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Abstract 

The calculation of greenhouse gas emissions represents a fundamental component of environmental 

reporting and the assessment of a company's carbon footprint. Although the resulting emissions are 

typically reported in metric tons of carbon dioxide equivalent, their determination is based on the use 

of emission factors and global warming potential values. The utilisation of these parameters facilitates 

the conversion of data pertaining to energy and fuel consumption, along with other activities, into 

comparable greenhouse gas emission values. 

The objective of this article is to analyse the significance of emission factors and GWP values in 

quantifying greenhouse gas emissions and to elucidate their role in the context of ESG reporting 

requirements. The focus of this paper is twofold: firstly, to examine the principles of their use in 

calculating emissions and, secondly, to consider the availability of input data, the differences between 

individual sources and their impact on the resulting reported emission values. The article goes on to 

examine the relationship between emission factors and GWP values, highlighting the fact that an 

inappropriate choice of these parameters can significantly affect the results of environmental reporting 

as a whole. 
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Introduction 

In accordance with the growing emphasis on reducing greenhouse gas emissions and the 

development of non-financial reporting, the accurate quantification of emissions resulting from the 

activities of individual companies is becoming increasingly important. Information on greenhouse gas 

emissions is no longer used solely for the purposes of regulatory authorities; as stated in [1], financial 

institutions are increasingly using it as well in assessing climate risks, conducting investment analysis, 

and managing client portfolios. This can, to a certain extent, influence the decision-making of investors 

and business partners. Consequently, reported emissions are evolving into a multifaceted metric, 

serving not only as an indicator of a company's environmental impact but also as a significant factor in 

assessing its long-term performance and investment attractiveness.  

In the European Union, the reporting of environmental information is mandated by the CSRD 

(Corporate Sustainability Reporting Directive, [2]) and the related ESRS (European Sustainability 

Reporting Standards, [3]). The ESRS E1 standard is an international framework that focuses on climate 

change, and Section E1-6 specifically addresses the reporting of greenhouse gas emissions. 

Nevertheless, determining greenhouse gas emissions is not merely an administrative task. Emissions 

can be measured directly; however, in most cases, this is not easily feasible, either technically or 

economically. Consequently, the determination of emissions is typically accomplished through the 

utilisation of calculation methods that are based on data relating to the consumption of fuels, 

electricity, heat, or other resources. Emission factors play a key role in these calculations, as they enable 

the conversion of consumption data into the amount of greenhouse gases emitted [3]. Concurrently, it 

is necessary to consider the variable impacts of individual greenhouse gases on the Earth's climate 

system, for which GWP (global warming potential) values are used. The application of these parameters 

enables the conversion of emissions from various gases into a common unit: carbon dioxide equivalent 

(CO2eq). 

Although emission factors and GWP values are widely used in methodologies for calculating 

greenhouse gas emissions (for example, [4] and [5]), their selection can significantly affect the resulting 

reported emission values. The presence of discrepancies can be attributed to a number of factors, 

including the use of different emission factor databases, national methodologies, specific factors from 

energy suppliers, or the use of outdated versions of GWP values published by the IPCC 

(Intergovernmental Panel on Climate Change, [6]). Consequently, the ESRS [3] states that, in addition 

to the values utilised in the calculation, it is always necessary to specify the entire methodology for 

selecting emission factors, along with a justification for why a given emission or GWP value was chosen. 

The aim of this article is to analyse the significance of emission factors and GWP values in the 

quantification of greenhouse gas emissions and to clarify their role in the emissions calculation process. 

Additionally, the article will discuss the inconsistencies and uncertainties [7] involved in processing this 

data. 

Methodology 

Research Design 

The article is structured as a literature review with a focus on the identification and interpretation 

of key calculation parameters that are utilised in the quantification of greenhouse gas emissions. The 

research approach is based on an analysis of selected methodological documents, regulatory 

requirements, and publicly available emission factor databases. The fundamental structure consists of 

the requirements of the CSRD [2] and the ESRS [3], which establish the context for reporting 

greenhouse gas emissions as part of corporate non-financial reporting. The emissions calculation itself 
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was described by means of the GHG Protocol [4] and ISO 14064 [5] methodologies, as these represent 

commonly used frameworks for quantifying and reporting emissions at the organisation level. 

In addition to these methodological frameworks, sources focusing on GWP values and emission 

factors were also included. GWP values were assessed primarily in relation to IPCC assessment reports 

[6] and related overviews used within the GHG Protocol [8]. For emission factors, publicly available 

sources were used, such as the IEA [9], JRC [10], and US EPA [11] databases. The article thus focuses 

on specific methodological parameters that can influence the results of environmental reporting. 

Data Analysis 

The data analysis focused on a comparison of the content of selected methodological documents, 

regulatory requirements, and emission factor databases. The initial section of this study examined the 

principles underpinning the calculation of greenhouse gas emissions. The paper places focus on the 

difference between direct and indirect emissions calculations, the classification of emissions into Scope 

1, Scope 2, and Scope 3, and the role of emission factors in converting input data into emissions 

quantities. 

Subsequently, an examination was conducted of the differences in the use of emission factors with 

regard to their methodological definitions and calculation boundaries. Furthermore, attention was 

paid to the difference between emission factors expressed in units of CO2 and those stated directly in 

units of CO2eq. As this difference affects how GWP values are used in emissions calculations. 

The analysis also compared various approaches to emissions calculation, particularly the difference 

between the spend-based and activity-based approaches for Scope 3 emissions [12] and the difference 

between the location-based and market-based methods for Scope 2 emissions [13]. A comprehensive 

analysis of GWP values was conducted, addressing their role in converting individual greenhouse gases 

to CO2eq, their correlation with IPCC assessment reports [6], and the impact of selecting a particular 

set of GWP values on the resulting emissions figures. 

Validation and Verification 

In order to verify the accuracy of the analysis, a range of sources were examined. The fundamental 

calculation principles were verified using the methodologies outlined in the GHG Protocol [4] and ISO 

14064 [5]. Greenhouse gas emissions reporting requirements were compared with the ESRS E1 [3] 

requirements, particularly with regard to the disclosure of Scope 1, Scope 2, and Scope 3 emissions. 

The validity of the GWP values and their trends were verified based on IPCC documents [6] and the 

overview of GWP values published by the GHG Protocol [8]. 

The emission factor databases used were selected based on their institutional origin, public 

availability, and relevance to corporate emissions reporting. A comprehensive range of international 

databases and sources provided by public institutions were included in the review [9], [10], [11], [14]. 

The transparency of the data utilised was assured by means of systematic citation of all sources. The 

article under scrutiny does not use empirical data from a particular company and does not conduct its 

own environmental reporting. Consequently, emphasis is placed on the factual accuracy of the 

methodological interpretation, the logical consistency of the argumentation, and the verification of 

claims across relevant methodological and institutional sources. 

1. Measurement and Calculation of Greenhouse Gas Emissions 

Greenhouse gases are defined as a group of gases capable of absorbing and subsequently re-

emitting infrared radiation, thereby contributing to the greenhouse effect and influencing the Earth's 

energy balance [15]. The most significant greenhouse gases, which are also subject to mandatory 

reporting under the ESRS [3], include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulfur 
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hexafluoride (SF6), nitrogen trifluoride (NF3), and a group of fluorinated hydrocarbons (HFCs and PFCs). 

In consequence of the increasing emphasis on climate change mitigation and the evolution of 

environmental reporting, the quantification of emissions of these gases has become a significant 

component in the evaluation of a company's environmental impact. 

From the perspective of emissions reporting, it is important to note that individual greenhouse gases 

cannot be compared solely on the basis of their mass. As stated in [6], the physicochemical properties 

of these gases are distinct, as is their capacity to contribute to global warming and their atmospheric 

lifetime. In order to ensure comparability, it is necessary to convert emissions of various greenhouse 

gases to a common unit: carbon dioxide equivalent (CO2eq). This conversion allows the total climate 

impact of different gases to be expressed as a single aggregate value. 

In the context of corporate environmental reporting, the categorisation of emissions is typically 

based on their correlation with the company's operational activities. Direct emissions are those which 

arise from sources that the company owns or operates. Such sources include the combustion of fuels 

in its own facilities or vehicles. Indirect emissions are a consequence of the company's operations, yet 

they are physically produced by sources that are not directly controlled by the company. Examples of 

typical emissions include those associated with purchased electricity, heat, cooling, transportation, 

purchased materials, and other parts of the value chain. Methodologies for calculating greenhouse gas 

emissions therefore categorise emissions into Scope 1, Scope 2, and Scope 3 categories [4]. Scope 1 

encompasses direct emissions from sources owned or controlled by the company. Scope 2 

encompasses indirect emissions attributable to purchased energy, chiefly electricity, heat, steam, and 

cooling. Scope 3 encompasses other indirect emissions arising in the company's value chain. This 

classification is significant not only for the structure of emissions reporting but also for the selection of 

appropriate input data, emission factors, and methodological procedures. Examples of emissions that 

fall under each Scope are illustrated in Figure 1. 

 
Figure 1: Emission Scopes according to the GHG Protocol (source: [12]) 

As previously mentioned in the introduction to this article, emissions can be determined using either 

direct or indirect methods. Direct emission determination is based on measurements taken using 

monitoring equipment that allows for continuous tracking of emissions generated by a given source. 
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However, it should be noted that this approach is primarily applicable to sources that are equipped 

with the appropriate monitoring technology. However, for the majority of business activities, emissions 

are not a separately and easily measurable quantity [7]. In the corporate context, the primary focus of 

data collection typically encompasses parameters such as fuel consumption, electricity consumption, 

heat consumption, material consumption, or the scope of activities executed. Consequently, emissions 

in corporate reporting are frequently determined indirectly, employing computational models based 

on input data regarding fuels and their emission factors. 

The reporting of greenhouse gas emissions is currently undertaken in accordance with the 

requirements of the ESRS E1-6 [3]. The ESRS permits the implementation of two analogous 

methodologies for the calculation of carbon emissions: the GHG Protocol [4] and ISO 14064 [5]. The 

reliable quantification of emissions is a fundamental prerequisite for fulfilling reporting obligations, as 

well as for the correct interpretation of results and the subsequent implementation of measures 

leading to a reduction in the emissions footprint. 

The general principle for calculating GHG emissions can be simply expressed as multiplying the input 

data on specific consumption by the relevant emission factor. The formula is explained in detail in the 

chapter describing the significance of emission factors. This relationship represents the fundamental 

logic behind converting a company's activity data into greenhouse gas emission quantities. However, 

the resulting value is contingent not only on the amount (for example, the quantity of fuel) of the 

activity being tracked, but also on the unit of the input data, the type of emission factor used, and the 

scope of emissions covered by that factor. In certain instances, the emission factor signifies the amount 

of a particular greenhouse gas; in others, it is explicitly stated in units of CO2eq (for more information, 

refer to the chapter outlining the significance of GWP). 

The calculation of greenhouse gas emissions is therefore based on two fundamental pillars. The first 

of these are emission factors, which enable the determination of the amount of gases emitted based 

on activity data. The second are GWP values, which serve to express the climate impact of individual 

greenhouse gases in a uniform form, CO2eq. Both of these components influence the resulting value of 

reported emissions and thus represent a fundamental element of the methodology used to calculate 

greenhouse gas emissions. 

2. Emission Factors 

2.1. Definition of an Emission Factor 

As stated in [16] an emission factor is defined as a coefficient that quantifies the amount of 

greenhouse gas emissions resulting from a particular activity, energy consumption, or material 

utilisation. Its main purpose is to enable the conversion of activity data (such as fuel consumption, 

electricity consumption, etc.) into the corresponding amount of greenhouse gas emissions. The 

emission factor is thus a fundamental conversion tool used in the quantification and calculation of 

greenhouse gas emissions according to the GHG Protocol [4] and ISO 14064 [5]. 

The principle underpinning the use of an emission factor involves the multiplication of the monitored 

activity by the relevant emission factor. The formula for calculating greenhouse gas emissions using an 

emission factor is shown in Equation (1): 

𝐺𝐻𝐺 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑎𝑡𝑎 ∗  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (1) 

where:   GHG Emissions are greenhouse gas emissions (tCO2) 

Activity Data represent input data from monitored activity such as electricity or natural 

gas consumption measured in units of consumption (for example MWh) 
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Emission Factor is the emission factor related to the particular unit of activity, for 

instance primarily energy or fuel (for example for natural gas in tCO2/MWh). 

The result of the calculation is the amount of emissions measured in mass units of greenhouse gases, 

most often in kilograms (kgCO2) or metric tons of carbon dioxide (tCO2).  

Whereas if the emission factor is given in units of carbon dioxide, such as kgCO2/MWh or 

tCO2/MWh, the result of the calculation is the amount of carbon dioxide emissions. Conversely, if the 

emission factor is expressed in units of carbon dioxide equivalent, such as kgCO2eq/MWh or 

tCO2eq/MWh, the result is emissions expressed as carbon dioxide equivalent. Hence, the use of a 

common unit that accounts for the differing climate impacts of individual greenhouse gases using GWP 

values is essential. 

In certain publicly accessible emission factor databases, the factors are enumerated directly in 

carbon dioxide equivalent (CO2eq) units. In such cases, the conversion of individual greenhouse gases 

to carbon dioxide equivalent may already be included directly in the emission factor value. When 

utilising these factors, it is essential to verify whether the emission factor exclusively encompasses CO2 

emissions or whether it incorporates additional greenhouse gases converted using GWP values. This 

clarification is of particular importance in order to avoid the duplicate use of GWP values or the 

incorrect interpretation of the resulting emissions. Frequently, this unit is used without further 

explanation. However, the statement that CO2 = CO2eq only applies in instances where the emissions 

released as a result of energy consumption consist solely of carbon dioxide (in other words GWP = 1,0). 

2.2. Category of Emissions Factors and Their Application 

The categorisation of emission factors can be approached through several different criteria, including 

the type of input data, the calculation method, and the scope of emissions included. In the context of 

corporate reporting, a fundamental distinction exists between the spend-based and activity-based 

approaches [12]. Furthermore, Scope 2 [13] in ESRS underscores the importance of differentiating 

between location-based and market-based methods. 

The spend-based approach is based on financial data, such as costs related to the purchase of 

materials, services, transportation, or other inputs. In this case, the emission factor is expressed per 

monetary unit, such as kg CO2eq/EUR. This approach is particularly useful when more precise physical 

data on actual consumption, volume, or the scope of the monitored activity is not available. Conversely, 

the activity-based approach is based on specific, measurable data that directly describe the activity 

being monitored. This may include, for example, fuel consumption, electricity consumption, distance 

travelled, or the quantity of products manufactured. In this case, the emission factor is related to a 

physical unit, such as kg CO2/l of fuel, kg CO2eq/kWh, or kg CO2eq/t of material. In terms of accuracy, 

the activity-based approach is generally considered to be more suitable, as it uses data directly related 

to the activity being monitored. However, its utilisation is dependent on the availability of sufficiently 

high-quality and representative data. Furthermore, it is also important to distinguish the scope of 

emissions included in the emission factor. Some factors include only direct emissions resulting from 

the actual combustion or energy consumption, while others may also include upstream emissions 

associated with the extraction, processing, transportation, or distribution of fuel or energy. In certain 

databases, life-cycle-based factors are also used, which encompass a broader set of processes related 

to the production, supply, and use of a given product, material, or energy. As demonstrated in Figure 

2, a clear difference emerges between the two approaches. 
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Figure 2: Spend-based vs activity-based approach (source: [17]) 

A particular domain of application for emission factors is the calculation of Scope 2 emissions, 

defined as indirect emissions associated with purchased electricity, steam, heat, or cooling. As stated 

in the GHG Protocol Scope 2 Guidance [13], a distinction is made in this area between the location-

based and market-based approaches. The location-based method is based on the average emission 

intensity of energy production in a given geographic area, such as at the state, regional, or power grid 

level. This approach provides a response to the question of which emissions are associated with 

electricity consumption, given the average energy mix of the grid in question. Conversely, the market-

based method takes into account emissions associated with a specific method of energy procurement, 

such as contracts with suppliers, supplier-specific emission factors, guarantees of origin, or other 

contractual instruments. This approach thus specifies the emission factor resulting from the 

contractually secured energy supply. The distinction between the location-based and market-based 

approaches is of significance, primarily because, for the same physical energy consumption, the two 

approaches can lead to different resulting Scope 2 emissions values. ESRS E1-6 [3] stipulates that gross 

Scope 2 emissions must be reported using both the location-based and market-based approaches. 

The selection of an appropriate emission factor is therefore contingent on three factors: the 

availability of input data, the purpose of the calculation, and the requirements of the relevant reporting 

framework. In addition to the factor's value itself, it is therefore necessary to verify its unit, 

geographical and temporal applicability, the greenhouse gases included, the methodological scope of 

the calculation, and whether the factor is expressed in units of CO2 or CO2eq. 

2.3. Availability of Emission Factors 

Emissions factors are published by a number of national and international institutions. Notable 

sources in the EU include, in particular, data from the IPCC (Intergovernmental Panel on Climate Change 

[18]), the IEA (International Energy Agency [9]), as well as national data published by the EU [10] and 

emission factors provided directly by energy suppliers. On a global scale, the databases provided by 

the DESNZ (UK department responsible for the transition to climate neutrality [19]) or the US EPA (U.S. 

Environmental Protection Agency [11]) are widely used. 
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Despite the presence of several significant sources enumerated in the preceding paragraph, the 

accessibility of the requisite emission factors cannot be regarded as fully adequate. In the case of 

commonly monitored areas, such as electricity consumption, it is very easy to find emission factor 

values for different countries, time periods and calculation methodologies (e.g. location-based vs. 

market-based). Conversely, the availability of emission factors may be constrained for inputs, products 

or region-specific energy sources, necessitating alternative methodologies. It is noteworthy that these 

emission factors are frequently not made publicly available, and instead, their acquisition necessitates 

the initiation of a formal request to a designated institutional entity. Nevertheless, this approach gives 

rise to another challenge, namely the suitability of the emission factor for a specific calculation 

methodology. It is crucial to understand that an emission factor should not be regarded as a universal 

constant; rather, it should be considered a calculation parameter dependent on the methodology 

employed. It is therefore always necessary to thoroughly verify whether the specified emission factor 

corresponds to the calculation methodology used. A typical example is the emission factor for supplied 

heat, which is determined based on the heating medium, the specific energy mix, and the exact 

location. In order to proceed methodologically correctly, it is not possible to define this emission factor 

as a single value and use the same value in every calculation. 

It is important to note that, in reality, the same or seemingly comparable activity may be expressed 

using different emission factors. This does not necessarily indicate an error in any of the sources. 

Transparent disclosure of the source of the emission factor utilised, encompassing its time frame, 

geographic scope, and methodological assumptions, is therefore an essential prerequisite for ensuring 

the comparability, reproducibility, and reliability of reported greenhouse gas emissions. Absent this 

information, comparisons of emissions inventories between companies or across different periods may 

be misleading, as differences in reported emissions may result not only from changes in actual 

consumption but also from changes in the emission factor utilised or the methodological approach. 

2.4. Specific Values of Emission Factors 

ESRS E1 [3] does not specify specific emission factor values, nor does it prescribe a single mandatory 

database from which emission factors must be taken. However, it requires that companies use 

appropriate and consistent emission factors when calculating greenhouse gas emissions and 

transparently disclose all methodologies, assumptions, and reasons for their selection. In the case of 

Scope 2 [13], the ESRS explicitly distinguishes between location-based and market-based approaches, 

and values must be reported for both calculation methods.  

 
Figure 3: Emission factor of heat from district heating system in the Czech Republic (source: [20]) 

To provide an illustration of this, the following examples of emission factors are provided. As 

demonstrated in Figure 3, the figure illustrates the emission factors for heat supplied by the district 
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heating system in the Czech Republic. The graph also includes a projection of the emission factor's 

decrease in the coming years. This decrease signifies an anticipated change in the fuel mix and a gradual 

reduction in the carbon intensity of the supplied heat. 

Figure 4 presents the carbon dioxide emission factors for a range of fuel types. The emission factor 

values are expressed in grams of carbon dioxide per kilowatt-hour (gCO2/kWh). 

 
Figure 4: Carbon dioxide emission factors for selected fuel types (source: [14]) 

3. Global Warming Potential 

3.1. Definition of Global Warming Potential 

Although greenhouse gas emissions are frequently reported as a single aggregate figure, they in fact 

consist of various gases with different physical properties and varying impacts on the Earth's climate 

system. Individual greenhouse gases differ primarily in their capacity to absorb infrared radiation and 

their atmospheric lifetime. Consequently, as mentioned in [6], the quantities cannot be simply added 

together based on the mass of the emitted gas. 

To ensure the comparability of emissions, the concept of GWP (Global Warming Potential, [21]) was 

introduced. This indicator is defined as the relative warming effect per unit mass of a given greenhouse 

gas compared to the same unit mass of carbon dioxide over a specific time horizon. The GWP value 

thus indicates how many times greater or lesser the climate impact of a given gas is compared to that 

of carbon dioxide. Carbon dioxide is used as the reference gas, with a GWP value equal to one [21]. 

GWP values are published by the IPCC (Intergovernmental Panel on Climate Change [18]) and 

represent a fundamental tool used in calculating greenhouse gas emissions under the GHG Protocol [4] 

and ISO 14064 [5] methodologies. 

3.2. Determination of Carbon Dioxide Equivalent 

The practical application of GWP values involves converting emissions of individual greenhouse 

gases into a common unit known as carbon dioxide equivalent (CO2eq), as described in [4] and [6]. This 

approach allows emissions from different gases to be aggregated into a single value and their climate 
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impact to be compared. The calculation is based on multiplying the amount of gas emitted by the 

corresponding GWP value and its shown in Equation (2): 

𝐺𝐻𝐺 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  𝑀𝑎𝑠𝑠 𝑜𝑓 𝐺𝑎𝑠 ∗  𝐺𝑊𝑃100 (2) 

where:   GHG Emissions are greenhouse gas emissions calculated in equivalent of carbon 

dioxide (tCO2eq) 

Mass of Gas represent the amount of a specific gas (for example tCO2 or tCH4) 

GWP100 refers to the global warming potential of a specific gas over a 100-year time 

horizon 

The result of the calculation is the amount of emissions expressed in common units of mass of 

greenhouse gases, most commonly in tons of carbon dioxide equivalent (tCO2eq). The adoption of the 

CO2eq unit enables the presentation of a company's total emissions in a uniform and comprehensible 

form, regardless of the proportion of individual greenhouse gases. 

3.3. Sources of GWP and the Development of their Values over Time  

The GWP values are published by the IPCC [18] in its assessment reports [6]. These reports offer a 

comprehensive overview of the prevailing scientific consensus on the Earth's climate system, thereby 

establishing a foundation for the formulation of international methodologies and environmental 

policies. 

It is important to note that, over time, GWP values are subject to revision in view of the latest 

findings regarding atmospheric processes, the atmospheric lifetimes of individual gases, and their 

radiative properties. Consequently, GWP values are not fixed, which can result in differences between 

individual IPCC assessment reports. The most recent GWP values are based on the IPCC's Sixth 

Assessment Report (AR6, [6]). However, in older publications, values from the AR5 or AR4 may still be 

encountered. 

In addition to the selection of IPCC assessment report, the resulting values can also be influenced by 

the selected time horizon. In practice, the most commonly used time horizon is 100 years (GWP100), 

which serves as a standardised [3] metric for converting emissions of individual greenhouse gases to 

CO2eq and allowing for their comparability. However, the selection of time horizon affects the resulting 

GWP value, particularly for gases with significantly different atmospheric lifetimes. Furthermore, 

shorter or longer time horizons may be used for specific purposes, such as GWP20 or GWP500. 

In Figure 5, the GWP100 values for the major greenhouse gases are presented. The values for each 

gas are based on the three most recent IPCC assessment reports [18]. 

 
Figure 5: GWP100 values for major greenhouse gases (source: [8]) 
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3.4. Impact of Changes in GWP According to Version of Assessment Report 

The selection of GWP values is an important factor influencing the final amount of reported 

greenhouse gas emissions. Although the principle of converting emissions to CO2eq is generally 

standardized, the use of different GWP values can lead to varying results. This difference is particularly 

evident in the case of greenhouse gases with high global warming potential, such as NF3 or SF6. 

For organisations whose emissions profile consists primarily of carbon dioxide emissions from the 

combustion of fossil fuels, the impact of changes in GWP values is typically not noticeable (since the 

GWP for CO2 is always equal to one). Conversely, for organisations operating in sectors such as 

agriculture, waste management, the gas industry, or the chemical industry, differences between 

individual versions of GWP values can significantly affect the resulting emissions expressed in CO2eq. 

Consequently, when interpreting the results, it is essential to consider not only the actual amount of 

reported emissions but also the methodological assumptions used in their calculation. It is important 

to note that differences in reported emissions are not necessarily indicative of an actual change in the 

amount of emissions released; they may also result from a change in the methodology used or an 

update to GWP values. In order to guarantee the transparency and comparability of reported data, it 

is therefore recommended that the version of GWP values used is always specified, including the 

relevant IPCC assessment report. 

4. Relationship Between Emission Factor and GWP 

Emission factors and global warming potential (GWP) values are two fundamental elements used in 

the quantification of greenhouse gas emissions. Although they are often viewed as separate 

parameters, they are in fact closely interrelated and together determine the final value of greenhouse 

gas emissions expressed in units of carbon dioxide equivalent (CO2eq). 

The general method for calculating emissions can be divided into two sequential steps. In the first 

step, activity data are converted into the amount of greenhouse gases emitted using an emission factor. 

In the second step, the emissions of individual gases are converted to CO2eq using the corresponding 

GWP values. This fundamental principle can be expressed using the following Equation 3: 

𝐺𝐻𝐺 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 =  𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑎𝑡𝑎 ∗  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 ∗  𝐺𝑊𝑃 (3) 

where:   GHG Emissions are greenhouse gas emissions calculated in equivalent of carbon 

dioxide (tCO2eq) 

Activity Data represent input data from monitored activity such as electricity or natural 

gas consumption measured in units of consumption (MWh) 

Emission Factor is the emission factor related to the particular unit of activity; this value 

can be related to the specific energy source or to the entire energy mix (tCO2/MWh). 

GWP refers to the global warming potential of a specific gas over a 100-year time 

horizon (-) 

In practice, emission factors that already include the resulting conversion to CO2eq are also 

frequently utilised. These factors are typically published, for example, in units of kg CO2eq/MWh or kg 

CO2eq/m3. In such cases, the impact of individual greenhouse gases and the GWP values used is already 

included in the emission factor itself [6]. The difference between the two approaches is of particular 

importance in terms of the comparability of calculations. While emission factors based on individual 

gases facilitate the updating of calculations when GWP values change, emission factors expressed 

directly in CO2eq already incorporate the methodological assumptions used in their determination. In 

such cases, it may not be immediately clear whether a single greenhouse gas or a mixture of gases was 



Business & IT  01/2026 
 

12 

involved, which GWP values were used, or according to which IPCC assessment report the emissions 

were calculated. 

The relationship between the emission factor and the GWP is therefore an important aspect when 

interpreting the results. A modification in the emission factor has the capacity to influence the 

calculated amount of greenhouse gas emissions, while a change in GWP values can lead to an alteration 

in their resulting expression in CO2eq. In the event that both parameters are part of the same 

methodology, their combined changes can lead to differences in reported emissions even when energy 

consumption, fuel consumption, or the volume of the monitored activity remains unchanged. 

Consequently, it is important to provide as much detail as possible about the emission factors and GWP 

values used in reporting. 

Discussion 

Emission Factor Challenge: Data Absence or the Selection of an Appropriate Value 

In light of the preceding chapters, it can be concluded that the emission factor is not merely a fixed 

calculation constant, but rather a parameter whose selection has a significant impact on the resulting 

emission values. Accordingly, the availability of a particular emission factor is not the only relevant 

consideration; its use must also be methodologically justifiable in relation to the specific activity and 

the requirements of the reporting framework [3]. 

This indicates that the issue is not the absence of input values, but rather the presence of multiple 

emission factor values for a given specific quantity. The selection of an emission factor is thus a matter 

of professional judgment, rather than an administrative task [7]. It is important to note that the same 

consumption of energy, fuel, or material can result in diametrically different greenhouse gas emission 

results when different emission factors are used. From a business perspective, it is therefore advisable 

to distinguish between the availability of data and its usability. Moreover, it is essential to consider the 

utilisation of universally available emission factors (e.g., for an entire nation) or those factors that are 

specific to a particular supplier, technology, location, or reporting period. The utilisation of generally 

available emission factors is particularly appropriate in instances where a company lacks more precise 

input data or where the objective is to conduct a preliminary estimate of emissions that can be refined 

in subsequent years. The advantage of general-purpose emission factors is undoubtedly their 

availability; however, they may also oversimplify the actual conditions at a specific company and may 

not capture the specifics of a particular energy, fuel, or material supply. 

The question, therefore, is not merely which emission factor is "correct", but rather under what 

conditions a specific emission factor is appropriate. This is of particular importance in the context of 

the ESRS [3], which requires not only the reporting of the resulting emissions value but also a 

transparent description of the methodology, assumptions, and rationale for selecting the factors used. 

The emission factor is therefore a crucial element in determining the credibility of the overall report. 

GWP Values: How Does a Change in the Climate Conversion Affect the Resulting CO2eq 

Values? 

GWP values allow the conversion of individual greenhouse gases to a common unit, CO2eq. 

Therefore, their use is essential for the aggregation of emissions of various gases. However, this 

introduces an additional methodological layer into the result. The revisions [8] made to the GWP values 

in the individual IPCC assessment reports do not signify a modification in the quantity of gases emitted; 

rather, they constitute a refinement in the methodological representation of their respective climate 

impacts. This fact assumes particular importance when comparing emissions over time. Notably, when 

a company replaces its GWP values, which are based on an older IPCC assessment report, with a newer 

set of values, the resulting emissions expressed in CO2eq may change without any change in the actual 
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amount of gases released. The consequences of this change will be particularly evident for companies 

whose operations result in emissions of greenhouse gases other than carbon dioxide. As with emission 

factors, it is important to provide a transparent description of the methodology, especially in the 

context of the assessment report used [3]. 

Comparability of Results: Methodological Change vs. Actual Emission Reduction 

A key benefit of converting emissions to CO2eq is the capacity to express a range of greenhouse gases 

as a single aggregate value. However, it should be noted that this advantage is not without its risks, 

particularly in terms of interpretation. Despite the seemingly unambiguous nature of the resulting 

CO2eq value, it is important to recognise the complexity inherent in its calculation. This is due to the 

fact that it encompasses several methodological layers, including the choice of emission factor, the 

scope of emissions included, the possible use of GWP values, the time frame of the data, and for Scope 

2 [13], the difference between the location-based and market-based approaches. 

Consequently, a difference in reported emissions may not always be directly evident in actual 

emissions. A decrease in emissions between two periods may be caused by an actual change, such as 

lower energy consumption or an adjustment to the fuel mix. However, the phenomenon may also be 

attributed to a modification in the emission factor, an update to the GWP values, or a change in the 

reporting method. A methodological shift can therefore lead to a seemingly observable decrease in 

emissions, although this may not be a true reflection of the overall situation. 

This issue is of significance as it has the capacity to influence the outcomes of both year-over-year 

emissions assessments and comparisons between different companies. In the absence of adequate 

description of methodological changes, a decrease in reported emissions may be misinterpreted as an 

improvement in environmental performance, despite the possibility that it is merely the result of a 

change in the calculation method. Furthermore, a difference between two companies can also result 

from the use of different emission factors or different calculation boundaries than from an actual 

difference in their operations. 

From an ESG reporting perspective [3], it is therefore important to distinguish between a change in 

actual emissions and a change in how they are calculated. To ensure the validity of the findings, it is 

necessary to disclose the methodological assumptions used, as this is the only way to assess whether 

a reported decrease in emissions represents a real reduction in the impact of a company's operations 

or merely a consequence of a change in the calculation framework. 

Conclusion 

The calculation of greenhouse gas emissions represents a fundamental component of ESG reporting. 

Although the total emissions are typically presented as a single aggregate value in CO2eq, this value is 

not merely a straightforward reflection of energy consumption, fuel use, or other monitored activities. 

Instead, it is the result of a methodological process in which emission factors and global warming 

potential values play a crucial role. 

The article has demonstrated that emission factors serve as a fundamental conversion tool between 

input activity data and the quantity of greenhouse gas emissions. However, the selection process may 

not be straightforward, as the available values can vary depending on the source, geographic scope, 

time frame, or calculation methodology. Subsequent to this, GWP values enable the conversion of 

individual greenhouse gases into a common unit, CO₂eq. The revisions incorporated within the IPCC 

assessment reports do not signify an alteration in the quantity of gases emitted; rather, they reflect a 

methodological adjustment in the manner by which their climate impact is articulated. 

The findings in this paper show that neither emission factors nor GWP values can be regarded as 

absolutely universal constants. These are methodologically determined calculation parameters that 



Business & IT  01/2026 
 

14 

influence not only the resulting emission value but also its interpretation. Consequently, an identical 

consumption of energy, fuel, or materials can result in divergent reported emissions, contingent on the 

utilisation of disparate emission factors, GWP values, or calculation approaches. A decrease in reported 

emissions does not necessarily indicate an actual reduction in emissions; it may also be the result of a 

change in methodology. 

In order to ensure the credibility and comparability of greenhouse gas emissions reporting, it is 

therefore essential to pay close attention not only to the calculation itself but also to the transparency, 

consistency, and justifiability of the parameters used. The disclosure of the sources of emission factors, 

including all relevant methodological considerations and the set of GWP values used, is a fundamental 

prerequisite for the correct interpretation of results. In the context of ESG reporting, emission factors 

and GWP values are not merely technical inputs for the calculation; rather, they are key methodological 

elements upon which the credibility of the entire report depends. 

References 

[1] Inc. BlackRock, “BlackRock 2025 Climate Report,” New York, 2026. Accessed: Jun. 12, 2026. [Online]. 

Available: https://www.blackrock.com/corporate/literature/continuous-disclosure-and-important-

information/climate-report-blkinc.pdf 

[2] European Parliament and Council of the European Union, Directive (EU) 2022/2464 of the European 

Parliament and of the Council of 14 December 2022 amending Regulation (EU) No 537/2014, Directive 

2004/109/EC, Directive 2006/43/EC and Directive 2013/34/EU, as regards corporate sustainability 

reporting. European Union: https://eur-lex.europa.eu/eli/dir/2022/2464/oj/eng, 2022. 

[3] European Commission, Commission Delegated Regulation (EU) 2023/2772 of 31 July 2023 

supplementing Directive 2013/34/EU of the European Parliament and of the Council as regards 

sustainability reporting standards. European Union: https://eur-

lex.europa.eu/eli/reg_del/2023/2772/oj/eng, 2023. 

[4] World Resources Institute and World Business Council for Sustainable Development, “The Greenhouse 

Gas Protocol: A Corporate Accounting and Reporting Standard (Revised Edition),” 2004. Accessed: Aug. 

18, 2024. [Online]. Available: https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-

revised.pdf 

[5] International Organization for Standardization, “EN ISO 14064: Greenhouse gases — Part 1: 

Specification with guidance at the organization level for quantification and reporting of greenhouse gas 

emissions and removals,” 2018. Accessed: Aug. 18, 2024. [Online]. Available: 

https://www.iso.org/obp/ui/en/#iso:std:iso:14064:-1:ed-2:v1:en 

[6] Intergovernmental Panel on Climate Change, “Contribution of Working Group I to the Sixth Assessment 

Report of the Intergovernmental Panel on Climate Change,” 2021. doi: 10.1017/9781009157896. 

[7] Greenhouse Gas Protocol Initiative, “GHG Protocol guidance on uncertainty assessment in GHG 

inventories and calculating statistical parameter uncertainty,” 2023. Accessed: Jun. 12, 2026. [Online]. 

Available: https://ghgprotocol.org/sites/default/files/2023-03/ghg-uncertainty.pdf 

[8] Greenhouse Gas Protocol, “IPCC Global Warming Potential Values,” Aug. 2024. Accessed: Jun. 14, 2026. 

[Online]. Available: https://ghgprotocol.org/sites/default/files/2024-08/Global-Warming-Potential-

Values%20%28August%202024%29.pdf 

[9] International Energy Agency, “Emissions Factors 2025.” Accessed: Jun. 14, 2026. [Online]. Available: 

https://www.iea.org/data-and-statistics/data-product/emissions-factors-2025#iea-emissions-factors-

2025-edition 

[10] European Commission and Joint Research Centre, “GHG Emission Factors for Electricity Consumption.” 

Accessed: Jun. 14, 2026. [Online]. Available: https://data.jrc.ec.europa.eu/dataset/919df040-0252-

4e4e-ad82-c054896e1641 

[11] United States Environmental Protection Agency, “GHG Emission Factors Hub,” United States 

Environmental Protection Agency. Accessed: Jun. 14, 2026. [Online]. Available: 

https://www.epa.gov/climateleadership/ghg-emission-factors-hub 



01/2026  Business & IT 

15 

[12] World Resources Institute and World Business Council for Sustainable Development, “Technical 

Guidance for Calculating Scope 3 Emissions,” 2013. Accessed: Sep. 01, 2024. [Online]. Available: 

https://ghgprotocol.org/sites/default/files/2023-03/Scope3_Calculation_Guidance_0%5B1%5D.pdf 

[13] World Resources Institute and World Business Council for Sustainable Development, “GHG Protocol 

Scope 2 Guidance,” 2015. Accessed: Sep. 01, 2024. [Online]. Available: 

https://ghgprotocol.org/sites/default/files/2023-03/Scope%202%20Guidance.pdf 

[14] Our World in Data, “Carbon dioxide emission factors.” Accessed: Jun. 14, 2026. [Online]. Available: 

https://ourworldindata.org/grapher/carbon-dioxide-emissions-factor 

[15] NOAA Climate.gov, “What Are Greenhouse Gases and Why Do They Matter.” Accessed: Jun. 12, 2026. 

[Online]. Available: https://www.climate.gov/ghg/what-are-greenhouse-gases-and-why-do-they-

matter 

[16] Climatiq, “What is an Emission Factor?” Accessed: Jun. 13, 2026. [Online]. Available: 

https://www.climatiq.io/docs/guides/carbon-accounting/general-methodology/what-is-an-emission-

factor 

[17] A. Huart, “Emission factors explained in 3 minutes,” Position Green. Accessed: Jun. 14, 2026. [Online]. 

Available: https://www.positiongreen.com/insights/articles/emission-factors-explained-in-3-minutes/ 

[18] Intergovernmental Panel on Climate Change, “The Intergovernmental Panel on Climate Change.” 

Accessed: Jun. 13, 2026. [Online]. Available: https://www.ipcc.ch/ 

[19] Department for Energy Security and Net Zero, “Greenhouse gas reporting: conversion factors 2025,” 

GOV.UK. Accessed: Jun. 14, 2026. [Online]. Available: 

https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2025 

[20] M. Hájek and J. Vecka, “Potenciál využití nízkoteplotních zdrojů tepla v soustavách zásobování tepelnou 

energií (SZTE) v ČR,” Prague, Feb. 2024. Accessed: Jun. 14, 2026. [Online]. Available: https://tscr.cz/wp-

content/uploads/2024/05/potencial-vyuziti-nizkoteplotnich-zdroju-tepla-v-SZTE-v-CR-novy.pdf 

[21] [United States Environmental Protection Agency, “Understanding Global Warming Potentials.” 

Accessed: Jun. 14, 2026. [Online]. Available: https://www.epa.gov/ghgemissions/understanding-global-

warming-potentials 

 

 



  G H G   E m i s s i o n s   =   A c t i v i t y   D a t a   ∗   E m i s s i o n   F a c t o r


  G H G   E m i s s i o n s   =   M a s s   o f   G a s   ∗   G W P 100


  G H G   E m i s s i o n s   =   A c t i v i t y   D a t a   ∗   E m i s s i o n   F a c t o r   ∗   G W P

