
Based on the research paper describing Cyclo.Plas 2, a dual-focus bioplastic material produced

from fish scale waste, I have conducted a comprehensive analysis of production costs and total

life cycle carbon footprints compared to conventional plastics. The findings reveal critical

insights about the environmental trade-offs of biodegradable materials.

Fish Scale Bioplastic Costs at Scale

The CP2 system produces two distinct materials from fish scale waste components:

CP2-Composite (PLA/Hydroxyapatite blend for rigid applications):

CP2-Thin Film (Collagen/Chitosan blend for flexible packaging):

Conventional Plastic Costs for Comparison:

The fish scale bioplastics remain substantially more expensive than conventional plastics even at

scale, primarily due to expensive specialty ingredients (hydroxyapatite and chitosan) and limited

production infrastructure. The original Cyclo.Plas achieved $3.03/kg with 93% processing yield,

demonstrating that fish scale collagen extraction is competitive, but the enhanced CP2

formulations with additives increase costs significantly.

Analysis of Fish Scale Bioplastic: Costs and Carbon Footprint

Production Cost Analysis

Current estimated cost: $5.17/kg (4.5× more expensive than LDPE)

Material breakdown: 82% recycled PLA ($1.92/kg), 9% hydroxyapatite from fish scales

($2.27/kg), 9% stearic acid compatibilizer ($0.11/kg)

At large scale (>1,000 tons/year): $3.36-3.88/kg with economies of scale

Primary cost driver: Hydroxyapatite extraction and processing ($25/kg bulk price) [1] [2] [3]

[4]

Current estimated cost: $10.70/kg (9.4× more expensive than LDPE)

Material breakdown: 90% fish scale collagen ($2.73/kg), 10% chitosan ($5.50/kg)

At large scale: $7.49-8.56/kg

Primary cost driver: Chitosan ($55/kg bulk) [5] [6] [7]

LDPE (polyethylene bags): $1.14/kg [8]

HDPE (polyethylene bottles): $1.23/kg [9]

PLA (polylactic acid): $2.35/kg [2] [10]

[1]



The carbon footprint analysis reveals a counterintuitive and critical finding: biodegradable fish

scale plastics have dramatically different climate impacts depending on disposal method.

Production Phase Emissions:

Fish scale bioplastics have lower production emissions than conventional plastics:

The lower production footprint stems from using waste-derived materials (fish scales) and

recycled PLA, which avoid the fossil fuel extraction and petrochemical processing required for

conventional plastics.

End-of-Life Phase: The Critical Difference

This is where the analysis becomes crucial and challenges common assumptions about

"biodegradable" benefits.

Scenario 1: Landfill Disposal (Current Reality for Most Waste)

Conventional LDPE in landfills:

Fish scale bioplastics in landfills:

Total Life Cycle (Landfill Disposal):

Result: Fish scale bioplastics are 692% WORSE for climate when landfilled due to methane

emissions from anaerobic biodegradation.

Total Life Cycle Carbon Footprint Analysis

CP2-Composite production: 0.72 kg CO2-eq/kg

CP2-Thin Film production: 1.01 kg CO2-eq/kg

Conventional LDPE production: 1.90 kg CO2-eq/kg [11] [12] [13]

[14] [15]

Remains chemically stable for 500+ years [16] [17]

Essentially zero end-of-life emissions (0.00 kg CO2-eq/kg)

Acts as permanent carbon sequestration—the fossil carbon stays locked in solid form [18]

[19] [20]

Biodegrade anaerobically (without oxygen) within 5-8 weeks

Release 14.32 kg CO2-eq/kg in greenhouse gases [21] [22] [13]

35% of carbon released as methane (CH4) with 30× the global warming potential of

CO2

65% released as CO2

Only 35% of U.S. landfills capture methane for energy use [23] [24]

Conventional LDPE: 1.90 kg CO2-eq/kg

CP2-Composite: 15.04 kg CO2-eq/kg

CP2-Thin Film: 15.33 kg CO2-eq/kg

[22] [21] [23]



Scenario 2: Industrial Composting (Ideal but Limited Infrastructure)

When properly composted in aerobic (oxygen-present) conditions:

Total Life Cycle (Composting):

Result: Fish scale bioplastics are 125% BETTER than conventional plastics when properly

composted.

1. Infrastructure Dependency

The environmental benefit of fish scale bioplastics is entirely dependent on composting

infrastructure availability. Without access to industrial composting:

2. The "Biodegradable" Paradox

Research confirms that biodegradable products can be environmentally harmful when landfilled.

As NC State University environmental engineering professor Morton Barlaz notes:

"biodegradable products are not necessarily more environmentally friendly when disposed in

landfills". The anaerobic conditions in landfills convert organic matter to methane, a potent

greenhouse gas that largely escapes to the atmosphere.

3. Economic Viability Challenges

At current production scales, fish scale bioplastics cost 4.5-9.4× more than conventional LDPE.

Even with large-scale production:

Minimal methane production

CO2 released is biogenic (recently captured from atmosphere through food chain)

Net carbon benefit through soil enrichment

End-of-life impact: -1.20 kg CO2-eq/kg (negative = carbon benefit)

CP2-Composite: -0.48 kg CO2-eq/kg (carbon negative!)

CP2-Thin Film: -0.19 kg CO2-eq/kg

Conventional LDPE: Cannot be composted

[12] [25] [11]

Comparison Summary

Critical Findings and Implications

Biodegradable plastics generate significantly more greenhouse gases than conventional

plastics

The methane released has 30× higher global warming impact than CO2 [21] [22] [23]

Conventional plastics actually provide a carbon sequestration benefit by keeping fossil

carbon locked away [19] [18]

[26] [22] [23]

Still 3-3.4× more expensive than LDPE for composites

6.6-7.5× more expensive for thin films



Market viability requires either substantial cost reductions (60-70%), carbon pricing

mechanisms ($50-80/ton CO2-eq), regulatory mandates, or premium pricing for sustainable

products.

4. Composting Infrastructure Gap

The U.S. lacks widespread industrial composting infrastructure. Only a small percentage of

communities have access to facilities capable of processing compostable plastics. Unlike

conventional PLA requiring industrial facilities at 55-60°C, CP2 materials demonstrated home

compostability—a significant advantage—but home composting adoption remains limited.

5. Policy Implications

The analysis reveals that promoting biodegradable plastics without adequate composting

infrastructure actually worsens climate impact. Effective policy must:

Fish scale bioplastics represent an innovative use of waste materials with impressive mechanical

properties comparable to conventional plastics. The technology successfully addresses fish

processing waste (80 million tons annually) while creating biodegradable materials.

However, the complete life cycle analysis demonstrates that disposal infrastructure

determines environmental impact more than material biodegradability. When landfilled, fish

scale bioplastics generate 7-8× more greenhouse gas emissions than conventional plastics due

to methane release. The carbon benefit only materializes with proper aerobic composting, which

remains limited in availability.

From both cost and carbon perspectives, fish scale bioplastics are currently viable only in

contexts with:

The counterintuitive finding—that conventional plastics sequestering carbon in landfills may be

preferable to biodegradable plastics releasing methane—highlights the complexity of

sustainable materials transitions. True environmental benefit requires systems-level change:

40-65% more expensive than conventional PLA bioplastics

[11] [23]

[1]

Build composting capacity before promoting bioplastics

Require clear labeling distinguishing "compostable" from merely "biodegradable"

Account for methane emissions in lifecycle assessments

Provide subsidies for composting infrastructure, not just bioplastic production

Implement landfill fees for improperly disposed biodegradable materials

Conclusion

[1]

Guaranteed access to industrial or home composting facilities

Premium pricing tolerance (3-10× conventional plastic costs)

Regulatory requirements for compostability

Specific applications where properties justify cost premiums



biodegradable materials plus composting infrastructure plus proper waste stream separation.

Without this complete system, promoting "biodegradable" materials may inadvertently worsen

climate outcomes.

⁂
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