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|. Introduction

WEC national member committees are asked to submit a nationd report aong with the Terms of
Reference for the Regiona Analysis.

On behdf of WEC Korean member committee, Korea Energy Economics Ingtitute (KEEI) has
produced this Korean Report.

1) Global Scenarios

The WEC scenario study will be based on policy environment that are defined in relation to two
dimensions.

-- Heavy or Light engagement of Government (HG or LG)

-- High or Low Integration and Co-operation between nations (HC or LC).

Also the relevant energy trends can be categorized for 2 types, “decelerating TPER” or
“accelerating TPER” scenarios.

Therefore eight options could be listed.

2) Korean Features

1. Outline

Koreais poorly endowed with energy resources. Kored sindigenous energy resources are limited
to anthracite, firewood and hydropower. The rapid industridization of the economy progressed
during the 1960' s and 1970 s contributed to Korea s remarkable economic growth, propelling

SENEEEEN




(&

World Energy Council

SHIL MONINAL DE L'ENERGIE

energy consumption at arapid pace.

Since the indugtrializing process in the 1970 s was concentrated on heavy and raw materia
inudstries which are relatively energy-intensive, the increasing rate of energy consumption had
outpaced economic growth rates until the second il shock hit the Korean economy.

The second oil shock forced Korean government to revise the industria development policy to
promote less energy-intensive industries such as machinery, eectric appliances and equipment
industries and to diversify energy sourcesto reduce oil dependency of the economy.

However, due to the continuation of low ail price since 1986 and the considerable expansion of
petrochemical capacities in the early 1990s, oil consumption has soared at a high growth rate.
Therefore, tota energy consumption increased a an average growth rate of more than 7 percent in
the 1980 sand the 1990’ s.

But the growth rate has dropped since the foreign currency crisis took place in the late 1990 s,
which mainly resulted from the low economic growth rate.

Kored s level of dependence on oil has decreased dradticaly since the second ail crises (from
61% in 1980 to 45.7% in 2004). On the other hand, nuclear energy and natural gas have grown in
importancein their supply share of energy. Consumption of nuclear energy hasincreased from 2%in
1980 to 14.8% in 2004, while natural gas hasincreased from 3.2% in 1990 to 12.9% in 2004.

Almogt all Korean primary energy sources are imported from abroad. Moreover as energy
imports are largely dependent on Middle East suppliers, any regional conflicts or marine
transportation route crises could serioudy impact the stability of energy supplies to Korea. That is,
ensuring the energy security isamajor issuein Korea,

In light of recent drastic changes around the globe resulting from deregulation and market
reforms, the energy industries in Korea are relatively less liberdized. Energy sector in Korea is
facing many changes that are both internal and externa : high ail prices coming from ingtability of
international oil market, environmental concerns after Russid s ratification of Kyoto Protocoal,
intensified competition over securing energy resources, and increasing demand by civil society for
participating in formulating energy policy. Under these changing conditions, Korean government
pursues reshaping of policy objectives toward sustainable energy security strategy. Three main
policy directionsfor the sustainable strategy are strengthening energy supply security, transformation
to energy efficient society, and establishing sustainable energy system.

Koreais currently exploring workable energy cooperation schemesin Northeast Asain order to
mitigate energy security risks and, at the same time, to secure cogt-effective energy supply.

2. Premises of Scenario Analysis for Korea

(1) Unigue Features of Korean Energy
First of al, indigenous energy resources in Korea are very limited, recording 97% oversess
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energy dependency. Korea faces severa risksin terms of energy security : geopolitical risk coming
from heavy dependence on the middle eastern ail, supply risk due to rapidly increasing Chinese
energy demand, and high ail price risk caused by unstable international oil market. Therefore,
international/regional cooperation should be required a any events for ensuring stable energy
supply.

Second, government has stepped toward withdrawa from direct control of energy assets, and for
facilitating a new regulatory framework while it has to ensure the mgor long-term objectives of
energy security and efficiency. Korean government is standing a a crossroads to readjust its role on
energy sector.

Third, in light of recent drastic changes around the globe resulting from deregulation and market
reforms, the energy industries in Korea are relatively immature and still monopolized. The
restructuring process in power and gas industry is staggering while ail industry was liberalized in
1998. Therefore, end-user prices of energy are mostly regulated, not reflecting margina costs.

Fourth, South Korea is an energy idand neighboring to North Korea, which can cause serious
restrictions on aset of dil and gas pipeline routesin north east Asia

(2) BAU Scenario (KEEI Analysis)

BAU Scenario is estimated by KEEI in implementing two nationa projects “Prospects and
Direction of National Energy Policy in response to UNFCC” in August 2005, and “National Plan
toward Hydrogen Economy 2040” in November 2005.

i Avg. Annud Growth Rate (%)
Indicator 2003 | 2020 | 2030 | 2040
0320 | 20-30 | 3040 ‘03 40

GDP 5408 | 10894 | 15367 | 20742 | 42 35 30 37
Primery Energy 2151 | 3307 | 4081 | 4483 | 26 21 09 20
(mill toe) : : : : ' ' : :
Enerqy Intensty 04 | 030 | 027 | o2 17 10 20 16
(TOE/1,000 USD) : - : ' -1 -1 "2 -1
Popuiation 478 | 500 | 493 | 469 | 03 01 0 01
(million) - - - : - 0. 05 0.
GHG emissions 1314 | 1772 | 2114 | 2212 | 18 18 07 15
(million TOE) ' : : : : . . .

Long-term trends in primary energy consumption are affected by a number of factors that are
difficult to predict, such as energy prices, economic growth, and industry structure. It is commonly
assumed in long-term prospects for Kored s energy future that the economic growth rate will dow
down gradudly during the period of 2003 to 2040 and the share of energy-intensive indugtries is
projected to continuoudy decline for the next severa decades.
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Oil dominates energy mix in Korea, accounting for around 47.6 per cent in tota primary energy
consumption in 2003. However, its share in total primary energy consumption will decline to 34.6
per cent in 2040. Demand for bituminous cod is projected to nearly double from 2003 to 2040,
mainly dueto ahigh increasein usefor power generation.

Natura gas consumption will increase at arate of 2.8 percent during the period of 2003 to 2040.
Nuclear is projected to grow at an annua average rate of 2.9 percent from 2003 to 2040. Its share of
total primary energy will expand to 21.0 percent in 2040.

(3) Genera Notesfor Scenario Analysis

< Generd Notes: Assumptions>

< The common assumptions and the global & regiona descriptions are maintained for al 4
scenarios as given by WEC

< Korean mitigating policies are modified in line with uniqueness of energy Situation

< Only consider decelerating TPER due to expected dowdown of economic growth rate to 2050

« In line with the BAU Scenario, it seems not o risky to single out only decelerating scenarios
for the sake of andytica smplicity. We focus on the mogt likely four scenarios among eight
candidatesin this Korean Report on Energy Policy Scenariosto 2050.

Scenario 1 LG-LC with decelerating TPER,
Scenario 2 HG-L C with decelerating TPER,
Scenario 3 HG-HC with decelerating TPER,
Scenario 4 LG-HC with decelerating TPER

<& Scenario 1 (LG-LC) with given mitigations is a bottom line that is corresponding to BAU

Scenario (KEEI)

< Generd Notes : 3A Assessment>

Accessihility has been almost completely secured nowadays in Korea except some isolated and
remote areas. Therefore, the proposed mitigation policies, if taken, would be more relevant to
improve Availability and Acceptability. As amost all the primary energy sources should be
imported to Korea, the mitigation policy is naturally assumed to aim to be effective to improve the
energy security, leading to enhance the Availability with the necessary considerations to

Acceptability.
<& Accessibility
« Given more than 99% electrification and nationwide energy infrastructures, accessibility is
not an issue any more in Korea.
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< Availahility
« As amost all Korean primary energy sources are imported, government should be
emergency-prepared and international/regiona cooperation should be sustained at any
eventsto improve availability
< Acceptability
« Given the lack of other options, nuclear is necessary with respect to enhancing energy
security and reducing overall emissions.
Public acceptance of nuclear energy should be achieved in Korea

< Generd Notes: After-2040 Pictures>

< Residentiad/Commercia Sector
« Change in preferred housing mode : conventiona apartment to mall-augmented apartment
and mansionsin suburban area
« Intelligent building energized by distributed generation (heat and power)
< Trangport Sector
« Popularized fuel cdl vehicles using hydrogen, bio fuels or fossil fuels
« Subject to the “National Plan toward Hydrogen Economy 2040” (2005)
< Industry Sector
 More share of less energy consuming industries
« Lowered portion of manufacturing, higher of service sector

Il1. Korean Scenarios

1) Scenario 1, LG - LC with decelerating TPER

1. Global Aspects

This scenario has asits primary driver domestic economic development underpinned by domestic
energy security. Government engagement will be constrained, reluctant to pursue the structural
reforms and continue to rely on welfare policies that limit economic dynamism.

The lack of government engagement and internationa co-operation results in a less reactivity to
externa events such as energy shocks or world recessions.

Thetransfer of know-how and technologies will be relatively constrained under this scenario.

In this scenario there is no international post-Kyoto treaty and therefore the GHG emissions go
beyond the 550 ppm ceiling because of the reliance on coa when ail prices soar and energy demand
increases. Many of the actions could aso involve environmental compromises.

Availability is a problem in this scenario since nothing is done to avoid the shocks and their
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impacts on al countries, especially OECD. The market mechanisms could be used to advance
energy security objectives and companies will seek long term international supply agreements to
enhance energy security.

Acceptability remains 0-so because of increased reliance on cod. So GHG emissions are likely
to grow. It could be expected to set nationally focused environmental goals.

2. Korean Aspects to Scenario 1, LG - LC with decelerating TPER

(1) As Mentioned before, Scenario 1 (LG-LC) with given mitigations is a bottom line that is

corresponding to BAU Scenario (KEEI)

» GDPwill keep growing up to 2050, but at adecreasing rate

« Energy Intensity will keep decreasing, because GDP Growth is larger than the increase of
Primary Energy Requirement

« Primary Energy Mix will keep improving up to 2050 because dominant share of Qil will
keep decreasing.

« Supply / Demand Tension
Oil will keep decreasing. Coa will keep increasing till 2040 due to continued use for
generation. Gas will keep increasing mainly because of increased demand for clean fud till
2040. Nuclear and Renewableswill keep increasing.

(2) Mitigations

(® Korean Government
« Initiating energy market liberalizations
« Continuing overseas E& P projects, offshore oil exploration in Korean territory for

ensuring domestic energy security

« Promoting energy conservation technologies, renewables
« Strengthening policies on energy source diversification (Nuclear)

@ International Cooperaion
« Tota Diplomacy for diversfication of energy import source
+ Regiond Cooperation with resource-endowed countries (NE Asia)

(3) 3A assesament
@® Accesshility
« Accessibility will remain neutral, becauseit is matured and will not changein Korea
@ Availability
« Availability may be dtill a problem even with the government’ s efforts on energy
procurement and regional cooperations
@ Acceptability
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« More dependence on nuclear energy raising acceptability debates
2) Scenario 2, HG - LC, with decderating TPER

1. Global Aspects

Thefirg priority with this scenario will be energy security. In this scenario governmentswould, in
response to potential oil and gas shortages, take specific actions to ensure security of supply. These
actions could include.

« Consarvation programmes

« Bi-laterd development of offshore energy resources

» Nuclear programmes

« Infrastructure investment

» Subsidies for renewable technologies

More internationally traded oil and gas would become available and would aleviate or avoid the
shortages.

There will be a strong sense of nationa pride and strong incentives to ensure development of
domestic capability. Thetransfer of know-how and technologies will be relatively constrained.

This focus on domestic interests may have a negative impact on economic growth since some
domestic solutions may be sub-optimal or reliant on older technologies

From a climate change point of view decreases in energy use and increase in renewables and
nuclear would be positives. Coa-to-liquid and oil shale projects would need to be coupled to CCS
to avoid increased GHG emission from the transport sector.

2. Korean Aspects to Scenario 2, HG - LC with decelerating TPER

Under this Scenario, Korean government should be well-prepared for emergency. Given the
condition of low international cooperation, a wide range of domestic measures will be initiated
toward a transition to less energy-consuming society. Hydrogen economy would be possibly
pursued. It is necessary to implement full energy technology to improve the energy efficiency.

(2) Mitigations
® Korean Government
« All mitigating policies mentioned at Scenario 1
« Accderdting atrangition to less energy-intensive industry structure
« Implementing the “Nationa Plan toward Hydrogen Economy 2040” (2005)
@ International Cooperation
« All mitigating policies mentioned at Scenario 1

(3) 3A assessment
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@ Accessibility
« Accessibility will remain neutral, because it is matured and will not changein Korea
@ Availability
« Availahility may be tightened because each country will make full efforts to secure its
own energy resourcesin the midst of less cooperative moods
@ Acceptability
« Hightened interests in aternative energy sources (hydrogen, renewables) could improve
acceptability, except for nuclear energy debates

3) Scenario 3, HG - HC, with decelerating TPER

1. Global Aspects

In this scenario, Governments will actively share their experience and expertise, in pursuit of
human rights issues, poverty aleviation and climate change mitigation. The global concerns of
Greenhouse Gas Emissions and Energy Poverty are the subject of international action driven
agreements and programs.

The reduction of energy poverty will increase demand, which will stretch energy supplies and
infrastructures.

From an energy technology point of view, there will be a stimulus to develop technologies.
Funding of such development will be encouraged through pro-active co-operative energy policies,
bi-lateral and regiond inter-Government agreements and specific fisca incentives. The technology
focuswill help to mitigate some of the energy congtraints.

In terms of environmental safeguards, GHG emissions would remain under check with the
performance targets collectively agreed and respected, backed up with technology driven action
plans. Managing GHG emissions will have a significant cost which will have a negetive impact on
GDP making energy poverty reduction harder to achieve.

Strong global cooperation will be required on.

* energy poverty reduction,
« energy supply for theincreased demand, and
« low emissions, efficient energy technologiesfor GHG emissions reduction,

2. Korean Aspects to Scenario 3, HG - HC with decelerating TPER

(1) The primary driver of this Scenario is sustainable devel opment. Energy security and economic
growth will be pursued in accordance with environmental considerations. Technological
development for GHG emissions reduction will be promoted by government. It is further
stimulated by international cooperation.
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(2) Mitigations

® Korean Government
« All mitigating policies mentioned at Scenario 1
« Strengthening energy conservation policies
« Promoting RD& D projects on reduction of GHG emissions

@ International Cooperation
« All mitigating policies mentioned at Scenario 1
« Addressing cross-border environmenta problems (NE Asia)
« Enhancing bilaterd/multilateral cooperation in tackling climate change

(3) 3A assessment
@® Accessihility
« Accessibility will remain neutral, because it is matured and will not changein Korea
@ Availability
« Availahility may be improved through enhanced international/regional cooperation
@ Acceptability
« Improvement on acceptability will be attained by various environment-friendly measures

4) Scenario 4, LG - HC, with decelerating TPER

1. Global Aspects

In this scenario the primary driver is economic development. The main preoccupation will be
freeing up globa markets to promote GDP growth through affordable energy. There will be few
restrictions on global movement of goods and services.

In this scenario little is done by governments to proactively avoid the energy shocks and their
impacts on al countries, especialy OECD. However, the postive side is the capacity of market
forcesto foster new technologies.

The market driven interchange will lead to the transfer of technology and experience.

Environmental awareness would probably be enhanced but increasing reliance on coa and
increased energy demand will raise GHG emissions. |n this scenario market driven mechanisms
such as Clean Development Mechanism (CDM), Joint Implementation (JI) and International
Emissions Trading will dlow countriesto meet internationally agreed targets.

Because of the lack of proactive government policy intervention and anticipation, severe energy
shockswill probably happen but the open world economy will be resilient and will rebound after the
recessons.

The success of this policy option will depend on whether the market will deliver technologies to
increase security and reduce GHG and other environmental impacts.

CEREEEEN




(&

World Energy Council

CONSHIL MONIMAL DE L'ENERGIE

2. Korean Aspectsto Scenario 4, LG - HC with decelerating TPER

This case requires Korean government to maintain nuclear energy and pursue dternative energy
sources and active cooperation to ensure energy availability. Strengthening regional cooperation,
especidly participating in oil and gas pipeline projects in North East Asia, may be an effective
meansto thisgodl.

(2) Mitigations
(© Korean Government
« All mitigeting policies mentioned at Scenario 1
@ International Cooperation
« All mitigeting policies mentioned at Scenario 1
« Multilatera cooperation increasing bargaining power againgt Middle East
« Qil and gas pipeline projectsin North East Asia

(3) 3A assessment

@® Accesshility
« Accessibility will remain neutral, becauseit is matured and will not changein Korea

@ Availability
« Availability may be weakened unless maintaining nuclear, developing alternative

energiesand activeinternational /regional cooperation are pursued

@ Acceptability

« More dependence on nuclear energy raising acceptability debates

[1l. Summary and Recommendations

Summary and Recommendations from our anaysis of Four Korean Energy Policy Scenarios with
aview to WEC 3" A” smight be wrapped up asfollows;

1) Accessibility

Through the strenuous efforts for past several decades, Korea has established the highly religble
energy infrastructures - eectricity networks and oil & gas pipelines for transmission/ digtributions,
attaining domestic energy accessibility.

In order to sugtain thislevel of Accessibility for the future, Korea hasto address thisissue as atop
priority and proper level of investment for maintenance and needed extension of energy
infragtructures following the energy demand growth.
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2) Availability

AsKaoreais poorly endowed with its indigenous primary energy sources, energy availability isan
essential factor for its economic sustainability. Future prospects require Korean government to make
itsfull efforts to secureits energy Availability by conducting various policy measuresincluding;

« Toinitiate energy market liberdizations

« To continue overseas E& P projects, offshore oil exploration in Korean territory for ensuring

domestic energy security

« To promote energy conservation technologies, renewables

» To accelerating atrangition to less energy-intensive industry structure

« To strengthen policies on energy source diversification(Nuclear)

» Toengagein total diplomacy for diversification of energy import source

« To enhance regiona cooperation with resource-endowed countries (NE Asia)

« Toimplementing the “National Plan toward Hydrogen Economy 2040 (2005)

« To participatein oil and gas pipeline projectsin North East Asia

3) Acceptability

Given the energy security as the top priority, Korea aso has to consider to enhance acceptability
in paralld when it proceeds its energy policies by congtituting its energy mix to be aslow as possible
with its carbon intengity, fully utilizing nuclear power generation, effective renewables, as well as
higher efficienciestechnologies.

Korean government also need to actively participatein bilateral /multilateral cooperation to tackle
global climate change.

Worldwide increase of consumptions of fossl fuels, especialy cod, in coming decades would
make it quite difficult to suppress the GHG concentration in the atmosphere within desirable level,
unless effective, subgtantial international co-operations could be implemented.
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TABLE 1a | UNMITIGATED
Scenario Number 1 : Low Gov.-Low Cooperation Korea
2003 2020 2040 2050
Demographic Growth —_— | T | T | T/
Energy Intensity e B S B —
Prim Energy Mix —r | | —
GHG Emissions —r | | —
Supply / Demand Qil e B S B —
Tension Gas | —— | —
Renewables —_— T | | —
Non-Commercid N/A N/A N/A N/A
Tot. Prim Energy N L
Reguirement
Neutral Increasing | Decreasing
TABLE 1b | MITIGATED
Scenario Number 1 : Low Gov.-Low Cooperation Korea
2003 2020 2040 2050
GDP Growth g P P I
Demographic Growth —_— | T | T | T/
Energy Intensity T | T | T | T/
Prim Energy Mix —r | | —
GHG Emissions —r | |
Supply / Demand Qil T | T | T | T/
Tension Gas | —— | —
Nuclear | _____—
Renewables —_— T | | —
Non-Commercid N/A N/A N/A N/A
Tot. Prim Energy N L
Requirement
Neutral Increasing | Decreasing
TABLE la | UNMITIGATED
Scenario Number 2 : High Gov.-Low Cooperation Korea
2003 2020 2040 2050
GDP Growth —_— ) | | —
Demographic Growth —_— | T | T | T
Energy Intensity T | T | T/ | T
Prim Energy Mix —_— T | | —
GHG Emissions —_— | >
Supply / Demand Qil T | T | T | T/
Tension Gas | —— | —
Renewables —r T | | —
Non-Commercia N/A N/A N/A N/A
Tot. F_’nm Energy I R R
Requirement
Neutral Increasing | Decreasing
Key s [ —
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TABLE 1b | MITIGATED
Scenario Number 2 : High Gov.-Low Cooperation Korea
2003 2020 2040 2050
GDP Growth | _— | —
Demographic Growth —_— | T | T || T/
Energy Intensity e e 3 B < B —
Prim Energy Mix — | | —
GHG Emissions — P
Supply / Demand Qil e e 3 B < B —
Tenson Gas | | —
Renewables —_— T | | —
Non-Commercid N/A N/A N/A N/A
Tot. Prim Energy
Reguirement — g
Neutral Increasng | Decreasing
TABLE la | UNMITIGATED
Scenario Number 3 : High Gov.-High Cooperation Korea
2003 2020 2040 2050
GDP Growth — | |
Demographic Growth —_— | T || T || T/
Energy Intensity T | T | T | T/
Prim Energy Mix — | | —
GHG Emissions —
Supply / Demand Qil T | T | T | T/
Tenson Gas — | | —
Nuclear || __—
Renewables —_— | | —
Non-Commercid N/A N/A N/A N/A
Tot. Prim Energy > . .
Reguirement
Neutral Increasng | Decreasing
TABLE 1b | MITIGATED
Scenario Number 3 : High Gov.-High Cooperation Korea
2003 2020 2040 2050
GDP Growth | | —
Demographic Growth —_— | T | T | T/
Prim Energy Mix —_— T | ) | —
GHG Emissions — >
Supply / Demand Qil T | T | T/ | T/
Tension Gas | | —
Cod e >
Renewables —_— T | | —
Non-Commercia N/A N/A N/A N/A
Tot. F_>r|m Energy > R R
Requirement
Neutral Increasing | Decreasing
Key — [ —
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TABLE l1a | UNMITIGATED
Scenario Number 4 : Low Gov.-High Cooperaion Korea
2003 2020 2040 2050
Demographic Growth —_— T | T | T/
Energy Intensity e B < B < S —
Prim Energy Mix —r | | —
GHG Emissions —_— |
Supply / Demand Ol e B < P < S —
Tenson Gas — |
Nuclear e I e
Renewables —_— T | | —
Non-Commercia N/A N/A N/A N/A
Tot. Prim Energy | .
Requirement
Neutral Increasng | Decreasng
Key —_— |
TABLE l1a | MITIGATED
Scenario Number 4 : Low Gov.-High Cooperaion Korea
2003 2020 2040 2050
GDP Growth —_— ) | |
Demographic Growth —_— T | T || T/
Energy Intensity T | T | T | T/
Prim Energy Mix —r | | —
GHG Emissions —_— |
Supply / Demand Ol T | T | T | T/
Tenson Gas — | |
Nuclear —_—r | | —
Renewables —_— T | —— | —
Non-Commercia N/A N/A N/A N/A
Tot. Prim Energy I . .
Requirement
Neutral Increasng | Decreasng
Key —— | T
Table2a UNMITIGATED
Korea Availability Accessihility Acceptability
Scenario 1 s —_— D
Scenario 2 — —_— T
Scenanio 3 e . e
Scenario 4 D —_— e
Key Neutral Increasing Decreasing
Table2b MITIGATED BY POLICY
Korea Availability Accessihility Acceptability
Scenario 1 s —_— B
Scenario 2 — —_— —_—
Scenario 3 _— _— _—
Scenario 4 —_— _— e
Key Neutral Increasing Decreasing
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