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Abstract

:

The COVID-19 pandemic and Russia’s war on Ukraine have impacted the global economy, including the energy sector. The pandemic caused drastic fluctuations in energy demand, oil price shocks, disruptions in energy supply chains, and hampered energy investments, while the war left the world with energy price hikes and energy security challenges. The long-term impacts of these crises on low-carbon energy transitions and mitigation of climate change are still uncertain but are slowly emerging. This paper analyzes the impacts throughout the energy system, including upstream fuel supply, renewable energy investments, demand for energy services, and implications for energy equity, by reviewing recent studies and consulting experts in the field. We find that both crises initially appeared as opportunities for low-carbon energy transitions: the pandemic by showing the extent of lifestyle and behavioral change in a short period and the role of science-based policy advice, and the war by highlighting the need for greater energy diversification and reliance on local, renewable energy sources. However, the early evidence suggests that policymaking worldwide is focused on short-term, seemingly quicker solutions, such as supporting the incumbent energy industry in the post-pandemic era to save the economy and looking for new fossil fuel supply routes for enhancing energy security following the war. As such, the fossil fuel industry may emerge even stronger after these energy crises creating new lock-ins. This implies that the public sentiment against dependency on fossil fuels may end as a lost opportunity to translate into actions toward climate-friendly energy transitions, without ambitious plans for phasing out such fuels altogether. We propose policy recommendations to overcome these challenges toward achieving resilient and sustainable energy systems, mostly driven by energy services.
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1. Introduction


The COVID-19 pandemic affected many countries and economic sectors worldwide. Different measures were put in place to contain the outbreak of the virus, including complete or partial lockdowns, travel bans, and confinement measures, such as social (physical) distancing and remote working. These measures caused disruptions in the mobility of people, goods, and materials, which resulted in a reduced output of industrial and economic activities. Consequently, the economy shrunk in different countries, raising significant debate over health and economic recovery pathways and their climate impacts [1].



The energy sector was challenged by the pandemic too. The short-term developments marked a drastic fall in energy demand due to reductions in mobility and economic activities. The demand for transportation fell by 50% in countries under lockdown, compared to the same period in a normal year [2]. The reduced demand for transportation fuels directly translated into an unprecedented drop in global crude oil prices, raising concerns over the risks and resilience of energy systems being dependent on such volatile international energy markets [3]. Moreover, disruptions in industrial activities and the introduction of online and digitalized solutions for doing businesses reduced electricity demand in different countries [4]. These supply-side impacts were compounded by lifestyle changes that emerged following the pandemic and containment measures, such as remote working and homeschooling, which caused new patterns of occupancy and energy consumption in buildings at different times of the day [5]. The outcome of these changes multiplied by the lower capacity of consumers for paying energy bills left energy utilities in a difficult situation: reduced sales and decreased collection of revenues.



The COVID-19-induced disruptions were not limited to supply and demand for energy commodities. The supply chain of energy technologies, such as batteries and solar PV panels, was affected too, especially via inter-continental trade routes from China to other countries. The uncertainty in the supply chain, lack of mobility of the workforce, project shutdowns due to lockdowns, and declined revenues from energy sales reduced the capacity of firms and governments for investment in energy projects [6]. Moreover, unlike metals and agricultural goods, the energy sector will face the return shocks being broadcasted the most [7]. This raised concerns about green energy investments and efforts for reducing the climate impact of the energy sector [8]. COVID-19 exacerbated the progress toward meeting SDG7 (clean, modern, and affordable energy for all) since the economic slowdown in many developing countries reduced their capacity for development projects. Job losses and longer stays at home left many families in challenging conditions in terms of access to modern energy services and digitalized solutions for remote working and homeschooling [9].



Once lockdown measures were lifted at the beginning of 2021, and the industry resumed its day-to-day activity in many regions of the world, demand for energy carriers produced a surge in energy prices. Natural gas prices increased worldwide following an increased demand in Asia, followed by Europe, resulting in electricity and natural gas price hikes in 2021 [10]. The situation became so critical that some EU Member States introduced support mechanisms such as tax exemptions to protect low-income consumers already hit by the economic consequences of the pandemic [11], and the European Commission introduced a “toolkit” [12] to tackle the crisis. The energy price shocks raised debates as to what extent European energy and climate policy has been successful in increasing the security of energy supply, by increasing the role of natural gas as a “bridge fuel” in the renewable energy transition [13,14].



While many economies were still struggling to recover from the impact of the pandemic, and in some cases dealing with the post-pandemic energy price hikes, the invasion of Ukraine by the Russian Federation (hereafter “Russia”) and the following war deepened the energy crisis furthermore. The physical blockade and sanctions imposed on Russia have disrupted the energy trade and increased energy prices. According to the World Bank, energy prices are expected to increase by more than 50% in 2022 [15], which together with other impacts of the conflict may push the global economy to a stagflation not observed in decades [16]. As the EU has significant energy imports from Russia (around 40% of natural gas, 25% of oil, and 50% of coal imported to the EU came from Russia in 2019), the geopolitical conflict has worsened the energy price crisis in the region, resulting in serious debates between the Member States on effective energy policies that could increase energy security, while maintaining a relatively ambitious climate target for the Union.



The vulnerability of global energy trade and volatility in fossil fuel prices in international markets have raised concerns related to the resilience of the energy system to shocks such as the pandemic and geopolitical conflicts. Hence, it is important to understand the impact of such disruptions on the transition to low-carbon energy systems and to formulate policy recommendations to tackle such impacts.



In this respect, different studies have reviewed the impact of COVID-19 on specific subsectors or certain stakeholders of the energy sector. Jiang et al. [5] investigate the impact of the pandemic on energy demand and report different developments observed during the pandemic and recovery, offering solutions for increasing energy efficiency and promoting energy savings. In Ref. [17], the impact of COVID-19 is analyzed on energy use in buildings, discussing the impetus for progress toward green housing. In another study [18], the impact of COVID-19 lockdowns on mobility trends is analyzed in selected cities, noting reductions in GHGs from the transportation sector. Hoang et al. [8] analyze the impact of the pandemic on renewable energy strategies, by reviewing different measures and summarizing short-term policy priorities and mid- to long-term action plans. The authors emphasize the smaller risk of offshoring for renewable energy investments and energy efficiency improvements compared to traditional fiscal stimulus methods as solutions for reducing the dependency on fossil fuels. Moreover, there is research indicating COVID-19 has revealed the sensitivity of oil prices to global crises, which in some cases has shifted investments from fossil fuels to other commodity markets [19]. Kuzemko et al. [3] investigate the politics and governance of energy in a COVID-19-affected world, highlighting the difficulty of regaining momentum for sustainable energy transitions in a constrained economy. Last but not the least, the financial implications of economic recovery packages are discussed in a number of studies, e.g., with regard to implications on climate change mitigation efforts in [20] and societal responses to climate urgency in green recovery packages in [21].



These studies have improved our understanding of different aspects related to the impact of the pandemic on the energy sector. However, there is a need for improving this body of knowledge in three aspects, by (i) analyzing the impact of the pandemic and the war based on recent studies backed with evidence from different countries, (ii) dealing with the energy sector as a system rather than focusing on a specific sub-system or agent, and (iii) proposing solutions for improving resilience and sustainability of energy systems considering both the pandemic and post-pandemic events including the Russian–Ukrainian conflict. This study aims to contribute to the above by reviewing the available body of literature and classifying them based on the impact of the pandemic and the war on the energy sector. Currently, there are few review studies that tackle the two recent global energy crises thoroughly, so this study aims to draw a link between these events regarding their impact on global energy transitions and discuss some measures to mitigate negative impacts.



We cover the supply of energy commodities and technologies; demand for energy services in buildings, industry, and transportation; energy investments and recovery packages; energy inequality, governance, and policy; and environmental impact of the energy sector including climate change. Based on our review of the impacts of the pandemic and building on a few consultation meetings including stakeholders from different communities, we distill policy recommendations, grouped into three topics, including solutions for improving livability and resilience of urban spaces; an accelerated transition to decentralized and digitalized energy systems; and the role of a sharing and circular economy.



The remainder of this paper is structured as follows. Section 2 reviews the impact of the pandemic and the war on different parts of the energy system. Section 3 discusses the rationale for sustainable energy transitions in the wake of the pandemic, while Section 4 discusses the main findings in comparison to the state-of-the-art in research, followed by conclusions and policy recommendations in Section 5.




2. Impact of the Pandemic and the War on the Energy Sector


The pandemic and the counteractive lockdown measures have led to significant changes in the energy system, due to the combination of economic and social disturbances compared to normality. In parallel, changes in the energy service demands, including reductions in travel and tourism, changes in the workplace, and altered use of goods and services have impacted people and the global economy, including the energy sector [22]. This has created many uncertainties in global commodity markets, of which one of the most vulnerable was energy markets. In some countries such as the USA, Germany, and Italy, the stock market suffered more than the Global Financial Crisis (GFC) in September 2008 [23], with the financial volatility index (VIX) (known as the fear gauge) being higher than the GFC during the pandemic [24]. Considering the relation between the stock and energy (particularly oil) markets, most of the pandemic or war-related volatilities in the energy market can potentially affect stocks as well. Energy markets have seen another shock due to the war in Ukraine. The normal energy supply and trading have been affected, and the geopolitical risks of energy dependency have stimulated plans for the diversification of energy supply and energy demand reductions in some countries [25].



The two recent disruptive events—though both shocking and global in nature—differ greatly in the way they impact the global and local energy systems. First, the pandemic is primarily an energy demand change that has induced a global, systemic, and rapid change, which has been short-lived. Secondly, the war directly impacts energy production, energy supply, and trade, while demand is affected through actions and decisions by individuals and nations to anticipate supply disruptions, sanction Russia, and reduce import dependency. As was seen, oil prices plummeted during the pandemic, in some cases to near zero or even below [26,27], while they skyrocketed to over 100 USD/barrel due to the war [28].



2.1. Supply of Energy


Unexpected disruptions affected the supply of energy, both in terms of commodities and technologies during the pandemic period and, especially, in the first 6 months, through the decrease and restructuring in energy demand. These developments were due to reduced demand for mobility and energy, as well as disruptions in the supply chains of energy technologies and related materials [29].



The war in Ukraine directly affected the upstream energy supply in many countries. The imposed sanctions on Russia have impeded the supply of energy, not only to importing regions such as Europe but also to the rest of the world, as importing regions seek to substitute the loss of supply from Russia by importing from other regions [30]. This has increased energy prices worldwide in the short term, with consequences for many countries with varying levels of development. Here, we discuss these by focusing on the fossil fuel and renewable energy supply as follows.



2.1.1. Upstream Fossil Fuel Industry


Decreased industrial activities and reduced energy demand, together with fuel price volatility at the beginning of the pandemic, impacted the international energy markets. Oil prices went down to their lowest level in 20 years [27], which reduced the investment capacity of some oil and gas companies, resulting in job cuts and damaging the economies of some oil-export-dependent countries [31]. For example, the oil field services companies in the USA alone have shed more than 99,000 jobs in the first months of the pandemic [32]. In the UK, the oil and gas industry observed 30,000 potential job losses [33]. Decreased electricity demand and lower-than-usual prices for natural gas caused a large reduction in the use of coal for electricity production and related GHG emissions [34].



However, this dynamic has been highly volatile—the Russian invasion of Ukraine and the concurrent pressure on fossil fuel supply chains led to hikes in fossil fuel prices and appear to have induced new investments into gas and oil drilling and infrastructure. Some fossil-fuel-exporting countries, e.g., in Africa and the Middle East, gauge opportunities to increase their supply of fossil fuels, especially natural gas and liquified natural gas (LNG), to Europe. This may accelerate the fossil-fuel-exploration plans in such regions, e.g., natural gas extraction from the Mediterranean Sea and possible pipeline infrastructure to Europe [35]. The Russian fossil fuel industry, on the other hand, will suffer in the long term not only because of the loss of exports but also because of the lack of access to Western capital markets and high investment risks in oil and gas exploration and technology transfer [36]. It is expected that the Russian stock market loses between USD 137 and 353 billion, equivalent to 7–20% of its annual GDP, due to war costs and lower energy exports. Importing countries will experience between a 2–3% loss in their stock markets [37].



The COVID-19 and war-related shocks in the energy sector are mainly received by consumers in oil-importing countries [38,39]. This includes an increase in oil prices in the post-pandemic recovery period in 2021 and the consequences of the war in Ukraine in 2022. An increase in oil prices will impact different sectors and industries, including the power sector in developing regions, e.g., in West Africa, where diesel generators are still a major source of electricity. The affected countries may, thus, encounter difficulties in meeting their low-carbon energy policy targets and implementing the fiscal stimuli necessary to support the transition to a more sustainable energy system.




2.1.2. Renewable Energy Transitions


Renewable energy scored a record in global electricity generation of 25% in 2019 before the pandemic, with remarkable growth in the Global South, in countries such as China, India, and Vietnam [40]. The pandemic had some short-term impacts on the renewable energy sector, mainly due to decreased manufacturing or disruptions to the supply chains of low-carbon technologies, e.g., solar photovoltaic (PV) or batteries, especially from major manufacturing countries such as China to the rest of the world. On the other hand, renewable-based electricity showed an increasing share in electricity generation in some regions, for example, in Europe, mainly due to lower electricity demand during the COVID-19 outbreak and lower generation of baseload fossil fuel power plants [4]. However, these disruptions were temporary, as there was not a long-lasting change in the environmental quality or a more sustained effort for investment in green technology [41]. The reduced investment capacity of energy companies and delayed construction projects due to the confinement measures, combined with disrupted international trade and reduced availability of workforce, resulted in a 10–15% drop in new investments in clean energy projects in Europe, compared to pre-pandemic figures [42]. Considering this financial difficulty and the vulnerability observed in the resilience of centrally planned energy systems, there was a growth in the investment in onsite energy technologies post COVID-19, e.g., making solar-based applications in buildings and the development of mini-grid systems a priority in some developing countries [43].



The renewable energy sector showed relatively significant resilience to the crisis on a global scale. According to [44], “overall investment in new renewable power capacity (excluding large hydro-electric dams of more than 50 MW) was $281 billion in 2020 (cf. investments in fossil fuel power capacity reached $111 billion)”. Despite recent developments in renewable energy investments, the relationship between financial markets and green bonds could be volatile in the future. Hence, risk management measures should be put in place for such investments [45].



The invasion of Ukraine by Russia was another impetus for some nations to accelerate their clean energy transitions based on renewable energy. Germany as one of the countries with a high dependency on fossil fuel imports has accelerated its transition to renewable energy to cope with the possible cut of energy imports from Russia [46]. However, the evidence as of July 2022 suggests that investors’ assessments of renewable energy projects have not changed significantly after the conflict between Russia and Ukraine [47]. Renewable energy comprised 28% of the electricity generation globally in 2021, with wind and solar reaching a record high of 10% of the total electricity mix [48]. However, the 4% surge in energy demand after the pandemic was met mainly by fossil fuels. The share of renewables in total energy consumption shows a slight growth from 8.7% in 2009 to 12.6% in 2020, leaving fossil fuels as the main source of energy needs globally (78.5% in 2020) [49]. The early evidence indicates that the global energy crises have not accelerated the transition to renewable energy, as anticipated, at least in the short term.




2.1.3. Global Energy Crises and Sustainability Goals


The 8.4% drop in manufacturing production in 2020 due to the pandemic [50], which was equally severe as during the Financial Crisis of 2007 [51], was exacerbated by the war and the related economic slowdown [16]. This long-term economic recession imposes significant risks on the availability of public expenditure on climate-related and green energy investments. The decline in the international cooperation and access to multi-national development funds needed to support low-income countries in their effort to have access to capital, innovation, technology, and skills will hinder sustainable energy transitions. Based on reports published on the tracking of Sustainable Development Goal (SDG) 7 [52], “significant progress had been made on various aspects of SDG 7 prior to the start of the COVID-19 crisis”. This included a significant reduction in the number of people without access to electricity, an increase in the penetration of renewable energy, and improved energy efficiency.



The progress in the developing world, e.g., in sub-Saharan Africa, is, however, not on track with the ambitions of SDG 7, which have been further delayed by the consequences of the pandemic and the war. Recent analyses suggest that a continued slow economic recovery from the pandemic will have a significant impact on making modern energy access unaffordable for a significant share of the population, particularly in regions with the largest access gaps [53]. The tracking of international financial flows to developing regions for improving the share of renewable and clean energy shows that only 12% of such economic support reached the least-developed countries in 2020 [52], a worsened situation due to the pandemic [54]. The Russian–Ukrainian conflict has exacerbated the situation in different world regions. The conflict has increased global energy prices, reducing the capacity of governments in developing regions for investment in development plans, including the transition to cleaner energy. The sanctions against Russia will distort the relationship between some African countries partnering with Russia in low-carbon energy technology transfer—as of 2020, seven African countries had nuclear power agreements with Russia [35].



Table 1 summarizes the main trends and impact of COVID-19 on the supply of energy commodities and technologies observed so far.





2.2. Lifestyle, Behavior, and Demand for Energy Services


Demand for energy services was affected by the pandemic in many ways, mainly as a consequence of the related confinement measures. People’s activities were restricted to the local level through work and study from home measures, travel restrictions, closure of public spaces, and access limitations to facilities and services. Though there were countries with lower levels of restrictions, they experienced a collateral impact. Depending on the stringency of the measures, energy demand was shown to have reduced 9% (limited lockdown), or ca. 17% (due to partial restrictions), or even up to 24% (full-scale lockdown) [31].



Though the setback in emissions in 2020 has proven to be largely temporary, there have been long-term changes in lifestyles, businesses, and institutions [60,61,62]. The direct impacts included reduced economic activity and demand for services, such as mobility, transport, space usage, and related material and energy demand reductions, leading to improvements in air quality and greenhouse gas (GHG) emissions [63,64]. The estimated climate impacts based on country-level, sector-specific CO2 emissions’ bottom-up data indicated an abrupt 8.8–9% decrease (−1551 Mt CO2) between 2019 and 2020 [65,66]. Table 2 demonstrates real-life studies of trends related to energy demand change as a result of behavioral and lifestyle changes. Furthermore, new practices and reformed social norms have increased due to the pandemic causing potentially deeper energy demand changes [5]. The pandemic caused economic distress at the individual and macro levels and losses of income and jobs, which impacted saving decisions. The experiences of 2020 offered an opportunity for policymakers to build on people’s willingness to maintain pro-environmental behavior changes, by identifying and enhancing these behaviors and by counteracting backlash [67]. For example, cycling grew by around 100% in Los Angeles and Houston [68] and increased in Paris (39%), Barcelona (30%), Cologne (11%), Vienna (12%), and Oslo (26%) [69], purely from a change in people’s practices. This was reinforced by provisional redistribution of street space in many cities, with pop-up bike lanes appearing during the lockdowns in over 30 countries in Europe, such as 30 km in Paris, 21 km in Barcelona, or 9 km in Budapest, among many others. In addition, calming streets and zones have been added and costs for sharing systems reduced or enlarged, in parallel to focusing on walking and public transport. Many of these changes remained afterward, in 2022. In Paris, the pandemic response to extending the cycling infrastructure reinforced the previously already planned “Plan Vélo”, making Paris bike-friendly by 2024 [70]. In other cities car-related measures were added, e.g., car bans in Seattle, speed limits in Milan and Philadelphia, etc. These have seen—though there has been a slowdown—still higher levels of biking than before the pandemic, worldwide.




2.3. Pandemic and Climate Change: Lessons Learned


Besides the direct impacts on air quality [76] and greenhouse gas reduction [63], the pandemic can also be seen as an example of successful mobilization of the global community to mitigate and adapt to a shared but locally differentiated global crisis [77,78]. Response to the pandemic threat has shown that the world can act swiftly and in unity to tackle an urgent global challenge and is willing to adopt financial and social costs in order to contain the spread of the virus, with responsibility for others [79]. Though they are different in nature, response mechanisms, timespans, and support from the public and authorities, there are a number of lessons that should be acquired from how to mobilize actors for the climate crisis.



First, acting quickly saves lives and costs. Leadership is typically slow and careful, especially in unexpected situations, and policymakers prefer to wait to see what others do [77]. Similar to pandemic responses, earlier action will reduce mitigation costs significantly [80,81], however, successful actions are not popular in hindsight, because they appear as overreactions as the impacts have been avoided. To overcome opposition to timely and increased action, the delegation of the decision to institutions that are involved in long-term decision-making is reasonable [78].



Overall costs are high, but inaction has a significant price. Unprecedented economic recovery packages were seen in response to the pandemic. The green recovery responses to the COVID-19 crisis can contribute to and accelerate the pace of the climate transition, but the majority of stimulus funds are not transformative enough [82]. Analyses have shown that with an economic recovery tilted toward green stimulus and reductions in fossil fuel investments, it is possible to avoid future warming [83] or significantly reduce the cost of keeping warming to 1.5 degrees Celsius above pre-industrial times [66].



Second, collective behavior is the basis of dealing with major crises. It must involve persuading the public to make significant changes to their lifestyles and behaviors, as it was necessary to fight COVID-19 (wearing face masks, exercising social distancing, becoming vaccinated, etc.). Obviously, the climate problem requires even graver public engagement, building individual action and community practices that can contribute to the transformational effect.



Thirdly, a global problem requires global action. Climate change, as a global problem, is best addressed by a global consensus to trigger collective solutions to urgent problems. The pandemic has taught us how to prevent, manage, and overcome a globally sensitive issue. The management of global perspectives has been shown to require international agreements and individual responsibilities, with a renewed value given to multilateral institutions in the phases of evaluation, target setting, standard setting, and coordination.



Finally, ensuring trust in science to inform decisions. It is not easy to connect policy-making and everyday decisions to science. The rise of populism was experienced during the pandemic and the war, including the spread of persuasive yet ill-informed rhetoric to dismiss reporters, expert opinions, and scientific advice. There was a period during the pandemic when the value to follow the science in informing public policy was well-recognized, but this dissipated as the threat was decreasing. Yet, scientific advice is never value-free. In any democratic society, politicians must necessarily take ownership of the public policy. It is their job to navigate difficult value judgments at the science-policy interface, but, when doing so, it is also important to make informed rather than popular decisions [77].



The pandemic exhibited both a challenge and an opportunity to think about the necessary instruments needed to lead the world toward an environmentally friendly and resilient energy system [84]. An economic recovery consistent with the targets of SDG 7 on energy can only be achieved by building on the opportunities that emerged during the pandemic, including the positive, unprecedented lifestyle and behavioral changes that can also be practiced in a post-pandemic world [85].




2.4. Adverse Impacts and Implications: Health, Social, and Economic Inequalities


The necessary abrupt changes in lifestyles in 2020 have challenged populations everywhere and hit vulnerable groups extensively. Given the digital transformation in the pandemic, low-income populations with lower access to social and energy services at the start have faced imbalanced exposure [86] and are now at a higher risk of poverty as a result of losing their jobs and income due to the economic slowdown [1]. The lack of access to affordable, clean, and modern energy services intensifies existing inequities by the ways vulnerable populations were impacted by the pandemic and the measures taken to contain the virus.



Working and studying at home meant higher home utility bills for many [87]. For those who experienced income losses, well-being at home and thermal comfort could be compromised if the required energy for heating/cooling was unaffordable [88]. Lockdown situations challenged many parents to struggle between family care and job commitments, especially, posing women with a disproportionate burden. These stress factors compromised the productivity of some adults and the education of young people in many regions [89], leaving millions of students with a lack of important education impacting their future lives. A higher reliance on digital solutions and a boom in the development of technologies and services underscored the value of affordable and reliable electricity and access to energy technologies and how these relate to the knowledge needed to use digital services [90]. For families relying on traditional cooking devices and methods, there is a concern that indoor pollution exposure inside homes will increase vulnerability to respiratory diseases such as COVID-19 [91]. The socioeconomic gap widened further due to the economic crisis triggered by the pandemic and the Russian–Ukrainian conflict. Developing countries relying on energy imports have suffered from the energy price hikes due to the conflict. The increase in energy prices combined with inflation and the economic slowdown will shrink the purchasing power of the poor in different regions. Figure 1 summarizes the key impacts of the pandemic on the energy sector.





3. Drivers of Sustainable Energy Transitions


SDG 7 on energy proposes three targets for energy access, renewable energy deployment, and energy efficiency. While progress has been made, the world is not on track to achieving all the indicators related to SDG 7 by 2030 [52]. In the aftermath of the pandemic and the war, short-term decisions in the energy sector were made mostly influenced by emergency response measures [92], but the long-term resilience of the system is gaining attention [93]. In this regard, the long-term impacts of the recent energy crises still need to unfold and are unclear. This raises questions as to how the post-COVID-19 recovery impacted by the consequences of the war will influence reaching the SDGs.



3.1. Clean Energy Investments Instead of Fossil Fuels


Globally, fossil fuels receive subsidies of USD 370 billion per year, while renewable energies receive only USD 100 billion [94]. The future impacts of continued support for fossil fuels include extreme events [95]. Early evidence suggested that post-COVID-19 recovery packages need to focus on a green recovery, including an accelerated large-scale deployment of renewables and energy efficiency. However, many national recovery packages continued traditional paths. The Energy Policy Tracker analyzed the recovery packages of G20+ countries and found that fossil fuels were favored over clean energy: 52% of all public money committed to the energy sector went to fossil fuels (USD 222 billion) [82].



The fossil fuel industry sustained the Russia–Ukraine conflict with additional benefits. The rise in the price of natural gas to more than double has stimulated investment in finding new resources and the development of natural gas fields in many regions, e.g., in Mediterranean offshore sites and in the Middle East [96,97,98]. With Russia using natural gas as leverage to promote its geopolitical interests, especially in Europe, the majority of energy-importing countries are considering diversifying their energy supplies [99,100]. This has led to plans for investment in the infrastructure for importing LNG, even considering floating LNG transfer terminals in Europe [101,102,103]. This led to a more than 19% rise in exports of LNG by the USA, making the USA the biggest LNG exporter in the world in the first half of 2022.



On the other hand, the geo-political risks of reliance on fossil fuels have led some countries and regions to consider massive investments in clean energy and accelerate their low-carbon energy transitions [104,105,106].



Investment reallocations away from fossil fuels could reduce the risk of stranded assets [107]. Development financing institutions are debating future financing of gas-fired power, often already accounting for the risk of stranded assets. The European Investment Bank, for example, plans to phase out support for unabated fossil fuel infrastructure [108].




3.2. Cities in the Energy Transition


Over 95% of the recorded COVID-19 cases are located in urban areas, with the most devastating impacts on the urban poor [108]. Cities are responsible for 60–80% of global energy and more than 70% of carbon emissions. By 2050, around 70% of the world population is projected to live in urban areas. Achieving the SDG targets in cities will be critical. Many (mega-)cities are larger than entire nations, hence, their utilities and investment decisions are crucial for the energy transformation. Renewable energy targets are already an important component of municipal policies. Here, cities in Asia and Africa are falling behind, while they experience growing energy demand [109].



The COVID-19-related travel restrictions significantly changed people’s mobility [31]. In the short term, public transport nearly vanished. The UK’s travel restrictions translated to a 95% reduction in subway journeys in London [110]. This was mainly due to the adjustments to individuals’ daily travel activities (i.e., the home office, homeschooling, and online shopping). Recognizing the positive impacts of these changes, many cities have started to rethink urban planning. They have started to use public spaces differently, which has led to many synergies [111]. Examples include Milan’s open streets plan; San Francisco’s “slow streets”; Bogota’s temporary bike lanes; and the conversion of over 100 streets for pedestrians in Buenos Aires. While some of these initiatives have been reversed since the pandemic (e.g., temporary bike paths in Berlin and Vienna have been reverted), the success of other initiatives is encouraging, considering that urban car trips are mostly shorter than 5 km and that 96% of the time cars are parked, using up valuable space [112].



The building construction sectors combined represent one-third of global final energy consumption and nearly 40% of total direct and indirect CO2 emissions [113]. A low-carbon built environment is, thus, critical for addressing urban development challenges [114]. A sustainable city requires a combination of new technologies, institutions, innovative urban design, enabling policies, and novel planning and managing processes [115]. The world has infrastructure needs of USD 90 trillion investment for 2015–2030, mainly in developing countries [116]. This new infrastructure needs to be low-carbon and climate-resilient to stay within the Paris Agreement temperature guardrail.




3.3. Digitalization and the Digital Divide


During the height of the pandemic and because of more medium-term changes, many of those who could, have worked from home or switched to online shopping. This move to digital technologies is expected to continue. We, thus, want to explore the opportunities of digitalization for the energy transition [117]. Digital technologies are forming new economies and are creating new options for connectivity and collaboration, substituting physical service provisioning and forms of communication, thus reducing mobility. Digitalization has the potential to make less energy-, materials-, and emissions-intensive solutions [118]. Digitalization also provides opportunities by advancing decentralization and enhancing the ability to collect and analyze relevant data for demand management, renewables, and storage integration. This facilitates energy planning, investment, and operational decisions [119].



Other examples enabled by digital technologies include the remote control of assets (enabling demand responses), behind-the-meter generation, home energy management, vehicle-to-grid technologies, and unlocking flexibility from different sources, such as battery management systems, heat pumps, and appliances [120]. The mobility sector also sees many opportunities through digitalization, autonomous driving, connectivity through the Internet of Things (IoT), and electrification and shared mobility (so-called ACES), which can accelerate the uptake of new mobility options [121]. All this can improve mobility services and reduce private vehicle ownership, traffic, and parking needs [122]. Although digitalization can come with economic benefits such as greater productivity, job creation, and support services, it should be mentioned that digitalization can also lead to job losses, higher environmental impacts (i.e., higher consumption levels), and physical tasks [123].



Similarly, to the challenges related to energy inequality and poverty, great discrepancies exist with regard to the usage of digital technologies and the ways different population groups benefit from digitalization.




3.4. Decentralized Renewable Energy and Energy Efficiency


In the past few years, access to electricity has increased, now reaching more than 90% of the world’s population. Lack of access is still a significant problem in many countries, where large shares of the population do not have access to reliable and affordable electricity and appliance. This has been further aggravated by COVID-19. The pandemic has shown the power of decentralized, renewable-based energy services, which can offer cost-effective and quickly deployable modular solutions. In Kenya, for example, solar PV panels provide health centers with reliable and renewable electricity to safely store vaccines [124]. The pandemic has been changing the design and operation of energy-efficient buildings, incorporating stringent health criteria, i.e., building codes on energy efficiency and COVID-19 mitigation criteria [125]. Today, less than one-third of countries have mandatory energy-related codes for new construction [126]. In the remaining countries, energy efficiency building codes exist but are not being enforced [127].



Green recovery packages could push new policy instruments focusing on energy performances. This would be people-centered and multi-beneficial and would lead to energy-demand changes and job creation, in line with just energy transition mechanisms [128]. Renewable energy and energy efficiency have an important role to play in hedging against fossil price volatility in the current global tight fossil gas market.



Following the Russian invasion of Ukraine, many countries are putting policies and several guidelines in place to motivate consumers to reduce their energy consumption, in general, and fossil fuels, in particular. The IEA’s 10-Point Plan to cut oil use or the REPowerEU investment plans to stimulate clean energy investment by 2027 (such as EUR 56 billion for energy efficiency and heat pumps) are some examples [129,130].




3.5. Power of Collective Individual Behavior


COVID-19 has highlighted the critical role of individuals in bringing about positive social change. Hundreds of millions of individuals, following the knowledge of how to protect themselves and others, were self-isolated in response to the virus, often at a great social and financial cost. Almost immediately, people changed their daily routines and consumption patterns [131]. Public information campaigns to citizens on the effects of their behaviors could maybe also encourage more sustainable energy and transport practices for governments seeking to create long-term demand shifts in energy and mobility choices [132]. The response from societies to the energy crises after the invasion of Ukraine by Russia is a good example in this regard. The policymakers in several countries, especially in Europe, created an atmosphere to motivate people to reconsider their energy consumption, especially the usage of oil and natural gas, as a reaction to the threats caused by this or similar conflicts [104,133,134].



Similarly, the energy transition is leading to and is spurred by various forms of social innovation (i.e., ideas, products, services, or models) that meet social needs and create new collaborations [135]. Examples relevant for the energy transition include energy cooperatives, energy “prosumers” consuming and producing energy, citizen science applications, living labs, and new participative forms of decision-making, such as citizen assemblies and local energy fora [136,137]. Figure 2 illustrates the role of people in enabling sustainable energy transitions.





4. Discussion


The recent energy crises, i.e., the pandemic and the war, have impacted global energy transitions significantly. Here, we discuss this impact from different dimensions by comparing the findings of this paper with the emerging body of knowledge in the field.



4.1. Temporal Dynamics of Energy Transitions


The longevity of the impact of an energy crisis such as those observed during and after the pandemic, including the current conflict in Ukraine, has been subject to debate. While the short-term impact of the pandemic on the energy sector was a rapid decline in energy demand and prices, the long-term impact was, and still is, uncertain. Some more optimistic views predicted the drop in energy demand to be long-lasting, as the extent of lifestyle changes was considered too large to be brought back to the pre-pandemic normal [138]. Other studies showed that the decline in energy demand is mainly due to top-down restrictions enforced by governments, so demand for energy will grow back to pre-pandemic levels once the urgency is over [139]. Based on the analysis of the short- and long-term impacts of the pandemic on energy demand (see Section 2.3), it is evident that some changes caused by the pandemic will stay for a long period, e.g., increased remote working and relying on digital solutions rather than intracity trips. However, some changes in behavior may cause higher energy demand, e.g., by demanding more air conditioning and larger spaces in office buildings and more individualized public transport choices such as private cars as opposed to using public transport. As noted by Kikstra et al. [66], a more persistent change in energy demand is likely to occur under a “green push” scenario, i.e., a set of rules and policies put in place by governments to enable green energy transitions.



The temporal dynamics of energy transitions, i.e., the timing and the pace of different measures and steps in reaching energy and climate targets, are of paramount importance [140]. Based on the latest IPCC report (AR6), the 2020s is a crucial decade for humans to tackle climate change [95]. In addition, further delay in climate action, due to the pandemic, the war, and their economic impacts, may not only increase the cost but also the risk of the attainability of the Paris Agreement goals [141].




4.2. Geopolitics of Energy Transitions and Energy Security


The response to the energy crisis caused by the war between Russia and Ukraine proved that energy security plays a key role in energy transitions. While many European nations were already hit by post-pandemic price hikes, starting from the second half of 2021, they made difficult choices for reducing their dependency on Russian fossil fuels, including oil sanctions and abandoning the Nord Stream 2 natural gas pipeline between Russia and Germany [142]. Different countries have put policies in place to diversify their sources of energy supply, looking into new gas pipelines and LNG routes [97]. These new dynamics in the geopolitics of energy supply can create new trade relationships (e.g., LNG trade) and new dependencies on suppliers of energy infrastructure (e.g., LNG terminals) or critical materials (e.g., battery cells). Short-term energy demand reductions in heating (e.g., lower room temperatures), agriculture (e.g., less fertilizer use, less meat), and transport (e.g., home office, car-free Sundays, speed limits, pop-up cycling infrastructure) could substitute for 20-60% of EU imports of fossil fuels from Russia [25]. However, the long-term solution is seen to be relying on local, decentralized energy solutions, as found in other studies too [8].



Different studies have shown that these events have positively changed the opinion of the public toward clean energy alternatives [30]. As discussed in Section 3, collective behavior and renewable energy are the two measures that can help nations in overcoming the vulnerability of a fossil-fuel-based energy supply. The response to the recent energy crises also showed that the government plays a key role in shaping energy transitions, as stipulated in [20], most notably, when public support and acceptance are sought after a critical situation threatens the energy security of a nation [3].




4.3. Limitations and Direction for the Future Research


This study reviews the impact of two recent energy crises (i.e., the pandemic and the war), based on the review of other studies and stakeholder input. The studies reviewed here may have used different methods and have published their results using different data at various stages of the development of the crisis. As such, their findings may not be directly comparable. Some studies reviewed here were published at earlier stages of each crisis, which may have been based on early responses to the crisis, thus lacking a holistic and global nature. We have put efforts to provide a context-free analysis of energy transitions. However, the lack of data and publications from less-developed regions may have affected the quality of the findings, with respect to the specificities of such regions.



Future research may focus on the long-term impacts of the energy crises on clean energy transitions across various regions caused by the crisis itself and the measures taken by governments. The access to large datasets collected during the crises, e.g., the transport pattern during the pandemic or the state of energy efficiency responses to the energy price hikes, will improve analyses of individual behaviors, lifestyles, and social practices. Furthermore, identifying policy options to incentivize positive behavioral changes and discourage unsustainable practices is key. Given the complexity of sustainable energy transitions, research practice needs to shift toward a more collaborative knowledge production—transdisciplinary research that integrates the diversity of scientific and societal views of energy problems.





5. Conclusions and Policy Recommendations


This paper reviewed the most important energy trends following the COVID-19 pandemic and the Russia–Ukraine war in 2022, from the short-term to more long-lasting events. While these two events, i.e., the pandemic and the war, are different by nature, some of their impacts on the energy sector were similar. For example, both events revealed the vulnerability of global energy supply chains to trade shocks, either due to physical disruptions (trade disturbances due to the pandemic or sanctions following the war) or supply-demand relationships (near-zero oil prices during the initial lockdowns and soaring prices due to uncertainties caused by the war). The occurrence of several energy price shocks in less than two years has intensified the debate in the energy community on alternative pathways to increase the resilience of energy systems. This may coincide with the efforts for the decarbonization of the energy sector, and, more broadly, with ambitions toward a sustainable energy transition. However, the early evidence suggests that these two energy crises may not necessarily pave the way for low-carbon energy transitions, without relevant policy enforcement. Governments are more focused on energy security in the short-term, relying on low-hanging but risky alternatives, such as looking for new routes of fossil fuel supply, nuclear extensions, or coal revival. Hence, the public sentiment against the vulnerability of fossil fuel supply routes may not be fully translated into ambitious actions to move away from fossil fuels altogether.



In the following, this paper offers some solutions and policy recommendations to improve the resilience of energy systems against global energy trade shocks, such as pandemic and geopolitical conflicts, and to simultaneously enable a sustainable transition to low-carbon energy systems.



5.1. Rethinking Consumption


Energy demand and the concept of consumption need to be transformed toward responsible, sustainable, and sufficient ways of meeting human needs [143]. Technologies and policies can encourage behavior and lifestyle changes leading to a new “consumerism of sufficiency”, characterized by high resource-use efficiency, digital convergence, and the increasing importance of the circular and sharing economy [144,145]. Industry can substantially improve its energy and resource efficiency by optimizing processes and introducing sharing-economy approaches for energy purposes [146]. Moreover, global value chains have been substantially affected by the COVID-19 crisis and should be reshaped to make them more resilient. Companies should map social and environmental risks in their international supply chains and take measures to prevent or mitigate them [147]. Active participation of customers in electricity markets, for example, requires regulatory frameworks that allow them to self-generate, self-consume, store, and sell their electricity, without relying on central grids and facing unnecessary barriers [148].




5.2. Reinventing Urban Space, Infrastructure, and Mobility


Urban areas and mobility are two key segments in achieving a sustainable energy transition. The suggested actions toward this policy include applying a holistic and systemic approach to urban planning, designing cities as urban, digitalized villages featuring compact neighborhoods with access to essential services within a short distance, reducing car-dependency in cities, promoting shared mobility services for different target groups, including underserved low-income populations, and promoting e-mobility and energy efficiency in the transport sector. To promote a built environment that is low-carbon, flexible, and resilient to multiple hazards, there is a need to invest in the construction of new buildings that are less resource- and carbon-intensive, renovate the existing building stock, and enforce the energy-performance standards and energy-efficient building codes, increase the use of bio-based, traditional low-carbon materials and designs as well as prioritize “nature-based solutions” such as parks, green roofs, green walls, and blue infrastructure. Figure 3 depicts an urban space design that can enable a sustainable energy transition.




5.3. Promoting Decentralized and Resilient Energy Systems


In the wake of the COVID-19 pandemic, post-pandemic price hikes, and the war between Russia and Ukraine, the role of decentralized, renewable-energy-based energy systems has become more important than before. Several recommendations can be formulated in this respect to reduce the vulnerability of energy supply chains to disruptions in international energy trade, including reducing or eliminating fossil fuel subsidies, diversifying investments in low-carbon assets, increasing transparency through corporate climate disclosures, removing barriers to renewable energy and green technologies deployment, prioritizing decentralized energy solutions, developing local value chains for renewable energy, promoting community-based governance and business models, expanding and strengthening energy safety nets for vulnerable low-income populations, and developing special recovery packages for small and medium enterprises.



Furthermore, a number of recommendations can be made to enhance energy efficiency, including prioritizing energy efficiency improvements when they are more cost-effective than supply-side solutions, linking energy efficiency to energy access to reduce the cost of appliances for low-income groups, incentivizing prosumers to participate in energy markets, promoting digitalized solutions for harvesting demand-side flexibility, and accelerating innovation in energy efficiency. Energy efficiency is also urgently required to reduce the consumption of fossil fuels and mitigate the effects of the current high fossil fuel prices caused by the current global energy crisis on consumers and economies.



International cooperation to develop energy efficiency and renewable energy in developing countries is necessary to reduce the impacts of the current global energy crisis. In particular, cooperation between the EU and partner countries/regions such as Africa can be mutually beneficial and stimulate trade relations. Cooperation that starts with fossil fuel LNG will have to provide perspectives for a shift toward renewable energies, including green hydrogen, in the medium and long term, to be broadened to include environmental and climate policy [149].




5.4. Ensuring a Just Energy Transition


The pandemic has shown that energy and other social safety nets are required now more than before to help improve access to essential energy services for the poor and vulnerable and to make such services affordable for all [131]. There is a risk of excluding the vulnerable from access to essential energy services without implementing strong policies such as energy safety nets, programs to guide off-grid companies to protect and support customers, and the provision of financial assistance for energy access companies [150]. Accounting for energy in social safety nets is required now, to guarantee essential energy services for the poor and vulnerable [151]. These could be linked to energy-efficiency programs, through soft loans or subsidies for energy-efficient appliances or repairs for low-income groups. This would reduce the impact of energy pricing and demand in the longer term, increase welfare, and alleviate energy poverty [152]. The effects of COVID-19 have exacerbated the existing inequalities faced by women and girls and have threatened the progress that has been made on gender equality and women’s rights [153].
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Figure 1. Key impacts of the pandemic on the energy sector [9]. 
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Figure 2. The role of people in bridging different elements of sustainable energy transitions [9]. 
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Figure 3. Role of urban space, infrastructure, and mobility in sustainable energy transitions [9]. 
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Table 1. Impacts of COVID-19 on the upstream supply of energy commodities and technologies.
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	Impact
	Scale
	Location
	Timeframe
	Driver
	Ref.





	Drop in energy investments
	20% cf. 2019 (China 12%, USA 25%, and EU 17%)
	Global
	2020
	Lower industrial activity and economic capacity; lockdown measures
	[55]



	Reduced investment in oil and gas industry
	32.4% cf. 2019
	Global
	2020
	Reduced industrial activity and economic slowdown; reduced revenues due to lower prices
	[55]



	Decline in investment in the power sector
	10.4% cf. 2019
	Global
	2020
	Lower industrial activity; lockdown measures
	[55]



	Reduced oil prices
	
	Global
	Feb–March 2020
	Reduced demand for transportation and limited storage possibilities in producing countries
	[2]



	Reduced electricity prices
	
	Some European countries (e.g., Germany, UK)
	Lockdown periods
	Reduced demand for electricity due to declined industrial activity and closure of businesses
	[4]



	Increased volatility in oil prices
	11–39%
	Europe, Africa, North America, South America, and Oceania
	Weekly (21 days) to 3 months in 2020
	Relationship between the speed affected cases and death with oil price volatility
	[26]



	Reduced sales of cars
	50–80%
	India, USA, China
	Lockdown periods
	Reduced industrial activity and closure of businesses
	[56]



	Drop in carbon prices
	20–30%
	EU (ETS)
	March 2021
	Following the announcement of the WHO on the pandemic
	[57]



	Decrease in electricity consumption loss
	1.62% decrease by each percent decrease in time changing “effective reproductive number (Rt)”
	Germany and five USA states
	2022
	Social features and energy implications changed by COVID-19
	[58]



	Reduction in CO2 emissions and power sector cost
	Up to 65% in CO2 emissions and 20% in power cost
	Netherlands
	2035
	A simulation with four future scenarios considering the impacts of lockdown on power cost, emission reduction, and electricity supply
	[59]
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Table 2. Selected trends and drivers of COVID-19 impacts on demand for energy services.
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	Impact
	Scale
	Location
	Timeframe
	Drivers
	Ref.





	Reduced energy demand
	3–10% cf. 2019
	Different world regions
	2020
	Drop of industrial activity and personal mobility
	[5]



	Reduced demand for transportation fuels
	Crude oil: 6.5 mb/d;

jet fuel and kerosene: 2.1 mb/d (26%);

gasoline: 2.9 mb/d (11%); and diesel: 2 mb/d (7%) reduction cf. 2019
	World
	2020
	Reduced demand for transportation, aviation, and fuel in the industry
	[56]



	Reduced electricity demand
	15–23% during the first and 11% in the second lockdown
	Poland
	Lockdown periods
	Closure of businesses and commercial buildings
	[71]



	Increased volatility in electricity demand
	Weekly variations
	Poland
	Selected weeks in the year
	Household activity changes, and the resulting electricity consumption pattern change in commercial and residential buildings
	[71]



	Need for air and water filtration systems, enhanced indoor air quality monitoring
	N/A
	World
	Long-term
	Change in norms and requirements for higher indoor quality standards in public and commercial buildings
	[17]



	Increased energy consumption and consequent CO2 emission of office buildings
	Energy demand between 10.18% and 69.48% and CO2 between 5.8% and 120.61%
	Rome and Paris
	2022
	HVAC usage and guidance in those buildings
	[72]



	Increased home activity duration which leads to increased energy consumption
	80% increase in home activity duration and 29% energy consumption
	Canada
	2022
	Pandemic and lockdown regulations
	[73]



	Reduced energy consumption in the indoor environment
	Maximum 63.5% reduction
	China
	2019 and 2020
	Lockdown measures
	[74]



	Idle energy demand in non-residential buildings
	Approximately 46.9% of the typical energy consumption in academic buildings
	Barcelona
	2022
	Space heaters, air filtration, ventilation, and COVID-19 regulations in partial usage
	[75]
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