
BIOECONOMY

compete with the incumbent chemical companies to supply 
energy, materials, chemicals, food and feed in a biobased 
economy. This biobased economy has been termed as 
bioeconomy.
In the next sections we aim to present the bioeconomy 
innovation dynamics in order to identify and briefl y discuss 
how the chemical industry can deal with the bioeconomy 
development.

WHAT IS BIOECONOMY?

In the academic and non-academic literature, there are 
many defi nitions for bioeconomy. In this article we assume 
the European Commission’s defi nition: “The bioeconomy 
… encompasses the production of renewable biological 
resources and the conversion of these resources and waste 
streams into value added products, such as food, feed, 
biobased products and bioenergy. Its sectors and industries 
have strong innovation potential due to their use of a wide 
range of sciences, enabling industrial technologies, along 
with local and tacit knowledge” (3). Based on this defi nition, 
bioeconomy means the use of renewable resources in an 
innovative and sustainable way. Therefore, how can we 

understand the 
challenges of 
structuring businesses 
in the bioeconomy 
environment?

BIOECONOMY 
AS A COMPLEX 
ENVIRONMENT UNDER 
STRUCTURATION

Competition in 
the bioeconomy is 
based on innovation 
strategies which 
include not only 
product and process 
dimensions but 

also the ones aimed at shaping new industrial sectors. Since 
bioeconomy sectors are still emerging and have no defi ned 
industrial structure yet, we can see the bioeconomy as an 
environment under construction (4).
In our previous works on bioeconomy and innovation (4,5,6), 
we have identifi ed four key dimensions which coevolve in 
this structuring process: feedstocks, technologies, products 
and business models. These dimensions are embedded in the 
macro environment that the transition literature identifi es as 
the socio-technical landscape (7). 
Feedstocks, technologies and products are combined 
in many different business models which represent the 
way innovating fi rms try to compete in the bioeconomy 
environment. In the following sections, we focus on the three 

INTRODUCTION

Bioeconomy should be seen at the same time as an 
opportunity and a threat to the chemical industry. In this 
article, we explore these two angles considering how 
bioeconomy can affect the chemical industry under the 
perspective of technology and business.
The trend of using less 
fossil resources both 
as feedstock and as 
energy sources poses 
a major challenge 
for the current 
industrial activities. 
Petrochemicals are 
identifi ed (1) as one 
of the emissions 
blind spot to be 
tackled in the next 
years. In the coming 
decades, under the 
decarbonization 
of transport sector 
scenario, the 
industry is supposed 
to be the main 
contributor to the increase in fossil resources consumption. 
Moreover, plastics, probably an icon of the chemical 
industry achievements in the last century, are under severe 
attack leading the incumbents to look for a “new plastics 
economy” (2)
This context of increasing challenges also opens a large 
spectrum of opportunities for new research and innovation 
agenda. The adoption of renewable feedstocks under 
sustainability and economic drivers is a quite challenging goal 
which could attract new entrants such as technology-based 
startups and established fi rms from various industries such 
as paper and pulp, food ingredients, agroindustry among 
others, as new products and new market opportunities are 
quite signifi cant. On the other hand, these new players may 

Bioeconomy and chemistry

This article explores how bioeconomy can affect the chemical 
industry. Bioeconomy brings opportunities and challenges for the 
industry. The trend of using less fossil resources both as feedstock 
and as energy sources poses a major challenge for the current 
industrial activities. This context of increasing challenges also 
opens a large spectrum of opportunities for new research and 
innovation agenda. The article discusses these challenges and 
opportunities from the perspective of four key dimensions: 
feedstocks, technologies, products and business models. 
Bioeconomy can bring new market opportunities for the 
chemical industry and at the same time requesting the sector to 
renew its competences.
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Figure 1. illustrates the innovation dynamics which is central to the bioeconomy evolution.
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The second challenge is related to biorefi neries as a 
new plant concept, very different from conventional 
chemical and petrochemical plants. Considering the 
nature of the feedstocks and the type of treatment and 
conversion technologies, the conventional wisdom in 
plant concept concerning scale, scope, localization 
and integration is challenged. Biorefi neries should have a 
regional embeddedness which is quite contrasting with the 
petrochemical centralized model. Biorefi neries tend to adopt 
a kind of “distributed manufacturing” concept (10). 
This concept, not yet fully developed, implies the building of 
an innovation ecosystem in which the biorefi nery is inserted. 

Products and their dilemmas
Following the adopted bioeconomy defi nition, the main 
market opportunities have been identifi ed in four sectors: 
biofuels, biochemicals, biomaterials and food. The fi rst 
generation (ethanol and biodiesel) biofuels market is around 
140 billion liters per year, with an annual growth rate of 4% 
in the last years. But according to IEA, biofuels production is 
expected to be 10 times greater in 2060 compared to 2015, if 
we consider the 2oC scenario (11). To meet these projections, 
it is expected a large contribution of advanced biofuels 
which are not fully developed yet. 
Biochemicals are probably a key opportunity if we consider 
the chemical industry capabilities. According to (12), there 
is a potential to replace two third of fossil-based chemicals 
being 60% of them chemical specialties. In line with this 
perspective, the Roadmap for the Chemical Industry in 
Europe towards a Bioeconomy (13) considers a 25% share of 
bio-based chemicals in the European chemical industry by 
2030. The roadmap signs a diversifi cation trend moving from 
biofuels to a scenario also composed by biobased chemical 
specialties. The specialty segment, in addition to traditional 
chemical specialties (additives, surfactants, dispersants, 
etc.), has attracted the attention of companies that develop 
new products for use in markets such as human and animal 
nutrition, cosmetics and other high-value markets. In the food 
market, plant-based proteins are estimated to reach 10% of 
market share in 10 years (14).
Opportunities in bioplastics are also seen as very promising. 
According to recent reports, bioplastics market share is currently 
no more than 1% of global plastics demand with a value of 
2,960 bi US$. This value is projected to reach around 3,9 bi US$ in 
2023 (15). Considering the European market, bioplastics are now 
at around 1,2 mi t/y compared to a 70 mi ton/y of fossil-based 
plastics. There is therefore a large room for growth if bioplastics 
are able to meet the demands of a circular economy. 

Despite the high potential, the choice of which new 
biobased product to develop and launch in the market is 
a strategic decision to be made by the chemical industry. 
Our works (16, 17) have shown that there are at least three 
dilemmas to be considered. The bioproducts may be fi nal or 
intermediate; commodity or specialty and drop-in or non-
drop-in. Each of these dilemmas derive major challenges for 
innovators in bioeconomy. 

The chemical industry is certainly familiar with the two fi rst 
dilemmas, even if in the biobased case they may show some 
particularities. As observed for intermediate fossil-based 
products, the intermediate biomolecules also depend on 
derivates development efforts to its demand fl ourish. 
While commodities rely on scale and competitive costs, 
specialties require long term efforts to develop market 
applications. But the dilemma drop-in or non-drop-in is 
the fi rst one the industry has to face to comprehend some 
specifi c challenges imposed by the bioeconomy.

basic dimensions – feedstocks, technologies and products - 
considering the chemical industry perspective. 

Feedstock and its structuring role in the chemistry industry
Renewable feedstocks are very challenging to chemistry 
science and technology developed and used for long period 
by the chemical industry. After almost a century exploring oil 
and gas as feedstock, chemistry must learn how to deal with 
a new and very variated material. As pointed out by Spitz 
(8),  the feedstock exerted a crucial structuring role in the 
chemical industry history. From the coal-based chemical in the 
19th century to the petrochemical industry in the 20th century, 
Spitz identifi es the feedstock availability as the key structuring 
variable, more important than technology and market factors. 

At industry level, the bioeconomy requires that new supply 
chains and logistics must to be developed, in order to use 
biomass as feedstock. These developments are very complex 
and ask for competencies that are not found in the chemical 
industry. In some cases, such as agri-food and urban residues, 
biodiversity specialties and new energy crops, the supplying 
market is not yet organized. Biomasses are usually solid, not 
fl uid as oil and gas, functionalized and with complex molecular 
structures not hydrocarbons, compete with food and feed, are 
seasonal and not scalable at usual oil and gas levels.

As a result, apart from supply chain and logistics challenges, 
well established technologies dealing with fl uids can’t be 
applied to solid biomass. The well-known problems with the 
use of lignocellulosic materials for ethanol production illustrate 
the know-how gap in biomass handling and processing. 
Finally, the feedstock-integrated model, predominant in the 
petrochemical industry, must be reexamined as a strategy by 
chemical fi rms entering the bioeconomy.

Technology challenges
At the technology dimension, two relevant challenges can be 
identifi ed. The fi rst one is related to the feedstock treatment and 
conversion technologies. Many technological options have 
been developed over the last two decades looking for the best 
routes to convert renewable starting molecules such as sugars, 
cellulose, lignin, glycerin, CO2 into valuable products. Among 
these options, chemical and thermochemical routes are quite 
important but new routes such fermentative and enzymatic ones 
tend to become most prominent in the bioeconomy. A very 
challenging and promising topic is synthetic biology. Synthetic 
biology, an advanced biotechnology fi eld, is predicted to foster 
very innovative conversions from sugars to complex molecules in 
one step. But as a very new fi eld, R&D efforts have to be made 
to get the potential results in time with competitive costs. A 
good example of funding programs to accelerate the synthetic 
biology is Agile BioFoundry, a DOE supported program that aims 
to identify and propose solutions to reduce time and cost of 
industrial exploitation of synthetic biology-based products (9).
Biobased conversion requires costly separation processes which, 
in addition to increasing the facility capital cost, require high 
energy consumption for product separation and concentration 
steps. Process intensifi cation has been developed as a 
technological innovation of great importance to the chemical 
industry and the bioeconomy, being fundamental both to 
make many enzymatic or fermentative processes economically 
viable and to give them better environmental performance 
(less energy consumption, less effl uents). The intensifi cation of 
processes still allows the compaction of plants, which contribute 
to relevant changes in scales and location strategies of the 
industrial units. There are, thus, many new research topics 
that the industry has to become familiar with in order to be 
competitive in the bioeconomy.



Drop-in bioproducts are those chemically identical to their fossil 
counterparties. It results in minor adjustments along the value 
chain concentrated on the earlier stages as feedstock supply 
and treatment and conversion since the material obtained is 
identical to the petrochemical version. This adoption depends 
on the competitive costs to petrochemicals and availability. 
For example, brand-owners that use plastics in their products 
such as food, beverages, cosmetics and hygiene and cleaning 
materials will request a supply which attend their volumes and 
they can trust.  Non-drop-in bioproducts are novel molecules 
which bring opportunities to offer new functionalities and to 
develop new markets. As novel products, their diffusion means 
great challenges in terms of application developments. Their 
adoption in most cases leads to major adjustments along the 
latter stages of value chain as observed in plastics such as PLA. 
The PLA trajectory exemplifi es how diffi cult it is to introduce 
a new material in the market (17).  Non-drop-in bioplastics 
involve downstream complementors in the production chain 
(additive producers, converters), and end-user application 
development efforts. Existing complementary assets must be 
adapted, or new ones must be built to reach the end markets 
and effectively diffuse the new bioproduct.

CONCLUSIONS

Bioeconomy represents a great opportunity for the chemical 
industry, but its development addresses many challenges 
which should be better understood by the industry. In this 
article, we have explored how the bioeconomy can bring 
new market opportunities for the chemical industry and at the 
same time requesting the sector to renew its competences. 
Contrary to what some experts may think, the challenges are 
not restricted to the technology dimension.  We proposed the 
understanding of four key dimensions: feedstocks, products, 
technologies and business models. In terms of feedstocks, the 
bioeconomy requires the development of new knowledge on 
biomass handle and treatment associated to the structuring 
process of biomass supply. The technology dimension means 
the incorporation of new knowledge basis such as advanced 
industrial biotech and of course, a time to develop and to apply 
these new routes in industrial scales. The product dimension will 
demand product lines’ redefi nition considering the dilemmas 
involved and the efforts related to their adoption by the market. 
Finally, the decision about these three dimensions will push the 
chemical industry to business model innovations. If the chemical 
industry desires to take advantage of the many opportunities 
the bioeconomy brings, it should create spaces for learning and 
adapting its decades-old business models.

REFERENCES AND NOTES

1. IEA (2018), The future of petrochemicals, 132 p, https://webstore.iea.
org/the-future-of-petrochemicals, OECD/IEA, 2018.

2. Ellen MacArthur Foundation (2017), The new plastics economy: 
rethinking the future of plastics & catalyzing action, available at 
https://www.ellenmacarthurfoundation.org/publications/the-new-
plastics-economy-rethinking-the-future-of-plastics-catalysing-action.

3. European Commission (2012), Innovation for sustainable growth: 
A bioeconomy for Europe, available at https://op.europa.eu/
en/publication-detail/-/publication/1f0d8515-8dc0-4435-ba53-
9570e47dbd51.

4. Bomtempo, J. V.; Alves, F. (2014), Innovation dynamics in the 
biobased industry. Chemical and Biological Technologies in 
Agriculture, 1:19, doi:10.1186/s40538-014-0019-8.

5. Bomtempo, J. V.; Alves, F. C.; Oroski, F. A. (2017), Developing new 
platform chemicals: what is required for a new bio-based molecule 
to become a platform chemical in the bioeconomy? Faraday 
Discussions, 202, 213.

6. Teixeira, L.; Bomtempo, J. V.; Oroski, F.; Alves, F. (2019), Exploring 
business model dynamics in fast-changing environments: the case 
of the bioeconomy, presented at LA BIOÉCONOMIE : Organisation, 
Innovation, Soutenabilité et Territoire REIMS - 4 & 5 JUIN 2019

7. Geels, F.W. (2002), “Technological transitions as evolutionary 
reconfi guration processes: a multi-level perspective and a case-
study”, Research Policy 31, 1257–1274.

8. Spitz, P. (1988), Petrochemicals: the rise of an industry, Wiley.
9. www.agilebiofoundry.org consulted at October 18th, 2019
10. OECD (2019), INNOVATION ECOSYSTEMS IN THE BIOECONOMY OECD 

Science, Technology and Industry Policy Papers, September 2019 No. 76
11. IEA (2017), Technology Roadmap: Delivering Sustainable Bioenergy, 

available at https://www.ieabioenergy.com/wpcontent/
uploads/2017/11/Technology_Roadmap_Delivering_Sustainable_
Bioenergy.pdf

12. Golden, J.S., and R.B. Handfi eld. 2014. “Why Biobased? 
Opportunities in the Emerging Bioeconomy.” Washington, D.C.: U. 
S. Department of Agriculture, Offi ce of Procurement and Property 
Management, available at https://www.biopreferred.gov/fi les/
WhyBiobased.pdf.

13. E4tech, nova-Institute, BTG, DECHEMA (2019), Road-to-Bio: 
Roadmap for the Chemical Industry in Europe towards a 
Bioeconomy, available at https://www.roadtobio.eu/uploads/
publications/roadmap/RoadToBio_strategy_document.pdf

14. Barclays (2019), Carving up the alternative meat market https://
www.investmentbank.barclays.com/our-insights/carving-up-the-
alternative-meat-market.html, consulted October 18th, 2019.

15. Il bioeconomista, (2019), New study: the market size of the 
Bioplastics will reach 3900 million dollars by 2023, available at https://
ilbioeconomista.com/2019/03/25/new-study-the-market-size-of-the-
bioplastics-will-reach-3900-million-dollars-by-2023/

16. Oroski, F. A.; Alves, F. C.; Bomtempo, J. V. (2014),  Bioplastics Tipping 
Point: drop-in or non-drop-in? Journal of Business Chemistry. 
February, available at https://www.businesschemistry.org/
article/?article=187.

17. Teixeira, L.; Bomtempo, J. V.; Oroski, F.; Coutinho, P. (2019b), The 
interplay between products diffusion and sociotechnical transitions: 
an exploration on the bioeconomy, presented at International 
Sustainability Transitions Conference 2019, Carleton University, 
Ottawa, Canada, June 23 – June 26, 2019.

55Chimica Oggi - Chemistry Today - vol. 37(6) November/December 2019

José Vitor Bomtempo is Chemical Engineer 
and has a DSc in Industrial Organization (École 
Nationale Supérieure des Mines de Paris). He 
is coordinator and researcher at Bioeconomy 
Study Group at School of Chemistry, Federal 
University of Rio de Janeiro.   His main research 
topics are  bioeconomy, circular economy, 
technological innovations, business strategies, technology and 
innovation strategies.

ABOUT THE AUTHORS

Flavia Alves is professor at the Chemistry 
School of the Federal University of Rio 
de Janeiro, where she also graduated in 
Chemical Engineering (1999) and completed 
her Ph.D. in Technology of Chemical and 
Biochemical Processes (2005). Her currently 
research lines involve bioeconomy innovation 
and evolution. She is a researcher at the Bioeconomy Study 
Group, under Professor Jose Vitor Bomtempo coordination.

Fabio Oroski is a full time-professor and 
researcher at School of Chemistry of Federal 
University of Rio de Janeiro. His main research 
topics are food waste reduction and residues 
valorisation; sustainable sociotechnical 
transitions focusing on bioeconomy and 
circular economy. He is a researcher at 
the Bioeconomy Study Group, under Professor Jose Vitor 
Bomtempo coordination.


