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PHA (Polyhydroxyalkanoates) bioplastics are a type of biodegradable polymer produced naturally by microorganisms through 

fermentation processes. These polymers are synthesized by bacteria as intracellular carbon and energy storage compounds, serving 

functions like those of conventional plastics but with the added benefit of being Recyclable, Compostable and Biodegradable under nearly 

all* environmental conditions.

Key characteristics of PHA bioplastics include:

1. Versatility: Beyond Plastic PHA bioplastics are engineered to have a wide range of properties, making them suitable for various 

applications, including single use packaging, cosmetic and nearly all standard applications to be a direct replacement for HDPE #2, 

LDPE #4, #5 PP.

3. Compatibility with Existing Infrastructure: PHA bioplastics can often be processed on conventional plastic manufacturing equipment 

with small modifications, making them easy to integrate into existing supply chains and manufacturing processes.

3. Renewable Sourcing: PHA are produced from renewable feedstocks, such as plant sugars, vegetable oils, or even waste streams 

from agricultural or industrial processes, including biogas such as Methane and CO2 thus reducing reliance on fossil fuels.

5. Reduced Environmental Impact: Compared to conventional plastics derived from petroleum-based sources, PHA bioplastics do not 

add plastic pollution to the environment. It requires less energy to process, lower melt temps. Some blends can be made naturally 

hydrophobic, drying is not critical

6. Natural Biodegradability: PHA bioplastics can be broken down by common microorganisms into carbon dioxide and water under a 

wide range of natural conditions, such as in composting environments or anaerobic digestion facilities and in the most sensitive of 

biomes! Our Oceans.
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Compostable

Biodegradable



What 

Can you 

Make 

with 

PHA?



• Launch Designs Requirements: Direct Replacement of a HDPE 38 MM Cap suited for a water brand10-2021

• 1st PHA Single Cavity Mold In test: 1st mold revision & 1st Material Revision01-2022

• 13 Custom Compound Revisions, 3 natural color trials, 6 mold design revisions2022 - Q2 2023

• 1st Commercial Filling-capping trials, completed at Unix Packaging in Montebello CA09-2023

• Stability, Sensory, Exposure, FCN testing, TUV-Marine6 Months

• Completed 16 cavity Injection Molding & CCM Equipment Delivery (Phase #2)12-2023



Technical 

Challenges

HDPE & PP caps are a commodity item, made and consumed by millions daily. 

Water product while being technically the easiest to fill, in comparison to a CSD 

or Hot Fill product. 

It is in fact the most sensitive to flavors and smells. 

Zero tolerance for any residuals or volatiles. Therefore, working with clean 

materials is a must.

Shrink Ratios are a variance of the PHA material blends, therefore needs to be 

measured with very high precision and tracked. 

CJ Bio Amorphous material while being a minor component in terms its average 

mass within the cap. Plays a key role in ensuring the performance of a plastic 

cap. 

The end goal is a PHA caps, to looks, feels, performance in every identical 

fashion as a regular cap. But with the added advantage of being compostable, 

and the safety net of being Marine Biodegradable.  

TUV Marine (Austria)– OWS Labs (Belgium) were used for final certification. 

Initial testing completed by Retired Prof Joseph Greene, author of Sustainable 

Plastics: Environmental Assessments of Biobased, Biodegradable, and Recycled 

Plastics. And former teacher at California State University, Chico.



Third Party
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Third Party
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Week 4
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Why 

Should

We 

Replace 

PP, LDPE 

and 

HDPE?

                                                          
                                                                                                                   
                                                                                              

                            
   

             

             

             

             

              
            
       
                
            
     

      

   

   

          
  

            

  

   

    

                                                                  

LDPE, HDPE, and PP collectively accounted for 39% of all plastic pollution since 1950. 

While their contribution has maintained a consistent rate, since 1990, the consumption and subsequent 

introduction into the environment have surged by 354%.

Combined, they represent 182 Millions Tons of Material and growing. 

Source: https://ourworldindata.org/plastic-pollution



Why a 

bottle Cap?

Major 

Contributor 

to Pollution

HDPE & PP caps are the 5th common plastic trash collected on US Shores. 

Globally, its 4th on the list. 

Source: 

The Ugly Journey of a plastic bottle cap 

Weight of Most Common Items Found in Global Oceans

Albatross Ate Plastic

Beaches Whales filled with Plastic

https://medium.com/@eva.gaspericc/the-ugly-journey-of-a-plastic-bottle-cap-c17ad1f7362e#:~:text=According%20to%20a%20report%20by,plastic%20dumped%20in%20the%20ocean.
https://www.statista.com/statistics/726724/weight-of-most-common-items-found-in-global-oceans/#:~:text=Number%20waste%20items%20found%20in%20oceans%20worldwide%202022%2C%20by%20type&text=Cigarette%20butts%20were%20the%20most,item%2C%20followed%20by%20food%20wrappers.
https://education.nationalgeographic.org/resource/ocean-trash-525-trillion-pieces-and-counting-big-questions-remain/
https://www.soest.hawaii.edu/soestwp/announce/news/the-alarming-trend-of-beached-whales-filled-with-plastic-explained/


First ever RCB PHA

bottle cap. 

https://www.plasticstoday.com/biopolymers/breakthrough-bottle-cap-made-from-bacteria-fermentation


Second Generation of RCB PHA

bottle cap. 

S10079 (Tech Long International) S371571

S28193
S21111

W4361



Other Projects
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