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Abstract

Increasing global concern about climate change and the circular economy have success-
fully established itselves in international and national policies over the last decade, with the
aim of reshaping the production and consumer behavior. The circular economy is one of
the core pillars of European Union policy and its success depends on the energy efficiency,
reducing production costs, and maintaining employment levels by ensuring continuous
strong economic independency of the region. While crises are unavoidable and continue to
appear, this paper aims to project the impact of any crisis on sustainability transitions using
data analysis of the Global Financial crisis from 2008 to 2009 and discuss how the success
of the circular economy implementation and environmental policies could be affected. The
paper notes that the global financial crisis of 2008—2009 had a short-term positive impact
on environmental degradation and that economic interests overshadowed environmental
goals. Due to the recent events of the ongoing Russia and Ukraine war, COVID-19 societal
and industrial behavior has shifted from sustainable to linear and has taken a step backward
in reducing environmental pollution and achieving Sustainable Development Goals. Analy-
sis of already present data and the context of the 2008—2009 global financial crisis, review-
ing of COVID-19 impact on the global economy, health sector, and environmental policies
allows us to predict the consequences, as it relates to the future of circular economy policy.

Keywords Circular economy - COVID-19 - Sustainability - Sustainable development -
Global financial crisis

1 Introduction

Since the Industrial Revolution, humankind itself has become a geological force lead-

ing to a human-induced climate change caused by the burning of fossil fuels for energy
use and industrial purposes, mass extinction of species due to rapid urbanization and
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unsustainable agricultural activities, rising sea levels, and global plastic pollution (de
Wit et al., 2018). As a result, we are living above ecosystems’ boundaries causing an
ecological overshoot (Rockstrom et al., 2009) and it is happening even faster than coun-
tries are able to achieve social thresholds (Fanning et al., 2021). Industrial activities
over the past 200 years have led to a global environmental crisis that requires urgent
actions ensuring environmental and economic stability for future generations. Increased
number of international activities pursuing circular economy and sustainability is taking
a place aiming to maintain and significantly reduce the impact to the environment.

The sustainability principles are core position of the European Union’s (EU) circular
economy policy incorporated in the Green Deal package (European Commission, 2020).
The concept of circular economy (CE) has an ambitious plan to transform production
and consumption processes by replacing the linear economy with circular alternatives
and reducing the consumption of primary resources, waste and emissions output by
closing the loop of economic activities (Haas et al., 2015; Haupt et al., 2017; Korhonen
et al., 2018; Peters et al., 2007). The last decade marked a drastic and successful rise
of the CE concept at the international and national levels (Besenbacher, 2015; Fitch-
Roy et al., 2021), which provided CE the role of modernizing the industrial sector and
solving the rising economic and environmental challenges (Calisto Friant et al., 2021).
Addressing those challenges, the Green Deal strategy sets a goal to transform the EU
into a modern resource-efficient and competitive economy with no net emissions of
greenhouse gas by 2050 (European Commission, 2020). The implementation of this
goal is complicated because of relationship between economy, ecosystems and earth
systems tackling climate change and ensuring economic growth at the same time (Dolge
& Blumberga, 2021).

Economic growth with increased production and consumption activities is desirable for
its positive social and economic impact to the societies and states (Alam & Kabir, 2013).
The economic transformation from unsustainable to more sustainable and circular ones can
be difficult because it requires radical and systematic political and economic changes in the
context of existing social and ecological structures and processes in society, which have to
be overcome in the transition process (Olsson et al., 2014). The economic development and
industrial activities in the most developed countries are based on natural resource extrac-
tion, which decreases resource efficiency and environment damage (Scheel et al., 2020).
The EU’s circular economy and the new Green Deal policy are based on economic growth
by boosting sustainable development, green technologies, transport with significant emis-
sion reduction (Klemes et al., 2020). As a result, it could be the key in solving the climate
change problem. However, Calisto Friant et al. (2021) finds that the EU chose an optimistic
CE approach, which was based on technological growth and innovation, but transformative
changes exclude the reduction of overall material consumption. Some studies on economic
decoupling also confirm that it is impossible to achieve the reduction of the material foot-
print, and increase Gross Domestic Product (GDP) per capita at the same time (Albert,
2020; Apeaning, 2021; Haberl et al., 2020), simply because there is a strong correlation
between energy consumption and economic growth (Akram, 2013). Thereby some studies
confirm environmental problems escalation as economic growth increase (Dolge & Blum-
berga, 2021; D. Wang et al., 2019). Furthermore, the CE implementation goals described
in international and national regulations have fallen short of the expected current levels of
implementation in terms of energy recovery, circular economy and environmental improve-
ment. All assumptions and research findings had been confirmed in the UN Emission Gap
report (UNEPT, 2019) with a conclusion that countries have never managed to stop the
growth of greenhouse gas emissions with an annual increase of 1.5% in the last decade.
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While the global coronavirus pandemic favorably contributed to climate change mitiga-
tion by leading to an unprecedented 5.4% drop in CO, emissions, post-pandemic econo-
mies are bouncing back to the pre-pandemic levels with rising Green House Gas (GHG)
emissions (UNEP, 2021). According to the Circularity Gap report, only 8.6% of the global
economy was circular in 2019, up from 9.1% just 2 years ago (de Wit et al., 2020). The
report suggests that this could be explained by 3 underlying trends: “high rates of material
extraction, ongoing stock build-up caused by urbanization, and low levels of end-of-use
processing and cycling” (UNEPT, 2019). A recent publication of Bradshaw et al. (2021)
analysis highlights several problems and incapacity of today’s society and government tak-
ing urgent action to stop raising environmental issues that are more threatening than cur-
rently believed: continuing biodiversity loss, scientifically undeniable sixth mass extinction
of species, growing population size, and overconsumption causing social problems, failing
implementation of international sustainable goals and climate change, and political impo-
tence to take necessary action to stop the environmental crisis.

The COVID-19 pandemic and the financial crisis that came along with it mark a new
stage for the future of the CE and environmental policies and might be seen as a distur-
bance. As todays situation on global economic instability and the ongoing Russia — Ukraine
war caused food and energy shortages, inflation, unwinding asset bubbles in the U.S., sup-
ply chain bottlenecks, and debt crises in developing countries (Alden, 2022), it is important
to review how sustainability indicators had been impacted by previous financial crisis hap-
pened in 2008-2009 to improve our future decisions for meeting upcoming challenges and
testing resilience of sustainability. The CE concept was introduced by the EU a few years
after the economic impact global financial crisis in 2008—-2009 completed and was devel-
oped during the economic upswing period. In times of shock and uncertainty, countries’
determination to apply sustainability principles and keep the core of the current direc-
tion has to follow meaningful and operational decision-making process, including norma-
tive sustainability criteria by keeping the transition above the minimum levels (Derissen
et al., 2011). Sustainability resilience analysis could help identify and cover any potential
disruptions which could cause disturbances and how sustainability could recover from a
disruption through adaptive components (Marchese et al., 2018). Some authors agree that
sustainability resilience should include risk management framework to explore potential
threats and issues regarding sustainability implementation to minimize their impact by
applying controls and mitigation actions (Park et al., 2013; Saunders & Becker, 2015).

The relationship between economic growth and environmental sustainability, political
changes and sustainability has been widely studied in the scientific articles, environmental
and economic literature, while research on the environmental effects of the financial crisis
is scarce (Burns & Tobin, 2016; Pacca et al., 2020) and lacks profound analysis and had
been briefly addressed only in few scientific publications. Siddigi (2000) results from the
Asian Financial Crisis in 1998-2000 confirms short-term benefits from the reduction of
air and water pollution, but with an economic slowdown its deferments to replace inef-
ficient equipment with more efficient alternatives, has a negative impact on the land envi-
ronment by increasing the pressure to clear forests for fire-wood, timber, or agricultural
land. Another scientific article published by Geels (2013) analyses the impact of a finan-
cial-economic crisis on sustainability transitions through renewable energy, green poli-
cies, climate policies, urban initiatives, public opinion, and civil society initiatives. Author
finds that during the global financial, crisis governments across the globe responded with
“green stimulus” packages that boosted the investments in renewable energy, energy effi-
ciency, and green innovations. The global growth was mostly driven by the expansion of
solar power (61%), while investments in other renewable energy industries such as wind,
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biomass, biofuels, geothermal, and marine shrunk. The research concludes that the global
financial crisis weakened public and political priorities on climate and sustainability poli-
cies and as a result, countries failed to fulfill Copenhagen 2009 objectives with no success
of the Kyoto, reduced feed-in tariffs and renewable support, and failed the Emission Trad-
ing System. Although, todays technologies to exploit renewable resources are not sufficient
to satisfy primary energy demand and has financial and technological disadvantages which
requires capital-intensive investments, have high production costs, lower energy production
volumes comparing to fossil energy production, and no guarantee for stability of energy
production (Cucchiella & D’Adamo, 2012).

Furthermore, Brem et al. (2020) research finds that the financial crisis also affects the
business sector’s willingness to take risks and invest in innovations and research mostly
for financial reasons. Bank loans are still the most important source of corporate financing
and the banking sector’s decision to refrain from investment in innovative firms because of
the risk of capital loss had a bigger effect on the business than the raised funding from the
government.

Another group of research papers (Anger & Barker, 2015; Jalles, 2020; Monteiro et al.,
2018; Sadorsky, 2020) focus on the air pollution reduction analysis in the periods during
and after the financial crisis. Castellanos and Boersma (2012) research paper confirms
the reduction of NO, emissions by 15-30% in the industrial regions in Europe during the
global economic recession period in 2009. It also confirmed the increase in NO, emissions
during the economic recovery period with more intensive production activities.

Today, Europe recognizes environmental pollution and climate change as existen-
tial threats and an opportunity to address these issues and transition to a circular society,
especially despite the ongoing Russia—Ukraine war, where introduced economic sanctions
focus on energy embargo from Russia and detecting the first signs of upcoming global eco-
nomic crisis. Environmental challenges, growing financial and energy crisis require con-
solidated actions from the EU institutions to be able effective maintain growing risk failing
the circular economy objectives. Debates on the energy mix to achieve the global security
of energy supply is growing and creates the perfect opportunity to encourage the transition
to sustainability and CE-based economy transformation. Following Geels (2013) approach,
financial-economic crisis can be seen as a shock and creates a pressure for governments
to take actions and initiate changes. As a result, the sustainability transition may enter
the new phase moving from pre-development (with a focus only on research and devel-
opment activities) to a take-off phase (green innovations deployment and installation). It
can be achieved only in countries with strong commitment to sustainable solutions and
innovations. On the other hand, Dagar and Malik (2023) find that macroeconomic factors
and growing oil prices can cause a lower production, have an impact to export deduction
and eruptions in supply chain. It is only confirming the importance of understanding how
future financial crises might affect tomorrow’s sustainability transitions and what side
effects might be expected to find the perfect balance between economic recovery and com-
mitment to a sustainable transition.

This paper assessing changes in GHG emissions, energy intensity, Gross Domestic
Product (GDP), Foreign Direct Investments (FDI), and Research and Development (R&D)
changes through the 2009-2021 period after the global financial crisis occurred and during
the economic recovery period until these days providing the insights on, what we might
expect in future, when a financial or any other crisis occur. The success of the EU’s Green
Deal depends on how the EU’s CE policy will be able to cope and move forward to a circu-
larity transition in the context of the economic and environmental crisis caused by COVID-
19. Low carbon economy can help to generate wider socioeconomic benefits due to energy
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dependency reduction by replacing fossil fuels with domestic resources (Moutinho et al.,
2018).

To achieve the goal, this study uses the modified Logarithmic mean Divisia index
(LMDI) decomposition method with Kaya identity equations to understand factors with
the biggest impact to GHG emissions. As biggest economies are more likely have a bigger
contribution to GHG emissions, the five biggest European Union economies were chosen
for further analysis. LMDI decomposition analysis can help to identify structure effects
as changes in each sector and how they drive an environmental impact (Roux & Plank,
2022). The LMDI decomposition method is widely used in recent publications where sepa-
rate sectors or country—wide impact to GHG emission deduction have been investigated.
(Alajmi, 2021; Dolge & Blumberga, 2021; Gonzalez et al., 2022; Luo et al., 2023; Shao
et al., 2016). An combination of LMDI decomposition method and Kaya identity equation
was used by Dolge and Blumberga (2021) where analysis of three Baltic states—Latvia,
Lithuania and Estonia were conducted to identify key drivers of GHG emissions and how
it can be mitigated in the long time period until 2030 by taking into account three possible
scenarios: existing measures scenario, additional measures scenario, and business as usual
scenario. The study found that energy intensity reduction shows positive effects on lower-
ing GHG emissions. As a result, energy efficiency policies play a key role to speed up
positive impact to the climate. Furthermore, the study finds the need to strengthen 3 Baltic
states role to be more ambitious and take more drastical decisions on the existing national
climate policies with the specific focus on the transport, industry, services, agriculture and
household sectors.

We contribute to previous research in various ways. First, the analysis takes 12 years’
period with a specific focus on 2009, 2012, 2019 and 2021 years’ data allowing to evaluate
an impact of the global financial crisis in 2009, economic recovery and growth periods in
2012 and 2019, respectively, and the beginning of COVID-19 resulted changes in emis-
sions and financial crisis period in 2021. Second, the LMDI decomposition method allows
to measure different factors and their impact on emissions related to energy, foreign direct
investments, including research &development. The comparative analysis between five
countries is performed to evaluate their performance and efficiency.

The study includes literature review analysis in Sect. 3.1, which presents any scientific
publications published on financial crisis and sustainability or environment. Section 3.2
to track the progress toward sustainability and climate mitigation goals on the period
2009-2021 using emission intensity, energy intensity, GDP, FDI, R&D, and population
growth analysis. Section 3.3 gives an overview of current events in the context of the CE
and taken actions by the EU aiming to maintain upcoming financial and energy security
challenges. Therefore, this study presents a novel and practical assessment tool for policy
makers in a decisions’ management process giving more assurance on the transitioning to
the circular economy effectiveness by highlighting the most critical and significant energy
consumption and carbon reduction patterns.

2 Material and methods

The applied methodology is divided into separate groups: (1) completed literature review
to establish research problems and narrows down the research question; (2) 4 selected
countries (Germany, France, Italy, and Spain) data analysis was completed using Logarith-
mic Mean Divisia index (LMDI) decomposition method with Kaya identity equations; (3)
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overview of taken actions to mitigate COVID-19, financial crisis, and the Russia—Ukraine
war caused issues implementing Green Deal objectives. The applied conceptual framework
of this study is presented in Fig. 1.

2.1 Literature review

In this paper, the search and review of existing literature and publications (scientific arti-
cles, case studies, non-governmental organization information from reports view) on the
global 2008 financial crisis and its impact on the environment, impacts of COVID-19 on
the global economy in the context of CE will help map and assess the research area and
justify the research question. Scientific literature was collected from “Elsevier’s Scopus”,
“Elsevier’s ScienceDirect” databases, and Google Scholar using keywords “global AND
financial AND crisis AND air AND pollution”, “global AND financial AND crisis AND
sustainability”, “global AND financial AND crisis AND environment”, “COVID-19 AND
circular AND economy” to investigate the relationship between selected variables and pro-
vide the review how economic crisis impacts changes in the sustainability pattern. This
was used to develop the theoretical framework from which the financial crisis impact on
the CE study emerges and the following a conceptual framework that then becomes the
basis of the current COVID-19 situation review. The current review explores and compares
the impact of the Global Financial crisis in 2008 and COVID-19 on the sustainability and
CE policies, including wide range of perspectives from different sources (Snyder, 2019).

The final section of this research includes an overview of the current years COVID-19,
financial crisis and energy crisis analysis where implications how it could impact the future
development of the circular economy is discussed.

2.2 Kaya LMDI decomposition method

Authors applied and modified Long-Mean Divisia Index (LMDI) decomposition method
discussed by Ang (2004) by adding foreign direct investment (FDI) and research & devel-
opment (R&D) index. Foreign direct investment indicator was selected to investigate how
investments to sustainable projects had changed overtime and their correlation level with
GHG emissions. LMDI method allows to assess GHG emissions changes taking into
account energy intensity (E), economic growth (GDP), foreign direct investment (FDI),
expenses on Research and Development (R&D), and population (P) growth variables in

Sections in the article Used Method Used data
3.1 Lessons learned from the  E— - .
Global Financial crisis in 2008
Used data from the Eurostat database: . I
h Testing period:
W R ) 2009
3.2LMDI ition results for LMDI d ition method nergy consumption 2012
Germany, France, Italy and Spain Kaya identity equation S;P 2019
. Reo 2021
* Population

3.3 Environment vs Economy in the _
post-pandemic world Literature review

Fig. 1 Methodology framework (designed by authors)
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certain period. Decomposition analysis was completed by using the Kaya identity equation
which is expressed as follow:

GHG
GHG, = L x X X X X
'~ "E,_"GDP,” P, ~ GDP,  GDP,

P, D

Data for Kaya identity decomposition was collected using Eurostat database and sum-
marized in Table 1.

The applied period for data collection was 2008-2020. The decomposition analysis
helps to identify fundamental drivers to change GHG emissions based on historical data. A
comprehensive assessment of each component’s relative weight on GHG emissions helps
to determine the impact of applied policy measures. Jiang et al. (2021) used decomposition
analysis method for principal carbon emissions contributors completed on six contributors:
China, the US, India, Russia, Japan, and Germany confirms that consumption volumes and
international input structures are main factors increasing carbon emissions. Domestic input
structure changes helped significantly reduce carbon emissions.

Each identity indicator is had been applied using Kaya identity equation as follows:

A(GHG)t =A(Emission intensivity)t + A (Energy intensivity)t + A(GDP growth)?
+ A(FDI growth)t + A (R&D growth)t + A(Population growth)?

GHG, E, GDP,
=A t XA t XA t
E, GDP, P,
FDI, R&D,
X A X A X AP,

GDP, GDP,
)
The LMDI for a five-factor case had been applied according to defined Kaya identity
indicators: emission intensity, (EMI), energy intensity (ENI), GDP growth, FDI growth,

and population growth (POP), where the following relationship between variables is pre-
sented in the formula:

GHG = EMI x ENI x GDP x FDI x R&D x POP 3)

Selected countries for analysis are Germany, France, Italy, and Spain as biggest econo-
mies in Europe. The chosen time interval of the study covers 13-year period from 2009
to 2021. The time interval is justified, because 2009 marks a peak of the global financial
crisis and year 2021 is the beginning of the current financial crisis. The analysis period

Table 1 Used data and sources for index decomposition analysis

Notation Data Data source Data code

GHG, GHG emissions in tCO2 eq (Total emissions as reported to Eurostat [env_ac_aibrid_r2]
international conventions (UNFCCC and CLRTAP))

E, Gross inland energy consumption in toe Eurostat [nrg_bal_c]

GDP, GDP in main components (chain-linked volumes) Eurostat [nama_10_gdp]

FDIt EU direct investment positions, flows and income, by coun- Eurostat [bop_fdi6_geo]
tries

R&D Gross domestic expenditure on R&D, by sector Eurostat Rd_e_gerdtot]

P, Population on 1 January Eurostat [demo_pjan]
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was divided in 3 stages where change analysis had been conducted: (1) comparative analy-
sis between financial crisis 2009 and economic recovery period in 2012; (2) change dur-
ing economic growth period between 2019 and 2012, and; (3) change analysis between
COVID-19 and economic crisis period in 2021 with economic growth period in 2019.

3 Results
3.1 Lessons learned from the global financial crisis in 2008

While the concept of the CE itself presents considerable benefits by reducing waste, mini-
mizing dependence on raw materials and imports, long-term economic growth and stabil-
ity, the results of countries acts in the face of a crisis confirm different approaches. Any
environmental, societal, financial or economic disaster are weakening economies and mar-
ginalizing efforts to build sustainability and the CE principles-based economy (Elhoseny
et al., 2022). Anger and Barker (2015) agree that the effects of the financial crisis on the
environment are usually linked to the reduction of emissions, which can be associated with
lower economic activity and not by energy production structural changes. As a result, the
economic crisis causes a switch of production to lower cost, more pollution intensive activ-
ities by using coal instead of gas for electricity production. The EU’s coal demand was
steadily declining for a decade with a lowest point in 2020, as a result of COVID-19 pan-
demic and low gas prices in the market. Consequently, aims to improve economic recovery,
rise of gas prices, weak hydropower, and the urgent need to replace Russian suppliers, lim-
ited the EU’s alternative resources for the energy production. It was confirmed by coal use
trends in 2022 with an annual 1.2% growth to 8,025Mt global consumption mostly for elec-
tricity generation in all regions. EU countries increased coal power generation, restarted
closed plants together with the acceleration of renewables and extension of lifetimes of
nuclear plants (IEA, 2022a).

In addition, Geels (2013) research on the financial-economic crisis impact to sustain-
ability finds a disproportion of investments to renewable and fossil fuel energy in 2011 dur-
ing the economic recovery period when biggest economy countries’ invested $237 billion
in renewable energy while about $302 billion had been invested in new fossil fuel generat-
ing capacity such as coal and gas. The author declares that European environmental and
climate policy instruments (green stimulus, feed-in tariffs, European emissions trading) are
not sufficient enough and appear to be weakening during the financial crisis of 2008-2009.
Jalles (2020) finds that the economic crisis led to a statistically significant decrease in CO,
emissions, while methane and fluorinated gas emissions responded positively during the
economic crisis and with a negative effect in the presence of strong economic conditions.
Moreover, the financial crisis led to a positive response of consumption-related emissions
and suggests that the economic crisis encourages the consumption of goods with lower
environmental quality.

Among the existing evidence, Sadorsky (2020) finds that after the last financial crisis in
2008-2009, the change in CO, emissions in the post-financial crisis period was lower than
the change in CO, emissions during pre-financial crisis. While developed countries (Japan,
Canada, France, Germany, United Kingdom, Italy, and the U.S.) experienced a negative
changes in CO, emissions in the post-financial crisis period, some countries (Argentina,
Australia, Brazil, India, Indonesia, Saudi Arabia, Turkey, China, and India) experienced an
increase in CO, emissions during the post-financial crisis period. However, the short-term
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positive effects of the crisis, consisting of lower air, and water pollution intensities have
been negated in the long run by investments in the economy that aimed to achieve quick
returns and recovery by compensating for losses rather than focusing on long term environ-
mental and financial stability (Elliott, 2011; Jiang & Guan, 2017; Liu & Song, 2020; Peters
et al., 2007). The analysis results of Jiang and Guan (2017) show that after the end of the
financial crisis CO, emissions from production processes skyrocketed from 206 Mt in 2008
to 1,711 Mt in 2011. Total CO, emissions increased by 9.3% in 2011 compared with 2009
(IEA, 2018). The degree of annual emissions growth was even higher than before the cri-
sis. China became the world leader in CO, emissions in 2006 and since then, annual CO,
emissions have continued to rise. Even during the Global Financial crisis in 2008—2009,
China’s total CO, emissions increased by 5.2% from 7,375 Mt to 7,759 Mt (Global Carbon
Atlas, 2019; Pacca et al., 2020). Pacca et al. (2020) examined the impact of 419 financial
crises on air pollutant emissions CO,, SO,, NOx, and PM, 5 in 150 countries from 1970
to 2014. The results of his analysis confirmed the decrease in global emissions of CO,,
SO,, and NOXx in the short-term and showed that the positive effects were only observed in
high income countries, while they had no impact in low income countries. While countries
focus on increasing their income in the short-term and ensuring the continuous growth of
average standards of living (Ehrlich et al., 2012), the need to maintain the unavoidable
environmental problems has taken second place and receives little attention (Bradshaw
et al., 2021).

Environmental regulations are particularly vulnerable and their potential benefits are
difficult to quantify (Jordan et al., 2013). The 2008 global financial crisis showed that gov-
ernments have been focusing on ensuring financial sector stability to prevent major disrup-
tions by bailing out financial institutions on a massive scale and injecting large amounts
of capital (Meier et al., 2021). For example, European governments spent €600 billion
on supporting the financial sector, equivalent to 4.6% of European GDP (Benczur et al.,
2017), while environmental problems had to take a step back on the list of priorities and
the density of EU environmental legislation proposals decreased dramatically during the
crisis with only 2 environmental legislation proposals in 2009, 4 proposals in 2010 and
6 proposals in 2011. The significant increase in environmental legislation proposals were
found in 2012 with 13 proposals focusing on climate change (Burns et al., 2020). Russel
and Benson (2014) find that there has been a shift away from green stimulus measures
during periods of economic recession in the UK. These findings suggest that environmen-
tal improvement does not become a long-term policy during the economic crisis and in
the wider perspective, economic interests overcome SD and CE. Furthermore, Lamperti
et al. (2019) predict that climate change through extreme weather events could increase the
possibility of financial crises occurring with reduced productivity and industries operation
abilities more than twice over.

3.2 LMDI decomposition results for Germany, France, Italy and Spain

Completed literature review confirms the impact of the economic crisis on environ-
mental policies and emission changes. The following analysis of LMDI decomposition
was completed on Germany, France, Italy and Spain countries being among the biggest
economies in the European Union comparing GDP per capita with other EU’s coun-
tries (Eurostat, 2021). As a result, these countries contain enough resources and tools to
maintain dual control relationship between climate change mitigation measures and eco-
nomic growth stimulation. In order to investigate these countries capabilities to mitigate
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GHG emission deduction, a more in-depth analysis is conducted to observe changes of
Kaya identity factors and to analyze different factors effect on GHG emissions. Analysis
was conducted comparing 4 periods in the timeline with the following rationale: 2009
during the peak of the global financial crisis, 2012 was a year when economy started
recovering, 2019 year selected being as year before the COVID-19 pandemic started,
and 2021 year when the first signs of an upcoming economic crisis started to show.

Summary of used data for Kaya identity indicators with calculated change between
periods is presented in Table 2.

Initial analysis of 6 indicators shows GHG emissions reduction in all countries com-
paring 4 selected periods, except in Germany where GHG emissions increased by 18.2
in comparison with 2009 and 2012 data. As discussed previously, authors (Anger &
Barker, 2015; Monteiro et al., 2018; Sadorsky, 2020) analyzing energy consumption
changes finds the direct correlation between economic activity, measured by GDP
changes, and FDI. However, completed more detail year by year analysis finds an
increase in GHG emissions during the economy recovery period in some countries (see
Fig. 2). Furthermore, it shows a significant increase in GHG emissions in 2021 in all 4
countries. It can be associated with the end of COVID-19 lockdown restrictions when
countries started coming back to their normal economic activities by accelerating eco-
nomic activities along with energy intensity. R&D are one of key factors determining
economic success through the increase in economic productivity and greater techno-
logical potential (Dima et al., 2018). However, some studies find that a high investment
volume in the R&D does not mean a respective increase in the productivity and eco-
nomic growth (Celli et al., 2021; Gordon, 2018). One of the explanation, it becomes
more resource intensive and costly to find and develop ideas that could have a major
impact (Bloom et al., 2020).

Our analysis cannot fully confirm energy consumption levels association with economic
indicators such as GDP and FDI. Only Germany increased energy consumption by 73.0
Mt eq during the period of 2012-2019 with GDP growth of 728.0 million euro, and FDI
increase by 529.0 million euro. France, Italy, and Spain was showing energy intensity
decrease while GDP, FDI, and investments to R&D were growing. However, comparative
data analysis of periods 2019 and 2021 finds that decrease in energy intensity and slow-
down in GDP growth in all 4 countries of this analysis. Additionally, countries investments
in R&D was also declining in last few years showing a growing concentration to fast eco-
nomic recovery instead of focusing on long-term investments in innovations.

Summarized results of completed analysis of the LMDI decomposition results for Ger-
many, France, Italy, and Spain is presented in Table 3.

As it is noted in Table 2, the GHG emissions decreased in all countries during the analy-
sis period, except in Germany, when during the economic recovery period, GHG increased
by 18.2 million tons of CO,. Germany’s energy structure consists of 44.6% renewables
which includes wind onshore, solar, biomass as the biggest share of all renewables. Lig-
nite, natural gas and hard coal takes another 45% share of energy sources (BDEW, 2022).
France is highly dependable on nuclear power which is the main energy source of domestic
energy production (77%), bioenergy and waste are second source with 13% share. France
imports all coal and oil needs and has the lowest need for fossil fuel among G20 countries
thanks to the significant share of nuclear power (IEA, 2021). The major energy source in
Italy is fossil fuels mostly from natural gas (43%) and oil (32%). Energy production is not
well developed in Italy and takes nearly 20% of total energy production. However, Italy
is strongly committed to increase energy production from renewables share by 2026 with
59-billion-euro injection into the energy sector (International Trade Administration, 2022).
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Fig.2 GHG emission changes in Germany, France, Italy and Spain during the period of 2009-2021 (Euro-
stat, 2021)

Renewables are leading energy source in Spain with dominating wind, hydro, and solar
sources, followed by nuclear power and natural gas (IEA, 2022b).

Following LMDI analysis results from Table 3, the decrease in absolute GHG emissions
was caused mainly by constantly decrease in energy only in Germany from 0.13 in 2009
until 0.09 in 2021. Other countries show consistent increase in energy intensity through
the whole periods of the analysis, except small deduction in Italy and Spain during the eco-
nomic recovery period in 2012, when energy intensity decreased by 0.01 and 0.09 points,
respectively. It indicates that countries have been taking efficiency improvement project
to reduce energy consumption. The significant growth of the energy intensity in Italy and
Spain was found during the following periods in 2019 and 2021 when economic recovery
was one of the main goals for economies. As a result, it can be confirmed that countries
were able to keep the same growth of economic activities and managed to reduce GHG
emissions at the same time.

The end of the global financial crisis marks the growth of economic activity, where
GDP, FDI, and R&D growth had been significant, as observed in 2012, 2019, and 2021.
Countries were able attract significant amount of FDI and the investments in the R&D
activities against GDP were consistent. The R&D growth was in line with countries’ GDP
growth. However, economic recession confirms the negative impact on R&D investments.
It shows that countries shifted their focus from sustainable innovations and researches to
other subjects which gives more concerns to them and give a reason for potential debates
if the investment to R&D can be efficient comparing to expectation on their contribution to
economy recovery. This issue was discussed by few researches (Bloom et al., 2020; Celli
et al., 2021; Gordon, 2018) noting that investments are costly, do not give the same finan-
cial benefit or boost to the economy as it was expected in the beginning. In this particular
case, countries were focusing on increased health costs and energy independency assur-
ance after the COVID-19 pandemic and Russia’s invasion to Ukraine when multiple num-
ber of sanctions were imposed by the EU.
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3.3 Environment versus economy in the post-pandemic world

The global economy causes a tight dependence of world countries’ economies to each other
and on the intensity of a financial crisis. The relationship between economic growth and
environmental sustainability has been widely studied in the publications of the past decade
(Cumming & von Cramon-Taubadel, 2018; Kurniawan et al., 2021; Samimi et al., 2011;
Sethi et al., 2020). So far, the economic growth has been dissociated from SD and CE to
improve human well-being (Arrow et al., 2012; Cumming & von Cramon-Taubadel, 2018;
Lawn & Clarke, 2010) causing new socio-economic problems and environmental degrada-
tion, while an integrated approach could light the transition to a sustainable and circular
society. Jackson and Victor (2011) argue that “the financial-economic crisis and environ-
mental problems as symptoms of deeper cultural problems in modern capitalist societies”
with obsession on productivity growth and environmental pollution as undesirable outputs
(Yue et al., 2019), extraction and consumption of natural resources (Ahmad et al., 2020),
and higher consumer consumption. Geels (2013) concludes that today’s modern society
with financial, socio-economic and environmental problems are facing a “triple crisis” that
signals the possibility of improving circularity and sustainable transition, if society will
recognize deeper structural and cultural roots that are causing global warming. Calisto Fri-
ant et al. (2021) states that Europe, in a line with CE, focuses on growth and competitive-
ness rather than human well-being and ecosystem health and does not address the core
socio-ecological challenges of the twenty-first century.

The EU has a fundamental and unique climate policy framework since 2000 with ambi-
tious GHG emission targets set for 2020, 2030, and 2050. The ultimate goal is to become
the first climate-neutral continent in the world by 2050 (European Commission, 2020). The
global pandemic shifted national policies from environmental to public health course and
the impact to the countries’ economies and environment is not incontrovertible while the
demand for critical analysis of CE in the context of financial crisis is growing. It was clear
that the COVID-19 crisis had affected climate-related investment negatively across all sec-
tors. Around 40% large firms and SME’s decided not invest on climate-related measures
(European Investment Bank, 2021). Additionally, Russia’s invasion of Ukraine caused an
energy crisis in Europe requiring significant measures to take mitigating market volatility.
Current financial crisis gives scientists unique opportunity to analyze crisis impact to EU’s
the sustainable development and CE policies. The CE concept was introduced in 2015 after
the global financial crisis happened and the economy was in a full recovery speed. As a
result, the CE policy was having favorable conditions for stable growth without any erup-
tions from the external environment. Now EU countries are maintaining the consequences
caused by the COVID-19 situation, reacting and shifting energy policy to reduce EU’s
energy sector dependency on imports from the Russia and alongside keeping the same path
for CE’s objectives implementation.

A summary of literature review results presents the impact of the COVID-19 on the
environment and the economy (see Fig. 3).

It is difficult to compare the impact of the global financial crisis and the crisis caused the
COVID-19, because of their impact on social and economic activities, but some similari-
ties can be found. National lockdown caused by COVID-19 improve air quality and have a
positive impact on the environment (Baldasano, 2020; Filonchyk et al., 2020; Gama et al.,
2021; Menut et al., 2020; Shi & Brasseur, 2020; J. Wang et al., 2021) by reducing energy
demand, use of fossil fuels and CO, emissions as it happened during the global financial
crisis of 2008-2009. It is estimated that globally CO, emissions might fall by 8% or 2.6
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Fig.3 COVID-19 positive and negative impact on the environment and economic (prepared by authors
(Baldasano, 2020; Ellen MacArthur Foundation, 2020; European Environment Agency, 2020; European
Investment Bank, 2021; Gama et al., 2021; Ibn-Mohammed et al., 2021; Menut et al., 2020; Reinsdorf
et al., 2020; Samimi et al., 2011; Sharif et al., 2020; Smith et al., 2021; J. Wang et al., 2021; Yu et al., 2020;
Yue et al., 2019; Zheng et al., 2020)

GtCO, in 2020 and would be the largest reduction ever and the lowest level since 2010
(IEA, 2020). Across the European Union, annual CO, emissions fell by 10% relative to
2019. Lower electricity demand drove a more than 20% decline in coal-fired power genera-
tion and increased the share of renewables in electricity generation to 39%. However, the
prediction of the growing energy consumption and demand in the long run might be caused
by market recovery and higher consumption (Global Energy Perspective 2022; IEA, 2020)
as it was found during the economic recovery period in 2010. Travel restrictions allowed
not only improve air quality, but also helped reduce noise pollution in the cities (Smith
et al., 2021). Scientists are divided into different groups questioning is there going to be
continuous waves of COVID-19 virus. Events of past months confirmed that the awareness
about ongoing virus needed to be stepped aside when the Russia—Ukraine war had begun
and new environmental treats arose due to intensive military actions and combats happen-
ing putting world into a new and unpredictable environmental crisis to defeat.

The pandemic, the slowdown in China, raising inflation, and energy crisis causing
an increase in cost-of-living prices, and ongoing war are raising future global economic
stability questions. In October 2022, the International Monetary Fund (2022) published
The World Economic Outlook with the prediction of the global economy slow growth by
2.7% in 2023—0.5% lower than the 3.2% growth in 2022. The significant economic slow-
down has shown in the largest economies: a GDP contraction in US and EU, prolonged
COVID-19 outbreak and lockdown in China, growing real estate crisis. Lessons learned
from the 2008-2009 financial crisis allowed the financial sector and governments to react
rapidly to minimize the economic results according to the financial market’s reaction to the
spread of COVID-19 (Brada et al., 2021; Sharif et al., 2020) and raising inflation. Aggres-
sive policy actions from central banks such as constantly increasing interest rates kept the
global financial systems from failing into crisis during the COVID-19 pandemic (World
Bank, 2021) with an assurance of a timely return of inflation to the 2% medium-term tar-
get. There is no doubt that public health during a pandemic is the top priority, but the
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necessity for economic recovery with stimulus packages raise questions about necessity
of focusing more on resilient and low carbon CE instead of rapid economic recovery and
growth (Ibn-Mohammed et al., 2021). The vast majority of the government policies imple-
mented during the pandemic are more “rescue” than “recovery” and pay little attention
to sustainability, climate change, and resilience. Only a few members of the EU (Spain,
Germany, France), United Kingdom, and Canada COVID-19 stimulus “green” packages
support more promising sustainable transition (Ellen MacArthur Foundation, 2020; Vivid
Economics, 2020). Also, European Investment Bank (2021) report confirms that only 30%
of the EU’s long-term budget and COVID-19 recovery fund known as NextGenerationEU
which totals about 547 billion Euro will be spent on climate objectives. This confirms the
common tendency between world economies—according to the Green Stimulus Index
report (Vivid Economics, 2020) 17 major economies announced economic stimulus pack-
ages in total worth 11.8 trillion U.S. dollars. Roughly 3.5 trillion U.S. dollars (30%) in the
announced stimulus will focus on long-term recovery in environmentally intensive sectors
for climate change, biodiversity and local pollution, while the rest of the stimulus pack-
age (8.3 trillion U.S. dollars) focuses on non-environmentally relevant sectors. Emerging
economies such as China, India, Mexico, and Brazil along with Russia depend on environ-
mental intensive sectors such as high carbon industries, energy sectors and unsustainable
agriculture practices. The most notable examples of the COVID-19 response measures are
likely to support the current trajectory of manufacturing, energy industries and agriculture
sectors with significant deregulation, tax cuts, or subsidies and are likely to worsen envi-
ronmental outcomes. This implies that economic interests again overcome environmental
interests and in the long term period, will not have a positive impact on the environment.
As a result, by the end of the pandemic, we might have an even bigger climate crisis than
we are having now and this will lead to a bigger economic and social exclusion between
different social groups and countries with developed and emerging economies.

The pandemic only sharpened the global circularity problem and shattered the core sus-
taining pillars by increasing the demand of medical supplies (Yu et al., 2020), use of sin-
gle use plastic (Nielsen et al., 2019), and increased amount of hazardous waste (Zheng
et al., 2020) in 2020. In some cases, the amount of medical waste increased by 350-370%
(Klemes et al., 2020). Furthermore, COVID-19 has further enhanced the need to reflect on
social behavior and individual lifestyles and how it impacts the environment and pollution.
The consumer exaggerated reaction to the pandemic and announced lockdown. In the situ-
ation of panic buying, consumers’ decisions are influenced by their peers’ choices (seeing
long queues of hoarders in front of the supermarket, unmeasured high demand of certain
products, news on the internet and television) by giving less attention to pro-environmental
purchasing choices (Zheng et al., 2020), changes the perception and created uncertainty
about future supply based on their observations (Tsao et al., 2019). Changed consumer
behavior and a higher need for single-use plastic could put the world into a new environ-
ment crisis after COVID-19.

Sustainable supply chains could be a solution to solving the consumption caused envi-
ronmental crisis and could help to avoid raw materials delays, increased logistic costs, stop-
page of production, import and export-related problems that occurred during the pandemic
and sharpened global supply and demand issues (Chakraborty & Maity, 2020; Golroudbary
et al., 2019; Hossain et al., 2022). Changes in the supply chain to make it more sustain-
able and flexible could be implemented by taking responsibility and optimizing the sustain-
able transition through a supply chain organization framework and infrastructure (Dwivedi
et al., 2021; Sassanelli et al., 2020). The ability to flexibly allocate resources gives a bet-
ter position to business companies and governance to deal with any environmental or
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international trade issues and design more sustainable offerings to consumers (Gelhard &
von Delft, 2015). One of the benefits of the sustainable supply chain are the flexibility at
the process level through logistic sub-systems and controls which helps to minimize vari-
ous costs of green/remanufactured products, including energy, labor, material, and logistic
costs (Bag & Rahman, 2023).

It is obvious that countries are economically affected by the pandemic and government,
society, and business sectors might be focused on rapid economic recovery and not envi-
ronment protection or further CE implementation. The recovery from the pandemic pro-
vides a unique opportunity for economic transformation to carbon neutral and smart green
technologies. Yet, uncertainties and financial strains could keep World economies from
embarking on the necessary transformation. Countries and cities will have to evaluate the
current situation and make strategic decisions for the future CE development.

4 Discussion

This paper highlights the importance of raising environmental issues while countries
mostly focus on solving urbanization, resource extraction, economic growth, increasing
production and consumption problems. In this context, CE was proposed as an instrument,
which could resolve climate change problems while ensuring stable economic growth.
Since the introduction of the CE concept in the EU policies, CE have had favorable condi-
tions: stable global economic growth, high local governments, society and interest group
involvement. The pandemic is the first serious test of the continuous stability of the CE and
pro-environmental policies. While ongoing Russia—Ukraine war could test how far we are
willing to go and invest to maintain the current sustainability and CE direction achieving
the energy freedom from Russia’s natural resources and ensuring economic stability in the
region (Pereira et al., 2022). Data analysis on the global financial crisis of 2008-2009 and
economic recovery period helped understand and more effectively moderate the near future
of the CE policies during and after any occurring crisis. Results confirms that economic
recovery period correlates with a rise of energy intensity, while increase on FDI and R&D
helped to manage and reduce GHG emissions effectively. However, to this day, countries’
economies rely on natural resource and the future financial crisis impact on the environ-
ment remains significant. Countries’ economies transition to renewable resources could not
only reduce impact to the climate, but also reduce emissions differences during and after
financial crises.

While the COVID-19 impact confirms the improvement of the environment, it has also
sharpened circularity pillars: suspensions on plastic ban policy, increased use of single-use
plastic, hazardous and medical waste raise more serious concerns about our future. The
economic stimulus packages distributed with the 70% of 11.8 trillion U.S. dollars to non-
environmentally relevant sectors confirms that countries are more concerned about rapid
economic recovery than the growing global environmental crises. The EU confirms that
societal resilience, dependency on a resilient environmental support system, reliance on
single-use plastic, and low oil price resulting from lockdowns have negative consequences
(European Environment Agency, 2021).

The Russia — Ukraine war could be a turning point to change the public policy, justify
and support more the transition to the clean-energy since shocks and crises can drive politi-
cal processes. This shock could be used as a window to accelerate renewable energy tech-
nologies to lose the dependency of fossil fuels by orientating global investments toward
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sustainability. However, taken actions demonstrates otherwise, the world keeps struggling
to strike the balance between the energy sustainability and energy security resulting global
coal demand increase by 1% (IEA, 2022c). Furthermore, the EU Parliament had to take
political compromise and included gas and nuclear energy in the sustainable finance tax-
onomy pack. Since January 2023, the Complimentary Delegated Act announced nuclear
energy and fossil gas as low-carbon alternatives contributing to climate change objectives
and decarbonization of the Union’s economy (European Comission 2022). This decision
goes against the EU sustainable development approach, including the Paris agreement and
the European Green Deal.

The financial crisis impact on the environment has analyzed only by few studies and
requires a broader and deeper analysis focusing on countries’ environmental policies
changes, consumer behavior changes in the crisis situation, and how they re-share pro-
environmental decisions. Future research on systematic data collection of implied innova-
tions, technologies along with social-economic and environmental indicators are needed to
help scientists simulate the possible future economic crisis scenarios, political decisions
impact on the economic growth and how it impacts environment.

5 Conclusion

COVID-19 and the Russia—Ukraine war have highlighted the fragility of the sustainabil-
ity principles and countries high fragility on the energy security. Data analysis from the
previous global financial crisis of 2008—2009 helps to modular the possible impact to the
environment and countries actions seeking rapid economic recovery. Results from previ-
ous studies confirm, that short-term economic recovery policies are unlikely to be sustain-
able in the long-run. Completed literature review and data analysis results confirm that the
financial crisis had a positive impact on GHG emissions reduction in 2009, which can be
explained by lower economic activities. Furthermore, countries were able to manage and
reduce GHG emissions consistently through the whole period of the analysis with strong
commitment funding R&D activities and being able to attract growing amount of FDI.
The European Economic Recovery Plan and its strong focus on renewable energy helped
increase the renewable energy share in the gross final energy consumption. Furthermore,
the EU is strongly committed mitigating energy crisis by adopting REPowerEU Plan,
European Gas Demand Reduction Plan, diversifying energy supply sources by importing
liquefied natural gas and increasing deliveries of pipeline gas, and putting more invest-
ments in the energy infrastructure. However, at the moment the most significant EU focus
is energy market stabilization, leaving social, economy and CE principles implementation
in the back.

Global lockdown had a positive impact on air quality—reduced CO, emissions and
noise pollution. Still, COVID-19 along with Russia—Ukraine was have caused an even
bigger financial and energy crisis than the one that happened in 2008—2009. The European
Union (27) GDP contracted by -6.1% and it is 1.4 times lower than in 2009. The European
Union must focus on effective synergy between two strategic goals and its implementa-
tion—ensure rapid economy recovery in the context of the ongoing CE policy defined in
the Green Deal documentation. The EU is strongly committed transitioning energy produc-
tion to more renewable sources and reducing energy dependency from Russia, but other
aspects of sustainability and CE policies remain uncertain. Evidence shows that the vast
majority of government policies implemented during the pandemic focus on pandemic
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control measures rather than sustainability and resilience. Only 3 European Union coun-
tries: Spain, Germany, and France proposed COVID-19 stimulus “green” packages to sup-
port a sustainable transition. Major emerging economies (China, India, Russia, Mexico,
and Brazil) economic stimulus packages focus on rapid economic recovery and quick
returns on non-environmentally relevant sectors. These countries are likely to support the
current trajectory of manufacturing, energy industries and agriculture sectors and they are
likely to worsen environmental outcomes. China, India and Russia are leaders on global
CO, emissions and their impact on climate change in the next few years is going to be
significant. Ongoing Russia—Ukraine war has a significant effect on climate change and
removed achieved emissions reductions during the pandemic. However, it significantly
shifted the political narrative and gave positive signs of transitioning from a linear to a
circular economy and focusing on solutions to increase renewable energy-related projects
implementation.

Following the conducted analysis and completed literature review authors believes that
successful continuity of the circular economy framework and resilience should be based on
the combination of data analysis, forecast of future scenarios and risk management frame-
work. It would help to stay consistent and focus on the current circular economy govern-
ance, key objectives and minimize negative impact of any potential crisis.

This paper highlights the ongoing confrontation between the economy and the environ-
ment. So far, countries’ actions on sustainable transitions are insufficient and require dras-
tic decisions and economic changes focusing not only on the short-term solutions. This
paper is the first step in analyzing the financial crisis impact on sustainability and circular
economy implementation. Further scientific and statistical analyzes are needed.
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