

Transfer to benefits higher-income individuals and

households: corporations more than lower-income

Progressive households.

. With revenue The economic implication of recycling
. Ojhaetal, CGE model .
India 09to6.7 recycled to revenue from carbon pricing to households
(2020) (2021- 2040)

results in a decrease in the Gini coefficient

Climate Change 10, e5cc1031 (2024)

8 0of 13




REVIEW | OPEN ACCESS

Gini coefficient, by approximately -0.27%. This indicates a

With revenue reduction in income inequality, as lower-

recycled to income households receive a relatively

industries, +0.01% more significant share of the redistributed

to +0.02% Gini revenue compared to higher-income

coefficient households. This approach may than more
significant economic equity by providing
financial support to those with lower
incomes people.

4. DISCUSSION

Implications of carbon emissions on economic growth and green innovation

Argentina's moderate carbon emissions per capita of 3.5 tonnes indicate room for improvement in emissions reduction. This suggests
that implementing carbon pricing could incentivize industries to invest in cleaner technologies, potentially boosting economic growth
and fostering green innovation (Gutman, 2019). With relatively low carbon emissions per capita at 2.2 tonnes, Brazil may not face
immediate pressure for carbon reduction measures; however, implementing carbon pricing could still drive innovation and efficiency
improvements in industries, contributing to economic growth and fostering green innovation (Grottera et al.,, 2017). China's high
carbon emissions per capita of 7.4 tonnes highlight the urgency of carbon reduction measures, suggesting that implementing carbon
pricing could help the country transition to a greener economy, driving significant investment in green innovation, particularly in
renewable energy and clean technology sectors (Zhu et al., 2019).

Colombia's low carbon emissions per capita of 1.8 tonnes indicate lesser immediate pressure for carbon reduction measures.
However, implementing carbon pricing could still contribute to economic growth by incentivizing emission reductions and innovation,
fostering green innovation, particularly in agriculture and forestry sectors (Romero et al., 2018). Indonesia's moderate carbon emissions
per capita of 2.2 tonnes suggest potential for emission reduction efforts. This indicates that implementing carbon pricing could
encourage investment in cleaner technologies and contribute to eco-nomic growth while fostering green innovation, especially in
crucial sectors like agriculture and forestry (Yusuf and Resosudarmo, 2015). Mexico's moderate carbon emissions per capita of 2.8
tonnes suggest a need for emission reduction measures, implying that implementing carbon pricing could drive economic growth by
incentivizing emission reductions and investment in cleaner technologies, fostering green innovation, particularly in renewable energy
and transportation sectors (Landa et al., 2016).

South Africa's high carbon emissions per capita of 7.6 tonnes underscore the urgency of carbon reduction measures. This indicates
that implementing carbon pricing could facilitate a transition to a greener economy, driving investment in green innovation,
particularly in renewable energy and energy-intensive industries (Ward and De-Battista, 2016). India's relatively low carbon emissions
per capita of 1.8 tonnes, coupled with its large population, suggest significant total carbon emissions. This implies that implementing
carbon pricing could drive economic growth by incentivizing emission reductions and fostering innovation, particularly in renewable

energy and sustainable agriculture sectors (Ojha et al., 2020).

Implications of Gross National Income (GNI) per capita (SDGS8.5) (PPP $) on economic growth and green innovation
Argentina’s higher GNI per capita compared to others in the list suggests greater levels of economic prosperity and development in the
country. For example, a higher GNI could imply that Argentina may be well placed to increase its investments in green innovation and
adapt better towards carbon pricing policies (Gutman, 2019). A robust economic situation can make implementing carbon pricing work
in Argentina (Gutman, 2019). In this vein, if Brazil has a lower GNI compared to some of the other countries listed, it still possesses a
relatively high GNI, indicating a certain level of economic capability that could be leveraged for green innovations and implementation
of carbon pricing measures (Grottera et al., 2017; Karpavicius, 2020).

However, such factors as income inequality and other socioeconomic difficulties may affect the introduction and effectiveness of
carbon pricing and green innovation policies in Brazil measures (Grottera et al., 2017; Karpavicius, 2020). China’s rapid economic

expansion has led to significant growth in Gross National Income per person despite the challenges related to pollution and
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environmental degradation faced by the country faces (Cao et al., 2016; Timilsina et al., 2018). The Chinese government has made
significant investments in renewable energy and green technology, in addition to implementing measures like carbon pricing to ensure
that their economy is more environmentally sustainable (Cao et al., 2016; Timilsina et al., 2018). Colombia has a low Gross National
Income per capita compared to other countries listed here, implying moderate economic status.

Nevertheless, the country boasts valuable natural resources and biodiversity that can be employed for green innovation (Romero et
al., 2018). On the other hand, Columbia may experience challenges associated with implementing carbon pricing due to its business-
oriented economy (Romero et al., 2018). Indonesia’s lower Gross National Income per capita than most countries on the list implies
financial constraints amidst peculiar barriers arising from her extensive archipelago nationhood relying on agriculture, forestry, and
mining (Jiang and Shao, 2014; Yusuf and Resosudarmo, 2015). However, efforts aimed at environmental issues solutions within the
Indonesian context are likely to promote sustainable economic development through green innovation while facing numerous hurdles
related to both economics & politics, leading to implementation deficiencies regarding this approach (Jiang and Shao, 2014; Yusuf and
Resosudarmo, 2015).

Impacts of carbon pricing on firms’ competitiveness in selected countries

The impact of carbon pricing on firms' competitiveness varies depending on factors like cost structures and market dynamics.
Companies subject to carbon pricing or abatement costs may face disadvantages compared to competitors. As these costs cascade down
the value chain, affecting energy tariffs, material prices, and services, indirect impacts on other businesses in the economy may occur.
To remain competitive, firms may adjust their operations to reduce energy use and emissions or optimize cost structures. In India,
where explicit carbon pricing mechanisms are limited, the impact on competitiveness appears minimal. Simulations suggest only a
small percentage of manufacturing firms would face reduced exports due to increased costs.

Additionally, a study spanning 2009 to 2012 showed no decline in competitiveness despite a decrease in CO2 emissions, indicating
firms successfully managed emission-related costs (Goldar and Bhalla, 2015; Goldar et al., 2017). In China, introducing emissions
trading schemes (ETS) in various provinces provided lessons for a nationwide ETS. Studies on the ETS's impact on competitiveness
yield mixed results. While some found negligible effects at the provincial or sectoral level, others using firm-level data noted adverse
effects, partly attributed to capacity reductions rather than emission intensity decreases. However, the ETS stimulated low-carbon
innovation, as evidenced by increased patent filings among regulated firms. This suggests that carbon pricing can incentivize research

and development, aligning with efforts to mitigate climate change and promote green growth (Cao et al., 2016; Zhang and Duan, 2020).

Macroeconomic impacts of carbon pricing in selected countries
According to IMF calculations, implementing a carbon price of USD35/tCO2 e could increase GDP by 1% to 2% (Paris Agreement,
2015). Investing revenue from carbon pricing into climate change projects could spur economic growth and job creation, particularly in
sectors such as infrastructure and renewable energy. However, the effectiveness of recycling carbon revenue to lower labor costs may
vary depending on a country's social development and organization. In Argentina, enacting a carbon tax of USD10/tCO2 e was
expected to contribute to GDP growth by 0.5%, along with reductions in corporate income tax and social contribution requirements.
However, financial instability in 2018 hindered a clear assessment of the tax's impact (Gutman, 2019). Brazil aims to adopt carbon
pricing tools to meet emission reduction targets, with simulations showing varying GDP impacts depending on income recycling
strategies (Grottera et al., 2017; Karpavicius, 2020). China's ambitious emission reduction goals require modest carbon pricing increases,
with negligible GDP effects under specific recycling scenarios (Cao et al., 2016; Timilsina et al., 2018). Mexico and South Africa have
implemented carbon taxes, with simulations showing minor GDP impacts (Ward and De-Battista, 2016; Landa et al., 2016). However,
concerns arise in India regarding the potential adverse impacts of heavy investment in clean energy on employment (Ojha, 2020).
Evaluating the economic effects of carbon pricing is complex due to various factors influencing GDP. Nonetheless, studies suggest
significant economic growth dividends can be achieved through carbon pricing initiatives (Freire-Gonzélez, 2018).

Impact of carbon pricing on households in selected countries
Several studies suggest that carbon pricing mechanisms in developed nations tend to burden lower-income households more than
higher-income ones, resulting in a negative Suits Index. This is because energy costs form a more significant proportion of discretionary

income for poorer families, even though the wealthy spend more on energy overall. However, in underdeveloped nations, the situation
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is different. For instance, research analyzing low- and middle-income countries found that a USD30/tCO2 e carbon price model would
be regressive for wealthier nations but progressive for lower-income governments (Dorband et al., 2019). In Colombia, carbon taxes
modeled at USD10/tCO2 e and USD50/tCO2 e are projected to increase prices and reduce overall consumption, affecting middle-class
households the least and higher-income households the most (Romero et al., 2018).

Without revenue recycling, a carbon tax at USD30/tCO2 e would lead to the reallocation of factors away from energy and capital-
intensive sectors, making it progressive from an income perspective. Studies in Indonesia showed that urban households considered
carbon taxes regressive, while rural households up to the eighth decile did not (Yusuf and Resosudarmo, 2015). Similarly, a case study
in metropolitan Shanghai, China, found a regressive carbon tax at CNY20/tCO2 e (USD2.9/tCO2 e), with a Suits Index of -0.078 (Jiang
and Shao, 2014). In Mexico, carbon tax scenarios were progressive in aggregate up to the sixth decile of family income, although rural
poverty may increase more than urban poverty (Renner, 2018). In South Africa, revenue recycling options showed that lowering
corporation tax would be regressive, reducing sales tax would be proportionate, and shifting revenue to households would be
progressive (Aldy, 2015). Similarly, in India, carbon pricing would be progressive if recycled as food subsidies rather than regressive if

recycled as a decrease in manufacturing taxes (Ghosh, 2016).

5. CONCLUSIONS

Carbon pricing, a versatile policy tool, has wide-ranging impacts on firms and households, permeating economic activity despite its
focus on specific sectors. Increased energy and transportation costs, alongside general inflation, can strain household budgets, leading
to reduced spending. Businesses, competing with regions that have lower environmental standards, may face increased cost. Carbon
pricing is often included in comprehensive environmental policies since it is never implemented in isolation, owing to its potential to
cause economic and social disturbances. The implementation process is carried out progressively to minimize negative consequences
and ease economic shifts.

Although there are difficulties in measuring its impact, carbon pricing stimulate innovation, allowing firms to adjust to increased
expenses and shift towards economies with reduced emissions. Research indicates that carbon pricing has a regressive effect on urban
people while demonstrating a positive effect on rural residents. Income recycling programs have the potential to alleviate negative
impacts on employment, gross domestic product (GDP), and green growth, while promoting economic fairness. Nevertheless, the
attainment of sustainable development requires interventions beyond environmental legislation. It is essential to make enduring

investments in technology and infrastructure to reduce dependence on ineffective systems.
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