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Abstract
Since the dawn of the COVID-19 pandemic, we have seen increasing disruption in several economic sectors, especially 
the energy sector. This has forced decision-makers in the energy sector to reconsider how should the sector operate. With 
stumbling crude oil prices, it is evident that there is a need for a radical change in the way energy resources are utilized. This 
is where renewable energy supply chains such as biomass supply chains can play an important role. Biomass supply chains 
have been identified as a potential answer to the current issues faced by the energy sector that is still heavily reliant on fossil 
fuel. As such, this paper aims to examine the current challenges faced by biomass supply chains. Alongside this, potential 
opportunities that may arise for biomass supply chains in a post-COVID-19 world are also discussed with a specific focus on 
how the resiliency of biomass supply chains in six areas (i.e., supply availability, digitalization and automation, collabora-
tion within the supply chain, community-focused energy production, social challenges and opportunities, and policy) can 
be improved in the post-pandemic scenario.

Introduction

The COVID-19 pandemic has caused major disruption 
in various economic sectors. It has also pushed decision-
makers in every sector to rethink their business operations. 
Among these sectors, the energy sector particularly the 
oil and gas industry is feeling the full-blown effects of the 
pandemic. This is evident as the world witnessed crude oil 
reaching historic low (or negative) prices towards the initial 
half of 2020 (Parameswaran 2020). This is because of the 
huge decline in global oil demands and the corresponding 
increase in oil supply (Rapier 2020).

The impact caused by the pandemic has taught us many 
lessons. One major lesson is that the global energy sector 
will need to combat infrastructure vulnerabilities and adopt 
new ways of operation once the pandemic is over. For the 
past decades, we have seen a huge reliance on fossil fuels 
as a primary source of energy. However, the recent unsta-
ble fossil fuel prices may convince key decision-makers 
to accelerate the shift to clean energy globally. Thus, it 
is essential to look away from propping up old, polluting 
energy industries and work towards reducing infrastructure 
vulnerability by investing in more renewable energy sup-
ply chains. In this respect, IEA Bioenergy, the biofuel wing 
of the International Energy Agency (IEA), has strongly 
advocated for biomass to alleviate energy concerns amid 
the COVID-19 pandemic (Casey 2020). They particularly 
highlighted the flexibility and long-term viability of biomass 
resources, which is essential for the recovery of the energy 
sector (Bioenergy Insight 2020).

As such, this paper is aimed at examining the potential 
opportunities that may arise for biomass supply chains in a 
post-COVID-19 world. In addition, this paper highlights the 
areas in which the resiliency of biomass supply chains can 
be improved in the post-pandemic scenario.
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Opportunities and Challenges

The opportunities and challenges for biomass supply 
chains can be divided into six areas. These six areas 
include supply availability, digitalization and automation, 
supply chain collaborations, community focused-energy 
production, social opportunities, and policy. These areas 
are discussed further in the following sub-sections.

Supply Availability

Many developing countries highly depend on their agri-
cultural activities for economic stability. Most agricul-
tural activities generate a large supply of biomass. The 
biomass generated is often from unused parts of crops and 
contains high amounts of untapped energy. Despite such 
potential, the fluctuations in biomass supply have impeded 
the development of biomass-based industries in the past. 
A major factor that causes fluctuations in biomass sup-
ply is the regional and seasonal availability, where some 
biomass can only be harvested in certain periods in cer-
tain regions (Lo et al. 2021). This poses a huge threat to 
the resilience of the biomass supply chain. The reduction 
of biomass availability will cause a negative impact on 
the project economics given to its higher requirement on 
biomass cost (e.g., imported from other regions) (Gumte 
and Mitra 2019). On the other hand, developing coun-
tries such as Malaysia (How et al. 2019), India (Kapoor 
et al. 2020), and Thailand (Moran and Nasuwan 2019) 
are still involved in the low-value utilization of biomass 
(e.g., open-field burning, exporting raw biomass). This is 
often viewed as an easy alternative to investing large sums 
of capital to develop the local biomass industry. Unfortu-
nately, having large portions of biomass trapped in these 
low-value activities would only make biomass availability 
scarcer. This in turn would cause the unit price of biomass 
to fluctuate according to its availability (i.e., the higher 
unit cost during the low-availability period) and, hence, 
making the entire biomass supply chain less favorable or 
infeasible (Sampim et al. 2017). Furthermore, some stud-
ies have discovered the influence of climate change on the 
harvesting of various crops. For instance, climate change 
is found to have negatively affected oil palm cultivation 
(Paterson et al. 2013). Due to climate change (i.e., change 
in rainfalls, average temperature, humidity), the soil con-
ditions would change and eventually affect crop distribu-
tion and production (Trif and Oprea 2015; Lo et al. 2021). 
As a result, biomass availability will be influenced and, 
therefore, cause the biomass supply chain to become more 
vulnerable. In fact, supply uncertainty is among the key 
factors that would impede the development of bioeconomy 

(de Assis et al. 2016). Without having a reliable supply 
chain that is able to face the inevitable market swings and 
climate change, the resulting bioeconomy will likely suffer 
from increased economic risk (US Department of Energy 
2016).

To address the challenges described above, there are 
several strategies (or opportunities) that can be considered. 
In the upstream of the supply chain, agronomy research 
will play a vital role to mitigate the mentioned supply risk. 
Agronomy research focuses on discovering methods to 
breed climate-resilient crops. To date, there are more than 
7 million plant germplasm accessions stored in the 1750 
seedbanks globally (Fu 2017). Such data is invaluable for 
researchers to identify useful and suitable genotypes that 
can be incorporated into the breeding process for developing 
climate-resilient crops. The future crops are expected to be 
resilient towards drought stress and salinity stress (i.e., heat 
stress and biotic stress), thus mitigating the vulnerability of 
the biomass supply chain. Proper planning on shifting the 
conventional crops to successfully modified crops is impera-
tive in the near future.

Aside from assuring crop and biomass yields in the 
upstream, several counter-measures can be conducted in 
the downstream processing sectors to reduce the supply 
burden. First, this can be done by improving the overall 
conversion efficiency. A higher conversion efficiency indi-
cates that higher product yield can be achieved using the 
same amount of raw materials. Researchers should continue 
exploring methods to enhance such production efficiency. 
For instance, chemical addition, particularly nanoparticles 
addition or the introduction of various novel catalysts (e.g. 
metal–organic framework (MOF) catalysts, transition metal 
dichalcogenides (TMDC) catalysts, and single-atom cata-
lysts (SACs)), can improve the product yield of biological 
and thermochemical conversion processes to convert bio-
mass to value-added products. Before that, the process up-
scaling studies for the production of these nanoparticles and 
novel catalysts remain as the research gaps that, therefore, 
require attention (Chen et al. 2018; Sun et al. 2019; Zhang 
et al. 2020).

Secondly, industry players can mitigate the supply risk 
by emphasizing proper management and scheduling strate-
gies. Generally, the excess biomass feedstock can be stored 
for the use in future, especially when the biomass availabil-
ity is in deficit (Lim et al. 2019). This enables the continu-
ous biomass supply for production. The operation mode of 
storage facilities (i.e., decentralized or centralized) affects 
the overall feasibility (Seo et al. 2020). Thus, optimization 
for such location-allocation problems has to be performed. 
Aside from storing the biomass, another option is to store the 
excess biomass in their product forms. For instance, energy 
storage systems (thermal storage or battery devices) can 
be adopted for biomass-to-power pathways. Alternatively, 
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plant owners can consider storing the energy from biomass 
in the form of various energy carriers, such as hydrogen 
(Bartela 2020) and ammonia (Zhou et al. 2019), to minimize 
the energy loss throughout the storage. Detailed analyses of 
the performance of each energy carrier form (e.g., life cycle 
analysis, techno-economic analysis, risk analysis, perception 
study) should also be conducted.

Finally, diversification of biomass for each biomass con-
version process is another potential way to address supply 
risk. For example, various biomass feedstock can be blended 
and used for conversion technologies as long as its overall 
characteristics fit under the determined element acceptance 
range (Lim and Lam 2016). A significant portion of liter-
ature had shown that the blending of biomass could pro-
vide better, if not, comparable conversion efficiency when 
compared to its single feedstock counterparts. This enables 
higher operational flexibility for plant owners to make strate-
gic decisions in biomass selection and allocation (Lim et al. 
2018, 2019). Furthermore, there will be no need for import-
ing biomass of the same kind from the market when encoun-
tering biomass deficits. Instead, other cheaper but suitable 
biomass or a mixture of biomass (in terms of characteristics) 
can be used as substitutes during the low-availability period. 
Therefore, more focus can be placed on analyzing a broader 
range of biomass conversion technologies that are flexible 
in handling various feedstocks.

On the other hand, policymakers should take responsibil-
ity for building social awareness and refurnishing national 
and regional policies to promote the higher-value utiliza-
tion of biomass. A more detailed explanation of the role of 
policymakers can be found in the “Policy—Green Stimu-
lus Packages” section. Figure 1 summarizes the framework 
between each supply chain stakeholder in addressing supply 
risk.

Digitalization and Automation

Under the current global health crisis, human contact within 
the supply chain should be minimized to avoid further trans-
mission risks. Labor-dependent sectors were heavily struck 
and have shown poor resilience towards the pandemic (Brav-
ery and Tomar 2020). Therefore, stakeholders should take 
this chance to review and retrofit their current supply chain 
model to make them more resilient towards such disrup-
tions (i.e., the supply chain is still well-functional even under 
low-labor commitment). This can be achieved via digitaliza-
tion and automation initiatives (De et al. 2020; Javaid et al. 
2020).

Crop plantations and farming are the upstream activi-
ties that are usually labor-intensive. For instance, the use of 
automated robots for crop planting activities (e.g., mowing, 
planting, trimming, weeding, spraying) can loosen the labor 
requirement (Birrell et al. 2019; Fue et al. 2020). Besides, 

the internet of things (IoT)-enabled drones can also be used 
for information gathering by scouting from the air. Subse-
quently, the collected data can be served as the inputs that 
direct the next actions of the on-field agricultural robots 
(Burud et al. 2017). On the other hand, the collected data, 
including image data, can be useful for precision agricul-
ture, where precise fertilization and other treatment can 
be performed based on the spatial and temporal variations 
in the plantation field (Cisternas et al. 2020). To enhance 
the robustness of the data analytics in agriculture sectors 
e.g., (precision agriculture, fruit ripeness detection) artifi-
cial intelligence (AI) tools can be considered (Wolfert et al. 
2017).

Apart from that, process automation plays an impor-
tant role in downstream activities to minimize the reliance 
on human involvement (e.g., automatic solids feeder with 
fuzzy controllers (Borges et al. 2020). On the other hand, 
the potential use of Big Data, cloud computing, and IoT 
in biomass conversion facilities had been extensively dis-
cussed in a few recent works (Belaud et al. 2019; Kabugo 
et al. 2020). For instance, IoT means that equipment sensors 
are remotely interconnected, therefore enabling remote data 

Fig. 1  A proposed framework to address supply issues in biomass 
supply chains
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collection and analysis. In other words, the process opera-
tion and control of the biomass conversion facilities can now 
be monitored, accessed, and controlled remotely (Lim et al. 
2021). This is attractive for efficient management, especially 
in a pandemic situation that encourages minimal human 
intervention. Aside from process monitoring and control, 
the collected data can also be used as a reference for storage 
management and scheduling (e.g., based on biomass or prod-
uct storage time and material properties) (Jeong et al. 2019; 
Lim et al. 2021). Finally, other data-driven techniques can be 
useful for the synthesis of a resilient biomass supply chain. 
For example, digital twin technology (Teng et al. 2021) can 
be applied to develop a digital clone of the physical sup-
ply chain. The data obtained from the physical supply chain 
will be fed into the virtual model on a real-time basis, while 
the intelligence digital twin model can determine necessary 
corrective actions via supply chain optimization without the 
need for manual input. This can therefore contribute to resil-
ient supply chain development.

Collaboration Within Supply Chain

The pandemic has evidently caused disruptions in supply 
chains, including biomass supply chains across the globe. 
Disruptions caused by the pandemic have pushed many fac-
tories and warehouses to shut down amid fears of safety 
and health impacts. As a result, biomass supply chains have 
seen drops in productivity. This, unfortunately, has created 
uncertainty on whether there is enough supply to keep the 
supply chains running in the long term (Dragov et al. 2020) 
to sustain the bioeconomy. This uncertainty would force 
most biomass users to obtain their biomass supply from 
various sources without tracing their origin or quality. This, 
in turn, could pose more challenges in predicting future 
supply trends and make planning more complicated. Thus, 
traceability and collaboration are two crucial attributes that 
biomass supply chains need to possess in the future to be 
more resilient (Dragov et al. 2020).

Blockchain technology can offer biomass supply chains 
the transparency they urgently need. Blockchain technol-
ogy essentially is a virtual platform or storage space that 
connects all stakeholders in a supply chain and provides a 
transparent source of information about the supply chain 
(Saberi et al. 2019). It can operate without any third-party 
intervention. In past, blockchain technology has seen suc-
cessful implementation in industries such as logistics, avia-
tion, and food (Marr 2018; Mosinegutu 2019). For biomass 
supply chains, blockchain technology can provide informa-
tion on the quality and origin of the biomass from suppliers. 
It will also provide real-time information on biomass supply 
availability. In addition to this, the information available via 
blockchain may allow stakeholders in the biomass supply 

chain to determine if their business is operating at an opti-
mal level.

In theory, blockchain implementation requires that its 
stakeholders be open to collaboration and transparency. 
However, reality suggests that most stakeholders in bio-
mass supply chains lack trust among each other. Biomass 
supply chains in general consist of stakeholders from inde-
pendent small-medium enterprises that solely focus on the 
profit margins and competition with one another. Such focus, 
although practical, may pose a challenge for establishing 
collaboration in the industry, let alone transparency. Despite 
this, there are several methods that could help addressing 
the issue of competition. These may include game theory or 
agent-based models. Game theory models allow decision-
makers to capture the unique interests among stakeholders 
in the supply chain and allocate collective gains in based 
on their contributions to the supply chain (Andiappan et al. 
2019). Meanwhile, agent-based models are used to model 
stakeholders in supply chains as a set of interacting agents 
in a defined environment. This allows their interactions to 
be simulated to understand the consequences or gains from 
their behavior in the supply chain (Singh et al. 2014). Hav-
ing knowledge of the possible gains from collaboration may 
encourage stakeholders to take part in collaborations within 
the supply chain.

On the other hand, there is a low level of awareness about 
blockchain technology and its capability. This, in turn, has 
caused doubts over its implementation and prevented further 
investments. In the context of academia, there is a general 
lack of research work in the development of blockchain 
technology. Surveys on blockchain technology topics reveal 
a lack of high-quality journal publications that present or 
discuss the clear methodology behind it (Yli-huumo et al. 
2016).

Community‑Focused Energy Production

In times of crisis, energy security is an essential part of 
keeping economies afloat. The recent COVID-19 pandemic 
has forced decision-makers in the energy sector to revisit 
their energy generation portfolio. Energy generation in most 
parts of the world is still heavily reliant on fossil-powered 
centralized power generation systems. Centralized power 
generation systems may offer benefits in terms of efficient 
management. However, they do not possess the level of read-
iness to absorb disruptions during the crisis. In the context 
of COVID-19, certain power plants may need to be quaran-
tined if any workers are deemed to have contracted the virus. 
Tight work restrictions such as reducing labor capacity only 
result in reduced productivity. Moreover, during power out-
ages, the lack of technical support due to work restrictions 
may delay restoration efforts. This in turn creates an issue of 
energy shortage or insecurity (Massei 2020).
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There is a need to seek more robust solutions to energy 
security. However, there has been a possible solution to this 
for some time, and it comes in the form of decentralized 
energy generation. Decentralized energy generation refers 
to systems that generate and store power at or near where 
it will be consumed (Wu and Wang 2006). Doing this will 
make these systems more rapidly deployable, and they can 
offer effective response during a crisis as compared to cen-
tralized systems (Massei 2020). Furthermore, decentral-
ized energy generation systems often depend on indigenous 
energy sources such as renewable feedstock. In this sense, 
biomass can be used as feedstock to generating power for 
local communities. Biomass can be obtained from sources 
such as food waste, municipal wastes, and agricultural waste 
(Kamm and Kamm 2004). Thus, biomass supply chains will 
need to play an important role in ensuring a stable supply of 
biomass feedstock.

However, the challenge related to decentralized energy 
generation systems is the economies of scale. Decentralized 
energy generation systems that are powered by biomass are 
often too costly to scale up (Babones 2020). This is because 
there is still a high number of subsidies focused on central-
ized systems powered by fossil fuel. Hence, more subsidies 
need to be made available for biomass energy generation 
systems to be more competitive in terms of cost (Egli 2020).

Social Challenges and Opportunities

One of the prominent challenges associated with a pandemic 
is the shortage of labor in biomass supply chains. The meas-
ure to contain and mitigate the spread of the virus such as 
movement restrictions has severely disrupted business as 
usual activities in biomass supply chains. This is due to the 
highly labor-intensive tasks associated with the biomass 
supply chain, particularly biomass harvesting and collec-
tion. For example, the second largest palm oil producer in 
the world, Malaysia, relies on 70% of foreign labor in the 
upstream activities including the harvesting and collection 
of oil palm biomass. This accounts for about 30–40% of the 
total production cost of palm oil (Chu 2020). Similarly, the 
sugarcane industry in Brazil and India, which served as the 
main source of energy matrix for biofuels, is also highly 
associated with manual works to cut, slash, and stack the 
cane prior to processing and production of sugar (Pashaei 
Kamali et al. 2018). Thus, the need to stay at home and the 
uncertainties arising from the pandemic (i.e., severity, dura-
tion) have triggered a lot of foreign workers to return to their 
respective countries of origin. This has created a huge threat 
to the biomass supply chain (International Labour Organi-
zation 2017). Despite this, the disruption in services and 
operations, in turn, provides an opportunity for employers 
to rethink the reliance of their business models on foreign 
workers and restructure the employee composition. It is 

undeniable that the working environment for biomass indus-
try jobs is unfavorable to work with for the long term. For 
example, the working conditions of cane cutters are reported 
to be poor as it demands high physical effort (Leite et al. 
2018). Labor workers in the palm oil biomass industry are 
also exposed to high occupational health risks such as mus-
culoskeletal conditions, injuries, psychosocial disorders, and 
infectious diseases (Myzabella et al. 2019). These factors 
and issues allow industry players to turn the current crisis 
into an opportunity through reformulating and rebranding 
employment structures and working conditions within the 
industry. Authorities should also impose necessary measures 
to address the claims of poor social sustainability practices 
associated with the biomass supply chain, such as violation 
of human rights, child labor, poor health, and safety measure 
(Selfa et al. 2015).

Aside from this, the pandemic has caused severe eco-
nomic loss to several businesses. This, unfortunately, has 
forced those employed to survive on stagnant or reduced 
wages. Despite this, there is an inherent unwillingness 
among the labor force to venture into biomass-related 
industries (The Straits Times 2020). This is mainly due to 
the social perception of jobs in the biomass sector, which 
often categorize as 3D (i.e., dirty, dangerous, difficult) jobs. 
According to Ashforth and Kreiner (2014), such social 
perception is mainly shaped by the cultural, historical, and 
demographic context. A 3D work, in general, refers to heavy 
and risky jobs, associated with manual, tiring, and danger-
ous activities that are characterized by monotony and very 
intense rhythm (Mucci et al. 2019). Nonetheless, it is impor-
tant to recognize that 3D work is inevitable in society. Waste 
needs to be collected and managed properly for a cleaner 
environment. The “3D” components can serve as the best 
motivation for the technology advancement to design and 
develop solutions to ease the burden, reducing the risk of 
as said “3D” work. Thus, it is imperative for the local gov-
ernment, education agencies, as well as non-governmental 
institutions, to cultivate the right perception towards “3D” 
work and challenge the youth to find breakthroughs for such 
work. On top of that, it is also necessary to raise awareness 
on the importance and the benefits of biomass utilization 
to transition towards green growth for sustainable devel-
opment. While most of the studies focus on the negative 
impacts of the biomass industry on the local environment, 
land uses, and social impacts, the benefits arising from the 
biomass supply chain and efforts to mitigate the claimed 
impacts should also be highlighted. For instance, the struc-
tured expansion of the oil palm plantation in Indonesia, 
Malaysia, and Brazil has increased the financial stability and 
the quality of life of the indigenous population significantly 
(Krajnc and Domac 2007; Azima et al. 2018). Furthermore, 
seminars and marketing campaigns can be held to educate 
and equip the public on the benefits, and the background 
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information of the industry, subsequently, reduces their 
resistance to work in this industry. With the trend to transi-
tion towards industrial 4.0, education institutions can con-
sider offering empowerment programs and courses that inte-
grate the emerging professions (i.e., artificial intelligence, 
data analytics, supply chain management and optimization, 
risk management, and analysis) with sustainable develop-
ment and green growth to prepare, nurture, and equip the 
youth to enhance the overall biomass supply chain.

Policy—Green Stimulus Packages

Based on the World Energy Balance report published by IEA 
in July 2020, fossil fuel remains the key source of energy, 
accounting for 81% of production in 2018 (International 
Energy Agency 2020a). However, movement and effort 
towards cleaner production and uptake of renewable energy 
are not new. In fact, this has been a common and global effort 
for the past few decades. The introduction of the international 
treaty—Kyoto Protocol—back in 1998 was a significant 
milestone in the effort to combat climate change and reduce 
global GHGs emissions. It emphasized the collaboration and 
resource transfer (i.e., knowledge, technology, investment) 
between developed nations and developing countries to 
combat the climate change issue together (United Nations 
and UNFCCC 1998). Unfortunately, the Kyoto Protocol did 
not achieve its target due to the lack of commitment from 
developing countries (Rosen 2015). One of the reasons that 
contributes to the ineffectiveness of such international treaties 
is the contradiction between policies at the national level. Take 
Malaysia as an example. In Malaysia, some policies have been 
introduced to grow the biomass industry. These include the 
National Green Technology Policy (2009) (KeTTHA 2011), 
National Renewable Energy Policy and Action Plan (2010) 
(Yatim et al. 2016), Sustainable Energy Development Authority 
Act (2011)   (How et al. 2019), Biomass Strategy 2020 (2013) 
(AIM 2013), and Green Technology Master Plan (2017) (How 
et al. 2019). Meanwhile, Malaysia had practiced fuel policies 
for the past few decades which resulted in a high fiscal deficit 
and rising national debt (Li et al. 2017). The fuel subsidy 
was finally reformed in 2014, and Malaysia then adopted the 
strategy to determine the domestic fuel retail prices based on 
the monthly average world crude oil price. Nonetheless, the on 
and off discussion on the potential revival of the fuel subsidy 
program in the country continues to convey mixed signals 
for the industry and society. A similar situation is observed 
in Indonesia. Even though Indonesia served as the signatory 
of the Convention on Biological Diversity, a convention 
committed to phasing out environmentally harmful subsidies, 
including fossil fuels by 2020, the national level policy on the 
extensive fossil fuel subsidy (i.e., totaling up to 19.2 billion 
USD in the year 2019) (International Energy Agency 2020b) is 
still prioritized over the international treaties. This has resulted 

in Indonesia emitting the highest levels of emission intensity 
in the power sector among G20 members (i.e., 755 gCO2/
kWh) (Suharsono and Gencsu 2019). Fossil fuel subsidies are 
among the common fiscal policies adopted by the authorities 
to ensure household well-being (i.e., access to energy) and 
encourage industrial growth. While fuel subsidies are intended 
to increase consumption among the rural and urban households 
and boost the production of specific sectors at the national 
level, it also served as a hindrance to the development of green 
energy and cleaner production. The lower oil prices resulting 
from international oil price fluctuation or through subsidy both 
serve as a motivator for the industry players to continue to use 
fossil fuel since renewable energy requires higher investment 
and levelized cost. Furthermore, lack of investment and access 
to finance also hinder the development of the biomass industry, 
even before the pandemic (Tang et  al. 2012). Thus, the 
importance of the consistency and coherence of both national 
and international policy needs to be more palpable to boost 
biomass supply chains.

With the economic downturn caused by the pandemic, 
the issue is expected to further aggravate in the near future. 
Even though there is evidence indicating the promise in the 
biomass industry and a clear global intent on sustainable 
development, lack of green stimulus packages to revive the 
local financial needs while coordinating policy instruments 
for these efforts. Most of the introduced stimulus packages 
are highly focused on applying fiscal and/or monetary mech-
anisms to provide immediate financial relief measures for 
the people. There is no doubt that it is a crucial opponent in 
the stimulus packages. However, stimulus packages also can 
play an imperative role to kickstart pandemic-hit economies 
to either shape a low carbon future or further lock the world 
in the fossil fuel system, which is infeasible in a long run 
(Agrawala et al. 2020). Instead of merely providing finan-
cial support and aid to help corporations or personnel to 
stay in business via the conventional business model and 
fossil fuel systems, authorities should seek opportunities to 
re-strategize and transition them to more renewable sectors.

Conclusion

In conclusion, it is evident that biomass supply chains have 
an important role in solving energy security issues, espe-
cially during the pandemic. Despite such promise, this per-
spective paper has highlighted some crucial issues in which 
further effort is required before biomass supply chains can 
alleviate the world’s heavy reliance on fossil fuel. It is worth 
noting that these issues may not necessarily stem from the 
pandemic. However, the pandemic has shed light on fallacies 
related to the world’s fossil fuel reliance and the urgent need 
to solve issues within biomass supply chains so that they can 
play an important part in post-pandemic energy operations. 
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Following this, several opportunities have been identified to 
aid the development of biomass supply chains.
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