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Petrochemical Industry: 5% share of
global emissions

https://rhg.com/research/global-greenhouse—gas—emissions—2022/



Petrochemical sales worldwide in 2022

Exports $45B in 2023

https://www.statista.com/statistics/1330657/global-petrochemical-sales—share—by—country/



]
Petrochemical Energy Consumption (2019)

https://www.kpia.or.kr/petrochemical—industry/introduction—of—petrochemical-industry/characteristic



Energy consumption by industrial

sector (2021)
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Refinery [KTOE]
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2015 2,329 1,634 2,809 533,002 32,673 6,538 31,583 4,162 1,926 4,529 121,185 140 121,325
2016 2,539 1,673 2,817 535,278 33,329 6,759 31,158 4,169 2,011 4,868 124,600 154 124,754
2017 2,529 1,491 2,993 537,686 34,823 6,634 31,749 4,484 1,903 4.967 129,258 150 129,408
2018 2,759 1,620 2,929 37,076 35,964 6,284 33,815 5,055 2,144 5,683 133,328 144 133,472
2019 2,374 1,001 2,628 36,325 35,864 6,378 33,538 5,600 1,979 4,975 130,662 132 130,794
2020 2,598 1,018 2,595 32,661 36,524 5,898 33,668 5,542 1,850 5,911 128,264 116 128,380
2021 2,466 1,074 2,357 530,290 45,023 6,004 34,004 5,556 1,809 4,992 133,574 128 133,702

EG-TIPS Ol X2 2 Z https://tips.energy.or.kr/statistics/statistics_view1115.do



Emissions by industrial sector based on
national inventory (2020)

Global: HS& 3 M
M ALQ OA mxﬂ it
*Eko| ~15%

Korea: = MKzt
9| ~17-18%

https://tips.energy.or.kr/carbon/Ggas_industry.do www.sisajournal-e.com/news/articleView.html|?idxno=



Greenhouse gas emissions in industrial

sector (2021)

(Ch2l - HMtCOseq)
Refinery [ktCO2eq]
Petrochem. HZ%
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2015 8,672 6,664 11,368 536,226 58,341 24,781 122,246 20,292 7,969 20,477 317,035 647 317,682

2016 9,531 6,736 11,074 536,491 61,343 25,515 122,086 20,337 8,338 22,162 323,611 723 324,335

2017 9,668 5,794 11,860 538,871 62,884 25,078 123,314 21,819 1,725 22,722 329,735 693 330,428

2018 10,624 6,315 11,230 §38,019 66,363 ;23,864 133,665 24,403 8,500 26,135 349,118 674 349,791

2019 9,201 4,427 10,362 ;37,415 69,470 24,465 132,632 25,987 8,219 23,710 345,887 654 346,541
2020 9,219 4,100 10,215 234,248 69,308 22,395 132,367 26,289 7,317 28,001 343,460 532 343,992
2021 9,435 4,514 9,342 233,223 78,736 22,798 133,792 27,077 7,592 23,373 349,882 605 350,487

EG-TIPS Of 4 X =&l Dt 2 Z3 E https://tips.energy.or.kr/statistics/statistics_view1115.do



https://www.mckinsey.com/industries/chemicals/our—insights/decarbonizing—the—chemical-industry

Four levers of the highest potential for
emissions reduction




Carbon neutral technology development
roadmap for the oll refining industry (2022)

» Possibility in fuel change?




The Korean government set its national greenhouse emissions target (40% reduction

compared to 2018) in 2030 and 2050 carbon neutrality, with the petrochemical sector
aiming to cut 20.2% compared to 2018 levels by 2030.




Pressure, 40
kg/cm2g

Temperature, 250.7
°C

J. Siirola, Purdue University (2021),
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEFO0989ACAECE3053A6A9B/file/DA13DD514C735D09A943DEAD247358F8CD29774127A16?noSave



Chemical Plants were Historically Driven by
Steam, Cooling Water, and Compressed Air

 Early chemical process industries predated electricity

* Chemical reaction rates are temperature-dependent

* Many separation technologies (distillation, crystallization, etc.) are

also driven by phase changes and temperature differences

* Some vapor chemical reactions are favored by high pressures; steam
turbines supplied the motive power for pumps and compressors

* Sensor and control information was encoded into pneumatically

transmitted air pressures

Process Industry

Examples of Processes Using Heat

Petroleum Refining

Feedstock heating, distillation, hydrocarbon cracking,
hydrocarbon reforming (i.e., steam-methane
reforming)

Chemicals (includes ammonia, fertilizers,
pharmaceuticals, alcohols, detergents, resins,
polymers, textiles, paints/pigments/dyes

J. Siirola (2021),

Endothermic chemical reactions, hydrogenation,

pyrolysis, distillation, purification, evaporation,

crystallization, polymerization, drying, prilling
https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_29

https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEFO0983ACAECE3053A6A9B/file/DA13DD514C735D09A943DEAD247358F8CD29774127A16?noSaveAs=1




Thermal requirements >> Electricity

J. Siirola (2021),

https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/DA13DD514C735D09A943DEAD247358F8CD2977412



Ex: Toluene hydrodealkylation plant
(Benzene production in Korea: ~6 MMT/yr)

3 —12H

@—CH, $+Hy i ©+ CH,

30 kcal
(AH = =36 K] /mol)

https://www.kpia.or.kr/petrochemical-industry/statistics !
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https://www.jonellsystems.com/industries/refinery—petrochemical/btx—filtration/

Integration Processes of Benzene-
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Temperature ranges of heat application: 200-900 °C

Low Medium High
0 temperature 300 temperature 600 temperature 400 1200

Glass and cement manufacture |GGG
Direct steelmaking manufacture INNENIGINGTGNGNGNGNGNGNGEGEGEGGEGGG
Thermachemical H, production [INREGIGNGNGNGNGNEE
Steamn electrolysis [HNENRNGNTNINEGEGEE

Methane reforming NN -
Petrochemical (ethylene, styrene) [N
I Fetroleum refining
I chale and tar sands oil production

I Fulp and paper production
I District heating * Heat inputs at 800C for some endothermic cracking,
B scawater desalination reforming, and other reactions
* Most chemical plant thermal energy is supplied by

condensing steam at 250C (600 psi, 41 bar) or lower:
The less common energy requirements at higher
temperatures could be supplied by non-nuclear
alternatives

Heat application processes

Existing fleets

I Light water reactor (LWR)
N Heavy water reactor (H
Developing reactors

I =mall modular reactor (SMR) (light water reactor)
I L iquid metal reactor
e 0" temperature

gas reactor

Supercritical water reactar

Types of Nuclear power plant

Gas cooled fast reactor

Molten salt reactor
ormation-library/non-power-nuclear-applications/industry/nuclear-process-heat-for-industry.




J. Siirola (2021),

https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD 1C41C0A42D3BEF0989ACAECE3053A6A9B/file/DA13DD514C735D9A943DEAD247358F8CD2977412




Electrification: Reactor, furnace

Induction Heating Chemical Reactor

https://dw-inductionheater.com/product/induction—heating—chemical- https://www.igsdirectory.com
reactor



Conclusions

* Opportunity: The use of nuclear power as a heat source is
positive for the carbon neutrality of the chemical process
industry:

— Most chemical thermal requirements are below 250C (currently met
by condensing steam), well within the capabilities of most nuclear
reactor concepts.

— There are aspects in which CAPEX can be reduced when expanding

facilities in the future, but OPEX and safety issues remain.
« Domestic heat demand analysis is needed: quality,
quantity and time variability.

 Threat: Electrification

— To meet environmental goals exploiting carbon-emission-free
electricity, chemical plants could be redesigned to substitute
work-based operations for currently thermally-driven operations.

— Conventional nuclear electricity might prove more applicable to an

Heat consumption analysis of EPA (2020)
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Information Age
Industrial Revolution *
e —
19500 1950 1980 2000 2017 Today
Knowledge Knowledge Knowledge Knowledge Knowledge Knowledge
doubles in doubles in doubles in doubles in doubles in doubles every
400 years 20 years 10 years 8 years 13 months 12 hours

Computer T

https://nesslabs.com/brain—limitations



