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1. 1XC®IC

T AV F — DR B ISR 2k e ek 2 T
B, SERETEBITR 0 — L BEN T2y bR
DIEMFERZ 0 U T2 e L Twb. —/T,
BEHIRER OLFEZER L, R LTOTX
TRV T A DOWTE T RATDIR I N TV,
AT, 1ZUDIT, SEEPRBHEZ S Bl
O RRFEHE, MRZPEE DR L D #2 Tn
%, 87 4 « 7 L A ET L (putty-clay model)"?
DEZHEHWTERNLT 5. HLxDEHFEL LTI,
WoltAd 22 A TOEERMIEI NI bNs e, £
DFRMEZFENHT BB, AT 21 LF — D
R CO2 D EEZ HHICELXE 2 Z IZTERL.
KNT, SEENPBIRT ML ELETF T
W&o T, v7ufFHElRofiie Yy 7= 0nfmse
REBREL, ZLT, ZAsD~ 7 aZHo#EN
ShZE LT, BRZCOFAMIIATRENE & BRI ELT
ATREME DT R RS, AW TIX, ERREHER 72
BI2ERRRE T T L TRV LT E 2 REHIETIE 2 <,
viability HlfH>Y % W THREDREITE & ~ 7 B iE5
DREBEZ O T 5. ~ 7 afXEh, H2/KEDH
RELEZ R LEDSRET % Z & 25 ARER AR RE
DEEA (viability kernel) #EH T2 21k > T, —&E
FEROBRRCEEKT 2 2 L BATRER TR & AATHE

AR HHNT B 720 DA ZFET 2 2t %
HE 3 %.

2. ETIL

(1) REOHFINERBEE

1 EFDBIBERTE 25 2 5. MRENIZRRFKET
PIFEL, ANNEIRMZEC T ELIRET 5. B
REREIHl (6 = to, -, 1) ZXRE T 5. MREZ CO2 HE
HZ L —2ArOWAT 2 L IRET 5. CO2HE
HI AL F =13 aM, AR, RATAENFLET S
D, ETIALTRENLZO T LDIZLTRKS.
BREOEFEKEIIERY — R e REREEED
BickoTHERZONL ERETS. BERAY—L R (X
VMERE &, CO2HiHZfES AL F—mitko
T, R0 &LH5526h3bDLT 5.

¢ = {ap(Ok” + am(t)m*}? ()
VIF—EDNTA=XTH Y, REHENIEL/(1-v) ZH
KT 2. ap(t),am(t) EATOBGEERET DL T 2.
ar(t) = a(t), an(t)=1—a(t), 0<a(t) <1 (2)
a(t) 2L 2 OB ORI E S RS, BO%
o TIREMHTHS.
BEARY — U RAEROBEINHERE T 4 - J VLA ET
NMZE->THRETS. B-11RT X1, AV —b



1B ZAT TR D Fy, (clay)

m:IFRILFE—

0 k: EA (LEXR®)
B-1 FEAY — & AR L BRI

2 AR R R A AT 2 HIOEMES (k,m) 1%, ES
PREBRYF—LRAMRICE > THEZ 6013, LaL,
Wo 7o D BEH v = my k) BEIRT 22, Z20%IE
(k,m) OFRILRIL v KEESNDLZ2ITRE. TR
DB RAEDIE Z AT NI AR O7 4 DIREE) T
B BHEAMH, PEZAIFRIEEER (7 L4 DIREE) 12
5. FEEDORT 4O EOMBEIILITD & 512K
b,

I;lin wr(t)k + wm (t)m + Q)¢ (3a)

subject to {ag()k” + am()ym*}¥ =¢  (3b)
wr(t),wm () FZNETN k,m @ t BIICB T 2 B EH
R, Q) B LOREORAMTChm D, B
BEARY - A4 D oEEEA RS, BHGR/IMEH
## (32)(3b) TlX Q(t)C WF5HTH Y, TR (k,m) IT¥
B RIZXR0. 5 (k,m) i IMEBE IR0 &
IITIRES.

E*=Er(, m" =E,( (4a)
C(t,t)-¢={Co(t) +Q}-¢ (4b)
where
= o \NT7
Ek::<ak> =% =, = (’m> =% (4e)
k Wm
1 1
o lov a,i’” aﬁ{”
Co(t) =277, 2= S— 4 —— (4d)
WI;7V W71n711

t D T 4 ORETIRE 2 HMTIIAT O X S ik
ns.

m* A (Dwi () ] 77
o= -{Eee) O
Ditg, s BACER U 78tz THiffis) R Tey 77—
s] LRERZ 2 2599, Hffis 7 LA kol
Bt s ICBHE L 72 t(> s) o =31 ¥ — AR L BEAR
H—bE Rk BRHIZENRZOALLTOX S ICRE S.

m(s,t) = v(s)k(s,t), C(s,t) =T(s)k(s,t) (6a)
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1
v

where I'(s) = {ar(s) + am(s)y(s)"}
C(s,t) - C(s,t) = wr(t)k(s,t) + wm(t)m(s,t)
= {wk(t) + wm ()7(s)} - k(s 1) (6¢)
BT O DR DPRE I T OEHETITDbNS. ¢ H
ZBWT

(6b)

C(Sﬂf) —+ Eg¢ S C(t,t) + €4t

= Fiffi s ZHEWELT 5. (7a)
C(S,t) + E5t > C(t,t) + €4t
= Tt Il ez 3. (7b)

7272 U €4, €46 & Gumbel 7310 HE 5 TR I HERE T T
b2, Biffi s b oOMRER, tHicBWT, Hifisice
CEHMERY ) Bl I D #aZ BHERITZNZNLLT
DX RbEINS.
exp{C(t, 1)}
Pls:s:0) = S0, + exp{CL D]
exp{C(s, 1)}
exp{C(s,t)} + exp{C(t,t)}
BEOEM s N\OBEARKE n(s,t) ZLLTD XS ITE
BT 5.

(8a)

P(s:t,t) = (8b)

n(svt) = L(Sat) : k(S,t) 9)
5, 0) IZIEHRTH D, viability control 2521 TE{L T
. FEERIAT S, BA (s, t) ORGERRIERAIC
5.

L

—~

= o

Ak(s,t) = —=0k(s,t) +n(s,t)
= {u(s,t) — 6} - k(s,1) (10)

DI, ARt ICBT 2202 RTILL TS, 61
BAERZ R

(2) HEMBEROES
tHIICBI LY 7= s OEER 0(s,t) (so < s < t)
WEDERT. 0(s,t) BEEHTH 72> =7 THD, £
FERDY = 7 TIERW. s (< to) iFmdEHVE YT —
UPEENTRETH 5.

t

0<0(s,t) <1, Y 6(s,t)=1 (11)

SRR 1ICHENTE. XoTl(s,t) 1LY T —
Vs ERATAREHERT. t — 1S tHITHhT
T 27E@BUTO LS T 3.

O(s,t) = 6(s,t —1)P(s: s,t)

for s =sg,---,t—1 (12a)
t—1

O(t,t) =Y 0(s,t—1)P(s:t,t)  (12b)
S$=S80

RERROER K(t) & CO2 HFHT AL ¥ — M(t),
BRY - R Z(t), BEAYV—ERADHEMI R wy(l)



FENZAUTO LS IcREN 3.
t

K(t) =" 0(s,t)k(s,t) (13a)
s:tso

M(t) =" 0(s, tym(s,t) (13b)
st:so

Z(t)=>_ 0(s,)¢(s,1) (13¢)
s:sto

wz(t) = 0(s,t)C(s,1) (13d)

S=S80

t HHOE M OB DX ERH A (t) &, EDOIKEH
Ao(t), CO2HFH AN X —EABEH A3(t) 3Zhzh
ToksickRanhs.

A (1) = 8(t, Q)L 1) (14a)

Ag(t) =1 ) 0(s, )k(s,t) = K (t)  (14b)

As(t) = win (£)M(t) (14c¢)

BHEREOEEY ()X, BRY—LR Z(t) IKHET
% AK TN THZ 6N 2% ERET %.

Y(t) = A(HZ(0) (1s)

A(t) 132 ZEHELEEME (TFP: Total Factor Productivity) %

7T, REFALTE, THIPANERDEDD DL T

%. TFP | 3MERIAZ M- TS 5. AL OE

FRIFIDLTO XS IcREINS.

Y (t) = C(t) + A1(t) + A2(t) + NX(t) (16)

C(t) IZHE, NX(t) Mt zLd. PL—FNIF
ZFIXAD K S 1ckRZTN 5.

AB(t) = rB(t) + NX(t) — As(t) (17)

B(t) \3iSMEZR DIRAKERZ KT, [FE3FEZIEL

T35, r 3RTFEERT. £ CO2HHZ AT 1
ETHWAST 2 ERETS.

3. ENFRYHIGE

(1) BfZE&dfrclL¥any
viability FlfHI DR & 72 2R by x(t) ZLLT
DEICKRET 5.

z(t) = (Y(t),C(t), B(t), M(1)) (18)
viability HlEIFEERCIX, FERIFRIZEBIT 2IREXS L
MHEEES (target set) IR EN IR ERERT 5. L
7o o T a(t) X HEREDORNR L 72 5 BRI X - THE
WMENRTIUEE SR, EEED X5 x(t) ZREL
EHEEUTO LS IcG5260%. $TEEY ()11
HME 7L Tlk GDP IZHHY 3 %. GDP Ottt REA TS
e LTOERIIOVTIEZ L DBRBRNIRINTVS
B, BEMRICER T 2 CIdMRA L LTHERD—D
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ThHs. HECH) X, BEOMHBEBDA > 7y M T
HY, SAKEEN— 2 LR EA o B
WTH 5. WBIEPE B(t) X, filf7 s oie
EFLTHEEZEST 2 -DICEAT S, Bk
NCREE TR ELMBITEP TR WD, B HRE
{b.& 7L Tld No-Ponzi-Game 5425, FEBH T TBUHF
DIEBFHRE DN GDP kb REPSBRINTETVS.
CO2 HEH T AL ¥ — M(t) IIAMEDEMTD o 2 D
HEHEINZEHD—DoTH 3. 12050F 1y bR I
A 7= B K HE D % R\ BB BsE S %

HIFIEE A Ky (constrained set) ZLLTF D &k S ICEET
3.

Ky ={(Y(1),C(#), B(t), M(1))[t = to, to +1,---}

(19a)
such that
Y(t) > Y(to) - (1+ Byx) " (19b)
C(t) = C(to) - (L + Bok)" " (19¢)
B(t) > B(to) - (1+ k)" (194d)
M(t) < M(to) - (1+ Bur)' ™" (19¢)

FRRIC HIZEEE S Oy (target set) ZLAT D X 5 ICREE
3 5.

Cy = {(Y(t), C(t)7 B(t), M(t))|t =to,to+ 1, - }

(20a)
such that
Y(t) > Y(tg) - (14 Byc) ™™ (20b)
C(t) = Clto) - (1 + Bee)™™ (20¢)
B(t) > B(to) - (1+ Bpc) ™" (20d)
M(t) < M(to) - (1+ Bue)' ™" (20e)

Set-valued regulation map % XF\D & 5 1ZRHT 5.
Ri(z) ={ue U(z)]

(AY (1), AC(t),AB(t),AM(t)) € Try(z)} (21)
72720 Ty & 2 2B % Ky ~D#3E (tangent cone)
ERT. AT LEGIHIT S regulon ZLLT D X 518
ET 5.

u(t) = ({yme(s, 1) For all s}, e (1), (1, 1)) (220)

where

Ak(s,t) = pr(s,t) - k(s,t) (22b)

AC() = o (1) - C1) (220)
THhOLIY AT LEREL YT —YVDBEALHEDZE(L
Ik > THIET 5. 77U k(1) 13 t BlOH L L
VTV OBEROYMETD . FEisEIN LR
BER0o s, kB, KREFATCEHEHRILDD, (K
REFIMOERINETH D, XS DD LR



ETB.
a(t)=1—amo - (
a(t)=1 fort > S (23b)

ThbbEYT—Y SIZBWT, ERRPRIESAMH
KET b0 T 5. ERRHOBAMHTE BT
1o, YHEEEMREEHZEHET 2 Z2idkwn
BOERETS. FHRETNAVEILNRT 2BICIE 20K
EBEIETS 5.

viability kernel % Viab(Ky ) & &Kil$ 5. Viab(Ky)
\&, viable Z2fEEE 2 E  HIHPRRED R E L L TERS L
%. F7z, viable-capture basin % Capt(Ky, Cy) & it
3%, Capt(Ky,Cy) I3ERIKHIZ Cy € Ky ICHET
LR EE L L TERSNS. ZL T, #HO%E
& Ky 78 Ky = Viab(Ky) TH % £ & [ Ky 13 viable T
H3], £/ Viab(Ky) = TROBREEETH L L &
TKy (& repeller TH 3] LERSINS.

viability BERORH.0ME, viability kernel % D1} % Z
¥ (Ky Drepeller THBT7r—A%2HEOF23Z8) 12
»%. %Z LT viability kernel 225 HFET 22 27 2D
regulation map &L ZI1ZH 5. ZOBRIZ, AT L
DI, HEEND 2 WITHER2a Y o — 2 &k
2HDTIERL, BF—v 4 YNRDOPHEEZIATH
%. regulation map D HHLHNIZK, ¥ 2T 4 x(t)
PEORERTHEXRT, Ky OBFISES W
¥ & (“The system is at stake.”) D &ANHNZHEAE T,
HB5VIHEEREZELRICT S X 57 regulation 25 %
BODBDHL. TOPNTIREND X511, HEARMITS R
7 LFEME DR (inertia principle) 121€ - 7z L% 3
2bDrEZ 5. viability Fl#INEE Z D X 5 REE
I%, “Heavy evolution” %" Opportunistic and conservative
behavior of the system” & H RILINTWBD. 1B, &
e[ 72 viability §lffl € 7OV EGR R EZ O b DT
HBH, AR TR boeT v 2EALL
TW399,

S—t
S —to

> fortg <t < S (23a)

(2) HEDOH
O HMLHIED 7 FAD—2 LTUTD LS 7%
HlHSEZ 5N 5.

u(t) = ({1 (t), pr2 ()}, po(t), k(E, 1)) - (24a)
such that

Ak(s,t) = pa(t) - k(s,t) fors < S (24b)
Ak(s,t) = pra(t) - k(s,t) fors > S (24c¢)
AC(t) = uc(t) - C(t) (244d)

Tibb REBEPEHE LS HMT s(< S) &, MEREHIM
s(> S) DT, Bio7BADHEMEEZHNS LT 5.
X 51T, CO2Hit#&lmD a > hr—zonTiE, ¥a
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PEHEMi BG5S § 2RIk b, X 5 IERBFE2ET Cco2
PEHE (CO2 HEHHT AL F — DI A BRI 1 % 1 ITHHIE)
P—EKERBZ HHIET, B oMK 51—
AWEZLNS. BETZL TSk 5.

prer (t) =
pr11 >0 fort < Sand M(t) < M(t)
pr12 <0 fort > Sand M(t) < M(t)
pri1 — priar >0 fort < Sand M(t) > M(t)
prie — prinr <0 fort > Sand M(t) > M(t)
(25a)
pr2(t) >0 (25b)

Thbb ¥ adHiEM A HAIREIC R 5726, F72 CO2
BEH D3P 2 KHEDL Fiz7e o725 ( “at stake”), CO2 HE
HEy7—Y0ERZRMOT LT 5. HEDHEM
RIZOVWTEUTDEIIEZS.

pe1 >0 for B(t) > B(t)
_ ~ 2
e (t) { pe2 <0 for B(t) < B(t) e

BEREIEZ T ELOHBELZRS . Zhuc ko THl
HHEECT I EEUT, AL T I T 5.
L WA ORBAT 2 EHE T 2 BERICIE, FrHdfiae D
I DEEEHAANOMBIE, CO2 Pl ¥ —I2
X3 2HBEND B, T O IFBEORMHERICEE
252, 20— 2 7ICHEREZ . —
FT, ZD X5 RBERZE AL THLE viability karnel
CEENRVHERND L. SERBZTD LI RERIND
DEMTOVWTHLIZT 2 Z e OERE RS,

4. BBHOHIC

ARETIEART 4 - 7L AETARIBALT, T3 L X —
HRiR S B BRI 2 E X b L7z, ¥ 7 viability il
HoO—flZR Uz, AHIFEORERT ZHHAZ, FHESE
MEfEo THILT 52 > 27 225 viable RIRREICH £ %
72D ay bu—)LRBREE, BORZ ML, & 5123
RBACE IR § 2 21 EHE (socilal inclusion) D ¥
EERITII=DIHFEINZ DD TH 5. viability kernel
X° viable-capture basin 128 F L WHIHHREZ & DOE
i, 12050 v bEw ) 2 oPEBRE NS (excluded) ATRE
PEATEN O, FRIFICIIBE EEH BN T 2 FET
H5.
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ON THE CONVERSION PROCESS TO DECARBONIZATION TECHNOLOGY

- REVISITING A PUTTY-CLAY MODEL

Muneta YOKOMATSU, Kiyoshi KOBAYASHI, Kwangmoon KIM, and

Sumie NAKAYAMA

This study aims at developing a model frame for analyzing the gap between the technological and eco-
nomic viability of decarbonization. The problem of energy technology replacement by firms is formulated
using the concept of the putty-clay model, and the choices of each firm are aggregated to derive the distri-
bution of technology vintages and carbon stocks across the macroeconomy. We use the viability control to
analyze the investment behavior of firms and the growth process of the macroeconomy.
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