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P.E. Marken, “New Synchronous Condensers for Jeju Island”, presented at 2012 IEEE Power and Energy Society General Meeting, San Diego, 2012

CHUNGNAM NAT’L UNIV.

ENTSO-e, Synchronous condenser, https://www.entsoe.eu/Technopedia/techsheets/synchronous-condenser
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COAL x GHG ,,, + (FOSSIL — COAL) x GHG ¢ S G

Max (COAL) [%] = (G — FOSSILx GHG ,\c)/ GHG ,,, — GHG ¢

e
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o

i = &5t/ FOSSIL [kWh]: 2t & 2T T 2 2F/ COAL [kWh]:

- G [kg CO2J:

- GHG , [kgCO2/kWh]: MEHET O] T HiE A5 (0.823) / GHG ¢ [kgCO2/kWh]: LNG 27 2| 7 B E A3 (0.3625)
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2) X8 572 2Tt Duck CurveE WEt7HX| Z5t= X

80000 Group 1 : . : : : :
60000 Group 2 g - 1 . g -
40000 i : ' i i i
100,000 1 l : 1 d 1
20000 90,000 i ‘ : i i i
80000 ‘ : ‘ 1 :
0 70,000 ! L ' ! 1 !
0 25 i ! |
60,000 i T ¢ T i i
20000 | | H 1 1 |
50,000 ! ! i : i i
40000 40,000 : i i | " |
30,000 t ' Operation i | Sto 1< Operation ;. Stop |
0000 1 ﬂ—Lﬁ R 0 ]
20,000 ; . i ‘ , ,
— 10,000 . ‘ '
0
—€—2020 —€—2025 —€—2030 —€—2035 —€—2040 2045 —@—2050 1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70
[13] F2 = 2{ME H|F F710f| }E EH Duck Curve Y [12] Duck Curve A3} A| MEto] 21Cf 2H JHEHE

[#] Ramping capability, minimum up/down time, and minimum generation of coal power plants

Minimum generation

Ramping capability Minimum up time Minimum down time [% of nominal

Technical Specifications
[MW/min] [hours] [hours]

capacity]
Range 0~315 55~125 12 ~20.8 47% ~ 69%

CHUNGNAM NAT’L UNIV. Copyright SEND Lab. All Rights Reserved

s
SMP
Variabl )
a;ast . (SMP - variable cost) * SAC
SMP
Variable
cost

SMP = KEPCO's power purchase expenses before adjustment (per kWh)
= GENCO's revenue from generation before adjustment (per kWh)

KEPCO's actual power purchase expenses (per kWh)
= GENCO'S actual revenue (per kWh)

KEPCO's saved power purchase expense
= GENCO's curtailed excessive revenue

[A3] MUZ-EA - ST SEHAIELHA 7E =

GNAM NAT’L UNIV. Copyright SEND Lab. All Rights Reserved
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Valeria Ehrenheim, Associate Analyst, Power & Utilities team
London, 21st April 2021

{@arbon Tracker carbontracker.org | @carbonbubble

Carbon Tracker Initiative — founded in 2011

Identity Carbon Tracker is an independent non-profit financial think tank funded by EU and US
foundations interested in climate.

. To enable a climate secure global energy market by aligning
Vision the capital markets with climate reality.

Mission Mapping the transition for the fossil fuel industry
to stay within a “well below” 2 degrees budget.

Empower investors Engage with Educate mainstream Work with
- to identify and switch companies to financial markets and financial regulators to
D off capital to the re-assess both the policy-makers bring transparency on
< highest cost, highest viability of such over the risk carbon and stranded
=] carbon projects. projects and of their of a disorderly asset risk and the fossil
o O business model. transition. [ fuel risk premium. o

(3 e fth o

{@arbon Tracker carbontracker.org | @carbonbubble | 2



Outline

Objectives

The model

Key Findings

Conclusions & Recommendations

Grbon Tracker

Objectives g+ =H

1. Is the nedule for South Korea
effective? ot= 9] JiH"H 01I'5I7<I EXt A=l A0l
2. When should South Korea to minimize the

overall system costs? TA| A|AH Bl &5 %43} 5t2{H o2 A
MELS E|Z5l0f ot=7t7?

==

3. What's the role of a in the energy transition?
O X[ 2tof| M EfaM= O S-S St=7}2

{@arbon Tracker carbontracker.org | @carbonbubble 4



PyPSA: the dispatch model 27 2 &

2

The entire analysis took advantage of PyPSA, a :
software tool able to model a power system and *
elaborate least cost optimization analysis.

2 Ol10| 240 HE A|AHS @A
K2 A|Hef ZM 8 mofFE HAl

~ZEQ OIS AR YIS

We modelled South Korea as one single node.
ot ¢t ZE HEYIAR 81 2T

Source: PyPSA, T. Brown, J. Horsch, D. Schlachtberger, PyPSA: Python for Power System Analysis, 2018, Journal of Open Research Software, 6(1), arXiv:1707.09913, DOI: 10.5334/jors.188

{@arbon Tracker carbontracker.org | @carbonbubble 5

1. Renewables rollout can be accelerated beyond current government

plans, to reach more than 54 GW by 2028. x{/40f|{X] HH| 222 & F&
SHX|E =1} @950, 2028 @ 7HX| 54GW 0| &2 &0 0|5 == US

[ [2021] 2022 | 2023 2025 | 2026 | 2027 [ 2028 | 2029 | 2030 " _
111 129 147 1743 195 219 247 275 303 335 9" Basic Plan schedule

a4 A 5
35 44 5.6 69 8.5 100 116 136 156 177 M oxt HHE=gI(2AE

Maximum y-o-e/ rowth rate of 32% for solar and 27% for wind, assuming EU learning rates
on capex: Ef &1 S LT HHELH| X|Of S E0| 42 32%, 27%ctD 7HFSE [ &
oot Horsle 28 /\
[ [2021] 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028

PV (GW) 11.2 13.2 16.1 20.0 25.0 30.0 36.0 40.0
Wind (GW) 3.5 44 5.7 7.1 8.7 10.5 12.6

2029 | 2030 |

42.5 45.3

14.3 15.9 17.3

Source 1: annual data inferred by Chungnam National University starting from 9% Basic Plan targets
Source 2: Carbon Tracker analysis

{@arbon Tracker carbontracker.org | @carbonbubble 6



2. The accelerated renewables investment will allow an early coal

phase out and generate extra savings. NAHAX| EXE 7t53}
ol EMEtEES T = AN F7HHQ v EH0| dd

* The higher renewables penetration will be enough to secure supply even with a total
, that can happen as early as Ao HX] EeS =2[H, 2028 H0]|
MELS HE5| ElEotH et M E+50 287t 8ls

» The savings arising - $ 4 bn annually - will be able to recover a greater portion of the
investment incurred in the first years. Of & 409 E2f 4 L445t= BB = x7| EXF2 O

aro| S| ASE A OO
HO| 2|+ = US

Renewables Renewables | Undiscounted PV initial PV savings
investment Phase installed initial ($bn)

investment

($bn)

schedule Out Year (GW) investment

($bn)
9th Basic Plan 2030 54in 2031 54.9 (-)41.7 32.8 (-)8.9

Accelerated, CTI [PAL: 54 in 2028 52.0 (-)41.7 38.4 (-)3.4

Source: Carbon Tracker analysis

1@arbon Tracker carbontracker.org | @carbonbubble

3. The accelerated renewables investment will allow an early coal

phase out and generate extra savings. {404 X| £X}I&

Jh4toh0l SENEH S S FEE 4 T A0l B8 B0 WA

* +$ 5.5 bn compared to the same amount of GW on renewable built under the 9t Basic
Plan. 9AtE 7| 20| et E5k5l= 20t WP S I 552 E 2] 0|40 B E

A PV initial Annual PV of savings
savings ($bn) ($bn)

investment
$bn
INCREASED
SAVINGS UNDER
ACCELERATED
SCENARIO

Source: Carbon Tracker analysis

‘@arbon Tracker carbontracker.org | @carbonbubble



4. Coal can be phased out as early as 2028, leading to $ 5.5 bn savings
for the system. A1 Et2 2028 ANX| E|ZE 5 U1, TH| A|AH H[E
55 422 0|0 F

Under the assumptions of: 0|0]| HIEH0| &|= 7}H 2 C2at 28!

of 40 USD/tCO2 — conservative with respect to what is currently in place in
EU (> 50 USD/tCO2). EtA M= 402/ tCO2E, M| R EOM = E 7IEECH H+-H Y

« Accelerated rollout (54 GW by 2028). X4 0|4 X| E5 7t53} (202871 X| 54 GW)

* 4.7 GW of well integrated in the grid (hydro pumped technology, already
operating). XM &&X| 4.7GW7t A &0 R & (¥==EH, 00| 7I5 T)

- Least-cost optimization, including both operating and investment costs. 2@ H| &1t
FXHH|E 25 Zoboh Z[4H| 8 Z[H9}

‘ arbon Tracker carbontracker.org | @carbonbubble

Conclusions & Recommendations 1 Z2£

« The targets of penetration can be accelerated. MM 0|HX| E5 S HE=
HEBHE S g
 This would lead to greater savings, allowing a out which optimizes the

total system costs ultimately borne by ratepayers. O|= H| &2 Z S =TSt AH| XS0
BESH &= MA AA”> HES XEst A|7| = 2028 HAMEHS 7HSSHA &

* The introduction of a can serve as a powerful for the
. Without relying on scenario compliance analysis, it highlights and strengthens
the advantages of switching to a renewable oriented power generation from an economic
perspective, while leading to a more effective change in the generation mix. Et2 A
S22 X Hetol ZEot 7| ZH 92 E & o+ U, BaME WY UHA S B
AMLEHOZo| Mot M 2= HOS ZHXNQ 2AFOM 2020, HHYA0M O
gl HstE O| &L,

Mg

‘ arbon Tracker carbontracker.org | @carbonbubble



Conclusions & Recommendations 2 Z2£

* Addressing the « Gas is not needed « Instead, an efficient
distortions currently as “backup fuel” in implementation and
ﬁX'St'”,g in South - the transition: a coal integration of
plzryesaas spuobvé?eznrﬂglr & to gas switch will storage units in the
role. The capped cost- simply Ie_ad to a power system can
guarantee scheme change in the source secure the stability
excludes renewables of a stranded of the grid when
sources from a fair assets risk. paired to intermittent
merit-order renewables
mechanism N BTRETETS
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Thank you for listening

For more information visit:
www.carbontracker.org
Y @carbonbubble

vehrenheim@carbontracker.org
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Disclaimer

Carbon Tracker is a non-profit company set up to produce new thinking on climate risk. The organisation is
funded by a range of European and American foundations. Carbon Tracker is not an investment adviser, and
makes no representation regarding the advisability of investing in any particular company or investment fund or
other vehicle. A decision to invest in any such investment fund or other entity should not be made in reliance on
any of the statements set forth in this publication. While the organisations have obtained information believed to
be reliable, they shall not be liable for any claims or losses of any nature in connection with information
contained in this document, including but not limited to, lost profits or punitive or consequential damages. The
information used to compile this report has been collected from a number of sources in the public domain and
from Carbon Tracker licensors. Some of its content may be proprietary and belong to Carbon Tracker or its
licensors. The information contained in this research report does not constitute an offer to sell securities or the
solicitation of an offer to buy, or recommendation for investment in, any securities within any jurisdiction. The
information is not intended as financial advice. This research report provides general information only. The
information and opinions constitute a judgment as at the date indicated and are subject to change without notice.
The information may therefore not be accurate or current. The information and opinions contained in this report
have been compiled or arrived at from sources believed to be reliable and in good faith, but no representation or
warranty, express or implied, is made by Carbon Tracker as to their accuracy, completeness or correctness and
Carbon Tracker does also not warrant that the information is up-to-date.’
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