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(4)Abstract 


Petroleum based plastics have been a source of many beneficial applications for the humanity; it 
 has been possible to pack food and preserve it, electronics could  be developed and be massified 
 thanks to the properties of plastics, international trade was impacted positively by the advantages 
 of plastic packaging that made possible to transport and distribute goods all around the world, but 
 beside  of  all  these  benefits  they  have  also  brought  plastic  pollution,  contamination  in  oceans, 
 wildlife  endangered,  global  warming  and  much  more.  Certainly,  we  can’t  live  without  plastics 
 anymore:  our  quality  of  life  would  decrease,  but  there  is  a  need  to  reduce  the  negative  impact 
 plastics have made. Companies play big role in this, as well as consumers, and it is crucial to find 
 the  best  way  to  shift  those  good  benefits  to  materials  that  would  not  harm  the  environment  as 
 petroleum-based plastics can do. Bioplastics are a disruptive material but currently accounts only 
 for the 1% of world production versus the production of traditional plastics, this is mainly due to 
 the high cost of production. A business model based on the utilization of synergies along the supply 
 chain can create such value that the burden of the price can be overcome and a holding company 
 that decides as core activity to produce bioplastics can develop that needed business model.  


Key words: 


Bioplastic, plastic, business model, holding company, supply chain, subsidiaries, sustainability 



(5)Abstraktní 


Plasty  na  bázi  ropy  byly  pro  lidstvo  zdrojem  mnoha  užitečných  aplikací;  bylo  možné  zabalit  a 
 uchovat  potraviny,  elektronika  mohla  být  vyvinuta  a  masifikována  díky  vlastnostem  plastů, 
 mezinárodní  obchod  byl  pozitivně  ovlivněn  výhodami  plastových  obalů,  které  umožňovaly 
 přepravu a distribuci zboží po celém světě, ale Kromě všech těchto výhod přinesli také plastické 
 znečištění,  kontaminaci  v  oceánech,  ohrožení  volně  žijících  živočichů,  globální  oteplování  a 
 mnoho dalšího. Určitě už nemůžeme žít bez plastů: naše kvalita života by se snížila, ale je třeba 
 snížit negativní dopady plastů. Společnosti v tom hrají velkou roli, stejně jako spotřebitelé, a je 
 nezbytné najít nejlepší způsob, jak tyto dobré výhody přenést na materiály, které by nepoškozovaly 
 životní prostředí, jak to umí plasty na bázi ropy. Bioplasty jsou rušivým materiálem, ale v současné 
 době  představují  pouze  1%  světové  produkce  ve  srovnání  s  výrobou  tradičních  plastů,  což  je 
 způsobeno zejména vysokými výrobními náklady. Obchodní model založený na využití synergií v 
 dodavatelském řetězci může vytvořit takovou hodnotu, že lze překonat břemeno ceny a holdingová 
 společnost,  která  se  rozhodne  jako  hlavní  činnost  pro  výrobu  bioplastů,  může  tento  potřebný 
 obchodní model vyvinout. 


Klíčová slova: 


Bioplast, plast, obchodní model, holdingová společnost, dodavatelský řetězec, dceřiné společnosti, 
udržitelnost 
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(9)     INTRODUCTION 


The core of any business is its plan and such plan must include a detailed program that enables 
 an  idea  to  become  successful.  The  importance  of  a  plan,  or  a  business  model,  lays  on  the 
 efficiency  that  provides  to  a  company  if  it  is  well  designed  and  accurate  regarding  market, 
 competitors, costs and operational matters. 


For international business this plan is crucial, it will be the tool that will lessen the overall risk. 


Many  aspects  are  to  be  taken  into  consideration,  among  them  we  can  find  those  palpable 
 differences between countries such as culture, language, lifestyles, purchase power, and life 
 quality.  Clearly  very  important  aspects  to  analyze,  but  the  following  work  will  focus  on  a 
 business model from the approach of the type of association through the figure of a holding 
 company  and  the  advantages  that  this  provides  in  terms  of  mitigating  risks,  accelerating 
 development  within  the  company  and  the  added  value  this  can  bring.  A  holding  company, 
 working through entities or subsidiaries has an opportunity of reducing costs and maximizing 
 efficiency throughout the production and the following delivery process. Consequently, there 
 is  a  need  to  structure  a  business  model,  which  can  be  described  as  “the  reunion  of  three 
 elements: the job to be done for the customer; the asset configuration; and the revenue model” 


(Collis, 2019), to achieve goals and add more value to the company. 


This, along with an approach of sustainability due to the challenges that the world is facing 
 nowadays, challenges that are being put because of the impact we, human beings, with our 
 ways to live, have made to the environment. Due to this, there is a necessity of tackling several 
 issues  and  one  of  them  is  the  plastic  waste  contamination  due  to  the  fossil-based  plastic 
 products and its poor way of being disposed, recycled or reused. One of the biggest issues that 
 the bioplastic market environment is facing is the high cost of production. We aim to propose 
 a business model that will make the business scalable, complies with a sustainable philosophy 
 as main guidance and be a “win-to-win” for all parties involved. 


This  work  will  explain  the  process  of  a  company,  which  core  activity  would  be  producing 
bioplastics, seeking to ensure that the supply chain will be controlled in its majority by the same 



(10)company. For this, there are many aspects to take into consideration throughout the beginning, 
 middle and end of the supply chain. 


Along the process usually many companies are involved being suppliers and services providers. 


The  idea  of  a  business  model  is  to  reduce  the  dependence  on  third  parties  by  acquiring 
 companies that could diversify company’s risk and embrace a bigger portion of the market by 
 becoming more competitive due to better prices, better quality and delivery times and more 
 efficient operational processes.  


The aim of this dissertation is to answer such questions such as how the relationship between 
 subsidiaries works within a holding regarding its logistics process; what is the proper business 
 model that the company should follow in order to ensure big profits and give value to its main 
 activity: producing bioplastics in Europe.  


The  author  intends  to  develop  a  business  model  that  serves  as  basis  for  entrepreneurs, 
academics  and  professionals  in  general  that  would  like  to  work  further  in  shifting  from 
petroleum-based plastics to bio-based, giving the most value to society, the environment and 
the world itself. 



(11) Problem statement: 


Plastics’ utility is big, there is no doubt how useful plastics products are for our daily life; essential 
 objects are built with plastics and food can be packaged, delivered and stored easily thanks to these 
 materials. Plastics have become a must in the modern world. But they are a must if they have a 
 function,  once  they  are  disposed  the  solution  to  many  problems  becomes  an  issue:  ocean 
 contamination, wildlife affected, potential risks to human health, environmental issues in general 
 and socioeconomic burdens. Currently there are many strategies to tackle this problem caused by 
 plastics, among them we can find recycling, circular economies approach, avoiding use of plastics 
 and  shifting  to  other  type  of  materials  less  environmental  hurting  such  as  bioplastics  and 
 biodegradable plastics. Still production and use of traditional plastic polymers are more relevant 
 than the already mentioned alternatives, conventional plastics are more cost efficient and its use is 
 broader. 


Bioplastics are simply more expensive than traditional petroleum-based plastics. Companies have 
 devoted  years  and  huge  amount  of  investment  to  develop  technologies  that  make  prices  more 
 competitive. So far, this problem has not been eliminated. The industry needs to focus in added 
 value and how to target the right segment and the best strategies to overcome the burden of having 
 a small market share due to prices, while keep working in research and development  


In this dissertation the main objective is to analyze a business model that enables a company to 
 produce and market bioplastics in Europe making it scalable due to a smart supply chain and trying 
 to reduce environmental impacts associated with the industrial production of plastics and its later 
 use and end of life cycle.  


Hypothesis: A holding company is the best channel to make this business more efficient and to 
reduce risks related to low efficiency with the relation of key partners in the supply chain and lack 
of competitiveness in a relatively incipient market where most of the competitors are joint ventures 
of well-known companies with a bigger range of capabilities. 



(12)CHAPTER I: Business realities in the plastics and bioplastics industry 
 1.  Plastics overview 


Plastics  derived  from  petroleum  have  become  throughout  the  years  in  an  essential  to  modern 
 society. Ever since plastic production was widely adopted by industrials and it was man-made at 
 big scales, it has gained an importance, as material, that so far, any other has surpassed. It is very 
 useful  for  many  industries:  automotive,  food  industry,  households,  furniture,  electronics, 
 agriculture, machinery, even clothing. It could take hours just mentioning all the applications that 
 plastic materials could have. It is safe to say that this is a plastic society, as commonly people say. 


As important as it is, it can also be very harmful for environment, not because it is more dangerous 
 than any other material used in any industry currently, in fact, its degree of toxicity, for instance in 
 food packaging, is always within the accepted levels for human consumption and the only product 
 that could harm human health, only if heavily applied and after a large use, are phthalates which 
 are used to give more flexibility to regular plastics (Lahimer, 2013). The real problem of plastics 
 lies on its almost infinite presence in the environment once any specific product made out of plastic 
 has accomplished its life cycle and is thrown away, which is ironic, because it is exactly what 
 makes it a very attractive material: its durability. According to WWF Australia (2018), plastic water 
 bottles (made out of polyethylene terephthalate) has a life cycle of 450 years as well as disposable 
 plastic cups (made out of polystyrene), which basically means that every plastic bottle or cup ever 
 produced still remains in the environment, if it was not burned, which increases also the levels of 
 CO2 causing, along with other factors, global warming; another solution that is not yet acceptable 
 to get rid of plastics. 


This is a big issue because it makes a huge impact in our life, whether we see ourselves directly 
 involved or if we understand that eventually, since we are part of a unique system within this planet, 
 this would come back to us in many forms.  


Considering what is 100% proven, we can say that all prediction regarding the real impact in the 
future of accumulation of plastic debris in the environment are not more than that: predictions. The 
above is merely a non-written rule for scientist. Predicting have a margin of error, because these 
are futuristic scenarios, and nothing can be said for sure regarding the future, but there are many 



(13)evidences that show how this unstoppable plastic accumulation in terrestrial environments, oceans, 
 shores, and local garbage dumps it is simply out of the natural way, a non-wanted guest in the 
 surface (since its pure form – oil – has been under the earth’s surface for millions of years) and 
 directly affecting living beings. For instance, according to Our World in Data (2018) based on an 
 analysis published in the magazine ECOLOGY (2016), the marine plastic impact on ocean species 
 can include (but is not limited to) constriction, dermal wound, external wounds, reduce population 
 size,  intestinal  blockage,  gut  obstruction,  tissue  abrasion  and  death.  There  are  three  types  of 
 encounters with this plastic debris such as entanglement, ingestion and interaction like contact. 


More  impressive  is  the  wide  range  of  animals  affected  by  this:  seals,  manatees,  seabirds,  fish, 
 marine mammals, sea turtles, penguins, mussels, invertebrates, seagrass, crabs and marine insects.  


(Chelsea M. Rochman, 2016). However, the full impact is not known and almost impossible to 
 measure, the ocean is taking a big part in this and, and seeing it from the holistic point of view, we 
 all are having this impact as well. 


As  it  was  said  before,  measuring  the  amount  of  plastic  that  has  not  been  properly  discarded  is 
 simply impossible, since no one is taking track of the amount that has been recycled, burned, safely 
 discarded, thrown into dumps, thrown into the ocean or been part of a wrong process of waste 
 elimination, as mentioned by Barnes et al (2009). It has also been suggested that plastic waste is 
 deliberately  being  shredded  into  fragments  to  conceal  and  discarded  at  sea,  which  makes  that 
 plastics  of  all  sizes  can  reach  any  part  of  the  world,  places  where  plastic  is  not  even  used  nor 
 produced and truth is that we still understand little about their longevity and effects on organisms.  


As we have stated in this dissertation the problem to tackle is the plastic waste and the biggest type 
 of products that are being actively being thrown away on a daily basis are packaging products such 
 as paper bags, plastic bottles, food packaging , etc. and also other products like disposable utensils 
 and dishes, plastic cups or straws are being discarded daily and end up being part of a big waste 
 filling lands, oceans and flowing in the air as is the case of plastic bags or small plastic particles. 


Figure  1  shows  the  amount  of  plastic  produced  in  Europe  for  the  year  2018  (For  the  sake  of 
simplicity, in this dissertation Europe will stand for countries in the European Union by the date 
referenced in the specific example plus Switzerland and Norway).  Same way it was defined by 
Barnes et al (2009) we can divide plastic products into two categories: durable goods these are 



(14)product that have a shelf life of more than 3 years, average; in the other hand will be the non-
 durable goods that are being discarded in a higher rate since their shelf life is less than 3 years and 
 most of them are of daily use. Among the non-durable goods we can find trash bags, eating utensils 
 and disposables in general and for the specific case of Europe this category of non-durable goods 
 account  a  39,7%  for  “packaging”  and    a    part  of  16,7%  for  “others”  which  includes  medical 
 equipment  and  tools,  plastic  furniture  or  parts  used  for  machine  building,  this  according  the 
 Association of Plastics Manufacturers PlasticsEurope (2018). 


Out of this data the most important to highlight is what are the type of plastics that are specifically 
 being used in each type of product, like this we can aim to narrow this investigation and tackle the 
 type of materials that need to be either replaced or need a different strategy regarding the way they 
 are being discarded, recycled and re used. 


Figure 1: Production of plastic products in EU, 2018 


Source: Author, based on information from Plastics Europe and Green Peace, 2019 
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(15)In 2018 the total production for non-durable goods rounded 30 million metric tons and Europe only 
 accounts for the 18,5% of the world production (PlasticsEurope, 2018).  


Table 1 shows the break-down of plastic products out of which polymer type are made: 


Table 1: relation between product-polymer-category 


Product  Type of Polymer  Category 


Food packaging   Polypropylene  Non-durable  


Sweet and Snack wrappers  Polypropylene  Non-durable 


Hinged caps  Polypropylene  Non-durable 


Microwave containers   Polypropylene  Non-durable 


Bank notes  Polypropylene  Durable 


Automotive parts  Polypropylene  Durable 


Reusable bags   Polyethylene  Non-durable 


Trays and containers   Polyethylene  Durable 


Agricultural films  Polyethylene  Non-durable 


Food packaging film   Polyethylene  Non-durable 


Window frames   PVC  Durable 


Floor and wall covering  PVC  Durable 


Inflatable pools  PVC  Durable  


Hoses  PVC  Durable 


Bottles for water, drinks, juices, cleaners  Polyethylene  Non-durable 


Hub caps   ABS   Durable 


Optical fibres  ABS   Durable  


Eyeglasses lenses   ABS  Durable 


Toys  Polyethylene  Durable 


Milk bottles   Polyethylene  Non-durable 


Shampoo bottles   Polyethylene  Non-durable 


Medical implants   ABS  Durable/non-


durable 


Surgical devices   ABS  Non-durable 



(16)Taka-away food containers  Expanded Polystyrene  Non-durable 
 Packaging material for boxes  Expanded Polystyrene  Non-durable 


Source: Authot, based on information from Plastics Europe Market Research Group (PEMRG) & 


Conversio Market & Strategy GmbH, 2019 


All types of goods made out of plastic will eventually be discarded and currently the only strategy 
 to reduce plastic waste is recycling it with the idea of shifting the economy from linear, which is 
 an approach based on manufacture-use-dispose, to a circular one whereby the use of plastics is 
 optimized and plastics are kept within the use cycle for longer through reuse and recycling (OECD, 
 2018). Then based on this, we must assume that all post-consumer goods need to be collect and 
 kept properly to be sent to a plant or factory where they can be recycled. Many issues are being 
 faced  when  trying  to  recycle  plastic  waste:  objects  can  be  contaminated  with  food  waste,  non-
 recyclable materials or simply plastics can be disposed in different bins than those intended for 
 plastics only. This naturally leads to have an extra process, more capital invested in labor force to 
 remove what is contaminant, more time wasted selecting the right polymers to recycle and due to 
 the  fact  that  not  all  polymers  are  being  produced-disposed-collected  in  the  same  rate,  then  this 
 makes that some other polymers are being put aside because is more costly to collect and recycle 
 and less efficient than other such as PE (Polyethylene) or PP (Polypropylene) which are the most 
 common materials for non-durable products as we could see in table 1.  


 As explained before the focus is given to short use-cycle products (non-durable), these polymer 
 based  products  represent  the  largest  market/use  of  plastics  and  therefore  the  largest  fraction  of 
 plastic  waste  generation  and  most  of  them  are  packaging  plastics,  which  are  easy  to  identify 
 relatively easy to separate from materials in the waste stream and could have a relatively high value 
 in the market for recycled plastics (OECD, 2018). 


The  Organization  for  Economic  Co-operation  and  Development,  OECD  (2018)  in  its  report 
Improving  Markets  for  Recycling  Plastic:  Trends,  Prospects  and  Policy  Responses  shows  an 
overview  of  the  rate  of  recycling  of  plastic  packaging  in  Europe  of  40%  out  of  all  packaging 
products made.  



(17)Furthermore, other polymer that is widely used is expanded polystyrene which is seen on a daily 
 basis in our daily life when buying to-go food because its light-weight and this specific material is 
 not ideal for storage and its susceptibility to damage makes it a very fast life-cycle product. 


In  conclusion,  we  have  identified  several  applications  of  plastics  which  life-cycle  is  too  short, 
 largely produced, causes a big impact on the environment and the measures that are being enforced 
 nowadays – recycling, the most effective – are simply too expensive, inefficient, and in reality 
 doesn’t really stand for a solution of reducing plastic waste and ocean and landfills free of these 
 materials:  according  to  the  World  Economic  Forum  (2018)  10-15%  of  plastic  ends  up  being 
 actually recycled, therefore the remaining 85-90% out of the estimate of 300 million tons produced 
 yearly  (stated  by  Plastic  Oceans,  a  nonprofit  organization)  will  eventually  be  littered  in  the 
 environment.  Then  it  is  clear  that  such  products  made  out  of  polyethylene,  polypropylene  and 
 expanded  polystyrene,  are  to  be  replaced  by  more  sustainable  alternatives,  since  the  largest 
 production of plastics are represented in this polymers, the most common use and the shortest life-
 cycle, plus the particularity of being use mainly by induvial consumption, and not industrial where 
 more measures are strictly more applicable, make them be a harm for the environment and the 
 cause many issues related to the preservation of wildlife and better conditions in beaches, oceans, 
 landfills and environment in general.  


2.  BIOPLASTICS OVERVIEW  


As we have seen the use of plastic can be seen as something negative, but in reality, it is of a great 
 help for all us, industries, companies and individuals, it is a necessary commodity. Instead of the 
 plastic use what it is hurting the environment and will bring devastation in the future is the way 
 plastics are disposed; it has been shown that these materials degrade in hundreds or thousands of 
 years, depending on the environmental factors around the discarded plastics such as oxygen, UV 
 light or water (Thompson et al., 2019). Moreover, the solution of recycles doesn’t embrace a real 
 solution, only a small percentage of plastics are recycled, and the process is costly and inefficient; 


however, we should keep doing it because 10% of plastic recycled is more than 0%.  


Then this approach needs to change, doing something different to reduce the negative impact of 
disposal of polymer-based products in the ecosystems is a must. For this, many companies have 



(18)started developing technologies that allow them to shift the oil-based polymers industry to a more 
 sustainable  one  being  bio-based.  Bio-based  is  defined  in  European  Standard  as  derived  from 
 biomass. These materials are supposed to be biodegradable and biodegradable materials are those 
 that can be broken down by microorganisms like bacteria or fungi into water, gases like dioxide 
 (CO2) and methane (CH4) and biomass. Biodegradability depends strongly on the environmental 
 conditions:  temperature,  presence  of  microorganisms  and  availability  of  oxygen  and  water. 


(Ravindra V. Gadhave, 2018). Not all bio-based plastics are biodegradable, for instance bio-based 
 PE or PET, but other biopolymers such as PLA, PHA, PBS are those who present characteristics 
 of biodegradability and compostability.  


Advantages of bioplastics suitable for being compostable are very relevant, as Song et al (2009) 
 concludes “They should ideally be separated at the household level from other, non-biodegradable 
 materials  and  collected  with  organic  waste,  including  food  waste.  By  using  these  biological 
 treatments methods (i.e. composting), the total quantities of waste sent to landfill are reduced and 
 the composts generated can be used as valuable soil improvers”. Then the outcome of composting 
 bioplastics will be a soil conditioner which improves soil’s physical qualities usually related to 
 fertility. In other words, and for instance, a bioplastic bag used to collect food waste will eventually 
 go to an industrial composting facility where will go through a process of being transformed into 
 organic matter that will start a new process of production by being reintegrated to the soil. If there 
 was a way to compare it with traditional plastics would be as if the plastic bags or wattle bottles, 
 we  dispose  everyday  could  have  such  a  treatment  that  would  become  those  plastic  wastes  into 
 petroleum to be refined once again and new products made out of it.  


The explanation of Song et al (2009) supposes that there are 6 possible endings of the bioplastic 
 product once the consumer disposes it: 


- anaerobic digestion facility (where, along with organic waste and any type of biomass, is 
 transformed into bio-based fuels);  


-  debris to environment – if not discarded in the correct way, i.e. bins disposed for organic 
 waste or if it’s being littered; 


-  Recycling facilities, as we saw before recycling is not as effective as it sounds, and its costs 
can outweigh its benefits 



(19)-  Landfill:  this  is  the  traditional  way,  it  is  currently  being  done  like  this  since  many 
 communities, municipalities, cities and stares don’t count with a legislation that enforces 
 other practices of waste treatment more sustainable with the environment the people living 
 near it that eventually will see a health impact. Moreover, it´s not affordable for everyone, 
 so far, since the scalability has not improved due to a lack of interest in a business that will 
 bring more nature related benefits that economic ones. That is why the aim is to find an 
 ideal business model that ensures profits while it helps to reduce environmental negative 
 impacts. 


-  Energy can also be made from bioplastics through incineration in an energy facility, that 
 could be done with the strategy MSWI (Municipality solid waste incineration). 


-  Composting facility: where de recycled polymeric carbon after being composted will go 
 back to the soil and start a new cycle.  


Clearly,  an  in  order  to  solve  the  problem  stated  of  waste  accumulation  of  plastics,  keeping  the 
 approach  earlier  mentioned  of  shifting  to  a  circular  economy,  oil-based  materials  used  in  the 
 production of packaging materials, food containers, plastic bottles, packaging materials for boxes 
 or  agricultural  films,  previously  identified  as  the  largest  contributors  for  plastic 
 production/contamination, we ought to identify which biopolymers are suitable to be incinerated 
 and  transformed  into  energy  or  composted  and  turned  into  soil  conditioner  (compost  itself). 


Following  graphics  depicts  a  visual  information  on  how  plastic  materials  can  be  classified 
regarding its origin and potential waste management: 



(20)Figure 2: Relation between biodegradability and the origin of each polymer 


Snapshot  source:  European  Bioplastics.  Bioplastic  Materials.  Retrieved  from: 


https://www.european-bioplastics.org/bioplastics/materials/  


As the aim is to produce bio-based polymers (biopolymers) that have the same application as fossil-
 based  ones  but  with  the  special  condition  of  biodegradability,  that  are  able  to  be  industrially 
 composted, the focus will be in PLA (Polylactic acid); PHA (Polyhydroxyalkanoates) and PBS 
 (Polybutylene succinate), in synthesis polymers that are made based on starch. “PLA, produced 
 trough the polymerization of lactic acid obtained from the fermentation of carbohydrate crops such 
 as corn, wheat, barley, cassava, and sugar cane” (Olayide O. Fabunmi, 2007) and some other food 
 and agroindustry waste such as avocado seeds are also being used as biomass to produce PLA, 
 avocado seeds which are usually discarded, has around 30% starch content. Hence it serves as a 
 potential starch source (Maulida Lubis, 2018), which is a more suitable solution according to the 
 sustainable approach, since other sources of biodegradable polymers are considered food sources. 


It´s debatable if sugar cane can be considered a food source, although is widely use in the food 
industry, our bodies can totally prescind of this sugar.  



(21)2.1. BIOPLASTICS MARKET ANALYSIS: 


2.1.1.  Industry analysis 


Key players in the bioplastics/biopolymers in the Czech Republic (members of the Czech National 
 Bioplastic Cluster “Czech bioplastics”. Currently in the country the bioplastics industry with all its 
 important  players  (Feedstock  producers,  raw  materials  bioplastics  manufacturers,  bioplastics 
 manufacturers, converters and industrial end-users it is not the highest in Europe.  


Following data was obtained in the website of each company researched in their mission/who we 
 are page and the page for their products/services in their portfolio 


-  Nafigate corporation: It´s a Czech company which is self-described as a company that 
 prepares breakthrough innovations and technologies for market entry and it then sells them 
 in the form of license. Due to a technical cooperation with the Institute of Microbiology of 
 the Academy of Science and the Technical University in Brno the company has concluded 
 a  research  and  developed  a  innovative  technology  to  produce  a  polymer  called  P3HB 
 (polyhydroxybutyrate)  from  the  polyesters  class  PHA  (Polyhydroxyalcanoates),  called 
 Hydal biotechnology. The principle of this biotechnology is to produce PHA from waste, 
 specifically from UCO (used cooking oil) and sludge palm oil, which is the waste from 
 palm oil production. This biopolymer is being applied in different areas such as cosmetics 
 as a UV filter and material base; in medicine, 3D printing, tissue engineering and DDS; 


fertilizers; UV filters for other applications such as paint. The company is working through 
 the model of MVP (minimum viable product) and is testing its final products with end 
 consumers  and  has  developed  a  line  of  cosmetics  consisting  in  three  different  products 
 currently in the market: Coconut peeling milk, organic sunscreen of spf 15 and organic 
 sunscreen of spf 30. Their location is in Prague 9.  


-  2JCP:  This  company  provides  support  system  for  machinery.  With  a  sustainability 
approach and a long-term strategy of building and trust with customer they have invested 
in above mentioned company Nafigate corporation, which has been a joint of technology 
where 2 JCP provides equipment for the processing of industrial raw materials.  



(22)-  PEBAL: Founded in Pilsen in 1995, it is a manufacturer and packaging supplier in the 
 Czech Republic. This company mainly produces Polyethylene films (fossil oil-based), but 
 it also has many other products such as customized packaging or adhesive films. Tt has a  
 BRC/IOP  certification  for  food  packaging  which  makes  it  being  one  of  the  top  Czech 
 manufacturers. The company also has a line of biodegradable and bio-based films. These 
 films are PBS and PLA foils that are suitable for both home and industrial composting. 


According to the company, the origin of the raw material is sugar cane or corn (glucose 
 and starch). 


-  SAPLER: Czech company founded in 1998, produces and sells specially printed carrier 
 bags, among other products. Its mainly activity it is based on the production of bags, sacks 
 and  films  made  out  of  HDPE,  MDPE  and  LDPE  (high,  medium  and  low  dentisity 
 polyethylene) as the other competitors and it also has a line of those same products made 
 out  of  bio-based  materials,  according  to  customer´s  needs.  The  company  counts  with  a 
 Blue  Angel  ceritifcation  due  to  its  good  practices  of  producing  a  line  of  products  of 
 recycled plastic, same bags or sacks, with these are made of used plastic instead of new 
 polymers.  


-  TART: A leading Czech manufacturer and supplier of packaging materials and machinery. 


This company, founded in 1991, also works under the method of creating manufacturing 
packaging according to customer´s requests. It has a wide presence not only in the Czech 
Republic but also in other European countries such as Austria, Poland, Germany, Hungary, 
Slovakia  and  others.  Beside  of  its  many  products  fossil  oil-based  it  has  a  line  of 
compostable packaging called Envira, this product promises to have better appearance and 
higher strength than PE packaging and being suitable for storing food due to its properties 
that absorb unpleasant odors. Also suitable for trash bags for biowaste. As a compostable 
material, its main characteristic is that after the end of the lifespan of the product it can be 
composted industrially and converted into biomass to enrich soil. As their competitors they 
also use starch from corn corps. 



(23)Key  players  in  the  bioplastics/biopolymers  in  Europe  (members  of  “European  bioplastics”, 
 European organization representing bioplastics industry in Europe):  


2.1.2.  Raw material manufacturers: 


-  Agrana Staerke: Is an internarionally oriented Austrian industrial company. The company 
 creates  industrial  products  from  agricultural  commodities.  Their  business  segments  are 
 fruit,  where  the  produce  fruit  juice  concentrates;  sugar  and  starch,  which  are  starch 
 products for manufactures and bioethanol as well.  The raw material this company uses for 
 producing  starch  are  corn,  potatoes  and  wheat.  This  starch  is  sold  to  many  industries, 
 among  them,  bioplastics  manufacturers  for  composite  materials  and  compounds.  The 
 company counts with two products: Agenacomp, which is a compound that is 50% made 
 from  renewable  resources  and  is  home-compostable,  used  for  the  production  of  carrier 
 bags,  fruit  and  vegetable  bags,  mulch  films  and  waste  bags.  Their  other  starch-based 
 product is Amitroplast, it is 100% bio-based, also home or industrial compostable. Its main 
 uses are in food trays, bags, film, 3D printing and plant pot. At the end of any product 
 lifespan the biodegradation takes up to 4 weeks. 


-  Alcogroup: A Belgium company operating in many continents that aims to reach a fossil-
 free world in 2050. With this objective this company produces ethanol for fuel, ethanol for 
 food  and  industry  (alcohols  of  many  grades),  oil  and  biodiesel  extracted  from  corn  to 
 produce fuels and energy.  


-  Cargill: This company transforms raw materials into finished goods. Goods such as animal 
nutrition, food ingredients,   animal  protein,  branded  foods  and  bioindsutrials.  The 
company started out in Iowa, USA, it is 150 years old and as its business go from working 
with farmers and buying their crops to developing biopolymers, they have a wide range of 
action. Their product BiOH visco polyols, utilizing the chemicals compounds from natural 
oils,  aims  to  replace  petroleum-based  polyols  in  materials  like  adhesives,  binders  and 
foams. The main used of the biopolymer is in the manufacturing of mattresses, car seats 
and  carpets.  The  oils  used  in  the  production  of  BiOH  are  extracted  from  soy  and  solar 
energy is the main source of power for production. 



(24)-  Neste  corporation:   A  business  trying  to  combat  climate  change  and  driving  circular 
 economy, as they described themselves. It is mainly dedicated to produce renewable diesel 
 and  renewable  jet  fuel,  but  among  their  portfolio  of  products  they  also  manufacture 
 biopolymers. Specifically, they have developed a technology called NESTE RE which is 
 raw  material  for  plastic  production  that  is  made  100%  from  oils  and  fats  such  as  used 
 cooking  oil.  They  produced  this  raw  material  in  plants  in  Finland,  Netherlands  and 
 Singapore, making them be a big player in the bio-based raw material industry. 


-  Reverdia: This  is  joint  venture  agreement  based  in  Italy  between  Royal  DSM  a  life 
 sciences  and  material  science  company  and  Roquette  Freres,  a  French  company 
 manufacture  of  starch  and  starch-derivates.  They  have  developed  Biosuccinium  a 
 sustainable  succinic  acid.  Succinic  acid  is  type  of  butanediol  that  is  widely  use  in  the 
 production  of  textile,  disposable  tableware  and  coffee  capsules,  which  is  the  aim  of 
 Reverdia: providing European manufacturers of PBS for this end.  


- Total-corbion  PLA: A  joint  venture  between  Total,  one  of  the  biggest  oil  and  energy 
 producers in the world and Corbion, a lactic acid and lactic acid-derivates producer. As its 
 name indicates this JV manufactures PLA from renewable sources such as corn, sugarcane, 
 sugar beet and cassava. They mainly use as feedstock for production of lactic acid crops of 
 European sugar beet and Thai sugar cane. They have also developed technology to produce 
 PLA resins from second generation feedstock: bagasse, corn stover, wheat straw and wood 
 chips. 


2.1.3.  Bioplastic manufacturers 


-  NatureWorks: This company is one of the most known bioplastic manufacturers, it is an 
 American  company  which  manufacturing  facility  is  located  in  Blair,  Nebraska  and  is 
 jointly owned by Thailand’s PTT Global Chemical, a chemical producer, and Cargill, a 
 company in the food and agricultural field. NatureWorks has developed a technology to 
 produce plastic PLA out of raw materials such as cassava, corn starch, sugar cane or beets. 


It is currently developing a way to produce PLA from bagasse, wood chips, switch grass 
 or  straw.  Their  main  product  is  called  Ingeo  and  it  is  sold  to  plastic  converters. 


(NatureWorks, 2020)  



(25)-  Avantium: A chemical company with headquarters in Amsterdam, seeking to take part  in 
 the transition to a circular economy, they aim to aid in the transition to a fossil-free world 
 creating groundbreaking production on the basis of renewable feedstock instead of fossil 
 resources.  Avantium  developed  technologies  to  convert  industrial  sugar  (fructose)  into 
 chemicals.  Their  technology  YXY  produces  polyethylene  furanoate  (PEF)  100% 


recyclable that according to the company has superior “performance properties compared 
 to petroleum-based packaging materials”.  They also have another technology called RAY, 
 which  works  for  producing  MEG  (mono-ethylene  glycol)  from  fructose  as  well.  This 
 glycol is widely used for clothing production and bottles. 


-  BASF: This very big and known company which business segments go from chemicals, 
 materials, nutrition & care ad agricultural solutions has been working on the development 
 of biopolymers. Based in Germany but with divisions all around the world is one the major 
 suppliers of chemical polymers in the world and, of course, they account for a big market 
 share when talking about bioplastics. BASF’s product of biopolymers is called Ecovio, it 
 is a compostable compound, printable and weldable, according to the market´s needs. A 
 PLA polymer made out of starch with applications in organic waste and carrier bags, mulch 
 films, injection molding, paper coating, foam packaging and fuirt and vegetable bags.  


-  BIO-FED: A  branch  of  akro-plastic  GmbH,  they  define  themselves  as  “experts  in  the 
 development,  compounding  and  marketing  biodegradable  and  biobased  plastics”.  Head 
 offices are located in Cologne, Germany. Their alternatives for petroleum-based plastics 
 are  M·VERA:  compostable  films  that  are  applied  in  the  production  of  shopping  bags, 
 mulch  films,  fruit  and  vegetable  and  biowaste  bags.  AF-ECO  Biomastersbatches  (an 
 additive for coloring plastics) certified in accordance with EN 13432.  


-  Carbiolice: This French startup created after the efforts of Carbion, specialized in green 
chemistry and Limagrain ingredients, manufacturer of cereal ingredients with the help of 
the investment fund SPI, produces EVANESTO an enzymatic concentrate making PLA-
based products 100% compostable. The feedstock used to produce this PLA are mainly 
corn  starch  and  sugar  cane,  it  can  be  industrially  composted  and  can  be  applied  in  the 
manufacturing of, beside of the main of the main uses such as bags, packaging and films, 
for disposable dishes and non-woven fabric.  



(26)-  Danimer  Scientific: A  biotechnology  company  working  for  more  than  a  decade  in 
 biopolymers,  this  company  based  in  Georgia,  United  Stated  has  developed  a  business 
 model that is customized according to customer´s need. In general, they have a range of 
 biopolymers  including  extrusion  coatings  (using  PLA),  film  resins,  oil  well  polymers, 
 additives and thermoresistant resins. Naturally, the most sold bioplastics in the company 
 are  coatings  and  film  resins  that  are  being  use  especially  for  mulch  films  due  to  their 
 characteristics  of  biodegradability  and  a  strong  resistance  to  UV  rays,  which  is  highly 
 needed in agriculture. 


-  BIOFASE: A  Mexican  Startup  that  exports  to  19  different  countries  including  United 
 States, France, Germany, Belgium and other big markets for the industry. This company is 
 both  a  bioplastic  manufacturer  and  a  plastic  convertor;  they  produce  resins  and  also 
 consumer-end products such as straws and disposable cutlery. The main particularity is 
 that,  among  the  list  above  presented,  is  the  only  company  that  uses  avocado  seeds  to 
 manufacture biopolymers. The resin the produce is called AVOPLAST it is biodegradable, 
 replaces  PP,  PE  and  PS  applications  and  it  is  suitable  for  injection  products  like  rigid 
 containers or cutlery.  


2.1.4.  Plastic Converters: 


-  An Phat BioPlastics: This company defines itself as as Southeast Asia’s No1 enterprise 
 in  the  field  of  manufacturing  and  exporting  high  quality  thin  film  packaging.  The 
 Vietnamese company has seeking for sustainable and environmentally friendly business 
 ecosystem, the company has been working for the las 20 years in compostable products 
 that,  according  with  the  company,  can  decompose  in  natural  environments  as  well  as 
 industrial plants. Under the bran AnEco they produce bags, gloves, disposable utensils, 
 straws  and  agricultural  films.  They  main  novelty  of  these  products  is  that  they  can 
 decompose in plant humus or water; around 6 months and one year the bioplastics are being 
 biodegraded by microorganisms in the soil. 


-  BioBag International: A Norwegian company with headquarters in Askim, Norway and 
production  plant  in  Dago,  near  Estonia,  has  international  presence  in  countries  like 
Sweden,  Finland,  Denmark,  Ireland,  Australia  and  USA,  which  makes  them  be  a  top 



(27)converter. They are focused on producing BIOBAG FOR HORECA, which is a project 
 they have been working about collection of organic waste from municipalities, kitchens 
 (like  from  restaurants)  and  institutions  in  general.  The  way  they  accomplished  it  is  by 
 designing and producing a line of products necessary to collect waste: food waste liners 
 and sacks and food waste caddies and containers, all bio-based and with the possibility of 
 being composted along with the waste it is collecting.  


-  Polifilm: This German company with approximately 1600 employees mainly focused in 
 the production of films is producing a type of PE called LLD-PE that according to their 
 webpage comes 100% from certified raw materials, although they don´t specify which. 


This  polymer  (LLD-PE)  can  be  biodegraded  but  it  takes  several  years  to  do  so,  the 
 compostability of this polymer is not possible.   


-  Procos: A second generation family business which is recognized in Europe as a leader in 
 tableware and party goods. Established in 1954, distributes all over Europe and around the 
 world (76 countries in total). They have an “OK compost home” certification that applies 
 for products that can be composted at low temperatures, meaning that a home compost (in 
 a garden at an average temperature of 20 degrees) can biodegraded these products in around 
 25 weeks. Products are also suitable to industrially compost, which of course reduces the 
 number of weeks the bioplastics need to biodegrade. The main source for the production 
 is sugarcane. 


-  Sphere: A  French  company  stablished  in  1976,  started  as  a  family  business  and  its 
currently  having  partnership  with  major  retailers  in  France.  It  started  as  hygiene  and 
cleaning products company and nowadays is developing bio-based products, their main 
strategy is “axed on mitigating the environmental impacts of the product it markets”, and 
to  fulfill  this  they  have  developed  what  they  call  circular  economy  plastics,  a  line  of 
products that includes bin bags, bags for bread and baguette, freezer bags, and fruit and 
vegetable bags. All compostable products that come from potato starch mainly. The biggest 
strength of their products is that they can be biodegraded in aquatic environments, therefore 
no need for a compost facility. 



(28)2.1.5.  Global production of bioplastics. 


According to European bioplastics the total production of bioplastics in the world was 2.11 million 
 tonnes in 2019 and it estimates its grow to 2.43 million in 2024. This accounts for 1% of the total 
 petroleum-based plastics production (360 million tonnes). 


Figure 3: Worldwide production and forecasted production of bioplastics 2019-2024 


Snapshot  source:  European  Bioplastics.  Bioplastic  Materials.  2019  Retrieved  from: 


https://www.european-bioplastics.org/new-market-data-2019-bioplastics-industry-shows-
 dynamic-growth/  


Bioplastics  is  “the  neglected  stepchild  of  industrial  biotech”,  this  is  how  an  article  by  Nature 
 Publishing Group started off its review that made a comparison between biofuels and biomaterials. 


Although biofuels are also bio-based, it can be categorized independently due to its different use, 
production and consumption. In May 2008 “more than $1 billion was appropriated for advanced 
biofuels, whereas biomaterials received a paltry $9 million over the next five years” (Waltz, 2008), 
referring to a series governmental aid and incentives given by the United States to parties involved 
in the development of both industries. This defines the trend of the market, at least in the United 
States: biofuels are more attractive than bioplastics, from the profitability point of view, which is 



(29)what interests the most to investors. The article also states that all the funds invested by the US 
 government to these two industries for R&D, biofuels have received around 70%, a clear sign that 
 biomaterials (bioplastics) are not a priority in terms of investment. This doesn’t necessarily mean 
 that there is no space for bioplastics from the production point of view: biofuels and bio-based 
 materials share many steps in the supply chain, going from the fact that the raw materials can be 
 grow and extracted from the same crops, the facilities where they are transformed (refineries) can 
 produce both, and the technology advances in one field can benefit the other one. The main driver 
 of this low attractiveness of bioplastics is that it is still difficult to plastic converters to shift to this 
 technology since these materials can´t stand high temperatures and that makes its extraction more 
 complicated, likely to result in bad quality batches and potential losses for manufacturers, whereas 
 the biofuels have an optimum performance and their industrial processing.  


Another downside of the bioplastics is that, as the market is not mature enough yet, the volatility 
 of the same can be a high-risk factor. Firs of all, prices are higher than for regular petroleum-based 
 plastics, for example, “PHA plastics in the form of pallets, in 2009 had a price three times higher 
 than that of polypropylene” (Cosma, 2018), only this fact can explain why bioplastics don´t have 
 the amount of investment other fields have. Moreover, the author in the same article also refers to 
 the price variation can be seen in this industry depending on many factors, such as the amount of 
 real demand, the direct relation between petroleum-based plastics and crude oil prices and the land 
 where the crops are being grown to extract the biomass; for instance, “in 2011 bio-plastic prices 
 experienced a fairly large variation, from 1.5 EUR per kg (PLA) to 15 EUR per kg, and for those 
 in bulk the range was between 3 EUR and 6 EUR per kg”. Depending on the amount bought and 
 the selected supplier, 1 kg of PE can cost around 1 EUR, if bought in bulk. 


The main objective in the bioplastics industry is to target markets where the advantages of its use 
 can outweigh the cons of a substantially more expensive material. 


2.1.6.  Most developed materials  


Bio-based polyolefins, for example PE and PP, still have a big space in the bioplastics production, 
but this materials are not suitable for composting and are non-biodegradable, although they could 
degrade better than petroleum-based polyolefins, this type of plastic cannot be considered within 



(30)the solutions proposed by the industry and reflected in this study for a more environmental friendly 
 way to dispose plastic products at the end of their lifespan. In the following figure, and according 
 to European bioplastics, is shown that the biopolymers more produced were PBAT, PLA, PBS and 
 other starch blends. For instance, PLA production and its increasing rate production grow can be 
 understood with following data: “in the year 2011, NatureWorks, one of the largest producers, had 
 a  capacity  of  140,000  t/a  and  for  the  year  2020  is  forecasted  by  the  company  to  reach  around 
 800,000 t/a”  (Nova-Institute, 2013). 


One of the best characteristics of PLA is that can be easily produced from a wide range of raw 
 materials that are mainly starch from corn, sugarcane, avocado pits, and many others. These crops 
 are found mainly in Asia and South America, although US is a big player concerning corn crops, 
 and  this  has  a  positive  impact  since  more  than  two  regions  in  the  world  have  the  comparative 
 advantage to produce bioplastics and this will boost the industry levels eventually. 


Figure 4: Polymers production in 2019 


Source:  European  Bioplastics,  nova-Institute,  2019.  Retrieved  from:  https://european-
 bioplastics.org/market/  


Synthetic polymers are also subject of efforts to shift all materials into bio-based, nylon and PTT 
have been gaining space among the biorefineries, especially in Europe, where important plastic 
producers such as BASF, DuPont, Arkema or DSM have developed technology to produce nylon 



(31)derived of castor oil (Murali et al, 2012). The end product of these types of materials is mainly a 
 non-durable one, for example, nylon is highly used in automotive applications and market needs 
 in general. Castor crops have an advantage in terms of the image of the feedstock because is not a 
 food crop, which goes against the principles of zero food-waste or misuse of food sources that 
 many companies and communities in general trying to achieve. 


As of today PLA remains being the most used option among end users for bioplastics – it can be 
 even used in a domestic level since its application is widely known in additive manufacturing (3D 
 printing), but not only a small scale: PLA is of great use in the medical field. Implants for post-
 surgery recovering are being developed out of this material and additive manufacturing seems to 
 be the most effective way to produce it; “PLA processed in fused deposition modeling (FDM – a 
 3D  printing  method  using  filaments  and  in  this  case  PLA  filaments)  seems  to  be  an  attractive 
 material and method for reconstructive surgery because of their biocompatibility and the possibility 
 to produce individually shaped scaffolds” (Wurm et al., 2017). 


2.1.7.  Application of bioplastics: 


Packaging accounts for 53% of total bioplastics market (1,14 millons tonnes), as shown in figure 
5. Packaging can be divided into two main categories: rigid and flexible. As the names indicate, 
rigid packaging are for such products that require properties of durability, strength and resistance, 
since the end products are mainly consumer goods of more than one use.  



(32)Figure 5: Application of biopolymers in 2019 


Source:  European  Bioplastics,  nova-Institute  (2018).  Retrieved  from:  https://european-
 bioplastics.org/market/  


Among  these  products  there  are  cosmetics  like  lipsticks,  body  lotions  and  creams  in  the  food 
 industry is used for bottles of ketchup, mugs, cups, trays due to its characteristics of preserver of 
 hygiene and safety for consumers (non-toxic materials). Agriculture and horticulture have received 
 the benefits of sustainable materials with an environmentally friendly life end: mulching films are, 
 probably,  the  biggest  example  of  utilization  of  bio-based  polymers.  Mulching  films  and  its 
 characteristics are defined by BASF (2020) as products “used to modify soil temperature, limit 
 weed growth, prevent moisture loss, and improve crop yield as well as precocity” and this means 
 that a mulch film is a protect used in intensive agriculture that provides the crops with a shield that 
 enhances the production and later harvest of the crops. As the films are biodegradable, farmers 
 don’t  need  to  worry  about  their  toxicity  or  long-lasting  degradability,  so  it  is  a  great  tool  for 
 certified products, especially those meant to be exported and with the imperative need to comply 
 with international rules and specifications of production.  


Other major uses of bioplastics in agriculture include pot for plants, in small or larger scale, i.e. for 
 hobby gardeners or for big farmers; everything can be composted after the herbs, fruits, vegetables 
 in general are being harvested. 


Consumer  electronics  also  represents  an  important  sector  to  market  bioplastics,  as  already 
mentioned, PLA polymers have the possibility and the suitable to be extruded by converters into 



(33)durable-rigid  plastics,  what  makes  them  a  good  fit  for  consumer  goods  and  its  appliances.  For 
 instance, cases for cellphones and computers, speakers, keyboard pieces or mouse and microphones 
 are some of the most uses for PLA plastics. Automotive industry and its appliances also account 
 for a considerable share of the increasing trend of use of bio-based materials. It’s just a matter of 
 time and more research and development for bioplastics to be able to fully compete with petroleum-
 based options (European Bioplastics, 2009). 


Flexible  packaging  are  all  those  that  “according  to  the  Flexible  Packaging  Association  are  any 
 package or any part of a package whose shape can be readily changed” (Glenroy, 2020). They are 
 greatly  used  in  food  industry  for  human  consumption  as  well  for  animal  consumption  and  can 
 basically packed every product that needs to be preserved and stored for long periods of time. The 
 main particularity in this case is that one the products are used they will be discarded what makes 
 them be a non-durable good, a very important target in the elimination of plastic waste and its later 
 consequences in the environment. 


2.1.8.  Markets drivers  


Market  drivers  are  mainly  the  increasing  necessity  of  more  sustainable  materials,  practices  in 
 manufacturing.  This  is  especially  driven  by  the  tendency  of  consumers  of  consuming  more 
 environmentally  friendly  products,  due  to  this,  brands  are  increasing  their  social  responsibility 
 practices by adding to their portfolio bio-based products. 


Bioplastics have increased their functionality and fossil fuel-based plastics are a general concern. 


These  concerns  are  being  addressed  by  bioplastics  industry:  reducing  the  carbon  footprint  and 
providing a better end-life and enhancing the circular economy. There are many factors influencing 
the  decision  for  manufacturers,  converters  and  end-users  of  shifting  to  bio-based  plastics,  the 
biggest association of Europe for bio-plastics members, aiming to contribute to a regulatory and 
economic  framework  within  in  Europe  for  developing  of  the  market,  spotted  critical  factors 
embedded in the main market drivers that can be synthetized in employment growth with a special 
characteristic of a big amount of high-skilled jobs; the reduction of carbon dioxide emissions Vs 
the existing rate of carbon footprint left by petroleum-based polymers manufacturing; biomass used 
in bioplastics manufacturing are renewable and widely available (European Bioplastics, 2020). 



(34)Other important factors influencing in the increasing supply-demand of bioplastics in Europe is the 
 rising political support, for instance, the European Commission through its initiative of European 
 Innovation  Council,  a  pilot  to  support  top-class  innovators,  as  well  as  entrepreneurs,  small 
 companies  and  all  key  players  in  this  industry  that  require  funding,  networking,  consulting 
 (European Commission, 2020) have provided throughout 2019 and 2020 and amount of €2 billion 
 to cover the “innovation chain” – small companies and startups with innovative practices working 
 on  projects  that  need  to  be  scaled  up.  These  companies  could  obtain  a  total  funding  up  to  €15 
 million (Bioplastics news, 2019). No doubt this measures boost competitivity and innovation, as 
 well  as  the  exposure  of  new  ideas  and  projects  to  investors.  Other  type  of  initiatives  at  a 
 governmental  institution  level  is  the  European  Technology  Platforms  (ETP)  by  the  European 
 parliament which aims to “without dedicating funding, to the coordination and advisory structures, 
 helping to define the topics of research programs at European, national regional level” (European 
 Parliament, 2017) and the initiative Horizon Europe operation from 2021 to 2027, a programme 
 that will dispose of ~ €100 billion in research and innovation in fields like adaptation to climate 
 change, cancer, climate-neutral and smart cities, healthy oceans, seas and inland waters, and soil 
 health and food (European Commission, 2020), major areas to be addressed from the industry of 
 bioplastics in general. 


Moreover, a very important topic within every industry is the certification of the products. For this, 
 the  European  Standards  has  developed  a  common  label  for  Europe  upon  agreement  of  various 
 members  of  associations  to  certify  and  label  compostable  products.  The  EN  14995  standard 


“specifies requirements and procedures to determine the compostability or anaerobic treatability 
of plastic materials by addressing four characteristics: I) biodegradability, II) disintegration during 
biological treatment, III) effect on the biological treatment process and IV) effect on the quality of 
the  resulting  compost”  (European  Standards,  2006).  This  can  represent  a  burden  as  well  a 
supportive  tool  for  manufacturers  and  converters  in  general.  It  is  a  difficult  process  to  get  the 
certification  which  naturally  segregates  small  producers,  or  at  least,  limits  them  to  get  big 
investments to develop the necessary technology to be certified; but at the same time it is a great 
marketing tool to have a label certifying compostability of a product.  



(35)The above triggers the main consumer behavior that determines a fundamental driver: consumers 
 in Europe tend to be influenced to buy products that are proven to cause a small/zero impact on the 
 environment (European Bioplastics, 2020). Companies nowadays want to adopt such practices that 
 lead  them  to  be  certified  as  environmentally  friendly  to  be  able  to  compass  the  market  share 
 determined by a more conscientious buyer. Many big companies are joining this movement and 
 have shifted their production to more sustainable raw materials, which creates a big possibility of 
 market penetration for biopolymers manufacturers to supply such big brands.  


It is important to remark a very important trend among bio-based polymers: medical application. 


“Biodegradable polymers have been at the forefront of research for biomedical applications in the 
 last 50 years. The advancements have been seen in the areas of using biodegradable polymers as 
 delivery vehicles for controlled drug release, and development of therapeutic devices, including 
 implants  and  three-dimensional  scaffolds  for  tissue  engineering”  (Narancic  et  al.,  2020).  The 
 above-mentioned  applications  are  much  needed  by  the  medical  industry,  it  represents  a  way  to 
 improve  the  way  treatments  work  in  a  human  body.  For  instance,  tissue  engineering,  a  way  to 
 replace biological tissues for individual who are going through reconstructive surgeries and need 
 to replace those inexistent/damaged tissues, is a field where biopolymers can be used since the 
 immunogenic  reaction  in  the  host  body  shows  a  better  response,  this  is  due  to  features  of 
 biopolymers such as non-toxicity, biocompatibility and ease of use in the application itself, making 
 bio-based materials a great alternative for medical procedures that need to replace human tissue 
 (Narancic et al., 2020). The availability of many types of PLA is huge, the main raw materials are 
 starch of crops that are cheap and easy to collect: corn, sugarcane, industrial waste food and so on.  


Another use among medical industry are implants,  as well for the good biocompatibility and for 
the  high  rates  of  host  response,  bioplastics  are  fasting  growing  area,  in  addition  to  the  already 
mentioned benefits, bio-based implants have the possibility of gradual dissolution or absorption by 
the  body,  (Jain,  2014)  which  for  joint  replacements,  bones  fractures,  lessons  in  tendons  and 
ligaments represent not only a good alternative but a superior performance versus other materials 
used in body implants such as stainless steel, titanium, nickel-titanium, iridium or tantalum. 



(36)2.1.9.  Global analysis 


Asia, Europe and North America are the biggest producers. With 45% of the production capacity, 
 Asia stands as the leader region in terms of number of biopolymers manufactured and products 
 converted.  Followed  by  Europe  and  then  North  America  (United  States,  Mexico  and  Canada). 


According to Bio Based Europe (2019) the projection for the year 2024 shows that the tendency is 
 that Asia and Europe will increase in production size and North America will decrease it as well 
 as in South America, with an estimate going from 18% to 16% and 10% to 9%, respectively. 


Important to remark is the projection given to Europe with the highest nominal grow estimated: 


from 26% to 31%, which shows that all the efforts and policies aiming to enhance the industry may 
 have a good impact on its size and its grow.  


Figure 6: Global production of bio-based polymers by region 2019 and forecast 2024 


Snapshot  source:  Nova  Institute  (2019)  Retrieved  from:  http://bio-
 based.eu/download/?did=208823&file=0  


The United States are the largest producers of corn in the world, and corn is the main source to 
 extract starch nowadays. According to the organization Iowa Corn, in 2017 15.1 billion bushels 
 were  grown  from  which  1420  million  bushels  were  used  for  the  extraction  of  starch  and  other 
 alcohol and syrups (Iowa Corn, 2018).  


On the other hand, China and other markets in Asia, are having a very intensive production of bio-
based  products,  but  some  will  disagree  with  the  bioplastics  production  as  a  way  to  reduce 



(37)environmental impacts, because in Asia might not be as sustainable as it is in other location (and 
 maybe there lies its profitability). One of the main raw materials to produce bioplastics in Asia is 
 the palm oil, well known for the deforestation done in forests in south-east Asia to allow industrials 
 to grow palm trees which has caused the loss of the orangutan’s natural habitat, this leading them 
 to be  critically endangered species. Not to mention the inherent greenhouse gas emissions naturally 
 linked to the extraction and processing of raw materials. 


Biorefineries in Europe are having an increasing popularity, many companies are deciding to go 
 into joint-venture to gather efforts, knowledge and capital to boost the production of bioplastics in 
 Europe, Nova Institute (2019) spotted the regions with the highest concentration of biorefineries, 
 and the share of such production plants in Central Europe adds up to the promising overview given 
 to Europe. As shown in Figure 7 Germany is the leader in terms number of refineries, especially in 
 the field of biodiesel and oleo chemistry. Important to highlight the participation of countries like 
 Czech Republic, Slovakia, Poland, Hungary and small measure Switzerland where sugar/starch-
 based refineries (the main source of PLA) are having presence. One more reason to add to the 
 forecasted increase of the European market. 


Figure 7: Biorefineries in Europe 


Snapshot  source:  Nova  Institute  (2019)  Retrieved  from:  http://bio-
based.eu/download/?did=208823&file=0 



(38)It is important to differentiate between the refining of the biomass and the extraction of the biomass 
 itself, for the case of sugar/starch-based refineries, the raw material used (biomass) comes from 
 corn, sugarcane crops, or starch extracted from avocado pits. None of these 3 raw materials are 
 harvested in European territory. Whereas that in countries such as Mexico, Brazil, United States, 
 India, China, Colombia, or Thailand, represent the biggest share of crops according to the Food 
 and  Agriculture  Organization  –  FAO  –  of  the  United  Nations  (2018).  This  represents  the 
 importance  of  European  producers  to  have  links  with  countries  where  the  biomass  is  easily 
 produced in order to enhance the supply chain in its very first step.  


2.2. Supply chain of a bioplastics manufacturing company. 


From  all  the  research  done  so  far,  it  is  possible  to  determine  key  players  in  the  supply  chain. 


Excluding logistics of sea and road transportation or storage, but focusing in product development, 
 marketing, operations distribution and customer service, the required subsidiaries – understanding 
 this whole supply chain as part of one holding group – include: 


2.2.1.  Feedstock supplier: can be 1st, 2nd and 3rd generation. The difference resides in which 
 stage of production the feedstock (biomass) is extracted from. For instance, all first-
 generation feedstocks are crops which main object is human or animal consumption. 


These are the most used feedstock because their production is more efficient, less land 
used to produce more biomass than in comparison with other feedstocks. These crops 
include sugarcane, corn, wheat, potato, sugar beet, rice or plant oils. And as it can be 
inferred, the main issue with this type of biomass is the contradiction of incurring in 
new technologies and means of production to reduce environmental bad impact but still 
causing harm to some parts of the society by utilizing food resources while in some 
regions there is a food shortage issue affecting lives of millions. The second-generation 
feedstocks seem to be an alternative to tackle issues related to the first one: these are 
crops not suitable either for animal or human consumption, they cannot be considered 
a source of food and therefore can be categorized in two types: non-food crops and 
waste  of  first-generation  feedstocks.  Examples  of  what  can  be  considered  second-
generation feedstocks are wood, palm fruit, grass, food industry waste such as avocado 
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