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Cinnosti

= Zakladni a aplikovany vyzkum v oblasti primyslové chemie,
pohonnych hmot a obnovitelnych surovin

» |novace rafinérskych a petrochemickych technologii
a procesu

= Nezavisla akreditovana laborator pro rozbory odpadnich vod,
zemin a ropnych latek

Mezinarodni spoluprace
= Univerzitni a védecka pracovisté v CR i zahrani&i (napf. Finsko,

Spanélsko, Svédsko, Italie & Slovensko)

Vzdeéelavani

1952

Zalozeni Zaméstnancu

= Popularizace chemie mezi studenty, prednasky a exkurze,
studentské a védecké prace, seminare pro pedagogy
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Skupina ORLEN Unipetrol

Jediny Provozovatel
zpracovatel ropy nejvetsi sité
v Ceské republice cerpacich stanic
v Cesku

<
IS UniCRE




Rafinérie Litvinov (nejvétsi chemicky areal v CR)

Lokalita: Zaluzi u Litvinova

Rok zaloZzeni: 1939

Pocet zaméstnancu: 2 500

Segmenty: rafinérie, petrochemie, agrochemie

Hlavni produkty:

¥y x b & & 7 b &

Nafta Letecké Benzin Etylen Benzen Propylen Cpavek Oleje  Asfalt LPG
palivo
i AL
Polyetylen Polypropylen
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Termické procesy pro nakladani s odpadnimi polymery - pojmy

Cil: dosazeni premény odpadnich polymert na produkty znovu vyuzitelné v ramci chemického

pramyslu.

Pyrolyza nebo také termolyza (z fec. pur = ohen, thermos = teplo, luo = povolit) je proces chemické prfemény vyvolané

pusobenim tepla bez pfistupu kyslik jejiz vysledkem jsou zpravidla mensSi molekuly (rozklad).

Termolytické procesy mohou probihat pfi rdznych podminkach (teploty, doby
Activated

zdrzeni, tlaky, pfitomnost reaktivnich plynd, kapalin a katalyzatoru...). Pro complex
zakladni déleni procesu se pouziva teplota (3 skupiny procesu) a

pritomnost katalyzatoru (ano/ne):

Uncatalyzed
\ reaction

» Nizkoteplotni termolyza (<400 °C)

Potential energy
o)
@
)
o
22
)
=1
=

Catalyzed

« Stredné teplotni termolyza (400 — 600 °C) ' feaction

« Vysokoteplotni termolyza (>600 °C) aE

« Prfipadné katalyticka (s cilené pridavanym katalyzatorem). Product

Reaction coordinate

Katalyzator je latka, ktera v reakci pomaha ke snizeni tzv. aktivacni energie E 5 (v
&N kJ/mol). ZjednoduSené Ize fict, Ze se jedna o jeden z ,ovladacich prvkd“ reakce.

CIET UniCRE

Zdroj (graf): Chemistry LibreTexts — link.


https://chem.libretexts.org/Bookshelves/General_Chemistry/Map%3A_Chemistry_-_The_Central_Science_(Brown_et_al.)/14%3A_Chemical_Kinetics/14.7%3A_Catalysis

Produkty termolytickych procesu

Plati zakony zachovani energie a hmoty! Vzdy vznikaji produkty v plynné, kapalné i pevné fazi. Méni se pouze jejich

vzajemny pomeér (tzv. vytézkovy vektor) a slozeni.

Plynné produkty

« Hlavni slozky: C1 — C4 uhlovodiky (nasycené i nenasycené), H,, H,O, HCI, CO, CO,, N,, C4+ uhlovodiky

« \yuziti: energetické, pfi dostateCné instalované kapacité Ize separovat jednotlivé sloZky (vysoka hodnota).

Kapalné produkty

« Hlavni sloZky: vSechno vrouci do 550 °C, nasycené, nenasycené i molekuly obsahujici heteroatomy, charakterizuje se
pomoci skupinového slozZeni a destilacniho rozmezi, funkci procesu a vstupni suroviny.

« Vyuziti: zdroj uhlovodikl pro rafinérskou a petrochemickou vyrobu.

Pevné produkty

« Hlavni slozky: tézké podily (>550 °C), Castéji nenasycené molekuly az elementarni uhlik, méné Casto nasycené
molekuly, vesSkeré inertni komponenty, zbytky katalyzatoru, kovy...

« Vyuziti: potencialni zdroj uhliku (vyroba sorbentd, jako aditivum ve stavebnictvi...), vyroba sazi (?)
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Produkty termolytickych procesu — pauzicka od textu
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Zdroj: ORLEN UniCRE (vlastni archiv)



Produkty termolytickych procesu — vytézkové vektory a co je
ovlivinuje

Vytézkovy vektor kazdého termolytického procesu zpracovani odpadnich polymert je VZDY funkci:

* SloZeni vstupni suroviny (podil organické molekuly vs. inertni molekuly).

« Technologického usporadani procesu (teplota, tlak, typ reaktoru, pfitomnost katalyzatoru...).

« Rizeni procesu (rychlost pfedani tepla, nastaveni PID regulatord...).

|

1 Vyrobek z EPDM kaucCuku po skonCeni zivotnosti :

I RV Py =l
: Ethylen Propylen Dien Monomer (74 % hm.) : : Vytézkovy vektor (vSe v % hm.): I
i I I+ Plyn (15%) —20 % H,, 45 % C1-C4 |
: = : Vsadkova I nenasycenych, 15 % C1 — C4 I
I I pyrolyza, teplotni I nasycenych., 10 % N, (inertizace), 10 % :
: : program do 450 : CO + CO, + C4+ I
I I C, doba zdrzeni | + Kapalina (55 %) — 17 % alkany, 25 % :
I : -2h, b’ez 1 alkeny, 48 % aromaty, 10 % org. sloucenin |
: " ka:[alyzat(;I;lIJ,k : s heteroatomy (S, N, O) :

I mirny podtla . ,

: R-O-0O-R, n-C14 apod. (celkem 6 % hm.) I | - Pevny podil (30 7%) - 88 %C, 5 % Ca, :
i ’ ' ' i ' 7ws

I I L ---------------------- -I
: C, CaCO,, S apod. (celkem 20 % hm.) :

| R N _F _§F N N _§ N _§ N N N _§ N _§ § B N N § R N _N N § N N ] |

Y
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Zdroj: Wiki — EPDM



Termolyza (pyrolyza) odpadnich polymert — jedna z moznosti, jak
realizovat chemickou recyklaci.

Za urcitych predpokladu z nich Ize vyrobit opét produkty €asto v tzv. virgin kvalité.

Dodavka post- Termicky rozklad Integrace do I Recvkiované |
uzivatelského (hlavni produkt = Preprava a portfoliasurovin y .
| . _ . Y produkty kvality |
plastového pyrolyzni skladovani existujicich virGinu
Il  odpadu | kondenzat) technologii l 9 I
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» 1ake = Make = Use - Dispose” model tzv. linearni ekonomiky

Piirodni zdroje Negativni externality — CO,, znecisténi...

Dispose
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Cirkularni ekonomika — eliminace negativnich externalit?

Negativni externality — CO,, znecisteni...

Prirodni zdroje

>
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ProC¢ chemicka recyklace? Potencialni vyssi pridana hodnota
produkti diky vhodnému doplnéni mechanické recyklace.

Prirodni zdroje

Post-uzivatelsky

plastovy odpad
M» Dispose L o |
) A
Mechanicka TP |______;;__

Vymét— 50%
Pr\‘/’i‘:;iﬁce Rafinace
konvertu
polymeru
-
-10%
"\
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Mechanicky
recyklovany
plast (50 %)
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Chemicky
recyklovany
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virginu (45 %)
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Post-uzivatelsky plastovy odpad a nakladani s nim v ramci EU a CZE,
véetné podilu skladkovani, recyklace a spalovani odpadu.

249 % 32,5% 40,2 %

37,2%

Recyklace
Spalovani

Skladkovani

<
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LCA technologie chemické recyklace od BASF

Srovnani emisi CO, mezi termolytickym zpracovanim a spalenim smésnych odpadnich plastu

CO, emissions [kg CO.e/t plastic waste]

Technologie #1
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Process emissions
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2000 Total
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[11comnumse
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Pyrolysis Incineration

Fig. 1: Pyrolysis of 1t mixed plastic waste amits. in tofal, 739 kg C0ue
Incineration of 1t mixed plastic waste emits, in wotal, 1777 kg CO

" Termolytické zpracovani odpadnich plastt emituje o cca 50 % mensi mnozstvi CO, nez jejich spalovani.
" Pfedpoklady — vezmou-li se v ivahu veskeré emise CO, a jejich Uspory, obé alternativy ziskavaji kredity (negativni hodnoty GWP):
u Termolyza: Uspory CO, plynou z nahrazeni fosilni suroviny ve vyrobé plastt pyrolyznim kondenzatem z odpadnich plastti
u EVO: Uspory CO, plynou z vyroby elektrické energie, které nahrazuje stejné mnozstvi elektrické energie s distribuéni soustavy o

&= urcité emisivité (hodnoté GWP).

I Unipetrol ”




LCA technologie chemické recyklace spolecnosti Plastic Energy

Srovnani emisi CO, mezi termolytickym zpracovanim a spalenim smésnych odpadnich plastu

Technologie #2

nate change (kg CO2-eq.)

Clir

Chemically recycled LDPE Virgin (fossil) LDPE

mpact M Environmental credits < TOTAL

" Chemicky recyklovany LDPE vykazuje vyrazné nizsi hodnoty GWP ve srovnanis virgin (fosilnim) LDPE, a to az 1 kg CO, ekv. na kazdy

kilogram vyrobeného LDPE (chemicky recyklovany LDPE GWP 0.86 vs. fosilni LDPE GWP 1.90).
" U chemicky recyklovaného LDPE, uspora emisi plyne z eliminace nutnosti nakladat s danym mnoZzstvim odpadu, tj. 55 % Uspory plyne z

eliminace energetického vyuZiti, 45 % z eliminace skladkovani. Je vychazeno z pramérného nastaveni odpadového hospodafstvi napfi¢ Evropou.
N
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Planované kapacity chemicke recyklace v sektoru petchem
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As a result of partnership fo Dow and MURA, Dow to receive supply of recycled feedstock's made from plastics waste from Mura’s plant in
Teesside, UK. The plant is expected to start operation in 2022 (with capacity 20 ktpa with future increase to 80 ktpa).

Dow is also MURA's partner for considered projects of chemical recycling plants in Germany (Boehlen & Bomlitz — both with considered
capacity 100 ktpa)

In 2019, Dow signed an agreement with the Fuenix Ecogy Group for the supply of pyrolysis oil feedstock (estimated 15 ktpa), which is
made from plastic waste. The feedstock will be used to produce new polymers at Dow's production facilities at Terneuzen.

In April 2020, INEOS and Plastic Energy announced a collaboration on the construction of a new plant to convert waste plastic into the
raw material to make new plastic. The location of considered capacity of 30 ktpa of plastic waste is yet not be decided. Production of the
new facility would be targeted for the end of 2023.

First trials of product from Plastic Energy’s current advanced recycling process have been completed converting new raw material into
virgin polymer through the INEOS cracker at Kéln, Germany.

In June 2021, Borealis has signed an agreement with Renasci Oostende Recycling NV to acquire the entire chemically recycled feedstock
output from its high-tech recycling centre in Oostende, Belgium (projected 20 ktpa). In July 2021, Borealis deepens partnership Renasci
N.V., acquiring a 10% minority stake.

A feasibility study for a unit at the Borealis production site in Stenungsund is now underway. Subject to the feasibility study being
successful and final investment approval, the unit is expected to operational by 2024.

In October 2020, Total and Plastic Energy announced the creation of a strategic partnership and the development of the chemical
recycling project in France (Total 60 %, Plastic Energy 40 %). The plant, with a capacity of 15 ktpa, will be located in Grandpuits, France.
The project is expected to become operationalin early 2023.

In May 2020, Total has signed an agreement with PureCycle Technologies to develop a strategic partnership in plastic recycling. As part
of the agreement, Total undertakes to purchase part of the output of PureCycle Technologies’ future facility in the United States and to
assess the interest of developing a new plant together in Europe.

In January 2021, SABIC and Plastic Plastic Energy set to start the engineering and construction phase chemical recycling project in
Geleen, the Netherlands. The plant, with capacity 15-20 ktpa, is expected to become operational in the second half of 2022.

ExxonMobil is collaborating with Plastic Energy on chemical recycling project in France, with and initial capacity of 25 ktpa
of plastic waste, and plans to scale up to 33ktpa in near future. A final investment decision is expected in mid-2021 with
startup anticipated in 2023

Source: Companies news and media arficles



Dekuji za pozornost

robert.suchopa@orlenunicre.cz

Upozornéni: Informace obsazené v této prezentaci jsou ureny vyhradné opravnénym pfijemcim a mohou obsahovat divérné informace, popf. mohou byt
pfedmétem obchodniho tajemstvi. Neopravnéné prohlizeni, Sifeni, Upravy, zpfistupnéni jejiho obsahu nebo jiny neopravnény zplsob uziti jsou zakazany.
Pokud jste obdrzel(a) tuto prezentaci omylem, informujte o tom prosim okamzité odesilatele a tuto prezentaci zniCte/vymazte ze systému. Dékujeme.



Dalsi ¢teni k tématu

McKinsey z roku 2018

How the chemical industry could expand its activities in plastics waste recycling | McKinsey

Recycling and the future of the plastics industry | McKinsey

,We also believe there are opportunities to build a new and profitable branch of the industry based on recycled plastics, which
our research suggests could represent a profit pool of as much as $55 billion a year worldwide by 2030.“

C&EN z roku 2020

Companies are placing big bets on plastics recycling. Are the odds in their favor? (acs.org)

,Plastics recycling will grow from $48 billion in revenues today to $162 billion by 2030. Chemical recycling processes —nearly
nonexistent in 2020—will make up about a third of plastics recycling by then.”

Accenture report
Chemical Industry Growth in a Circular Economy | Accenture
»In response to rising environmental concerns and regulatory change, the value of the circular economy worldwide is set to hit

USS4.5 trillion by 2030

Chemical recycling summary
Chemical Recycling Poised to Take Off | Plastics Technology (ptonline.com)

More individual statements directly from companies
Closed Loop Partners Launches Multi-Million Dollar Circular Plastics Fund with Dow, LyondellBasell, & NOVA Chemicals to
Accelerate Investment in Plastics Recycling Infrastructure | LyondellBasell
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https://www.mckinsey.com/industries/chemicals/our-insights/no-time-to-waste-what-plastics-recycling-could-offer
https://www.mckinsey.com/industries/chemicals/our-insights/how-plastics-waste-recycling-could-transform-the-chemical-industry
https://cen.acs.org/environment/sustainability/Companies-placing-big-bets-plastics/98/i39
https://www.accenture.com/_acnmedia/PDF-107/Accenture-Chemicals-Circular-Economy-Growth.pdf
https://www.ptonline.com/articles/chemical-recycling-ready-to-take-off
https://www.lyondellbasell.com/en/news-events/corporate--financial-news/closed-loop-partners-launches-multi-million-dollar-circular-plastics-fund/

