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SUMMARY 

• South Korea's petrochemical sector faces two simultaneous pressures: global oversupply is eroding profitability, 

while tightening international carbon standards are raising the bar for market access. Electrification and renewable 

feedstock substitution address both at once, offering a path to restore competitiveness while cutting emissions 

across the full production lifecycle. 

• Key technology priorities are: electric furnaces as early brownfield retrofit options for naphtha cracking; heat pumps 

and electric boilers for longer-term steam-system transformation; and renewable feedstocks such as bio-based, 

recycled, and methanol-based pathways to diversify low-carbon production routes. 

• Successful deployment will depend on policy and infrastructure support as much as on technology readiness. 

Expanded access to low-cost renewable electricity, grid upgrades, a national sectoral roadmap, de-risking 

instruments for first movers, and dedicated renewable feedstock supply chains are all necessary to move from pilot 

projects to commercial-scale transition. 
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KEY FINDINGS 

• South Korea’s petrochemical industry faces two converging pressures; expanding renewable energies can 

address both simultaneously. As the world’s fourth-largest producer of ethylene, a basic petrochemical product, 

the sector sits at the centre of both the country’s economy and its transformation challenge. The sector generated 

37.8 billion euros in exports while accounting for roughly 8% of national greenhouse gas emissions. Yet global 

oversupply has pushed petrochemical production in naphtha cracker utilisation down to 70%, eroding profitability 

across the sector. At the same time, increasingly tough international carbon standards are making low-emission 

production an increasingly important condition for market access. In this environment, Korea can strengthen its 

competitiveness by electrifying petrochemical production to supply low-carbon chemical products and differentiate 

itself in an oversupplied market. 

• Korea’s petrochemical transition requires staggered deployment of electrification and renewable feedstocks, and 

the technologies to do this are already available. High temperature industrial heat pumps (with a technology 

readiness level, TRL 7–8), which deliver three units of heat per unit of electricity consumed, offer the most energy-

efficient pathway for decarbonising the steam system. Electric furnaces (TRL 6) can cut carbon dioxide (CO₂) 

emissions from naphtha cracking by more than 90%, targeting the 70% of sectoral emissions concentrated in 

cracking complexes. Renewable feedstocks — bio-oil, bio-crude, waste plastic pyrolysis oil and e-bio-methanol — 

can address the fossil origin of the carbon input itself. 

• Electrification is economically viable under the right electricity pricing conditions. Under Korea’s current industrial 

tariff, electric furnace production costs around 10% more than conventional naphtha cracking. Under the Distributed 

Energy Special Zone tariff of 165.8 Korean won (KRW) per kilowatt hour (kWh), that premium falls to 7%. Industrial 

heat pumps entail a cost premium of 23–34% over natural gas boilers, a gap that can be bridged through targeted 

de-risking instruments. Scaling one electric furnace to replace a naphtha cracker with a capacity of one million 

tonnes per year requires around 5.2 terawatt hours (TWh) of renewable electricity annually, making grid 

reinforcement and preferential renewable procurement a prerequisite for deployment. 

• Korea needs a mechanism to make first movers in the petrochemical industry more viable. The national Emissions 

Trading System and the Distributed Energy Special Zone framework provide an initial policy base for industrial 

transformation. A national petrochemical sector transition roadmap setting deployment targets for 2035 and 2045, 

combined with instruments such as carbon contracts for difference, would help bridge the cost premium of key 

clean technologies and make early investments commercially viable. Decisions taken before 2030 will determine 

whether Korea’s petrochemical sector reaches near-zero emissions by 2050 while securing competitive ground to 

its global competitors in Europe and China that are already investing in innovative clean technologies.  
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1. Korea's petrochemical industry – the present and the future  

1.1. The petrochemical industry in South Korea: current status 

• The petrochemical industry plays a central role in modern economies, supplying essential materials for 

sectors such as construction, automotive manufacturing and packaging. At the same time, it is one of the 

most energy- and carbon-intensive industrial sectors, relying heavily on fossil fuels both as energy sources 

and feedstocks. 

• For decades, Korea has ranked as the world's fourth-largest petrochemical producer by basic olefin 

production capacity, with an annual capacity of approximately 12.8 million tonnes of ethylene and about 11 

million tonnes of propylene.1 The sector has long been a pillar of the national economy, with petrochemical 

exports reaching approximately 37.8 billion euros in 2025, equivalent to around 6% of Korea’s total exports.2 

• There are three petrochemical hubs in Korea: the Yeosu, Ulsan and Daesan complexes. As of June 2025, over 

50 companies were vertically integrated within their supply chains. 

 

Figure 1. Ethylene production capacity by company in each of the major Korean petrochemical complexes  (2025) 

 

Source: Korea Chemical Industry Association, Reorganized by NEXT group 

 

• Korea's petrochemical industry is predominantly fossil based, relying on naphtha as its primary feedstock 

across the production chain. The sector currently operates ten naphtha cracking complexes (NCCs), and its 

fossil fuel dependence extends beyond feedstock use: the industry consumes approximately 84.1 petajoules 

(PJ) of gaseous fuels and 425.3 PJ of petroleum products as combustion fuel for process heating.3 In 2023, 

the sector emitted approximately 53 million tonnes of greenhouse gases (Scope 1, based on IPCC 2006 

 

1 Korea Chemical Industry Association, 2024 

2 Ministry of Trade, Industry and Resources, 2026 

3 Korea Energy Economics Institute, 2024 
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guidelines), accounting for roughly 8% of Korea’s total national emissions. 52% of the sector’s greenhouse 

gas emissions are the result of using methane and hydrogen — byproduct gases from the naphtha-cracking 

process — as fuel, whilst 18% stem from the use of fuels such as LNG. Furthermore, 27% of the greenhouse 

gas emissions are generated when steam and electricity are produced for internal use. 

• However, Korea’s petrochemical industry finds itself at a critical crossroads. On the one hand, persistent 

global oversupply has increased structural adjustment pressures across the industry. And on the other, 

growing international demand for decarbonisation is reshaping market conditions: policy mechanisms such 

as the EU's Carbon Border Adjustment Mechanism (CBAM) and broader global carbon reduction frameworks 

are raising the bar for market access. Both have been compelling the country to pursue a rapid transition to 

restore its competitive position. 

 

1.2. The future of the petrochemical industry in Korea 

• In 2024, NEXT group published a strategy and roadmap designed to enable the Korean petrochemical 

industry to contribute to achieving the global 1.5 degree Celsius (°C) target whilst maintaining its international 

competitiveness. 

• Firstly, restructuring and diversification are necessary to turn the tide. Without swift and decisive 

restructuring momentum in Korea’s petrochemical industry, financial difficulties could become even more 

acute, particularly for weaker players. With corporate budgets declining, the sector may no longer have 

sufficient financial resources to invest in decarbonisation technologies, risking a downward spiral that would 

erode its mid- to long-term global competitiveness and threaten its sustainability. To maximise added value 

amid the global oversupply, Korea’s petrochemical industry has no other option than to scale down its 

ethylene production. According to NEXT group’s Net-Zero Roadmap for Korea’s Petrochemical Industry, 

reducing ethylene production capacity by about one third of the current 12.8 million tonnes per year to 

approximately 9.2 million tonnes per year by 2030 could restore the operational rate of naphtha-cracking 

operations, currently down to 70%, back to the 90% range that was seen before 2019.4 This would not only 

improve profitability but also maximise the impact of the decarbonisation technologies associated with 

naphtha cracking, helping to significantly reduce emissions. 

• Switching from fossil fuels to carbon-free energy sources is a structural requirement for the industry. Given 

that 70% of direct greenhouse gas emissions in the petrochemical industry originate from NCCs, prioritising 

the decarbonisation of these NCCs is a key strategy for drastically reducing carbon emissions across the 

entire industry. Electrification, by converting existing fossil fuel-fired NCCs to electric furnaces or by installing 

heat pumps or electric boilers to generate process heat, is therefore the primary lever for eliminating direct 

fossil fuel use at the cracking stage. Various electrification technologies are either already commercialised 

 

4 Kim, S. & Ko, E., 2024 
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or on the verge of commercialisation – these are decarbonisation strategies that can be implemented within 

the next few years. They can play a significant role in continuously reducing emissions from 2025 to 2050. 

• When it comes to decarbonising the entire petrochemical sector, the “shadow” emissions from feedstock 

supply and from end-of-life treatment – which tend to be ignored in most studies5 – should be considered. 

In 2020, the production phase accounted for 39.1% of the total emissions associated with petrochemicals in 

Korea; by contrast, 2.7% of emissions were generated by oil refinery processes producing naphtha and other 

raw materials and a striking 58.2% were due to the disposal of waste petrochemicals.6 Today, conventional 

steam crackers in Korea use fossil naphtha as feedstock. Replacing it with renewable feedstock produced 

from renewable sources cuts upstream carbon emissions while allowing the existing cracker infrastructure 

to remain in use. Beyond drop-in substitutes, alternative chemical production routes such as methanol-to-

olefins (MTO) using green methanol can produce basic chemicals without the need for a steam cracker at 

all (see Chapter 3). 

• While the aforementioned roadmap outlines a broad path for transformation, this brief focuses specifically 

on strategies that can leverage Korea’s renewable energy potential. Currently, several regions in Korea are 

pushing ahead with ambitious renewable generation plans; without any corresponding increase in industrial 

demand, however, these areas face significant risks of power curtailment. By integrating the petrochemical 

sector as a primary consumer of this clean power, the industry can simultaneously decarbonise its 

operations and provide the necessary demand-side flexibility to stabilise the national grid. 

• Electrification — replacing fossil fuels with electricity — is a key technological pathway that will play an 

indispensable role in decarbonising the industry sector. As the Korean government has announced its 

intention to rapidly increase the share of renewable energy, the transition from fossil fuel-based to electricity-

based heat sources has the potential to deliver significant reductions in carbon emissions. The 

petrochemical industry has traditionally been regarded as relatively difficult to electrify due to the high-

temperature and high-pressure processes it requires; thanks to recent technological developments, however, 

strategies have emerged for replacing fossil fuels with electricity within the sector.  

• Renewable feedstocks are a key piece of the puzzle when it comes to achieving substantive decarbonisation 

across the entire lifecycle of the Korean chemical industry. Renewable feedstocks offer a complementary 

route to decarbonising Korea's petrochemical sector: where electrification reduces process emissions from 

cracking and steam systems, feedstock substitution addresses the fossil origin of the carbon input itself. 

According to the latest study conducted by NEXT group, the use of renewable feedstocks can be expected 

to deliver direct greenhouse gas emission reductions on a par with electrification;7 therefore, the Korean 

chemical industry must give serious consideration to utilising these new renewable feedstocks.  

 

5 Agora Industry, 2023 

6 Pilseok Kwon et al., 2024 

7 Kim, S. & Ko, E., 2024 



  

 

 

 

5 

• Against this backdrop, this report analyses the electrification technologies and renewable feedstocks 

required by the Korean chemical industry and their economic viability with a view to examining the challenges 

and solutions involved in promoting the sector’s transition. 

 

2. Electrification technologies 

2.1. Pathways to replacing naphtha cracking  

• Naphtha cracking represents the single largest energy consumer and emission source in petrochemical 

complexes, accounting for 70-80% of total energy use and the majority of Scope 1 CO₂ emissions in Korea. 

These furnaces traditionally burn natural gas and byproduct methane to achieve the 800-850 °C 

temperatures required to thermally crack naphtha into ethylene and propylene. Electrification targets this 

core process through two disruptive high-temperature technologies.8 

2.1.1. Electric furnaces 

• Electric steam crackers (also called electric furnaces) replace fossil fuel combustion with resistive, inductive 

or arc heating elements, using electricity rather than a flame to deliver the high temperatures needed for 

naphtha cracking. When powered by renewable sources, they can reduce CO₂ emissions by more than 90% 

compared to conventional gas-fired crackers. The technology is already being tested at scale. In Germany, 

BASF is running a demonstration plant in Ludwigshafen, launched in April 2024, in collaboration with SABIC, 

Linde. The plant uses 6 megawatts (MW) of renewable electricity to process 4 tonnes of naphtha per hour.  

• Scaling this up has significant energy implications. Replacing a full-scale cracker that produces one million 

tonnes of ethylene per year would require around 5.2 terawatt hours (TWh) of electricity annually in Korea. 

This means location matters: electric steam crackers need to be sited where affordable, low-carbon 

electricity is reliably available. One advantage of the shift is that methane, a byproduct previously burned as 

fuel, can instead be sold as a feedstock, partially offsetting the higher electricity costs. 

• The main technical question that remains unanswered is which will become the preferred commercial 

pathway: direct heating, in which electricity is applied directly to the cracking coils or process tubes to 

generate heat within the tube walls and transfer it to the process stream more efficiently, or indirect heating, 

in which resistive heating elements or an intermediate heat-transfer system supply heat around the coils in 

a configuration closer to conventional furnaces. While direct heating offers higher thermal efficiency, indirect 

heating is generally easier to retrofit into existing plants. Wider deployment is expected after 2035 once pilot 

results make it clear which option is preferable. 

 

8 Rosenow et al., 2024 
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2.1.2. Shock-wave heating 

• Shock-wave heating takes a fundamentally different approach to steam cracking. Instead of applying heat 

gradually, the technology generates ultra-high temperatures — of between 1,000 and 1,700 °C — in a fraction 

of a second, using supersonic flow dynamics rather than combustion. No flame is involved. Electricity powers 

the entire process. The leading system is Coolbrook's RotoDynamic Reactor (RDR). High-speed rotor blades 

accelerate a mixture of steam and naphtha to supersonic velocities. When the mixture decelerates, the 

kinetic energy converts instantly into heat, cracking the naphtha in as little as 5 to 50 milliseconds. The speed 

of the process delivers a direct commercial advantage: shorter residence times increase ethylene yield by 

around 25% compared to conventional furnaces,9 while rapid cooling with steam keeps the process clean 

and stable over time.  

• A 1MW pilot facility that produces one tonne of ethylene per hour has been operating in the Netherlands 

since December 2022, providing early validation of the concept.10 Scaled to one million tonnes of ethylene 

per year, the technology would consume around 850 GWh of electricity annually — less than electric furnaces, 

reflecting its higher energy efficiency. Capital investment is the key consideration for commercialisation: the 

precision engineering required for the rotor system demands higher upfront costs, so wider deployment will 

depend on further pilot optimisation and cost reduction to bring these costs to commercially competitive 

levels. 

 

2.2. Electrification of steam and heat systems  

• Steam generated by natural gas and oil boilers contributes around 10% of Scope 1 emissions in Korea's 

petrochemical sector, covering low- and medium-pressure applications such as distillation, reaction and 

equipment heating. Internationally, steam systems account for roughly 20% of industrial CO₂ emissions in 

integrated chemical complexes. Korean petrochemical sites currently rely on on-site boilers or cogeneration 

plants for their steam supply. Shifting to electric alternatives creates an additional opportunity: because 

steam infrastructure can be shared across a site, investments in electrifying petrochemical clusters can 

benefit multiple producers at once, spreading costs and accelerating uptake. 

2.2.1. Industrial heat pumps 

• Heat pumps upgrade low-temperature waste heat to higher temperatures, using electricity to power the 

compression cycle. The principle is the same as in residential heating systems, but industrial heat pumps 

operate at a different scale and under more demanding conditions: they run continuously, handle 

 

9 Coolbrook, n.d. 

10 Coolbrook, 2022. 
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temperatures of between 80 and 200 °C and use compressors and materials designed for the corrosive 

environments typical of chemical processing.11 

• Petrochemical sites are well suited to heat pumps because they generate large volumes of waste heat – 

from distillation columns, compressors and crackers – at temperatures of between 120 and 200 °C. Heat 

pumps capture this energy and raise it to the temperature ranges needed to feed low- and medium-pressure 

steam systems, using electricity only for the additional temperature lift. This makes them one of the most 

energy-efficient electrification options available and a natural complement to electric boilers rather than a 

standalone steam generation technology. 

• A concrete example is the BASF heat pump project at Ludwigshafen, scheduled for commercialisation in 

mid-2027.12 The system uses 50 MW of electricity as input and produces 360 MW of steam at a flow 

temperature of up to 200 °C—around 150 tonnes per hour13 or 500,000 tonnes/year – drawing on waste heat 

from a nearby steam cracker. It achieves a coefficient of performance of up to three, meaning the system 

delivers three units of heat for every unit of electricity consumed, making it significantly more efficient than 

a conventional electric boiler.  

2.2.2. Electric boilers 

• Electric boilers generate high-pressure steam directly from electricity and are available in two main 

configurations. Resistance boilers use immersion heating elements submerged in feedwater to heat water 

through direct electrical resistance. They are well suited to small- and medium-scale applications of up to 

around 10MW. Conversely, electrode boilers pass current directly through pressurised demineralised water, 

using the water itself as the conducting medium. This approach is highly efficient, reaching up to 99% 

efficiency, and allows output to be rapidly adjusted to between 5 and 100% of capacity14, making electrode 

boilers particularly suitable for large-scale industrial sites where demand fluctuates and surplus renewable 

electricity from the grid is available.  

• A leading example is the electrode boiler planned at the Leuna chemical park in Germany, operated by 

InfraLeuna and scheduled for commissioning in mid-2026. The 35 MW system will produce 45 tonnes/hour 

of high-temperature steam at 320 °C and 47 bar, running primarily on surplus renewable power from grid 

curtailments.15 At this scale and given this operating model, it looks set to be one of the most advanced 

power-to-heat deployments in European industry to date. 

 

 

11 International Energy Agency, n.d. 

12 BASF SE, 2025. 

13 BASF SE & MAN Energy Solutions SE, 2022. 

14 Thermon / Precision Boilers, n.d. 

15 InfraLeuna, 2025. 
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Table 1. Electrification technology pilots by company 

Technology TRL 
Company 

 (Pilot Location) 
Capacity 

Operating 
Temperature 

Electric furnace 6 
BASF · SABIC · Linde 

(Germany) 
6 MW, 

1.25 t/h Ethylene 
>850 °C 

Shock-wave heating 4–6 
Coolbrook 

 (Netherlands) 
1 MW, 

 1 t/h Ethylene 
1,000–1,700 °C 

High-temperature 
industrial heat pump 

7–8 
BASF · MAN  
(Germany) 

50 MWth input, 
360 MWth output 

150 t/h Steam 
120-160 °C 

Electric boiler 
(electrode) 

8–9 
InfraLeuna 
(Germany) 

35 MW, 
45 t/h Steam 

300-350 °C 

 

3. Renewable feedstock production pathways  

3.1. Bio-based feedstock  

• Bio-based feedstocks produced by thermochemically converting biomass can be co-processed in existing 

steam crackers or hydrotreating units, directly substituting fossil naphtha as the primary carbon feedstock. 

Under IPCC accounting frameworks, CO₂ re-emitted during biomass processing and combustion is classified 

as biogenic, which does not count towards fossil emissions. However, the energy used, land-use change and 

soil management in feedstock production generates process-related GHG emissions that partially offset this 

advantage. On a life-cycle basis, GHG reductions relative to fossil fuel equivalents range from 50% to 70%,16 

depending primarily on feedstock type, hydrogen supply method and system boundary assumptions.  

3.1.1. Bio-oil 

• Pyrolysis bio-oil is produced by rapidly heating dry lignocellulosic biomass (woody residues and agricultural 

waste) to 400–600 °C in an oxygen-free environment and then immediately condensing the resulting vapours. 

Fast pyrolysis typically converts 60–75% of biomass into liquid bio-oil, with solid biochar and non-

condensable gases as co-products. 17  The resulting bio-oil contains 35–50% oxygen, which requires 

upgrading before it can be co-fed into a steam cracker. Converting it to bio-naphtha involves a two-stage 

hydrotreatment process: a low-temperature stabilisation step to reduce oxygen and prevent coking, followed 

by high-temperature hydrodeoxygenation to reduce residual oxygen; subsequent distillation produces 

naphtha suitable for cracking.18 

 

 

16 Van Dyk et al., 2019 

17 Keles et al., 2016 

18 Bergvall et al., 2024 
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3.1.2. Bio-crude 

• Bio-crude is produced by hydrothermal liquefaction (HTL), a thermochemical process that converts wet 

biomass, including sewage sludge, food waste, microalgae and lignocellulosic residues, in pressurised liquid 

water at 250–370 °C and 100–300 bar.19 A key advantage over fast pyrolysis is that HTL does not require 

the feedstock to be pre-dried, making it well suited to high-moisture organic waste streams. Bio-crude can 

be converted to naphtha via two routes: direct hydrodeoxygenation, in which oxygen and nitrogen are 

removed under hydrogen pressure followed by distillation to recover naphtha and diesel fractions; or co-

processing with vacuum gas oil in existing refinery hydrocracking or fluid catalytic cracking units, the latter 

enabling integration into the existing refinery infrastructure without dedicated upgrading facilities. 

 

3.2. Electro-based methanol  

• Methanol-based pathways take a fundamentally different approach to feedstock substitution. Rather than 

replacing fossil naphtha within the existing steam cracker infrastructure, they involve converting methanol 

directly to ethylene and propylene via the methanol-to-olefins (MTO) process, a commercially proven catalytic 

route. This means the cracker is bypassed entirely, avoiding long-term dependence on naphtha cracker 

infrastructure. This does, however, require new capital investment in dedicated MTO reactors. 

3.2.1. E-Methanol 

• E-Methanol is produced by combining electrolytic hydrogen – generated via water electrolysis powered by 

renewable electricity – with CO₂ captured from biogenic or industrial point sources via catalytic methanol 

synthesis. The process requires around 189 kilograms (kg) of electrolytic hydrogen per tonne of methanol 

produced, which is why the pathway is also referred to as power-to-methanol (PtM). At petrochemical 

complexes, CO₂ emitted from crackers can be captured on-site and used directly as feedstock for e-methanol 

synthesis — a carbon capture and utilisation (CCU) configuration that increases methanol output while 

reducing the complex's direct Scope 1 emissions, without requiring off-site CO₂ transport infrastructure. 

3.2.2. E-Bio-methanol 

• E-Bio-Methanol combines biomass gasification with electrolytic hydrogen supplementation. Lignocellulosic 

biomass is thermally converted at high temperature into synthesis gas, with renewable-powered electrolytic 

hydrogen being added to the syngas stream to compensate for the hydrogen deficit characteristic of 

biomass-derived syngas – increasing carbon utilisation and overall methanol yield. E-Bio-Methanol carries a 

cost advantage over e-Methanol due to its substantially lower electrolytic hydrogen requirement. 20 This 

makes it the more commercially attractive near-term investment pathway of the two. 

 

19 Vo Thi Lan Anh, T., et al., 2022 

20 Dierickx, J., 2024 



  

 

 

 

10 

3.3. Recycled feedstocks  

• Plastic waste can be recycled via two main routes: mechanical recycling and chemical recycling. Mechanical 

recycling – which involves sorting, washing and reprocessing plastics into secondary materials – is already 

served by an established recycling industry, though the output typically lacks the purity and consistency 

required for petrochemical production. Chemical recycling breaks down plastic polymers at the molecular 

level, recovering hydrocarbon streams that meet the petrochemical feedstock quality requirements. Among 

the chemical recycling pathways, pyrolysis has attracted the greatest commercial interest from Korean 

petrochemical companies given its compatibility with existing steam cracker infrastructure and its capacity 

to process mixed and contaminated plastic streams. 

3.3.1. Waste plastic pyrolysis 

• Waste plastic pyrolysis thermally decomposes end-of-life plastics – primarily polyethylene (PE) and 

polypropylene (PP) – in the absence of oxygen, producing pyrolysis oil as a naphtha substitute. LG Chem 

became the first company in Korea to commercialise this pathway, completing construction of a supercritical 

water liquefaction plant at the Dangjin industrial complex in Chungnam in 2025. Developed in partnership 

with Mura Technology, the plant has an annual production capacity of 20,000 tonnes of pyrolysis oil. The 

process uses natural gas as a supplementary heat source alongside electricity, meaning some direct 

combustion emissions remain — an important consideration for the pathway's long-term emission 

performance as climate standards tighten. 

3.3.2. Plasma torch-assisted pyrolysis 

• Plasma torch-assisted pyrolysis replaces fossil fuel combustion entirely by using high-temperature plasma 

generated from electricity as the heat source. Since electricity – ideally from renewable sources – is its sole 

energy input, the pathway achieves deeper GHG reductions than conventional pyrolysis. 0.37–0.50 kWh of 

electricity is required to process one kilogram of waste plastic, with 1.01 tonnes of waste plastic yielding one 

tonne of pyrolysis oil. 21  In September 2025, the Korea Institute of Machinery and Materials (KIMM) 

announced the world's first ultra-high-temperature plasma torch, operating at 1,000–2,000 °C and capable 

of decomposing mixed unsorted waste plastics in under 0.01 seconds – eliminating the need for pre-sorting. 

As it is still at an early stage of development, the technology’s commercial viability will depend on further 

scale-up and cost reduction. The technology is promising when it comes to delivering higher conversion 

efficiency at lower unit cost than conventional pyrolysis. 

 

 

 

21 Nagar and Vedraj, 2024 
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4. Economic feasibility of the transition in Korea's petrochemical industry  

4.1. Economics of electrification technologies  

• This chapter assesses the economic feasibility of electrification technologies in Korea’s petrochemical 

sector, focusing on the key cost drivers shaping near-term deployment. The viability of electrification is 

further constrained by the limited availability of low-cost renewable electricity and the high cost of hydrogen, 

reflecting the extremely sluggish uptake of renewable energy in Korea. Together, these factors define the 

economic boundaries for electrification. The analysis therefore provides a clear and actionable cost signal 

for policy design, particularly in relation to electricity pricing and industrial decarbonisation strategies. 

• Production costs across all technologies are calculated on a per unit output basis – ethylene, steam and 

other products – by aggregating feedstock costs, capital depreciation and operating expenditures (OPEX), 

including electricity costs. Key feedstocks like naphtha and natural gas are priced at global market rates, with 

currency conversion based on the 2025 average exchange rate.  

• When it comes to the electricity costs, three tariffs are applied, reflecting the range of procurement options 

available to Korean petrochemical companies: (1) the current tariff for large corporate consumers (KRW 

182.7/kWh or EUR 0.115/kWh); (2) the renewable power purchase agreement (PPA) rate (KRW 188.6/kWh 

or EUR 0.118/kWh); and (3) the Distributed Energy Special Zone (DESZ) rate22 (KRW 165.8/kWh or EUR 

0.104/kWh). 

• The table below compares the production costs for selected electrification technologies against 

conventional benchmarks under three electricity tariffs, assuming 100% renewable electricity supply.  

Table 2. Production costs for selected electrification technologies against conventional benchmarks  

Technology 
Conventional 

(EUR/t) 
Current tariff PPA DESZ 

High-temperature cracking processes (ethylene production cost, EUR/t) 

Electric furnace 2,616 2,879 (110%) 2,903 (111%) 2,811 (107%) 

Shock-wave heating 2,616 3,114 (119%) 3,139 (120%) 3,043 (116%) 

Steam and heat systems (steam production cost, EUR/t) 

High-temperature 
industrial heat pump 

27 35 (131%) 36 (134%) 33 (123%) 

Electric boiler 
(electrode) 

27 90 (335%) 93 (345%) 82 (304%) 

Note: Percentages in parentheses show costs relative to the conventional benchmark (100%). Calculations assume 100% 
renewable electricity supply. Operating costs and depreciation of existing assets are excluded. Costs were allocated among 
naphtha cracking co-products solely to ethylene. 

 

22 Zones designated under the Distributed Energy Act in Korea allow direct electricity trading between local producers and consumers, with 

regulatory exemptions to lower industrial electricity costs. KRW 165.8/kWh is an estimated tariff for petrochemical clusters recently 

designated as special zones. 
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• The results point to clear differences in how sensitive each technology is to electricity tariffs. In the case of 

high-temperature cracking processes, electric furnaces add roughly 10% to ethylene production costs 

compared to conventional naphtha cracking under the current industrial tariff. The DESZ tariff brings this 

premium down to around 7%. Given its low technology readiness, shock-wave heating is 16–20% more 

expensive than conventional cracking across all electricity tariffs, reflecting higher capital costs. Further 

development of the technology could possibly reduce this in the future. Similarly, plasma torch technology is 

in its early stages of development; its commercial viability will depend on further scale-up and cost reduction. 

However, this result reflects a different process configuration and system boundary, including the use of 

waste plastic pyrolysis feedstocks rather than direct substitution of conventional naphtha steam cracking. 

The plasma torch technologies should perhaps be regarded as a complementary circular feedstock pathway 

rather than a direct one-to-one substitute for conventional steam cracking. 

• For steam and heat systems, industrial heat pumps entail a moderate cost premium of 23–34% over natural 

gas boilers, with the DESZ tariff shifting costs towards the lower end of this range – a level at which 

investment cases become more viable with additional policy support. Electric boilers face a structurally 

different challenge: even under the most favourable electricity tariff, costs remain more than three times 

higher than those of natural gas boilers. Their strategic value lies in enabling system flexibility and supporting 

the integration of variable renewable energy – by operating during periods of low-cost or surplus electricity, 

electric boilers can contribute to reducing emissions while complementing broader power system 

decarbonisation efforts.  

• The results highlight a clear stratification of electrification options based on cost sensitivity and technological 

maturity. While some technologies show strong responsiveness to electricity price reductions, others remain 

structurally constrained by capital costs. This distinction is critical when it comes to prioritising near-term 

deployment versus longer-term innovation pathways in Korea’s petrochemical sector. It is important to note 

that this comparison focuses on major cost drivers, including fuel prices, electricity costs, depreciation and 

byproduct revenues. It does not include operating costs or the depreciation of existing assets, which may 

influence the relative economics in practice. Still, the results provide a robust directional assessment of how 

electrification technologies compare with conventional processes under Korea’s current and emerging 

energy pricing conditions. The e-crackers address only part of the emissions associated with the plastics 

value chain. This is due to end-of-life emissions during incineration. The figure below illustrates the emissions 

across petrochemical production in Germany, which is also relevant to the Korean context. 
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Figure 2. Estimated distribution of life-cycle emissions for basic chemicals produced in Germany (2019) 

Source: Agora Industry and Carbon Minds (2023), Greenhouse gas emissions of ten basic chemicals according to the 
technology-specific impact in 2019 (VCI 2021b, Carbon Minds 2020). Emissions from manufacturing intermediate and final 
products are not considered.  
 

4.2. Economics of renewable feedstock 

• This section assesses the production costs for renewable feedstock pathways calculated on a levelised per-

unit output basis by aggregating feedstock costs, capital depreciation, OPEX, electricity consumption and, 

where applicable, hydrogen requirements. Biomass feedstocks, carbon inputs and hydrogen prices are based 

on representative market assumptions reflecting current Korean business as usual. The analysis focuses on 

process-level production costs and does not fully incorporate downstream upgrading, infrastructure 

integration or broader system-level retrofit costs. 

• As illustrated in Figure 3, bio-based pathways can follow two routes: drop-in pathways, where biomass 

intermediates are integrated into existing petrochemical infrastructure to produce conventional chemicals, 

and dedicated pathways, which create entirely new bio-based chemicals through specialised systems. For 

Korea, drop-in pathways are more immediately viable as they can utilise existing refining and cracking 

infrastructure while minimising transition risks and capital needs. On this basis, we assessed the levelised 

production costs of four renewable feedstock pathways – bio-oil, bio-crude, e-methanol and e-bio-methanol 

– and compared their cost structures to identify which pathways are most economically viable under Korea's 

current conditions.  
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Figure 3. Different pathways towards bio-based chemical products 

 

Source: Agora Industry and Carbon Minds (2023) 

 

• Among the pathways assessed, bio-based pathways such as bio-oil and bio-crude present a balanced cost 

structure, with feedstock emerging as the dominant cost component. The feedstock accounts for most of 

the total cost, which leads to both high capital expenditure (CAPEX) and OPEX. Although the bio-oil pathway 

benefits from modest credit for biochar (EUR 75/tonne), this does not substantially offset the overall cost 

burden. In the case of e-bio-MeOH, on the other hand, the cost structure is substantially more balanced by 

combining biomass-derived syngas with electrolytic hydrogen. This hybrid configuration significantly 

reduces hydrogen demand and lowers overall production costs relative to fully synthetic electro-MeOH 

pathways. The analysis suggests that hybrid pathways of this kind may offer a more economically resilient 

near- to medium-term transition option for Korea, as they reduce exposure both to hydrogen price volatility 

and large-scale renewable electricity requirements while still enabling substantial emission reductions. 

Electro-MeOH, by contrast, presents the highest total production cost, driven by its heavy reliance on 

electrolytic hydrogen, which alone accounts for nearly 85–90% of total costs. Figure 4 presents a 

comparative breakdown of the levelised production costs for selected renewable feedstock options.  
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Figure 4. Comparative breakdown of levelised production costs for selected renewable feedstock 

 
Note: The production costs for renewable feedstocks are not directly comparable to those for ethylene due to 
differences in products, conversion stages and system boundaries. 
 
 

• The analysis highlights a key structural limitation in Korea’s energy system, namely that hydrogen production 

remains expensive due to high electricity prices and limited access to low-cost renewable energy. In contrast, 

e-bio-MeOH entails a substantially lower total cost, reflecting its hybrid configuration that reduces hydrogen 

requirements by leveraging biomass-derived syngas. As a result, hydrogen costs are significantly lower, 

making it a more economically viable pathway under current conditions.  

Figure 5. Comparative levelised production costs of ethylene for selected processes  

 

Note: Grey MeOH refers to methanol based on LNG, e-bio-MeOH is methanol based on biomass and electrolytic hydrogen 
and e-MeOH means methanol from electrolytic hydrogen and carbon dioxide. Calculations considered a value-based cost 
allocation approach covering ethylene, propylene, C4 hydrocarbons and pyrolysis gasoline for the naphtha cracking 
process and ethylene and propylene for the methanol-to-olefins (MTO) process. 
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5. Policy recommendation for Korea's petrochemical transformation  

5.1. Policy landscape for the transformation of the petrochemical industry 

• As countries pursue climate neutrality targets, electrifying chemical processes, using renewable feedstock 

and achieving greater material circularity are increasingly recognised as key pathways to reducing emissions 

in the sector. Several major economies have introduced policy frameworks to support the transformation of 

the petrochemical sector. These policies target the sector directly, addressing chemical production 

processes, feedstock substitution, industrial standards and product-level regulation. Together, these policy 

instruments create the necessary framework conditions for the petrochemical industry to transition towards 

lower-carbon production pathways. 

• Table 3 below summarises selected policy instruments currently being implemented in major economies, 

organised along the petrochemical value chain: upstream policies addressing energy and feedstock access, 

midstream policies targeting production processes and industrial standards, and downstream policies 

reshaping material demand through product regulation. For a detailed overview of individual policy 

instruments by country, see the Annex. 

Table 3. Policy instruments supporting the decarbonisation of the petrochemical industry  

Policy type Description 

Upstream 
Energy and  
feedstock access 

Energy access 
Policies supporting renewable electricity, grid access, and 
the supply of hydrogen and low-carbon fuels for industrial 
production 

Circular & bio-based 
feedstocks 

Policies promoting recycled and bio-based materials as 
substitutes for fossil-based feedstocks 

Midstream 

Production  
processes 

Carbon pricing 
Emission trading systems that put a carbon price on 
industrial production 

Investment & financing 
support 

Public funding, state-aid and R&D programmes for low-
carbon industrial technologies 

Petrochemical industrial 
strategy 

National and sectoral plans targeting the structural 
transition of the petrochemical industry towards green and 
high-value production 

Industrial regulation & 
standards 

Binding frameworks requiring technology upgrades, 
emission reductions and phase-out of ageing facilities 

Downstream 

Product 

Product regulation 
Regulations on single-use plastics, packaging and vehicle 
materials that directly reduce demand for fossil-based 
petrochemical products 

Sustainable product 
design 

Eco-design requirements setting durability, recyclability and 
material efficiency standards across value chains 
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• Across regions, policy frameworks span the entire value chain, albeit focusing on different aspects. Leading 

economies are increasingly combining sectoral strategies, regulatory frameworks and technology incentives 

to drive the transition of the petrochemical industry. The EU has strong, established frameworks across all 

eight policy areas, from renewable energy and circular feedstock access upstream to eco-design 

requirements and product regulation downstream. Though China also has policy frameworks across all eight 

areas, they are still evolving and have not yet reached full effectiveness. In the Global South, Brazil has started 

to implement a carbon pricing system, indicating that policy development in the petrochemical sector 

remains at an early stage.  

 

5.2. Strategies for Korea’s petrochemical transformation 

• Based on the analysis in the previous chapters, a hybrid approach – combining electrification with renewable 

feedstock – is likely to become an important long-term decarbonisation pathway for Korea’s petrochemical 

sector, particularly when it comes to high-temperature cracking and steam generation processes. However, 

the pace and scale of deployment will depend heavily on future technology maturity, renewable electricity 

availability and the trajectory of ongoing capacity restructuring. Korea's petrochemical sector is currently 

entering a phase of capacity restructuring that is expected to continue until 2029 and will shape the 

sequencing of electrification technologies accordingly. Electric furnaces offer a structural advantage in this 

context: they can replace merely the furnace section of an existing cracker, enabling a targeted brownfield 

retrofit without requiring fundamental changes to the surrounding utility or steam system. Industrial heat 

pumps and electric boilers, by contrast, are not simple drop-in replacements for conventional steam boilers 

– to integrate them effectively, the thermal system will need to be fundamentally redesigned and existing 

infrastructure significantly upgraded. They are therefore more naturally suited to new industrial sites or full 

system replacements than to incremental retrofits of existing assets.   

• Electric furnaces are currently advancing thanks to pilot and demonstration projects being conducted by 

major global petrochemical producers, yet the technology remains at an intermediate stage of commercial 

readiness (TRL 6). Their economic viability will therefore depend largely on whether low-cost renewable 

electricity becomes available in future and industrial power markets are reformed. If Korea adopts a model 

similar to the BASF-led approach in Europe, which combines government support with joint investment from 

multiple petrochemical companies, the first commercial-scale electric furnace project by 2035 appears 

achievable. During this phase, the deployment of industrial heat pumps and electric boilers is likely to be 

constrained at existing complexes where surplus steam from adjacent LNG-based CHP facilities reduces the 

near-term economic incentive to replace the steam system. However, new industrial site developments 

planned in areas such as Daesan and Yeosu could provide an opportunity for introducing them.  

• Beyond 2035 and through to 2045, the conditions for broader electrification across both cracking and utility 

systems are expected to mature. Electric furnaces can be expanded to two or more cracking units as the 

technology moves from early commercial to established deployment, while renewable feedstock crackers 
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advance from pilot to commercial transition. Industrial heat pumps and electric boilers, having gained early 

footholds in greenfield sites during the preceding phase, are expected to be much more widely adopted 

across existing complexes as ageing steam infrastructure is progressively replaced, enabling LNG-based 

CHP generation to be phased out in parallel. The cumulative effect of these transitions across cracking and 

utility systems would bring Korea's petrochemical sector close to net zero by 2050.  

 

Table 4. Electrification deployment roadmap 

Phased technology deployment 
Phase 1 

(until 2035) 
Phase 2 

 (from 2023 until 2045) 

Electric furnace 
First pilot 

demonstrations 
Expansion to  

2+ cracking units 

Renewable feedstock cracker 
R&D & large-scale 

validation 
Pilot-to-commercial 

transition 

Heat pump/ Electric boiler 
Deployment at 
selective sites 

Full deployment 

Electricity requirement (TWh/yr) Up to 5.2 Up to 12.3 

 

• While a conventional techno-economic assessment or TRL analysis would typically suggest prioritising 

industrial heat pumps over electric furnaces due to their higher thermodynamic efficiency and commercial 

readiness, the unique macroeconomic reality of the Korean petrochemical sector dictates a reversed 

sequence. 

• Currently, Korean industry is undergoing a severe period of major structural consolidation and asset 

restructuring rather than capacity expansion. In this asset-rationalisation environment, there are very few 

greenfield opportunities to integrate large-scale industrial heat pumps into newly designed utility networks, 

making it very unlikely that heat pumps will be widely adopted before 2030. 

• Conversely, electric furnaces are strategically perceived as viable, localised pilot opportunities that can be 

tested or retrofitted within existing NCC units without requiring the site’s entire utility steam balance to be 

immediately and completely overhauled. This pragmatic approach aligns with ongoing efforts by both the 

government and leading domestic producers such as LG Chem that have actively prioritised electric furnace 

technology within national carbon-neutrality R&D roadmaps and are continuing to pursue long-term technical 

feasibility studies. 

• Prioritising electric furnaces over heat pumps in the initial phase is therefore a tailored strategic response to 

the asset-restructuring phase of Korea’s petrochemical landscape rather than a choice driven purely by 

technology readiness. 
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5.3. Policy recommendations for Korea’s petrochemical transition 

• Korea’s petrochemical sector has the industrial base and policy foundations to accelerate its transition. The 

Korea Emissions Trading System, the Distributed Energy Special Zone scheme and the recent petrochemical 

industry support package create a workable starting point. Three upstream, midstream and downstream 

gaps remain: access to affordable renewable electricity, de-risking instruments for first-mover investments 

and supply chains for renewable feedstocks. Whether or not these gaps are addressed simultaneously will 

determine the pace and cost of the sector’s transformation.  

• Establish a national petrochemical sector transition roadmap: Korea’s industrial decarbonisation pathways 

remain fragmented. LG Chem is expected to begin technically validating NCC electrification from 2027, and 

the Korea Institute of Machinery and Materials is conducting ongoing research on industrial heat pumps. 

However, no large-scale demonstration plant has been announced and no commercial-scale electric furnace 

or heat pump is currently being operated in any Korean petrochemical complex. A dedicated sector roadmap 

would close this gap by setting phased deployment targets, aligning grid investment with electrification 

timelines and providing the regulatory visibility that private capital requires.  

• Expand renewable energy access and grid infrastructure: An electric furnace replacing a naphtha cracker 

with a capacity of one million tonnes per year requires around 5.2 TWh of electricity annually – 4.3 TWh more 

than a conventional cracking operation. Two cracking units would bring total demand to around 10.4 TWh. 

On the steam side, initially deploying heat pumps and electric boilers that produce 600,000 tonnes of steam 

per year adds around 0.2 TWh per year; fully electrifying all LNG-based steam across a complex could reach 

24 TWh, though in practice alternative low-carbon steam technologies would reduce this ceiling.  

• Affordable renewable electricity is the decisive cost variable. The production cost analysis in Chapter 4 shows 

that the electric furnace cost premium over conventional naphtha cracking falls from 10% under the current 

industrial tariff to around 7% under the Distributed Energy Special Zone (DESZ) rate. Two regulatory reforms 

would improve DESZ access for petrochemical companies: first, removing the restriction that bars 

companies with existing power purchase agreements from entering direct trading arrangements under the 

scheme; second, recognising virtual power plant operators and renewable energy aggregators as eligible 

trading counterparties. Both changes are within the scope of pending regulatory amendments. Grid 

reinforcement – developing substations and transmission capacity in coordination with electrification 

deployment timelines – is a parallel requirement, not a later step.  

• De-risk first-mover investments: Under current market conditions, electric furnace production costs run 

around 10% above those of conventional naphtha cracking, while industrial heat pump costs exceed those 

of natural gas boilers by 23-34%. Carbon contracts for difference (CCfDs), already deployed in Germany to 

support early-mover industrial decarbonisation investments, address this gap by providing long-term price 

certainty and bridging the gap between current economics and commercial viability. Combined with DESZ 

electricity market reform, CCfDs could bring the cost premium of both technologies within reach of policy 
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support. The EU’s Clean Industrial Deal and 2025 Chemicals Industry Action Plan provide a reference model 

for the scale of public financing necessary for first-mover investments to proceed. Korea could design an 

equivalent instrument calibrated to the economics its own analysis has identified.  

• Build renewable feedstock supply chains: LG Chem’s pyrolysis oil plant in Dangjin began operation in 2025, 

with a hydrotreated vegetable oil facility targeting 0.3 million tonnes per year expected to be completed by 

2026. These are first steps. Looking ahead towards 2035, the priority is to build the supply chains – domestic 

biomass, waste plastics and CO2 offtake infrastructure – needed for these pathways to scale.  

• The production cost analysis in Chapter 4 shows that e-bio-methanol entails a levelised cost that is around 

44% lower than that of fully synthetic e-methanol, largely because its hybrid biomass-and-electrolysis 

configuration reduces electrolytic hydrogen requirements substantially. This makes e-bio-methanol the more 

commercially resilient near-term pathway of the two methanol routes. Bio-oil and bio-crude, processed using 

existing cracker infrastructure, recover a broader product slate, including BTX aromatics – Korea’s highest-

value downstream products – than methanol-to-olefins routes can supply. A supply chain strategy that 

advances both bio-based and methanol pathways in parallel, matched to the feedstock endowment and 

infrastructure of each complex, reduces exposure to any single technology ’s commercial risk. This requires 

domestic biomass and waste plastic volumes to be secured, as otherwise renewable feedstock production 

at meaningful scale will remain structurally constrained. 
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