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Polymers are one of the most 

versatile materials that comprise 

the majority of commodity and 

industry products

Steadily increasing 

proportion of plastic 

waste ends up in landfills 

and leaks into oceans 

The Plastic Problem
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Radiation 
Processing

Ionizing radiation has the capability of 
altering the structure and properties of bulk 
materials in various forms and states, with 
little to no additional chemical reactants 
and at moderate conditions

ScissionCrosslinking/Branching Grafting
Improving processability, 

forming LMW products

Enhancing thermo-

mechanical properties

Imparting compatibility 

or functionalities

Oxidation
Improving miscibility, 

forming reactive points

2Keystone and Stumbling Blocks in the Use of Ionizing Radiation for Recycling Plastics (Horak et al., 2022)

Nuclear Technology
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3https://www.iaea.org/sites/default/files/21/05/nutec-plastics.pdf 6

◈ Technical cooperation 
projects

◈ Coordinated research 
projects

◈ Training courses

- Applied Radiation Technology 

as a Tool for Recycling of 

Polymer Waste

- Technical-Economic Feasibility 

Studies to Implement 

Radiation Technology for the 

Recycling of Polymer Waste



CRP: Recycling of Polymer Waste for Structural and 
Non-Structural Materials by using Ionizing Radiation (F23036)

The overall objective of this CRP is the applied research and development, 

demonstration, and scaling-up of feasibility studies to optimize the recycling 
of plastic waste by radiation technologies.

◈ To develop processes, techniques, protocols for radiation recycling of plastic wastes for 
structural and non-structural applications

◈ To investigate key factors behind scientific challenges in radiation recycling, such as 
structural and functional parameters

◈ To optimize the radiation process parameters considering synergistic effects when 
radiation technologies are combined with other conventional treatments, to achieve 
efficient degradation or repurposing effects on the plastic wastes

◈ To endeavour in transfer of research results to end-users;

◈ To establish and develop the network of collaboration in the field of radiation-recycling
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CRP: Recycling of Polymer Waste for Structural and 
Non-Structural Materials by using Ionizing Radiation (F23036)
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CRP: Recycling of Polymer Waste for Structural and 
Non-Structural Materials by using Ionizing Radiation (F23036)
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Strategic implementation of radiation-
supported recycling initiatives while tailoring 
processes to specific country needs

◈ Polymer waste type and source

◈ Target product / industry

◈ Available resources

◈ Technology fit

Proposal 

X
Proposal 

Y

PC

PP

LDPE

HDPE

rubbe

r

PS

Opportunity for close 

collaboration 



Team Coordination
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ScissionCrosslinking/Branching GraftingOxidation



Scission

Crosslinking/Branching

GraftingOxidation

4First Research Coordination Meeting of the IAEA Coordinate Research Project (F23036) Report, March 2021

Team Coordination
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Radiation degradation for the production of 

value-added low molecular weight products

Radiation crosslinking for reuse or 

repurposing into high value products 

Radiation compatibilization and 

grafting for property improvement 

and special applications



4First Research Coordination Meeting of the IAEA Coordinate Research Project (F23036) Report, March 2021

Resource Sharing
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◈ Full contact information

◈ List of irradiators

◈ List of processing equipment

◈ List of analytical equipment

Collaboration Table



5What are Technology Readiness Levels (TRL)? - TWI (twi-global.com)

Harmonized research approach
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Pre-characterization of 

polymer waste source

Study on the 

effect of radiation 

parameters

Functional testing

https://www.twi-global.com/technical-knowledge/faqs/technology-readiness-levels


Contract No. 24423

Radiation Processing Intervention in the 

Recycling of Post-Consumer Plastics for the 
Development of High-Performance Products

Chief Scientific Investigator: Bin Jeremiah D. Barba

Implementing Agency: DOST-Philippine Nuclear Research Institute

Collaborating Agencies: DOST-Industrial Technology Development Institute

Envirotech Waste Recycling Inc.

National Institutes for Quantum Science and Technology (QST)

Duration (Current): July 2021 – 2025
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low collected-for-recycling (CFR) rates

PROBLEM

1.1 MT 
plastic waste

790 M
annual loss

28 %
recycled

No sustainable and economic product 

= no demand for recycling

Source: World Bank Group (2021)

Integrable recycling technology that can improve 

the thermomechanical properties plastic waste to 

enable UPcycling into useful high value products

NEED

irradiation

plastic 

scraps

fillers PREx pellets

extrusion

Radiation

Formation of radicals, 

oxidative species,

crosslinks and grafting

Extrusion

Supports the reactive species 

in enhancing miscibility and/or 

inducing crosslinks

Waste Product

PROPOSED SOLUTIONThe Philippine Context

CONVENTIONAL PROCESS



Philippine-based recycling company, 

whose mission is to minimize local plastic 

waste by utilizing them to generate 

useful commodities such as:

• School chairs and tables

• Park benches

• Pots

• Lumber

• Planks
• Pallets

6https://envirotech.com.ph/

Strong industry support
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Collection

Melt Mixing

Extrusion

Molding Product*

*limited quality

Sorting



12

14

16

18

20

22

Base

Highlights

0

5

10

15

20

25

30

0 5 10 15
Fo

rc
e

 , 
N

Strain, mm

mixed municipal waste
◈ HDPE

◈ PP

◈ L/LDPE

◈ MLP

S
tr

e
n

g
th

, M
P
a

Base

Flexural Strength

TRL 3 – Experimental Proof of Concept 

Base properties and characterization of raw materials
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Optimizing dose and processing effects of PREx
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25–37% increase in

Flexural Strength
*vs 4% increase for prist ine fibers
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TRL 3 – Experimental Proof of Concept 

Optimizing radiation / grafting parameters of fiber reinforcement
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Economic Feasibility
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ITEMS Cost (€)

CAPEX
- 2 MeV EB Accelerator

- Processing equipment

2,111,162.00

1,681,651.00

429,511.00

PRODUCTION COSTS 
(@ 60% capacity, ~4,603 TPY)

- Operation/Inputs

- Labor

3,808,166.00

1,952,131.00

174,384.00

REVENUE 
(with 40% post-processing loss) 

@ € 1300/ton

4,143,053.00

NET INCOME (Year 1) after 

production, labor, investment 

costs

(217,520.00)

NET INCOME (Year 2) after 

production, labor costs

1,833,182.00

B/C = 1.67

New Facility Plan



Potential Project Benefits

TECHNICAL 

BENEFITS

ECONOMIC 

BENEFITS

ECOLOGICAL 

BENEFITS

A 15–40% increase in 
mechanical properties 

with one additional step 
to the current set-up

An estimated 1.67 EUR of 
economic benefits could 
be generated per 1 EUR 

costs and a return of 
investment in 2 years7

Diversion of plastic waste 
especially hard-to-recycle 

plastics along with the 
reuse of carbon-rich 

resources

8Based on preliminary estimates using a model process from experimental data and Envirotech inputs; not including savings from environmental costs 21



Securing Local Project Funding
Funding Agency: DOST-PCIEERD

Project Title: "Post-radiation Reactive Extrusion of Plastic Waste (PREx Plastic)" 

Ceremonial Signing of Memorandum of Agreement for Approved National Project and 

between Collaborating Agencies

22



Information Dissemination 
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ADB Innovation Fair
5 October 2022

37th Philippine 
Chemistry Congress

26-28 July 2023



The next steps . . .
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Thank You
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