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ABSTRACT

Aim: During the COVID-19 pandemic in 2020-2021, there was a significant increase in inflation and
inflation expectations due to the government policies of the United States (US) and the European Union
(EU), including the Euro Area (EA). With that being said, the evolving situation within these three po-
litical-economic areas highlights the importance of understanding the relationship between inflation and
inflation expectations, as perceived by both consumers and professional forecasters. The purpose of this
article is to analyze the changes in these phenomena, using descriptive survey’ data analysis and a hybrid
model of inflation expectations. Methods: The research methods refer to the descriptive survey data anal-
ysis that provides evidence on the long-term courses of inflation in the US, the EU, and the EA, as well as
the consumers’ and professional forecasters’ inflation expectations within the period 1999-2019. A hybrid
model of inflation expectations has been used to estimate this data during the period of 2021. The study
correlates and compares the findings of both types of research. Results: The results demonstrate that dur-
ing the pandemic, the evidence supports the occurrence of periodic medium-high inflation in the studied
economic areas. Inflation expectations in the US and the EU were periodically weakly anchored, although
they were stabilized in the EA. Conclusions: The research, conducted by analyzing price trends and their
expected trajectories over various timeframes, revealed consistent patterns. These patterns highlighted
similarities in anticipated price changes before and during the pandemic.

Key words: inflation, inflation expectations, pandemic, long-term, short-term

JEL codes: B30, C00, E31

INTRODUCTION

At the end of the second decade of the 21st cen-
tury, economists characterized it as an era of global
stability, marked by an average inflation rate of ap-
proximately 3.36% [IMF 2021] from 1970 to 2020.
The outbreak of the coronavirus pandemic destroyed
this stability. The evolving state of play in the United
States (US), the European Union (EU), and the Euro
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Area (EA) during the pandemic highlights the prom-
inence of understanding the interrelation between
inflation and inflation expectations observed by both
consumers and professional forecasters. Accordingly,
three basic research questions should be answered: 1)
how quickly inflation will proceed, taking into account
the governments’ decisions in 2020-2021 to stimulate
the observed economies; 2) how these pro-inflationary
measures condition inflation expectations formulated
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by consumers’ and professional forecasters; 3) what
are the impacts of these appearances considered in
maintaining the anchored inflation expectations? The
main contribution of this analysis is to adopt an ap-
proach that aims to verify the thesis that governmental
justifications for stimulating the economy to fight
against the disease have impacted changes in the pace
of inflation and inflation expectations.

The paper is organized into four sections. The
first section examines inflation theories in relation to
the studies of inflation expectations. The second part
delves into the relationship between inflation speed
and inflation expectations, covering the long-term
period from 1999 to 2019 in the US, the EU, and the
EA, along with the COVID-19 pandemic period from
2020 to 2021. The third chapter presents a hybrid
model of inflation expectations while demonstrating
the outcomes of the distinctive situations in selected
political areas. The fourth section outlines modeled
inflation expectations in the US, the EU, and the EA.
The article concludes with findings.

RELATED LITERATURE

One of the first debates on macroeconomic infla-
tion theories in the context of inflation expectations’
formation brought agreement that “future behavior is
dominant in the analysis of expected inflation dynam-
ics”, since it has an impact on decisions that determine
the current inflation [Muth 1961, Gertler et al. 2001,
D’Acunto et al. 2020, Rogoff 2021]. This is how John
M. Keynes [1936] defined this phenomenon, also indi-
cating that expectations — divided into short- and long-
term — impact the amount of output, employment, and
savings [Lyziak 2011]. Nevertheless, research notes
many approaches, including the monetarist [Phelps
1967, Friedman 1968], which suggested that inflation
expectations could be modeled adaptively (Adaptive
Expectations — AE). Indeed, the concept of rational
expectations (RE) was proposed by the Nobel Prize re-
cipient Robert B. Lucas [1972], who was followed by
the New Keynesians [Evans and Honkapohja 2002],
demonstrating that expectations should be perceived
as based on optimality (BO). In turn, Charles F. Man-

ski [2004] found out that forecasters are forced to form
probabilistic expectations (PE), while — according to
Christopher A. Sims [2008] — expectations should be
perceived as a research view with limited rationality
(LR). Built at the end of the second decade of the 21st
century, the diagnostic expectations concept (DE) says
that each forecaster reacts only according to their own
assessments [Bordalo et al. 2019]. Recent years have
brought the idea of Richard Curtin of tailored expecta-
tions (TE). It has been proved that consumers should
be treated equally with businesses and the government
as having an independent and visible impact on the
macro-economy, while observing a close correspond-
ence between aggregate trends in consumer expec-
tations and such trends in national statistics [Curtin
2019, Curtin 2022]. Still, contemporary economists
are inclined to the thesis that none of the proposed
options fully meet the criterion of expecting the rate of
future inflation. One might note (a little jokingly) that
the options developed inform us about expectations
from the past and not about the expectations to come.
At the same time, it has been proven that economic
and financial decisions of households and firms — such
as consumption, investment, price, and wage setting —
formed as inflation expectations’ surveys can have an
impact on actual inflation [Lyziak et al. 2018, Rogoff
2021, Schnabel 2021, Schafer 2022]. So, it can be said
that these expectations shaped in the aftermath of the
pandemic are both rational (LR) but also adaptive to
some extent (AE). In short, fiscal policy is not respon-
sible for inflation, though it occurs if the government
increases their debts [Friedman 1968, Cochrane 2021],
contrary to people’s expectations. Furthermore, it can
also be said that assessments of inflation sources — and
consequently, its definition — can be modified as a re-
sult of COVID-19 [Banaszyk et al. 2021, Rudd 2021].

INFLATION AND ITS EXPECTATIONS.
A LONG-TERM PERSPECTIVE

This section provides evidence on the long-term
courses of inflation in the US, the EU, and the EA, as
well as the inflation expectations of consumers’ and
professional forecasters’ within the period 1999-2019.

https://aspe.sggw.edu.pl
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Government decisions to stimulate fiscal policy were
applied in the examined areas respectively in the years
1999-2001 (dot-com bubble [Galbraith and Hale
2004]), in 2005-2012 (consisting of important stages
such as the pre-crisis 2005-2007, crisis 2008, post-cri-
sis 2009-2012), and in 20162018 (doubts about gov-
ernments); (Fig. 1).

As a result, an increase in the inflation rate has
been observed both in the US, the EU, and in the
EA. Indeed, the status quo does not change even if we
assume that the Eurostat data for 2022 taken for the
study pertain to the level of inflation in the EU and the
EA [ECB 2022 and Eurostat 2022a]. If we simultane-
ously consider the results of consumer surveys on in-
flation expectations in the mentioned areas (Fig. 2—4)
and combine them with inflation levels from 1999 to

2019, one can notice that lower inflation levels were
associated with lower indicators of these expectations,
and vice versa. Higher inflation was accompanied by
increased indicators of expectations in the analyzed
areas. To sum up, public expectations became unstable
as governments intensified their fiscal involvement
[MICH 2021 and Yellen 2016].

As we can see in Fig. 3, surveys collected by the
European Commission since May 2003 on consum-
ers’ aggregated inflation perceptions (CES) show that
inflation expectations in the EU exhibited instability
during and after macroeconomic shocks, specifically
during the 2008 financial crisis and throughout the
period from 2010 to 2012 [ECB 2013]. The course
of expectations in the Euro Area (Fig. 4) looked
different than in the EU during the comparable re-

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2¥9 2010 2011 2012 1ip-051ip-052015 2016 2017 2018 2019

0.5

1

Fig. 1. Inflation in the US, the EU, and the EA in 1999-2019 [%)]
Source: own elaboration based on OECD, Eurostat, and FRED data.

-2.000

—Inflation U.S.

Fig. 2. Inflation and inflation expectations in the US (monthly) in 2001-2019 [%)]

Source: own elaboration based on MICH and BLS.
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Fig 3. Inflation (p.a.) and inflation expectations (quarterly) in the EU in 2004-2019 [%]

Source: own elaboration based on European Commission and Eurostat.
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Fig. 4. Inflation (p.a.) and inflation expectations (quarterly) in the EA in 2001-2019 [%]

Source: own elaboration based on EBC data.

search period (2001-2019). Above all, appropriate
research began to be carried out soon after the creation
of EA, i.e., in this case, from 2001. Moreover, it was
found that the expectations have been anchored since
its start around the ECB’s inflation target [ECB 2011].

INSTITUTIONAL INFLATION, ITS
EXPECTATIONS, AND THE PANDEMIC

Given the above insights, I will therefore expand
on the long-term inflationary phenomena referred to
as episodes that occurred during the pandemic. Ac-
cordingly, one should ask: what factors conditioned
the price dynamics in the US, the EU, and the EA,

and what was the course of both inflation and inflation
expectations in the analyzed period?

I'll first delineate the influence of the respective
governments, which undertook their policies in two
stages in response to the pandemic, also in accord-
ance with the suggestions of international institutions
[OECD/European Union 2020, IMF 2022]. The early
stage essentially started in mid-March 2020. It was
at this time that governments introduced lockdowns
in response to the course and consequences of the
medical crisis. However, these decisions soon result-
ed in a halt in production, subsequently leading to
a growth in unemployment, a drop in consumption,
an increase in consumers’ savings (as a percentage of
their income), and a decline in businesses’ investment

https://aspe.sggw.edu.pl
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commitments, while generating a rapid increase in
prices starting from April 2020. The restrictions on the
functioning of economies during the second period of
the pandemic, throughout 2021, caused a number of
shortages in specific sectors, leading to price pressure,
particularly on food and energy. The observed turmoil
had a severely adverse impact on the economy. Even
though the US inflation rate in 2020 was 1.4%, which
was lower than in the preceding year (by 0.9 percent-
age points), by the end of 2021 it had already reached
a level of 7.036%, not seen since June 1982 when it
was 7.064% [IMF 1986]. At the same time, the rate of
inflation in the EU, which was approximately at an av-
erage level of 0.49% in 2020, reached 5% a year later.
Inflation in the EA in December 2021 was 5%, while
at the end of 2019 it was 0.29% (Fig. 5).

Such indicated macroeconomic factors, understood
as a derived consequence of the government’s decision
to implement fiscal stimulus, were the primary reason
for the rapid increase in inflation in both the US and the
EU, including in the EA. Therefore, it can be referred to
as institutional, or even government-induced inflation.
Furthermore, when supplementing the data from 1999—
2019 (Fig. 1) with the changes observed from 2020 to
2021 (Fig. 3), we can observe that the rate of growth
in this institutional inflation and its magnitude during
the latter period are significantly higher — twice on av-
erage — than the rate and magnitude of inflation in the
twenty years prior to the pandemic [Eurostat 2022a].

2019 2020 2021

I will now delve into the topic of institutional
inflationary factors and inflation expectations in the
US. In response to the pandemic, which afflicted
over 79 million people and claimed the lives of over
967,600 individuals, both the Donald Trump and Joe
Biden administrations allocated approximately USD
5.12 trillion in special funds to combat the disease
[CAA 2020, CRS 2020]. However, despite this sub-
stantial spending on pandemic-related measures,
inflation in the economy did not experience a signif-
icant increase in 2020 [CARES 2020, CPRSA 2020].
Experts attributed this phenomenon to the well-
-entrenched practice of households actively work-
ing to minimize their expenditures. Ultimately, the
continuous price fluctuations observed in early 2021
were mirrored by a decline in public sentiment, as
evident in surveys measuring inflation expectations
[Labonte et al. 2021]; (Fig. 6).

As a consequence, the graph shows that inflation
expectations of professional forecasters were broad-
ly anchored around the 1.6% average level, though
there was a short period of radical destabilization
reaching the deflation level of —0.8% in May’ 2020.
These expectations dropped drastically from 2.2%
in March to —2.3% in June, before returning to the
average level of approximately 2% in September of
that year [US Bureau of Labor Statistics 2020-2021].
The severity of the pandemic in the EU, including the
EA perspective, was even greater than in the US. The

2022f 2023f

Fig. 5. Inflation in the US, the EU, and the EA in 2019-2023 [%)]

Source: own elaboration based on OECD, IMF, and FRED data.
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Fig. 6. Inflation and inflation expectations (consumers & experts) in the US, 2020-2021 [%)]

Source: own elaboration based on BLS, FED, and MICH data.

course of the pandemic in the EU, where approximately
100 million cases of COVID-19 were recorded from
January 2020 until the end of 2021 [WHO 2022], dis-
played similar characteristics to the developments in
the US. Rapid decisions on the implementation of fiscal
stimulus were taken by both the EU governments and
the EU institutions, injecting 1,824.3 billion euros into
the European economy. As expected, EC data (HICP)
quickly revealed the problems caused by rapid price ris-
es. Countries that were under the influence of the USSR
prior to 1990, such as Poland, Hungary, or Estonia,
experienced the most significant impact from this phe-
nomenon [GUS 2022, Eurostat 2022a, Eurostat 2022b].
Nevertheless, the issues stemming from the pandemic
were responsible for inflation across the EU during that
period. This is why the European Commission, respon-
sible for conducting consumer surveys on inflation ex-
pectations, determined that there would be a rapid and
substantial increase in inflation in 2020-2021 based on
this data. The EU’s inflation expectations, which stood
at a relatively high level of 6.59% in 2020 despite a rel-
atively low inflation rate of 1.23%, made for a notewor-
thy forecast [ECB 2022]. However, this forecast was
not confirmed by subsequent changes in the expecta-
tions index one year later, which dropped to 4.57% after
a period from January to September 2021 characterized
by low inflation expectations at 2.8%, despite an aver-
age inflation rate of approximately 2.9% (Fig. 7).

Conversely, it can be inferred that the unset-
tled consumer inflation expectations (CE) within
the EU during 2020-2021 may have signaled an
expected rise in inflation. This anticipation could
have arisen from survey respondents adjusting their
medium-term inflation expectations based on their
personal perception of inflation [Stanistawska and
Paloviita 2021]. Such a process had also been ob-
served within the EA, where the average inflation
expectations index was approximately 1.69% in
2020, with a slight uptick to 1.82—1.9% during the
latter half of 2021. Furthermore, the rise in inflation
within the EA to a level of 5% in December 2021
could serve as confirmation of the validity of the
post-pandemic inflation hypothesis.

THE MODEL OF INFLATION EXPECTATIONS

This section relies on data from the previously men-
tioned quantitative questions to explore how consumers
inthe US, EU, and EA shape their inflation expectations.
To do this, a hybrid model of inflation expectations has

been used for data estimation, as described below:
= c+ .z, To,m,, tE, )
where.
JUt€ — expected inflation in period t after 12 months,

JC. ., — inflation CPI (y/y) in period ¢ + 12,

t+12

https://aspe.sggw.edu.pl
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Source: own elaboration based on EC, Eurostat, and ECB data.

JU_, —inflation CPI (y/y) in a one month preceding
the month of carrying out of survey,
€, —0%.

The model presented above is estimated on aggre-
gated data — received from consumers’ surveys carried
out in each area respectively — to assess its impact
on the average of the set of individual answers to
Questions 2 and 3. The model consists of elements of
adaptative expectations (AE) and elements of rational
expectations (RE). When ¢ = o= 0 and a,= 1, the
model meets the condition of forming rational expec-
tations. Moreover, with sum of parameters o, and o,
equals 1, the results of estimation of expected inflation
are allowed to be treated twofold:

* in reference to al as the effect of examination of
consumers’ surveys formulating their expectation
adaptively;

* in reference to a2 as the outcome of examination
of consumers’ surveys formulating anticipa-
tion-oriented expectation.

At the same time, the average expected inflation
should be compared with the rate of inflation in line
with the expectations’ horizon in 12 months. In order
to carry out the analysis under the above assumptions,
I have made a decile breakdown of the distributions of
expected inflation by month and then assessed the dy-
namics of these statistics within the accepted time [US
Bureau of Labor Statistics 2020-2021]. It is noted that
the answer is considered inconsistent if the consum-
er answering the qualitative question (1) states that

https://aspe.sggw.edu.pl

prices will rise faster than at present, while declaring
lower expected inflation than perceived inflation in
response to quantitative questions (2—-3). This incon-
sistency can be ruled out by introducing a sensitivity
interval of 2¢. If the difference between perceived and
expected inflation is less than +/—¢, such inconsistency
is considered of no research significance [EC 2020].
Since consumers used to treat as insignificant some
slight deviation of the inflation level from its actual
level, the expected inflation was estimated on the as-
sumption of five sensitivity ranges: mean, 0 p.p. and
ranges +/—1 p.p., +/-3 p.p., and +/-5 p.p.

MODELLED INFLATION EXPECTATIONS VS
QUANTITATIVE QUESTIONS

The analysis of the distribution of modeled indi-
vidual responses in the US, obtained on the basis of
equation (2), with regard to the level of expected infla-
tion in the years 2020-2021, allows for the following
conclusions. Firstly, simulation results indicate that
the inflation expectations of respondents in the US
were in the range of 2.2-8.1% (Fig. 8).

However, in the short term, they fell to around
—0.8%, well below the inflation target, but in line
with the current inflation level. Concurrently, in some
periods, modeled expectations have largely stabilized
at levels close to the inflation rate. Thus, during the
period of December 2019-March 2020, inflation
expectations were stable, remaining at around 2.2%,
2.1%, and 2.3%, on average exceeding the then Fed’s
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Source: own elaboration based on FRED data.

1.29% inflation target by 1 p.p. As mentioned earlier,
inflation in the US remained stable throughout 2020,
with a temporary dip below zero occurring from April
to June 2020. It was only at the beginning of 2021
that a noticeable shift in consumer attitudes became
apparent. Following the adjustment period in the fall
of 2020, where consumers’ inflation expectations
aligned with the actual level, there was a subsequent
period from December 2020 to May 2021 where an
underestimation of the inflation level ranging from
0.24 to 0.8 percentage points was observed. It was
not until June 2021 that inflation expectations started
to increase, aligning with the actual inflation rate of
around 8.1% by December 2021 [BLS 2021 and IMF
2021]. In summary, inflation expectations in the US
can be characterized as adaptive (AE).

The disparity in modeled inflation expectations
within the EU, as opposed to the more synchronized
distribution of consumer expectations in the US over
the examined period, can be attributed to the emer-
gence of inflationary conditions in an environment
that had maintained a low inflation rate, usually not
exceeding approximately 1.89%, for the past two dec-
ades [Eurostat 2022b]. Therefore, the change in the
attitude of the EU institutions to fiscal policy, although
justified by the pandemic, has resulted in high infla-
tion expectations that periodically exceed the level of
real inflation by ten times. Expectations modeled in
June 2020 were 0.5-0.53%, while average consumer
expectations in the same month, according to Eurostat

data, reached 7.58%. In 2020, the level of inflation in
the EU remained at an average annual level of 0.68%,
while a year later it increased to 2.43%, exceeding the
annual forecasted value of 1.5% by more than 0.9 p.p.
Inflation expectations were, therefore, destabilized —
although the expectations index was already high in
December 2019 at 6.24% under the rate of inflation
at 1.6%, while in March 2020 it reached 6.34%. The
highest level of expectations occurred in June 2020,
reaching the rate of 7.58% with the rate of inflation
of 0.7%. In November, the level of expectations was
reduced to 6.23% when the current level of inflation
stood at 0.2% (Fig. 9).

Certainly, the notable drop in inflation expecta-
tions in 2021 to an average of 3.24% during the first
three quarters was mainly a result of the EU institu-
tions scaling down their financing efforts related to
COVID-19. Subsequently, these modeled inflation
expectations underwent a swift ascent, reaching lev-
els of 5.3 to 5.6% by December 2021. Generally, the
modeled inflation expectations of consumers in the
EU in the years 2020-2021 exhibited fluctuations that
hovered around the quarterly average value derived
from EC research. The maximum divergence index
was approximately 0.1 pp in the period August—De-
cember 2021, when the average level of inflation ex-
pectations recorded by the EC was 3.95%, while the
average rate of modeled consumer inflation expecta-
tions had been estimated at 3.85% (with the average
inflation level of 4.03%). The distributions of the
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Source: elaboration based on [EBC 2022].

modeled expected inflation were left-skewed, except
for the months of September-October 2020, when the
observed distribution was horizontally aligned. The
average value of the inflation expectations index was
approximately 1.69% in the EA in 2021-2022, while
it remained at a mean yearly level of 0.3% in 2020,
and at 2.25% in 2021 [ECB 2021]. The course of
expectations therefore indicated their relative destabi-
lization. The results of the inflation expectations esti-
mation validate its occurrence during the period from
February 2020 to October 2021, wherein the average
discrepancy between the quarterly average expected
inflation and the average modeled expected inflation
was approximately 0.982 percentage points (Fig. 10).
Inflation expectations remained relatively stable in
January 2020, as well as from September to Decem-

https://aspe.sggw.edu.pl

ber 2020 and during the months of February to March
2021. In summary, inflation expectations in both the
EU and the EA can be categorized, similarly to the US,
as adaptive (AE).

CONCLUSIONS

The empirical evidence presented in this study
points to the following conclusions. As observed,
pandemic inflation occurred in the US and in the EU,
including the EA, after a long period of low prices.
The substantial government involvement in financing
the economy during various lockdowns has notably
and significantly disrupted inflation expectations in
the economic areas mentioned, serving as an indicator
of inflation, which has already gained high dynamics
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in 2021. The rapid increase in these indicators demon-
strates that institutions responsible for monitoring
inflation have not sufficiently studied them, thereby
constituting a significant limitation for observers. In
the meantime, through the analysis of price trends
and their expectations over various timeframes, the
research uncovered consistent patterns, highlighting
similarities between anticipated price changes before
and during the pandemic. Firstly, the tension between
inflation expectations and inflation dynamics during
the pandemic period shall be seen as a kind of warning
against classifying inflation as a process independent
of institutional conditions, such as anti-COVID deci-
sions taken both by the US, the EU, including the EA.
On the contrary, such a form of inflation can be linked
to government fiscal stimulus, although it exhibits
a lag of approximately 12 months. Essentially, this
type of inflation caused by government institutions
can be referred to as institutional inflation or even gov-
ernment-induced inflation. Secondly, such inflation is
expected to increase, underscoring the importance of
maintaining both stability and alignment with inflation
targets. The suggestion is significant because the prin-
ciple of stability excludes the use of fiscal stimulation,
which, however, sometimes has to be implemented.
Indeed, fiscal stimulation is correctly perceived in the
economy as a source of problems, rather than a tool to
strengthen it. And yet, the need to support fiscal stimu-
lus to combat the pandemic highlights the necessity to
broaden the scope of assessing the impact of this factor
on inflation growth and inflation expectations in such
periods of threat to the health of entire communities.
Thirdly, the observance of inflation expectations plays
a role in shaping trust in both government and central
bank objectives. This means that there is a need to
evaluate its effects also beyond economic concerns,
while prioritizing ethical considerations, with the
primary direction being the protection of society from
disease, rather than following strict economic norms,
especially those related to pandemic fiscal restraint.
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INFLACJA A OCZEKIWANIA INFLACYJNE W LATACH 2020-2021 - WPLYW
PANDEMII COVID-19

STRESZCZENIE

Cel: Podczas pandemii COVID-19 w okresie lat 2020-2021 nastapit wysoki wzrost inflacji oraz odpowied-
nio oczekiwan inflacyjnych w Stanach Zjednoczonych (USA), Unii Europejskiej (UE), a takze w strefie
euro (EA). Przebieg zmian wskaznikéw makroekonomicznych we wskazanych trzech obszarach politycz-
no-gospodarczych USA, UE i EA zwraca uwage na obecnos$¢ zalezno$ci migdzy dynamika inflacji a takg
dynamika oczekiwan inflacyjnych. Oba typy zmian charakteryzuja zaréwno zachowania konsumentéw, jak
i zachowania grup profesjonalnych prognostow. Celem artykutu jest zbadanie sekwencji zmian obu wska-
zanych zjawisk zaréwno z wykorzystaniem opisowej metody analizy danych ankietowych, jak i w wyniku
zastosowania hybrydowego modelu szacowania oczekiwan inflacyjnych. Metody: Metodyka badan polega
na zastosowaniu techniki opisowej analizy danych w odniesieniu do dlugoterminowego rozktadu zjawisk in-
flacji i oczekiwan inflacyjnych obserwowanych wsrod konsumentdw i profesjonalnych prognostow w USA,
UE i EA w latach 1999-2019. Z kolei do oszacowania danych dotyczacych zjawiska inflacji oraz oczeki-
wan inflacyjnych w krotkim okresie 2021 roku wykorzystano hybrydowy model oczekiwan inflacyjnych.
W opracowaniu zestawiono i porownano wyniki obu typéw badan. Wyniki: Analizy wskazuja, ze w czasie
pandemii obserwuje si¢ wystgpowanie okresowo $Srednio-wysokiej inflacji w trzech analizowanych obsza-
rach gospodarczych, podczas gdy jednoczesnie oczekiwania inflacyjne w USA i UE byly okresowo stabo
zakotwiczone, cho¢ jednoczesnie odnotowano ich ustabilizowanie w EA. Wnioski: Z badan polegajacych
na analizie trendow zmian cenowych oraz zmian oczekiwan inflacyjnych w réznych okresach czasowych —
dhugo- i krotkoterminowych — wynika istnienie zaobserwowanych spdjnych wzorcoéw zalezno$ci migdzy dy-
namika inflacji, a takg dynamika oczekiwan inflacyjnych rowniez ze wzgledu na wystepowanie podobienstw
w przebiegu obu typdw zjawisk przed pandemia oraz w jej trakcie.

Stowa kluczowe: inflacja, oczekiwania inflacyjne, pandemia, dtugoterminowy, krotkoterminowy
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ABSTRACT

Aim: Pursuing sustainable development justifies incurring expenditure in the field of environmental protec-
tion because the state’s active fiscal policy is an essential determinant of achieving sustainable development
goals. The distribution of public funds should depend on the efficiency of their use. The purpose of the
research procedure is (1) to analyze the structure of environmental protection expenditure of the general
government in the European Union and the individual member states; (2) to assess the efficiency of environ-
mental protection expenditure of the general government in the implementation of sustainable development
goals in waste management. Methods: The study uses linear regression with regression confidence bounds.
The indicator chosen to assess the efficiency of expenditure was the Recycling rate of municipal waste
(SDG_11_60). Results: The structure of environmental protection expenditure of the general government
in most member states in 2012-2021 was stable, which may result from the adopted national environmental
policies or internal conditions of a given country. Waste management expenditure dominates the structure of
environmental protection expenditure of the general government in many countries. The analysis of the effi-
ciency of environmental protection expenditure of the general government in waste management confirmed
its efficiency in a significant number of states. Conclusions: The research procedure indicated that positive
relations between general spending on the environment and achieving sustainable goals can be confirmed.
Unfortunately, there is a problem with data consistency of various indicators measuring sustainable goals.
Therefore, extending such research to a multiple factor case, for example, can be difficult.

Key words: environmental protection expenditure, sustainable development indicators, sustainable develop-
ment goals, efficiency, waste management

JEL codes: H41, H50, H72, F64

INTRODUCTION

Environmental deterioration and resource unsustaina-
bility are major global concerns as they pose serious threats
to ecosystems, human health, and the economy [Orte-
ga-Gil et al. 2022]. Ensuring sustainable development is

the basis for the vision formulated in strategic documents
and action plans at the national and supranational levels.
The policy of the European Union is based on the desire to
create conditions for running a modern, resource-saving,
and competitive economy, ensuring a high quality of life
for current and future generations. In the last five years,
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the European Commission has issued several essential
documents, adopting many commendable policies with
the primary aim of preventing waste generation while
addressing the problem at its root and maximizing the re-
covery of raw materials and energy from waste [Jarczok-
Guzy 2023]. One of these documents pertains to the
obligation of selective waste collection, allowing for the
recycling of waste such as paper, cardboard, glass, metal,
plastic, and clothes [Kukuta 2016]. Sustainable devel-
opment is not possible without appropriate financial ad-
justments. Striving for sustainable development justifies
incurring expenditure in environmental protection be-
cause the active fiscal policy of the state is essential. The
essential concept of sustainable development integrates
three components: social development and economic de-
velopment, and considering environmental aspects [ Sob-
czak 2021]. The challenge of sustainable development is
the pursuit of satisfying needs without exerting excessive
influence on the natural environment.

Environmental protection expenditures play a sig-
nificant role in shaping an effective environmental
policy and achieving sustainable development goals.
Therefore, these expenditures should be carefully
monitored, and their effectiveness should be examined
from the perspective of the sustainable development
goals. Our study contributes to the existing literature by
heightening the existing knowledge on environmental
expenditures. While there are many studies on environ-
mental expenditures, studies on their effectiveness in
terms of achieving sustainable development goals are
rather hard to find. The purpose of the research proce-
dure is (1) to analyze the structure of environmental
protection expenditure of the general government in the
European Union and the individual member states, and
(2) to assess the efficiency of environmental protection
expenditure of the general government in the imple-
mentation of sustainable development goals in waste
management. The research hypothesis is that the higher
the government’s environmental protection expendi-
tures, the more efficient waste management should be.

Sustainable development - goals and measures
The 2030 Agenda for Sustainable Development, initi-

ated by the United Nations in 2015, contains 17 Sustain-

able Development Goals (SDGs), which aim to solve the

most urgent problems related to social, environmental,

and economic development in the world. For the global

implementation of the 2030 Agenda to take place, it is
necessary to integrate the SDGs with the policies and
practices of all countries at all levels of government

[Mortimer et al. 2023]. The SDGs are based on the Mil-

lennium Development Goals established in 2000 and

address global challenges in health, education, equity
and social justice, economic security, and environmental
issues. The SDGs include not only 17 general goals but
also 169 specific objectives. All countries’ economic and
social development goals must have common general
characteristics. They must result from a consensus on the
basic concept of sustainable development and a broad
strategic framework for their achievement [Ashford and

Hall 2011]. In particular, knowledge about the benefits

and pollution damage, or the costs and benefits of pollu-

tion reduction, is required [Perman et al. 2003].

Implementation of sustainable development re-
quires measurements, without which it is hard to
discuss effective and efficient management [Szajczyk

2021, Broniewicz et al. 2022]. Adequate information

and indicators are needed to monitor progress and

evaluate results, and those indicators should meet the

following criteria [Bak and Cheba 2020]:

* policy relevance: the indicator must address
issues that are of public interest and relevant to
policy-making;

» analytical validity: ensuring that the indicator is
based on the best scientific knowledge available;

*  measurability: indicators must allow meaningful
comparisons over time as well as over space (in
the countries or regions under study);

* communication usefulness: delivering understanda-
ble, easily interpreted signals to the target audience.

The implementation of sustainable development
goals by individual countries is verified at three levels.
Firstly, the United Nations Statistical Commission has
developed a set of global indicators to assess progress.
At the regional level, within the European Union,
Eurostat monitors progress in achieving the SDGs in
the member states using a set of 100 indicators. Addi-
tionally, the governments of UN member states utilize
their own national measures for SDG implementation
[Krasodomska et al. 2022].

https://aspe.sggw.edu.pl



Jarczok-Guzy M., Kaczmarzyk J., Sygut E. (2024). Efficiency of environmental protection expenditure of general governments
in Europiean Union member states in the context of sustainable development in waste management Acta Sci. Pol. Oeconomia

23(2),17-27,DOI: 10.22630/ASPE.2024.23.2.6

Public environmental protection expenditure

The environment is considered to be everything that
creates the natural conditions necessary for the exist-
ence of organisms. Therefore, an ecologically sound
environment is also a condition for human health and
well-being, as well as the safe and healthy existence of
all organisms [Mihalikova et al. 2022]. Stiglitz identi-
fied the natural environment as one of the five examples
of global public goods, alongside international econom-
ic stability, national security, international humanitarian
aid, and knowledge [Stiglitz 1995]. Global public goods
have an intergenerational and transnational character,
therefore requiring coordinated action at the interna-
tional level. The intergenerational nature of global
public goods is highlighted by Sandler [Sandler 2009].
This means that decisions, or the lack thereof, have im-
plications for future generations.

Global public goods should be analyzed in con-
trast to global public bads [Kopinski and Wroblewski
2020]. If we consider the natural environment to be
a global public good [Pearce and Palmer 2005], en-
vironmental pollution should be viewed as a global
public bad (i.e., an undesirable state requiring action
to limit the adverse effects). State intervention is an
effective method of eliminating harmful phenomena
caused by environmental pollution [Krasodomska et
al. 2022]. Providing global public goods, also under-
stood as corrective actions related to global public
bads, requires the involvement of financial resources.
As a rule, national public goods are financed from na-
tional public funds. On the other hand, the supranation-
al character of global goods determines the necessity
of actions and regulations at the international level.
As a consequence, the assessment of public spending
on environmental protection becomes particularly
important [Mandalova 2012]. The implementation of
conceptual assumptions depends to a large extent on
the quality of the legal environment. Legal standards
that regulate activities in environmental protection
require consistency at the international level, in-
cluding European Union law and national law. The
coherence of the law should address issues related to
the environmental goals being pursued, as well as the
sources and level of funding for activities associated
with these goals.

https://aspe.sggw.edu.pl

Expenditure resulting from the implementation of
environmental activities by the public sector is referred
to as environmental public expenditure. According to
Bishop, public expenditure on environmental protec-
tion can be defined as the expenditure incurred by
the relevant public authorities responsible for envi-
ronmental protection [Bishop 2013]. It is possible to
analyze the spending of public funds for environmen-
tal protection purposes using the EU methodology of
public expenditure classification. Additionally, having
uniform rules for classifying public expenditure al-
lows for international comparisons. This is particularly
important in the context of environmental protection,
which is considered a global public good.

Public spending is a tool for influencing various
entities’ economic behavior in terms of their approach
to environmental protection. As a consequence, ex-
penditures on environmental protection are a crucial
factor in shaping an effective environmental policy.
Therefore, it is necessary to know the level of expend-
iture and the activities for which they were allocated,
and to monitor and assess the effects of the actions
taken. Hence, the question arises about the efficiency
of environmental protection expenditures in imple-
menting sustainable development goals.

MATERIALS AND METHODS

The subject of the research is the analysis of en-
vironmental protection expenditure of the general
government by function (COFOG division 05) in the
European Union from 2012 to 2021, in order to imple-
ment sustainable development goals. The research was
conducted in two stages.

The framework of the first stage was to initially
examine the structure of environmental protection
expenditure of the general government by function
(COFOQG) in the European Union (EU) and individual
member states (MS). The data used in the research
procedure comes from the Eurostat database. The
methodological framework is the European System of
Accounts (ESA 2010); [Dz.UE L 174 z 26.06.2013].
Environmental protection expenditure of the gener-
al government by function (COFOG division 05);
(GF05) includes [Manual on sources... 2019]: Waste
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Table 1. Selected measure of sustainable development in waste management

Environmental

protection No SD IndicatorCode Measure Indicator
expenditure

waste management Y1~ SDG_11_60 % of total waste generated Recycling rate

of municipal waste

Source: own study.

management (GF0501); (X1), wastewater manage-
ment (GF0502), pollution abatement (GF0503), pro-
tection of biodiversity and landscape (GF0504), R&D
environmental protection (GF0505), and environmen-
tal protection N.E.C. (GF0506).

The second stage of the research procedure assessed
the efficiency of environmental protection expenditure
of the general government in the area of interdepend-
ence of spending on waste management (GF0501)
with a selected measure of sustainable development.
For this purpose, linear regression with regression
confidence bounds was used after an initial graphical
analysis of scatter plots and identification of unequiv-
ocal linear patterns. The linear regression has been
chosen because the paper tries to analyze the situation
in every state and the EU separately. The confidence
bounds help to understand the relation between the
expenditure under examination and the chosen indi-
cator. Additionally, a regression slope and an intercept
have been provided together with the determination
coefficient for each state and the EU. The confidence
interval has also been calculated for regression slopes
(95% confidence level) to indicate the range of possi-
ble error. The p-values have been calculated to decide
whether the relation is statistically significant or not in
the case of a particular state. The indicator chosen to
assess the efficiency of expenditure was the recycling
rate of municipal waste (SDG 11 _60); (Table 1).

In the case of SDG 11 60 (Y1), the sample con-
sisted of 10 yearly values, which is a relatively small
sample size. The research procedure aims to: (1)
analyze the structure of environmental protection ex-

penditure by the general government in the European
Union and its individual member states; (2) assess the
efficiency of environmental protection expenditure by
the general government in implementing sustainable
development goals, using the relationship between
expenditure on waste management and selected meas-
ures of sustainable development as an example.

RESULTS

The structure of environmental protection expendi-
ture of the general government in most member states
in 2012-2021 was stable. This stability may have re-
sulted from the adopted national environmental poli-
cies or the internal conditions of a given country. This
stability allowed for the summing up of environmental
protection expenditure of the general government in the
period 2012-2021, in order to determine the ranking of
countries according to the dominant outlay (Table 2).

The structure of environmental protection expendi-
ture of the general government among the EU-27 mem-
ber states is diversified. Taking into account the largest
share of'the total multi-annual spending in the structure, it
is possible to indicate five groups of countries with dom-
inating outlay: waste management, wastewater manage-
ment, pollution abatement, protection of biodiversity and
landscape, environmental protection N.E.C. (Table 2).

The largest group of countries (15 countries?) is
where the greatest share of the structure is spent on waste
management. In this group of countries, the share of
expenditure on waste management varied significantly.
The percentage of waste management expenditure

2

countries distort the overall picture.

20

Given the incomplete data for Bulgaria, this country was not analyzed. Just like Portugal, the residual data for these
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Table 2. Ranking of Member States by dominant outlay in the structure [%] of environmental protection expenditure
of general government (multi-annual spending for 2012-2021)

Expenditure GF0501 GF0502 GF0503 GF0504 GF0505 GF0506
Independent X1
variable
Country Waste Wastewater Pollution Protection R&D Environmental
management management abatement of biodiversity environmental protection
and landscape  protection n.e.c.
Bulgaria* 82.7 3.9 0.0 0.9 0.0 12.5
Cyprus 79.1 12.1 6.7 2.1 0.0 0.0
Italy 65.6 2.4 6.2 14.3 8.6 2.9
Spain 61.1 14.7 35 10.3 4.1 6.4
Latvia 59.3 6.8 16.9 4.2 0.7 12.0
Malta 51.1 20.3 4.9 17.9 0.0 5.8
France 50.9 20.8 8.9 8.3 3.1 8.1
Slovakia 49.9 11.4 7.7 8.1 2.9 20.0
Greece 48.5 6.7 44.0 0.2 0.0 0.6
EU27 44.0 18.8 15.5 9.8 4.5 7.4
Lithuania 46.2 8.4 16.2 8.0 0.3 21.0
Romania 45.5 19.5 32.7 0.1 0.0 2.1
Hungary 42.9 33.1 83 7.5 0.4 7.8
Netherlands 41.7 29.7 17.1 8.4 1.5 1.5
Portugal* 36.8 20.6 9.4 14.1 10.1 9.1
Estonia 31.6 11.7 17.3 18.2 11.9 9.3
Czechia 31.5 313 4.4 25.6 2.4 4.7
Germany 29.4 22.8 25.1 8.6 6.9 7.2
Ireland 3.9 60.1 6.2 22.7 1.5 5.6
Slovenia 11.7 45.9 17.2 9.5 7.0 8.6
Luxem- 21.5 45.4 16.5 11.8 0.2 4.6
bourg
Poland 19.6 38.6 11.8 4.5 5.0 20.5
Sweden 26.4 38.4 2.0 8.1 2.2 22.9
Belgium 29.4 6.6 48.5 43 1.2 10.0
Austria 12.0 24.9 39.9 5.0 5.7 12.4
Finland 12.0 0.0 32.1 18.5 14.8 22.6
Denmark 8.3 2.5 11.0 45.5 5.9 26.9
Croatia 18.2 16.7 3.2 14.9 1.2 45.8

*Incomplete data

Source: own study.
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and 51.51% in Poland. Among these countries, Spain
has a relatively high share of GF0501 expenditure in
total GFO5 expenditure, while Croatia has a relatively
low share. This allows us to conclude that relatively
low spending can be effectively allocated. On aver-
age, during the period under consideration, the share
of GF0501 expenditure in total GFO5 expenditure was
as follows: Spain (61.12%), Latvia (59.32%), France
(50.86%), EU27 (43.97%), the Netherlands (41.73%),
Czechia (31.48%), Germany (29.37%), Luxembourg
(21.47%), Poland (19.64%), and Croatia (18.15%).
For the entire group, this share averaged to 37.71%.
Interestingly, the coefficient of determination in this
group exceeded 90%, as illustrated for the Netherlands
(Fig. 1), Luxembourg, and France. The efficiency of
GF0501 expenditure in implementing the concept
of sustainable development, as determined by the
SDG_11_60 measure, can be considered exceptionally
high. During the analyzed period, an increase in the
SDG_11_60 measure was observed in all countries
with a clearly positive relationship: Latvia (by 29.5%),
Poland (by 28.3%), Czechia (by 20.1%), Croatia (by
16.7%), EU27 (by 8.7%), the Netherlands (by 8.4%),
Luxembourg (by 7.9%), France (by 7.4%), Spain (by
6.9%), and Germany (by 5.9%). The countries that
joined the EU after 2004 showed a higher level of
improvement in the SDG_11_60 measure compared

[% of total waste generated]
W
wn
(=)
S

()
N
[o8)
35

20155180 -8 — -~
e / 4"’

,,,,,, ® 2014;50.90 -~

Y1 SDG_11_60
w
[\
w

50.14 2913;49.80

49.04 ‘_,.’ 2012;49.40

to the EU27. The relatively low improvement of the
SDG_11_60 measure in countries with exceptionally
high determination coefficients should not be seen as
negative, as these countries exhibited significantly
higher determination levels at the beginning of the
analyzed period.

In the remaining 13 countries, the linear regression
slope is positive in six countries and negative in seven
countries. It cannot be confirmed with 95% confidence
whether it is positive or negative. The p-value for the
remaining 13 countries was higher than the assumed
5% significance level. Therefore, the slope value in
these countries should not be considered statistically
significant. Consequently, it is impossible to une-
quivocally assess the efficiency of GF0501 expendi-
ture in terms of improving the SDG_11_60 measure.
Nevertheless, it is interesting to note that there are
countries with a negative linear regression coefficient.
This suggests that the expenditure does not contribute
to improving the measure characterizing sustainable
development. Negative linear regression coefficients
were found for Romania, Sweden, Malta, Slovenia,
Portugal, Belgium, and Cyprus. The share of GF0501
expenditure in total GF05 expenditure in the period
under consideration was, on average, as follows in
these countries: Cyprus (79.08%), Malta (51.08%),
Romania (45.49%), Portugal (36.78%), Belgium

2021:57.80 D
-+ 2621;57.86 7

g — |
® 2019;56.90 _-@ 2020;56.90

e 2018;55.90

3842.00 3962.22 4082.44 4202.67 4322.89 4443.11 4563.33 4683.56 4803.78 4924.00
X1-GF0501 [Million euro]

® Netherlands ------ YI'-CI ----

Y1'+CI

Linear reggression

Fig. 1. Linear relationship between GF0501 expenditure and SDG 11 _60 measure — Netherlands in 2012-2021

Source: own study.
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Fig. 2. Linear relationship between GF0501 expenditure and SDG_11_60 measure — Romania in 2012-2021

Source: own study.

(29.44%), Sweden (26.37%), and Slovenia (11.70%).
It should be noted that these percentages vary greatly.
Moreover, among the countries with a negative coef-
ficient, some have a very high share of GF0501 ex-
penditure in the overall spending structure. Within this
group, special attention should be given to Romania,
as the p-value of 0.063118 is close to the significance
level adopted in the research procedure (Fig. 2).

Although the observed relationship is not statisti-
cally significant, the graphical assessment indicates
that the measure has deteriorated. Therefore, it can be
presumed that the GF0501 expenditure is ineffective.
With nearly double the expenditure of GF0501, there
is a noticeable decline in the SDG_11_60 measure.

DISCUSSION

Previous studies have included an analysis of the
amount of expenditure on environmental protection
[Bobakova and Mihalikova 2019, Dziawgo 2022]
and the structure of expenditure on environmental
protection based on spending purposes [Bobakova
and Mihalikova 2019, Sobczak 2021, Dziawgo 2022].
However, their geographical and temporal scope was
fragmented. This article covers all European Union
countries over a relatively long period (2012-2021),
which allows for formulating conclusions regarding

24

the policy of spending public funds for environmental
purposes in individual member states.

The concept of sustainable development and the
financing of environmental protection are widely dis-
cussed issues in the literature. However, the efficiency
of environmental protection activities, including waste
management, has remained a niche topic. Monitoring
progress is a necessary step in implementing the con-
cept of sustainable development correctly. Sustainable
development often has a non-financial dimension
in social or economic policy, which makes progress
monitoring challenging. As a result, numerous studies
have focused on the selection of indicators in sustain-
able development management [Balas and Molenda
2016, Szyja and Michalak 2023].

Tasks in this area require both time and financial
resources, which raises the question of their efficiency.
Efficiency is understood in two ways in the literature.
First, efficiency, as the efficacy of action, means that
its result aligns with the intended goal. Second, effi-
ciency expresses the relationship between the achieved
goal (result) and the expenditure incurred to achieve it
[Penc 1997]. Previous studies indicate that an increase
in expenditure on environmental protection does not
necessarily lead to a proportional increase in efficiency
[Barrell et al. 2021, Mihalikova et al. 2022]. This study
is part of the research on the efficiency of expenditure

https://aspe.sggw.edu.pl
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on environmental protection [Ercolano and Romano
2018, Barrell et al. 2021, Sobczak 2021]. The research
conducted by the authors builds upon previous studies
on the efficiency of expenditure on environmental pro-
tection in waste management, specifically in the context
of sustainable development goals [Mihalikova et al.
2022]. The study by Mihalikova et al. [2022] utilized
data for the entire European Union, treating both the EU
as a whole and individual member states as subjects of
research. Their research confirmed the effectiveness of
funds spent on waste management in the European Un-
ion by examining the relationship between public spend-
ing and the recycling rate of municipal waste, as well as
energy recovery of communal waste [Mihalikova et al.
2022]. In this research procedure, the recycling rate of
municipal waste was used as a common measure. The
efficiency of spending funds was confirmed for both the
European Union and individual member states. The use
of the recycling rate of municipal waste as a measure
confirmed the efficiency of waste management expend-
iture for the entire European Union, although not for all
member states.

CONCLUSIONS

The concept of sustainable development and broad-
ly understood environmental protection is a priority of
European Union policy. Economic incentives, includ-
ing fiscal incentives, are important factors in achieving
sustainable development goals. The need to spend on
environmental protection is constantly increasing and is
mainly driven by the need to balance economic devel-
opment with environmental care. When assessing ex-
penditure on environmental protection, European Union
countries should consider the expected environmental ef-
fects. Firstly, waste management expenditure dominates
the structure of environmental protection expenditure for
most countries. Secondly, an analysis of the efficiency
of environmental protection expenditure in waste man-
agement confirms its efficiency, specifically in terms of
the recycling rate of municipal waste. The efficiency of
expenditure was verified using the SDG 11 60 measure
in the Netherlands, Luxembourg, France, EU27, Croatia,
Czechia, Germany, Spain, Latvia, and Poland. The hy-
pothesis that higher government expenditure on environ-
mental protection leads to more efficient waste manage-

https://aspe.sggw.edu.pl

ment has been confirmed for these countries. However,
in other countries, it is not possible to unequivocally as-
sess the efficiency of GF0501 expenditure in improving
SDG 11 60, and the hypothesis cannot be confirmed. It
is worth noting that Romania deserves special attention
as a negative relationship was observed, indicating that
an increase in GF0501 expenditure would decrease the
value of the measures, which is contrary to logic. Thirdly,
conducting research on the efficiency of environmental
protection expenditure is essential, not only in the field
of waste management but also in other areas. However,
the quality of the measures poses an obstacle to such
studies. Analyzing the efficiency of spending public
funds in a sustainable context requires complete and
consistent data at annual intervals. The limitation lies
in the availability and number of samples. Some SDGs
are collected yearly while others are collected every two
years, and this inconsistency hinders a deeper analysis
of general spending efficiency. Fourthly, an alternative
solution would be to use a method that allows for simul-
taneous consideration of multiple measures in assessing
the efficiency of environmental protection expenditure of
general government.
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EFEKTYWNOSC WYDATKOW SEKTORA INSTYTUCJI RZADOWYCH
| SAMORZADOWYCH NA OCHRONE SRODOWISKA W PANSTWACH UNII
EUROPEJSKIE) W KONTEKSCIE ZROWNOWAZONEGO ROZWOJU

STRESZCZENIE

Cel: Dazenie do zrownowazonego rozwoju uzasadnia ponoszenie wydatkoéw w zakresie ochrony $rodo-
wiska naturalnego, bowiem aktywna polityka fiskalna panstwa jest istotng determinantg osiggania celow
zrownowazonego rozwoju. Dystrybucja srodkéw publicznych powinna zaleze¢ od efektywnosci ich wy-
korzystania. Celem postepowania badawczego jest: (1) analiza struktury wydatkéw sektora instytucji
rzagdowych i samorzadowych na ochrong $rodowiska w Unii Europejskiej i w poszczeg6élnych panstwach
cztonkowskich; (2) ocena efektywnosci wydatkow sektora instytucji rzagdowych i samorzadowych na
ochrong $rodowiska w realizacji celow zrownowazonego rozwoju w zakresie gospodarowania odpadami.
Metody: W badaniu wykorzystano regresj¢ liniowa z granicami ufnosci regresji. Do oceny skutecznosci
wydatkow wykorzystano wskaznik poziomu recyklingu odpadow komunalnych (SDG_11_60). Wyniki:
Struktura wydatkow publicznych na ochrone $rodowiska w wickszosci krajow cztonkowskich w latach
2012-2021 byta stabilna, co moze wynikaé z przyjetych krajowych polityk srodowiskowych lub uwarunko-
wan wewnetrznych danego kraju. W najwiekszej liczbie panstw w strukturze wydatkow sektora instytucji
rzagdowych i samorzadowych na ochrong $srodowiska dominujg wydatki w zakresie gospodarowania odpada-
mi. Analiza efektywnosci wydatkow sektora instytucji rzadowych i samorzadowych na ochrong srodowiska
w gospodarce odpadami potwierdzita ich efektywno$¢ w znacznej liczbie panstw. Podsumowanie: Postepo-
wanie badawcze wskazato, ze mozna potwierdzi¢ zalezno$¢ pozytywna pomigdzy wydatkami a osigganiem
celow zrownowazonego rozwoju. Niestety, istnieje problem spdjnosci danych dotyczacych réznych wskaz-
nikow mierzacych zrownowazony rozwoj, przez co rozszerzenie postepowania badawczego do przypadku
wielowymiarowego jest utrudnione.

Stowa kluczowe: wydatki na ochrone srodowiska, mierniki zrownowazonego rozwoju, cele zrownowazon-
ego rozwoju, efektywnos¢, gospodarowanie odpadami
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ABSTRACT

Aim: The main aim of this article is to evaluate the influence of electricity prices on the overall economic
price level. Methods: The research methodology was carefully designed to encompass various analytical
tools, including the graphical representation of data, basic statistical analyses, the computation of the Pearson
correlation coefficient with consideration of time lags, and the application of the Granger causality test. Re-
sults: The outcomes of the study revealed a significant inefficiency within the market mechanism. Contrary
to expectations, the anticipated correlation between electricity prices and inflation (PPI and CPI) indices was
found to be statistically insignificant. However, among the examined relationships, a strong and noteworthy
connection emerged between coal prices and the PPI inflation index, particularly with a distinct two-month
lag in this correlation. Conclusions: Drawing conclusions from the analysis, it became evident that while
energy commodity prices, such as coal, do not directly translate into electricity prices and subsequently influ-
ence inflation, coal prices do emerge as a significant predictor of inflation. This observation suggests a gap
in the intermediate stage of the production cycle, shedding light on a pronounced market inefficiency. The
significance of these findings extends beyond the narrow scope of the energy sector. They provide a broader
perspective on pricing relationships in the economy, highlighting the limited impact of the market price
of electricity on shaping the overall price level. This nuanced understanding constitutes a noteworthy and
valuable contribution to the field of economic research, emphasizing the multifaceted dynamics that underlie
pricing mechanisms in a complex economic system.

Key words: energy, electricity, coal, CPI, PPI
JEL codes: E300, E310, E710

INTRODUCTION

The issue of price formation in the economy

The issue of how energy commodity and electric-
ity prices affect overall prices in the economy has
become increasingly significant since the beginning
of the 2020s, particularly in the field of economic re-
search [Ezeaku et al. 2021]. This situation has been
influenced by a variety of factors — including not only

recent global events, but also a wide range of deci-
sions made at all levels of public administration in the
previous decades [Schlacke et al. 2022].

The matter of price formation in the economy
should not be exclusively linked to fluctuations in
electricity prices and energy commodities [De Grego-
rio 2012]. However, due to their widespread use in the
modern economy, it would be reasonable to assume
that increases in the prices of these production fac-
tors can have a significant impact on the final prices
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of products and services in the economy. It is worth
noting, however, that beyond the prices of energy in
a broad sense, numerous factors stemming from both
internal and external conditions of a given economy
can significantly influence prices in the economy
[Nagy et. al. 2018].

Researchers indicate that one of the key factors
influencing the level of inflation is the functioning
of the classical market equilibrium model [Raghutla
2020], where the coexistence of demand and supply in
a particular market contributes to determining the so-
called “equilibrium price and quantity”. Any changes
in demand and supply, especially phenomena related
to shortages and surpluses, can significantly impact the
final determination of the price [Loxton et al. 2020].

Presently, it is generally acknowledged in the
majority of countries worldwide that government au-
thorities should intervene in the free market to some
extent [Majone 2019]. This sentiment is echoed in
Poland, where the constitution (Article 20) establishes
the economic system in the country as the so-called
“social market economy” [Constitution of the Repub-
lic of Poland 1997]. This gives public administration
authorities the highest mandate for economic inter-
vention. However, state intervention, particularly in
terms of setting minimum and maximum prices or
altering tax rates on specific products and services,
can have implications for shaping prices in the econ-
omy [Seremak-Bulge et al. 2006]. When implement-
ing minimum prices, the state often aims to protect
producers, while maximum prices are introduced to
safeguard consumers. Similarly, the regulation of tax
rates on products and services, including excise taxes,
can also significantly impact overall price levels in the
economy [Ferrara et al. 2021].

In Poland, fixed electricity prices for households
and some businesses are a relatively common phe-
nomenon [Gabry$ 2020]. However, this is not the
norm globally, as exemplified by recent fluctuations
in electricity prices in Texas [Brown et al. 2022],
which led to a sharp increase in costs for consumers.

State intervention in the free market, often expressed
in strategic sectors of the economy, is not the sole de-
terminant of prices. Scientific discourse also highlights
entrepreneurial initiative as a significant factor con-
tributing to inflation [Weber and Wasner 2023]. Given
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their nature, companies primarily seek to maximize
profits or enhance their value for shareholders from
a financial standpoint [Widarti and Pramajaya 2018].
These fundamental objectives of companies make them
inclined to increase the prices of their offered products
and services as long as it results in tangible benefits for
the company. Consequently, businesses meticulously
utilize any opportunities arising from the conditions of
a given market, thereby contributing to the final price
level in that market or on a broader scale within the
entire economy [Loxton et al. 2020]. Cognitive factors,
specifically psychological aspects, are also consid-
ered pivotal in the context of price formation in the
economy. History has witnessed numerous instances
where individuals, influenced by external factors often
causing panic, made seemingly irrational decisions by
purchasing specific products in large quantities, there-
by significantly increasing demand and subsequently,
prices. In recent years, events such as the COVID-19
pandemic and the armed conflict in Ukraine have con-
tributed to such behaviors [Caldara et al. 2022]. Amid
widespread panic, prices of essential products such as
sugar, masks, and disinfectants during the pandemic,
or fuels, coal, and gas during the conflict in Ukraine,
experienced substantial fluctuations, often witnessing
significant price hikes in a very short period. This,
particularly in the case of energy commodities, could
imply a chain reaction on inflation throughout the entire
economy [Guenette et al. 2022].

The issue of energy in the economy

The energy sector in Poland, as well as in many
other countries worldwide, is perceived as strategic.
Consequently, public administration authorities in-
tervene in this branch of the economy in a particular
manner [Szkutnik and Sobota 2010]. State intervention
in the national energy sector can take direct forms such
as implementing maximum prices, regulating tax rates,
imposing energy consumption restrictions, price rigidi-
ties, etc. [Sikorska 2021]. It can also be indirect through
the implementation of national and European policies
concerning the future directions of the sector’s devel-
opment [EU Directives EU/2019/944; EU/2019/943].

As of 2023, the Polish energy market is partially
liberalized, thanks to the simultaneous operation of
a rigid, “frozen” electricity price for households and
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certain businesses [Gabry$ 2020]. The rates are deter-
mined based on consumption thresholds. Meanwhile,
liquid prices, which are expressed through market
principles, are facilitated by the Towarowa Gietda En-
ergii — TGE [Grudzinski et al. 2023].

Furthermore, the energy market includes not just
electricity, but also energy commodities like coal,
gas, oil, and gasoline. The prices of these commod-
ities are determined by the free market and are also
traded on global exchanges. They are often vulnerable
to speculative activities [Conrad 2023]. The state, at
most, intervenes to safeguard consumers, not through
price policies but by implementing subsidies. This
was observed in 2022 when subsidies were introduced
for coal, leading to increased demand and subsequent
price growth [Prokopowicz 2023].

The market for liquid fuels in Poland is also charac-
terized by state intervention, albeit indirectly through
the monopoly of state-owned capital companies, in
which the state holds a majority stake [Leszkiew-
icz-Kedzior 2014]. As a result, political decisions may
have an impact on the final retail and wholesale prices
of liquid fuels and subsequently influence the overall
inflation rate in the economy.

Energy prices can also be influenced by policies and
development strategies in the energy sector. Strategic
documents such as ‘Polska Polityka Energetyczna do
2040’ or the EU’s “Fit for 55” package could potentially
impact future changes in energy prices. Both strategic

1.61%

50,10%

Fig. 1. Structure of electricity generation in Poland in 2022

documents outline a comprehensive energy transforma-
tion plan, which includes the diversification of energy
generation, investments in nuclear energy, moderni-
zation of transmission networks, and efforts to reduce
pollution and greenhouse gas emissions [Zargbski and
Katarzynski 2023]. This transformation will require
significant investment, and the financing needs may be
partially reflected in energy prices in the future.

The specific characteristics of electricity in
Poland

Electricity plays a fundamental role in the lives of
every individual. Nowadays, conducting regular daily
life and economic activities without it seems practical-
ly impossible. Therefore, it seems rational to assume
that its prices can significantly impact the level of in-
flation in the economy [Adi et al. 2022].

It is worth noting that electricity can be generated
in many ways, ranging from less to more environmen-
tally friendly methods. However, in the case of Poland,
the vast majority of energy is produced using hard coal
and lignite [PSE 2023], constituting over 75% of the
energy structure (Fig. 1).

In light of the presented structure (Fig. 1), it can
be observed that electricity prices in Poland should be
relatively strongly correlated with the market price of
coal. This, in turn, may have implications for the final
prices of products and services due to the widespread
use of electricity in the economy.

5.71% = Water
= Gas

Wind and other
Renewables

Lignate

= Coal

Source: own study based on the report of Report of PSE for 2022 [2023].
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The main goal of this study is to verify the impact
of electricity prices on the overall price level in the
economy. Achieving this objective is based on explor-
ing the interrelationships between global coal prices,
the market price of electricity in Poland, and the infla-
tion levels measured by the PPI (Producer Price Index)
and CPI (Consumer Price Index). This has led to the
formulation of the following research questions:

1. How do changes in energy commodity prices af-
fect the inflation level in Poland?

2. How does the change in electricity prices contrib-
ute to changes in the inflation level in Poland?

Due to the significance of coal for Poland’s ener-
gy sector and the widespread use of electricity in the
economy, a hypothesis has been adopted assuming
a connection between coal prices, electricity prices,
and the level of inflation in the economy.

MATERIALS AND METHODS

The research conducted in this study is based on
a literature review regarding the pro-inflationary im-
pact of energy, an examination of key documents and
policies related to energy development, and a statisti-
cal analysis of a dataset spanning from 2021 to 2023.
The dataset includes:
* monthly PPI and CPI indicators;
» the average monthly energy prices according to
the TGE in PLN;
» stock market prices of Rotterdam Coal in USD.

The analyzed time series is relatively brief, yet
it effectively captures significant relationships. Of
particular interest is its coverage of a period marked
by heightened inflation, and understanding potential
reasons for this upsurge is crucial. It serves as a foun-
dation for shaping the state’s macroeconomic policy.
Additionally, the primary statistical analyses are built
upon return rate series, mitigating the influence of
trends in the data on research outcomes and minimiz-
ing the occurrence of spurious correlations.

The statistical analysis of the dataset was rooted in:
» graphical representation of changes in PPI, CPIL,

electricity, and coal prices on a month-to-month ba-
sis, both as single-base indices with a January 2021
base and in the form of month-to-month illustrations;
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* determining basic statistics for the time series in-
crements of the analyzed data, including: mean,
median, standard deviation, coefficient of varia-
tion, minimum, and maximum;

e determining the values of Pearson’s correlation
coefficient without time delays and with time de-
lays of #+1 and #+2:

1
(n—i)Xf=1 &= X0r+i=7)
Sy S,
i=0,1,2

where:

X, y —mean values of increments for variables X and Y,
S, Sy — standard deviations of increments for variables
Xand Y.

The Pearson correlation coefficient enables the
assessment of the strength and direction of the linear
relationship between two variables. When examining
the relationship between energy prices and the level
of inflation, we can use the Pearson correlation coeffi-
cient to determine if there is a correlated trend between
these variables.

*  determining the significance level of the ¢-Student
test for the correlation coefficient (without time de-
lays) and the significance level of the Granger test
for relationships with time delays of ++1 and 2.

The Granger significance test was based on
two-equation models:

x,=atZa x +Zby =12
Yy 4 + ZiaZ.zxt-i * Zib2.ryt—i’ 1= 1,2

The focus was on the second equation. The Grang-
er causality test provides a statistical tool to determine
whether past values of a variable (e.g., energy prices) can
predict future values of another variable (e.g., inflation
levels). By investigating the causal relationship between
energy prices and inflation, researchers can discern the
direction of influence between these economic indica-
tors. Therefore, the Granger test allows assessing wheth-
er it is possible to eliminate variable X in the equation
describing the development of variable ¥ [Kusidet 2000].

The selected methods, due to their properties, could
be utilized in scientific research on the interdependen-
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cies of various variables. Both the Pearson correlation
coefficient and the Granger causality test provide em-
pirical evidence that can support or refute theoretical
assumptions about the relationship between energy
prices and inflation. This enhances the robustness of
research findings and contributes to a deeper under-
standing of the economic mechanisms at play.

RESULTS

The years 2021-2023, in the wake of two consecu-
tive global crises — the pandemic followed by the war
— were relatively unstable, not only economically, but
also socially. Uncertainty also affected global energy
markets, often leading to drastic changes in prices
within short periods. From significant decreases in the
initial stages of the pandemic to sharp several hundred
percent increases in energy commodity prices and
electricity itself in the months following the outbreak
of the Russo-Ukrainian War [K¢pka and Pajak 2022].

Similarly shaped is the graphical representation
of changes in energy prices, coal prices, and inflation
levels presented in (Figs 2 and 3). In Fig. 2, the devel-
opment of coal prices, energy prices, and inflation is
depicted as a single-base index with a base of January
2021 = 100, while in Fig. 3, it is illustrated as a chain
index, representing the month-to-month ratio to the
previous month.

600,0 M/01.2021
500,0
400,0
300,0
200,0
100,0
TGeBase_Wavg Rotterdam Coal
0,0
N N N
SRS W@Q’ w@? & K w@?’ w@?’
A NG\ M \ U\ R\ M NN

The presented charts (Fig. 2) reveal highly dynam-
ic changes in the selected values during the analyzed
period. It is noteworthy that in the cumulative incre-
ment chart from January 2021 (Fig. 2), the prices of
electricity (TGeBase Wavg) and coal, depicted on the
left side, exhibited a significant surge, reaching a peak
in September/October 2022, at a level five times high-
er compared to January 2021. In the latter part of the
examined period, there is a rapid decline in coal and
energy prices. The most recent prices are twice as high
as at the beginning of the period.

In the chart on the right side (Fig. 2), the values of
CPI and PPI inflation are presented, characterized by
a dynamic increase compared to January 2021. They
reached a peak in February 2023 for PPI and April
2023 for CPI. Therefore, despite the decline in coal
and energy prices, inflation did not decrease, but its
growth rate slowed down. The period from which the
slowdown in inflation is observed suggests a delayed
dependence on changes in coal and electricity prices.
At the end of the examined period, inflation indices
are about a third higher than in January 2021, indicat-
ing that the price increase is not as significant as the
increase in coal and electricity prices.

Fig. 3 shows month-to-month fluctuations. Inter-
estingly, electricity and coal prices exhibit significant-
ly larger fluctuations than PPI and CPI inflation, as
can be seen on the chart axes. The variations in energy
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Fig. 2. Fluctuations in electricity, coal and inflation prices in Poland compared to January 2021 = 100 (2021-2023)

Source: own study based on the publicly available data (Statistics Poland and Stock data).
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Fig. 3. Monthly fluctuations in electricity, coal and inflation prices in Poland (2021-2023)

Source: own study based on the publicly available data (Statistics Poland and Stock data).

prices are strong and relatively frequent, with month-
ly fluctuations reaching extreme magnitudes of up
to £50%. In contrast, inflation only experienced one
strong fluctuation in March 2022 (6.6% for PPI and
3.3% for CPI on a monthly scale), and since then, the
price increases have lost momentum. It is crucial to
note, as depicted in Figure 3, that fluctuations in ener-
gy prices do not seem to directly affect inflation levels
within the same time period. For example, the sharp-
est rise in inflation can be observed around March
and April 2022, whereas energy prices, particularly
electricity prices, recorded a significant decrease on
a monthly basis. On the other hand, it seems that coal
prices may indeed impact inflation levels, especially
when examining the timeline since the beginning of

Table 1. Basic statistics of selected variables (2021-2023)

2023. Starting from January 2023, most observations
of coal prices show negative fluctuations, which is
also the case for CPI inflation. As for PPI levels since
the beginning of 2023, there is a noticeable regular
decline in month-to-month fluctuations.

For the data presented in Fig. 3, basic statistics
were also determined (as shown in Table 1).

The values of the presented statistics confirm the
dynamic nature of the changes occurring in the ana-
lyzed period. It is worth noting that electricity and
coal prices experienced the strongest average increase
(4-5%) with a very high variability measured by the
standard deviation (19-22 p.p.) from month to month.
On the other hand, the mean and standard deviation
values for inflation were significantly lower, indicat-

TGeBade Wavg

M/M Rotterdam Coal (Electricity) PPI CPI
Mean 4,71% 4,08% 0,87% 0,86%
SD 22,69 p.p. 19,53 p.p. 1,47 p.p. 0,83 p.p.
V 4,82 4,78 1,69 0,97
Range 101,21 p.p. 88,77 p.p. 8,50 p.p. 3,70 p.p
Median 4,55% 1,81% 0,90% 0,75%
Min —48,94% -38,52% —1,90% —-0,40%
Max 52,27% 50,25% 6,60% 3,30%

Source: own study based on the publicly available data (Statistics Poland and Stock data).
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ing relatively more stable and less dynamic changes in
these variables during the analyzed period. The min-
imum and maximum values also exhibit a significant
discrepancy between inflation and energy. Coal prices
showed the highest peaks of fluctuations, changing
from nearly —50% at the minimum point to over 50%
at the maximum. This should not be particularly sur-
prising given the market nature of this raw material
and its susceptibility to speculative investor behavior.
Strong fluctuations in coal prices, in connection with
the conditions of the Polish energy sector, could trans-
late into reactions in the form of equally significant
fluctuations in electricity prices, subsequently affect-
ing PPI but in the form of less dynamic fluctuations.
These, in turn, led to a slow, relatively stable increase
in CPI, averaging no more than 1% month-to-month.
The extreme values of monthly changes in PPI and
CPI indicators range from —1.90% to 6.60% and from
—0.40% to 3.30%, respectively.

The assumed relationship presented above, which
can be described as a sequence:

coal = electricity = PPI = CPI,
and alternative sequences:

coal = PPI = CPI,
electricity = CPI,

was subjected to statistical analysis expressed by de-
termining the Pearson correlation coefficient and the
significance level of the Granger test with lags of 7+1
and 42, as shown in the table below (Table 2). In addi-
tion, lags of #+3 and #+4 were also analyzed, but their
results are not shown in (Table 2) due to decreasing
values in both the Granger causality test and Pearson
correlation coefficient.

In the Granger causality test, most of the assumed
relationships do not appear prominently. As seen in
Table 2, no clear correlation was found between coal
prices and electricity prices in Poland, both in the

Table 2. Correlation coefficients and significance levels of selected variables X—V

Rotterdam TGeBase_Wavg Rotterdam PPI
Coal (0% Coal Y)
X Xy i X Xy :
correlation p-value correlation p-value
coefficient coefficient
M/M 0.234 0.197 M/M 0.134 0.466
M/Mt+1 —-0.161 0.407 M/Mt+1 0.360 0.067
M/Mt+2 —0.009 0.695 M/Mt+2 0.568 0.004
TGeBase_ PPI TGeBase_ CPI
Wavg ™ Wavg ™
) XY ; X) XY B
correlation p-value correlation p-value
coefficient coefficient
M/M 0.204 0.262 M/M —0.028 0.880
M/Mt+1 0.107 0.950 M/Mit+1 —0.055 0.799
M/Mt+2 0.100 0.990 M/Mt+2 0.041 0.924
PPI CPI
X) 89)
XY -
correlation p-value
coefficient
M/M 0.686 0.000
M/Mt+1 0.402 0.059
M/Mt+2 0.473 0.061

Source: own study based on the publicly available data (Statistics Poland and Stock data).
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contemporaneous period and with time lags. Such
a situation may be considered atypical, considering the
degree of dependence of the Polish energy sector on
coal as a raw material. Similarly, there is no significant
relationship between electricity prices and the level of
PPI and CPI inflation, indicating a lack of the often
suggested influence of electricity prices on inflation.
However, it is worth noting that households and a large
portion of businesses in Poland use electricity at fixed
prices, which undoubtedly contributes to the absence
of a visible correlation between inflation and market
electricity prices. Additionally, not surprisingly, a high
degree of dependence was observed between PPI in-
flation and CPI inflation, confirmed by low values in
the Granger causality test.

On the other hand, what may be perceived as
surprising is the observation of a relatively strong as-
sociation between market fluctuations in coal prices
and changes in PPI inflation in the period t+2. Such
a relationship suggests that when there are changes in
coal prices in the market, inflation reacts accordingly
with a two-month delay. Subsequently, due to the sta-
tistical connection between PPI and CPI, changes in
coal prices also affect the prices of consumer goods
and services. This indicates a ripple effect throughout
the economy, where changes in coal prices, which are
a crucial input across multiple industries, ultimately
impact the general cost of living for consumers [Guan
et al. 2023]. These findings illuminate the intricate
interplay among commodity markets, inflation trends,
and consumer price indices, emphasizing the inherent
complexity of economic systems and the interconnect-
edness among diverse sectors within them.

DISCUSSION

The results presented in connection with the re-
search conducted lead to a natural discussion regard-
ing the actual impact of energy prices on the economy.
These studies indicate that no specific relationship was
observed between market prices of coal and electricity
prices in Poland, which may be surprising given the
characteristics of the country’s electricity generation
system. Moreover, it was not found that the market
price of electricity significantly influences the coun-
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try’s inflation rate. The lack of a visible correlation
does not necessarily mean a real lack of impact of these
prices on inflation levels [Liu et al. 2013], due to the
dual nature of the market, where a significant portion
of electricity consumers depends on the decisions of
state authorities regarding prevailing electricity prices.
In such a situation, price changes for consumers typi-
cally occur at the beginning of the new calendar year,
leading to immediate changes in the economy [Liu et
al. 2013]. On the other hand, the remaining portion
of consumers with various agreements where the elec-
tricity price is linked to market quotations constitutes
too small a portion to visibly affect changes in inflation
at the macroeconomic level [Keles and Yilmaz 2020].
Consequently, for businesses operating with flexible
electricity prices, it is in their interest to distribute the
impact of electricity price fluctuations over time on
the services and products offered [Dussaux and Mon-
jon 2023] to maintain competitiveness compared to
competitors operating with fixed electricity prices.

The studies conducted also revealed strong de-
pendencies along the Rotterdam Coal — PPI — CPI line,
with the exception of electricity prices. In this context,
the findings of the study confirmed the assumptions of
many researchers that energy commodity prices have
a significant impact on overall prices in the economy
[Przekota 2022]. However, it is worth discussing the
observed delayed relationship between changes in the
market price of coal and the level of PPI inflation, as
well as the fact that inflation has been maintained at
a relatively high level despite a gradual decline in coal
prices since the beginning of 2023. According to Kil-
ian [2008], the phenomenon of maintaining high in-
flation resulting from a rapid increase in energy prices
is relatively normal, especially in highly energy-inten-
sive industries. The high price level may be sustained
for reasons beyond energy factors, such as the desire
for profit maximization within enterprises, which may
be emboldened by the opportunities presented by high
inflation to explain the excessive surge in the prices of
goods and services [Kilian 2008].

It is worth noting that in the conditions of the
21st-century economy, enterprises should not be signif-
icantly dependent on coal, with the exception of a few
industries. However, there is a clear correlation between

https://aspe.sggw.edu.pl
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these variables. This phenomenon can be partially ex-
plained by psychological aspects [Ezeaku et al. 2021].
Society, being informed from all sides about potential
dangers, threats, and energy resource shortages, tends
to make seemingly irrational decisions [Prentice et al.
2022], dramatically increasing demand for, among other
things, energy resources. This, in turn, leads to actual
shortages in the market while simultaneously driving
up prices. Observing these rapid changes in energy re-
source markets, companies also prepare themselves by
increasing their expenditures, which subsequently affects
the shaping of prices, both in the case of PPI and CPI
inflation [Bardazzi et al. 2015].

CONCLUSIONS

In general, the conducted research has yielded
valuable conclusions regarding the pro-inflationary
implications of energy prices. Therefore, the initially
stated research objective has been achieved, ruling out
a direct translation of electricity prices in the market
into the prevailing prices in the economy. Neverthe-
less, the provided results have allowed for the formu-
lation of even more general and specific conclusions.
The correlation between PPI and CPI inflation, as
indicated by high correlation coefficient values and
Granger causality test results, is not surprising. This
relationship arises from the interaction between pro-
ducers and consumers, as well as the objectives of
economic activity, such as maintaining profitability.
However, the clear link between PPI and CPI could
be the basis for further research into the factors that
directly influence PPI, which in turn indirectly affects
changes in CPI. Examining the factors that directly
impact PPI, as suggested by its correlation with CPI,
can provide valuable insights into the drivers of pro-
ducer prices. This understanding not only sheds light
on the dynamics of producer-consumer relationships,
but also equips policymakers and businesses with
crucial information to anticipate and address fluctu-
ations in consumer prices. Therefore, it emphasizes
the significance of incorporating both PPI and CPI in
economic analyses and policymaking endeavors.

Fluctuations in coal prices, both month-to-month
and with delays, do not appear to significantly impact

https://aspe.sggw.edu.pl

electricity market prices in Poland. This can be attrib-
uted to the low correlation coefficient and Granger’s
causality values. This situation may be related to EU
policies on CO, emission rights prices, which are deter-
mined by market forces. A significant increase in these
prices could have a greater impact on electricity pric-
es in a coal-dominant generation system compared to
changes in coal prices alone. The relationship between
coal and electricity prices should be further examined in
terms of the effects of the CO, emission rights market.

Fluctuations in market electricity prices, both
month-to-month and with delays, do not seem to have
a significant impact on inflation levels in Poland. This
is due to the very low values obtained for the correla-
tion coefficient and Granger’s causality. The absence
of a direct relationship between electricity prices and
inflation may be attributed to government regulations
that impose maximum prices on electricity for most
consumers. This regulatory intervention creates a bar-
rier to market forces influencing electricity prices and,
consequently, limits the transmission of electricity
prices to broader economic indicators such as infla-
tion. Further investigation into the effects of govern-
ment intervention on electricity pricing dynamics and
its implications for inflationary trends is warranted to
better understand the observed phenomenon.

A relatively strong correlation has been identified
between fluctuations in coal prices and the PPI infla-
tion level in the economy. This correlation is especial-
ly noticeable with a two-month delay, as revealed by
the results of the correlation coefficient and Granger
causality test. There could be several reasons for
this dependence, including the behavior of business-
es based on stock market data and aspects of crowd
psychology, particularly during times of turbulence.
However, further research should focus on determin-
ing why coal stock market prices have a significant
impact on prices in the economy. It is necessary to
investigate how business behavior, market reactions
to stock market data, and psychological factors may
influence this relationship. Analyzing these factors
can contribute to a better understanding of economic
mechanisms and help develop appropriate policy and
business strategies.
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PROINFLACYJNE ZNACZENIE CEN SUROWCOW ENERGETYCZNYCH | ENERGII
ELEKTRYCZNEJ

STRESZCZENIE

Cel: Gtownym celem tego artykutu byto ocenienie wptywu cen energii elektrycznej na ogdlny poziom cen
w gospodarce. Metody: Metodologia badawcza zostala starannie zaprojektowana, aby obejmowac réznorod-
ne narze¢dzia analityczne. Obejmowata ona graficzng reprezentacje¢ danych, podstawowe analizy statystycz-
ne, obliczenia wspolczynnika korelacji Pearsona z uwzglgdnieniem opdznien czasowych oraz zastosowanie
testu przyczynowosci Grangera. Wyniki: Wyniki badania ujawnity znaczace niedoskonato$ci w mechani-
zmie rynkowym w kontek$cie przetozenia cen energii na poziom cen w gospodarce. Wbrew oczekiwaniom
przewidywana korelacja migdzy cenami energii elektrycznej a wskaznikami inflacji (PPI i CPI) okazata si¢
statystycznie nieistotna. Niemniej jednak, w ramach zbadanych zalezno$ci, pojawilo si¢ silne i istotne powia-
zanie migdzy cenami wegla a indeksem inflacji PPI, zwlaszcza z wyraznym opodznieniem dwdch miesigey.
Whioski: Wyciagajac wnioski z analizy, stato si¢ jasne, ze chociaz ceny surowcoéw energetycznych, jak
wegiel, nie przektadajg si¢ w pelni na ceny energii elektrycznej, a nastepnie wplywaja na inflacje, ceny wegla
staja si¢ istotnym predyktorem inflacji. Ta obserwacja wskazuje na niedoskonato$ci w posrednim etapie
cyklu produkcji, co uwydatnia zauwazalne niedoskonatosci funkcjonowania rynku. Znaczenie tych wynikow
wykracza poza waski obszar sektora energetycznego. Zapewniaja one szerszg perspektywe na relacje cenowe
w gospodarce, podkreslajac ograniczony wptyw rynkowej ceny energii elektrycznej na ksztattowanie ogol-
nego poziomu cen. Ta wiedza stanowi istotny i cenny wktad w obszarze badan ekonomicznych, podkreslajac
wielowarstwowe dynamiki, ktore lezg u podstaw mechanizméw ustalania cen w ztozonym systemie gospo-
darczym.

Stowa kluczowe: energia, elektrycznosc, wegiel, CPI, PPI
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ENERGY INDEPENDENT CITIES? INVESTMENT ACTIVITY
OF CITIES IN THE IMPLEMENTATION OF EU CO-FINANCED
PROJECTS IN RENEWABLE ENERGY SOURCES

AND ITS CONDITIONS IN POLAND

Agnieszka Kozera™, Aldona Standar

Poznan University of Life Sciences, Poland

ABSTRACT

Aim: The main objective of the paper is to evaluate the scale, scope, and significance of investments in renew-
able energy sources by cities in Poland, which were co-financed from EU funds. This assessment will focus
on the last two multiannual financial frameworks, namely for the years 2007-2013 and 2014-2020. Methods:
Empirical studies were conducted based on data from the database of the Ministry of Development Funds and
Regional Policy in Poland, the Local Data Bank, and the Ministry of Finance. When investigating the invest-
ment activity of towns and cities related to renewable energy sources, basic descriptive statistics methods were
applied. Logistic regression was used to identify the primary socio-economic, financial, and environmental
conditions. Results: In the analyzed period, the role of towns and cities in the realization of renewable energy
projects increased, although it is still relatively limited compared to other types of administrative communes.
In the multiannual financial framework for 2007—2013, less than one in ten cities executed at least one project,
while in the years 2014-2020, more than one in four cities realized at least one project related to the develop-
ment of renewable energy sources supported by EU funds. The disparity in activity between towns and cities
on a regional scale was huge. These investments were more often realized by towns and cities with a lower
level of development, serving tourist functions, and experienced in carrying out such investments. Their lower
investment activity was influenced by their level of indebtedness. Conclusions: So far, one of the main drivers
behind the development of renewable energy in urban areas has been the ecological aspect, particularly the
improvement of air quality. However, there is now a growing recognition of the importance of energy security.

Key words: green energy, city decarbonization, local investments, municipal management, EU funds,
urban commune

JEL codes: H72, O18, R51, R58, Q42

INTRODUCTION mental aspects. [Neirotti et al. 2014, Hoppe et al. 2015].
The environmental impact of cities is related to consider-

Over 70% of the population of Europe lives in cit-  able energy consumption and high CO, emissions, which
ies, while in Poland, over 60% of the population lives  manifest in air and water pollution [Bibri and Krogstie
in cities. [Eurostat]. Urbanization influences all areas of ~ 2017]. Expansion of cities also leads to the loss of green
development, including economic, social, and environ-  areas designated for housing development or economic
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activity. Energy is essential for the smooth operation of
cities across various sectors, including schools, kinder-
gartens, care centers, offices, and other municipal insti-
tutions. Energy is used to run water supply systems, pro-
vide street lighting, and power tramways. Power outages
can completely paralyze a city’s functions. The condition
of the energy supply infrastructure and the infrastructure
dependent on it also plays a crucial role, not only because
urbanization increases the demand for energy [Birbi
2013]. Thus, cities undertake an increasing number of
actions aimed at modernizing infrastructure and public
utilities to improve the quality of life for their residents, as
well as enhancing their competitive advantage [Rogerson
1999, Senlier 2009, De Jong et al. 2015, Zhan et al. 2018,
Ferro De Guimaraes et al. 2020, Standar et al. 2022].
These actions are in line with the low-emission urban
development in view of the pressing need for transition
towards low-emission European' and — specifically — the
Polish economy [Hoppe et al. 2015, Burchard-Dziubins-
ka 2016, Xing et al. 2019, Kozera et al. 2022]. Issues
connected with improved energy efficiency, air quality,
and the transition to cleaner, locally available renewable
energy sources are becoming priorities for local govern-
ment units, including cities [Bulkeley 2013, Geels 2013].
To date, a major driver for the development of renewable
energy sources in urban areas has been connected to
environmental protection, specifically the improvement
of air quality [see Chen et al. 2023]. At present, energy
security is increasingly being considered essential due to
the depletion of natural resources and as a solution to the
EU energy crisis, which has been worsened by Russia’s
invasion in Ukraine. In addition to the environmental
impacts of generating energy from renewable sources,
such as reduced atmospheric CO, emissions, the solu-
tions that have been adopted aim to rationalize the costs
of purchasing and consuming electricity. Developing the
city’s own energy sources makes it possible to stabilize
energy prices, gain independence from external factors,
and ensure energy security and a reliable energy supply
for the city. Consequently, the rising energy prices are

forcing local governments to search for savings, which
can be provided by renewable energy sources. Moreover,
the use of renewable energy aligns with the concept of
a so-called “smart city” It is a multifaceted term and the
“smart environment” is one its six dimensions [Giffinger
et al. 2007, 2014]. This segment is frequently mentioned
as one of the key features of smart cities. It involves the
application of state-of-the-art technologies to ensure
the more efficient utilization of energy resources and
the reduction of CO, emissions [Stawasz and Sikora-
-Fernandez 2015]. Such cities minimize their environ-
mental impact through infrastructure and urban manage-
ment, primarily by developing and utilizing renewable
energy sources. Local investments, carried out by the
local government sector (including cities), play a crucial
role in decarbonizing cities and promoting green energy.
This is supported by the Polska Net-Zero 2050 report
[CKE 2021], which emphasizes the importance of local
community involvement in transitioning to renewable
energy sources. Given this, local government units, in-
cluding cities, must assume a key role in this process
as they are closest to the residents and have a deep un-
derstanding of their needs. They can implement various
investments at the local level to support the development
of green energy, thereby accelerating sustainable devel-
opment in the region. These investments can be financed
through various EU funds.

The primary aim of this paper is to assess the scale,
scope, and importance of investments made by cities
in renewable energy sources and co-financed from EU
funds, as well as to identify their conditions in Poland in
the last two multiannual financial frameworks (i.e., in the
years 2007-2013 and 2014-2020). This paper presents
several research questions: What is the role of cities in
the realization of investment in the development of re-
newable energy sources? What role is played by region-
al city centers in the acquisition of EU funds for these
investments? What are the primary socio-economic and
environmental factors determining the absorption of EU
funds for the development of renewable energy sources?

! With each successive multiannual financial framework, the EU increasingly focuses on the implementation of measures aimed
at the development of low-emission economy, including those related to the development of renewable energy sources. Climate
neutrality is to be reached by 2050 [Parlament Europejski 2024]. As early as 2030, greenhouse gas emissions are to be reduced
by min. 40% (in relation to the levels in 1990), the share of renewable energy in total energy consumption is to reach min. 32%,
and energy efficiency is to be increased by min. 32.5% [2030 Climate & Energy].
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The results of the conducted empirical research are both
cognitive and applied. Firstly, they fill the cognitive gap
regarding the implementation by urban local govern-
ments of investments co-financed by EU funds in the
field of RES and the conditions of this activity. Secondly,
the results of the conducted research are significant for
the implementation of future programs in the field of
low-carbon economy development, such as the National
Reconstruction Plan.

SOURCE MATERIALS AND RESEARCH METHODS

In order to realize the research aim the Ministry of
Development Funds and Regional Policy database was
searched to identify projects meeting renewable energy
criteria in low-carbon economy (priorities: 41 renewable
energy: biomass, 39 renewable energy: wind, 40 Renew-
able energy: solar, 42 renewable energy: hydroelectric,
geothermal, and other)> within two EU multiannual
financial frameworks covering the years 2007-2013
and 2014-2020. Overall, from both of these databases
comprising almost 160 thousand projects, a total of 157
were selected. The beneficiaries of these projects were
communes with town rights, including towns with coun-
ty rights. To assess the investment activity of these enti-
ties and the conditions determining such activity, a study
was designed and divided into two stages. The first stage
consisted of assessing the investment activity of towns,
focusing on renewable energy sources. This analysis was
conducted using basic descriptive statistical methods.
The second stage investigated the conditions determin-
ing this investment activity using the logit model. In the
first stage, the number and total value of realized projects
were analyzed both in absolute and relative terms (per
10 000 inhabitants and per 1 km? area). Additionally, the
percentage of towns acquiring the investigated financial
support was estimated for both studied EU financial
frameworks. A significance test for dependent variables
was applied to verify whether the size of the local gov-
ernment body and the location of the administrative

unit have a significant effect on investment activity ad-
dressing renewable energy projects. The non-parametric
one-way ANOVA on ranks (the Kruskal-Wallis test by
ranks) was used because the investigated variables within
the distinguished groups did not have a normal distribu-
tion, as verified by the Shapiro-Wilk test.

In the second stage of the study, logistic regression
was used to identify the primary socio-economic, finan-
cial, and environmental conditions that affect investment
activity in towns acquiring EU funds for the development
of renewable energy sources. Data for analyses in this
stage of the study was collected from the Local Data
Bank® and the Ministry of Finance, which was mainly
from 2020. A total of nearly 50 different variables were
considered in the research, including 19 variables rep-
resenting the socio-economic situation, 19 variables
representing the financial situation, and 8 environmental
variables. The selection of replacement variables for the
study was conducted on the basis of merit — a review of
the literature and studies by other authors, as well as the
authors’ research experience. Statistical criteria (i.e., the
degree of correlation between variables) were also taken
into account. The models that were highly correlated with
each other were eliminated. Finally, only the models that
formed statistically significant variables were discussed.

Logistic regression is used when the dependent
variable is dychotomic (i.e., it takes two values),
where value 1 denotes the presence of a given charac-
teristic, while O denotes a lack of a given characteristic
[Hosmer and Lemenshow 2000]. Investigated local
government units (i.e., communes with town rights)
were divided into two separate classes:

[0 communes with town rights, which did not re-
alize EU projects related with development of re-
newable energy sources 51 communes with town

rights, which realized EU projects related with

Ji- < development of renewable energy sources*

1 communes with town rights, which real-

ized EU projects related with development of

Lrenewable energy sources

% The projects concerning renewable energy sources were identified based on the so-called “Priority Themes” in the years

2007-2013 and Areas of support in the years 2014-2020.

3 A major barrier to conducting this type of research is the availability of data at the municipal level. There is a particular
lack of information on the level and sources of environmental pollution in Polish public statistics.

* Considering the two investigated EU financial frameworks jointly.
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The logistic function, on which the logistic regression
model is based, takes the following form [Hilbe 2009]:

eZ
1+e?

f@)=

This method is applied, for example, in modeling
probability of finding the investigated entity (e.g.,
a town) in a certain state (¥ = 1, i.e., realizing projects
related with development of renewable energy sources),
while it also identifies statistically significant factors
influencing this probability. Logistic regression makes
it possible to calculate probability of such an event (the
so-called “probability of success”) [Hilbe 2009]:

eBo T h1x1 + ..+ BrxK

P, =1/X)=

+ eBo T Bix1 + .+ BKXK ’
where:

yith (i = 1,..., n) observation in the dychoto-
mic explained variable, which takes value 1
or 0,

k=1,2,...,K
Xip,--., Xjxg — explanatory variables (socio-
economic, financial and environmental conditions,
respectively),

P(y; = 1/X) — probability that variable Y takes value
1 for values of explanatory variables,

X= [)(l‘[(,..., )(i[(], i= 1,..., n, k= 1,..., K;
o P1,-.., B — structural parameters of the model.

Formally, the logistic regression model is a gener-
alized linear model (GLM) in which the logit is a link
function. However, the interpretation of a given model
differs from that of the linear model. The sign of the
parameter at variable X defines the direction of the
effect of a given variable on Y. Its plus sign indicates
that together with an increase in X, the odds for Y= 1
increase, whereas negative values indicate a decrease
in the odds for Y = 1. In order to interpret values of
model parameters, the odds ratio is estimated [Klein-
baum and Klein 2002]:

The odds ratio determines the relative odds for the
occurrence of a given event. In the logit regression
model, the level of odds may be estimated as a func-
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tion of independent variables by modeling values of
probability. This ratio is simplified to the following
form [Kleinbaum and Klein 2002]:

Y= el tBIxls T THRXK .

The expression is a relative change in the odds for
the occurrence of an event as a result of the action of
a factor described by variable X, assuming stability of
the other variables included in the model. This value
is interpreted by comparing it with the value of 1 and
expressing the obtained difference in percent. For ex-
ample, if , then it is stated that the factor described by
variable X, has a stimulating effect on probability of oc-
currence of a given phenomenon at a stable effect of the
other variables included in the model [Cramer 2011].

The fit of the logit model is evaluated based on the chi-
square statistic and the so-called “pseudo-R’ measures”
[Maddala 2001], while statistical significance of variables is
verified based on the Wald test. Additionally, the predictive
power of the models is also assessed. This is done using the
measure of the predictive power of the model established
based on the validity table (general validity of the model)
[Hosmer and Lemeshow 2000].

RESULTS

Assessment of the investment activity
of communes with town rights, dedicated
to investment projects co-financed from
EU funds and allocated to the development
of renewable energy sources

Conducted analyses showed that out of the 302
towns investigated within the first financial framework,
less than one out of ten towns acquired UE funds allo-
cated to the development of renewable energy sources.
However, in the next financial framework, it was more
than a quarter of the investigated local government
units. Between the years 2007-2014, towns realized
a total of 34 projects, amounting to a joint sum of
95 million PLN. In the years 2014-2020, there were
as many as 123 projects, totaling over five times the
previous amount (PLN 521 million). The negative
result for the years 2007-2014 was caused by the fact
that only seven out of 16 provinces managed to ac-
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quire EU subsidies. There was a huge disparity in the
investment activity of towns depending on the region.
During the first analyzed financial framework period
in the Podlaskie province, 62% of towns realized pro-
jects dedicated to the development of renewable energy
sources, co-financed by EU funds. In the Podkarpackie,
Opolskie, and Lubelskie provinces, it ranged from 30
to 44% of the investigated local government units. In
the other regions, very limited activity was observed
for the analyzed beneficiaries. In terms of the number
of projects, the towns of the Podlaskie province were
particularly successful, as they implemented one-third
of all projects. A similar percentage was recorded for

this province in terms of the value of these investments.
However, the highest amount of EU funds allocated to
the development of renewable energy sources was ab-
sorbed by communes with town rights from the Lubusk-
ie province. Here, only 6 projects jointly amounted to
arecord PLN 46 million. In relation to the size of the
commune, measured both by the number of inhabitants
and area, the greatest funds were also acquired by towns
from the Lubelskie province (Table 1).

In the successive financial framework (i.e., in the
years 2014-2020), the level of investment activity ded-
icated to renewable energy increased considerably and
only in three provinces no towns implemented such

Table 1. Characteristics of projects co-financed from EU funds, realized by communes with town rights and allocated to
renewable energy sources in Poland within the financial frameworks for 2007-2013 and 2014-2020

2007-2013 2014-2020
value per value
total value value er Y%

Provinces number value per 10 thous per 1 km? % of towns number total value 10 thous. [1’ km? 0; towns

of . . . ’ . acquiring  of (in thous.  inhabitants . ..

rojects (in thous. inhabitants (in thous. projects projects PLN) (in thous (in acquiring
p PLN) (in thous. PLN) pln) *  thous. projects
PLN) PLN)

Dolnoslaskie 0 0 0 0 0 0 0 0 0 0.0
Kujawsko- 0 0 0 0 0 9 7578.3 795 129 412
-pomorskie
Lubelskie 6 460488 527.6 71.2 30.0 22 91 050.8 11043 140.7 35.0
Lubuskie 0 0 0 0 0 1 639.6 16.1 1.1 11.1
Lodzkie 0 0 0 0 0 3 16 507.0 126.1 19.7 16.7
Matopolskie 0 0 0 0 0 0 0 0 0 0.0
Mazowieckie 1 1816.0 39 0.9 2.9 2 20941.4 424 10.6 5.7
Opolskie 2 1954.9 88.7 6.8 333 0 0 0 0 0.0
Podkarpackie 8 7511.8 107.2 10.7 43.8 7 62 400.3 919.6 88.9 313
Podlaskie 10 292703 492.0 61.0 61.5 12 15412.8 264.1 32.1 61.5
Pomorskie 4 613.4 4.6 0.7 18.2 2 7937.6 59.2 8.9 4.6
Slaskie 3 8 048.9 239 2.5 4.1 54  263719.5 830.5 81.4 55.1
Swigtokrzyskie 0 0 0 0 0 1 4366.1 119.8 15.5 20.0
Warmifisko- 0 0 0 0 0 5 24219 397 68 313
-mazurskie
Wielkopolskie 0 0 0 0 0 3 19473.1 163.8 245 15.8
Zachodniopo- 0 0 0 0 0 2 8 620.9 1103 102 o1
morskie
Total for towns 34 95264 46.7 6.5 9.6 123 521069.1 258.6 354 26.8
Total for 237 7918914 205.7 25 x 926 3533985.4 9278 113 x
communes
Share of towns
inabsorption 14 35 1503 x x x 133 14.7 x o x

of EU support
(%)

Source: the authors’ study based on data [Zasady dziatania..., GUS and BDL].
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support. However, in this case, the concentration of
EU aid allocated to the development of green energy
was even higher. Towns in the Slaskie province had the
highest activity indicators in absolute terms, absorbing as
much as 43% of the total number of investment projects,
which is equivalent to almost half of the town projects
in that period. Once again, local government units from
the Lubelskie province took a leading position among the
most active entities. This province accumulated the high-
est number of such investments, considering the number
of inhabitants or unit area (Table 1).

The results presented above suggest that there may
be statistically significant differences between the EU aid
acquired by towns allocated to renewable energy sources
in individual provinces. The non-parametric analysis of
variance confirmed this thesis (Table 2). Further post-hoc
analysis revealed that the significance of these differenc-
es was influenced by the results recorded for towns from
the Lubelskie, Podlaskie, and Slaskie provinces. The lo-
cal government units from the Slaskie province, namely
Zawiercie and Tarnowskie Gory, were the most effective
beneficiaries, with each receiving as much as PLN 70
million for renewable energy sources.

Compared to other types of administrative communes,
towns realized approximately 13% of projects aimed at
developing renewable energy sources, absorbing 14% of
EU funds allocated for that purpose. Although these per-
centages are relatively small, it is important to note that
the number of towns is also relatively small compared

to other types of administrative communes. Furthermore,
towns themselves are not a homogeneous group of local
government units in terms of their population. There are
towns with several thousand inhabitants and others with
populations 100 or even 1000 times larger, such as the
capital, Warsaw. Interestingly, regional centers, which
are the capitals of Polish regions (called wojewddztwa in
Polish), received relatively small EU funds for projects
related to renewable energy sources. Their share of pro-
jects in the total number was as low as 5%, and the funds
they received accounted for only 2%. Studies conducted
by Standar et al. [2022] have shown that the largest cities,
which are regional centers, are leaders in implementing
projects related to transitioning to low-emission in Po-
land. Therefore, the study investigated whether the size
of a town is reflected in the EU funds acquired for in-
vestments in renewable energy sources. It was found that
the results were not statistically significant, indicating
that every town, regardless of its size, was an effective
beneficiary. Therefore, other factors may influence this
type of activity (Table 2). Based on the above, the second
part of the study focused on identifying these conditions.

Modeling the investment activity of communes
with town rights in the realization of investment
projects co-financed by EU funds, allocated to
the development of renewable energy sources
The process of acquiring EU projects dedicated
to the development of renewable energy sources by

Table 2. Results of ANOVA on ranks (the Kruskal-Wallis test by ranks) for indicators of investment activity of towns, co-fi-
nanced from EU funds and allocated to renewable energy sources in Poland within the financial frameworks for 2007-2013

and 2014-2020

ANOVA on ranks

Ling variable Variable (Kruskal-Wallis test) Significance level
. . number of projects 1.4323 p=0.4888
size of local government unit* -
total value of projects 1.729 p=04214
. number of projects 6.1152 »=0.0001
province -
total value of projects 108.9619 p=0.0001

*measured by the number of inhabitants, with towns being divided into three groups: up to 20 thous. inhabitants, from 20 to 100

thous. inhabitants and those over 100 thous. inhabitants.

Source: the authors’ elaboration based on [Zasady dziatania...].
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towns and other local government units is determined
by many factors. Thus, three logistic regression models
were developed, illustrating the effect of socio-econom-
ic, financial, and environmental factors, respectively,
on the investment activity of towns in the acquisition
of projects dedicated to green energy and co-financed
with EU funds. The results of the estimated logistic re-
gression models are presented in Table 3.The estimated
models showed good fit to empirical data, as well as
high statistical significance of investigated parameters
at explanatory variables.

The conducted empirical analyses showed that
among the socio-economic factors, the investment
activity of towns related to the acquisition of projects
dedicated to renewable energy sources and co-financed
from EU funds jointly in the two studied financial frame-
works recorded a significant effect for the demographic
situation, the level of entrepreneurship, the number of
people working on farms, the level of education of town
councilors, and the level of tourism development. The
conducted empirical studies showed that the increasing
value of the explanatory variables, such as the percent-
age of town councilors with university education or the
number of hotel beds in tourist accommodation per 10
thousand inhabitants, resulted in an increased probability
of the town acquiring projects dedicated to renewable
energy sources co-financed from EU funds. The devel-
opment potential of a commune is directly dependent on
the activity of local government bodies of communes
in acquiring funds for development, with their success
being dependent, first of all, on qualified staff. Addition-
ally, towns that are tourist resorts are concerned about air
quality and focus on the development of green energy
infrastructure. Factors stimulating the investigated phe-
nomenon also include the number of individuals working
on farms per 1 thousand people of working age. An in-
crease in their number results in increased probability of
acquiring renewable energy projects by towns (Table 3).

In turn, the increasing number of enterprises per
10 thousand people has led to a reduced likelihood
of towns acquiring and implementing green energy

projects. This means that the size and socio-economic
development of a town have no significant impact on
its ability to secure EU funds for renewable energy
development, despite the greater need for such funds
in larger towns due to higher levels of air pollution and
CO, emissions. As a result, smaller towns with lower
entrepreneurial standards or a relatively significant ag-
ricultural role also prioritize the social and economic
benefits that investments in green energy can provide.
These benefits primarily include the potential to cre-
ate additional stable jobs for less skilled workers and
stimulate economic activity in both urban and subur-
ban areas. Furthermore, the conducted analyses have
revealed that the financial factors influencing towns’
investment activity in renewable energy projects
co-financed by EU funds are primarily related to their
own income potential and overall investment activity,
including the acquisition of EU funds. As mentioned
earlier, renewable energy projects co-financed by EU
funds are more commonly undertaken by towns with
lower levels of development. The results of the estimat-
ed logit model regarding financial conditions indicate
that the higher a town’s income potential (measured
by per capita income), the lower the probability of ac-
quiring EU funds for co-financing renewable energy
projects. Conversely, towns with greater investment
activity (measured by the proportion of capital ex-
penditure to total expenditure), including those receiv-
ing EU funds for EU projects, demonstrate a higher
likelihood of realizing such projects (Table 3). This
highlights the significance of the beneficiary’s experi-
ence in the EU funding acquisition process. Addition-
ally, the level of indebtedness of towns decreases the
probability of obtaining and implementing renewable
energy projects co-financed by EU funds. Common
law regulations specify limits on the indebtedness of
local government entities, which then impact their po-
tential for financing or co-financing public tasks using
retransferred sources, as well as their ability to apply
for debt funds [Dworakowska 2016, Kozera 2017].

In the third group of environmental factors, the in-

5 Empirical data showing conditions for investment activity of towns related to renewable energy sources came mainly from
2020. This study investigated jointly almost 50 different variables, including 19 variables illustrating the socio-economic
situation, 19 variables presenting the financial situation and eight environmental variables. Finally, only those models were

discussed, which constituted statistically significant variables.

https://aspe.sggw.edu.pl

47



Kozera A., Standar A. (2024). Energy independent cities? Investment activity of cities in the implementation of EU co-financed projects
in renewable energy sources and its conditions in Poland. Acta Sci. Pol. Oeconomia 23 (2), 41-53, DOI: 10.22630/ASPE.2024.23.2.8

Table 3. Results of estimation for parameters of logit models developed for investment activity of towns dedicated to

renewable energy sources and co-financed from EU funds in Poland within the financial frameworks for 2007-2013 and

2014-2020
[Explanatory . Odds b
(independent) variables Coefficient | Std. Error ratio p-values | Relevance
Change in the number of residents per «
1000 inhabitants (total for 2007-2020) ~0.0030 0.0027 | 0.9950 0.0632
Entities registered in REGON business regis-| .
ter per 10 thous. Inhabitants of working age 0.0014 0.0003 | 09986 | <0.0001
Socio- - Percentage of town councilors with universi- 0.0382 0.0096 10390 | <0.0001 sk
~economic ©  ty education (%)
Hotel l?eds per Refer. to eqrher comments 0.0002 0.0001 1.0002 00119 s
regarding numbers. inhabitants
Number of people worklpg on family farms 0.0207 0.0084 | 1.0209 0.0136 s
per 1000 people of working age
const —0.0857 0.5905 | 0.9178 0.8846
Own income per capita (in PLN) —0.0004 0.0002 | 0.9996 0.0550 *
Share o.f caplzal expenditure in total 0.0962 0.0270 11010 0.0004 sk
. g expenditure (%)
Financial 9 -
EU funds for financing of programs and EU
projects per capita in the years 20142019 0.0003 0.0001 1.0003 0.0204 ok
(in PLN)
Total liabilities per capita (in PLN) —0.0003 0.0002 | 0.9997 0.0263 ok
const 2.2355 0.8866 | 9.3509 2.5210 **
Forest cover (%) —0.0241 0.0096 | 0.9762 —2.497 *K
[Environmental ®Developed and urbanized land (%) —0.0344 0.0136 | 0.9661 —2.538 K
Water consumption per capita (in m?®) 0.0541 0.0297 1.0556 1.8230 *
Consumption of electricity per capita (kWh) —0.0031 0.0012 | 0.9969 —2.637 oAk

Models were constructed based on balanced samples (95 communes, which in the investigated period acquired min. 1 project
dedicated to renewable energy sources co-financed from EU funds (1) and 95 communes, which showed no investment activity in
this respect (0)); If p-value <0.001 it is flagged with three stars (¥**), 0.001 <p-value <0.05 — two stars (¥*), 0.05 < p-value < 0.1 —
one star (*); ¢) Joint test for model coefficients: x> = 40.3, p = 0.000, number of accurate prediction cases = 67.7%; d) Joint test
for model coefficients: x> = 26.8, p = 0.000, number of accurate prediction cases = 64.7%; ¢) Joint test for model coefficients: y>=

=18.2, p = 0.000, number of accurate prediction cases = 58.4%.

Source: the authors’ calculations using the Gretl program based on data from [Zasady dzialania..., GUS and BDL, Ministerstwo

Finanséw 2021].

vestment activity of towns related to the development
of green energy supported by EU funds was influ-
enced by several variables. These variables included
the percentage of developed and urbanized land (%)
and forested area (%), as well as the consumption of
electricity and water per capita. However, among these
factors, only a higher water consumption per capita
was found to be associated with a greater likelihood
of acquiring a project co-financed from EU funds and
dedicated to renewable energy sources. On the other
hand, a higher share of developed and urbanized land,
as well as forested areas, resulted in a lower proba-
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bility of acquiring the analyzed projects by commune
local government bodies (Table 3). It may be stated
here that greater awareness regarding investments in
renewable energy sources is observed in towns with
well-developed industries, as this sector consumes
as much as 74% of water [Hosmer and Lemeshow
2000]. This confirms earlier results regarding spatial
variation in the absorption of EU funds for renewable
energy sources, with towns from the Slaskie province
leading the way. However, it is worth noting that
effective beneficiaries also included towns that are
currently at an early stage of development, rather than
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just those that are already highly developed. We can
expect a greater commitment to participating in green
solutions and initiatives in locations where the stand-
ard of development is highest, and therefore where the
needs are also greatest.

DISCUSSION

That renewable energy positively influences urban
development is indisputable [Hoang 2021]. As Szlu-
fik [2017] points out, using renewable energy makes
it possible to create a healthy and clean environment
for future generations. Polish local governments are
only now beginning the transformation, often based
on the experience of other countries that have been
undertaking these projects for a long time. An exam-
ple is the German city of Worrstadt, which has been
supplying 100% of its energy from RES for many
years [Jachimiuk 2011]. European cities are setting
further important pro-environmental challenges, such
as Copenhagen, which has set a target of achieving
100% energy neutrality by 2025. Other Danish cities
have similar ambitious goals, as do cities in Finland,
Norway, and the United States [Hagos et al. 2014, Bar-
biére 2015, Thellufsen and Lund 2016, Jacobson et al.
2018, Thellufsen et al. 2020].

Czyzak et al. [2021] indicate that the RES poten-
tial in Poland is sufficient to achieve the EU climate
targets in the 2030 perspective. However, in order for
this to happen, certain issues related to RES develop-
ment need to be resolved. These include unblocking
the development of wind power plants, creating incen-
tives for the construction of energy storage facilities,
adopting a program for the development of biogas
plants (particularly important in rural areas), obtaining
funding for the energy transition, and addressing legal
instability. Financial or institutional barriers are high-
lighted by Eleftheriadis and Anagnostopoulou [2015]
and Polzin and team [2016], among others. In Poland,
as noted by Slotwinski [2022], legal conditions at the
national level are currently an inhibiting factor for the
direct active participation of municipalities in the gen-
eration and supply of energy from RES, especially to
cover their own energy needs. The entire bureaucratic
process related to new investments in renewable en-
ergy also needs to be streamlined. As Kubiczek and
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Smolen [2023] note, despite the financial and techni-
cal challenges, it is necessary to accelerate the mod-
ernization of electricity networks, even going beyond
the plans contained in the Charter for the Efficient
Transformation of the Distribution Networks of the
Polish Energy Sector [URE 2022].

CONCLUSIONS

In light of climate change, the geopolitical situa-
tion, and increased energy demand, we may observe
a growing interest in cheap and renewable energy
sources. For this reason, the development of renewa-
ble energy sources is a priority in the EU’s strategy for
achieving climate neutrality by 2050, and it is one of
the pillars of the European Green Deal. The European
Union supports the development of renewable energy
sources and provides co-financing for such invest-
ments, as necessary, considering their capital intensity.
In Poland, these funds are allocated to local govern-
ment bodies, including the basic tier — communes.
This is because local government is one of the largest
energy consumers in the areas they administer, espe-
cially in communes with town rights, where they may
also be significant energy producers. Among all types
of communes, towns generate the highest energy de-
mand and often face greater environmental pollution.
As a result, they should focus on seizing the opportu-
nity to acquire EU funds that support energy transfor-
mation in their area. Renewable energy infrastructure
can also be successfully implemented in urban spaces.

Based on the conducted analyses, it may be stated
that interest in renewable energy projects co-financed
from EU funds is increasing among Polish towns and
cities with each successive financial framework. In the
years 2007-2013, only one in ten towns (and only in
seven regions) received such support. However, in the
2014-2020 financial framework, more than a quarter
of towns (in 13 regions) received this support. Not
only did the percentage of towns implementing these
projects increase, but there was also an increase in
the number of projects (almost three times more) and
their value (a five-fold increase). However, it should
be noted that there is a significant and growing con-
centration of renewable energy projects. The regions
with the highest investment activity in communes with
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town rights for the acquisition and implementation of
projects dedicated to renewable energy development
were the Podlaskie and Lubelskie provinces. In terms
of the number and value of projects, towns in the
Slaskie province were the most successful. The ob-
tained results indicate that there may be statistically
significant differences in the EU support received by
towns in individual provinces for the development of
renewable energy sources. The conducted non-para-
metric analysis of variance confirmed this hypothesis,
and the in-depth post-hoc analysis showed that this is
due to the high activity of towns in the aforementioned
provinces: Podlaskie, Lubelskie, and Slaskie.

In turn, the estimated logit models identified signif-
icant socio-economic, financial, and environmental fac-
tors influencing the activity of towns dedicated to invest-
ments in the development of renewable energy sources
co-financed from EU funds. Among the socio-economic
conditions, a significant role was played, among other
things, by the percentage of town councilors with a uni-
versity education, as well as the number of hotel beds
per 10 thousand inhabitants. Higher values of these in-
dexes resulted in a greater probability of acquisition and
realization of projects developing green energy resources
in towns. A factor stimulating this phenomenon also in-
cluded the number of people working on farms per 1000
people of working age. It indicates considerable potential
for the development of renewable energy sources in rural
areas located within towns, where not only large wind
farms may be constructed, but also biomass may be uti-
lized. In turn, the increasing number of enterprises per
10 thousand inhabitants caused a decrease in the proba-
bility of acquiring and realizing green energy projects by
towns. This means that the size of a town, the standard
of its socio-economic development had no significant ef-
fect on the acquisition of EU funds for the development
of renewable energy sources. Among financial factors,
the level of own income potential and the level of town
indebtedness proved significant. At the same time, these
analyses showed that towns with a greater investment
activity (quantified by the share of capital expenditure in
total expenditure), including those acquiring EU funds
for the realization of EU projects, were characterized by
a greater probability of realizing such projects. Again,
this shows the importance of the beneficiary’s experience
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in the EU subsidy application process. In turn, among the
last, third group of environmental factors, only greater
water consumption per capita resulted in a greater prob-
ability, while a higher share of developed and urbanized
land as well as forested area led to a lesser probability of
acquiring these projects by towns. It may be stated that
greater awareness of investments in renewable energy
sources is found in towns with well-developed industry,
since water consumption is greater there. This confirms
earlier results concerning spatial disparity in the absorp-
tion of EU funds for renewable energy sources, with
towns from the Slaskie province being leaders. At the
same time, effective beneficiaries were towns being still
at an early stage of development, not necessarily those
best developed. Diversification and decentralization of
energy generation should concern not only rural areas and
small towns but also larger urban centers. We may expect
greater commitment and involvement in green initiatives
and solutions on the part of towns, where the develop-
ment is most advanced and as a result the needs are also
greatest. Nowadays, it seems that no city mayor needs to
be persuaded to obtain EU funds, as the financial and ma-
terial effects of investments made with their participation
are noticeable. Rather, they need to be persuaded to build
urban policy in a sustainable (i.e., also pro-environmen-
tal) way. This is important because local authorities are
not only able to carry out such actions themselves, but
through the programs they introduce, they can encourage
inhabitants or companies to take joint action. This study,
therefore, forms the basis for a broader discussion on the
implementation of the energy transition, the use of EU
funds for this purpose, and the role of local authorities in
this process.
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NIEZALEZNE ENERGETYCZNIE MIASTA? AKTYWNOSC INWESTYCYJNA MIAST
W ZAKRESIE REALIZACJI PROJEKTOW WSPOLFINANSOWANYCH ZE SRODKOW
UE W ZAKRESIE ODNAWIALNYCH ZRODEL ENERGII | JEJ UWARUNKOWANIA
W POLSCE

STRESZCZENIE

Cel: Celem gltéwnym artykutu jest ocena skali, zakresu i znaczenia inwestycji miast w odnawialne zrodta
energii (OZE) wspotfinansowanych ze srodkoéw UE oraz identyfikacja ich uwarunkowan w Polsce w dwoch
ostatnich perspektywach finansowych, tj. w latach 2007-2013 i 2014-2020. Metody: Badania empiryczne
przeprowadzono na podstawie danych pochodzacych z bazy Ministerstwa Funduszy i Polityki Regionalne;j,
Banku Danych Lokalnych Gtéwnego Urze¢du Statystycznego oraz Ministerstwa Finanséw. W badaniu oceny
aktywnos$ci inwestycyjnej miast w zakresie OZE wykorzystano podstawowe metody statystyki opisowej,
a w celu identyfikacji jej glownych uwarunkowan spoleczno-ekonomicznych, finansowych i srodowisko-
wych regresje logistyczna. Wyniki: W badanym okresie zwigkszyla si¢ rola miast w zakresie realizacji
projektow zwigzanych z OZE, cho¢ jest ona nadal stosunkowo niewielka na tle pozostatych typéw admini-
stracyjnych gmin. W perspektywie finansowej 2007-2013 niespetna co dziesigte miasto, natomiast w latach
2014-2020 juz ponad, co czwarte miasto zrealizowato przynajmniej jeden projekt zwigzany z rozwojem OZE
przy wsparciu srodkéw pochodzacych z UE. Dyspersja pomigdzy aktywnoscig miast w ujeciu regionalnym
byla olbrzymia. Inwestycje te czesciej realizowaly miasta o nizszym poziomie rozwoju, petnigce funkcje
turystyczne, majace doswiadczenie w zakresie realizacji tego typu inwestycji, a czynnikiem majacym wpltyw
na nizszg aktywno$¢ inwestycyjng miast miat ich poziom zadtuzenia. Wnioski: Do tej pory jednym z gtow-
nych czynnikéw rozwoju OZE na obszarach miejskich byt aspekt ekologiczny, zwiazany z poprawa jako$ci
powietrza, natomiast obecnie pod uwagg brany jest coraz czgséciej aspekt bezpieczenstwa energetycznego.

Stowa kluczowe: ziclona energia, dekarbonizacja miast, inwestycje lokalne, gospodarka komunalna, $rodki
unijne, gminy miejskie
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