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Summary

In May 2016, Japan set an 80% reduction target for greenhouse gas (GHG) emissions by 2050 in the Plan
for Global Warming Countermeasures adopted by the Cabinet. Such a drastic emissions reduction requires
bold measures accompanied by structural changes, and it is essential to widely share the vision of the future
decarbonisation in the society as a whole to this end. Carbon pricing has been widely recognised as a means
to do so. This study focuses on carbon pricing as an economic measure for significant reduction of GHG
emissions in 2050, and highlights the effectiveness and economic efficiency of carbon pricing through the
form of carbon tax and emission trading scheme (ETS). Furthermore, this study proposes policy packages of
green tax reform and demonstrates the possibility to achieve both large GHG reductions and a decent quality
of life at the same time, based on the results of quantitative analysis using two economic models, the E3ME
model- a macro econometric model, and the AIM/CGE [Japan] model- a computable general equilibrium
model.

For the formulation of the policy packages, the following basic principles are established based on the
lessons from the existing green tax reforms in Europe, the review of theoretical literature including double-
dividend hypothesis, and results of theoretical analysis. First, this study basically adopts carbon tax, which
can send price signals to all stakeholders, as a carbon pricing instrument, but a carbon pricing of the auctioning
based ETS can be an option for large industries if the latter may have relative advantages. Second, the carbon
tax rate is set so as to achieve the reduction targets with considering internationally reasonable level of about
USD 100/t-CO> in 2030 and USD 500/t-CO; in 2050. Third, the packages are basically revenue neutral and
tax revenue is recycled to reduce rate of the other taxes or to be transferred to households. A portion (about 2
to 4%) of the tax revenue is allocated to investments for energy efficiency improvement to decrease the tax
rate and to maintain the tax rate within the abovementioned internationally reasonable level. Fourth, we
propose temporary tax exemption or reduction to mitigate abrupt shocks depending on the conditions of each
type of industry including price pass-through rate, while following the existing tax exemption scheme under
the current global warming countermeasure tax.

The basic policy package recycles all the revenues of carbon tax (excluding the energy efficiency
improvement investment) through a uniform transfer to households in order to mitigate the regressivity of
carbon tax. In addition, two alternative policy packages with respect to revenue recycling, one employs
reduction in income tax and the other employs reduction in social security costs related to employment, are
analysed for comparison.

This study employs a unique policy evaluation method. The policy relevance is assessed against the
predetermined policy goals such as the improvement of the welfare level and the achievement of the reduction
goals. The policy goals employed by this study include emission reduction targets of 2030 and 2050,
improvement of welfare level from the base year, improvement of Gini coefficient from the base year,
(avoidance of tax regressivity), and minimum average GDP growth rate during the assessment period (for the
sake of social economic system stability). Please note that these criteria are not a comparison with the BAU
scenario (scenario without policy). On the other hand, the discussion of the simulation results was based on
the conventional method, i.e. comparison with the conventional BAU scenario.

The E3ME model estimates the carbon tax rate of basic policy package approximately as JPY11,000/t-CO,
in 2030 and JPY57,000/t-CO2 in 2050, while the AIM/CGE [Japan] model does approximately as
JPY?22,000/t-CO2eq in 2030 and JPY78,000/t-COeq in 2050, that are higher than by the E3ME model.



Revenue from carbon tax is estimated to increase steadily because effect of tax rate increase is estimated
larger than effect of reduction of fossil fuel consumption to be taxed. The E3ME model estimates at about
JPY14.9 trillion as revenue of carbon tax in 2050, while the AIM/CGE [Japan] model does at about JPY16
trillion. The amount of carbon tax revenue allocated to investments of energy-efficiency improvement is
estimated at more than 4% of the total revenue continuously until 2030, but to decrease gradually and settle
down to about 2.5% in 2050.

The basic policy package is formulated to achieve GHG emission reduction target of 2030 in the NDC of
Japan and 80% reduction in GHG emissions in 2050. It is estimated that it improves welfare level, such as
equivalent variation per capita (based on the base year) at JPYY27,000 in 2050 by the E3ME model, and JPY
12,000 by the AIM/CGE [Japan] model, and achieves annual GDP growth rate at more than 1.1% according
to the E3ME model and more than 0.8% according to the AIM/CGE model, both of which exceed policy
targets and show favourable policy effects. Gini coefficient, however, is estimated to become slightly worse
than the level of base year. A uniform transfer of the carbon tax revenue to household is packaged as a policy
tool to mitigate regressive impacts due to the carbon tax, but the mitigation effect is estimated not enough to
overcome the impact and, therefore additional mitigation measure is required. Regarding the impacts on
industry sector, GHG emission share of energy sector is estimated to be reduced drastically due to their
additional cost impacts from the carbon tax, but the share of manufacturing sector is estimated not to be
reduced so much since steel and iron industry and cement industry is exempted from the carbon tax in this
study. On the other hand, revenue recycling increases the share of industries suppling consumption goods,
such as drinking and eating, clothing, vehicle and electronic appliances, and the other service industries, such
as financing, telecommunication, in emission.

Secondary effect, including leakage effect, due to green tax reform in Japan to the whole world is estimated
by the E3ME model to increase 0.24% of real GDP, but reduce 1.64% of GHG emission in 2050, that shows
that the green tax reform in Japan could promote global decoupling. Effects of tax revenue recycling, adopted
in the basic policy package, namely uniform transfer to household income, is estimated to have more
advantages on the revenue reallocation than one of the alternative policy package where the revenue
compensates for the loss due to income tax reduction, as we expected. On the other hand, the other policy
package where the revenue compensates for the loss due to social security reduction for promoting
employment, is estimated to have more advantages on employment, but have less advantages on GDP growth
rate, and considered less advantage than the basic policy package as a whole.

The Paris Agreement increased public awareness of the need to social structure reform accommodating
constraint due to carbon budget. Discussion on full scale carbon pricing opened as a promising policy
instrument for accelerating such a social structure reform. Employing two types of economic models with
exploiting their advantages and offsetting their disadvantages, this study demonstrates future vision toward
low/zero-carbon society that accomplish both 80% reduction in GHG emission in 2050 and decent quality of
life through green tax reform in Japan. We expect that the government of Japan would offer consistent
direction to zero-carbon society to be structured until 2050 and establish effective policies to achieve it. Those
policies would make low carbon technologies, products and services more competitive, expand the market to
accelerate innovation of low carbon technologies and build the society where we can live in good harmony
with nature.
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HEMICHRFE L TVWD &IV T, SOICIEYZBADEEERAHBE ORI 5 =3 VX —8FH LSS
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ISR OFER ., T R — R OB VAT d o T H MR RN E N I & BN ERRE~ D%
B L 72 DI L, = /L — 2K 28 FEE O OB S © o T B ARSI R OB 2 & Ve ¥
FE~DOEBERRELS SETLEIZ L, ALEMANTH> THREMET R —HEHESLE T X
WL COMOBFRENI ZNHDHZ LT, L2 T H2EBIIRRDZERH LN oT
(#£43.32M]) ,

#4.33 OEMHLAPER (B 15MHMA-CO2)

A (=0 & 0, N
IHT S (%) () (s 3 ) N
W) O PR B g *1 -23.1
JER B G 2 R 0D il KR ik i SR 100
AR FERE DMK R G *2 100 0 100
RIREET L O EM: - FER At Bt ctt D%t Eft Ftl
B SDOCOPEHDFE (%) 10.7 61.8 47.6 74.1 91.3 97.0
HEFEHT-V OCOHEHE (t-CO/EH M) 677.0 41.1 3.0 10.2 6.3 9.8
[RFEFRBIAT] B EFIEER (%) 2.5 5.5 9.5 35 2.2 5.8
[RFEFBIA] BEFIRE (%) 2.2 5.1 7.0 -0.2 1.9 5.5
IRFBRUC X 28 ERIRBEOEILE (%) -3.4 -0.3 -22.5 -105.6 9.3 4.5
JEREBEAE N B N -55.5 -26.9 -33.2 -97.3 -59.5 -21.3
TRV X — 2 A BN -657.1 -34.7 2.6 -8.3 -4.6 7.4
R . ¥ B P Y o ) 7125 61.6 0.0 0.0 64.2 28.8
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CO.HEH B 21r 2.5 -14.3 -11.0 -17.1 -21.1 224
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*2 AL A BREBE Ol F s (2003-20084E) O AMMEICxt 9 2 E Mo EE) (HEEMITT — % 2 5EHE)
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D2 EBHBHICFATREZR (M CTH D72, AR FEBL O EFIEICK T2 BIX, BFA— T —X
ELMMLKEIFA—T—THo>TH BRIIZBE SN DT EHRLA 2L O TR W AREMERE L,

=07 SRENC I REENNENE B X DN DHIEEB/NTETH - TH, HEMEEDNE
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HHBE IR EEE (7Y v K, EV, PHV, FCV, CDV) AifihziikL>oHb0, =
DIEENARPRBRICL Y SHIMES N ZERNEZLND, £2 T, ARUKRERE LTI
MA-COMN BN S TG D H BB B AR R B T 5 OIE R BIEL A | HIER TR W ALk 3R 43 87 o i 35 81
EHER (BREZPEEM BRI S 2016) &l A A lICIFliks OHERB OFBIIC L 0 H#HEF L (+70% :
20304E) . CHEICOWTHIARY R ab—va v Lind 25, KRIRERIC LV B EMIERN LF7
(9.5%—10.1%) T HHER & o7,
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BRFAMOFANCEKSEAHLa 2 F2NEET 22 2B ET 20 THNE, a2 K2 KKE
HEA~LHES ZENPMETHY, TOEDITITREBEEENCOHEa A M 2ABETRETHLD
T, WENREEEE T UISEG LT WA ZE L T R EOREL RAIRTH D EEX
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32 &2 RGEICE, 02X —BEA LR D70, BUEROBIRIZH - > I HoRER
DL TH D,

4.3.6 EUIZRIT DREBLER X UHEHMER S| OBORER O E B 5737
(1) RFEBE

BUR R OE R DITITITEA R T 7o —F N 5, REBLOCO: HITHER 2 & &AM T 5 5
BEELT, vab—varET AEHWTHERBEL EKT D720 DOREBED L)L 2R AT
DHFZER IR FEBLO BT K 2 P HHIB O BRI IR & 5373 2 Fali 04T (ex-antes3 #) FFE & Vi,
IRF/BEEADE, FIERERIZIB W TCOHEHAHIR S N2 BLR D b RBFOBEANR A T 2 F%
FREE (ex-postoy#T) WFIEN & 5, BURKREDBRIZITOND Z ENZVRIEIZ DWW T Z < O
ZEPTONTWD —T, BEIZOWTIIHIZE AR EITAR STV DB IEFH 2720,

Cambridge Econometricsid, BKJN#E A (EU) OF6RM L7 1 27 Z & (Framework for Programme for
Research) ®#7— %%} 72-COMETR (Competitiveness Effects of Environmental Tax reforms) 7w ¥
=7 b (2005-06) (2NN LT, v 7 afkiFE7 /L Coh HE3IMEE T /L (Econometric Energy-Environment-
Economy Model) %3 fH L T, 1990 ARIZ kB BL O el % HEHE L 7= E S (EU) 077 E (D7 v~
—7, @747 K, QKA4Y, @F T %, @Avz—T, @A FV R, @QAaX=7) DI
BERIHISE (ETR) IC X DREHE R4 1994-2012F DM P OR—2F 4 v LI LT Lz, @A
BT OFBUIEE ICTIZETRTIZZR WA, BFEUNMEE TOREMBLOFER 2RI 572010, ~—
ATA v F IV FICEENT, RBFFEOH TCGHGHIRIZ DWW T DT OFER, OHO®DFT X TET
RFBUC K D GHGOHIE A R S 7z, O-© D672 [E O GHG D HE H F: > FHIHII & 13X, 3.1% (20044F)
Thole, BENRDEWVETRROPEHABRI RIS R I, 7127 FOPEHEN59% T b
KE Do 7=, GHGHIBDOZ R IX, (LABREHEE EOHIRIC L > TAEL D720, 60 ET XTIV TR
FHUZ L VA BREEOEE BT 5 2 L SR S Tz, 60 E O FEJREHEE O 513, 20044F(C
BWTT7 4TV RB26% TlRbENSTZ, SHIZ, 74V Ty RERT 2—F 0%, AL BREHEE
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O, EOGHGHEH BEDO IR MRS Siv7c, —H. RAVIE, ARICHEBLL T e oD T
TR TIE R o7, PEHEHIBIL., BEHFREOBAIE LV AR KR E WD FBLECR 23 H A
IR TH D Z L &/”xT (COMETR, 2007) .

—J7. CICERODHFFE TIX, RFFLOEA & GHCHEHHIK O BLG: & 13 A E 2 BERICIT RV E LT
%, CICEROIZ, A DERAT O FRBARIEE (WDI) CTUEE L 7= & T+ OECDAN M [ 0> 19604 7> £ 2008
FETOFEBEZ L SNVONRINNT — & & AW LERGEE O R FEBLOSHTFFRICIB VT, KREBLT
GHGHEHIHIIR D FEE L LT, RFFHR E -1 ZEx-anted S = L — 3 g U VR TIE SIS R A2 B T
RNWZEERBLTND, FRIZZOMETIE, AV=2—T & A XY 2D T, EmiiE
IRFERL & GHGHEHHI & ORI OA EMEAZPMEICHGR T 52 &N TE o, bod b, TOHHHE
EvH b, GHGHEHHIRZN R 1L, FEBEHE (F 721X E ORE) SEDBRICEENDH S &
BABND L EX D, 4320HTHRMLIZ LBV | REBOBAIZHT- D BT HEEED D7
DT, ZRAXF—EBRENE . ERIXEBEFR BB & 7 0 03 WV EEPNICIX KB 22 A 1%
T @28 AL, REBOEDBHRELELS SETWVABEANRTR, ZD72D, 2560 ETOELR
FBRITIELS, ZORRE L TREBRODED T FICHRTERNSTZbDEE XD, (Mideksa,
Torben K., and Steffen Kallbekken)

Z DM, IRFEBFEOBERB T 2 EROITHER &2 FR43.47T,

#4.3.4 REBZEOBORZIRICET HO0WHER

e Ior YN E R R

TR >  S&P Global Platts (2013) : 20174 % T2, ERKHEESCHEY DOCO. HHEE, Th T
IMt-CO, & 2MtCO, HIl 3 2 HiAZ,

KA > Knigge, Gorlach (2005) : CO, #F i HllJ8zh Rl -2y T ik, 20034 I 45T 2.4% (4-[#]2,000

Jit-CO, OEIFIZHY) OERH - b DD, GDPITIXIFE A EREE H X T,
B b HEENREECE = R EMT A — 7 —72 & & 2 20034E £ TIZ2577 A &
WnL7z& L, ETRIZEREE, B, BB 4 5 2C0, riELHIE L, &
L BN 2 EET 27200 REMRFETHDL E LT D,

>  Green Budget Germany (2005) : ETREE i B i i EAEBI 41 72 < H9M L T 7z b Akt
THE BN, W) D2000-2003F 2 DWT, REHWHEE L & b, Wk Co, Hk
RS AEEE THRD L, T OfER, CO, OFEH R A19994E O it il & ek L C6-

7% W LT,
A2 =—F > Johansson (2000) : BEZAENCEE T 2 5 — O EBIME FITHB WV T REBUZ L D 1995

FDCO, PEHFEKILE% 2 HITL L 72 & i, Z DU R DIFIFI0% 1T, KFEB DR
BIARTHY R0 DL0%IFEREMPHECZRNX —DEOLDOARNT 1 T T A
DFRERTHDHEL TS,

> Hammar and Akerfeldt (2011) : 19904 > 520074 DRIC A 7 = —F > DGHG O HEH
RITAI9% A Lz,

»  Andersoon and Lovin (2015) : [fkE O #R 4 (199047 & 20064F @ I GHGHE H &139%
BY) 2L TO21EM, 1970 1) 520084 £ T40%LL B Lic, AT = —
TV DRFBUC LY A LT b B AT MR FE > AT KB T 5 134( 4~
2N X DA ORETH D, IR F T 27 MBI D3 A A~ 2Ol EH
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19904E D 25% 7> & 201242 1TKIT0% THIM L TR Y | [ 2T L DO BYHDKI50% %

HH TIN5,

PE D > IFS (2013) : 20054 % Tz B 2460.5Mt-CO- % il 5k L 7.

>  Cambridge Econometrics (2005) : 20104 & TIZ, P, AHM A 5515% (12.9M
metric tons) T F/LX—{HE Z I L 7= (Her Majesty's Treasure 2008 : 101) ,

> OECD (2010) : WAMBMEENILT XA Z LN REWL ST TEY . MEEIHE
BEZ2ZT TWRWnWeZET, HEIC XD omIcHR I I~ T, GHGHEHH
BOMINEA5-26% L VD EETW5D,

> Martin, de Preux, and Wagner (2011) : #iZ = /L X — 8 TG0 L CTRhEN K
e, XX —ENRTIHOEIEAELZHIE L. CO. Pk H & o HIJE % (it
LTW5b,

> Martin and Wagner (2009) : JEf. MAEFESCAPEM O 72 £ O T ORFI R IZE
TORENREEE 525 L0 ) FEIUT RO B Ao 703 IERE T S o8 &
DERICE ST, EEORITE D -,

IR - 235 1ERL

(2) EU-ETS

H17 = — X (20054E-20074) 13 TFEATL5FE] o & fbins 2 &nE < 2O TIE, 7—
ZOUE, A, MEOT —XOF=X ) T IEROT — % OMERe ST U CARREEMEN
ZWEEDbNTEY (Parker2008) . FIHIMDEU-ETSIC L 2 HEH BN RIZIRATH L LT HER
RZ A (Anderson and Di Maria, 201172 F) . ATFTDO X 9 REBSIT ZIT o TN H 5,

Ellerman and Buchner (2008) 1%, Ft&M&RFEET VAFEH LT, 17 = — X T120-300 Mt-CO. 2> 5 £
K200 Mt-CO» (14 HEHH & D 3% A1) OB RN H > 7= & HERT L 7=, R OWF4E TDelarue > (2008)
WX, REAMAS S 7T K0 B ERFIIC B T20054F 1290Mt-CO- . 20064F 12 60Mt-CO » D Hi il I8 &
B2 5 Lz L HEEF L=, Anderson and Di Maria (2011) (%, BRI S LT —Z 5 /L% N, EU-ETS
DFL7 = — A TRWIAEI NP E L R—2 2 F U A (R0 1T&) 2l L CGEINE 755 HI L
NEHEE L, &L L T24TME-CODHINR H - 7= L e L T35,

DEZ, ET-ETSO Il EE 23 B f S 4172200545 b FII A FIREZ2 7 — 2 235 H 7220144 £ T, W< D »
DO ZREL T, WEET 2O &R NGDPOLE(LRD K& S &2tk L-, HIfoOREIL. 7
— 2 DHWITEAFE LoD, (1) HIMOBHMLIRE, il £ T»2005-2014, (2) #5281 o HifH < & % 2008-
2012, (3) ZH3WILIRE. Foilt £ TD2013-20141257 17 7=,

EU-ETSEMK (X4.3.65 M) 1oV TIE, H1HIBIMA A 52014 F TIZGDPA29% NN L7225, [FHA [
DR F AT AP F1325% 0870 L, GDP L ISR A AP IRICT I > 7 ) IR &,
EU-ETSHEIMIFM ORERS . HEOHBZ R Lz, LavL, FH22HIZH\W T, GDPLIREZHE N A D P
H BRI AR L 72, Z41E2007-085E0D ) —~ v g v 7 IC X DRFIKDOHER R AT S D L I
bbb,

Flo. TIUA AT =T, RV A XY ZOANERRICFEABEOFHES S 21T - 72 (K4.3.7
M) . 2005-20144FE O HAM O RIZAE & HIZGDPA EF-4 5 DIt L TIRED T A A2 HIE T % 58
WT Ty TV TR BT, 201347 520144 (BE3WIHTY:) Ik W T, AU = —F LIS GDPA
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7T AREE LI, IREHES APHEITT X TOETHAD Lz, 200840520124 (F24) 1ok
WTIE A Y =—F VIEGDPA 7' 7 AR LIREN R T A OPHE LI L TV Z O30 EiX,
BENETAOYEHE EGDPOEILENT XTA FTATHY, FAVEAXI AOHFEDOH, HE
BRI A DD F R DI R % RE o7z,

EERPIC, FIHILIE20144E £ TIZEU-ETSZ 4 L C, Z O Mikid, GDPEYM & IRE N R4 A Hiljk %
[FIFICEERR LT\ 5,

EU-ETS
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Hi# : Carbon Pulse (2016), EEA (2015), IEA website® & & (24 #HVERL
X4.3.7 FEXF4H EDOGDPDEALERR L GHG DHEH B R D Lhig
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TEDOT =2 5%, ETSICHIG LT REEOITEHOELD 2 — 2 REER e E2H LT
DITIEBRAR BV | EIE G OBERO L E a2 — T HICnELEE X D,

ETSIZ. PEHHERSMEMEIZIS U CHEHMAZ B S T2 2 &Ik 0., a2 koideHEi=a 2 M &
BOTRRE LT L T /20, EU-ETSORRENTIGIC X - T, HIBEBARZHECT DI TRV,
PEHMEZ A U7 E N TIHGHGHE L HI = A F &2 b3 2 LN TE D,

FAERIR L LIzanEOF TIE, KAV A X U ARPEHMEO EBSEG | OEIG 23 F 2o 7o, PEHIHERR
FIEEB KOS &0 KIZ, RETLZIEHLT 22 LIk - T, BECK VIRRFHEIF~OHEE %
RET 2R N D720, EORDIPFHAIMEZES ZLIFWALNTHD, L., KEOSHTTIL.
P ME D EBEER S| & HEHHIE & DR O BEMEIC DWW TR, B R EILAE RO b ioT=720,
SBEDLRDMEDLEEEZZ D,

[RFBFL L ETSORIFFE AL XV BUREIR O AAERIZ DWW T RFEB O Z AR AR A 812 L VETS
HBEEETHVTREBITEMZZTONLREABREZRREINDIGEN L. BHIE N FZEAITK
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RERB X HEEE L EIRNDT %IE
WEEHa0RE (FM/tC02)

BBE — -36.2% — -21.8% - -44.1% -17.3%

495920 | 92,348 | 634912 | 2,036,195 72,827 |8454348| 141,621

113,680 | 45,345 48915 260,158 28,044 354,415 68,188

- 31,896 - 39,110 - 27,936 41,333
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ARRFZE TITRE T HBE N v 7y — V% K722 GHGHEH BT & 2372258 & L D[RR RIS 65 L 7=
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o GHGHEHHIEIZ DX, 20304-26%HJ8 (20134 k) | 20504F-80%jsk (AAF 58 CI%20134 % bt
LT%) HHEEET D,
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o IRFBLOWHEME~OREITK L, GINMREAEKEFE LV KETHZ LA HIEL T 5,
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L5,

4281 Cagim L7 £ 212, HEHAN BRSO BIEEREIZHOWTIL, BB D LI E R I R 41
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AWFIE T, BRI R OFHIIE Lk L2 BOR BAROERE T1T 9, — 5. T7 /WIS L D HERHHRIZ
ODWNWTOFEMEIT I TZOITIX BR Y 3 v 7 25272 LT R DB EFMT D2 0END 5, 621X,
BUR Sy r— DI K D PR EIE B 2 o T 5 9 2 Tl BURZ A2 —2 (BAU) IZxf L. B
REAND ZETENRTRMENECTEPEMEG T2 EBANTH D, AWETIE, BOR BAEENK
FEORHE & . BT NAHEFHERIZOWT ORI ZAT 9 72O DBAU L DELEIZ IS < 2 DD R 2B D
SIHT AN T D,

4.4.6 2050 EEHI TV FDREE

ABFETIL, 20504E80%HITK & W) BHIHIEZ#ER L 9 57 ) — U BifilE 2 x4 L LY., £
TIVIHIZB W T H2050F ETEIANR—THIMERND D, KIFETHEATI200FT VDI 5,
ESMEIZHRET L THD Z b, HHREEE D /N— L722050F £ TORRKT TV A EHET D4
ERd D, [k T U ABREITIT, 2050FF TEXARIZ, AH, GDP, =R/ F—ZhRLE, = x/L

—FTHE X AFX—I v 7 AT HIEESMEO LN TRINASLE L 2D, AR TIEZEO L D 7
BEMODL DL EH =RV —RFE T VAL LT, AR XL —RKRFHEF (IEE)) ©7 V7 - it
REXNVNF—=T T Ly 720l7TOL 77 LA —A (LR TIEEIVZ 7 LU A —2 ] W9, )
EBRALE,

IEEJV 7 7 LU A —ATiX, MBERICED DT IIED T = 7 5320304 T13%, 20504FE T
11% & mOBEINTND, 2016FREE TR FABETOBHBHT 1 EOALTHY . =T BNITITE
B ThdI L, SHITHEFNEEOBBE~OHIRBS . S BT I EFTOHRILNETH
L ENTRENDZ LG, ZOMEIXETELAREERD D, AT, R IEEOLSHD
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LTy, PEHEIEIC K & R E2 FF O DN ARMEFEMEOME O Filr o —ol2, IKFEREEETE (CCS)
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Economy-Environment Macro-Econometric model) | & PRI 5~ 7 nft &R FET LV E28H Lz,
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ZRLTWS, SRy 7 ANERBEFE T, T—F vy MIFEAEIEAT S L) IcenEngitm
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v FELTF ¥ — FOSMUNIZR L TV D, TN F—FHOHERLFER T FHOREE LR,
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5"%?&1&51’52&1:16

Technology

Energy
eBIrILF—.

THRLE—BE (s, B) FFRE)

H AT - www.e3me.com

X451 E3MEIRBI}DTRXVX— B, BFEETY2—VOMREBR

E3MEA#HThiIE. FTT (Future Technology Transitions, Mercure 2012) %3 A L CHREEFM (FTT: Power)

& AZHEFY (FTT @ Transportation) % FANBIF R RIUZSONTAHA AT » 7 (WAL FRUTikod b5
TV, FTT : Powerld, 2405 EHIN 255 L L, EA T X FOREHE %2 7 L - S Hfr o [1)%
bl 2 A FEHEE LTS (M45.2) , BRI R bOHEFHIIZFEELMEAIAATHD R, B -
R RIS OBTERRI 2 HEET 5 B TR ST\ 5, FTT : Powerld, EIFBIFEE 2 A FEHHE
L. EBME~J§3 Z L1272 5T 5, FTT : Transportationid, 250438 T-BE 323 B fHiA%, #ERHliks |
THE A BRAF, BN, BORZEE (B BIE], BB &) R EDREROMEE¥RICEY ., £
TANWTHEMIZEIRS L OMIE L > TS (X453) ,

2 JFE. AR, LNGK S 7 EAERABLE X ORERAEL+CeS, KBEYE, B (Be b, $E L) | S A~ AR EHARRE
DOl 7 & & iTe,

S VY UE(HRER) . T —ELE( HRER) . LNGE( 28R /IR E( YRR . BREHEE( Y Al L
ETe,

84



Post-Schumpeterian
(evolutionary)

FTT:Power

(24 Power technologies)

* Fuel consumption
* Electricity demand * Investment in
* Fuel demand new power source

* Electricity price
 Posteynesian 1221 /|2

* CO2 emission
* Investment spill over
* GDP, Employment

M FEERR
X452 E3MELFTT : Power® ¥ = —/VOFHH BEfR

FTT-Transport | E3ME

Consumer decision matrix Market shares for technologies

Fis — i

Garnn:na value,
Generalised cost —e—— &P

fuel cost,
cost of policies

HI  EHE AR
X|4.5.3 E3ME&FTT : Transport® ¥ = — /LD FE A %

FTTIE, BERR T XA X = AT AET VL RRY | VAT LDRELEZRE TORY, ELFRIC
ESWIEHTE LT T AT, TGy = 7 PR S OBEOE S SITiE-> T a2 5 & 3
i, BIREMEOBE, 7Y v ROREE R D BABHAETET XL F—RNKE AL =T ED5
D% T OHFI b IAAEN TV D, ZOET A OREMIL, BERFERLEERR (1Y 7 A ]
PEETRY ANTNS Z LT, BlxE, BECHBONERTIE, HHDHAETETRLF —~0D
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I L#& & L CRIRHT ACCCT A I = 3k /L ¥ — (AL S1F T\, ESMEICIZFTTE T LR 5ERIT
MAIAENTEY, EBMETENTEEZA 7y 5 &, FITICL o TRBIFRZ, &&, EH=aX b
MWT T N7y hELTREND, (- CFTTIXRIET VO EEZRFEHE TH Y . Mercure (2012) DFE LI
PRI N TV D
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TELSETEY, WIFRbFR L XS REW~OEIZFIZEN SN, LR Ty TV Ty
FRHWSHRTWS, Lo LEGRE CRAMSEN NG S, B RCGEY L — AT — 7 [T iiE{TE)
MHFE T, HHROHRKICL>TT U v 7y b3 RED  RENEL LWETHERTHE NS, —
. ESMEIX, WA R « A T VORSAATT U N7y EREIH I, REPRD LN TND,
S HIZESMEIXFREFEA T, M NFICHHEOBFEKEICTHEIND Z LA E L TR,
Jansen and Klaassen (2000) 35 J (fPollitt et al (2015) X, KMEER OB AN LEEDOET ) 77 70
—FOMEIZONWTERLTND, ZNOOEVITEAR CEERZEREZFD, ESMEDSHA, BRFEHN
REIREN Z3E A TR, B2 OMBORIC X - TRIFEH &SI 5 al6EER H 5,

ESMEIFF ERFFHET VT D7D, FEIREBELZEHL TCWD, $7o, =7 —F[EVAT A%
%%L\@%%%%(iti@ﬁ)@ﬁ%#%%@@mmk%@éﬁfwéo@%-$%%ﬁ(m:
20204E £ T) R0, ETURERICEENICEENTVD Y AT RRE2EBET D & BN A0 X
FEHICHETH D,

ESMEIZZ B — LTIV, RRICHE, /T U7 OKBEBOR 25+ 25 Y —v & LTHESL LTV
%, EBMEDIRY 7 TOMEDISHABNTIE, BADRFERYEICET 270 (Leeetal, 2012) =, H
KOFFROER S v 7 AT 534 (Pollittetal, 2012) R ENH 5, RETMIETH S50 51
W L O OMBIE T SIS ML, Lee et al (2015) IZFEH STV 54,

453 vV FOPE
(1) BORFGEHES T VA (BAU T U A)

EAMEE T /L Tlid, oMo HFE R L LT~ 7 v PRI, = 3L —ipiZe & ol TS & %

GO LENTET T IV A ER—RATA L L LTHZDUERD D, KON OO DEIMED X —RX T A
I, BARZRLVX—RENIEET (IEE)) o7 7 /R x /¥ —7 7 kL > 72018 (IEEJ 20173
17) DV 7 7 L A=A (LR, IERIV 7 = L A —) ML, IEBEIV 7 7 L A — X
TiX, BHAROT R L X —EZJECOHE H &1 20154 b T20304F121310.8%8/) . 20504F 12 1322.9% > L
TWo (R451) .

IEEJL 7 7 LU A —AIZK D L, 20304ED HADEI I v 7 Alx, KRN A34%, £1/%29%., £iiH
52%& 72 0 ALAEEHT £ 2 K IR ERFI6T% & 72> T %, F 7220504 1%, KIXH A33%, £ /5%29%,
FAIHL2%E 720 | ALAREHZ X B kI3 EDI63% E 7> T\ D, 3721 5 20304F & 20504F Db A Bk
BHZC X DK BBEBOEESIEELED> TV, TR IEEIL 7 7 LV A — xf@mmﬁcmwm
BOHIEN22.9%ICE EE->TVWHREARERD 1 HE S 25, B HEEORELICOW T, 2011

1 BBMEDRERFEMi~=a2T7 V2503025 ERIT =74 A4 F (www.e3me.com) WHAFTE, F~v=
2 T VIR EBOZBICET2ELEENTND
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EOREFIEESEZ BPAEDOEBIRI v 7 21T HD D FTF HIEOEE H20154E121320.9%I2 72 - 7273,
IEEJL 7 = L v A — A TlE, 115 EDOE|IE H20304F12155113%. 20404F11%., % L CT20504E11%
E2030ELIEMNBITHF VIR T LA NWE W EHDOTHIE 72> TS (F45.2)

#451 IEEJL 77 LV AF—RADRiEL 23 BAOBRER O XX —EEEERE L
20154 | 20304F | 20404 | 20504F
GDP (20104lit% . 10f& F/L) 5,986 6,948 7,705 8,329
AB (BFAN) 127 121 114 108
TR X—RIRCOMEHE (Hht) 1,147 1,023 966 884
IR VX — B (A MR T T t) 430 433 414 391
1A%V GDP (20104Fff#%. 1000 F/V/N) 47 58 67 77
GDP ¥ CO 8k H & ( t /20104F i #% 100 5 K 192 147 125 106
JL)

il o =)L — R FARFEAT (2017)

#4552

IEEJV 7 7 LU AT —RICEX A AAROBRREL

(BEfir - TWh, ik EE%)

20154F 20304F 20404F 20504F
iR 343(33) 326(29) 337(29) 336(29)
i 103(9.9) 59(5.2) 37(3.2) 14(1.2)
KIRIT A 410(49) 381(34) 390(34) 384(33)
JF 7 9.4(0.9) 145(13) 125(11) 125(11)
K77 85(8.2) 92(8.1) 94(8.2) 94(8.2)
HiER 2.6(0.2) 6.1(0.5) 8.5(0.7) 9.9(0.9)
KBt 36(3.5) 63(5.5) 81(7.0) 95(8.3)
JE 7 5.2(0.5) 14(1.2) 21(1.8) 29(2.5)
KBHEL - W - 0.1(0.0) 0.1(0.0) 0.4(0.0)
NA G A - BEHE) 41(4.0) 50(4.4) 57(4.9) 61(5.3)
it 1,035(100) 1,136(100) 1,152(100) 1,150(100)

H B . = 2 L —REFZEAT (2017)

ATk L. AR TIEETE TR 72 K D

JRSE DB T2 L. BREVFEE40ME OB

2016

ERIFRCHBBHFE 21T o 1225E0BRE 28R & L, FIEIC L 2HHHIRZ 2 DI AR S - 7248
EE LTS (X4542H) 5,

b ZORBEBREN T T iE, WY VT BREBORNIZES (REEPS : WFEMRE R LMK FEHEIR) OFGmO T T, Wil

BERFOREFHERPRE SN TN D,
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1372 < COEAEZHWT WD, 7272 L, ABFETiE, GHGHEH EIZ (5D 5 COMEHEDILFIT —ETH
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BUR 23 RFBBINA ZTE T 2 TEICHOWTIE, EARBUR/ Ny 7 — (S1) TIHHNR O RFERUC L D
HEEEZEMT 5 2 L2 RHICFE~ORAFGE LTAVICETLT S Z E2BELTWAHA, MFio
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WD —F % 3L F — R GELE AT 2 LT, BUAMICE AR KR E & Bbh 2 TR R FE
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1. EIMEETNVIBITIERAELHERN, TLTEEEH &

1.1 E3ME key economic identities
1. GDP

RGDP = RSC + RSK + RSG + RSX - RSM

RGDP(reg) GDP, 2005 prices

RSC(reg) total consumer expenditure, 2005 prices
RSK(reg) total investment (GFCF), 2005 prices
RSG(reg) total final government expenditure, 2005 prices
RSX(reg) total exports, 2005 prices
RSM(reg) total imports, 2005 prices

2. Output

QR = QRY + QRC + QRK + QRG + QRX - QRM

QR(reg,ind) GDP, 2005 prices

QRY(reg,ind)  vector of output (by product), 2005 prices
QRC(reg,ind) vector of final consumer output goods, 2005 prices
QRK(reg,ind)  vector of final investment goods, 2005 prices
QRG(reg,ind) vector of final government goods, 2005 prices
QRX(reg,ind) vector of final exported goods, 2005 prices
QRM(reg,ind) vector of final imported goods, 2005 prices

3. Balancing supply and demand
YR =QR

YR(reg,ind) vector of output (by industry), 2005 prices
QR(reg,ind) vector of output (by product), 2005 prices

4. Value added
YRF = YR(ind) * (1 — YRUM(ind) — YRUT(ind))
YRF(reg,ind)  vector of value added, 2005 prices
YR(reg,ind) vector of output (by industry), 2005 prices

YRUM(reg,ind) vector of unit intermediate costs by industry, 2005 prices
YRUT(reg,ind) vector of unit tax costs by industry, 2005 prices

5. Consumer prices
PCR = QCC * PQRD * (1+CRTR)
PCR(reg,con)  vector of consumer prices, by product, 2005 prices
QCC(reg,ind,con) matrix that converts industry production to consumer products

PQRD(reg,con) vector of prices of industry sales to the domestic market, 2005 prices
CRTR(reg,con) vector of indirect tax rates on consumer products
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6. Consumer price index
PRSC = sum (PCR * CR) / RSC
PRSC(reg) aggregate consumer price index, 2005 = 1.0
PCR(reg,con) vector of consumer products’ prices, 2005 = 1.0
CR(reg,con) vector of expenditure on consumer products, 2005 prices
RSC(reg) sum of expenditure on consumer products, 2005 prices

7. Nominal income

RGDI = RRI —= RDTX — REES + RWS + RBEN

RGDI (reg) nominal household incomes

RRI (reg) non-wage income, nominal terms

RDTX (reg) direct taxes, nominal terms

REES (reg) employees’ social contributions, nominal terms
RWS (reg) wage income, nominal terms

RBEN (reg) benefit payments, nominal terms

8. Realincome

RRPD = (RGDI / EX) / PRSC

RRPD(reg) measure of real household income, 2005 prices
RGDI (reg) nominal household incomes

EX (reg) exchange rate, convert national currency to euros
PRSC(reg) aggregate consumer price index, 2005 = 1.0

128



1.2

1.

4.

E3ME stochastic equations

Disaggregated Final Consumption

CR = F (RRPD, PRCR, RRLR, PRSC/PSC1, CDEP, ODEP)

CR(reg,con)
RRPD(reg)

PRCR(reg,con)

RRLR(reg)

final consumption by product
disposable income

real prices

real long run interest rates

PRSC(reg)/PSC1(reg) change in price levels

CDEP(reg)
ODEP(reg)

child population dependency ratios
aged population dependency ratios

Energy demand (total and disaggregated)

FRO = F (FRY, PREN, FRTD, ZRDM, ZRDT, FRK)

FRCT = F (FRO, PFRC, FRTD, ZRDM, ZRDT, FRK)
FRET = F (FRO, PFRE, FRTD, ZRDM, ZRDT, FRK)
FRGT = F (FRO, PFRG, FRTD, ZRDM, ZRDT, FRK)
FROT = F (FRO, PFRO, FRTD, ZRDM, ZRDT, FRK)

FRO(reg,fu)
FRET(reg,fu)
FRGT(reg,fu)
FROT(reg,fu)
FRY(reg,fu)
PREN(reg,fu)
FRTD(reg,fu)
ZRDM(reg)
ZRDT(reg)
FRK(reg,fu)
PFRC(reg,fu)
PFRE(reg,fu)
PFRG(reg,fu)
PFRO(reg,fu)

total final energy demand
share of electricity demand
share of natural gas demand
share of heavy oil demand
economic activities

real average prices of energy
R&D investment

R&D expenditure for machinery
R&D expenditure for vehicles
investment in energy using equipment
price of coal €/toe

price of electricity €/toe

price of natural gas €/toe

price of heavy oil €/toe

Investment into industrial sectors

KR = F (YR, PKR/PYR, YRWC, RRLR, YYN)

KR(reg,inv) investment into industrial sectors
YR(reg,ind) industry output
PKR(reg,ind)/PYR(reg,ind) investment prices to production ratio,

YRW(C(reg,ind),

RRLR(reg)
YYN(reg,ind)

real labour costs
real long run interest rates
production to production capacity ratio (‘spare capacity’)

Labour participation rate
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LRP = F (RSQ, RWSR, RUNR, RBNR, RSER, RHRS, LRQU, RTIM)
LRP(reg,lab) labour participation rate

RSQ(reg) total output of products

RWSR(reg) purchasing power

RUNR(reg) unemployment rate

RBNR(reg) social security benefit to wages ratio }
RSER(reg) ratio of services to non-services value added
RHRS(reg) hours worked

LRQU(reg,lab) qualifications

RTIM(reg) time trend, 1971=1

Prices of exports

PQRX = F (PQRY, PQWE, EX, YRULT, YRKC*YRKS, YRKN)

PQRX(reg,ind) prices of exports

PQRY(reg,ind) prices of competing exports

PQWE(reg,ind) prices of world commodities

EX(reg) exchange rates

YRULT(reg,ind) unit labour costs plus unit tax costs
YRKC(reg,ind)*YRKS(reg,ind)  cumulated invest. IT tech times tertiary education skills
YRKN(reg,ind) cumulated investment in non IT tech

Prices of imports

PQRM = F (PQRF, PQWE, EX, YRUL, YRKC*YRKS, YRKN)

PQRM(reg,ind) prices of imports

PQRF(reg,ind) weighted average of other regions’ export prices
PQWE(reg,ind) prices of world commodities

EX(reg) exchange rates

YRULT(reg,ind) unit labour costs plus unit tax costs,
YRKC(reg,ind)*YRKS(reg,ind)  cumulated invest. IT tech times tertiary education skills
YRKN(reg,ind) cumulated investment in non IT tech.

Prices of domestic sales

PYH = F (YRU, PQRM, YRKC*YRKS, YRKN, YYN)

PYH(reg,ind) prices of domestic sales

YRUC(reg,ind) function of industrial unit costs

PQRM(reg,ind) import prices

YRKC(reg,ind)*YRKS(reg,ind)  cumulated invest. IT tech times tertiary education skills
YRKN(reg,ind) cumulated investment in non IT tech.

YYN(reg,ind) production to production capacity ratio (‘spare capacity’)

Product imports from outside trading region
QEM = F (QRDI, PQRM, PYH, EX, YRKC*YRKS, YRKN, SVIM, YYN)

QEM(reg,ind) product imports from outside local trading region (e.g. EU)
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10.

11.

12.

QRDI(reg,ind)
PQRM(reg,ind)

PYH(reg,ind)

EX(reg)
YRKC(reg,ind)*YRKS(reg,ind)
YRKN(reg,ind)

SVIM(reg)

YYN(reg,ind)

total supply

prices of imports

domestic prices

exchange rates

cumulated invest. IT tech times tertiary education skills
cumulated investment in non IT tech.

indicator of progress in the trade bloc

production to production capacity ratio (‘spare capacity’)

Product imports from inside trading region

QIM = F (QRDI, PQRM, PYH, EX, YRKC*YRKS, YRKN, SVIM, YYN)

QlM(reg,ind)

QRDI(reg,ind)
PQRM(reg,ind)

PYH(reg,ind)

EX(reg)
YRKC(reg,ind)*YRKS(reg,ind)
YRKN(reg,ind)

SVIM(reg)

YYN(reg,ind)

product imports from inside local trading region

total supply

prices of imports

domestic prices

exchange rates

cumulated invest. IT tech times tertiary education skills
cumulated investment in non IT tech

indicator of progress in the trade bloc

production to production capacity ratio (‘spare capacity’)

Investment in dwellings (houses)

RDW = F (RRPD, RRLR, CEDP, ODEP, RUNR, PRSC/PSC1)

RDW(reg) investment in dwellings

RRPD(reg) disposable income

RRLR(reg) real interest rates

CDEP(reg), child population dependency ratios
ODEP(reg) aged population dependency ratios
RUNR(reg) unemployment

PRSC(reg)/PSCl(reg)  changes in price levels

Total consumer expenditures

RSC = F (RRPD, RRLR, CDEP, ODEP, cum(RDW), RUNR, PRSC/PSC1)

RSC(reg) total consumer expenditures
RRPD(reg) personal disposable income
RRLR(reg) real interest rates)

CDEP(reg) child population dependency ratios
ODEP(reg) aged population dependency ratios
RDW(reg) cumulated investment in dwellings
RUNR(reg) unemployment

PRSC(reg)/PRC1(reg) changes in price levels

Industry employment

YRE = F (YR, LYLC, YRH, YRKC*YRKS, YRKN)
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13.

14.

15.

16.

YRE(reg,ind)

YR(reg,ind)

LYLC(reg,ind)

YRH(reg,ind)
YRKC(reg,ind)*YRKS(reg,ind)
YRKN(reg,ind)

Hours worked

industry employment

industry output (equals demand QR(reg,ind))

real wage costs per employee

hours worked

cumulated invest. IT tech times tertiary education skills
cumulated investment in non IT tech.

YRH = F (YRNH, YRKC*YRKS, YRKN, YYN)

YRH(reg,ind)

YRNH(reg,ind)
YRKC(reg,ind)*YRKS(reg,ind)
YRKN(reg,ind)

YYN(reg,ind)

hours worked

standard hours worked in industry

cumulated invest. IT tech times tertiary education skills
cumulated investment in non IT tech.

production to production capacity ratio (‘spare capacity’)

Industrial production capacity (Note: larger than YR = QR, i.e. there exists spare capacity)

YRN = F (YR9, YRKC*YRKS, YRKN, RWPP)

YRN(reg,ind)

YR9(reg,ind)
YRKC(reg,ind)*YRKS(reg,ind)
YRKN(reg,ind)

RWPP(reg)

Average earnings per person

industrial production capacity

average growth in YR over the past nine years
cumulated invest. IT tech times tertiary education skills
cumulated investment in non IT tech.

working age population

YRW = F (LYWE, LYRXE, LYRP, RUNR, RBNR, APSC, ARET, REIW, YYN)

YRW(reg,ind) average earnings per person

YRWE(reg,ind) wage rates in the same sector in other countries
YRXE(reg,ind) wage rates in other sectors in the same country
LYRP(reg,ind) labour productivity

RUNR(reg) unemployment

RBNR(reg) social security benefits ratio to wages
APSC(reg) consumer price deflator, adjusted for tax
ARET(reg) share of wages retained (not tax)

REIW(reg,ind) inflation expectations
YYN(reg,ind)  production to production capacity ratio (‘spare capacity’)

Long-term only econometric equations for bilateral trade

BIQRM(reg,ind,reg) = F (PQRX(reg,ind), YRKE(reg,ind))

PQRX(reg,ind) prices of exports
YRKE(reg,ind) technology index
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