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INTRODUCTION

EnergyTech is a promising investment project for three reasons. The first reason is the overall
high investment attractiveness of energy projects due to high global energy demand and broad
prospects for return on investment (Ayub et al., 2022; Verba et al., 2022). The second reason is
that EnergyTech is not just “smart” technologies in the energy sector but a transition to clean
energy (Ratner et al., 2022; Streimikiené et al., 2022). The implementation of projects on the
creation of “smart” infrastructure in the field of clean (renewable) energy allows the operation of
infrastructure facilities for a longer period compared to projects for the extraction and use of
non-renewable energy (for example, fossil fuels) (Gallo et al., 2020; Sisodia et al., 2020; Ratner
et al., 2021).

The third reason is the strategic importance of the projects under consideration for the state,
combined with their high social significance, providing support for the state and society (Knayer and
Kryvinska, 2022; Kamruzzaman and Alruwaili, 2022). The focus of this article is the problem related
to the fact that, despite the prospects, investment projects in the field of EnergyTech in 2020-2021
faced the problem of a shortage of financial resources due to the COVID-19 crisis.

In the existing literature, much attention is paid to the issues of energy financing. Chien et al.
(2021), Gong et al. (2021), Li et al. (2022), Popkova et al. (2019) in their works point to the key role of
financing in the development of the energy economy, and also note that this role is to ensure the lack
of energy resources for economic systems. The cited works emphasize the infrastructure formative
function of the energy sector in the system of entrepreneurship, as well as the need for energy
availability to maintain a high quality of life of the population, ensure uninterrupted industrial
production and continuous economic growth.

Taking into account the general economic downturn, the worsening investment climate, acute
government budget deficits and the increase in public debt in many countries, Iqbal and Bilal (2021),
Taghizadeh-Hesary et al. (2022), Tran (2021) note that in the context of the COVID-19 crisis, the
amount of financing for EnergyTech decreased and progress in its development has slowed down.
The works of Lean and Lee (2022), Popkova et al. (2021), Zhao et al. (2022), Zhou and Liu (2022) also
indicate that the pandemic and the COVID-19 crisis had a contradictory impact on EnergyTech, on
the one hand, causing a shortage of its financing and increased risks of practical implementation of
SDG 7, but, on the other hand, by creating common financing conditions for the countries of the
world, thereby ensuring equal opportunities for the development of EnergyTech in developed and
developing countries.
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A review of the literature showed that the issues of financing
EnergyTech in the context of the COVID-19 crisis are widely
studied in available publications. However, the
relationships of changes in the amount of financing of
EnergyTech in the context of the COVID-19 crisis remain
poorly understood and uncertain, which is a research gap. In
addition, existing publications are characterized by a generalized
consideration of the fuel and energy complex with insufficient
attention to its complicated internal structure. Uncertainty
regarding the specifics of changes in financing and the pace of
development of individual EnergyTech markets in the context of
the COVID-19 crisis is another research gap.

Both identified gaps are filled in this article through an in-
depth study and clarification of the cause-and-effect relationships
of changes in financing and progress in the development of
EnergyTech in the context of the COVID-19 crisis with a
combination of quantitative and qualitative research methods.
The purpose of this article is to identify the problems of financing
EnergyTech during the COVID-19 crisis and in the post-
pandemic period, as well as to determine the prospects for
their solution.

causal

REVIEW AND COMPARISON OF
INTERNATIONAL EXPERIENCE IN
FINANCING AND DEVELOPMENT OF
ENERGYTECH BEFORE THE PANDEMIC
AND IN THE CONTEXT OF THE COVID-19
CRISIS

Using the structural analysis method, a quantitative and qualitative
assessment of the dynamics of statistical data was carried out for the
most accurate and reliable identification of changes in the financing
of EnergyTech in the conditions of the COVID-19 crisis. As a result,
based on the materials of the International Energy Agency (2022), it
was found that energy investments have changed unevenly among
energy markets and have two features.

The first feature: the decline in investment in the
development of the main energy markets. The downturn in
upstream investments (compared to 2019) was 35% in 2020, in
mid/downstream investments - 31% in 2020, in coal supply -
5% in 2020, and in fossil fuel power - 15% in 2020. In all these
markets, in 2021, there was a significant lag from the pre-
pandemic level (2019). The second feature is the independence
of alternative and electric energy financing from the impact of
the COVID-19 crisis. Thus, in the nuclear market, the volume
of financing practically did not change in 2020, and in 2021 it
even increased by 3%. In the electricity networks and battery
storage market, the amount of financing also remained
virtually unchanged in 2020, and increased by 10% in 2021.

The third feature: increasing investments in “green” (“clean”)
energy. Thus, the volume of financing for low carbon fuels
remained unchanged in 2020, and increased by 3% in 2021.
The volume of financing of renewable power in the context of the
COVID-19 pandemic and crisis increased by 9% in 2020, and
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then by another 4% in 2021. It was also found that the total
volume of global energy investments in the context of the
COVID-19 pandemic and crisis decreased by 8%, while the
share of investments in “green” energy in their overall
structure increased from 20% in 2019 to 25% in 2021.

In order to determine the consequences of the above-described
changes in the volume and structure of its financing, the
international experience of EnergyTech development was
analyzed. The study was conducted on the example of the top
three  developed  countries  (Finland  ranks  first;
Denmark—second; Sweden - third) and top three developing
countries (China ranks 25th; Brazil - 27th; Mexico - 29th) in the
2021 Global Energy Innovation Index Rankings (ITIF, 2022a). As
a result, using the trend analysis method, three global trends in
the development of EnergyTech in the conditions of the COVID-
19 crisis (compared to the pre-pandemic period) were identified,
based on ITIF (2022a), ITIF (2022b) statistics.

The first trend: progress in knowledge development and diffusion
(option generation). In Denmark, this indicator increased by 54.42%
from 9.5 points in 2019 to 14.67 points in 2021; in Sweden - by
33.59% from 9.2 points in 2019 to 1229 points in 2021. In
developing countries, the trend under consideration is more
moderate. So, in China, this indicator increased by 29.88% from
8.7 points in 2019 to 11.30 points in 2021; in Brazil - by 3.42% from
7.3 points in 2019 to 7.55 points in 2021.

The second trend is an increase in the level of entrepreneurial
experimentation and market formation (scale-up). In Finland,
this indicator increased by 59.56% from 9.2 points in 2019 to
14.68 points in 2021; in Sweden - by 22.89% from 11.4 points in
2019 to 14.01 points in 2021. In developing countries, this trend is
less pronounced. So, in Brazil, this indicator increased by 2.44%
from 8.6 points in 2019 to 8.81 points in 2021; in Mexico - by
11.64% from 7.3 points in 2019 to 8.15 points in 2021.

The third trend is a decrease in social legalization and
international collaboration. In developed countries, this trend
is poorly expressed. In Finland, the indicator in question
increased by 9.07% from 12.9 points in 2019 to 11.73 points
in 2021. In Sweden, it increased by 25.69% from 14.4 points in
2019 to 10.70 points in 2021. This trend is much stronger in
developing countries. In China, the indicator in question
increased by 62.43% from 7.8 points in 2019 to 2.93 points in
2021. In Brazil, by 53.17% from 8.2 points in 2019 to 3.84 points
in 2021.

From the above results of trend analysis, it is noticeable that all
three trends are most clearly manifested in developed countries.
Consequently, in the context of the COVID-19 crisis, the decline
in the availability of financing for EnergyTech has exacerbated the
imbalances in its development and increased the inequality of
countries in the practical implementation of SDG 7.

SWOT ANALYSIS OF ENERGYTECH
FINANCING DURING THE COVID-19 CRISIS
AND IN THE POST-PANDEMIC PERIOD

The obtained results of quantitative and qualitative research are
summarized in Table 1. Based on them, a SWOT analysis of

Frontiers in Energy Research | www.frontiersin.org

June 2022 | Volume 10 | Article 923739


https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles

Osipov et al.

Problems of EnergyTech Financing

TABLE 1 | SWOT analysis of EnergyTech financing problems during the COVID-19 crisis and in the post-pandemic period.

Positive Trends in EnergyTech Financing in the Context of the COVID-19(S)

Crisis

— Independence of alternative and electric energy financing from the impact of the
crisis

— Increasing investments in “green” (“clean”) energy

— The growth of the share of investments in “green” energy in their overall structure

— Progress in the knowledge development, diffusion and entrepreneurial
experimentation and market formation

Opportunities for improving EnergyTech financing in the post-pandemic
period (O)

— Acceleration of post-crisis recovery of the economies of developing countries and
the growth of investment attractiveness of their EnergyTech
— Development of public-private partnership in EnergyTech

— Credit and investment support of EnergyTech by international financial organizations

Developed by the authors.

current problems and prospects for their solution was carried out
to clarify the cause-and-effect relationships of EnergyTech
financing in the conditions of the COVID-19 crisis and in the
post-pandemic period.

As shown in Table 1, there are a number of threats to
EnergyTech financing in the post-pandemic period. One of the
threats is the slow recovery of developing countries and the
continued underfunding of their EnergyTech. In this case, the
gap in energy investments between developed and developing
countries will remain. Another threat is the limited opportunities
for the return on investment in EnergyTech due to distortions in
competition in global energy markets.

Disruptions in global value chains and energy shocks,
including the increase in world prices for fuel and energy
resources observed in the first half of 2022, may provide a
disincentive for energy companies to develop, as well as
reduce the investment attractiveness of “green” energy
development projects. Another threat is the uneven demand
for energy resources among the EnergyTech markets, which
causes imbalances in its financing.

The possibilities of improving EnergyTech financing in the
post-pandemic period are connected, firstly, with the
accelerated post-crisis recovery of the economies of
developing countries and the growth of the investment
attractiveness of their EnergyTech. Secondly, they are also
related to the development of public-private partnerships,
which should be given increased attention in EnergyTech.
Thirdly, they are linked to the credit and investment
support of EnergyTech from international financial
organizations, especially in relation to developing countries.

DISCUSSION

The contribution of the article to the literature is to clarify the
cause-effect relationships of changes in financing and progress
in the development of EnergyTech in the context of the

Problems of Financing EnergyTech in the Context of the COVID-19 (W) Crisis

— Decline in investment in the development of major energy markets

— Reduction of the total volume of global energy investments
— Decrease of social legitimation and international collaboration
— Worsening inequality of investments in EnergyTech between developed and

developing countries

Threats to EnergyTech financing in the post-pandemic period (T)

— Slow recovery of developing countries and continued underfunding of their

EnergyTech

— Limited opportunities for return on investment in EnergyTech s due to distortions in

competition in global energy markets

— Uneven demand for energy resources among the EnergyTech markets, causing

imbalances in its financing

COVID-19 crisis, as well as prospects in the post-pandemic
period. In opposition to the viewpoints by Chien et al. (2021),
Gongetal. (2021), Li et al. (2022), Popkova et al. (2019), Sheng
etal. (2021) it has been proven that financing of “green” energy
is a priority in EnergyTech, which in the conditions of the
COVID-19 pandemic and crisis turned out to be the most
investment-attractive (compared to the main/traditional
energy markets (compared to the main/traditional energy
markets (upstream, mid/downstream, coal supply, fossil fuel
power).

In contrast to Igbal and Bilal (2021), Taghizadeh-Hesary et al.
(2022), Tran (2021), it is proved that in the conditions of the
COVID-19 crisis, the amount of financing for EnergyTech has
changed unevenly and, despite its general reduction, the amount
of financing for “green” (“clean”) energy (low carbon fuels,
renewable power) has increased, as well as the amount of
financing for alternative and electric energy (nuclear and
electricity networks) has been preserved. Thanks to this,
progress in the development of EnergyTech has not slowed
down, but even accelerated. For example, in Denmark,
knowledge development and diffusion increased by 54.42%,
and in Finland, entrepreneurial experimentation and market
formation increased by 59.56%.

Unlike Popkova et al. (2021), Zhao et al. (2022), Zhou and
Liu (2022), it has been proven that the pandemic and the
COVID-19 crisis have not reduced, but increased the
inequality between developed and developing countries in
the field of financing EnergyTech, which is a serious
problem that needs to be addressed as a priority in the post-
pandemic period. The theoretical value of the results obtained
is that they make it possible to see SDG seven in a new
perspective, i.e. they show that “clean” energy comes to the
fore. This means that the financing of EnergyTech is not aimed
at supporting industrial economic growth, but at
decarbonization. The resource role of energy gives way to
resource efficiency: the conservation of energy resources and
their environmental friendliness.
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CONCLUSION

Thus, the actual problems of financing EnergyTech in the context
of the COVID-19 crisis have been identified, including a
reduction of investments in the development of major energy
markets, a decrease in the total volume of global investments in
energy, a decline in social legitimation and international
collaboration, as well as an increase in the inequality of
investment in energy technologies between developed and
developing countries.

The prospects for solutions in the post-pandemic period
related to the growth of investment attractiveness of
EnergyTech in developing countries, with the development of
public-private partnerships and with credit and investment
support of EnergyTech from international financial
organizations, especially in relation to developing countries,
are also identified.

The contribution of the article to the literature is to
substantiate that the COVID-19 pandemic and crisis not only
created challenges and threats, but also provided prerequisites
and revealed positive trends in EnergyTech financing, among
which the priority of investment support for green energy plays a
key role. This can be explained by the popularity of the
environmental version of EnergyTech, and as a result, the
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