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Global Warming of 1.5°C
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East Asia’s Race
to Carbon Neutrality

Source: https://futureneutral.com/south-korea-joins-china-japan-in-pledge-to-be-carbon-neutral/
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History of ESME

1978 Spin-off from the Uni

versity of Cambridge Depar

tment of Applied Economic

S

+ Origins in the ‘Growth Pr
oject’ led by Nobel Laure
ate Prof Sir Richard Stone

* pioneered the developme
nt of detailed sectoral m
odelling in an input-outp
ut framework MDM

1980

199

1975 [ @

® |

1985

Early 1990s Expansion

of scope of CE's work

to

* European Regional

» UK Energy, Environ
ment and Economy
service

* More tailored projec
t work

Company grows from

10 to 25 staff.

0 2000

1995

-

The E3ME model and its predecessors
have been around since 1970s and it is
one of the most well-known econometric

models in Europe and recently globally.

2003 CE 25th anniversary.
Terry Barker sets up charita
ble trust fund to ensure CE'
s independence and princip
les.

New Thinking in Economic
s

‘to advance education in th
e field of economics for the

benefit of the 28Blic’

2005

Early stage of the company ‘ ‘ Produ

ct and model deve/oprrJan‘i’ he move to more consultancy projects

1980s CE's work focuses m
ainly on annual subscriptio
n services

* UK Industrial service

» UK Regional service

and selected projects, nota

1993 Start of part-EC
funded research proje
ct to build E3ME

bly the EC-funded HERMES
project (in effect, a predec
essor for E3SME)

It is used for official analysis for the
European Commission (including the
recent Clean Energy Package and
Climate and Energy Framework 2030).

N

Today 40 staff base
d in Cambridge. Inte
rnational reputation
in the application of
whole-economy, sec
toral modelling, part
icularly the global E3
ME model




ESMET /L : Dimensions

« Econometric model

cover world 62 regions, including explicit representation of all G20 countrie
s and all EU Member States. The model has recently been expanded to cover
many East Asia and South East Asia regions explicitly including Japan, Chin
a, Korea, Taiwan and Indonesia. Other ASEAN countries are grouped togeth
er.

based on the system of national accounts
* Includes intermediate and all components of final demand
« detailed treatment of the labor market

« 22 stochastic equation sets, also covering energy and prices

large sectoral disaggregation: 42 industries, 28 consumption categ
ories

12 different fuel types, and 22 separate fuel user groups
14 atmospheric emissions

long and short-term specification

annual solutions to 2050

« For more details see www.e3memodel.com




X|3%2.2 The FTT family of E3SME

Energy Resources ESMEE T /LIx, EBIRESFT (24technologies( E”‘ﬁ)
depletion ZZBERFS (26fE%E) . #RENEEFY (26fE$E) . =
v =P (131ELE) OEIRAR LT v 7 TREINS

FITETILAEELTWS

Energy prices

|
I
FTT:Power FTT:Transport FTT:Buildings FTT:Industry |
Power sector technology Transport technology Technological change in Technological change in
substitution model substitution model household end-use industrial processes |
I
|

v

30




3R2.3 FTT: Power Modeling technology substitution

Simulates: Substitutions Substitutions

* The future replacement and diffusion -!ﬂ- m

* Of power technologies

* By power generation sectors worldwide m- m‘-
(59 world regions) T a T

* Based on dynamical shares equations (

the FTT method — no optimisation) m

 Useful energy demand by country as a L—A -\-\ g L‘A L-A
n exogenous driver (depending on futur e

e levels of construction/gereration)

=1 t=2 t=3

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



K|%&2.4 Data input in FTT-Power (LCOE - IEA 2016)

luclear

il

‘nal

‘0al +CCS
GCC
GCC+CCs
€ar
CGT+CCs
olid Biomass
«Biomass CCS
HGCC

HGCC + CC5
liogas
liogas + CCS
mall Hydro
arge Hydro
Inshore
)fshore
olar PV

5P
ieothermal
Vave

uel Cells
‘HP

D!From: IEA Projected costs of generating electricity

p.103 p. 62-63 p.43
Discount rate 10% Rateincrease price of carbon 1% Startingprice of carbon ($/t) 2210 ¢D/D 15% EsfD: 1% Upeak/Utot 30% Us/Utot "> Negative allc
Carbon Costs  std Overnight std Fuel std 0&M std Lifetime Lead Time Load Factol Type LCOE std Fuel CO2 Efficiency  Emissions Learning rat
§/Mwh 5/Mwh S/kw 5/Mwh §/MWh 5/Mwh s/Mwh  §/Mwh years years 0,1,2,3 5/Mwh S/Mwh kgCo2/G) % tC02/GWhb
0 0 4396.00 1525.05 9.60 2.33 11.00 6.15 60 7 85% 1 109.95 34.41 0.0 100% 0.0 -0.086 I
0 0 1227.84 1033.63 223.66 23%9.52 22.13 3.69 40 4 85% 1 263.34 256.04 73.3 45% 286.4 -0.014 ¢
0 0 2252.95 775.01 25.62 11.23 7.41 6.02 40 4 85% 1 69.54 25.08 99.4 43% 832.2 -0.044
0 0 4224.69 1172.55 22,43 10.23 13.02 4.55 40 4 85% 1 104.72 29.87 99.4 37% f 96,7  -0.074
0 0 3829.06 1705.94 20.05 1.57 10.09 1.51 40 4 85% 1 91.11 29.34 99.4 42% 8520 -0.044°
0 0 452114 1323.05 19.96 7.50 12.87 0.52 40 4 85% 1 104.83 3177 9%.4 3?%' 96,7 -0.074¢
0 0 1067.00 336.75 66.46 16.52 5.82 2.80 30 2 85% 1 88.23 21.79 361 57% 3543  -0.039¢
0 0 2448,53 520.63 71.20 1.47 6.42 0.40 30 2 85% 1 114.19 8.31 361 a7%” 43.0  -0.074
0 0 4007.00 2587.47 93.24 72.94 18.55 26.33 40 4 85% 2 175.59 118.82 0.0 43% 0.0 -0.074¢
0 0 2938.74 2985.00 93.24 72,94 18.55 26.33 40 4 85% 2 208.35 125.15 -112.0 37% 9308  -0.105
0 0 3829.06 1705.94 93.24 72.94 10.03 1.51 40 4 85% 2 164.30 100.12 0.0 42% 0.0 -0.074
0 0 4521.14 1523.05 93.24 72,94 12.87 0.32 40 4 85% 2 178.10 97.15 -112.0 3?%' -380.8 -0.105
0 0 3733.00 3519.63 0.00 36.62 60.52 5.84 30 2 85% 2 116.32 89.69 0.0 57% 0.0 -0.074
0 0 5112.53 3703.50 0.00 36.62 60.52 5.84 30 2 85% 2 136.94 82.44 -34.6 4}'%' -376.4 -0.105
0 0 2782.50 3538.98 0.00 0.00 38.40 6.45 30 7 85% 3 89.04 70.86 0.0 100% 0.0 -0.020 ¢
0 0 2492.,50 2499.96 0.00 0.00 9.86 10.43 80 7 85% 3 35.21 35.92 0.0 100% 0.0 -0D.020
0 0 1841.00 443.49 0.00 0.00 21.38 8.67 25 1 30% 0 88.50 27.25 0.0 100% 0.0 -0.103
0 0 3000.00 379.58 0.00 0.00 40.71 19.82 25 1 42% 0 130.32 37.17 0.0 100% 0.0 -0J136f
0 0 1833.50 352.90 0.00 0.00 22.80 15.57 25 1 14% 0 187.39 65.20 0.0 100% 0.0 -0.269
0 0 4501.00 1859.10 0.00 0.00 17.38 22,10 25 1 55% 0 125.37 64.58 0.0 100% 0.0 -0J152°¢1
0 0 2822.50 2036.63 0.00 0.00 17.28 34.10 40 4 85% 3 109.89 66.53 0.0 100% 0.0 -0.074
0 0 214207 2414.85 0.00 0.00 35.91 36.38 20 1 46% 0 207.34 107.70 0.0 100% 0.0 -0.2181
0 0 3884.82 5439.00 38.71 34.58 33.70 43,81 20 2 85% 1 203.17 159.93 15.3 80% 68.9 -0.234
0 0 2000.00 4338.28 63.74 15.21 13.93 31.85 40 2 85% 1 76.82 124,75 15.3 80% 68.9 -0.044

1GWh=3600GI

requency Matrix Aij = 10/lifetime*10/BuildTime

Nuclear oil Coal Coal + CCS IGCC IGCC+CCS CCGT CCGT+CCS5  Solid Biom S Biomass ( BIGCC BIGCC+CCS Bioeas Biogas+CCS  SmallHvdro Laree Hvdro Onshore Offshore ¢



[X]Z%2.5 Effect of policies on the levelized cost of the technologies

0.25
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Ly |

LCOH incl. policies (Euro/kWh)

0
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ra
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13-30lar Thermal
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Subsidy
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Step 1: Set the pathway of CO2 emission by 2040
to achieve carbon neutral

(HEAL : A7 B {bRBE F ) I I r ~
1400 IEEJOUTLOOK2021 D
ﬁ? R—ZZ7Av>FUAED
1200 N4 B ik REFH R ER (20184
X E631.7%HB)

1000 \ V J

800

600 KFEDH—FRYy = 2— k F I
BERESFUA Fo itk

400 HE AR B
LULUCFIC & Y IRINE N B J
200 "Btk REEHE (8,000 k)

0 },800075r\>/
2010 2015 2020 2025 2030 2035 2040 2045 2050
—BA NZ NZ_noNC Assumed absorbtions through LULUCF

T IBARR—R T A v NZIZRHD YEEEY S U4, NZnoNZIZRFH Y Bk 7 U # % Bk,
AT @ AHTZRIC L S HETE

2018ENTEE
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Step 2: Define Baseline Scenarios and assumptions

= Baseline — E3BME existing baseline (IEEJOUTLOOK2021)

= Net Zero Scenario by 2050 with nuclear(13% share by IEEJOUTLOOK)
= Net Zero Scenario by 2050 without nuclear

Assumptions

= Include energy + processed CO2 emissions only

= Assuming remaining emissions can be absorbed by LULUCF

= No action in Rest of World

= Net Zero can be achieved via combination of decarbonization poli
ces based on existing technologies in E3SME

= Allow for Biomass plus CCS technology
= Revenue neutrality (including policy costs and revenues),

remaining amount used to reduce income tax, VAT, and social
security contribution
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RE31 A-A5(YYFUALOETEIEEOSEL

GDP(10{2US$,2010E (1) 6,190 6,693 7.234 7744

BRI —HE(BEtoe) 283 263 244 224

BE(TWh) 1,050 1,079 1,093 1,082(100.0)
(R FE) 65 157 141 141(13.0)
(BT FHE) 154 202 241.7 372(34.4)

(RRXA) 339 291 289 262(24.2)
(H2XA) 378 329 330 288(26.6)

B RBEH E(H A CO,t) 1,081 940 852 738
AT IEE) OUTLOOK 2021(2020)




Step 3: Define Decarbonization Policies
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Step 4: Calibrate E3ME Baseline for Japan to IEEJOUTLOOK2021

fi& TEE

ft&24 | BE[L 7P LY RF U]
—RIFAE—AR

#3732 - BEY - 45 54 1 12 20 20 10 37 59 4& 13 05 048
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RE - REH 58 7B W08 % 94 9 B4 7 34 37 07 -02 06 -0
TR LF—HR iz 34 a7 ] 3 iz n 12 2 4 00 -03 -04 03
al 5 Fi 2 21 13 16 14 93 75 61 -09 -10 -5 -13
] 160 182 7 44 1233 W7 95 62 51 42 08 -13_ 413 13
EHHZ 5.8 14 21 m k3 b ki3 47 10 m 27 G4 -03 -4
®h a 66 84 Bl B4 B5 B4 2 29 3B 0E 02 00 0
o 1 02 0s 0s 0s 04 03 01 0z gi 36 -13 -18 -16
¥ - - - 0o 0.0 - - - - na  na -100 na
BEARE - EL] 43 no 65 £0 55 13 23 Z4 13 -02 08 06
ARE

FFh 8 e 3z B 157 41 4 kil 62 13 40 76 06 24
*h 2 ] 84 Bl 91 9 9 10 77 a7 03 10 02 05
£t L] 17 33 25 60 97 13 0z 0z 12 13 75 317 81
B F 01 04 =] E7 106 123 0g 60 m o7 28 172
h o1 is 18 12 64 a7 59 na 75 66 G
| uE - - na na na-na
EE e &3] BT 99 44 60 0 78 10 42 72 &l 13 18
H & - - Z na na o na
2o 19 19 19 19 ] 18 01 03 00 00

GDP (201054 10§ F 1) 3019 4704 5349 GBI BEYI 7234 774 10 07 07 OW
Az mz 124 127 127 120 n3 105 01 -04 -07 -0

LEE 00T 9nd 1058 1161 1061 40 52 738 01 -12 12 12

0104 41,000 F 0rh) * kL) 42 43 56 64 403 11 14 13
—AH FT ¥ —Hloer k) 10 36 41 14 34 33 33 02 00 o1 ol
GDP® EIFAF—HR" 114 93 97 2 E1 52 45 -11 -0 -15 13
GDPE - ) . 29 25 217 175 140 118 95 0% -4 -13 4
—RT R W - | COHEH 00 26 24 22 25 23 23 21 02 -08 04705

A fh, B ABoREMEEELToAvAS, SHEAREETLE—FLAL,
*2 toe/2010:EEK 1007 F A, 3 T200E@E 1007 F 1

Final energy
demand

— "Power mix

Economic (GDP com
ponents and sectors)
and demographic

Process to E3ME classification
Interpolate between years
Using RAS to obtain fuel users by fuels

Using shift/share (based on historical
and trends) apply growth rates while
matching totals

Create consistent projections for other
variables e.g. GDP components, energy
sector outlooks

Save numbers on databank
Run the model to create residuals

Apply residuals to endogenous solutio
ns (baseline and scenarios)




Step 5: Set up Scenario Files with Policy Inputs

Combination of decaronization policies

Some policies are saved in databank
due to dimension (region, sector/techn
ologies, time)
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Step 6: Run Baseline, Policy Scenarios and Solve for Solutions

EM Command Prompt - run
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Final Step 1: Inspect Model Results using E3ME FrontEnd

E3ME : Kyoto2021_JapanNZ Introduction Model/Scenario inputs ~ Variables Running the model Model results

RGDP - GDP expenditure measure at market prices
(RSC+RSG+RSK+RSS+RSX-RSM)

Scenarios: Dan_baDan_NZ.Dan_NZ_noMNC Baseline: Dan_ba
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Final Step2: Present Key Findings in Power Generation

MEWG - Electricty Generation by technology (GWh/y)
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Appendix EU Commission(2018) Report on Carbon Neutral in 2050

300 GDP. in Baseline
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Source: European Commission(2018)A Clean Planet for all A European long-term strategic vision for a
prosperous, modern, competitive and climate neutral economy
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Thank you for your kind attention
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