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Unnada Chewpreecha(Cambridge Econometrics)
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Unnada Chewpreecha(Cambridge Econometrics)
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FHER(BREKE)
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http://mww.gsid.nagoya-u.ac.jp/fujikawa/index.html

WARE—(RIBRXZREGKE - REHNZREMREARIR)
BEMAXPELTERERBET. BL(I%). BEAFRRKERERBEER
HRFEHET. EXHEEEER). BiLIRIEMERN, ZERIKXFZET,
2016 F & YIRE. FEMFXREZEE RBE - TRV —BGK
https://www.matsumoto-lab.net/

REF(EAFERAFZRE A EZRIREEEZRALRR)
RBRZAZREFZAREBELREREET. FX@EFS). iLE
BRFAHBERKFRETMAREEET, 2014 F£& YIRHE.

HMIE, REREE BEIRLY—BR.
http:/Avww.shokei.jp/faculty/university/environment_planning/professor_profile.php?p=11

FRI(EEAXAFREFFEIEIR)
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AR 2 —BERAEE, 2017 £& YERE. BRIFHE K770
REE - IRILFY— - [UREEIBCR

Hector Pollitt (N 2 —-RUw k, 52Ty Ta/ ALY R T
1LIR) Ty OKRETELTEEMEBE BE 70Ty
IO/ AR)HORTHOIA—/N\)L ESBME ETILOEEEEE. EU O
2020 £ GHG 2 —4'v FDEER UNFCCC DETILA ARV k1)—IZ
L5m. yoI)yTKE CEENRG(HI VI vy EBE - TRILE—-
RKABEREEME LI ) DHAEEETFHE
https:/www.camecon.com/who/meet-the-team/our-staff/
https://www.ceenrg.landecon.cam.ac.uk/people/hector-pollitt

Alleen Lam (74 ) —> « S L YHAKEHAEE)

roJ )y DRETHELIEEIMGE, 2017 £EL VB, |/EE hA
RZIZT, HRAOEEMFADKMEEICET S FTT £7IL (Future
Technology Transition Model) MFIFAEHLERICHESE. FMIE, TRILF
—ZFR, BICEEHMAOIRILY—FIRE ZBIERFHE.

Unnada Chewpreecha (D F >4 « Fa)—F v, #oTYyP-I
O/ YO R EEMEE) ESME ETIILOFAELRFEEFEY, «
VR, 320, avER, AXYROERNETIVEREERY. &
EREE CORRHREOEF AT TILOREZIZECHADIRES
D BEARDEEHNR A XEIE B E B4E(Intended Nationally Determined
Contribution : INDC)ZERK (B9 5 R F=FHHEETILORAFAIRIZSM
https://www.camecon.com/who/meet-the-team/our-staff/

Florian Knobloch (7 B@—Y 7 >-/ JAw%, C-EENRG*(s7 > 7Y v
CRE-IRIILF— RAEREEAR L2 HARE) 72Ty
DRETELEZMER, BE, FTA4A—A~AY-FRN\IRKREFS
URYDEBLERRICESP. R CEENR 2T, YY—>F4 /0
D—DERICEYT AHEETIILOREICHRSE.
https://www.ceenrg.landecon.cam.ac.uk/people/florian-knobloch
*Cambridge Centre for Environment, Energy and Natural Resource Governance
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http://www.social.env.nagoya-u.ac.jp/norm/takamura

BRE(C(LBBEXFREFIHIR)
RARERERBEEFEARRELRIFRRET. BLEED.
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1.5ENDE = (1)

ORTUTTIE, SUREEPARBRLGEIREHMEELLDIC, KEHBELE
ZICFDHERMEOMERE KERODAEEFADIREMEDREE, RFEL
MEMEVAVMEMNBEELTEY, BXOLMEERETOMELZEL
LTWFT.

O NLDEIX, EEFEDTHAEILL, BERFIIFIXLEETHER
TOT DFRAIREEREZRESENLTHY, EEDOEEZEA -l
LARIVDERIEANERREDREELGO>TNEY.
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1.ENDE = (2)

o ZLToNoDMREI, MEFEGEEEZF - THEY, REHARKENIAN
CRZOTFULANLTOIRIILF—, BR, BEGERESHWEERAN DM
RAEELERADUFZENRNMELGIVRIRETHYET.

OSSN URTYLTIE, BR7UTICEIT SR REGREICA TR
WEF—EX-RE-BEHMOHRRAE I VERLIEZWEEZTNET.
ZLTEDRIZ, R7OT7THRATWSINDFEBBDFER-OIZHE
g&ﬁﬁﬂ%ﬂfiﬂﬂi, BRBADHYHICODNTHEZROTAI=WLERNE
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1.5ENDE = (3)

OKAMETIE, R7 VT CHOHFGZARE L ERFHMESDRIE DIV FEt=E
BRI =02, ToTYYOREETT) oI/ AN ) O ZADERFEL
~ESMER/VOGEETIILEFEALTEYEL:. E7Oo7REBREMES
(%, BIFE (B8 (A))DXIEIZLY, ChoDBFRRTEZI5ER, STEE
TIVZKBRESIVERI-HDERAEEEDHTLNET .

ORI URDYLIL, AARBBOA LS, BIEFRBICEALDDOHSFE, i
BEROAZHRICZLTWEY. E7o70REMEFSAGEELT
ELZTWEEE, &RICSMLTOE=EFNIESENTT.
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3AMEDEERHET /L (ESME-Asia:FTT)

E mental'policies’
>
g.'industi
emissions'c Energy'use'
tal't:
- . ; N Pollu=on
conomic ding’ abatement’
policies equipment’
«  Demographic'
| change' Energy'prices""
Funding'R&D" &'costs'
— _
—— —_— - N
*  Global'oil'price'
«  Energy'policies’
nuse,” ¢ prices'& 'taxes'

www.e3memodel.com

2017/12/23 SURDTYLDOBEHA

3.1 EAMEET /LI E

®E3ME (Cambridge EconometricsBa )
oihig; - [F : 59
O AP 42
oHEHTI)—:28
R HiESE 12
ORI IL—T 19
ORTHR: 14
O VORTEETIL
O BERAVEDNT—FTHTE  2050FFTIIal—ay
®No equilibrium, Non optimization
®FTT(Future Technology Transformation): EBME+FTT (#fi1:&#R)
BAEBFI(24 D DEFITEIR), EERFT (25D DELATEIR),
ERAER P (BMEA8) (13D DR IN), EE2 AR (R )
®E3ME-Asia Model

o7 UTEF R UV RREBRMA S LK RFAFE
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3.2 EBME& FTTEDEE R

FTT is a micro-model of technology choice and substitution, given economic/policy context

Post- FTT

Schumpeterian
(evolutionary)

* Fuel consumption
+ Electricity demand * Investment in
+ Fuel demand new power source
- Electricity price

Post-

Keynesian E3ME

+ CO2 emission
- Investment spill over

+ GDP, Employment
2017/12/23 SURDTYLDOBEHA 9

3.3 FTT-Power (LCOE — IEA 2016)

0]From: IEA Projected costs of generating electricity

p.103 p.62-63 p.a3

Discount rate 10% Rate ncrease price of carbon 1%_ do/o 15% Es/D: 1% Upeak/utot 30% Us/utot 1%-

Carbon Costs ~ std Overnight  std Fuel std 0&M  std Lifetime  Lead Time Load Factoi Type LCOE std FuelC02  Efficiency  Emissions Learning rat

$/MWh $/MWh $/kw $/MWh $/MWh  $/MWh  $/MWh $/MWh  years years 0123  $/MWh  $/MWh kgC02/6) % 1€02/GWhb
luclear 0 0 4896.00 1525.05 .60 233 1100 6.15 &0 7 ek 1 10995 3441 00 100% 0.0 -0.086¢
il 0 0 1227.84 1033.63 22366 23952 2213 5.69 40 LI 1 26534 256.04 733 4s%  seed4 -0.0147
0al 0 o 229285 775.01 25.62 123 741 6.02 a0 4 8% 1 6954 25.08 9.4 a3% 8322 -0.04dff
0al +CCS 0 0 122469 1172.55 22,03 1023 15.02 455 L4 1 8% 110872 29.87 99.4 3% 967 -0.074
6eC 0 0 3829.06 170594 2005 157 1009 151 a0 4 ek 1 an 29.34 99.4 4% 8520  -0.044¢
GCC+CCS 0 0 452114 1523.05 18.96 750 1287 0.52 40 4 8% 1 10483 3177 9.4 w967 0074t
6T 0 o 1067.00 33675 6606 1652 582 2.80 0 2 8% 1 ssm 2179 561 57% 3543 -0.059F
6T +CS 0 0 2446.53 52063 7120 147 642 0.40 30 2 8% 1 11419 9.31 56.1 4% 430 0074
olid Biomass 0 0 4007.00 2587.47 9324 7294 1855 26.53 a0 4 ek 2 17559 118.82 00 3% 00 -0.074F
-Biomass (S 0 0 593874 298500 9324 7294 1855 26.53 a0 4 8% 2 20635 12515 1120 37% 5808 -0.105
el 0 0 3829.06 170594 9324 7294 1009 151 a0 4 8% 2 16430 100.12 00 % 00 -0.074F
UGCC + (TS 0 ol 452114 152305 9324 7294 12.87 0.52 L4 1 8% 2 17810 97.19 1120 37% 9808 -0.105
iiogas 0 0 3733.00 3519.63 000 3662 6052 5.84 30 2 ek 2 11632 89.69 00 57% 00 -0.074F
iiogas + CCS 0 0 511253 3703.50 000 3662 6052 584 0 2 8% 2 13694 92.44 546 4% 3764 -0.10
mall hydro 0 0 2782.50 3538.98 000 000 3840 6.45 80 7 a% 3 89.04 70.86 0.0 100% 0.0 -0.020¢
arge Hydro 0 0 2492.50 2499.96 0.00 000  9.86 10.43 80 7 8% 3 5521 55.92 0.0 100% 0.0 -0.020
Inshore 0 0 1841.00 443.49 000 000 2138 8.67 25 1 3% 0 9850 27.25 00 100% 00 0105
sfshore 0 0 5000.00 57958 0.00 000 4071 19.82 25 1 % 0 19032 37.17 00 100% 00 01381
olarPV 0 0 183350 552.90 000 000  22.80 15.57 25 1 % 0 187.39 65.20 0.0 100% 0.0 -0.269
5P 0 0 430100 1859.10 0.00 000 1738 22.10 25 1 5% 0 12937 64.58 00 100% 00 -01s2¢
seothermal 0 0 582250 2036.63 000 000 17.28 34.10 40 4 8% 3 109.99 66.53 00 100% 0.0 -0074
Vave 0 0 5142.07 241485 0.00 000 5591 36.58 20 1 ae% 0 20734 107.70 00 100% 00 -0.2181
uel Cells 0 0 5884.82 545900 5871 5456 53.70 19.81 20 2 5% 1 20507 159.93 153 80% 689 -0.234
HP 0 0 2000.00 4358.28 65.74 1521 1593 3185 a0 2 ek 1 768 12479 153 80% 689 -0.044

1GWh=3600GJ

requency Matrix Ajj = 10/lifetime*10/BuildTime

Nuclear oil Coal Coal +CCS  IGCC IGCC+CCS CCGT  CCGT+CCS  Solid Biom S Biomass (BIGCC  BIGCC+CCS Bioeas  Biogas+CCS  Small Hvdro Laree Hvdro  Onshore  Offshore €

2017/12/23 DR LOBEHA 10
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3.3.1 FTT Power
Frequency Matrix Aij = 10/lifetime*10/Build Time

2017/12/23 SURDTYLDOBEHA
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3.3.2 FTT: Power

Technology shares determined by Aggregating every choices

ASi = ZSiSj (Au Fij - Aji Fji )At
j

J.-F. Mercure, Energy Policy 48, 799-811 (2012)

Si : Share of technology |

Alj : Life time of technology i and lead time of technology |

Fij : Probability that technology i would be chosen between i and |
t:time

2017/12/23 SURTTYLDOBEHA
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3.3 FTT: PowerTOHFTER

Simulates: Substitutions Substitutions

+ The future replacement and
diffusion
f pawer technol
. Of power technologies
- By power generation sectors

.-u LA
worldwide Wind [ wind | | Wind
(59 world regions)

- Based on dynamical shares L PV |
equations (the FTT method — [ BIGCC | [ BIGCC | BIGCC
no optimisation) - -

L} ]
« Useful energy demand by
L] - L]
country as an exogenous drlver
(depending on future levels of 1 t - 2 t - 3
construction/gereration)
J.-F. Mercure, Energy Policy 48, 799-811 (2012)
s -
2017/12/23 DRI LOBE A 13
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3.4 FTT :Transportation T 3 fiT 12 IR
93 regions, 25 fechnologies

15.9K Prices'of'cars'(Std'of price" fuel'cost'(USEstd fuel'cost O&M'costs'(LO&M 'costs'(s Discount ratelifetime  energy'use'(NDistance'travoccupancy'ra Capacity'fact C'(initial)  CO2Emission:Seats/Veh ~ Learninglexpc

Petrol§con 18683.00  4396.00 0.095 0013 0.038 0.020 15% n 1583 12104 0375 45390 1.00744 109.732966 4 R.014499

Petrolvid 3218500  8164.00 0.123 0.014 0.051 0.030 15% v} 2064 12104 0375 45390 072093 143044759 4 10014499

Petroldux 9953800  49455.00 0.202 0.057 0.064 0.030 15% 1 33719 12104 0375 45390 R.216744 23416231 4 £.014499%6

Advance@etrolEcon 18683.00  4396.00 0.076 0013 0.038 0.020 15% 1 1425 12104 0375 45390 1.00744 98759669 4 £.0740006

Advance®PetrolMid 3218500  8164.00 0.110 0.014 0.051 0.030 15% 1 1.858 12104 0375 45390 072093 128.740283 4 £.0740006

AdvancePetroldux 99538.00  49455.00 0.161 0.057 0.064 0.030 15% 1 3.041 12104 0375 45390 0.216744 210.746079 4 £.0740006

Dieselcon 2260800  3297.00 0.069 0.010 0.038 0.020 15% n 1351 12104 0375 4539.0 03 100.104906 4 R.014499

Diesel$Mid$ 3375500 7065.00 0.077 0.015 0.051 0.030 15% 1 1581 12104 0375 45390 0 117.12274 4 10014499

Dieseldarge 5479300  14601.00 0.118 0.025 0.064 0.040 15% n 2104 12104 0375 45390  R.441858 155.926763 4 R.014499%

Advancedieselcon 2060800 3297.00 0.084 0.010 0.038 0.000 15% vl 1216 12104 0375 45390 03 90.0944151 4 10.0740006

AdvanceDieselMid 3375500 7065.00 0.095 0.015 0.051 0.000 15% v 1423 12104 0375 4539.0 0 105410466 4 R.0740006

AdvanceDieseldarge 54793.00  14601.00 0.095 0.025 0.064 0.000 15% 1 1894 12104 0375 45390 R.441858 140334087 4 10.0740006

CNGEcon 21485.45 1000.00 0.048 0.055 0.039 0.020 15% 1 1508 12104 0375 45390  0.627906  84.5988 4 £.014499%6

CNGMid 3701275 3000.00 0.071 0.069 0.056 0.030 15% 1 2210 12104 0375 45390 0321858 123981 4 R.014499

CNGlarge 11446870 5000.00 0.082 0.076 0.066 0.040 15% n 2548 12104 0375 4539.0 R78 1429428 4 R.014499%

Hybrid§con 2920200 282600 0.084 0.003 0.039 0.030 15% 1 1414 12104 0375 45390 R.302328 979758621 4 R.1520031

Hybrid$id 3454000  6594.00 0.073 0.009 0.056 0.040 15% n 1216 12104 0375 4539.0 R.72 842592414 4 R.1520031

Hybriddux$ 7834300 9263.00 0.124 0.017 0.066 0.040 15% 12 2078 12104 0375 45390  R0.78093 144.024517 4 £.1520031

EVEcon 10990.00 157.00 0.000 0.000 0.046 0.040 15% 1 0210 12104 0375 45390 132558 0 4 R.1520031

EViMid 4474500 1256.00 0.000 0.000 0.065 0.050 15% vl 0540 12104 0375 45390 0 0 4 R.1520031

EViux 89961.00  2355.00 0.000 0.000 0.080 0.060 15% 1 0580 12104 0375 4539.0 B 0 4 R.1520031

2WheelersMotorcycle€cony  3808.00  1326.00 0.040 0.003 0.030 0.030 15% 7 0676 6052 055 33286 22693 46.8324621 2 R.014499

2WheelersMotorcycleduxd> 1493200 5760.00 0.127 0.039 0.030 0.030 15% 7 2124 6052 055 33286  0.906978 147.159745 2 R.01449%

AdviMot 3808.00  1326.00 0.040 0.095 0.030 0.030 15% 7 0676 6052 055 3386 2.2693 46.8324621 2 R.014499%

AdviVots 1493200 5760.00 0.095 0.095 0.030 0.030 15% 7 2124 6052 055 33286  0.906978 147.159745 2 R.01449%

Mercure & Lam, In preparation (2016)
2017/12/23 DURYY LOBRE B 14
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3.5 FTT :Building (Heat) T fiT3E1R

2017/12/23 DURSY LOBE A 15
> / 2 S
3.6 FTT:Industry COD X fi734R
© Xi'an Abundance Electric Technology Co.,Ltd
SF O OEERFICELS ZBERFR)
BETE TIEH2.0kg, ESKFOELEHL#90.5kgl
VAN s, = g EFERF S5HE
Santamaria and Linares (2011) http://www.iit.upcomillas.es/docs/IIT-11- i%i?%gimﬁ%ﬁg%x’ﬁ%fﬁ;%i(i BRFOEIE
090A.pdf * TR
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SEEH

FTITEIRE LU @EEBFIIZHE L TOEM

1 Nuclear

2 Qil

3 Coal

4 Coal + CCS
51GCC

6 IGCC + CCS

7 CCGT

8 CCGT + CCS

9 Solid Biomass
10 S Biomass CCS
11 BIGCC

12 BIGCC + CCS
13 Biogas

14 Biogas + CCS
15 Tidal

16 Large Hydro
17 Onshore

18 Offshore

2017/12/23

e 3|
19 Solar PV 1 Petrol Econ
20 CsP 2 Petrol Mid
g% \(/3Vea(\)/t:ermal 3 Petrol Lux
23 Fuel Cells 4 Adv Petrol Egon
5 Adv Petrol Mid
24 CHP 6 Adv Petrol Lux
7 Diesel Econ
8 Diesel Mid
9 Diesel Lux

10 Adv Diesel Econ
11 Adv Diesel Mid
12 Adv Diesel Lux
13 LPG Econ

14 LPG Mid

15 LPG Lux

16 Hybrid Econ

DURDY LOBE R

17 Hybrid Mid

18 Hybrid Lux

19 Electric Econ

20 Electric Mid

21 Electric Lux

22 motorcycles Econ

23 motorcycles Lux

24 Adv motorcycles Econ
25 Adv motorcycles Lux

17
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RERE WARE— (RFKFE)

HEE HEBF(BMFERAKZ) . Unnada Chewpreecha (Cambridge Econometrics).
BEC(LBBEXRS) . g (LOXE)  MER(FRHXE) . THFELL(BHKE)

AAEDHE

EPurpose

Investigate the impact of nuclear/coal thermal regulation on
® future power generation structure

® CO2 emissions from the power sector

EModel: EBME-Asia model coupled with Future Technology Transformations (FTT):

Power

—The outline of this model will be presented at the next presentation.

2017/12/23 RESLUVERKDOHH
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RAEDHRE

ETarget countries: China, Japan, Korea, Taiwan
EPeriod: 2017-2050

mDifference from Reference Scenario of Asia/World Energy Outlook (AEO2016) by
IEEJ
® Simulation period: 2017-2050

® Policy regulation: ambitious reduction of coal and nuclear

2017/12/23 RESLUVERKDOHH

B Japan (power generation structure)

2017/12/23 BEREBLUVERKDOHH
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B Japan (current status of nuclear power)

Application for reactor installation is submitted

Application for
reactor installation

Decided

decommission| Total

2017/12/23

20%

0%

7%

2009

mm Coal Oil

Goal for 2030 as of 2010

Goal for 2030 as of 2015

LNG mmNuclear mmlarge Hydro mmOther renewables —e-total electricity output

RESLVRRKDDRF

200

(as of 2016) is not submitted ing after 2011
yet
25
Amendment of reactor Application for reactor
installation license was installation is under review
permitted by NRA by NRA
15 14 54
12
Already in Not yet in 13
operaton operation
5 7
2017/12/23 RHESIVR K ADHRH]
B Japan (future goal of the share of power generation)
GHG reduction goal: 23% from 2013 level by 2030
120% 1065
1020
956 1000
100% .
s 800 §
= s0% s
é 600 E.’.
g 60% g
;;40% 29% o 400 §
13%

17




W China (current status of installed capacity & future goal)
GHG reduction goal: 60-65% per GDP from 2005 level by 2030

Electricity 13FYP 2050 Road Map
2015 (Targets by 2020) (Targets by 2050)
achievements | Installed | . Snre Of Installed _Share of
: Primary energy ) Primary energy
capacity ) capacity )
consumption consumption
Hydropower 320 GW 380 GW 554GW
Nuclear 27GW 58GW 100GW
Wind 131 GW 210 GW 15% 2396GW 609
0
Solar PV 43 GW 110 GW 2696GW
Bioenergy 10.3 GW 15 GW 133GW
Geothermal 0.03 GW N/A 11GW
Coal 900GW <1100GW 886GW
Gas 66GW 110GW 220GW

2017/12/23

[RFEESVREKADREH

B Korea (current status & future goal)
GHG reduction goal: 37% from BAU projected level by 2030

. 7t Basic Plan for Electlicity supply and
2014 Achievements demand by 2029 (as of 2015)
- Installed Share of Generation mix by 2035
capacit power Installed under 4t Basic plan
pactly generation | capacity (%) P
(%) (%) renewable energies(%)
Nuclear 22.2 31 23.7
Coal 28.2 26.7
64
LNG 28.7 20.5
New and 6.7 5 20.0 13.4
Renewable Energy
Others 14.2 9.1

2017/12/23

[RFEESVREKADREH
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B Taiwan (current status & future goal)

GHG reduction goal: 20% from 2005 level by 2030

2015 Achievements Energy transformation goal by 2030

Share of power : Share of power

generation (%) Installed capacity (MW) generation(%)
Nuclear 14.1% Phase out 0%
Thermal 80.6%
Large hydro 2089MW 2200
Wind 737TMW 5200
Solar 842MW 8700

0 0
Biomass 741MW 4.1% 950 20.0%
Geothermal oMw 200
2017/12/23 RREEBLVRR KD 9
YA
EBaseline

2017/12/23

BS1: Nuclear power regulation
WS2: Coal power regulation
BS3: S1+S2 (Nuclear & Coal regulation)

v'In all scenarios, no CO2 restriction

[RFEESVR KK ADREH

10
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W Baseline

2017/12/23

[RFEESVREKADREH

(GW)
year 2017 2020 2030 2040 2050
) Nuclear 35.8 94.2 131.3 168.4
China
Coal 906.4 979.3 1091.9 1204.5
Nuclear 4.4 16.0 22.3 18.8 15.4
Japan
Coal 45.8 53.0 50.2 47.5
Nuclear 23.1 41.5 415 41.5
Korea
Coal 25.7 43.5 46.5 49.4
) Nuclear 51 4.4 4.4 4.4
Taiwan
Coal 14.5 19.2 18.4 17.6
Actual data IEEJ(2016) Extended trend

11

2017/12/23

RFNEEORMEROLE

[RFEESVR KK ADREH
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BRANEBEORMBEROLE

2017/12/23 RFE LR KK I DRG] 13
[ (GWh/ Y) Baseline Scenario 1
12000000 12000000
10000000 10000000
W 24 CHP
8000000 8000000 M 23 Fuel Cells
m 22 Wave
6000000 6000000 W 21 Geothermal
m 20 CSP
4000000 4000000 M 19 Solar PV
M 18 Offshore
2000000 2000000 M 17 Onshore
16 Large Hydro
0 Nuclear 0 m 15 Tidal
2013 2033 2038 2043 208 2013 2018 2023 2028 2033 2038 2003 2008 ™ 14 Biogas + CCS
M 13 Biogas
W 12 BIGCC + CCS
i Scenario 3 m 11 BIGCC
12000000 Scenarlo 2 12000000 M 10 S Biomass CCS
H 9 Solid Biomass
10000000 10000000 W 8 CCGT + CCS
B 7 CCGT
8000000 o 8000000 B 6 IGCC +CCS
Onshore m5IGCC
6000000 5000000 4 Coal +CCS
™ 3 Coal
4000000 m 2 Oil
4000000
1GCC+ CCS W 1 Nuclear
oo ke 2000000 HSee
o Nuclear
2013 2033 2038 2083 2048 0
2013 2018 2023 2028 2033 2038 2043 2048
2017/12/23 RFE LR KK I DRG] 14

21




hE O EIRERK (%)

Baseline S1 S2 S3
Nuclear 10.8 2.5 38.0 2.6
Fossil fuels 76.2 83.4 9.6 18.7
Renewables 13.0 14.2 52.3 78.7
Total 100.0 100.0 100.0 100.0
2017/12/23 RESLUVRRKIDH 15
hE D CO2#EH E(MtCO2)

2017/12/23 RESLVRRKDDHE 16
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B

2017/12/23

Baseline Scenario 1

Scenario 2 Scenario 3

ERE IR KK ADREH

W 24 CHP
M 23 Fuel Cells
22 Wave
W 21 Geothermal
m 20 CSP
M 19 Solar PV
18 Offshore
17 Onshore
16 Large Hydro
15 Tidal
14 Biogas + CCS
M 13 Biogas
W 12 BIGCC + CCS
W 11 BIGCC
M 10 S Biomass CCS
m 9 Solid Biomass
W 8 CCGT + CCS
W7 CCGT
M 6 IGCC + CCS
W 5IGCC
4 Coal +CCS
3 Coal
2 Oil
B 1 Nuclear

17

HADEIRER (%)

Baseline S1 S2

S3

2017 2050 2050 2050

2050

Nuclear

3 8.6 0.0 0.9

0.0

Fossil fuels

86 71.2 77.1 49.5

50.3

Renewables

11 20.1 22.9 49.6

49.7

Total

100.0 100.0 100.0 100.0

100.0

2017/12/23

[RFEESVR KK ADREH
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HARDCO2HHE

800
700
600
)
500 )4 ’«, 4 S T,
il "
400
300
200
100
0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
em— B aseline «= = S1-nulear regulation S2 - coal regulation S3 - nuclear and coal regulation
2017/12/23 RREEBLVRR KD 19
CEES
Baseline Scenario 1
W 24 CHP
M 23 Fuel Cells
W 22 Wave
W 21 Geothermal
W 20 CSP
M 19 Solar PV
18 Offshore
17 Onshore
16 Large Hydro
15 Tidal
14 Biogas + CCS
M 13 Biogas
W 12 BIGCC + CCS
i . W 11 BIGCC
Scenario 2 Scenario 3 m 10 S Biomass CCS
m 9 Solid Biomass
W 8 CCGT + CCS
W7 CCGT
M 6 IGCC + CCS
m5I1GCC
4 Coal +CCS
3 Coal
= 2 Oil
W 1 Nuclear
2017/12/23 ERE IR R KD 20
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HEDEIREM (%)

Baseline S1 S2 S3
Nuclear 31.9 7.8 22.2 8.0
Fossil fuels 57.5 75.9 41.7 49.4
Renewables 10.6 16.3 36.1 42.6
Total 100.0 100.0 100.0 100.0
2017/12/23 RESLUVRRKIDH 21
BEOCO2HHE
2017/12/23 RESLVRRKDDHE 22
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a7

Baseline

Scenario 2

Scenario 1

Scenario 3

W 24 CHP
M 23 Fuel Cells
22 Wave
W 21 Geothermal
m 20 CSP
M 19 Solar PV
18 Offshore
17 Onshore
16 Large Hydro
15 Tidal
14 Biogas + CCS
M 13 Biogas
W 12 BIGCC + CCS
W 11 BIGCC
M 10 S Biomass CCS
m 9 Solid Biomass
W 8 CCGT + CCS

w7 CCGT
M 6 IGCC +CCS
m5IGCC
4 Coal + CCS
3 Coal
2 0il
M 1 Nuclear
2017/12/23 RESLUVRRXDORH 23
AN == r
A /%0) EE.IJE\*%EZ (%)
Baseline S1 S2 S3
Nuclear 9.1 0.0 7.8 0.0
Fossil fuels 84.1 92.5 75.4 81.6
Renewables 6.8 7.5 16.7 18.4
Total 100.0 100.0 100.0 100.0
2017/12/23 BRESLVRRXDORH 24
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BEDCO2HHE

2017/12/23 BEREBLUVERKDOHH

25

BFrom S1 (phasing out of nuclear power)

® Increases in electricity generation from coal power

® Limited contribution to the diffusion of renewable energy
BFrom S2 (phasing out of coal power)

® Increases in electricity generation from gas-thermal and some renewables (PV and

onshore wind)

® Nuclear power increased in China but not the other countries

2017/12/23 RESLUVERKDOHH
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BFrom S3 (a phasing out of nuclear & coal power)

® Similar patterns with S2 except for nuclear power

® Decrease in nuclear power is compensated by increase in gas-thermal power
EConclusion

® Coal-power regulation can increase renewable energy sources, but the contribution of

nuclear-power regulation is limited.

® Such regulation is not enough to increase renewable energy sources and to reduce CO2

emissions for sustainable development.

2017/12/23 RESLUVERKDOHH
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MEER(TIAXZRKE)
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BX
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1. AR

ORTUTANEICHE T AFHR A e HERFH I DRERRICRAITT
ORRLEARKAMHNS FIAIKBH2050FERIVIREDIY
1. REOHRH-BIRENERELT, BRAXADKIEEEICESCO2H R
2. RELERKADRERH=—EREOBLRE RIEAHER

FiREL
M- 2050 B BEIVIRSIERENER?
o ENEM KA A ERFHRITATH-ENBROBFHR
1. REOHEE

2. AHRKADHIE }ﬁ’ﬁ“""”’%b E> ?:EQ;EE ’
g, — ] 3= 7 23 £
3. FEFREARNDDORERE] BRRAREOEL EEmaen(88)?

ZDih?

2017/12/23 R7O7I2H1H52050F NERFRIVIRE DIV DRFNR

—

2. €T/

®E3ME-Asia Model (Cambridge EconometricsBa )
o7 UM K7 VT RIEBRMERLHFEMFE
eithig - [F : 59
OEXERM 42
OHEHTI)—:28
O SRFIFELE 12
ORELFIAY IL—T 19
OKXKREE 14
OOt EETIL
® BEAVEDT—HATHIE . OECD/IEATF A
®No equilibrium, Non optimization
O E HERFT : EBME+FTT (X HiHEIR)

2017/12/23 R7OTI2H1122050F NERIVIRE DIV DREFNR
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K&l ERERZEILD ESBME-FTT:Power~D74—k/3v%
BRSO FIA(RFE-ARRKARE)DEZFADZEF, KECEBRIARMDEILIZELD
LDE BREBHEOERLICEIEREAEREFTERLEICLDIDTHITOND,

2017/12/23 B7OTIZHET52050F DEFIVIAE S DEFHE

B%x2 ERIRCORETF A
REOTRAAFHCLPBHEIR LROBFAOEEE EHPITZTAFRERELZH,
thEMNICIE, BIAIRCOE T, SFERBEE2ONEHES

ESME-FTTETITlZ.
BIOEMEHICLS
ERAXCDIETERA
B{RBENTLVS,

Sourced by Green Convergence Solar(2017)

2017/12/23 B7OCTITHE 52050 F DEFIVIAE S OEFHE
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H%x3 ERFEFTELIED ESME-FTT.Power~D71—FK/\v%

EROCERXADOHRET, BEFTRIRLF—DILANDLELY, BEREF
(Brfl. B5%) . ERBARIBRF~NRUNTSAZEEEX S,

ar or coal
t¢chnology

Total investment
made by

Increase
investment in

E3ME

Higher import of
investment goods

other
technologies

electricity sector

Increase demand
for construction

(negative)

Increase in jobs
and incomes

& engineering

Increase demand
for other goods

Increase in
consumer

and services

Further rounds of impacts

spending

2017/12/23

R7O7IZET52050F DERIVIRAE DIV DEFDR

XZ*4 FTT: Power

Technological learning within FTT

2017/12/23

Adoption rate

Cost

2.5%

Innovators

Laggards

Early Majority
34% 16%

Late Majority
3%

interact

TTime

Diffusion and learning

R7O7ITE T B2050F DERIVIREDIVDEFEDR

Time
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X 5%5 Bottom-up Schumpeterian meeting Top-down Post-
Keynesian: the ESME model

2017/12/23 ESME  HE7 7ICEIT52050FENERIVIRESIVDORBREDR

3.UFUA=>FImELRE—

ORN—RXTA T F1)A (Bau)

O T )L X —#ZF M EFT D Asia/World OutlookDLI7L 2 A+ A %A
ORIKRI A

O2050FFTICHT7U 7 CHRIER. ARKNNDEBIET

o E HERFITERY A

OHRIRH. BT HRH

o A

OS1:[FF hiRHl

0S2: [k N R

0S3: S1 + S2([RFER/ iR X D EBFHRHI)

2017/12/23 B7OCTITHE 52050 F DEFIVIAE S OEFHE
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4, 58

OXE~NDEE
®GDP. EH
OHE KRE.EHINX
oYfii . & F1fi#&
OFEELE

2017/12/23 B7OTIZHET52050F DEFIVIAE S DEFHE
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Xz 6 GDP for China, % difference from the baseline

® FERBRFIFIA S BEANDHZEFIHEVGWUNSRBRFE T EBRKNOBRBERESR)

® AN (S2ELUS3) [F, MHAMICITEEATAFRALETHLHA . PRPMICIBIRRE
EBIAMBE THITHN, KETIRERLLD,

SHETE, RERFE-RAERXAZ, PREBIEF~ADTSAZELLD

2.0
15
1.0
0.5

0.0
2005 2010 2015 2020 2028 2030 2035 2040 2045 2050

-0.5

S1- nulear regulation S2 - coal regulation S3 - nuclear and coal regulation

2017/12/23 R7O7I2H51H52050F NERFRIVIRE DIV DRFNR

12

34




X% 7 Employment for China, % difference from the baseline

O ERA~NNEE(L. HAMIZGDPADNEELMELEIZT S,

2017/12/23 "7 U7I2H11 52050 DERI VI RE Sar DRFHNE 13
[X]5=8 GDP for Japan, % difference from the baseline
o FEFEBEIFIVA(SDIX. BEADEEFHFYLEN(ARBLIULNGAHDRBERLESR)
o ARBHI(S2BLUS3) &, PEHMICITRFIATATRAEETHAIN., REMIZITHRHIZLIER
AAMEERIREELEBIRMEE TENDNA—TBIEHY ., BEFADBEIIFEAELLDS,
SREHMICIEREADEELGLIC, RER-BRARKANTTREELS,
2017/12/23 H7U7I2H11 52050 DERI VI RE Sar DRFNE 14
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X %9 Employment for Japan, % difference from the baseline

o EFRNDEEF. EAMICGDPADEELINZLLIZT S,

0.5

2017/12/23 "7 U7I2H11 52050 DERI VI RE Sar DRFHNE 15
X210 GDP for Korea, % difference from the baseline

o [REBHITFIA (ST BEADEEIREIFHNEREEIVINGK ADZFEBERLER)

o -ELARPEVER A ixEIFRE (S2,83) &, PEHMIZIZBREIATAFTREETHSLH .
REMICEREACEEZERIAIAMEEB IR EEFIRMEE TELHNN—FTBIEIZHY,
BEANDEELFEAELLD,

S>EHMICIEREBAOEELLIC, RER-BRARXKANTTREELS,
2017/12/23 H7U7I2H11 52050 DERI VI RE Sar DRFNE 16
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X|%&11 GDP for Taiwan, % difference from the baseline

® 2025F FTHRBFRFERF FUA (SD) (L. EMAILBRIFEFTEDFIREMRICKY . BFEA~
FRAUGHZEESZALN, BRRELOARRINTHLEA—RFAUEMIFT S LIZE D,

® ARG (S2ELUSI) (T, FHIMICREFATATRZETHHN, ZEBTEBETEDFLE /PSS
2030FLIEIEBEIAREDR LRICKIBEADTSIRAEELH D LTS,
>RPMICEIFEAERFADZELGLIZ, REFE-BRARX AN TEELD,

1.0

0.0
2005 2010 2015 2020, 2026 2030 2035 2040 2045 2050

-0.5

S1- nulear regulation S2 - coal regulation S3 - nuclear and coal regulation

2017/12/23 B7OTIZHET52050F DEFIVIAE S DEFHE
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5.1 F&&H: BERIVIALEIEECO2 HEtH

o [FF R (S1)
OEH?JUJI ﬁﬁéh‘@é, FEL 1‘7:;L\75i1 CO2#EHH [F R ELHD
OED'—iij%E%IJ (st S3)
OHINRERMEUVBIEIZHY, CO2HEE RELBIF T REL TS
SERAREGERRERIERLH M. B KD LI,
INGRAIZRBEEINDZLITHY  BERFREBRO+AEEREIE
HBIELN
SEG ARG ERZERICSSODLLVEBEIRADISHRIERD=-HIZIE
— R TSAL 0T D5, BIRDT )RR T Z BB ETIC
X EROHEBNNE
SEKRURSHOLEIBBDHRE

2017/12/23 R7O7I2H51H52050F NERFRIVIRE DIV DRFNR
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5.2 FEOH BEFNDFS

oGDP

OFFHIRH(S1) ["BFIX, FEAERARPLNGRAIZRKBEIN, EOEIZEINTH
BEANDZEFEFTESFEE /NS
O K IRF(S2. S3)  FEHAMICIXE R ARAMEIZKYBREFATAFTREEE5Z 50
PRAMICEIBIAREEMNEEFRIRMETOLYERIEICAMNS
>hE BIRBAEENEELTETE. BIRRENRICIYBREFEIRETSRELD
S>HhEEREBRREZTESTIE. BIRERILKY—XT, 2050EFEZE80%FET
RELTW,
SHKR: ARAXARFIIIEHBREZENREREVISTHD
SBE BIRKRELEHCIIBRBLEHIREALSEN., 1% UNTEED
SHEE AEGRERFTIFICEYBREFOEFHELEZAOTENRLNDA, BELAEN
+0.2%THEES
o EH
0L BT 1GDPDHEFRIZHRED

2017/12/23 B7OTIZHET52050F DEFIVIAE S DEFHE
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OHRT7UTTIX . BEANDEENSFELL P REMICIIBEF~ADFEL
L. HLLUETSREEDT T, 2050FERRFE - RARNDDOERIERD
ERMNAIREEE S,

O TMNERLELT,

SEAIREEORRLYNICTVIRRYTFADER
> BIRBEEEORFEEDR
=S LAIRILE—BHARICEZESNTURBENDE

O - ARNANRHNRT7TO7TRIBEIZITHhNDIGE
SEFADTSREENEMENZREL
=S>ERIAMEMIC &S EEIRNEEABHEINDG (BB HFENDR)
SEIARMOAE LA —N—PRIETSTR—I—F1JyRA
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1. PARHEIE

® TAE L XI5k : 20304EINDC. 20504 2°CH—* vk
1 REMRH R BEHIRE

1. ENAFTORENRAADER
S LB PRI ST (A B

2. oSN EELERE
® T %I A : HIR (RH)

ORTUTANEICHE T AHFHR A REHERFHRDRRICHITT
2. BEARGERFHRSTALF—ERE, EF hOBBMBLEE

A EIIE N> EHRTRDIER 2
O E AN Frit Al e HERFHARICRIFI=FENERK ?

BARREIRILY—
=Rk

151 (& 7 & HR il &

(Feed-in-Tariff: FIT)

2017/12/23 RERFH IVEEME S IR E
—
2. ETIL

®E3ME (Cambridge EconometricsBa %)
oihig - [F: 59
OFEXTERFY: 42
o EEHTI)—:28
oA HIFESE 12
OAKIFIAY IL—T:19
O KSFH: 14
O /OETEETIL
OBEL0EDNT—ATHIE . OECD/IEAT B
®No equilibrium, Non optimization
O E HERFT : EBME+FTT (3 4iniR4R)
®E3ME-Asia Model

o7 UTEF R UV RRBRMA R LR
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Figure 1: Economic impacts of a Feed-in-tariff in
E3SME-FTT model
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Figure 2: Economic impacts of a carbon tax in the
E3SME-FTT model
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3. LFUA

OR—RXSA I F 1A (Bau)
ORI A
20304, 2050F BHIFZEM T 1= REHMEA
o E N ERFI THRYHE A
o[ TE B HR il ( FIT)
O F BRI [RF R
oL+t
S1: Feed-in-Tariff
S2: FIT +A R X AR +[FEFHFRE| (FF&1:S3)
S3: S1 + kR (BEEHIHE-SITOHIBES : RS ITXLT)
=R —-2yH R BEHEFATORY A (RFRG+RF DR + kB
S4:Carbon tax only to meet both NDC and 2°C target
2017/12/23

RFEBLE SV EE itk B HHE

Figure 3 : CO2 in the Reference Scenario,
Asia/World Energy Outlook 2016
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Source(s):Asia/World Energy Outlook 2016 (IEEJ 2016).
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FIT: BAERRETRILXF—E REYR—Fk

o Z—/7y M Al
o X EDEBIK
O R—FRXF¥—L
® China:FIT with bidding
® Japan:FIT
® Korea:Renewable

BETREIRIL
F—OHFEIAXL

portfolio standard (RPS)

® Taiwan:FIT

BERMS
Bf-axk

support rate < -100%

Feed-in-Tariff

EWallilis

2017/12/23 REBE LB E i 5 B E 9
Table 1: Overview on FIT system in East Asia country
China Japan Korea Taiwan
CNY/kwh JPY/kwh KRW/kwh US ¢/kWh
Photovoltaic power 0.65-1.05 27-35 15.33-21.52
Land-based wind power 0.40-0.57 22-55 ‘(3*??';787_ 8.78-27.12
Offshore wind power 36 Systerﬁ 18.52
Geothermal power 26-40 marginal 15.91
price
(SMP) and
Small and medium hydropower 14-34 the 8.5
. price of the
Biomass 0.65-0.75 13-40 renewable 8.50-10.90
energy
Others certificate 8.50-9.11
(REC))
2017/12/23 RERS SUE T M B IR E 10
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Table 1: Overview on FIT system in East Asia country

1 CNY=17.2 Jpy, 1 KRW=0.104 JPY, 1 USD= 113 JPY

China Japan Korea Taiwan
JPY/kwh JPY/kwh JPY/kwh JPY/KWh
Photovoltaic power 11.19-18.07 27-35 17.3-24.9
Land-based wind power 6.89-9.81 22-55 8.9-18.6 9.1-30.6
Offshore wind power 12.9-14.62 36 CRPS: 21
System
Geothermal power 26-40 marginal 18
price
Small and medium hydropower 14-34 (SMP) and the 9.6
price of the
Biomass 11.19-12.9 13-40 renewable 9.6-12.32
energy
Others certificate 6-10.
(REC)) 9.6-10.3
2017/12/23 ER VRO L(BHERE)

Figure 3: Total CO, emissions, schematic of BAU,
target and scenarios

S4:Carbon tax CO, emission of Baseline

S3:Carbon tax S1: CO, emission by FIT

S2: CO, emission by FIT and Coal
regulation

S3: CO, emission by FIT, Coal
regulation and Carbon price

\

— L-.HS4: Carbon tax to meet NDCs and 2C
targets
2050
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4. #58

O ENIEMK
OEATBIFILE—DITT

OIRIE~NDEE
OCO2HEH =

OIFEF~DFE
®GDP
OHE IE.EH
OE ZN
o). & H i
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Figure 5: CO2 #fHHE D BAUED ZE (%, CIKT)

CO2 IN THE POWER SECTOR TOTAL CO2 FOR CJKR, %
FOR CJKR, % DIFFERENCE DIFFERENCE FROM THE
FROM THE BASELINE BASELINE
20.0 10.0
0.0 0.0
20052010 2015 202 2035 2040 2045 2050 -10.02005 2010 2015 20 035 2040 2045 2050
-20.0 -20.0
-30.0
-40.0
-40.0
-60.0 -50.0
-60.0
-80.0
-70.0
-100.0 -80.0
C5S1- FIT only C5S1- FIT only
—*-C5S2 - FIT+coal and nuclear regulation -*-C5S2 - FIT+coal and nuclear regulation
-e-C5S3 - FIT+coal and nuclear regulation+carbon price -e-C5S3 - FIT+coal and nuclear regulation+carbon price
——C5S4 - decarbonisation scenario via carbon price —+—C5S4 - decarbonisation scenario via carbon price
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Table 2: EHEMICHEITEBELEREETRILF—DEE (20504)

thE BA

Bau S1 S2 S3 S4 Bau S1 S2 S3 S4

[RFA 10.8 | 10.8 | 2.6 26 | 13.0| 8.6 8.7 0.0 0.0 | 104

=y ! 76.2 | 76.0 | 16.8 | 6.0 | 21.7 | 71.2 | 68.3 | 495 | 37.5 | 32.2

BAERREIRILY— 13.0 | 13.2 | 805|914 | 653 | 20.1 | 23.0 | 50.5 | 62.5 | 57.4

a5t 100.0{100.0|100.0{100.0|100.0|100.0|100.0|100.0{100.0|100.0
EE =)

Bau S1 S2 S3 S4 Bau S1 S2 S3 S4

[RF A 319 | 34.0| 8.2 8.1 | 388 | 9.1 9.4 0.0 0.0 | 13.2

=Y S 5 57515411493 380|295 841|789 |793 | 77.4 | 66.6

BEFREIRILE— 10.6 | 119 | 425 | 53.9 | 31.7 | 6.8 | 11.7 | 20.7 | 22.6 | 20.1

a&t 100.0{100.0|100.0|100.0{100.0|100.0|100.0|100.0{100.0|100.0

2017/12/23 REHRELUEEME S IR E

4.1 H[EF

Figure 6: 3EHE (P E. TWhiyr)
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Figure 7: CO2 #fHH € (P [E)

CO2 IN THE POWER SECTOR,

MTCO2, CHINA
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Table 3: BAUEMD Z (%) 2030 and 2050 (H [E)
China 2030 2050
from baseline (%)| S1 S2 S3 S4 S1 S2 S3 S4
BHEMIZHITHCO2HEE -06 | 95 | -100 | -144 | -06 | -81.4 | -98.4 | -79.4
BCO2HEHE 03 | -49 | 127 | -228 | -0.3 | -48.2 | -67.5 | -67.5
GDP 0.0 0.3 -0.1 0.2 0.0 0.4 0.1 | -1.0
EM -0.1 0.3 12 | 110 | 01 | -01 | -11 | -2.6
HEEXH 0.0 0.0 0.0 0.1 0.0 0.1 0.0 -0.3
e 0.0 0.1 0.1 | -03 0.0 0.1 0.0 -0.9
A 0.0 0.5 0.5 0.7 0.0 0.9 0.6 -0.7
BE 0.0 0.0 -0.1 0.0 0.0 0.0 -02 | -0.8
SHEE YIS 0.0 0.1 1.2 1.0 0.0 0.3 0.8 0.8
ESWaRfikS 0.5 8.9 9.9 5.7 0.3 | 429 | 41.2 | 56.7
ik #{H#8(2010USD/tCO2) - - 34.7 | 153.9 - - 62.7 | 862.6
2017/12/23 RERELVEEME S IR E 18
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4.2 BXK

Figure 8: #EHE/ (B A, TWhiyr)
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Figure 9: CO2 #fHE (ARK)

CO2 IN THE POWER SECTOR, TOTAL CO2, MTCO2, JAPAN
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Table 4: BAUE M Z (%) 2030 and 2050 (B &)

Japan 2030 2050
from baseline (%)| S1 S2 S3 s4 s1 S2 S3 s4
BHEMIZHITHCO2HEE -46 | -16.9 | -27.8 | -49.4 | -7.0 | -57.8 | -86.0 | -95.5
BCO2HEH=E 22 | -83 | -180 | -29.2 | -4.1 | -34.4 | -58.1 | -72.7
GDP 0.0 03 | -05 | -04 0.0 0.1 0.4 -2.5
EA 0.0 03 | -09 | -08 0.0 -03 | -0.1 | -45
HEEXH 0.0 -01 | -02 | -01 0.0 0.1 0.1 -0.5
L7 ifanl 0.0 0.4 -08 | -0.7 0.0 0.4 -1.0 | 55
LN 0.1 -02 | -07 | -04 0.0 1.4 1.8 2.7
"E 0.0 01 | -02 | -01 0.0 0.0 0.1 -0.9
HE B W 0.0 0.3 1.1 1.1 0.1 0.5 0.4 5.6
EaLliiki: 1.3 12.3 | 136 | 15.3 2.6 28.6 | 439 | 438
&% & {fi#%(2010USD/tCO2) - - 355 | 46.2 - - 62.7 | 862.6
2017/12/23 RS KU EE M S B E 21
4.3 EF
Figure 10: #E# R (FRE. TWhiyr)
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Figure 11: CO2 #fH = (82[F)

CO2 IN THE POWER SECTOR,
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Table 5: BAUEMD 2 (%) 2030 and 2050 (#2[=)
Korea 2030 2050
from baseline (%)| S1 S2 S3 S4 S1 S2 S3 S4
BAHEFICHITHCO2HHE | -1.2 1.2 | -12.8 | -43.9 | -13.1 | -42.0 | 56.8 | -72.1
BCo2#ktH = 06 | 05 | -104 | -27.1 | -84 | -25.0 | -44.0 | -56.8
GDP 0.0 0.4 0.6 0.3 0.3 0.9 06 | -05
EM 0.0 05 | -04 | -08 | 06 1.4 1.2 | -1.2
HEEX WM 0.0 0.2 0.2 0.2 0.1 0.3 02 | -04
Lol 0.1 0.1 -0.3 0.0 0.2 1.2 1.1 -0.8
A 0.2 0.3 2.3 3.0 1.3 6.2 46 | -1.4
"& 0.0 0.5 0.1 -0.2 0.5 1.6 1.2 -2.3
SHEE Y 0.0 0.4 2.2 2.2 1.6 2.8 22 | 121
ESWaARGiLES 06 | 11.3 | 140 | 91 | 394 | 395 | 314 | 29.1
& =AMl (2010USD/tCO2) - - 35.5 | 46.2 - - 62.7 | 862.6
2017/12/23 iR R S OB E A% B BRI 24
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4.4 5i&

Figure 12: B (BE. TWhiyr)
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Figure 13: CO2 HiHE (FE)
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Table 6: BAUED Z (%) 2030 and 2050 (&)

Taiwan 2030 2050
from baseline (%)| S1 S2 S3 S4 S1 S2 S3 S4
BAEMIZHTHCO28EE 6.2 | -6.8 | -14.2 | -42.6 | -10.6 | -44.1 | -46.4 | -64.8
#Co2#kE= -37 | 41 | -151 | -33.2 | -75 | -29.7 | -41.2 | -56.6
GDP 00 | -01 | -03 | -01 | 00 | -01 | -03 | -1.2
= -0.1 0.1 -1.0 | -09 | -0.2 0.1 -0.8 | -6.5
HEBEEXH 0.0 0.1 0.0 0.0 0.0 0.2 0.0 -0.3
40 0.0 0.3 0.2 | -01 0.0 0.5 03 | -04
A -0.2 0.4 -0.8 1.1 -0.1 1.3 1.5 -1.2
w& 0.0 00 | -01 | 0.0 0.0 0.0 0.0 -0.6
HEEYIME 0.1 0.3 1.7 1.6 0.2 0.4 1.3 8.9
B At 4.6 9.8 8.0 144 | 86 | 224 | 198 | 243
ix i+ (2010USD/tCO2) - - 355 | 46.2 - - 62.7 | 862.6
2017/12/23 RERS LVEEME SR E 27
5. & IRE
OFHATEIRILF—DER
OS1(FIT) :hE. /hELy
oS3 (FIT+ AR -BFHFH+RER) KB
orh[E: S3(91%) >S2(81%) >S4 (65%)
O H A& :S3(63%) >S4(57%) >S2(51%)
® ik %5 (20504 . $2010/tCO2)
0S3:62.7 < S4:862.6 =>#y14fE
OCO2#FtH £ :Baut M ZE (%)
0S3. S4:[FEL
®:-68%. H:-58%<-73%. §#:-44%<57%. & :41%<57%
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1. Introduction

* The low-carbon technology innovation attracts increasing
attention from both entrepreneurs and policymakers
(IEA2016), since the accelerated technology development
may reduce the costs for achieving the stringent climate goals
(McJeon et al. 2011).

» Carbon pricing is focused as a key measure. The pricing of
carbon emission would induce the profit-oriented business to
adopt low carbon technology (Tran, 2012).

2017/12/23 A study on the impacts of decarbonisation

2. Study objectives and concept framework

* To investigate the transition of industrial structures under
decarbonisation for GHG emission reduction target and
energy mix in 2030, 2050 and CO2 emission thereby focusing
on the main polluters (metals, cement, refineries, chemicals,
paper & pulp etc.).

» To analyse the influence of carbon tax in policy scenarios with
different revenue recycling

2017/12/23 A study on the impacts of decarbonisation
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3. Concept framework

and energy mix in

and 2050
2017/12/23

_8 China Transition of
= industrial
5 Technology structures
3 Japan innovation (GDP,
D employment,
% Korea Target sectors production
- _ Ste.ell& iron, structure, CO2

Talwan Refining, Cement, emissions)

Chemistry, -
Cat;t:(on Other industries

Decarbonisation : GHG
emission reduction target

2030

A study on the impacts of decarbonisation

4. Method

4.1 Policy Scenarios

4.2 Methodology

2017/12/23
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4.1 Policy Scenarios

Scenario Description

Technology development at the same rate as the past

Baseline (reference scenario of IEEJ2016%)

« Carbon tax to be imposed to meet 2030 INDCs and 2°C in 2050
(WEO 450PPM values)

» All carbon tax revenues are recycled via lump sum payment to
households

Scenario 1

« Carbon tax to be imposed to meet 2030 INDCs and 2°C in 2050
(WEO 450PPM values)

10% of carbon tax revenues are recycled to energy efficient (EE)
investment in industries and 90% of carbon tax revenues are
recycled to lump sum payment to households

Scenario 2

*|EEJ: The Institute of Energy Economics
2017/12/23 A study on the impacts of decarbonisation

4.1.1 Imposed carbon tax rates
(unit: US$/t-CO2)

The carbon tax rate is the Year | Scenarios | China | Japan | Korea | Taiwan
rate required to meet
NDC targets by 2030.

S1 102 35 42 74

2030

S2 70 25 30 50
Common carbon taxes
were set and estimated to S1 1032 1032 1032 1032
approximate for the
achievement of the 2C 2050
degree target by 2050. S2 400 400 400 400

2017/12/23 A study on the impacts of decarbonisation
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4.2 Methodology

 The EBME model, a computer-based model of the world’s
economic and energy systems and the environment, is
employed.

« ESME stands for “Energy, Environment and Economy Model”
* See www.e3me.com

2017/12/23 A study on the impacts of decarbonisation 9

4.2.1 E3ME (version 6.0)

« The model is based on post-Keynesian economic theory, with an input-output core supported by
econometric equations for final demand, prices, the labor market, energy demand and materials
demand.

» The basic economic structure of E3ME is based on the system of national accounts. Input-output
ratios determine linkages between sectors and bilateral trade data provide links between regions.

« There are further linkages to energy demand and environmental emissions through matching
economic and physical data sets. The labor market is also covered in detail, including both
voluntary and involuntary unemployment.

« In total there are 33 sets of econometrically estimated equations, also including the components
of GDP (consumption, investment, and international trade), prices, energy demand and materials
demand. Each equation set is disaggregated by the 59 countries and 43 sectors.

e The model is usually applied for scenario-based policy analysis.

e The current version of E3ME can be described as top-down in its energy modelling, with a bottom-
up sub-model of the electricity supply sector.

2017/12/23 A study on the impacts of decarbonisation 10
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4.2.2 ESME-FTT Industry Linkages

*  Global'oil'price'

«  Energy'policies'

2017/12/23 A study on the impacts of decarbonisation 11

5. Analysis results

5.1 Impact on the industrial structure by country
5.2 GDP and employment
5.3 Impact on CO,

2017/12/23 A study on the impacts of decarbonisation 12
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5.1 Impact on the industrial structure change

(1)China
(2)Japan
(3)Korea
(4)Taiwan
2017/12/23 A study on the impacts of decarbonisation 13
5.1 Impact on the industrial structure change
(1) China
In the scenarios, China shows while other sectors decrease their share of total, only
the production of steel & iron will be increased largely up to 40% in 2050=This will
be mainly caused by the decrease of steel industry production in Japan and Korea.
B_2015 S2 2030 S2_ 2050
1% 0%
3 4%
n 5%
28% V
29% i/
41%
1%
3% 0%
Refining . Chemical Cement Steel .Machinery Electronics . Motor .Others
2017/12/23 A study on the impacts of decarbonisation 14
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(2) Japan

In Japan, by recycling the carbon tax revenue for EE, most the share of production
by energy intensity sectors will shrink but that of Electronics will take over the place
in 2050.

B_2015 S2_2030 S2_2050

4%
'. q” 3% " 3%
‘3%
16°/
19%
17%

4%

5%

Refining . Chemical Cement Steel .Machinery . Electronics . Motor . Others
2017/12/23 A study on the impacts of decarbonisation 15
(3) Korea
The most changes of industry production among the sectors are from Refining and
Machinery in Korea while other sectors will experience little changes comparing
2015 under the S2.
B_2015 S2 2030 S2_2050
5% 4%
QV}Z% " 1 /
m 16% 18% W {
v "
Refining . Chemical Cement Steel .Machinery Electronics. Motor . Others
2017/12/23 A study on the impacts of decarbonisation 16
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(4) Taiwan

Different from Japan, the share of Electronics sector in 2050 will be decreased.

B_2015 S2_2030 S2_2050

2%

8%
NV S S
—— % 2% \ 2%
‘ 13%

16% 14%

Refining . Chemical Cement Steel .Machinery . Electronics . Motor . Others
2017/12/23 A study on the impacts of decarbonisation
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5.2 GDP and employment
(1) GDP
Both scenarios show small GDP increases in 2030 (due to the energy-
efficient investment stimulus) but impacts are negative by
2050.=Relatively low carbon taxation to meet NDC target and much
higher carbon taxation to meet WEOA450 target.

(% difference from baseline

China Japan Korea Taiwan CJIKT

Year| 2030 | 2050 | 2030 | 2050 | 2030 | 2050 | 2030 | 2050 | 2030 | 2050

S1| 03 -1.5 0.3 -0.5 0.0 -1.4 0.5 -0.6 0.2 | -13

S2 | 0.6 -1.5 0.3 -0.7 | -0.1 | -14 0.6 -0.4 05 | -13

2017/12/23 A study on the impacts of decarbonisation
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(2) Employment

The impact on employment varies by country but is negative by
2050.=Same trend with GDP

(% difference from baseline)

China Japan Korea Taiwan CJIKT
Year| 2030 | 2050 | 2030 | 2050 | 2030 | 2050 | 2030 | 2050 | 2030 |2050
S1|-009|-112| 0.03 | -0.37 | -0.31 | -2.64 | 0.08 | -0.49 | -0.09 |-1.08
S2 | -0.12 | -1.12 | 0.01 | -0.56 | -0.50 | -2.92 | 0.09 | -0.54 | -0.12 |-1.12
2017/12/23 A study on the impacts of decarbonisation 19
5.3 Impact on CO,
(1) CO, (Mt-CO,): China and Japan
The CO, emissions show a bigger decrease with EE investment (S2)
from these decarbonisation scenarios.
— Baseline S1 S2
12000 /_/ 1200 \
China ~Japan
2017/12/23 A study on the impacts of decarbonisation 20
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(1) CO, (Mt-CO,): Korea and Taiwan

— Baseline S1 S2
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(2) CO, by sector (Mt-CO,)

10% of revenues to increase EE in industries can almost result in 100%
decarbonisation of several industries.
=Mostly CCS and Renewables

(% diff from baseline)

S1 S2
Fuel user
2030 2050 2030 2050
Iron & steel -47% -74% -82% -99%
Non-ferrous metals -32% -69% -57% -100%
Chemicals -21% -67% -31% -93%
Non-metallics -37% -66% -44% -86%
Paper & pulp -38% -80% -46% -96%
Engineering etc. -27% -62% -42% -89%
Other industry -40% -81% -42% -84%
2017/12/23 A study on the impacts of decarbonisation 22
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6. Summaries

» This study quantitatively analyzed the trends of industrial structure
and CO, emissions in the major industries in four East Asian countries
by 2050 under the assumption that carbon taxes introduced to
achieve the 2030 NDC and 2050 2C scenarios.

« As an analytical method in this study, E3BME is used to assess the
impacts of carbon taxes on East Asian industries and how different the
impacts are if some carbon tax revenues are used to invest in
industries’ low carbon technology measures.

» A good mix of policies must therefore be included to make sure the
power sector continues to invest in renewable technologies despite
reduction in electricity demand.

2017/12/23 A study on the impacts of decarbonisation
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 This research has several challenges. Our approach is simplistic as it
used existing top-down estimates of amount of energy savings per
dollar as exogenous assumption to ESME and we assume that only
the carbon price is used to achieve the NDC and WEO 450 targets.

* In this paper, we did not include policies such as production taxes,
subsidies, regulations, and many more to promote decarbonization in
other sectors. In an upcoming paper, we will look at all sectors in
parallel to produce the most comprehensive analysis of
decarbonization policies in East Asia to date.

* In the near future, a Future Technology Transformation (FTT) model for
energy intensive industries will be available. The FTT: industry model
will provide a bottom-up approach to take ups of new technologies in
industries.

2017/12/23 A study on the impacts of decarbonisation
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* While most existing models reflect the potential for breakthroughs in
low-carbon technology innovation by 2050 by an extension of past
technological innovations (by default), the FTT model reflects the
endogenous estimation of the progress of possible future technological
innovations. In other words, this model can infer the future industrial
structure under decarbonization policy more realistically.

» The carbon tax rate applied in this study was estimated based on the
premise that low carbon technology innovation is underestimated and
there is no other capacity, but if the FTT model is used, the more
realistic carbon tax rate will be estimated by reflecting the endogenous
low carbon technology innovation of the model.

2017/12/23 A study on the impacts of decarbonisation
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Policies and predictions for a low-carbon transition by
2050 in passenger vehicles in East Asia: Base on the
analysis using EBME-FTT model

Aileen Lam

Coauthored by

Soocheol Lee, Jean-Frangois Mercure, Yongsung Cho, Chunhsu Lin,
Hector Pollitt, Unnada Chewpreecha, Sohpie Billington

Background

 East Asian countries, including China, Japan and Korea and Taiwan
were responsible for CO2 emissions totalling approximately 12% in
1980 and 18% in 2013 of global levels from consumption of
petroleum.

» Decarbonization of the transport sector is critical in order to increase
our probability of staying within 2°C target of the Paris Agreement.

* The diffusion of zero emissions vehicles into the marketplace
determine technological trajectories that are critical in emissions
reductions.

* |t is important to determine the relationship between policy
instruments and the rate of adoptions for low emissions vehicles.

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia

67




Gap in the existing literature

» Most existing studies feature a few policy instruments, for one
particular country. It is not possible for these studies to compare the
effectiveness of different instruments across countries.

» Most studies have not used an Integrated Assessment Model (IAM)
to study the transport policies and therefore, cannot be used to
understand the impact of policies on global climate change.

» The existing studies have either taken one particular car model or
use a representative agent to examine the response of agents to a
set of policy incentives, while in the real world, consumers are
diverse and they do not respond to policy incentives collectively.

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia

Research goal

» The main objective for this research is model of technological
diffusion, called the FTT:Transport, to study the possible future
technological transitions in the passenger car sector and motorcycles
in China, Taiwan, Japan, Korea.

* The FTT-Transport is able to model the effect of different forms of
policy incentives in the passenger transport sector, including fuel tax,
vehicle tax/subsidies, annual tax, fuel economy standards,
technology mandate and biofuel mandate for the East Asian
countries

» We performed four policy scenario analysis for the four East Asian
countries in order to find a set of policy incentives that will lead to
significant emissions reductions
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E3ME-FTT-Transport

* The FTT-Transport model is a sub-module of the EBME-FTT-GENIE.

» EBME is a non-equilibrium macroeconometric simulation model
based on a demand-led Post-Keynesian structure.

* FTT-Transport model (Future Technology Transformation)

» Uses Lotka-Volterra equations to model technology substitution and
diffusion.

» Reproduces typical S-shape technology diffusion curves.
» Models consumer decision with discrete choice theory.

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia

E3SME

* EBME model is an out-of-equilibrium macro- econometric model of
the global economy.

» Used for economic evaluation of environmental policy.
» EBME key strength

» Two-way linkages between economy, energy (and material) inputs
and environmental systems

* Detailed sectoral disaggregation
* A strong empirical grounding
» Short and long-term econometric specification
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Technological diffusion in the FTT model

» The FTT framework models technological diffusion by a set of differential
equations of the Lotka-Volterra family. The flow of market shares from technology
j to technology i is

And the flow of market shares from technology i to technology j is

The market shares for technology i as a result of flow of market shares is

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia

Framework

The model structure of the ESME-FTT-Transport model. Tax policies are simulated
in the model to influence the cost component. New car sales will eventually impact
on global energy use and emissions from passenger transport.
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Policy assumptions

» Examine the effectiveness of seven policy instruments in cutting CO2 emissions

by 50%, 80% and 90% across six countries.

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia 9
Policy assumptions(China, Japan)
China Vehicle tax EV subsidies Registration Fuel tax Carbon tax Requlation Kick-start Biofuel
(USD) tax (USDllitre) | ($/(gC0O2/km)) 9 program mandate
Baseline 0 0 0 0 0 N/A N/A N/A
scenario
. Up to
Scenario 2 Up to 1200 9000 USD Up to 300 1.2 20 N/A 0.3% N/A
. Up to o
Scenario 3 Up to 1200 12000 USD Up to 300 1.2 40 20km/L 1.5% N/A
. Up to 0, 0
Scenario 4 Up to 1200 15000 USD Up to 300 1.2 40 20km/L 3% 20%
Japan Vehicle tax EV subsidies Registration Fuel tax Carbon tax Requlation Kick-start Biofuel
P (USD) tax (USD/litre) | ($/(gCO2/km)) 9 program mandate
Baseline 0 0 0 0 0 N/A N/A N/A
scenario
. Up to
Scenario 2 Up to 1200 9000 USD Up to 300 1.2 10 N/A 0.3% N/A
. Up to 0
Scenario 3 Up to 1200 12000 USD Up to 300 1.2 20 20km/L 1.5% N/A
. Up to o, 0
Scenario 4 Up to 1200 12000USD Up to 300 1.2 20 20km/L 3% 25%
2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia 10
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Policy assumptions(Korea, Taiwan)

Korea Vehicle tax EV subsidies Registration | Fuel tax Carbon tax Requlation Kick-start Biofuel
(USD) tax (USDl/litre) | ($/(gC0O2/km)) 9 program mandate
Baseline 0 0 0 0 0 N/A N/A N/A
scenario
Scenario 2 Up to 1200 Up to Up to 300 1.2 20 N/A 0.3% N/A
P 9000 USD P : o7
. Up to o
Scenario 3 Up to 1200 12000 USD Up to 300 1.2 40 17km/L 1/5% N/A
. Up to 0 0
Scenario 4 Up to 1200 15000 USD Up to 300 1.2 40 17km/L 3% 20%
Taiwan Vehicle tax EV subsidies Registration | Fuel tax Carbon tax Requlation Kick-start Biofuel
(USD) tax (UsDllitre) | ($/(gCO2/km)) 9 program mandate
Baseline 0 0 0 0 0 N/A N/A N/A
scenario
. Up to 0
Scenario 2 Up to 1200 9000 USD Up to 300 1.2 20 N/A 0.3% N/A
. Up to 0
Scenario 3 Up to 1200 12000 USD Up to 300 1.2 40 20km/L 1.5% N/A
. Up to 0 o,
Scenario 4 Up to 1200 15000 USD Up to 300 1.2 40 20km/L 3% 20%
2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia 11
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Results
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Emissions

N Petrol Econ NN Pet Adv Lux I Diesel Adv Mid

NN Petrol Mid  NENNNNEN Diesel Econ I Dicsel Adv Lux

N Petrof Lux NN Diesel Mid I Hybrid Econ

I Pt Adv Econ I Diesel Lux I Hybrid Mid

I et Adv Mid SN Diesel Adv Econ NN Hybrid Lux
CNG Econ NN EV Lux

N CNG Mid W 2-WH <125cc

[ NG Lux [ 2-WH >125¢cc

I EV Econ I EV 2-WH Econ

I EV Mid I EV 2-WH Lux
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Results(China)

* In the baseline scenario, we find that the share for EV is increasing
very slowly, reaching below 10% of the market share in the 2050.

* To cut emissions significantly and encourage the diffusion of EV, we
have to impose both tax incentives, regulations and a kick-start
program to facilitate the diffusion of zero emissions vehicles.

» We assumed that there are additional 2,000,000 EV on road by 2020
as a result of the kick start program.

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia 15

Results (Japan)

» We find that in the baseline scenario that passenger car emissions
fall by more than 40% below the 2005 emissions level

* it is possible to cut emissions by 50% below the 2005 levels by
introducing various tax incentives and subsidies that encourage the
diffusion of EV.

* To cut emissions by 90% below the 2005 levels, a biofuel mandate is
introduced in additional to tax incentives, fuel economy standards, a
kick-start program and a biofuel mandate.
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Results(Korea)

* In the baseline scenario, luxury diesel cars and petrol cars have a
large market share before the year 2030. After 2030, luxury hybrid
cars start to take off from 2030 onwards

* However, the penetration of hybrid cars is not sufficient to cut
emissions in Korea. Emissions continue to increase in the baseline
scenario, as a result of rapid rise of vehicle numbers in Korea.

» Assuming that there is an increase in fuel tax by $1.2 USD/litre and
that there is an increase in petrol car taxation by up to USD 1200 for
petrol cars. We assume that the numbers for EV increase by 180,000
on road by 2020. The shares for EV reach over 80% by 2050.

2017/12/23 Policies and predictions for a low-carbon transition by 2050 in passenger vehicles in East Asia 17

Results(Taiwan)

* In the baseline scenario, there is a large number of motorcycles on
road by 2050, as a result of the large motorcycle market in Taiwan
historically.

 Unlike the other countries (e.g. Japan and South Korea), the shares
for hybrid cars and EV remain very small in Taiwan.

* When various tax incentives are added (as shown in scenario 1), we
observe that emissions fall slightly

* In order to cut emissions by 50% below the 2005 levels, it is
necessary to introduce zero emissions vehicles and the biofuel
mandate in Taiwan.
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Conclusions

* Itis possible for Japan to achieve over 50% emission reductions without
any policy incentives.

» An integrated approach (combine tax incentives, subsidies and kick start
program) will lead to more than 80% EV shares in China by 2050.

» We performed four scenario analysis to examine the interactive effect of
the policy incentives in the four East Asian countries.

* We find that the tax incentives are not sufficient to cut emissions
significantly for all countries

» The diffusion of hybrid cars in Korea will not lead to a significant emissions
reduction in Korea. It is important to encourage the diffusion of EV in
Korea by a kick-start program with an integrated set

* In the case of Taiwan, without a kick-start program and fuel economy
regulation, emissions from passenger cars in Taiwan will not be cut
significantly.
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Simulating the deep decarbonisation
of residential heating in East Asia

Florian Knobloch

Dept. of Environmental Science, Radboud University Nijmegen, NL
Co-authored by
J.-F. Mercure, H. Pollitt, U. Chewpreecha, R. Lewney, Seonghee Kim

A short introduction of FTT:Heat

Energy Resources
Natural resource use and
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Figure 1: Integration of FTT:Heat with E3ME-FTT-GENIE, a simulation-based Integrated
Assessment Model for climate change policy research.}?
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A short introduction of FTT:Heat

. Simulates: FTT:Heat is a micro-model of technology choice and substitution

o given economic/policy context
« The future replacement and diffusion

- Of heating technologies (combined for space- and
water heating)

- By households worldwide
(59 world regions)

- Based on dynamical shares equations (the FTT
method — no optimisation)

- Useful energy demand by country as an
exogenous driver (depending on future levels of
construction/renovation)

- NOT simulated: building renovation, fuel mix in
district heating

2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia 3

A short introduction of FTT:Heat

t t + At

Households replace their heating systems in time intervals related to technical lifetimes

« Choices are based on Levelised Costs of Heating (LCOH): combined measure of investment costs, fuel costs, and maintenance costs
« Calibration of these costs to observed preferences and trends :accounts for different comfort levels, local variations, existing policies etc.
« Behavioural assumptions: no switching back to less comfortable technologies

2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia 4
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A short introduction of FTT:Heat

Technological learning within FTT:Heat
(same principle as in FTT:Power and FTT:Transport)

Adoption rate

Late Majority Laggards
% 16%

“Time

8 |
. Diffusion and learning
\. 3 interact
- 3 ~_ FTT:Heat simulation of future solar thermal heating costs, by country
fme (assuming a continuation of current policies).
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CO2 emissions by households

#5 #6
Direct on-site emissions by households
(i.e., without indirect emissions through
electricity generation in power plants)
#4 47

—— 1

Source: energy-related emissions in E3ME baseline
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Heat demand and emissions

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Japan China Korea Taiwan

M Space M Water

Source: China from IEA ETP 2013,
others approximated

based on available data. Mainly
relevant as capacity limit

for solar thermal heating.

Source: heat demand and emissions calculated by FTT:Heat (baseline),
future heat demand is an exogenous assumption (based on historic trends)
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Policy scenarios

. Scenario simulations extracted from a global decarbonisation study
(Knobloch et al. 2017b, forthcoming)

- In new model runs, we can also simulate lower tax and subsidy rates for Asia.
. Scenario a: Current technology and policy trends scenario (baseline)

. Scenario b: Residential carbon tax (independent of other sectors)

« carbon tax of 50 €/tCO2 on the residential use of coal, oil and gas (linear increase by 10% p.a.)

. Scenario c: Subsidy on renewable technologies

« -50% capital subsidy on renewable technologies (heat pumps, solar thermal, modern biomass)
(until 2030, linear phase-out afterwards)

. Scenario d: Residential carbon tax + subsidy on renewable technologies
« carbon tax of 50 €/tCO2 on the residential use of coal, oil and gas (linear increase by 10% p.a.)

« -50% capital subsidy on renewable technologies (until 2030, linear phase-out afterwards)

2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia
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Policy effects on heating costs

Japan

Technological learning mainly reduces cost of The carbon tax increases the cost of coal, oil The subsidy decreases the cost of renewables.

solar thermal, heat pumps and modern biomass. and gas-bases heating. Although it is phased out after 2030, costs remain at a
much lower level, due to technological learning in the
meantime.
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Carbon tax only:
less solar thermal (capital intensive!),
more direct electric and heat pumps
Subsidy only:
more solar thermal, less electric
I 1 oil
[ > Oil (condensing)
I 5-Gas
[ 4-Gas (condensing)
I 5-Wood (stove)
[ 6-Wood (boiler)
I 7-Coal
[ 5-District
9-Electric
[ 10-Heatpump (Ground)
11-Heatpump (Air-Water)
[ 12-Heatpump (Air-Air)
13-Solar Thermal
2000 2010 2020 2030 2040 2000 2010 2020 2030 2040 2050
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. 1 ol

I > Oil (condensing)

I 3-Gas

[ 4-Gas (condensing)

I 5-wood (stove)

I 5-wWood (boiler)

I 7-Coal

N 5-District
8-Electric

I 1 0-Heatpump (Ground)
11-Heatpump (Air-Water)

[ 1 2-Heatpump (Air-Air)
13-Solar Thermal

Results: China

2000 2010 2020 2030 2040 2000 2010 2020 2030 2040 2050

Simulating the deep decarbonisation of residential heating in East Asia

11

2017/12/23

. 1 ol
I 2 Oil (condensing)
I 5-Gas
N +-Gas (condensing)
I 5-\ood (stove)
[ 5-Wood (boiler)
I 7-Coal
I 5-District

9-Electric

[ 12-Heatpump (Air-Air)
13-Solar Thermal

[ 10-Heatpump (Ground)
11-Heatpump (Air-Water )

Results: Korea

2000 2010 2020 2030 2040 2000 2010 2020 2030 2040 2050
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Results: Taiwan

. o
[ 2 Oil (condensing)
I 5-Gas
[ 4-Gas (condensing)
I 5-\ood (stove)
[ 6-Wood (bailer)
I 7-Coal
[ 5-District
9-Electric
[ 10-Heatpump (Ground)
11-Heatpump (Air-Water)
[ 12-Heatpump (Air-Air)
13-Solar Thermal

2000 2010 2020 2030 2040 2000 2010 2020 2030 2040 2050
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Direct emission reductions (%)
Change in heating emissions relative to baseline trend, in %
14
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Emission changes by sector

Scenario (d) Emission changes relative to baseline trend, in thousand t C
All changes are shown relative

to baseline. As there is some

decarbonisation without new

policies, these changes can get

smaller over time (which does

not mean that emissions

increase).

2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia

15

Tax revenues and subsidy payments

Scenario (d)

It is assumed that
subsidies are
financed by carbon
tax revenues.

If carbon tax >
subsidies:

difference used to
lower other taxes

If subsidies > carbon
tax:

difference paid by
increase in other tax

2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia
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Upper panels:

relative change in system
wide costs (compared to
baseline), excluding new
tax and subsidy payments
(only reflecting efficiency
gains due to technological
change)

Lower panels:

relative change in system
wide costs (compared to
baseline), including new
tax and subsidy
payments

(therefore showing cost
increases if a carbon tax

Levelised heating costs

Change in heating costs relative to baseline trend, in %

is simulated)
2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia 17
Expenses on heating appliances
Change in expenses on heating systems, relative to baseline trend, in %
The simulated policies incentivise households to buy new, less carbon-intensive heating
systems. These are typically more capital-intensive than fossil fuel systems, leading to an
increase in household expenditures on heating systems.Also, some households decide to
replace their systems earlier in time, leading to a temporal shift in expenses (which partly
explains the lower expenses between 2040-2050, in addition to technological learning).
2017/12/23 Simulating the deep decarbonisation of residential heating in East Asia 18

85




Thanks for your attention!
Questions?
Remarks?

Florian Knobloch, M.Sc. M.Phil. (Cantab.)

Department of Environmental Science
Faculty of Science
Radboud University Nijmegen
PO Box 9010, NL-6500 GL Nijmegen, The Netherlands
+31 (0)24 - 356 23 93
f.knobloch@science.ru.nl

http://www.ru.nl/environmentalscience/staff/individual-staff/knobloch/
https://www.ceenrg.landecon.cam.ac.uk/people/florian-knobloch
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(HFr) http://sciencebasedtargets.org/companies-taking-action/

(BHELRZELESLRBESINTVSIRE £864t]

Adobe, AMD, AstraZeneca, Atos, Auckland Airport, Autodesk, Biogen, BT, Capgenini
Group, Capgemini UK, Carlsberg Group, CEWE Stiftung & Co. KGaA, Coca Cola European
Partners, Coca-Cola HBC, Colgate-Palmolive Company, CTT - Correios de Portugal,
Daiichi Sankyo, Danone, Dell, Dentsu, Diageo, DONG Energy, EDP - Energias de Portugal,
Eneco, Enel, EVRY, Farmer Bros., Ferrovial, Fujifilm Holdings, Fujitsu, Gecina, General
Mills, Givaudan, Hewlett Packard Enterprise, HK Electric Investments (HKEI), Host Hotels
& Resorts Inc., HP, HUBER+SUHNER Group, Husqvarna, Ingersoll-Rand, International
Post Corporation (IPC), Kawasaki Kisen Kaisha (K Line), Kellogg Company, Kering, Kesko
Corporation, Kirin Holdings, Komatsu, Konica Minolta, Koninklijke KPN NV (Royal KPN),
Landsec, Las Vegas Sands, Level 3 Communication, LIXIL, Lundbeck, Marks & Spencer,
Mars, Muntons, Nabtesco Corporation, Nestlé, Nokia, NRG Energy, Osterreichische Post,
Panalpina Welttransport Holding, Panasonic, PepsiCo, Pfizer, Philip Morris International,
PostNord, Procter & Gamble Company, Proximus, Ricoh, SAP SE, Singapore
Telecommunications (Singtel), Sony, Sopra Steria Group, Swisscom, Symrise, Telefonica,
Tesco, Tetra Pak, Thalys, TODA Corporation, UBM plc, Unilever, Verbund, Wal-mart Stores

118 42




ATENT-BARTEE()
(17::12H20 i=3=

FE—=14(201659A1)

— 2030FEICEXEBNODRENRARADBHEE2015F E35%H|B.
E]\ﬁlﬁ%ﬁf90 %BDFEBHTS5ANV—H2020FEEETITEEZER S X DHIE

BiEZHRTET S EEN

EIE (20175F48)

— 2030FEFETIZ2014FE L TRO—T1ERT—T20EENRARABLE EZ24

f}’g%ﬁll;‘@zo 2015 M 52050 F DFEI THREE DEFFHEN S DHEH ZF25%H|

E1TT74)LL(20175F118)

— 2013F LT 2030FEFETIT/N\ a—Fz—2 2K (Ra—T1. 2. 3) oD
xHHEH =% 30%HIE

=18 (20178F7A8)

— 203F LT, AOa—T1ERO—T20EBEEMNEHREHEE . 2030FFETIC
33%. 20505 FE TIZ80%H!iH . 2030F E TIZ, 2013F Lk TRO—T3(BEA
T2HEH—E R, BREROER) A o0 E£30%815H

JINE S iR (201742 R)

— 2030FFETI201FHEEFITHBFEMITTAMMDIN A ILHT-YD
;jgmjﬂ#&gi—zs%ﬁm EHIHIEELL T, 2050F = TIZRIBEE &%50
%Hl;RE

43

ATFNE-AREZE(2)
(17::12ﬁ20 )

1) (20174%F3R)

— 2030FF TIC2015F L TRAO—T1EXROA—T20BEMNR A R D% HEH
E%30%HF . Aa—F3NDHEH =130%Hl R

a7 (201744R8)

— 2030FF TIT2010F L TROI—T1ERO—J 2D [RELIHEH 2% 49%HI
o 2012F Lk TRO—T 3D Xt HEHH =% 46%HIE

O=H=/)LZ(201743A)

— 2030%I[Z, 2005F LT, /A2 —Fz—2h50DR Eiﬂ%ﬁx@%ﬁ*ﬂ#&i
(RO—T1. 2. 3)%60%HIF. RA—F3DHEIFIL. BOANDER-H—E
A iﬁﬂﬁ&mu— Eﬁ)b%ﬂﬂ@{ﬁmb\bo)HFﬂjiéﬂ%

LIXIL(20174E118)

— 2030FFETIT, 2015 LT, ROA—T1, RA—T2A 5D £%430%
B, M RERANSDRO—T3HEH EZF15%HIE

F7T7A2(2017F78)

— 2030FEFETIZ2015F L TRO—T1ERT—T 20 BEEN R A AN 3t HEH
iéao%ﬁu,ﬂzo 20155 520504 [280% HlliH . AO—T 3D HEH EHIF D

=8, BEHRET MYT70% DY TS5A4 Y —h2025FF TIC ﬁlldiﬁ#ﬁ‘—?%ﬁ%
2030FEE TIZSBTARTET B EEHET

119 44




l:uL.\ é’h/f’ Kﬁ% (3)
(17512208 =)

INF = (20175F108)

— 2030FFETIC, 2013F L TRO—T1, RO— 20 E%30%8HIR. 2050
FETICHHE O, 2030FF TIZ, 2013F L THRFEL-ERAFERAMNSD RO
— 3D HEH E7%30%HIiE
')a— (201745 7R)

— 20505 FETIC HFHj%EtEIE%Wd'é;tE&béL 2030 E TIZ20154 Lt
TRO—J1LX0— 720)5'15;)1% xw%ﬁﬂﬁkﬂjg&o%ﬁm BATS
B —EX @ik, MRERANMNDAI—T30HHEF2030FFTIC
2015%F t T15 %1,

) —=— (20154 118)
— 20205 E[Z, 2000 ELL TEFREFFNODREMNRN ABEH EE42%H|

. 2050 £ TIZ RIEJYNTUREEOICT HELIREAE D3, 20505
FTIZ2008F L CHEH & (Ra—71. 2. 3) £90%Hll ik

FHEZ(20174£8A)
— 2010FEM52030F(CRAI—T1ERA—T 20 Z B iR R DMt HEH E%35

% HIliE (FT12.1%HI5) . 205081220105 L T57%HIEZEH ST, 2010
FE 520304 (TR T 28 (D R O— 34k R B %55 %17

45

Science Based Targets{ERkZHIFR L T
LB % (20174F12 8208 B )

« T CIZEREINT=864LIZINZ T, 2478t HME

Bz F9R

« BRI D2478LDHE M HATEE (28%1)

~TYHETIWN—THR—=ITAVT X . TIIIRX, K
BARHIR., FM4F>, KEEEE, B ER., BiL.
AH.EE.KDDI. MS & ADIRI&. NEC. BE. %5
MEAWF NTTFOE, EA/a—T TV, FEK/ND

A BKER. ERME, HUMN)—, KEEER.

HHZES. FE4, UK-NSI(B ARG . 21=-
Fy—L YKKAP, f&;Ed L, BREA Y

120 46




RE 100

e BT 1100% ] (RE100) D EXYHEH

— 119%t A $93R (2017512 A2083RT)

— http://therel100.org/companies

—- BMWY IL—7 B HE., OB I RFZEICKYEE
£{RZ100% B I

— Google: BIR100%FHSLT2025F X TIZTHBIT DA
EE3MEIC

— IKEA: 2020 (2B T 1r100%

— Microsoft: 20144 A& B T 100% % = i

— Johnson & Johnson: 2050 £ CIZEI*100%

— Philips: 2020 £ TIZHE I 100%

— Unilever: Bk T9 TIZ100%. 2030FEFE TIZTE I 100%

— GM:2050F F TIZ59HE 50D F X THIR100%
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THEBEHYNESITETVVELT,

Thank you so much for your attention.

=S5 A Y (Yukari TAKAMURA)
e-mail : takamura.yukari@g.mbox.nagoya-u.ac.jp
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BREORRRARICH T TOHE

IN=1Z3EpN=2
EEC

RENR T A HEH BEEE1E(1990-2013)

19904 2012k
1990 2000 2010 2011 2012 2013 18 (%) HOHE (%)
HEHE
(B> CO2) 292.3 498.8 653.1 680.6 684.3 694.5 137.6 15
GDP 3,690 6,946 10,437 10,821 | 11,042 | 11,349 207.6 2.8
(:F1%=\WON) 1 ’ ’ ’ 1 ’ . .
(QE) 42,869 | 47,008 49,410 49,779 | 50,004 | 50,220 17.1 0.4
—ALYREHE
(F~CO2/A) 6.8 10.6 13.2 13.7 13.7 13.8 102.9 11
GDP& =Dt &
(k>CO2/101& 792.1 718.1 625.7 629.0 619.7 612.0 -22.7 -1.2
WON)

HAT BEDRARBEERE V42— (2015) (2015FEREBENRHIRA VAV M) —HREE)

B AIKTEE : 95.7% (20134F)

BMIKEE : 25.2% (20134)
IRIILF—HEEOETFHEME : 7.82% (1980-2000) . 2.74% (2000-2013)

2017/12/23
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HMAREENRARAGHE

® £ XX ERFY
©42% (1990) M 554% (2012) ~ &N

Oty (1990-2012) 5.2%iEHN : BEXDHE

OEIEH (FF1943%) kU LEEHIHE (FT198.3%) DM : B -

F. BEPFELGEMIERORRICE LTS ENHEDEM

® FEEARM
OF 9. 1%IEM : ELVERHE. EXBEDELLE
O HRFEEDIENM
2017/12/23 BEORRFLRICAEITTOFHIE

gl

BRRHLEAEITTODEE

1.2030;BER A REIFEARAOD—F<TvT (2016)
2. SARZEENR IS D= DEARETE (2016)

3.2050 R HAK ix R FE R EEK (2018)

2017/12/23 EEDHRRARICHITTOHE
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1.2030FEEEHEH REIBEAA—FT YT

HIEE (%)
HHEE(EAL) |BIFEE(EANY) SMAIBAULL ERBAUL

*E 333 64.5 19.4 7.6
EXE 481 56.4 11.7 6.6
=27 197.2 35.8 18.1 4.2
IRILF—HEE - 28.2 - 3.3
B 105.2 25.9 24.6 3.0
NHE-ZOM 21 3.6 17.3 0.4
BEEY) 15.5 3.6 23.0 0.4
BE-BE 20.7 1 4.8 0.1
E AR 851 219 25.7
ESRAN1PE 851 96 11.3%

2017/12/23

2. 5AREE LD T=O D EARETEH (2016)

O HEEHER S LUV
O L F— S BB SR RFEF AT~ DR

ORIEEBMRNOHEFDEHEZEL TCEERHRF HORIE. FTIHETREIRIL
F—DER. IRIVF—HFEXDER., TRILF—EF L, RIUROIEK., kE
MGEDERGEDEFNLGFERDFR. UREEIRIED - DHEMTFHFE

ORUEZEEA/NFT U ADIBE (P RIEFFEMABGT. BFEEE. EROSMAL)
OB ENRAN REIF 1T TIFEL, #IE~NDORYBADEEMHLGE

2017/12/23 EEDHRRARICHITTOHE
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HEDREN XHREXER (FEFEEM)

OEEMRARAIRILF—HEZEEEHIE (2010F~)
OTRIILF—ZHBEEDHITETSIZSML TLWEWEENTR
OFER2A U EHEHES
02016 FE EAETIM6EEINKR

O HIERSIHIE (ETS. 20154 ~)

OEI3FERNETEEMNR A RAPHEENI25F F U EDESE., F£1-(X25F
FUULEDEEMERET HEEHITR

O23%FE. S66EHE MR

2017/12/23 EEDHRRARICHITTOHE

HEDEEHN AR GEEXELM)

® EHi &R
OEEIEMEL LV EREMRE T XFH
+ 140g(CO2)/kmEATF. 17Km/LEA L
« IOALITEHAE
e 2012F M 520155 F CTERSEMIZER
e 202N HEA—H—~DIIEHIE
O R i - EEAERM
o) ) — U EMERHE
® [REFES00m2LU L DEMH R
OREHMNDAEAIREIEZE
0 ) —kR— Lt (2005)
ORFNRA L MHIE
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OENTIZEH &K WHEED &
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BEDRRFHLRICHITTOHERE

FEHETRH B Moo-Energy Use
M EEEPS Residential
JREE SEEPY Services
[0 P Agricuitural
I ISP Transportation
THEAPS industrial
[ EER AP A Eenergy Sector Own Use

55858 A B

15 = e

LA KRR FFER .
Tel/Fax: +81-933-5526

lichun@yamaguchi-u.ac.jp

3 po
Lok on
s 6 B

1, 1S4M AT E
(111.54Million KLOE)

__ 4
2\ 8\ B &
28 W8N\ 3
#

2 e 2 5

P =

38 7 b

1992

101 3
2012 year

25

® T r)LX—#Lin
® T /L —EK

® BAR[REL I RILX—HER

@)= ITRIILX—HE
® K R T It B
o EHY
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IR —HEE

WAICBIKREFT D

o TH/ILFX—MH98% (FEHAIZIKEL. EAREITIENEIEEZHHTLS,
o ENEIRILT—DHSTWIIBLERRELIRILT—THb,

Total Primary Energy Supply (2015) Indigenous Energy Supply (2015)
145 Million KLOE 3 Million KLOE
Solar Oil
Gas (12%) thermal, = (0.4%) natural Gas

PV and Wind (3:7%)
power (4.9%)

(12.8%)

Nuclear(8%)
Coal (30%)

Renewables
(2%)
Conventional
Hydro Power )
(17.6%) Biomass and Waste
T (48%) (60.6%)
*Source: Bureau of Energy MOEA (2016) "Energy Statistics Handbook ".
2017/12/23 BEORRFARICAITTOHERE

IRILFX—EHE

Energy Consumption by Sector

o 20I5FENIRILX—HEIL (2015)
115 MKLOE(B A R HitE R | _
)T, TR 37% , diskgp o oo et
FAX12% Z 5 H TS, | N

o -U- - t\‘ x Ii:ILI-S Fﬁ & irﬂ 5R Ii:lzl-s Fq 0) I * 80,000 10.9% 11.7% 10.8% 10.7% = Industrial
}b$_ 5ﬁ E ‘j: E Q i% i N ﬁ f:ﬂ-s Fq 12.4% ﬂ Lo ﬂ ﬂ v Transportation

60,000 [ ({11.4% 0.8%

FEHITIL%E EHTD, B e

o ETRILX—HBEIF2%ELED o
_C l, \ %) . 20,000 S

9.2% 8.5% 7.1% Use

0

2000 2005 2010 2015 year

Source: Bureau of Energy MOEA (2016) “Energy Statistics Handbook ".
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EEDIRILX—EEE

o BEIXI73FEICIRIILF—BRE LA RLIMITLTET=, 1990FI(Z3[EH
DHIE. FIHTERNGMTIEOBHIEEERL-,

e 1998F L2005F T T RIILF—BRBEZE, 2007FIZIRIILF—H i df
THFEAELX. 2008 F ICHKFAIRE LI RIILX—HM St EE TN TR
L7Tz[EH . 2010 £20124F 12, TRIILF—EERMTOEZE AL -,

e 2016F5 B ICHMER K (DPPRBUE) &I, IRIEFEEZEFE S L. 2005F &~
—RASAVITBREMBRHRAE20%HEIET 5B EEEBIF TS,

o MEDNDEREBHDA. H916%DIRFHREEEXT NTHEIL., 20GW OFE
AARERIRIILF—DHRFEIREFE ST, BEEEBRN20% B E£AT6E%
IRIILX—TRET S,

2017/12/23 BEORREFHZICEITTORERE

BAARELG I R —ER

@ 2015FEMBARRETIRIL X —RHEEAE(L4,409 MW THD,
@ 2030 FEMNHAFREIRILF—XIEEAENDHIEL7,250 MWTH S,

BEODBAFRELI A ILT—EE (MW)

20154 20204 20254 20304
KA 2,089 2,100 2,150 2,200
W) 737 1,720 3,200 5,200
N by 842 3,615 6,200 8,700
INMATR 741 768 813 950
HhZh 100 150 200
& &t 4,409 8,303 12,513 17,250

Source: Bureau of Energy MOEA (2016) "Energy Statistics Handbook ".
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FIT (Feed-in Tariffs) D AH=—X L

® BATRELIRILX—DEAMEX. BTRE. ERAEE RV BEEER
EZEOERICESE SEICET.

® BARRELIRILI—DEAMEIE. BERAEHNAREOEHERE
ERISEITFNIEESEEL,

@ KIGAREDENDBEBAMBOELFEEEATHBIZEDE. £D
fthiLE jJE%)\T 7€ ( Purchasing Agreement (PPA) ) DE £ BIZHE5<
(20 fE22%9) o

® TRILF—FH(BOE) FBERGHAEBDIA —2ERERT D, RIFEEA
MR > 30 kWIEERFE TRAMBZRD D, JYBFHIRMEERRTTED
FAEISEEMICEAT D,

2017/12/23 BEORREFHZICEITTORERE

FIT OB A{fE (2015)
® 20FHAMT(KEIEREZRS)

® 20151 H1H~ 2015%12A31H Unit: US ¢/kWh
Item Type Capacity (kW) | Period 1 Period 2
=1~<20 22.14 21.52
Roof type = 20~<100 18.51 17.99
PV = 100 ~ <500 17.30 16.82
= 500 16.75 16.30
Ground type =1 15.76 15.33
Onshore =1~<10 27.12 _
R A =10 8.78 (with LVRT)
Offshore 18.52
KA Stream-Type 8.50
HhZh 15.91
. No biogas eqip. 8.50
AR With biogas eqip. 10.90
RDF 9.11
ZDfth 8.50

Exchange rate: USD 1 = NTD 31
Source: Bureau of Energy MOEA (2015) “Renewable Energy Promotion Policies in Taiwan”

2017/12/23 BEORREFEHZRICEITTORERE

133




[Million Solar Roofs | 7045 51

® BiE — 2030F X TITKBGHFEEKF 7,200 MW ZE A
EEOR
® B L447(6,900 MW) :Million unit solar roof (per 3
kW) ;3.3 million x 3 kW = 6,900 MW.

® #h 447 (300 MW) :Installing the capacity of

about 300MW.
® EiE& - slow to fast/ ground after roof Tainan Tzu primary and secondary solar roof
® Promote by the Feed-in Tariffs
2025 2030
3500 § . . i 6-200-MW 7,200 MW
3,00C §’>. . E E
5 :f; | Expanded targe? | 2020 /
= 200 g i i 2015 | |3/615 Mﬂ/
:ﬁ 1500 ZE i 2011 842 MW :
i s g i F7OMW /
50C 5 : r :
5 L : : .
2J00 2008 2011 2015 2020 2025 2030
2017/12/23 EEOBRELRICATTOHERE 9

ANGHHEBEXDER

® Technology R&D: Si Base, DSSC, CIGS, CZTS /BOE, MOEA Programs

® Establish Solar Cell Calibration and Characterization Laboratory, SCCL
® Industry Incubator: Open-lab, Technology Training/Transfer, Spin-off/Spin-in
® 1/3 CEO/Top Manager/ Chief Engineer are from ITRI.

6 12 >54 17 >100
Companies Companies >Companies Companies Companies

®Developing high-efficiency with low-cost technology is the key strategy to Increase
our competitiveness

2017/12/23 BEORRRLRICHTTOSIERE 10
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[Thousand Wind Turbines] 704 5.4

® BiE —2030F FTICREAFEEEKIF 5,200 MW ZE AT B,
® [ _E: Develop excellent wind farms first, and then develop
secondary wind farms before 2020
®|[nstall 1,150 MW before 2020, develop 500 MW
secondary wind farms after 2015, there will be total 2,800
MW in 2030 (about 1,050 wind turbines).
® ;¥ I: Develop shallow-water area first, and then develop Dayuan Guanyin wind farm
deep-water area before 2020
® Complete the first demonstration offshore wind farm of
Taiwan before 2015; develop 600 MW shallow-water wind
farms in 2020 (120 wind turbines).
® Develop wind farm in business scale during 2021-2030
(total 2,400 MW, about 720 wind turbines in 10 years).

® $sz% . . . Simulated image of an
® Demonstration Incentives for offshore wind power systems. offshore wind farm
® To establish inter-ministerial coordination mechanism.
2017/12/23 EEOBRELRICATTOHERE 11
N == b
7 BB 0 3T 5 O HEE (R
® Execute BOE R&D and Demo Program
® Seek ICP international Cooperation
® Promote Alliance Industry
Short-term Mid-term
(Pilot/Demonstration) Co-development -( T I__ong_-tzrmt
Technology Transfer and co-construction aiwan industry Offshore Wind Power
" International Collaboration TRI's Industry Alliance
ex. MECAL and DWD Development : TECO (System)
- Off-shore wind turbine design - Wind turbine P
- Key components system - CSC (Steel Plate) ‘ P'(I)'e\;,\\;er
- Integrated system and control development CSMC (Tower) i Grid
- Winder farm
ex. ECN (Holland) evaluation TECO (Generator)
-Typhoon-resisted design turbine - Grid/Storage FHI (Gear Box)
;[ -Cost analysis ; 1
2017/12/23 | ABOBREHSICATTOMNERE 12
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2H9

0 AREFEZENDIRIILTF—RUBEAREBRIRILT—BEROBMELTL
OGN HKED BIEEXERT 50, BEFXBLOLDIRILTF—F
HIZESN TS,

O BARBELIRIILF—BEKRDBEEZEEZERT IO, IRILT— BRERK
IEBAIZEHL . “Thousand Wind Turbines”Z784' S5 4. “Million
Solar Roofs"7AY S LRUZFDMOBAERGELR I RIL X —EE - HiTD
HEEXIET 5, 2030FFTIZ17,250 MW DEHEA . FLTERER
[CEEFRELIRILT—(F20%%2 HOSBETHS,

o BEDEBRFERMIF-EF-FEEDAREENHLIERHLNATINS,

2017/12/23 BEORRRLARICH T COSIERE 13
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