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The Coronavirus Disease 2019 (COVID-19) instigated a pandemic that impacted economies, employment, and shipping worldwide. This paper reviews how one international supply chain performed and identifies lessons that may be helpful to improve future resilience. Economic and employment data through November 2020 are used to review the effects of COVID-19 on operations of the bioenergy supply chain in the southeastern United States (SE United States) that utilizes wood fiber to fabricate pellets. Conditions associated with the production of pellets in the SE United States changed with the outbreak of COVID-19. Federal and state government programs and classification of workers in this sector as “essential” during the pandemic helped maintain the woody pellet supply chain and other industries during a period of general shut down in 2020. The availability of personal protective equipment, long-term supply contracts, and established safety cultures are among the factors that enhance supply chain resilience while limited availability of skilled workers, inadequate stakeholder engagement, and dependence on external policies are among factors that reduce resilience. The analysis concludes with recommendations for the SE pellet supply chain, and other biomass supply chains, to improve their resilience to future disturbances. When best practices are implemented, SE United States biomass offers opportunities to contribute to post-pandemic economic recovery while incentivizing better forest resource management.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) was first identified in Wuhan, China, in December 2019 and by the middle of January 2020 was detected in the United States. COVID-19 is caused by a novel severe acute respiratory syndrome coronavirus (SARS-CoV-2), which can readily spread from person to person. Hence a proven preventative measure to reduce contagion is social distancing, as documented by research on prior pandemics (Barry, 2018). Whereas most COVID-19 illnesses are mild, and most patients recover with some supportive care, as of June 2021, more than 600,000 people had died in the United States, and the global death toll exceeded 3.8 million [World Health Organization (WHO), 2021].

The pandemic caused by the spread of the COVID-19 has affected countries and supply chains in many ways. Researchers have documented significant impacts on employment, trade, energy and other sectors, oil price and other variables, as well as acute, localized, supply/demand disequilibrium, resulting in economic losses and price volatility, e.g., (Goodell, 2020; Iyke, 2020; Maliszewska et al., 2020; Padhan and Prabheesh, 2021). The purpose of this paper is to document the effects of COVID-19 on the production, transport, and use of woody pellets (i.e., pellets made of or containing wood or wood fiber) sourced in the Southeast United States (herein referred to as the SE pellet supply chain). The analysis also identifies opportunities to enhance the resiliency of this and similar supply chains to future disturbances.

Resiliency refers to the ability of a system to recover quickly following a disturbance (Angeler et al., 2018; Falk et al., 2019). A system able to resist damage from a disturbance is termed resilient. Important characteristics to build resilience include learning from past situations and the capacity to analyze events to better prepare for the future (e.g., Plieninger and Bieling, 2012; Biggs et al., 2015; Simonsen et al., 2016). The term robustness (the persistence of system characteristics) is sometimes used interchangeably with resilience to describe the ability to continue required functions throughout a disturbance. However, even highly robust systems have weaknesses and breaking points that may be unknown until unexpected events occur. Therefore, resiliency is recognized as a desired trait for more sustainable systems in the face of an uncertain future of stressors associated with climate change and altered disturbance regimes (Norgaard et al., 2021).

The rationale for assessing the resilience of the SE pellet supply chain is threefold. First, the review aims to identify conditions and interventions that influenced the effects on the SE pellet supply chain during the pandemic and potential areas for improvement. Second, this case study facilitates comparative analyses with similar supply chains around the world that responded uniquely, offering opportunities to identify useful lessons for biomass supply chains globally. Third, understanding risks and opportunities to improve the resilience for this and other biomass supply chains is valuable because the implementation of state, national, and global strategies for achieving climate and development goals over coming decades rely on biomass resources (Hellweg et al., 2020). For example, the EU established the European Circular Bioeconomy Fund “to de-risk innovative projects and stimulate private investments” (Fritsche et al., 2021).

Understanding of the factors affecting resilience of biomass supply chains to the COVID-19 pandemic can be improved by coordinating this and other supply chain assessments (i.e., linking the first two aims; see section “Methods”). The third aim is to inform decision makers about the limitations, opportunities, and resilience of biomass supply chains when developing and implementing green investments and economic recovery plans. Governments are developing post-COVID-19 strategies that encourage investments to address goals for employment and economic growth [International Energy Agency (IEA), 2020; IICA, 2020]. IEA Bioenergy is coordinating reviews of supply chains in Europe, Canada, the United States, and other nations. These studies review challenges encountered, responses, and lessons that could enhance future resilience.

The risks, resilience, and opportunities offered by biomass supply chains are important to understand because biomass, including woody pellets, is expected to play a pivotal role in climate change and energy transition plans around the globe (Birol, 2020; IEA, 2021). Over 100 nations, including the United States, are working toward net-zero emission targets (van Soest et al., 2021), and most plans and emission-reduction pathways rely heavily on bioenergy (Gielen et al., 2019). For example, the International Energy Agency (IEA, 2021) finds that bioenergy must play a major role to achieve net zero emissions by 2050, contributing 100 Exajoules. As of December 2020, at least 30 states in the United States had adopted renewable portfolio standards or set specific renewable energy goals in which biomass is expected to play a role [National Conference on State Legislatures (NCSL), 2020b]. Recent Presidential Orders in the United States call for all renewable energy options to be employed including biomass (Executive Order 14008, 2021) and for the risks to be carefully assessed, disclosed, and mitigated (Executive Order 14030, 2021). Thus, as investments are made in renewable energy over the coming years, information that identifies opportunities to improve the resilience of woody biomass supply chains can be useful to inform decisions and reduce risks in the face of future, unexpected disturbances.



METHODS

This paper summarizes findings of a review of the influence of the COVID-19 pandemic on the SE pellet supply chain which, as illustrated in Figure 1, produces densified biomass feedstock (utility grade pellets) used primarily for electric power generation in Europe. The selection of the SE pellet supply chain and the methods applied for this case study were coordinated with IEA Bioenergy Task 43 to complement case studies in other countries and other biomass supply chains (IEA Bioenergy T43, 2020). The research includes analysis of how the pandemic impacted the supply chain, factors influencing resilience of the supply chain, and recommendations to address the question, “What can be learned from the experiences (lock-down policies, work and transport restrictions, increased trade barriers) to enhance supply chain resiliency and reduce economic, social, and environmental costs under future crises?” (IEA Bioenergy T43, 2020). This study also identifies supply chain conditions that facilitate synergistic renewables growth where bioenergy supplements investment and utilization of other renewables and that complement other initiatives coordinated by the IEA Bioenergy TCP (IEA Bioenergy, 2021b). Below, the methods to collect information are described, and then background is presented on production of woody pellets in the SE United States before COVID-19.
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FIGURE 1. The SE United States woody pellet supply chain and selected stakeholders associated with each step. The risks, resilience, and ultimate effects of COVID-19 on the supply chain and stakeholders can vary by place, sector, or socio-economic group, and over time.



Data Collection and Analysis

Data were collected based on information published up to December 30, 2020 (some sources were subsequently updated with manuscript revisions). Official data sources were used whenever possible, including the United States Bureau of Statistics, the United States Energy Information Administration (United States EIA), and United States Department of Agriculture Forest Service data and reports. It should be noted that detailed data on the industry have been collected by the United States EIA since 2016, when a survey was implemented to monitor the woody pellet industry in the United States. The United States EIA publishes Monthly Densified Biomass Fuel Reports [US Energy Information Administration (EIA), 2021] that are accessible to the public. These reports collect data from biomass fuel producers of more than 10,000 dry tons of pellets per year, with smaller producers surveyed annually. Most of the United States EIA data are disaggregated into the three geographic regions where densified biomass is produced in the United States: the South (equivalent to the SE United States in this study), North, and West. Data for densified biomass in the United States is collected for two basic pellet types: “premium/standard” used primarily for residential consumption and marketed as bagged pellets, and “utility pellets” produced primarily for export and use in large thermal electric plants (Brandeis et al., 2021).

To estimate effects of the pandemic on the SE pellet supply chain, we first review trends and operations prior to March 2020. We then compare those data with available information on performance of the SE pellet supply chain following the COVID-19 outbreak, officially declared in the United States on March 13, 2020. Literature searches were conducted using the advanced search function in Google Scholar focusing on 2019–2020 publications addressing resilience to the pandemic. Searches on the title of publication were performed using the following search terms: pandemic OR resilience plus wood OR pellets OR biomass. Additional title searches were performed using the following combinations:


• Resilience AND south AND United States plus pandemic OR wood OR pellets OR biomass.

• Pellets AND southeast plus pandemic OR biomass OR resilience.

• Resilience AND pellets plus southeast OR pandemic.

• Pandemic AND pellets plus southeast OR resilience.



A search was also performed seeking the following words anywhere in 2019–2020 publications: pellets, Southeast, United States, pandemic, biomass, or resilience. We broadened our search for available literature and government statistics on economic, social, and environmental conditions related to the production, transport, and use of woody pellets.

The analysis of available data led to the following approach: (A) Pandemic effects on the United States economy as reflected in economic and employment data through November 2020 are documented; (B) Effects identified are compared to the effects of COVID-19 on operations of the SE pellet supply chain; and (C) Available trend data of the SE pellet supply chain before and after the start of the pandemic are considered and compared with data available for other sectors and industries, including the United States lumber industry in the SE United States. Given that limited information was available due to the recent occurrence of the pandemic, targeted interviews were conducted, and trade journal and industry reports were also reviewed. Internal peer reviews led to several improvements to the manuscript.



Background: Production of Woody Pellets in the SE United States Before COVID-19

Woody pellets are produced in the SE United States and shipped to Europe for the generation of heat and power. Exports of pellets from the SE United States have increased from near zero in 2007 to over 600,000 tons exported per month in 2019 (USDA, 2020). The supply chain has grown in response to incentives promoting renewable energy in the United Kingdom and the European Renewable Energy Directive (EU-RED) (European Commission, 2021). However, the volume of biomass used for pellets in the SE represented less than 3% of total industrial wood harvest removals in the SE United States in 2018 (Brandeis and Abt, 2019; USDA, 2020).

The SE pellet supply chain is characterized by large, industrial pellet plants designed to serve foreign markets. Although the resilience of the supply chain to the COVID-19 pandemic has not been assessed previously, aspects of the SE pellet supply chain that influence resilience have been examined such as: impacts on forest area and economics (Costanza et al., 2017; Henderson et al., 2017), sustainability of feedstock sourcing (Parish et al., 2017; Kittler et al., 2020), relationships to the United Nations Sustainable Development Goals (Kline et al., 2021), and other environmental and economic indicators (Cornwall, 2017; Aguilar et al., 2020; Favero et al., 2020). The EU-RED market established clear specifications for biomass procurement, processing, and pellet qualities, including certification of compliance with sustainability requirements (Olesen et al., 2016). The supply chain supports the implementation of best forest management practices (e.g., National Association of State Foresters, 2015) that are required for producing pellets for export (Kittler et al., 2020; IEA Bioenergy, 2021a). SE United States pellet mills are typically located in areas with access to large volumes of standing timber with relatively low value (i.e., low stumpage price) or areas where other forest industries generate large volumes of sawdust and other woody residues that can serve as feedstock to the pellet mills (Dale et al., 2017; Kline et al., 2021). The closure of dozens of paper mills in the region over the past 25 years combined with timber inventory volumes growing faster than demand, has contributed to low stumpage price and economically stranded timber stands (Hodges et al., 2012; Brandeis and Guo, 2016; USDA, 2020), which support the SE pellet supply chain.

Figure 2 illustrates that the SE United States supply chain represents over 80% of total United States pellet production over the past 3 years. And over 90% of total SE pellet production is exported each year, with the remainder serving domestic markets. While the use of wood for domestic energy production in the United States has been relatively stable for two decades, the SE pellet supply chain represents rapid growth based on utility pellets for export (Brandeis et al., 2021). Within the United States, utility pellets for export have been produced only in the SE while premium standard pellets have been produced in much smaller quantities across all three regions [Brandeis et al., 2021; US Energy Information Administration (EIA), 2021].
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FIGURE 2. (A) Quantity (tons) of pellets produced monthly in the SE United States as share of total United States production, January 2018–October 2020 and (B) Quantity of pellets produced annually in the United States by region and type of pellet, relative to annual United States export volumes. United States exports are comprised almost exclusively of utility pellets.


There is interest in determining the effects of COVID-19 on the many stakeholders in the SE woody pellet supply chain (Figure 1). Stakeholders include residents of communities where the feedstock is sourced, family and corporate private landowners, foresters, truck drivers, pellet mill owners and workers, owners and workers at wood processing facilities that produce residues that go to pellet mills, the shipping industry, utilities in the United Kingdom and European Union, forest certification groups, local governments and businesses, environmental non-governmental organizations, industries that compete for biomass feedstocks, and other members of society who benefit from forest ecosystem services such as clean water, esthetic values, and carbon sequestration.

Stakeholders who are most directly affected by changes in the SE pellet supply chain are contractors and other workers involved in the harvest, collection, chipping, loading, and transport of biomass for delivery to mills, and workers involved in construction, operation, and maintenance of the mills. Contractors that provide supporting services in local communities are also affected. Sawmills and wood-product processing industries, including those generating residues used by pellet mills, and other entities competing for residues and feedstocks, have economic interests intertwined with the pellet supply chain. In areas where traditional forestry activities have declined and mills have closed, jobs and investments associated with the pellet supply chain are important to the local economy, governments, and businesses, as well as for investments to improve or maintain ports and other transportation infrastructure (Hodges et al., 2012; Brandeis and Guo, 2016).

Logging practices depend on local context and geography. One reason that the SE United States is globally competitive in forest products is that harvests typically involve efficient, mechanized operations to fell, haul, and load wood with limited labor compared to other regions in the United States (Baker and Mendell, 2020). SE United States pellet mills, and power plants receiving imported pellets as fuel, tend to be located near rail and waterborne transport facilities and ports, and utilize advanced, mechanized material handling systems, thereby reducing logistic and shipping costs, as well as net GHG emissions associated with less efficient forms of transport for biomass along the supply chain (Kline et al., 2021).




RESULTS

A review of available literature identified no peer-reviewed papers specifically addressing the resilience of the SE pellet supply chain during the COVID-19 pandemic. A private consultancy report was identified that focused on actual and potential effects of the pandemic on cash flows in the SE forestry sector (Forisk, 2020). The various combinations of key word searches in titles generated zero results for papers published 2019–2020. Broader parameters for key words anywhere in a paper generated 173 publications, but none of them addressed the resilience of the SE pellet supply chain to the pandemic. Therefore, the 80 + sources cited in this study reflect government reports and publications that discuss aspects of the SE pellet supply chain that influence resilience more generally. It is useful to frame issues in terms of the effects of COVID-19 on the United States economy overall before we present results on the effects of other parts of that economy, such as the SE pellet supply chain and the lumber sector.


Effects of COVID-19 on the United States Economy

The first United States fatality attributed to COVID-19 was on February 6, 2020. Over the following month, many more fatalities occurred, and the United States Congress approved three laws to mitigate the impacts to individuals and businesses (Table 1). The Coronavirus Preparedness and Response Supplemental Appropriations Act was enacted on March 6, 2020, providing $8.3 billion in emergency funding for federal agencies to respond to the pandemic. A national emergency was declared on March 13, 2020. State and local responses to the outbreak were variable. Many states and localities canceled public events, prohibited large-scale gatherings, ordered temporary business shut-downs, modified or suspended in-person classroom teaching, and implemented a range of other orders encouraging people to stay-at-home to reduce the spread of the virus. In early 2021, additional measures were taken via Executive Orders, and an additional relief package was being debated in Congress.


TABLE 1. Examples of legislation and executive orders related to the pandemic in the United States and their relationship to the SE pellet supply chain.
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Effects of the COVID-19 pandemic on the United States economy were extensive—disrupting travel, shipping, and other industries. A World Bank study estimated that total United States exports could drop 2.4–4.6% below benchmark expectations although the impacts on agriculture and natural resource exports were modest relative to services and manufacturing (Maliszewska et al., 2020). Financial markets and employment had a sharp dip in the spring of 2020 (Alderman and Buehlmann, 2020). Payroll jobs fell by 1.4 million in March 2020, and another 20.8 million jobs were lost in April as the United States unemployment rate increased from 3.5% in February to a high of 14.7% in April (US BLS, 2021b; Figure 3).
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FIGURE 3. (A) United States national monthly unemployment rate (%) and (B) monthly change in total non-farm employment (thousands of full-time equivalent employees on payroll) for 2018–2020 based on Bureau of Labor Statistics (US BLS, 2021a). Note that the unemployment rate does not include those people who are no longer eligible for unemployment benefits. The shaded areas indicate the period during which the COVID-19 pandemic occurred.


United States job losses were particularly high in industries that rely on in-person interactions. Smaller and newer businesses were more impacted than larger, well-established enterprises. The US Census Bureau (2021) reported that during week 21 (December 9–21, 2020) 31% of adults expected someone in their household to have a loss of employment income in the next 4 weeks. During this same time period, 37.5% of survey respondents were teleworking, 13.7% reported food scarcity in the last seven days, 35.5% reported likelihood of eviction or foreclosure in the next 2 months, 37.5% reported difficulty in paying for usual household expenses, and 9.5% reported housing insecurity as a result of being behind on rent or mortgage payments. Fortunately, the US Congress (2019-2020) addressed some of the difficulties.

By the winter of 2020–2021, the southeast region was leading employment recovery in the United States with persistent growth in jobs and wages, driven largely by the construction industry (Fiorille and Nichols, 2020). Nationally, however, millions remained unemployed. Despite some signs of recovery in professional services and education, there were still 10 million fewer non-farm workers on payrolls in January 2021 than 1 year earlier (US BLS, 2021b). Given ongoing job losses in leisure, hospitality, and similar service industries, combined with a growing potential workforce, a large employment gap remained unfilled as the year began (US BLS, 2021a).



Effects of COVID-19 on the SE Pellet Supply Chain and Other Timber Products

Contrary to the United States economy overall (Figure 3), the employment in the SE pellet supply chain did not diminish during the pandemic (Figure 4). Production, exports, prices, and employment had few changes pre- and post-pandemic. Indeed, the share of total United States pellet production represented by the SE United States continued at the same 82% rate for both the pre-pandemic period January 2018–February 2020, and the post pandemic period March-December 2020 [US Energy Information Administration (EIA), 2021].
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FIGURE 4. Changes over time in the quantity (tons) of densified biomass (A) exported from the United States and (B) produced in the SE United States; and (C) average price per ton of densified biomass, and (D) number of full-time equivalent employees (FTEs) employed in the production of densified biomass in the SE United States. Data from United States Energy Information Administration. A national emergency was declared in the United States on March 13, 2020 (as indicated by the red line and shaded area).


The SE United States pellet supply chain displayed resilience to the COVID-19 pandemic, as illustrated by Figure 4 and data summarized in Table 2. The trends pre-pandemic did not change notably, either maintaining or growing modestly.


TABLE 2. Pellet supply chain monthly operational data averaged for periods pre- and post- onset of the COVID-19 pandemic.
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However, some conditions associated with the production of woody pellets in the SE United States changed with the outbreak of COVID-19. Industry leaders needed to weigh uncertainties inherent in a global pandemic and exercise professional judgment relying upon knowledge from available resources in order to make decisions in the best interest of their companies and the economy while being in compliance with public health guidance and rules (Aven and Bouder, 2020). These were difficult decisions given uncertainties and expert opinions that the “risks in relation to the negative effects of shutdown [were] as least as large as the risks related to the Coronavirus” (Aven and Bouder, 2020, p.852).

Temporary shortages of truckers for moving wood arose in some locations not only due to drivers contracting COVID-19, but also due to the difficulty in obtaining tests for COVID-19 and the increasing costs of insurance (Forisk, 2020). Despite widely available biomass and low stumpage prices that have persisted in the SE United States since 2008–2009 (TimberMart-South, 2021), transporting wood continues to be a costly link in most forest-products’ supply chains, including the SE pellet industry (Visser et al., 2020).

Both the supply of woody feedstocks and the demand for pellets were affected to some degree by the pandemic. The consumption of wood by sawmills collapsed in the second quarter of 2020 as shutdowns and fear of COVID-19 led to great uncertainty in markets. Employment, production and exports of solid lumber products all fell far below normal between April and July, 2020. However, major disruptions to the forestry sector were being resolved by the third quarter of the year (Baker and Mendell, 2020). In fact, there was a subsequent surge in residues because of the increase in demand for solid timber products such as lumber, oriented strand board (OSB), toilet paper, and packaging for shipping goods. This surge occurred partially because many people who no longer had to report to work began home-improvement projects. The upsurge in demand for solid wood products surprised the timber industry and sparked a rapid recovery in the last quarter of 2020. Thus, despite the sharp drop in production of wood products in the second quarter, production curtailments on average for 2020 caused annual volume in SE sawmill timber to fall only about 3% below normal, and 10% below normal for pulpwood (Forisk, 2020). In comparison, wood pellet production in the SE United States continued apace and increased 6% in 2020. And rather than suffering from curtailment, the SE United States pellet exports continued to grow by 8% over the prior year (Table 2).



Comparison of Effects of COVID-19 on the SE Pellet Supply Chain to Other Sectors

While there are notable exceptions of sectors that rapidly grew in response to the crisis, many businesses suffered declines starting in the second quarter of 2020, when stay-at-home orders went into effect, as reflected by national employment statistics (Figure 3). Like other global crises in the past, the COVID-19 pandemic triggered a series of events that impacted and tested the resilience of upstream supply chain components, logistics and purchasing networks, and diverse business operations within multi-domain networks and specific policy frameworks (Golan et al., 2020). The United States government enacted legislation and executive orders related to the pandemic (Table 1) that benefited some parts of the economy.

The shutdowns that began in March 2020 curtailed economic activity, employment, and provision of goods and services around the world (Hilmola et al., 2020; IRENA, 2020). Volatility was observed in many markets due to mismatches in supply and demand. Bottlenecks in supply occurred when availability of urgently required goods were limited in one place, leading to price spikes in items such as masks and hand sanitizer. Simultaneously, surpluses and deeply depressed prices were observed for goods that could not reach markets or be processed on time. Global agricultural markets were impacted by the significant decline in economic growth causing international price fluctuations in industries ranging from liquid biofuels to meat and dairy (Elleby et al., 2020).

It is estimated that approximately 436 million enterprises risked serious disruption globally (IRENA, 2020). Global demand in the energy sector fell 6% in 2020 compared to 2019 (IEA, 2020) and 25% in countries with strict lockdown measures (IRENA, 2020). However, electricity systems with high shares of renewable technologies were relatively resilient in their capability to continue to operate when compared to fossil fuels. The fossil sector displayed higher volatility in prices and larger curtailments in production and jobs (IRENA, 2020). In 2020, and for the first time ever, the United States likely produced more electricity from renewables than from coal; as it made economic sense to dispatch renewable power before coal (Watts and Ambrose, 2020). The shift away from coal for power generation is likely to continue during post-pandemic recovery (Watts and Ambrose, 2020), particularly with the renewed United States commitment to the Paris Accords (Table 1). On the other hand, the economic downturn during the pandemic curtailed decarbonization of heating and cooling solutions (IRENA, 2020), as well as the demand for alternative and more efficient transportation as a result of lockdown policies (Elleby et al., 2020).

Network analyses of supply chain resilience illustrate the interdependent relationships within and between sectors and the cascade effect if a critical component in a supply chain fails (Golan et al., 2020). For example, lockdowns in Ecuador reportedly led to a shortage of balsa wood supply, a raw material used in the fabrication of wind turbine blade cores, and curtailed project operations worldwide (Dempsey, 2020). Across the globe, wind turbine projects have been delayed or canceled due to this and other supply-chain disruptions constraining production of parts ranging from turbine blades to gearbox bearings and threatening billions of dollars in scheduled production (Dempsey, 2020).

Notable differences between the pellet supply chain and the overall economy can be observed by comparing Figure 3 with Figure 4. For example, while non-farm employment fell drastically at the national level and has yet to recover, employment in the southeast pellet industry has continued with little change, growing on average about 4% since March 2020. Similarly, pellet production and export volumes grew, and prices remained steady despite the pandemic. While the market price for pellet exports declined by about 1%, this is minimal relative to large drops in price for other solid fuels (IRENA, 2020), and compared to volatility in prices observed in other sectors.




DISCUSSION


Effects of COVID-19 on the United States Economy

The economic effects of COVID-19 on the United States economy are large but extremely heterogeneous and variable over time (Kaplan et al., 2020; Padhan and Prabheesh, 2021). Therefore, specific case studies are helpful to help illuminate the distribution of impacts. The United States federal government classified certain occupations as being frontline in view of the pandemic. Frontline workers are defined as employees within essential industries who must physically be present to perform their jobs. The list of Essential Critical Infrastructure Workers [United States Department of Homeland Security, Cybersecurity and Infrastructure Security Agency (CISA), 2020] specifically includes the following two categories relevant to the SE supply chain:


• Workers who support sawmills and the manufacture and distribution of fiber and forestry products, including, but not limited to timber, paper, and other wood and fiber products, as well as manufacture and distribution of products using agricultural commodities.

• Workers supporting the energy sector through renewable energy infrastructure (including, but not limited to, wind, solar, biomass, hydrogen, ocean, geothermal, and hydroelectric) and microgrids, including those supporting construction, manufacturing, transportation, permitting, operation and maintenance, monitoring, and logistics.



Explicit guidance was issued for health, workplace, and worker safety issues related to the pandemic for essential workers [United States Department of Homeland Security, Cybersecurity and Infrastructure Security Agency (CISA), 2020]. However, some states developed and applied their own guidance while others had no guidance, resulting in a patchwork of diverse rules and recommended practices [National Conference on State Legislatures (NCSL), 2020a]. Studies suggest that the number of COVID-19 infections in the United States could have been reduced if federal guidelines had been clearly and effectively communicated from the outset of the pandemic and consistently enforced (Woolhandler et al., 2021).

A limited pool of skilled labor and contractors capable of providing logistics, shipping, and other specialized skills created bottlenecks when regular employees could not work. For example, designing and implementing forest roads, fire breaks, prescribed burns, pest control, and other forest management fieldwork require specialized skills. Getting experienced and well-trained trucker, loggers, and other specialty-skill workers is often a challenge and became nearly impossible in some regions during the pandemic (Forisk, 2020).



Effects of COVID-19 on the SE Pellet Supply Chain

Effects of the pandemic on the SE pellet supply chain are illustrated in Figure 5. Federal and state government programs benefited the SE pellet supply chain along with most other small and medium industries. The Paycheck Protection Program (PPP), the availability of personal protective equipment (PPE), and definition of certain occupations as being frontline in view of the pandemic were critical factors mitigating negative impacts and accelerating recovery. The federal PPP, a $669-billion business loan program established under the CARES Act (Table 1), allowed businesses with less than 500 employees to continue paying their workers. The subsequent PPP and Health Care Enhancement Act provided an additional $484 billion. In the first round of PPP, businesses in the farming, forestry, and hunting sectors received $8.18 billion, which is substantial since the aggregate annual payroll for this sector is $100 billion (Fatka, 2020). PPP covered 2 months of payrolls at the critical time in early summer when some states issued “stay at home” orders. Payroll is the largest cost for most logging businesses, and PPP helped retain workers (Baker and Mendell, 2020; Drew, 2020). If not for PPP, the shutdowns and their consequences on businesses and workers would have been more severe, and recovery would have been slower and more difficult for many segments of the United States economy (Kaplan et al., 2020) including timber industries in the southeast (Forisk, 2020). Thanks largely to PPP, and despite shutdowns across the SE United States economy, total forest sector employment fell by merely 1% in the second quarter of 2020 (Forisk, 2020).
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FIGURE 5. Supply chain for wood-based pellets from the SE United States shipped overseas for bioenergy illustrating steps where COVID-19 had impacts (solid red arrows) and examples of mitigating conditions that supported resilience (green arrows) [modified from Kline et al. (2021)].


The forestry sector’s resilience was supported by well-ventilated work environments and existing protocols for protecting worker health and safety. The availability of PPE to increase safety and reduce the transmission of COVID-19, benefited forest workers, pellet mills, and the paper and lumber mills that provide residues for pellets. Availability of PPE varied by state. Many workers in the Southeast contracted COVID-19, and it was difficult for some lumber mills to secure skilled replacements. COVID-19 caused some forestry operations and mills to shut-down for 2–6 weeks due to positive cases and lack of backup crews. Initially, availability of PPE equipment was a bottleneck and convincing everyone to follow social isolation rules was operationally difficult. Use of manual paper-ticket tracking systems could induce risk of exposure. For example, if a scale operator tested positive, there was potential to infect every trucker that used the scale (L. Jones, IndusTREE, personal communication, February 19, 2021). Hence, one result of the pandemic was an acceleration of industry transitioning toward digital tracking and payment systems.

Demand is important to support woody pellet production and investment. If demand falls sharply, surplus supplies drive prices downward and force industries to reduce output or close. The fact that demand for pellets persisted or increased throughout 2020 contributed to the supply chain’s resilience. Although many United States exports were impacted by new tariffs associated with renegotiating trade agreements (Amiti et al., 2020; York, 2020), the existence of long-term “take-or-pay” contracts to ship pellets from the SE United States to Europe and other nations provided some stability in demand (Enviva, 2020a).



Comparison of Effects of COVID-19 on the SE Pellet Supply Chain to Other Sectors

The SE pellet supply chain fared better in terms of employment than many other industries and the United States economy overall (Figures 3, 4). The United States forestry sector was relatively well-prepared to respond to the pandemic due to previously implemented systems designed to promote safe operations. Logging is recognized as one of America’s most dangerous jobs based on fatalities documented annually by the United States BLS (Suneson, 2021). Forestry workers use dangerous machinery (chainsaws, cables, large vehicles on rough terrain) in changing environments, are exposed to extreme weather and “widow-makers” (falling limbs and trees), and typically work in remote areas, relatively far from emergency care. The number of injuries and fatalities in the sector has declined in recent years (Suneson, 2021), which is important to enable the industry to recruit and retain skilled workers. The industry has spent decades establishing a strong culture of safety, investing in training, communications, and protocols to keep workers safe (D. LaMontagne, Seven Islands Land Company, personal communication, February 21, 2021).

The resilience of the SE pellet supply chain appears to offer both similarities and differences when compared to other biomass supply chains being investigated under the IEA Bioenergy TCP. For example, the effects of the pandemic on bioenergy supply chains in Eastern Europe included an interruption of exports due to initial lockdowns but markets were able to readjust to new circumstances as economies reopened (B. Kulisic, personal communication). In Canada, the effects of the pandemic appear to vary over time and space. In general, the first wave of the pandemic (March 2020) with widespread industry closures had larger economic effects on biomass supply chains than two subsequent waves of infection even though the second and third waves impacted more personnel and more mills than the first (B. Gagnon, personal communication). An assessment of the impacts of COVID-19 in the EU found severe impacts on the food sector and effects that varied on bioenergy, noting that “in some areas, there has been significant disruption in forest management and forestry sector activities” (Fritsche et al., 2021).

The SE pellet supply chain’s resilience to the COVID-19 pandemic is distinct from other forest-product supply chains such as lumber, where COVID-19 caused imbalances in supply and demand, disrupted some wood supply chains, with impacts that varied widely among regions and over time (Riddle, 2020). Unlike pellet operations, many United States lumber mills closed or curtailed operations and by April 2020, United States lumber production capacity was 40% below normal and did not fully recover to pre-pandemic levels until December 2020 (Dezember, 2021). The closures and curtailments exacerbated a domestic supply shortage driven by a sharp rise in United States demand (Forisk, 2020). The imbalance of supply and demand caused “an extraordinary spike in lumber prices” in August-September 2020 (Riddle, 2020). Further price spikes were observed in lumber retail and futures markets in December 2020 and April 2021 (Morgan and Hayes, 2021). United States lumber futures prices reached a record level, exceeding four times the 2015–2019 average, on May 3, 2021 (Dezember, 2021). And in 2020, with high domestic demand, United States lumber exports fell to their lowest levels in a decade (Forth, 2021). The variability in lumber prices, production levels, and trade during the pandemic portray a sharp contrast with the steadiness observed in the SE pellet supply chain.



Factors Affecting Resilience

Among the factors supporting resilience during the pandemic were the national relief policies, inclusion of this industry among those designated for “essential workers,” and the security provided by vertical integration and long-term supply contracts (Figure 5). Reliability of the supply chain is of particular concern for energy sources, upon which the economy depends (IEA, 2020). The COVID-19 pandemic exposed vulnerabilities in supply chains impacting national economies as well as potential opportunities for woody pellets. Electricity provision is an essential service that generally performed well during the pandemic with some support from renewable resources including biomass (IEA, 2020). Furthermore, demand for wood pellets from the SE United States is projected to increase in the future, as markets in Korea, Japan and other nations appear to be growing and the Drax Group (the major purchaser of woody pellets from the SE United States) announced plans to expand United States operations over coming years for its United Kingdom power stations (Drax, 2020). The observed declines in demand and consumption of biofuels and petroleum transport fuels again provide a contrast with the SE pellet supply chain (Elleby et al., 2020).

Other aspects may improve resilience under the current case but prove to be liabilities under other circumstances. For example, technology, mechanization, and other innovations may improve resilience by reducing the costs and risks associated with manual labor. However, the same modernizations may be more susceptible to other (non-health related) disruptions, such as cyber-attacks, prolonged power failures, or electro-magnetic disturbances. Continual learning and adaptation are therefore among the basic principles for building resilience in social-ecological systems (Biggs et al., 2015). Additional principles include, encouragement of inclusive stakeholder participation, maintenance of diversity and redundancy, and management of connectivity, slow-changing variables, and feedbacks.

Most small business operations are accustomed to short-term disruptions, such as those caused by extreme weather, and have alternatives or contingencies in place for small or short-term curtailments. But the effects of COVID-19 were distinct and the impacts would have been far greater in the absence of the government programs (Table 1) that kept employees on payrolls despite the disruptions (Kaplan et al., 2020; Padhan and Prabheesh, 2021). The subsequent increase in timber demand was a welcome surprise for pellet mills seeking to maximize the use of residues from sawmills. The trend data for the SE pellet supply chain during the pandemic, and the recovery of other forest products industries later in the year, are consistent with Baker and Mendell’s (2020) conclusion that logging capacity is resilient in the short term, but that extended periods without market demand such as the housing market crisis and recession of 2008–2009, could result in longer-term mill closures that are devastating for local communities.

The SE pellet industry is linked with markets for solid heating fuels, electricity, and especially, other forestry products. When analyzing its resilience, the SE pellet supply chain—and other supply chains—must therefore be considered within broader, complex, and interactive supply networks with multiple supply and value chains (Golan et al., 2020). Resilient supply chains strengthen connected industries, as they can collectively plan, absorb, recover, and adapt to systemic disruptions.

The energy sector is well positioned to advance climate mitigation and further align itself with the United Nations Sustainable Development Goals during post-pandemic recovery efforts that aim to build resilient economies. Sustainable recovery establishes economic and energy infrastructure for the future, advancing long-term climate goals (IEA, 2020, 2021). In its Sustainable Recovery Plan, the IEA focuses on six key sectors to meet economic development, employment opportunity and sustainable development goals: electricity, transportation, industry, buildings, fuels, and emerging low-carbon technologies (IEA, 2020). The energy sector can and will play a critical role in economic recovery efforts post-pandemic through innovative technologies and the creation of jobs (IRENA, 2020). Stimulus investments and policies that focus on green energy transitions help strengthen economic recovery and supply chains, provide new opportunities for skilled and unskilled workers, and help advance sustainable development and decarbonization efforts (IRENA, 2020).

Dr. Fatih Birol (IEA, 2020), Executive Director of the IEA, noted that:

“Bioenergy is the overlooked giant of the renewable energy sector and will be paramount to a successful global energy transition. But its growth is currently not on track to meet sustainable development goals. It is critical that governments incorporate bioenergy in their COVID economic recovery plans, promoting jobs in the sector and ensuring its considerable potential does not remain untapped.”

There are limitations to this analysis of resilience. First and most important, the focus of this study is on the specific supply chain in the SE United States and its performance during the initial months of the COVID-19 pandemic. The data available for several statistics run through November 2020, comprising 9–10 months of activities since the outbreak. Therefore, the first caveat is that things may change as more time transpires. The second caveat is that the findings and recommendations that emerge from the SE United States case may not be applicable to other disruptions, other supply chains, or this supply chain under different circumstances. However, an improved understanding of the factors impacting resilience of the SE pellet supply chain contributes to a broader knowledge, enriches other analyses, and can help identify useful practices and lessons.



Lessons Learned

This review of the resilience of the SE pellet supply chain offers lessons about opportunities for biomass to play a positive role in economic and social recovery post COVID-19 (Birol, 2020). First, it was worthwhile to invest in training for skilled trades to prepare for labor scarcities. Second, rapid and aggressive government actions forestalled economic and social debacles across many industries as evidenced by the benefits of the PPP and PPE provisions in the CARES Act as well as the classifications of essential workers. Some additional factors that improved resilience of SE pellet supply chain during the pandemic include:


• Vertical integration of the industry.

• Long-term contracts that limit disruptions in demand.

• Labor and processing activities that take place outdoors.

• Mill locations near transportation lanes and ports.

• Mechanized forestry field operations to fell, haul, and load wood with limited labor.

• Automation of handling and transport of biomass between the forest and final users.

• An established culture of safety.



Investments to modernize the SE pellet supply chain while applying basic principles for learning and adaptive management (Biggs et al., 2015) can further enhance resilience. These investments include continued innovation and improvement in safety, efficiency, technology, and equipment to harvest, handle, and transport woody biomass. Investing in practical systems for electronic tagging and automation can facilitate tracking, compliance with chain-of-custody requirements from buyers, sustainability assessments, and communications to diverse stakeholders. The importance of innovation to resilience was highlighted by the theme of the USDA’s 97th annual Agricultural Outlook Forum on February 18–19, 2021: “Building on Innovation: A Pathway to Resilience.” Key topics for discussion included Supply Chain Resilience; United States Trade and the Global Market Place; Managing Risk and Ensuring Sustainability; and Innovation, Technology, and Productivity. Improving the resilience of managed landscapes is also an explicit objective for the United States Forest Service under the Climate-21 Strategy (USDA, 2021).

Building trust through effective participation represents one of the biggest challenges for the SE pellet supply chain today (Kline et al., 2021). The possibility that increasing wood pellet production in the SE United States might lead to increased timber harvest (Abt et al., 2014) and alterations to forest structure (Duden et al., 2017) has raised concerns about potential long-term impacts on forests. Impacts of high concern include effects on areas of high conservation value and biodiversity (Evans et al., 2013; Pelkmans et al., 2014; Olesen et al., 2016; Cornwall, 2017; Costanza et al., 2017; Dale et al., 2017), and effects on air quality that raise environmental justice concerns (Ketcham, 2021). Furthermore, political support, which can be essential in the event of a disturbance, can be influenced by public opinion. Hence there is a need to increase public engagement when working out sustainable paths to address renewable energy needs using woody biomass for energy (IEA, 2017). Empirical evidence shows pellet demand can be met in a way that supports healthy forest ecosystems (Dale et al., 2017). Designing sustainable landscapes to support production of woody pellets depends on stakeholder participation, effective communication, transparency and trust, timely monitoring, and continuous improvement (Dale et al., 2019).

The experience of the COVID-19 pandemic demonstrates that the SE pellet supply chain can be maintained despite a major global economic disruption. Further, there is some evidence to suggest that supply chain actors were able to weather the pandemic without compromising environmental integrity, as documented by the continuation of training activities and inspections to protect water quality and improve forest management, as well as financial and logistical support for increasing conservation of priority wetland and forest ecosystems (Enviva, 2020b). The pellet industry creates a market for low-value stems, residues, and roundwood (where demand is otherwise weak), which can facilitate better forest management, such as reducing the practice of slash burning to dispose of unmerchantable biomass. Markets for products made from low-value wood provide extra income (Malmsheimer and Fernholz, 2015) that can be used for improved management. Pre-commercial forest thinning activities decrease the risks of insect outbreaks, disease, and destructive wildfire (Coppoletta et al., 2016) and are supported by local biomass-for-energy markets. The management of forest resources for this supply chain is aligned with the United States Department of Agriculture’s climate strategy, which includes specific goals to partner with forest landowners to reduce net GHG emissions, promote sustainable bioenergy, and enable climate-smart economic development in rural communities (USDA, 2021). The management and market-related attributes of the pellet industry can bolster forest and woody biomass supply resilience.



Recommendations

Stakeholders who play a key role in the supply chain are the primary audience for recommendations that identify lessons and opportunities for sustainable bioenergy to play an appropriate role, not only in recovery plans, but also under future crisis conditions (IEA Bioenergy T43, 2020). In the SE United States, key stakeholders include investors, forest managers, and supply chain actors depicted in Figure 1.

Based on this review of the experiences with COVID-19 to date, future resilience of the SE United States pellet supply chain can likely be increased by the following activities:


• Establishing trade schools for the specialized skills required in the SE forest sector, not just in mill operation and maintenance, but also in planning, construction, and maintenance of forest roads, fire breaks, and prescribed burns;

• Increasing localized capacities to provide services specializing in logistics and trucking;

• Investing in innovation and systematic, continual, improvements in procedures, technologies, and equipment that protect workers, public health, and the environment;

• Ensuring continued support of the policies that provide a safety net when required, such as the financial stimulus programs that helped the sector successfully endure the impacts of the pandemic;

• Encouragement of long-term contracts that maintain consistency in demand for woody pellets;

• Ongoing communications to help stakeholders understand the variables that impact forest conditions and services of interest to them, including factors affecting risks and resilience of economic operations.

• Plans, investment activities, and other interventions sponsored by actors in the supply chain, especially those that affect forest resources, local jobs, worker health, and community resources; shared in a timely manner with stakeholders.



The SE pellet supply chain can play a role in global economic recovery from the COVID-19 pandemic. Lessons learned from the resilience of the supply chain offer insights for other systems that were more seriously affected by the pandemic. Climate change, weather extremes, changes in disturbance regimes, and other unforeseen events are likely to become more frequent over coming decades.
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