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MIT_J.;. NT PROGRAM ON THE XLI Global Change Forum

MIT Samberg Conference Center

of GLOBAL CHANGE Cambridge, MA o March 26-28, 2018

Science-Based Targets: Rationale and Challenges
AGENDA

Download Forum materials: http:/ Sbit Iy /GCF41

TUESDAY, MARCH 27

A1) smialisio aocainima huld s B —
Wi rmeeling sessioas Beld i Rooms o anid §

B:00-58:30

B:30-10:00

10:00-1030

10:30-12:00

12:00-14:00

14:00-1530

15:30-16:00

16:00-1730

Registration & Light Breakfast

Session 1. Defining Science-Based Targets

Presemters: Mr. Matthew Banks, Associate Director, Industry & Large
Corporations/ Energy & Sustainability, NAVIGANT (Former Climate &
Business Manager, WWF)

Ms. Karen L. Coyne, Global Head of Environment, NOVARTIS

Ms. Johanna C. Jobin, Director, Global EHS & Sustainability , BIOGEN

D¢ lulian Florin Vladu, Manager, Science and Review, Adaptation Programme,
United Nations Climate Change Secretarial

Maoderater: De. John Reilly, Co-Directos, Joint Program on the Science & Policy of Global
Change, MIT

Coffee Break

Session 2. The Science Behind the Targets

Presemters: D, O Adam Schlosser, Deputy Director, Joint Program on the Science & Policy
af Global Change

Do, Myles Allen, Professor of Geosystem Science Head of the Climate
Dymarnics Group, University of Oxford

Moderator: Ms. Anne Slinn, Executive Director for Research, Joink Program on the Sclence
4 Policy of Global Change, MIT

Lunch

Session 3. Time Paths for Emissions and Technology Options

Presemters: Dir. John Reilly, Co-Director, Joint Program on the Science & Policy of Global
Change, MIT
. David Anthoff, Assistant Professor, Energy and Resources Group,
University of California at Berkeley

Moderator: Dr. Sergey Paltsew, Deputy Director, Joint Program on the Science & Policy of
Global Chamge, MIT

Coffee Break

Session 4. Sectoral Targets and Technology Options

Presemters: Die. Sergey Pallsew, Depuly Director, Jodnt Program on the Sclence & Policy of
Global Change, MIT
Dre. Steven Rose, Senior Research Foonomist, Energy and Environmental
Analysis Research Group, EFR]

Moderator: Dr. Niven Winchester, Principal Research Scientist, Joint Program on the
Sctence & Policy of Global Change, MIT



17:30-18:00 Reception

18:00-19:30  Dinner & Talk: The Paris Agreement and the Global Stocktake

Introduction: Prof. Ronald Prinn, Co-Director, Joint Program on the Science & Policy of
Global Change, MIT

Presenter:  Dr. lulian Florin Vladu, Manager, Science and Review, Adaptation Programme,
United Nations Climate Change Secretariat

WEDNESDAY, MARCH 28

All meeting sessions held in Rooms 5 and 6

8:00-8:30 Registration & Light Breakfast

8:30-9:55 Session 5. Challenging Sectors for Mitigation

Presenters: Dr. Niven Winchester, Principal Research Scientist, Joint Program on the
Science & Policy of Global Change, MIT

Dir. Eric Masanet, Associate Professor, Mechanical, Chemical and Biological
Engineering, MNorthwestern University

D Gary M. Pierzynski, University Distinguished Professor and Head of
Department of Agronomy, Kansas State University

Moderator: Dr. Erwan Monier, Principal Research Scientist, Joint Program on the Science &
Policy of Global Change, MIT

9:55-10:15 Coffee Break

10:15-12:00  Session 6. Panel: Update on Views for Paris - Policy Implications
Presenters: Dr. Kenneth Kimmell, President, Union of Concerned Scientists
Mr. Michael Mehling, Deputy Director, CEEPR

Dir. Achala Abeysinghe, Principal Researcher, Climate Change, International
Institute for Environment and Development (ITED)

Dir. Zhang Xiliang, Prof. of Management Science & Engineering, Director of the
Institute for Energy, Environment & Economy, Tsinghua University

Dr. Radhika Khosla, Research Director, Oxford India Centre for Sustainable
Development, University of Oxford.

Moderator: Prof. Henry Jacoby, William F. Pounds Professor of Management, Emeritus,
Sloan School of Management, MIT

12:00-12:45 Keynote Address

Prof. Ernest |. Moniz, Cecil and Ida Green Professor of Physics and Engineering Systems
Emeritus and Special Advisor to the MIT President

12:45-13:00 Closing Remarks
Di. John Reilly, Co-Director, Joint Program on the Science & Policy of Global Change, MIT

13:00 Lunch

14:30-15:30  Campus Tour — Meet al registration desk
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[ElfY scope 1) J[EHEHER (X1 N EIHY scope 2 J% scope 3) « HAHAFMNE »
FE—(EEEE AR E A RIZES - W baE S M EEA R - EEEE
JE » BEES =SSR GG T Walmart (S8 2 - HEIROR 3 B (a it e -
SR ERPIHIBER A ARy &k - ARMERE - At EEGRY IERER
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Global Climate Goals and the Relationship to Companies

Climate goals Compan
. (e.g.. limit< 2°C) pany

; N EPRI |
2. R ESRAGHRIE T RIS R K 2 SERE
BRI Z B FREUE (2018) ~ Rose (2018)




1.2 %5 23 Ef S BRI SR A G (COP23) R . (e #EEt% (Talanoa
Dialogue) ¥/B(&EZ Bz

H 2015 455 21 el e BRI RIE RS (COP23) Z1& » &h&VBIH =FHYIF
A WELRAES 24 S BIEPERIEAE (COP24) 2R SEHIH BRI E
AYFEAAR AN ~ ERTFIRZ S - RIS ERIGEAL AT (Paris rulebook) - 2017 £F 11 H
17 H COP23 BB AN EEDR: S At S am U A& B AL 2015 FHFHIT R E
(Paris agreement) - COP23 i Ry /B AR I Tl SCHIIE L S BIR o s ERIPG RS
afe o o YRR E IR T RAEVE S EEREH] (Talanoa Dialogue) » ZIIH 17—
FHVEEERIE > (25 T —Hi 2020 FEHYE FHEK; Talanoa ZZEAGE » HEhEIZTHR
TE=TEIAHA] - BRIz tHRBE A (stake holder) Z2Ed ~ 3EIB/P ~ SPHHTHYEREZ R 4
PRI R45 IR - Rl A Z IR BIR AR B T 58K > BIIANSE BRS A
AR > S RIATI T RAESH T IR A S E A © FEFAS U0 DL BRI RIS
#5127 2 E THEHEEL (National Determined Contribution, NDC) B35 » BB ZER
R B SR EATR T R - A EERKE HEE > & Talanoa
Dialogue HJ&HE{EA] » SEERIRTHTHVRE T AEMERERATZES] NDC HEE - H
AR B R R X EARE BB A ZE -

EE 2R e M E Bt e B R HH H B TR I — R ER AR L 55— &K
PEREREAYIFIETE 2023 47 - COP23 Sifft | MANS AU REAES - Bl BB RITE R
PEER ~ BFam BRI NS Sl Rl P& B - m&r&y T i 2/ VM RSk
MEME EEME AR - WHEZHRFN L A EEEZ - A EdE
international institute for environment and development (IIED) HY Dr. Achala

Abeysinghe > HFijtlf& United Nations Framework on Climate Change (UNFCCC)

{KIEBHSEE]Z? (the Least Developed Countries, LDCs) FA;57E ~ F1if K SR0& 4T »
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(BRI I PR E s - B/ —(E 2] T A EE R AN E N E
S L EEAVHAIRER > ZEE COP24 FistRuE —EIRARIHREL - A
IR SRR = RARER - [EEFRRERATREE N FRERE - 23R
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1.3 S 5SES

1) 'RFIE JE SR SR

BERFET €& 5 B 7 5% {8 P 5T — M M B R A 7 S R SRS ST -
Niven Winchester {8 t-(BFFE[EIE T &3 AE LR LAY TRE - MFER] T A B4Ry
frze L PRy EPPA LAY > PR R FEMTZZ i i3 & (The International Air
Transport Association , IATA) $2HH AV ERfTZZ 2 2050 27 k& H fZ: 2050 £ 2005 HE
MEZ—+F - IR AL - 3 BAE R (2040 F2/0) > R4
R I AR BN - 2 S E DA SEE A K ERHRREA se R E B
V5 22 2R - s ELR AT a B T80 ] A2 BLR LA Ry » i b
A AR EEARNE, 5 2040 212 » QIR EENHEREETTS - i
SE PR SR AHRRAE ORI D - i 2L - BIPER RV ERASE T &
BREAIN KRR - W EAEENWEE - FRAERS REBRESEIERR - Bl EE
EFECA BB — B - EERA A E T H KR EE) - IR
B HEREERSRYE ZE0 et BERRBERE - 7R LSRR
BEHEERAER R - FRSUIE (SRR A AR E RO -



FINEAETL YA SRR ] - DNt T R SORRE D Ay = 2
FESE > 3T T IRE B AR (ER P IR R B SR E 1 AR AT HY
B R RS AR R - A BRI A & (5 PR A Y A (R R SR BA I M R R
o) WERBGE SRR ERERAR - (R EHGUEM R T RENTE - LEE
FELVRDAEE % S PEGOEIK T« EBTFT 0 M R 7 5 P B A (4 i s ey
BRUR > BRI UL JE BRS04 S R RE -

2) WRHF SR S SR EE

RENZHatE > THER T 7 (EHENVPHRE S - i+ = AN EEHE

B EEIFHR=C S (National emissions trading system) {HERZ Ay AZEETT5E
IEUBERE R BEIRAIH et E (S AP RIS EPPA 1531-CGEM - ZKfE
Btk BREE I BR ik E AR > BT T = TLBieBEse 5 N HIBR{E S R4 5 E
BFEHE Y A i A v B AR PR P B PR RIS JRE R P Bl R P AR R TRAY 75 =04
LE - T2 2 ] LU A R 7 2 E R D R — - HEm B Y - FIFHE/ET
B et EEA s B R R/ N IERL - REREBCREE AN AILEESE » 5
EARRAFTRE L SRS T ORI R T 1 2 — » SRR R BUR AT RE A S (e HR
B EESERG » B THIN B R SRR S] (AR RS2 AR AO%
st SRR B R NIEE - BRI o] DS AR SRS B 4 S R BB Y

7 -
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3) EEEFEHY 1.5 °C ki H AR R A HHR BT 0

John Reilly fH-AYBFEIER MIT EPPA ERIIELEE S &Y 1.5 °C & HAEEK
RIEIIRAHE BEES 512 - T 2K ] EPRI B9 Rose {H-F-Lhirs T 7R S B SK A% 2 °C S0 5%
FREVECE HARGE SR - 852 B HkRET (Negative emission technology) » 41
bio-CCS » #7211 8 J 1 #3FIAE B I3 TR E R R E R T2 ARy -
PR ETA B N E BN RE 55 B SRR AR RS T e RN E 2
BRIEHZ — » EPPA-Taiwan H AL ES B A FEREME KR ERNM (backstop
technology) HYEEHY — - FEFTIRIFERREETE Bl I B H AR 2 i -

The Relationship Between Temperatures and Electric Sector Emissions

2050 IPCC category 1 & 2 emissions changes from 2010

Global Elec CO, w/o

Global CO, Global Elec CO, |negative emissions
Max 14% -2% -13%
Min -96% C-163% -100%
n 408 /373 55
f{f .(\"
Negative emissions generation being deployed.
Represents subsidy payments to operators. Depends Many models can’t find solutions
on acceptability of negative emissions technologies for achieving very low emissions
and policy design (global & economy-wide here). pathways without a negative

emissions technology

Developed from IPGC WGIII (2014)

EPR L

3. EPRI ELESSARARAE 2 & C 2 EaHhx B IR 2 455

ERACJH Rose (2018)

11



2B AE e (Lunch meeting)

2.1 Jacoby, Montgomery and Yuan (2018) Next Steps in Tax Reform

EEEG) E%5E M EE R SEAZ (Tax. Cuts and Jobs Act, TCIA) | JI]
L AT EBU L AR - IIMEEROHE H @A AR D ITRE - & H A Br L% 58
FEY - HVEE ISR AREEE - LEREHFEIEAI T MIT Yuan 4 F HHYEEHE
I, CGE fHAY-USREP » S3Afr) 15 HR LAY HYRT T 2 TCIA 2+ 18K - SERETHE
EREZEFR D IRFHY H AR - AL R BRRTC y B —AERUBR = 5ERT (business

tax) KFREHE (income tax) -

FER I B T 7S HE PR IR > R AL T —fik CGE R Y& -9
# (average tax rate) » PR ZIERES T A FEFTEEULARIEL » 2HEBTSE
FRAKRRER > IWITEBESAFEAE » RUCARIESK > S5INAERRR
(marginal tax rate) AHEFT B AEUIRUIESE - [REREL EIEHFERiRIE R I
Bft > AlEERER - DUBBRRGEIEDT > (RIBEFRERIR B G EER R A E K
FTSE0FT - ERT EPPA-Taiwan ;R BB FTHEKEE » RERTTARRERIZER] » SRS
BEREETTZE - BRI BURFREEEIRAE R B K IS TRERE BRIBCR > &
BERREYT]

12



2.2 Niven Winchester and John M. Reilly (2018) The Economic, Energy, and
Emissions Impacts of Climate Policy in South Korea

IERHSE LB B A 5 e B [EI HR S 586 % (Emission Trading Scheme,
ETS) A% NDC i & HIETREERZ ViR » FHEAVIC & R AT (forward
calibration) - F#E{ZZ5E MIT BHFEHYIRIN - AR EEINA P2 S PR T 2R ke
(Paris agreement) {E 5 Al b Ao 52 e BRI (E st o A& 5L« ASHHSE[ElRR 17
Yongrok et al. (2017) HYSZJEk > {H Yongrok et al. (2017) MR PREENREHE AT BEERERE
A8 0 P MTHIERERE Ky 2030 4 0 SHANKIHIT S A SRS E RGN - AR & CO,
LIS 2 SRS IR EE AT 72 Ryt Bl 55— DARSCal Ay S0P AL o A s B A 2 it
2030 JEiE (TEARIE ETSIBHET) Pk ivmefi R EOR M - e s EE T =

FAE] ETS BUR:

7= 1. BREHEAC Fe 4. (Korean Emission Trading Scheme, ETS) 7 [BIE:%E

a KETS ({615 H Al KETS SHEHTE P EE SR 54 FR ~ B0y 158 ~ 2 ~ BN
fizs ~ BRI )

b KETS ELSHIE 2 SR I 2 g™

c KETS 8 FI AT EE R A i B

Horr 2030 FEZ W AEETEE (WAKBAHEN LA R T > BHERLE
11%E) ~ ETRMERS K B S MRE TR SR EIME T (GG e - DU R
(Business as usual, BAU) NAyHELRE ~ 08 Kt e R o @R E BIE
2 BAU B’V 37% HYMZSRAE (greenhouse gas, GHG) FEL LAY BEA Bk i
e/ NUBEHAL - (HEGELIMNE T35 (rest of the world) JVA—58 2R )
1735 » SUEEE AT SERE T - SEEHREIAIRAS 5 T H A L G A m R S

it -
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MAEREEE N2EYMNTE 2 efi B a.90 b.86 ¢.62 (in 2011USD/ton CO,e)
wi% c [BE T » RUEy ETS 2 AT FTA S0P s FEm /D 8y B P T ol fR S5 F R 2 HI BRIy
PEb - HesFrBEEENEWE L T > STFEIR(EAREEAT a ~ b Z{EEFEEK

& -

BRI ZHARIFAS ORI T AEFRITE SR EAYBRAE (credit) Kot (d
T (FEHBTE P B BRARIE A S I MERY) (FRER - HATSOE 2L s
(10%) KAEAGEREEHY  ESESE o FEIPNBRERIR - EEIN PR ENES a 11
AT > (GDP {EIAAHAT) HAKH KETS BHIEF T2 R E S SRS a - 2o flH
HEE BB AR, SRR EPPA-Taiwan Tl EIRRARAT 5T B DI AE » M5
Ao B AY GEMEET %S » $RHtH— ARV ERIERER(E - WA EER R R EA
R BEBRUEEY N - R BEEILRTS - B0 o B R R SRS B -

AN R AR ER BAU T TS EPPA-Taiwan FHAT (38 Hr 2 LLHis 58 > 5Z) -
Bk E# EPPA-Taiwan {8 > A A2 Y i [N Bt 2802 RE R (EASAE 32 b 72 TP 2 A
(EPPA-Taiwan N4:) - {H55—{EFIN A AE/E EPPA-Taiwan FEHERES S AT it i HY
(790 [ EWE: 677 [N > & 85%) > = [EIELBIFH%E - Al EPPA-Taiwan H#Efi BAU F#
[ 7 HRIT Ry 899 FESE - B3y 840 FENATAHYT - E#EMERE T EPPA-Taiwan
ALY RN - EHO R B A SR A B PR S B R B T » SRR PRSI RI AR
OBVREERGHEMS - HOCHERERIBORR SR A E RS -
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3. MIT EPPA &

MIT iRy Outlook 2018 i MITJP Ly KEIK5EEL: Outlook 2018 - 54
J&£ EPPA &Y ARHR 7 B BT R HE (A AR IR AR Outlook 2018 - THET 7 B2
FETEI4EER4S the Center for Global Change Science fYE[[% (Andrew &) >
MIT JP #REEIE R B SEIFZSF0s (Center for Energy and Environmental Policy
Research, CEEPR) [H[x4y T. 5 H & #0530 » Rl S BOE R A HETE 1
Jennifer - &5 - & Abbas &5 - LHFIHHEPEEEE Angelo 14
5 S TERE T > John Reilly 17 Sergey Paltsev L —l X —fgii & &
SR BRI SR - ISR E R I8 HY CO, BRI > B Henry B85
ER S AR S HERNE ) F—EHE - BHAVEA R EHE MR 2
VBB H /5 o MIT IP $HERISE S 1R P ARSI S &R NGB » 75
B MIT E3 ARTE R R R & BT AT EPPA-Taiwan S8 e i A 0CRAY T 20 TEL
IR R E AR - LR USSR n R s A B AR -

15



(=) ATHZTAERRE

FEAR LA TR 4 H 24 HAY MIT EPPA-meeting S8l fEH @ i~
WEEEAEEEEEmPHE R ER B T 2 BRI - BN SN
[E1E S AR AP R B o) ~ RAUThRE RIS > R S BRI » S bl Bl
MIT JP EfT: John Reilly &+ - BIE(E: Sergey Paltsev £ AfT305 - TIFAE
RERE RN ERENRNE > SRR E A 2R — -

\

1= e et BE e > E

NE AT 3 B MITIP S{ERIIRE 2 E18G - AHRE R T MR S s A AT
i & 2 0 (F Ry P BRRIERE > T F 25 PR PR B SR A R AL A Mg 3k 2 bt el ey > JI
W NEVEBRTS > RO RS R TRIE R ey - Kbz —HIEH Rt
MIT f8% 2 T RS EEIRERRAS - MR 6 H R RIRa285H 2 IAEE BiaT & -

The MIT-INER Project

Year Milestones Applications
2016 1) Develop the static version of EPPA- a. The EconomicProjection and Policy Analysis Model
Taiwan for Taiwan: A Global Computable General
2) Analyze implication from model runs Equilibrium Analysis (JP Report 323)
3) Papers documenting findings and —Separate it into three papers.

model features

b. A Comparison between a multi-region computable
general equilibrium model with a single-region one:

2017 1) Further refining the static model the Example of Taiwan
2) Dev;lop the dynamic version of the (submit to Taiwan Economic Review)
model

c. Economiclmplicationsof the Paris Agreement on
Taiwan: A Global Economy-wide Analysis

(submit to USAEE 2018)

2018 1) Further refining the dynamic model

2) Papers describing findings of these new |d. An economy-wide analysis of electrifying the
runs transportation sector: The case of Taiwan

(submit to IAEE 2018)

[& 4. EPPA-Taiwan =& EEtEE T

16



2[5 P AR A o] B B R 7 22

[l 5 Rk EUEEm PR 285 - KoARKE B E R ZPECE - B 6 Ryl
TR > PREE S H E MR BCORAT T ¢ S — M R KR Z )
B ATA R M AT > BARE - NEFRERE L B
PRIRCREET ] > 2020 FEAHES 2014 AT HEE T HITEIEE 10% ~ /NEE 25% ~ JSEE
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CO, emissions fromthe ground transportation
in Taiwan

CO, emission estimates by MOTC
(2011)
€0, Emission trend (MOTC, 2017)

a0 bus.
35 4% 1
30
25
20
15
10
5
0

Mt CO,

—total{excude international water and air trans.)
—road transportation

15850 1935 2000 2005 2010 2015

23 million people

it

5. WEEmPER B3

Current policies and future plansin Taiwan

* An 10 thousand-electriccity bus program by 2030, the sale of non-
electric scooters andcars bannedin 2035 and 2040, respectively

Trade- Subsidy on electric  Improve energy efficiency
in subsidies  vehicle/scooter (by 10~30% compared with
the standard in 2014)

2017-2020 2011-2021 By 2022

scooter \ \ A

car Vv Vv vV

bus \ v

light truck V v

Heavy truck V

* EU, USA, China,Japan, and Korea tend to introduce fuel standard
by 2020 or 2025; :

6.  TREEZEBEEBCR
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EIAER] CGE AN TEE R T 2 SUROTH > FHH A AT (2007) -
F AT TR A SR RN R A 1Y ~ [ ~ 22 =S s AR % > == 5585 A (2015)
FAGIEEE N (2017) FERREISCEENET AT~ Ze5t - FRSEA I EinfEiH < CGE
TRAL > HARRIE) S ot 1 i R Ay R SR 8l - ESME A= JER] CGE AL
TTHEEE R AT Z SR 25~ A A o Sl A A Y 2R 5 T 28 e s s 2
BfHEETHAE (40 Brocker and Mercenier (2011) ; Brécker and Korzhenevych (2013)
Kim et al. (2017) S A\ ZH15%) - dEERBlaelRE A - HArEl » RAAEEEHAE
s A B LAV T - BT R CEWAKST Eaptil il NEERiNEERH 75 =t
N - WIS — - SR B A Y8 E T a o 4 SUE b S 3 B Y
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BT Ry NIE B BRI B EIE Z BER ~ BEREBUR T - BIREE CRER(E
= 7 B T (HFESK (U0 Paltsev et al. (2018) 2 Hft5¢) - EPPA —Taiwan & —EH
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Detailed Detailed Urban International New and Detailed Backstop
household  trans. model trade Vintage electricity tech.for
trans. service  [discrete sectorsand trans.
sector  choice) backstop
tech.
Briocker and Mercenier (2011) Europe V v
Bracker and Korzhenewych
(2013) Europe V A
Kim et al. (2017) Korea v
Rutherford {2011) Zurich v
*Paltsev et al.(2018) Global V v v v v
*Kishimoto et al.(2014) China WV v W
Chou (2007) Taiwan v
Huang et al. (2015) Taiwan WV v W
Yang etal. (2017) Taiwan WV v v W
*EPPA-Taiwan:
Chai et al. (2018) Global V v v v v v
Mote: Literatures with * are based on EPPA family model

7. BEIPNSNSRRIE] R

4. PERUEEAH R S SRR R R R

GTAP Bl H I A o g e e Ein T G ~ ELAIE&ER - 56
T HPTRR ERAE 8 - T EF e E &/ N RS EIHI AR EE - DL
LRV REWCI HE s EE S ER RIS RET AT E RS SIS HEER] |

M A&ERE > RILISCEEHIPRIET » R B/E 524x166 & AEHEGETER - &
TIREIRFR A Z &M - SO AMEBE R IR AT > TR A R GEE T ERHE Rk
1% > SSMIRES T R DB AR ~ JREEE ARG E BRI E R iR -
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Data used in disaggregating own-supplied car/scooter

* Data used in disaggregation.

* The output of Household own-supplied transportation
* Total household expenditure on own-supplied transportation service from the Survey of
Family Income & Expenditure
* The Inputs
* The energy inputs —refined oil usage of household consumption from Taiwan’s 524x166
Input-Output table; refined oil usage shares of the car and scooter from MOTC’s CO,
emission statistics

* The equipment inputs-GTAP9power database (“mvh”); Taiwan’s 166x166 Input-Output
table to obtain values of equipment purchase for the car and scooter

The service inputs — shares of service input for car and scooter are from Survey of car
users and Survey of scooter users by MOTC

* The vintage shares for car/scooter
* Accumulated miles of the car and scooter from MOTC statistics

¢ Share of new car: 17.6%; Share of new scooter: 38.8%
(Share of vintage car: 82.4%; Share of vintage scooter: 61.2%)

8. FatEF AT Z A L&

PSR T TR ERHE 9 - EEMELAVETEIRS S 58 524x166 1
NEHRGETER /MR RE LR A S S E IR s - HE
AN ZEEREAILAFA EPPA TR by BB R S B0 P IR A SSRE R iRk oy - EHR
BRI Fei i PR - o Be e B RS H Bl B 2RI R ARy B — P s R
BEGE R A 2B S B R AR A on - 5 R S ] B &R
TS ECEERE (RIE ) JRA R S a e i B -
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Data used in disaggregating
the transportation service sector

* Data used in disaggregation.

* The output value of truck and bus sectors
« output share of truck, bus in land transportation from Taiwan’s 524x166 Input-Output table.

* The inputs

* The energy inputs : GTAP9power database-refined oil usage of the land transportation;
energy inputs of non rail transportation from Taiwan’s Energy Balance sheet ; CO, emission
shares of truck and bus from MOTC statistics.

in EPPA-Taiwan.

* The vintage shares for truck and bus
* we only have data of number of vehicle by age
¢ Share of new truck is 14%; Share of new bus is 43%
(Share of vintage truck: 86%; Share of vintage bus: 57%)

9. BRERETT T FTHZ AL ER
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5.MIT H5E R Rl & 2 R Era I

LUN Ry MIT B8 7

T By John J Sergey f2i > HREITAZEEH » 55

2~ 3 BB AR AR T AR E PR R

MIT BHEER RIS
1. To check what are the reasons make CO, emission stay flat EEHERA - Eﬁ?%‘ﬁﬁ@*%%ﬁ@
during 2011 to 2015. RIRASID BEE A A

Tk > )EZI%E‘E/ U RIS R
2011 FE1&R V4R -

2. The substitution between the new and vintage car can be

non-zero, keep trace this parameter with Abbas.

et SR AR GTRE
SH

3. If we meet the situation that whole ICE cars replaced by EV in
policy simulation, we may consider the setting in Abbas study (to

keep 20% of the ICE car is irreplaceable by EV)

et SR AR OTE
SH

4.Check the resource for “pbf”, follow the latest version of EPPA

outlook (2018) from the Github.

AR ML B RE fetA I 2 DA
T3 HY EPPA outlook &3

5.Commercial transportation for freight and for passengers can
be substitute in the current setting, it does not make sense. So
we could create a new layer in nesting structure, let “bus” and
“othtrn”(ex. Rail trans.) substitute each other firstly (A larger
elasticity, ex. 1), and then substitute with track (A small elasticity,

ex. 0.1)

[SAGREE A B EE S
B

6.Confirm the historical emission in 2011 form EPA, and
comparing it with the emission calculated from GTAP data base.
Try to find the source cause difference, not get into historical
calibration directly. Very important: “To make 100% sure there is

no any error in code before the historical calibration

EEHERIERBINRIERET A
SEEER R > e ER

7.For the Scenario, a no policy would be a better choice for BAU.
And we can create a baseline with current policy and compare it
with other counterfactual scenario. However, we can avoid make
judgment about the current policy by address the contribution of
the current policy. For example, we may assume a scenario that

Taiwan still heavily uses coal, and see what happen with the EV

policy.

EEKKT Wi T i K

SRAANTHIASEE > Moo iRE R
Jﬁ%ﬁ’\]‘%i% » BUAERPRSRNINAE 80%
RII=]
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Bz BN PRREREOR 25K CGE ARV E R G 1F > SESEREITL
BSh > i L EPPA-Taiwan FHEINETE ZAET) - JLAUFHERSE MIT HY
EEHTRA REIZ T SIFARINA LTS & E 60 & 3 ir bl 14
(& TEIRRE R MIT Z8242) JLEZEL > I5ERE H ) & 2 B R R 5
3o DIEAIREEE R > GRS R HBUF BEALFHORE G S - 7748
EE R AE AT o [NEEA EmAE SR TS R BE SACRE M ERE - B
A e 0 B SR SRER T 2 PRET - S fR I EREE MIT LBV NE R 2
EAPSRIRER] > DUIIZEREEH -

bR BB R R R SRR SR AT & - JE R RS B A AR e P LT
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the ground transportation of Taiwan
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Joint Program on the Science and Policy of Global Change, MIT
John M. Reilly
Joint Program on the Science and Policy of Global Change, MIT
Sergey Paltsev
Joint Program on the Science and Policy of Global Change, MIT

IR0,
$ %
&)

GLOBAL CHANGE

The MIT-INER Project

JOINT PROGRAM ON THE
MlTSClENCE AND POLICY
of GLOBAL CHANGE

EPPA meeting
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SRR
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JINIER Center of Energy Economics and Strategy Research

Year Milestones Applications
2016 1) Develop the static version of EPPA- a. The EconomicProjection and Policy Analysis Model
Taiwan . L for Taiwan: A Global Computable General
2) Analyze implication from model runs Equilibrium Analysis (JP Report 323)
3) Papers documenting findings and —Separate it into three papers.
model features
b. A Comparison between a multi-region computable
- . general equilibrium model with a single-region one:
2017 1) Further refining the static model the Example of Taiwan
2) Develop the dynamic version of the (submit to Taiwan Economic Review)
model
c. Economiclmplicationsof the Paris Agreement on
Taiwan: A Global Economy-wide Analysis
(submit to USAEE 2018)
2018 1) Further refining the dynamic model
2) Papers describing findings of these new | d. An economy-wide analysis of electrifying the

runs

transportation sector: The case of Taiwan
(submit to IAEE 2018)
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Outline

* Focusing on motivations, data, and model setting

* Why we need to introduce Household transportation and some
detailed transportation into EPPA-Taiwan

* New features in household transportation and transportation sector
in EPPA-Taiwan

* Discussions

Background information about Taiwan

* 36 thousand square km? (1.3

times as big as Massachusetts) Power generation by fuel (2016)

Renewable
5%

_Pumped
Hydro
1%

* Highly dependent on
international trade. Nuclear.
12%

* Imported fossil fuels currently
account for around 98% of

Taiwan’s energy supply. Coal
EY FEY [PERCENTAG
LNG E]

* 82% of our power comes from 32%
fossil fuels

4%
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Green house gas (GHG) emissions of Taiwan
* GHG Emission of Taiwan in 2015 is 285 Mt CO,eq, which accounts for 1%

the global emission.

* CO, accounts for 95% of GHG emission.

300,000
. o o s R
13% of CO, emission sono T — e pman
aus %
comes from the - i e
transportation \ e — 14 Y
10 e — ] -2, T3
200714 /I 2 é;ﬁﬁg&lﬁ
2015: 35.37 Mt CO, 000m i w3 BURIET
2020(target): 37.2 Mt CO,eq - T R mRI kR
| | — . RS
I ~o- 800 it
] I (RELULUCF)
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 20142015 | 6

50000

Source: Envi P i dmini: d 'A), Taiwan, 2018

Trend of CO, emission by sectors

CO, emissions from the ground transportation

CO, emission estimates by MOTC
(2011)

bus

4% I

The ground transportation is one of the major sources
of fine particulate matter (PM2.5) air pollutants

Nemrbeorwehicles andGe8BEER h Taiwan
NAME] (2011) NAME]

[VALUE] [VALUE]

m|I||on mllhon
[CATEGORY
NAME]
[VALUE]
million
23 million people

Source: Ministry of Transportation and Communication (MOTC), Taiwan, 2018

cars
[VALUE]
million
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Current policies and future plans in Taiwan

An all-electric bus program by 2030, the sale of ICE motorcycles
and cars banned in 2035 and 2040, respectively

Trade-in subsidies Improve energy efficiency by  Subsidy on electric
15% (compared with vehicle/scooter
the standard in 2009)

Period 2017-2020 2016-2020 2011-2021
scooter Vv V Vv

car Vv Vv Vv

bus Vv Vv

light truck V Vv

truck \

Current policy for electrifying vehicle/scooter

* Subsidies on electric vehicle/scooter

* Car: The commodity tax exemption and tax rates around 25%~30%.
(2011~2021)

* Scooter : Subsidies for purchases at most NT$34,000 (USD$1,100),
nea rIy 40% off. (till the number of scooter from any single producer exceeds 100,000)

* Bus : Subsidies for purchases around 50% to 80% of the total price.
(2011~2021)

gogofo Jaest
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Questions we raise include:

* How do households shift their consumption from conventional (ICE)
car/scooter to electric car/scooter under the policy scenario

* How much of CO, /GHG reduction after the policy implementation.

Literature reviews

Detailed Detailed International Newand Backstop
household trans. trade Vintage tech. for
trans. service trans.
sector
Chou (2007) Vv
Huang et al. (2015) V \Y Y
Yangetal. (2017) V Vv V
EPPA-Taiwan Vv \Y Vv Vv V

30



A quick review of EPPA-Taiwan

EPPA-Taiwan
modeling language the GAMS/MPSGE
Database GTAP9power

(more easily to adjust sectors and regions)
Region 19 (including Taiwan as a separate region)
Sector 14 aligned with MIT EPPA 6

Substitution Elasticity
Function form
Nesting structure

Dynamic mechanism

aligned with MIT EPPA 6

CES with multiple layers

1) Backstop technology

2) Detailed household transportation (scooter for Taiwan )
3) Detailed transportation (bus and truck for Taiwan)

4) Stone-Geary in household consumption

1) Backstop technology
2) Vintage in transportation
3) Vintage in all production sector and b

techn

Nesting structure for (1)EPPA-Taiwan

household transportation (1)

(2)EPPA6-Outlook

PA(“tran”,r) PA(“othr”,r) PA(“serv",r) .. A(*dwe" r)-

Own-supplied transportation

activity:htrn(r]  ptrn(r) l
. e /?\\ = =
Conventional car | reltren'n ptrriown(r) I BACKSTOP:Electric Vehicle |
EPr s

ptrnown_n(r) ptrnown_v(r)

achiviby i convin) ptlmnwn(r) S activity-eb{evtrnns) _ ptrnown(r)
I = KT =
<70 N 01

activity:htrnn_conv(r)  ptrnown_n(r) activity:htrnv_conv(r)  pirhown_vir)

01
075 10 0

paf_gh(“roil”,r) pa(“othr”,r)  pa(“othr”,r) pa(“serv”r)  paf_gh(“roil”,r) pal(“othr”r) pa(“othr”,r) pa(“serv’r)

i
1
1
1
1
1
1
1
1
1
1
1
1
L= 10 % s i
pa(“othr”,r) palserv’r)
02 1
1
1
1
1
1
1
i

pbf(“evtrn”,r)  pa(“eléc”,r) 92 pa(“othr”,r)
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Nesting structure for household transportation (I1)

PW(r)

(3) EPPA-Taiwan with household transportation ?

P(inv'r)

PACIN'T)  PACdwe’r)

PACiT" )

PTRN(r)

PA(elec’r) PA(‘coal’r) PA(*gas™r) PA(roil"y) PA(*oil"r)

Own-supplied
scooter service

Purchased transportation

(for Taiwan only)

\LLump sum of bus, rail, metro, air, and water trans.)

¥
PHTRN_S(r) PA(“tran”r) =

| PHTRN_C (1) #+eee
o e Own-supplied car service i

e 5 0.0 " S T N AL
PHTRN_SN PHTRN_SV ()  PHTRN_SBK(r)  PHTRN_CN (r) PHTRN_CV (r)  PHTRN_CBK (r)
(r)

Data used in disaggregating own-supplied car/scooter

* Data used in disaggregation.

* The output of Household own-supplied transportation
* Total household expenditure on own-supplied transportation service from the Survey of
Family Income & Expenditure
* The Inputs

* The energy inputs —refined oil usage of household consumption from Taiwan’s 524x166
Input-Output table; refined oil usage shares of the car and scooter from MOTC's CO,
emission statistics

* The equipment inputs-GTAP9power database (“mvh”); Taiwan’s 166x166 Input-Output
table to obtain values of equipment purchase for the car and scooter

* The service inputs — shares of service input for car and scooter are from Survey of car
users and Survey of scooter users by MOTC
* The vintage shares for car/scooter
* Accumulated miles of the car and scooter from MOTC statistics
¢ Share of new car: 17.6%; Share of new scooter: 38.8%
(Share of vintage car: 82.4%; Share of vintage scooter: 61.2%)
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Nesting structures:
Detailed Bus and truck in transportation sector

* For Taiwan only

* Break down the transportation
service into three types:

bus, truck and other transportations

P_N(“truck”,r)
0~0.3

1.12~1.67

{Tifonehasabetter i P(“tran”,r)

reference, the

PS(“fix"r) PS(“Ind”,r)

i elasticity herecould. Fee+> 1

PA(“tran”,r)

P(truck”r)  P(‘bus’yr)  P(“othtrn”r)

.00

PA(“elec”r) PF(“lab”r)  PF(“cap”r)

0

P_N(‘bus”r) P_V(*bus’r) P_BK(‘bus’r)
PA(“coal’r) PA(‘gas’r) PA(“roil”,r) PA(“oil"r)

Data used in disaggregating
the transportation service sector

* Data used in disaggregation.
* The output value of truck and bus sectors
* output share of truck, bus in land transportation from Taiwan’s 524x166 Input-Output table.
* The inputs

* The energy inputs : GTAP9power database-refined oil usage of the land transportation;
energy inputs of non rail transportation from Taiwan’s Energy Balance sheet ; CO, emission
shares of truck and bus from MOTC statistics.

* The non-energy Inputs : borrow the input structure of original transportation (“tran”) sector
in EPPA-Taiwan.

* The vintage shares for truck and bus
* we only have data of number of vehicle by age
* Share of new truck is 14%; Share of new bus is 43%
(Share of vintage truck: 86%; Share of vintage bus: 57%)
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Emissions from the transportation in Taiwan
under the business as usual (without Backstop)

Trend of CO, emission from transportation in Taiwan (BAU)
140

120
100

2020(sectoral targgt): 37.2 Mt CO,eq
1

80

Mt CO,

60

40

20

2011 2015 2020 2025 2030 2035 2040 2045 2050
mbus mtruck mcar mscooter mothtrn e emission without vintage

Next step

* Historical calibration

* Add backstop for the ground transportation
* Electric car, scooter, bus, and truck
* BAU projection and Policy simulation

* Subsidies on electric vehicle/scooter
* Fuel efficiency standard of Taiwan

34



