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MEET a2a
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Second operator
on Electric networks in Italy

for distributed energy

First operator
on waste in Italy
for treated waste



4

MEET a2a - GEOGRAPHICAL LOCATION
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MEET a2a – STRATEGIC PLAN
Strategic pillars to support the ecological transition
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Per supportare tutti i business nelle sfide di
transizione energetica ed economia
circolare a2a ha creato Life venture capital

MEET a2a - LIFE VENTURES: MULTILEVEL INNOVATION
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MEET a2a - CVC PROJECTS
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MEET a2a - INNOVATION PROJECT
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MEET a2a – MUNICIPAL SOLID WASTE MANAGEMENT
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MEET a2a - THE CONSORTIUM SYSTEM: SCHEMATIC OVERVIEW
The CAC (CONAI Environmental
Contribution) is inversely
proportional to the
selectability/recyclability, based on
current technologies, of the
packaging placed on the market. It
ranges from 150 €/t to 369 €/t.
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WHAT ARE PLASTIC WASTES?
Main polymers present in mixed plastic wastes

Tu Xayachak et al., “Pyrolysis for plastic waste management: An engineering perspective”, Journal of Environmental Chemical Engineering 10 (2022)
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• Plastic wastes composed by several
polymers (and other non-polymeric
contaminants in traces).

• After removal of PET, representing usually
the largest quantity, a residue constituted
by other 5 major polymers is obtained

MIXED PLASTIC WASTE COMPOSITION
Mixed plastic waste polymeric composition

Adrados A , de Marco I , Caballero BM , López A , Laresgoiti MF , Torres A . Pyrolysis of plastic packaging waste: a comparison of plastic residuals from material recovery
facilities with simulated plastic waste. Waste Manage 2012; 32 :826–32 .
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Plastic materials life
cycle (data referring to
2020)

Figures in black squares
referring to shifts
between 2020 and 2018

PLASTIC WASTE TREATMENT: CURRENT SCENARIO
European scenario (EU+3*)

*EU+3: all European Union member states plus Iceland, Liechtenstein and Norway
Plastics Europe, “The Circular Economy for Plastics – A European Overview 2022”, 2022.
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According to specific products, large differences in life span, from few months for packaging, to several
decades for building and construction plastic products.

PLASTIC WASTE TREATMENT: CURRENT SCENARIO
Plastic products life span

Probability density function (PDF) of lifetime of several plastic products categories

Geyer R , Jambeck JR , Law KL . Production, use, and fate of all plastics ever made. Sci Adv 2017:3
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• Recycling mismanagement:
currently a rather low
quantity of plastic wastes is
actually recycled in the
European value chain (4.6
million tonnes in 2020)

• Large losses (3.6 million
tonnes), which are sent to
landfill or energy recovery.

• Recycling rate vary broadly
according to different
definitions: 34.6 % vs 18.6 %

PLASTIC WASTE TREATMENT: CURRENT SCENARIO
European scenario (EU+3*) V: focus on plastic waste recycling

*EU+3: all European Union member states plus Iceland, Liechtenstein and Norway
Plastics Europe, “The Circular Economy for Plastics – A European Overview 2022”, 2022.
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• In Italy larger share
of landfilling (32.3 %
versus 23.4 % in
Europe).

• Lower share of
energy recovery
(33.8 % versus 42 %)
and recycling (33.9 %
versus 34.6).

• However, large
recycling rate
according to a more
strict definition: 20.6
% versus 18.6 %.

PLASTIC WASTE TREATMENT: CURRENT SCENARIO
Italian scenario

Plastics Europe, “National infographics: Circular Economy for Plastics”, 2022. .
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ADVANCED RECYCLING PROCESSES
Innovative recycling routes I

• Current recycling
process: mechanical
recycling.

• Well-established and
effective for single
sorted polymers

• Degradation of
polymeric chains occur,
making not possible to
obtain virgin quality
feedstock: need for
other processes to
increase recycling rate

Increase in waste
quality



18

ADVANCED RECYCLING PROCESSES
Innovative recycling routes II

• Different process
outputs:
v From plastics or

chemicals building
blocks as carbon
dioxide or syngas (from
gasification, mixture of
CO and hydrogen)

v To recovered polymers
(from dissolution)

Increase in waste
quality
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ADVANCED RECYCLING PROCESSES
Innovative recycling routes III

Increase in waste
quality

• Different feedstocks:
v Energy recovery with

CCU, gasification and
pyrolysis suitable for
mixed plastic wastes
(with proper polymeric
composition)



20

ADVANCED RECYCLING PROCESSES
Innovative recycling routes IV

Increase in waste
quality

• Different feedstocks:
v Energy recovery with

CCU, gasification and
pyrolysis suitable for
mixed plastic wastes
(with proper polymeric
composition)

v Depolymerizations and
dissolution rely on
properly sorted single
polymers
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ADVANCED RECYCLING PROCESSES
Innovative recycling routes V

Increase in waste
quality

• They can be considered
alternatives to
mechanical recycling
(same sorted feedstock)

• Their implementation is
not straightforward:
higher costs and larger
energy demand
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ADVANCED RECYCLING PROCESSES
Innovative recycling routes VI

Increase in waste
quality

• In addition, every time a
polymer sorting is done,
a mixed plastics residue
is obtained as by-
product

• It cannot be effectively
recycled mechanically or
with depolymerizations
or dissolution

• So, focus on mixed
plastic waste recycling
processes
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ADVANCED RECYCLING PROCESSES
Innovative recycling routes VII

Increase in waste
quality

• Three main routes to
convert mixed plastics
in valuable feedstock:
v Energy recovery

coupled with carbon
dioxide utilization: need
for hydrogen as
additional reagent

v Gasification: energy
intensive and need to
further convert syngas
in order to become
economically viable
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ADVANCED RECYCLING PROCESSES
Innovative recycling routes VIII

Increase in waste
quality

v Focus on pyrolysis: less
energy intensive than
gasification and
production of a liquid
hydrocarbon oil
(naphtha and usually a
heavier oil) which could
be employed to
produce new monomers
of chemicals.
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• Pyrolysis consists in the chemical decomposition, in absence of
oxygen, of carbon-based materials through the action of heat.

• Typical pyrolysis temperatures: 400-800 °C (673-1073 K)

• In the typical pyrolysis range, production of methane or carbon
residues is favored. At the same time, olefins start to be favored
with respect to paraffins.

MIXED PLASTIC WASTE PYROLYSIS
Operating conditions I

Example of a paraffin (or alkane), ethane, and an olefin (or alkene), ethylene
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Heating rate and residence time influence product distribution: reacting system far from thermodynamic
equilibrium

• Larger residence times shift the product distribution to coke (charcoal) and hydrogen, which are the stable products at the typical
pyrolysis operating temperatures.

• Most common operating conditions: residence time close to 30 min and temperature of about 450 °C.

MIXED PLASTIC WASTE PYROLYSIS
Operating conditions II

Belbessai, S.; Azara, A.;Abatzoglou, N. Recent Advances in the Decontamination and Upgrading Of Waste Plastic Pyrolysis Products: An Overview. Processes 2022, 10, 733.
https://doi.org/10.3390/pr10040733
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Plant sections:
• Pretreatments:

vWater removal unit (1), the first
heating device (up to 120-150
°C).

vPre-dehalogenation step (ex-situ
dehalogenation): device (2) is an
extruder which raises feedstock
temperature to 250-300 °C. PVC
and sulfur-containing plastics
release chlorine and sulfur
producing HCl and H2S. Gases are
removed by means of vacuum.

vPlastic feedstock is heated from
300 to 380 °C in heat exchanger
(3), achieving a temperature close
to the recycle stream (10). The
resulting stream is further heated
up to 400-450 °C in (4).

MIXED PLASTIC WASTE PYROLYSIS
Plant scale technology example: BlueAlp process flow diagram I

Method and System for Transferring Plastic Waste Into a Fuel Having Properties of Diesel/Heating Oil, EP 3 247 775 81
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Plant sections:
• Reactor

vReactor consist in a bubbling bed
heated by the element (6). In the
pyrolysis reactor, tar-like
hydrocarbons (heavy residues
which are not desirable products)
and solids are withdrawn from
the bottom. After solids-tar
separation (cyclone (8), settler (9)),
tar-like hydrocarbons are recycled
being mixed with the feed stream
from heat exchanger (3)

v First cooling element (11) allows
to condense some heavy
hydrocarbons, which return in the
reacting zone to be further
cracked.

MIXED PLASTIC WASTE PYROLYSIS
Plant scale technology example: BlueAlp process flow diagram II

Method and System for Transferring Plastic Waste Into a Fuel Having Properties of Diesel/Heating Oil, EP 3 247 775 81
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Plant sections:
• Separation section

vA distillation column separates
vapors in 3 product streams. The
products obtained are
incondensable gases (c1-c4, top
right), light hydrocarbons (e. g. c5-
c8), and another stream with
heavier hydrocarbons called
product oil.

vThe distillation column also
separates some heavy
hydrocarbons, which condense at
larger temperatures with respect
to the other components. For this
reason, they are collected in liquid
phase from the column bottom,
and they are recycled to the
pyrolysis reactor.

MIXED PLASTIC WASTE PYROLYSIS
Plant scale technology example: BlueAlp process flow diagram III

Method and System for Transferring Plastic Waste Into a Fuel Having Properties of Diesel/Heating Oil, EP 3 247 775 81
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PLASTICS PYROLYSIS NAPHTHA AS STEAM CRACKING FEEDSTOCK
Plastic pyrolysis oil: a possible refinery feedstock I

Plastics-derived
naphtha

Adapted from: Jacob A. Moulijn, Michiel Makkee, Annelies E. Van Diepen, Chemical Process Technology, second edition, 2013
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Heteroatoms (every atom which is not C either H) presence
affects steam cracking performances, owing to:
• catalyst deactivation (N in HDS, hydrocrackers, reformers, CO

in downstream operations; N presence due to organic
contaminants in plastics and detergents from bottles),

• off-spec impurities in products (ammonia from N, methanol,
CO, formaldehyde from O)

• corrosion (Ni-Cr-Fe alloys by hydrogen sulfide, organic and
inorganic chlorides)

• plugging (ammonium chloride)

• environmental concern impurities in gaseous streams
(chlorinated compound, oxides formation as NOx, SOx)

• specific issues (explosive gums in downstream cold boxes for
N, organic acids in quench water promoting gum formation
with butadiene)

PLASTICS PYROLYSIS NAPHTHA AS STEAM CRACKING FEEDSTOCK
Plastic waste pyrolysis naphtha: impurities I

Kusemberg et al. ,Opportunities and challenges for the application of post-consumer plastic waste pyrolysis oils as steam cracker feedstocks: To decontaminate or not to
decontaminate?, Waste Management 138 (2022) 83–115
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• Some metals present in traces are know to be source of increased cocking rate (Cu, Fe, Na) upstream or
downstream catalyst poisoning (Si, Fe, Pb), corrosion enhancement (Fe, Pb, Ca products which are
corrosive) plugging (iron oxides), steam cracking coils corrosion (Na producing sodium chromite).

• Metal present in significant amount in plastic pyrolysis naphtha only: Al

PLASTICS PYROLYSIS NAPHTHA AS STEAM CRACKING FEEDSTOCK
Plastic waste pyrolysis naphtha: impurities II

Kusemberg et al. ,Opportunities and challenges for the application of post-consumer plastic waste pyrolysis oils as steam cracker feedstocks: To decontaminate or not to
decontaminate?, Waste Management 138 (2022) 83–115
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MIXED PLASTIC WASTE PYROLYSIS
Feedstock & Product

• Post-consumer plastics are low-quality materials due to contaminants such as salts, food residues,
cellulose, inerts, and additives.

• The quality of the feedstock directly affects the quality of the pyrolysis oil: approximately 50% of the
impurities are transferred from the feedstock into the oil.

• The presence of cyclic and aromatic compounds increases char formation and worsens oil quality; among
commercial plastics, polyolefins are the best candidates for pyrolysis processes.

• Plasmix contains about 50% polyolefins and therefore must be further refined before it can be used as
feedstock in pyrolysis plants. However, feedstock specifications for Pyrolysis are less stringent than those
for mechanical treatment (85% vs 95%), making selection easier.

• Additional treatments can also be evaluated to reduce impurities.

• The pyrolysis oil obtained cannot meet high-quality naphtha specifications and therefore must be further
purified or blended before subsequent applications
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• Sorting of mixed plastic wastes to obtain (almost) single polymers produces a residue which at present
cannot be recycled (through mechanical recycling but also with depolymerizations and dissolution),
PLASMIX

• Mixed plastic waste pyrolysis could be an effective way to avoid treating this residues through energy
recovery or landfill

• However, pyrolysis oil have a different composition compared to fossil-based feedstock, both in terms of
hydrocarbon classes and heteroatoms contaminants. Then:

• Plasmix has to be refined to an high quality feedstock for pyrolysis

• PyOil needs further upgrading and/or blending with fossil feedstock before steam cracking

CONCLUSIONS
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