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Overview of
current power system and
the economics of coal power

Presentation 1

Seungwan Kim,
Chungnam National University
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The dismal future of coal power generation

sutistn M7 2%
Chungnam National University, Dept. of Electrical Engineering
Asetns

Dr. Seung Wan(Alex) Kim

Copyright SEND Lab. All Rights Reserved

= 7Z3 Academic Experience:
o X, HI|SS, SHOS L (20189 ~ SXY)

+ Assistant Professor, Dept. of Electrical Engineering, Chungnam National University, (2018-present)

= 2S Advisory & Evaluation Committee:

« H|AQO|A}, sH=0f| L X| S Tt (2020.11 ~ #XH) Non-executive Director(Board Member), Korea Energy
Agency

« Y, FEEE|Y M =2Z XS] (2020.7 ~ FXH) Council Member, "Hydrogen Economy
Council" (under the prime minister's office)

. HMEQY, UEZ 2 FIH7|= 8839 (2019.11 ~ 2021.4) Member of Expert Committee,
"National Council on Climate and Air Quality" (the presidential advisory body)

o HEQIE, M1AF BAOHX| 23 2EW ZTE (2020.3 ~ 2020.12) Member of Expert Committe,
"The 1st Distributed Energy Resources Activation Roadmap WG"

o 71919, M2 7SS EX] (20203 ~ 2020.12) Member of Technical Expert Committee,
"Saemangeum National R&D Demonstration Complex"

« IFKDSO 21}, CIRED o= 7|22 &3] (2019.11 ~ XY Secretary, "CIRED Korean Technical
Committee" (session 6: DSO business environment enabling digitalization and energy transition)
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HH S Z policy trends

= B ERo BHAFE MU I FEFo MENEH SRAE AL

= President Moon’s administration announced carbon neutrality, and the National
Council on Climate and Air Quality recommended a coal phase out year

+ 2020.10, CLiEB2 et=2| 2050 B2 5E SEHE S

v X OF 40% Eo| 0| JERH(ZIH)2E 44 (2019)
MEMET 2 =70 22712 BIEE0| Hojet 7|0 & ot UAZ

v 2050 EtaSE 2EE M E iAot 7FE 2B A HlEF0| 2 AEEEE IHEd 20
Lt7FOF &t

<\

© 2020.11, F717| 2 &322 (RIAE: 2IE) = 7IHS} S S 28 =0 & 2045'd, 7H5SHH &I
MEHEHO| 2FE SESIets U T s2[ZuE LT H S
v EAFEE RISHM = 20408 O MEHETH TRE HI

« 2020.12, HI9X} H7| 22 2030 247IA XS E BH/EE 2ol A& 7|7t 52 307(2] MEIUHA

v X =F2INDC FHE HHN= ot A20[7| [Z0 NDC &2 A| MEFLHE HX| 2F0| FFAHA
2e7t EXg
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AMEHEH s G E- 727 1 Q1 Q&A on coal phase out policy

= Ql: MEHEHO| R QOX|H M ,-ZO[L HMHAAM Ed SOl 2X7t 471= A
O}'=171? What if getting rid of coal all together results in problems with power

supply and/or power system reliability?
o [+=EM] [supply] 7tE3t CHAIZH R E2tXH 7} S alternatives and complementary sources are
available

v ED|HoRL ®ES NG RHO| £ZEHE HZH E = U

v BEIIMOBE TMEESS X8, +a 2| 7|50 AR Al RHE 2 F 4 US

/OB, MENINE ZXIEE ME|E QXIS HI4 Al HE0H[2HOR B8 U2 M2t EES
00|C|0f0IZ1 BfLt, 0| 9I%H RHEH| & HANECHS EsSLE 42 SO £Xtohs 20| o 22l olat

nPVETL

o [PESEHI] [stability] M EHLT Ol HX| 2 Q5 AlS2Y dAalt YMFPE 22X 23] 7|&H
o= g d7tsst FHM Y reduced system inertia and voltage stability issues that may arise from
coal phase out can be fully addressed with current technology

v ARSUC, SU S2 SIIZYIIE S ASHA NI Y S2WY 24 7|52 00 28
o
=

o o
v HFME ST ZYV|E FRUY S22 ft 82 #ES=s S 71 U
v HISAF M HX 7| A HME HEE St WETR a2 Qe 28 A 88 2ME 7t
g 7lesate 2gs Sl sistnkt ot g0 LHELE U

1. ENTSO-e, Synchronous condenser, https://www.entsoe.eu/Technopedia/techsheets/synchronous-condenser

2. 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. Copyright SEND Lab. All Rights Reserved
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5 8 727% : Q2 Q&A on coal phase out policy
= Q2: MER2 X TTTILR Q5| +=2/d0| T2 HHOI!71? Isn't coal a profitable
energy source due to its low cost?
« 2|42t CBP A FUM = AEte| 24712 HYEH| 8 (EHAH|)0| HSH|0| XCH2 2HSEX| b
« The variable cost in the Korean CBP market does not adequately reflect coal’s carbon price
v 7|Ef 2tE8H| &2 €5 $Fo[ F| 1 UX[T, 7hY 2 HS2 BaHE

v ERH|EO| MU= ALEO AKX B 2/ MEo| BHEII7L Ofe MEO|= HAHY 2

IS —

. MEMIHO| 4042 “SMP - WS H|"B 7pX| 1 BEHSHE obE

SMP-variable cost alone cannot accurately measure the profitability of coal power generation

o
T

v MEHO| AHEEXH|S "SR T + SMP - HSHI'Z 33T & YEK|S WHO} &
v 48T} 012 Bietol X S0l 940 BEHoR F%E 0E & AU
v OMRIZ THHO) MEHETE £9/0] LIX| 2 SHRI0IAS (2 SMP + O|HRIX| AT 22| H)
- YHHOo= MEHUT2 80% 0|A0| 0|28 YD FSELS T

Al R 14 =235t ol= go] ==X emjAd >

‘f O A HMZIAF  "H =or A A4y

MEHEH s G E 727 1 Q3 Q&A on coal phase out policy

= Q3: MEtC| 0| 882 ol ZHASH=71? Why does coal's capacity factor continue to
drop?
1) 7|FH3 1S fUtt 2472 HiET 2= FMo| HE Climate change and GHG reduction
policy
v 20304 HEHEE HY
'c'él-

(Extrapolation)

=S 2050 77HA| 2|4
Et MRS TS 1250 MEILH H|E dot Althts (BR+H 71Y)
2 A o

- NDC SE 4% S BHAFEH S8 12| A

COAL x GHG ,,, + (FOSSIL— COAL) x GHG o <G
Max (COAL) [%] = (G — FOSSILx GHG )/ GHG ., — GHG ¢
- G[kg CO2]: ¢i7t HEHEE HiZE A8t/ FOSSIL [kWh]: SHMH 2 WM e 2F/ COAL [kWh]: A EHLHH 2¢

- GHG ., [kgCO2/KWh]: MEHE IO T3 HYZ |3 (0.823) / GHG |\ [kgCO2/kWh]: LNG 79| Tt 2|3 (0.3625)

50.0%
40.0%
30.0%
20.0%

10.0%

0.0%
2020 2025 2030 2035 2040 2045 2050

[13] A7 MEEHY Y% oA
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* Q3: Why does coal’s capacity factor continue to drop?
2) M’8E 572 2Tt Duck CurveE [I2t7tX| Z5t= EH| coal cannot keep up with the Duck
Curve due to increasing renewable energy
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[A8] F2 A=E HYE H|S S7t0 2 ZE Duck Curve TY [12] Duck Curve A3t A| MEto| 2mr 23 7HdE

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

Minimum generation
[% of nominal

Ramping capability Minimum up time Minimum down time

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
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MEHEH s G E 727 1 Q4 Q&A on coal phase out policy
= Q4: OfH 0| E|H MEHO| i 0] 2|2 LHX| ZSI=7}? Under what condition
does coal stop being profitable?
o FHUZHATE ST SHHAIEMH A S SHAIH the limitations of a limited/capped cost plus-
markup via the settlement adjustment coefficient
v HUZFEAFSAOE 12 HE 5 818 = SMP O|&9| E4 8 & 3£ 218 SAC cannot be
greater than “1” = the profit guarantee cannot be greater than the SMP

L+ N #

Variable

ot (SMP - variable cost) * SAC

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

(18] SAZHASE B8 STATLAHA Y=

CHUNGNAM NAT’L UNIV. Copyright SEND Lab. All Rights Reserved
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= H 727H : Q4 Q&A on coal phase out policy
= Q4:0'H 0| E|H MEO| I 0] =2 LHX| X5}=7|? Under what condition
does coal stop being profitable?
- SEHUEYE 21T B FHUZEA 2t MEH0|&E 12| 24| the relationship between the
necessary SAC for profit guarantee and coal capacity factor
ZRVIEY EoAlm YURFHASE - 0|9 7tol 2AE nefstH £ 0|80 Cist &
YU 2 =5 == US (O[] SMPO]| Cigt 70| 2 Q)
PR: £H¥| 02} [KRW/kWh]
= (SMP - V) * SAC

* V: 9| B ZH| -8 [KRW/KWh]
ACP: BigtEl 2232 [KRW/KWHh]

= (7|& 823 [KRW/KW]/ O] B E) * 80%

*80%: M SR I EX0IFHOA 7HF ot 0|2 O|8&
C

|
PR+ACP—_F=a |F: B2 el Xp=H[E [KRW/KWh]

= o17}3}El

—

v

fO opt

A2HE g

=
o
= Q7tetE & At=H & /(U2 * 0188)

—

= B/u*
*B: A7tetEl F XHEH| & / R
*u: 0|88

a: 8% EXE 8 [KRW/KWh]
SAC = (F + a—ACP) / (SMP - V) = (B/u + a— ACP(u)) / (SMP - V)

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

EHL T s HA P 727 : Q4 Q&A on coal phase out policy

*= Q4: Under what condition does coal stop being profitable?
o ItAH LHXIZALEO CiEt SMP HE 1t HAZEF A = M3t changes in SMP/SAC over time
v MEFUNA0| 0|880| ZE3| =2 U= SMPIt ZOLX| AL H &t F A= 101 ZH7HI Tl A7
| =X

v S22 SMPO| X2 0|&&80[ AEICHH? -> Xt2H[ES 2=

un 2

HEHAEL A d = o
FOLE Z20 Q0| HMSIX| &AS If

E |
low SMP and low capacity factor coincide? - the revenue is no longer sufficient for capital cost
recovery

o = ‘j AL
—EWP —KOMIPO. % fe oot | i

KOWEPO KOEN s 2 M
YT T S— SMP i \ |

SAC
.
T
SMP

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




MERET X xH

|

¥4,

7
]

53 e 727E : Q5 Q&A on coal phase out policy

= Q5 ZEXHeE eLat MEEMAEO| 0|2i= B El=7F? What does the
future of Korea's coal power plants look like?

o MELSZH| + THE S7IE sl 0|2 0|82 XIZEH R 32 capacity factor continues to fall

due to the cap on coal and the rise of renewables

v SMPE &3] 2 42 7I'Ssl= 0| 280]| 40% O|SI2 O X|= 40| &|H A2 A XtEH]|
28 35 5+ ¢S (MEH] MEMo| =1Eh there is a minimum cut-off for coal operation
Al

- BUZRFAFIH1 0lg2] &S 7HM0F St &% (SMP + ZIHE EYF0f of= &) &l ata

certain point, SAC must exceed 1 (price guarantee has to be SMP and the some more)

80.0%

o \:\-\.\\“-
—_ ‘.\'\-\_\‘--\"'-\.
i 60.0% "\\ T — 10 yravg. 109.7 KRW/ k\Wh
= . E, —————a
& 50.0% o b
o — i
e = -— o
g A0 0% A== S e e o e e e e e e T e e b e e e
wm b,
= 20.0% !
L
20.0% >
-
10.0%
. 2020 2025 2030 2035 2040 2045 2050
—— 202 1-202 p—2026-20350 20531-2035 2036-2040 ——a— 2041-2045 —— 20002050 e—— ey

MEHEH s G E 727 1 Q6 Q&A on coal phase out policy

= Q6: EHXIZ|A MEFEMAS2 M YUK B H|s| YEM0| & O of2fofl AX| &S
7}2? 1sn’t the minimum capacity factor for KEPCO's subsidiaries’ plants lower than
that of new private plants?

o oY EME TXRMES XHE2H|EE 7|ZE2E 7| ME0| HTX2|AF MEILHASO| 4@ 22 2
e LF L= AEH|E0| SERE 2/E H, AHEH|E AH7F 4UEL 2 HA S0t HE 10
SH 22 & O LIOtE = QU= A2 A

v SfX|Bh SMP7t EMot 7HEECH HOLRICHH MEME s (=AEHE fot &[4 0|88 Q7
70| &#8) should the SMP become lower than this model's assumption, the minimum goes up

v EESH 20308 NDC SH7} Aotz EtASE 25 E HIYGSICIH 0|88 o2 30| O AstE A
capacity factor likely will drop even more with the enhanced 2030 NDC and carbon neutrality
target

CHUNGNAM NAT’L UNIV. Copyright SEND Lab. All Rights Reserved
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= H 727H : Q7 Q&A on coal phase out policy

- Q7 WHXBA MEPUHAES O W2l Z7IHMSE M UKMEL F o FHHY
T UX| 2%-Z71? Would the new private plants become more commercially viable if
the retirement schedule for KEPCO'’s subsidiaries’ plants is pushed forward?

o 7|1E MEMETATEKRIX|SHE R F M UM ES| 0|8 &0 22tE = U= A2 A new

private coal can take over the existing generation capacity and increase its capacity factor
« Oz O[O 2o &l TR EL2 EXHE H3[dh= A0| &2|H investment in new private coal
should be retracted

v APIEE EElHd 718 At E HX[5hs A2 =2(0 3] He

v ZJEEN S0s A HAME BE A= ASO 705K 1 232 A 82 SHEHE /Y

v CRAMEEEL T AS HYLEE ZME A6 WA 2FE =E05Hs =7|S0] 2HE &
M, ASEMZ Qs =O0f MEHSHOFRLtEH LA |AL MEIRH T T 7HK|UAS

v SMP7t AL H2 TR |RXAECHE A KA ES| YE2 o5 238K

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

ZEZ conclusion

= MEEHEAE I 2L AHEEE AAMXE, ojx = HMAE EIF

mjo
A
T
o

OfF g ... coal power plants should get ready for retirement

= MEHAHAE O{EA |XIEX|of it nYUECH=E MEHRH ZAxo 2 QIs| EfHEL= X
XHHle] X|FZEH X0l et 20| & A& policies to address the negative
impacts from coal phase out on local economies should be prioritized.

= 7|HPPA HE E85IH X HE0 ol THAYE 7t - XA & HEf
corporate power purchase agreements can help coal plants to transition into
renewables business

= A 2UXpAERS| ZAISTH HE S It 25T =2|71 E 2 there should be
immediate discussion to encourage cancellation of new coal construction

= MEMEH GIOlE AIE 230 F2|71 8iAl tietS W= EH|SHOL... alternatives to

make up for the absence of coal in the power system should be established ASAP

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




Copyright SEND Lab. All Rights Reserved



Introducing carbon taxes
and the ways to improve
power market

Presentation 2

Valeria Ehrenheim,
Carbon Tracker Initiative



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
> to identify and switch companies to financial markets and
% off capital to the re-assess both the policy-makers
© highest cost, highest viability of such over the risk
= carbon projects. projects and of their of a disorderly
n . business model. transition.

o k2

{@arbon Tracker carbontracker.org | @carbonbubble

Work with

financial regulators to

bring transparency on
carbon and stranded

asset risk and the fossil

fuel risk premium. O

&

| 2



Outline

Objectives

The model

Key Findings

Conclusions & Recommendations

Glrbon Tracker

Obijectives

1. Is the es il ‘ment schedule for South Korea
effective?

2. When should South Korea 2l to minimize the
overall system costs?

3. What'’s the role of a ) in the energy transition?

{@arbon Tracker carbontracker.org | @carbonbubble 4



PyPSA: the dispatch model

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

We modelled South Korea as one single node.

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.

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

Wind (GW) 3.5 4.4 5.6 6.9 8.5 10.0 11.6 13.6 15.6 17.7

Maximum y-o-y growth rate of 32% for solar and 27% for wind, assuming EU learning rates

on capex:
2028 | 2029 | 2030 |

40.0 42.5 45.3

| 12021] 2022 | 2023 | 2024 | 2025 [ 2026 | 2027

PV (GW) [RERBIEEY. 16.1 20.0 250 300 360
RICON 35 2 44 5.7 7.1 8.7 105 126

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.

* The higher renewables penetration will be enough to secure supply even with a total
, that can happen as early as

* The savings arising - $ 4 bn annually - will be able to recover a greater portion of the
investment incurred in the first years.

Renewables Coal Renewables | Undiscounted PV initial PV savings Overall

investment Phase installed initial . ($bn) NPV
investment

schedule Out Year (GW) investment ($bn)

($bn) ($bn)

2030 54 in 2031 54.9 (-)41.7 32.8 (-)8.9

2028 54in 2028 52.0 (-)41.7 38.4 (-)3.4

Source: Carbon Tracker analysis

{@arbon Tracker carbontracker.org | @carbonbubble

3. The accelerated renewables investment will allow an early coal
phase out and generate extra savings.

* +$ 5.5 bn compared to the same amount of GW on renewable built under the 9" Basic

Plan.
A PV initial Annual PV of savings
(oo e || ST ($bn)
$bn

INCREASED 0
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.

Under the assumptions of:

of 40 USD/tCO2 — conservative with respect to what is currently in place in
EU (> 50 USD/tCO2)

 Accelerated rollout (54 GW by 2028)
* 4.7 GW of well integrated in the grid (hydro pumped technology, already
operating).

» Least-cost optimization, including both operating and investment costs.

‘ arbon Tracker carbontracker.org | @carbonbubble 9

Conclusions & Recommendations 1

* The targets of penetration can be accelerated.

 This would lead greater savings, allowing a out which optimizes the
total system costs ultimately borne by ratepayers.

* 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.

‘ arbon Tracker carbontracker.org | @carbonbubble 10



Conclusions & Recommendations 2

» Addressing the * Gas is not needed * Instead, an efficient
distortions currently as “backup fuel” in implementation and
existing in South the transition: a coal integration of
Korea's power to gas switch will storage units in the
market plays a simply lead to a power system can
substantial role. The change in the source secure the stability
capped cost- of a stranded of the grid when
guarantee scheme assets risk. paired to intermittent
excludes renewables renewables.
sources from a fair
merit-order
mechanism.

@arbon Tracker carbontracker.org | @carbonbubble

Thank you for listening

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

vehrenheim@carbontracker.org

( arbon Tracker



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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