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Processing PHA for Extrusion Blow Molding 
Cont ainers: Applicat ions, Challenges, and Guidelines 
1. Introduction: What are PHAs? 
Polyhydroxyalkanoat es (PHAs) are a class of 
nat urally occurring polymers produced by bact eria 
as an energy st orage mechanism. Unlike 
t radit ional ext rusion blow molding mat erials  such 
as LDPE, HDPE, and ot her convent ional plast ics 
t hat  are synt het ically engineered, PHA was 
discovered rat her t han invent ed. First  ident ified in 
t he 1920s by French biologist  Maurice Lemoigne, 
PHA is  synt hesized when bact eria met abolize 
biomass sources, including agricult ural byproduct s 
and greenhouse gases such as met hane and CO₂. 

This biological origin makes PHA fundament ally 
different  from pet rochemical plast ics. Inst ead of 
requiring complex chemical cat alyst s, PHAs are 
nat urally produced and t hen ext ract ed from microbial cells . When exposed t o microbial act ivit y in 
soil, freshwat er, or marine environment s, PHAs biodegrade readily wit hout  leaving persist ent  
microplast ics or t oxic residues. They are biodegradable, biocompat ible, and non-ecot oxic, making 
t hem highly promising for sust ainable manufact uring. 

PHAs are also recyclable, a crucial feat ure for processes like ext rusion blow molding (EBM), which 
generat es t ailings and scrap t hat  must  be reint roduced int o product ion. However, PHAs do not  
current ly fit  wit hin exist ing recycling st reams 
and are oft en cat egorized as “Ot her” (#7) 
plast ics. This means t hat  at  end-of-life, t hey 
are more likely t o be landfilled or incinerat ed, 
similar t o convent ional plast ics. PHAs are 
compost able in a variet y of condit ions, t hough 
not  widely accept ed int o commercial 
compost ing infrast ruct ure due t o a lack of 
economic incent ive and circularit y. 

Despit e t hese challenges, PHAs provide one 
unique end-of-life benefit : if mismanaged or 
lit t ered, t hey do not  worsen t he global plast ic 
pollut ion crisis . Unlike pet rochemical plast ics, 
PHAs biodegrade nat urally, ret urning safely t o t he environment .  

 

Real PHA inside bacteria ready for harvest 

PHAtty the Happy Bacteria 
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2. Defining the Blow Molding Process and Applications 
Blow molding is used to manufacture hollow plastic containers through several processes. 
Inject ion St ret ch Blow Molding (ISBM), commonly used for PET bot t les, is  not  current ly suit able for 
PHAs due t o t heir low glass t ransit ion t emperat ure (Tg: –10 °C t o 5 °C). While s ingle-st ep ISBM 
may one day be feasible , it  has not  been commercialized. 

This art icle focuses on Ext rusion Blow Molding (EBM), a versat ile process compat ible wit h PHAs. 
EBM plat forms include shut t le syst ems, reciprocat ing screw machines, accumulat ion head 
syst ems, and Graham Wheel machines. In EBM, molt en plast ic is  ext ruded int o a hollow t ube 
(parison), which is  t hen enclosed in a mold and expanded wit h compressed air t o form t he 
cont ainer. This process nat urally produces t ailings, requiring polymers t hat  can be reground and 
reprocessed, an area where PHAs are suit able. 

EBM is  slower t han ISBM in t erms of product ion cadence, but  it  requires lower capit al invest ment  
and provides great er flexibilit y in wall t hickness and mat erial select ion. For t hose seeking deeper 
process details, Ottmar Brandau’s : Extrusion Blow Molding, A Practical and Comprehensive 
Guidebook remains the most authoritative resource on EBM.   

http://www.blowmolding.org/Extrusion_Blow_Molding_Book.html  

Applications of EBM 
EBM is widely used across several industries:  

• Aut omot ive: Windshield washer fluid cont ainers, lubricant s, addit ives cont ainers. 
• Cosmet ics: Shampoo, lot ion, nail polish remover bot t les. 
• Food & Beverage: Milk, dairy, and prot ein drink cont ainers, oft en requiring mult i-layer 

barrier t echnologies  t o prevent  oxygen ingress and CO₂ loss . 

While mult ilayer EBM packaging offers barrier performance, it  is  effect ively unrecyclable, as 
separat ing layers is  impract ical and offers no economic value. 

3. Best  Suggest ed Applicat ions for PHA EBM Cont ainers 
The most  promising near-t erm applicat ion for PHA cont ainers is  t he cosmet ics indust ry, a 
mult ibillion-dollar sect or wit h recycling rat es below 9%(1) . In realit y, almost  none of t his packaging 
is  successfully recycled. Convert ing shampoo, condit ioner, lot ion, and mout hwash bot t les int o 
biodegradable PHA cont ainers  offers a clear sust ainabilit y advant age, part icularly when 
mismanaged packaging ends up in t he environment . 

Cosmet ics packaging is  also less demanding in t erms of barrier and performance requirement s 
compared t o food or aut omot ive applicat ions, making it  an excellent  ent ry market  for PHA 
cont ainers. 

 

http://www.blowmolding.org/Extrusion_Blow_Molding_Book.html
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Conversely, aut omot ive applicat ions are not  ideal due t o t he risks of leakage of hazardous fluids 
and t he irony of packaging pet rochemical product s in biopolymers. 

4. Food & Beverage Applicat ions 
While at t ract ive for market ing, PHA is not  a  st rong fit  for mainst ream beverage packaging. PET 
remains superior due t o it s  recyclabilit y and performance. Mult ilayer dairy applicat ions are 
unsuit able due t o recyclabilit y concerns. 

A key limit at ion of PHA lies in it s  organic nat ure and product ion met hod. PHAs are made via 
bact erial ferment at ion of biomass sources (e.g., sugars, oils , agricult ural wast e, even sewage 
solids). Aft er ext ract ion and purificat ion, residual odors oft en remain, somet imes st rongly 
reminiscent  of t he feedst ock (e.g., Post  Indust rial cooking oils  can impart  a “French fry” smell). 
This poses sensory challenges for sensit ive product s like drinking wat er. 

Moreover, PHAs are ideal bact erial subst rat es. In wet  environment s cont aining nut rient s (juices, 
dairy, et c.), PHA bot t les  risk becoming “pet ri dishes” if 
not  st erilized properly. To mit igat e t his, asept ic or hot -
fill met hods must  be considered, severely limit ing 
pot ent ial beverage applicat ions.  

Finally, t here are already approved mat erials  t hat  are 
highly recyclable for t hese applicat ions. Specifically, PET 
and HDPE (Clear), bot h are now prot ect ed in California 
SB54(2) mandat e as  t o ensure t hey cont inue t o support  
t he ever increase rat e of recycling (Whish is  a good 
t hing). 

 

 

 

 

Int roducing a PHA beverage cont ainer, while being a very disrupt ive market ing play, would also be 
seen as a cont aminant  for t he PET and HDPE recycling indust ry. And we cannot  make t he claim 
t hat  t hese PHA cont ainers will have t heir proper EOL in t he compost ing world, as t hey can’t  t ell t he 
difference bet ween PLA, PHA, or just  an off-whit e LDPE or HDPE cont ainer.  

As opposed t o popular beliefs in t he biopolymer indust ry, compost ers are not  plast ic expert s .  

 

 PHA Water Bottle with substantial mold growth 
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5. Processing Challenges 
Consumer Expect at ions 
Replacement  packaging must  perform ident ically t o t he plast ic it  replaces. Consumers may pay 
more for biodegradable packaging, but  t hey expect  consist ent  funct ionalit y. Poor performance as 
seen in t he “paper st raw fiasco” or a flaccid Salad PHA Fork damages consumer t rust  and brand 
credibilit y. 

Mat erial Sensit ivit y 
PHAs are shear- and heat -sensit ive. Excess shear generat es heat  (similar t o rubbing hands 
t oget her), leading t o degradat ion. Residence t ime t he durat ion mat erial spends above it s  
soft ening point  (~120 °C) must  be minimized. Product ion st ops can quickly degrade PHAs, 
requiring operat ors t o cont inuously purge or maint ain low screw speeds. 

Visual indicat ors  of overheat ing: 
• Normal: Slight ly opaque finish. 
• Warning: Pearlescent  sheen (approaching t hermal limit ). 
• Crit ical: Loss of melt  st rengt h, liquefact ion, off-gassing. 

Thermal Management  St rat egies 
• Pre-heat ing pellet s  at  70 °C for 3–4 hours reduces t hermal shock. 
• Operat e at  t he lowest  possible ext ruder t emperat ures t o avoid degradat ion. 
• Use purge compounds (e.g., LLDPE) for t ransit ion bet ween mat erials , not  excess heat . 

6. Cryst allizat ion and Tg Propert ies 
PHAs have a low Tg (–10 °C t o 5 °C), enabling biodegradabilit y by allowing bact erial hydrolysis in 
nat ural environment s. This cont rast s  wit h PLA, which has a high Tg (~60 °C) and requires indust rial 
compost ing (ASTM 6400) at  58 °C, condit ions rarely found in nat ure. 

Key Implicat ions of Low Tg: 

• PHA product s cont inue cryst allizing for 48–72 hours post -molding, affect ing performance 
t est s . 

• Accelerat ed cryst allizat ion can be achieved by incubat ing part s  at  70 °C for 4–12 hours. 
• Final cryst allinit y depends on compounding, not  mold cooling rat es. 

PHA cannot  be processed effect ively in 1-st ep ISBM syst ems, as preforms cryst allize during 
st orage. 2-st ep ISBM may be t heoret ically possible but  remains unproven. 

 

 



 

 

ECOGENESIS BIOMATERIALS LLC 2025 OCTOBER 2025, REV1.0 

 

 

Mold Cooling Recommendat ions: 

• Use hot  wat er (55–70 °C) inst ead of cold wat er for mold surfaces. 
• Maint ain cont act  surface t emps at  60 °C+ t o induce cryst allizat ion and rigidit y. 
• For large-scale IBM, heat ed-air t unnels at  55–70 °C can st abilize part s  post -eject ion. 

7. Operator Cheat  Sheet  (Quick Reference) 

�� Heat  & Shear 

• St art  low, build up: Always run at  t he lowest  t emp t hat  fully melt s  pellet s . 
• Wat ch for pearlescence: If surface t urns pearly, mat erial is  overheat ing. 
• Never st op “cold”: During downt ime, keep screw t urning slowly or purge. 

🌡🌡 Pre-Heat ing 

• Use dryer as  pre-heat er: 70 °C for 3–4 hrs  before feeding. 
• Do NOT exceed 70 °C: Pellet s  can clump and block flow. 

� Mold Cooling 

• No cold wat er: Run hot  wat er (55–70 °C) at  t he mold surface. 
• Target  range: 60 °C is  a good baseline; adjust  up if part s  st ick or deform. 
• Large-scale t ip: Use heat ed-air t unnels (55–70 °C) on t akeout  conveyors. 

�������� Cryst allizat ion 

• Allow for “post -cryst allizat ion”: Part s  cont inue hardening up t o 48–72 hrs. 
• Speed it  up: Incubat e molded part s  at  70 °C for 4–12 hrs. 
• Always drop-t est : Use proper wat er t emp during QA — no skipping. 

��� Troubleshoot ing Quick Signs 

• Opaque = good 
• Pearly/ shiny = overheat ing 
• St icky/ easy deformat ion = under-cryst allized 
• Ext ensive shrinkage = Mold was cut  incorrect ly 
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8. Conclusion 
PHAs present  bot h opport unit y and challenge for ext rusion blow molding. Their ecological 
advant ages, biodegradabilit y, non-t oxicit y, and safet y against  plast ic pollut ion. Posit ion t hem as a 
leading candidat e for sust ainable packaging. However, t heir processing sensit ivit y, cryst allizat ion 
behavior, and incompat ibilit y wit h cert ain applicat ions (not ably beverages and aut omot ive fluids) 
require careful considerat ion and planning. 

The best  immediat e applicat ions lie in cosmet ic and personal care packaging, where performance 
demands align well wit h PHA’s propert ies and t he sust ainabilit y benefit s  can be fully leveraged. 

Successful adopt ion will depend on: 

• Careful mat erial compounding. 
• Operat or t raining for t hermal and shear management . 
• Realist ic expect at ions about  recycling, compost ing, and performance. 

In short , PHAs are not  a “silver bullet ,” but  t hey are a meaningful st ep t oward reducing plast ic’s 
environment al burden. They offer somet hing pet rochemical plast ics never can: t he abilit y t o safely 
disappear when mismanaged. This qualit y alone makes t hem a vit al mat erial for t he fut ure of 
packaging. 

Source:  

(1) Terra Cycle Leading Recycle Beaty Product: 
https://www.terracycle.com 
 

(2) CALRecycle Covered Material Categories 
https://calrecycle.ca.gov/packaging/packaging-epr/cmclist/ 
 

 

 

 

 

 

 

 

This document is the intellectual property of ecogenesis biopolymers llc. Sharing, distributing, reproducing, or 
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