Economic performance of thermochemical recycling of
“mixed plastic waste: Open-loop vs closed loop
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| PLASTIC PACKAGING RECYCLING: OPEN VS “CLOSED LOOP”

Other waste fractions
Sorting and
pretreatment Y MPO

Recyclable
waste / .
Use, dispose
and Pyrolysis
collection
Polyefhylene( l H).’d" ocarbon
‘ mix

packaging

Polymerization and
manufacture
Eth /\ Steam Naphtha

Other light hydrocarbons /

/ Objective: \

Compare the economic
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PY R 0 LYS I S Polyolefin molecule (from 10000 to 100000 monomers)
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METHODOLOGY
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PROCESS FLOW DIAGRAM — CASE 1: NAPHTHA AND WAXES

Energy generation

i

Gas

Mixed Extrusion Cracking and

polyolefins

—_— Distillation Post-treatment

condensation

> ~ o / \ _______ Residues | — — — — — -/ \- _ 7
(gas, water
Energy ~ and solids) -
M LARRAIN &




PROCESS FLOW DIAGRAM — CASE 2: ONLY NAPHTHA
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MARKET STUDY: PRODUCT PRICE

* Normal distribution for every year price.
* Variance according to observed projection errors of past world energy
outlook estimations. More future = higher uncertainty, higher error.
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ECONOMIC ASSESSMENT: CAPITAL EXPENDITURE

Mid (most likely) value:
* Project design
* + 10% project
* +15% of contingency

Uncertainty analysis:
- Negatively skewed pert
distribution with uncertainty range
for TRL 6:
- Low -22.5%
- High +35%

Working capital: 15% of capex on
year 1 and -15% of capex on year

20.
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RESULTS — COMBINED MONTE-CARLO SIMULATION:

* General assumptions: Discount rate: 15%, Tax rate: 25%, evaluation period: 20 years.
Probabilistic variables: wax price, CAPEX, naphtha price, hydrogen price and feedstock

price.
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Main message: open loop outranks closed loop recycling.

MLARRAIN 9 U-



SENSITIVITY ANALYSIS: ONE-AT-THE-TIME
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-Probabilistic variables: Prices and CAPEX
-Parametric sensitivity analysis: Discount rate, plant size, feedstock availability and tax rate.
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SENSITIVITY ANALYSIS: GLOBAL

Variable

“*How the variance of each variable
is related to the variance of the CAPEX
results. Hydrogen price

“*Spearman's rank coefficient: FEEEIE O [

correlation of the ranking of the Naphtha price
variable to the ranking of the results.

[

Main message: Result uncertainty depend
mainly on the uncertainty of CAPEX and
product prices.
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Product price (EUR /1)

SCENARIO ANALYSIS: PRODUCT PRICE SCENARIOS

Expected value and probability of negative results of
net present value per ton of plastic treated (EUR /1)
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Negative results observed in sustainable development scenario
Worse results in case wax prices are decoupled from oil prices
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SCENARIO ANALYSIS: SMALLER PLANT SIZE
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| SCENARIO ANALYSIS: FEEDSTOCK SHORTAGE
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CONCLUSIONS

“*Open-loop recycling outranks closed loop recycling under a range of possible scenarios.
“*Main drivers: feedstock availability, product price and investment cost.

“*To ensure the economics benefits from chemical recycling it is important:
_IEnsure the provision of plastic waste feedstock to chemical recycling (at least 70,000 ton/year).

JEnable a decoupling of plastics value chain from oil values.

**Future research:

_JEnvironmental assessment of both cases and comparison with other recycling and end-of-life
freatments.
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