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Acronyms and Abbreviations 

Table 0.1 sets out the acronyms and abbreviations commonly used in the 

report.  

Table 0.1: Acronyms and abbreviations 

 Abbreviation Definition 

Powertrain types 

Internal 

combustion 

engine 

ICE These are conventional petrol or diesel cars with an 

internal combustion engine. In the various scenarios 

modelled there is variation in the level of efficiency 

improvements to the ICE. Efficiency improvements cover 

engine options, transmission options, driving resistance 

reduction, tyres and hybridisation. Under our definition of 

an ICE, hybridisation is limited to micro-hybrids with 

start-stop technology and regenerative breaking. 

Hybrid electric 

vehicles 

HEV This definition covers full hybrid electric vehicles that can 

be run in pure EV mode for some time. They have a 

larger battery than the micro-hybrids (that are classified 

as ICEs). 

Plug-in hybrid 

electric vehicle 

PHEV Plug-in hybrid electric vehicles have a large battery and 

an internal combustion engine. They can be plugged in 

to recharge the vehicle battery. EVs with range 

extenders are not included in the study. 

Battery electric 

vehicle 

BEV This category refers to fully electric vehicles, with a 

battery but no internal combustion engine.  

Fuel cell electric 

vehicle 

FCEV FCEVs are hydrogen fuelled vehicles, which include a 

fuel cell and a battery-powered electric motor.  

Zero emissions 

vehicle 

ZEV Includes all vehicles with zero tailpipe emissions (e.g. 

FCEVs and BEVs). 

Economic terminology 

Gross domestic 

product 

GDP A monetary measure of the market value of all final 

goods and services in the national economy. 

Other acronyms 

Carbon Capture 

and Storage 

CCS CCS is the technology that allows to capture the CO2 

generated from large point sources before it enters the 

atmosphere. The CO2 is then stored, for example in an 

underground geological formation. 

Combined Heat 

and Power 

CHP CHP is a technology that generates electricity and 

captures the heat that would otherwise be wasted to 

provide thermal energy. 

New European 

Driving Cycle 

NEDC Test cycle used for the certification of cars in Europe 

until September 2017. 



Potential options and technology pathways for delivering zero-carbon passenger car transport in Korea 

 

7 Cambridge Econometrics 

Original 

equipment 

manufacturers 

OEM Refers to equipment manufacturers of motor vehicles. 

Million barrels of 

oil equivalent 

MBOE A unit of measuring oil volumes. 

Worldwide 

harmonized Light 

vehicles Test 

Procedure 

WLTP Test cycle used for the certification of cars in Europe 

since September 2017. 
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Executive Summary 

This study assesses the economic costs and benefits of decarbonising 

passenger cars in the Republic of Korea. A scenario approach has been 

developed to envisage various possible vehicle technology futures, and then 

economic modelling has been applied to assess the impacts.  

The analytical team was composed by Cambridge Econometrics, who worked 

in coordination with the Greenpeace Seoul to assess the likely economic 

impacts and the transitional challenges associated with decarbonising the 

Korean car fleet in the medium term (to 2030) and in the long term (2050).  

This technical report sets out the findings from the analysis. It provides details 

about the charging infrastructure requirements, technology costs and 

economic impacts of the transition to low-carbon mobility. A summary report, 

presenting the key messages from the study in Korean, is also available. 

The study shows that a more rapid transition to phase out combustion engine 

vehicles, and replace them with a fleet dominated by battery electric vehicles, 

will; 

• Deliver rapid reductions in fuel use, and therefore in tailpipe emissions 

from the passenger car fleet, as well as reducing oil imports by up to 

almost 4 billion barrels of oil equivalent by 2050. 

• Achieve major emissions reductions compared to a ‘business as usual’ 

case, even taking into account the indirect emissions that are related to the 

generation of electricity. These emissions can be further reduced if the 

electricity grid is decarbonised over the same period. 

• Lead to beneficial economic outcomes in the medium- and long-term. As 

the cost of electric vehicles falls, consumers will spend less money on 

buying and running an electric car compared to a combustion engine 

vehicle; reducing spending on imported fossil fuels and increasing 

spending on domestic goods and services. 

• Create jobs across the economy, most notably in the services and 

manufacturing sectors. These jobs, in the supply chain for electric vehicles 

but also linked to higher consumer spending across the economy, will 

more than outweigh the jobs lost in the conventional motor vehicle industry 

and fossil fuels, with up to 59,000 additional jobs in the Korean economy in 

2050. 
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1 Introduction 

1.1 Background 

The sales of zero-emission vehicles in Korea are steadily increasing. Battery 

electric vehicles sold just over 45,000 units in 2020, a 32% increase on the 

previous year, with a further 5,823 Hyundai Nexo fuel cell vehicles being sold 

over the same period. 

At the same time, the Korean government is setting out its future plans for 

fleet decarbonisation. The subsidy scheme for new alternative powertrain 

vehicles has been extended to 2025; this offers subsidies of up to 8 million 

Won for pure battery electric vehicles (BEVs) and up 22.5 million Won for fuel 

cell electric vehicles (FCEVs). In addition, local government subsidies are 

worth up to 5 million Won and 12 million Won for BEVs and FCEVs 

respectively. The government has announced that 15% of vehicles sold by the 

car manufacturers should be BEVs, FCEVs or hybrid vehicles by 2025; 

although original equipment manufacturers (OEMs) are allowed to sell credits 

for exceeding that target to other OEMs. At the same time, the overall 

transition plans are relatively unambitious; just 33.3% of new vehicles in 2030 

will have to be either BEVs or FCEVs, under plans unveiled by the 

government in early 2021. 

The aim of this analysis is to explore the potential macroeconomic impact of 

decarbonising passenger cars in Korea; by comparing a rapid phase-out of 

sales of ICE vehicles by 2030 against the ‘business as usual’ trajectory of 

33.3% in 2030. Specifically, the work will provide insight into the impacts on 

the domestic manufacturing industry (including relevant supply chains) and the 

Korean economy more broadly. 

1.2 Methodology 

For this study, a set of scenarios were defined in which it was assumed that a 

certain low-carbon vehicle technology mix would be introduced and taken up 

in response to vehicle CO2 emissions regulations. The particular factors 

affecting consumers’ decisions to purchase alternative vehicle technologies 

were not assessed. 

The methodology involved two key stages: 

1) Stakeholder consultation to define the scenarios and agree on the key 

modelling assumptions 

2) An integrated modelling framework that involved (i) application of the 

Cambridge Econometrics vehicle stock model to assess the impact of 

alternative low-carbon vehicle sales mix on energy demand and 

emissions, vehicle prices, technology costs and the total vehicle cost of 

ownership and (ii) application of the E3ME model to assess the wider 

socio-economic effects of the low-carbon vehicle transition. 

The two models that were applied in our framework are: 

- Cambridge Econometrics’ Vehicle Stock Model 

- Cambridge Econometrics’ E3ME model 

Low-carbon 
passenger 

transport policy  

Motivation for 
the study 
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The vehicle stock model calculates vehicle fuel demand, vehicle emissions 

and vehicle prices for a given mix of vehicle technologies. The model uses 

information about the efficiency of new vehicles and vehicle survival rates to 

assess how changes in new vehicles sales affect stock characteristics. The 

model also includes a detailed technology sub-model to calculate how the 

efficiency and price of new vehicles are affected by increasing uptake of fuel 

efficient technologies. The vehicle stock model is highly disaggregated, 

modelling 5 powertrains, 6 fuels and three different size-bands (small, medium 

and large)1.  

Some of the outputs from the vehicle stock model (including fuel demand and 

vehicle prices) are then used as inputs to E3ME, an integrated macro-

econometric model, which has full representation of the linkages between the 

energy system, environment and economy at a global level. The high regional 

and sectoral disaggregation (including explicit coverage of Korea) allows 

modelling of scenarios specific to Korea, and detailed analysis of sectors and 

trade relationships in key supply chains (for the automotive and petroleum 

refining industries). E3ME was used to assess how the transition to low 

carbon vehicles affects household incomes, trade in oil and petroleum, 

consumption, GDP, employment, CO2, NOx and particulates. 

For more information and the full model manual, see www.e3me.com. A 

summary description of the model is also available in Appendix A of this 

report. 

1.3 Structure of the report 

The report is structured as follows: 

• Section 2 sets out the scenarios that were developed to inform the 

analysis and are required to answer the questions raised by the Steering 

Committee. 

• Section 3 presents the main modelling assumptions and technology cost 

data. 

• Section 4 focuses on the new recharging and refuelling infrastructure 

requirements for the deployment of zero emission vehicles. 

• Section 5 presents the results of the E3ME economic modelling exercise. 

• Section 6 shows the environmental impacts of each scenario. 

• Section 7 is devoted to the impacts on the power sector. 

• Section 8 sets out the conclusions of the study. 

 

 
1 See Section 3 for more details. 

Cambridge 
Econometrics’ 
Vehicle Stock 

Model 

Cambridge 
Econometrics’ 

E3ME model 

http://www.e3me.com/
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2 Overview of the Scenarios 

2.1 Scenario design 

The analysis presented in this report is based on a set of scenarios developed 

by Cambridge Econometrics in conjunction with Greenpeace Seoul, each 

assuming a different new vehicle sales mix. These represent a range of 

decarbonisation pathways and are designed to assess the impacts of a shift 

towards low carbon powertrains; they do not necessarily reflect current 

predictions of the future makeup of the Korean fleet of passenger cars. Uptake 

of each kind of vehicle is by assumption: implicitly we assume that this change 

is brought about by policy, but do not model that policy. The four core 

scenarios to be modelled for this study are summarised in Table 2.1. 

Table 2.1: Description of the four core modelling scenarios 

Scenario Scenario description 

REF (Reference) • No change in the deployment of efficiency technology 
or the sales mix from 2020 onwards. 

• Some improvements in the fuel-efficiency of the 
vehicle stock, due to stock turnover. 

CPI (Current Policy 

Initiatives) 

• Efficiency improvements and deployment of new 
powertrains to meet the 2030 new sales target 
(33.3% of new sales with BEVs and FCEVs). 

• No further changes after the year 2030. 

TECH 2035 Phase-out 

(High Technology, phase-

out by 2035) 

• Efficiency improvements and ambitious deployment of 
EVs, mostly BEVs. 

• Phase-out of the sale of new ICEs by 2035. 

TECH 2030 Phase-out 

(High Technology, phase-

out by 2030) 

• Efficiency improvements and ambitious deployment of 
EVs, mostly BEVs. 

• Phase-out of the sale of new ICEs by 2030. 

 

These scenarios were chosen to explore different speeds of phase-out. We 

base the less ambitious TECH scenario (2035 phase-out) upon the IEA’s Net 

Zero Roadmap, which calls for the end of sales of internal combustion engine 

passenger cars by 2035. This is more ambitious than current political 

discussions in Korea but represents a sensible lower scale of ambition which 

could, given the right support for phase out of the use of such vehicles, be 

consistent with a 2050 net zero Korean economy. The more ambitious TECH 

2030 scenario then provides a comparison outlining what a more rapid, while 

still manageable, phase-out might look like, and the socio-economic 

implications of such a move. 

2.2 Vehicle sales and stock 

In this section we outline the sales mix by powertrain deployed across each of 

the scenarios and vehicle size classes.  

The REF scenario has no deployment of advanced powertrains, and the 

dominance of ICEs remains in the whole projected period. Although the sales 

mix does not change over time, the shares of HEVs and BEVs increase in the 

Korean stock due to stock turnover. HEVs share reaches 8% by 2040 (up from 

6% in 2030) while BEVs are 2.4% of the fleet. ICEs make up the 88% of the 

Reference 
scenario 
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stock in 2050, while HEVs and BEVs represent more than 8% and 2% 

respectively as shown in Figure 2.1. 

 

 

The CPI scenario reflects the achievement by 2030 of the current emission 

reduction targets for newly registered vehicles. To meet the target of 33.3% of 

new sales with BEVs and FCEVs by 2030, energy efficiency technologies are 

introduced. In this scenario HEVs and BEVs both play a prominent role, HEVs 

reaching 50%, BEVs are 24.4% of annual new sales in 2030, while PHEV and 

FCEV shares remain moderate (3% and 8.9% respectively) (see Figure 2.2). 

The more rapid penetration of HEVs and BEVs into new sales translates into 

more than a 49% and a 24% share of the stock for the respective technologies 

by 2050. 

Since no further targets have been announced and formally introduced, there 

are not any additional deployment of advanced powertrains into, or 

improvements in the efficiency of, new vehicles beyond 2030. 

 

 

In the TECH 2035 Phase-out scenario non-zero emission vehicles are phased 

out of new sales by 2035. As a result, ICEs still represent the 27% of the new 

vehicles in 2030, converting to 22% of the stock in 2040. BEVs dominate sales 

from 2030 onwards and their share in the stock reaches 21% by 2030 and 

91% by 2050. However, there are still almost a million ICEs and HEVs in the 

stock in 2050 that are more than 15 years old. 

CPI scenario 

TECH 2035 
Phase-out 

scenario 

Figure 2.1: Sales mix (left) and stock composition (right) in the REF scenario 

Figure 2.2: Sales mix (left) and stock composition (right) in the CPI scenario 
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Sales and stock in the TECH 2030 Phase-out scenario are shown in Figure 

2.4 below. We assume a rapid increase in the share of advanced powertrains 

up to 2030 when ICE vehicles are phased out of new sales. BEVs make up 

95% of new sales from this date and FCEV, mostly used to cover longer 

ranges, are the remaining 5%2. After 2030, the sales mix remains constant, 

but the BEV share grows rapidly in the stock reaching 93% by 2050 (up from 

34% in 2030). Thanks to the early phase out of non-zero emissions vehicles 

the share of ICEs falls to 1.4% by 2050. 

 

2.3 Fuel demand 

The fuel demand of the Korean passenger car stock depends on its 

composition. Cars with advanced powertrain are substantially more energy 

efficient, and therefore consume less fuel. Figure 2.5 shows the combined 

effects of efficiency improvements and the deployment of advanced 

powertrains on fuel consumption by the Korean vehicle stock in each scenario. 

Fuel demand substantially decreases compared to the Reference scenario in 

 
2 Given the long ranges of the newest BEVs coming to market, it is not clear that FCEVs will ultimately have 

longer range than BEVs and therefore be needed to fulfil this role. However, substituting this small share of 

FCEVs for BEVs would not fundamentally change the analysis in this report. 

TECH 2030 
Phase-out 

scenario 

Figure 2.3: Sales mix (left) and stock composition (right) in the TECH 2035 Phase-out 
scenario 

Figure 2.4: Sales mix (left) and stock composition (right) in the TECH 2030 Phase-out 
scenario 
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all other scenarios. The penetration of HEVs, BEVs and FCEVs reduces 

annual fuel demand in 2030 in the CPI and in the TECH 2035 Phase-out 

scenario by 20%, in the TECH 2030 Phase out scenario by 32%, on an energy 

input basis.  

In the TECH 2030 Phase-out and the TECH 2035 Phase-out scenarios we 

see a substantial reduction in demand for fossil fuels, with a 47% and a 29% 

reduction in petrol and diesel demand respectively relative to the Reference 

scenario in 2030. By 2050, the demand for petrol and diesel will have fallen by 

more than 98% compared to 2021 levels in both scenarios. However, phasing 

out ICEs 5 years earlier in TECH 2030 Phase-out scenario compared to the 

TECH 2035 Phase-out scenario translates to a 11% reduction in the 

cumulative fuel demand throughout the projection period.  

Electricity and hydrogen demand grows in line with the rollout of BEVs and 

FCEVs. Due to the higher energy efficiency of these vehicles, their share of 

total energy demand is consistently lower than their share of the vehicle stock.  

 

Figure 2.5 Demand of petrol, diesel, gas, hydrogen and electricity (GWh) by scenario
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3 Modelling Assumptions 

This section sets out the modelling assumptions underpinning the analysis. 

The scenarios are defined by (i) the new sales mix by vehicle powertrain type, 

(ii) the uptake of fuel efficiency technologies, and (iii) the assumed policy 

targets. Key assumptions that are common to all scenarios are set out in 

Table 3.1. The subsequent sections provide information about our technology 

costs and deployment, battery costs, fuel cell vehicle and power sector 

assumptions. 

3.1 Common modelling assumptions 

Table 3.1: Key assumptions used in the vehicle stock model 

 Details of assumptions used 

Vehicle sales • Historical sales data is taken from the statistics provided by the 
Ministry of Land, Infrastructure and Transport (MOLIT) and by the 
International Organization of Motor Vehicle Manufacturers 
(OICA). 

• Total new registrations are kept constant at 1.8 million vehicles 
sold per year, corresponding to the projected number of new cars 
sold in the year 2021. 

Efficiency of new 

vehicles 

• We used Korea-specific data on new vehicle efficiency from the 
Korea Energy Agency for 2006 to 2019.  

• Future efficiency of new vehicles is endogenous to the vehicle 
stock model, based on assumptions about the vehicle powertrain 
and the energy efficient technologies that are installed in the 
vehicle, calculated using Ricardo-AEA’s cost curve study for the 
European Commission3.  

Mileage by age 

cohort 

• Historical data on mileage by fuel type and size of the car is 
taken from the Korean Statistical Information Service (KOSIS). 

• We assume that the average annual mileage falls gradually over 
the lifetime of a vehicle and varies depending on size and 
powertrain. To estimate how the annual mileage varies as the 
vehicle ages, we relied on data from the TREMOVE database. 

Vehicle survival 

rates 

• The survival rate curve is the key assumption for converting 
annual sales into a vehicle stock. This curve is defined as the % 
of vehicles from a given sales cohort that survive to a certain age.  

• The survival rate was derived from analysis of the age distribution 
of the total Korean car stock in 2020 (using stock composition 
data by year of registration from MOLIT). The average age of 
passenger cars in the Korean fleet in 2020 was 7.6 years and 
median lifetime of was 14 years. 

• The same survival rate is used for all powertrains and segments. 
We assume an average survival rate curve for all vehicle types 
and assume one survival rate curve across the whole-time 
period. 

Fuel prices • Historical data for fuel prices is taken from the Korea Petroleum 
Association (KPA). In their dataset, oil prices are broken down 
into prices for petrol and prices for diesel. 

• For projections, we assume oil prices to grow in line with the IEA 
World Energy Outlook 2020 Stated Policies Scenario, and then 
we project forward the prices of petrol and diesel in line with the 
oil price projections. 

 
3 Ricardo -AEA (2016), Improving understanding of technology and costs for CO2 reductions from cars and 

LCVs in the period to 2030 and development of cost curves 
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Electricity prices • Electricity tariffs for EVs are sourced from the EV portal of the 
Korea Environment Corporation (KECO), and projections to 2030 
are based on Wood McKinsey (2021). In the absence of 
projections up to the year 2050, electricity prices are assumed to 
remain constant after 2030. 

Hydrogen prices • Hydrogen price projections are taken from the Hydrogen Council 
(2020) forecasts up to the year 2030, and thereafter we assume 
that the price remains constant, due to extensive uncertainty over 
the evolution of the hydrogen prices in this timeframe. 

Value chains • In all scenarios, we assume that Korea captures a consistent 
share of the vehicle value chain for conventional ICEs.  

• We assume that the assembly of battery modules and battery 
packs are part of the electrical equipment value chain. In the 
central scenarios, we assume that battery modules and battery 
packs for EVs are assembled in Korea proportionally to the share 
of electrical equipment demand that is currently met by domestic 
production. 

Trade in motor 

vehicles 

• We assume that the decarbonisation of transport is taking place 
at a similar pace across the rest of the world. 

• Therefore, there is no change in demand for Korean motor 
vehicle exports. 

Air quality • Standards for NOx and PM emissions of newly registered 
passenger cars by year of registration are taken from Transport 
Policy (South Korea).  

 

3.2 ICE efficiency gains 

There remains a large number of measures that can be introduced to improve 

the efficiency of the internal combustion engine and transmission system, and 

many of the technologies that are already available can make a significant 

impact on fuel consumption in the 2021-2025 timeframe.  

Table 3.2 and Table 3.3 below show the assumptions used on the uptake of 

fuel-efficient technologies for petrol and diesel ICEs in the TECH scenarios. 

This deployment builds on the deployments schedules that Ricardo AEA 

developed for the UK Committee on Climate Change. These deployments 

were used to create technology packages to represent a central deployment of 

technologies over time. We then tweaked the deployment of these packages 

to meet the specific ambitions of our scenarios.  

Where applicable (e.g. for technologies and measures that affect the body of 

the car rather than the engine efficiency), the fuel-efficient technologies are 

also assumed to be installed in the same proportion of alternative powertrain 

vehicles. 

Table 3.2 Deployment of fuel efficient technologies in Petrol ICEs over the period to 2050 

(as a share of all new vehicles) 

Efficiency Technology 2020 2030 2050 

Combustion improvements for engines: Level 1 80% 100% 100% 

Combustion improvements for engines: Level 2 33% 82% 22% 

Combustion improvements for engines: Level 3 0% 7% 78% 

Direct injection - homogeneous 40% 36% 1% 

Direct injection - stratified charge & lean burn 20% 54% 51% 

Thermodynamic cycle improvements 1% 4% 47% 

Cylinder deactivation 1% 2% 1% 

Mild downsizing (15% cylinder content reduction) + boost 51% 27% 0% 

https://www.hankyung.com/economy/article/202106152168Y
https://www.hankyung.com/economy/article/202106152168Y
https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf
https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf
https://www.transportpolicy.net/standard/south-korea-light-duty-emissions/
https://www.transportpolicy.net/standard/south-korea-light-duty-emissions/
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Medium downsizing (30% cylinder content reduction) + boost 29% 60% 22% 

Strong downsizing (>=45% cylinder content reduction) + boost 4% 13% 78% 

Cooled low-pressure EGR 20% 60% 99% 

Cam-phasing 60% 27% 0% 

Variable valve actuation and lift 33% 73% 54% 

Engine friction reduction: Level 1 65% 34% 0% 

Engine friction reduction: Level 2 20% 66% 100% 

Start-stop system 36% 17% 0% 

Automated manual transmission (AMT) 25% 47% 2% 

Dual clutch transmission (DCT) 6% 27% 20% 

Continuously variable transmission (CVT) 3% 12% 78% 

Optimising gearbox ratios / downspeeding 4% 2% 0% 

Further optimisation of gearbox, increase gears from 6 to 8+ 30% 64% 99% 

Mild weight reduction (10% from the whole vehicle) 2% 1% 0% 

Medium weight reduction (20% from the whole vehicle) 48% 34% 1% 

Strong weight reduction (30% from the whole vehicle) 21% 66% 100% 

Aerodynamics improvement 1 (Cd reduced by 10%) 20% 40% 2% 

Aerodynamics improvement 2 (Cd reduced by 20%) 10% 36% 18% 

Low rolling resistance tyres 1 2% 10% 81% 

Low rolling resistance tyres 2 45% 36% 2% 

Reduced driveline friction 1 37% 64% 99% 

Reduced driveline friction 2 23% 20% 0% 

Low drag brakes 28% 80% 100% 

Thermal management 36% 47% 0% 

Thermo-electric waste heat recovery 12% 53% 100% 

Auxiliary (thermal) systems improvement 8% 27% 83% 

Auxiliary (other) systems improvement 29% 60% 99% 

 
Table 3.3 Deployment of fuel efficient technologies in Diesel ICEs over the period to 2050 
(as a share of all new vehicles) 

Efficiency Technology 2020 2030 2050 

Combustion improvements for engines: Level 1 80% 100% 100% 

Combustion improvements for engines: Level 2 33% 82% 22% 

Combustion improvements for engines: Level 3 0% 7% 78% 

Mild downsizing (15% cylinder content reduction) + boost 51% 27% 0% 

Medium downsizing (30% cylinder content reduction) + boost 29% 60% 22% 

Strong downsizing (>=45% cylinder content reduction) + boost 4% 13% 78% 

Cooled low-pressure EGR 20% 60% 99% 

Variable valve actuation and lift 33% 73% 54% 

Engine friction reduction: Level 1 65% 34% 0% 

Engine friction reduction: Level 2 20% 66% 100% 

Start-stop system 36% 17% 0% 

Automated manual transmission (AMT) 4% 2% 0% 

Dual clutch transmission (DCT) 30% 64% 99% 

Continuously variable transmission (CVT) 2% 1% 0% 

Optimising gearbox ratios / downspeeding 48% 34% 1% 

Further optimisation of gearbox, increase gears from 6 to 8+ 21% 66% 100% 

Mild weight reduction (10% from the whole vehicle) 20% 40% 2% 

Medium weight reduction (20% from the whole vehicle) 10% 36% 18% 



Potential options and technology pathways for delivering zero-carbon passenger car transport in Korea 

 

19 Cambridge Econometrics 

Strong weight reduction (30% from the whole vehicle) 2% 10% 81% 

Aerodynamics improvement 1 (Cd reduced by 10%) 45% 36% 2% 

Aerodynamics improvement 2 (Cd reduced by 20%) 37% 64% 99% 

Low rolling resistance tyres 1 23% 20% 0% 

Low rolling resistance tyres 2 28% 80% 100% 

Reduced driveline friction 1 36% 47% 0% 

Reduced driveline friction 2 12% 53% 100% 

Low drag brakes 8% 27% 83% 

Thermal management 29% 60% 99% 

Thermo-electric waste heat recovery 0% 4% 25% 

Auxiliary (thermal) systems improvement 32% 87% 100% 

Auxiliary (other) systems improvement 20% 53% 91% 

 

3.3 Vehicle costs 

Our cost assumptions for the improvements mentioned above are based on 

Ricardo-AEA (2015). 

The costs in Table 3.4 are taken from the latest Ricardo-AEA (2015) datasets 

developed for the European Commission. Table 3.4 summarises the main 

technologies included and the associated energy savings and cost increase.  

Table 3.4 Technology Energy Savings and Cost ($2021) 

Efficiency Technologies Energy 

saving 

Production Cost ($2021) 

  Small 

car 

Medium 

car 

Large car 

Combustion improvements for engines: Level 1 2-3% 77 77 77 

Combustion improvements for engines: Level 2 2-3% 16 17 17 

Combustion improvements for engines: Level 3 2-7% 611 611 855 

Direct injection - homogeneous 5% 277 277 387 

Direct injection - stratified charge & lean burn 

7-

11% 
570 750 997 

Thermodynamic cycle improvements 

13-

25% 
689 698 965 

Cylinder deactivation 2-3% 303 303 303 

Mild downsizing (15% cylinder content 

reduction) + boost 
2-3% 126 166 166 

Medium downsizing (30% cylinder content 

reduction) + boost 
2-7% 214 315 322 

Strong downsizing (>=45% cylinder content 

reduction) + boost 

8-

10% 
505 582 589 

Cooled low-pressure EGR 2-3% 133 143 196 

Cam-phasing 4% 95 100 155 

Variable valve actuation and lift 1-7% 266 280 435 

Engine friction reduction: Level 1 1-2% 68 68 68 

Engine friction reduction: Level 2 3-3% 128 128 128 

Start-stop system 1-2% 152 174 220 

Automated manual transmission (AMT) 1-2% 498 498 523 

Dual clutch transmission (DCT) 1-2% 527 562 582 
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Continuously variable transmission (CVT) 
2-3% 

1,02

7 

1,0

27 

1,07

9 

Optimising gearbox ratios / downspeeding 1-5% 93 93 93 

Further optimisation of gearbox, increase gears 

from 6 to 8+ 
3-9% 176 176 176 

Mild weight reduction (10% from the whole 

vehicle) 
5-7% 46 60 78 

Medium weight reduction (20% from the whole 

vehicle) 

11-

12% 
279 361 453 

Strong weight reduction (30% from the whole 

vehicle) 

17-

19% 

1,17

6 

1,5

28 

1,91

2 

Aerodynamics improvement 1 (Cd reduced by 

10%) 
3-4% 62 64 81 

Aerodynamics improvement 2 (Cd reduced by 

20%) 
5-7% 195 202 254 

Low rolling resistance tyres 1 2-4% 44 51 50 

Low rolling resistance tyres 2 5-8% 123 130 129 

Reduced driveline friction 1 1% 33 33 33 

Reduced driveline friction 2 2% 147 147 147 

Low drag brakes 1% 84 84 84 

Thermal management 2% 257 257 296 

Thermo-electric waste heat recovery 
2-3% 743 743 

1,00

2 

Auxiliary (thermal) systems improvement 2-3% 155 164 195 

Auxiliary (other) systems improvement 2-3% 234 252 307 

Note(s): Costs are mass manufacturing cost 

3.4 Battery costs and range 

A key input to the modelling of EV cost is the battery pack size (kWh). Future 

battery pack sizes will depend both on future reductions in battery costs and 

Original Equipment Manufacturer (OEM) design choices to balance vehicle 

driving ranges against cost based on customer preferences. Currently, the 

smallest batteries for BEV cars are around 30 kWh, whereas the largest range 

up to 100 kWh. OEM statements suggest that medium size BEVs will target 

driving ranges of 300km or more, while large vehicles will have longer ranges 

of 500km or more, similar to the Tesla Model S. Taking these trends into 

consideration, Table 3.5 shows the assumed battery pack sizes for PHEV and 

BEV passenger cars between 2021 and 2050.  

Table 3.5: Battery pack size assumptions (kWh) 

Battery sizes (kWh) 

Powertrain Market 

segment 

2021 2030 2040 2050 

PHEV Small 7.0 6.3 5.6 4.9 

PHEV Medium 10.0 9.0 8.0 7.0 

PHEV Large 15.0 13.5 12.0 10.5 

Definitions 
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BEV Small 45.0 45.0 45.0 45.0 

BEV Medium 60.0 60.0 60.0 60.0 

BEV Large 90.0 90.0 90.0 90.0 

 

We have used different assumptions for PHEVs and BEVs on changes in 

battery capacity. For PHEVs, it is assumed that OEMs maintain an electric 

driving range of approximately 50km (medium sized vehicle), and decrease 

pack sizes over time as vehicle efficiency improvements lead to reductions in 

energy use per km. For BEVs, we assume that pack sizes are held constant, 

and vehicle driving ranges increase over time as improvements in battery 

energy density reduce pack weight and vehicle-level efficiency improvements 

reduce energy consumption per kilometre. 

The battery sizes are intended to be representative, since in practice there are 

a wide range of options and specifications available to manufacturers, leading 

to a wide range of costs, performance and range. 

The primary influence on plug-in vehicle cost and performance is battery 

technology, since other components such as electric motors are already well 

developed and have more limited potential for future improvements. There are 

four key areas of battery technology where breakthroughs could happen: 

• reducing the cost 

• increasing the specific energy (to improve vehicle range/performance for a 

given battery weight or reduce weight for a given battery kWh capacity) 

• improving usable operational lifetime 

• reducing recharging time, for example allowing rapid charging at 150 kW+ 

with no impact on battery state of health 

According to estimates by Bloomberg New Energy Finance (BNEF), the price 

of lithium-ion batteries in 2020 was $137/kWh – a drop of 89% since 2010 

(BNEF, 2021)4. Price decreases between 2010 and 2020 are in part due to 

technology improvements and economies of scale. Battery pack prices are 

predicted to continue to drop in the future, but at a slower pace than in 

previous years.  

All of the considered scenarios use a single battery cost projection based on 

BNEF (2021), according to which battery prices will fall further to about 

$54/kWh by 2030. Given the absence of projections up to 2050, we do not 

assume further price changes after the year 2030; this likely leads to a 

pessimistic view of future battery prices post-2030. Table 3.6 shows the 

projected battery system costs for PHEVs and BEVs.  

  

 
4 BNEF (2021), Battery Pack Prices Cited Below $100/kWh for the First Time in 2020, While Market 

Average Sits at $137/kWh. 

Costs and 
energy savings 

https://about.bnef.com/blog/battery-pack-prices-cited-below-100-kwh-for-the-first-time-in-2020-while-market-average-sits-at-137-kwh/
https://about.bnef.com/blog/battery-pack-prices-cited-below-100-kwh-for-the-first-time-in-2020-while-market-average-sits-at-137-kwh/
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Table 3.6: Assumed battery system costs ($2021 / kWh) 

Battery system costs ($2021/kWh) 

Powertrain Market segment 2020 2030 2040 2050 

EVs All  126   54   54   54  

 

The costs presented in Table 3.6 refer to both the battery and the battery 

system (pack), but not to the electric drive powertrain; costs for the latter are 

shown in Table 3.7. The costs are lower per kWh for a larger battery than a 

small battery.  

Table 3.7: Electric powertrain costs (motor, inverter, booster) ($2021) 

Powertrain Market segment 2020 2030 2040 2050 

PHEV Small 1,034 932 842 762 

PHEV Medium 1,164 1,050 948 858 

PHEV Large 1,436 1,296 1,171 1,059 

BEV Small 1,034 932 842 762 

BEV Medium 1,164 1,050 948 858 

BEV Large 1,436 1,296 1,171 1,059 

 

Overall, the total battery system and powertrain costs are shown in Table 3.8 f 

for each of the different market segments based on the derived battery size.  

Table 3.8: Total cost of electric powertrain and battery ($2021) 

Powertrain Market 

segment 

2020 2030 2040 2050 

PHEV Small 1,922 1,271 1,143 1,026 

PHEV Medium 2,434 1,534 1,378 1,234 

PHEV Large 3,341 2,021 1,815 1,623 

BEV Small 6,748 3,351 3,261 3,181 

BEV Medium 8,782 4,275 4,173 4,083 

BEV Large 12,864 6,134 6,009 5,897 

 

State of Charge (SOC) assumptions (Table 3.9) are applied to derive the 

useable energy of the battery. The expected range (Table 3.10) is then 

Battery range 
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derived based on the test cycle efficiency of the vehicle (in all electric mode, 

under the Worldwide Harmonised Light Vehicles Test Procedure)5.  

Table 3.9: Battery usable State of Charge (SOC) (%) 

Battery usable SOC for electric range (%) 

Powertrain Market segment 2020 2030 2040 2050 

PHEV Small 70% 72% 74% 75% 

PHEV Medium 70% 72% 74% 75% 

PHEV Large 70% 72% 74% 75% 

BEV  Small 85% 90% 90% 90% 

BEV  Medium 85% 90% 90% 90% 

BEV  Large 85% 90% 90% 90% 

 

Table 3.10: Vehicle range in full electric mode (km) 

All electric range (km – WLTP) 

Powertrain Market segment 2020 2030 2040 2050 

PHEV Small 47 47 45 46 

PHEV Medium 52 52 50 51 

PHEV Large 61 61 59 60 

BEV Small 300 342 361 412 

BEV Medium 308 350 371 424 

BEV Large 363 412 437 500 

Note(s): The ranges in this table represent average vehicles in each market segment. Within 
each segment, we expect a range of battery sizes to be made available to suit different 
use cases, including vehicles with much larger batteries and therefore longer ranges. 
Indeed, there are already BEVs on the market with much longer ranges than those 
envisaged here. 

 The assumed dynamic around battery ranges is that, as battery costs fall, OEMs will 
use this to simultaneously reduce final vehicle prices and also extend the range of 
these vehicles modestly. If battery prices fall more rapidly than anticipated in the 
modelling, it is possible that average vehicle ranges could increase more rapidly. 
 

3.5 Fuel cell vehicle assumptions 

The assumptions regarding FCEVs (e.g. fuel cell system costs, hydrogen tank 

costs, driving range, system power outputs and hydrogen production costs) 

build on work carried out by Element Energy for several national hydrogen 

mobility initiatives, as well as the cross-cutting Hydrogen Mobility Europe 

 
5 The projected efficiency under the NEDC are converted to WLTP equivalent as per the conversion of each 

efficiency measure given in Ricardo-AEA (2015). Starting conversion factors for 2015 were sourced from 

ADAC EcoTest laboratory results. The difference in kWh/km between NEDC and WLTP is typically around 

5%. 
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(H2ME) demonstration project funded by the Fuel Cells and Hydrogen Joint 

Undertaking. They are based on aggregated and anonymised data provided 

by technology suppliers and vehicle manufacturers, data from real-world 

deployments and published data from the national hydrogen mobility initiatives 

and academic research.  

The two largest components influencing the costs of FCEVs are the fuel cell 

system and the high-pressure hydrogen tank. Future values for these costs 

are subject to significant uncertainty, since they depend greatly on 

improvements at a technology level (for example reducing the precious metal 

content in the stack) and substantial increases in manufacturing volumes. For 

current costs, representing very low production volumes, fuel cell costs of 

$113/kW are assumed as a central estimate. 

 

 

 

 

 

 

 

 

 

 

In 2021 and beyond, significant cost reductions in fuel cell systems are 

expected due to technology improvements and increasing production 

volumes. Future assumptions are based on the EU Powertrains Study and the 

UK’s Hydrogen Technology Innovation Needs Assessment (TINA) carried out 

by Element Energy and the Carbon Trust. These costs would result in a 

100kW fuel cell system costing $5,000-6,000 by 2030. Figure 3.2 shows the 

expected cost progression of hydrogen tanks. These are based on the UK 

TINA and bilateral discussions with vehicle manufacturers. Like fuel cell costs, 

significant cost reductions are expected as manufacturing volumes increase, 

with a reduction of at least 50% relative to today’s prices by 2030. 

Fuel cell system 
and hydrogen 

tank costs 

Figure 3.1: Current and projected costs of fuel cell systems ($2021) 
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Low and high estimates of fuel cell and hydrogen tank trends (from the TINA) 

are also provided for use in sensitivity analysis, reflecting higher and lower 

sales volume assumptions from system manufacturers as shown in Figure 3.3. 

Figure 3.3 Assumed growth in global automotive fuel cell systems (units per 
manufacturer per year) 

 

The average FCEV driving range between refuelling events is currently around 

500 km, which is higher than most current generation battery electric vehicles. 

Range assumptions and the assumed motor and fuel cell powers are shown 

below in Table 3.11. As fuel cell costs decrease and fuel efficiency improves, 

vehicle manufacturers may choose to increase vehicle range, or reduce 

hydrogen tank sizes while keeping the range constant. This also applies to 

fuel cell and motor powers, where manufacturers can trade off increased 

power (and hence increased performance) with cost reduction for a given 

performance. These decisions will depend on perceived customer needs as 

well as technology progression. A similar trade-off exists for range-extended 

fuel cell vans, where the relative sizes of the battery and fuel cell stack can be 

optimised, based on the future rates of cost reduction in each technology. 

As a simplifying assumption, motor/fuel cell powers are assumed to remain 

constant throughout the study timeframe. This is consistent with 

manufacturers favouring cost reduction to improve total cost of ownership 

relative to conventional vehicles, rather than ‘spending’ technology 

improvements on better performance. Fuel tank sizes are assumed to remain 

constant and therefore any fuel efficiency improvements result in an increased 

driving range. This increase in range is similar to a recent Hyundai prototype 

(Nexo, 609 km range), and also reflects the need to provide similar operating 

range to diesel cars and maintain an operational advantage compared with 

battery electric vehicles for long range duty cycles (with charging time less 

than 5 minutes for a FCEV). 

Driving range 
and system 

power outputs 

Figure 3.2: Hydrogen tank cost projections for full power fuel cell electric 
passenger cars ($2021) 
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Table 3.11 Modelling assumptions for hydrogen vehicle range and power outputs of drive 
motors and fuel cell systems 

Market 

segment 

Year Driving range (km) Electric motor 

power (kWh) 

Fuel cell system 

power (kWh) 

Small 2020 399 70 70 

Small 2050 515 70 70 

Medium 2020 509 100 100 

Medium 2050 662 100 100 

Large 2020 555 125 125 

Large 2050 720 125 125 

 

Fuel consumption assumptions for FCEV vehicles were sourced from 

historical estimates provided by the Korea Energy Agency for the year 2019. 

The future evolution of fuel consumption values is endogenously calculated in 

the vehicle stock model. Fuel consumption is expected to decrease in future 

model generations, partly due to increasing fuel cell efficiency but also through 

efficiency savings at a vehicle level such as weight reduction or improved 

aerodynamics.  

Figure 3.4 presents the assumed evolution of fuel consumption for small, 

medium, and large FCEVs used in this study. Fuel consumption levels fall 

steadily over time, reflecting increased efficiency. 

 

The production of hydrogen is expected to increase substantially in coming 

years, driving down the price globally. Currently there are two major 

technologies used to produce hydrogen: Steam Methane Reforming (SMR) 

and electrolysis. While SMR has significantly lower costs, the related carbon 

dioxide emissions are substantial. However, emissions can be reduced by 

around 90% through carbon capture and storage (CCS) technologies. 

Hydrogen generated by steam methane reforming with CCS is labelled as 

blue hydrogen. Hydrogen production through electrolysis using renewable 

electricity on the other hand has no CO2 emissions. 

Hydrogen fuel 
consumption 

The price of 
hydrogen 

Figure 3.4 Fuel consumption assumptions for small, medium, and large FCEVs (H2 
kg/100km) 
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Figure 3.5 shows the projected average hydrogen price of the Hydrogen 

Council (2020) and the Hydrogen Economy Roadmap of Korea (2019). 

Forecasts are only up to the year 2030 and 2040 respectively, thus, thereafter 

we assume that the price remains constant, due to extensive uncertainty over 

the evolution of the hydrogen prices in this timeframe. Although the price 

projections are not specific to Korea, in this study we base our hydrogen price 

assumptions on the analysis of the Hydrogen Council (2020) as we consider 

their short term price projection of $13.15 more feasible.   

 

 

 

 

 

 

 

 

 

 

 

In this report, we have not considered specific pathways for the generation of 

hydrogen in detail, instead using existing predictions for hydrogen prices. 

However, it is important to note that these different pathways have 

implications for the characteristics of hydrogen, including the CO2 footprint and 

the final price for consumers. 

While green hydrogen offers the greatest emission savings of any hydrogen 

pathway, it requires large amounts of electricity, with extensive energy losses 

in both the well-to-tank and tank-to-wheel phases meaning that around three 

times as much electricity is needed to provide the same final energy as a 

battery electric vehicle. Although the industry is optimistic that direct power 

purchase agreements and efficient transportation can bring green hydrogen 

prices down in future, due to this relative efficiency green hydrogen is always 

likely to be a more expensive fuel than electricity. 

Blue hydrogen (produced from steam methane reforming, with carbon capture 

technology used to remove much of the CO2) is touted as an alternative zero 

carbon method of producing, at competitive costs, substantial volumes of 

hydrogen in the future. However, there is substantial uncertainty surrounding 

the technology, with the potential for very high leakage rates posing a threat to 

its potential environmental impacts, and questions about how cost-competitive 

blue hydrogen can be with a dependence on CCS at a scale that has not yet 

been achieved in practice. 

Finally, grey hydrogen cannot be considered a long-term option, simply 

because of the substantial emissions associated with the steam methane 

reforming methods used to produce the gas from fossil fuels. It should be 

noted that grey hydrogen dominates global hydrogen production, and is 

currently by far the cheapest method of hydrogen production; the alternative 

Hydrogen 
generation 

pathways 

Figure 3.5 Hydrogen price projections from the Hydrogen Council (2020) and the 
Hydrogen Economy Roadmap of Korea (2019) ($2021 / kg) 

https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf
https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf
https://docs.wixstatic.com/ugd/45185a_551e67dca75340569e68e37eea18f28e.pdf
https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf
https://hydrogencouncil.com/wp-content/uploads/2020/01/Path-to-Hydrogen-Competitiveness_Full-Study-1.pdf
https://docs.wixstatic.com/ugd/45185a_551e67dca75340569e68e37eea18f28e.pdf
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technologies need therefore to overcome series economic hurdles in order to 

be considered a viable zero-carbon fuel. 

3.6 Power sector assumptions 

The structure of the power sector, and the renewable content of electricity 

generation in particular, has important implications for the results of the study: 

• It determines the net environmental impact of the electrification of the 

vehicle fleet; 

• It affects the economic and employment impacts of the transition. 

In this study, we consider two scenarios for the evolution of the power sector 

in Korea up to the year 2050. In the ‘Central’ scenario, no further policies 

affecting the sector are assumed, with the result that the power generation mix 

does not substantially vary over the projected period, as represented in Figure 

3.66. Therefore, this scenario does not assume a decarbonisation of the power 

generation sector.  

In contrast, in the ‘Decarbonisation’ scenario, we assume that additional 

policies will be introduced in Korea to phase-out electricity generation from 

fossil fuels (coal, oil, and natural gas) by 2050. The electricity generation mix 

therefore radically changes over the period, as showed in Figure 3.7. This mix 

is based broadly on the ninth basic plan for electricity, published in December 

2020. 

The modelling of a decarbonised energy system highlights some of the 

challenges of achieving this in Korea; there is substantial renewables 

potential, but current technologies are likely to be insufficient to meet all 

electricity demand by 2050. While nuclear (classified as part of ‘Others’) 

continues to decline throughout the period, there is a substantial tranche of 

electricity demand that must be met by other ‘Low Carbon’ sources. This could 

include via an interconnector with China, the importing of low carbon fuels 

(such as hydrogen for use in grid fuel cells) or, probably least desirably, the 

 
6 The category ‘Others’ include electricity generated from Nuclear, fuel cells, and CHP plants.  

Power sector 
structure 

Figure 3.6: Annual electricity generation by source (as a % of total generation) in 
the Central scenario 

https://policy.asiapacificenergy.org/sites/default/files/9th%20Basic%20Plan%20for%20Power%20Supply%20and%20Demand%20.pdf
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use of CCS technologies which, given the lack of suitable storage sites in 

Korea, would require the exporting of the CO2 to a willing recipient. 

As the power sector undertakes a transition to renewable sources in the 

‘Decarbonisation’ scenario, this directly influences the economic and 

employment impacts of the considered scenarios in the road transport sector. 

These impacts are presented in more detail in Chapter 7.  

 

Figure 3.7: Annual electricity generation by source (as a % of total generation) in 

the Decarbonisation scenario 
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4 Infrastructure Requirements 

This section describes the definition, costs, and deployment of electric 

charging posts, as well as the deployment of hydrogen refuelling stations. It 

also provides a breakdown of our calculation for total infrastructure 

requirements.  

4.1 EV infrastructure 

We adopt the definitions and costs for charging points as presented in this 

section. These definitions and costs were sourced from recent literature (e.g. 

Cambridge Econometrics and CE Delft) and agreed upon to reflect the Korean 

market.  

Table 4.1 represents the range of available charge points to end users and 

illustrates the characteristics and costs of charging posts. Within each 

‘archetype’, significant variation in price and features would be expected to 

occur in the real world.  

Table 4.1: Charging post definitions and costs 

Main 

application 

Charging point 

features 

Power (kW) Charge time - 

45kWh battery 

(approx.) 

Cost ($2021) 

Production & 

Installation 

Residential Wall box 

One plug 

 

3 kW 15 hours        1,501  

Workplace 

 

Ground 

mounted 

Two plugs 

 

7 kW 6.4 hours        3,725  

Parking (on-

street and 

shopping 

centres) 

 

Ground 

mounted 

DC fast charger 

50 kW (25 Kw 

for 2 chargers) 

 

54 minutes 

(1.8h for 25 kW) 

     35,557  

Rapid chargers 

on motorways 

site 

 

DC super-fast 

charger 

 

150 kW (75kW 

for 2 chargers)   

18 minutes (36 

minutes for 

75kW)  

 

     75,207  

 

For the residential sector, we consider a wall box with a power of 3 kW as 

standard option, allowing slow recharge of the vehicles overnight. This 

solution is sometimes offered through OEM dealerships either with an OEM 

branded charging point or through a partnership with an independent provider. 

In some instances, consumers will choose not to install a wall box and simply 

charge their EVs from a standard socket to avoid paying capacity charges. 

These low-powered options are suitable for many consumers as typical 

vehicles require only a partial charge overnight to ‘top up’ the charge used in a 

single day, rather than a substantial charge, so in practice average charging 

times will be lower than stated in the table above. 

Definition and 
costs for EV 

charging points  

Residential 

charging posts 
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For residential sites with no access to a private driveway or garage, solutions 

are similar to a private domestic charging point with the addition of options for 

metering electricity and controlling access to authorised users. In the 

workplace, we consider a ground mounted charging post at company parking 

lots with a power of 7 kW, allowing a slow recharge over working hours.  

For public stations in public places such as on street parking spaces, 

dedicated car parks, and retail car parks, a ground mounted DC fast charger 

with a power of 50 kW (or 25 kW for two chargers) is assumed. The choice of 

the installed power will depend on parameters such as parking time (the 

longer the customers typically spend in a retail, the lower the kW can be while 

still able to provide valuable range) and connection costs. 

For stations on motorways, a DC super-fast charger of 150 kW (alternatively, 

75 kW for two chargers) is assumed, allowing for a full recharge between 18 

and 36 minutes for a BEV with a 45 kWh battery pack. High power rates are 

necessary to maintain acceptable charging times for vehicles with large 

batteries. Higher-powered chargers (such as the Ionity, up to 350kw, and 

Tesla supercharger version 3 at 250kW) are available, and would reduce 

charge times still further, although would have higher infrastructure costs. The 

values taken in our analysis might therefore represent an average between 

these highest-power options and a mix of lower powered chargers. 

The additional charging requirements in each year are multiplied by the cost 

per post in that year. To project changes in charging infrastructure costs out to 

2050, we apply a 10% learning rate per doubling of cumulative charging 

capacity, meaning that as the total capacity of installed chargers doubles, the 

cost of additional chargers comes down by 10%. We can expect production 

costs to decrease due to advancements in manufacturing techniques and 

economies of scale. The actual cost is therefore dependent on the uptake 

scenario modelled. Figure 4.1 shows the estimated cumulative investment 

requirements to support the EV fleet in the TECH 2030 Phase-out and TECH 

2035 Phase-out scenarios.  

 

We assume that all private infrastructure spending (household and work 

charging points) are paid for upfront by the consumer when the vehicle is 

purchased. This is either explicit (e.g. consumers paying for chargers installed 

on their private property) or implicit (OEMs installing chargers as part of 

Public charging 

posts 

Rapid charging 

sites 

Financing of EV 
charging posts 

deployment 

Figure 4.1 Cumulative investment requirements to support the EV fleet in the TECH 2030 
Phase-out (left) and TECH 2035 Phase-out (right) scenarios ($2021) 
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vehicle purchase and adding an appropriate premium to the purchase price of 

the vehicle to cover this cost). Investment in public infrastructure and rapid 

charging points is assumed to be paid for by owners of shopping centres, car 

parks and motorway service stations. We assume that these costs are fully 

passed on to customers: the cost of infrastructure in shopping centres and 

motorway services is ultimately paid for by an increase in prices for 

consumers in wholesale and retail markets.  

Finally, we make the simplifying assumption that site owners or private 

businesses install the chargers without the financial aid offered by public 

subsidies. This does not have a large bearing on the economic results. 

Instead, if we had assumed that the public charging posts are publicly 

financed, then to balance the government budget in the scenario, tax rates 

would have to be raised elsewhere, and the cost would still ultimately be borne 

by businesses and consumers. 

4.2 Hydrogen infrastructure 

Fuel cell vehicles are refuelled by hydrogen refuelling stations, dispensing 

high pressure gaseous hydrogen into the vehicles’ on-board storage tanks. 

The main elements of a hydrogen refuelling station (HRS) are a compressor, 

hydrogen storage, pre-cooling/refrigeration equipment and dispensers. The 

exact configuration of an HRS, in terms of its size, the pressure of primary and 

buffer storage and dispensing rate per hour, varies according to the station 

supplier and the intended use. 

HRS costs in this study are based on three different station sizes (50, 100 and 

500 kg per day), dispensing 700 bar hydrogen and meeting the performance 

specifications set out in the SAE J2601 international standard. Cost 

assumptions for the stations are drawn from the ‘Fuelling Italy’s Future’ study 

and are presented below. Figure 4.2 shows the assumed capital and fixed 

operating costs for each HRS dispensing 700 bar hydrogen.  

Costs are also shown per kilogram of capacity, assuming a 20-year lifetime, 

7% cost of capital and a utilisation factor increasing over time to 75%. These 

costs are appropriate for hydrogen stations receiving hydrogen deliveries by 

truck, or from an on-site electrolyser. The costs for the electrolyser itself are 

included in the production cost section. 

Both capital and fixed operating costs are expected to decrease over the 

period to 2030 due to design improvements, increased manufacturing volumes 

Refuelling 
station costs 

Figure 4.2 Capital (left) and fixed operating costs of hydrogen refuelling stations ($2021 / 

H2 kg dispensed) 
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and more efficient supply chains. However, we assume that the technology 

reaches maturity at this point, and costs are kept constant afterwards. By 

2030, capital costs represent a relatively small proportion of the expected 

hydrogen selling price, particularly for the larger station sizes. Hence, possible 

breakthroughs in HRS design that lead to much lower costs than predicted 

here -while beneficial particularly in terms of reducing capital investment for 

the early network - do not strongly affect the overall economics of hydrogen 

refuelling. 

Fixed operating costs for HRS are shown in Figure 4.2. Significant cost 

reductions are expected in future, due to more efficient supply chains, use of 

local labour for maintenance rather than engineering teams from the 

equipment supplier, and increased component lifetimes. Again, costs beyond 

2020 are a relatively small proportion of the overall hydrogen cost structure, 

which is dominated by the cost of the hydrogen itself. This is similar to the cost 

structure for conventional petrol stations, and unlike that of electric charging 

points, whose capital costs are high in proportion to the value of the electricity 

supplied. 

The future rate of deployment of HRS in the Korean market for hydrogen is 

strongly linked to the roll-out of FCEVs, particularly the step change in sales 

driven by lower cost, second generation vehicles beyond 2020. In this study, 

the number of stations in Korea (and implied capital and operating costs) is 

directly linked to the projected uptake of fuel cell vehicles across scenarios 

and to the expected volume of vehicles that can be supported per refuelling 

station. To model the uptake of HRS, we have assumed an initial deployment 

based only on refuelling stations of reduced size (between 50 and 100 kg / 

day) which will be gradually phased-out after 2030 to the advantage of 

stations with larger capacity (500 kg / day). 

Besides defining the relative roll-out of each type of HRS, we estimated the 

total number of HRS that can support the fleet of FCEV consistently with a 

series of density assumptions. Specifically, we assumed a ratio of 100 FCEVs 

per 50 kg / day HRS in 2030 increasing to 150 by 2050, a ratio of 250 FCEVs 

per 100 kg /day HRS in 2030 increasing to 300 by 2050, and a ratio of 1,250 

FCEVs per 500 kg / day HRS in 2030 increasing to 2,000 by 2050.  

Table 4.2 and Table 4.3 provide an overview of the hydrogen infrastructure 

deployment in the TECH 2030 Phase-out and TECH 2035 Phase-out 

scenarios resulting from our assumptions, including the densities covering the 

projected period.  

Table 4.2: Number of HRS calculation breakdown in the TECH 2030 Phase-out scenario 

Variable Type 2020 2030 2040 2050 

Vehicle stock (000s) All 19,490 24,686 26,328 26,534 

Vehicle stock (000s) FCEVs 
5 486 1,143 1,306 

Share of vehicle stock FCEVs 
0.0% 2.0% 4.3% 4.9% 

      

Infrastructure density 

(FCEVs per HRS) 

50 kg / day  100 100 150 150 

100 kg / day 200 250 300 300 

500 kg / day 1,000 1,250 1,500 2,000 

Deployment of 
hydrogen 

infrastructure 
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Total number of HRS 

50 kg / day  - - 23 - 

100 kg / day - - 59 - 

500 kg / day - - 1,800 3,326 

Total 0 0 1,882 3,326 

 

Table 4.3: Number of HRS calculation breakdown in the TECH 2035 Phase-out scenario 

Variable Type 2020 2030 2040 2050 

Vehicle stock (000s) All 19,490 24,686 26,328 26,534 

Vehicle stock (000s) FCEVs 
5 297 957 1,278 

Share of vehicle 

stock FCEVs 

0.0% 1.2% 3.6% 4.8% 

      

Infrastructure 

density (FCEVs per 

HRS) 

50 kg / day  100 150 150 150 

100 kg / day 200 250 300 300 

500 kg / day 1,000 1,250 1,500 2,000 

      

Total number of 

HRS 

50 kg / day  - - 23 - 

100 kg / day - - 59 - 

500 kg / day - - 1,800 3,326 

Total 0 0 1,882 3,326 

 

The number of additional hydrogen refuelling stations in each year, in line with 

the projected deployment of 50 kg /day, 100 kg / day, and 500 kg / day HRS, 

is multiplied by the projected capital costs per station (see Figure 4.2) in each 

year to derive the annual investment requirements needed to support the 

FCEV fleet in the scenarios. Figure 4.3 shows the cumulative investment 

requirements over the projected periods in the TECH 2030 Phase-out and in 

the TECH 2035 Phase-out scenarios. 

 

Financing 
refuelling station 

deployment 

Figure 4.3 Cumulative investment requirements to support the FCEV fleet in the TECH 
2030 Phase-out (left) and TECH 2035 Phase-out (right) scenarios 
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As with public and rapid EV charging infrastructure, we assume that the costs 

of hydrogen infrastructure are fully passed on to customers: the cost of 

infrastructure in shopping centres and motorway services is ultimately paid for 

by an increase in prices for consumers in wholesale and retail markets. 

However, the number of stations deployed in the considered scenarios has 

minimal effect on the macroeconomic modelling given the small numbers in 

relation to the overall car stock. 

4.3 Total cumulative investment in infrastructure 

Figure 4.4 below shows the cumulative infrastructure investment requirements 

by scenario from 2021 to 2050. In the TECH scenarios the rapid deployment 

of the required infrastructure is essential to enable the penetration of EVs to 

the fleet. The cumulative infrastructure investment in the TECH 2030 Phase-

out scenario reaches more than $19.4 billion by 2050 while in TECH 2035 

Phase-out it is $17.4 billion. Since fewer advanced powertrains are deployed 

in the CPI and Reference scenarios, investment in new infrastructure is also 

lower (around $9 billion in the CPI scenario and $1.3 billion in the Reference 

scenario).  

 

Figure 4.4 Total cumulative investment in infrastructure by scenario ($2021) 
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5 Socioeconomic Impacts 

The economic impacts of decarbonising Korea’s passenger vehicles, 

compared to a reference scenario (REF) in which cars remain unchanged 

from today, and a current policy initiatives (CPI) scenario, were modelled 

using E3ME.  

5.1 GDP impacts 

All scenarios show a net positive impact on GDP compared to the reference 

case. This comes from the shift in spending away from imported oil and 

towards a higher capital content in vehicles and spending on decarbonised 

fuels. The higher cost of vehicles raises prices for consumers and depresses 

real incomes and spending. It diverts spending towards the value chain for 

manufacturing vehicles and their component parts and away from other 

sectors of the economy. However, better fuel-efficiency lowers running costs, 

with positive consequences for the economy. It diverts spending away from oil 

supply chains and towards other areas of the economy. Since oil is imported 

into Korea while the decarbonised fuels are largely produced domestically, the 

shift in spending on fuel boosts the Korean economy and is reflected in an 

improvement in the balance of trade. A summary of the main economic 

indicators in presented in Table 5.1. 

 Table 5.1: Macroeconomic indicators 

 CPI 

TECH 2030 

Phase-out 

TECH 2035 

Phase-out 

2030 Impacts (relative to REF) 

GDP (%) 0.12% 0.19% 0.12% 

Employment (000s) 17 40 26 

Oil Imports (%) -13.6% -26.0% -16.1% 

CO2 emissions from 

passenger cars (mtCO2) 
-51 -87 -54 

 CPI 

TECH 2030 

Phase-out 

TECH 2035 

Phase-out 

2050 Impacts (relative to REF) 

GDP (%) 0.19% 0.27% 0.26% 

Employment (000s) 25 59 57 

Oil Imports (%) -19.8% -40.5% -40.2% 

CO2 emissions from 

passenger cars (mtCO2) 
-494 -932 -801 

The scale of the long-term economic impacts is uncertain, depending on a 

number of factors: the cost of vehicles and low-carbon technologies (including 

EV batteries); the location of vehicle supply chains, and future oil, hydrogen 

and electricity prices, to name a few. However, the dominant impact arises 
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from the reduction in oil imports. This is evident in the macroeconomic results 

in which the GDP impacts tend to follow oil imports in the CPI and TECH 

scenarios. The ambitious TECH scenarios yield the greatest economic 

benefits in the long-run in terms of the impact on both GDP and employment 

which comes mostly from the substantial reduction in oil imports. Although 

their overall economic impacts are much alike, the TECH 2030 Phase-out 

scenario has the largest benefits and CO2 emissions are substantially lower as 

well. 

Figure 5.1 below shows the GDP impacts under different scenarios. In all 

scenarios the initial impact is negative, as the impact of more expensive 

vehicles is greater than the fuel savings associated with the more energy 

efficient vehicles. Negative GDP impacts are smallest in the CPI scenario in 

the short run, due to the slower transition achieved in this scenario. In later 

years, as the benefits of the transition away from ICEs such as reduced 

demand for imported fossil fuels take hold, the outcomes from the TECH 

scenarios are better than those achieved in the CPI case. In the TECH 2030 

phase-out scenario, by 2030, there is a modest (0.2%) increase in GDP 

compared to the Reference, as the economic benefits of reduced spending on 

oil and petroleum imports outweigh the negative economic impacts associated 

with higher vehicle prices. Similarly, the GDP impacts in the TECH 2035 

Phase-out scenario surpass the CPI scenario by the mid 2030s. By 2050 both 

TECH scenarios achieve similar outcomes, with GDP approaching 0.3% 

higher than baseline. Between 2030 and 2050 spending on imported fuels falls 

further due to continued improvement in efficiency of the stock and a 

continued shift away from ICEs and towards BEVs and FCEVs.  

Note that these scenarios do not consider explicitly the impact of changing 

demand in the rest of the world; for example, if Korean vehicle demand was 

following the REF or CPI trajectory (where domestic vehicle sales continue to 

be dominated by combustion engine vehicles), but demand in the rest of the 

world was shifting in favour of battery electric vehicles, it’s likely that demand 

for exports from the Korean motor vehicle industry would be reduced, lowering 

GDP, but these effects are not quantified. The same is not true in reverse. 

however; i.e. if global demand remained focussed on ICEs while Korean 

demand pivoted to BEVs, given the existing production facilities for ICEs it 

should remain possible to continue to export these vehicles while meeting 

different domestic demand. As such, the risks are asymmetric, and largely 

Figure 5.1 GDP results relative to the Reference scenario 
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limited to Korean firms not adapting to changing demand in the rest of the 

world. 

5.2 Employment 

The pattern of impacts on employment, while related to the output impacts, 

are somewhat different. To assess the impact on employment, we also need 

to take account of the different employment intensities in the various sectors 

that are affected, as well as potential wage effects. The latter means that 

typically employment effects are smaller (in percentage terms) than output 

effects, as part of (for example) higher output in an economy is absorbed by 

workers as higher wages.  

The trend towards greater automation in the auto industry is expected to 

reduce the number of jobs, even ignoring the effects of a low-carbon 

transition. This trend will be exacerbated by a switch towards BEVs. Building 

battery-electric vehicles is less labour intensive than building the gasoline and 

diesel vehicles they will replace, while building hybrids and plug-in hybrids is 

expected to be more labour intensive. Previous modelling in the Fuelling 

Europe’s Future study showed that the net employment impact for the auto 

sector from the transition depends on the market shares of these various 

technologies, and the degree to which they are imported or produced 

domestically. 

Figure 5.2 shows the evolution of jobs in Korea as a result of the transition to 

low-carbon cars in the TECH 2035 Phase-out scenario, relative to the 

reference case. There is a net increase over time in employment in 

manufacturing sectors, linked the manufacture of more complex vehicles, and 

a substantial increase in services employment, which arises as a result of 

lower mobility costs in later years allowing consumers to shift expenditure into 

the consumption of other goods and services. 

 

In contrast, employment in the motor vehicle sector steadily decreases in 

TECH 2035 Phase-out scenario. In the TECH scenarios, the net impact on 

motor vehicle sector jobs is negative because ICEs and hybrids are 

increasingly replaced by battery-electric vehicles, which have different supply 

Figure 5.2 The employment impact per sector of the transition to low-carbon cars 
(TECH2035 compared to REF) 
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chains (as seen by increased employment in electrical equipment and other 

manufacturing) and are simpler to build and therefore generate fewer 

traditional motor vehicle jobs.  

Employment impacts within the motor vehicle sector are an important issue. 

The benefit of using a macroeconomic modelling approach is that it allows us 

to assess the economy-wide impacts of this transition. For the low-carbon 

transition to be successful, care will need to be taken to support those who 

lose their jobs in technologies that are phased out. Managing the switch in the 

motor vehicles industry, to ensure a “just transition”, should be a key focus of 

policy, particularly against an overall background of increasing automation. 

The largest number of jobs are created in services. These primarily come 

about as a result of the low cost of mobility; because the total cost of 

ownership of BEVs is lower than an ICE, consumers are spending less on 

transport, which frees up household income to be spent on other goods and 

services. A large proportion of this income is then spent on consumer 

services, such as hotels & restaurants, increasing demand and creating jobs. 

There are further service jobs created in business services through supply 

chains to other parts of the economy, but these are secondary in scale 

compared to addition jobs in consumer services. 

5.3 Fossil fuel imports 

By 2030, in the TECH 2035 Phase-out scenario annual fossil fuel imports are 

reduced by around 54 mboe, while in the CPI scenario a reduction of 46 mboe 

is seen compared to the Reference scenario. A more rapid phase out, by 

2030, reduces imports more rapidly, and in the TECH 2030 Phase-out 

scenario the equivalent reduction is 87 mboe. By 2050, the reduction in annual 

fossil fuel imports compared to the Reference case increases to around 210 

mboe in both TECH scenarios (Figure 5.3).  

 

 

This will lead to cumulative fossil fuel import savings of around 329 mboe by 

2030 in the TECH 2030 Phase-out scenario, 201 mboe and 183 mboe 

reductions in the TECH 2035 Phase-out and CPI scenarios, respectively. By 

2050, although the annual fossil fuel savings are almost identical in the TECH 

scenarios, the cumulative reduction in fossil fuel imports compared to the 

Reference case increases to 3,436 mboe in the TECH 2035 Phase-out 

Figure 5.3 Annual fossil fuel import savings (difference from REF) 
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scenario while in the most ambitious TECH 2030 Phase-out scenario it is 

substantially greater, at 3,961 mboe (see Figure 5.5). 

Focusing on oil, the import savings are even more substantial. In the CPI 

scenario annual oil import savings remain around 20% as HEVs fuelled by 

gasoline are still dominant in 2050. However, the transition to electricity from 

gasoline and diesel reduces the demand for oil, and thus in both TECH 

scenarios annual oil import decreases by more than 40% by 2050 compared 

to the baseline. Consequently, the deployment of advanced powertrain cars 

reduces the dependency on oil of the Korean economy. 

 

5.4 Government revenues 

Fuel tax is a significant proportion of government revenues. However, it is 

frequently subject to the whims of politicians. In November 2018 the Korean 

Government temporarily lowered fuel taxes by 15% for 6 months, in theory to 

ease the burden of rising global oil prices on households and small 

businesses. Later the tax cut was extended by the government until the end of 

August 2019 when it was ended (though from May it slashed the fuel tax only 

by 7 percent). As a result, in the first half of 2019, South Korea collected 1 

trillion won less compared with a year earlier7. 

 
7 Petrol World - S. Korea: Govt To End Temporary Fuel Tax Cut. Accessed 18/08/2021 

Figure 5.4 Annual oil import savings (% difference from REF) 

Figure 5.5 Cumulative fossil fuel import savings over time (difference from REF) 

https://petrolworld.com/asia/item/33051-s-korea-govt-to-end-temporary-fuel-tax-cut
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Vehicle efficiency improvements and a switch to low-carbon vehicles will 

reduce spending on petrol and diesel fuels with consequent impacts on tax 

revenues. In our macroeconomic modelling, this reduction in revenues is 

balanced out via increasing taxes in other parts of the economy; the economic 

results presented above occur even though there is no change in the 

government balance in these scenarios. The reduction in fuel tax revenues is 

mostly compensated by the higher income tax revenues, some of which 

accrue due to the positive economic impacts of the low carbon transition, but 

which is bolstered by a slight increase in the rate of effective income tax in 

Korea. Furthermore, the Korean government could attempt to recoup the lost 

revenue directly through other taxes on the same group of consumers, for 

example road charging. The net economic effect would depend on which 

taxes are changed; road charging for example would increase the cost of 

transportation, and therefore reduce consumption in other areas of the 

economy compared to the current scenarios. This highlights the importance of 

industry, government and civil society working together to find consensus on 

the optimal approach. 
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6 Environmental Impacts 

6.1 Impact on CO2 emissions 

The evolution of average CO2 emissions for new cars in each scenario are 

shown in Figure 6.1. Tailpipe emissions drop to zero in the TECH scenarios 

after the phase out of ICEs, however, average CO2 emissions of new cars in 

the CPI scenario decrease to 68gCO2/km by 2030 and remain unchanged for 

the rest of the projection period. 

 

Tailpipe emissions of new cars are zero after the phase-out in the TECH 

scenarios; however, the tailpipe emissions of the total vehicle stock come 

down much more slowly, as it takes time for remaining ICEs to leave the 

stock. 

Average 
emissions 

Annual stock 
CO2 emissions  

Figure 6.1: Average CO2 emissions of new cars (gCO2 / km) 
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By 2030, annual CO2 emissions of the stock are reduced by 26% if the current 

policy targets are met, and by over 46% with the phase-out of ICEs in 2030 

and by 29% if the phase-out happens in 2035 compared to the Reference 

scenario (Figure 6.2). By 2050 stock tailpipe emissions falls by more than 98% 

in the TECH scenarios compared to the CPI scenario. 

Figure 6.2 only presents the tailpipe emissions of the vehicle stock while the 

associated CO2 emissions of electricity generation is considered in section 7.1 

6.2 Impacts on emissions of particulate matter and nitrogen 
oxides 

Particulate matter (PM10) and nitrogen oxides (NOx) emitted from road 

transport have a substantial impact on local air quality with harmful 

consequences for human health in many urban centres. The reduction of both 

pollutants is a substantial co-benefit of decarbonising passenger cars. 

Figure 6.2 Annual stock tailpipe CO2 emissions (KtCO2) 
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In the CPI scenario, particulate matter emissions (PM10) from vehicle exhausts 

are cut from around 511 t per year in 2020 to around 271 t in 2050 (see Figure 

6.3) and NOx emissions from vehicle exhausts are cut from 13,882 t in 2020 to 

6,226 t in 2050 (see Figure 6.4). Nevertheless, in the TECH scenarios both 

values fall by 99%, almost eliminating all harmful PM10 and NOx emissions. 

This is mainly achieved by the transition away from petrol and diesel vehicles 

towards zero emissions electricity and hydrogen. 

         

It is worth noting that the particulate emissions that we model only refer to 

tailpipe emissions. While substantial, they are only one source of local air 

pollutants from road transport. The largest source of emissions of particulates 

from road transport is tyre and brake wear and road abrasion which have been 

shown to account for over half of total particulate matter emissions. 

Figure 6.3 PM10 emission reductions from baseline in 2020 by scenario (%) 

Figure 6.4 NOx emission reductions from baseline in 2020 by scenario (%) 
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7 The Power Sector 

7.1 Emissions associated with the consumption of electricity 

By considering the evolution of the power sector, and the role played by fossil 

fuel and low-carbon sources of electricity, it is possible to calculate the indirect 

emissions associated with the use of electricity in electric vehicles, in addition 

to the tailpipe CO2 emissions of ICE vehicles. In this section we estimate the 

indirect CO2 emissions associated with the production of the electricity used 

as fuel by the PHEV, BEV and FCEV cars in the Korean stock.  

As presented in Section 3.6, two electricity generation mixes are considered. 

In the first, ‘Central’ case, the absence of additional decarbonisation policies 

leads to a power mix which relies heavily on fossil fuels, such as coal and 

natural gas. In the second ‘Decarbonised’ scenario, electricity is sourced from 

an increasingly decarbonised grid, with electricity increasingly being produced 

from renewables, and low carbon power from other sources, such as through 

an interconnector with neighbouring countries or imports of low carbon fuels.  

The decarbonisation of the power sector has a major impact on the emissions 

footprint of EVs, since the penetration of EVs substantially increases the 

electricity consumption of the vehicle fleet. Although the tailpipe emissions of 

BEVs are zero, if the electricity is not zero emission then the well-to-wheel 

emissions that include the emissions associated with the generation of 

electricity can still be significant.  

Figure 7.1 and Figure 7.2 present the indirect emissions for each passenger 

car sales mix scenario with the ‘Central’ and in the ‘Decarbonised’ power 

sector mixes. The indirect emissions in the REF scenarios are very small due 

to the low number of EVs in the stock, while in the CPI indirect emissions are 

moderate (around 18 MtCO2) and in the TECH scenarios the annual 

emissions almost reach 35 MtCO2 by 2050 under a ‘business as usual’ power 

generation mix. However, in the ‘Decarbonised’ power sector scenario 

emissions are very small, even in the later years of the TECH scenarios. By 

relying on renewables and other low carbon technologies in the power sector, 

the annual indirect emissions of an EV-dominated fleet of passenger cars can 

be reduced by more than 35 MtCO2 by 2050. 

 

 

Figure 7.1 Annual indirect CO2 emissions by scenario ('Central' power sector 
scenario) 
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Figure 7.3 shows the cumulative well-to-wheel CO2 emissions of the vehicle 

stock under the REF, CPI, TECH 2030 Phase-out, and TECH 2035 Phase-out 

scenarios in the ‘Central’ scenario for the power sector, expressed in MtCO2. It 

shows that, even when considering power generation emissions for transport 

fuels from a ‘business as usual’ power sector, the increase in indirect 

emissions is small, and more than compensated by the reductions in direct 

(tailpipe) emissions, with emissions much lower in both the CPI and TECH 

scenarios than the REF case over the period to 2050.  

Figure 7.3: Cumulative CO2 well-to-wheel emissions reductions compared to the baseline 

scenario (‘Central’ power sector scenario) 

When considering a progressively decarbonised electricity system, the overall 

reduction in the well-to-wheel emissions compared to the baseline becomes 

even more substantial, as depicted in Figure 7.4. By decarbonising the power 

sector, the emissions associated with passenger cars further decrease by 

more than 635 MtCO2 compared to the ‘Central’ power mix, when considering 

the most rapid deployment of BEVS under the TECH 2030 Phase-out 

scenario.  

Figure 7.2 Annual indirect CO2 emissions by scenario ('Decarbonised' power sector 
scenario) 
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7.2 Economic impacts with a decarbonised power sector 

In this section we assess the economic impacts of decarbonising Korea’s 

passenger vehicles in a scenario where the power sector is decarbonised in 

both the baseline and the TECH 2030 Phase-out scenario. This way we can 

assess the overall impact of decarbonisation on the electrification of the 

passenger car market. 

When considering the ‘Decarbonised’ scenario for the power sector, the 

overall economic impacts are similar to seen in the ‘Central’ scenario 

(repeated below, but as also shown in Chapter 5). Phasing out the sale of ICE 

cars by 2030 has positive impacts on both the GDP and employment. By 

2050, the economic impacts are almost exactly the same; however, in 2030 

the impacts on GDP are slightly larger in a decarbonised electricity sector, 

reflecting higher investment in low-carbon generation technologies, while the 

increase in employment is slightly smaller than in the Central case. This 

occurs because electricity is slightly more expensive, resulting in less money 

being reallocated away from fuelling (electric) vehicles and towards consumer 

services – while jobs are created in the electricity sector, this is less labour 

intensive than the service sector, so the net increase in jobs is smaller (see 

Table 7.1).  

Although it is not included in the current analysis, the decarbonisation of the 

power sector can have further positive impacts on the Korean economy. This 

is due to the benefit stemming from investment in low carbon and renewable 

technologies in power generation. The increased investment activity and the 

lower fossil fuel imports boost domestic demand, output and employment 

leading to positive economic results. 

  

Figure 7.4: Cumulative CO2 well-to-wheel emissions reductions in the TECH 2030 Phase-
out scenario (‘Decarbonised’ power sector scenario) 
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Table 7.1: Macroeconomic indicators with a decarbonised power sector 

 

TECH 2030 

Central power 

mix 

TECH 2030 

 Decarb power 

mix 

2030 Impacts  

GDP (%) 0.19% 0.34% 

Employment (000s) 40 26 

 

 TECH 2030 

Phase-out 

2050 Impacts  

GDP (%) 0.27% 0.26% 

Employment (000s) 59 59 
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8 Conclusions 

This study assessed the potential benefits of decarbonising passenger 

vehicles in Korea.  

The analysis showed that the phase-out of non-zero emission cars is both 

economically and environmentally desirable. The technology transitions of the 

TECH 2030 Phase-out and TECH 2035 Phase-out scenario yielded small net 

positive economic outcomes, which is made possible by the reduction in 

spending on imported oil as well as less overall spending by households on 

car ownership, and more on other goods and services. Furthermore, lowering 

Korea’s dependence on imported oil, and replacing it with domestically 

generated electricity, can improve its energy security.  

Although the GDP impacts of the two scenarios are almost identical by 2050, 

the earlier phase-out of petrol and diesel cars leads to substantially higher 

CO2 emissions reductions. The penetration of EVs also improves local air 

quality, leading to substantial improvements in human health outcomes. 

We also compared the socioeconomic and environmental impacts under 

different assumptions about the future of Korean electricity generation. While 

the environmental benefits are greater under a decarbonised grid, the 

macroeconomic impacts of the transition are broadly similar whether the grid 

is relatively high- or low-carbon – although it should be noted that no 

additional policies (e.g., carbon pricing) are introduced in order to drive the 

decarbonisation of the grid. Such policies could affect the impacts of the 

transition (in the carbon price example, by making the use of fossil fuels more 

expensive), but was beyond the scope of this analysis. 

This analysis demonstrates that there are substantial benefits, both economic 

and environmental, that can result from a rapid phase-out of the sale of 

combustion engine vehicles and their replacement with a fleet of more efficient 

vehicles dominated by battery electric vehicles; and that the long-term 

implications of the transition for the economy are small but positive. However, 

the small net changes in the economy do include larger sectoral changes, and 

it will be necessary to manage the changes in sectoral employment, e.g., by 

providing training opportunities so that workers engaged in industries linked to 

the production and supply of internal combustion engines and fossil fuels can 

re-train to find jobs in the low-carbon economy of the future. 
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Appendix A E3ME model description 

E3ME is a computer-based model of the world’s economic and energy 

systems and the environment.  It was originally developed through the 

European Commission’s research framework programmes and is now widely 

used in Europe and beyond for policy assessment, for forecasting and for 

research purposes 

A.1 Policy decisions that can be informed by the models  

E3ME is often used to assess the impacts of climate mitigation policy on the 

economy and the labour market. The basic model structure links the economy 

to the energy system to ensure consistency across each area.  

Possible policies to assess include: 

• Carbon and energy taxes 

• Emission trading systems 

• Environmental tax reforms 

• Energy efficiency programmes 

• Subsidies for particular technologies in the power, transport and residential 

sectors 

• Phase-outs of particular fuels and other direct regulation 

• Resource efficiency programmes 

Policy changes that have been influenced by the 
findings/application of the models 

Recent E3ME contributions include the EU’s Impact Assessment of the 2030 

climate and energy package and also the EU’s long-term strategy for 

achieving net-zero emissions. It has also been used in official reviews of the 

Energy Efficiency Directive and Energy Performance in Buildings Directive 

(EPBD) that fed into the EU’s Clean Energy Package.  Increasingly the model 

has been applied for analysis outside the EU, for example by IRENA and in 

the 2018 New Climate Economy report. 

A.2 A summary appraisal of the range of results the model can 
offer; 

As a global E3 (energy-environment-economy) model, E3ME can provide 

comprehensive analysis of policies; 

• direct impacts, for example reduction in energy demand and emissions, 

fuel switching and renewable energy 

• secondary effects, for example on fuel suppliers, energy price and 

competitiveness impacts  

• rebound effects of energy and materials consumption from lower price, 

spending on energy or higher economic activities  

• overall macroeconomic impacts; on jobs and economy including income 

distribution at macro and sectoral level. 
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A.3 Theoretical underpinnings 

Economic activity undertaken by persons, households, firms and other groups 

in society has effects on other groups (possibly after a time lag), and the 

effects may persist into future generations. But there are many actors and the 

effects, both beneficial and damaging, accumulate in economic and physical 

stocks.  

The effects are transmitted through the environment, through the economy 

and the price and money system (via the markets for labour and 

commodities), and through global transport and information networks. The 

markets transmit effects in three main ways: through the level of activity 

creating demand for inputs of materials, fuels and labour; through wages and 

prices affecting incomes; and through incomes leading in turn to further 

demands for goods and services. These interdependencies suggest that an 

E3 model should be comprehensive and include many linkages between 

different parts of the economic and energy systems. 

The figure below provides a schematic of an idealised model. The current 

version of the model includes only limited treatment of physical damages 

(which are often instead calculated off-model) and of pollution-abatement 

equipment (which is specified exogenously by the model user). These issues 

remain areas for future development. 

 

E3ME is often compared to Computable General Equilibrium (CGE) models. 

In many ways the modelling approaches are similar; they are used to answer 

similar questions and use similar inputs and outputs. However, underlying this 

there are important theoretical differences between the modelling approaches. 

In a typical CGE framework, optimising behaviour is assumed, output is 

determined by supply-side constraints and prices adjust fully so that all the 

available capacity is used. In E3ME the determination of output comes from a 
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post-Keynesian, demand-driven accounting framework and it is possible to 

have spare capacity in the economy (see figure below). It is not assumed that 

prices always adjust to market clearing levels.  

The differences have important practical implications, as they mean that in 

E3ME regulation and other policy may lead to increases in output if they are 

able to draw upon spare economic capacity. This is described in more detail in 

the model manual. 

The econometric specification of E3ME gives the model a strong empirical 

grounding.  E3ME uses a system of error correction, allowing short-term 

dynamic (or transition) outcomes, moving towards a long-term trend.  The 

dynamic specification is important when considering short and medium-term 

analysis (e.g. up to 2020) and rebound effects, which are included as standard 

in the model’s results. 

 

A.4 Summary of key strengths  

• The close integration of the economy, energy systems and the 

environment, with two-way linkages between the economy and energy 

system. 

• The detailed sectoral disaggregation in the model’s classifications, 

allowing for the analysis of similarly detailed scenarios. 

• Its global coverage, while still allowing for analysis at the national level for 

large economies (70 regions total). 

• The econometric approach, which provides a strong empirical basis for the 

model and means it is not reliant on some of the restrictive assumptions 

common to CGE models. 

• The econometric specification of the model, making it suitable for short 

and medium-term assessment, as well as longer-term trends. 

A.5 Key limitations 

As with all modelling approaches, E3ME is a simplification of reality and is 

based on a series of assumptions. Compared to other macroeconomic 

modelling approaches, the assumptions are relatively non-restrictive as most 

relationships are determined by the historical data in the model database. This 
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does, however, present its own limitations, for which the model user must be 

aware: 

• The quality of the data used in the modelling is very important. Substantial 

resources are put into maintaining the E3ME database and filling out gaps 

in the data. However, particularly in developing countries, there is some 

uncertainty in results due to the data used. 

• Econometric approaches are also sometimes criticised for using the past 

to explain future trends. In cases where there is large-scale policy change, 

the ‘Lucas Critique’ that suggests behaviour might change is also 

applicable. There is no solution to this argument using any modelling 

approach (as no one can predict the future) but we must always be aware 

of the uncertainty in the model results. 

The other main limitation to the E3ME approach relates to the dimensions of 

the model. In general, it is very difficult to go into a level of detail beyond that 

offered by the model classifications. This means that sub-national analysis is 

difficult and detailed sub-sectoral analysis is also difficult. Similarly, although 

usually less relevant, attempting to assess impacts on a monthly or quarterly 

basis would not be possible. 

A.6 Basic structure and data  

The structure of E3ME is based on the system of national accounts, with 

further linkages to energy demand and environmental emissions. The labour 

market is also covered in detail, including both voluntary and involuntary 

unemployment. In total there are 33 sets of econometrically estimated 

equations, also including the components of GDP (consumption, investment, 

international trade), prices, energy demand and materials demand. Each 

equation set is disaggregated by country and by sector. 

E3ME’s historical database covers the period 1970-2018 and the model 

projects forward annually to 2050. The main data sources for European 

countries are Eurostat and the IEA, supplemented by the OECD’s STAN 

database and other sources where appropriate.  For regions outside Europe, 

additional sources for data include the UN, OECD, World Bank, IMF, ILO and 

national statistical agencies. Gaps in the data are estimated using customised 

software algorithms. 

The main dimensions of E3ME are: 

• 70 countries – all G20 and major world economies, the EU28 and 

candidate countries plus other countries’ economies grouped 

• 44 (or 70 in Europe) industry sectors, based on standard international 

classifications 

• 28 (or 43 in Europe) categories of household expenditure 

• 22 different users of 12 different fuel types 

• 14 types of air-borne emission (where data are available) including the 6 

GHG’s monitored under the Kyoto Protocol 

A.7 Key outputs 

As a general model of the economy, based on the full structure of the national 

accounts, E3ME can produce a broad range of economic indicators. In 
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addition, there is range of energy and environment indicators. The following 

list provides a summary of the most common model outputs: 

• GDP and the aggregate components of GDP (household expenditure, 

investment, government expenditure and international trade) 

• sectoral output and GVA, prices, trade and competitiveness effects 

• international trade by sector, origin and destination 

• consumer prices and expenditures 

• sectoral employment, unemployment, sectoral wage rates and labour 

supply 

• income distribution  

• energy demand, by sector and by fuel, energy prices 

• raw material demand by sector and by material types 

• power generation mix 

• passenger cars and heating technologies 

• CO2 emissions by sector and by fuel 

• other air-borne emissions 

This list is by no means exhaustive and the delivered outputs often depend on 

the requirements of the specific application. In addition to the sectoral 

dimension mentioned in the list, all indicators are produced at the national and 

regional level and annually over the period up to 2050. 

Linking E3ME to bottom up technologies submodules (FTTs) 

Since 2012, the power sector in E3ME has been represented using a novel 

framework for the dynamic selection and diffusion of innovations, initially 

developed by J.-F. Mercure (Mercure, 2012), called FTT:Power (Future 

Technology Transformations for the Power sector). This is the first member of 

the FTT family of technology diffusion models.  The current E3ME model 

version is also linked up to FTT:Transport, FTT: Steel and FTT:Heat.   

Drawing on an evolutionary approach, the FTT models use a decision-making 

core for investors or households facing several options in their purchasing 

decisions. The model is based on theories of technology diffusion, with rates 

of diffusion affected by relative market shares and technology prices. The 

detailed technology representation allows for a range of policy options. 

Many of the policies are characterised by long lag times due to the lifetimes of 

the technologies that are built. However, the model can show rapid transitions 

as technologies gain market penetration, reinforced by cost reductions that 

result from learning rates. 

The resulting diffusion of competing technologies is constrained by a global 

database of renewable and non-renewable resources (Mercure & Salas, 2012, 

2013). 

A.8 Ongoing model developments 

The current planned development for E3ME is: 
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• a new land-allocation module for the agricultural sector, building on the 

current generation of FTT models 

• a bottom-up module for the chemicals sector (FTT:Chemicals) 

• expansion of the FTT:Transport sub-model to cover freight as well as 

passenger road transport 

• data updates to reflect the publication of data covering the period of covid-

19 

A.9 Model manual 

A technical model manual of E3ME is available online at www.e3me.com.  

 

http://www.e3me.com/

