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Abstract [en] 

Responsible investing has become a trend throughout financial markets. As World’s economies 

pledge to decrease the amount of greenhouse gas (GHG) emissions, environmental policies like 

carbon pricing (CP) are expected to be strengthened; the above is attributed to the effort of 

internalizing the environmental costs of the current economic system. In the same context where 

asset owners have been demanding to the private sector for greater coverage of Environmental 

Social Governance (ESG) issues, understanding exposure and risk to carbon taxation and emission 

trading schemes (ETS) could be a major driver for responsible investing. Nonetheless, it has been 

found that this environmental policy to price emissions, falls behind from a harmonized cost per 

emission across sectors and geographies.   

Defined and assessed through a quantitative scenario analysis on scope 1 emissions, all 

information on carbon pricing set the basis for the model. From an investing perspective, the 

results showed higher exposure for the electricity sector by 2030 and 2050; nonetheless, the 

riskiest sector to invest at, was shown as industry. The above is based on the current and expected 

carbon dependency, and the expected increase in coverage from carbon pricing mechanisms 

respectively. In addition, aviation, which is a sub-sector from offroad transportation, showed to 

be the main source for this sector´s exposure and risk. It is concluded that the research carried 

out is a first step from a complete analysis on CP, as scope 2 emissions need to be assessed.  

Abstract [sv] 

Att investera ansvarsfullt är en trend som ökar stadigt genom finansmarknader i världen idag. Då 

flera ekonomier i världen utlovar att minska mängden utsläpp av växthusgaser i linje med vissa 

klimatscenarion, så förstärks miljöpolicys som koldioxidutsläppspriser i ett försök att internalisera 

externaliteter i dagens ekonomiska system. I kontexten av när ägare av tillgångar börjar kräva 

större täckning i miljö, socialt ansvar och ägarstyrning, kan exponering och risk i 

koldioxidutsläppsbeskattning och handel av utsläppsoptioner vara en drivande faktor i 

ansvarsfullt investerande. En utmaning i att prissätta utsläpp genom miljöpolicys ligger i hur 

separerade båda mekanismerna är från en harmoniserad kostnad per utsläpp genom olika 

sektorer och geografier. 

Definierad och utvärderad genom en kvantitativ scenarioanalys av Scope 1-utsläpp, verkade all 

information om koldioxidutläppspriser som grund till modellen. Från ett investeringsperspektiv 

visade resultaten en högre exponering för elkraftssektorn till 2030 och 2050. Emellertid påvisades 

även att industrisektorn har störst risk för investeringar. Detta är baserat på elkraftens nuvarande 

och förväntade koldioxidutsläppsberoende och den förväntade ökningen i täckning från 

koldioxidutsläppsprismekanismer i industrisektorn. Vidare påvisades flygindustrin, som är en 

sidosektor av offroad-transport, vara den huvudsakliga källan för denna sektors exponering och 

risk. Avslutningsvis fastställs det att denna undersökning endast är ett första steg i en komplett 

analys av koldioxidpriser, då Scope 2 utsläpp även bör undersökas. 
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Symbols and Abbreviations 

 

CDP – Carbon Disclosure Project 

CP – Carbon Price 

ECR – Effective Carbon Rate 

EPA – Environmental Protection Agency 

ESG – Environment-Social-Governance 

ETS – Emission Trading Scheme 

FAO – Food and Agriculture Organization of the United Nations 

FSB – Financial Stability Board 

GDP – Growth Domestic Product 

GHG – Greenhouse Gas  

GWP – Global Warming Potential 

ICAO – International Civil Aviation Organization 

ICP – Internal Carbon Pricing 

ICS – Industry Classification 

IEA – International Energy Agency 

IPCC – Intergovernmental Panel on Climate Change 

ISO – International Organization for Standardization 

NGO – Non-profit Organization 

OECD – Organization for Economic Co-operation and Development 

OER – Operating Expenses Ratio 

SCC – Social Cost of Carbon 

SRI – Social Responsible Investing 

TCFD – Task Force on Climate-related Financial Disclosures 

WBCSD – World Business Council for Sustainable Development 

WRI – World Resources Institute 
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1. Introduction 

The current economic system is failing to lead society towards sustainable development. This 

first chapter will look at how the system falls short to keep human development within Earth’s 

environmental thresholds; furthermore, it will go in depth into the impacts of economic 

externalities and how to internalize them to keep global warming under certain climate 

scenarios developed by the International Energy Agency (IEA). In a time where money defines 

most of the decisions being taken, the purpose of this project is to evaluate how the costs of 

these externalities (i.e. carbon emissions) can negatively portfolio performances when 

unsustainable investments take place.  

1.1 Economic System  

Sustainable development has been widely studied and defined by numerous authors, but 

what it is found to be the core of this concept, is that sustainability must take into 

consideration the variables from 3 deeply interconnected systems, the economic, social, and 

environmental one. With higher focus in environmental-related issues, world economies have 

acknowledged that the current status quo has been perturbing Earth’s natural systems, which 

have resulted in negative impacts not only to human kind, but to other species and 

inhabitants. Climate change, ozone depletion, and ocean acidification are some of the 

planetary boundaries that have been affected by those negative impacts from the current 

economic system (Rockström et al., 2012). 

Global economic performance has been measured mainly by one index that is subjected to 

mislead environmental and quality of life standards; this index is called gross domestic 

product (GDP) (Nováček and Mederly, 2015). Even though the GDP helps measure economic 

development through time, as the cost of repairing/removing the damages is simply 

neglected from the index’s equation, it falls short to price the real impacts caused by industrial 

value chains (Ding et al., 2016). Governments around the world have been developing 

different pricing mechanisms to quantify, and estimate the real cost of this externality in a 

way to correct the so-called “market failure”; these mechanisms that are implemented in 

form of a price on carbon emissions, are called carbon pricing (CP) (i.e. carbon taxes). As 

Pindyck (2019) pointed it out in his paper, the social cost of carbon (SCC) needs to be 

quantified and included in economic systems to fully assess and price industrial out-puts if 

development shall stay within Earth’s environmental constrains.   

Nowadays, investors have been using different methodologies and approaches to expose 

environmental-related risks that their portfolios may be exposed to; for example, one of the 

latest performance measures adopted by private companies, and that has been gaining 

momentum for investors, is called Environmental Social Governance (ESG) indicators. These 

criteria work on a set of standards that sustainable development-conscious investors are 

using not only to screen, but to take decisions on their portfolio mix. Firms are expected to 

disclose key performance indicators that will lead to a single ranking number; these indicators 

include disclosing subjects not only from an economic point of view, like a firm’s profitability, 
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but its legal framework, equality, unemployment rate, depletion of resources, reduction of 

pollution, and emissions to the environment just to name some (Hauptmann, 2017).  

Whether it is voluntary or mandatory, greenhouse gas (GHG) emissions disclosure has been a 

milestone for governments, society, and non-governmental organizations (NGO when it 

comes to how the private sector contributes to sustainable development (Depoers et al., 

2016). Through this approach, firms are expected to publicly report on an annual basis their 

GHG emissions and how they have been performing over a certain period of time; 

furthermore, they are encouraged to present tactics or goals to decrease their environmental 

footprint. Today’s industries have been relaying on an infinite-resource model where carbon-

based materials and high energy-intensive processes, have been used for product 

development; nonetheless, corporate carbon performances such as intensity, dependency, 

exposure, and risk have been increasingly taking place on the decision-making for portfolio 

managers (Hoffmann and Busch, 2008). Furthermore, this project will focus on how carbon 

exposure and carbon risk could have an impact on financial markets as environmental public 

policy is shifting to stronger policies, where externalities (i.e. carbon emissions) are being 

internalized in form of monetary costs for companies all around the Globe. 

1.2 Climate Change Scenarios 

One of the main tasks for environmental economist, has been to understand and describe 

how development would be influenced when climate change risks are included in financial 

modelling. The Intergovernmental Panel on Climate Change (IPCC) published in 2000 different 

pathways or scenarios, where global emissions performed differently based on a number of 

variables such as economic development (population growth, migration, etc.), climate 

records (rainfalls, cloud cover, etc.), and of course GHG emissions growth assumptions 

(Nakićenović and Intergovernmental Panel on Climate Change, 2000). Furthermore, the 

Financial Stability Board was asked by G20 Finance Ministers and Central Bank Governors in 

2015, to identify opportunity areas for the financial sector in terms of decreasing 

environmental-related risks; the above, led to the creation of the Task Force on Climate-

related Financial Disclosure (TCFD). The Task Force or TCFD has been since, in charge of 

assessing and recommending numerous strategies for corporate managers and how 

industries perform within its governance, strategy, risk management, and metrics and targets 

(TCFD, 2018). 

Working towards a better understanding of future GHG emissions, the IEA has modelled 

different scenarios to provide how different environmental policies could shape sustainable 

development in the future. Moreover, the IEA has presented in its latest report, 3 different 

scenarios and their impacts in the global economy, where average temperature decreases 

well below 2ºC (B2DS), increases by 2ºC (2DS), and increases by 2,7ºC by 2100 (IEA, 2018a). 

The scenarios described above are highly influenced by how governments around the world 

adopt climate change mitigation strategies and policies (Ibid.). For example, it has been 

compiled in the COACCH (2018) report on “Costs of Climate Change” for the European Union 

(EU), that the energy sector in a 2ºC scenario, its mean yield could decrease by 5% in 2050; 
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furthermore, climate change could also cost EUR 770 million/year to the transportation 

infrastructure as a result of extreme precipitation within the same scenario.  

1.3 Carbon Pricing 

Defined by the World Bank Group (2018) as a mechanism to internalize the costs of 

environmental depletion by the use of an explicit price on carbon emissions, carbon pricing 

has proven to be a cost-effective climate policy framework; furthermore, it has been 

estimated that it could help cut up to 50 % (GHG) emissions compared to 1990 levels (Dellink 

et al., 2010). This financial tool to internalize the SCC, it is in a way part of the basis for climate 

scenario modelling and can be presented in forms of taxes on carbon emissions, cap and trade 

systems, etc.; moreover, the global carbon price to stay within a 2º C scenario, has been 

assessed and demonstrated to be set in lower global averages from the actual estimations 

within the same climate scenario. For example, in the Effective Carbon Rates report from the 

OECD (2016), it is not only stated that carbon price is anything but universal, which means 

that price variations are presented among regions and sectors, but it was also estimated that 

only 10 % of the carbon emissions studied are priced at or above EUR 30 per ton. For society 

to stay in track below the 2ºC target, it is necessary that by 2020 an effective carbon rate 

(ECR) on energy reaches EUR 34 – 68 and EUR 43 – 86 by 2030 (UNEP, 2019). Table 1 shows a 

comparison from 4 different countries and how they are pricing carbon through carbon 

taxation; it can be appreciated not only the inconsistency in prices and sectors, but how the 

estimations are somehow far from the ECR needed in 2020. 

Table 1. (OECD, 2016). Comparison of sector carbon taxes on selected countries (all values are in EUR/tCO2). 

 

To estimate the SCC and how it could be projected in the future, it has been found that carbon 

pricing mechanisms have interconnected challenges within the 3 directives for sustainable 

development; 

• Environment – One example under this directive can be the price of environment in 

the future (i.e. what is the cost of a tree today vs. a tree in 20 years?). Discount rates, 

used in financial modelling to set a present value on the costs and impacts/benefits 

happening in the future, are a key element for environmental economist to 
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understand how much money should it be invested into mitigating emissions now 

against in the following 10 years (Kunsch et al., 2008). 

• Social – Under this directive, it can be found trust in governments as an important 

factor for effective climate policy. It has been studied how high confidence in 

governments is correlated to tougher and higher carbon prices; countries like Sweden, 

Switzerland, and Norway where people trust in their government, have accepted 

higher carbon prices and encouraged stronger carbon policies (Rafaty, 2018). 

• Economy – One of the possible biggest problems for responsible investing is the 

current short-vision perspective that asset managers may have; in other words, short-

term profits weight more for decision-making strategies than long-term sustainability. 

In addition, these profits could be offset by long-term losses due to the unforeseen 

environmental risk in a portfolio of investments (Doorasamy and Baldavaloo, 2016).  

Carbon price modelling has represented a challenge not only for private companies that tend 

to do broad estimations for their internal carbon price (ICP) in decision-making, but also for 

economists and environmentalist that model scenarios connected to climate change impacts, 

for example. In their paper, van den Bijgaart et al. (2016) came up with a “simple” formula to 

estimate the SCC or carbon price; it has been found that an approximate value of carbon price, 

in monetary terms, could be modelled by the product of the following 3 factors; 

• A variable for the Gross World Product (GWP) 

• A term expressing the share of output lost per unit of CO2 

• A term that measures the economic lifetime losses 

To address the carbon exposure/risks hidden in a product’s value chain, some companies 

from different sectors have been carrying out this mentioned internal carbon price (ICP) 

modelling, where they estimate, or simply set, a future price on carbon emissions and 

benchmark it when a decision for new investments needs to be made. According to the CDP 

(2017), acronym that stands for the NGO formerly called Carbon Disclosure Project and which 

now leads public disclosure of GHG emissions, “over 1,300 companies -including more than 

100 Fortune Global 500 companies […]- are disclosing that they are using an internal carbon 

price or plan to do so […]”. Putting a price on carbon emissions has proven to be a topic of 

interest not only for better environmental policy, but to serve as tool to manage and 

internalize carbon risk, and the promptly transition towards sustainable development (Ibid.).  

1.4 Research Question and Objectives 

Based on the need to decrease GHG emissions and the indirect impact that financial markets 

could have by irresponsible investing, the idea to understand climate change-related 

exposure and risks to asset managers serves as the baseline for this project. Furthermore, this 

thesis is expected to contribute to the limited information regarding carbon risk and exposure 

to environmental policies such as carbon pricing. The above will be carried out thanks to a 

collaboration with a high-profile international financial consultancy and proxy firm provider 

called ISS-ESG. A misconception on how carbon pricing is applied to emissions in the different 
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industries and regions, could lead to mispricing and overlooking negative impacts at a 

portfolio level; hence, this project will aim to develop a robust approach to quantify the 

impact of this pricing mechanism. Once this has been done, the tool develop will be used to 

assess, in a broader way, the impacts of carbon pricing mechanisms to different sectors in 

financial markets. 

The main research question has been stated as: 

How investment portfolios could be impacted by an increase in the price of CO2 emissions? 

The objectives for this project are: 

1. Identify and understand the different carbon pricing mechanisms around the globe 

and how they are classified. 

2. Develop a tool that can model, while taking into consideration the scope of the 

project, the monetary impacts of carbon pricing policies at a portfolio level. 

3. Using the tool developed, assess and analyze which sectors are more prone to a 

carbon pricing exposure and risk under a 2º climate scenario. 

1.5 Scope of the Project 

To develop a tool that can satisfy a robust analysis for asset managers, the geographical scope 

of the project will be based at a country level information at a global scale (i.e. all regions will 

be included); furthermore, the thesis will encompass all sectors as segmented by the IEA as 

ISS-ESG has developed its “emissions tool forecast” based on them. The sectors used are as 

follows; 

• Agriculture & Fishing 

• Electricity 

• Industry 

• Services / Commercial Buildings 

• Road Transportation 

• Offroad Transportation 

It is important to highlight that any information regarding the emissions accounted by each 

company on the “emissions tool forecast”, is the preview research and estimations from ISS-

ESG and that this project will be using this information for its calculations. The preview tool 

developed by ISS-ESG estimates the amount of emissions released by a certain company, 

listed under a certain geography, at a certain year, in a certain scenario; moreover, it forecasts 

future financial development (i.e. revenue) that is also used in this project. The scope of this 

thesis does not include GHG, revenue, nor carbon pricing modelling as it is expected that this 

information will be retrieved from literature review and the co-operation with ISS-ESG. 

Further assumptions are described and reviewed in Chapter 3 - Methodology. 

Emissions covered by this project are Scope 1 according to the GHG Protocol classifications. 

Furthermore, and as it would be explained in Chapter 2 – Literature Review, CP modelling 

does not have a uniform impact nor price; hence, to understand its impact at a company level, 

this thesis has divided the study in assessing emission trading schemes (ETS) and fuel taxation. 

Scope 2 emissions were left out of the scope, as a number of economic factors would have 

had to be studied and included; for example, pass-through cost and power generation market 
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elasticity would have added higher complexity under the time constrains for this project. For 

simplicity purposes, this project is delimited to deeply assess the EU ETS as it is the oldest and 

biggest ETS currently in place; this, serves as a starting point to model ETS carbon price 

worldwide. It is important to remark that other ETS were also explored to understand which 

countries had one in place or any other information that could have had an impact in the 

analysis; nonetheless, the model highly depends on the EU ETS. In terms of fuel taxation, the 

study assesses how this CP works in each sector according to IEA sector segmentation.  
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2. Literature Review 

2.1 Industry status quo 

2.1.1 Sectors 

How could economic development be measured with a high degree of granularity, if there 

was no clear distinction from the different industrial out-puts? Industry classification (ICS) has 

been diverse and used as a reference to categorize these out-puts in ways information can be 

analyzed for multiple purposes; one of them, granular economic performance. In addition, 

ICS presents nowadays 3 notable orientations according to its purpose, for example, it could 

be designed to be market, product, and/or impact oriented (Phillips and Ormsby, 2016). There 

are numerous ICS that help governments to classify industrial out-puts, for example, the 

International Standard Industrial Classification of All Economic Activities (ISIC) used by the 

United Nations (UN) statistic division or the Global Industry Classification Standard (GICS) 

developed by two financial services firms for the global financial community (Ibid). Moreover, 

organizations have relied on these industrial classifications to do their estimations; for 

example, the IEA has shown in multiple reports its affinity to use the ISIC nomenclature to 

quantify sector-based GHG emissions, energy consumption, etc. (IEA, 2018b). 

Industry classification has been the basis for development of different economic indexes, that 

evaluate in an analytical way industrial development. Although its classification may differ 

according to the standard being used, ICS can be paired no matter who developed the 

standardization; for example, OECD classification states merely an “industry” sector at its 

highest level, whereas IEA approach has a more in-detailed classification for the sector 

“industry” (see appendix 1). As data from multiple sources can be needed to assess a common 

issue, pairing standardizations is the way to properly evaluate information among different 

ICS.  

2.1.2 Emissions and Frameworks 

Understanding how emissions are allocated per sector, has helped to assess where the major 

abatements could be made; following the Organisation for Economic Co-operation and 

Development (OECD) (2017) report on CO2 emissions from fossil fuel combustion, it can be 

seen how the power generation or electricity and heat sector is responsible for little more 

than 40 % of global CO2 emissions. Furthermore, this sector is followed by transportation and 

industrials with 24 and 19 % respectively. The complexity of today’s industries into quantifying 

their GHG emissions, has been addressed with different standards or entities in charge of 

developing the best practices for GHG accounting and reporting; although these approaches 

have served to quantify released emissions among the different sectors at an industrial level, 

their heterogeneity could represent a barrier for a harmonized approach (Garcia and Freire, 

2014). 

GHG accounting is a smart approach to understand and assess how emissions are being 

distributed through projects, organizations, or even nations; this methodology has helped 

measure those released emissions to provide the necessary data for sustainable decision-
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making (Braimoh, 2015). In addition, this approach is not exempted from certain barriers; for 

example, the way these measurements have been seen through this literature review, have 

resulted in a heterogenic approach with multiple methodologies that assess and account GHG 

emissions. The World Bank in collaboration with the Food Agriculture Organization (FAO) 

developed an approach for GHG accounting in the agricultural sector, the IPCC has its own 

methodology for national GHG inventories, and the World Resources Institute (WRI) with the 

World Business Council for Sustainable Development (WBCSD) utilize the GHG Protocol for 

organizations and projects; all of these approaches may differ in their methodologies or 

scopes, but aim to quantify the amount of GHG emissions released to the environment. 

Within the boundaries of this project, the GHG Protocol falls in relevance as it is the preferred 

methodology at an industrial level for emissions accounting; furthermore, it sources the 

emissions and classifies them into 3 different scopes. 

As stated above, the GHG Protocol has been developed by the WRI and WBSCD to help not 

only multi-national corporations, but governments and other institutions to analyze their 

GHG emissions or environmental footprint. This methodology is not only being used in 

numerous companies around the world, but it has also been adopted by two major organisms 

such as the US Environmental Protection Agency (EPA) and the International Standard 

Organization (ISO) (Patchell, 2018). Furthermore, the GHG Protocol organization has worked 

closely with CDP to enhance GHG accounting and public reporting; both organisms represent 

now the basis for sustainability reports as they encourage companies to disclose their 

environmental footprint (Ibid). 

Regardless how experienced companies are in GHG accounting, the GHG Protocol initiative 

encourages them to quantify their emissions distributed by different scopes. According to the 

guidance released by the WRI and WBCSD (2015), the 3 scopes will be defined as follows, 

• Scope 1 emissions will comprise of all “direct GHG emissions”. All sources of GHG 

emissions under the Kyoto Protocol and controlled or owned by the company; for 

example, by burning fossil fuels in their industrial processes (i.e. machinery, vehicles, 

power generation). 

• Scope 2 emissions will comprise of all “electricity indirect GHG emissions”.  All indirect 

emissions generated by the company by means of purchased electricity. These 

emissions are sourced to the energy producer and accounted by the buyer.  

• Scope 3 emissions will comprise “other indirect emissions”. Based on a life cycle 

perspective, these GHG emissions are accounted by assessing the value change of a 

product’s manufacturing processes; for example, emissions accounted by raw 

materials extraction, transportation, and use of sold products or services. 
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Figure 1.(WRI & WBCSD, 2011). GHG Protocol scopes though the value chain. 

Working closely with the GHG Protocol initiative, the CDP main aim is to make companies 

comply to a minimum of environmental standards enhancing sustainable economic growth. 

CDP’s programs are developed in a wide range of environmental-related sectors such as 

climate change, water, or forests; moreover, CDP works directly with key decision-makers (i.e. 

investors, cities, companies) towards environmental footprint public disclosure. In addition 

to GHG accounting and disclosure for all industries, the Financial Stability Board (FSB), which 

is an international organism that oversees and addresses the best practices for financial 

development, set up a task force on climate-related financial disclosure (TFCD) for listed 

companies to evaluate and disclose their environmental-related governance. The TFCD works 

to provide updated frameworks for evaluation and pricing risk and opportunities 

quantification; this, with the aim of internalizing those externalities that could lead to asset 

value losses (Chestney, 2017).  

2.2 Carbon pricing 

2.2.1 Market Failure and Environmental Policy 

When the private gains differ from the social ones, then a failure is presented onto the 

system; in the case of economic systems, when this marginal private interest is not aligned to 

the marginal social interest, then a market failure occurs (Pearse, 2017: 21-25). In other 

words, if private companies are wrongly evaluating industrial out-puts, then externalities 

appear as consequence having a direct impact on all directives of economic systems. For 

example, carbon emissions were previously seen as external self-regulated and autonomous 

events with no direct impact on financial systems; hence, there was not proven correlation 

between the influence of a deteriorated environment and economic growth (Ibid). Despite 

the above, nowadays it has been quantified in multiple studies with multiple scopes the social 

cost of carbon and environmental deterioration (Fraas et al., 2016). 
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Figure 2.(Saez, 2007). Cost of an externality. 

A cost by a third party which is not the consumer nor the producer, is presented in figure 2 as 

the negative externality. Environmental economists have studied how this market failure 

when added to the marginal private cost (MPC), leads to the marginal social cost (MSC); in 

other words, the real price consumers should be paying for a determined product or service. 

Furthermore, to address the market failure from not accounting GHG emissions impacts into 

economic modeling, policy makers have been trying to fix this by means of carbon pricing 

modelling. Nowadays, it has been found that different models are being used to estimate the 

price of carbon emissions accordingly to different climate change scenario pathways; 

nevertheless, economist and environmentalist tend to clash in a key element for these 

estimations, discount rates. Environmental discount rates play an important role as they 

express future welfare. For example, Roosen (2014) stated that policy makers tend to 

discount from future generations based on a “biased and subjective” perception of the 

rationale risk factor; in other words, higher discounting assumes that future welfare will be 

more valuable for mitigation strategies against environmental depletion. Thus, future money 

should be the one being invested and not the present one. 

For the social cost of carbon (SCC), discount rates have been previously discussed by top 

climate economist such as William Nordhaus, who developed the Dynamic 

Integrated Climate-Economy model or just DICE model, and Nicholas Stern, author of the 

Stern Review on the Economics of Climate Change. Both climate economist differ on discount 

rating as Nordhaus works under a more conservative scenario with a higher rate than the 0,1 

% presented by Stern (Nordhaus, 2007).Furthermore, the SCC could be presented as the 

backbone for environmental policy makers as it estimates, in monetary terms, the impacts of 

GHG emissions; thus, the SCC helps internalize (by pricing) those externalities causing 

environmental depletion.  
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As described by the recent Nobel Prize winner in Economy, Nordhaus (2011), in an optimal 

climate policy the SCC will be equal to the carbon price mechanism under a certain model. In 

addition, William Nordhaus estimated on his paper that, in 2015 prices, carbon emissions 

should be valued at US$44; nonetheless, it is shown in this project that the unique price 

obtained by the Nobel Prize winner, is far from being close to real market values and differs 

significantly among countries and industrial sectors (Ibid., OECD 2018).  

As a policy instrument said to be a “key mechanism to reduce GHG emissions”, carbon pricing 

has been evolving differently around the world and among the different industrial sectors 

(CDP, 2018). In addition, these mechanisms of putting an explicit price on carbon emissions, 

have proved to be one of the most cost-effectives policies for governments to reach their 

environmental goals; nonetheless, the agreed approach to place this policy has to take into 

consideration different domestic economic factors (i.e. competitiveness) and a social context 

(OECD, 2013). As an environmental policy, there are 51 carbon pricing initiatives being 

implemented or scheduled for implementation, that would cover somewhere around 11 

gigatons of CO2 eq; moreover, it can be seen in figure 3 that out of 51 pricing mechanisms, 26 

are in form of carbon taxes and 25 as ETS (World Bank Group, 2018). 
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Figure 3. (World Bank Group, 2018) Carbon pricing initiatives under consideration, scheduled for 

implementation, and implemented. 

The impact of carbon pricing policies has been quantify in US$82 billion in 2018; this, is an 

increase of 56 % when compared to the US$33 billion in revenues in 2017 from the nearly 20 

% global GHG emissions covered (World Bank Group, 2018). The above, can be attributed to 

the increased price per carbon emission based on higher taxation rates, and lower supply for 

emission allowances in ETS. The revenue from CP has been studied and assessed on different 

environmental scenarios, to understand if the measures being taken could help mitigate 

climate change; unfortunately, studies have shown that many governments fall behind to 

internalizing the real cost of pollution. In its report of Effective Carbon Rates, the OECD (2018) 

did a benchmark to EUR 30/tCO2 on carbon pricing initiatives to assess how these prices were 

not only not aligned among them, but to the current environmental constrains of a 2º 
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scenario; the results showed that prices are falling well behind as emissions are being 

underpriced. 

While weak CP mechanisms dominate, uncertainty increases among financial markets on how 

governments could react in the near-future to adjust the costs of pollution; furthermore, 

financial markets have seen a steady increase on pricing mechanisms that translate into 

increased costs for firms (Carr, 2019). Aligned to its scenario analysis on GHG emission 

budgets, the IEA (2017) stated that carbon prices are far below the necessary values to stay 

within a 2º climate scenario (450 Scenario) and moderate below a < 4º climate scenario 

(Bridge Scenario). Table 2 shows with an extra degree of granularity (region/country level), 

the estimated carbon prices under certain scenarios, years, and regions; moreover, it is 

important to highlight that the prices shown are still highly homogenous and do not represent 

today’s carbon pricing conditions (Ibid). Once again, real life conditions from this 

environmental policy is far from a unique carbon price that rules among the different sectors 

and regions. 

Table 2. (IEA, 2018a).Estimated CP under a >3º and 2º scenario. 

 EUR/tCO2 

Scenario Region 2020 2030 2050 

> 3º  
(NPS and Bridge 

Scenario) 

European Union 22 37 50 

Chile 6 12 20 

Republic of Korea 22 37 50 

China 10 23 35 

South Africa 7 15 24 

450 Scenario 

United States and Canada 20 100 140 

European Union 22 100 140 

Japan 20 100 140 

Republic of Korea 22 100 140 

Australia and New Zealand 20 100 140 

China, Russia, Brazil and South Africa 10 75 125 

 

2.2.2 Carbon Tax 

Taxation has been used since many decades ago as a market-based instrument which 

governments use to raise money; it said to be efficient, from a general approach, when the 

expenses are used not only for society’s benefit, but when the money raised do not distort 

economic decisions (Organisation for Economic Co-operation and Development, 2015). 

Furthermore, carbon taxation or environmental taxes, are excluded from this definition of 

“efficiency” as they want to re-direct prices and influence firms’ and society’s decision-

making; the above, based on the added SCC to correct market failure (Ibid). In addition, the 

first form of carbon pricing mechanism came as carbon tax through the research of Arthur 

Pigou in 1932 that lead into the development of the Pigouvian Tax graph (Pearse, 2017).  
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This form of environmental policy focus on the carbon content of the fossil fuel as it aims to 

make the polluter pay for each ton of CO2 realesed to the air; furtheremore, it can be applied 

through the whole manufacturing chain as explained by Vijayadharan (2015), 

• Upstream. Tax on carbon content of the fuel at the beginning of the chain (i.e. coal 
mine mouth, refineries, etc). 

• Midstream. Tax applied at facilieties using fossil fuels (i.e. power plant). 

• Downstream. The hardest approach to carry out as it is applied at a consumption level.  

• Combined approach. When one or more parts of the chain are being subjected to the 
taxation. 

 

Figure 4. (Nerudová and Dobranschi, 2016) Pigouvian carbon tax.  

It can be seen from figure 4 how this taxation corrects the market failure by quantifying the 

price of welfare loss in order to internalize pollution into the economic system. In addition, it 

shows how the loss area above the MPC, is corrected by adding the factor tx or carbon tax to 

the original price; a new equilibrium is achieved where the increased price will reduce 

demand (industrial output) and emissions. Furthermore, carbon tax is a CP mechanism that 

brings some sense of lower risk to financial markets as it is a stablished price by governments, 

hence, decision-makers know what to expect with a degree of certainty. Despite the above, 

some experts debate its efficiency as it doesn’t work directly with the number of emissions 

needed to be reduced, but with an estimated SCC that is evaluated by a number of 

assumptions such as discount rates (Kaufman, 2016). 

2.2.3 Carbon Market 

Carbon markets work as economic markets driven by an assumption of supply and demand 

projections; these types of financial mechanisms, are considered an efficient way of 

internalizing the cost of pollution. There are tree defined emission trading schemes (Baron et 

al., 2009), 

• Intensity goal or rate-based trading. This market works under the premise of a defined 
standard (e.g. emissions per unit of output). 
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• Fixed emissions goal or cap and trade. This market applies to the absolute total 
amount of GHG emissions. Governments allocate a certain number of emissions and 
participants buy or sell allowances in accordance to their emissions. 

• Project- or technology-based. This market applies to the emissions reduced below a 

baseline. Credits are being generated by those extra emissions reduced by the 

project/technology. 

Within the scope of this project, cap-and-trade systems are to be explored with more detail. 

As it can be seen on figure 5, under this type of carbon markets, a “cap” is stablished on the 

amount of emissions released form the industrial output quantity (Q1) with a supply (S) at a 

market price (P1). Following the cap, the supply-demand equilibrium is shifted from (A) to (B); 

where the demand of emissions allowances influences the market’s price to (P2) and 

industrial output quantities to (Q) (Pearse, 2017). This mechanism aims to work on those firms 

which have high emissions and surpass the budgets (caps) stablished. As a cap-and-trade 

system works as a carbon market, this means that the high costs brought by emission 

allowances, could be offset by a transition to cleaner and more efficient technology.  

 

Figure 5. Cap-and-trade scheme.  

Unlike carbon taxes, cap-and-trade mechanisms work on the premise of a stablished target 

on emissions; moreover, this helps governments measure more accurately the quantity of 

carbon emissions to be mitigated. It has been discussed by experts how the “free carbon 

market” lacks of flexibility regarding sector growth; in other words, as a quantity of emissions 

is cap, and this cap decreases over time, an unexpected activity’s growth could lead to 

immediate increment in the firm’s operational costs (Lyndon et al., 2018). Furthermore, as 

emissions’ limits are determined by governments, carbon prices are the only variable able to 

fluctuate on a market basis. As seen in figure 5 and represented by the new supply (S*), under 

a cap-and-trade scheme there is no price limit for emission allowance; thus, financial markets 
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could interpret this type of CP mechanism as a market correction initiative with higher risks 

(Ibid).  

The EU ETS is the pioneer and leader in carbon markets as it is the biggest and oldest cap-and-

trade system. It covers little less than 50 %  of EU’s absolute GHG emissions (2,084 MMtCO2 

eq), it applies to more than 11,000 installations in the region, and has a decreasing rate of 

capped emissions of 2.2 % starting in 2021 (Narassimhan et al., 2018). The EU ETS has been 

developed through the past years under different phases to achieve efficiency. The pilot or 

first phase was under the period of 2005 – 2007 and served to set an initial price on market 

allowances; nonetheless, it resulted in over allocation of emissions permits among the 

member states after the real measured data began being released. Following this period, the 

second phase comprised the years between 2008 – 2012, and even though the number of 

allowances was reduced significantly, the 2008-09 crisis reduced the industrial output 

resulting in more allowances in the market than emissions reported. The above resulted in a 

drastic fall of emission permits prices from EUR 30 to EUR 7 (Velten and Bagchi, 2014). Finally, 

under 2013 – 2020 or the third phase, market corrections were made, a cap decrease rate 

was set, and the transition from “grandfathering”, or giving allowances for free, to auctioning 

permits was stablished as main allocation method (Ibid.). Phase 4 will conduct a full review of 

EU Directive.  

Even though emissions in the EU ETS have been decreasing and it is expected that they will 

be 21 % lower in 2020 compared to 2005 levels, some experts have studied how energy-

intensive industry have actually profited from their emissions as they were labelled as risk of 

“carbon leakage” (Carbon Market Watch, 2016). Carbon leakage is a term that industries face 

when their operations may be threatened by an environmental policy, which can undermine 

their competitiveness against other companies whose production sites are located in weaker 

environmental policy-oriented countries; furthermore, this term has been used to soften 

climate policies, such as higher reductions in the EU ETS (Ferguson and Sanctuary, 2019). One 

controversy attributed to the EU ETS has been the windfall profits some energy-intensive 

companies made by being labelled as in risk from “carbon leakage”, assigned free emission 

allowances, and then pass-through the costs to consumers as if they had bought those 

allowances (Ibid.). 

Nowadays not only the EU ETS, but other cap-and-trade schemes in place or soon-to-be 

placed, play an important role to correct the market failure. The economic costs embedded 

in this type of mechanism and how they evolved in the future, have been in some way clear 

for those who are familiar with the subject; for example Olsen (2019) published on 

BloombergNEF how carbon market speculators despite an oversupply of allowances, have 

been driven prices up by acquiring allowances on the premise that permits will be more 

expensive as a result of strong environmental policies. Although pricing modeling is a complex 

estimation to carry out, historic data shown in figure 6 shows clearly that the carbon market 

has been reacting to the evolving environmental policies from the past 5 years, and that 

companies subjected to buy these allowances, will have to pay a price for polluting. 
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Figure 6. (Market Insider, 2019). Snapshot of 5-year historic prices of EU carbon allowances.  

2.2.4 Aviation 

According to the Air Transportation Action Group ( ATAG, 2017), the aviation sector is 

accounted for 2 % of global GHG emissions; nonetheless, 12 % of CO2 transport-related 

emissions are attributed to this sector. Furthermore, the aviation sector has been developing 

at a fast-paced rate while enjoying free allowance allocation under the EU ETS, global tax 

exemptions, and even subsidies; in addition, contrary to coal, gasoline, and oil, jet fuel has 

been exempted from carbon taxation globally. Following the recommendation from the 

International Civil Aviation Organization (ICAO), bilateral agreements among different states 

have been signed to protect jet fuel prices from being charged with any type of carbon 

taxation (Boutueil, 2011). Although sometimes accounted from this exemption on fuel tax, 

the Chicago Convention, which took place back in 1944 establishing today’s ICAO, states 

nothing on applying a carbon tax on jet fuel; nonetheless, it mentions that no taxation must 

be applied to jet fuel in transit to avoid double taxing (Hemmings, 2019). 

Presented as the risk from unilateral carbon tax on jet fuel, “tankering” has been described 

as the possible action taken by air carriers to fill their tanks at a full capacity in a country 

where there is no taxation mechanisms (Seely, 2012). The above is caused by the complexity 

presented on the implementation of a tax system on emissions for the aviation sector; this is 

based on the fact that if a country decides to apply unilaterally a taxation on jet fuel, air 

carriers may decide to fill their tanks in the country where prices are lower. In addition, this 

will make the airplane heavier and will most probably result in an increased consumption of 

jet fuel and a higher amount of GHG emissions per trip (Ibid.). Without any global consensus 

in the near future regarding this type of mechanism, a carbon tax will most probably fail to 

target emission reductions in this sector. 
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In a way to internalize the social cost of carbon for air carriers, ICAO has been working on a 

global offsetting scheme to gradually decrease their environmental footprint; this global 

scheme has been seen as an alternative for a sector that underprices carbon emissions. The 

Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), that has 

instructed air carriers to account their emissions for the past years under ICAO’s directive, 

and that will enter into force in 2021 in a pilot phase, differs greatly when compared to EU 

ETS on aviation implemented since 2012. CORSIA, unlike the 2005 baseline applied in the EU 

ETS, will use a baseline from 2019-2020 estimated emissions; moreover, CORSIA will allow air 

carriers to offset emissions through offset credits in other sectors, while the EU ETS works as 

a cap-and-trade system (EASA, ND; ICAO, ND). Up to date, ETS are the only CP mechanisms 

impacting the aviation sector, although global organisms like ICAO are moving forward 

towards a homogenic approach in the near future. 

2.2.5 Exposure and Risk Quantification 

Firms are exposed to different types of risks which, in a broad way, affect their performance; 

for example, it has been shown how risk management practices in the mining or gas industry, 

has helped assess the variables involve and lower different risks exposure (Christoffersen, 

2012). Nowadays, the transition to a low-carbon economy, has resulted in a new type of risks 

for firms, environmental ones. Carbon pricing mechanisms could be seen as premium costs 

for high-emitters; thus, as seen in the OECD (2016) report, countries could be exposed by 

2030 to prices above USD 100 per metric ton due to the Paris Agreement ambitious targets. 

One thing is clear, companies which overlook at their environmental risks, could be highly 

exposed to an increase in their operational costs as taxes in fuels and ETS, which not only tend 

to overlap, can negatively affect a company’s performance.  

As stated by Hoffmann and Busch (2008), a consolidated definition of carbon pricing exposure 

is defined as “the monetary implications of the business activities due to carbon usage for a 

defined scope and fiscal year.” Furthermore, it is also explained how carbon exposure could 

be quantify by measuring the ratio of carbon usage and a business metric. This can be 

exemplified in equation 1. 

Equation 1. (Hoffmann and Busch 2008). Estimation of carbon exposure 

𝐶𝐸𝑥𝑖,𝑡 =
∑ 𝐶𝐼𝑘,𝑡 ∗ 𝑃𝐼𝑘,𝑡

𝐾1
𝐾=1 + ∑ 𝐶𝑂𝑘,𝑡 ∗ 𝑃𝑂𝑘,𝑡

𝐾0
𝐾=0

𝐵𝑀
        (1) 

where, 

• CE – Carbon exposure from scope (i) from a company (x) under a specific fiscal year (t) 

• CI – Carbon input for each unit (k) and specific fiscal year (t) 

• PI – Carbon input price (e.g. costs for crude oil and related taxes) 

• PO – Carbon output price (e.g. GHG emissions from on-site production processes) 

Although the approach stipulated in equation 1 helps corporations to evaluate their carbon 

exposure, for purposes of this project an adjusted formula will be used based only on output 
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carbon emissions. The reason of the above, is that an input dimension of carbon is out of the 

scope and requires in-depth and specific data from each one of the firms such as the amount 

of fossil fuels used in boilers and furnaces (scope 1), or amount of fossil fuels used for power 

generation from the purchased energy (scope 2) (Hoffmann and Busch, 2008). In addition, 

studies such as the one presented by Henderson and Trucost (2005), have shown that an 

adjusted approach where output emissions modelled with different future costs of carbon, 

could help deliver ratio-based results to assess carbon pricing exposure. 

By quantifying the carbon pricing exposure that a company may be prone at, could help 

analyze future carbon pricing risks. Following Hoffmann and Busch (2008) definition as “the 

relative performance change from the status quo to the predicted carbon exposure”, carbon 

pricing risk helps assess how a company’s value could be liable to carbon pricing mechanisms.  

In addition, to quantify the carbon pricing risk, equation 2 is presented. 

Equation 2. (Hoffmann and Busch 2008). Estimation of carbon risk. 

𝐶𝑅𝑖𝑖,∆𝑡 = (
𝐶𝐸𝑥𝑖,𝑡1

𝐶𝐸𝑥𝑖,𝑡0
− 1) ∗ 100         (2) 

where, 

• CRi – Carbon risk under period (t) and scope (i) 

By understanding a firm’s exposure and risk from carbon pricing mechanisms, one could say 

that risk managers would not only be assessing governance-related issues for decision-

makers, but environmental impacts as well. The aim of any other firm is to maximize profits; 

nonetheless, as new variables such as carbon pricing mechanisms start being integrated to 

the “economic equation”, a need to understand a company’s operational impacts on the 

environment, becomes imminent. One of the key topics approached by social responsible 

investments (SRI), which are investments considering ESG criteria disclosed by companies, is 

environmental sustainability and the prompt transition to clean technologies that could help 

mitigate current GHG emissions (Chen, 2019); said that, high carbon pricing exposure and risk 

could transmit to investors a firm’s lack of environmental risk management.  

2.3 Impacts 

2.3.1 Operations and Profitability 

Defined by Batra and Kalia (2016) as the corporate potential to have financial success, 

profitability is a term that evaluates a firm’s performance and efficiency to do businesses. In 

addition, some experts have studied how profit growth, should not occur indistinctively from 

sustainable practices; as a matter of fact, environmental risk management has proven to act 

as an add-on to decision-making that enhances responsible investment (Christoffersen 2012, 

Haanaes et al. 2013). To determine if a company is or not profitable, many ratios can be 

applied to the financial information obtained under a period of time; for example the gross 

profit margin, which can be measured by the amount of net sales minus the costs of goods 

sold, and all divided by the net sales (Kenton, 2019). Moreover, profitability ratios are 
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commonly used to compare and evaluate a firm’s capacity to create monetary value based 

on a comparison to, for example, its revenue or operating expenses among others (ibid.)  

A key component to understand possible hot spots diminishing a company’s net revenue, are 

operating expenses which form part of a firm’s balance sheet helping assess high expenses in 

form of salaries, raw material, or any other services. By doing this, a financial analyst can 

evaluate whether a firm’s gains would be decreasing at the expense of high operating costs. 

Carbon pricing is a mechanism that impacts directly on a firm’s operating costs, by a carbon 

tax payed on fossil fuels for power generation, or the added cost per emission allowance 

bought. As it is presented in figure 7, the impact on profitability cannot be estimated in a 

simple way where a homogeneous price is multiplied by the firm’s total emissions; instead, 

CP impacts on profitability work as a complex system where allowances, taxation on fuels, 

elasticity of passing through the costs, and abatement opportunities, interact into 

determining a firm’s carbon price exposure and the risk profitability performance ratios may 

be prone at.  

 

Figure 7. (Self-made). Negative and positive carbon pricing flows on profitability. 

The breakdown of operating expenses in a financial statement include interest costs, taxes, 

salaries, raw materials, electricity, among others; nonetheless, an interesting point found 

under this literature review, was that those costs expressed under “taxes” do not include nor 

define the impact of carbon taxation. Said that and under a review of random financial 

reports, companies tend to present these carbon costs as an inherent price to pay and not as 

an explicit exposure. Furthermore, ETS tend to be presented as an extra cost on operations 

as some companies face this type of pricing mechanisms; moreover, allowances are 

presented as intangible assets that can be positive or negative for a firm’s profitability. 
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2.3.2 Industry Response 

As industries evaluate the impacts from environmental policies like internalizing the SCC, 

multiple approaches come into place to enhance not only clean technology transition, but to 

identify possible risks under different environmental scenarios. Companies like Shell or 

Microsoft have been using an approach to assess how decisions are being made, and how 

much exposure they have to carbon pricing mechanisms; this approach is called internal 

carbon pricing (ICP) (Ahluwalia, 2017). An ICP is a voluntary price on GHG emissions set by the 

firms to understand the risk associated to this type of environmental policy; moreover, this 

voluntary price falls far from standardized as its varies among the prices industries’ set, its 

methodology of approach, and how it is utilize (Hay, 2016). 

Seen as an incentive to shift and understand how to do sustainable business, ICP has been 

applied by companies in 2 different forms (C2ES, 2017), 

• Shadow price. This is a theoretical price on GHG emissions a company sets to 

understand, assess, and execute sustainable investment decisions; this price tends to 

be higher than current CP policy mechanisms to incentives cleaner production and 

reduce future risk associated to GHG mitigation. 

• Internal carbon fee. A price actually applied on GHG emissions produced by a 

company, which helps to create a fund usually destined to emission reduction 

investments. 

2.4 Market Solutions 

2.4.1 Scenario Analysis  

As the risk of being exposed to stronger environmental policies seems to be imminent, a 

necessity to understand how these decisions could impact a firm’s future development have 

aroused. In a way to respond to this necessity to forecast how governments could react 

against environmental depletion, companies have turned to models and scenarios where 

these stronger policies would be a decision factor for future investments; firms have been 

looking on to environmental scenario analysis. This type of methodology to “predict” the 

future goes back to the 1970s when it was first used to study the Limits of Growth where 

society and environmental factors were assessed; since then, this approach of forecasting has 

been extensively used to understand and shape sustainable development (Alcamo, 2008). 

Environmental scenario analysis has been a tool for environmental policies in many ways; for 

example, they can be accounted as a framework for assessing complex environmental 

problems, illustrate the possible outcomes of a policy, and help raise awareness on present 

and future issues (ibid.) 

Alcamo (2008) has divided scenario analysis in 2 threads, an inquiry-driven analysis and a 

strategy-driven one. The difference between these 2 threads lays in their goals; the first one 

is used to estimate and analyze how the environment will be evolving by the scientific 

community, and the second one aims to assess and plan sustainability strategies mainly by 
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corporations. Furthermore, it is important to highlight that scenarios can be done in a 

qualitative or quantitative form (Alcamo and Henrichs, 2008). The first one describes how 

environmental policies, in a non-numerical aspect, are presented to communicate or educate; 

this differ from quantitative scenarios, as these lasts ones are assessments which require 

numerical data to be carried out (Ibid.). To preform either of these, a development and an 

analysis of the scenario needs to be structured; in other words, there are certain procedures 

to be followed out. As described by Alcamo and Henrichs (2008), the proposed approaches to 

carry out these last two approaches are as follows, 

Qualitative scenario analysis 

• Establish focal issue. Presented as a clear question, this step help as the starting point 

of what the scenario needs to accomplish. 

• Identify driving forces. Who are the key participants involved in the focal issue? What 

are the main uncertainties to be developed? 

• Critical uncertainties. Identifying those forces shaping the scenario is a key element to 

properly carry out the assessment. 

• Scenario logistic. Based on the preview steps, a logic behind the reasoning is 

structured as the backbone of the analysis. 

• Scenarios. Presented as a detailed model, different scenarios are formed under a 

defined logic. 

Quantitative scenario analysis 

• Identifying review models. Identifying preview models that can give some background 

information needed for the study. 

• Identifying driving forces. Numerical inputs that will affect the output of the scenario. 

• Assumptions. Based on the intended output and the obtained input data, assumptions 

are drawn to understand the delimitations of the scenario. 

• The model. Once these preview steps are carried out, the data can be used to run the 

model. 

• Scenario output. Scenarios are adapted and reported. 

Moreover, both approaches can be combined in many cases as the expected outcome gives 

the bests results in terms of benefits and background information (Ibid.). 

At a corporate level, scenario planning has been underestimated and has been relying in third 

party results to assess how business-as-usual vs. a second alternative could look like (Hirsch 

et al., 2013). Scenario modeling tends to present certain constrains as a multivariable 

approach is needed to obtain the most granular and precise results possible; furthermore, as 

qualitative scenario analysis is the preferred methodology for corporate governance, 

quantitative scenarios are highly important to expose financial-related risks (Ibid.). Although 

it does not make any reference regarding carbon pricing mechanisms, a good case of 

corporate scenario analysis is the one presented by the oil giant, Shell. This company back in 

the 60s and 70s started shifting the way it operated by including oil price futures under 
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different scenarios; for example, key components included the impact of the OPEC, a surplus 

finance by Middle East producers, and how consumption projections could affect the price in 

the market (Kupers and Wilkinson, 2014). These types of qualitative and quantitative analyses 

have helped Shell to be one of the leading oil companies in terms of revenue performance. It 

is clear that the limitations embedded in forecasting future environments, represent a risk 

not only for corporations itself, but for asset managers investing in firms.  

Carbon pricing scenario analysis has been a milestone in understanding how this type of 

environmental policy could affect not only corporations, but how it could significantly cut 

GHG emissions; for example, scenarios have shown how little more than 25 % from global 

emissions, could be mitigated by 2025 when compared to 2005 levels with this type of policy 

(Barron et al., 2019). Moreover, CP modeling could be a useful tool to assess corporate 

exposure to this environmental policy. To asses carbon pricing mechanisms, it is true that 

different approaches can be used to obtain some results; nonetheless, as presented by Barron 

et al. (2019), key factors that should be taken into consideration may include, GDP growth, 

inflation rates for future prices, and energy demand projections. 
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3.    Research Methodology 

This chapter explains the backbone structure of the project and thoroughly describe sthe 

steps taken into consideration to respond the research question proposed in the preview 

chapter. Furthermore, the design and methodology of the project are presented as a mix of 

quantitative and qualitative research. It is important to remember that this project did not 

focus in carbon price modelling for its scenario analysis; the above is based on the fact that 

estimations have already been made by different environmental organisms and climate 

economists, and these are already set to be aligned to the different GHG emission scenarios.  

3.1 Research Description 

To answer the proposed research question and develop a tool to quantify the carbon pricing 

exposure and risk at a portfolio level, a scenario analysis was proposed as the optimal 

approach. Furthermore, this tool is expected be a “second step” on the emission scenario 

analysis that ISS-ESG has already developed; the tool comprises from an emission trajectory 

and projections’ assessment, that ISS-ESG analyst have done against IEA emissions’ budgets 

in different scenarios for listed companies. The above, has helped ISS-ESG offer asset 

managers a deeper understanding regarding how firms perform according to GHG emissions’ 

budgeting. This project will use secondary quantitative data from ISS-ESG databases as it is 

considered reliable. As mentioned in the literature review, carbon pricing is far from being a 

homogenous mechanism that could be applied as a direct cost on GHG emissions; as a matter 

of fact, it has been proven to be a complex environmental policy in form of taxes and ETS that 

vary from sector, emission’s scope, and geography.  

To understand the influence of carbon pricing on emissions, a causality map was constructed 

and presented in figure 7; here, it could be seen how carbon taxes on fossil fuels have a direct 

impact on scope 1 emissions, an indirect impact in scope 2 emissions, and collide with pricing 

mechanisms like an ETS for the overall emissions out of the cap. By understanding this map 

in monetary terms and within the project’s scope, it would be possible to answer the first 

objective. The above, could be carried out through a deep analysis to evaluate, at a geography 

and sector level, the impacts of carbon taxation; moreover, a parallel assessment on how ETS 

are being set-up around the globe needs to be done to evaluate how this pricing mechanisms 

affects firms. Once the first objective has been accomplished, the modelling part will have 

robust information to assess current exposure; research on future carbon prices data to stay 

within a certain budget/scenario, will have to be obtained to quantify future exposure and 

risk. For simplicity of the project, the EU ETS will be used as proxy for other ETS as it is the 

oldest and biggest in place, and emission credits (or sell of allowances in ETS) will be excluded 

as it would require firm’s level information. 

Finally, by carrying out objective 1 and modelling these prices under the premise stated in 

objective 2, it is expected that carbon pricing-related costs at a firm level will be mapped out 

and quantified; this will lead to an “add-on” carbon pricing tool for more than 20,000 listed 

companies listed under ISS-ESG current program. Objective three will be accomplished once 
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this tool has been developed and the data can be assessed accordingly to the selected sectors. 

A sensitivity analysis will be included in the model to assess the parameters stablished and 

how this could vary under different future conditions determined by the literature review and 

expertise from ISS-ESG’s environmental economists.  

3.2 Data Collection  

A qualitative approach was carried out as first step. An investigation on carbon taxation was 

done parallel to ETS already in place; moreover, a consolidated report from the OECD (2018) 

was found to have enough data on both carbon pricing mechanisms. OECD’s report covers 

carbon tax schemes data, and ETS in place for 41 OECD and G20 countries; furthermore, it 

claims that these countries cover approx. 80 % of global GHG. For each country, the data 

retrieved was presented as seen in figure 8, with relevant information that was valuable in 

future steps. It is important to highlight that the information extracted from this report was 

last updated in 2015, hence, prices reported may differ from today’s status. Different 

assumptions were made on the OECD report that will be further explained as, for example, 

companies don’t have operations only in one of these 41 countries, but they could be 

distributed in one or more of the 150+ countries not assessed in OECD’s data. 

 

Figure 8. (OECD, 2018). Snapshot from Sweden’s priced emissions as reported by OECD’s report. 

Following the semi-robust data obtained on specific sectors and geographies, the next step 

plotted was to include ISS-ESG emissions data. This financial consultancy firm has an extensive 

program that is being used to identify those companies not complying with certain emissions 

budget; this program counts with the following information for each one of the more than 

20,000 companies assessed, 

• Reported CO2 emissions from 2012 – 2017 

• CO2 Scope 1 emissions projections from period 2018 – 2050  

• Revenue from 2012 – 2017 

• Revenue projections from 2018 – 2050 

• Estimated emissions’ budget under a 2º, 4º, and 6º climate change scenario 

For a representative sample of how this information looks, please refer appendix 2. 

Although these are robust numbers from ISS-ESG tool, they lack granularity for this thesis 

project as they are only allocated to the firm’s headquarters location; in other words, these 

are multinational companies and their GHG emissions are only presented and centralized 
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where their headquarters are. Real conditions make it obvious that the emissions produced 

by these firms, are distributed in all those countries where they operate at. To fix this degree 

of uncertainty, some data was able to be extracted from the CDP report, which works and 

encourages public and private companies in disclosing -with detail- their emissions and where 

they are allocated. Up to date, CDP has collaboration with little more than 1,700 companies; 

even though this is too few when compared with ISS-Ehtix 22,000+ companies, the 

information from CDP’s report helped as a proxy to model market conditions. 

From an emission perspective, it can be stated that OECD’s data covers pricing mechanisms 

from scope 1 emissions (taxes), identifies countries exposed to ETS, and classifies the sectors 

being affected by these two last mechanisms; in addition, CDP data gives granularity to the 

estimations. Once the present scenario was modeled, data regarding the future price of 

carbon emissions was retrieved. It has been found, that the IEA has modelled some figures 

regarding what to expect that carbon emissions should be priced at under different climate 

scenarios. This data, and with the help of country-based inflation rates, was used to stablish 

future conditions in the scenario analysis; moreover, how these prices are reached in the 

future, will be useful for the sensitivity analysis. As financial modelling and future pricing 

presents high degree of uncertainty, it was decided that the sensitivity analysis needed to be 

focused in future pricing. As stated in the scope of this project, no pricing modelling was 

carried out. Finally, with the above information was possible to obtain results for carbon 

exposure and risk metrics that allowed answer the research question and objectives of this 

project. 

3.3 Data Analysis and Assumptions 

To answer the research question by the premise that evaluating ETS and carbon taxes will 

cover most of the carbon pricing exposure and risk a firm may and could have, under the 

scope proposed; it can be deducted from an emissions point of view that,  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑃 𝐶𝑜𝑠𝑡𝑠 = 𝐶𝑜𝑠𝑡𝑠 𝑜𝑛 𝑆𝑐𝑜𝑝𝑒 1 + 𝐶𝑜𝑠𝑡 𝑜𝑛 𝐸𝑇𝑆 𝐴𝑙𝑙𝑜𝑤𝑎𝑛𝑐𝑒𝑠 

If the total carbon pricing cost is obtained, it can be divided by a business metric such as 

revenue to estimate the ratio needed for carbon price exposure (see Exposure and Risk 

quantification). In addition, different ratios will be obtained using different future carbon 

prices to evaluate carbon price risk. To calculate the total CP –related costs, it is necessary to 

make some assumptions regarding data limitation. 

OECD Report 

The OECD data covers 41 countries and states the sum of excise and carbon taxes in terms of 

EUR/tCO2. For the purpose of this project, when evaluating a company’s CO2 emissions, if 

those fall outside the countries studied by the OECD, a weighted sector price (WSP) will be 

used as proxy. This approach was agreed to be the most accurate one for this data limitation; 

furthermore, a weighted regional price was explored as an alternative solution, but it 

presented some distortion to countries falling within Latin America or Middle East. The above 

is based on the fact, that very few or any country where studied by the OECD under these 
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regions. The weighted sector price was estimated using equation 3 from each one from the 6 

sectors reported. 

Equation 3. Weighed industry price. 

𝑊𝑆𝑃𝑠𝑥,𝑡 =
∑(𝑇𝑎𝑥𝑥𝑠 ∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑥𝑠 ∗ 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒𝑥𝑠)

𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑠
 

where, 

• WSPsx,t is the weighted sector price at a determinate time 

• Taxxs is the carbon tax reported under a certain country and sector 

• Emissionsxs are the emissions reported under a certain country and sector 

• Coveragexs is the percentage of emissions covered by the tax in place 

As stated above, the data obtained from this report dates back to 2015, and despite being the 

most up-to-date consolidated data available for CP, updated numbers for average 2017 ETS 

allowance prices, were used in the model. OECD data allowed to assess more efficiently which 

sectors where covered by an ETS under different jurisdictions and, therefore, just the price 

from the allowances was updated. It is important to mention that tax prices were used as 

reported as it was not viable for the timeline of the project, to revise each one of the more 

than 200 carbon tax prices reported; taxes differ from ETS prices on complexity, as the first 

ones are country and sector levelized, while ETS are only region levelized.  

If it deemed to exist a company that reported their emissions in countries under both cases 

where, information could be retrieved from OECD data and other countries which were not 

studied, a mixed estimation was carried out in a way to price all of the emissions.  

CDP Data 

All information retrieved from the CDP report, where companies disclose their emissions and 

where these emissions were allocated, was used as background data to obtain a weighted 

price (or mixed weighted as described before) that was applied directly to ISS-ESG scope 1 

data (see appendix 3). This approach was stablished with the consultation of ISS-ESG Climate 

team, in a way to homogenize and centralize the source used for the firm’s emissions; in other 

words, CDP data was used merely to obtain the specific price in EUR/tCO2 from those 

companies that disclose their emissions; this, was used as a factor on ISS-ESG scope 1 data. In 

addition, the information presented in the CDP data showed to be heterogenic in a way which 

companies allocated their emissions at a region level, instead of country base information; 

where this case occurred, those emissions were multiplied by WSPsx,t described above. 

Furthermore, the CDP data gave granular information for little over 1700 companies; 

nonetheless, 120 companies had to be taken out of the study for multiple reasons such as, 

missing emission data, did not fill CDP questionnaire properly, or were companies not listed 

in any stock market but which participate with CDP disclosure. 
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Emissions 

Even though it was partially mention above, the model is limited to those companies that 

disclosed their emissions under the CDP directive; nonetheless, the total emission number 

used, was that one reported by ISS-ESG. The above was carried out in that way to keep 

homogeneity for the cost estimations under ETS. 

Emissions from ETS 

OECD data stipulates whether or not an industry is linked to an ETS under a specific sector 

and geography; this information was used as a proxy to estimate the impact of this pricing 

mechanism. This assumption was carried out as ETS tend to work at a firm’s installation level 

with multiple exemptions, and such a detail of information, would be impossible to model ail 

for the 1,700+ companies. Equation 4 shows, in the case of being listed under a geography 

and industry with an ETS in place, the method used to calculate the costs related to this pricing 

mechanism. 

Equation 4. Carbon pricing impacts quantification from ETS 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝐴𝑙𝑙𝑜𝑤𝑎𝑛𝑐𝑒𝑠𝑐𝑟 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑢𝑡 𝑜𝑓 𝑡ℎ𝑒 𝐵𝑢𝑑𝑔𝑒𝑡𝑐 ∗ 𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑅𝑖𝑔ℎ𝑡𝑠𝑟  

where, 

• Emissions out of the Budgetc are scope 1 emissions which are outside ISS-ESG’s out of 

the budget estimations for a determined company. 

• Price of Emissionsr is the yearly average price at which emissions were sold for that 

year. 

It is important to remember that, previously to this project, ISS-ESG had developed a tool 

which estimates which companies are within or not an emission’s budget under different 

climate scenarios. This was used as proxy to price those emissions outside the budget and 

that could be affected by an ETS.  

Aviation 

Kerosene used in aviation is globally exempted from carbon taxation; hence, scope 1 

emissions from airlines, which mainly come from burning this type of fossil fuel, were 

subjected to a value of “0”. Moreover, as airlines are also the latest sector being introduced 

to ETS (i.e. EU ETS), a lot of those scope 1 emissions are subjected to allowance allocation; 

nonetheless, air carriers do not have to pay for all of those allowances. Based on the above 

and taking into consideration that OECD data does not include kerosene in its study, a region-

specific approach was used to quantify CP exposure. To obtain the costs from those air 

carriers that could be subjected to CP mechanism, the financial statement from all EU-base 

companies that are exposed to this ETS legislation, were studied. The exact number of carbon 

emissions-related costs was added to the model manually, as airlines are part of the “offroad 

transportation” sector; nonetheless, the carbon tax stated in the OECD report for this sector, 

do not represent the real CP impacts for kerosene use. This specific approach was only done 

for air carriers.  
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Future Carbon Price Modelling 

To model future impacts of carbon pricing schemes, information of prices to stay under a 

certain scenario was retrieved from literature review. In addition, the prices found and shown 

in table 2 were used as proxy to model future scenarios; nonetheless, an assumption was 

made to have regional data instead of country-level information. For example, it is stated that 

Chile carbon price under a NPS and Bridge Scenario should be by 2030 EUR 11/tCO2. It is clear 

that Chile may differ economically from its neighbor countries, but this number was used as 

proxy for all LATAM future carbon prices as shown in table 3. Future carbon pricing represents 

a barrier on the granularity to this project, but as seen in the literature review, environmental 

economist like Nordhaus have come with an “utopic” model, where carbon emissions are 

valuated the same indistinctively from regions or sectors; thus, current economic conditions 

add a layer of complexity as CP is not equally distributed.  

Table 3.(IEA, 2017). Modified table from “Estimated CP under a bridge and 2º scenario” 

  2014 - EUR/tCO2  

Scenario Original Region/Country 2020 2030 2050 
Used in the 

Model 

> 3º (NPS and 
Bridge 

Scenario) 

European Union 19 33 44 Europe 

Chile 5 11 18 LATAM 

Republic of Korea 19 33 44 APAC 

China 9 20 31 China 

- 19 33 44 North America 

- 6 13 21 Middle East 

- 6 13 21 Russia 

South Africa 19 13 21 Africa 

- 19 33 44 Oceania 

2º Scenario 
(450 Scenario) 

European Union 19 88 123 Europe 

China, Russia, Brazil and South Africa 9 66 110 LATAM 

Japan 18 88 123 APAC 

China, Russia, Brazil and South Africa 9 66 110 China 

United States and Canada 18 88 123 North America 

- 9 66 110 Middle East 

China, Russia, Brazil and South Africa 9 66 110 Russia 

China, Russia, Brazil and South Africa 9 66 110 Africa 

Australia and New Zealand 18 88 123 Oceania 

 

It is important to highlight that table 3 was constructed based on table’s 2 data; furthermore, 

all data in blue was added based on self-assumptions. For example, under a >3º scenario, IEA 

data didn’t report any number for United States as it did on the 2º scenario, hence, an 

assumption that North American prices could be priced as the ones presented under 

“European Union” was the most accurate way to follow through. Different discussions were 

carried out to add all the values marked on blue. The numbers presented in table 3 were 

applied in the base scenario, to those emissions out of the budget and that were accounted 
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to be emissions under an ETS; in other words, these future prices were assumed, in a first 

stage, to be only applicable in form of ETS future allowance prices.  

Furthermore, trying to take into consideration economic factors and possible negative social 

response towards higher tax prices, the base scenario assumed an increase in OECD tax data 

according to the inflation rate presented in the selected country; this data was retrieved from 

the World Bank inflation rate database. The above was assumed in a way where carbon taxes 

will have a yearly inflation rate increment that could occur or not in that exact way, but that 

will make the tax reach a certain value by 2030 and 2050. The above statement is said to 

include, in some kind of way, how taxes could rise in the future. It is important to mention 

that a cap of 10 % annual inflation was added, as countries like Venezuela among others 

distorted the results with inflation rates above 200 %. 

Finally, to assess future carbon prices and how they eventually reach IEA projections on the 

proposed base scenario, a sensitivity analysis, which will be further explained, was carried 

out. 

Exposure and risk quantification 

As shown in the literature review, corporate performances such as carbon exposure and 

carbon risk can be quantified; nonetheless, as stated in the research question, this project 

aims to understand the impact at a higher level such as financial markets as a whole. 

Moreover, this project aims to assess the research question through the segmentation and 

assessment of the different sectors within financial markets; to do so, a “supposed” portfolio 

had to be model to obtain higher-level results than just company-based ones. 

Assuming that the market value sum of each one of the 1,638 companies are the world’s 

market value, an investment portfolio worth 100,000,000 EUR was assumed to be invested in 

this representative sample; this assumption was followed under the directive of ISS-ESG 

financial experts as it not only distributes equal ownership to those companies being 

assessed, but helps assess the ownership of those costs embedded in carbon emissions. 

Moreover, this was used as proxy from global market conditions to further evaluate where 

the highest CP exposure and risks could be. For future carbon pricing impacts, a “same market 

value share” approach was taken into consideration; here, it was stablished that in 2030 and 

in 2050 the share from the total market value from these 1,638, was going to be the same in 

those years. This last assumption, although far from real market conditions, is used as a proxy 

to understand future exposure and risk; this is based on the fact that companies increase 

and/or decrease their market value share over the years, and this has a lot of uncertainty.  

The Model 

Once the assumptions mentioned above were in place, a base scenario was constructed to 

come up with the total costs related to carbon pricing mechanisms. It can be seen in detail in 

appendix 3, the decision-making process the model followed regarding carbon pricing 

estimations; moreover, it is shown how scope 1 and ETS were assessed depending specific 

data from each company. The model presented in appendix 3 was also used to estimate the 
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data obtained under year 2030 and 2050; nonetheless, the prices used here were modified 

depending on the carbon pricing mechanism as explained in Future Carbon Price Modelling. 

As described before, taxes were assumed to grow with 2017 country-specific inflation data 

and emissions out of the budget were assumed to be priced by IEA carbon price projections. 

Once the numbers were obtained, these were used to evaluate how sector could be impacted 

by carbon pricing mechanisms under different climate scenarios. 

Sensitivity Analysis 

This scenario analysis carried out a sensitivity analysis based on the results obtained to 

understand how IEA projection pricing pathway could highly influence the outcome of the 

results. As seen in the literature review and discussed with experts working at ISS-ESG, 3 

different pathways will be presented as follow, 

• Base scenario. Serving as reference point, this scenario is the one described in the 

methodology and will be the one presented to asset managers primarily. 

• IEA carbon price projections reached by taxation and ETS. This means that carbon 

prices will reach IEA estimations uninformedly no matter the type of mechanism. In 

terms of emission rights (ETS), those emissions out of the budget will be subjected to 

IEA prices; in the case of carbon taxes, these will be assumed to reach at least a 

minimum value as stated by to IEA projection prices. For example, most road 

transportation emissions are being already priced at high levels, hence, emissions 

allocated to this sector won’t suffer a change as in contrast to those being underpriced 

(e.g. residential & commercial emissions). In other words, if the inflation rate by 2030 

and 2050 didn’t make the price of carbon emissions reach those the prices stablished 

by the IEA, then, the IEA’s projections will be used as shown in appendix 4.   

• All sector under an ETS. Assuming ETS are the preferred mechanism to correct market 

failure and to quickly reach IEA carbon price projections (see Literature Review > 

Carbon Markets), this model will assume how the implementation of an ETS to all 

sectors and regions under IEA carbon price projections could impact financial markets. 

All emissions outside the budget on the 2º climate scenario scenarios will be subjected 

to an associated price; moreover, taxation was assumed to continue growing 

according to inflation rates. 

Based on numerous meetings with ISS-ESG experts, these two sensitivity analysis approaches 

used to evaluate the base scenario, were found to be an appropriate way to compare the 

results primarily obtained.  
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4.   Results  

This chapter looks at the main results obtained by the model under a 2º scenario; 

furthermore, it is divided into two parts where the base scenario, which answers to the 

research question and objectives, is presented. In addition, the second part of this chapter 

explores how sensible these results can be as of how future carbon price estimations could 

be applied to the different sectors.  

4.1 Base Scenario 

By a deep assessment on carbon pricing mechanisms and granular data on GHG emissions 

from little over 1,600 listed companies, it was possible to evaluate through a portfolio of 

investments how financial markets (segmented by sectors) could be affect by CP mechanisms. 

As shown in figure 8, for 2017 conditions the highest exposure to carbon taxation and ETS, is 

the road transportation sector; although, 2.7 % from the total revenue in this sector is 

exposed to carbon pricing, the electricity sector is the one which will be more exposed in 2030 

according to the model. This can be seen in the drastic jump from 1.4 to 7.0 % from the 

revenue being used to pay the social cost of carbon. In addition, it is important to mention 

how little from the revenue is and will be exposed for agriculture & fishing and residential & 

commercial sectors; the above, can be attributed to the lower consumption of fossil fuels. A 

deeper analysis per sector and year is presented further down. 

 

Figure 9. (Self-made). % of revenue exposed to carbon pricing under a 2º climate scenario. 

Even though from an investment perspective someone could say that allocating money to the 

electricity sector can expose the portfolio to higher CP mechanisms, the higher risks of this 

environmental policy lay somewhere else. As it is presented in figure 10, the electricity sector 

0.4%

1.4%

0.1% 0.02%

2.3%

0.4%0.4%

7.0%

0.7%

0.1%

2.5% 2.5%

0.5%

6.8%

0.7%

0.1%

2.8%
3.1%

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

7.0%

8.0%

Agric
ultu

re & Fish
ing

Electr
icity

Industr
y

Resid
entia

l &
 Commerci

al

Road tra
nsport

Offro
ad tra

nsport

% of Revenue Exposed to CP Mechanisms under a 2º Climate Scenario

2017 2030 2050



 
34 

comes fourth in the risk evaluation and it is no surprise, as it is explained further down. 

Moreover, the industry and offroad transportation sectors are accounted with the highest 

risk; this can be expected as those sectors present lower carbon prices as of 2017 and weaker 

environmental policies. In addition, it can be seen how the risk associated to investing in the 

road transportation sector under a 2017-2030 period is the lowest registered; this can be 

understood by carbon prices being already high enough, from the SCC perspective. 

 

Figure 10. (Self-made). Revenue’s Performance Risk under a 2º climate scenario. 

4.1.1 Agriculture & Fishing 

Comprised of 0.2 % from the total companies evaluated, this sector comes second as less 

impacted by carbon pricing in 2030 and 2050 as previously seen in figure 9. The above can be 

attributed by the low consumption of fossil fuels needed for agriculture, fisheries, and 

forestry practices; it is important to remember that road transportation is not included in its 

associated costs. Moreover, despite that this sector is covered by moderated carbon taxation, 

it deems to exist few countries that actually cover it through ETS as reported by OECD's report 

(2016); this could result in lower costs associated to GHG emissions. As stated by the US EPA 

(2016), GHG emissions from agriculture, forestry, and other land use are accounted for little 

less than 25 % from global emissions; nonetheless, these emissions are highly attributed to 

deforestation and not fossil fuel use. Environmental policies like carbon pricing, are mainly 

linked to the use of high-carbon content fossil fuels, and not in actual practices that could 

lead to higher GHG emissions, such as deforestation.  

1.2     

5.2     

8.5     

6.3     

1.1     

6.6     

1.1     1.0     0.9     0.9     
1.1     1.3     

 -

 1.0

 2.0

 3.0

 4.0

 5.0

 6.0

 7.0

 8.0

 9.0

Agric
ultu

re & Fish
ing

Electr
icity

Industr
y

Resid
entia

l &
 Commerci

al

Road tra
nsport

Offro
ad tra

nsport

Revenue's Performance Risk under a 2º Climate Scenario

2017-30 2030-50



 
35 

The risks shown in figure 10., state that carbon exposure can double by 2030 and double again 

by 2050; nonetheless, it can be seen an almost 10 % decrease on risk from both periods. It 

could be a bit misleading at first sight that a decrease in risk is happening in this sector, when 

taxation is increasing on a yearly base; nonetheless, it is important to highlight that scope 1 

emissions for agriculture and fishing, decreased in the projections used. The above means 

that although the prices of carbon are going up, if the sector manages to have a higher 

decrease rate on its overall GHG emissions, risks from CP mechanisms could go lower. 

4.1.2 Electricity 

Accounted with 6 % from the companies assessed, the power generation sector is the top 

exposed market to allocate money in according to figure 9. This can be attributed to the high 

dependency from fossil fuel resources (i.e. carbon and oil). From a 1.4 to 7.0 % of estimated 

revenue exposed to carbon emissions costs in a 2017 – 2030 period, this sector suffers from 

the impact of both taxation and ETS mechanisms. In addition, this abrupt jump from over 5 

percentage points is the result from underpricing emissions nowadays. As stated by the IEA 

(2017), to stay under a 2 º temperature-rise scenario, it is necessary to increase the SCC; said 

that, and with carbon prices under 5 EUR/tCO2 for high energy-intensive countries like U.S 

and less than 30 EUR/tCO2 for China, plus ETS covering this sector with allowance prices well 

below 10 EUR/tCO2, it can be expected that price fluctuation taking allowances to EUR 88 in 

2030 will result in a high revenue exposure. It is important to say that little less than 50 % 

from sampled companies were subjected to ETS modelling; hence, emissions outside their 

assigned budget suffered from this increased price. 

Figure 9 shows a particular behavior within the amount of revenue exposed in 2030 when 

compared to 2050, it decreases. The above can be attributed to the fact that the overall data 

used in scope 1 projections for 2030 and 2050 within this sector, has a concave curve which 

means emissions peaked and then begin to decrease. From all of the companies assessed 

within this sector, little less than 35 % presented higher emissions in 2050 than in 2030; this 

means that more than 60 % of power generation companies have projection where their 

emissions will decrease, hence, less emissions being priced with CP mechanisms. Assuming 

the emissions projections obtained from ISS-ESG are reliable, electricity sector could be less 

exposed to CP by 2050; nonetheless, it will still be the sector most exposed to this 

environmental policy. 

Despite being the most exposed sector to CP, the risks associated are lower when compared 

to other sectors as seen in the figure 10. Power generation has lower risks compared to 

offroad transportation or industrials as it already has high levels of carbon tax in 2017, than 

those 2 other sectors. Although it came in fourth place in the sector-base risk assessment, 

from a 2017-2030 period perspective, the risks of revenue exposed to CP increased 5 times 

from current levels. As in all the sectors presented, it can be expected that risks in the second 

period (2030-2050) despite having the tendency to double exposure from the 2030 baseline, 

are lower as carbon pricing increments are not as drastic as in the first period.  
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4.1.3 Industry 

With 55 % from the total companies assessed, the industry sector, which includes companies 

that produce high energy-intensive products such as cement, chemicals, iron & steel, etc., has 

less than 1 % of their revenue impacted by CP mechanisms. According to the US EPA (2016), 

industrials are accounted for little more than 20 % from global GHG emissions; nonetheless, 

the weighted industry carbon price in 2017 according to estimations obtained from the OECD 

(2016) study on carbon taxes and ETS, was less than 3 EUR/tCO2. Although countries like 

Norway, Sweden, and Finland have estimated carbon taxes for the industry sector above 50 

EUR/tCO2, they account for little less than 2 % of the emissions under this sector. In addition, 

countries such as the U.S., with an almost 11 % share from the total industrials’ emissions, 

have a value of zero under carbon taxation. Despite the large share of emissions coming from 

this sector, underpriced emissions and low coverage for those emissions priced is a key factor 

to have lower CP exposure. 

Future exposure, as explained in the methodology chapter, comprises from a mix of ETS 

outside the budget and the inflation rate of the countries where emissions were allocated in. 

As seen in figure 9, future exposure for the industry sector stays within the 1 % threshold; this 

can be attributed to a mix of low or non-existing carbon taxation, plus low inflation rates from 

those selected countries. For example, China is a major contributor for emissions within this 

sector; nonetheless, its inflation rate was found to be at 1.6 %. From the CDP data on emission 

allocation, it was found that countries like Russia, which carbon tax for this sector is also value 

at zero, is accounted for little more than 6 % from the total industry emissions; it is clear that 

despite having an inflation rate of 3.8 %, not putting a price on carbon now impacts the results 

according to the project’s main assumptions. This impact on the results will be further address 

in the sensitivity analysis. 

Risk for this sector is shown in figure 10 as the top sector which performance could be at risk 

from these mechanisms; this is the result of those underpriced emissions under the ETS 

approach. As cap-and-trade systems strengthen the amount of allowances in the market, an 

expected rise in prices is expected to be seen in future carbon markets; said that, the jump 

on carbon exposure between both years, is caused by the prices of allowances reaching a 

hypothetical value aligned to IEA future carbon price estimations.   

4.1.4 Residential & Commercial 

As shown in figure 9, this sector is accounted with the lowest exposure to carbon pricing 

mechanisms; this result can be expected as companies listed in this sector classification, are 

firms like financial services or telecommunication operators. The low amount of dependency 

from fossil fuels and low carbon taxes for this sector, are the two main factors that 

contributed to less than 0.2% of the total revenue exposed over the 3 assessed years; 

furthermore, some companies were subjected to ETS impacts which contributed to overall 

results. It is important to mention that accounted emissions within this sector, tend to come 

mostly from Scope 2 emissions and not from Scope 1 as other industries (World Business 
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Council for Sustainable Development and World Resources Institute, 2004). In addition, the 

risk associated to how well this sector will perform in the future is an interesting point to 

explore.  

Coming in third place for the first period and accounted with 39 % of the companies assessed 

in this thesis, this sector shows a 6.3 times higher risk from its revenue’s performance under 

the first period of assessment. The above is attributed to the fact that companies under ETS 

legislation are impacted by the possibility of 88 EUR/tCO2 allowance price assumption in 2030; 

said that, figure 10 shows in the second period assessed, how the risk stabilizes when 

compared to other sectors around 1 time higher to 2030 value. This backs-up the impact 

associated to higher prices in the emission allowances for ETS. 

4.1.5 Road Transportation 

0.5 % from the companies assessed where within this sector. Figure 9 shows a non-abrupt 

increase associated to the carbon exposure between periods; this is based on the fact that 

none of the companies assessed was subjected to ETS, hence, the impacts related to an 

increase in allowance prices do not affect the results. Additionally, the increase on carbon 

exposure is attributed mainly to carbon tax inflation rates. Although this sector is highly 

dependent on fossil fuels, and 2017 carbon taxation is one of the highest within the model 

(above 70 EUR/tCO2), companies analyzed reported high values on their revenue which 

outweighed the costs associated to carbon emissions.  

From an investors point of view, the model shows that the lowest risk regarding CP lays within 

this sector; this means that the road transportation is less exposed to an increase on CP when 

compared to other sectors. It is important to highlight that although it is reported as the least 

risky sector to invest at, nowadays contributes to almost 15 % of global GHG emissions (US 

EPA, 2016); where responsible investment plays a key role towards sustainable development, 

carbon intensity needs to be assessed for an informed decision-making. 

4.1.6 Offroad Transportation 

Analyzed through 2.3 % from the total companies in the project, the offroad transportation 

sector included companies in the branch of air carriers, railroad transportation, and seaborne 

transportation. With 2.5 % of its revenue exposed to CP in 2030, this sector is mainly impacted 

by ETS; this, is based on the fact that new legislation has been evolving to include air carriers 

under an ETS instead of pricing kerosene through taxation schemes. Railroad and seaborne 

transportation companies are allocated under countries with ETS in place. Assessing further 

air carriers, which represented almost 45 % from the total sample within this sector, this type 

of offroad transport, highly impacts the 2030 and 2050 results. The above is attributed tas the 

model takes into consideration the implementation of the CORSIA offset program beyond 

year 2021 (see Aviation). When the increased exposure is compared to the baseline (2017), it 

is mainly the result of all companies assumed to be covered by this global carbon-market 

program and not only EU companies under an ETS. 
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Seen as not-so-highly regulated sector in terms of environmental policies (mainly air carriers), 

offroad transportation represents the second highest risk for investments under a 2017-2030 

period, and the highest sector at risk from its revenue’s performance for the following period. 

The reported figures are consequence of an expected stronger regulation affecting mainly air 

carriers. Furthermore, the aviation branch under this sector is expected to contribute most to 

the risks, as scope 1 emissions are expected to be priced at EUR 88 in 2030, up to EUR 123 by 

2050. 

4.2 Sensitivity Analysis 

To assess the results obtained through the scenario modelling, two sensitivity analyses were 

proposed to analyze different pathways that could highly impact how exposed and how much 

risk sectors could be prone to; pathways that involve future carbon prices and their 

implementation. Through this chapter, 2 possible alternative outcomes will be explored; the 

first one, is based on the premise that all carbon pricing mechanisms assessed within this 

project, reach IEA future carbon price projections indistinctly. Furthermore, the second part 

explores the possibility from all sectors being included in an ETS. 

4.2.1 Carbon Price Projections Reached by Taxation and ETS 

Using the data proxy in table 3 under chapter 3, it was not only possible to price allowances 

out of the budget in the base scenario, but it was possible to apply the data on this sensitivity 

analysis, where taxation prices were adjusted to these values; this means, that carbon tax 

prices were not subjected to inflation rates unless they actually reached or surpassed IEA 

future carbon price projections. The results shifted considerably in this first attempt to assess 

how a different pathway in environmental policies and their implementation, could highly 

influence CP exposure and risk. It can be seen in figure 11, that the percentage of revenue 

impacted in 2017 is the same as in the base scenario shown in figure 9; nonetheless, 2030 

and 2050 exposure levels increased considerably for some sectors as compared with the 

white lines which are reference for the base scenario. This can be expected as most of the 

carbon tax data under the base scenario, never reached IEA future carbon prices for a 2º 

scenario.  

Furthermore, results presented in figure 11 increased in more than 2.1x compared to 2030 

base scenario values for electricity, industry, residential & commercial, and offroad 

transportation; this can be attributed to the base scenario, which used low carbon taxation in 

2017 with low-to-mid inflation rates. In the case of agriculture & fishing, results increased by 

almost 1.7x when compared to its 2030 homologue data in figure 9. Road transportation 

presented only 0.3x increase in comparison to the base scenario as carbon taxation, which is 

highly applicable for this sector, did not have major impacts from the sensitivity proposal; the 

above is based on the fact that tax levels corresponding to road transportation, are high 

enough already. 2050 data presented a similar percentage increase when compared to the 

base scenario. 
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Figure 11. (Self-made). Exposure results from the sensitivity analysis 1. 

An interesting change between figure 9 and the results obtained in figure 11, is how the 

electricity sector 2050 values, appear to be higher than those obtained in 2030; this tendency 

differs from the base scenario despite both being subjected to an ETS. The above can be 

attributed to the fact, that an increase in carbon taxation, as of IEA’s projected values for a 2º 

scenario, “fuels up” the missing gap seen in table 9. Despite using the same data for GHG 

emissions in this sector, the extra costs brought by carbon tax minimums at 123 EUR/tCO2, 

for all countries, could expose more than 20 % of the revenue for this sector when compared 

to the 6.8 % from the base scenario. In other words, a carbon price growth rate was higher 

than the revenue growth rate from the companies assessed. 

Through this first sensitivity analysis, it can be seen significant changes that are translated 

into different risks as compared to the case scenario. Figure 12 shows the values obtained 

from the risk associated to the revenue’s performance under 2 periods; it can be seen how 

under this alternative approach results obtained from the first period (2017-30) are the most 

impacted. Industry’s revenue’s performance metric is still the top performance metric at risk 

of CP, as it increased little more than 16 points; the above means, that if carbon prices were 

to be reaching IEA estimations to stay within a 2º climate change scenario without any 

discrimination among mechanisms, this could cause CP-related costs of more than 20 % of 

the projected revenues by 2030. Following the industrials, offroad transportation increased 

in 10 points; this result can be attributed to the expected coverage of ETS for air carriers, 

which was modelled through an ETS covering 80 % of air carriers’ emissions by 2030. The 

above was based on the fact that, off-set program or ETS will demand a higher coverage from 

scope 1 emissions from this branch of offroad transportation; hence, if CP reaches values of 

80 EUR/tCO2, it can be expected more risk embedded in the revenue’s performance. 
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Figure 12. (Self-made). Risk results from the sensitivity analysis 1. 

4.2.2 All Sectors under an ETS  

Proposed as an alternative scenario for the first sensitivity analysis, this second assessment 

evaluates the impacts of CP from an ETS perspective; said so, results presented in figure 13 

are the values obtained under the assumption that all sectors in all regions will be subjected 

to an ETS. In addition, carbon taxes were evaluated as the base scenario, where their increase 

was directly impacted by inflation rates. Figure 13 shows an increased exposure for 

agriculture & fishing, electricity, industry, and road- and offroad transport when compared to 

the base scenario marked in white lines. Furthermore, it can be seen how electricity decreases 

its exposure when compared to the first sensitivity analysis; this can be attributed to the fact 

that this sector as a whole is only subjected to an ETS. No drastic increase in carbon taxation 

is included in here. In addition, values in 2030 and 2050 increased from the base scenario as 

this model accounts for all those industries which were supposed to do not have an ETS in 

place for 2030 and 2050. Both sensitivity analyses make it clear how volatile results can be 

according to how future carbon prices fluctuate. 

If an ETS were deemed to be put in place for the road transportation sector, the revenue 

exposed to CP would highly increase from previews scenarios. The above can be seen as a 

more or less unlike scenario, as this sector comprises mainly from logistic companies, trucks, 

busses, and other types of transportation services which are already highly impacted by fuel 
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carbon taxes. On the other hand, it can be seen how offroad transportation revenue could be 

almost exposed as the preview sensitivity analysis; this is based on the fact that values here 

are highly compensated by assuming an ETS, with high allowance costs, for industries like 

seaborne and railway transportation. These two types of industries within this sector are 

mainly exempted from ETS and are just currently impacted by carbon taxes on fuels. 

Moreover, it can be appreciated in figure 13 how road transportation exposure for 2050 

seems to decrease as seen previously for electricity in the base scenario; the above is the 

result of revenue projections growing at a faster rate than the costs of carbon. Although 

companies are assumed to be accounted for an ETS, the major exposure is seen in 2030 before 

the revenue growth rate surpasses the carbon costs rate. 

 

Figure 13. (Self-made). Exposure results from the sensitivity analysis 2. 

As carbon exposure is clearly highly dependent on the correction mechanisms chosen for this 

market failure, risks appear to be volatile to the uncertainty of these future mechanisms as in 

figure 14. One of the sectors that draws attention immediately, is offroad transportation as it 

is now allocated in first place for its revenue’s performance at risk from CP. Although it has 

less exposure than other sectors as seen in figure 13, offroad transportation could be a “red 

light” for investors trying to decrease their exposure to high-risk sectors. Despite being almost 

at the same risk level as the past sensitivity analysis, it is still over 10x higher than the base 

scenario. Furthermore, it overranks industry sector in both assessments as this last one, 

despite using the same prices for future carbon emissions under an ETS, it has much less 

emissions outside its budget; hence, less emissions priced translates into lower exposure 

between periods which at the same time means less risk under the defined periods. Taking a 

look back to figure 13, the jump in exposure from 2017-2030 period for both industry and 
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offroad transportation, is translated into the 8.3x and 16.8x respectively risk on revenue’s 

performance.  

It is no surprise to see higher risks if ETS is implemented to all sectors impacting road 

transportation; as result from higher exposure to CP, the risk of investing in this sector could 

also increase in this unlikely scenario. Furthermore, it can also be appreciated in figure 14 by 

black lines, how risk for agriculture & fishing, road transportation, and offroad transportation 

for the second period is lower under this sensitivity analysis than when compared to the base 

scenario. The above is attributed to lower risk figures obtained for both 2030 and 2050 under 

an all-sector ETS scenario. As exposure increases for these sectors and these years, the 

increase rate of exposure between periods, is not as “sharp” as in the base scenario. 

 

Figure 14. (Self-made). Risk results from the sensitivity analysis 2. 

5. Discussion 

Throughout this research project and its different steps during the assessment, it has been 

modelled hypothetical scenarios for an important environmental policy that will affect 

directly financial markets, carbon pricing. Although one of the main uncertainties for the 

project was future carbon price estimations, the values used that to IEA’s report give an 

approximate perspective of what the impacts could be among the different sectors. Adding 

to this price range uncertainty, the lack of granularity in future estimations makes it harder 

to narrow down all the possible risks associated; global economies are far from a utopic model 
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where a singular social cost of carbon can be used among different geographies and sectors. 

Nonetheless, the research presented here provided key information in a low-explored theme, 

as carbon pricing impacts at a company level. 

As global economies realize how interconnected the three directives of sustainability are, new 

policies start playing a key role against global issues such as climate change. With studies 

showing ocean acidification destroying coral reefs, global average temperature on the rise, 

and the polar ice-sheets melting at alarming rates, it has been clear that the current economic 

system has failed into internalizing all related costs from our production-consumption value 

chains. Carbon pricing has been seen as a cost-effective tool to not only curve GHG emissions, 

but to incentivize cleaner technologies; nonetheless, it has been, and still is a challenge to 

price carbon emissions at an appropriated level, which actually accounts for the produced 

externality. Whether it is in form of carbon taxation or emissions trading schemes, pricing 

pollution has been found to be a highly debatable topic between the private and public sector.   

Starting to forecast the possible environmental policies scenarios that may come sooner than 

later, some firms were found to be pro-actively acting against their exposure and risk to CP. 

Putting and explicit price to their emissions, these companies understand, up to a point, that 

responsible investments will bring sustainable growth for shareholders. As developed in this 

research work, a carbon pricing tool has shown that some sectors could be more prone to this 

environmental policy than others; as a matter of fact, it has been shown how exposure to CP 

could be higher, while risks could be lower when compared among them. A key point assessed 

in this thesis, was how these future prices could be applied to the different sectors; it has 

been through this assessment, were taxation and ETS have proven to have different impacts. 

The tool developed in this thesis has been helpful by bringing a higher notion regarding where 

to allocate their money to asset managers; nonetheless, when assessing a company, sector, 

or region, CP exposure and risk should be always complemented with carbon dependence 

and intensity. Despite demonstrating in figure 9 that electricity has higher exposure to CP, the 

risks of investing in this sector are lower than in industry according to the model. Whether an 

asset manager decides his/her portfolio should be or not less exposed to this policy, he/she 

should pay attention to the risks embedded. Moreover, through the model and sensitivity 

analysis, it has been shown how environmental policies like ETS have a high impact on the 

results. The amount of revenue exposed to CP through all sectors increased considerably 

when this mechanism was assumed to reach high allowance prices in the first sensitivity 

analysis; not foreseeing that carbon markets could increase the volatility as environmental 

regulation strengthens, could result in high costs for sector-specific industries.  

Industry and electricity are highly dependent and intensive on fossil fuels, and they are 

subjected as well to overlapping from CP mechanisms (OECD, 2016); this is why it is not 

surprising the amount of revenue exposed to CP. Nonetheless, a variable that was not 

explored in this project, but mentioned as a determinant on real-life conditions, was costs 

pass-through. The above variable plays an important role on whether a sector-specific 

industry will have to absorb increased costs or will be able to pass them to final consumers. 
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For sake of precision from this study, it would be necessary on a second step to include market 

variables such as the one mentioned above. It is important to mention that economic 

variables tend to not only be sector-, but geography specific. 

From a policy perspective, it can be expected that carbon markets will keep growing at fast 

rate as they tackle directly the amount of GHG emissions by cap-and-trade systems, for 

example (Wentworth, 2018). A sector that is currently on their way to be impacted, for 

example, is offroad transportation. This past sector, and more specifically air carriers, will be 

one of the most impacted ones no matter the how carbon prices are reached; the above is 

based on the fact that they are highly dependent from fossil fuels, have none carbon taxes on 

kerosene, and ETS are limited while most of allowances are allocated for free (EASA, ND; ICAO, 

ND). Furthermore, it was important to assess how taxation could be fluctuating in the future; 

for example, countries like Mexico have a cap on the percentage a tax can be applied to fossil 

fuels, and other countries like Sweden rise their taxes according to inflation rates (World Bank 

Group, 2019). Said so, the approach decided for the base scenario covered both possible 

scenarios applied to the data obtained from the OECD report. How carbon taxes actually 

evolve, will have an impact on the revenue’s performance as seen in figure 13.  

Low-exposed sectors such as agriculture & fishing and residential & commercial, should not 

be undermined, as the first one may not have a high direct dependency on fossil fuels, but it 

highly contributes to GHG emissions through deforestation and land use change; moreover, 

residential & commercial has higher risks associated to this mechanisms. In the case of offroad 

transportation, technological improvements have shown to be shifting fossil fuel 

dependency, hence, higher carbon taxes, which are already at high levels for this specific 

sector, may not be as significant for an increased risk; in addition, carbon markets have not 

been reported to be covering this sector either, nor pursuing to cover it somehow (Casewit, 

2018). 

As stated before, economic variables should also be expanded for higher precision in the 

results; moreover, scope 2 emissions should be also explored as they could highly impact 

results. Under the literature review it was found how residential & commercial main 

emissions come from purchased electricity. As a possible project itself, the assessment of 

scope 2 emissions and CP could be a research that involves many other assumptions and 

information regarding electricity procurement, price flows, and alternative technology at a 

sector and geography level, just to name some. Although the model presented here is only a 

broad approach to scope 1 emissions interacting with taxes and ETS, it can help investors 

understand the importance of assessing this environmental policy and its impact on financial 

markets. 

6. Conclusion 

This project can be said to answer partially the research question of how financial markets 

can be impacted by CP; it is stated partially as it was found that an extended research 

regarding the scope of emissions and economic factors excluded, could add a higher degree 



 
45 

of precision to the results. Furthermore, the objectives were carried out as a deep research 

on CP mechanisms was used to model the base scenario, a tool was developed with these 

data, and the sectors were assessed accordingly to the stablished scope. The impact seen at 

a company level, will highly depend on how carbon-intensive a firm is and how good it 

implements ESG strategies to optimize its sustainable growth. 

Carbon pricing is a powerful environmental policy that could help economies internalize the 

real cost of product or a service. As seen throughout this study, markets will be impacted by 

stronger mechanisms expected in the future; nonetheless, how much exposure and risk their 

revenue will prone at, will highly depended on how CP tools are implemented and how 

ambitious targets are. By using the data to stay within a 2º climate scenario, it can be seen 

that carbon prices need to go higher than current levels among most of the sector evaluated. 

Finally, these results cannot be conclusive nor state a definitive way on how asset managers 

should allocate their money, as they are intended to explain (in single digits) the repercussions 

associated to decision-making and responsible investing. 
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Appendix 

Appendix 1. Conversion table for sector classification 

IEA OECD 

N/A (Other energy and 
AFOLU) 

Agriculture & Fishing 

Chemicals & 
petrochemicals 

Industry 

Cement Industry 

Aluminum Industry 

Iron & Steel Industry 

Pulp & Paper Industry 

Other Industry Industry 

Services / Commercial 
Buildings 

Residential & Commercial 

Transport Off-road transport 

Transport Road transport 

Power Generation Electricity 

 

 

 



 

Appendix 2. Extract from ISS-ESG estimations, snapshot from 5 companies. 

 

 
   

Scope 1 Emissions tCO2 2DS budget tCO2 4DS budget tCO2 

Country Company ID Sector OECD 2017 2030 2050 2017 2030 2050 2017 2030 2050 

UNITED 

STATES 

125XX Industry 484,821 531,101 611,073 993,419 659,561 539,879 1,033,270 924,694 949,204 

UNITED 

STATES 

129XX Residential & 

Commercial 

8,752 9,689 11,329 111,391 85,677 61,355 118,904 124,014 129,116 

UNITED 

STATES 

389XX Electricity 124,065,758 140,290,071 169,489,315 150,582,314 113,521,120 59,454,187 157,741,479 157,125,732 165,105,808 

FRANCE 560XX Industry 222,245 243,460 280,119 531,055 352,584 288,605 552,359 494,317 507,419 

KOREA 140XX Industry 1,603 1,756 2,020 7,296 4,844 3,965 7,589 6,792 6,972 



 

Appendix 3. Decision-making process for modeling current carbon pricing costs. 

 

Note: The orange box is a decision path that was not used as the sampled companies used in this thesis project were limited to those which allocated their emissions under CDP. 
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Appendix 4. Flowchart on future carbon prices for the tax sensitivity analysis. 

 

 

 

Note: This approach was used as constrain for 2030 and 2050 estimations; furthermore, it was applied to all tax numbers used in appendix 3. 

 

,  

Did the affected carbon tax by its 
inflation rate reach IEA's regional 

estimations for a 2º scenario?

Yes

Price is used as estimated by 
inflation rate

No

Carbon tax will be priced as 
IEA's regional estimation
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