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– Ex: Toluene hydrodealkylation process
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Petrochemical Industry: 5% share of 
global emissions
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https://rhg.com/research/global-greenhouse-gas-emissions-2022/



Petrochemical sales worldwide in 2022
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https://www.statista.com/statistics/1330657/global-petrochemical-sales-share-by-country/

Exports $45B in 2023



Petrochemical Energy Consumption (2019)

5
https://www.kpia.or.kr/petrochemical-industry/introduction-of-petrochemical-industry/characteristic

(16M TOE)

[kTOE]



Energy consumption by industrial 
sector (2021)
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EG-TIPS 에너지온실가스 종합정보 플랫폼 https://tips.energy.or.kr/statistics/statistics_view1115.do

Refinery
Petrochem.

[kTOE]



Emissions by industrial sector based on 
national inventory (2020)
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Petrochem.

Refinery

https://tips.energy.or.kr/carbon/Ggas_industry.do

• Global: 정유 및 석유화학 분야가 석유 및 가스 등의
생산·운송·정제 과정에서 발생하는 탄소는 전세계 배
출량의 ~15%

• Korea: 국내 석유화학산업은 한국의 온실가스 배출량
의 ~17-18%

www.sisajournal-e.com/news/articleView.html?idxno=305828

[ktCO2eq]



Greenhouse gas emissions in industrial 
sector (2021)
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Refinery
Petrochem.

EG-TIPS 에너지온실가스 종합정보 플랫폼 https://tips.energy.or.kr/statistics/statistics_view1115.do
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Four levers of the highest potential for 
emissions reduction

9

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



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

• Possibility in fuel change?
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Transition to carbon-
free fuel

Energy & process 
efficiency
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https://www.investkorea.org/ik-en/bbs/i-308/detail.do?ntt_sn=490765

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.



12J. Siirola, Purdue University (2021), 
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/DA13DD514C735D9A943DEAD247358F8CD29774127A16?noSaveAs=1

HPS MPS LPS

Pressure, 
kg/cm2g

40 10.6 3.5

Temperature, 
℃

250.7 183 147

Ex: Spirax steam table



13J. Siirola (2021), 
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/DA13DD514C735D9A943DEAD247358F8CD29774127A16?noSaveAs=1

https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_29023.pdf



Thermal requirements >> Electricity

14J. Siirola (2021), 
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/DA13DD514C735D9A943DEAD247358F8CD29774127A16?noSaveAs=1



Ex: Toluene hydrodealkylation plant
(Benzene production in Korea: ~6 MMT/yr)
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https://www.kpia.or.kr/petrochemical-industry/statistics



Heating: Fuel gas and steam (HPS, MPS, LPS)
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25 ℃

225 ℃

600 ℃



Integration Processes of Benzene-
Toluene-Xylene Fractionation, …

17https://www.semanticscholar.org/paper/Integration-Processes-of-Benzene-toluene-xylene-and-Kapustenko-
Ulyev/9eb46b5782f361295dd1895c906e39a3d8970017

https://www.jonellsystems.com/industries/refinery-petrochemical/btx-filtration/
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Temperature ranges of heat application: 200-900 ℃

https://world-nuclear.org/information-library/non-power-nuclear-applications/industry/nuclear-process-heat-for-industry.aspx

• Heat inputs at 800C for some endothermic cracking, 
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



19J. Siirola (2021), 
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/DA13DD514C735D9A943DEAD247358F8CD29774127A16?noSaveAs=1



Electrification: Reactor, furnace

20
https://www.iqsdirectory.com/articles/furnace.html

Induction Heating Chemical Reactor

https://dw-inductionheater.com/product/induction-heating-chemical-
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 

appropriately modified chemical industry than on-site nuclear thermal 
energy might be.
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Heat consumption analysis of EPA (2020)
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Summary

• 원전 열원 사용은 화학공정산업의탄소중
립에 긍정적

• 국내 열 수요 분석 필요: 품질, 양 및 시간
변동성

• 향후 증설시 CAPEX 줄일 수 있는 측면, 
OPEX와 안전 문제

23



지식 증가: 12시간마다 2배로

24https://nesslabs.com/brain-limitations

Computer IT Big Data          AI                GPT


