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The circular bioeconomy - a viable path to a 
sustainable future 

Mostly a macro technology focus; Plenty of room for 
niche opportunities 



First, the broad view; Europe is moving from a linear 
economy to a circular economy  

The move is in response to the problems cause by 
the linear economy 

New design 
features of 
capital goods; 
ease of recycling, 
longer design life, 
ease of repair 

Efficient 
recovery and 
recycling of 
consumables 
are key issues 
to be resolved 

Waste is 
now 

considered 
a feedstock 



The Linear Economy which is a 'take, make, 
dispose' model is causing major problems; 
with finite resources and end stage waste 

Scarcity of extracted resources is increasing 
The quality of ores is declining which means the energy 
needed for extraction is increasing 
Single use products are a waste concern 
Combustion of fossil fuels, no recycle possible, leads to 
rising carbon dioxide levels 

Only He, fossil fuels, and radioactive isotopes are being lost, 
other elements are just diluted and dispersed.  For example, 

Phosphorus, required for all life, is mined spread on fields 
and then lost by being washed into the oceans  



• All material resources will get into soft scarcity. Some key materials may get into 
physical scarcity, all fossil fuels have a quantifiable end date.   
• Substitution has significant limitations, no substitute for phosphorus exists  
• Resource shortages may cause economic crisis. Economic crisis may cause risk for social 
stresses and problems for governance. The economic system may have problems before 
the physical systems.    
• Business-as-usual is the most dangerous policy  
• Business-as-unusual has large possibilities for change of trajectory  

http://www.umweltbundesamt.de/sites/default/files/medien/1968/dokumente/berlin_decarb_sverdrup_final-1.pdf 

Concentrated sources of raw materials are 
disappearing; more energy needed to extract  



The linear economy is prone to problems with 
End stage waste and Process efficiency  

The economic model must change to solve these 
unsustainable practices 

By making the lowest 
performer reach the 
productivity of the best-in-
class drug makers, Pharma 
could save US$ 65 billion, 
according to McKinsey. 

Waste per pound of product 
Oil refining <0.1  
Bulk chemicals <1–5 
Fine chemicals 5–>50 
Pharmaceuticals 25–>100 
https://application.wiley-
vch.de/books/sample/352730715X_c01.pdf 

Lack of concern about waste permeates production 



The circular economy ends single use products and reduces 
production wastes and stresses equipment efficiencies 

Government regulations will be the key driver, or we wait for the 
economic shock of shortages, or new technologies make the move 

economically attractive 

Use of renewables is a key 
part of the approach 

Will now focus on the chemicals part of the circular bioeconomy 



http://www.grandviewresearch.com/industry-
analysis/petrochemical-market 

By value the petrochemicals market is 
almost the size of the $550 billion 

transportation fuels market though it 
less than 5% of the volume 

Aromatics are about 25-
30% of the market 

https://www.bp.com/content/dam/bp/en/corporate/pdf/energy-economics/energy-outlook/bp-energy-outlook-2018.pdf 

Demand for crude is projected to drop with 
petrochemicals being the largest remaining growth area 



The petrochemical industry is inextricably caught up in the circular-economy debate. 

Eighty percent of petrochemical building blocks are used to produce plastics, in 

what today is essentially a once-through value chain where the products are thrown 
away after use. 

“forward-looking petrochemical companies will start to direct a significant share of 
innovation budgets, capital investments, and strategic thinking toward circular 
approaches.” 

https://www.mckinsey.com/industries/chemicals/our-insights/petrochemicals-2030-reinventing-the-way-
to-win-in-a-changing-industry 

However the move to a circular economy 
will have a major impact on petrochemicals 

What is the current projected growth of 
biobased feedstocks? 

https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/rethinking-the-future-of-plastics
https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/rethinking-the-future-of-plastics
https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/rethinking-the-future-of-plastics
https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/rethinking-the-future-of-plastics


The Global Renewable Chemicals Market is poised to grow at a CAGR of around 
12.3% over the next decade to reach approximately $155.2 billion by 2025. 

https://www.businesswire.com/news/home/20170502005778/en/Global-Renewable-
Chemicals-Market-Analysis-Trends-2017 

Alcohols accounted for almost 75 % of the total market share in 2015 followed 
by biopolymers. The biopolymers can be further bifurcated into polyhydroxy 
alkanoates (PHA), starch blends, polylactic acid (PLA), regenerated cellulose, 
PBS, bio-PET, bio-PE. Among all, the starch blend constitutes around 30 % of the 
total biopolymers segment. 

https://globenewswire.com/news-release/2018/04/17/1480053/0/en/At-11-29-CAGR-Global-
Renewable-Chemicals-Market-Size-to-be-Worth-USD-102-76-Billion-by-2022.html 

Non-fuel Renewables are currently expected to be less 
than 10% of the size of petrochemicals in the near term 

What is needed for petrochemical producers 
to switch from fossil feedstocks to biobased 

feedstocks? 



High processing cost and complex manufacturing processes may hinder 
renewable chemicals market growth in long run. Some renewable 
alternatives to existing petrochemicals have been priced extremely high as 
compared to their synthetic counterparts. 

http://www.grandviewresearch.com/industry-analysis/renewable-chemicals-market 

From market reports the key issue for 
renewable chemicals is competitive pricing 

The use of new approaches is needed to 
reduce costs in all phases of processing 

Demand for sustainable products does not support a 
significant price premium; major problem for a new supplier with 
lower economy of scale 
Market for drop-in products is easiest entry but requires 
competitive cost 
New chemicals and materials can have long, 10-20 year, lead 
times 



In global logging only about 28% of a harvested tree becomes lumber and 35% of the tree 

never leaves the forest.  Waste biomass offers a great source of low cost biomass 

 Biomass is low density which 
means transportation and storage 

of the biomass is expensive 

Distributed processing plants 
used in food and ethanol are 

a model 

Raw material costs issues to be resolved 



The next problem is that lignocellulosic biomass is very complex and 
somewhat intractable for simple separation techniques 

The physical structure must be broken down, the fractions separated 
and then converted to usable products 

 A key problem for the use of lignocellulosic biomass is the 
very complex physical and chemical structure 

Also contains 
other low level 
components 
which can be 
important for 
niche 
companies  

Most efficient way to do this is with a biorefinery which is 
the epitome of the circular processing concept 



http://pubs.rsc.org/services/images/RSCpubs.ePlatform.Service.FreeContent.ImageService.svc/ImageService/Articleimage/2014/C
S/c3cs60409h/c3cs60409h-f24_hi-res.gif 

 Problems are; 1, preprocessing (separation of components), 
2, economy of scale, 3, new conversion chemistries, and 4, 

products from lignin  (discussed next 4 slides) 

Preprocessing 

38-50% 23-32% 15-25% 
<6% 

A biorefinery is the most cost effective way to use biomass; 
probably will not be based on production of non-ethanol fuels due to 

projected lack of demand growth 

? 



http://www-personal.umich.edu/~adriaens/CleanTechInnovation/KeyStone_Compact_files/Renmatix%20KeyStone.pdf 

Hydrothermal technology for preprocessing; just 
heat and water to separate biomass 

Extractables 

Hemicellulose 

Lignin 

Cellulose 

 Raw 
biomass 



http://www.gastechnology.org/tcbiomass/tcb2015/Felix_Larry-Presentation-tcbiomass2015.pdf 

 TEA predicts 
the maximum 
cost for 
producing dry 
powdered 
Lignaplast® will 
be less than 
$0.10/lb. (< 
$220/tonne), 
for production 
rates as low as 
120 tonne/day 
(highest relative 
capital cost) and 
biomass 
feedstock costs 
of $40/tonne in 
2014 dollars.  

High reaction rates(20-30 sec), lower costs 

This process intensification solves economy of scale for this step. 
Next problem is chemical processing of the separated components 

Kraft process 
used to separate 
biopolymers 
processes up to 
3500 tonnes/day.  
The cooking 
reaction takes 
several hours at 
170 C.  



Catalyzed 
defunctionalization 
of biomass versus 

the catalyzed 
functionalization 

of oil 

The chemistry of renewables is very different from 
oil; requires new conversion chemistries 

http://pubs.rsc.org/en/content/articlehtml/2014/cy/c3cy01058a 

The standard processing unit operations used for oil need to 
be redesigned; liquid based processing 

Significant process 
development is 

required; time and 
cost, who will do it? 



Ludo Diels, VITO Rome meeting 2017 

Making products from lignin is also a key 
challenge; one track is to make aromatics and 

another is carbon allotropes 

The need for aromatics is very large but converting 
lignin to desired aromatic is still a challenge 

40 % of bulk chemicals are aromatics 
BTX: 120 Bio $ market    14,6  Mio tons 
Phenol : 8 Mio tons  
Europe: 25 % of world production  



Carbon allotropes are important to the circular 
economy as they are lighter and stronger than 

metals and can be used in polymers and metals 

Producing carbon allotropes from biomass continues to be 
a technical challenge 

Carbon fiber 

Our company plans to start with carbon allotropes 



If biorefineries are slow to develop, companies can 
use feedstocks from other industries 

Lignin from wood processing; uses still needed as the 
market is only about $700 million with slow growth 
Chitin from crustacean shell; One of the most 
important derivatives of chitin, 60%, is glucosamine.  
Chitin market is over $3 billion by 2027 CAGR 12.7 
Glucose from corn and sugar processing; over $42 
billion by 2021 with 6.7% CAGR growth 
Bio diesel;  $54 billion by 2025 with 7.3% CAGR 

These are high volume streams that are clean and 
globally available for biobased chemical production  



Summary of information on the 
biobased chemicals area  

• LC biorefineries require significant technology development but 
could be the most efficient long term; Must have lignin markets 

• Biobased chemicals will not be a by-product of biofuels near 
term but could benefit from economics of agglomeration* 

• Chemical markets should be easier to enter based on lower 
volumes and higher valued products; no huge plants needed 

• The much smaller volume chemicals will have little impact on 
food supply or greenhouse gas emissions 

• Conversion processes to make current chemicals from 
renewables are more difficult than from oil 

•  Adoption of new performance based materials is slow 

*Early movers will lead to a concentration 
of producer companies 



Moving to the circular bioeconomy 
requires cost competitive renewable 

chemicals; economics of 
agglomeration could facilitate 

development in Michigan 

New technologies are required to make that 
happen 

Conclusion 


