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Falling clean technology costs

Changing resource landscapes Massive cost reductions in renewables and

battery technology. Impressive cost curves

and learning rates supported by small-scale
modular approaches

Shale gas abundance, water scarcity,
phosphate availability

Government regulation

Introduction and ratchet of
carbon pricing, air pollution
regulation, product standards,
remediation requirements

Evolving social norms

From fossil fuel divestment
through to consumer
preferences for provenance
standards, Fairtrade, and
organic

Environmental Change

Physical climate change,
drought, flooding, storm events,
biodiversity loss

Litigation and changing statutory
interpretations

« YATIVY /HERMR

© R RER

- PPREY. JERRTL. REEFR
- BRE. FETEGL

Causing harm, failing to manage risk,
and failing to disclose appropriately open
company directors and other fiduciaries
to legal challenges. Changes in law
exacerbate risk.
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v =

PE ERADFEEIRS ($/MWh) XIZyeFEEIXL ($/W)

1,024
BAIANMET
512 20094 L%
50%

256
128

64

Learning rate
2 19%
16
100 1,000 10,000 100,000 1,000,000

Note: Pricing data has been inflation corrected to 2014, We assume the debt ratio of 70%, cost of debt
(bps to LIBOR) of 175, cost of equity of 8% Source: Bloomberg New Energy Finance

Ben Caldecott
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Current
price
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Cumulative capacity (MW)

Note: Prices are in real (2015) USD. ‘Current price’ is $0.61/W Source: Bloomberg New Energy Finance, Maycock

Hi#4: Bloomberg NEF (2016)
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Chart 1 :2IRINE-FBEOEFHHER (2014-20404F) Chart 2 : X556, RAOMIEOFETIIRERER (2014-20404F)
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FA: BRICEITOERBELARKA

s BRIZIISSEDREBIDRARXANARERLHY . ZOHRBEEE(L47.8GWELE-TLVS

- BERRPOLDOAEDHY., EDRIEEEIL1.9GW

o HEHFDLDIF49E ., ZDEREB=1F28GW

TOP 10 {3 AxFE[GWh MW MW

BIRFAFE 60,352 8,414 4,020
2EILEN 36,273 4,901 - 600
3 IS 30,610 4,100 - 2,030
4FREN 25,360 5,900 540 5,357
5HEESN 23,106 4,208 84 1,445
6 1tPEE S 18,492 2,903 - .
7 MBS 17,231 3,646 1,000 667
8itiEEE S 15,868 2,500 - -
9 fHE ISR 8,753 1,475 - 1,300

104 & 7,994 1,395
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SUSTAINABLE

o A SMITH SCHOOL OF ENTERPRISE
FINANCE AND THE ENVIRONMENT
PROGRAMME

=3
SR

RICHTHEBRREER R KT

s RARKBRECNITHEIBEFE—RFAREEMOKEL. BRAOIRILEF—BEER. ETORFAEEMDE
Ik, SHICHADOEAMIEHETEMEARHABTEch D (BRFRIL) EVLVIRINGERREL 5L 1=,

s BiRFIZ. ZHONMABERKBGAREDHZEFTRL. BERODEREZEEZIZESTIFRDR/INLTILIZDHEISB
&t o=,

s BRDEFHEEMZTBEZFBSIESEIIHBIEBEICRFALTLNSZEITMZ ., FILLWEEEENFELIN L
Mo, FHEEDIKREL-TINS,

5 BRERDEL
&1 BAHSN DRI DR (R

2010 2012 2015
20264EFE TIZ TEASH o A
e Eﬁ-ﬁ@&%m%%ﬁ
[GW] | SnBRMOBR] WoRE (%) E%)f@%ﬂ’*
) \
AR 10.3 30.0 291%
# 371 37.1 100% w

m Coal = Qil Gas m Nuclear = Renewables
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R56: T—H2D LT MR

7—5 Ol

Number of Coal-Fired Generating Assets (N = 154 coal-fired power stations)

Location CoalSwarm, Q4 2015; Enipedia; CARMA, v3.0 released Jul 2012; Platts” WEPP, Q1 2016 100%
Capacity [MW] CoalSwarm, WEPP, Enipedia, CARMA 100%
Generation [MWh] Enipedia, CARMA, Oxford Smith School 100% 48% estimated
Plant Age CoalSwarm, WEPP, Enipedia, CARMA, Oxford Smith School 100% 4% estimated
CO, Intensity  CoalSwarm, WEPP, CARMA, Oxford Smith School 100% 3% estimated
Market Analysis

General Information S&P CapitallQ, Trucost _

Capital Spending Trends S&P CapitallQ =
Bond Issuances = S&P CapitallQ -

Ownership Trends S&P CapitallQ -
Local Risk Hypotheses
PM, 5 Emissions 2012-2014 Average Atmospheric Composition Analysis Group, Dalhousie University Global
NO, Emissions 2015 NASA GES DISC OMNO2 Global
Mercury Emissions 2010 AMAP/UNEP 2010 Global
Water Stress 2015 WRI Aqueduct Global
CCS Geologic Suitability Geogreen Global
Heat Stress Change 2016-2035 IPCC AR5 WGII Global
Nuclear Restart Risk WEPP Global
National Risk Hypotheses
Renewables Outlook EY Renewable Energy Country Attractiveness Index See NRHs for details
Renewables Policy REN21 Global Status Report See NRHs for details
Water Regulatory Risk 2015 WRI Aqueduct See NRHs for details
CCS Legal Environment  Global CCS Institute Legal and Regulatory Indicator See NRHs for details

Ben Caldecott
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&2: Hhig A RO D RER (LRH)E 2 E /') R Y DR ER (NRH)

I - =T
Coal-Fired Power Utilities
LRH-1 IR BRI E CARMA /CoalSwarm/Oxford Smith School
LRH-2 A DRRAERL CARMA /CoalSwarm/WEPP
LRH-3 IR TOY N3/ Boys et al. (2015)/NASA’s SEDAC
LRH-4 KA ML A WRI's Aqueduct
LRH-5 CCS Bi%pnaetk: CARMA /CoalSwarm/WEPP/Geogreen
LRH-6 TROBA b LR IPCC AR5
LRH-7 ¥ FE I O ERRE) CoalSwarm/WEPP
NRH-1 MRoBBHTRE Oxford Smith School
NRH-2 WMEREZ L X -8 Oxford Smith School
NRH-3 BT R F—DBOR R EY’s Renewables Attractiveness Index
NRH-4 SEBEIEAENRETI L F—L TEBHEthDRED 2315 Oxford Smith School
V]
NRH-5 PO AR ROV X —REBORE BP/REN21
NRH-6 KIRIT AR I FERB DR IEA
NRH-7 BEEOK T Oxford Smith School
NRH-8 BN X BKA P LA WRI's Aqueduct
NRH-9 CCS DR BRES Global CCS Institute

NRH-10 JR+ )15 B D P iZ 8 Oxford Smith School
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REGR : 2ENY R DR
BRICETHEEEEERR XA

=&5: 2EM) RO DGR BEE)

S
=4
=t
<=
g2 |2
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A
z g |2 |58 &
|l &|lQ] s S = | o > | de )
s S 2 | 8 o =) |l 2| & |8
5 = | 5 5 @ | & | B A D
s |s (s |< |8 |8 |als B8
NRH-1: Future Electricity Demand ® O © & ©® ©® o O e O
NRH-2: Renewables Resource ® ¢ ¢ o O O C e O O
NRH-3: Renewables Policy Support ® O o ® o o ® O O o
NRH-4: Growth of Decentralised Renewables ® N/A
NRH-5: Growth of Utility-Scale Renewables o N/A
NRH-6: Growth of Gas-Fired Power O O (] ® ® @) ® ® (] ®
NRH-7: Falling Utilisation Rates O @) ) o O ) O ® O O
NRH-8: Regulatory Water Stress ® ¢ O o o O ® C o o
NRH-9: CCS Regulatory Env. O ® © O o ® O o o o
NRH-10: Nuclear Restarts O N/A

TOTAL* 50% 60% 60% 50% 40% 45% 40% 55% 45% 60%

* HAEDOEFHIARITED . HREOAFHE THRHERE & LA 1T <,
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| [LRH-1: jREEHE | JLRH-2: DR EH [ JLRH-3: thigi D K555 %

1 CHUBU ELECTRIC POWER CO INC
1 HOKURIKU ELECTRIC POWER CO
1 MIIKE THERMAL POWER CO
1 OKINAWA ELECTRIC POWER CO
1TOSHIBA CORP
6J-POWER
6 MAZDA
8 JFE STEEL CORP
9TOKUYAMA CORP

10 TOKYO GAS

[ [LRH-4: k=L R

1 CHUETSU PULP INDUSTRY CO LTD
2 SHOWA DENKO KK

3J-POWER

4 TAIHEIYO CEMENT CORP

5 MIIKE THERMAL POWER CO

5 TOSHIBA CORP

5 DAICEL CHEMICAL INDUSTRIES CO
8 ITOCHU ENEX CO LTD

9 OJI PAPER CO LTD

9 TOKYO ELECTRIC POWER CO
9KYUSHU ELECTRIC POWER CO

| |LRH-5: CCS ;822 Ay getst

1TOP 24 COMPANIES TIED

Ben Caldecott

1 KASHIMA-KITA ELEC POWER CORP
1 CHUBU ELECTRIC POWER CO INC
1TOSHIBA CORP
1 NIPPON MINING HOLDINGS CO LTD
1 CHUETSU PULP INDUSTRY CO LTD
6 OSAKA GAS CO LTD
6 TOHOKU ELECTRIC POWER CO
8 CHUGOKU ELECTRIC POWER CO
9 MIIKE THERMAL POWER CO

10]JFE STEEL CORP

| [LRH-6: £ DERRL X

1 KANSAI ELECTRIC POWER CO
2KOBE STEEL LTD

2 CHUBU ELECTRIC POWER CO INC
4 OSAKA GAS CO LTD

5 HOKUREN NOKYO RENGOKAI

6 ASAHI KASEI GROUP

7 HOKURIKU ELECTRIC POWER CO
8 TOSOH CORP

9KYUSHU ELECTRIC POWER CO

9 OKINAWA ELECTRIC POWER CO
9 SHIKOKU ELECTRIC POWER CO

9 TAIHETYO CEMENT CORP

| |LRH-7: shigi D R F h %

1KASHIMA-KITA ELEC POWER CORP
2 JFE STEEL CORP
3MAZDA
4 NIPPON MINING HOLDINGS CO LTD
5TOKAI KYODO ELEC POWER CO
6 KURARAY COMPANY LTD
7]-POWER
8 CHUGOKU ELECTRIC POWER CO
9 SUMITOMO CORP

10 HOKURIKU ELECTRIC POWER CO

1 ASAHI KASEI GROUP

1 HOKURIKU ELECTRIC POWER CO

3 HOKUREN NOKYO RENGOKAI
40OSAKA GASCOLTD

5TOSOH CORP

6 TOKYO GAS

7 NIPPON MINING HOLDINGS CO LTD
7MAZDA

7 JFE STEEL CORP

7 KASHIMA-KITA ELEC POWER CORP
7 TOKAI KYODO ELEC POWER CO
7TOKUYAMA CORP

BT DBIRE DI
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AR HEMURIDRE HEEROKDRERF
BARICHITAEEEEEARNA

| JLRH-2: B DREH

| [LRH-1: jREEHE [ JLRH-3: thigi D K555 %

1 SHIKOKU ELECTRIC POWER CO 1 CHIBA PREFECTURE 1 ASAHI KASEI GROUP

2 ASAHI KASEI GROUP 2 CHUBU ELECTRIC POWER CO INC 1TEIJIN LTD

3 KYUSHU ELECTRIC POWER CO 3TONEN GENERAL SEKIYU 1SHOWA DENKO KK

3IDEMITSU KOSAN CO LTD 4 UBE INDUSTRIES 4 SHIKOKU ELECTRIC POWER CO

3 AIR WATER INC. 4 MARUBENI CORP 4KOBE STEEL LTD

6 OSAKA GAS CO LTD 4 KANSAI ELECTRIC POWER CO 4 TOHOKU ELECTRIC POWER CO

7 KOBE STEEL LTD 7OSAKA GAS CO LTD 7MAEDA CORPORATION

7 UBE INDUSTRIES 8 SHIKOKU ELECTRIC POWER CO 7 ORIX CORP

9 NIPPON PAPER INDUSTRIES CO LTD 8 KOBE STEEL LTD 9 CHUBU ELECTRIC POWER CO INC
10 TOKYO GAS 8 MAEDA CORPORATION 9 ABL COLTD.

8 CHUGOKU ELECTRIC POWER CO

9NIPPON PAPER INDUSTRIES CO LTD

- 8 TOHOKU ELECTRIC POWER CO
1 NIPPON PAPER INDUSTRIES CO LTD LRH—7: Hhis D[R F HFEEFT D EIRE Dl BeE
2SHOWA DENKO KK - 1 TOHOKU ELECTRIC POWER CO
4 CHUBU ELECTRIC POWER CO INC » TOHOKU ELECTRIC POWER CO 1 ABL CO LTD.
5J-POWER N 1JOBAN JOINT POWER CO
6 TEJIN LTD 3NIPPON PAPER INDUSTRIES CO LTD 5 MARUBENI CORP
7 TOHOKU ELECTRIC POWER CO 5 SHOWA DENKO KK 6 NIPPON PAPER INDUSTRIES CO LTD
8 TOKYO ELECTRIC POWER CO ¢ ASAHI KASEL GROUP 7 MITSUBISHI CORP
9MAEDA CORPORATION 7 TEIJIN LTD 8 ORIX CORP
10 KANSAT ELECTRIC POWER CO 7 ABL CO LTD. 9 TOKYO ELECTRIC POWER CO
10 KOBE STEEL LTD

1TOP 15 COMPANIES TIED

Ben Caldecott
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BENLEEEEORE

BRICEITABEEELAR A

73 A
« BEULANLTOREZTS EOICBES S UHERORMBEEZE LV HT (20165FWEPPT—4
R—2)

Erkﬁ%aﬁ#ﬁ¥MEﬁ@Eﬁﬁ¢éﬁ HEWNIEFHE SN TNEEFRINHT -
HEEADEEF2/E5,00065H. MW (22557 KL MW) & #EF S (Rong and Victor,
2012)

M AEHA0F B A -EEZRMEET 5 (Pfeiffer et al, 2016).

ARNNBEENOCEERT H3D2DUF)AZHEELS-
54, 10&., 155

BDODLFUADVNTHIZEVWTH., BIFS L UHRORBERBEIERNRLLH 5 WO IEREARAHEIC
HoGEICE CLHEEMICENRTER IR F%E5E 3 5 (Caldecott & McDaniels, 2014)
EURTCEGZLNIR FE(F, RIEENZEOERRMEMEDC L THD

3DODLVF)ADEREIE., COHEETHTELEEREEAE) RINERICHEDLDELYES
BILBEDEWVWERT-HITEATE, TNENAOIFT)AIZEWNT, HIZFHESIATIEINS S
DDREFFEENMIRFEF>TUVWENWARNAREFMOEEEENRIZTEBANLGZEZRFAL T
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BARICH BERREERR AR
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¥12,000

¥10,000
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Estimated Unrecoverable Cost
(¥bn)

2016 2021 2026 2031 2036 2041 2046 2051 2056 2061 2066 2071 2076

M Existing Coal B Planned and Under Construction

x43: F:E,.\ﬁf*iéﬁﬁd)?’ém ($1_L 10 mﬂ/ﬁk L)

2021 (5 years) [A] ¥4,005 ($35.99) [B] ¥4,447 ($39.96) [A + B] ¥8,453 ($75.96)
2026 (10 years) [C] ¥2,700 ($24.26) [D] ¥6,223 ($55.92) [C+ D] ¥8,924 ($80.19)
2031 (15 years) [E] ¥1,550 ($13.93) [F] ¥5,307 ($47.69) [E + F] ¥6,857 ($61.62)

Ben Caldecott
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BRI

BARICETHEREEEA RN

®8: BRLE-BASHOEREEEREADHE (B 10/8M)

| | SR | BREBHM Y R 1 VTR PET

OLLVY
INTIIAND
ISTIALINI
/ (X3dvDd
- vawyidgd)

.

J-POWER 84% 56% 94%

0 o o =l 266 o o ¥586.2 ¥406.3 ¥237.5
OPR 40% 58% 88% 55% 32% 53% 53% 23%)  (16%) 9%

¥608.2 ¥9049 ¥7733
24%)  (35%)  (30%)
¥730.1 ¥541.0 ¥351.9
G%) (%)  (3%)
¥1,309.3 ¥1,136.3 ¥963.3
O%) (6%  (7%)

OPR  42% 35% 60% 80% 15% 30% 65% ‘oor0 ¥2532 ¥1217
CHUBU ..o oo geus 7%)  (5%)  (2%)
EPCO ? ? ? o | 2o ) IS o a0 Y1141 ¥3395 ¥290.4
PLN  26% 6% 76% 91% 38% 68% 74% Q%) (6% 6%

OPR  35% 58% 88% 15% 30% 17% 85% ¥24§,'2 ¥14?;7 ¥8?,'6
KYUSHU |00 o0 ND (5%) (3%) (2%)
EPCO ? ? IV Y P N o 1so Y4060 ¥353.0 ¥299.2
PLN 94% 62% 35% 50% 29% 15% 44% %) (3%) (6%)

OPR  20% 5% 30% 95% 15% 88% 12% ¥28§,'5 ¥239;8 ¥17?,'1
KANSAL o0 g0 ND @%)  (B%)  (2%)
EPCO ’ ’ o 100 caor mror 1o maor mo Y4392 ¥6613 ¥566.4
PLN  53% 18% 68% 74% 44% 59% 65% 6% (0%  (8%)

i) Ratio and environment-related risk presented as a percentile relative to Japan utility peer group, with a higher
percentage indicating higher risk: Np g, Neyrrent Ratio = 45 Nesrroa-capexy/int = 35 Nopr = 40; Npy = 34;

ii) Stranded Assets expressed in bn¥ and as a fraction of total utility assets

iii) OPR: Operating plants; PLN: Planned and under construction plants;

2021 2026 2031
b & 5 year)|(10 year)|(15 year
(9%)

PLN 44% 44% 68% 88% 41% 56% 6%
OPR 32% 22% 22% 20%100% 12% 95%

TEPCO  91% 47% 66%
PLN 47% 44% 68% 79% 53% 65% 76%

Ben Caldecott
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- HERSLURBRIIHIER AN EKEERE. PRSI RERFOEH IV BEL B RENIEICEEST
V3 (191060 B3B) . Ch (L. BIFEBRIHZTEMASE BRABRAOENMOBEOEERE Bl BT HHE.
BATREI LY —) LOBSLRE-T, MLUBOTR KN EBF N EREELLLTEMEDS DS,

s ARNDDEHESEDRIMIEIL. 65k8,570{2 ~83k9,240/2 M (616{5~802{BKJL)IZ LD, ChilE. BADAKR N
HEEREZE OD>EHDOIRTEDKKEHMILEED22.6~29.4%., 8B FENA.5~5.9%IZHHXETHIHFETHD. COIEIE.
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