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The COVID-19 pandemic has had a significant impact on human lives around the world. A report from the World 

Health Organization (WHO) dated 10 May 2021 indicates that the pandemic has resulted in almost 3.2 mil- 

lion deaths globally, with over 157 million confirmed cases. The pandemic crisis may be the driving force for 

the global integration related to bioeconomy, especially to the implementation of the Sustainable Development 

Goals, development of national and regional bioeconomy strategies, enhancement of the importance of circu- 

lar economy, assurance of food security as well as sustainable food production, and protection of biodiversity. 

However, the COVID-19 pandemic has interfered with the achievement of economic, environmental, and social 

targets in many EU and global initiatives. This article presents the challenges and threats during and after the 

COVID-19 pandemic, as well as opportunities that can be brought by for bioeconomy development. 
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nitiatives for the development of bioeconomy 

The COVID-19 pandemic has impacted not only the EU economy but

he global economy as well in terms of sustainable development and has

evealed the importance of bioeconomy. Bioeconomy comprises those

arts of the economy that use renewable biological resources from land

nd sea —such as crops, forests, fish, animals, and microorganisms —to

roduce food, materials, and energy ( Bioeconomy Strategy, 2018 ). In

017, bioeconomy generated 4.7% of gross domestic product (GDP) of

he EU-27 and employed 8.9% of the labour force. The turnover of the

uropean bioeconomy accounted for €2.2 trillion, with half of this con-

ributed by the food, beverage, and tobacco industry and 19% by agri-

ulture. In 2017, bioeconomy employed 17.5 million people, more than

alf of whom worked in the agricultural sector (53%) and a quarter in

he food, beverage, and tobacco industry (25%) ( Ronzon et al., 2020 ). 

Several initiatives related to bioeconomy development started before

he COVID-19 pandemic. The health crisis occurred at the same time

hen the EU policy agenda was undergoing a transformation towards

he development of the bioeconomy ( Fritsche et at., 2021 ). From 2012

he EU introduced or adopted many long-term initiatives supporting the

evelopment of bioeconomy, which include: 

‒ Sustainable Development Goals - adopted from United Nation

(UN) (SDGs); i 

Bioeconomy Strategy in 2012 ( Bioeconomy Strategy, 2012 ); 

Updated Bioeconomy Strategy in 2018 ( Bioeconomy Strat-

egy, 2018 ); 
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European Green Deal; ii 

Circular Economy Action Plan ( EC, 2015 ); 

Farm to Fork Strategy ( Strategy, 2020 ); and 

Biodiversity Strategy for 2030 ( Biodiversity Strategy, 2020 ). 

SDGs were adopted by all the Member States of the UN in 2015. i 

he 17 SDGs have been defined, with 169 associated targets ( The Sus-

ainable Development Report, 2020 ). The general orientation provided

y the UN SDGs is of special interest and is a call to action to end

overty, to protect the planet, and to ensure that all people enjoy peace

nd prosperity by the year 2030 ( Messerli et al., 2019 ). To achieve the

DGs, it is required to balance three dimensions of sustainable develop-

ent: economic growth, social inclusion, and environmental protection

 Heggen et al., 2020 ). 

The first EU bioeconomy strategy was presented by the European

ommission (EC) in 2012 ( Bioeconomy Strategy, 2012 ). The aim of this

trategy and its action plan was to create a more innovative, resource-

fficient, and competitive society that reconciles food security with the

ustainable use of renewable resources for industrial purposes while en-

uring that the environment is protected ( Bioeconomy Strategy, 2012 ).

n 2018, the EC published the Updated Bioeconomy Strategy, the aim of

hich is “to accelerate the deployment of a sustainable European econ-

my so as to maximise its contribution towards the 2030 Agenda and

ts SDGs, as well as the Paris Agreement ” ( Bioeconomy Strategy, 2018 ).

The most ambitious and challenging goal set by the EC is the Euro-

ean Green Deal, which aims to make the EU, the world’s second-largest

conomy, climate-neutral by 2050. ii The EC had adopted the European
021 
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1 The euro area includes 19 countries.The EU includes 27 countries 
reen Deal before the COVID-19 outbreak and defined its eight pol-

cy areas as follows: increasing climate action; clean, affordable, and

ecure energy; industry for a clean and circular economy; energy- and

esource-efficient buildings; sustainable and smart mobility; sustainable

ood chain (farm to fork); biodiversity and ecosystems; zero pollution

nd toxic-free environments ( The European Green Deal, 2019 ). The

ioeconomy and biotechnology sector have huge opportunities to lead

ost of the transformation. 

The next initiative —The Circular Economy Action Plan —was set in

015, and is one of the main blocks of the European Green Deal, which

s Europe’s new agenda for sustainable growth. The EU’s action plan

imed “to boost jobs, growth, and investment, while promoting the tran-

ition to a carbon-neutral, resource-efficient, and competitive economy ”

 Circular Economy, 2020 ). Its goal ( EC, 2015 ) is to maximise the use of

esources and materials keeping them in the economy for as long as pos-

ible while minimising waste. Among the five priority sectors, two were

ecognized in the EU’s action plan: plastics and food waste ( EC, 2015 ).

ccording to the plan, plastic recycling is a crucial part of a circular

conomy and less than 25% of the collected plastic waste is currently

ecycled while about 50% goes to landfill ( EC, 2015 ). 

The Farm to Fork Strategy is the core of the European Green Deal. It

ims to make food systems fair, healthy, and environmentally friendly

 Strategy, 2020 ). According to the 2020 “Farm to Fork Strategy for a

air, healthy and environmentally-friendly food system ” of the EC, “new

nnovative techniques, including biotechnology and the development of

io-based products, may play a role in increasing sustainability, pro-

ided they are safe for consumers and the environment while bring-

ng benefits for society as a whole ” ( Strategy, 2020 ). National poli-

ies should facilitate the transition to the bioeconomy and support the

ew essential biotechnologies. The implementation of The Farm to Fork

trategy in the EU countries is especially important in the context of

ood security, which was put at risk during the COVID-19 crisis. 

The Biodiversity Strategy for 2030 is “a comprehensive, ambitious

nd long-term plan to protect nature and reverse the degradation of

cosystems ” ( Biodiversity Strategy, 2020 ). A central part of the Euro-

ean Green Deal will also support a green recovery after the COVID-

9 pandemic. According to the World Economic Forum (2019) , more

han half of the world’s GDP ( €40 trillion) depends on nature. Three key

conomic sectors that are nature-dependent are construction, agricul-

ure, and food and drink, which generate close to €8 trillion of gross

alue added ( World Economic Forum, 2019 ). The main elements of

iodiversity Strategy (2020) are as follows: establishing protected areas

for at least 30% of the land in Europe and 30% of the sea in Europe);

estoring degraded ecosystems at land and sea across the whole of Eu-

ope (for instance, by reducing the use and harmfulness of pesticides by

0%, by planting 3 billion trees by 2030); unlocking €20 billion each

ear for biodiversity (for instance, through EU funds); and making the

U a world leader in addressing the global biodiversity crisis. iii 

Several executed Foresight Exercises have a significant input to bioe-

onomy as well. These are an instrument for strategic planning and pub-

ic policy building. In the Report of the 5th SCAR Foresight Exercise

xpert Group (2020) the targets for a safer, fairer planet by 2050 were

ndicated, such as zero CO 2 , reduced pesticides use by 75%, health pro-

ection, keeping freshwater use at recent levels, etc. The COVID-19 crisis

as highlighted the urgency and interconnection of all these issues. iv 

All presented initiatives are crucial to develop the world after

OVID-19, which will ensure food security, save biodiversity, help mit-

gate climate change, practice the circular bioeconomy, use bioenergy,

tc. 

ocio-economic and environmental impact of COVID-19 

The COVID-19 pandemic began to spread in Europe in March 2020

 Ladi and Tsarouhas, 2020 ). Its impact on the economy and environment

annot be fully measured at the current stage due to the lack of data. For
2 
he present work, available data sources from the EU were used to show

he short-term impact of COVID-19 on the environment and economy. 

According to De Vet et al. (2021) the euro area 1 has encountered a

arger hit in 2020 (compared to the global economy) and will experi-

nce a slower recovery in 2021. By mid-2022, real GDP is expected to

each pre-crisis levels ( De Vet et al., 2021 ). In mid-2019, the prevalence

f unemployment decreased to the lowest levels since 2008 for the euro

rea and since 2000 for the EU as a whole ( Eurostat, 2019 ). The current

andemic and economic shutdown have led to an unprecedented rise in

he number of employees who are absent from work and increased job

oss ( EC, 2020a ). According to the estimated data from EC (2020a) , the

oss for median employment income at the EU level was -5.2% in 2020

ompared to 2019. The national governments of EU countries have in-

roduced short-term work programs to address the economic challenges

osed by COVID-19, in particular job preservation policies (see the next

aragraph). 

In the second quarter of 2020, the employment rate in the EU

ropped to 72.0%, which is lower by 1.3% compared to the second quar-

er of 2019. The employment rate decreased on an annual basis in all EU

ountries, except in Croatia ( + 0.7%) and Malta (stable). The strongest

ecreases were recorded in Bulgaria and Spain (-3.2% for both) as well

s in Austria and Ireland (-2.4% for both) ( EC, 2020a ). Young employees

nd low/medium educated workers accounted for the strongest decrease

n the employment rate. The “wholesale and retail trade, transport, ac-

ommodation and food service activities ” sector showed the strongest

ear-to-year decline in the third quarter of 2020 ( EC, 2020a ). 

After the peak observed in July 2020, the unemployment rate in the

U and the euro area slightly decreased over the last months. In Octo-

er 2020, the unemployment rate was 7.6%, whereas in March 2021 it

as 7.3% ( EC, 2020a ; Eurostat, 2020 ). Based on OECD data, the unem-

loyment rate in the US declined from 9.9% in October 2020 to 6.0%

n March 2021. In Japan the unemployment rate was stable during this

ime and oscillated within 3%. v 

In 2020, the EU agricultural sector faced unprecedented challenges

ue to the COVID-19 pandemic and its consequences ( EU Agricultural

utlook, 2020 ). The pandemic will be a major influencing factor for the

evelopment of the world economy over the next two years. In the EU

gricultural outlook report (2020), two scenarios were prepared based

n alternative economic recovery pathways, including a “slow recovery ”

nd a “green recovery. ”

According to Eurostat the annual inflation rate of the euro area was

.3% in March 2021 (one year earlier, the rate was 0.7%), while that of

he EU was 1.7% (one year earlier, the rate was 1.2%) ( Eurostat, 2021 ).

he lowest annual rates were registered in Greece, Ireland and Malta

from -2.0% to 0.1%), whereas the highest were in Romania, Hungary,

nd Poland (from 2.5% to 4.4%). Rising prices of a number of basic

roducts, such as rice, flour, milk, as well as services - hospitals, vets,

ublic transport have contributed to the high inflation. 

It has been estimated that the EU economy will grow from 4.2%

n 2021 to 4.4% in 2022. For comparison, the recovery forecasts for

hina is 7.8% growth for 2021 and decline to 4.9% in 2022. For the

S a decline of real GDP from 6.5% in 2021 to 4.0% in 2022 has been

stimated, whereas for India a decline from 12.5% in 2021 to 5.4% in

022 has been forecasted ( OECD Outlook, 2021 ; vi ). 

The economic development will be determined by how successful

accination programmes will be and how quickly national governments

ill lift restrictions. Moreover, the EU is expected to gradually decline

rivate consumption from 19.4% in 2020 to 13.6% in 2022. vi 

Tourism is one of the sectors most affected by the COVID-19 pan-

emic, with an impact on travel and demand ( Nicola et al., 2020 ).

he World Tourism Organization (UNWTO) monitors short-term trends

f global tourism. In 2020 there was a 74% decrease in international

ourist arrivals, with only 381 million arrivals, whereas in 2019 1.5 bil-
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ion arrivals were recorded. vii In Europe, a 70% decline was noted in

020 when compared to 2019. The scenarios presented by the UNWTO

or 2021–2024 indicated that it could take between two-and-a-half and

our years for international tourism to return to 2019 level. viii The data

howed that the estimated loss in global GDP accounts for US $2 trillion.

he biggest decline in the international tourist arrivals was in Asia and

he Pacific (84%) and Middle East (75%). vii 

Another difficult-to-estimate issue at this time is the production of

lastics and waste and their recycling. The pandemic has led to a sudden

ncrease in the global demand for masks, gloves, and bottled hand sani-

isers, called personal protective equipment (PPE), as well as the need

or plastic packaging for delivery services. In March 2020, the WHO

alled on industry and governments to increase manufacturing by 40%

o meet the growing global demand. ix 

On the other hand, the pandemic-related lockdown may have some

irect, short-term positive impacts on the environment, particularly re-

arding the emission and air quality at both global and EU levels. In

he transport sector, which is an important source of greenhouse gases

GHG), the demand for passenger transport (via air and roads) has de-

lined due to restrictions in traveling. x 

The air quality and COVID-19 viewer of the European Economic Area

EEA) tracks the average weekly and monthly concentrations of nitro-

en dioxide (NO 2 ) and particulate matter (PM 10 and PM 2.5). Data

how that the NO 2 concentration, which is associated with road trans-

ort, has decreased in many European cities where lockdown has been

mplemented. xi A significant variation is observed in the scope of deple-

ion, with the largest reductions of up to 70% seen in urban centres in

he countries that are most affected by COVID-19 at that time, such as

ilan and Madrid. xi According to Menut et al. (2020) , a resolution of

0 km shows a decrease in NO 2 concentrations ranging from -30% to

50% in all western European countries. In turn, the ozone concentra-

ions have increased in urban areas throughout Western Europe due to

ockdown measures. 

The COVID-19 pandemic has both positive and negative impacts on

nvironmental degradation ( Shakil et al., 2020 ; Rume and Didar-Ul Is-

am, 2020 ). The GHG emission, NO 2 concentration, water pollution (es-

ecially pollution in beaches), and noise pollution have reduced signif-

cantly due to full or partial lockdowns ( Chakraborty and Maity, 2020 ;

aadat et al., 2020 ; Wang and Su, 2020 ; Zambrano-Monserrate et al.,

020 ). However, the findings do not support a long-term reduction in

HG, because once the lockdown is removed the economic activity and

nergy consumption are likely to return to normal as a majority of in-

ustrial activities will be resumed ( Wang and Su, 2020 ). 

U actions to fight COVID-19 and recovery plan 

The COVID-19 pandemic has affected the global economic down-

urn. Several production systems are expected to face challenges with

he realization of the potential of bioeconomy to produce more effi-

iently and maintain value chains that sustain jobs and livelihoods,

hile ensuring the sustainable use of land in the face of climate

hange. 

In order to repair the economic and social damages caused by the

andemic, the EC agreed on a recovery plan including the EU’s long-

erm budget and the NextGenerationEU initiative - a €750 billion tempo-

ary recovery instrument. It is estimated that a total of €1.8 trillion will

e needed to rebuild a post-COVID-19 Europe. On November 10th 2020,

n agreement was reached between the European Parliament and the EU

ountries in the Council for the years 2021–2027. xii It has been agreed

hat more than 50% of the fund will support modernisation through

hree sectors: research and innovation (via Horizon Europe); fair cli-

ate and digital transitions (via the Just Transition Fund and the Digi-

al Europe Programme); and preparedness, recovery, and resilience (via

he Recovery and Resilience Facility, rescEU, and a new health program

alled EU4Health). xii 
3 
The European Central Bank (ECB) established the pandemic emer-

ency purchase program, with a total fund of €1850 billion for stabilis-

ng and strengthening the euro area through the pandemic. xiii 

In the fight against COVID-19, the EC is working with the WHO,

o ensure access to medical supplies and support vaccine deployment.

hey take actions to support national health administrations by organ-

sing training for medical and laboratory staff. xiv Moreover, the EC of-

ers financial support for small and medium-sized enterprises (SMEs), as

ell as self-employed not only in the EU member countries. xv To slow

he spread of the virus EC restricted unnecessary travel to EU coun-

ries, introducing a map showing the risk zones. This lets people know

he epidemiological situation region by region. xvi The most important

easure to slow the spread of COVID-19 is providing safe and effec-

ive vaccines. According to the European Centre for Disease Prevention

nd Control (ECDC) the number of total doses of vaccines distributed to

U/EEA countries accounted for 209 million (as at 12.05.2021). Almost

alf (47,3%) of the doses were distributed to Germany, France and Italy.

bout 65% of doses were a Comirnaty product (Pfizer). xvii 

The EU also supports the most hit economic sectors such as agricul-

ure and fisheries. These sectors are the base for the bioeconomy devel-

pment ( Wo ź niak et al., 2021 ). Rural development beneficiaries, such as

armers, will be able to take advantage of loans or guarantees to cover

perational costs of up to €200,000 at favourable terms, such as very

ow interest rates or favourable payment schedules. Moreover EU mem-

ers can offer support of up to €7,000 per farmer and €50,000 per SME.
viii 

In order to diminish the economic and social impacts of the COVID-

9 pandemic, national authorities initiated measures that give partners

n the public-private partnership (PPP) some form of relief and financial

ompensation. xix 

One of the actions to facilitate safe free movement in the EU dur-

ng the COVID-19 pandemic is The Digital Green Certificate. European

ommission proposed it in March 2021. The document will attest that a

erson has been vaccinated against coronavirus or had a recent negative

est result or have recovered from infection. In April the proposal for the

igital Green Certificates was adopted by European Parliament. xx 

stablishing and updating policies 

Bioeconomy strategy is an important part of national and re-

ional policy. Almost 60 countries around the world have implemented

ioeconomy-related policies such as research and innovation, biotech-

ology, bioenergy, and bio-based economy. Different countries might

dopt different official policies for the COVID-19 pandemic, for exam-

le countries including Portugal, Canada, and Finland are specializing

n certain aspects of bioeconomy, namely blue bioeconomy or the forest-

ased bioeconomy ( Global Bioeconomy Policy Report, 2020 ). 

The bioeconomy-related strategies/action plans of Costa Rica, Italy,

nd Japan were released in the aftermath of the pandemic ( Global Bioe-

onomy Policy Report, 2020 ). In the documents, special attention has

een paid to the impact of the pandemic. In the Italian action plan, bioe-

onomy is seen as an area for accelerating the post-COVID-19 departure,

hile Japan’s updated strategy highlights the role of bioeconomy in the

ost-COVID-19 period in the development of measures against future

ublic health crises and in building an efficient supply chain (Global

ioeconomy Policy Report, 2020). 

iotech sector opportunity 

In the conference report ‘New Perspectives on the Knowledge-Based

io-Economy’, it was noted that ‘bioeconomy is one of the oldest eco-

omic sectors known to humanity, and the life sciences and biotechnol-

gy are transforming it into one of the newest’ ( EC, 2005 ). Biotechnol-

gy is an ‘important pillar of Europe’s economy, indispensable to sus-

ainable economic growth, employment, energy supply and to maintain-

ng the standard of living’ ( EC, 2007 ). Therefore biotechnology is one
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f the foundations for innovative bioeconomy. In the past decade, ad-

ances in molecular biology (genetic engineering methods, new breed-

ng techniques) have stimulated a wide range of changes in bioecon-

my, for instance in food production, forestry, and production of third-

eneration biofuels ( Wo ź niak et al., 2021 ; Tyczewska et al., 2018 ).

he sudden outbreak of the COVID-19 pandemic has led to a demand

or combined efforts of various parties of the biotechnology industry.

s Shahzad Malik, general partner at London-based Advent Life Sci-

nces, indicated, “had this crisis hit a less-well-capitalized, and less

ature biotech sector 15 years ago, it would have been catastrophic ”

 Senior, 2020 ). 

OVID-19 pandemic 

The COVID-19 outbreak has caused a global health alert due to its

igh rate of infection (rapid human-to-human transmission) and mor-

ality (1–3%), in addition to generating complex clinical conditions.

his has forced the scientific community to explore various strategies

or combating the viral infection as well as treating life-threatening sys-

emic responses to the infection. Within the last year, the joint efforts

f scientists all around the world brought out the full potential of the

iotechnology sector in the fight against COVID-19 ( Lobo-Galo et al.,

021 ; Uthaya Kumar et al., 2021 ). The efforts undertaken can be di-

ided into several domains as follows. 

iagnostics 

Diagnostics plays an important role in the management of infec-

ious diseases as it allows preventing the spread of infections between

ersons and communities. The first step in managing COVID-19, given

ts high contagiousness and expeditious spread, is the rapid and ac-

urate detection of SARS-CoV-2 in nasopharyngeal fluids ( Chen et al.,

021 ; Kevadiya et al., 2021 ; Bostan et al., 2020 ; Zhu et al., 2020 ; Lobo-

alo et al., 2021 ; xxi ). Two types of tests have been developed for the

iagnosis of COVID-19: nucleic acid tests and antibody tests. Recently,

n the document prepared by EC, a total of 471 available genetic tests

or SARS-CoV-2 have been listed. xxii Of these, 365 are already commer-

ialized and the remaining are in the process of validation or under

evelopment. At present, in the FIND database, xxiii 1129 SARS-CoV-2

iagnostic devices are mentioned, under categories such as immunoas-

ays, molecular assays, sample collection/inactivation, digital solutions,

nd other diagnostics. It should be emphasized that in the pandemic

utburst many scientists who were engaged on a daily basis in basic re-

earch, from various institutions including the Pasteur Institute (France)

nd Institute of Bioorganic Chemistry PAS (Poland) and various groups

ncluding the SONAR team, worked to help in the development of diag-

ostic tests for SARS-CoV-2 xxiv,xxv,xxvi 

accines 

Given the urgency to develop an effective vaccine against COVID-19,

everal previously developed strategies such as complete but attenuated

irus strategy, complete recombinant antigenic viral proteins as subunit

accine or as part of adenoviral vector, and finally novel nucleic acid

DNA, mRNA) delivery technology ( Hume and Lua 2017 , and work cited

ithin), have been used. Besides, in an ongoing effort, certain compa-

ies and research groups around the globe are working on the develop-

ent of plant-based vaccines ( Uthaya Kumar et al., 2021 ; Machhi et al.,

021 ). The search of research groups for a COVID-19 vaccine has been

uccessful so far, as currently there are four vaccines approved by

he European Medicines Agency (EMA) for use in the EU: Comirnaty

Pfizer/BioNTech), COVID-19 Vaccine Moderna, Vaxzevria (COVID-19

accine AstraZeneca), and COVID-19 Vaccine Janssen. xxvii The first two

re mRNA-based, and the later two are adenovirus-based vaccines. Addi-

ionally, four vaccines CVnCoV (CureVac AG), NVX-CoV2373 (Novavax

Z AS), COVID-19 Vaccine (Vero Cell) Inactivated (Sinovac Life Sci-

nces Co., Ltd), and Sputnik V (Gam-COVID-Vac) (Russia’s Gamaleya

ational Centre of Epidemiology and Microbiology) are under rolling
4 
eview. xxviii Furthermore, as many as 97 and 183 vaccines are in the

linical and preclinical development phase, respectively. xxix 

herapeutic strategies 

To date, five therapeutic COVID-19 treatments were approved

n the EU: dexamethasone, monoclonal antibody combination bam-

anivimab/etesevimab, monoclonal antibody combination casiriv-

mab/imdevimab, monoclonal antibody regdanvimab, and sotrovimab

VIR-7831). xxx In addition, therapeutic administration of convalescent

era is advocated for the treatment of patients with COVID-19 ( Lobo-

alo, 2021 ). However, reports present conflicting data on the effective-

ess of such treatments. Some suggest that, when administered early in

he infection, the treatment diminishes severe COVID-19 symptoms by

educing the viral load and preventing significant pathological damage

ssociated with the infection, whereas others indicate that the treatment

s not very beneficial ( Samad, 2020 ; Labo-Galo, 2021). 

Since the beginning of the pandemic, there has been an intense global

ffort to repurpose existing approved drugs for the treatment of COVID-

9 ( De Savi, 2020 ; Zhou et al., 2020 ; Delre et al., 2020 ; Zhang et al.,

021 ; Singh et al., 2020 ; Lobo-Galo et al., 2021 ). This approach al-

ows for a reduction in development timelines as well as overall costs

ompared to the de novo drug discovery process. The techniques used

nclude in silico, in vitro, and in vivo methods, in both cell cultures

nd animal models. As reported by Zhou et al. (2021) , “artificial intel-

igence (AI) and network medicine offer cutting-edge application of in-

ormation science to defining disease, medicine, therapeutics, and iden-

ifying targets with the least error. ” In a large-scale repurposing sur-

ey, 12000 known drugs were analysed, and 30 of them were found

o show antiviral activity against SARS-CoV-2 ( Riva et al., 2020 ). In

 virtual screening to identify covalent and non-covalent inhibitors of

he SARS-CoV-2 papain-like protease (PLpro), 688 drugs in phase III

nd 1702 drugs in phase IV clinical trial were included and 24 out

f them were identified as potential therapeutics ( Delre et al., 2020 ).

o date, a number of drugs such as remdesivir, favipiravir, ribavirin,

opinavir, ritonavir, darunavir, arbidol, chloroquine, hydroxychloro-

uine, tocilizumab, and interferons have been found to show inhibitory

ffects against SARS-CoV-2 in in vitro as well as in clinical conditions

 Rosa and Santos, 2020 ). Other examples of repurposing approaches

ave been described by Singh et al. (2020) , Lobo-Galo et al. (2021) , and

e Savi et al. (2020) . Apart from repurposing known drugs, increasing

ttention is paid to the use of natural products (from plants and ma-

ine environments) against COVID-19 ( Hassan, 2020 ; Ang et al., 2020 ;

ani et al., 2020 ; Joshi et al., 2020 ; Xian et al., 2020 ; Verma et al.,

020 ; Huang et al., 2020 ; Khan et al., 2020 ). 

anotechnology 

Nanomaterials represent a powerful tool against COVID-19. So far,

any reports have detailed the development of nano-based materials,

uch as disinfectants, PPE, and diagnostic systems ( Rangayasami et al.,

021 ; Cardoso et al., 2020 ; Sportelli et al., 2020 ; Campos et al.,

020 ; Lobo-Galo et al., 2021 ). Alternatively, nanomaterials can be

sed as nanocarrier systems for treatment against COVID-19 or in the

evelopment of vaccines against SARS-CoV-2 ( Machhi et al., 2021 ;

einrich et al., 2020 ; Shin et al., 2020 ; Lobo-Galo et al., 2021 ). 

andemic and post-pandemic challenges of the biotech sector 

Biotech and pharmaceutical sectors play a pivotal role in the fight

gainst the COVID-19 pandemic. However, they cannot be entirely de-

oupled from the rest of the global economy ( Senior, 2020 ; Reilly, 2020 ;

osales-Mendosa et al., 2020 ; Ayati et al., 2020 ). The COVID-19 pan-

emic has significantly affected the conduct of clinical trials of med-

cal products as thousands of trials have been suspended or stopped

ue to the difficulties in their execution under lockdown conditions

 Bacchieri et al., 2020 ; van Dorn, 2020 ; Xue et al., 2020 ). Some of the

hallenges associated with performing clinical trials are quarantines,
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ite closures, and travel limitations for site personnel and/or trial sub-

ects. Specific guidelines on clinical trials with recommendations on data

anagement, statistics, and medical writing-related matters have been

ssued by the EMA and Food and Drug Administration (FDA) for the

ountries/regions impacted by COVID-19 ( EMA, 2020 ; xxxi ). 

The COVID-19 pandemic has not just disrupted the undertaking of

linical trials in the biotech sector. Due to the limited presence of re-

earch personnel in the laboratories, most academic research groups and

iotech research facilities around the world had to either stop or dras-

ically modify their activities. Additionally, some resources, apart from

ighly specialised personnel, such as professional equipment or labora-

ory spaces, have been used to help fight the pandemic. According to

oubar Afeyan, the founder and CEO of Flagship Pioneering, the cur-

ent productivity of many research-based biotech companies was only

t 30–50%. This causes not only time delays but also massive economic

osses ( Senior, 2020 ). 

Notably, the pandemic is also a catalyst for change, innovation and

nvestment. Some of the expected long-term effects of the current pan-

emic in the biotech sector are: i) increasing the share of telemedicine in

ealth care, constituting opportunities and challenges for the providers,

i) re-evaluation of geographical diversification of biotech companies’

upply chains and clinical trials, iii) boom for diagnostic manufactur-

rs as a remedy for future pandemics, iv) increased interest in funding

nnovative and mission-critical solutions and biotech companies, v) ad-

ances in information technology and investments in IT infrastructure.
xxii,xxxiii,xxxiv 

As a result of shifting resources from agriculture to medical COVID-

9 research, the agriculture research is declining in some countries; the

rojected decline in funding in 2021 by USDA is 0.2 billion $. xxxv This

rend may not be long-drawn and the public sector agricultural research

ould increase in the next few years as, for example, the EU plans to al-

ocate billions of euros for the EU bioeconomy sector. The technological

rogress made during the pandemic is also creating opportunities for

gricultural and energy research as the lessons learnt from the COVID-

9 pandemic on the understanding of the genomics of a virus, break-

ng virus transmission and diagnostics can be applied for livestock and

lant viruses and epidemics. Furthermore, the pandemic disruptions of

ood supply chains increased the demand for vegetable-based meat and

-commerce. It also highlighted growing shortages of agricultural la-

or (which may indicate the need for farms’ mechanization), and of

esources like water and environmental services. xxxv 

ommunication and social perception 

The transition toward bioeconomy depends not only on the attempts

nd enthusiasm of experts and policymakers but also on the acceptance

nd involvement of society ( Wo ź niak et al., 2021 ). In mid-2020, about

9% of Europeans believed that one of the three biggest challenges in

heir countries is access to healthcare and health services, while 67%

ndicated economic and financial challenges and 47% indicated climate

hange ( EIB Climate Survey, 2020 ). 

At present, the prevention of the spread of COVID-19 in society,

ainly with vaccines recommended by appropriate authorities like

he EMA (2020) , is a crucial issue. The current pandemic has caused

idespread mistrust about the safety and effectiveness of vaccines

round the world ( de Figueiredo et al., 2020 ). Negative attitude toward

accines and uncertainty or aversion to vaccination among people have

ecome the major obstacles to managing the COVID-19 pandemic in the

ong term ( Paul et al., 2020 ). 

In 2020, several research works have been conducted across the

orld with a focus on gathering the opinions of people about the COVID-

9 pandemic. At the end of 2020, Kantar Company conducted a survey

mong 7000 people from Australia, France, Germany, Great Britain,

taly, Singapore, and the US to know their opinions on vaccination

gainst COVID-19. xxxvi Across these countries, only a minority of people

aid that they will definitely take a COVID-19 vaccine when it becomes
5 
vailable. The survey showed that people in France were the most re-

uctant to take a vaccine, whereas people in Australia and Great Britain

ere the most accepting. In Singapore and France, people expressed a

ignificant level of concern related to the speed at which the COVID-19

accines are being developed and produced. In contrast, in Great Britain

nd Australia, 75% of the survey participants perceived vaccines as safe.

egarding the trust in public authorities and government, the respon-

ents from the USA and France indicated that the most reliable sources

f information on the COVID-19 vaccine were family doctors (50% and

3%, respectively). Health authorities were considered the most reliable

ources by people in Singapore and Italy (66% and 63%, respectively).

n contrast, doctors appearing in the media were not considered as a

eliable source of information by people in all the countries surveyed.

n Singapore, 56% of respondents indicated that the country’s govern-

ent is a reliable source of information, whereas in the USA only 14%

ndicated that they trusted their government. In France, 48% of citizens

eclared that they did not trust the government to make the right deci-

ion about making a vaccine against COVID-19 available. xxxvi 

According to the Public Opinion Survey commissioned by the Euro-

ean Parliament in 2020 ( Report EP, 2020 ), three out of four European

itizens (76%) have heard about the various EU measures proposed to

ght the consequences of the COVID-19 pandemic. Of those, 49% stated

hat they were satisfied with the proposed measures, while about 53%

f the respondents across the EU were not satisfied with the solidarity

hown in the EU Member States. Moreover, 56% of Europeans believed

hat the EU should have greater financial means to be able to overcome

he effects of the pandemic. Sixty-eight percent of respondents agreed

hat “the EU should have more competences to deal with crises such

s the Coronavirus pandemic, ” while the least number of respondents

n the Czech Republic, Sweden, the Netherlands, Finland, and Croatia

ndicated the same ( Report EP, 2020 ). 

At this point, it is impossible to predict how the public will react or

ow supportive or participating they will be in a recovery and resilience

lan. However, this is the right moment to start discussing the advance-

ents of science, new technological solutions that help not only in the

ace of the current pandemic but also in our daily lives. The pandemic,

hich has been going on for more than a year, exposed gaps in public

nowledge and a moderate level of confidence in scientists. Unchecked,

nd even worse, untrue information is disseminated at an alarming rate,

ontrary to recognized scientific facts, which are not only often ignored

y society, but also ridiculed. Now it is time to act. The trust in science

nd scientists can be rebuilt through education, and campaigns inform-

ng and engaging the public. 

oncluding remarks and future perspectives 

The outbreak of COVID-19 has caused a worldwide crisis with im-

ense proportions being propelled by weak health systems, lack of clean

ater and sanitation, poverty, hunger, limited access to education, and

lobal cooperation. The pandemic has also inflicted devastating effects

n most aspects of the global economy. Hence, the success of SDGs is

ow at stake, as it depends on sustained economic growth and glob-

lisation ( Heggen et al., 2020 ; Editorial, 2020 ; Ng, 2020 ; Naidoo and

isher, 2020 ). It has been estimated that all the 17 SDGs are threatened

r partially threatened by the COVID-19 outbreak and that two-thirds

f the 169 SDG targets are either under threat due to the pandemic or

ot well placed to alleviate its impacts ( Naidoo and Fisher, 2020 ). As

tated in The Sustainable Development Goals Report 2020 , the progress

ade since the adoption of the SDGs in 2015 was insufficient and

DGs are now facing a regressive impact ( The Sustainable Develop-

ent Report, 2020 ). However, according to the EC, bioeconomy can

ontribute to economic recovery as it can stimulate the EU recovery

rom the COVID-19 crisis by aligning the economy with the biosphere

 EC, 2020b ). Although, limited data on the impact of the pandemic on

he bioeconomy is currently available, the link between the bioeconomy
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nd post-COVID-19 recovery is still discussed by many experts, not only

n the light of impacts, but also possible responses ( Fritsche et al., 2021 ).

COVID-19 has uncovered the weaknesses in global food supply

hains (COVID-19 and SDGs, 2021), which may have a negative im-

act (can be measured in the next few years) on eliminating hunger

nd poverty (SDG1 and SDG2). According to the Department of Eco-

omic and Social Affairs of the United Nations (2020) , 6% of the global

opulation would still be living in extreme poverty in 2030, and thus

he target of ending poverty would be missed. It is estimated that due

o the COVID-19 pandemic 71 million additional people will be living

n extreme poverty ( The Sustainable Development Goals Report, 2020 ).

ailure to achieve SDG1 and SDG2 is connected to poor access to wa-

er and sanitation (SDG6), which remains a major health issue during

he pandemic. The goal of ensuring good health and well-being (SDG3)

ainly by reducing maternal and child mortality, HIV/AIDS cases, and

alarial deaths is also threatened because of interruptions in the vac-

ination campaign in 70 countries. Moreover, around the world, health

ervices that were functioning for screening cancer and non-COVID-19

nfectious diseases have been disturbed, to say the least ( Editorial, 2020 ;

he Sustainable Development Goals Report, 2020 ). 

The fourth SDG aims at ensuring that by 2030 all young people re-

eive an inclusive and equitable quality education. However, according

o The Sustainable Development Goals Report (2020) , more than 200

illion children will still not be receiving education by 2030. Moreover,

ost of the children in the world have been deprived of opportunities

o study during the lockdown. As reported by the United Nations Ed-

cational, Scientific and Cultural Organization (UNESCO), nearly 1.6

illion learners in more than 190 countries, which account for 94% of

he world’s student population, were affected by the closure of educa-

ional institutions at the peak of the crisis. As many as 100 countries

ave yet to announce a date for schools to reopen ( UNESCO, 2020 ). 

The SDG8 dedicated to decent work and economic growth was also

it by the pandemic, as according to the International Labour Orga-

ization (ILO) working hours equivalent to 495 million full-time jobs

ere lost around the world due to lockdown. In addition, estimates (be-

ore taking into account the income support measures) suggest a global

abour income loss of 10.7% during the first three quarters of 2020 (com-

ared with the corresponding period in 2019), which amounts to US

3.5 trillion, or 5.5% of global GDP in the first three quarters of 2019

 ILO, 2020 ). 

The Sustainable Development Goals Report (2020) also indicates

hat the environmental sustainability goals described under SDG7,

DG9, and SDG11–15 may also be hard to achieve by 2030. At the

eginning of the COVID-19 pandemic, when many international bor-

ers were closed and populations were confined to their homes, there

as a reduction in global energy use and CO 2 emissions (by 8.8%)

 Le Quéré et al., 2020 ; Liu et al., 2020 ). Although there is an opportu-

ity for a green recovery that will revive economies and advance climate

oals xxxvii , the post-pandemic emissions could boomerang and exceed

he pre-pandemic levels ( Kuzemko et al., 2020 ). This is due to the fact

hat the observed alterations do not reflect structural changes in the eco-

omic, transport, or energy systems. The key to durable decarbonisation

s switching from non-renewable sources to renewable ones by replacing

ossil fuels with renewable fuels, introducing recyclable materials, and

eplacing petroleum-based products with plant-based alternatives. Fur-

hermore, reduction in the GHG footprint of agriculture can be achieved

ith improved plant varieties created using modern technologies. 

The COVID-19 pandemic has endangered the implementation of the

uropean Green Deal, and thus the development of regional and national

trategies for the growth of bioeconomy. In the EU countries, the author-

ties are changing their priorities and putting the health and welfare of

heir citizens first, postponing actions related to the development and

stablishment of National Energy and Climate Plans. xxxviii The EC needs

o revise the legislative proposal for the 2021–2027 financial framework

nd consider the global economic situation caused by the COVID-19 pan-

emic. According to the current proposal, 25% of the EU budget would
6 
e dedicated to climate action plans ( Erbach, 2020 ; Elkerbout et al.,

020 ). As indicated by Becchetti et al. (2021) , the EU Green Deal must

earn some lessons from the COVID-19 pandemic, which underlined

he strong relationship between the environment, health, and economy.

here is a need for a new paradigm aimed at limiting the disclosure of

conomic value creation to environmental, pandemic, and social risks.

he COVID-19 pandemic has revealed a vicious circle of the following:

nsustainable development, environmental degradation, new pandemic

hreats, lockdown, economic downturn, and job losses ( Becchetti et al.,

021 ). 

The paper published by the Ellen MacArthur Foundation showed

ow policymakers can pave the way for a low-carbon and prosperous

conomic recovery ( Ellen MacArthur, 2020 ). It underlined the circu-

ar investment opportunities across five key sectors: built environment,

obility, plastic packaging, food, and fashion. The actions taken by the

overnment today will shape the post-COVID world for generations to

ome. The pandemic has highlighted the ineffectiveness of single-use

ackaging as during the pandemic the PPE, used especially by hospital

orkers, was mostly made of plastics ( de Sousa, 2020 ). Hence, there is

n urgent need to replace the plastic items with materials that can be

afely reused, recycled, or composted. By replacing just 20% of single-

se plastic packaging with a reusable substitute, it is possible to gain

n economic opportunity worth at least US $10 billion, and about 6

illion tons of materials can be saved ( Ellen MacArthur, 2020 ). The

lobal packaging market size is expected to grow from US $909 billion

n 2019 to US $1.013 billion by 2021, with the plastic segment leading

he market. xxxix The circular economy can play an essential role in man-

ging plastic waste, a problem that existed before the pandemic, and

n shaping the economic recovery, which will not only save cost and

aterials but also protect the environment from waste and pollution

 Ellen MacArthur, 2020 ). The COVID-19 pandemic highlights the need

or the development of bioeconomy and biotechnology, as well as the

ecessity of social acceptance of new breeding techniques in sectors re-

ated to health and plants. Regulatory changes must be made to ensure

he prosperity of biotech companies. The present crisis allows the politi-

ians and stakeholders to see the opportunities for the development of

he biotech sector; however, consumer acceptance is needed. 
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