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Abstract: This article highlights the need to reduce carbon dioxide emissions by reducing energy
consumption. Of course, this can be achieved in various ways, but inter alia, through the practical
implementation of the assumptions contained in the CSR programs of individual companies, which
include a component on environmental protection and counteracting global warming. The authors
also describe a proposal to reduce CO2 emissions by using coke oven gas (if necessary) in exchange
for natural gas. Currently, the largest sources of carbon dioxide emissions are the combustion of fossil
fuels in power plants, transport—cars and planes, processes related to the production of industrial
goods, and deforestation. In the preparation of the article, the analysis of the literature on the subject,
analysis of documents, desk research, and two case studies were used. The main goal of the article is
to present the possibilities of reducing CO2 emissions by implementing the assumptions of the CSR
policy on the example of a selected company (models of such activities are also given). Therefore, the
aim of the article is to present selected activities that can contribute to the reduction of carbon dioxide
emissions in enterprises; of course, this is specific each time and should be individually selected
for each enterprise depending on financial, environmental, and any other conditions. This means
that almost all enterprises, organizations, and all other institutions should be obliged to implement
an individual environmental policy related to the possibility of reducing carbon dioxide emissions
worldwide, and the effects of implementing the assumptions of this policy should be regularly, at
least once a year, presented in the CSR reports of a given organization. However, each organization
should provide its own examples of how it reduces carbon dioxide emissions. For this reason, this
article presents an example of the Marcel CHP plant, which, due to its capabilities, also uses coke
oven gas, the use of which results in lower emissions of carbon dioxide than natural gas. Additionally,
the article presents a comparative analysis of the use of coke oven gas instead of natural gas. The
obtained results show the significant and real possibilities of reducing carbon dioxide emissions.

Keywords: energy saving; carbon dioxide (CO2); natural environment; management; ecology; CSR;
emissions; natural gas; coke oven gas; sustainable development

1. Introduction

It is imperative that company leaders should also be specialists in areas where there is
interaction between people: employees, colleagues, customers, and contractors, because
positive relationships also mean satisfied shareholders. Focusing on people and on pro-
ecological activities [1] should therefore be one of the determinants of creating a strategy
for every company. In this regard, companies should strive for organizational effectiveness
and focus on a long-term strategy of change in order to meet the challenges and problems
of the modern world [2]. The direction of these changes should be set by the CSR strategy.
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CSR is understood here as a management strategy, according to which companies take into
account social interests in their activities and environmental aspects and shape positive
relations with various groups of stakeholders. The natural environment is also an important
“stakeholder” in corporate social responsibility (CSR) activities [3,4].

Environmental issues have been an integral part of the public debate since the In-
dustrial Revolution. Already in the 17th century, when transport and production based
on burning coal developed, the topic of environmental pollution appeared. In the 20th
century, human activities significantly influenced the state of the natural environment. The
two World Wars and nuclear tests had a great impact on nature, as did the Chernobyl
disaster. People’s ecological awareness was growing simultaneously with the progressive
processes of environmental degradation. Programs and concepts regarding environmental
revitalization are implemented with the use of modern technologies in order to shape
environmental awareness [5]. In the 1970s, Earth Day was organized for the first time.
The following decades brought concerns about the ozone hole and the related issue of
greenhouse gas emissions. The first international climate agreements were established,
which resulted in the Montreal and Kyoto Protocols. However, it was not until the 21st
century that concerns about the condition of our planet became part of a broad public
debate. In 2015, the Paris Climate Agreement produced the first universal, legally binding
agreement of 192 countries in the field of climate. A global action plan was identified that
was aimed at preventing climate change by limiting global warming to well below 2 ◦C. In
December 2019, the European Commission, in the communication “The European Green
Deal”, proposed further-reaching targets for the reduction of greenhouse gas emissions by
2030, according to two scenarios—emission reduction by 50% and 0.55% compared to the
base year (1990). In the current COVID-19 pandemic, questions about the future are louder
and more frequent. The current pandemic is accompanied by an increasing awareness of
the importance of global cooperation and linkages and the need for accountability regard-
ing the effects of a further rise in the average temperature on Earth. Today, man-made
increases in temperature compared to pre-industrial times, related to the emission of car-
bon dioxide into the atmosphere, have brought unprecedented phenomena such as mass
extinction of species, record heat, fires, shifting climatic zones, melting glaciers, permafrost
thawing, floods, and drought. Failure to tackle global warming is projected to result in
a further increase in the Earth’s average temperature by the end of this century, even by
4–7 degrees Celsius or more, leading to an irreversible climate and civilization disaster.
With it, infrastructure damage, unprecedented migratory movements, and resource wars
can occur [6].

The environmental aspects of CSR are discussed from different perspectives and con-
cern various enterprises and institutions [7]: banking sector [8], hotel sector [9], ready-made
garment (RMG) firms [10], food industry [11], rural tourism [12], construction sector [13],
mining enterprises [14], water, sewage companies [15], and others. Therefore, in this
article, the authors focus on the ecological aspect of the CSR strategy. The aim of the
article is therefore to present the possibilities of reducing carbon dioxide emissions through
rational management of pro-ecological activities, including by promoting the desired pro-
ecological attitudes and behaviors (such as: reducing pollutant emissions and the amount
of solid waste produced as part of recycling; through education, better monitoring, and
management of waste; and the use of coke oven gas) [16].

2. Materials and Methods

The following assumption was made as a hypothesis: it is possible to limit carbon
dioxide emissions through rational management of pro-ecological activities in the context
of CSR assumptions. Therefore, the following were adopted as supporting questions:

• What CSR activities can directly contribute to limiting of carbon dioxide emissions?
• How else can you reduce carbon dioxide emissions?

Therefore, on the basis of the available literature on CSR [17] and sustainable develop-
ment, the issues related to the emission of carbon dioxide (CO2) into the atmosphere were
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selected and the related assumptions contained in the documents provided by selected
large enterprises were analyzed, i.e., the so-called desk research [18–24]. Then, based on
specific examples (case studies), real possibilities of reducing carbon dioxide emissions
were indicated, and thus, the possibilities of saving energy.

Desk research’s analysis is based on official statistics documents, reports, analyses,
publications, and statistical yearbooks. Desk research is a research method that involves the
analysis of available data sources, and in particular, their compilation, mutual verification,
and processing. Then, this type of analysis is the basis for drawing conclusions about the
problem under study [25–31].

Therefore, in this article, an analysis based on the desk research method was carried out.

3. Results

Currently, most energy comes from crude oil, followed by natural gas and coal. Nu-
clear and hydropower are used only after that. On the other hand, the use of renewable
energy sources (such as wind or solar energy) is almost negligible. Activities related to the
creation of a sustainable energy strategy and climate change mitigation focus on energy
saving and the use of reflection processes to search for sustainable development strate-
gies [32,33]. However, we still have to wait for the effects [34]. Currently, fossil fuels are
still the most used for energy production [35].

Below are the dependencies showing the sources of energy used by our civilization [36]
(Figure 1):
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It follows from the above that 85% of energy comes from crude oil, natural gas, and
coal—the largest emitters of carbon dioxide and other greenhouse gases. Renewable
sources are only marginal—solar, wind, geothermal, and biofuels are just over 1% of the
energy consumed by mankind. Nevertheless, it should be noted that the amount of energy
obtained from renewable sources is growing every year.

However, our civilization needs energy to meet its multiple needs. Thanks to energy
from oil, gas, and coal, the following are possible: construction (operation of construction
machinery and acquisition of building materials), electricity production (electricity in the
socket, lighting, operation of computers, television, refrigerators, etc.), extraction and
processing of raw materials (including only fossil fuels), functioning of trade, heating of



Energies 2022, 15, 1825 4 of 17

buildings, high-performance industrial agriculture, infrastructure functioning: telecom-
munications, water supply, hospitals, hotels, etc., production in factories, production of
asphalt, production of fuels for transport (98% of transport is based on oil), production
of lubricants, production of paints, solvents and other materials, production of plastic,
etc. [37].

Thus, it can be concluded that fossil fuels affect almost all aspects of our lives. For
this reason, there is no simple solution to reducing their combustion and carbon dioxide
emissions. Independence from fossil fuels is a great challenge. However, there is no other
sensible option but to find other sources and reduce the consumption of the existing ones.

On the other hand, the largest sources of carbon dioxide emissions are as follows:

• Fossil fuel combustion in power plants;
• Transport—cars and planes;
• Processes related to the production of industrial goods;
• Deforestation.

Therefore, the current sources of greenhouse gas emissions to the atmosphere are
presented below, broken down by individual sectors of the economy [36] (Figure 2):
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The total greenhouse gas emissions by sector are presented above: energy, industry,
transport, agriculture, fuel extraction, buildings (apartments, shops, offices, etc.), biomass
combustion, and waste disposal.

As for the sources of greenhouse gas emissions, the following is a breakdown of
emissions by sectors for the three main greenhouse gases—carbon dioxide, methane, and
nitrogen oxide [36] (Figure 3):

• Carbon dioxide—72%;
• Methane—18%;
• Nitrogen oxide—7%.
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As is known, carbon dioxide is produced primarily during the combustion of coal
and hydrocarbons such as natural gas and crude oil. Methane is excreted by cattle herds,
escapes from natural gas pipelines, and is produced during certain agricultural processes,
such as rice cultivation, and also enters the atmosphere as a product of the natural processes
of decomposition of organic matter. The combustion of fossil fuels in industry, combined
heat and power plants, households, and vehicle engines is responsible for the emission of
nitrogen oxides [36].

As for carbon dioxide, it is credited with almost 3/4 of the influence on the strengthen-
ing of the greenhouse effect. Currently, the main sources of carbon dioxide emissions in the
world are [36] (Figure 4):

• Energy—30% of emissions (+8% production);
• Industry—20%;
• Transport—20%;
• Construction and operation of residential, office, and commercial buildings—10%;
• Deforestation and biomass combustion—10%.

Therefore, the emission of carbon dioxide to the environment and to the atmosphere
should be particularly limited in every possible way (both by the workplaces themselves
and by energy production companies).
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3.1. Reduction of Carbon Dioxide Emissions by Workplaces

Due to the deepening environmental crises and the increasing anthropopressure, com-
panies within the CSR are introducing special programs and environmental policies [37–40].

Environmental policy should be part of the business management system of every
enterprise and an integral element of the CSR strategy. Larger global enterprises [41–43]
incorporate environmental policy and CSR strategy into the corporate governance (more
information available in [44]). They are aware that only by acting in a sustainable and
responsible manner can one contribute to reducing negative effects on the natural environ-
ment and ensuring that future generations can meet their needs.

3.1.1. CO2 Reduction through the Implementation of CSR Principles

On 28 October 2010, the ISO 26000 standard was published by the International Orga-
nization for Standardization (ISO). This standard is intended to organize the knowledge
of corporate social responsibility (CSR). ISO 26000 does not mean certification. On the
other hand, it provides practical instruction for the principles of responsible business and
provides tips for all types of organizations (not only for enterprises), regardless of their
location or size [4].

The ISO 26000 standard distinguishes the following areas of corporate social
responsibility:

• Environment;
• Fair market practices;
• Human rights;
• Labor relations;
• Organizational governance;
• Relations with consumers;
• Social commitment.

On the other hand, the tools of corporate social responsibility (CSR) include, among
others:
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• Activities for the local community (projects for the environment in which the enter-
prise operates), most often taking the form of activities consisting of: supporting local
institutions and people, cooperation with local organizations, creating and imple-
menting programs for children and youth, including environmental programs, and
also the implementation of investment activities, taking into account the principles of
sustainable development (e.g., road construction);

• Creating social reports—publications presenting the method of managing the company
and implementing the company’s strategy, taking into account socially responsible
activities, the main essence of which is the company’s transparency;

• Employee volunteering, consisting of volunteering on the part of the company’s
employees for pro-ecological and pro-social initiatives, etc.;

• Management systems—introducing transparent and effective management systems,
i.e., ISO 9000 Quality Management System, ISO 14000 Environmental Management
System (environmental management system), Social Accountability SA 8000 (social
responsibility management);

• Product labeling—includes the so-called eco-labeling and social labeling, which con-
sists of informing the consumer about the ecological aspects of the product (environ-
mental, health) and social aspects. As a result, labeled products stand out from other
products on the market, allowing consumers to make informed choices. At the same
time, manufacturers provide reliable information about the composition of products
and the content of individual ingredients;

• Pro-ecological activities—activities aimed at environmental protection and invest-
ments minimizing the impact on the environment, including initiatives such as: imple-
mentation of environmental policy, sustainable management of raw materials, waste
segregation, environmental education of employees and customers, including the
implementation of ecological technological processes and ecological products and
services;

• Employee programs—including environmental education programs for employees
and their families, e.g., through the implementation of integration programs;

• Social campaigns—they enable enterprises to influence the attitudes of society through
the media; these campaigns are aimed at helping those in need (e.g., transferring some
of the profits from the sale of a specific product to social goals or pro-environmental
activities) or increasing social awareness on a specific topic (e.g., environmental pro-
tection, consumer education);

• Supply chain management—application of the principles of corporate social responsi-
bility at every stage of the supply chain, implementation of standards for all contrac-
tors, etc., in accordance with ISO 28000—Supply Chain Security Management [4].

The research of the Institute for Democracy and Private Enterprise shows that compa-
nies applying CSR principles benefit from the following numerous advantages compared
to other enterprises:

• Benefits resulting from the social environment—reducing the negative impact of
enterprises on the natural environment;

• Economic benefits—they have higher current liquidity and obtain higher profitability
of sales;

• Environmental benefits: rational management of natural resources and waste, in-
volvement of other business partners in the chain of environmental responsibility
and initiating joint pro-ecological activities, as well as popularizing pro-ecological
ideas [4,42].

According to the authors, CSR principles should be implemented in enterprises in
accordance with the principles of the Deming cycle (PDCA) [6], that is: Plan, Do, Check,
Action, the next development of which is the continuous improvement model, defined by
the acronym “DMAICS”, derived from the words: Define, Measure, Analyze, Improve,
Control, Standardize:
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1. Plan—at this stage, these are, for example, pro-ecological activities for the local
community, projects for the environment in which the company operates;

2. Do—pro-ecological activities, i.e., activities for environmental protection, investments
minimizing the impact on the environment. These include initiatives such as the
implementation of environmental policy, sustainable management of raw materials,
waste segregation, environmental education of employees and customers, as well as
the implementation of ecological technological processes and ecological services and
products;

3. Check—verification of the assumptions of pro-ecological activities and the status of
their implementation;

4. Action—the implementation of planned activities, including, for example, social
campaigns enabling enterprises, through the media, to achieve environmental goals,
including those contributing to the reduction of carbon dioxide emissions.

3.1.2. An Example of Reducing Carbon Dioxide Emissions Based on Desk Research of
Publicly Available Documents of a Selected Global Company

In line with the assumptions of the previously mentioned case study methodology, a
good example of reducing carbon dioxide emissions is one of the corporate initiatives, “Cit-
izen of the Planet”—COTP—an initiative implemented by the Teleperformance Group [45].

Teleperformance Group is a global company, founded around 40 years ago, located
in 76 countries, providing services to world leaders in the e-commerce industry, such as
banking, electronics, electronic and retail trade, financial services, energy, fast moving
consumer goods (FMCG), media, healthcare sector, etc. Digital integrated business services
of this company combine people’s work and advanced technologies to provide customers
with the highest quality. While technology creates new ways of working, relevant interac-
tion experts remain committed to creating unique combinations of hard competences with
empathy and communication skills. Therefore, the pro-ecological activity of the company
as an employer for nearly 223,000 employees in 76 countries is not without significance.

Teleperformance Group takes responsibility for the social and environmental effects of
its business activities. Therefore, it is strongly committed to reducing its carbon footprint,
minimizing the negative impact on the environment by acting in a sustainable manner, to
ensure that future generations can meet their own needs.

For this reason, Citizen of the Planet (COTP) was created—a global corporate ini-
tiative launched in 2008 to ensure that Teleperformance operates in an environmentally
friendly and responsible manner. As part of their joint activities for our planet, build-
ings/commercial facilities in all countries in which the company operates are improved in
such a way as to be consistent with the principles of sustainable development.

This includes:

• Reduction of water consumption (e.g., by installing photocells) and paper;
• Reducing the consumption of fossil fuels: oil and gas (the use of videoconferences

instead of traveling to meetings by car);
• Reduction of pollutant emissions and the amount of solid waste generated as part of

recycling;
• Education for sustainable development;
• Better monitoring and management of waste streams (also by introducing dedicated

recycling points in all buildings/premises where the company operates);
• Promotion and functioning in accordance with the principle that one should act to

create a “paperless” environment;
• Encouraging the optimization of energy consumption and gas emissions to the atmo-

sphere.

As part of the Citizen of the Planet (COTP) initiative, the company constantly monitors
the consumption of energy, water, paper, and other waste, monitors carbon footprint
emissions, and regularly publishes reports on these topics on its website, such as below [45]
(Table 1).
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Table 1. Impact of the activities of the Teleperformance Group within the Citizen of the Planet (COTP)
initiative.

Force of Good 2017 2018 2019 2020 Target

Carbon footprint per employee (tons CO2) 0.772 0.712 0.682 0.495 Commitment to
SBTi in 2021

Share of renewable energy in the
Teleperformance Group’s total consumption N/A N/A 11%

(estimated) 17% 20% in 2021
25% in 2023

Donations collected for environmental
purposes (EUR/m) 5.1 4.8 4.9 5.1 min. 5.0 annually

Own study based on data from: integrated performance dashboard (from Teleperformance Group) [38].

The Science-Based Targets initiative (SBTi) is a joint initiative of various entities acting
for climate protection aimed at increasing the ambition of enterprises in the field of climate
action by mobilizing companies to reduce greenhouse gas emissions and reduce carbon
footprint emissions in line with the level of decarbonization required by science in order to
limit warming to less than 1.5 ◦C/2 ◦C compared to pre-industrial temperatures. Launched
in 2015, this initiative defines and promotes best practice for science-based goal setting,
offers resources and guidance, and independently evaluates and approves company goals.

As can be seen from the above summaries, through the implementation of the as-
sumptions contained in the Citizen of the Planet (COTP) initiative, the Teleperformance
Group has recorded a year-to-year decrease in carbon footprint emissions per employee,
a continuous increase in the share of renewable energy in the total consumption of the
Teleperformance Group, as well as the growth of donations collected for environmental
purposes.

Moreover, the achievement of these strategic goals depends, for example, on the
annual variable remuneration of the management staff in the company.

3.2. Reduction of Carbon Dioxide Emissions by Companies Involved in Energy Production

Moreover, companies involved in the production of energy should undoubtedly take
into account the reduction of carbon dioxide emissions in their activities [40].

Therefore, using the method of comparative analysis, this article compares the com-
bustion process of natural gas and coke oven gas in terms of carbon dioxide emissions [46].

Most of the available and commonly used gaseous fuels contain the element carbon C,
which is most often found in combustible components, chemical compounds—mainly as
methane CH4 (possibly also higher CmHn hydrocarbons, e.g., ethane C2H6, propane C3H8,
butane C4H10) and carbon monoxide CO.

Combustion of each of these compounds leads, inter alia, to the formation of additional
particles (which are numerically equal to the number of carbon atoms C) of carbon dioxide
CO2, which is usually discharged together with the remaining components of the exhaust
gas into the environment.

Examples of oxidation reactions of components containing the element carbon C:

1. Methane:
CH4 + 2 O2 → CO2 + 2 H2O (1)

2. Carbon monoxide:
CO + 0.5 O2 → CO2 (2)

Each emission of carbon dioxide CO2 to the environment is currently assessed very
negatively, because this compound (3-atom gas) is one of the greenhouse gases (i.e., poly-
atomic gases that contain at least 3 atoms in a particle/particle).

Combustible gases commonly used for energy purposes in the economy are: natural
gas (NG—natural gas) and coke oven gas (COG—coke oven gas).
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Natural gas (NG) belongs to the group of fossil fuels, while coke oven gas (COG)
is obtained during the production of metallurgical coke, necessary in the blast furnace
production of pig iron.

3.2.1. Types of Natural Gas

Natural gas (the so-called blue fuel) is a type of natural, organic fossil fuel. Natural
gas occurs in many places on Earth—its deposits are often associated with oil and hard
coal deposits, although there are also places where only gas is present. The top five
gas producers in the world include the USA, Russia, Iran, Canada, and China. Among
the countries which extract the most gas in the world, apart from Russia, there are only
two other European countries—Norway, which is in the top ten (approx. 3% of global
production) and the United Kingdom (approx. 1%), which closes the list [47].

Under natural conditions, natural gas is a mixture of various gases and chemical
compounds, in which methane is the dominant part. The remaining components can be
both other flammable gases, such as ethane, propane, or butane, and non-flammable gases,
such as nitrogen, water vapor, or CO2. The gas is often contaminated with various types of
chemicals and solid particles [48].

Therefore, the composition of natural gas varies greatly depending on the place of its
occurrence and extraction. In order for blue fuel to enter distribution networks, natural gas
must undergo various chemical processes, as a result of which unnecessary components
are removed from its composition. Therefore, after extraction, the natural gas is industrially
cleaned and treated so that it meets the quality parameters that define, among others,
minimum calorific value. In addition, the gas undergoes one more process—the so-called
odorization. As a result of this process, the gas obtains a characteristic smell that is easy to
detect if the installation becomes unsealed.

The main difference between the types of gas is in terms of the minimum level of heat
of combustion:

• E-type high-methane natural gas—this is a gas with high methane content (about
98%) and trace amounts of nitrogen (about 1%) and flammable gases (about 1%). The
minimum heat of combustion for E-type gas was set at 34 MJ/m3

n. Type E high-
methane natural gas is distributed in municipal gas networks as the so-called network
fuel for household, corporate, industrial, and municipal use;

• Ln and Lm nitrogen-rich natural gas—this is natural gas with the lowest relative
methane content—in the Ln gas type it is less than 66%, and in the Lm gas type
less than 61%. The gas contains a significant amount of nitrogen (at least 32%) and
negligible amounts of combustible gases and CO2 (about 1% each). The minimum
heat of combustion for Ln and Lm natural gas was set at 22 MJ/m3

n and 18 MJ/m3
n,

respectively;
• Ls nitrogen-rich natural gas—a gas with a reduced volume of methane in relation to the

LW-type nitrogen-rich gas (here the volume of methane is less than 72%) with a large
admixture of non-flammable nitrogen (about 27%) and trace amounts of combustible
gases and CO2 (about 1% each). The minimum heat of combustion of Ls nitrogen-rich
gas was set at 26 MJ/m3

n;
• Lw nitrogen-rich natural gas—a gas with a much smaller amount of methane by

volume (less than 80%), with an admixture of non-flammable nitrogen (about 20%)
and combustible gases (about 1%). The minimum heat of combustion for the Lw
nitrogen-rich gas was set at 30 MJ/m3

n [47].

Natural gas from group L is supplied in local networks as fuel for use in households
and local companies. Lw nitrogen-rich gas is the subject of supplies more often. Ls nitrogen-
rich natural gas is usually supplied to local users only in the vicinity of the gas intake
(mine). Ln and Lm gas, on the other hand, are not supplied in all countries, although the
regulations define their quality parameters.

In addition to the above-mentioned types of gaseous fuel, LPG can also be supplied in
the distribution network. There are basically two types of gas offered by gas sellers:
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• Propane-butane gas with a high level of heat of combustion determined at not less
than 111.6 MJ/m3

n;
• Propane-butane gas with a relatively low level of heat of combustion determined at

not less than 23.3 MJ/m3
n.

It is worth adding that liquefied petroleum gas (propane-butane), unlike high-methane
E-type natural gas and L-group gases, is an artificially obtained gas—it is a byproduct of,
e.g., crude oil refining and natural gas extraction, and the ignition temperature of liquefied
gas is lower than that of natural gas (approximately 460 ◦C and 600 ◦C, respectively) [47].

3.2.2. Comparative Analysis of Combustible Gases—Natural Gas and Coke Oven Gas—In
Terms of Reducing CO2 Emissions

In this aspect, an approximate quantitative comparative analysis of globally important
combustible gases (natural gas and coke oven gas), needed for energy purposes, will be
performed.

The basic, typical composition (volume fractions equal to the mole fractions of the
main components) of natural gas (NG) is as follows:

methane: CH4 = 92.8%, ethane: C2H6 = 2.5%, propane C3H8 = 1.6%,
carbon dioxide CO2 = 0.5%, nitrogen N2 = 2.6%

(3)

As a typical (exemplary) composition of the purified coke oven gas, one can assume:

hydrogen: H2 = 64.2%, methane: CH4 = 24.0%, carbon monoxide: CO = 5.8%,
nitrogen: N2 = 5.1%, oxygen: O2 = 0.9%

(4)

It is easy to see that the dominant component of coke oven gas is hydrogen H2 [49–52].
This is in line with the suggestion that has been promoted for some time that it is hydrogen
H2 that should be treated in the future as a prospective potential energy carrier.

3.2.3. An Example of Analysis of the Composition of Natural and Coke Oven Gas Burned
in the “Marcel” CHP Plant—Case Study

Therefore, as part of the comparative analysis of natural gas and coke oven gas, the β

index will be defined, defining the amount of greenhouse gas emissions to the environment
(mainly carbon dioxide CO2 emission) from 1 m3

n of natural gas and coke oven gas, for
example in the “Marcel” CHP plant [52,53].

“Marcel” CHP plant—it is a CHP plant located in Poland, in the Silesian Voivodeship,
in the town of Radlin. The plant has existed since 1 October 1998, when it was separated
from the Coal Mine “Marcel”, and before that, since 1908, the combined heat and power
plant existed as part of the “Marcel” Coal Mine. The CHP plant uses hard coal supplied
from the nearby Coal Mine “Marcel” and waste coke oven gas from the nearby Radlin
coking plant as fuel, and the additional fuel is biomass. “Marcel” CHP has concessions
from the Energy Regulatory Office for:

• Heat generation;
• Heat transmission and distribution;
• Electricity generation;
• Transmission and distribution of electricity.

Based on the basic combustion reactions of combustible gas components, e.g., Equations (1)
and (2), one can write:

• Combustion reactions of selected gas components:

for methane: CH4 + 2·O2 → CO2 + 2 H2O (5)

for ethane: C2H6 + 3.5·O2 → 2·CO2 + 3·H20 (6)

for propane: C3H8 + 5·O2 → 3·CO2 + 4·H20 (7)
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for carbon monoxide: CO + 0.5·O2 → CO2 (8)

• For natural gas (NG):

Indicator βNG, (m3
n CO2)/(m3

n NG), where n—m3
n normal, i.e., at pressure pn = 1 bar

and at a temperature of Tn = 273 K, it is:

βNG = 0.928 + 2 × 0.025 + 3 × 0.016 + 0.005 = 1.031 (m3
n CO2)/(m3

n NG) (9)

• For coke oven gas (COG):

Indicator βNG, (m3
n CO2)/(m3

n COG), where n—m3
n normal, i.e., at pressure pn = 1 bar

and temperature Tn = 273 K, it is:

βCOG = 0.24 + 0.058 = 0.298 (m3
n CO2)/(m3

n COG)→ less CO2 than in natural gas (10)

The estimates (Figure 5) show that the unit CO2 greenhouse gas emission from the
combustion of natural gas (NG) is significantly higher (about 3.46 times) than the unit CO2
greenhouse gas emission from the combustion of coke oven gas (COG).
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from “Marcel” heat and power plant.

This is all down to the relatively high pure hydrogen content of H2 in the coke oven
gas. Therefore, coke oven gas, which is in fact an additional product in the production of
metallurgical coke, should be rationally managed, preferably at the site of its production. A
significant part of this gas is already used to fire the coke oven battery itself (heating a new
coal charge), and the rest may be an excellent boiler fuel in a nearby CHP plant (generation
of electricity and heating heat).

In addition to the results of the analysis of carbon dioxide CO2 emissions in relation
to 1 m3

n of consumed gas (natural NG, coke oven COG) presented above, it is also worth
analyzing the amount of this emission in relation to the amount of chemical energy obtained
during the combustion of a given gas.

The measure here is the calorific value of individual gases, which is as follows:

• Natural gas is approx. 32.1 MJ/m3
n, and;

• Coke oven gas is on the order of 19.8 MJ/m3
n.

In this case, (in terms of) the relative value of CO2 emissions, it is more favorable for
coke oven gas, because (Figure 6):

(1.031/32.1) > (0.298/19.8); (11)

That is: 0.0321 (m3
n CO2/MJ—for NG) > 0.0151 (m3

n CO2/MJ—for COG). (12)
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In addition, it should be taken into account that natural gas must be burdened with
significant energy expenditure (and therefore also appropriate CO2 emission) related to the
transport of this energy carrier over long distances (from the place of acquisition to the use
station), while coke oven gas is usually utilized near the place of collection.

4. Discussion

Based on a desk research analysis of available programs and strategic documents of
individual companies, devoted to supporting and implementing CSR principles in terms
of reducing carbon dioxide emissions and comparative analysis of combustible gases, it is
possible to state that currently the key tasks for humanity include:

• Being an industry leader in conducting business in a sustainable manner;
• Building experiences in the workplace;
• Educating employees on environmental issues, for example, through revitalization or

volunteering to create “proactive eco-citizenship” so that they become better inhabi-
tants of our planet [49];

• Educating and engaging employees and encouraging them in efforts to protect the
environment, also outside the workplace, in their homes, and in the neighborhood
where they live;

• Investing in improving the quality of the working environment in buildings/premises [50,52]
where activities are conducted in accordance with the “Premises” standard, taking
into account the principles described in the LEED standard [51];

• Providing alternative means of transport;
• Reduction of the carbon footprint per employee (carbon footprint—CF) worldwide;
• Enterprises are recommended to use ecological marketing tools [3].

The above assumptions can also be achieved by limiting the impact of information
and communication technologies on the natural environment, thanks to the principles of
“green IT”. These principles recommend that one should consider the environmental costs
and the environmental impact of computer equipment energy, both in terms of the product,
the computer itself, and the way it is used.

It is also recommended that business travel (both air and local) be restricted in all
countries where the company operates.

In addition, carpooling and the use of public transport are promoted and supported.
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Additionally, cooperation should be undertaken primarily with suppliers who con-
sciously implement environmental management systems in order to reduce the amount of
generated waste of all kinds [52–58].

In addition, the actual implementation of the idea of using coke oven gas in exchange
for natural gas requires a very extensive analysis and is associated with large infrastructure
investments both on the part of the gas supplier and end-user. Therefore, this issue requires
a thorough analysis of the implementation feasibility, including the scope and time scale
of possible implementation, which may be the subject of further works by larger research
teams in the near future. Due to formal limitations, this article primarily contains a brief
analysis of the idea of using coke oven gas in exchange for natural gas, which may also be
an interesting subject for research by other scientists. It should be noted once again that the
purpose of the article is to present, as examples, only some of the ideas implemented by
selected companies to reduce carbon dioxide emissions.

The text presents simplified (technical) analytical calculations aimed at signaling,
above all, the good technical suitability of coke oven gas (the possibility of its effective use
also in the future) and its ecological advantage over the commonly used natural gas.

This issue was presented in the most accessible way (appropriate quantitative and
energy indicators were defined and introduced separately for natural gas and coke oven
gas), which should be understandable to any reader interested in this subject.

Further, more complete development of and approach to the issue of the rational use
of solid fuels (coking coal) should also include the original, the so-called “technology of
coal coking and selective extraction of coke oven gas”, which will be the subject of future
interest and wider research.

Using the technology of selective coke oven gas extraction produces a much better gas,
with significantly higher hydrogen content: H2 ≥ 75%, while the produced metallurgical
coke finds wide technical application; it is necessary in smelting and obtaining pig iron in
the blast furnace process, and thus in steel production, and is thus widely sought after in
the world economy.

However, care should always be taken not to allow the use of both natural gas and
coke oven gas on a larger scale. After combustion, both natural gas and coke oven gas
contribute to an increase in the greenhouse gas content in the atmosphere (natural gas to a
greater extent, coke oven gas to a lesser extent), which is detrimental to the climate. We
must defend the climate with all our strength, and if we want to extract and utilize coal,
it should rather be coking coal, by first subjecting it to the coking process. Metallurgical
coke is needed, and coke oven gas has (as shown in the article) an ecological advantage
over natural gas. Only when the appropriate hydrogen technologies for steel smelting are
developed, will it be possible to completely abandon the use of hard coal [52–58].

5. Conclusions

Therefore, on the basis of the above, it can be concluded that the hypothesis made at
the beginning of the article, that it is possible to limit carbon dioxide emissions through
rational management of pro-ecological activities in the context of CSR assumptions, has
been confirmed.

Conclusions can be here described on three levels:

• Theoretical,
• Managerial, and
• Practical implications.

In terms of the level of theoretical implication, each functioning organization (in-
stitution, enterprise) should conduct constant analyses of activities in relation to the set
environmental goals through regular reviews of these activities in terms of achieving
environmental goals at the level of the entire company.

In order to contribute to the reduction of carbon dioxide emissions in enterprises,
it is therefore necessary to establish a specific environmental policy, which should be
implemented depending on financial, environmental, and other conditions.
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As for the level of management implications, as part of the company’s environmental
policy, the following should be set: environmental goals and their expected results, ways
and methods of achieving them, along with a description of the implementation of measures
taken to reduce carbon dioxide emissions, as well as energy savings.

In practice, this may mean that almost all enterprises, organizations, and all other
institutions should be obliged to implement such individual environmental policies related
to the need to reduce carbon dioxide emissions worldwide. The effects of implementing
these assumptions should, however, be regularly (at least once a year) presented in the CSR
reports of a given organization, taking into account their own examples of how a given
organization reduces carbon dioxide emissions.

Therefore, more caution should be taken when closing coking coal mines [59,60]. Of
course, it is understandable that the total amount of natural gas consumed in the national
economy is many times the amount of available coke oven gas, but such comparative
analyses are of great importance.

All options for reducing the consumption of consumables should be investigated.
However, in many cases, this still depends on the country in which the company operates.
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21. Krzyszkowski, J. Analiza Dotychczasowych Doświadczeń (Desk Research) w Obszarze Pracy Socjalnej i Polityki Społecznej “Stowarzyszenie

c.a.l.”; Uniwersytet Łódzki: Łódź, Poland, 2013.
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