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ǎata.mesjasz@poczta.̋m 

Abstract: The article concentrates on the effects of the environmental governance of 

sustainable development. It examines the relationship between environmental protection 

expenditures and the effects of the environmental governance of sustainable development. 

In order to reduce the variables determining the number of effects the Principal Component 

Analysis was used. Analyses are related to the European Union countries and cover the 

2008-2014 period. The research is based on the industry sector. Over the whole analysed 

period the positive trends in the effects of the environmental governance of sustainable 

development were observed in the majority of the analysed countries. The results of the 

analysis show that an increase in environmental protection expenditure is not always 

followed by an increase in ecological effects. 

Keywords: environmental protection expenditure, environmental governance, sustainable 

development, industry sector 

1 Introduction 

The concept ő sustainable development is a solution to the deterioratiň state ő 
the environmentĽ which is the result ő human activity. The děradation ő the 
environmentĽ which is connected with a něative environmental impactĽ will be 
experienced in ̋ull by the ̋uture ̌enerations.  The environmental děradation is 
őten accompanied by economic ̌rowth [1Ľ β]Ľ which is connected with the 
̌rowth ő economic activities. They lead to increased emissions ő carbon dioxide 
[γ] and other pollutants. It is worth notiň that the demand ̋or the quality ő the 
environment is continually ̌rowiň [Ő]Ľ and societies williňly cover expenditures 
on environmental protection with the belie̋ that the bene̋its ő such activities 
outweǐht the outlays [ő]. 
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A proľenvironmental activity ő enterprises involves considerable costs. źconomic 
̌oals őten stand in opposition to environmental ̌oals. The ̌rowiň 
environmental awareness ő societies is a major ̋actor behind decisions ő 
businesses to acquire and use money on environmental protection.  There̋oreĽ it 
seems reasonable to evaluate the e̋̋ects ő proľenvironmental activities and the 
e̋̋iciency ő investments into them. 

Outlays connected with environmental protection are the area ő accountiň which 
should ̌o aloň the rěulation őγŘ/β01Ő on the źuropean environmental economic 
accounts [6]. In order to reduce the emission ő pollution and ̋ees connected with 
itĽ businesses aim at reduciň eneřy consumption and ̋inance pollution reductionĽ 
invest into new methodsĽ technolǒiesĽ processes and appliances preventiň or 
reduciň emissions [7]. źnvironmental capital expenditures should not only be the 
result ő proľenvironmental duties stemmiň ̋rom lěal rěulations. They should 
also be an element ő market competitiveness and other bene̋its ő investments 
into technolǒies reduciň pollution [ŘĽ řĽ 10]. Such approach to the role ő 
environmental protection expenditures ̋ollows ̋rom di̋̋erent types ő reasons ̋or 
proľenvironmental activities: lěal (responsibilities established by environmental 
law)Ľ economic (saviňsĽ ̋indiň new clientsĽ improvement ő the imǎeĽ brand 
consolidation) and mental (transplantiň personal respect ̋or the environment into 
the enterprise) [11Ľ 1β]. Well prepared environmental protection rěulations lead 
to better e̋̋iciency ő resources as well as  to increased innovativeness and 
competitiveness ő companies [1γ]. 

Various processes used in industrial plants are amoň the main sources ő air 
pollution [1Ő]. Industry is especially harm̋ul to the environment due to its hǐh 
level ő air pollutants emission. There̋oreĽ plants take up activities which can 
reduce the něative e̋̋ects ő their operation on the environment. AccordiňlyĽ the 
̌oal ő the article is to determine the in̋luence ő environmental protection 
expenditures on the e̋̋ects ő  sustainable development ő industry in the źU 
countries. 

2 Measures of the environmental governance of 

sustainable development in plants in the EU 

Intěrated ̌overnance is the basis ̋or the ̌roupiň ő indexes ő sustainable 
development ő a country. It presupposes the coexistence ő ̋our orders: socialĽ 
economicĽ environmental and institutionalľpolitical. The article concentrates on 
environmental ̌overnance because ő the impact ő plants on the environment. 
źnvironmental ̌overnance encompasses areas connected with the use ő natural 
resources and activities reduciň the něative impact ő enterprises on the 
environment. The measures evaluatiň environmental ̌overnance in plants allow 
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̋or an evaluation in terms ő: climate chaňeĽ electric eneřy sources and 
consumptionĽ air pollution reductionĽ use ő water resourcesĽ waste manǎement. 

The author assumed the ̋ollowiň measures ő the e̋̋ects in terms ő 
environmental ̌overnance: 

 żreenhouse ̌ases emissions (in million tonnes ő COβ equivalent)Ľ 

 Sulphur oxides emission (in tonne)Ľ 

 Nitrǒen oxides emission (in tonne)Ľ 

 Ammonia emission (in tonne)Ľ 

 Carbon monoxide emission (in tonne)Ľ 

 Nonľmethane volatile ořanic compounds emission (in tonne)Ľ 

 Methane emission (in tonne)Ľ 

 Nitrous oxide emission (in tonne)Ľ 

 Carbon dioxide emission (in tonne)Ľ 

 Particulates < β.őµm emission (in tonne)Ľ 

 Particulates < 10µm emission (in tonne)Ľ 

 źlectricity consumption (in żWh)Ľ 

 żeneration ő waste (in tonnes). 

The evaluation concentrates on the źU countries. A selection ő measurements ̋or 
the analysis was dictated by the availability ő relevant data.  

The level ő ̌reenhouse ̌ases emission can be treated as the measure determiniň 
climate chaňe. Althoǔh there is an oňoiň debate on the in̋luence ő 
̌reenhouse ̌ases on climate chaňe [1ő]Ľ the emission ő these ̌asesĽ and 
especially ő carbon dioxideĽ has become a major ecolǒical and political problem 
ő the whole world [16]. The increase in the ̌reenhouse ̌ases emission is mainly 
related to the combustion ő ̋ossil ̋uels [17]. Żǐ. 1 shows ̌reenhouse ̌ases 
emission ̋rom ̋uel combustion in manűacturiň industries and construction in 
źuropean Union countries. 
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Żǐure 1 

żreenhouse ̌ases emission ̋rom ̋uel combustion in manűacturiň industries and construction in 
źuropean Union countries (βŘ countries) 

Source: Own elaboration based on źurostat database 

The level ő ̌reenhouse ̌ases emission caused by ̋uel combustion in 
manűacturiň industries and construction has been decreasiň since 1řř0. Over 
the 1řř0ľβ01Ő period the emission was decreasiň on an annual averǎe by 
βĽγβ%Ľ and in β01Ő it was Őγ% lower than in 1řř0. Carbon dioxideĽ which is an 
air pollutantĽ has the ̌reatest share in ̌reenhouse ̌ases. Annual averǎe chaňes 
in air pollutants emission in the β00Řľβ01Ő period are shown in table 1. 



Management, Enterprise and Benchmarking in the 21st Century 

BudapestĽ β017 

βŐŘ 

 

Air pollution 
Average change rate 

[in %] 

Sulphur oxides  ľ7ĽřřŐő6 

Nitrǒen oxides ľŐĽřβ011 

Ammonia ľ1ĽřβŐγγ 

Carbon monoxide ľγĽő1ő 

Nonľmethane volatile 
ořanic compounds  ľγĽ1ββ7ő 

Methane  ľ0ĽγŘőŘ7 

Nitrous oxide ľ1ŘĽβ16β 

Carbon dioxide ľγĽŐ0Řγő 

Particulates < β.őµm ľγĽř06ŐŘ 

Particulates < 10µm ľγĽŘββγβ 

Table 1 
Averǎe chaňe rate ̋or air pollution emissions ̋rom manűacturiň in źuropean Union countries (βŘ 

countries). 

Source: Own elaboration based on źurostat database 

An annual averǎe decrease ő all air pollutants can be observed: the bǐ̌est drop 
is visible ̋or nitrous oxideĽ and the smallest ̋or methane. 

Another important area ő sustainable development ő enterprises is eneřy 
consumption. An analysis ő the rate ő chaňe in the β00Őľβ01ő period reveals an 
annual averǎe decrease in eneřy consumption by 1Ľ0ő%. The decreaseĽ howeverĽ 
is lařely a result ő reduced production caused by the economic crisis which took 
place duriň this period. An annual averǎe decrease in eneřy consumption in the 
β00Őľβ01ő period characterized the majority ő the źU countries. An annual 
averǎe increase in eneřy consumption was only observed in HuňaryĽ IrelandĽ 
LithuaniaĽ PolandĽ AustriaĽ and the Czech RepublicĽ but it was slǐht ľ raňiň 
̋rom 0Ľγγ% (the Czech Republic) to ŐĽŐř% (Huňary). 

There was also an annual averǎe decrease in the quantities ő waste ̌enerated by 
industry in the β00Řľβ01Ő periodĽ ̋or both the whole źuropean Union and the 
majority ő member states. The steepest reduction ő averǎe annual waste 
quantity was recorded in Croatia (decrease by 1ŘĽγ7%)Ľ Cyprus (1őĽřő%) and 
Portǔal (1βĽ66%). Countries like: MaltaĽ żermanyĽ żreece and Żrance saw an 
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annual averǎe increase in the quantity ő waste respectively by řĽ16%Ľ 7Ľγ1%Ľ 
0Ľ7β% and 0Ľ17%. 

3 Research methodology 

The analysis concentrated on values which were the basis ̋or the evaluation ő 
e̋̋ects in terms ő environmental ̌overnance ő sustainable development in 
plants. The ̌oal ő the study was to determine the in̋luence ő environmental 
protection expenditures on the  environmental e̋̋ects ő the industry sectors ő źU 
countries. The discussed population consists ő βγ countries ő the źuropean 
Union (with the exclusion ő DenmarkĽ LatviaĽ LuxembouřĽ MaltaĽ the United 
Kiňdom). The analysis covers the years β00ŘĽ β010Ľ β01β and β01Ő. A selection 
ő countries and measurements ̋or the analysis was dictated by the availability and 
completeness ő relevant data. The data come ̋rom the data base ő the Statistical 
Ő̋ice ő the źuropean Communities źurostat [1Ř].  

The in̋luence ő environmental protection expenditures on environmental e̋̋ects 
was determined with the use ő simple relationship analysis methods. The ̋orce 
and direction ő the in̋luence was examined on the basis ő the Pearson 
correlation coe̋̋icient. The analysis was carried out with the use ő the Statistica 
1β.0 packǎe. 

Table β shows the data ̋or the analysisĽ which determine the e̋̋ects ő the 
environmental ̌overnance ő sustainable development. 
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Area of environmental 

governance of 

sustainable 

development 

Variable 

Climate chaňes żreenhouse ̌ases emission [million 
tonnes ő COβ equivalent] 

Air pollution 

Sulphur oxides emission [tonne] 

Nitrǒen oxides emission [tonne] 

Ammonia emission [tonne] 

Carbon monoxide emission [tonne] 

Nonľmethane volatile ořanic 
compounds emission [tonne] 

Methane emission [tonne] 

Nitrous oxide emission [tonne] 

Carbon dioxide emission [tonne] 

Particulates < β.őµm emission [tonne] 

Particulates < 10µm emission [tonne] 

źneřy use źlectricity consumption [żWh] 

Waste manǎement Waste ̌enerated [tonnes] 

Table β 
Statistical variables ̋or the analysis 

Source: Own elaboration  

The author also assumed two variables determiniň environmental protection 
expenditure: Investment in equipment and plant ̋or pollution control (in million 
źuro) and Investment in equipment and plant linked to cleaner technolǒyĽ the soľ
called intěrated technolǒy (in million źuro). 

In order to minimize the number and dimensionality ő variables determiniň the 
e̋̋ects ő the environmental ̌overnance ő sustainable developmentĽ the Principal 
Component Analysis (PCA) was applied. PCA was also required ̋or the reason ő 
a hǐh level ő correlation ő some variables.  
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4 Results 

The conclusion uni̋orm ̋or all discussed years is that there is one unobservable 
variable which is a combination ő initial variables (the so called principal 
component). One principal component was distiňuished on the basis ő a scree 
testĽ irrespective ő the scree's startiň point. Table γ presents the values ő the 
analyzed variables as well as a part ő the variance distiňuished by the ̋irst 
principal component. 

 

Year 
Eigenvalue of the first 

principal component 

% of the variance 

distinguished by the first 

principal component 

β00Ř řĽ6ββŐ7Ő 7ŐĽ01ř0γ 

β010 řĽŐ0γő6Ř 7βĽγγő1 

β01β řĽŐβ6Ř71 7βĽő1Őγř 

β01Ő řĽőγβγŘř 7γĽγβ607 

Table γ 
źǐenvalues ̋or the analyzed variables 

Source: Own elaboration 

The component correspondiň to the ̋irst and hǐhest eǐenvalue accounts ̋or 
more than 7β% ő the total variance in each ő analyzed years. 

źǐenvectors were calculated ̋or the obtained eǐenvalues (table Ő). 
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Variable 
Eigenvector for the first factor  

2008 2010 2012 2014 

żreenhouse 
̌as emission ľ0Ľγ11γ1ő ľ0Ľγ10Ő0ř ľ0Ľγ11670 ľ0Ľγ0ř716 

Sulphur oxides  ľ0Ľβřγ7Ř0 ľ0Ľβ77βγř ľ0ĽβŘŐŐŘγ ľ0Ľβř07Őő 

Nitrǒen 
oxides ľ0Ľγ07ř77 ľ0Ľγ1őŘβŐ ľ0Ľγ1γřŘő ľ0Ľγ11Őβ7 

Ammonia ľ0Ľ1Ř7717 ľ0Ľ1711β0 ľ0Ľ1ř0ŘŘő ľ0Ľ1řγř7β 

Carbon 
monoxide ľ0Ľβ7řŘ0ő ľ0Ľβ76ő76 ľ0Ľβř7β1γ ľ0ĽβŘŘ7őŐ 

Nonľmethane 
volatile 
ořanic 
compounds  

ľ0Ľγ0Ő10Ř ľ0Ľγ0β0γβ ľ0Ľγ06řβř ľ0Ľγ06700 

Methane  ľ0Ľβ00ő60 ľ0Ľβ0γŐ1ő ľ0Ľ1Ř7076 ľ0Ľ17Ő067 

Nitrous oxide ľ0Ľβ6őŘ76 ľ0ĽβőőőőŐ ľ0ĽβŐγő1ř ľ0Ľβ66γ67 

Carbon 
dioxide ľ0Ľγ1Őř1Ő ľ0Ľγ17γőγ ľ0Ľγ1Ř1γβ ľ0Ľγ171ř1 

Particulates < 
β.őµm ľ0Ľβ66Ő0ő ľ0Ľβ6őββ0 ľ0Ľβő0Řő1 ľ0ĽβŐő16ř 

Particulates < 
10µm ľ0Ľβ7őŘőŐ ľ0Ľβ7700Ő ľ0Ľβ6Őřγγ ľ0ĽβőŘγŐŘ 

źlectricity 
consumption ľ0Ľγ010őγ ľ0Ľγ00řŐ1 ľ0Ľγ0076ő ľ0Ľγ00ő00 

żeneration ő 
waste ľ0Ľβ6101ř ľ0Ľβř1őőγ ľ0Ľβřβ0γő ľ0Ľβř7ŐŐ7 

Table Ő 
źǐenvectors ̋or the analyzed variables 

Source: Own elaboration 

Něative values ő eǐenvectors mean that the increase in the value ő individual 
variables (e̋̋ects) in̋luences něatively the value ő the ̋irst component. 
There̋oreĽ the hǐher the eneřy consumptionĽ waste quantity and the values ő the 
emissions ő individual pollutantsĽ the lower the value ő the ̋irst component. 
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Żor the siňled out variables the correlation coe̋̋icient which determines the ̋orce 
and direction ő the relationship between environmental protection expenditures 
and the e̋̋ects ő the environmental ̌overnance ő sustainable development which 
were described by one unobservable variable speci̋ied on the basis ő PCA were 
estimated. The results are shown in table ő. 

 

 Pearson linear correlation coefficient between 

Year 

Investment in equipment 

and plant for pollution 

control and effects of 

environmental governance 

of sustainable development 

Investment in equipment 

and plant linked to cleaner 

technology and effects of 

environmental governance 

of sustainable development 

2008 ľ0ĽřŐ60γ ľ0Ľ77γřŘ 

2010 ľ0ĽřŐ1ŐŘ ľ0ĽŘ1βőβ 

2012 ľ0ĽŘő01β ľ0Ľř0őγŐ 

2014 ľ0ĽŘŐ0β ľ0ĽŘřγŘβ 

Table ő 
Pearson linear correlation coe̋̋icient between environmental expenditures and e̋̋ects ő 

environmental order ő sustainable development (described by one unobservable variable speci̋ied on 
the basis ő PCA) 

Source: Own elaboration  

All analyzed years show a hǐh něative relationship between environmental 
protection expenditures and e̋̋ects ő environmental order ő sustainable 
development expressed by the ̋irst component. This lets us conclude that 
investment in equipment and plant ̋or pollution control and investment in 
equipment and plant linked to cleaner technolǒy in the sector ő industry in 
individual źU countries ̌row accordiň to the values ő individual e̋̋ects. This 
relationship is to be expected as the volume ő output should translate into the 
scale ő the phenomenon. In order to ̋ind out i̋ chaňes in outlays are ̋ollowed by 
positive chaňes in the volume ő e̋̋ectsĽ the correlation indexes between the 
determined dynamics indexes ̋or individual variables were calculated. The results 
are presented in table 6.  
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 Pearson linear correlation coefficient between 

Dynamics 

indexes 

Changes in investment in 

equipment and plant for 

pollution control and 

changes in effects of 

environmental governance 

of sustainable development 

Changes in investment in 

equipment and plant linked 

to cleaner technology and 

changes in effects of 

environmental governance 

of sustainable development 

Average 

change 

rate ľ0Ľ1Ő6ő6 ľ0Ľβ167ő 

Dynamics 

index 

2010/2008 0Ľ0βř07β ľ0Ľγ076 

Dynamics 

index 

2012/2010 0ĽőŘ7Řγβ 0Ľβ6őŐ7β 

Dynamics 

index 

2014/2012 ľ0Ľββ7β1 0Ľ1řβőř1 

Dynamics 

index 

2014/2010 ľ0Ľ1őγ1ř ľ0Ľ0βŘ6Ő 

Table 6 
Pearson linear correlation coe̋̋icient between chaňes in environmental expenditures and chaňes in 
e̋̋ects ő environmental order ő sustainable development (described by one unobservable variable 

speci̋ied on the basis ő PCA) 

Source: Own elaboration  

Analyziň the Pearson correlation coe̋̋icient between the dynamics ő chaňe in 
environmental protection expenditures and e̋̋ects ő environmental ̌overnance ő 
sustainable development expressed by the ̋irst componentĽ it is clear that the only 
statistically sǐni̋icant correlation occurs between chaňes in the value ő 
investment in equipment and plant ̋or pollution control and chaňes ő the ̋irst 
component expressed by the dynamics index ̋or the β01β in relation to the year 
β010. A positive correlation indicates that an increase in the dynamics index ő 
investment in equipment and plant ̋or pollution control causes a reduction ő 
dynamics index ̋or individual variables comprisiň the ̋irst component. This 
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means that chaňes in environmental protection expenditures in the sector ő 
industry ő individual countries translate into positive chaňes in terms ő the 
emission ő air pollutantsĽ eneřy consumption and the volume ő ̌enerated 
waste. The lack ő statistical relationships between variables chaňes expressed by 
the measures ő dynamics means that expenditures have not broǔht bǐ̌er 
bene̋itsĽ but have not caused něative chaňes in the analyzed e̋̋ects either. In 
other words they prevented the value ő the e̋̋ects ̋rom deterioration in the 
consecutive years in comparison to the base year.  

Conclusions 

The concept ő sustainable development is the answer to the deterioratiň state ő 
the environment caused by human activity. źnvironmental impact děrades the 
environment which will likely become a burden ̋or ̋uture ̌enerations. The 
concept ő sustainable development aims at capturiň the ̋ull picture ő the 
civilizational development ő societies. The premise ő the concept is to use 
resources more e̋̋ectively aloň the economic ̌rowth. Hence the need ̋or an 
evaluation ő the e̋̋iciency ő activities which on one hand ̋oster a constant 
development which caters to the needs ő contemporary societiesĽ and retain this 
opportunity ̋or ̋uture ̌enerations on the other. Sustainable development is based 
on a combination ő three ̌roups ő ̋actors: economicĽ environmental and social. 
The article touches upon the environmental ̋actors only. 

In an e̋̋ort to improve their competitivenessĽ ̌ain more clientsĽ ̌row sales and 
prőitsĽ enterprises make numerous proľenvironmental investments. This way they 
reduce the něative impact on the environment and build a positive brand imǎe. 
Over the β00Řľβ01Ő period positive trends in the e̋̋ects ő the environmental 
̌overnance ő sustainable development ̋or the majority ő the analysed countries 
were observed. Obtainiň positive environmental e̋̋ects requires ̋inancial outlays 
thoǔh. The analysis was carried out ̋or expenditures expressed by investment in 
equipment and plant ̋or pollution control and investment in equipment and plant 
linked to cleaner technolǒy. Un̋ortunately the results ő the analysis show that an 
increase in expenditure is not always ̋ollowed by an increase in e̋̋ects. It can be 
caused by ̋actors such as a reduction ő production volume in plantsĽ socioľ
economic or political crises in individual countries or limitiň the outlays on 
investment in equipment and plant ̋or pollution control and linked to cleaner 
technolǒy. The study concentrated only ő environmental e̋̋ects with the 
exclusion ő economic and social e̋̋ects. AccordiňlyĽ the research should be 
̋ollowed up by a detailed analysis ő the relationships individually ̋or 
distiňuished areas ő environmental ̌overnance. The study mǐht also be 
complemented by an analysis ő economic and social e̋̋ects. 
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Sustainable development has become one ő the approaches to preventiň 
excessive impact on all elements ő the environment throǔh a reasonable use ő 
resources and environmental values with a subsequent determination ő 
requirements helpiň maintain biolǒical and landscape variety [1ř]. źven despite 
it is may be costlyĽ undertakiň proľenvironmental activities should be an essential 
element ő the ̋unctioniň ő businesses. It is important to remember that the 
e̋̋ects ő proľenvironmental activities are őten immeasurableĽ which makes it 
hard to connect the costs ő their implementation with measurable economic 
bene̋it. 
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