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This study reviews the impact of the COVID-19 pandemic on environmental
health through the energy sector, based on the close relationship between
energy, the economy, and the environment. The lockdown policy to contain the
spread of the disease has hampered the global economy. Due to the close
relationship between energy and the economy, the decline in global economic
growth can be easily indicated by the decrease in world energy consumption.
However, this study argues that this situation also opens the opportunity of
restoring environmental health. Thus, the objective of the study is to find the
opportunity and the lesson that can be learned from the COVID-19 pandemic.
This study employs a qualitative method that combines descriptive analysis and
literature review. It involves a review, processing, and observation of
quantitative data (statistics) and qualitative data. This study finds that the
pandemic opens opportunities to relieve the environment damaged by fossil-
dominated energy consumption to pursue economic growth. However, this
study also finds the challenge to overcome and lesson learned. The challenge is
the two-way pressure from demand and prices that renewables must face. The
lesson to be learned is mainly to reduce the dependency on fossil energy sources,
primarily if it is imported. However, on top of that, the government must be able
to seize the opportunities to overcome the challenge. Thus, this study is expected
to provide an optimistic view of taking advantage of the blessing in disguise of
the pandemic to rehabilitate environmental health through the energy sector.
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1. INTRODUCTION

Energy, the economy, and the environment is intertwined in human life. Energy is the prerequisite for
the economy [1], [2]. For example, electricity is a pioneering infrastructure to open and develop economic
activities [3]. Thus, it is impossible for the economy to grow without energy. Vice versa, energy needs the
economy to be developed. For instance, the more developed the economy of a country, the better its ability to
provide energy for all people in the country. Therefore, energy and the economy are inextricable in supporting
development and human activities [1]-[4]. However, there is a drawback in the relationship between energy
and the economy. The environment will suffer from the development of energy [5], [6] and the economy [5],
[7]- The role of the environment in human life is no less important than energy and the economy since the
environment provides a place for humans to live and thrive.
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However, people tend to ignore the importance of the environment. Governments tend to prioritize
economic growth over environmental health as it is believed as a critical element of development. Although
later, the role of growth as a sole indicator of development is argued [8], [9]. In more developed countries, the
government tries to narrow the gap between economic development and environmental degradation by, for
instance, utilizing and prioritizing cleaner energy sources like renewables [10]. However, utilizing clean energy
sources in developing countries is challenging as it is costly. The government in these countries, then, tends to
provide energy sources suited to their financial capability as it is more affordable for them [4], [11]. They will
not sacrifice their economy by providing cleaner energy sources which are unaffordable and requires a longer
time to provide. It is because energy must be provided as immediately as possible to support economic activities
since delay in providing energy leads to a decline in economic growth [1].

As a result, environmental degradation will increase as the economy grows [3], [7], following the
increase in energy consumption. One of the most widely accepted hypotheses to explain this situation is the
inverted U-shaped Kuznets Curve. The curve describes the relationship between economic level and
environmental damage during economic development. The curve shows that the increase in the economic stage
(income) would increase the environmental damage until the peak point of economic development is reached,
where the increase in economic growth is no longer followed by the environmental degradation, following the
inverted U pattern [12], [13]. It is why environmental health principles are challenging to implement, especially
in developing countries.

Therefore, energy consumption is a primary indicator of economic activities. It vitalizes human
activities as well as the economy. Under business-as-usual situations, the environmental damages continue to
increase as energy consumption to pursue economic growth increases. However, the COVID-19 pandemic has
changed the pattern, causing a downturn in economic growth globally. The COVID-19 pandemic has created
great pessimistic views among people [14]-[16] and countries [17]-[19]. The health sector is the first and
foremost impacted area, affecting many aspects of life today, including the economy [18], [19]. In addition,
the containment policies taken by governments to stop the spread of the virus badly impacted the economy.
Given the close relationship between energy and the economy [1], [3], [20], the fall of the world's economy
can be easily seen from the decline in world energy consumption during the pandemic.

The shock caused by the pandemic has changed the energy pattern and, therefore, the environment's
quality globally. Thus, following the nexus of the energy-economy-environment, this study argues that the decline
in energy consumption opens opportunities for restoring environmental health. The pandemic poses challenges to
global energy, where access to energy is hampered due to the cessation of economic activities. The pandemic has
coincidentally promoted the initiative toward the restoration of environmental health due to the decline in fossil-
dominated world energy consumption. Thus, this study hypothesizes that the pandemic opens the opportunity to
restore environmental health. Previous studies have shown the pandemic's impacts on the energy sector. However,
they rarely discuss how the pandemic creates opportunities to restore environmental health, and the lesson learned
about the global energy consumption pattern that heavily relies on fossil energy sources. Thus, this study's
importance is to encourage an optimistic view about the pandemic, which opens the opportunity to recover
environmental damage through the energy sector. It also provides some lessons to be learned and the challenges
governments should overcome to maintain environmental health. This study is expected to provide some solutions
for repairing the degraded environment caused by the rapid, vast economic activities.

This study uses a qualitative approach to discuss environmental health from an energy perspective
(energy-related environmental health). The discussion consists of five major parts. The first part describes what
energy-related environmental health is and how it works. The second part observes the nexus of the energy-
economy-environment during global shocks. It discusses the pandemic's impact on energy patterns and the
environment globally and how the pandemic broke the traditional energy-economy relationship. The following
two parts discuss how the COVID-19 pandemic creates opportunities and the lesson learned to restore the
environment through the energy sector. The pandemic leads to the emergence of new behavior (the new normal
condition) that, by chance, implements the environmental-healthy lifestyle in the energy sector. Last, the
discussion covers the challenges that emerge after the pandemic hit. It requires the government to introduce
specific policies to minimize the negative impacts. However, the challenges could also open opportunities if
the measure to overcome the obstacles could be appropriately conducted. Thus, the objective of the study is to
find the opportunity and the lesson that can be learned from the COVID-19 pandemic.

2. METHOD

This study employs a qualitative method that combines descriptive analysis and literature review. It
involves a review, processing, and observation of quantitative data (statistics) and qualitative data. The
descriptive analysis involves processing and observing quantitative data from related institutions' reports and
official publications. The data (numbers) obtained from certain institutions (the International Energy Agency,
the World Bank, and British Petroleum) are processed before being displayed in graphs that will be observed
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and analyzed further in the discussion. The literature review involves reviewing the qualitative data to obtain
the essence from the findings of previous studies as the basis for analysis in this study.

In the discussion referring to the graphs processed by the author, this study applies descriptive analysis
by observing the historical pattern of the world's energy use. The aim is to observe global energy consumption,
economy, and CO; emissions before the pandemic. The data obtained is statistical data that must be processed
before being presented. The next step is to observe the energy use pattern during the global shocks and its
impact on the world's economy and energy consumption. The data at this stage is obtained from relevant
agencies' official publications (in the form of reports or statistics).

The other parts of the discussion apply literature review to review the findings from previous studies.
Observations at this stage were carried out on qualitative data. This stage aims to observe and then analyze the
findings of previous studies to become the basis for analysis in this study.

The quantitative data (humbers and statistics) are taken from official websites such as the International
Energy Agency (IEA), the World Bank, and British Petroleum (BP). On the other hand, the qualitative data
primarily come from academic papers and books. The statistics (the quantitative data) are used to make the
graphs. The qualitative data are used to build the argument and analysis. The qualitative data mostly are the
findings from previous studies to support the analysis in this study.

The consumption of fossil-dominated energy to support economic activities has caused environmental
damages such as the pollution of heavy metals, acid rain, climate change due to greenhouse gasses,
environmental changes, and other environmental damages. However, due to the limitation in time and
resources, this study delimits the observed parameter only to CO, emission to represent environmental
degradation caused by energy consumption and economic activities. It also aims to simplify and delimit the
scope of the study. Moreover, the use of CO, emissions to represent environmental damages has been widely
used in previous studies [6], [12], [13], [20], [21].

3. RESULTS AND DISCUSSION
3.1. Energy-related environmental health

Energy is closely related to two interacting primary issues: the welfare of people (the economy) and
the welfare of the environment (a healthy environment). For the economy, energy is the precondition, while
for energy, the economy is the supporting element. Energy is crucial for the economy since energy develops
economic activities, and vice versa, the economy increases energy needs. Thus, energy demands would
increase as economic activities grow [2], [3]. However, as economic activities are growing, environmental
damages are inevitable. The environmental damages, among others, are shown by the amount of emitted CO»,
which increases as the economy or gross domestic product (GDP) grows, followed by the increase in energy
needs as shown Figure 1. Energy is required to improve and develop the economy. Thus, Figure 1 shows that
primary energy consumption (PEC) increases as the economy GDP rises. However, as a consequence, CO;
emission -the by-product of energy use- is also growing. Environmental damage, therefore, is inevitable in
pursuing economic growth. The situation depicts the close relationship between energy, the economy, and the
environment or the nexus of the energy-economy-environment [1], [3], [20]. Therefore, energy is essential to
initial and develop the economy. However, energy consumption to support and improve the economy will
negatively impact the environment.
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Figure 1. The global CO, emission (orange, right-hand scale), which increases as the GDP (gray) rises, for
the energy consumption (PEC, blue) is growing [22], [23], processed by the author
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The impacts of energy consumption on the environment occur along the energy-processing chain,
from exploitation and production to consumption and disposal. In addition, all economic activities require
energy that will eventually impact the environment. In other words, consuming a particular energy type will
affect the quality of the environment. Thus, selecting an energy source type should be done carefully and wisely
and should prioritize the cleaner ones. However, utilizing or prioritizing cleaner energy sources is costly, so
implementing them is challenging, especially for developing countries.

Renewable energy (RE) is clean and inexhaustible. Compared to fossil, RE utilization also causes
lower environmental damage. Thus, utilizing and prioritizing RE sources over non-RE (fossil energy) will
promote the initiatives towards maintaining and improving environmental health. The source of RE is also
unlimited, as it comes from nature, such as wind, the sun (solar), the ocean, or hydrogen. Life cycle assessment
(LCA) shows that using such energy sources has lower environmental impacts than fossil energy. The
utilization of renewable energy also supports the initiative of energy sustainability and the resilience of energy
systems. Achieving energy sustainability means securing energy supply, achieving energy equity, and
protecting the environment, which all can be achieved by using renewable energy [24], [25].

However, the clean aspect of renewable energy comes with a price. RE is relatively more expensive
than fossil. Thus, its development is usually hampered by its relatively low investment. Many RE projects are
stopped at the pilot (without implementation) due to low interest in the investment [25]. RE is also utilized to
fulfill local demand with few energy needs, making it even harder to reach economies of scale. Fossil, on the
contrary, is more affordable, although dirtier. However, its relatively lower price is due to externalizing the
environmental impacts it causes. As the environmental impacts are not internalized, fossil energy prices would
be relatively lower than RE. RE, on the other hand, is cleaner but requires high initial investment and advanced
technology [26]-[28], something that is hard to afford, especially in developing countries [29], [30]. It is why
the utilization of RE is not preferable for them. Furthermore, developing countries have constraints in their
financial capacity. They have a limited budget to spend on energy utilization [11], [31], [32]. More importantly,
a negative relationship exists between delaying energy provision and economic performance. A decline in
electricity provision leads to a 1.5% decrease in GDP [1]. Thus, they cannot wait long until their money is
sufficient to provide cleaner but more expensive energy sources and sacrifice their economic performance. In
maintaining economic performance, energy should be provided as immediately as possible, suited to their
financial capability and regardless of its type, although at the expense of environmental health.

In the global energy market, the success of fossil substitution by RE is influenced by oil price as the
global energy reference price, since oil is the main energy source for the world. RE could enter the global
energy market and substitutes fossil if the oil price is very high and comparable to the RE price. If the oil price
is low, it would be challenging for RE to enter the market. However, the oil price fluctuates, and oil has closer
substituents (gas and coal), making the substitution with RE even more challenging [33]. The other way to
make RE more affordable is through technology to increase the efficiency of RE. When RE efficiency is
increased, using the same amount of money will result in higher energy output, creating a lower unit price. The
higher price of RE makes it only affordable and preferable for developed countries. Besides, developing
countries are now in the industrialization stage, where the economy is at its fastest speed, and energy needs are
very intensive. Thus, utilizing RE is regarded as slowing down the pace and negatively affecting economic
development.

It is also why the trend of energy consumption and environmental damages (represented by CO,
emission) in developing and developed countries differ. Today, the growth of CO, emissions in developed
countries is lower than that of developing countries as shown in Figure 2. Following the hypothetical pattern
of inverted U in the Kuznets curve, the developed countries had passed the peak of the economic development
stage. Thus, the subsequent increase in economic growth does not mean an increase in environmental damage.
In other words, the relationship between the economy and the environmental impact is negative or non-linear.
As the economy grows, the environmental damages could be minimized as the unit of energy needs decreases
due to the increase in energy efficiency. Energy use is efficient when the same amount of energy consumed
results in higher economic output. The pattern differs from developing countries, where energy needs and GDP
growth are linear with environmental degradation (in this study, it is represented by CO, emissions). Figure 2
shows the CO, emission of the Organization for Economic Development (OECD) and non-OECD countries
during six decades (1960-2020). Figure 2 shows that the CO, emission of developing countries (non-OECD)
had passed the CO, emission of developed countries (OECD).

For developing countries, economic performance is prioritized, as it is essential for development.
During the process, it is likely to neglect environmental health if it is perceived would hinder economic
development. As a result, environmental health is perceived as a secondary or even tertiary need and not a
priority. Fulfilling the primary needs is more critical than fulfilling the secondary and tertiary needs. It is in
contrast to the developed countries, where most people have fulfilled their immediate or basic needs, so
secondary needs such as environmental health are currently their priority.
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Figure 2. The annual CO, emission of developing dan developed countries [34], processed by the author

The economic stage of a country influences its priority. In the first stage of development, a government
prioritizes more on fulfilling its people's basic needs. Then, as a country develops and basic needs have been
fulfilled, the subsequent needs to be fulfilled would be the secondary needs. Among the secondary needs are
life satisfaction and the well-being of the environment. Therefore, developing countries focus more on poverty
reduction and equity [35], while developed countries focus on environmental issues [12].

3.2. The energy-economy-environment nexus during the pandemic

The pandemic is an extraordinary, shocking event that influences the pattern of global energy
consumption. The lockdown policy to tackle the spread of the virus has stopped the economic activities that
lead to the declining global GDP. The shock from the pandemic has broken the traditional relationships
between the economy and energy consumption. As a result, the energy demand pattern changed and variably
depended on the energy type. For example, fuel aviation demand for planes sharply declined, more profound
than the GDP decline, while the demand for residential gas for electricity seemed unaffected [36].

The Covid-19 pandemic has ceased economic activities, resulting in a fall in global GDP. According
to the IMF, the global GDP is predicted to decline by 6%. It is the worst scenario with a substantial permanent
loss of economic activity. However, if the containment of the virus's spread is effective and macro-economic
policies are well-targeted, the decline would not be too deep as shown in Figure 3.

The severe restriction of mobility and economic activities has pulled down the global primary energy
consumption (PEC) by 3.8 percent or 150 mtoe (million tonnes of oil equivalent) during the first quarter (Q1)
of 2020, compared to the first quarter of 2019 as presented in Figure 4. If the curtailment lasts longer and
economic recoveries are slow, the annual PEC in 2020 will decline by 6%. Restrictions on economic activities
in Q1 2020 pushed down the global oil, gas, and coal demand by 5, 2, and 8% from Q1 2019. However, the
demand for renewable increased by about 2% [36].

The analysis in the region shows that the energy demand is predicted to decline. For example, the
energy demand in China and India would decrease by 4%, while the European Union and the US have around
10% as shown in Figure 5. The 10% decline is the highest fall in 2020 energy demand, almost double the
decrease caused by the 2009 global financial crisis [36].

However, the pandemic has had a positive effect. As economic activities are curtailed and mobility is
reduced, global CO, emission is significantly falling. The decline would be about 30.6 Gt or almost 8% lower
than 2019 CO, emissions. The emission level would be the lowest, six times larger than the reduction due to
the 2009 financial crisis as shown in Figure 6. The decline in CO, emissions is due to the decrease in oil, gas,
and coal consumption by about 1, 0.4, and 1.1 Gt, respectively. According to the region, the most significant
decline would be from the US, followed by China and the European Union [36].

The pandemic has broken the traditional relationship between energy and the economy and shaped a
new relationship. The new relationship is a moment to promote initiatives toward restoring the environment,
as it opens opportunities to ease these efforts. However, the moment may not last forever and only occur briefly.
Thus, the government must be able to grasp it quickly and make use of it to relieve the environmental damages
due to the increasing economic activities supported by energy consumption.
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3.3. The opportunities for restoring environmental health through the energy sector

The old, broken relationship between energy and the economy caused by the pandemic has created a
new relationship pattern that is believed to open opportunities to restore the environment. First, some
opportunities are created due to the 'new normal’ lifestyle, which is less energy-intensive, such as working from
home, online shopping, and distance learning. This situation will open the following opportunity for the
governments to implement the supporting policies. These policies are required to maintain and strengthen the
new lifestyle and direct it to promote initiatives for restoring the environment. The waste management issues
that emerged during the pandemic opened the third opportunity. This waste issue is a blessing in disguise as it
opens the opportunity to initiate the waste-to-energy (WTE) program. Last, the difficult economic situation
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caused by the pandemic has forced people to save more and use goods for as long as possible. This situation
opens the opportunity to implement a circular economy that aligns with the eco-friendly lifestyle.
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Figure 6. Energy-related CO; emissions and their annual change [36]

3.3.1. The new less energy-intensive lifestyle

The pandemic has transformed the old patterns in all aspects of life. The drastic changes have shaped
people's lifestyles to adopt 'wireless, less energy-intensive' activities, such as working from home, online
shopping, and distance learning [37]. This situation will improve people's awareness of consuming energy
more efficiently, eventually improving environmental awareness among people and the community [16].
Environmental awareness is crucial in restoring environmental health, since people and the community are the
actors and consumers of energy. They are also very challenging to manage. The awareness that emerges during
the pandemic will ease the effort to restore the environment. They will be more prudent in consuming energy
and will consume it more efficiently. It is not only due to the change in lifestyle, which requires less energy
but also to minimize their spending. It will also promote the initiative on energy conservation. Using energy
more efficiently means reducing the environmental degradation caused by energy consumption.

Under this situation, the government may introduce supporting policies to maintain such behavior in
consuming energy. The government could introduce, for example, demand side management (DSM) policy.
DSM is a policy to regulate people as energy consumers to consume energy more efficiently [38]. DSM can
be in the form of discounted electricity rates for households that can save up to a certain percentage of their
electricity, the provision of subsidized solar home system equipment, differentiation of electricity tariff systems
(for peak and non-peak hours), tax exemption for high energy-efficient technology and equipment, etc. Those
policies are directed to shape people's behavior in conserving energy and consuming it wisely. DSM is crucial
as it manages the behavior and mindset of many people. Many people are unaware that the energy sources they
consume are depleting. DSM would shape people's behavior in consuming energy more efficiently and, at the
same time, promote the initiative of energy conservation. It, eventually, will create a healthier environment.

3.3.2. The eco-friendly policies

During the pandemic, one of the salient effects is a healthier environment due to the drastic reduction
in human mobility and economic activities. As a result, environmental pollution has decreased drastically, and
air quality has improved during the pandemic. There also has been a decrease in the levels of several pollutants
such as NO [39], PM2.5 [40], and CO, which could reduce global climate change [41]. The reduction in global
air pollution and carbon emissions and an increase in less energy-intensive activities (working from home)
during the pandemic have provided the opportunity to repair the environmental damages caused by pre-
pandemic economic activities. However, the opportunity requires support and government involvement [37].

For instance, the government may subsidize families who use renewables to electrify their houses. It
is not only to support the containment policy to stop the spread of the virus (online working and studying) but
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also to improve the utilization of renewable energy. Alternatively, the government could revoke the taxes on
consuming renewable energy in households. It, for example, is the tax on using renewables for electricity,
cooking, or heating purposes. These policies are very likely to implement, as it will relieve the economic
hardship caused by the pandemic (massive layoffs and the cessation of economic activities).

Vice versa, to discourage people from using fossil energy, the government, for instance, may impose
a tax on energy-intensive goods. These products, among others, are paper and pulp products, metal industry
products, cement industry products, and chemical industry products such as ammonia, chlorine, and other
petrochemical products. By imposing a tax on these products, people would use these products more efficiently.
In addition, it is expected will increase people's awareness of using certain goods wisely.

Those policies are valuable for shaping people's behavior in consuming energy. It will direct people
to prefer renewables more than fossil energy sources. Eventually, these policies will promote the initiatives to
repair and improve environmental health.

3.3.3. Waste to energy (WTE) and circular economy

WTE is one of the 'most promising' RE sources in a pandemic to support environmental health
initiatives through the energy sector. During the pandemic, waste management is one of the issues that has
received much attention, where the increase of waste from medical wastes, plastics, and waste from households
[39], [42], [43] is not accompanied by better handling. The improper handling of waste can be a new source of
spreading disease, especially the medical waste exposed to the virus. However, the situation opens an
opportunity to process those wastes into energy sources and start the WTE initiative. A previous study shows
that the WTE industry keeps growing by +21 percent during the pandemic. However, other waste management
industries drop by -28% and -10%, respectively, for the waste-to-material and disposal industries [44]. The
result shows that the pandemic creates the opportunity to restore environmental health by producing clean,
renewable energy sources from waste. WTE restores environmental health by providing a solution to manage
garbage that piles up and is not appropriately handled during the pandemic and providing a new, clean,
inexhaustible, but cheap energy source.

The drastic, entire changes have given a shock, resulting in better people's behavior. The restriction
policies and economic hardship have forced people to be more prudent in their consumption and spending.
This situation opens another opportunity for recycling and reusing goods through a circular economy system.
A circular economy system is an economic system that implements the recycling, reusing, or regenerating of
any materials or products. In other words, it is a production-consumption system that involves recycling,
refurbishing, or reusing consumer goods for as long as possible. Its implementation, thus, is very likely to
reduce the cost and save energy to produce certain products [45]-[47]. Implementing a circular economy during
the pandemic is estimated to reduce the final energy use by 1.6 mtoe, CO, emissions by 3.8 mt, and PM2.5
emissions by 229 t. Accumulated until 2040 (from 2020), implementing a circular economy would save final
energy use and CO. emissions by 9.1 mtoe and 17.6 mt [48] and improve the energy security index [49].

3.4. The challenges for restoring environmental health through the energy sector

The pandemic creates opportunities to repair the environment by breaking the old relationship
between energy and the economy. However, this new relationship also creates challenges that may hamper the
initiative to take advantage of the blessing in disguise of the pandemic to repair the environment. It is mainly
for RE, the eco-friendly energy source, which faces a two-way pressure, making it more challenging to
substitute fossil. This situation requires the government to introduce specific policies to reduce the pressure on
RE. Thus, RE can be optimally used to substitute fossils gradually. In addition, the pressure on RE makes it
more unaffordable for the poor. It is another challenge that government must overcome to seize the
opportunities the pandemic has created to restore the environment.

3.4.1. A two-way pressure on RE

The pandemic has opened the opportunity to increase the use of locally produced RE to avoid
disruption in energy supplies caused by a hampered global economy. The increasing use of RE in some
developed countries, such as Europe, is evidence of the opportunity [50]. However, the pandemic also gives
challenges to RE utilization. The decline in global demand for fossil energy has caused the decline in world oil
prices to the lowest point. West Texas Intermediate (WTI) fell to -37.63 US$ per barrel in April 2020 [51]. The
fall in oil prices pulls down other fossil energy prices as global energy prices reference the oil price. As a result,
it will widen the price gap between fossil energy and RE, causing RE to be more uncompetitive.
Simultaneously, the austerity policies to save the budget also find it difficult to provide incentives or subsidies
to narrow or close the price gap, making RE no longer attractive. Under the pandemic situation, where everyone
faces economic pressure, the cheapest energy sources would be preferred. Under the pandemic, RE faces two
pressures simultaneously: a decrease in demand and a decline in fossil energy prices.
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The pandemic could also derail the RE progress due to the decreased production and investment
caused by the economic downturn. The lockdown and working-from-home policies have disrupted production
activities of RE-supporting equipment, such as lamps and solar panels in the factories. The sluggish economic
activities further reduce investment, through the decrease in energy consumption and production activities [39].
Production and investment influence each other and form a vicious cycle. Thus, the development of RE during
the pandemic is influenced by the duration of social restrictions in many countries and the time (how long) the
government's economic stimulus can overcome the economic downturn [52].

The pressures on RE are the challenges the governments should be cautious of. These challenges
hamper the initiative to restore the environment through promoting renewables. To overcome these challenges,
the government must introduce policies to reduce the pressure on RE utilization, for example, by encouraging
WTE. WTE is likely to relieve the pressures on RE since RE is produced from waste. WTE does not involve
many manufacturing processes in its equipment production, like in producing solar energy equipment. Its price
is also unrelated to global oil prices since it comes from waste. The conversion of harmful waste into a valuable
energy source will solve improper waste management problems during the pandemic and provide an alternative
source of renewable energy that the global Covid-19 shock has pressured.

3.4.2. Energy affordability of the poor

Affordability is one of the critical indicators of energy security. It is a level of how affordable an
energy source is, an index of the ability of people to afford an energy source. Thus, it is closely related to the
price of energy. It measures whether an energy source can be provided at an affordable price or how much
people can afford a certain price level and access the energy [53]-[55].

Under normal, non-pandemic situations, the poor are the least able to access energy. The economic
hardship created by the pandemic has made energy more unaffordable for the poor. During the pandemic,
access to energy is detached, and the poor, especially those living in rural and remote areas, have the least
access to clean energy. This situation needs the government to give special attention to the poor in accessing
energy, especially RE or clean energy [56], [57]. Giving such energy access to the poor could increase their
ability to prepare for and recover from threats such as pandemic-like events [58]. Access, for example, is solar
energy through the solar energy safety net program. The programs are conducted by distributing lamps and
solar home systems to poor households in rural and remote areas. In addition, government assistance could be
conducted through financial support for the general energy consumer. It, for example, is a risk-based sharing
system that reduces electricity rates and delays consumer payments [59]. It could also be conducted for the
poor who already access energy but are affected by the pandemic.

The increasing concern for the poor increases their energy affordability and opens the opportunity to
increase renewable energy consumption during the pandemic. It, eventually, will gradually increase the share
of renewable energy consumption in the national energy mix. Therefore, the pandemic has opened the
opportunity to start initiatives that promote the utilization of renewable energy sources for restoring the
environment that has been degrading by the increased fossil energy consumption.

3.5. The Lesson-learned: reducing the dependence on imported, fossil energy sources

Fossil energy-producing activities have a long business chain and involve many workers. The
upstream activities (exploitation), midstream (refineries), and downstream activities (the distribution to the
consumers) require many workers and a site to conduct. As such energy-producing activities are impossible to
conduct from home, the lockdown and containment policies have inhibited the activities that disrupt the energy
supply. Furthermore, the austerity policy during the pandemic disrupted the energy provision [37]. Under a
normal (non-pandemic) situation, a country's dependency on fossil energy reduces energy security [49], [53],
[54]. Thus, it is crucial to minimize or reduce the dependency on fossil energy. The pandemic creates the
opportunity and lesson learned to be not dependent and to start the initiative to reduce the dependency on fossil
energy, mainly if it is imported.

The pandemic situation induces the awareness of not using energy involving a long production chain,
which is very vulnerable to pandemic-like events. Thus, it triggers the initiative and strategy to reduce the
reliance on energy sources that involve a long production chain and the dependence on oil (fossil energy)
producing countries. As a result, many governments would think to substitute the global, long chain-involving
energy with locally able-produced energy sources. The new strategy in the energy sector, then, opens the
opportunity to increase RE development. The utilization of RE is suited to the local energy source or the energy
source available in an area. It is very likely to produce RE locally, as RE only requires a one-time installation,
and the energy would be produced continually. The process differs from fossils, where the energy should be
produced through the continuing process. When an extraordinary, unexpected situation hampers the process,
there would be no energy to produce. In RE, the disruptions only occur partially. For example, lamps and solar
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panel production may be hampered by the pandemic-like event. However, the disruptions only occur partially,
not in the entire chain production process, like fossil in energy production.

Generally, the production process in RE differs from the production process in fossils. Several types of
RE, such as solar energy, wind energy, waste energy, and hydro energy, do not require long, continuous
production activities in the factories, which involve many laborers, as is the case with the fossil energy production
process. Such RE only requires tools and storage batteries manufactured in the factories. After the installation,
the subsequent process is the energy production process that the pandemic-like event would not disrupt. In RE,
the fuel to produce the energy comes from nature, while in fossil, the fuel comes from the manufacturing process.
It is the fuel origin that distinguishes RE from fossil energy. The pandemic may hamper the production of solar
panels, lamps, turbines, or batteries. However, for those already installed, energy production will continue. In
fossils, the pandemic disrupts the fuel distribution (oil fuels, gas, or coal) from the processing site (refineries),
then the energy production will be stopped as the fuel supply stop. The utilization of RE makes the energy
provision continue without being hampered by the pandemic. Thus, in some countries, the consumption of RE is
increasing [50]. The situation shows that the pandemic opens the energy policy transformation opportunity to
optimize clean energy [60]. The initiatives to reduce the reliance on fossil and optimize RE means strengthening
the efforts to restore the damaged environment through the energy sector.

4. CONCLUSION

Energy, the economy, and the environment is intertwined in human life. Environmental degradation
will increase as the economy grows, following the increase in energy consumption. The pandemic is an
extraordinary event that influences the pattern of global energy consumption. The lockdown policy to tackle
the spread of the virus has stopped the economic activities and broken the traditional relationships between the
economy and energy consumption. As economic activities are curtailed and mobility is reduced, global CO;
emission is significantly falling, opening the opportunities to promote and encourage initiatives to restore the
environment's health.

The old, broken relationship between energy and the economy caused by the pandemic has created a
new relationship pattern that open the opportunities to restore the environment. The opportunities are created
due to the 'new normal’ lifestyle, which is less energy-intensive, such as working from home, online shopping,
distance learning, etc. Waste issue during the pandemic also opens the opportunity to convert wastes into
renewable energy through WTE. Unfortunately, this new relationship also creates challenges, i.e., RE must
face two-way pressure from demand and prices sides. However, the pandemic also gives some lessons to be
learned, i.e., reducing the dependency on fossil energy sources, mainly if it is imported. Thus, the government
must be able to seize the opportunities to overcome the challenges.
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