
Circular economy in Finland

Sitra.fi



Forest Based Loop: Biorefinery Concepts https://www.ecomena.org/biorefinery/

https://www.ecomena.org/biorefinery/


Forest Based Loop: Pulp Mills www.finnpulp.fi/en/environment-and-forestry/



Eucalyptus forest



Rolf Mülhaupt, Green Polymer Chemistry and Bio-based Plastics: Dreams and Reality, Macromol. Chem. Phys. 2013, 214, 159−174

During the early days of 
polymer sciences and 

engineering, almost all 
materials were based 

exclusively upon chemically 
modified biopolymers



• Resources threaten cost effectiveness and the future of 
plastics? 

• Do we need to ban nonrenewable plastics, exit 
petrochemistry, and embark on a glorious journey leading to 
a green future by using biofuels and biomaterials based upon 
biomass utilization, genetic engineering, and biotechnology 
processes? 





1. At present, around 7% of the annual oil production is used to produce plastics, which helps to save more 
than twice this amount of oil, lowers transportation weights, and improves energy effectiveness by 
thermal insulation of houses.

2. The rise of low-cost synthetic polymers with far superior properties, produced in highly energy- and 
resource-efficient polymerization processes, accounted for the declining use of the less competitive 
natural polymers, which amount to less than 1% of today’s plastics production of 300 million tons per year.

3. At the beginning of the 21 st Century, we are experiencing a renaissance of renewable polymers and a 
major thrust towards the development of bio-based macromolecular materials. Is the future of plastics 
going to be green? 

4. In euphoric visions, the path forward towards biofuels and biomaterials based upon biomass utilization, 
genetic engineering, and biotechnology is seen as the Holy Grail in a bright future. 

5. By this definition, “green” is not synonymous with biomaterials and biotechnology. In fact, many existing 
polymers and polymerization processes meet the demands of green chemistry. Eg., polyolefins such as 
polyethylene and polypropylene, which amount to around half of the global polymer production. 



• Polyolefins outperform all biopolymers and biobased plastics. It is feasible to 
switch from fossil resources to bio-based feedstocks in polyolefin 
manufacturing to meet the demands of green chemistry. Today, polyolefin 
technology stands for the most effective and sustainable use of oil and gas, 
especially when compared with burning oil and gas in energy production. 

• In contrast, most biotechnology processes consume significant amounts of 
water, produce byproduct wastes, and require energy-intensive biopolymer 
purification. 

• Should durable synthetic materials, especially those used in packaging 
applications with a short product lifetime, be banned and substituted by 
biodegradable bioplastics? This issue has triggered a hot and ongoing battle of 
the bag, fought by opponents of plastics bags and protagonists of paper. 





“Mexican Tortilla Crisis”



• The surging use of biofuels will probably accelerate global warming and biosphere 
collapse. 

• According to recent modeling studies, the anticipated conversion of rainforest and 
grassland into new cropland for producing biodiesel and bioethanol could release 17 to 
420 times more carbon dioxide greenhouse gas for many decades and even centuries 
when switching from fossil to biofuels.

• In order to avoid conflicts with securing food supplies, it is imperative to focus on 
exploiting agricultural and forestry wastes for the production of bioplastics and to avoid 
conversion of rainforests and grasslands.

• The battle of the bag—plastics against paper—is a nuisance because both packaging 
materials represent a severe source of pollution when recycling fails. 



Whereas biotechnology polymer biosyntheses require 
water and extensive water purification, all commodity 
polymers are produced in the melt or the gas phase 
without using solvents and wastes, meeting the 
demands of both green chemistry and polymer 
processing. 



• Polyethylene bags are produced in a blow-molding process by melt 
extrusion of polyethylene granules, which are produced by highly 
energy-efficient catalytic polymerization of ethylene in solvent-free gas-
phase processes.  

• Polyolefin bags have a low weight and a high energy content, and are 
thus attractive for saving energy due to weight savings in transportation 
and effective energy recovery in recycling. 

• To produce paper, trees are stripped of their bark, shredded, washed, 
and chemically digested for many hours at elevated temperatures in 
aqueous sulfurous acid to separate cellulose and lignin.

• Pulp production requires a very large amount of water. After bleaching 
and further washing, the suspension of cellulose fiber pulp is pressed 
into finished paper. 







• Resources threaten cost effectiveness and the future of 
plastics? 

• Do we need to ban nonrenewable plastics, exit 
petrochemistry, and embark on a glorious journey leading to 
a green future by using biofuels and biomaterials based upon 
biomass utilization, genetic engineering, and biotechnology 
processes? 



• In the broader context, what are the pros and cons of 
petrochemical-based plastics ?

• Alternatives to improve biomass based plastics or petro-
chemical based plastics ?

e.g. Localized source : 
Combining localized agro-industrial products with bio-source 
materials = reduced transport costs
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