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Abstract: This research tackles effective and functional management practices in energy consumption
using advanced technological solutions to mitigate unexpected events. This study specifically
focuses on the recent COVID-19 pandemic that led to a reduction in energy consumption and
therefore meddled with the project management’s status quo for the energy sources. Moreover, this
research analyzes the role of information and communication technology (ICT) solutions in energy
management before and after the recent coronavirus pandemic turmoil. This study also examined the
role and place of sustainable energy resources in the effective management of energy consumption
during the COVID-19 pandemic. The main purpose of this research is to demonstrate how the recent
coronavirus pandemic affected energy consumption and energy prices in many countries and how it
paved the way for the new ICT in managing energy consumption. This study elaborated a model
to show how these changes evolved in selected European Union (EU) Member States. It turns out
that adjusted electricity consumption, as well as the average daily spot electricity prices for the
baseload power in the EU countries, declined, and this trend is likely to continue in the next years
to come. Due to the COVID-19 pandemic, substantial changes in the economy led to reduced office
space usage, cutting commuting and business trips, and bringing commercial travel almost to a halt,
further shifting the energy balance towards renewable energy sources (RES). Besides, it becomes
apparent that ICT solutions used in maintaining and superintending the energy balance are gaining
popularity and wide recognition worldwide and will help pave the way towards modern and smart
high-renewables grids.

Keywords: ICT solutions; project management; sustainable development; energy consumption;
COVID-19; renewable energy

1. Introduction

As the pressure to meet the rising demand of energy can and will be alleviated by
technological advances and the discovery of new sources, it seems that renewable energy
sources (RES) will be the only viable alternative to fossil fuels in the near future [1,2].
While the European Union (EU) has long committed itself to its own (EU’s 2030) targets
for mitigating the effects of global warming and climate change by reducing at least 40%
of its emissions and increasing the share of RES to 30% within the next 10 years [3–5],
China is on track to transform the global energy landscape in a similar way following
the United States and other major economies in recent years [6,7]. In China’s case, this
transition is possible because of its traditional carbon fuel reserves and because it has had
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to focus heavily on RES such as wind, solar, and geothermal energy [8,9]. Efforts have been
made to dominate renewable energy technologies while increasing their energy efficiency
and security. The United States has fallen behind China in developing its own energy
technology, particularly in the areas of wind, solar, and geothermal energy [10,11]. Besides,
it is important to mention the Chinese dominance in photovoltaics production, which is
currently being exported to the rest of the world, with China becoming the major producer
of this technology [12,13].

As fossil fuel sources dwindle, some of the world’s most influential states, including
the United States, China, and Russia, are going to compete for energy resources (including
establishing themselves as the major producers of renewable energy) while protecting
and acquiring the world’s remaining fossil fuel sources [14,15]. It seems likely that these
countries’ pace concerning clean energy moves could be determined by combining factors
such as climate change, energy security, and economic growth. When energy security
is necessary for energy supply, many countries use energy to ensure national security
and enhance their global standing [16–18]. Therefore, energy plays an essential role in
developing national economies and the global economy’s growth. This could be particularly
true for China, the world’s second-largest energy consumer after the United States [19].
With its growing global power as a major energy consumer, China is on a course that could
potentially transform the global energy landscape. It has already surpassed Germany,
the EU Member State, in the production of photovoltaic power [20], while the rising
United States demand for energy and renewable technology from China coincides with the
growing strategic power of the twenty-first century [21]. This is partly due to the growth
of China’s economy and its rising energy needs, which coincided with a growing “strategic
power” in the twentieth century. As the global players compete for a position as world
powers, competition between states will intensify. Both China and the United States, the
world’s largest economies, are currently committed to the inclusion of renewable energy. It
seems likely that China will include renewables in its energy mix, as indigenous coal is
an important source of energy for the country’s future energy needs. Moreover, coal is a
non-renewable resource that is expected to run out by mid-century, which puts a certain
pressure on the heavy users of coal such as China [22]. On the contrary, the United States
possesses significant RES with the potential to be a world leader in energy efficiency and
the ability to meet most of the country’s energy needs over the next 50 years [23]. This
is likely to become more relevant under the new United States administration that will
take over the lead in 2021. The world’s major powers influence the periphery to include
renewable energy in their efforts to achieve energy security. As conventional energy prices
continue to rise, it will affect countries’ interest in alternative energy sources such as
RES. Competition for energy sources also seems to be leading to new efforts in energy
development. Competition for the remaining known reserves of natural gas, oil, coal, and
other fossil fuels has intensified sharply. Some states seem to be acting to maintain or
strengthen their overall power position, such as the United States, Russia, China, Iran,
India, or Brazil. As a result, natural gas will play a larger role in the global energy mix than
coal, oil, and other fossil fuels. The interaction of environmental and energy concerns will
continue to shape the energy market. However, one should not forget that carbon-based
fuels provide 80 percent of the world’s energy and are expected to be produced from the
carbon in two decades [24]. China is also home to the world’s largest installed power
generation capacity, with more than 1.5 billion megawatts [25].

The massive growth in demand forecasts, estimated by various sources, puts the
potentially largest and most significant energy market in the world on track for a massive
increase in energy demand over the next few decades. Primary energy demand will rise to
2.1 billion tons by 2020, which will increase global electricity production to about one-third
of total global energy consumption by 2030 [26,27]. This estimate has been confirmed
to represent about one-fifth of total global spending and is at the forefront of potentially
the most ambitious energy growth forecasts in recent years [28]. All of the above makes
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effective energy management practices very relevant in energy consumption in the years
to come.

However, effective management will depend not only on an effective demand-side
response but also on the efficiency of information and communication technology (ICT)
solutions that undoubtedly include the Internet of Energy (IoE) and autonomic power
systems supported by fifth-generation (5G) wireless networks enabling quick two-way
response and feedback. All of this will help to ensure that no “black swans” like the recent
pandemic of COVID-19 will strike again in the nearest future to disrupt all the plans.

This research focuses on effective management practices in energy consumption dur-
ing the COVID-19 pandemic and the role of ICT in these practices. This study is organized
as follows. Section 2 describes the issues of energy resources and energy consumption.
Section 3 elaborates on effective management practices for sustainable energy resources.
Section 4 defines the project management processes and tools of energy consumption.
Section 5 presents an empirical model of the impact of COVID-19 on energy consumption
in selected EU countries. Section 6 characterizes the place of ICT solutions in the effective
management of energy resources. Finally, Section 7 concludes the study by summarizing
its primary outcomes and commenting on them, as well as presenting policy implications
and pathways for further research.

2. Energy Sources and Energy Consumption

Every energy source, including renewable energy sources, has its own pitfalls, and
customers have been paying a very high price for the use of fossil fuels for decades [29].
Energy sources that are currently in use can be divided into three main categories: primary,
secondary, and tertiary. Primary energy sources include natural gas, coal, oil, nuclear,
hydropower, wind, solar, geothermal, biomass, and hydropower. Electricity is a secondary
energy source that is generated from a primary energy source. Secondary energy sources
that generate or produce a primary energy source include wind, hydro, and solar (which
are the best-known renewables), as well as other renewable sources [30,31]. RES become so
ubiquitous that electricity from renewable sources is included in the calculations of primary
energy consumption and converted into tons of oil equivalent using the same nuclear and
hydropower method. Nevertheless, biofuel consumption will continue to be included in
the data as oil consumption. In spite of that, fossil fuels, including coal, oil, and natural gas,
are currently the world’s primary energy sources. The input and conversion technology
used to convert these fuels are counted as the source of fuel production and the output
as consumption from the converted fuel. It is essential to state that fossil fuels, which
have been produced from organic materials over millions of years, have driven economic
development all around the world over the last century. Fossil fuels are a finite resource
and can also do irreparable damage to the environment. Fossil fuel burning accounts for
more than half of all greenhouse gas emissions worldwide and is crucial for climate change.
Even by 2050, the effects of climate change are projected to cause up to 1.5 million deaths a
year from global warming [32]. By 2050, renewables will account for an increasing share of
electricity generation.

In most cases, fossil energy resources are currently more expensive to transport, store,
and transport than RES [33,34]. They are stored and transported in the form of coal, oil,
gas, and other fossil fuels, as well as coal and natural gas that require a lot of logistics
and storage. Despite predictions of fossil fuel dominance, the use of RES is expected to
increase. However, many hurdles to greater use of renewable energy must be overcome in
order to produce and distribute it more economically. Renewable energy can be produced
sustainably, but only if it is obtained from sources that can be renewed indefinitely, such
as wind, solar, geothermal, hydropower and biomass. Energy is generated from a wide
range of sources, from wind and solar to hydropower, biomass, and hydrofluorocarbons
to other sources. It is estimated that the renewable energy market will grow at an annual
rate of 1.9%, based on estimates from the International Energy Agency (IEA) and the
National Renewable Energy Laboratory [35]. This type of energy is less valuable because
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the cost per kWh depends on the available energy source, not on whether the source is
turned on to produce electricity when needed. Thence, a reasonable and balanced demand-
side response is always required in order to manage its use under the appropriate terms.
Although the technology for creating peepholes was developed specifically for very high
electricity demand periods, it can overestimate its value. This could be competitive with
many existing technologies if the full social costs of energy generation are considered.

To sum it up, there are many unsolved issues in managing the renewable energy
sources, however potentially appealing, useful, and promising concerning mitigation
of climate change and global warming they might seem. Thence, solid management
solutions supported by digital technologies might be required in order to facilitate their
widespread implementation and deployment on the path towards decarbonization and a
sustainable future.

3. Effective Management Practices for Sustainable Energy Resources

Effective energy management includes many aspects featuring energy conservation,
demand-side response, and energy efficiency [36]. For example, deep energy retrofits
are part of the whole-building analysis and construction process, which can be achieved
by modernizing lighting as well as heating, ventilation, and an air-conditioning (HVAC)
system [37,38]. All of these are, for example, embedded into the concept of the so-called
“smart house”. All these meters and sensors used for managing smart houses address
many of these systems by adopting a “holistic” approach and combining energy efficiency
improvements such as controlled ventilation, air conditioning, and energy-efficient lighting.
Electronic interactive graphics and dashboards provide the opportunity to inform residents
about their building’s energy and water consumption and might have an impact on their
energy consumption and their demand-side response [39]. Most countries have these
meters and sensors controlled and managed using some form of specially designated
authorities. For example, in the United States, advanced energy upgrade guidelines are
governed by the Energy Information Administration (EIA) and the Department of Energy
and the National Renewable Energy Laboratory (NREL) [40]. Advanced guidelines for
energy-related refurbishment and identifying possibilities for designing conversions are
also available at, among other places, the Institute for Energy Efficiency and Renewable
Energies website. They have led health organizations such as hospitals, nursing homes,
and nursing schools, and leading energy-efficient companies that introduced advanced
energy and sustainability practices at their facilities. In addition to improving energy
efficiency and reducing energy use, the Department of Energy has reduced the energy
consumption of more than 1.5 million homes and businesses in the United States [41].
Using advanced technologies that have emerged from laboratories, innovators in energy
management came up with the share evidence-based technologies and market solutions
that proved to help save energy. This constitutes a clear path to identifying straightforward
ways to save money and energy. Various public and private sector organizations have
started to optimize by implementing effective policies and practices for energy efficiency
and renewable energy.

There are many examples of how effective energy management and saving can be
achieved using renewable energy. One has to recall an example of a technological giant
Google that recently celebrated 10 years of carbon neutrality, an achievement upheld by
its commitment to energy efficiency, renewable energy, and energy efficient practices [42].
The application of energy efficiency and renewable energy strategies as a part of Google’s
activities is crucial to addressing the threat of climate change. Google’s data centers are
among the most efficient in the world and improve their environmental performance
as demand for its software products increases dramatically. In 2017, the purchasing of
renewable energies worldwide came at over 1 million tons of CO2-free energy per year.
General Motors, which spends more than $1.2 billion a year on energy, weaves energy
efficiency into its long-term energy management plan [43]. This plan, which is closely linked
to plant managers’ remuneration, includes expected operational figures for the energy
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used to produce vehicles. If managers fail to meet energy targets, they have to explain to
global leaders the reasons. The examples above demonstrate that energy companies must
be closely involved in these practices as long-term strategic thinkers. Besides, they should
advise their teams on how to integrate energy considerations into strategic priorities and
processes. Moreover, one can play an essential role in helping organizations make more
sustainable energy decisions. Thence, energy companies can support efforts to reduce
energy consumption, and farmers can produce their own energy to become even more
self-sufficient by reducing external inputs. Electricity, heating, lighting, and fuel can be
produced for farm use, and renewable energy helps farmers save money and combat
the effects of global warming. For example, Microsoft’s renewable energy strategy sets
so-called “aggressive targets” to hold the company accountable for its commitment to a
sustainable energy future [44].

For most companies, the lack of adequate data and reliability makes it difficult to
measure and manage energy strategies. There is so much value that an energy strategy
must release and protect; so why are more companies not developing such a strategy? It
can be shown that robust governance and management models are emerging that enable
companies to address their gaps with Big Data processing and analyzing techniques that
might bring in new insights and expand the decision-makers and stakeholders’ horizons.
Tools for measuring and managing energy and carbon are now available, and the data
(including the Big Data) are relatively easy to collect [45]. Energy management can trans-
form an organization into a sustainable organization and improve its financial performance
in the energy sector, motivating to implement green habits. In addition, some groups of
consumers are not aware that seemingly harmless habits can lead to energy waste and
significant expenditures, such as the use of energy-efficient lighting, heating, and cooling.
In this situation, organizations can be role models and promote better habits among their
employees and customers. It becomes apparent that through motivation, training, and
recognition that provide society with information, the world’s business leaders might
reduce waste and continue to lead in energy efficiency.

4. Project Management in an Efficient Energy Consumption

It can be seen that efficient energy consumption often depends on effective energy
management. For instance, managing a building’s energy consumption effectively and
efficiently is key to reducing the cost of energy consumption and the risk of future energy
shortages in any building [46,47]. Businesses and households monitor and assess their
energy consumption with modern data-driven technologies [48]. Measuring the energy
efficiency of buildings is crucial. Still, it is not legally binding and quite cumbersome
in the real world, especially in large-scale projects such as energy storage and electricity
generation [49].

To achieve the objectives described above, one needs to implement planned measures
and procedures for energy saving and change the attitude of companies. Simple measures
to determine energy savings provide step-by-step guidance for determining savings oppor-
tunities in existing plants for resource optimization and control of operating costs [50–52].
One of the solutions to initiate many sustainability initiatives is building projects. Sus-
tainability can also be achieved in construction projects by using energy-efficient building
materials such as solar panels and wind turbines.

Projects that are planned from a sustainable development point of view can be
achieved by looking at sustainability projects afterward, rather than carrying them out
naturally. This offers managers to pursue a comprehensive energy solution that allows
them to select materials that contribute to energy saving. It covers all aspects of a building,
including electrical track automation, a type of automatic tracking that allows temperature
and energy consumption to be automatically tracked throughout the building, creating the
most comfortable environment at the lowest cost. Utility managers, who are knowledge-
able about how water and wastewater utilities use energy, might better manage the costs
of operating any plant or business. It has been estimated that municipalities and utilities
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incorporating energy efficiency practices into their facilities can save 15 to 30 percent of
energy and financial resources [53]. An important step is to be aware of the impact the
managers have on their plant and prioritize improvements for the most efficient way of cost
management and usage of the respective plant. This is due to the fact that the underlying
energy consumption is determined by a combination of data on the energy consumption of
the system from the power supply and the energy consumption.

The energy management teams typically use this data to measure energy efficiency,
set expectations and budgets, and assess energy usage and consumption trends over
time. It also enables organizations and contractors to access energy management tools to
influence decision analysis. Powered by the energy management platform, assessment and
monitoring techniques based on precise data such as the scorecards generate a scorecard for
each energy—for the consumption of the retail location, for each plant that consumes energy,
and for the total amount of energy consumed by each entity. This assessment is based on
energy consumption activities, including initiatives related to energy efficiency projects.
All of this might help unlock the full potential of the energy management platforms and
reduce energy consumption and carbon footprint. Therefore, replacing obsolete energy
infrastructure facilities with more efficient equipment effectively controls costs and reduces
greenhouse gas emissions [54–56].

However, financing energy efficiency management projects can be a real challenge,
and the energy costs are a significant part of the organization’s total operating costs [57].
Cost reduction and efficiency improvement are critical objectives for the organizational
performance. Rising energy costs, increasing interest in energy efficiency, and developing
strategies for better management are driving efforts to reduce energy consumption in
buildings and develop energy-efficient strategies for building design and management.

To give an example to support the arguments above, one can take a look at the market
for solar energy, which has grown rapidly over the last decade. In order to tap into the
full value of solar energy, companies have to find out how to control the timing of energy
use. Besides, managers have to find solutions on how to increase properties’ energy-
efficiency and compare the total energy efficiency of the plant to building portfolio. Some
organizations offer free benchmarking and rewards programs that import data directly
and provide a dashboard tool that managers can use to track energy use over time. One
of the best practices in energy savings is the conduct of regular and thorough energy
audits. The continuous pursuit of energy has proven to be an essential part of the energy
management of buildings. Accurate and precise data (especially the Big Data that became
accessible because of ICT possibilities) can offer clear insights into energy consumption
and saving. Electronic interactive graphics and dashboards provide the opportunity to
inform customers about the energy and water consumption of their building and monitor
energy consumption. Deep energy retrofits are part of the whole building analysis and
construction process, which can be achieved by modernizing lighting and HVAC systems.

Hence, through this balanced and well-monitored holistic building approach sup-
ported by ICT solutions (such as smart meters and sensors) and the data obtained from
these sensors, an in-depth energy-saving approach can address many systems by com-
bining energy efficiency improvements, such as controlled ventilation, air conditioning,
and energy storage. Advanced energy conversion guides are available to builders and
developers, as well as architects and engineers.

5. COVID-19 and Energy Consumption: An Empirical Model

The SARS-CoV-2 virus, first observed in Wuhan’s city in China in December 2019
and soon spread worldwide, affected everyone, including policy-makers and the general
public [58–60]. The virus that causes coronavirus disease (called COVID-19) introduced
many changes, some of them quite grim but others being quite beneficial in terms of
sustainable growth and energy consumption. However disastrous and dangerous it ap-
peared to be, the COVID-19 pandemic had some positive impacts on global warming
and climate change [61,62]. While the lockdown measures imposed on billions of people
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around the world have brought business as usual to a standstill, the associated estimated
decline in global energy demand means that carbon dioxide emissions decreased. For
example, in China, this reduction and the associated reduction in energy consumption
means that by 2020, the total power consumed as a whole was expected to increase by
more than 1000 megawatts (MW)—equivalent to 1.5% of the country’s total electricity
consumption [63]. In the United Kingdom, Spain, and Italy, where offices, factories, bars,
restaurants, and theaters remain closed, energy consumption has fallen by an average of
10% [64]. All over the world, after the shutdowns of many large power plants, demand for
electricity in factories and offices has declined. COVID-19 led to an economic downturn
that has dampened energy demand of all kinds, but not only in the United States. Energy
consumption, especially oil, has reached a 30-year low [65]. American consumers used
the lowest amount of energy in April 2020 since September 1989, and consumption fell
14 percent from April 2019—the second-lowest since the EIA began monitoring the energy
consumption in 1973. Moreover, April 2020 was the first month measures to mitigate the
impact of COVID-19 were adopted, resulting in a reduction in energy consumption of
more than 1.5 million barrels per day [66]. The huge drop in consumption was due to
low prices and the resulting negative financial performance, as well as an oversupply of
oil and natural gas, which led to lower prices. Over Easter of 2020, the Chongqing Gas
and Petroleum Exchange published its annual report on energy consumption for the first
half of the year. In April, consumption of crude oil, gas, and petroleum products in China
fell by almost 25% compared to the same period the previous year, as the effects of the
coronavirus continued to weigh on consumption [67].

Energies 2021, 14, x FOR PEER REVIEW 7 of 17 
 

 

tainable growth and energy consumption. However disastrous and dangerous it ap-

peared to be, the COVID-19 pandemic had some positive impacts on global warming and 

climate change [61,62]. While the lockdown measures imposed on billions of people 

around the world have brought business as usual to a standstill, the associated estimated 

decline in global energy demand means that carbon dioxide emissions decreased. For ex-

ample, in China, this reduction and the associated reduction in energy consumption 

means that by 2020, the total power consumed as a whole was expected to increase by 

more than 1000 megawatts (MW)—equivalent to 1.5% of the country’s total electricity 

consumption [63]. In the United Kingdom, Spain, and Italy, where offices, factories, bars, 

restaurants, and theaters remain closed, energy consumption has fallen by an average of 

10% [64]. All over the world, after the shutdowns of many large power plants, demand 

for electricity in factories and offices has declined. COVID-19 led to an economic down-

turn that has dampened energy demand of all kinds, but not only in the United States. 

Energy consumption, especially oil, has reached a 30-year low [65]. American consumers 

used the lowest amount of energy in April 2020 since September 1989, and consumption 

fell 14 percent from April 2019—the second-lowest since the EIA began monitoring the 

energy consumption in 1973. Moreover, April 2020 was the first month measures to miti-

gate the impact of COVID-19 were adopted, resulting in a reduction in energy consump-

tion of more than 1.5 million barrels per day [66]. The huge drop in consumption was due 

to low prices and the resulting negative financial performance, as well as an oversupply 

of oil and natural gas, which led to lower prices. Over Easter of 2020, the Chongqing Gas 

and Petroleum Exchange published its annual report on energy consumption for the first 

half of the year. In April, consumption of crude oil, gas, and petroleum products in China 

fell by almost 25% compared to the same period the previous year, as the effects of the 

coronavirus continued to weigh on consumption [67]. 

 

Figure 1. Average monthly electricity load in selected European Union (EU) countries for 2020 compared to 2019. Source: 

created by the authors based on [68,69]. 
Figure 1. Average monthly electricity load in selected European Union (EU) countries for 2020 compared to 2019. Source:
created by the authors based on [68,69].

This was also the case for the EU Member States. Figure 1 depicted above shows this
pattern representing the average monthly electricity load in selected EU countries for 2020
compared to 2019. The consumption of electric energy went down rapidly, especially in the
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first months of the pandemic’s spread outside China, in Spring 2020, when the coronavirus
still remained a big unknown and many countries around the world started lockdowns in
an attempt to stop its spread and flatten the curve of the infected in order not to overburden
their health systems. These effects were visible everywhere, but in the energy industry,
it was easy to follow. According to industry sources, global energy demand fell by 3.8%
in April 2020 due to the COVID-19 pandemic, with the greatest impact felt in Europe,
North America, and elsewhere, where restrictions were enforced [70]. In the United States,
electricity consumption continued to decline, while other parts of Europe were protected
by less stringent measures and colder weather. According to the industry report, a growing
number of the United Kingdom energy suppliers collapsed due to low prices and lack of
demand for their products. China, a coal-based economy, was most affected by COVID-19
in the first quarter, but the mild weather also curbed coal consumption. Global coal demand
was also hit hard in April, falling by almost 8% compared with the first quarter of 2019 [71].
Coal is being challenged by the continued growth of RES such as wind and solar, as well as
a decline in natural gas demand. Although China continues to use coal on a large scale
as a raw material for power plants, the COVID-19 pandemic has helped accelerate coal
phasing-out in many countries. Solar and wind power generation is estimated to increase
by 1.5% to 2% annually, with an annual increase of 2–3% in the coming years [72]. This
will drive the electricity mix away from fossil fuels and towards RES such as wind and
solar. This general decline in energy consumption, combined with substantial progress
in renewable technologies, has reduced energy and CO2 emissions between 1.5% and
2% per year [73]. Many environmentalists hoped that a silver lining to the pandemic
would significantly reduce greenhouse gas emissions. In its annual report on global energy
consumption, the International Energy Agency (IEA) estimates that consumption fell in
countries with very strict lockouts in the spring [74].

Overall, the IAE expects energy demand to fall by 5%, while carbon dioxide emissions
from energy will fall by 7% even faster. As oil producers expect, planes, subways, and
buses will empty more quickly than expected, leading to a glut of supply that will drive
down prices. Experts add that this decline has not yet been fully translated into wholesale
prices, which could reach as high as $20 a barrel in the first half of the year, up from about
$30 a barrel in March 2020 [75]. Primary and final energy consumption has decreased by
more than 1.3% compared to 2018, mainly due to milder temperature conditions and lower
electricity prices. Fossil fuels remained stable at 75%, while their share of total energy
consumption rose to 7%, while hydropower fell to 6%. Gas also played a growing role,
with electricity generation (9%) becoming the largest energy source in the United States
and the second-largest in the EU [76].

Equation (1) outlines the empirical model of the estimations of the adjusted electricity
consumption impacted by the changes in consumption patterns due to the COVID-19
pandemic. The resulting model can be presented as follows:

loadit = αid + β1day + β2week + β2hour + β3holiday + εit (1)

where:

load is the country (i) hour (t) level;
day is the day of the week;
week is the week of the year;
hour is the hour of the day;
holiday is the public holiday.
ε is an error term.

The independent variables are represented by the set of locational dummies.
Based on research results (Table 1), results are presented of estimations using the data

from the major EU economies represented by France, Germany, Italy, Spain, and the United
Kingdom (which is also considered here even though it is technically not an EU country
any longer starting from 2021). Study results demonstrate the anticipated changes in the
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adjusted electricity consumption expressed in percentage points (random errors are shown
in brackets).

Table 1. Anticipated changes in the adjusted electricity consumption due to the COVID-19 pandemic.

Country Change, in %

France −8.5
(1.2)

Germany −8.5
(1.1)

Italy −23.6
(2.1)

Spain −15.4
(1.7)

United Kingdom −7.5
(2.5)

Source: created by the authors.

Based on research results (Table 1), predicting the daily average electricity prices for
the month to come is possible. Figure 2 demonstrates the average daily spot electricity
prices for the baseload power in the selected EU countries, such as France, Germany, Italy,
Spain, and the United Kingdom.

Energies 2021, 14, x FOR PEER REVIEW 9 of 17 
 

 

United Kingdom (which is also considered here even though it is technically not an EU 

country any longer starting from 2021). Study results demonstrate the anticipated changes 

in the adjusted electricity consumption expressed in percentage points (random errors are 

shown in brackets). 

Table 1. Anticipated changes in the adjusted electricity consumption due to the COVID-19 pan-

demic. 

Country Change, in % 

France −8.5 

 (1.2) 

Germany −8.5 

 (1.1) 

Italy −23.6 

 (2.1) 

Spain −15.4 

 (1.7) 

United Kingdom −7.5 

 (2.5) 

Source: created by the authors. 

Based on research results (Table 1), predicting the daily average electricity prices for 

the month to come is possible. Figure 2 demonstrates the average daily spot electricity 

prices for the baseload power in the selected EU countries, such as France, Germany, Italy, 

Spain, and the United Kingdom. 

 

Figure 2. Average daily spot electricity prices for the baseload power in selected EU countries. Source: created by the 

authors. 

Study results show that spending more time at home to slow the coronavirus spread 

is likely to increase household energy consumption and utility bills. While energy effi-

ciency is a good antidote, implementing major energy modernization requires significant 

investment in one’s own home, enabling many customers to avoid their homes during a 

Figure 2. Average daily spot electricity prices for the baseload power in selected EU countries. Source: created by the authors.

Study results show that spending more time at home to slow the coronavirus spread is
likely to increase household energy consumption and utility bills. While energy efficiency is
a good antidote, implementing major energy modernization requires significant investment
in one’s own home, enabling many customers to avoid their homes during a pandemic.
By saving and reducing pollution, effective energy management can create and preserve
appropriate local jobs. It can also help homeowners retrofit their homes to reduce their
monthly energy bills, boost the energy efficiency market for jobs and suppliers, and protect
the environment by investing in clean and efficient technologies. The energy efficiency
industry, which employed more than 2.3 million Americans before the pandemic, was hit
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hard by COVID-19 and has shed more than 400,000 jobs since the outbreak began. Energy-
efficient retrofits save consumers nearly $800 billion in energy costs each year and save
billions of dollars annually in health care, education, and other costs [77]. New management
solutions considering energy efficiency might help the energy sector invest in much-needed
training to create new opportunities for its workers. Energy efficiency policies may be far
from supporting the frontline combatants of the COVID-19 pandemic and raising the bills of
people struggling during devastating health and economic crisis. If state utilities and other
sponsors stop the majority of energy efficiency programs, the program’s implementors
could face harsh economic consequences. Energy-saving programs can help make buildings
healthier and more comfortable while maintaining jobs. By reducing electricity and gas
bills, these programs also help free up much-needed money that can be used for education,
health care, and vocational training of workers in the energy-efficient sector.

Looking at the energy efficiency industry insiders, one can see their dire situation
when many employers are in the field of energy efficiency. It covers the dramatic energy
efficiency cuts caused by COVID-19 and its analysis of this pandemic’s economic impact
on the United States energy industry. In addition, to be absorbed by other sectors such
as the oil and gas industry and the financial services sector, it is also being hit hard by
the collapse in oil prices, job losses, and investment in renewable energy, as well as a
decline in demand for energy-efficient equipment. In addition to the huge economic
benefits, investments in energy efficiency reduce air and water pollution, keep utility bills
affordable, and make homes and jobs healthier and more comfortable. Indeed, many
studies have shown that health-care costs rise when homes, schools, and the workplace get
energy-efficiency upgrades. Energy efficiency in the workplace makes it much easier to
challenge the current restrictions on residence at home. Moreover, investment in energy
conversion—that is, the burning of household appliances for efficient versions—can revive
the economy and get people back to work. As the short-term moratorium on shutting
down utilities expires, people in economic need will be able to pay their energy bills at the
time when they need them most. This will facilitate the expansion of efficiency programs
to reduce utility bills in the short and long term. Before the pandemic, nearly 2.4 million
people were working in the United States energy efficiency sector. At the beginning of June
2020, the thriving efficiency sector had lost only 1.5% of its workforce, but by the end of
the year, a 3% increase in the energy efficiency workforce was forecast [78]. These workers
include HVAC technicians working on highly efficient systems, production workers who
make LED lighting, and efficient building materials that were not installed as usual during
the pandemic.

6. ICT Solutions and the Effective Management of Energy Resources

Renewable energy is currently the best solution to global warming and climate change
and is one of the most promising technologies that might change facilitate the manage-
ment of energy resources. In order to explore the obvious potential of renewable energy,
researchers look at all aspects from energy efficiency to energy storage and storage technolo-
gies [79–81]. These aspects can be roughly divided into three categories: energy efficiency,
energy storage, and renewable energy [82]. While the development of other alternative
energy sources, including solar power, wind power, and hydro energy storage, is essential,
it seems that the traditional energy sources and nuclear energy cannot meet the growing
energy demand. Therefore, to face the climate challenges and the population’s growth
(which might be riddled by the infectious diseases such as COVID-19), one needs to man-
age an effective transition towards renewable energy. Nevertheless, this process would be
impossible without the efficient technologies and ICT solutions [83,84].

Figure 3 presents a graphical interpretation of the optimal position of ICT in effective
energy management. ICT (depicted in the center) represented by the wireless mobile
technologies (perhaps, 5G wireless networks that are currently being introduced worldwide
or more advanced data transmission technologies that are envisaged in the future) is the
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link between the producers and suppliers of traditional and renewable energy as well as
peer-to-peer (P2P) prosumers and households.
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Based on scientific research results, ICT helps keep the environment more sustainable
by incorporating more efficient renewable energy [85,86]. When it comes to human mobility,
almost all forms of transport rely heavily on fossil fuels, with gasoline and diesel-powered
vehicles dominating worldwide. Since the mid-20th century, the use of petroleum, gasoline,
diesel, and oil-based fuels has given exporting countries enormous economic and political
influence. This has led to soaring oil prices, but several countries such as Denmark,
Germany or Norway, for example, have survived by developing and using alternative
energy generation systems, even though they use fuels made from petroleum.

Renewable energy should be the main alternative to fossil fuels, and in some countries
as for example Denmark, Germany, or Norway have made rapid progress in energy
efficiency due to the ICT solutions. Given the expected increase in fossil fuel use in
transport and energy production, many countries need to make further progress in further
development to reduce emissions and solve the problem of climate change.

Many developed countries continue to make significant progress in developing their
own alternative energy systems. In Japan, nuclear power is cheaper than oil, and in South
Korea, less than half the cost of oil production. Each MWh of renewable electricity belongs
to the end-user, but it only carries a fraction of the cost of feeding it into the grid. The
origin guarantees help minimize the cost of new investments in renewable energy and
reinvest the price of electricity in new ones. Renewable energy certificates provide high-
quality renewable energy and have the potential to bring significant economic benefits to
developing countries. These eco-labeled certificates are designed with business behavior to
support the local economy by ensuring additional benefits for local communities.

Another example is the Gold Standard, which is based on renewable energy products.
Forward-looking companies can already expect to take advantage of the transition from
fossil fuels and the integration of renewable energy into their business by using labeled
renewable energy certificates. Hence, ICT solutions can save financial resources, reduce
risks, increase brand equity by aligning with the United Nation’s Sustainable Development
Goals. By opting for a more sustainable approach to their energy investments, companies
begin to use renewable energy as a means of attracting and retaining employees, customers,
and investors, not only in the short term but also in the long term.
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Global warming is a serious threat and has a catastrophic effect worldwide. In or-
der to mitigate the threat of global warming, countries and regions must rely on clean
renewable energy sources. Energy solutions to combat global warming can be combated
by reducing enormous carbon dioxide emissions and refraining from climate-damaging
technologies. Energy storage and energy management also represent significant chal-
lenges, especially when intelligent and autonomous sensors for data centers are smart
meters and ICT-powered solutions are involved. The ideal scenario is an ICT system that
integrates energy storage with energy harvesting components to provide power to the
electronic sensor, communication, and display components. That will operate over an
estimated lifetime of years. There is a need to bridge the gap between the power harvesting
component and the electronic component in order to achieve true autonomy. This is be-
cause the energy requirement for electronics must be reduced, and the efficiency of energy
harvesters increased.

The current production of semiconductor devices has reached a fundamental efficiency
limit, the so-called energy wall, which prevents any reduction in energy consumption when
transistor sizes are scaled to upcoming technology nodes. Based on current projections, a
ten-fold improvement in the energy efficiency of chips is needed to maintain the scalability
of information technology over the next decade. Based on current technology, there is no
new architecture that could significantly reduce power consumption or improve switching
devices, and the ultimate limit of architectural design is almost impossible to derive. The
so-called “economic meltdown trend” in embedded systems will lead to a significant
increase in cooling energy costs in the foreseeable future.

7. Conclusions

This study analyzed how effective energy consumption management is conducted
nowadays, especially when it has to face some new and unexpected challenges such as
the recent COVID-19 pandemic. This research also focused on the role and place of ICT
solutions within these energy management strategies and approaches.

In general, it turns out that almost all sectors of the world’s economy were negatively
affected by the COVID-19 pandemic and that the energy efficiency sector was not an
exception. Widespread layoffs and risks in the clean energy sector are upsetting an industry
that once led the job creation in many countries. For example, in the United States, there
were nearly 70 thousand applications for unemployment benefits from the energy efficiency
workers, which is only a small fraction of the industry’s total number of jobs. In the United
States, clean energy employment has grown to nearly 3.4 million workers and is on the
rise. Energy efficiency remains one of the most profitable sectors in the United States
energy sector, employing 2 to 4 million Americans. If it was to absorb the job losses in
energy efficiency and other clean energy sectors, it could lose a net 1.5 million jobs in this
sector. In addition to the obvious significant economic benefits, investments in energy
efficiency might ensure that utility bills remain affordable, air and water pollution are
reduced, and homes and jobs are healthier and more comfortable. Indeed, many studies
have shown that health-care costs fall when homes, schools, or workplaces are upgraded to
be energy-efficient. A huge factor in one’s energy bill is how much energy one uses, and if
one is at home more, that energy consumption could change. Nature and energy efficiency
of a person at work makes it difficult to question the current restrictions on staying at
home. If a person raises the thermostat by only one or two degrees in warmer weather
and lowers it by one or two degrees in winter, the customer can keep the bill lower than it
would otherwise be. However, the person in question needs to realize these outcomes, so
they need to be educated on the benefits of energy-saving and efficiency.

But the energy-saving behavior should also be based on the balanced demand-side
response, which needs to incorporate a two-way flow of data on energy consumption
and pricing. Energy users and consumers (both households and business companies)
should be encouraged to reduce their energy consumption consciously. Energy users and
consumers (both households and business companies) should be appropriately informed
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through national government policies, programs, and channels to encourage them to
reduce energy consumption consciously. They should be reminded about this constantly
from all possible directions.

The problem with effective energy management remains that many customers do
not realize that one of the most effective ways to increase energy efficiency in their homes
is to change their daily habits. For example, switching off lights and appliances when
they are not in use can save energy and money over the course of a month. It would also
be beneficial to educate the energy consumers about how energy providers align their
programs to serve customers when business realities change and energy efficiency workers
are worried about the impact of climate change on their customers’ energy consumption.
Utilities also promote self-installed products such as smart thermostats and energy-efficient
devices that can lead to large energy savings. Giving recommendations to reduce energy
consumption and increase living comfort and tips on companies’ energy efficiency might
also help a great deal to businesses and end customers. Critics argue that the full savings
from efficiency are inflated by “cash-in” programs in which utility customers pocket money
through upgrades they would have made anyway. This may be a legitimate concern in a
few cases, but it is no reason to cut the energy efficiency programs.

While energy efficiency can lead to significant savings in the form of lower energy
costs for utilities and other businesses, the full benefits of efficiency will not be realized
until the multi-billion-dollar infrastructure projects built over time will start yielding
profits. Small companies operating on tight margins can save energy efficiency gains
by improving profitability and competitiveness. Suppose these programs are cut, which
would provide little relief to customers now and potentially impose huge rate increases on
them in the years ahead. In that case, there is no reason why such a move, which discredits
energy efficiency, would ultimately harm credit rating agencies. Suppose households
continue to be burdened by the COVID-19 virus. In that case, the one that caused the
economic downturn, these savings will be even more important to the economy than the
investments in energy efficiency. However, these flows conceal a significant gap, with
only 12% of the 2017 flows reaching developing countries and only 5% reaching the least
developed countries.

When it comes to the study’s novelty aspects, this research demonstrated how the
COVID-19 virus pandemic was reflected in energy consumption and energy prices (an
example of the selected EU countries was employed to show the impacts). Research results
show that adjusted electricity consumption, as well as the average daily spot electricity
prices for the baseload power, declined considerably, causing fundamental changes that
are resulting in cutting the redundant business costs and tipping the scale of the energy
balance towards RES, which would envisage the wider application of the ICT solutions for
the more effective management of energy resources in the future.

Overall, there is a pressing need for bold international cooperation to bridge the gap
in access to energy is more important than ever. Improving international cooperation,
including strong public–private engagement and increasing financial flows, is crucial to
accelerating renewable energy deployment in developing countries to accelerate the transi-
tion to a low-carbon, clean future powered by renewable energy solutions for individuals.

When it comes to pathways for further research, the recommendation is to look at
various ICT solutions for effective energy management and energy efficiency that include
the extended use of Big Data as well as applying artificial intelligence for analyzing the
demand and supply of energy and augmented reality for presenting the results of this
analysis to consumers and policy-makers. Another prospective field of research is peer-
to-peer energy markers, where energy prosumers would trade with each other, buying
energy as well as selling it back to the grid. It would also be valuable to study how all
these ICT innovations find their way into efficient energy management in the aftermath
of the COVID-19 pandemic that is clearly changing the rules on the energy markets and
removing lots of administrative burdens that would have usually taken years to overcome.
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