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SUMMARY

I. Introduction

(] Research Background and Rationale

O Major countries and Korean governments are accelerating eco-friendly and low-carbon
policies, such as declaring carbon neutrality and establishing Green New Deal policies. In
this regard, major countries including Korea are paying attention to hydrogen and CCUS
(Carbon Capture Utilization and Storage) as the core technologies for achieving greenhouse
gas reduction goals and realizing carbon neutrality.

O Above all, it is necessary to remember that securing competitiveness in technology and
industry for carbon neutrality is national competitiveness at a time when major countries’
legislative policies centered on carbon neutrality have become more politicized and green
protectionism is strengthened.

- Hydrogen and CCUS technologies are presented in the 2050 Carbon Neutral Scenario’ as
key technological means for reducing greenhouse gas in the power generation and
industrial sectors, but there is no concrete implementation plan for the transition to a
long-term low-carbon industrial structure.

- The demand for research on the roadmap for greenhouse gas reduction in all sectors to
achieve the national greenhouse gas reduction goal is increasing. It is necessary to come
up with a strategy and implementation plan.

O Accordingly, this study intends to present an effective implementation plan to achieve the
national greenhouse gas reduction goal by diagnosing the current status of the domestic
hydrogen value chain and deriving comprehensive CCUS policy priorities. This study consists
of two parts: “Diagnosing the potential of the hydrogen economy leading market and
preparing measures for revitalization” and “Selecting priorities for CCUS policy measures
and preparing detailed strategies” .

] Research Method

O This study focuses on seeking institutional policy measures to reduce greenhouse gases by
enhancing the hydrogen economy and promoting the CCUS industrial cluster.

- (Hydrogen) The study diagnoses whether each value chain of domestic hydrogen economy
has the potential to form a lead market globally by applying lead market approach, and
design the implementation plan to activate domestic hydrogen economy by conducting a
survey for relevant experts based on the analysis results.
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- (CCUS) A survey was conducted based on the eight policy options that were derived from
the previous research conducted in 2021. Policy implementation plans and detailed
implementation strategies were prepared to achieve the greenhouse gas reduction goal.

O To this end, this study investigates and analyzes domestic and overseas hydrogen and
CCUS-related status for greenhouse gas reduction (STEP1), then analyzes the domestic
hydrogen value chain leading market and derives implementation plans for domestic
hydrogen activation (STEP2). And finally, prioritizing CCUS policy measures and preparing
detailed strategies to achieve gas reduction goals is performed in paralle (STEP3). Thus,
core issues and research methodologies are differentiated for each step.

II. Lead market analysis of hydrogen market and implementation plan to activate
domestic hydrogen market

(] Section 1 The methodology and framework of lead market analysis

O (Methodology) This study applied lead market analysis to analyze how much potential each

value chain of domestic hydrogen ecosystem has to lead global market

- Lead market means the goods or service market in specific geographical region in which
the international expansion of successful innovation gets started first and is sustained and
expanded through various types of services

- Lead market analysis is the methodology to assess the potential and possibility of aformentioned
lead market formation which figures out the country which has the highest lead market
potential based on the comparative analysis among countries by applying the current
status of advantage factors as indicators

- Price advantage, demand advantage, transfer advantage, market structure advantage, and
regulation advantage are the representative indicators widely used for lead market analysis

O (Framework) This research analyzed lead market potential targeting major eight countries
(Republic of Korea, China, Japan, United States of Amaerica, Germany, France, United Kingdom,
and Australia) and assessed it in each value chain of hydrogen economy

- Especially, this study suggested and applied procurement advantage which assesses the
environment which allows required resource or expenditures, and excluded market structure
advantage due to the lack of data to estimate market concentration
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<The factors and the indicators of each hydrogen value chainy

Indicator
Factor
Hydrogen Production | Hydrogen Storage & Transport Hydrogen Application

Price The production efficiency | Hydrogen liquefaction plant | The unit cost of fuel cell

Advantage | of green hydrogen (%) size (ton/day) power generation (¥/kWh)
(1) Number of hydrogen car | (1) Number of hydrogen car (1) Number of hydrogen car

Demand (vehicle/million people) (vehicle/million people) (vehicle/million people)
Advantage | (2) The share of carbon- | (2) The share of carbon- (2) The share of carbon-

intensive industries (%) intensive industries (%) intensive industries (%)

Transfer The share in green The share in relevant The share in fuel cell
Advantage hydrogen patents (%) patent (%) patents (%)

Export Relevant export market The share in fuel cell
Advantage share (%) export (%)
Regulation Clean hydrogen Regulation related to hydrogen | Regulation of mandatory
Advantage | certification system (Y/N) storage & transport (Y/N) purchase of FCEVs (Y/N)
Procurement | The share of renewable | Hydrogen production amount | Hydrogen production amount
Advantage | power generation (%) (million ton/year) (million ton/year)

- To cope with the limitation caused by the functional unit of indicators and estimate cumulative
score, the analysis result of advantage indicators are normalized to be scored range from 0
to 100. (The efficiency of green hydrogen production, the share of renewable power generation,
and regulation advantage indicators are normalized based on theoretical normalization methodology
and the rest are based on Min-Max normalization methodology)

- The expert consultation team including 25 experts from industry, academia, and research
sector was organized to figure out the future direction of Korea and efficient political
methodology(10 experts in hydrogen production, 10 experts in hydrogen storage and
transport, and 5 experts in hydrogen application)

(] Section 2 Diagnosis of domestic hydrogen industry applying lead market approach

O (Hydrogen production) The analysis result of the lead market potential of eight major countries
in hydrogen production is described below.

- Japan has highest price advantage with highest green hydrogen production efficiency
(62.43%), and Korea shows the least amount of price advantage due to lowest green
hydrogen production efficiency(55%)

- In demand advantage based on hydrogen vehicle penetration rate, Korea has the largest
demand advantage as it has 194.92 hydrogen vehicles per million people, and took second

- Xvil —



place(5.64%) following to China(9.72%) based on carbon-intensive industry rate

- China shows the largest transfer advantage as it occupies 33.72% of patents in green
hydrogen(electrolysis) part, and Korea took fourth place by occupying 8.25% following to
China, USA, and Japan

- Regulation advantage is assessed in a binary term by applying whether the country legislated
the range of clean hydrogen or not, and the result shows that Korea, USA, Germany, and
France has regulation advantage as they legislated it.

- Procurement advantage is estimated based on the share of renewable energy power generation,
and the result demonstrates that Korea has the least procurement advantage among target
countries as the share of renewable energy power generation in Korea is 4.71%, which
shows a large gap with Germany(39.5%) and UK(37.33%)

O (Hydrogen storage and transport) The analysis result of the lead market potential of eight
major countries in hydrogen storage and transport is described below.

- USA has the largest price advantage as it has the largest size of hydrogen liquefaction
plant(252 tons/day), and Korea has the least advantage due to the lack of plant.

- The assessment of demand advantage in hydrogen storage and transport is same with the
assessment in hydrogen production, and Korea shows the largest demand advantage based
on hydrogen vehicle penetration rate and second largest advantage based on the share of
carbon-intensive industry.

- Transfer advantage is analyzed by utilizing the share of relevant patents. USA has the
largest transfer advantage by occupying 22.45% of patents, and Korea took fifth place by
occupying 9.32%, following to USA, China, Japan, and Germany.

- Regulation advantage is estimated based on the legislation of the relevant standards, and
the result demonstrates that all the major countries except China have regulation advantage.

- Procurement advantage is identified based on domestic hydrogen production. China has the
largest procurement advantage with 25 million tons of hydrogen production, and Korea
took fourth place with 2 million tons.

O (Hydrogen application) The analysis result of the lead market potential of eight major
countries in hydrogen application is described below.

- Price advantage is estimated based on the unit cost of fuel cell power generation, and
Korea has price advantage(240 won/kwh) following to USA and European countries.

- The assessment of demand advantage same with the aforementioned demand advantage
assessment in hydrogen storage and transport. and Korea shows the largest demand
advantage based on hydrogen vehicle penetration rate and second largest advantage based
on the share of carbon-intensive industry.

- The share of occupying fuel cell patents is applied as an indicator to assess transfer
advantage, and the result depicts that Japan has the largest transfer advantage by
occupying 1/3 of global fuel cell patents and Korea takes fourth place following to Japan,
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China, and USA.

- Transfer advantage is estimated by adopting the share of patents exports. China shows
the largest transfer advantage, and Korea took second place by occupying 11%.

- Regulation advantage is identified based on the legislation of mandatory purchase of
FCEVs, and Korea, China, and USA has regulation advantage as they has the regulation
of mandatory purchase.

- The same indicator is applied to assess procurement advantage, and Korea took fourth
place among eight major countries

(O (Comprehensive analysis) The comprehensive analysis result by normalizing the analysis
results of indicators in each value chain is described below.

- In hydrogen production, Korea shows the highest lead market potential(58.57) by utilizing
the penetration rate of hydrogen vehicle as the indicator for demand advantage, and
China has the highest potential(59.67) in terms of the share of carbon-intensive industry
as the indicator, while Korea took third place in same condition.

- In hydrogen storage and transport, USA contains the highest lead market potential regardless
of the indicator for demand advantage, and Korea took second place with the penetration rate
of hydrogen vehicle, and fourth place if the share of carbon-intensive industry is applied.

- While China has the highest lead market potential in hydrogen application in both analysis
results with two different indicators(59.61 and 75.80 respectively), Korea took second
place(55.23) considering the penetration rate of hydrogen vehicle, and took third
place(47.19) when the share of carbon-intensive industry is applied as an indicator for
demand advantage

(] Section 3 The major issues of domestic hydrogen industry

O Based on the results of lead market analysis in each hydrogen value chain, the survey to
understand the current status of each hydrogen value chain and identify major obstacles
and following solutions is proceeded with an expert team including 25 experts(10 experts in
hydrogen production, 10 experts in hydrogen storage and transport, and 5 experts in
hydrogen application)

O Based on the results of expert survey, the eight major obstacles to activate hydrogen
economy is figured out as below.

- (Lack of infrastructure for hydrogen production and supply) There are many opinions
pointing out the lack of hydrogen infrastructure in overall, including Alack of hydrogen
filling station and supply chain, Alack of infrastructure for hydrogen production and
supply due to the high dependence on foreign material and technology, and Athe
necessity of regional-centered hydrogen hub city construction

- (Lack of hydrogen-specialized and relevant firms) It is required to build active support
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plan to expand the number of hydrogen-specialized firms and relevant companies,
including fostering the firms related to core materials and figuring out the successful case
of small and medium-sized enterprise(SME) as a role model.

- (Lack of support system and standards to foster hydrogen industry) Many experts emphasized
the urgency of relevant legislation related to hydrogen industry including regulation and policy,
pointing out Athe safety standards of relevant equipment and facilities, and Athe clear standards about
the range of clean hydrogen certification and the prompt implementation of certification system

- (Low public acceptance of hydrogen facilities) As the negative recognition on hydrogen is
placed due to the danger of explosion and gas leakage accidents, the public acceptance of
hydrogen equipment and facilities has been decreased. As the public acceptance in the
early stage can affect on the national target accomplishments in mid- to long-term, it is
urgent to design the solution to enhance it.

- (Narrow and biased domestic hydrogen market) Due to the immature domestic hydrogen-
related market, there is a lack of attraction for stakeholders, and relevant issues such as
an insufficient hydrogen demand and a lack of the diversity of domestic relevant industry
and technology development are mentioned.

- (Lack of the experience of plant operation and relevant demonstration project) As currently
Korea has a shortage of original technologies and demonstration experiences, the
respondents mentioned that it is necessary to offer systematic government support, secure
large-scale plant technology, and connect with renewable energy resource.

- (High dependence on foreign technology) In terms of technology standards and applied development
research capacity in hydrogen production - hydrogen storage - fuel cell technology, Korea
has the high dependence on foreign technology due to a lack of competitiveness
compared to major countries such as USA - Japan - EU. To solve this issue, it is required
to support R&D throughout the entire hydrogen cycle at the national level.

- (Unbalanced hydrogen demand and supply) It is required to expand domestic hydrogen demand
and supply to the point appropriate to activate and secure hydrogen market by stabilizing
hydrogen supply chain and diversifying hydrogen demand.

(] Section 4 The implementation plan to activate hydrogen economy

O To deal with aforementioned eight major obstacles and design implementation plan and
policy to activate domestic hydrogen economy, eight major implementation plans to activate
hydrogen economy is suggested by internal brainstorming based on the results of expert
survey

- (Secure the original technologies among all hydrogen value chains and stimulate relevant
R&D) As the respondents mentioned that it is necessary to secure original technologies
and stimulate relevant R&D in overall hydrogen value chain, it is required to fasten the
implementation of  established national plan and roadmap and strengthen
political - systematical - financial infrastructure that must be accompanied.
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- (Expand the hydrogen infrastructure covering all the value chains) It is required to expand
and solidify hydrogen-related infrastructure throught the entire hydrogen cycle to improve
the stability of each hydrogen value chain, including Aexpanding the supply of hydrogen
refueling stations led by the private sector, Aestablishment of large-scale renewable
energy complex and grid connection for green hydrogen production, ASupport for private
infrastructure investment for overseas introduction, Alinkage between LNG base and
hydrogen liquefaction plant, Athe expansion of pipeline network, Aestablishing a system
for capturing, using, or selling carbon dioxide

- (Relieve regulations and design policy to activate hydrogen industry) It is necessary to
induce the participation of relevant stakeholders by securing consistency in related
demonstration projects and facility operation through Athe enactment and implementation of
hydrogen-related systems such as clean hydrogen certification and CHPS, Athe operation of
regulatory sandbox and special regulation-free zone, Athe establishment and revision of
clear safety standards and regulations for relevant facilities and equipments, etc.

- (Foster hydrogen-specialized firms and stimulate commercialization) It is required to
establish a system for a virtuous cycle by discovering company candidates and supporting
them based on an efficient support system to develop them into a hydrogen specialized
company, and using this as a successful case to actively promote other potential company
candidates. Also, it is needed to enhance the efficiency of the process and support
system and rationalize them to promote efficient support in the commercialization of
relevant technologies and implementation of commercialization strategy

- (Activate the market by expanding and diversifying hydrogen demand) In order to expand
domestic hydrogen demand, it is required to discover the industry which has the potential
for hydrogen demand and support them to secure relevant technologies. Also, to secure
the stability of hydrogen demand, it is needed to diversify hydrogen application by
discovering hydrogen demand in various fields of each hydrogen value chain.

- (Stimulate hydrogen economy implementation by enhancing public acceptance) In order to
change the perception of hydrogen, it is required to improve the public acceptance of
hydrogen-related facilities and equipment by Apreparing an active publicity plan based on
scientific background, Aincreasing economic utility by providing economic benefits to local
communities such as profit sharing and job creation, Aproviding hydrogen-related
background knowledge by operating facility visit program and related operation information
viewing service, etc.

- (Secure renewable energy supply and clean hydrogen production capacity) In order to
promote energy security and system stability, it is needed to establish the infrastructure
of renewable energy supply by Aimproving and unifying relevant licensing systems, A
enhancing the public acceptance through profit sharing, and Asecuring site for facility
expansion, expand renewable energy supply by expanding the capacity of renewable
energy facilities, and connect with hydrogen production to foster the capacity of clean
hydrogen production
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- (Strengthen international cooperation to secure hydrogen importer) As the introduction of
foreign hydrogen or foreign clean hydrogen production is considered as one of the
hydrogen supply methods to achieve the national hydrogen supply target, it is required to
cooperate with major countries which has abundant renewable energy resource and the
capacity to treat large amount of carbon dioxide by conducting governmental cooperation
system and establishing a consortium including private companies.

. A Study on How to Create a CCUS Industrial Cluster

(] Section 1. Derivation of Policy Priorities

O A survey was constructed and conducted to prioritize the 8 policy options that were
derived from the previous research conducted in 2021, “A Study on Promotion Plan of an
Domestic CCUS industrial Ecosystem for Transitioning to a Decarbonized Society” .

O As a result of the survey analysis, “Creating a CCUS industrial cluster” was selected as
the top policy task, this study aims to review detailed implementation plans and derive
policy implications focusing on the creation of a CCUS industrial cluster.

[0 Section 2. Theoretical Review and Necessity and Domestic and Overseas Case Study of a
CCUS Industry Cluster

O Concept and Significance of CCUS Industrial Cluster
- The CCUS Industrial Cluster is an “industrial complex for companies engaged in the
development and industry of carbon dioxide capture, utilization, transportation, and storage
technology” . It can be summarized as “the totality of promotion facilities to support
human resource training, start-up commercialization, product promotion, and market
entry” , but the ultimate goal is carbon neutrality and sustainability beyond securing
industrial competitiveness.

O Necessity to create a CCUS industrial cluster
- As a core technology for realizing carbon neutrality, the need for commercialization of
CCUS technology is urgently needed. Also, the CCUS business is evaluated as a market
with high potential, yet it is still difficult to expect voluntary participation from companies
due to high fixed costs. For these reasons, CCUS technology development and the
formation of industrial clusters is highly policy dependent.

(O Domestic case

- As there is currently no CCUS industry cluster in Korea, the current status of legislation
and policies can be identified focusing on existing clusters and trends in the CCUS industry.
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- The grounds for creating a domestic cluster can be divided into cases based on individual
laws or the [Industrial Cluster Activation and Factory Establishment Act (hereinafter:
Industrial Clustering Act)| . It is possible to predict the formation and linkage of the CCUS
industrial cluster centering on the Industrial Clustering Act.

- As the domestic cluster creation plan adopts a strategy to build and upgrade clusters
through synthesizing strengths of each industry and region, the CCUS industry cluster
can also consider ways to induce synergy through cooperation with existing clusters.

O Overseas Case 1: UK

- Above all, the UK is specifying CCUS cluster development, pointing to CCUS as a key
measure to achieve carbon neutrality and the most core technology to lead the green
industrial revolution at the forefront.

- The full-fledged CCUS cluster development is being promoted by the Department for Business,
Energy and Industrial Strategy (BEIS). Until now ('22.11.), the UK has gone through a
series of processes for Track-1, and the process has been divided into two major stages:
Phase-1 and Phase-2.

- As a result, East Coast Cluster, Hynet, and Scottish Cluster were selected, and individual projects
to connect to the selected cluster were recruited, leaving only the final financial
investment target selection.

O Overseas Case 2: USA

- The United States is a country with 10 commercial CCUS facilities and is leading the
development and distribution of CCUS. Also, the country is striving for RD&D, market
development, and infrastructure construction through CCS-related policy support.

- The capture capacity of carbon dioxide at CCUS facilities in the United States is
approximately 25 million tons per year, two-thirds of the world’s capacity. Furthermore,
there are major CCUS R&D underway and numerous demonstration scale projects in
operation including DOE(Department of Energy)’s National Laboratory.

- US CCUS-related policies can be divided into three categories: 1) research, development
and demonstration (RD&D), 2) market development, and 3) infrastructure construction.
Since 2020, CCS has been mainstreamed in energy and climate policy as a number of
bills have been introduced.

- Most carbon dioxide sources in the United States are located close to potential storage
sites. As the United States has the world’s largest network of carbon dioxide pipelines
(8000 km), it could be the basis for developing hubs and clusters that will connect future
emission points to carbon dioxide storage and EOR(Enhanced Oil Recovery) sites.

(] Section 3. Analysis of CCUS Industry Cluster Conditions in Korea

O (ssues for analysis) Prior to carrying out the CCUS industry cluster condition analysis,
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major issues are reviewed to establish a system for condition analysis.

O (Promising storage) The Ministry of Trade, Industry and Energy and the Ministry of
Oceans and Fisheries reviewed the results of the survey to derive promising areas of
the CCUS Industrial Cluster, and so far, the repositories of Gunsan Basin and Ulleung
Basin are considered promising.

(O (Promising area) National industrial complexes adjacent to Gunsan Basin and Ulleung
Basin reservoirs were selected and named as the Gunsan Area and the Ulleung Area.

O (Condition analysis criteria) In order to analyze the conditions for the establishment of
CCUS industrial clusters in the Gunsan or the Ulleung regions, the criteria were
prepared by utilizing and modifying the “conformity with the definition of the CCUS
cluster” among the eligibility criteria used by the UK.

O (Comparison of conditions in promising regions) The Ulleung area has advantages in that it has
more infrastructure compared to the Gunsan area, and has many carbon emission manufacturing,
power generation, and carbon utilization industries.

[0 Section 4. CCUS Industry Cluster Creation

O In this section, issue diagnosis and obstacle factors for creating a CCUS industrial cluster
are analyzed based on the analysis of CCUS industrial cluster conditions, and institutional
and technical measures are sought to solve these problems.

O Diagnosis of CCUS Industrial Cluster Issues

- (Commencement of commercial operation) Opinions on the timing of commercial operation
start for judgment were collected (ranging from '23 to '50), and most of the respondents
answered that 30 years should be taken as the starting point of commercial operation for
eligibility determination.

- (Prerequisites) A questionnaire was conducted on the prerequisites to be resolved in
relation to the establishment of the CCUS industrial cluster and the start of commercial
operation. The  most important prerequisite derived was establishing physical links
between carbon emission industry and carbon dioxide storage and utilization.

- (Scope of CCU products and technologies) A survey was conducted on the CCUS product
and technology scope, and as a result of the survey, the appropriate CCUS product and
technology scope were: 1) allowed for all CCU technologies and products (69%), 2) only
products that can be permanently reduced (15%), 3) others (12%), and 4) excluding
products that immediately emit carbon, such as the conversion of CO, into fuel (4%).
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O CCUS Industry Cluster Formation Plan

- In order to derive the CCUS industry cluster creation plan, based on the prerequisites
discussed above, 1) linkage with a high-carbon emitting industry, 2) long-distance linkage
with promising storage, 3) support for cluster resident companies, 4) plan to secure
resident acceptance, and 5) linkage with emission trading system are selected as key
issues. Major obstacles and solutions are introduced.

- (Linkage with a high-carbon emitting industry) Considering the domestic situation, a
method of connecting a short-distance pipeline and using a medium-to-long-distance
transport truck was proposed. As measures to secure pipeline stability, leak detection,
prediction, and response technology development, provision of pipe corrosion
countermeasures, impact assessment, and design standards have also been mentioned.

- (Long-distance linkage with promising storage) The problems of economic feasibility due to
high investment and operation costs, and the problem of acceptability of residents in the
surrounding areas were commonly pointed out. As a solution, government support for
investment and operation, designation of duty-free projects for construction in industrial
complexes, support for reduction of investment costs, and active connection with the
emission trading system were suggested to supplement the economic feasibility.

- (Support for cluster resident companies) There was an opinion that it is necessary to
periodically renew the rent reduction or exemption target through a regular qualification
examination. Considering that CCUS is difficult to see as a profitable business from the
perspective of a company, there was an opinion that it is necessary to increase the
participation of companies by applying the same tax benefit method regardless of the
corporate size.

- (Plan to secure resident acceptance) The respondents emphasized that the CCUS law needs
to be prepared as soon as possible and safety management regulations need to be specified
in the law. In addition, the necessity of establishing a window through which continuous
dialogue and opinions can be collected was suggested to resolve residents’ anxiety.

- (Linkage with emission trading system) Respondents reviewed the emission trading system
from the perspective of expanding the subsidy that would enable government support and
investment in large companies that develop CCU technology, and that would preserve the
production cost in consideration of CARPEX (Capital Expenditures) and OPEX (Operating
Expenditures).

IV. Conclusion

(] Section 1. Summary and Conclusion

O As a result of lead market analysis, Korea shows second highest lead market potential
after United States of America in the case of utilizing the number of hydrogen
vehicles as the indicator of demand advantage, and third highest potential following to
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China and United States of America when applying the share of carbon intensive
industries.

- In the case of hydrogen vehicle, as Korea has stimulated its dissemination as the
major sector of domestic hydrogen usage with political willingness, it affected as
strong demand advantage in short-term by showing higher penetration rate compared
to other major countries

- The share of carbon intensive industries in Korea is high among the major countries,
but it has lower demand advantage compared to the number of hydrogen vehicles as
the gap between major countries is smaller

O As a result of diagnosing the issues and obstacles for the activation of domestic
hydrogen economy and designing potential solutions, eight major issues are derived
and following eight implementation plans to activate hydrogen economy are
established

- Eight major issues of hydrogen economy activation includes (D lack of infrastructure
for hydrogen production and supply, @ lack of hydrogen-specialized and relevant firms,
@ lack of support system and standards to foster hydrogen industry, @ low public
acceptance of hydrogen facilities, & narrow and biased domestic hydrogen market, ®
lack of the experience of plant operation and relevant demonstration project, @ high
dependence on foreign technology, and & unbalanced hydrogen demand and supply

- To solve the aformentioned issues and promote hydrogen economy, (D securing the original
technologies among all hydrogen value chains and stimulate relevant R&D, 2 expanding
the hydrogen infrastructure covering all the value chains, @ relieving regulations and
design policy to activate hydrogen industry, @fostering hydrogen-specialized firms and
stimulating commercialization, & activating the market by expanding and diversifying
hydrogen demand, ® stimulating hydrogen economy implementation by enhancing public
acceptance, @ securing renewable energy supply and clean hydrogen production capacity,
and strengthening international cooperation to secure hydrogen importer are suggested
as potential implementation plans.

O When creating a domestic CCUS industry cluster, it is necessary to consider a method of
inducing synergy effect through linkage with the existing cluster in consideration of the
characteristics of the industry and region.

- According to the Ministry of Trade, Industry and, Energy and the Ministry of Oceans and
Fisheries’ survey of domestic marine carbon dioxide reservoirs, the reservoirs in Gunsan
Basin and Ulleung Basin are considered promising.

- As a result of the analysis of the conditions, the Ulleung region has some strength
compared to the Gunsan region in that it has some infrastructure, and there are many
carbon-emitting manufacturing, power generation, and carbon utilization industries. On the
other hand, the Gunsan region is summarized as showing strength in that it has a high
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possibility of a blue hydrogen production base and can store a relatively large amount of
carbon.

O As a result of diagnosing issues and obstacles for the creation of the CCUS industry cluster
and seeking institutional and technical measures, five prior tasks were derived.

- First of all, in creating a CCUS industrial cluster in Korea, the start of commercial operation
is expected to be in ’30, considering A the need to achieve 2030 NDC, A the acquisition
of industrial growth opportunities, and A the possibility of technology dependence.

- The five pre-requisites are (D establish a physical link between a carbon-heavy industry
and carbon dioxide storage and utilization sites, @ prepare a plan for linking CCUS
industrial cluster participating companies with the emission trading system, 3 prepare a
plan to increase the acceptance of residents near the CCUS industrial cluster, @ arranged
as a plan to physically link carbon dioxide storage with the location of a distantly
geographically distant carbon-emitting industry (e.g. carbon dioxide transport), and &
prepare a plan to support companies moving into clusters

[0 Section 2. Major implications

O For Korea to form a leading market for the hydrogen economy, strong policy support is
required to create technological achievements in each sector of the hydrogen economy.

- Korea’s hydrogen economy’s leading market potential comes from having a comparative
advantage in terms of demand advantage, and the advantages that can be created from a
technological performance such as price advantage and transfer advantage are low
compared to major countries

- If the innovation of the hydrogen economy shows the characteristics of technology push,
it may be difficult to lead to the formation of an actual leading market even if Korea has
a high potential for a leading market.

O To create strong demand for innovation in each sector of the hydrogen economy in the
industry with high carbon emissions, support for the transition to the hydrogen economy is
needed.

- Structurally, Korea has a high proportion of carbon-emitting industries, so the demand advantage
was measured to be high, but demand for innovation is expected to occur in earnest
when hydrogen is used in carbon-emitting industries.

- Effective policy measures are required so that hydrogen utilization and facility conversion
can be expanded in domestic carbon-emitting industries.

O In order to maintain a comparative advantage in the hydrogen economy, it is necessary to

improve the current regulations in Korea or review the introduction of new regulations.
- Regulations can be prepared relatively quickly compared to the creation of technological
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achievements, and assuming that all analyzed countries have the same regulations, Korea’s
potential to form a leading hydrogen economy market is diluted.

- To maintain the comparative advantage of regulations that have been established while
promoting the establishment of a hydrogen economy early on, it is judged that it is
necessary to review and revise the effectiveness of the current regulations, or to prepare
regulations that can induce additional innovation based on the hydrogen law.

(O When looking at the obstacles and solutions derived along with each prior task, consistent
policy promotion and long-term planning for the CCUS industry are the prior tasks.

- Infrastructure construction such as pipelines and storage tanks is essential in the connection
between domestic carbon-emitting industries and carbon dioxide storage and utilization sites.

- In support of cluster resident companies and linking with the emission trading system, it is
necessary to prepare policies in consideration of the global CCUS market and system
improvement from a mid- to long-term perspective.

- To secure resident acceptance and link with the emission trading system, the process of
public discussion and opinion gathering are essential, so that accurate information on
CCUS technology and industry can be shared and discussions can be held for objective
standard design.
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EA3=A] BAsl7] st AeAA HZH(ead Market Approach)& &-8313c} ‘A XA A o]

& AT g9 IAA gakRA ol Hg AAEI, gt AR 2E I fA
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FHvdges FAAAE dEsilte vh, W A AEjAle] A=A
Z ZAE g A2 dF do] aFET S vEe AACdA HAEE ARE 474
A 4 8 T4 Aol ¥ | g HAAERJD TALA 4734 o8 7|24
g dA ‘FaAA AF7) YA T2 AAFLAA A Z HPoz Ax3 u 9
on, o] & 5
st= I7tRA Y AME R TE A oA
7l fleixe Fr1Ae2 Iu T4 A st A=A JFAES Idsta, sig I

AEANZS AT w3 FAY == s e =4 ARE JdstAY 7357 3 Wi
2 Z 3R ASAF HIH o] At ATAFR HIH & 5 Beise(2004)2 2! Beise

rr h

7]
H =
and Rennings(2005)37} vlA$ WHEZ Eof wel, 4 2yl g AEAAFS &

1) European Commission(2005), Communication from the Commission - Implementing the Community Lisbon Programme:
A Policy Framework to Strengthen EU Manufacturing - Towards a More Integrated Approach for Industrial
Policy, Brussels: Coomunication from the Commission quoted in European Union (2011), Final Evaluation of the
Lead Market Initiative, Brussels: European Commission.

2) Beise M.(2004), “Lead Markets: Country-specific Drivers of the Global Diffusion of Innovations” Research Policy,
33(6-7), pp.997-1018.

3) Beise M. and Rennings K.(2005), “Lead Markets and Regulation: a Framework for Analyzing the International Diffusion
of Environmental Innovations” Ecological Economics, 52(1), pp.5-17.
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| ewrix 215 25 982 93 202 2 CoUs Mg SiAE Bhst ot ot

Ast w3k 34 2 2Ad 59 ‘o] gc<l(Advantage Factor)’ & A #(ndicator) 52 &85}
AA FF AT F, I7F 1 ¥uE T3 AHHoE ouE U7t AEAIRS FAE v
FAEo] =24 At WHECIT AEAR HTHE AAY ol ajls SA3%ta o] F 7|
HEo 2 wlegfjo] Ve S Bdsts W Eolgte HollA, dA A MAFSE 27 dAR] 47
A AEAH FA

7Vede BAEALE E4ss dol AR ¥REc Ty & & vk EY,
] zF

AEAZ FEEE 7 old 291 AR $EL JWoR AEAR FAYS B, 7} ol

AEAE AW HF 532 ol 8208 Bl A5AH J49 ZAHE 7Hsst= dol
o, o] gglo] AEAR Ao F83 dTE st=A =84 BHH SHY HEE 87
Hu ‘EA o]y gRlo] AA AEAR FAgd IS vXE ol fllothEE ofYth’ &
= BAA AT HF 5ol AT &tk A AEAR HIHL A7) 7]
A 2= Ak, EA T vladte] ool AUjFoRE IH AEAR FA FAge] 2
o= 23 &2 Wy (Deterministic Method) el 7|¥b& 71 Aot & & Yot AE=AR H2H
o] AR EA W TS T Jde UE, ARAF HIHES I 3 IV BFH Eopol
] A=AZAS 4T g AAHo] E2Act=A B4 E FIT = ¢4 =832

o
H

=F 7ol ojugt 8Rl(e]d 8]
2 YoM Qe Falo] yRAHOE fAEHI A TA FAHoZ stE £ e
A AEZY dadty, AxAd A4 A FFE AAY A=A 8 FFE

7HsAdol =& ale] AMee] Fasi

i)

U AEAA AT Fa ol gl

AN AW disl] AAH] &S vpAg Beise(200)= AEAE 4 HAYSS &M
2} o] 2ol ZASI A . Beise(2004)= HAlol tigh U Ae <] ANWillingness to Adopt)
£ 7HAARE 2710 gE AF HARJIYS Asses F =7t
(Old ProduchH# ZAst= F oAl =E 45 AAse 7 tAcls
w2, AAAZHLag Market)e] A &i(&n]) sjele] WMt st A= F yghs BF Z7]9
3 YA EA DA HEEe shute] daAQ Oels AdsA Hed, 1 3R A4 A
t7b4, oz #e], 718 o 4HAvailable Budget) MlAUE 2 A& 4= Q). Beise(2004)2] v
AYFl 2ZH, A=A Fa80 Al O AAAZANA AAAZ HARle] 7HA 4
gk A=A bale] 7HACEH7EA) ol stehebAY, @ AAAE AR Bl A=A §
A RIS AEgeER dS F e "ol FIAY, @ AAAR LBAY &S50 St

==
v
T ol

4) oA A e Beise(2004)9] Al 7449 WIAUFS AAAGNA Ao taRle AfEste] $A1#<] o

of g =7k 1 A% WAS dishs AAYUFeE ol 4 glouth, & oM Ao AmAe] Ao F v

125 &8 o] AL S H= AYUSS Addhs v dAlol itk ey Beise(2004)7F o4 221
AAEE =8 oo (el tigk 85 SIS S84 2E RS W dEHSR Tde AulaE S
ol FAH AL ' H= WAUF I HAldl th o= dusta Jle Ao dchdn,

5) Beise(2004)el wt=m tiaqlolgt wes] 54 AE 5o ¥kl Pt oulsk= Zlo] ofyzel 7l AR, AZEC], Alx

L

W 714 = 7]%#%(Technological Trajectory) 5& 2wt}

e
glo]) o
Sk



HOR 4 MEAR 24 Y 3 242H 24t ot |

sl 71 oAk =713 ol A AARA AEEHA Aok waa] )9
(A=A A A Ha79l TARle] ARNTime laghs F3 F
= 7

Al TARle] HE= Aolh.

Beise(2000)+= 3719} & wAYUFZ 7Rty i WAUSES FIAZE F e T8
89 9 Vg 18RS T HEALES FAsks ol 4TS FA= o 4l 57
Aerglonw, 4207 Beise and Rennings(2005)0)0] 17§¢] o]d Q918 Frlx o= el
o} Beise(2004)¢} Beise and Rennings(2005)¢] A5 T&stH A=A HZH o] 80L& %
6=, O 714 old, @ 2 olH, @ ol o], @ = oA, ® ANFFZ °o|H, ® A °l
Holth<Kz& 2-1> Fa0). o] e 82 ARAA HIHE &8 W FE 1dHE ofF 82le
2, Rt o g HAEANFS FAste U dFS vAE 8oz ol 4 gt

c o= T o

<F 2-1D> A=A HIHY F8 ol 89l

olF 82 4 H
744 ol Aoz 714 Aol e 24L& N4
T8 °olH z71°l Z3 25 FAANII= FAS 7HA
o) ol e =7t AR IAshE s"e] Sk AW, 54 =7k 78
ST zo] d9 2 ojdHE FHE /1A
3 & =7kl AEE= HARle] =9 A5E xoshe e SAse
TE oA
z74L 71A
AFTE Ol | ARTERIE BRI B 7HE
& =7k |EAAZE AR olelHolE & & A=EF ¥ S Thehs
THAl 1 H

Z}5.: Beise(2004), Beise and Rennings(2005), Rennings and Smidt(2008), Cleff and Rennings(2016)-
HEo® A2k e

(1) 714 o] (Price Advantage)

A4 olge te teke tAl 14 mE FAA AANES maskel, & F/HHEA
DollA AzEe= A2 gAapjle]l Aid oz 71A0] vropd 4 Q= 7ot Rennings and
Smidt, 2008)7. &, TH& Zo] BF Fdstthe 78 stell, 54 w7telA Aeld FAFH< ¢
A9l AZh B tetel A A9 U4l Bl uste] 7ba Aol 5@ A, tiAd Ak O
ol BE tAlsle] ZAH o AujHQl o S =7 AEAR

>
o
Y
rO
o
i)
SN
o 1:1\1
_>|i
rO
m{m
:.:’

6) Beise M. and Rennings K.(2005), &9 =&, p.7.

7) Rennings K. and Smidt W.(2008), “A Lead Market Approach Towards the Emergence and Diffusion of Coal-fired
Power Plant Technology”, Economia Folitica, 27(2) Z+%.
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I 2AE7IA AS SH 292 2ot 248H % CCUS LY S AH st ot A7t

71A 9l A7 teFst gRlo 2 RE wAlE 4 Qlt}. Cleff and Rennings(2016)8-2 35 &3}
(Learning Effect) =+ %2 ZA(Economies of Scale) & ®l&9] &S Fd 4 Jd&= a3
B

7 AEEAY B AEEE B 2EHEY 22 FUE B8 s FE 2T ¢ 2
i AR &, 54 9AF] gAle] A&AQ A Y FHow ]l AAHE&ES 7
A2 4 AdAWHLearning-by-Doing), A|<2Q1 AF/ES 53+ H LS AE=AZ = A= AS
(Learning-by-Searching) 8t a&#2 &3] A&l tagle] 7148 ARAZ & glon, txpel
Ao Aol #HE Aol e A EAo]l EAstE A tARl AY A R SUHE
T8l HARIe THe AAAE g vk =3 ARHo® HAR] AY Atk BAEE AR =
Tt =% 59 FUvgol dad B "Ad A9 HAe AAANE ¢ AT

(2) =2 o]#(Demand Advantage)

—~

F8 olFde g Yy nisid 54 UelA=AZ7E galell tis] 2710 #3 8.5 @

A= EAALS 7K & off FAs= o] o]tKCleff and Rennings, 2016). dl7d), &4 &

AL gAY i 7] 87t =2 =7F A8 ot @& =7 Bl EAE BF, a0t

=& 77F A= =71 Boll Hlsf s A4 HARIS Al7IFem AR AfdstA 2 JhsAdol =

o =S I AolME A1 dARle] RHoz waEA 4tk RFFEH, dig taile)] o

g A EAQ Aoy AFNTE B3 Ve 22 7HE ooy offell A AHE old oA
3

52 $8¥ sbsiol oy ¥ + Yok

AN

4 EA AA] GAcle] 5A42 Faag s Agcte A AAAY]
o 459 ZU7I2 old ¥ Y tHDekimpe et al, 2000: quoted in Beise, 2004).9 =, &5
o] =2 =7} AolA WA A3k 2 ool WASEA Hi, d AAARJ] &5 SV FAE s
I 7F AollA AEE F87F A MAZRCR gikEYE Aotk a2y Beise(200d)+= HZ =7t
F 19073 A5 Ao|7t winlste] Ar|ef 22 EME=R ofdste dHole AV AT 5 9
om, &59 F7F Yo 7|z, AA, AE, A, A Edlse o) Adr|et 2 FakrAgo] i

A 4 dokar A Ao
(3) o]A o] (Transfer Advantage)
ol o]HE& EA FUllA AzE= FgAA] ARl i bE =71 AREAE /1A
3

]
st dEo] FUkstAY, 548 =71 8 o] YR HFZHOoE oHE= SO0 EHE
WA sh= o] olthRennings and Smidt, 2008). &, 54 =I7HAZAIZ)oA " a2

8) Cleff T. and Rennings K.(2016), “Are There First Mover Advantages for Producers of Energy-efficient Appliances?
The Case of Refrigerators”, Utiities Policy, 42, pp.42-50.

9) Dekimpe M., Parker P., and Sarvary M.(2000), “Multi-market and Global Diffusion: A Research Agenda” in New-
Product Diffusion Models, pp.49-74. quoted in Beise M.(2004), 2t =% pp.997-1018.
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2450 9t A oA ool EAst HEAFel F sbsdo]l Erh: g ovat

Beise(2004)ol] w2 o]e} e o]F o]y AZ3F I (Demonstration Effect)tal o|sid %
A=d, FaAQA gAple] AdA offAl Yolrt AEEA FASEHI AHE B, NEA
Tl WAHE 7HA I U= Aol Zasty I F&Adol SHEY FAZAL Y
& APAE] /AT F 7] WEol

M -1>r1
:iﬂ?i N

led ol o] WA= thE MAUZToEE T UgtilA ATE = yAklo] ARRYZE o9l &
, T3 714l el A5 o2 s ool ol AEHAY, tho] AREATE AHEFe RN A3t B
1H]A/] AHE ZHA7E A EE U ES T &30 o gHiko] ¢ltkBeise, 2004). ©, Beise
(2004)% S2AQA AYE zre g4l gARle] A vusdAQ farle] vls] w42 F4lkag
o] ot A Fst Aok HIEHAR HARle] A O EHe B WL fFEE FAE A,

71

IF 0¥~

9/] [e)
@ BFF A4 L YA s AMH T, @ 5 /19 T £F P57} So} shslel A
A7) 490, BHAA DA A kR FAL T SFakat Aol ofgm, kel
Fhee 54 s9)71Ye] BE &
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(4) = o]H(Export Advantage)

TE oH2 54 F7HAM AdzEs Al gAcle o= As =
£ Z1dA @BAskE o] o|thRennings and Smidt, 2008). 3, Al tAl AV} &
ANNA AdzE s HARIARE & =7le] Ad2rF £9E Slof &5 T3 A AAHL
3}

[

sabe % 9le o $E ool EAVTGT & 5 Yok W A TR A7} 54 =)
M ABHE TACIAT T 2rte] MErh QA wEle] YA e ofetoloql A, &
22 Ba) FAHOoR G4kEy] o) o]sh Best] BeiseU0)E TAHOT TAd B =
Ao Bx F Yol YA I da FVHA B4 242 741 kel Hlg) el
BEHew AAY & dvn Ay

Beise(2004) ¥ Rennings and Smidt(2008)= 574 =719 A& tAlol o2 F7te] Hsrt
E3EE WAYUEEE ol A WAUESE O 75U AZH s A F FA, @ o=
A A} a7 NAT I 8, O 7YY FE A4S EUE A9 AT oY wWAY
F T ‘9= B A4 BAS a7 NS S 787 = ANEY AFH 20 fARAE &
Aqk, & F7HAEAZDY] AFEAZE A EAA ®IgEte] VI eR stoa s AlE A
st 83t =S Q7she A-polm, EHORE 7SRt o3t Fse A Fe F7He] ARS
Zpolnt = 7]%‘01]7%] {19&75“3, girFzgolgte 7HAE 878 AdA AHE ZolE 4 o
(Beise, 2004).

10) & Rennings and Smidt(2008)& Qo] 2 ALg AllE AAshe] EADL wke] A9 57 el A o] el Qurs
oA, F7} b9] A Q| B Apgo] lFOoze FMAAE & Aurdoletn AHsta 9
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IES
(5) AFTFZ o] "(Market Structure Advantage)

Al X(HLJ% o]"g& il tixpele]l #w A Relevant market)o] 47 A (Perfect Competition)
F5 IS o] olth Beise(2000)E AHAIFA A2 AL 7ed 54, A

B 7}?*3, *Or—’F?If} H|-&-A2] AAE 2L F UA 8, ol& sl AHFA o] FAA As
=9} 744 9le Q= JMsAe ARHTT AT E=3F Beise(2004)
= BABE 53 T RoH, vg AHE T3 7HE AAA] gAdle A=

sid = Aokl A A3

3R o7 7rAgstE Bl vlg A3 WAUSES dad 2ol AWT 5 vk Al
A9l AE s /b Qo sk vk sd Zhe] Tzl A FHA Ao

Aol ZE7h-e TARl Aol Al 7hA o] AAkAke] A M| -8-(Marginal Cost)3} ARSHAl A
B AR o] &2 00 HgAl BAE T wEbAd tAl Ae 53 3 IR AHANE T
AR A A ThAo] AakAte] FAREEY = 2AEHE ESRAZA Al vls) w2 7h
Zol FAE 2= Ur}. =3, 7|USo A AaH|Lo] tlH A
Hl-g Aol 7bed A, 7Y 0 2Fske oS 5
FrRd = Ao wA ZIdelAle Bl e flo i
| Av), Zled 5o FAE sty YAl A 7H4e] o

b

7] Z¢3HSymmetric Firms)ol| A]
AU AZEFE&ES F7HHe R
FH o= <ls HAkel Aot #d

b % glek

N Jﬁ J
ol

¢
N
ol

=l

e

(6) 7Al o] A (Regulation Advantage)

A 0] & Beise(2004)2] AT-oll ©]o] Beise and Rennings(2005)7} F7F2 o2 A|okal 82l
o2 WEAAZ 7Igel 4714 FEE AT F JEF st FA dAAQ] ofojro &
F AEE ¢tE S JlelE A g LA THBeise and Rennings, 2005). &, Al o)A L 3 27}
AV Ad Aol F4 tiitol He ARl thsted 7ol g41A1 ofelrolE HES F

A& AFst= 49l HL%U‘ 7FsAd o] =t} Beise and Rennings(2005)= 73 1A 7}
% &7 a&3(Eco-efficiend)] 419 =3 S FxIst7] S EU=HATE Holl 2+
Stale], AZ=AA ATl Ao ﬁ”ﬂl oldel a1 E A ¢kttt Beise and Rennings(2005)+=
Y YHY F8&A dEBE J|Edd A3 AHHATE T3 Eokl wet O AEE gEAT
A o] o]l AEAS Ao &S PtesE AHE =&

0[4

TA olH e MAYZE 9 R A (Externality) © 2 <13+ AlA-Asf(Market Failure) 4 A A3
7F s WAYUEZSRE olsid 4= At} Beise and Rennings(2005)2] ARESl 37 Al
(Environmental Innovation)®] 78-¢- &A4le] A3 sqke] Ao A G2 o F-axrt EAy st
=G, olu) FAHAQ JRFAHE X33 }EW H<)(Social Benefit)> A4l A9 AR He]
(Private Benefit) Bot A A= Ao g2 A FF Filo] HAHA et o] o

11) Beise and Rennings(2005)= 37 8Alo] sAlx} gate] s o T He] FA4 ofavrl shsita ato] o3 94
1(Double Externalities)S 7FIcka 3o},
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o]% FNEAL] oA HAG v} gol BT PAFA S BEES Short TUFL

A olay A
o BRSA F A oMol AFH Tdss A4S ATt os Bystn.

2 ATY AEAR HIZoAe ol 8o E oA Add 6709 o) 8l 9o ‘= o]
Z(Procurement Advantage)’ olz}= Q9212 Frisle] B3 B Ao £33 = o]F o]
& FAaAAS] 7 BEEHE AEARS Y ¢ de v 2530 44 2 FYeLE 74
3] SES e 22T T v 2ot FES dAAY 22 AEAAE WFAA ©ed] 7]
=2 Mdel dAY A7 AR Aol ofd RS AF, 83l AEE HABoA BRE
FAsta AAE FALAAY 72 FEo] AYHoE IFHL F4kE w B orE QHE A
goltt. dAt T4 FEHEANA FTAE dE3] 22T T v U A% FAE dF8] 29
& o gle =7 B7F oA shab AE 48] 229 F e I7F As 718 OE YA
U d5E &8st FEdA 74 &8 dHE Jles wEA Adste thAsty AN 5
Ko, =71 BY A5 71se Ay F iAo} Fiko] iR o E tE o R odH

FaBA 7 BE) AAA Y 2EE M o] HelA EYake] MG ZHOE HDF FE
gov), FYake vl gol FUase 14 2w HIolgd UMY 2e FYasd F
FonA Zuo HTolmE WMol 9o TRIANL. F, /M olHelMe] FYadk MEe
Avh} AT MGOT EYLALE BYY 5 YAo] B oM, B AFeIA mel st
s QAo =Ze Yo 2ol YoM FULAE BUHOR Hu sRsAd BE 3
Tl 53] FagA VAR UAA AFEAD T4 YA AT AeIdA Ae] TAA
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A e% BERE BHNRE FASE Tl T 5 don, bsd @ N0 AFete =
£ 271E BAUgel e BHY st Atk 5 U S} okl i B48E F3
st WE /b um oigel Hojol, BAAe] QxS Hasste] T FAPA HEAG
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A Abo] xgtEle] ok FuR 20229 69 109 MAR AR FAAA o8 VLA, o= Ak dig ofrt

A2zA7Z 20l EH o] glom], ao] ek ALY B R A ] 2H7EA wEFe] wel Feags, ATAT

o)
&, ARAFASIEE PR

_’|8_



g 23 gtk [EAR2De w2
o % 384 7)) =r/Ho|W(2021d 10€ 715, Hydrogen
Council(2022)162- 20223 54 7| #A MAASZ 680712 Z2AEV| R EHJ=d, 1 5 2030
W7kA] ddd Z2AEE 53470l F 24009 Rty A AgE BxIch I7F F4 2
o] gt T7E5E I7E EAUYCE IFE A9 8= EATGe] FHuh, 3870l tiste] 7t
=9 T4 AL AR - F, G8FEEY 7 olHE TS VIERPLE SAY 7 Ue AR

& 73] ol s,

oo ATNAE AETHY FeHS LelsE, BHe PP T HAT 9 Ay
=7h zbe] Wk VeSES A7 BAWY Frhe B,
%_

AN =7 AR 2 =]
=, 8, vl=, =, 5, 2L, ITFE F Ylizolth. HAUE =7 5, T
AAsto] W2 Zedilo] WSt v AR HIIEO H A
T AT EFA AA 19 7les dWiEsdla 201595 SCI = =
A3l7] AZSE = 7FZKISTEP 2FolyE=, 202D17, 20193 HE a4 3k
AU - o], 202D 20210l ‘=W A 9F ARSI A 14.5718(2021-2025) ¥
2035 A7)l B’ & S8 74 T vHARAY 34 Ade s Ve Al
U= AgS 9el vF JoelyuAAAATY, 202D19, =3 ¢ 71 5 52 A 9
(2022207} Astiso] BANE o] F F@AT A HolL} [5414¢ 8T

2l AT ol uiete A 3 Q= HolA BNl £
Auto g 33 AN F 2 $EF AYE FuuA FE I/ F FURE 3
A= st te B4 FF ZRE sHAT JokE oA EAdel T3

14) 1IEA(2021), Global Hydrogen Review 2021, IEA Publication #%.

15) IEAQ202D)0] =™ 20199 6974 Skt vk 57F 4 dehs dgsta, 1 olF 137h=(EF, v, A, Al
F, I3 EY iy, ydas, w290] 2T gAjo}, AHel )] §HYY3](European Commission)ol] w}

Fa AEge wxgnt B3, FEvlols 2021d 99 ol AES HET Aoy, o ole} U= FHIE ST

o S ISR, FIHH R 207 o) de] wrto A A HERS wlRskal QITHIEA, 2021).

16) Hydrogen Council and McKinsey & Company(2022), Hydrogen Insights 2022, Hydrogen Council and McKinsey &
Company.

17) 78 2(2021), 7% A Alte] s &4l M=, |, 'KISTEP Issue Papers , 305 #%.

18) Avkd-o]47H202D), "o FAAr A 9 Ay | TAA dURAE QIAbelEy | 21(19), pp.32-35.

19) AUABAATA202D), "F=, ‘14548 2 2035\ 7] HxeA qUATE 4 w3F AA,, TAA AUAAE <
A}l E; | 21(6), pp.3-20.

20) gHI=] £](2022), M=) CCUS Eel~H M 283} 2 AH4 AXEL , 'GTC Briefs , 3(2), pp.1-14.

21) HM Government(2020a), 7he Ten Point Plan for a Green Industrial Revolution, HM Government #7.

22) IAFA FE(2021), TA1AF FA7A o) 7] EAE,
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U At nie} o] AA 2 WHEQ AEAY HIHES 8t £ u, B4
el tiste] A=A FAdo IS X FHT o] 820e AAHs= Ho| Fasit =3
ol 8cle] A4 & HAAH ol S ABHOZE FAHY 4 A3 =7}t 2k ¥t 7HEEHH
AA EAE Aal 7HEARE TFEE F Av AR Ao Fasith B AFedlA= Beise(2004)
3 Beise and Rennings(2005)°] A<z 670 o]F 821& FTAO=E 35, 7] A=AR HEH
o] 718 WA AW 2 oS X3St T4 AEA JHAAEe] 2 FEEE o]F 8<l
< A =g 72 571 4 g 2 OECD, UN, IRENAD)O| A @zl s =4 57
E TA0E 7} o] a1 A ANEE AAYY. 4 FEE ol 821 A AIE= 1)
o} Zt}

(D AAEE

Fa AREE giEA o]d aRlez O 714 o, @ F8 oH, @ oA o, @ A
old, ® Y olFE& AAYoH, = ol¥F AFTE ojH AUt T4 AL o
Azt ol f9le A ZTAY oF 8UdS =AY £ A= AFol U HHS s
LR 2-2> #Fa).

o]d 8¢9l A AR
714 ol ¥ JdUFA AEE (%)

N D) 23 REE (/1009 3)
T8 oA _

(2) & thilE 4= vF (%)

o|Ad o] H A 3854 58 F Al 77k 53 vlF (%)
A oA 44 MY HAS A5 (YIN)
zg oy F WA Oiv] QAR EHF HF (%)

As: AR A4
O 744 ol
A WA, 744 olx <] A2k A 2E A7F T2 7t A Al
A

12} 2

= et DY
3 A28 Bol W&l 714 Azrol 7Hed A, Fa A AR A7 FAHOR MY g s
g Jhgol Eoug 714 olHe T /14 olfe] FAAERE TAFL At A &

23) = A A Aol v A 7] *(International Renewable Energy Agency)
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a8 AYaug dE AREE i Ao ANHE IdSs ANES & AR
Attt TR5a YAEES AT G 2] BT 2rhn AT W, TUFE YUE
g0l ¥LFE FAT FYUEIAA O B Fo] TUFLE ANT 5 Qor] TAFL A
ARE 74 A ALY + Aok

GRa LTS Gol HFH SHA ATR UG AW 3 EYE Z)A A
HoluA BRI & 714 olge] ZHANER 1T 5 Atk T TASh AWHA A
el U4 WAG N F7} mhe] Aol TFHAY AYIUA WA oZlo] MIHEE, T
£ Ik AgE W 2 TPk 1zl Agstn A9 Azws w4438 L
Stk mebd TRsh AAEE 8 AUA AR 54 %7 eld griEe)
o] b3 Ao, MG 744 Aol FAR A g HuTpYe] wEA FHHU I

g 87 of"th

O 8 o4

T AR, & F7kA Fa At tid ot B4 A4 dS wl, Fi YARE]
el tiste] A3k Fort st WEA Fa Yk AlzFo] gikE F glemg e o
AE Fo AAREY o adow x4 ALt I Fov 749 HFT AE
Ao Rz AT F don, 2 ol FAAREE W] FaR AFY Faa By
Fom AMNEHE ‘FaA BRgE H AVAHA FE2 17 AAAA AAGE ‘w4 thilE
AFe] nF24’ & uHT 4 9}t Cleff and Rennings(2016)o] wEmw 422 o]® L %70
B FoE AT 23 oBE, A FA2E AEY T Ue FLA BREE AR F
& ARl 2 olde SAske W Hesina & 5 .

Ok, s FoEY FHAA B4 thlE dFe 282 HlE AUAHA a0 Jke
L, 20509 2T Y9 L3 02D2900 A 4H=FE vkeh 2ol 20509 =u APFEY FL FoE
10602 EO2 FEREL] £ 8 2208 EBF 71F)l M) o 56 shrte] & el
53] dFHorRyY HAbe Aidets A @AM (Primary Steelmaking)e] 74920 =4k
Ado] HAA &@A3E Foln, o) 7|E9 Ae 7wk I3~ AYAE F4AE hAGE
g EAE 3tk g4 thillE 4TS AuAdS AFS 1HYE w A Byl vls) A7
Al Fao 77heu AAAQ F4 Fadgy & F Ao F, g4 oHlE 4TS A4
o® 4 FRE AUT AoE HYHE A4 FaxoH, g4 tulE AT A Fa=

LI PEL)
QEolAle] Sk a7h
5o favn @ 4

24) A%, AF8e, AME dFS S B4 ThillE J3dA Fhe gauE A gA5Y
A-dzoH, Frjdoez 71eHs) gs g i thllE: 45 Aol WA A9 )
sold Ao 7idiEtt weba @A thilE g9 HSS IH R Fi o5 WAY
o)

AN .

25) 20508kAFHYY3](2021), 2050 AT H AU AlF A=A

26) AAAZES O w2, 20199 A2 AR gharo] oF 431 guink Eolw, 3 89 93 3¥wt B, AdE 7 59wk
E, v 2" 7O B 549 23 89wk B =Za 1dW E e 69YE E, &5 49nE E gfEojti(World Steel
Association(2020), Steel Statistical Yearbook 2020 concise version, World Steel Association))
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& Adss 290w A8 = vk A4 %ol tste] BHA £2f0e ARsE 53
o 7% Beise@0007} AHG A3k gol FAA ke oA WEE 90 HHT F 9
o, olo] wel 4 AR ol o]HE ZAFE Hol AAsA Yrin & F AUtk 3

SN2 A TLA o Cl

g, @A A AAHeR TAH a1
UFE 9 pEge] TUSAE AL AT}
AAF 5 U= ADZA B8 FU - SR0l HEITD B 14s BHE oA ol
o) 24w BgPon, TAHoT A A 1UF4 S8 T 54 sl Balr) AxeE
B e A4kstel F83Th

T4 B3t AHHE FA= OECD FA¢ IRENA FAolA &<21& 4 . OECD+= 45
FolA ‘37 #H 71&9 g4l(nnovation in Environment-related Technologies)’ A4S Al &3t
3 glem, 34 By r|Ee] TREE OECD Y= 2 HIOECD 3|¥=o] B{slal Ae S3
dlolglol~7t  FEHo] ok sid SACA & #H Ese ‘4 7]<(Hydrogen
Technology)’ 2 EF=o] dom, E3]9] sl Ale]=(Family Size)E AT 4= Ja 54 &3
of thajl A 5.17}9] 71(Country Fractional Value)7} ®tg=o] Joh= ZHo] Aotk o, 4= ¥
Fo| AuAE FAsta A=nh OECD FANA Algsta A= 4 7wl 4 A& &
AE 71edA Fshr] o, yolrt 4 AREY] Jlsolgta stHgx: 4 AL F

QW5a AaoRe] B o RE Hsy] oyt

IRENAZ} Al &sla Y& F4 B8 E3 EAE ‘&al3 7)%(nnovation & Technology)’
% % ‘&X43l 7]% E3|(Enabling Technologies Patents)’ &ZollA 218 4 9lth. IRENAE
Fa #Hd 7E F IURFAEGEH) VES HERE FEIYen, 7t fyMEE RSt e
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27) ANH(2022), "EFFAA olo] FAFL AL AAZFA HE wSelol, , TyFEde]s , 6.21, 2022.10.19. HS,
https://news.mt.co.kr/mtview.php?no=2022062015523569337

28) AA(2021), T4 A A do] AV EEs VIY9E) , T4 A , 12.28, 2022.10.19. <5, https://www.wowtv.c
o.kr/NewsCenter/News/Read?articleld=A202112280123
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3-15]¢9F 22 N Aol FHHUT

[Z29 3-15] ¥=¢] CCUS 71 AF(35d 715)

P o= | wrs P wvemiwn @ * e

1 2o 7N T YL AP olIsErs HlEe ~ -
et 0 rum ’ o P g o

X =2 1) ol 20-30Mt" 27
> &2 Cus

it 4 ERCE

o

- Track-1 4 3 Aygeilet

S viseiael 27 9 Wy 307 7

2 AV~ AP o Ba

E 5Mt 24

) @ 04 FW Ala

/ = 203571
e =S e
Track-2 100%
5 ) 2R TP R AR, B R Siekas} Ty
¢ —D
201 2022 2023 204 2030 203

2} & UK(2022), CCUS Investor Roadmap
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flet =24
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| H CCUS % S2|AH 2dst got g+

Hh
ujo

(th) CCUS S8 =H /Nd =3 d%

F=2] CCUS E&2H /M2 7Y ollydA]- 43 A = (Department for Business, Energy and
Industrial Strategy, BEIS)7} F=50] Ho] Fxl8tal Qlom, [SA4A S 10t SHAE ] oA HA|
st A= vkl 2ol HE-Y Al mel F /9] Tracke 2 FEEo] MYPHATHE 3-10> #=).

<3 3-10> CCUS &3 2~H Hd Track +& L A4 A
TE &

20 SH7EA] viX 7} 7t EE2HE SANE AAHET] E82EH)

Track-1 A3 @A

Phase-1 phase-2
Track-1 20 Fubo] wiRE S 9= Track-1 S =g d237] 9%
b Ader SE2H AR - ZHANAGH, A8, F4) bk
(Cluster Organisations)S 4143} AA NE ZEAEE RS,
a1, FAHH o7 MG HoT Z2AES AAT
Track-2 | 30Q@7HA] W] 7}t 5 79 ¥ 2HE F7F Tx3

A% BRA 2Q02E view AR HAy

AANC22.11)07HA] Y@= Track-1o] gk dde] HAAF S AA gon, i AL IA
Phase-13} Phase-2 5 ZA ¥ 9AE vFo] AP ot <=4 wtel Phase-1o tidk =
2= F5(°21.5.7.~°21.10.25)% 1 0, Phase-2('21.11.8. A|Z} F~23.2%7]) T3k olx] Z2A
Aol Aot FAAQ] W& ARy o33 2.

Phase-19 A= Track-1 S 28 AAAAGe A QAR S|y oH AHA=EREH AH
AE ikt & 5709 Ze]2~E(DelpHYnus, East Coast Cluster, Hynet, Scottish Cluster, V Net
Zero)7t A datgor, g Sel2EE Y2 o5 O A4 A4Elgbility A, @ 837}
(Evaluation) 2 @ X EZg] 2 (Portfolio) HE7} Y= A}

A=A oK, ACCUS F2H AHoloto] R
< I1HE vEeE ARFHIY. §
T ARe 209 FHkellth 1y
NAol YIS -5 Aol Aol 44 AS -85k
Els AE FH| & vots 93] ﬂ@f{

SRt el ®E HrPE T 97 W AAAREE 95 A
(Scotland)2} ¥ ~(Wales)e] 2+z+ 204533 20501 &4 F %

i jg Ho o
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Mg,

D7) 9F BT = CCUS 2 2~E7 92 Ado) AZE &= JsE IJy
Zolth. wix|et Hr17)F#=0 CCUS F&l~EH ool X J
P 5 olAtsteta = 8l AR UEYIEN Sz
o] R WA GA” ¢ FH2E A9 x|tk gt}

(& ox

o2 AFHrte O A37FsA860%), @ = AAE25%), @ AAZA 71 %(20%), @ H
£ HAHA5%), ® 5 2 4 1(10%) % S7HA 7o 2 AYgEHY, 74 7Es A wet
% 5% A4I(low/1-274, low-Medium/3-44, Medium/S—G%j, Medim-High/7-8%, High/9-10)¢] 103 2
S8 HIRRE & 479 7tEAE 5ot AF HeE ARSI Ao 44 e A
7HERIE ok <& 3-11>9) 2tk

t

<& 3-11> Phase-1 A#FH7} A EEH 75X WY&
PR = 7} A e

CCUS ¥ 2Ee 4 297sdA el FgaheA o
30% g A3 FAd A2t

AR 7 oSS ALFoE FAG] A E

i
r U
N
N
off
oX,

- 30 A7A ARCEFSIFl M 2 TEAE
< Fojsta, 3097HA FAIRe] THed Al A%
T eto] Al 28 5 Y A(T&SCo.)* 2F MOUZ A A 3| oF3t
AR B FEAR2E FEE] 2% geldxE A
(o]} T&SCo)ZEA], T&SCo.= A4 F=Yd ol ibsteta
7} HAE QTANEES 4R 89l
P2 25% Zg AR vEYZ AL A A
S oA 5 FEd AE B #
- 30 o] Fe wERAIZbeA, F7F o wME AR S,
T&SCo. YIE9 = A 2 Martss 5 AES
- G SEE HAbsiH, CCUS =2k A4

A
Ay
o

i)
2
r?
ojf
tlo
n
Og‘:",
ol

A dupyg 22 CO, 7l Ml A AFE HASY &4
AUEE SFe Z2M 2 2 AFE FAF
- A& s AR YL s AREFo| Halsl=x
7§Xﬂ7§, 71045_: 20% ]‘_l ]'01_ o}ﬂoo ]1_ “4 o‘l: ~°ﬂ "l‘tl—o}‘ ]
AREE A - ZHHAQA ZAZ A= R2 Hrhg
_ = Q. 1 S i =]
R A 15% =38 &(Levelised Cost of Abatement, LCOA)S 7}
H, F22H HAd Eo3t v&* S FH2H HAA 9
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BI7MA & 7} A &

ol Zr=H o2t FTINPV)OZE Yo ALtslH,
S go] 7P v o HuHES FAF

AR R GVl A A oz JfEe] g, AEH|E
2 mAE gL £
T A S Y G ~ A $(004)

- A 22 AdEE ARE AL D FHY A E HUHE

- A A2 AEEo] vy Fg2H 9 ZZAE =R
2 73A] qgRE 3

- AAZANE THEAEel Ae VIEs XIS Fildl Ve

st 9 g4l 10% Mo =2 HF-E FAF

- SANESES 22 A9 U & gE4As o|YME Ee}
AR &g & F ASA AFEE BTE

- 253 300 dell A7 1GWeF 56W] AEA F4E A4
st7] f1%F AR B T rtsA S HUHE

A5 BEIS(2021), Cluster Sequencing for Carbon Capture Usage and Storage Deployment: Phase-1
Fz AR A4

ZhHoR TEEYS PES A O Urd Agas] EAR, @ AFHP gy, @
MEZEAEY oy, @ $95Y 5o FUHCE FrHATh S, thel Aa EAeiRs)
Za® olfrs =B 9T OF mE A Frol AT A% AY SHAEHAA T2
BT OABRAE oF B ARY & YT Y] AFolth o= FHxE BAYL wolY)
g% 2o, o) AFLE YT 49 FF Track-28 EFF CCUS 7ol lojx Bed
AALAL Y 5 Ahe HIAE LT wE Agelth TeoE g4 U58E 9 ngd
F2 8 Jhad B9 2L OO AgREe 3% wsSYe FPAL FHAHE G
PHOE BHAF 5 Uvks HolA FLIITE Lot MiEZEAE] Tpge Agmut ohz
AY, $4 5 O Adel He7sHe Aol Fa ol Bl xush] A% 7] B
T mpAEto R Rersee Y ZesEe] 285t AR 9 Foo] HY5ES FAsk &
M, BAEE Aol UT B2 A9 RU5YS 29% 4 Udee AF £ Axt

A7) AFT WES vEoRE AAE dEem, AAI 5719 F2 2~E(DelpHYnus,
East Coast Cluster, Hynet, Scottish Cluster, V Net Zero) AA7} 1z} @A HAZAA GAE =

141) BEIS(2021b), Carbon Capture, Usage and Storage: An Update on the Business Model for Transport and
Storage, BEIS, p.9.

142) ol¢} ##3ste] HyNet S2l2Het Aeh FAZWHES AAshs FAgaZ2asled gigh BauArt Bus7E a3l
Prgressive Energy, Johnson Matthey, and SNC-LAVALIN(2019), BEIS Hydrogen Supply Programme. HyNet Low
Carbon Hydrogen Plant(Phase 1 Report for BEIS), Prgressive Energy, Johnson Matthey, and SNC-LAVALIN -z,
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M3 = CCUS MY Edets flet L3l TgUot I

T E3slda, o] F 2709 Z#]2~E(East Coast Cluster @ Hynet)e} 1709 B 222
(Scottish Clusten)7} Tt GAIE SHstd HF HAZ =AU

[Z18 3-16] F= 4t FH2E A9k olitstea WiE%

b

@ Track-1 Z2jAH

@ Track-1 22 AE(dH]) g
s
71E} 44 22 AF )
g Grangemouth

o 4.2 MtCO2e

0 ‘%

o o

= Teesside
Merseyside 3.8 MtCO2e
52Mtcoze | goff
Humberside
8.8 MtCO2e
Black Country
0.5 MtCO2e
CCUS 7fira
THY = S » Southampton
Q2R o] =y 3.3 MtCO2e
s South Wales

Atist= x|l =
Hags A 9.1 MtCO2e W

A5 CCUS Investor Roadmap(2022), p.8

AARH F#) 28 F )2 East Coast Clusters 9= F4 Teesside®t Humberside ¥ A
A3 AL Hi| @R Endurance HE 5SS 8T AFolth sld FezEHAAM E£F,
5 9 ARAEE olitsetATE A AU 2,7007F Eo 2 o gEt)14d) o} Hynetd
= AF-9] Liverpool, Manchester 2 fd= ERA| o 5 Ao, gEY 4% 7t~
e &8st 30d7kA] AZE 11,0005 £ o]xbsteta A o] o AdH T 149

143) Gardiner J.(2021), “The Humber and Teesside Join Forces to Form the East Coast Cluster and Decarbonise
Almost Half of UK Industrial Cluster Emissions”, Net Zero Teesside, 6.8, 2022.10.12. <, https://www.netz
eroteesside.co.uk/news/the-humber-and-teesside—join-forces-to-form-the-east-coast-cluster-and-decarbonise-al
most-half-of-uk-industrial-cluster-emissions/

144) Johnson Matthey et al(2021), HyNet Low Carbon Hydrogen Flant(Phase 2 Report for BEIS), p.14.
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[ 3-17] Track-194 AA ¥ CCUS S 2=H /Y A
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1
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|
WREXHAM @ _
llustrative graphic of

HyMet North West and its
potential future stages.

2+ &: Hynet Hydrogen Pipeline & o] <]145

MAN.GHESTER @y

Initial phases of
Cadent's H; pipeline

Potential future phases
of Cadent's H; pipeline

ENI'S CO; pipeline

Industrial CO; capture

Low carbon H;
production
Underground Hz
storage

CO, storage

Industrial Hz user

Flexible Hz; power
generation

H, blending for homes
and business

CO; shipping
Ha from offshore wind

H, fuelling for transport

H; fuelling from solar
and wind

H; trains

East Coast Clustere] 714 &

® REDCAR
MIDDLESEROUGH @

DARLINGTON @ PROJECTS IN TEESSIDE
" INCUIOING

.MM

UP TO 10 MTPA CO, CAFTURED

2} East Coast Cluster & o] =]146)

i PROJECTS IN THE HUMBER
SCUNTHORPE ® WELUBING
ZElDClﬁ!P!II
@ LEEDS 17« MTPA CO, CAFTURID

® SHEFFIELD

145) https://www.hynethydrogenpipeline.co.uk, 2022.10.19. #%:.
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AR Ao wet 2719 &2 ~E|(East Coast Cluster 2 Hynet)7} Track-1 g2foll #odshA
HAow, HF Ao ugl AYS wA Hoh ek ARV AAHE FH2HY Ho FHs
AR A9 duZF eyt tial ZFog £ A ] o}, o]o] uwlz} East Coast Cluster 2
Hynet7} 20d F871A] Se]2H &9 A AEALES @A FHAoH, AuZH=EHE A
A9 Scottish Cluster= th2 @Al Phase-29 AA|ste] whefe] AH3k-e tin]slAl dd).

_4

rﬁ oZi ;

Y= AH = Phase-1ol4 F 79 S8 26 & AA3ta, ZutE Phase-2 Al 5"‘?3‘}92
o). Phase-2+ A4A4HE SH=HE A% /ME Z=EAHEE AAste #AGolH, Track-1 =+ 9
Hl e 2B dAs] A 2, 4y 2 FaRE HEo] gt H7IE 3 P“E}
Phase-2+= Phase-13} F<d3sHAl 2444 Aot BB 7E @3t o] %, A3A HAFFH AA
I} 4 (Shortlisting Process)oll A A FxA T2 245 u#ste] /E Z2AHAEES A3}, &
s JgetA "o NE ZE2EAEE B +
NEE A7+ AAH ArA7|ES A EstH, A

IH

<E 3-12> - &E F8 HA4 AAV|E4D
ng F8 HAAAM AAE
b | EAAE AR vk SR Gef i
1]
- XRAEE 5 HA 90%E G 5 glojof &
C 2 Ak IHEabd 9 o= SIC ZE 5-33FY L AR &Ie gdF
- o SIC 2= 2436 dAF AxHS A
- AFE F AR 7S A H7IE B, 98 BAe Wro] A AL 7)1E EA).
- FAE 7129 A AL AHEARE e SRIEA 3AEA AR A2l CCUS
AAHE JNRSGSR= AT ARAER 3 7Fssh, Al b= A Bl 3 Ts

- 71 Ak CCU ZE2AEE= A 93

A - CCS ¥ CCU Z2AES] %32 Phase-2¢| #HAS 4+ oy, 3 o|4ksier
A2E F% 2 AF UEY I FFsks Aol tisiAw XS 3 2" o]
St A E 83w A AdstA Z&.

AEE 7EH = CCUC &efjA vHlzxy 2 mElS HEAIT| =5 o7t &
F7HRI BEXA o] SR AQElon AFAo] Wl wel WAE ¢ s
- X8 & sgk 85%

An| 2249 ek F(Capture as a Service, Caas) YEF*= o] 75
T4 | - Al CCUS A& a4 Ao ghgh
* CaaSe AHI22ZA 3 7|go] B E 7ge damEEs e MAYSS T3
A7 A £1(2022), GTC Brief Vol.3 No.2, 78 A&

B>

32 of
o

rx F
4

A
ro

>< ke
m

146) https://eastcoastcluster.co.uk/, 2022.10.19. A<,
147) BEIS(2021d), &Fo] HalA 3z,
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CUS Y Se{AH st et A

K

‘221 39, Phase-204 3w HAA AAA Track-1oA AAH FH1EE 7|Fo=2
East Coast Clusteroll A= 25/ AFEZ 67), $2F2 470, AR 157)), Hynetol| A= 11002
ARE VN, Fa3E 27, G55 872}k oul&8)2~EQl Scottish Clusteroll A& 571(&H H-&
17, F4&FE 270, AAgEE 27)) Z2AE 5 F 419 /iE Z2AEV S3E AT

o]% o]oJX|= AHFHsH= Phase-17 BYT A me} 7122 zton, 7h 7|2S $54d o

& & 59AIlow/14, Medium/2%, Medium/37, Medim-High/4%, High/5%)e] 104 A== #H7}gic)
Zh B2d ARrbe S FAAQ] W82 of <& 3-13), <& 3-14> H <GE 3-15>9)F At

{3 3-13> Phase-2 A&H7} A28 7HE29t W(HHFE)

B £ 7+ A &
- A E] PAZ W UAFE AT FAl Ydsie] Fosh,
Ad7s4 30% HIHAGHEL =% 273 1297H4] -0l 7FsT 7450l Foid
" meAs} fgEy) Ael TiE oWISRaE 9TAYLE olEd U ¥
- WEF 4= Wrke 4 Z2AES] AgA|xgle] gekisl 7sAdS Hot
s, 71 }_Zi B AlakE A719) kwihd t7] T2 WEEs
COeqs vlEro 2 =3 (chejdeo)] gt 227k~ whalek g(Dze/kWh)
ot — N CO2BAZ — AT COre EAZ
o A ZE e A 2 A (kW)
- BATES WUl ARk o] Y|l et Hat A Fold
AE G2V Pu%* B2 7 %= (gCO-e/kWh) o] A)**
o 5 0.00%<X <2.50% 0.0<X <82
&= 25% 45 2.50%<X <5.00% 8.2<X <16.4
4 5.00%=<X <7.50% 16.4<X <245
35 7.50%<X <10.0% 245<X <327
3 10.0%<X <12.5% 32.7<X <40.9
25 125%<X <15.0% 40.9<X <49.1
2 15.0%<X <17.5% 491<X <573
15 175%<X <20.0% 57.3<X <65.4
1 20.0%<X <22.5% 65.4<X <73.6
05 22.5%<X 73.6<X
* 7]%L H Class CCGT ERE] BaydF=Ql 327.2g “e/kWhE 7|Eo2 A4t
%% ST BAZGEE o) 4 A 93 AFH $49
- AAE T EE ALAE o d, AFEY 22 3AHY FH
73 A A 20% d, ACCUS 7]%011«1 2, AAA Vddze] 344 TS HE
71 = ° o2 HWrtHEMY, o] F AAZA Iz gAML 95 FYE 7]
=07 AGFIAZAGA oA T = Q= ATE =g
- Z2ZAE FHHE AN LIS, AER S, FYGH]E S|
Hl & A3 15% & FAA Y AFE, AF2EHH, dAEH= ALY Je
A, FARFHE 55 FTEHOE 1Y A
Sty = | 10% | - Al 7 N o me) AA A D AR FFOR| 5 HIHg

7t BEIS2021d)E vt&o = 2k 2H4
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{3 3-14> Phase-2 A&FH7} A xE 72k HE&REAHFZ)

PR % 7}E3 &

Z%
30% | AR 2

>
r (
N
L
off
ox,

6%, F ol UH AR Bl

2AADA0NE ANEoR Yol AEAE B 2

2AEAq AT olustes WME BEFL PR ZH9

kel H7Hy

- (laslgaEEN) M B AFGHE
e LY FEOW EE 3 AT DYY A0 oy

ZRA B oiste, HA 71 85%¢.

(& oluHRs FEW T2AZaN AWHL AE TP B A

J

éi}%ﬁ\_%t% 15571} ]—.—( BOLﬂU}Z] ?E‘_Zl 6MtCO,
l

&= 25%

He sty A7 R 4 9lojof 3§}
- AA4 7 E—‘E A A #9} 4, AJ*JEL ,%‘?s} g T

()
7l = 20% AQA AL =267

9l Superplacel®® K43 APREo] T3Pl 7
gt 4= Qlojof &
- A5 S(LCOA)E Alakste] n L 7)e] AAXNAES HAAE
H-& A4 15% EXEL

73 A A o2 HIHEY, o] T 7§X1W
]

“ARE Boeld GREAL Agelal, G 9k S Tl
Wi AUAE 40T 5 AL Aeol B HSE Roiy

Z+5: BEISQ2021D)E ntg o= AA} 24

%
oy
ye
ok

A 10%

148) d=+2] Superplace®} ##3dle] t}g & o]A] The Ten Point Plan for a Green Industrial Revolution (HTML version)
- GOV.UK (www.gov.uk) (22.10.13 HSHE) Fx.
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A 2% SH QS 9I3t 2AZH L CCUS Aef S2AAE 43} 4ot o1
<3 3-15> Phase-2 A#FP 7} A ¥E 715X JE(FARER)
YA ®E | 7+EX &
- ZEAESL 21d B £98 & UTA ARE weem, TedE
Aol 5244 SAES AT & JeA 422 HEY
Ad7hsA 0% | - WL FARALIF 27d DA gHoE oY 9 AFE F 9
Oe A3 4d3 - 718 #HE 230 due A s depeg A
RolA BAUE 4 YA o2t A4
- 749 CO, e HME HIE60%), F M= FFUw< 7122 Y
o 7hEAE Fostal, 440 ZRAEX AlFEts o|itste s HlE
BEFE B
- o, MjEHdEE H2EY WEe Xt FAALFA Y wlEFoF
S5 1Edte A MRV E FAZSREY ZE, oA o=,
22w A AFO o3} pj=dddke 7H3
BH%Z:}%‘ 959 To X ']o—i U R HE‘OOE —LE:]\:]'
(49 daF e ALhgH]
CO, e intensity of hydrogen (g CO, eflkg H, )=a +b + ¢
a = Upstream supply CO, e intensity (g CO, e /kgH, )
b = CO, e intensity associated with hydrogen production (g CO, e /kgH, )
¢ = CO, e intensity associated with CO, transportation (g CO, e /kgH, )
- BAA VY Es AGAE 79 A, ATET 22 HA Y FUA, AT
A 7 AR A = RN O E} O by:
%ﬂ]a 71045 20% ]E‘)ﬂ/] ‘I‘X]' A O_X-]]_, 7104 -/] H060 o= H]’o-—i ‘15]7]'5]1:?:
o] & AAH 719=9 AL Superplace’t B 7MoY EEA T
293 AR a5 1He
- EAFAS FAFE g AL AT, AT AAAE BN
7] {8t FAHES sl wet AL
PV(2050d7AA M 8) o) g
NPV(2050'd 7HA] 5222 A AT) °
v A dA 15%
- PV 20509714 A A4 9 97170 AA AZ|EoE Y v &
AL H8 2 WA HEE X3 G FHES Tt ALtEH, NPV-:
05097k S Aare] = A M E EIhD Fa AT Y AR vg3
ojpgte A £F ARFUEL A vE FAXNE Edsto] A4
- ANEE fe ZRAE 74]2101 TAHoE ofgA 7|dT + A=A
A A 0% 5 wdsin, £4 HESA Azt /Y g SAASH Vg F4
9 o Tl AR AR § dEA dRE B

61]/\] A& A2ES A3 o] Z&elE = ‘/]X]E %7}

7t 5: BEIS2021d)E vt&o = A2k 24
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projects) 2 XA =t}

GE 3-16>9F 2t

o

)
ox,

X

o

H3E =L CCUS &Y &datE flot M2

B 2 ‘228 = 20719 ZEAEV) HE = Z A E(shortlisted
A B3 meAEs F A4 ZRAEY] TAHA WS e

CE 3-16> Fe2Ed W44 WA B3 ZRAES) HF 4y ZRAE
AR
2 2H z2AEY
e VPl Humber Zero
e Whitetail Clean Energy &®
East Coast e Net Zero Teesside Power &
Cluster e Alfanar CCGT Teesside
e Keadby 3 Carbon Capture Power Station
e (C.GEN Killingholme
Hynet e Making Net Zero Possible — Grain
Scottish Cluster e Peterhead Carbon Capture Power Station
GARE
22 2H Z2AEY
e H2NorthEast®
East Coast e Uniper Humber Hub Blue Project
Cluster e DbpH2Teesside ®
e Hydrogen to Humber (H2H) Saltend <
Hvnet e Project Cavendish
Y e HyNet Hydrogen Production Project (HPP) <
. Acorn Hydrogen
Scottish Cluster Fife Hydrogen Hub
AJA 2R HF-
2| EHH Z2HEY
e STV 1+2 Energy from Waste Carbon Capture Project
e STV 3 Energy from Waste Carbon Capture Project
e Tees Valley Energy Recovery Facility Project (TVERF)
e Altalto Immingham waste to jet fuel
East Coast e Lighthouse Green Fuels
Cluster e Redcar Energy Centre %
e Humber Zero - Phillips 66 Humber Refinery <
e Prax Lindsey Oil Refinery Carbon Capture Project <
e ZerCal250 ®
e Teesside Hydrogen CO, Capture &
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e Saint-Gobain Glass Carbon Capture Project

e Norsea Carbon Capture <®

e CF Fertilisers Billingham Ammonia CCS

e Teesside Green Energy Park Limited

e North Lincolnshire Green Energy Park

e Viridor Runcorn Industrial CCS <

e Protos Biofuels

e Protos Energy Recovery Facility

e Hanson Padeswood Cement Works carbon capture and

Hynet storage project ®

CF Fertilisers Ince Capture Plant

Buxton Lime Net Zero <

Carbon Dioxide Capture Unit - EssarOil UK &
Emerge CCS

CO, Extraction from St Fergus Gas at SAGE Terminal

Scottish Cluster Acorn Capture

@ 474 E7 mzAE
® HE HY ZaAE
A8 AT AR FF o)A FZIO
dg AgAT) mE ZedEe} A4E Aol AAWL e AL oUn, FAHA
& AH A% AH A el A AAolTh Agetel el 23 287\ RE AHEAL

Sgsts A9 9 ZEAE ¥gv BAE A4l US O Hlth
@) A=A A va

P2 CCUS S8 2E AW Qo= o

= A 9@ A=A Jjdeidel] 9AE )
stn gtk 94, 9% HRE CCUS Qe
0l

| 802 CCUS <=2 7]=(CCUS
Infrastructure Fund, CIF) 109 #2=(1,5009 & 7]F oF 1x 59679 ¥)E x| H3Acta o
Fom, o] F 4td gEAst HAAE T3 Y AF L S JA=zZgE A 24 2AY A4
£Oo 2 447 vt AAEEHIAT ob&e] =2 CCUSE T4 11EstA dAAStY gEeba
sl & 7h&slelal o, o]l& 93k B 3oz 4 d A8 CCUS =2y mdo 1

G ARAA ARH FA ool chpd wxUs =W Awstel CCUSY FES
AN E BES 7199 FARAL HUS] A wF e 3 ek AAD APAUA =

149) @ Cluster sequencing Phase-2: eligible projects (power CCUS, hydrogen and ICC), March 2022 - GOV.UK
(www.gov.uk) @ Cluster sequencing Phase-2: shortlisted projects (power CCUS, hydrogen and ICC),
August 2022 - GOV.UK (www.gov.uk)

- 118 -



HI3E T CCUS A9 BMBIE 9jst MoiZaiar mauor |

2

o} Al oFAl = d (Renewables Contracts for Difference, CfD)oll 7%k CCUSOl thghk =}
Al 2K(Dispatchable Power Agreement, DPA) ®&-& 7)i3te] &4 !
AQste] g4 X3 AuE zhE B4 v 38R g dHART
Hzx 153t s ki, FAAEY FdEH gEo g4 EF
8

553 F UAES sta Ytk olg tEo] AFH A

1
A

e s

§
Mz ™ w2

N

L

g PAsy] 98 AHE g4
¢F(Industrial Carbon Capture Contracts, ICC Contracts) =@ -S 7fatsle] #7] 2 <l
GRS ATFo=zN FAE @A staa stal ok ICC Aleke oj4bksigbs £ 3

I ol & pN oo
Hi S o X oo off i L

2
iy o =

+FHE, FF A HE & 7Y T A = Ades dITh

[Z2% 3-18] CCUS Hlz2U 2~ 2d JdEs

dagso mE - 0 :

X | 2Hxt

A5 BEIS(2020), Carbon Capture, Usage and Storage, p. 2015D

o]9} HjEo] CCUS ol9ox 247t AAE #13 7S HeAE A Direct Air Carbon
Capture and Storage, DACCS) @ nlo] oA &kAZ 3 *“HBioenergy with Carbon Capture and
Storage, BECCS)# & Tl 7leAdg nhdstal oldf gk g2 Zd|daE 753t 8t
I Aok BECCSe BAXFAA7ES Hlo] QoA Agk 2|20l A83h= 21 o= DACCSS
7 e27EE Jo] vlE547)E(Negative Emissions Technologies, NETS)& FEZWky Qlt}h. o] o}
gt d= BHE= NETso| it 7<sS& SRty 98] A5 A&t olef ddd A&H7bsd 71+
S st 2A7F2AA BlzY 2 BdS AlLEA s U o Folgia Rl

ol
ol
ol

ob&e] =2 CCUS Faws Xata Aslalr] 918 ¥te Uz duAFF% el=3
32 2~(UK Energy Supply Chain Taskforce)E w&a}al o

N
£
N
ox
ol ¢
&
=

T

)
N
tot
il
JU
ot
ol
ol
=
%0
)

150) AHx o} vlo] oA & gt
151) BEIS(2020), Carbon Capture, Usage and Storage An update on business models for Carbon Capture, Usage and Storage
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S 22 95t SAZH U CCUS MYl SYAE Bast ot 017
g F=oll 7IRks T s A QR ES w3, CCUS Aleks Adste v 995 AT
S “Fit for CCUS” Z2 1< 7|data ok

o
2=~ 0o
‘T‘)J\

. vl=

(D w]= CCUS 718152

v 107119 48 CCUS AAES ztE =71= CCUS 7 2 wjxzo d5FE
o, T A=Y OV‘@}EV\ E3 gL AZF oF 25008 Eog2 A /H]ﬁ] 2ol 3
gt} dA A Fd CCUS AlAdo] ghss™ AZE oF 46009 &2 71 Z2HEVE 204 7H°ﬂ
|23 A& ¥t w=e] 7]E CCUS Z2AE] gIFELS HAr7tx A 9 348 "Avks,
HE, ¢4 4 H}Oloﬁl‘z‘ri s Z3gE Anjge] £ 73] eF Aol k. 1079] V& 22
AE ZF 3UE AL e Z2AEE Yf 345 F(Enhanced Oil Recovery, EOR) &< <
3 TR E olksterA Fujo A oS A JTHKE 3-17> FHZ). T3, A F(Department of

Energy, DOE)9] =§ AFAE H|&E3te] Q2 CCUS R&D7F R Folu +He gdzy 9 Az
TR ZEAES L9571 Q

o tlo

e

E

(E 3-17> v =9 U2 A48 CCUS Z2AE AZH0209E 7]3)

. &

< A EY JHEd= 29 Z A
A 3 FE4 ovti=) F A 2]

Terrel Natural Gas Plants 1972 AA7} 2~ 0.5 EOR

Enid fertiliser 1982 HlE YAk 0.7 EOR

Shute Creek gas processin,
3 84S b & 1986 AAsts 2H 7.0 EOR
facility
Great Plains }
4 . 2000 A [HAIN A~ FA 3.0 EOR
Synfuels(Weyburn/Midale)
5 Century plan 2010 HAA7~ 2A 8.4 EOR
Air Products steam methane
6 2013 T AAE 1.0 EOR
reformer

Lost Cabin Gas Plant 2013 A7t~ FA 0.9 EOR

8 Coffeyville Gasification 2013 n g Y4k 1.0 EOR

9 Petra Nova 2017 ek wkd 14 EOR
10 Ilinois Industrial 2017 o ghg AJAk 1.0 Dedicated*

o A ‘Dedicated’” & 2R & o4ttt AE AARESHA] &al AF o FY3l A& 8=

%
Ae olng

A 5: [EA(2020), pp. 25-2604 o= Z2AE

s
Y
Ny
o
i)

152) s H-8-& 1EA2020), Energy Technology Perspectives 2020: CCUS in Clean Energy Transitions, IEA Publication,
pp.129-132% njeto & A4sigitt
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v]=ro| A CCUS ZZ2AE= X&7Fs¢F W Ayl 7IZF 39t 7IE5stE AC=E d=FH 1 ok
ojikslerA R Sl Ay 20l 2070 7kA] 9F 1,200 MtCO.0l =23 1 5 95% o)’do] I+
Ao g AAEE= Ao= YUl Quk tiirEe] xF AJdE A8 ¥W3KHFuel Transformation) 2 7}~

st S 23 A FEPowenel S AL e Ae & o ATHITE 3-19] =)

[Z29 3-19] A& 7He @ 2 AluE] oA mj=e] ojbstea x4

~ 1400
g
= 1200 aPower
1000 -
800 Olndustry
600
400
@ Fuel transformation
200

0
2030 2050 2070

A& IEA(2020), p. 130
uZe] WA ol Ashea A SFL o 800Gte R AN o= nF AAel wjELo
1601 Aol ST Bk A Aael oF 3%e] 2= §A o] YE Thiio] 4E(Saline

Aquifiend U= AS ¢ F dH(2F 3-20] F=).

[Z2% 3-20] W= o]ibsteri Al F ZhA Al AAdA A

b

Region

us - g. .

CO, emissions (Mtyear)

» N -

_
; = ¥
Potential CO, storage & . 4
& Oil and gas reservoirs sy 2
&-‘ Saline aquifers "8 <"

L L]

®

Alaska

Z5: [EA(2020), p. 132; DOE/NETL(2015), NATCARB/ATLAS A <18
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ST oS 9Bt £AZH U CCUS A9l SHAE| 45} wot o

(29 3-2019014 & & Aol vl= Wjo] TR olxksletih wiEde AAA Adie} 7HA A
gata ok wiEEe] 8%E AXFHE A Al o] oF 80%7F FANZE A o)A 100km ©]
el glom, W 49] 75%+= S0km ool «Ix|stal ok o]2idt AgE Sikstd @A) 71& CCUS Al
A Apolel Fho|zERlg Fal okl Avt aEEE B Agle oF 180kmeola Hulgke <F 375kme]
ok vge AlA Hol 7R olakslgkAa slo] =zl WEY AB,000km)E HAskal o] I HlE A
AL olikstEa A4 9 EOR Alo|Ed] A4 4= & 7|Hte] nlaEo] 8-S & = Q)

o

(2) W= CCUS o 4

H=r CCUS #& e O A, /ML 2 AIARD&D), @ AN, @ AZe} +35 Al 71x ¥
F1592 P WA 3 AR HFoA AR ATEEH UTE 257 7E TEe 9% AU,
T A HFoME 7ol B ARle Balshs AAL, Al HA Tl Ikl A, ST
B3 B Aol gl FEo &5 ozl i JE &5 AR 7L EFsta IokBright,
2021, p.4). Bright(202Del oJskd CCS AT, 7B 2 Ao A WAl M= A AlAR ez Add H
Zo| AAA W ANH o= CCS 7|& WS AT 7P A3 Jdg AFE vb vk oo =,
AN el sgshs Ao d2e Y] Ak oduR] M-S 27 AT aA, B4 714,
A A AL, 74 2 BF Sol ArkBright, 2021, p.4).

(19 3-21] R 93 CCS vjZ2E5 AY3st= m=9 CCS A Al 714 WM+

CCS Deployment

= = =
e et == ==
RD&D Markets Infrastructure

2+ 5. Bright(2021), p.4

153) 9ol Pillarsghx E@H o} glo} Adsinl 7]5 oz A o)A W5 e mdsn.
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H3E =4 CCUS &Y Edets fleh UYE

<F 3-18> "]= CCS A F7 A7

il W& A58
1972'd gAa2=F HEo| =3 CCSAEC] A1
199713 oAl H A F(DOE)S] CCS A771 | oz 1997 ol AoF n] o3& w= oA {9 &}

7RA

Aol 1 2| = (Office of Fossil Energy)<
RD&D Ats-& A&7 A2

el CCS

2005-2007

o4 A F(DOE)2] CCS RD&D
Z2a3e A <l

ul o]3]= 2005 of 4 A7 A H(Energy Policy of
20052 E3AA IR F2] CCS RD&D Z &1
ol gk 109 52 2=oS AAIZ o= 2007
3 o X] =Y HeH(Energy Independence and
Security Act of 2007)°] T#}=wWA EI, %,
AE ST TN dAE ARAEE SelskH
o A=A

2008-2009

Hx=E F83 CCS AR
AE HE 5

2008 7HAE oA A B A% SHEnergy
Improvement and Extension Act of 2008)3} 2009
23 3¢d FAd v=m AUIE 9 AFEAY
(American Recovery and Reinvestment Act,
ARRA)*¢| F3= CCSell thdt Al%71d 2 RD&D
o ta A o] o] FoiF

297 d4kiel 45Q A9l FA A CCS M
Az AZE BYE BolHUEH, o WL

45Q AlZ FA el 7}xE EOR # HIEOR ©]4k3}

i E Ak 3 - w N
2018 BQ2TH AH AT g gge Ao olstEs 1EGCONT 35
G R, olitsteA AL A9 olibsieka 1
E(CO)T 50g8 =2 43 =43
2020 129 & S34® oA H(Energy Ac o2
90201 oy A H(Energy Act)©.2 CCS | CCS RD&D 3|7l thE #A3ledom & 679 2
= RD&D %<1 &< 3u) &g | A9 237} 2021-25 SAIAE = CCSE Y3 A
= Fdo=w 0%
AR} FAAL 2021d 29 45Q AYFA Al
P AT HF PSS BES 8 dEdH, B A
90214 AFEDOD} FAHARS)E 45Q | F& CCS Z2AE F= who] tis FmA

A% A%

st CCS EA#F<} 7]]%;(].0]]74] 45Q A
Ao AA X2 AN GAEFE= BH S 5

=1

LS
o
Sk oy mlo

[o

* ARRAE CCS &5 349

Z2AE AHEHAE

g2 E AEAe

™, o] ¥ 269 5T &7t e tiitR Al

Az 459 - 2522021, pp.310-311 W& Hlgo = A= e
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ST NS 95t SAEH L CCUS A SAE ZAI5H ot 17

[Z19 3-22] vl=oll A AAHA F8 CCS AA 9 gkl

Energy
ARRA Act: big
DOE funds new
Cs major funding
HDE-lD‘ s cs author-
begins authorized demos ized

1997 2005 2007 2008 2009 = 2018 2020 2021

DOE 450 450 450

RDED created redone final
road- & 48A rile
map eligible

created for CCS

Z+5.: Bright(2021), p. 5

GE 3-18>3 [O9 3-2218 BallAl mi=e] 8 CCS AA 3 A¥S 1A AHE
Ak = 1997:d DOE°|A CCS RD&DE Al&Hgh o]# 2005~20091d Alelell 8 CCS & 7]E
o] wlEE YTt B 4 t}h 20059 DOEC] RD&D ZZ®WS Alztoz 2007 d Al Akgjo] 42
HAaL, 2008 del CCS Al 7 2 & HE SHZ 45Q7F A9 n} ok 45Q MY FA)
20181 7MAe] =y, 2021d HEFH o= AFoR FYPHATE T3 20201 oA Aoz
sted CCS RD&D @717t th& 73sld uf lth

o

e

Global CCS Institute(2020)ol] 2]3}H, v=rol A= 202013 CCS7} Aix] % 7|3 HAHo=Z

F3EQ =, RuxEs o]F 214 "c}% 715 2] 3](bipartisan Senate Climate Caucus)e] 7H
51, st A HIFT ojdEo] g 7|$wsle B3 Mel B A (Select Report on Climate
Change)ell CCSE A4l7I«e= =3 45Q A= A3lslr] g o Hetel] tig 233 A=A
o] Axz Adwsta Athp.36). 20219 A 3L S vl= LY 1] g JYELS ¥4
=3 8 AZHCCY) WA E 71453} e Ae FRE st 7R HdE =9% v SlokBright,
2021, p.2)

=
=

—

(S

CCSe= &F v W B& FollA wolgoxa =, tjxzoz Agxyotrt ot A
g EYol= v U o] = =5 7] 918 CCSel &85 AH3HA
I CCSE Aol AT & e A A 84F o472 Yo v & FAAR
g Sy 2A4S Fosta Ja, 7P HZdde FolA ey Frt olE wERE vb ok di+f
2 A4 7)ol Q) d 248 A ditE CCS7F 28 A
o] 4E thHGlobal CCS Institute, 2020, p. 36). ¥, v|= 74 EIS(EPA)S A3t 2lTds B
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337] Y @dste] A3 F4 Alol(Underground Injection Control, UIC) ZE 1% 2 #H

At ok EPAZE UIC ZZ 130 thsk HA &
ol A= EORE o]4tsleta FUA(Class I sl o2 EF/H)
TAEa 388 F Yol diUones and Lawson, 2022).

i
o
ok
rlr
offt r
c
=2
-111
A
o
4

(b CCS(Carbon Capture and Sequestrationlsd, €4 ZF = Ag]) #&H HeHSH)

HZ v=r 93l A AdHT AAHE CCS #HA Mk AW CCS A+ ¥ 7H%(R&D) 2y
9 AF A9, golzelel R wa A AT FAE OF o Uk CCSE TEE W =
O ozge 20219 B3 AZELOP.L. 116-26009] YRE AFE uh Ak 20219 5 MEH
(P.L. 116-260)°] Yo ©|3]= DOE CCS AT ZE2 1AL = H*Olo} At o2 zgolA o

2 DOE«] AT S A" &8 EoHd: HA Tk 3y T4, TR A AR &
ek, =3 DOE &4 &8 a7 z=09 3l HHHA 371 E’Sﬂr e 54 2E:

DAC 7] )= s A3FA T

]J/\]@EX} 2 1 & (Infrastructure Investment and Jobs Act, [IJA)= o] &4 WS
O F 3} PL.ol 5203 o 21 3t F7} XE=L AT Aol PL. 117-169,

022d "J%Eﬂ o]Ad 7FAH(nflation Reduction Act of 2022)¢)gtx L& R %=, T E
T 548 AAd tgd AdFA sds 58, 2FF 7S ARt 45Q Al -FA <}
z

Feol o8 7 2H A

(oo o I‘E
(it mln

e BN e X

r

() 45Q1570: “d AARo = 714 ZKRAQ CCS #&A AANE R
52 e A5 2 A B duA Alg SAE AT ;W JATE ok A
g = A= AAAUYA WA @ FAE FX8H7] s A AR A
Gtk dE S0l odvA && FA Wi Alg FA, HE oAHA
2 FHel i AL Als FAPTOZ o, B5F B2
AR &FE AF vk Ark FAANUA NLAATE AleS vok & wFe F9
dol AeA wet AdFAE 7S F A HAA ol AAFAE Tl FAHAIA
Awze Aol s gk oldd 24 FW REUHS Tl sAE AT F e AT

Apysh BHsel AFELL & FE Uk

m
_>|~_l,
=
N
>
o M
o
m

v Alg 22 #d A olge WA WHE g4& gtstE Ay 29 U@5Qe ol4kst

154) T4 02 CCSAlA S&= Storaged A, W= AR T2 4 AolA Storage Al Sequestrationo] AHE-ES17]
o Y EGAE £ vl q8sst,

155) Jones A. and Lawson A.(2022), Carbon Capture and Sequestration (CCS) in the United States, Congressional
Research Service #%.

156) Consolidated Appropriations Act, 2021

157) 3l H-E-2 Beck(2020)& wigoz 243t
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2
b
o
b
a

2018 45Q+ %337 oA (Bipartisan Budget Act)e] ¥R & & Eo] Az CO, £F H
o] -

aFe HFIL JHIAE wolH ZIdel AdUe ATE F de ¥ & FAMe ATTeEMA
F7F Ak 8l &8 Eokell e AA e Foieith. A5 AdS 9l §50/t CO,, EOR 35
8l $35/tCO, & e F UAEF o] VI3 v At

(1% 3-23] A= 45Q s=H e W3}

TYPE OF COy MIMIMUM SIZE OF ELMMEBLE CAREON RELEVAMT LEVEL OF TAX CREDIT GIVEN
STORAGE/IEE CAPTURE PLANT BY SIZE (KtCOwYR) N OPERATIHONAL YEAR [USDATD.)
OTHER
POWER INDUSTRIAL DIRECT AIR

PLANT FACILITY CAPTURE 2018 2019 1020 2031 02T 2023 2024 2025 2026 LATER

DEDICATED

FECLOGICAL 8 g | 34 36 39 az 45 a7 50

STORAGE

STORAGE INDEX
OTHER

PROCERSER _ _ _ A = = e = . 3= =
PROCESSES'

A& Beck(2020), p. 2

St (California Low Carbon Fuel Standard) CCS ==
T 2 A 7é7<4oﬂux] QlME HE Bsly AT 4

H}l

3 45Q% Az Yol Ag

m2e zgas od A BE F 9
e APAF FAE AFHL Ak o AMERE @A CO, W&o AAHA FAYLS 2
Nelm A B2l EYRD oUF o4 Amel 49 £ MEE Folt CCS Al m—sﬁ
S20011CO.01 717he Fhe ABHT 4509 I AFY & e AAe] G2 d= FH oy
A EE 9 AY B4 A FA, G nx2d % 0F 2] gtk

(th) DOE CCS Z=13

DOE= =2 FECM(S4 oyx] 9 g4 g A, /M, A 9 bz 22 33)S %
3 CCS A"l Al 71A] 2 @A =dHo| digk R&D A5 A Ys] & v St
-1 A B F 5=o] CCS T4 ¢ R&D+= 2010@FH DOE FECM W¢] A& 22 73 Oé
o meloz A = AckJones and Lawson, 2022, p. 18).

(
-

2 i:u

Jones and Lawson(2022)o]] w2 w]= ]3]+ DOES CCS %<& Y3 A7 F71E A
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H3E =L CCUS At &H3lE ¢
g, 20099 v 47188 2 AFAHARRANA 349 FelE AT uh Uk 2021
QAR B TEHWAS AR BATY A4 D AU Ba A A DAL 93

AFE Z3Fete] ) AFS 859 =2 AlFr|E A tHJones and Lawson, 2022, p. 22).

<& 3-19> DOE®] &2 A4 A4 #& o2k i3

BAEAAY R BA A2
ax FECM 7] :

4 P A% 2 28

FY2010 659,770 393,485 - -

FY2011 434,052 389,688 58,703 330,985
FY2012 337,074 359,320 66,986 292,334
FY2013 498,715 341,864 63,725 278,139
FY2014 570,431 392,202 92,000 300,202
FY2015 571,000 400,000 88,000 312,000
FY2016 632,000 430,000 101,000 329,000
FY2017 668,000 423,800 101,000 322,800
FY2018 726,817 481,117 100,671 380,446
FY2019 740,000 486,230 100,671 385,559
FY2020 750,000 490,800 117,800 373,000
FY2021 750,000 446,800 126,300 320,500

25 Jones and Lawson(2022); S&T GPS ]Alo] EL®)o) A = <l&
(3 "vl= U #FAH CCUS s1H 2 S8 7

=9 =& CCUS AlAe tigh 713+ F=2 vjE&do] HFEHIL o|4tks
S8l EORY| ol4tstgbart 4o 152 Aqdstd AoQl A= A<t H
Z 7IgiE 2 9. €8 E Friedmann, Argawal and Bhardwaj(202D)+<= v]=9] 9 AHF 2 4
38t AR "HAR Fo F2EE A g4 FHY JE YR Bu e, F2d
AEH 34 ds AV DREY ok AFAES HIAE T F2uo]l Y=Y EALO]
(Teesside)9} #-AFSF A Y-S A3, [18 3-24]04 ¢} o] F2®lo] 71 Iu e &
< EBfeta glom olkkslerad ARE 97 Ast FFo] FEFTS gt JrHFriedmann,
Argawal and Bhardwaj, 2021, p. 10).

158) S&T GPS(202D), =, ©AXHAE 71 9 A F4 43 U3,
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Ol 2 BaAoA o]q EAL Atz PSR T FolA oo x g F 9l
=5 A, F7t 2ol HA I A9 SdetAstE sh&skstal Ut Akl A FAE
< FHATIE A8 FEE FAE = 3
Bhardwaj, 2021, p. 13). AgH o= EO]/"]"HUrQ} /\} = 5Yd =5Y E, X}E— 2 79 7]
3 = b__,“ﬂzgo} olocq o

12
Aol tigk HZoll o alﬂ/ﬁ% Ho %q_‘_‘—_; o Z=23 uhslt),

»

(3 3-24] gAt=9] A AF B 84 FdAA CO, AZEHF T4 A=

= CO,pipelines Wl Inactive CO. injected
B Active CO Direct emitters
injected wells Saline formations

A& Friedmann, Argawal and Bhardwaj(2021), p. 12

(7} DOE A9 23371 2H(DAC) s|B = A

ol'

20223 5¢ DOEE 20219 B8 Z%A <lzeby(Bipartisan Infrastructure Law)g E3i
CCS =213 9= 359 g3 A2 A7) 3k o34 (Notice of Intent, NOD% &
N3 THDOE, 2022.05.19.)159, ‘X&) 2] Z 3] 3 B(Regional Direct Air Capture Hubs)’ =
HEE 5 Z2 088 o iR RS 2AHF7EFDirect Air Capture, DAC)I60) 8 F=
A A Ao, z+ B E o|akselA F4(Carbon Dioxide Removal, CDR) W ESaE T4

n:Zinu
of
N

Hllo o

159) DOE(2022), “Biden Administration Launches $3.5 Billion Program To Capture Carbon Pollution From The Air”, Re-
newable Carbon News, 5.19, 2022.10.14. <4, https://www.energy.gov/articles/biden-administration-launches—
35-billion—program-capture-carbon-pollution—air-0

160) DACE: th7] F4 cluuas Pelshs 40z, boldl Bas gl 97 AR ] Fox o Wad
RHEs ALES} o] ol 71 AFe] ANVALE ABAL. AP DAL o] gHE ALY AxPe

wae] 7] % W% ARG EYeeks Hol4) DACSH Ael7k itk
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2 Zlolth, A AU/ Huz WYHE 7} TRAEL O] Fo4 Y Bad 5b
oluyfp A, HZF Z8(End Use)E AST AojH, HA AZF 1005 Eo] olihgeti s 3

AFH o7 AASA = o Ho|th

[ 3-25) A9 A 37I2d 38 75 dF

G ST K

Hub Ssdaction ks G bt aor

2 Detalled Design 5 ﬂ i
b Construction & Build-ugp >

'Z Operstion

L0 Comgelitim Seection
Ragiral DAL Hub Awam

| | |
2022 2023 2024 2025

5 |
2028 2027 2028 2028-35

SLMWTA s A0 O mictine pooc OO nanoved i mi

2} 5: DOE(2022.05.19.)

DOE+= 19HAl9] dis] ¢F 19 6,0009F €&, 2~4TAlo] tisl oF 219 2&e] A& AT A
glog 1GACNA oF 12719 Z2AEJ} 2~-4TA A 6719 ZEAHET AAFE oHolt} zt =7
AE o 194 4009+~1,5009F 28], 2~4¢tA] 19 7,5009H-59 22 Y Aoz o=, ga
I3 AW Z2AE 2 BE GAolE Hi 50%2 SR vlE B 870 ok

(1}) DOE CabonSAFE ©]U A €] H.16D)
DOE+= ®4& A% Z=& 2 RCSP(Regional Carbon Sequestration Partnership) ¢]UA{E] B
2003‘»3—‘-‘?—3 A dsf 2H, 1:} Fek B4 g0l 1,100%F mlE] & o] £XH COE 3 A
L] L R FU H2ES 38 & vl Aok RCSP o|UME| B} Ao sl ot
DOE —‘E 2019“1 HH 770 RCSPY ¥4 AAE A Ysla o A S =7E Z335 v)= B
£ X&ske Ul AQeE THE o] AER “AY oJUMEE” z2AEE CCUS HiZE 7}
statr] 918l 712 A Q olsf AR 7wt & ALS AFsta o

%
z}

fr

i
4

DOE& RCSP ZE2AHEOA AL wFE &8st v@h A BF AAH 7]Y(CarbonSAFE)

161) a9 H8& CEQR021)E nig oz AT
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I ZetA 4= S5 29 ?let #48H H CCUS Y

JUMEIEE T3l 2% CO9 "“ﬁx—. TE(AZE FYZ 1009 7]
. Joh CarbonSAFE OSJUAME|E= 5HT nE E o]ide] COE ¢k
< ZE AYE AR CO, XVL R R=s
] @AY ZEAEC|H. A DOEE 54
CarbonSAFE Z2 A EE 2| Ystar Qo) [O1F 3-26]914 & 5 9l%0] 57H4 CarbonSAFE z=
AE= DOEY &4 3] Z20] et AP w29 g & 2 WEHd £ A=
glo] g & 97] % 5702 FEED(Front End Engineering Design) &1+¢} S¢= 3t ol2i3k =
A A" AA AHE 7HsE 71ed Hlwste] B3 oA 87 AR BSFolA dAF o ®
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