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ABSTRACT

The ever-increasing amount of greenhouse gases in the atmosphere has an adverse impact on the environment,
causing global warming and related adverse effects. One of the most important greenhouse gases is carbon dioxide,
the production of which is perceived as a carbon footprint. The carbon footprint is intended to be a tool for
appropriate emission reductions and verification, so there is a great need for its standardization at the global level.
In carrying out basic research and after working out the advantages and disadvantages, many methods of
decarbonization have been identified. The author believes that by simplifying the classification of carbon footprint
reduction approaches into appropriate classes, a clear tool guiding companies in decarbonizing their operations
will be created so that the negative impacts of global warming on the Earth are averted as quickly as possible. The
aim is, therefore, to identify similarities and differences in methods, which will lead to the identification of new
main groups of approaches. Within the framework of the evaluation and after making a comparison according to
selected aspects of intensity, seven basic approaches have emerged, thus achieving greater clarity, usability, and
better orientation for companies on the issue of reducing their carbon footprint. The results are illustrated at the
end of the paper. The least challenging method for low-carbon technology adoption is the promotion of education
and dissemination of climate impact awareness. Conversely, the most challenging method appears to be the
construction of new green buildings.
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1 INTRODUCTION

The warming of the Earth in the 20" and 215 centuries is increasingly causing climate change. Greenhouse gases,
either directly or indirectly, are being released from virtually every activity. These activities are varied, for
example, food or transport, etc. The cause of the Earth‘s greenhouse effect is due to the large production of harmful
gases. These are mainly carbon dioxide (CO5), the production of which is called the carbon footprint; other gases
are nitrous oxide (N20) and methane (CH.). They are mainly produced in the following four processes — the
combustion of fossil fuels and biomass, industrial production, waste storage, and the anaerobic decomposition of
organic matter.

The carbon footprint is a measure of the impact of human activity on the environment and, in particular, on climate
change. The carbon footprint is (like the ecological footprint) an indirect indicator of the consumption of energy,
products, and services. It measures the number of greenhouse gases that correspond to a particular activity or
product. [1] The carbon footprint can be determined at different levels — national, city, individual, enterprise, and
product. In simple terms, the carbon footprint is the amount of carbon dioxide and other greenhouse gases released
during the life cycle of a product or service, the operation of a household, during transport, etc. [2].

Reducing the carbon footprint is currently a hot topic, not only in the economic and environmental environment
but also in the media sector. The concept of a low-carbon economy has emerged as a result of an active response
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to global climate change and the effective control of greenhouse gas emissions, the reduction of carbon dioxide
emissions in particular. In this context, many new concepts and policies have emerged, including ‘carbon
footprint’, ‘low-carbon production’, ‘low-carbon development’, ‘low-carbon living’, etc.

Despite the emergence of new concepts and a number of benefits, decarbonization has several drawbacks. These
include barriers to the implementation of carbon footprint reduction in businesses. Barriers to uptake can be:
political, economic, social, technological, and environmental.

Reducing energy and greenhouse gas emissions is now a major challenge for communities around the world. In
their book, Franchetti and Apula [3] describe up-to-date technical information and practical guidelines for
measuring and reducing energy and GHG emissions and provide an overview of the necessary background as well
as systematic tools and practices for organizations to measure and reduce their carbon footprint and begin to adapt
to a carbon-constrained world.

Terms such as environmental protection or sustainable development are increasingly being used. In an effort to
reduce the impact of human activity and gradually repair the damage to the environment, legislation is being
developed around the world. Tinsley [4] writes about the issue of implementing environmental management
systems. In the transition to a low-carbon economy, it is an important support for companies. Urban and
Nordensvard [5] discuss the key conceptual, empirical, and policy-related issues of low-carbon development and
take an international and interdisciplinary approach to the topic, drawing on insights from the natural and social
sciences. Dziku¢ and Dziku¢ [6] present the economic determinants of low-carbon development, assessing the
environmental effectiveness of currently used solutions in energy, industry, and other sectors of the economy that
have a negative impact on the environment. They also discuss the potential of renewable energy sources, which
are an important element in the development of low-carbon technologies.

In the Czech Republic, CI2, o. p. s., has been significantly involved in the issue of reducing the carbon footprint.
Khajlova, Paveléik, and Petrucha [7] present to Czech businesses how foreign companies are responsibly
addressing climate protection within their corporate strategy, how they are successfully implementing climate
protection policies, and what specific measures they are implementing to reduce their carbon footprint. Last but
not least, it shows how these companies disclose their positions on this issue and communicate with their
customers, suppliers, or other stakeholders. Biezovska and Novak [2] write about the means of offset projects
whose main purpose is to reduce carbon emissions. How to proceed with the inventory of greenhouse gases related
to production or business activities is addressed and presented to business representatives by Ttebicky in his clear
guide [8].

The transition to new, cleaner technologies, as Davidova [9] points out, presents an opportunity for new
investments, for example, in industrial equipment or infrastructure. Efforts to reduce dependence on new materials
(i.e., the pursuit of a circular economy) will encourage innovation and open up new market opportunities. Reducing
imports of fossil fuels from abroad will contribute to a better trade balance and energy self-sufficiency. As regards
the competitiveness of our products on the international market, decarbonization of their production can also bring
opportunities rather than threats.

A large number of research teams in academia are incorporating the issue of decarbonization into the development
of teaching aids, and many research papers are emerging from them, but the classification of approaches into
groups is explored very rarely. To prevent poor decisions by companies, which can often have fatal consequences,
to simplify the navigation of all the different procedures, regulations, measures, or laws, and to avoid the impacts
of global warming on the Earth as quickly as possible, the author believes that by classifying and simplifying
decarbonization approaches into appropriate classes, a clear tool suitable for use in companies will be created. It
will be particularly useful in companies that are finding the issue of reducing their carbon footprint difficult to
navigate, or in companies that are not currently taking any action, although it is clear that if they want to continue
to remain relevant, they will need to take action and decarbonize their operations in the near future.

2 METHODOLOGY

There is a significant number of methods to reduce the carbon footprint of businesses, but not all are suitable for
every type of business. In particular, small and medium-sized enterprises can get by with a limited number of
classification classes, as a large number of methods could make them difficult to navigate and thus not have the
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desired effect. The main objective of the paper is to describe, classify and simplify the classification of carbon
footprint reduction methods into the relevant classes. The aim is, therefore, to find similarities and differences
between methods that will lead to the identification of new main groups of methods. The advantages and
disadvantages of reducing the carbon footprint are an important support, and these are presented subsequently in
the evaluation section of the paper. The aim of the paper is developed through the research question, which is
posed as follows: 'Are companies familiar with the classification of carbon footprint reduction methods? Which
ones are most suitable for use in small and medium-sized industrial enterprises?" In addition to the advantages and
disadvantages of reducing carbon footprint, one of the multi-criteria decision-making methods, namely the ranking
method, will be used to meet the described objectives.

The methodological part of the paper will first briefly describe the issue of multi-criteria decision-making, which
is the basis for determining the complexity of selected methods for implementing carbon footprint reduction in
enterprises. Specifically, the ranking method will be used. In the following sections of this paper, the new main
classification of carbon footprint reduction methods will be described. Based on the knowledge gained from
academic sources and articles, a total of seven groups emerged and were compared according to five aspects. The
main classes are briefly characterized individually in subsection 2.2 below. It is these aspects that are closely linked
to the issue of reducing the carbon footprint and therefore have one of the biggest impacts in the considered
transformation to a low-carbon economy. The chapter aims to introduce the reader to the basic multi-criteria
method used in the results chapter and to present the different methods selected for the classification of carbon
footprint reduction.

2.1 Multi-criteria decision making

Multi-criteria decision-making is a discipline of operations research that deals with the analysis of decision
situations in which decision options are evaluated according to not just one but several, usually conflicting criteria.
There are several methods for multi-criteria option evaluation. These methods are general, independent of the
content of the decision options, and therefore it is possible to use the same methods to determine the preference
ordering of substantively different options.

The evaluation of the options according to each criterion can be in different units and on different scales. It is then
important to transform the input information into comparable units to allow aggregation across all criteria. This is
made possible by scales and scales, which are among the simplest methods of multi-criteria evaluation.

Methods using scales and scales can be used in the context of expert judgement in the evaluation of public projects.
Their advantages include their relative simplicity in evaluating alternatives. Disadvantages include the fact that
these procedures do not distinguish between the importance of different criteria. Perhaps only when using an
interval scale can we infer the magnitude of preference from the difference in values between two alternatives.
The shortcoming that the scales do not distinguish between the importance of the criteria, can then be addressed
by expressing preferences between the criteria.

Clearly, the use of scales and scales alone encounters a shortcoming of evaluation in that they do not respect the
importance of the criteria. Information about the importance of criteria can be expressed, for example, in cardinal
form using criteria weights [10].

2.1.1 Ranking method

This method only requires the evaluator to rank the criteria in order of importance. The most important criterion
is assigned a value k (k is the number of criteria), the second criterion k-1, and the least important 1. If we denote
the value assigned to the i-th criterion by pj, then an estimate of the weight of this criterion can be obtained using
the following relation:

Vi = Z’-‘iim ’ @
where
GeoScience Engineering Vol. 69 (2023), No. 1
geoscience.cz pp. 37-45, ISSN 1802-5420

DOI 10.35180/gse-2023-0087



40

k (k+1
ko= 22 [10] )

In our particular case, the individual numerical weights range from one to seven, with the most important difficulty
weight being the highest number, namely 7, and the lowest weight is 1. The classification of the individual weights
is based on the knowledge gained by the author from peer-reviewed scientific articles that deal with research on
the issue of carbon footprint reduction. These publications are included in the research of the article. The results
and classification of the individual weights are subsequently presented in Section 3.2.

2.2 Classification of ways to reduce the carbon footprint

In this part of the article, the basic classes of carbon footprint reduction classification will be described. The
classification system consists of seven methods — they will briefly be characterized in the subsections below.

2.2.1 Reduction of energy consumption

Gross consumption of primary energy resources equals the sum of natural resources, imports, quantities drawn
from stocks and other sources, minus exports, quantities supplied to stocks, and other losses. [11]

By definition, final energy consumption is the consumption of fuels and energy captured before entering the
appliances in which it is used for the final utility effect and not for the production of other energy (excluding
secondary energy sources). De facto, final energy consumption indicates the last metered (billed) energy. [12] The
consumption of energy produced from fossil fuels (coal, natural gas, oil, and others) makes up a significant part
of the carbon footprint, so it is imperative to limit or reduce this production. [8]

2.2.2 Electromobility

It includes all means of transport that use electricity to operate and, thus, have less impact on the environment.
There are electric cars, scooters, motorbikes, but also bicycles, scooters, or even hoverboards.

Slowly but surely, electromobility is expanding not only abroad, but also in the Czech Republic. At the end of
2021, there were over 8,500 electric cars in the Czech Republic that could charge at more than 1,800 charging
points. It is the charging stations that are growing and making it easier for drivers to travel. By the end of 2022,
there should be over 2,000 of them in the Czech Republic. [13]

2.2.3 Replacing fossil fuels with renewables

According to the study, the share of intermittent renewables, i.e., photovoltaic and wind power plants, in net
electricity generation will reach almost one quarter of electricity by 2030 and up to 36 % in 2050. [14]

The change we need is to stop burning fossil fuels — coal, oil, and gas — as quickly as possible. We must replace
them with less energy and renewable sources, especially electricity from the sun and wind. “The ‘decarbonization’
of electricity generation is, among other things, a prerequisite for reducing emissions in other areas, particularly
transport, and heating in buildings, where large-scale electrification is needed.” [15]

2.2.4 Minimising waste production

In simple terms, municipal waste can be divided into mixed municipal waste and sorted waste. Mixed municipal
waste cannot be sorted further and ends up in a landfill or an energy recovery facility. Sorted municipal waste first
passes through a sorting line or goes directly for processing (paper, glass) and is then processed as much as possible
in material recovery facilities.
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To protect the environment and conserve primary resources, it is inevitable to try minimizing the production of all
types of waste, regardless of whether they are recyclable. Although recycling of sorted components helps to
manage waste efficiently, it is an energy-intensive process, and it is not possible to recycle all of it. Even processing
it generates additional waste that ends up in a landfill or an energy recovery facility. [16]

2.2.5 Construction of new green buildings

Green, environmentally friendly, ecological, or sustainable construction refers to the process by which buildings
are designed and subsequently constructed in accordance with the environment. The aim is to reduce the negative
impact on our planet while providing an adequate level of comfort for the occupants of the home.

Buildings are responsible for 38 % of the world‘s CO2 emissions, and we spend about 90 % of our lives in them.
For a building to achieve the green building label, it must meet certain criteria across several areas. These include:
reducing the consumption of utilities (especially energy and water), minimizing waste, preserving green spaces in
the landscape, improving health, and ensuring the comfort of the occupants. [17]

2.2.6 Production process innovation

It is not only the product itself that is subject to innovation but also production processes, management, and all
activities related to the operation of the company. In today's markets, the importance of innovation is growing
rapidly, and this is mainly due to two reasons. The first is the saturation of most contemporary markets, which
limits firms from further sales growth. The second reason is that innovation enables a firm to strengthen its market
position. [18]

The European Union considers process innovation to be a change that accelerates and improves the ways we
design, develop, produce, and introduce new products, production processes, and services into the production of
enterprises. [19]

2.2.7 Promoting education and awareness of climate impacts

Within the scope of expertise, organize regular training of employees or the public with regard to environmental
issues, risk assessment, planned actions, and implementation of environmental standards and measurements. [7]

Climate education leads to the understanding of ongoing climate change, its natural and societal causes, and
potential consequences at local, national, and global levels. It helps people to engage in climate protection and the
overall transformation of society towards a climate-just society with zero greenhouse gas emissions by 2050. [20]

3 RESULTS AND DISCUSSION

The result chapter first presents the main advantages and disadvantages of reducing the carbon footprint, as they
are an important basis for evaluating the methods. In the following subsection 3.2, the author proceeds to the
method evaluation, dividing them into seven classes in terms of selected intensity aspects. The main output is a
comparison table that presents a total of five selected demands. These are time, ecological, financial, personnel,
and technological. The results were obtained and influenced mainly by data from books and articles dealing with
the issue under study, which are a part of the article research. Thanks to the obtained data, it was possible to create
a comparative table of demands and move the newly acquired knowledge to further professional research.
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3.1 Advantages and disadvantages of reducing the carbon footprint

The following table lists the main advantages and disadvantages of reducing the carbon footprint. The starting
point for determining them was an expert article by Bacher [21] in which the pros and cons were examined. All
the examples of advantages and disadvantages of reducing the carbon footprint were further detailed in the article.
The basic breakdown is given below.

Table 1. Reducing the carbon footprint — advantages and disadvantages [21]

e  We can slow down global warming;

e  Assurance of livelihood for many people worldwide;

e We can save many species from extinction;

e Increase of attention of the general public;

e Anincentive for companies to invest in R&D;

e  Carbon offsets will speed up technological progress;

e  Crucial for sustainable development;

e  Efficiency improvements;

e  Fair distribution of social costs related to greenhouse gas emissions;
e Important for the energy transition process;

e  Puts pressure on industries to behave eco-friendlier;

e  Eco-friendliness and profit maximization goals are aligned better;
e  Companies can improve their public image;

e  Asimple way for companies to offset their carbon emissions;

e  Carbon offsetting might give you a good feeling.

ADVANTAGES

e  May increase product prices;
e  Lower company profits;
e  Higher unemployment rates;
e  Some companies may go out of business;
e  Expert knowledge is required;
Incorrect setup may lead to flawed incentives;
Effectiveness of carbon offsetting varies across industries;
e  Plenty of controls necessary;
e  High administrative costs;
e  Significant certification costs;
e  Carbon offsetting will often be not enough;
e  People may get the feeling that it is ok to emit large amounts of carbon;
e  Carbon compensation programs may rather be non-transparent.

DISADVANTAGES

It can be seen from the table that due to the advantages and disadvantages of reducing the carbon footprint, there
are different advantages and disadvantages associated with each method, and, therefore, each classification group
will have different pros and cons for different businesses.

3.2 Evaluation of carbon footprint reduction methods according to selected aspects
of intensity

Based on the evaluation of the advantages and disadvantages of reducing the carbon footprint and the
characteristics of the respective methods, a comparison table of the selected intensities was derived. The intensity
is evaluated using multi-criteria decision making, specifically the ranking method. The following table shows the
results of the evaluation.
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Table 2. Classification of carbon footprint reduction methods by intensity

Intensity
TIME ENVIRONMENTAL FINANCIAL PERSONNEL TECHNOLOGICAL

Item TOTAL RANK

Reduction of
energy 2 6 3 4 3 18 5.
consumption
Electromobility 6 2 5 7 4 24 3.
Replacing fossil
fuels with 5 7 6 2 6 26 2.
renewables
Minimising
waste 1 5 2 3 1 12 6.
production
Construction of
new green 7 4 7 6 5 29 1.
buildings
Production
process 4 3 4 5 7 23 4,
innovation
Promoting
education and
awareness of
climate impacts

The comparison table compares the selected methods for reducing the carbon footprint in terms of different
intensities. Time, ecological, financial, personnel, and technological requirements were selected. After assigning
values from one to seven to the selected intensities, the table shows that the method with the lowest intensity value
is the one of promoting education and spreading awareness of climate impacts. On the other hand, the method of
construction of new ecological (green) buildings emerged as the most demanding, according to the resulting sum.

Although the reduction of energy consumption and minimization of waste production are considered to be among
the most important measures in the fight against climate change, these two important items ranked fifth and sixth,
respectively, in the comparison table according to the selected intensity. This fact can be explained by the statement
that it is for these two items that it is important how environmentally responsible a company, business, or individual
behaves. It is desirable to protect the environment, but it is also within the capacity of each company or individual
to minimize waste production or reduce energy consumption, which is why these two items finished so low in the
comparison table.

Although our analysis resulted in the winning method, i.e., the most demanding, for the construction of new green
buildings, it should be considered that the issue of evaluating approaches according to demandingness is currently
not sufficiently researched. However, according to the established facts about the carbon footprint, this result is in
line with the research already carried out. The author intends to address the lack of research on the evaluation of
approaches to reducing the carbon footprint further in his dissertation. However, for this, a primary survey of
businesses needs to be carried out to determine whether the majority of businesses perceive the evaluation of
carbon footprint reduction approaches by the intensity in the same way, or whether variations, either minor or
major, will arise.

These results may therefore seem somewhat surprising. It is important to mention that the resulting values and
rankings may differ because the selected approaches were evaluated by the author alone according to their
difficulty. However, in a more thorough research, which would definitely be more time-consuming, the author
believes, with the acquired knowledge of the given issue from professional sources (listed in the article’s research)
and after determining the procedures in the comparison table, that in the case of a higher number of evaluation
team members, the differences in the final ranking would be minimal or none.
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4 CONCLUSION

The fundamental issue of human impacts on the environment and their consequences is no longer only addressed
in academia. Increasingly, the issue is also being encountered by the general public. Therefore, it can be said that
limiting the negative impacts of human behaviour is “a classic case of conflict between personal desires and
interests that conflict with the general need for society to protect the environment for the generations that come
after us.” [22]

A limited carbon budget, driven by the need to keep the increase in global warming below 1.5 °C, means that the
longer we delay the implementation of decarbonization measures, the faster the pace of decarbonization scenarios
we must choose in the future. Tackling climate change is, therefore, the challenge for the next decade, as global
greenhouse gas emissions must be on a clear downward trend by the end of the 2020s to achieve net zero by 2050.

The paper classified the methods of carbon footprint reduction into relevant classes. The methodological part of
the paper was devoted to the classification of seven main decarbonization classes that help accelerate the transition
to low-carbon sources that will reduce environmental impacts. A search of academic articles and publications on
carbon footprint, low carbon technologies, and low carbon economy was conducted. There is a large body of
literature on the subject, mainly from international authors, as reducing energy and greenhouse gas emissions is
now one of the major challenges facing communities around the world.

The main objective of the paper was to describe, classify, and simplify the classification of carbon footprint
reduction methods into relevant classes. The starting point for comparing the intensity of the selected methods was
to define the advantages and disadvantages of reducing the carbon footprint. These may vary from company to
company, and therefore differences will arise. To describe, classify, and compare, etc. these differences, it seems
appropriate to carry out a primary survey among enterprises. A questionnaire will be sent to the industrial
enterprises to identify the differences and propose appropriate carbon reduction approaches. Thanks to the data
obtained, it will then be possible to take the newly acquired knowledge forward for further professional research.
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