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Impacts of the RE100 Initiative on Major Korean Export Industries

< Executive Summary >
This paper attempts to quantify the economic impact of greening global supply chains on the Korean
economy. It aims to provide evidence for the Korean government to accelerate the introduction of

“RE100 support schemes,” in order to encourage major Korean manufacturing companies to increase
renewable energy procurement in the export industries.

KEY FINDINGS:
1. A comparison of the impacts of two scenarios on export volumes reveals that the export losses
resulting from non-participation in the RE100 initiative are substantially greater than those resulting

from participation. Therefore, it would be more advantageous for the Korean government to support
Korean companies in responding to the RE100 initiative by allowing the purchase of renewable energy
certificates (RECs) at affordable prices.

2. In the scenario where Korean companies did not participate in the RE100 initiative, the export

volumes of three major export industries in Korea – the automobile, semiconductor, and display panel

industries – were estimated to decrease by at least 15%, 31%, and 40%, respectively. These export

losses would be larger if a higher number of importing global companies participated in the RE100
initiative.

3. In the scenario where Korea’s major exporting companies participated in the RE100 initiative, the
export volumes of the three major export industries in Korea were estimated to decrease by 8%, 9%,

and 22%, respectively. Such impacts of participation would be smaller if rival companies in other

exporting countries also participated in the RE100 initiative, and their relative price competitiveness
was weakened due to the increase in electricity costs.

4. Although the Korean government initiated the so-called 'K-RE100' system in January 2021 to
facilitate the industrial sector's responses to the RE100 initiative, companies considering a switch to
renewable electricity in Korea require policies that make it cost effective and put it on a level playing
field with traditional fossil fuels. Many other countries are liberalizing their electricity markets. If the

Korean market structure changes in line with these countries, and costs decrease in line with current
global trends and projections, participating in the renewables transition is expected to have far greater
net benefits than not participating.

5. With an increasing number of RE100 companies expecting their suppliers to use renewables,

the Korean government should secure better access to renewable energy at more affordable prices;
otherwise, they risk losing global market share.

KDI School of Public Policy and Management
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6. By placing renewable electricity at the heart of its journey to net zero emissions by 2050, Korea is
on track to provide a more competitive marketplace for international RE100 member companies and
their suppliers.

METHODOLOGY:
The backbone of the analysis presented in this paper comprises estimations of the total impact on
export volumes of three major export industries in Korea. These estimations were used to compare

two scenarios. In the first scenario, Korean manufacturing and exporting companies did not participate

in the RE100 initiative, while the second scenario entailed Korean manufacturing and exporting
companies participating in the RE100 initiative.

In the first scenario, the export volumes were expected to decrease because of the reduced demand
from global companies that are already participating in the RE100 initiative and expect their suppliers

to transition to using renewable electricity. In the second scenario, export volumes were expected to
decrease due to an increase in export prices, resulting from the higher price of renewable electricity.

The analyses were conducted to evaluate the impact in 2040, about 20 years after the current year.
This is to allow long enough time for rival companies in importing countries to establish facilities and

produce sufficient goods to substitute those usually imported from Korean companies. In the second
scenario, it was assumed that by 2040, 100% of electricity in Korea will be generated from renewable
sources.

RENEWABLE ELECTRICITY PRICES:
In both scenarios, the electricity costs were projected up to 2040, with the assumption that the
existing electricity market structure in Korea would remain unchanged. In this market structure, the

comprehensive costs and benefits of renewables to the system and society are not accurately reflected,
although they have onerous requirements. Similarly, electricity tariffs do not reflect the external costs

of fossil fuels. These factors limit the ability of renewables to compete fairly with wholesale and
retail fossil-fuel pricing. The current system also does not allow for direct trade between corporate
buyers, of all sizes, and renewable electricity suppliers. Instead, all trade is conducted via KEPCO,
the state-run utility company. Should the market structure change in line with many other countries

that are liberalizing their electricity markets, and costs decrease in line with current global trends and

projections, participating in the renewables transition is expected to have a far greater net benefit than
not participating.
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Without policy support for participation in the RE100 initiative, Korean companies will pay a higher
price for renewable energy that for fossil fuel-based energy, as renewable energy has not yet reached

grid parity. As of 2020, the levelized cost of electricity (LCOE) obtained from on-shore wind power in
Korea was higher than in China, Germany, France, the UK, and the US.

IMPLICATIONS FOR POLICY MAKERS:
This white paper confirms that energy transition is vital for the sustainable growth of Korea’s export-

driven economy. In response to the RE100 initiative and to promote the voluntary use of renewable

energy by domestic companies, the Korean government announced the K-RE100 system, allowing
domestic companies to selectively purchase renewable electricity at affordable prices as of January

5, 2021. At present, the K-RE100 system includes payment of a green premium, a market for RECs,

third-party power purchase agreement (PPA), equity participation, and self-generation. In this sense,
the companies who respond to the RE100 initiative will stimulate the demand for renewable electricity
and, with the right government response, will help to drive new renewable generation capacity.

The Korean government also plans to develop an alternative K-RE100 policy, incorporating a direct
PPA in addition to the current third-party PPA option. At present, KEPCO is a monopolistic provider

of renewable electricity in Korea, but the direct PPA would allow new electricity providers to create
competitive conditions in the renewable electricity market. The Korean government plans to announce
the activation of the direct PPA in October 2021.

Successful introduction of the direct PPA in Korea requires several factors, foremost of which is a

standardized user fee for electricity grid use among electricity providers. Moreover, transmission
and distribution fees and the balance between electricity generation costs and demand should be

restructured. Finally, electricity providers will be required to provide stable renewable electricity to
their customers at reasonable prices.

The success of K-RE100 programs will also be determined by the higher renewable portfolio standard
(RPS) target ratio, which was recently announced as 25% of the total electricity supply - 2.5 times

higher than the 2020 ratio of 10%. Therefore, large power plants producing over 500 MW will likely
try to obtain more RECs in the market. This increase in demand will lead to higher REC prices not only

in the current REC market but also in the new K-RE100 market. In this context, it is very important to

provide effective incentives to renewable electricity providers who are considering participating in the
direct PPA.

KDI School of Public Policy and Management
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1. Introduction
1.1. Objectives and research scope
This white paper introduces the implementation strategy of Korean government and enterprises to the

RE100 initiative and analyzes potential impacts of corporate sourcing of renewable electricity on three
major Korean export industries (electronics, automobile, and IT). Primary objective of this white paper

is to provide a robust economic analysis comparing two scenarios – what Korea’s export economy
could look like with appropriate renewable energy policies to support corporate sourcing in response

to RE100 program vs a scenario where Korean manufacturing companies do not join the RE100

initiatives because of absence of appropriate renewable policies that enable companies to easily buy
renewables at a fair price. By quantifying the impact, this work could provide strong impetus for the

Korean government to accelerate the introduction of effective RE100 support schemes which leads to
major manufacturing companies in Korea to join the RE100 initiative promptly.

The greening of global supply chains is a key driver in helping renewables to become a realistic

alternative to using fossil fuels for power generation in Korea1 and is becoming increasingly important

for building resilient export economies, and the number of companies converting to renewable
electricity and calling for their suppliers to do the same continues to grow.

Since FIT (Feed-In Tariff) policy that supported production costs of new and renewable electricity
(NRE)2 in Korea expired in 2011, RPS (Renewable Portfolio Standard) program replaced it to promote
renewable electricity production. According to the RPS, power suppliers that operate over 500MW of

installation capacity3 are obliged to provide NRE by 7% of their total electricity production in 2020.

As a flexible system in addition to the RPS policy, REC4 (Renewable Energy Certificate) market has

operated to allow for the obligatory power suppliers to sell and buy the RECs in this market. Under
RPS policy, only obligatory power suppliers are entitled to buy the RECs to implement their annual

mandatory electricity from the NRE sources. Thus, there is no way of Korean companies who are

1 https://www.tandfonline.com/doi/pdf/10.1080/13563467.2020.1755245?casa_token=HgTTYc9nFagAAAAA%3Ae5ITdI8hRQ7i- k65
yNPfZqcnbMBQMNKV0D0ZjS5ZZD4Crw3KnnRQ0K8d6E0W2dgE5pkjmMoSun5a&.
2 New and renewable energy sources include renewable energy sources such as solar, wind, bioenergy, waste energy, ocean energy,
geothermal energy as well as new energy such as hydrogen, fuel-cell, and IGCC (Integrated Gases with Combined Cycle).
3 Over 70% of total power suppliers in S. Korea are public companies as of 2019. (https://kosis.kr/statisticsList/statisticsListIndex.
do?parentId=U.1&vwcd=MT_ZTITLE&menuId=M_01_01#content-group).
4 1REC is equivalent to 1MWh of renewable energy. As each renewable energy technology has different production cost and
environmental impact, different credit weight applies to individual renewable source. Within the same renewable source, for example,
solar PV, credit weight can differ depending on the size of installation capacity, and installation place.
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willing to join the RE100 program to obtain renewable electricity. In Jan. 2021, Korean government

introduced so called ‘K-RE100’ policy to facilitate corporates’ responses to RE100 initiatives. The
K-RE100 policy consists of five measures for the industrial sector to purchase electricity from

renewable energy sources: 1) green premium, 2) purchase of renewable energy certificate (REC), 3) the
third party power purchase agreement (PPA), 4) equity participation, and 5) self-generation.

In next chapter, we will review how those measures for the K-RE100 policy work in details.

1.2. Status and prospects of the Global RE100 initiative in Korea
In October 2020, President Moon of Korea announced to achieve carbon neutrality by 2050. The
announcement is followed by the comprehensive National Strategy of public investment and policies.

The Strategy includes five key elements for the 2050 goal; expanding the use of clean power and
hydrogen across all sectors, improving energy efficiency to a significant level, commercial deployment

of carbon removal and other future technologies, scaling up the circular economy to improve industrial

sustainability, and enhancing carbon sinks. In addition, it provides long-term strategies by seven
sectors; energy, industry, transportation, building, waste, farming, and carbon sinks. Below table
explains the visions of each sector.

Table 1.1. Five key elements for the 2050 goal
Sector

Visions

Energy

Renewable energy-oriented power supply
Fuel cell and green hydrogen
Fossil fuels with CCUS

Industry

Applying new, future technologies
Improving energy efficiency
Bringing forward circular economy
Increasing use of low-carbon fuels
Reducing fluorinated gases from industrial process

Transportation

Building

Scaling up deployment of eco-friendly vehicles
Increasing low-carbon fuel use
Advancing maritime, aviation and railroad transportation
Managing transportation demand and optimizing vehicle operation
Modal shift
Improving building energy efficiency
Deploying highly efficient equipment
Scaling up deployment of smart energy management system

KDI School of Public Policy and Management
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Sector
Waste

Farming

Carbon sinks (LULUCF)

Visions
Waste reduction at source
Promoting recycling: creating added values from wastes
Eco-friendly disposal of waste
Transition to smart farming
Scaling up development & deployment of low-carbon farming practices
Participatory policies for farmers and consumers
Scaling up deployment of eco-friendly energy
Using by-products as resources for bio-industry
Expansion of forests
Maintaining carbon sinks
Expanding timber supply

Becoming carbon neutral is not a simple task for Korea which has one of the most fossil fuel-reliant
economies in the world. Looking at the Figure 1.1, we can see how much Korea is relying on fossil

fuel energy. In 2017, of the total generated electricity within the country, 43.1% was derived from coal
and nuclear energy. Power supply from renewable energy is gradually increasing but still insignificant
when it is compared to the total.

Figure 1.1. Power supply source in Korea (2011-2019)

Coal
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In the same tale with the energy source, the greenhouse gas(GHG) emission from power sector is the

most largest emitting sector of the total. In 2018, the emissions from the power sector accounts for
86.9% of the total emissions. Emissions from energy and industrial process sector accounts for 94.7%
of the total. Therefore, carbon neutrality can only be achieved by cutting down the GHG emissions
from energy and industry sector.

Figure 1.2. Sectoral greenhouse gas emission in Korea (1990-2018)
Energy
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Source: 2020 National Greenhouse Gas Inventory(1990-2018) Report.

So for Korea, the energy transition is important in achieving the 2050 goal. The main idea of the
energy transition is to use solar, wind, hydro and other types of renewable energy sources that do not

release GHG across industries in place of coal or other fossil fuel energy. RE100 Initiative which is
the voluntary pledge to use more renewable energy5 is necessary measure for Korea to reduce GHG
emission from energy and industry sector.

However, there are not yet many Korean RE100 member companies compared to the ones from other

advanced economies. It was only December 2020 when the first Korean company joined the RE100
membership. Out of 309 members of international RE100 members, only 9 are based in Korea. This

lack of participation of Korean companies is due to the economic, institutional and industrial problems

that hinder the drastic energy transition in energy and industry sector. 2020 RE100 Annual Report

identified Korea as the most challenging market for achieving 100% renewable electricity because
renewables are not available for corporate sourcing individually.

5 RE100 Climate Group and CDP, 2021, RE100 Technical Criteria

KDI School of Public Policy and Management
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Renewable energy price in Korea is comparatively expensive to the one of fossil fuel based energy

like a table below. Domestic market of renewable energy is not yet mature; only 8.13% of the total
energy generation in 20196 Since it has not reached grid parity yet, renewable energy is an expensive

option to companies. It might be difficult to induce companies, which are rational economic agents, to
use renewable energy only with the price signal. Therefore, fossil-fuel and nuclear energy are the two
dominant sources of Korean energy supply when renewable energy is in its infancy. There needs the

policy changes to make cheaper and cleaner energy which is more accessible and less burdensome to
companies

Table 1.2. LCOE of different energy source in Korea (2017, won/kWh)

2017

Coal

Nuclear

Gas

Solar PV

Onshore wind

81.22

62.30

92

133.28

124.25

Source: Korea Power Exchange, 2018. Research on calculating LCOE of energy sources

Secondly, Korea lacks the institutional foundation allowing companies to use renewable energy and

has closed electricity market. Under the existing power system, companies cannot choose the sources

of energy which they are supplied with. KEPCO is the only energy supplier in the centralized and
only grid system in the nation, companies cannot choose to purchase electricity generated only from

renewables. Regulatory and market barrier hinders companies to sign direct PPAs with renewable
energy generators. It also interrupts companies buying renewable energy even though they have a
willingness to increase the portion of renewable energy of the total.

High percentage of manufacturing industry of the national economy is the other demanding task for

RE100 Initiative. The RE100 accomplishment rate of manufacturing industry is significantly lower

than IT and financial service industry. Bloomberg ENF analyzed that 75.6% of IT companies and
63.3% of financial service companies accomplished RE100 when only 38.6% of material & consumer

goods industry and 9.7% of machinery industry succeeded in January 2021(BNEF, 2021). Below table
shows that Korea has comparatively high reliance on manufacturing industry than other major industry.

Therefore, Korean companies may encounter more difficulties pursuing RE100 due to higher rates of
manufacturing industry.

6 Korea Energy Agency, 2020, Renewable Energy Statistics 2019.
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Table 1.3. A percentage of manufacturing industry of total GDP by country (2018, %)
Korea

China

US

UK

France

Germany

Italy

Canada

Japan

27.5

28.9

11.4

8.8

10.4

21.2

14.9

9.7

21.1

Source: UNIDO Statistics Data Portal

Regardless of the above difficulties, a number of companies announced to take part in RE100 initiative
recently in 2020 and 2021. Following these attempts, the government of Korea has just undertaken to
operate green premium system in January 2021 providing the institution for companies to use more

renewable energy if they are willing to. More and more Korean companies are expected to participate

RE100 initiative due to the trend of the ESG(Environmental, Social, and Governance) business,
international carbon-neutrality goal, and governmental regulation and institutional support.
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2. Overview of government policy on electricity sector and
renewable energy
2.1. Long term goals in electricity sector
Korea set a goal to achieve carbon neutrality by 2050, which involves dramatically increasing the
proportion of renewable energy generation, gradually phasing out coal, significantly improving energy
efficiency, and boosting the national incipient hydrogen industry.

The development of renewables is propelled by the desire of the government to increase the portion
of renewables7 in power generation by up to 20% by 2030 and 30–35% by 2040. The national 9th

Basic Plan for Long-term Supply and Demand (BPLE) envisions an incremental shift in the power
composition of renewable capacity from 13.6% in 2019 to 34.4% in 2030. The long-term energy

goals of Korea are related to new and renewable energy. The renewable energy sector utilizes various
technologies, the most prominent of which are solar and wind power generation. The Korean energy

conversion goal can only be achieved if the proportion of variable renewable energy rapidly expands
from the current 16.1 GW to 51.7 GW by 2030 and 70.5 GW by 2034.

Until recently, the proportion of coal-fired power generation was at least 40%. However, the increasing

awareness on GHG emissions and local air pollution has prompted the Korean government to enact
policies to reduce coal-fired power generation. The capacity of coal-fired power plants is expected to
decrease from the current 35.8 GW to 29 GW by 2034. The 9th BPLE includes plans for converting 24

coal-fired power plants into natural gas power plants to increase the contribution of gas-fired facilities
to 16.8 GW over the next 15 years.

The gradual plan to de-nuclearize under the “Energy Transition Roadmap” developed in 2017 has
also encouraged the increase in renewable energy. The government decided not to extend the life of
the current nuclear reactors beyond their design life and to only complete the nuclear power plants

currently under construction. The capacity of nuclear power generation is expected to decrease by 17%

from 23.3 GW in 2020 to 19.4 GW in 2034, following the shutdown of some nuclear power plants and
the opening of others.

7 In Korea, renewables are defined as “new and renewable energy.” While new energy includes hydrogen fuel cells, energy from
liquefied or gas-fired coal, and energy from gas-fired heavy residual oil, renewable energy refers to energy generated from solar, wind,
hydropower, marine, geothermal, bioenergy, and waste sources.
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According to the 9th BPLE, the electricity demand is expected to increase by 0.6% annually and peak

demand will increase by 1.1%. These growth rates result from demand-side management objectives,
including improving energy efficiency, adjusting demand, and smart charging of electric vehicles.

Demand management such as demand response is expected to reduce the maximum power demand by
12.6% to 102.5 GW compared to the business-as-usual scenario by 2034.

Figure 2.1. Evolution of installed capacity according to 9th BPLE

Source: 9th BPLE (2020)

2.2. Current generation mix
The total electricity generation in Korea reached 552 TWh in 2020. Currently, Korea predominately
relies on fossil fuel and nuclear power generation. Coal accounts for the highest proportion of the

annual power generation (36%), followed by nuclear power (29%) and natural gas (27%) (Figure 2.2).

In contrast, renewable energy only accounts for 7% of the annual power generation, more than half of
which is derived from solar photovoltaic (PV) and wind power generation. Solar and wind power use

have increased rapidly over the past few years, particularly since 2014 (IEA, 2020). The solar and wind

power generation capacities are expected to increase from the current 11.8 and 1.5 GW to 28 and 7
GW in 2024, respectively (KEA, 2020; Ministry of Trade, Industry and Energy, 2020). These are high
proportions given that the total Korean generation capacity is approximately 129 GW.
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Figure 2.2. Current share of electricity generation by source (2020)

Source: Electric Power Statistics Information System, 2020

2.3. Institutional and policy support for renewable energy
Under the Korean Electric Utility Act, domestic renewable energy generation businesses are guaranteed
purchases and priority dispatch, and KEPCO is the primary buyer of variable renewable energy.8 Small

variable renewable energy businesses with a production capacity less than 1 MW can sell electricity
directly to KEPCO through a PPA.9 Approximately 61% of Korean solar power companies sell power
through PPAs. In wholesale markets, renewable energy is subject to the system marginal price (SMP), and
renewable energy under a PPA scheme is post-settled monthly according to the weighted average SMP.

In addition to the PPA system, small-scale renewable energy generators can directly sell electricity to
KEPCO under the net-metering system for facilities dedicated to self-consumption. Facilities producing

less than 1 MW of solar energy can use the system, and the upper limit is 10 kW for those using other

renewable energy types. The KEPCO offset trading system allows annual cash settlements according
to the annual average system limit price (SMP) or energy credit. In addition, the system for small

solar power generators includes a 20-year feed-in tariff (FIT) contract that can be used by independent
power generators with a production capacity less than 30 kW and agriculture, fisheries, livestock, or
cooperative industries with a production capacity less than 100 kW.

8 The domestic power market is characterized by the “day-ahead wholesale market” operated by the Korea Power Exchange, and the
regulatory company KEPCO monopolizes transmission and end-user retail transactions. In Korea, power generation is handled by
independent power plants and subsidiaries of KEPCO.
9 There are two primary types of PPAs: one for renewable energy plants with a capacity of 1 MW or less and another for combinedcycle gas turbines or combined heat power plants.
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Additional renewable energy generation income can be secured through a renewable energy certificate

(REC) issued per MWh. Under the renewable portfolio standard (RPS) scheme, REC trades can be
made through long-term fixed contract competitive tendering, combining the spot market or systematic
limit price (SMP) and supply certificate (REC) price. The current RPS scheme raised the mandatory

supply rate of renewable energy to 10% by 2022 for power generators with a capacity of 500 MW or

more; power generators are required to submit an REC with their capacity. The generators can produce
renewable energy and directly obtain RECs or they can purchase RECs from other renewable energy
producers. In the first half of 2020, the competitive REC bids for long-term fixed contracts totaled 1,207

MW, accounting for 49% of new renewable energy facilities constructed during the same period (KEA,
2010; 2020b).

The domestic REC system applies differential weights according to the technology and equipment
types to promote the balanced development of renewable energy. In 2020, the highest REC weight of

4.0/MWh was applied to solar- or wind-linked energy storage devices to limit their impact on the grid.
This policy was gradually abolished in 2021. In contrast, for rooftop solar facilities with a generation
capacity less than 3 MW, an REC weight of 1.5/MWh was applied.

Table 2.1. REC weights in Korea (2021)
Category

REC weight
(per MWh)

Type of installation

Detailed Criteria

1.2
1.0

100 kW
On general site

100 kW

0.7
Solar PV

Wind

1.5
1.0

3 000 kW
On existing building

1.5

On the water

1.0

Self-consumption PPA solar PV

5.0

Energy storage system (ESS) connected to solar PV

1.0

On-shore wind

1.5

Off-shore wind

Grid connection within 5 km

1.0~2.5

Off-shore wind

Grid connection over 5 km

5.5
5.0
4.5

2016 – June 2018

2015
ESS connected to wind

2016
2017 – June 2018

Source: KEA new & renewable energy center, https://www.knrec.or.kr/m/business/rps_guide.aspx, 2021
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2.4. K-RE100 initiative
The Ministry of Trade, Industry, and Energy (MOTIE) launched the K-RE100 system on January 5,

2021, allowing domestic consumers to purchase and use electricity supplied from renewable energy

sources. This regulatory framework complies with the global RE100 requirements for renewable
energy consumption and encourages domestic power consumers to use renewable energy voluntarily.

Unlike the global RE100 campaign, the K-RE100 system allows industrial and general users, public

organizations, and local governments to buy and use renewable energy. The ideal target year for
using 100 percent renewable electricity is 2050. Domestic users can freely establish interim goals. By

enrolling with the Korean Energy Agency, industrial businesses and general customers can participate

in K-RE100 (KEA). They can then use the KEA's "certificate (or confirmation) of renewable
energy use" to contribute to the worldwide RE100 objective. Furthermore, the Korean Ministry

of Environment (MOE) backed the K-RE100 initiative by amending the Guidelines for Emissions

Reporting and Certification under the GHG Emission Trading System (ETS) to recognize the use of
renewable energy as emission reductions when a corporation subject to the ETS (1) signs a third-party
PPA; (2) purchases a REC; or (3) invests in equity.

Figure 2.3. The K-RE100 participation procedure

Source: Korea Energy Agency website, https://www.knrec.or.kr/business/policy_re100.aspx.

The MOTIE published modifications to the “Regulations on Support for Renewable Energy Facilities”
that included detailed requirements for the K-RE100 initiative. There are five methods for household

consumers to consume power from renewable energy sources under this amendment; these include

Green premiums, REC purchases, third-party PPAs, equity involvement, and self-generation are all
options. The KEA, which oversees the K-RE100 system, is mainly in charge of granting renewable

energy use certificates, operating the system, and maintaining green premium resources. The KEA
manages the REC purchase, self-generation, and equity participation, while the KEPCO manages green
pricing and third-party PPAs.
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2.4.1. Green premium system
Consumers can pay a premium on their existing electricity bills to KEPCO through a green pricing
auction system to acquire electricity generated only from renewable energy. On January 5, 2021,

the KEPCO and KEA New and Renewable Energy Center (NREC) held the first Korean green price
auction. Potential participants in the green pricing program can bid to buy their annual power usage

projected for 2021 at the proposed green premium price. The complete quantity of power offered in
this auction (17.8 TWh for 2021) will be distributed annually to participants, and the winning bidders

will be able to acquire the distributed electricity at their bid prices. Profits from the green premium
sales will be re-invested in renewable energy-producing companies (e.g., installment support, financial
support, welfare support, and infrastructure development).10

Figure 2.4. The green premium system schematic

Source: https://www.knrec.or.kr/business/policy_re100.aspx (in Korean).

2.4.2. REC Purchases
Previously, RECs could only be purchased by large-scale power producers who were subject to the

Korean RPS.11 However, all Korean electricity customers will buy RECs (starting 2021) to demonstrate

their use of renewable energy. Consumers can purchase RECs that have been left unused in the RPS

10 After the suitability of the green premium investment plan is reviewed by the Renewable Energy Deliberation Committee, the NREC
can utilize the premium profits for renewable energy investment projects. The committee is composed of 10 members from MOTIE,
NREC, KEPCO, industry, academia, and subject matter experts.
11 Under the RPS system, power producers with power generating facilities with an installed capacity over 500 MW should supply more
than a certain percentage of the total power generation using new and renewable energy sources. A total of 23 power producers
including Korea Hydro & Nuclear Power and Korea South East Power are subject to the RPS system in 2021, and the obligatory
renewable service supply percentage in 2021 is 9%.
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system through the KEA's REC trading facility, which was launched in January 2011. 12 It seems
reasonable to acquire REC directly to be recognized for the usage of renewable energy, given that

acquiring certificates such as REC is a widely utilized technique for firms to access renewable energy

abroad. However, given that Korea's REC is primarily focused on meeting its obligations, there appears
to be a limit to its ability to acquire renewable energy at competitive costs for businesses. However,

because RECs are available for purchase on the market, they can be used as a supplement to help
businesses meet their own renewable energy goals.

Figure 2.5. REC purchase schematic

Source: https://www.knrec.or.kr/business/policy_re100.aspx (in Korean).

2.4.3. Third-party PPA
Previously, no private purchasing contracts between electricity consumers and renewable energy

producers had been established. In the first part of 2021, the Korean Electricity Utility Act was revised

to support the RE100. The revised act allows renewable energy power producers with a capacity of
over 1 MW, e.g., KEPCO, and electricity consumers to enter into PPAs, also known as third-party

PPAs. A third-party PPA is a transaction in which KEPCO acts as a mediator between electricity

consumers and renewable energy sources, allowing them to buy power and RECs at the same time.
Electricity customers must submit their acquired RECs to the KEA to validate their use of renewable
energy and contribute to the RE100 objective.

12 The REC trading platform for the K-RE100 initiative is separate from the existing REC trading platform used for the RPS system.
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Figure 2.6. Third-party PPA schematic

Source: https://www.knrec.or.kr/business/policy_re100.aspx (in Korean).

2.4.4. Equity participation, self-generation
Individual electricity customers can invest in renewable energy generation projects and enter into third-

party PPA or REC contracts with power-producing firms. To help reach the RE100 objective, electricity
consumers who purchase power and RECs and submit the purchased RECs to the management system
receive a confirmation of renewable energy use.

Figure 2.7. Equity participation schematic

Source: https://www.knrec.or.kr/business/policy_re100.aspx (in Korean).

KDI School of Public Policy and Management

23

Impacts of the RE100 Initiative on Major Korean Export Industries

Then, consumers can build and use their renewable energy plants. Renewable energy facilities have

previously been installed and used by several businesses. Because construction of renewable energy

facilities entails sourcing direct renewable energy, the renewable energy use recognition method does

not directly handle the installation of private automobile facilities. However, regulations such as
facility verification or power generation certification are required to recognize renewable energy use.
The usage of renewable energy must be recognized through performance verification in the same way

that the amount of electricity generated by private automobile facilities must be recognized under the
renewable energy use recognition system.

Figure 2.8. Self-generation schematic

Source: https://www.knrec.or.kr/business/policy_re100.aspx (in Korean).

2.5. Key policy trends
In addition to the previously described RE100 implementation measures, further expanding RE100

participation by developing implementation measures for public institutions is currently under
discussion (KEMRI, 2019).

The National Assembly proposed an amendment to the Korean Electric Utility Act to permit direct
renewable energy transactions. A renewable energy electricity supply project has been established that
allows direct transactions. The Trade Industry and Energy Committee have voted on the scheme, and
there are plans in place to implement it if the legislation is passed. This may allow companies to initiate
PPAs and further expand the means of implementing RE100 measures.
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Local authorities are also expanding options for implementing the RE100 objectives. Dangjin City,
South Chungcheong Province, is pushing for the RE100 Industrial Complex Creation Project by

creating a special regulation-free zone related to the Green New Deal. It plans to build renewable

facilities with a capacity of 69 MW over 23 years to support the local production and use of renewable

energy. City officials have prepared comprehensive action strategies to create large-scale renewable

energy clusters, including projects to strengthen renewable energy competitiveness, foster renewable
energy-linked convergence industries, and create specialized industrial complexes. To strengthen the
competitiveness of renewable energy sector in the Saemangeum district that was reclaimed by blocking

the estuary of two rivers in Korea with an aperture and then burying the interior, the local government

plans to introduce RE100 special zones and smart grids (intelligent power grids) and to foster
renewable energy-linked convergence industries.

The 5th Master Plan for Renewable Energy, announced by the MOTIE, referred to full-scale public

enterprise participation in the RE100 initiative. In September 2020, the National Assembly proposed a
revision to the Act on the Management of Public Institutions. According to the revision, the government

sets mandatory use of renewable energy for public institutions and utilizes this renewable energy use

performance to evaluate the management performance of public institutions. The government expects

pubic institutions to take the lead in expanding renewable energy consumption and paly an exemplary

role in responding to the climate crisis. In December 2020, the MOE amended the guidelines on the
GHG & Energy Target Management System in the public sector.13 Public institutions with annual GHG

emissions of more than 15,000 tCO2-eq subject to the system can be recognized for their performance

in reducing GHG through K-RE100 implementation measures which are the REC purchases, thirdparty PPA, equity participation, and self-generation excluded green premium system.

13 The object of this system is designate corporations that manage (or set) the goals of national GHG emission, saving energy, improving
energy efficiency in order to achieve medium-term targets (24.4% reduction in GHG emissions in 2030 compared to 2017) according
to Enactment of Framework Act on Low Carbon, Green Growth. Companies and businesses with GHG emissions and energy
consumption at a certain level (50,000 tCO2-eq and 200TJ or higher for the companies and 15,000 tCO2-eq and 80TJ or higher for
the businesses) will be designated for the management system. As of July 2021, a total of 350 corporations are included in the GHG
& Energy Target Management System.
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3. RE initiative and renewable price comparison between
Korea and other countries
3.1. RE strategies in Northeast Asian countries
Korea has two neighboring countries that have major economies; China and Japan. RE100 Annual
Report (2020) classified these three Northeast Asian countries to be the most challenging markets in the

globe for companies to achieve 100% renewable energy. However, the governments of Korea, China
and Japan are seeking for establishing institutions to support companies’ RE100 Initiative as more

companies are willing to join in. Northeast Asian countries have ambiguous renewable energy targets,
policies and regulations for renewable energy sourcing and PPAs.

3.1.1. China
• Renewable energy goal
President Xi Jinping of the People’s Republic of China announced in September 2020 the new national

goals of reaching peak CO2 emissions before 2030 and achieving carbon neutrality by 2060. As the
largest carbon-emitting country worldwide, the new objective for China is considered particularly
ambitious and is welcomed by the international community. Increasing the share of renewables is one

of the primary strategies for reducing carbon emissions. Not only the largest greenhouse gas emitter,
China also is the leading investor in renewables globally. By 2020, China installed 100 GW of solar
and 200 GW of wind generation systems, which constitute the largest renewable energy production
globally.

Renewable energy was noted as a significant power source in the 14th Five-Year Plan (2021–2025)

announced in 2021. The Chinese government has introduced a new national renewable energy target to

increase renewable energy consumption by 25% by 2025 and 50% by 2050. This is a dramatic increase
from the previous goals in the 13th Five Year Plan (2016–2020), which aimed to increase the share of
renewable energy to 15% by 2020.
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Figure 3.1. Projected share of non-fossil energy in China14

• Renewable Energy Law (passed in 2005, amended in 2009)15
The Renewable Energy Law of China, first enacted in 2005, is a framework for regulating and

promoting renewable energy use. Renewable energy, including wind, solar, water, biomass, geothermal,
and ocean energy, has become the preferred choice for energy supply under this law. Renewable
energy is also treated as a measure of the high-technology industrial development of the country. The
law defines the State Council as the responsible actor for the entire implementation and management

of renewable energy development and usage. It also proposes mid- and long-term targets to act as the
baseline reference for the national plans and targets. According to the law, renewable project developers

must obtain a permit to proceed with their projects and guarantee a connection to the power grid. They
can sell their produced power to the grid company at the prices determined by the state authorities.
• FIT16
China has historically used the FIT system as a policy measure to promote renewable energy. The
country introduced the FIT system to the onshore wind, solar PV, distributed solar, and offshore wind
sectors in 2009, 2011, 2013, and 2014, respectively (Energy Iceberg, 2021). The central government

set adequate tariffs and adjusted them periodically. The FIT system drove substantial renewable energy

14 Source: Carbon Brief, 2020
15 IEA, 2021, Renewable Energy Law of the People’s Republic of China, iea.org/policies/3080-renewable-energy-law-of-the-peoplesrepublic-of-china, accessed on July 1, 2021.
16 Energy Iceberg, 2020, China’s Renewable Power Price and Subsidy: “New” Design in 2020? https://energyiceberg.com/chinarenewable-power-price/, accessed on July 3, 2021.
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growth in China, but it has been criticized for lacking sufficient flexibility to respond to market changes
and limiting further technological innovation.
• Green Electricity Certificates (GECs)
The China Renewable Energy Engineering Institute first implemented a pilot GEC program in 2017.
Under the GEC system, businesses and individuals can voluntarily buy renewable energy. GECs are

issued to large-scale solar and wind power businesses that have received FIT. Therefore, GECs help

reduce FIT subsidies from the government. One GEC corresponds to 1 MWh of renewable energy
generation, and the government FIT subsidy rate acts as a price cap for the GECs.

GEC is based on a market mechanism that allows trading between suppliers and consumers. GECobliged entities are as follows:

1) state-owned electricity distribution companies, retail electricity companies, and independent retail
electricity companies;

2) electricity users who purchase electricity through the electricity wholesale market and companies
that own power plants.

Obliged entities can use GECs to meet their RPS targets or voluntary sustainability targets by
purchasing GECs from other entities in the market.

Supporting institutions are being introduced, including the National Renewable Energy Information
Management Centre for the verification process and the Emission Trading System for maximizing the
effects of the market-based system.
• Direct Power Purchasing
Direct power purchasing is a localized form of PPA in the Chinese renewable energy market, allowing
monthly or annual direct power purchases between generators and companies. This purchasing method

is similar to the PPAs in Europe and the US; however, it is only available in some provinces with
renewable curtailments. It was first introduced in 2015 by the National Energy Administration (NEA)
of China under the “Basic Rules for Electricity Market Operations.” In 2014, the NEA set a target for 3%
of electricity to be sold through this system.

Prior to implementing the direct power purchasing system, large end-users of electricity had to contract

with grid providers instead of directly purchasing power from generators. However, with the new
system, companies can directly commence bilateral contracts with power generators.
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Participants in the direct power purchasing system primarily use a centralized bidding system.
Buyers and sellers submit their desired prices and volumes to the trading center of each province.
As a result, buyers may purchase energy at a clearing price. The centralized bidding system is scaled
at the provincial level, and the different rules and regulations of each province can act as barriers to
newcomers.

Corporations contracting direct power purchasing agreement engage more actively with the
government and grid companies. They take a more proactive role in procuring renewable energy and
are incentivized to produce an excess capacity to meet the demand of the power trading market.

3.1.2. Japan
• Renewable energy goal
In July 2021, the Japanese government announced the draft of the Basic Energy Plan that targets
renewable energy contributing 36-38% of power production in 203017. The earlier target from the

5th Strategic Energy Plan in 2018 was for renewable energy to contribute 22-24% of electricity in
2030.18 The government still considers nuclear power as a dominant power source, but it will leverage
renewable energy sources to reduce its reliance on nuclear power gradually. Therefore, Japanese
electricity retailers must derive 44% or more of their sales from non-fossil fuel sources by 2030.

In 2020, the Prime Minister of Japan announced the ambitious and long-term national plan to achieve

carbon neutrality by 2050. Legislation and amendments followed the announcement, laying out

measures to expand the rollout of renewable energy.19 According to the new law, local governments

should take the initiative and introduce renewable energy projects and set their own local renewable
energy targets.

• Market liberalization of retail sector
In the early 2000s, Japan liberalized the electricity market, which was previously monopolized by a few

regional utilities. The retail sector was finally liberalized in 2016, and every consumer can now choose

17 Ministry of Economy, Trade and Industry, 2021, Basic Energy Plan draft
18 Japanese Government, 2018, Strategic Energy Plan, July 2018.
19 The Mainichi, May 26, 2021, “Japan enshrines PM Suga’s 2050 carbon neutrality promise into law. https://mainichi.jp/english/
articles/20210526/p2g/00m/0na/048000c, accessed on July 4, 2021.
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their power retail company.20 As a result, energy consumers, including companies and households, now
have several retail company options to choose from that provide an efficient electricity supply.

There were three primary aims of deregulating the electricity market: 1) securing a stable energy
supply, 2) reducing electricity prices, and 3) expanding business opportunities for operators by

promoting competition.21 New market entrants called “new electricity” focused on solar power energy

with high price competitiveness. New electricity companies supply energy to companies, commercial

buildings, and homes.22 They have established a foundation for promoting renewable energy use from a
market-based perspective.

• Green electricity products
Because of the retail market liberalization, electricity retailers with licenses in Japan can now offer

green electricity products. In some cases, licensed retailers act as a mediary between renewable energy

generators and consumers. In other cases, a third party provides onsite renewable facilities to nearby
consumers for a fee.

Table 3.1. Types of green electricity products
Product Type

Type 1: Products with
non-FIT renewables
and bilateral contract

Type 2: Products with
FIT renewables and
bilateral contract

Renewable

Instrument

Options under RE100:
Technical Criteria for
Claiming

Bilateral, non FIT

Renewable electricity
attribute is bundled
with electricity

- Until 2020: GECs,
J-credits (renewables)
- After 2020: Adjustment
capacity of grid electricity
will be under near-field
communication (NFC)
scheme

Contract with supplier
can be used to claim
renewable electricity
use.

Bilateral, FIT

Renewable electricity
attribute is bundled
with electricity

NFCs

Contract with supplier
can be used to claim
renewable electricity
use.

Arrangement

20 Takase, K., Ishida, M., and Telang, Sh. 2020. Renewable Energy Market Briefing Japan, The Climate Group and CDP.
21 Takase, K., Ishida, M., and Telang, Sh. 2020. Renewable Energy Market Briefing Japan, The Climate Group and CDP.
22 Son, B. 2019, Electricity Market Liberalization and Renewable Energy in Japan, KONETIC Report.
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Arrangement

Renewable

Instrument

Options under RE100:
Technical Criteria for
Claiming

JEPX (anonymous)

No renewable
electricity attribute

NFCs, GEC, J-credits
(renewable)

Contract with supplier
can be used to claim
renewable electricity
use.

Product Type
Type 3: Products with
anonymous electricity
and unbundled
certificates

Source: Takase et al., 2020

• Promoting PPAs in coronavirus (COVID-19) stimulus package
Many countries have released monetary stimulus packages to overcome economic and climate crises

during the international COVID-19 pandemic. The Green New Deal policy package is an example of a
solution for promoting new industries and confronting climate change. The Japanese government also

announced an economic stimulus package of USD 1 trillion that included USD 50 million (¥5 billion)
for corporate renewable PPA support.23

As an increasing number of Japanese companies sign up for the RE100 Initiative, the government

plans to cover part of the upfront installation costs for corporate PPAs for onsite use. Japan encourages

energy companies to offer renewable electricity to businesses and individuals and to install panels
at client residences that the companies own and maintain. As a result, consumers can buy renewable

energy at a fixed long-term price with a minimal risk of price hikes and only pay for the electricity they
use.24

The number of RE100’s memberships is growing recently in three Northeast Asian countries. There

have been challenges that hinder corporate renewable power sourcing in Korea, China, and Japan.
Several supportive policies such as FIT and GEC in China and market liberalization, green electricity

product and COVID-19 stimulus, have been promoting renewable energy use. These supportive
policies aim at ambiguous renewable energy targets for carbon neutrality. Korea, also, is on the track

to support the RE100 initiative, by removing regulatory barriers and promoting renewable energy to
support corporate sourcing.

23 CDP, 2020, Revealed: the most challenging places in the world for business to source renewable electricity https://www.there100.org/
re100-most-challenging-geographies, accessed on July 8, 2021.
24 Japanese Government, 2020, Emergency Economic Measures to Cope with the Novel Coronavirus (COVID-19): Thoroughly secure
people’s lives and move toward economic revitalization.
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3.2. Price comparison of renewable electricity between Korea and
other countries in Asia, the European Union, and the US
• Electricity prices for industry and households
Compared to most other OECD countries, electricity prices in Korea are lower for both industry and

households in 2019 (See Figure 3.2 and Figure 3.3, respectively). Electricity prices for industry in
Korea are the second lowest following the US and show a weak declining trend. For households, Korea
has had the lowest electricity prices among major OECD countries since 2015.

Figure 3.2. Electricity prices for industry (USD/MWh)25

25 IEA, 2020, Energy Prices and Taxes for OECD Countries 2020.
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Figure 3.3. Electricity prices for households (USD/MWh)26

Figure 3.4. LCOE for residential solar PV by country (2019; USD/kWh)27

Prices for renewable energy in selective countries such as the U.S., Germany, France, U.K., Japan,
China, and Korea have been declining as shown in Figure 3.3. Price reduction of renewable energy
can be an incentive to encourage companies to utilize more renewable energy. This can be inferred by

analyzing the global and local trends of the levelized cost of electricity (LCOE) of different renewable
energy sources.

26 IEA, 2020, Energy Prices and Taxes for OECD Countries 2020
27 IRENA, 2020, Renewable Cost Database
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• Gradual reduction of LCOE
According to the International Renewable Energy Agency (IRENA) database, global LCOEs from

newly commissioned utility-scale solar, offshore wind, and onshore wind power technologies fell by
7%, 9%, and 13%, respectively, from 2019 to 2020. For newly commissioned projects, the global

weighted‑average LCOE of utility-scale solar PVs fell by 85% between 2010 and 2020, from USD
0.381/kWh to USD 0.057/kWh.28 Following this trend, the LCOE of renewable energy is expected to
soon decline further.

As shown in Figure 3.4 and 3.5, the lowest average LCOEs for residential and commercial solar
PVs in China are USD 0.055/kWh and USD 0.060/kWh, respectively. The UK exhibits the highest

average LCOEs for residential and commercial solar PVs at USD 0.236/kWh and USD 0.179/kWh,

respectively. LCOE of residential solar PV in Korea was the second lowest among the selective
countries, but if other costs such as land cost, compensation for surrounding residents, and low power
generation efficiency are accounted, the total production cost in Korea might be higher than those in
other countries.

Figure 3.5. LCOE for commercial solar PV by country (2019; USD/kWh)29

The LCOE of solar PV has gradually decreased in every country. This global downward trend of
LCOE implies improved accessibility of renewable energy. Therefore, renewable energy is becoming
an increasingly usable energy source for companies.

28 IRENA, 2021, Renewable Power Generation Cost in 2020
29 IRENA, 2020, Renewable Cost Database
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Figure 3.6. Total installed cost of residential solar PV by country (2020; USD/kW)30

Figure 3.7. Total installed cost of commercial solar PV by country (2020; USD/kW)31

30 IRENA, 2020, Renewable Cost Database
31 IRENA, 2020, Renewable Cost Database
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A clear trend in the reduction of total installed costs for residential and commercial solar PV is apparent
globally. The installed cost of solar PV can be affected by the manufacturing process, labor efficiency,

or the performance of panels. With the efforts of each nation to reduce installed costs, renewable
energy is becoming more accessible for companies to join the RE100 initiative.

In addition to solar PV, LCOE of offshore wind generation is declining globally, falling 48% from USD

0.162/kWh to USD 0.084/kWh between 2010 and 2020.32 Figure 3.8 illustrates the declining LCOE

of global onshore wind generation between 1983 and 2019. This decline resulted from technological
improvements, economies of scale, and increases in skilled manufacturers.

Figure 3.8. LCOE of global onshore wind (1983–2019; 2019 USD/kW)33

Figure 3.9. LCOE for onshore wind generation by country (the first half of 2020; USD/MWh)34

32 IRENA, 2021, Renewable Power Generation Cost in 2020
33 IRENA, 2020, Renewable Cost Database
34 BNEF, 2020 LCOE
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As Figure 3.9 shows, the LCOE for onshore wind turbines in Korea was 105 USD/MWh in the first
half of 2020, which is comparatively higher than other major countries. This is more than a double the

prices of China, UK, France, and Germany and nearly triple the price in the US. However, the forecast
is optimistic as shown in Figure 3.10 LCOE for onshore wind generation in the next decade will be

reduced to 55 USD/MWh by 2030, which is a half of the current price. Still, it will not reach the prices

of other leading countries by 2030 and requires more technological innovation and institutional support
to increase the speed of LCOE reduction.

Figure 3.10. LCOE forecast for onshore wind generation (2021–2030; USD/MWh)35

35 BNEF, 2020 LCOE
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4. Profile and impact analysis of major export industries
4.1. Profile of the automobile industry
4.1.1. Definition
The automobile industry—in general—comprises the manufacture of finished vehicles and parts.

Finished vehicles are classified under automobile engines and automobile manufacturing. The focus

of the automobile industry in this report is mainly on finished vehicles (KSIC36 301). The Ministry of

Trade and Industry (MTI) Code 741 is used to report export and import trends. The MTI Code 741

further includes sub-classifications; the MTI Code 7411 deals with passenger cars; the MTI Code
7412 deals with motor vehicles for the transport of goods; and the MTI Code 7413 deals with special
purpose motor vehicles.

4.1.2. Import and export trends
After peaking at 48.3 billion dollars in 2014, finished car exports—the growth engine of the Korean
automobile industry in the past—showed a downward-sloping pattern; in 2019, the value dropped by

approximately 43.3 billion dollars. The volume of finished car exports peaked at 3.17 million in 2012
before declining for the next seven years. The total number of exports recorded in 2019 was over 2.4
million vehicles.

Because of declining global demand and increased foreign production, final car exports have fallen.
Reduced exports of finished vehicles manufactured by foreign affiliates in Korea have also contributed
to this decline. GM Korea has seen a drop in the volume of finished vehicle exports after restructuring

to restrict the number of regions and vehicles for export. The termination of Renault Samsung Motors’
contract with Nissan Motor Company, Ltd. for the original equipment manufacturing of Nissan’s

automobiles to be sold in the United States has also resulted in a decline. Meanwhile, the volume of
expensive vehicle exports (such as luxury automobiles, sports utility vehicles (SUVs), electric vehicles
(EVs), and hybrid vehicles) has increased, causing the unit price of exports to rise.

According to an analysis of finished car exports from Korea in 2019, the United States was the leading
importer, followed by Canada, Russia, Australia, and Germany. In 2019, finished car exports from

36 10th Korean standard industrial classification
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Korea to the United States were 15.7 billion dollars, accounting for 36% of the total finished vehicle

exports in Korea. Due to increased demand for small SUVs, large passenger vehicles, and hybrid
vehicles, the United States has become the largest importer. Following the Free Trade Agreement (FTA)

implementation, the value of finished car exports from Korea to Canada skyrocketed. From 2015 to
2019, it grew at an annual rate of 6.8% on average, reaching a high of 2.58 billion dollars in 2019. The
value of finished vehicle exports from Korea to Russia increased from 0.9 billion dollars in 2016 (the
seventh-largest importer) to 2.3 billion dollars in 2019. This is due to the strengthening of the Russian
ruble (the third-largest importer).

Even while local demand has remained stagnant, the value of finished vehicle imports has steadily

climbed. It increased by 4.9 percent on an annual basis from 10.9 billion dollars in 2017 to 11.9 billion
dollars in 2019. Since 2011, the volume of finished vehicle imports has expanded rapidly. It increased
by 2.4 percent on an annual basis from 251,000 in 2017 to 263,000 in 2019. The unit price of a

finished imported vehicle has been reduced due to the ongoing price reductions and a shift in customer
behavior, i.e., away from large vehicles and toward small and medium-sized vehicles.

Imports of finished vehicles totaled 5.75 billion dollars in the first half of 2020, an increase of 8.1

percent over the previous year. Throughout the first half of 2019, a change in the certification method

for imported automobiles disrupted the supply of these vehicles. Because of the previous year’s poor
performance base impact, the volume of imported finished automobiles grew dramatically in the first

half of 2020. On the other hand, Japanese automakers saw a drop in sales in Korea during the first half
of 2020 as a result of a widespread boycott of Japanese goods in the country.

Table 4.1. Import and export trends in the automobile industry
Unit: one million dollars, 1,000 vehicles, 1,000 dollars, %

First half of 2020
Classification

Import

CAGR
(`17-`19)

2017

2018

2019

Value of imports
(base unit: one million dollars)

10,902

12,099

11,986

5,750

8.1

4.9

Number of vehicles imported
(base unit: 1,000 vehicles)

251

281

263

137

16.5

2.4

Unit price
(base unit: 1,000 dollars)

36.7

37.4

36.9

39.1

8.3

0.3

Year-onyear rate
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First half of 2020
Classification

Export

Trade balance

CAGR
(`17-`19)

2017

2018

2019

Value of exports
(base unit: one million dollars)

41,690

40,887

43,036

15,751

-27.3

1.6

Number of vehicles exported
(base unit: 1,000 vehicles)

2,530

2,450

2,401

821

-33.9

-2.6

Unit price
(base unit: 1,000 dollars)

16.5

16.7

17.9

19.2

9.9

4.3

Trade balance
(base unit: 1,000 dollars)

30,787

28,788

31,050

10,001

-38.9

0.4

Year-onyear rate

Source: Korea Institute for Industrial Economics & Trade (KIET) revised data based on a database compiled by the Korea
International Trade Association (KITA) and data published by the Korea Automobile Manufacturers Association (KAMA).

Figure 4.1. Market share of imported vehicles in Korea
Unit: %

Source: KIET revised data based on data of the KAMA.
Note: Market share of imported vehicles in Korea= (no. of imported vehicles/
no. of vehicles manufactured in Korea) × 100.

4.1.3. Production trends
In Korea, there are two types of finished car manufacturers, i.e., native firms like Hyundai Motor

Company and Kia Corporation, and foreign companies like Renault Samsung Motors, GM Korea,
and SsangYong Motor Company. Korea’s automobile sector is distinguished by a small local market
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and a high proportion of exports in overall sales. By following these ideas, Korean automakers have

advanced into the global market. To create and sell their products, foreign automobile manufacturers

follow their parent firms’ global strategies. As a result, they are limited in increasing production volume
in the Korean vehicle industry, which is suffering from decreasing domestic demand. As a result, the
disparity between Korean and international firms has grown.

Table 4.2. Major vehicle manufacturers in Korea and other countries
Korean companies

Foreign companies

Hyundai
Kia
GM Korea
SsangYong
Renault Samsung Motors

Volkswagen AG
Toyota Motor Corporation
Renault-Nissan-Mitsubishi
GM
The Honda Motor Company
Tesla

Source: KIET data.

Due to poor performance in the export of finished automobiles, the leading indices connected to the

output in the automobile industry have dropped. Because exports account for more than 60% of all
automobiles built in Korea, a decline in these indices is caused by a decrease in final vehicle exports.
A steady fall in the sales of finished vehicle has resulted in a significant increase in inventory, putting
a strain on the recovery of these cars’ production. The operational ratio index has also reduced due to
foreign businesses’ production volume adjustments and GM Korea’s Gunsan facility shutdown.

Table 4.3. Main indices of the automobile industry
Unit: 2015=100

Items

2017

2018

2019

2020.7

Production

91.9

88.9

86.3

86.4

Shipping

92.7

90.6

89.8

85.9

Stock

118.1

146.6

141.1

155.9

Operation rate

89.0

92.4

92.9

96.2

Source: KIET revised data based on data on production activities in industries published by Statistics Korea.
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4.2. Profile of semiconductor industry
4.2.1. Definition
According to the KSIC, the semiconductor sector comprises companies that manufacture

semiconductors and parts and is classed as semiconductor manufacturing (C261). According to the
MTI code system MTI Code 831 was used to report export and import patterns in this investigation.

4.2.2. Import and export trends
In the Korean economy, the semiconductor industry holds an unrivaled position. Semiconductors are

one of Korea’s most important export goods, with exports totaling approximately 100 billion dollars
since 2017. After reaching a high of 50.7 billion dollars in 2010, the value of semiconductor exports in
Korea continuously increased, reaching 126.7 billion dollars in 2018.

Memory and system chips account for the majority of semiconductor exports. Memory chips, which
accounted for 64.5 percent of all semiconductors exported in 2020, comprise a significant fraction
of all semiconductor exports. Due to the expansion of foundries, system chip exports have gradually
increased. In 2020, the value of system chip exports hit a high of 23.5 billion dollars.

Asia is the primary market for semiconductors manufactured in Korea. China is the world’s largest
electronics manufacturer, importing 40.2 percent of all semiconductors exported from Korea in 2020,

making it Korea’s most significant semiconductor importer. Hong Kong, the Korea’s second-largest
importer, imported 20.9 percent of all semiconductors exported from Korea in 2020. As shown in these
figures, these two countries have a significant influence on Korea’s semiconductor exports.

Many semiconductors are also supplied to Vietnam, which serves as a hub for Korean enterprises
making household goods and IT equipment. In 2020, Vietnam imported 11.6 percent of all

semiconductors exported from Korea, making it its third-largest semiconductor importer. Taiwan,

home to many important IT companies, bought 6.4 percent of all Korean semiconductors, making it
the fifth-largest importer. Except for Asian countries, the United States is Korea’s largest importer of
semiconductors. The United States purchased 7.5 billion dollars’ worth of semiconductors from Korea,
accounting for 7.5 percent of those exported, making it the fourth-largest importer.

In 2020, Korea imported semiconductors worth 50.3 billion dollars, primarily from China, where
the semiconductor plants owned by Korean businesses are located, and Taiwan, where Taiwan

Semiconductor Manufacturing Company, Ltd. (TSMC) is located. Imports of memory and system chips
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totaled 18.8 billion dollars and 18.6 billion dollars in 2020, respectively. Based on the system chips, the
volume of imports has steadily increased.

4.2.3. Current state of the global market
Memory chip sales account for almost 30% of all sales in the global market, and Korea has risen
to the top of the memory chip market. Integrated device manufacturers (IDMs) are companies that

design and manufacture memory chips. Samsung and SK Hynix, two of Korea’s significant IDM
chipmakers, supply more than 60% of the world’s memory chips. Organizations that deal with system

chips are typically quite specialized although IDMs like Intel also produce system chips. Foundries
specializing in manufacturing, fabless firms specializing in design, and chipless companies specializing
in intellectual property (IP) design are the three primary categories.

DRAM and NAND flash memory chips are the two types of memory chips. Korea has the most

modern manufacturing technologies and controls the majority of the world market. Micron Technology
from the United States and Samsung, and SK Hynix from Korea dominated the DRAM industry.

KIOXIA Corporation of Japan, Western Digital Corporation, and Intel of the United States are also the

competitors in NAND flash. As a result, the NAND flash industry currently has much rivalry. Because
memory chips are Korea’s top export item, any shift in their market could directly impact the country’s
economy.

Table 4.4. Market share of memory chips by company
Unit: %

DRAM

NAND Flash

Samsung

43.5

Samsung

33.3

SK Hynix

30.1

KIOXIA

19.0

Micron

21.0

WDC

15.3

Nanya Technology Corporation

3.2

Micron

11.2

Winbond Electronics Corporation

0.8

SK Hynix

10.7

Powerchip Technology Corporation

0.4

Intel

9.9

Although Korea is becoming more competitive in the global system foundry industry, it still lags in

other areas, such as fabless. Following Taiwan’s TSMC, Samsung is rated second in the global foundry

market. However fabless and chipless companies in Korea are small and have less technology than

KDI School of Public Policy and Management

43

Impacts of the RE100 Initiative on Major Korean Export Industries

giant corporations in other countries. As a result, Samsung’s foundry-based production is mainly driven
by Samsung and worldwide fabless companies. The United States is home to world-class fabless
businesses like Qualcomm, Nvidia Corporation, and Xilinx, Inc. For this reason, changes in the U.S.
policy have a significant influence on the entire global foundry market, including Korean foundry firms.

4.3. Profile of display industry
4.3.1. Definition
The display industry is defined as the manufacture of display panels and device parts (C2621). The
LCD and OLED sectors are major sub-sectors in the display industry. The MTI codes are used to

compile statistics on the import and export of display panels in Korea; thus, the MTI Code 8361 is used
in reporting trade statistics in this report.

4.3.2. Import and export trends
In terms of technology and market share, Korea is one of the world’s top display manufacturing

countries. Samsung Display (SDC) and LG Display (LGD) have pioneered significant trends in
television and smartphones by inventing and incorporating cutting-edge OLED technology.

With the rise of the LCD business, the volume of display industry exports in Korea expanded
dramatically. However, it has steadily dropped since reaching a high of 36.9 billion dollars in 2012.
Exports of displays are expected to be worth 18.0 billion dollars in 2020. This was the second time in
11 years that the total fell below 20 billion dollars.

While the volume of LCDs shipped from Korea has been steadily declining, the volume of OLEDs has

been steadily rising. Since 2012, the profitability of LCD manufacturers in Korea has dropped as China
has increased its scale of LCD production. In 2010, Korea’s export of OLED products was reported as
1.1 billion dollars. As they established technology for mass production of OLEDs, this increased by a
factor of ten, reaching a high of 10.9 billion dollar in 2020.

Because Korean display panel makers also have module plants in these countries, most displays made
in Korea are shipped to Vietnam and China. In Vietnam, Samsung and LG have established display

module facilities and have steadily increased the proportion of displays shipped to the country. In 2020,
Vietnam bought displays worth 9.5 billion dollars, accounting for 53 percent of all displays shipped
from Korea, making Vietnam the country’s largest importer of displays.
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China is known for producing the most televisions and cellphones in the world. Until 2019, it was

the largest importer of Korean displays. The expansion of Chinese display panel makers, on the other
hand, has lowered the demand for Korean display panels. China imported 6.8 billion dollars worth of
displays in 2020, accounting for 38 percent of all displays exported from Korea, making it the secondlargest importer.

Except for Vietnam and China, only 8.9% of all displays exported from Korea were imported into other
nations. In other words, the demand for Korean displays was primarily centered in these two countries.
Mexico was Korea’s third-largest display importer, accounting for 1.9 percent of all screens shipped.

In Korea, display demand is relatively low as the scale of manufacture of TVs and smartphones that

need the use of display panels has steadily declined. Only a tiny number of TVs and cellphones based

on luxury items are now made in Korea. Imports of displays are expected to be worth 3.3 billion dollars
in 2020. The re-import of displays is mainly done to help Korean display panel manufacturers manage
their inventory and provide after-sales services.

4.3.3. Current state of the global market
Only a few businesses from Korea, China, Taiwan, and Japan engage in the worldwide display panel

market. This is because the display industry necessitates large-scale, mass-produced facilities. SDC and
LGD from Korea, BOE, CSOT, Tianma, and HSK from China, Foxconn (Innolux, Sharp) and AUO
from Taiwan, and JDI and JOLED from Japan are among the major firms.

The LCD and OLED sectors make up most of the display industry, with the LCD market accounting

for 70% of the total. OLED manufacturing is the main emphasis of Korean display panel producers.
Although Korea and Taiwan have previously dominated the LCD business, China is now gaining

ground. LCDs are being phased out in favor of OLEDs, which are primarily used in high-end markets.
SDC, LGD, and BOE are all capable of mass-producing OLEDs.

Even though Korean panel producers have the most sophisticated display technology, the technology

gap between Korean and Chinese display businesses is shrinking thanks to China’s significant
investment. Furthermore, China has the most outstanding LCD market share, and OLED production

capacity is continuously growing. Thus, Korean display panel manufacturers have planned to focus on
OLEDs and stop producing LCDs, except those utilized in high-value-added products such as IT and
cars.
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Table 4.5. LCD and OLED market share by company
Unit: %

Small and medium sized LCD market

Large sized LCD market

BOE

19.6

BOE

22.9

Tianma

16.8

LGD

17.2

JDI

13.0

AUO

11.9

Sharp

10.5

Innolux

11.1

LGD

8.9

China Star

8.8

Innolux

8.9

Sharp

8.2

Small and medium sized OLED market

Large sized OLED market

SDC

73.1

LGD

86.1

LGD

12.3

SDC

12.2

BOE

8.7

EDO

1.5

Ever Display

1.4

JOLED

0.2

Visionox

1.5

-

-

China Star

0.8

-

-

OLED panel demand is currently focused on the smartphone manufacturing business. The smartphone

manufacturing business accounts for roughly 70% of the total demand for OLEDs. Because foldable
displays and low-temperature polycrystalline oxide (LTPO) displays are used in smartphones, this
industry is driving the advancement of OLED panel technology. The competitiveness of Korean OLED
makers, who have the most advanced technology, will be maintained in the global market as demand
for OLEDs for use in TVs and tablets also grows.

4.4. Impact of no response to RE100 initiative on the three major export
industries
This section analyzes the potential export damage to Korean firms in the automotive, semiconductor,
and display industries if they do not participate in RE100. Understanding the transaction structures of
Korean and worldwide enterprises in each industry is used to estimate the expected export damage.

Finished automobiles are finished goods that are sold to consumers directly. As a result, the

semiconductor and display industries’ supply chain-based export damage identification approach
cannot be used in the vehicle industry. Instead, we use data from the car rental industry, which shows
that rental cars are swapped directly between finished vehicle manufacturers and car rental companies.
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The RE100 includes several IT companies. RE100 has already attracted industry leaders such as Apple,
Amazon, and Google. The RE100 effort puts pressure on Korean suppliers to join RE100 because

these businesses are essential semiconductor and display customers. Non-participation in RE100 could

reduce a company’s market share in the long term if customers seek carbon-free IT components. Given
Korea’s reliance on exports for its semiconductor and display industries, the harm might be massive,
resulting in a loss of market power.

Korean-made semiconductors and displays today hold the majority of the market share. On the

other hand, this paper analyzes over a long-term period, assuming that competitors in other nations
adequately build production facilities and replace Korean products.

4.4.1. Automobile industry
By 2020, over half of all finished automobiles shipped from Korea have been imported into North
America. According to the findings of interviews with specialists and those working in related
industries, rental cars accounted for almost 30% of all finished vehicles exported from Korea to North

America. It is safe to presume that big car rental firms like Hertz and Avis support the RE100 initiative.
As a result, the measurable impact of non-participation in the RE100 initiative on the export of finished
automobiles built in Korea is equivalent to a 15% reduction in export volume.

4.4.2. Semiconductor industry
PCs, cellphones, servers, and autos are among the most common industries that employ
semiconductors. We expect the RE100 initiative to significantly impact the server business, which is

one of the most critical industries involving semiconductors. Major server manufacturers include Dell,
Hewlett Packard, and IBM, all of which are based in the United States. Furthermore, large Internet

service providers such as Amazon, Google, and Netflix are important server customers. Non-RE100
chip makers may lose a significant market share if the U.S. corporations are obliged to meet the RE100
level. Because the United States and Japan are both large suppliers of memory chips, the drop in
demand in the United States has a considerable impact on Korean semiconductor manufacturers.

The entire value of semiconductor exports in the first half of 2021 was 54.3 billion dollars, with

memory chip shipments being priced at 36.7 billion dollars; 9.1% of the memory chips directly
transferred from Korea to the United States can be considered to represent the cost of not joining the
RE100 initiative.
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Furthermore, process units such as CPU, AP, and GPU are essential Korean export commodities in

foundry semiconductor markets. The entire export of the processing units accounted for 24.7 percent of

the total semiconductor exports in the first half of 2021. Process units are designed by American firms,

such as Intel, Apple, and Qualcomm. If fabless semiconductor businesses join the RE100 initiative,
foundry companies would be required to meet the RE100 standard. As a result of their refusal to join
the RE100 initiative, Korean foundry manufacturers will lose out on the process unit market.

Owing to the current transaction structure in the global market, the estimated damage of not joining the
RE100 initiative amounts to the total of memory chip exports to the United States and the quantity of

process unit exports from Korea. The predicted damage to the semiconductor sector was estimated to
be 30.9 percent of the total semiconductor exports.

Table 4.6. Korean memory semiconductor exports by country (the 1st half of 2021)
Country

Export (ton)

Share (%)

China

1055.0

38.9

Hong Kong

511.1

18.8

U.S.

510.1

18.8

Vietnam

135.0

5.0

Taiwan

125.6

4.6

Others

376.3

13.9

Note: The figures are based on MTI Code 831110.

4.4.3. Display industry
The entire value of display panel exports in the first half of 2021 is 9.2 billion dollars. Exports of
OLEDs total 5.8 billion dollars, accounting for 63 percent of overall display exports. Apple, a major

technology business, is the second-largest user of OLED screens. In 2020, Apple will have completely
implemented OLED panels on the iPhone 12, and OLED shipments for the iPhone will have increased
by 28%. Apple also intends to use an OLED display on the iPad.

Given Apple’s announcement that it will join the RE100 initiative, global panel makers should also
consider joining the RE100 initiative. We used Apple’s market share in the premium smartphone

market as a proxy as there is no information regarding the proportion of OLED shipments for Apple
products. Because the smartphone market in OLEDs is estimated at 83.6 percent, and Apple has a 57
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percent market share in premium smartphones, we may estimate the damage to be greater than 40% of
total OLED panel exports if the RE100 scenario is not implemented.

Given the growth of the OLED market, the impact will be more significant because Korean enterprises
have decided not to produce LCDs. Furthermore, Korean display panel makers intend to produce only

OLEDs in the future. As a result, the 40% drop in OLED exports in Korea around 2040 can also be
interpreted as a 40% drop in all Korean display industry exports. If purchasing a Korean smartphone

that uses display panels made by Korean companies that do not participate in the RE100 initiative has a
negative impact, the estimated cost of non-participation in the RE100 initiative could increase.

Figure 4.2. Premium segment market share by smartphone brand (the 1st quarter of 2020)

Source: Counterpoint Research
Note: Premium smartphone - wholesale price > 400 dollars

4.5. Impact of responses to the RE100 initiative on the three major
export industries
To analyze the impact of RE100 participation, we first used an econometric technique to determine
export sensitivity to price shocks. The impact of the energy cost rise due to RE100 participation

is examined using the export sensitivity calculated here. The ultimate effect on RE100 export is
calculated by comparing the change in exports while participating in the campaign to the change in
exports while not participating in the campaign.
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4.5.1. Estimation model: export sensitivity(elasticity) to price
In the estimation for finding export sensitivity to export price, an autoregressive distributed lag (ARDL)
model is used as shown in equation (1)

(1)
Yt : Rate of change in export volume compared to the previous quarter
Xt : Rate of change in real export price shocks compared to that in the previous quarter
Instead of using export prices directly, we constructed a specific export price shock variable Xt, which
consists only of export prices in the periods when the export prices largely increased. The export price
shock variable Xt, is established as shown in equation (2)

(2)
Pt : Export price at point of t
Here, export price is the relative export price,37 i.e., the export price of an item is compared to its
import price in the U.S. The export price shock variable, Xt, is greater than zero only if the relative

export price, Pt, exceeds the highest price for three years. If not, Xt becomes 0. As a result, it is
calculated as the most remarkable relative price change during a given period.

Increases in export prices are influenced by product price increases and rising global demand for that
product. In the absence of consideration of the non-linear relationship between price and sales, the

results could include not just the impact of changes in export price, which is the subject of this study,

but also the influence of changes in product demand, which would mitigate the impact of export price

shocks. As a result, we concentrate solely on changes in the export volume when export prices rise
dramatically.

Much study has been done on the non-linear model evaluating price and production (sales), with
special focus on oil prices and production in the 2000s. This research is based on Hamilton’s (2009)

research, which illustrates the difference between today’s oil price and the highest price in the previous

one or three years. Furthermore, this work modifies Herrera et al. (2014)’s oil shock model, which
advocated using an ARDL model to evaluate the relationship between export and pricing.

37 The relative export price is based on data released by Bank of Korea. Data for the first quarter of 2001 to the fourth quarter of 2020
were utilized.
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4.5.2. Estimation results: export sensitivity in automobile industry
The estimation model for investigating export sensitivity was evaluated for each industry. The
estimation period ranged from Q1 of 2001 to Q4 of 2020, and only four lags were applied to each lag
variable in consideration.

The estimation results (yt: rate of increase in the export volume of vehicles, xt: rate of increase in export
price shock of vehicles) as shown in equation (3)

(3)
Note: The figures in parentheses indicate the standard errors.
Forecasting is used to calculate export elasticity based on ARDL estimates. For the first step, the whole

model yielded a one-period ahead forecast. The net effect of the export price shock on export volume
was then calculated by comparing it to another static prediction obtained without price variables. The
difference in expectations is divided by the actual rate of rising export prices to compute elasticity. In

our elasticity calculation, we solely take into account the times when export prices rose. Finally, the
export elasticity of export price was calculated to be 0.33 percent, implying that when the export price
increases by 1%, the export volume of automobiles decreases by 0.33 percent on average.

Table 4.7. Export sensitivity of vehicles based on an increase in the export price
Estimation model,
ARDL (4,4)

Net effect

Actual rate of
increase in the
price

Forecasts
(A)

Forecasts without
price change
(B)

-(A-B)

(%)

Rate of change in
the export volume
according to a 1%
increase in export
price

Q3, 2002 to Q1, 2005

17.1%

19.9%

2.8%

5.6%

-0.50%

Q2, 2006 to Q2, 2008

10.1%

13.2%

3.1%

4.5%

-0.70%

Q4, 2013 to Q1, 2014

11.3%

11.3%

0.1%

2.7%

-0.02%

Q3, 2017 to Q4, 2017

13.2%

13.4%

0.2%

2.0%

-0.10%

Relative export price
elevation periods

Mean

-0.33%
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4.5.3. Estimation results: Export sensitivity in semiconductor industry
As shown in the estimation process for the automobile industry, the export sensitivity in semiconductors

is analyzed. The estimation results (yt: rate of increase in the volume of semiconductors exported, xt:
rate of increase in export price shock of semiconductors) as shown in equation (4)

(4)
During the export price elevation period, the estimated findings showed that semiconductor export

volume declined by 0.75 percent on average, while the export price grew by 1%. After 2006, it was

discovered that the price of semiconductors had surged thrice. During the price rises between 2013
and 2015, the export volume was significantly influenced by the export price (a 1.1 percent change in

export volume according to a 1 percent change in the export price). During the price rises of 2010 and
2017, lower export elasticity of the export prices was noticed.

Table 4.8. Export sensitivity of semiconductors based on an increase in export price
Estimation model,
ARDL (4,4)

Actual rate of
increase in the
price

Forecasts
(A)

Forecasts without
price change
(B)

-(A-B)

(%)

Rate of change in
the export volume
according to a 1%
increase in export
price

Q4, 2009 to Q3, 2010

38.8%

31.0%

-7.8%

11.4%

-0.68%

Q1, 2013 to Q2, 2015

11.1%

2.0%

-3.1%

8.6%

-1.06%

Q1, 2017 to Q3, 2018

25.7%

16.6%

-9.1%

17.7%

-0.51%

Relative export price
elevation periods

Mean
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4.5.4. Estimation results: Export sensitivity in display industry
The estimation results for the display industry (yt: rate of increase in the export volume of displays, xt:
rate of increase in export price shock) as shown in equation (5)

(5)
The estimation results show that during the price rise period, the export volume of displays declined
by 1.15 percent on average, while the export price climbed by 1%. After 2014, the price of displays
jumped twice. During the price increase between 2015 and 2016, the export volume was considerably

influenced by the export price (a 1.4 percent change in export volume according to a 1 percent change

in the export price). As the final estimate for calculating export elasticity, the mean of the estimations

of change rates in the export volume of displays recorded during two price elevation periods was used.
Displays had a somewhat higher export elasticity than vehicles and semiconductors.

Table 4.9. Export sensitivity of displays based on an increase in the export price
Estimation model,
ARDL (4,4)

Net effect

Actual rate of
increase in the
price

Forecasts
(A)

Forecasts without
price change
(B)

-(A-B)

(%)

Rate of change in
the export volume
according to 1%
increase in export
price

Q3, 2015 to Q2, 2016

12.1%

-14.0%

-26.2%

19.1%

-1.37%

Q1, 2018 to Q3, 2019

23.0%

0.2%

-22.8%

24.6%

-0.93%

Relative export price
elevation periods

Mean

-1.15%

4.5.5. Estimation results: Impact of RE 100 participations on export volumes
For assessing the final RE100 effect on exports, evaluation of changes in the energy costs following

RE100 participation are critical. We performed secondary research to forecast energy cost increases
in three industries entirely reliant on green energy. According to the findings, the additional electricity
purchase costs required to implement the RE100 project in the vehicle, semiconductor, and display

industries in 2040 will increase by 29.8% (above the cost of electricity in 2019). It is assumed that
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renewable energy-generated electricity is expected to replace 100 percent of present electricity in the
year 2040. The appendix contains a more detailed estimations.

Table 4.10. Estimation results of electricity purchase cost based on the implementation of the
RE100 initiative
Industry

Electricity cost in 2019

Additional electricity cost in 2040

Automobile industry

255,438

76,125

Semiconductor industry

1,093,133

325,771

The Display industry

701,740

209,130

Source: Data are released by Korean Energy Economics Institute (KEEI).
Note: Unit is one million Korean won

The information in the table above was used to forecast future export price adjustments based on RE

100 participation. We can presume that an increase in electricity prices resulting from the procurement

of green electricity is passed on to the final goods price. The proportion of intermediate input,
obtained by deducting value-added (e.g., wages, corporate profits, and interests) from the total output,
determines the degree of price transfer.

Table 4.11. P roportion of intermediate input compared to the total output in the automobile,
semiconductor, and display industries (as of 2018)
Classification

Automobile industry

Semiconductor industry

Display industry

Proportion of intermediate input

78%

41%

65%

Source: Data from the input-output table published by the Bank of Korea (2018)

Finally, the effects of RE100 participation on the export volume in the automobile, semiconductor, and
display industries in 2040 were calculated using the increase in electricity purchase cost, the degree

of cost pass-through in final goods, and the elasticity of export volume in response to an increase in

relative export price. The three major Korean sectors are predicted to see a 7.7-22.3 percent drop in

exports due to the damage associated with pricing competitiveness if they participate in the RE100
initiative. Furthermore, the value of exports decreases in proportion to volume.
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Table 4.12. Effect of RE100 initiative implementation on exports
Industry

Export volume sensitivity to a 1% change
in export price

Impact on export volume by the
implementation of the RE100 initiative

Automobile

-0.33%

-7.67%

Semiconductor

-0.75%

-9.16%

Display

-1.15%

-22.28%

4.6. Effect on exports: participation vs. non-participation in the RE100
initiatives
The impact of non-participation in RE100 on exports is examined in Section 4.4. An analysis of the
export structure of the three industries was used to determine the degree of export decline. However,

because all routes were not evaluated due to a lack of information, we can say that our anticipated
export impact in Section 4.4 is close to the minimum actual impact.

On the other side, the cost increase and export impact of RE100 participation was calculated using the

econometrics technique in Section 4.5. However, econometric estimation considers the increase in the

cost of renewable energy only in Korea; if the RE100 program is implemented globally, the impact
may be less than that calculated in Section 4.5. In this respect, the export effect of participation in the
RE100 initiative in Section 4.5 can be near the maximum actual impact.

The degree of export decline when engaging in the RE100 program was lower than that when not
participating in the RE100 initiative in all three industries, i.e., automobiles, semiconductors, and

displays. These findings show that if the RE100 movement gains traction around the world, it may be
more profitable for Korea's top export companies to join.

However, it should be noted that the results of the analysis have limitations because it is assumed that

the degree of competition in the semiconductor and display industries will be significantly higher in the
future (compared to the present), and there are data restrictions in the elasticity estimation and export
structure analysis.
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Table 4.13. Comparison of the effect of non-participation and participation in the RE100 initiatives
with respect to exports
Industry

Damage associated with non-participation
in the RE100 initiative in terms of exports

Damage associated with participation in
the RE100 initiative in terms of exports

Automobile

-15%

-7.67%

Semiconductor

-29.8%

-9.16%

Display

-40%

-22.28%

4.7. Effect of participation in the RE100 initiative on Korean economy
4.7.1. Overview of the input-output model
Broader impact of RE100 participation on the domestic economy is additionally investigated. The
effect of implementing the RE100 initiative in the all manufacturing industries including automobile,

semiconductor, and display industries as well as in Korea is calculated using input-output analysis. The

advantage of input-output analysis is that the ripple impact across industries can be calculated using
the input-output table. This enables us to assess the extent to which a change in output in one industry

impacts another where the former's goods are used as intermediate input materials. However, it has
some drawbacks, such as overestimation of the result due to a focus on solely positive inter-industry
interactions. The input-output table provided by the Bank of Korea in 2018 is used in this analysis.

4.7.2. Traditional input-output model
The traditional ripple effect across industries is the subject of our input-output analysis (backward
linkage effect). The traditional input-output model implies that the economy is always in a position of
excess supply and that input elements may be combined easily to adapt to changes in demand. As a

result, this model is a basic framework for determining the detrimental impact of a change in demand
in one industry on production in another.

The following input-output table consists of n industries.
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(6)

where X is the amount of production, A is the amount of intermediate input, Y is the final demand, M is
the income, and

. Eq. (1) can easily be modified to a demand-output model, such as Eq. (7) to

indicate the change in output determined by a change in demand.
(7)
where αij is an element composed of (I-A)-1 in Eq.(2). At this time, αij indicates an increase in the output
according to the unit demand shock (∆Yj) (refer to Eq. (8)).

(8)

4.7.3. Estimation results: the ripple effect for production
According to the input-output analysis, a change (decrease) in the export volume of vehicles reduced
overall production by 0.20 percent, a change (decrease) in the export volume of semiconductors

reduced overall production by 0.02 percent, and a change (decrease) in the export volume of displays
reduced overall production by 0.23 percent.
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Table 4.14. Analytic result of the ripple effect of a change in the export volume of products on
production according to industry
Analytic results of the industrial ripple effect
Ripple effect on production (unit: 100 million won)
Classification
codes

58

Names of industries and products

Impact of export of
automobiles
(-7.7%)

Impact of export
of semiconductors
(-9.2%)

Impact of export of
displays
(-22.3%)

A

Agriculture, forestry, and fishing

167

25

139

B

Mining

32

3

53

C01

Food and beverage

320

46

261

C02

Textiles and leather

445

96

197

C03

Wood, paper, and printing

424

116

293

C04

Coal and petroleum products

893

153

777

C05

Chemical products

5,464

829

3,765

C06

Non-metallic mineral products

480

57

4,099

C07

Basic metal products

3,701

323

817

C08

Metal products

2,947

318

521

C09

Computers and electronic and optical
Instruments

1,501

5,951

73,212

C10

Electrical equipment

4,217

108

714

C11

Machinery and equipment

1,262

57

325

C12

Transport equipment

51,147

35

272

C13

Other manufacturing products

63

12

52

C14

Toll processing for manufacturing and
industrial equipment repair

1,267

463

1,661

D

Electricity, gas, and steam

1,206

268

1,673

E

Water, waste treatment, and recycling
services

255

49

147

F

Construction

90

15

69

G

Wholesale, retail, and product brokerage
service

3,730

318

2,213

H

Transportation service

1,888

215

2,409

I

Accommodation and food services

805

107

633

J

Information communication and
broadcasting services

786

93

773
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Analytic results of the industrial ripple effect
Ripple effect on production (unit: 100 million won)
Classification
codes

Names of industries and products

Impact of export of
automobiles
(-7.7%)

Impact of export
of semiconductors
(-9.2%)

Impact of export of
displays
(-22.3%)

1,112

156

1,035

602

71

417

1,998

247

2,118

K

Financial and insurance services

L

Real estate service

M

Professional, scientific, and technical
services

N

Business support service

840

122

718

O

Public administration, national defense,
and social security

30

10

25

P

Education service

34

6

23

Q

Public health and social welfare services

104

14

63

R

Arts, sports, and leisure services

96

15

69

S

Other services

197

22

142

T

Etc.

48

16

40

Ripple effect on the entire production

88,152

10,333

99,726

Percentage compared to total output

0.20%

0.02%

0.23%

4.7.4. Estimation results: the ripple effect on value-added
The impact of a change in exports in the automobile, semiconductor, and display industries on value-

added was also investigated. According to the findings, a shift (drop) in car exports resulted in a 0.13

percent reduction in total value-added. A change (drop) in semiconductor exports is expected to result

in a 0.02 percent loss in overall value-added, while a change (decrease) in display exports is expected
to result in a 0.19 percent decline.
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Table 4.15. Analytic results of the ripple effect of a change in the export volume of products on
value-added according to industry
Analytic results of the industrial ripple effect
Ripple effect on value-added (unit: 100 million won)
Classification
codes
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Names of industries and products

Impact of export of
automobiles
(-7.7%)

Impact of export
of semiconductors
(-9.2%)

Impact of export of
displays
(-22.3%)

A

Agriculture, forestry, and fishing

86

13

72

B

Mining

15

1

28

C01

Food and beverage

68

10

54

C02

Textiles and leather

101

25

42

C03

Wood, paper, and printing

136

39

92

C04

Coal and petroleum products

228

34

205

C05

Chemical products

1,560

209

1,162

C06

Non-metallic mineral products

189

22

1,923

C07

Basic metal products

683

52

139

C08

Metal products

1,133

144

202

C09

Computers and electronic and optical
instruments

480

1,785

25,247

C10

Electrical equipment

1,046

31

204

C11

Machinery and equipment

372

19

109

C12

Transport equipment

11,060

7

55

C13

Other manufacturing products

18

3

15

C14

Toll processing for manufacturing and
industrial equipment repair

607

221

790

D

Electricity, gas, and steam

313

72

440

E

Water, waste treatment, and recycling
services

129

27

76

F

Construction

36

6

28

G

Wholesale, retail, and product brokerage
service

2,006

171

1,190

H

Transportation service

725

77

945

I

Accommodation and food services

274

37

216

J

Information communication and
broadcasting services

382

45

443
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Analytic results of the industrial ripple effect
Ripple effect on value-added (unit: 100 million won)
Classification
codes

Names of industries and products

Impact of export of
automobiles
(-7.7%)

Impact of export
of semiconductors
(-9.2%)

Impact of export of
displays
(-22.3%)

K

Financial and insurance services

716

93

618

L

Real estate service

413

49

287

M

Professional, scientific, and technical
services

828

94

1,122

N

Business support service

584

85

488

O

Public administration, national defense,
and social security

22

7

18

P

Education service

20

4

13

Q

Public health and social welfare services

54

7

33

R

Arts, sports, and leisure services

53

8

37

S

Other services

77

9

56

T

Etc.

-

-

-

Ripple effect on the entire production

24,414

3,405

36,348

Percentage compared to total output

0.13%

0.02%

0.19%
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5. Summary and Policy Implications
5.1. Summary
As the COVID-19 pandemic has swept the globe, political and social appetites for climate action have

grown in major countries. In some ways, the pandemic has highlighted carbon neutral goals, advancing

the collective goals of industries and companies for a carbon-neutral future. It is particularly evident

that demand for renewable energy in the global market will continue to increase. It is also clear that
the greening of global supply chains, via response to the RE100 initiative, will become increasingly
important for the sustainability and resilience of export-led economic growth in Korea.

This white paper recognizes this importance and, for the first time, attempts to quantify the impact of

these greening global supply chains on the Korean economy. It aims to provide evidence for the Korean
government to accelerate the introduction of “RE100 support schemes,” in order to encourage major
Korean manufacturing companies to increase renewable energy procurement in export industries.

The backbone of the analysis presented in this white paper comprises estimations of the total impacts

on export volumes of three major export industries in Korea – the automobile, semiconductor, and
display panel industries. These estimations were used to compare two scenarios. In the first scenario,

the Korean government did not adopt policies enabling Korean companies to easily purchase

renewables, meaning that Korean manufacturing and exporting companies did not participate in
the RE100 initiative. The second scenario entailed Korean manufacturing and exporting companies

participating in the RE100 initiative, aided by appropriate renewable energy policies designed to
support corporate sourcing.

For a realistic comparison, the analyses were conducted to evaluate the impact in 2040, about 20 years

after the current year. This is to allow long enough time for rival companies in importing countries

to establish facilities and produce sufficient goods to substitute those usually imported from Korean
companies. In the second scenario, it was assumed that by 2040, 100% of electricity in Korea will be
generated from renewable sources.

In the first scenario, where Korean companies did not participate in the RE100 initiative, the export

volumes were expected to decrease because of the reduced demand from global companies that already

participate in the RE100 initiative and expect their suppliers to transition to renewable electricity.
These export losses would be larger if a higher number of importing global companies participated in
the RE100 initiative.
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Regarding the Korean automobile industry, half of all the finished automobiles exported by Korean

companies are sent to North America, with 30% of these automobiles purchased by major car rental
companies. Thus, the export losses due to non-participation in the RE100 initiative were estimated to
be at least 15% of the total exports of the industry.

Most of the clients of the Korean semiconductor industry are leading companies in the United States

that have already adopted the RE100 initiative. The share of semiconductors exported to these
companies comprises 30.9% of the industry’s total exports. Thus, non-participation in the RE100
initiative could lead to export losses of 30.9% for this industry.

The Korean display panel industry exports 80% of its product to global mobile phone manufacturers.
As Apple® holds more than half of the global market share, we estimated that non-participation in

the RE100 initiative could decrease export volumes of this industry by more than 40%. In addition,
the demand for Korean-made smartphones with Korean-made display panels could also decrease,
amplifying the impact of non-participation.

Next, we consider a scenario in which Korea’s major exporting companies participate in the RE100
initiative. The impact of this scenario was estimated by calculating the decrease in export volumes

due to an increase in export prices, which are affected by the higher renewable electricity prices. We

found that a 1% increase in export prices caused the export volumes of automobiles, semiconductors,
and display panels to decrease by 0.33%, 0.75%, and 1.15%, respectively. In addition, assuming that

the costs of adopting the RE100 initiative after 2030 can be represented using the renewable energy

purchase costs for all export industries, the electricity cost required to adopt the RE100 initiative in
2040 was estimated to be 29.8% higher than the electricity cost in 2019.

Using ratios of intermediate input to final output of 78%, 41%, and 65%, the rates of increase in the

export prices of the automobile, semiconductor, and display panel industries were calculated as 23.2%,

12.2%, and 19.4%, respectively. By applying the estimated sensitivities of export volumes to export
prices, the export losses due to participation in RE100 were then calculated to be 7.67%, 9.16%,
and 22.28% for the automobile, semiconductor, and display panel industries, respectively. Because
our scenario only considers the adoption of the RE100 initiative by Korean companies, the impact

of participation would be smaller if rival companies in other exporting countries also participated

in the RE100 initiative and their relative price competitiveness was weakened due to the increase in
electricity costs.
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A comparison of the impacts of two scenarios on export volumes reveals that the export losses resulting

from non-participation in the RE100 initiative are substantially greater than those resulting from
participation. The difference between the impacts of these two scenarios would likely increase if we
were to extend the analysis to include other industries. Therefore, it would be more advantageous for

the Korean government to support Korean companies in responding to the RE100 initiative by allowing
the purchase of RECs at affordable prices.

This study also examines the ripple effects of the three major export industries adopting the RE100
initiative on Korea’s manufacturing sector as a whole. As the direct impacts are estimated as the

decrease in export volume by the three major industries, these impacts can be utilized as the negative
output shock in a traditional input–output analysis to measure the backward linkage effects on other
industries whose products are used as intermediate inputs.

Using Korea’s input–output table, the ripple effects of the three major Korean industries participating

in RE100 were estimated by the overall decrease in total output and the aggregated value-added of all
Korean industries. We found that the output of Korean industries would decrease by 0.20% due to a

7.67% decrease in automobile exports, by 0.02% due to a 9.16% decrease in semiconductor exports,
and by 0.23% due to a 22.28% decrease in display panel exports. The aggregated value-added of

Korean industries would decrease by 0.13% due to a 7.67% decrease in automobile exports, by 0.02%
due to a 9.16% decrease in semiconductor exports, and by 0.19% due to a 22.28% decrease in display
panel exports.

Therefore, the ripple effects of the participation of these three major industries in the RE100 initiative
could decrease Korea’s annual GDP by approximately 0.4%. The total impact of participation,

including export losses, would constitute a GDP decrease of approximately 1.5%. Applying the same

estimation method, the ripple effects of non-participation in the RE100 initiative by the three major

export industries were expected to decrease Korea’s annual GDP by approximately 0.76%. The total

impact of non-participation, including export losses, would constitute a GDP decrease of approximately
3.8%. This again confirms that the cost to the Korean economy of non-participation in the RE100
initiative would be much higher than if companies were to participate.

5.2. Policy Implications
Energy transition is vital for the sustainable growth of Korea’s export-driven economy. The central

concept of energy transition is to replace coal or other fossil fuels with solar, wind, hydro, and other
types of renewable energy sources across all industries. In response to the RE100 initiative and to

promote the voluntary use of renewable energy by domestic companies, the Korean government
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announced the K-RE100 system, allowing domestic companies to selectively purchase and use
electricity generated from renewable energy sources as of January 5, 2021. At present, this system

includes payment of a green premium, a market for RECs, third-party power purchase agreement (PPA),
equity participation, and self-generation.

Based on the “green premium program” of the K-RE100 programs, an auction of RECs was opened

to industrial and general electricity consumers between January 5 and February 5, 2021. However, the

successful bid amount for green electricity was 1.25 TWh, which is only 7% of the total tendered green

electricity. In addition, between January 11 and January 22, 2021, the government opened the “market
for RECs”. While 259 renewable electricity suppliers attended, only 38 companies and public institutes
participated as buyers. No successful trades were conducted during this event.

Although these two K-RE100 programs — the green premium and REC market — are expected to be

effective in satisfying short-run REC requirements, companies may require more stable and long-term

contracts to purchase RECs. In this context, the Korean government plans to develop an alternative

K-RE100 policy, the direct PPA, in addition to the current third-party PPA option. The direct PPA
implies that a specific renewable electricity producer can contract directly with companies that require
renewable electricity. In general, the direct PPA assumes a long-term contract of approximately 10

to 20 years. At present, KEPCO is a monopolistic provider of renewable electricity in Korea, but the

direct PPA allows new electricity providers to breed competitive conditions in the renewable electricity
market. The Korean government plans to announce the activation of the direct PPA in October 2021.

Successful introduction of the direct PPA in Korea requires several factors, foremost of which is a

standardized user fee for electricity grid use among electricity providers. Moreover, the transmission
and distribution fees and the balance between electricity generation costs and demand should be

restructured. Finally, electricity providers will be required to provide stable renewable electricity to
their customers at reasonable prices.

The success of K-RE100 programs will also be determined by the higher renewable portfolio standard
(RPS) target ratio, which was recently announced as 25% of the total electricity supply - 2.5 times

higher than the 2020 ratio of 10%. Therefore, large power plants producing over 500 MW will likely
try to obtain more RECs in the market. This increase in demand will lead to higher REC prices not only

in the current REC market but also in the new K-RE100 market. In this context, it is very important to

provide effective incentives to renewable electricity providers who are considering participating in the
direct PPA.
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Appendix – Green electricity purchase cost calculation procedure
• The cost of purchasing green electricity was calculated using the following assumptions:
- Only green electricity prices will matter after 2030 for the RE100 project to be implemented. A
company may encounter different levels of risks that it should bear depending on whether it operates

its independent power plant or adopts green pricing. However, these different types of risks are
converted to the same value with respect to cost estimation.

- Each industry's needed electricity costs are regularly maintained.
- For the target year, renewable energy-generated power accounts for 100 percent of the total electricity
demand.

- The following equation was established under the assumption that the profit of a power producer is
close to zero.

(LCOE) = (SMP sales profits) + (renewable energy sales profit).
- The LCOE and renewable energy purchase costs were calculated based on the following equation:
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