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Abstract After the successful conclusion of Paris Climate Conference (COP21), countries are now at-

tempting to identify implementation measures to address climate issues. In order to achieve the 2-degress

target, human needs to make more efforts on mitigation measures to control atmospheric carbon concen-

tration under 450 ppmv. Due to the different levels of economic development, countries, even for the

different regions in China, have different local development pathways of low carbon technologies. There-

fore, it is of great significance to study the evolution of economic development and energy technologies

in multi-regions by establishing multi-region integrated assessment model (IAM). This article extends the

WITCH model to a Global-Chinese multi-regional IAM model, named as WITCH-China, to study the

evolution of Chinese multi-regional economic development, energy consumption and low-carbon energy

technology development. This may provide useful insights for scholars and policy designers to forecast the

future consumption pathways of low-carbon technologies of different regions in China, and contribute to

the creation of strategic development plans related to the diffusion of carbon-free technologies throughout

the world and China.
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1 S���

��������������������������������������. ��, ����

����������������������������������������������

���. ��, ������������������ ��������������!��"���

����������#���$�� �. ��, ������ �!�%�"!� �������"

�#����� . Manne[1] ��� 1995�"!�MERGE�%#������� �!!� ����

�%. �$� Ramsey-Solow�%%&"!��, &$�'�����('%����#��,  '��!�

����!�"�%�����(; �&$�)�����*!���!,  '�'%��"���#�"

��. Nordhaus� Yang[2] ! � RICE �%(������� �!�%��#�%. $!$� DICE �

%'��*!��'%#), �")$�%����%+%, ��,&+%�-#��*������#.

�'�! �*!!/&�(*. �), Bosetti[3] ��! � WIT-CH �%(��� �#��&&#%

�%. �'''� �'(�+$(�%%&�0 ,  )1"�� ���'��'%� 12∼15 ���.

*�%,+''� �!�!-'�(����!�"���(, $� learning-by-doing (LBD)�learing-

by-searching (LBS) ���.�)"*��%����������*).

#�, $+�����2%��, ������������.���!3&���. ,������,

��-&������, �����&.#&*+,%�/��/. �), ����Æ�����%+��

��4&��', ��$��$�0��0(������(,5)6,&. #�, �������1��
-���0"�-2, �������#�4�3*�������(����. ��, .'�77��$

�����!� ��$/ ���������0+41*!%2,)�������,��53�-&

���, #�����$����18+������������.9�-2. (', :% CO2 ���$

/��2;: 4,��)65*�:%�-���$0�, <=��6�>!�����, #��3?�1

4�� (CCS). ��&@, :%0(��-)5�$.)�<=��6��!������, #A!�6�

�-�� (+/�-7�7#�) ��0���.

��8�8,�����, ��-&�����, ����&���58!�����, #7��9&

��+: 1����0���:%(8. #�, ��1��-�����-B4$/&�-2, ����

.!������-9��2.(4$/&�-2. ��, �*&)������������#.���

�������, 5;*&)! 23������������� �!�%,  $$��0:(8:2

+,  ����)6������������3643*�41. �5, *&)67�����#.��

�0"��4$�-2�,  8<�9����������������-9��.9. 5;� �4=

����$#+$�: 1) $�WITCH �%! �� - ������ �!�%, ;�����18+��

�!�������2.*!!�%2. 2)$������/9:1,  �!;�������56���

����::,  *&)'�%����'%�;<��<�><��, #78� ���0:(8+��

����.!�����-9��-B#.�-2.

2 ÆTUV

 ���������� ��&����9?���0������<��4�������C=<

>�:=��,��,�����'-����� �!�% (integrated assessment model, IAM), *�%?

;<�6� �����41� �.�. ��������% (climate system model, CSM) �41�=

��@>��% (impact adaptation vulnerability model, IAVM) 77'>>A������B�>?<%

@', IAM �%�772;1?���%�52$����Æ1�<����(, �@)1?23�*��

0(5�+�������(, #�����������%��4��=D41������!�(. �

+ 40 �����, IAM �%$ �����:2A8+���/��������, ���-B��#�
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�����!�$�"�#�;<��6��. $��, IAM �%AE>� �����18+�� -��

- ����F>�����!��" (dowlatabadi)[4].

'�� �!�%� �B�3���@� Nordhaus[5−7] � 1994 �"!�=C����� �%

(dynamic integrated model of climate and economy, DICE) ��G�6��%2 �4 (IIASA) � 20 )

H 90 ���B�����?@"�������41�% (model of energy supply system alternative and

their general environment impact, MESSAGE). $A, 20 )H 90 ���B, A�@?$� �!�%"!

$�I:J�&�4�' �. 5D, Peck� Tiesberg[8] J�����.9�!�% (carbon emissions tra-

jectory assessment, CETA), 1992 ��KE&@F@C� Hope[9] LG� �67������0(��4

1DC%2�% (policy analysis for the greenhouse effect, PAGE), � <E (OECD) $� GREEN (Gen-

eRal equilibrium EnbiroNmental model)�%%&�����FD�DC%2�% (emissions prediction and

policy analysis model, EPPA) #�3�����@� Alan S. Manne �$ Ramsey-Solow �%�%&+ 

�"!������0(����DC41�% (model for evaluating regional and global effects of GHG

reductions policies, MERGE), EH� [10] ��"!!���BB��BB�FCDC+�$�%F.8G

9��%�, GDM [11] ��$�����BB�FC+%+, �$�9�.!�CE�&�!�CE4?

F�&������%%HF�%��C��N���FI�IJ%:��*!! �, �), Duan[12−15]

�$� E3METL �%"!��� �!�% (CE3METL),  #�%2� ������:2A8+��

�-9�J-B��. CE3METL �%$K*;<> (Ramsey) /L$/ ,  )1GD#����! �

-9/��%. CE3METL$0" 2;56�����������K��(, ��<=$!���+/�

-7�7#��">�: �-�� (Fossil) ), )2;E� (NUC)��HM� (BIO)��� (HYD)�FG

LI� (PVS)�H� (WIND)��M� (GEO) �9?� (MAR) ��N>(OO����.

��0(5�J>���41����,�������� �,��$���PP�J. DNordhaus[6]

$ 1993�36� DICE�%, DEMETER (DE-carbonisation model with endogenous technologies for emis-

sion reductions) �%, Van der Zwaan[16] � 2002 �#� Popp[17] � 2004 �36� ENTICE (a model

for endogenous technological change) �%, Kemfert[18] � 2005 �36� WIAGEM (world integrated as-

sessment general equilibrium model) �%� Simon[19] � Freeman[20] � 2016 �36� E3METL (energy-

economy-environment model with endogenous technological change by employing logistic curves) �%, #

�Q?@ [21] � 2016�36�'AKB:12B%2�%�. �), �! �����>����� -��

- ����F>'�, A�� �!�%�"!'����7Q'�. Manne � Richels[1] $ Ramsey-Solow

�%�%&+��!������� - �� - ��� �!�%, R MERGE �%, '��I%����3

��;6�>6�QC& - H&)L - G>D�E>J - 6FS�NK�R5�)6�N��� 9 ���, �

/O ���������������� �!�%. Nordhaus � Yang[2] $� DICE �%! ���

�=C�����%, R RICE �%. � �0L�G��# �A8+������PM� �AJ, I

��A8H#$���:%. $A, Hope[9] $�O�� PAGE �%, N�J��9�� 8 ����DC%

2�%, R PAGE2002. �), )� Fischer[22], Liang[23], Su[24], Wu[25] ��� ��������*!��

�!�%2.

� 4?, ����������41"������JK�#����, ��, ����������

� �&�:,+! ������� ���%*!%2. 5 �$� Bosetti[3] ��� 2006 �! �

������T �% (world induced technical change hybrid model, WITCH) ! �� - ��� �!

�%,  *&)'��'%�;���><��. WITCH �%������� �!�%, �'��%� 12

���. �K����%, WITCH �%������UM/�O', �)� ��(!��������

�'��. WITCH �%����(,+ CES (constant elasticity of substitution) : 23���#��

18 �����, $!�� LBD � LBS @PÆQ!L���*), WITCH �%)UM23�541�)"

I<���.)"*�5�M&���*). �), WITCH �%)'N !-!�9!��, ,+ON0
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����JSVO�, P�3�����15���1�*!-9%:. ��, 5;$� WITCH �%! 

�� -������ �!�%,  ���0:(8+������.!�����-9��-B#.�-

2. 5;W+&�0"Q�D+: , 3 X�T!5;! ��� - ������ �!�%, , 4 XO'Y

U!5;�:1&��A8�Q, , 5 X��;��0L*!R?�%2, , 6 X@���0���'DC

!R.

3 !W"#
5;'$� Bosetti �� [3] ! � WITCH �% (world induced technical change hybrid) ! �� -

������ �!�%, RWITCH-China �%, 'R:� �!�%�6�0"��, ����$: 1)�

��(, $�Z�-9��/��%"!, #�3S����/�=C��2.. 2) ���(, $�''� 

�!�%&, '�(����# CES J.< ,  ,+$�%P:!���Æ�������(�VKW.

�), �!78�UM�����%���*)+%, S"�77��! LBD � LBS @PÆQ!L���

*), )���541�)"I<���.)"*�5�M&���*). 3) ���(, $�6��*��

(! ��0(��LK 14!�����V0K 1+%,  �������*!!��%2��!.

�),�!*&)�S����������.�-2�,S"'�%4W����*&)'%.��%

� 11�#����� 3�����, 11�#������2;: cajaz�easia�India�kosau�laca�mena�Europe�

sasia�ssa�te�USA;�), 3�������2;: ��;<�� (China-east)����<�� (China-central)

���><�� (China-west). ���O'I%YUO[� 1.

$ 1 %&XYZ'(�)
�TMT \T��]
�

cajaz ^N	�XU�U�O

easia V
V� (QURP�V)

India UR

kosau S��
TUW	QV

laca RXSV�T�VU^UY�

mena �VUÆT

Europe VV

sasia 
V (ZQUR)

ssa TVYWRW


te VVTVW�� (QXXZ)

USA S�

China-east Æ�[��_[�	Æ\�YZ\�]Y[��^\�W�\�Z
\�_V

\�[V\�Y
\�X\�W[�̀ Y

China-central _�\�̀ \\�]]�\�
�\���\�	
\�̂ Æ\�̂ 
\

China-west ^__X��[�YZX��[a[�b[\�̀ \\�]
\��\

X��c�\�ad\�eY\�ZZaZX��Ub[\bX�

fc`�: Bosetti[3]; ��de [26].

3.1 *+,[
$WITCH-China�%�,f�a���V4$&�]b�^-I�,c^-&�*���I<56.5

c, S"f�I<56����V$�&�T. ��, a����(8P:4#�T�+.:

Wn =
∑

t

Ln,t ·
(Cn,t

Ln,t
)1−η − 1

1 − η
βt. (1)

��, Wn �T, n ����I<56, Ln,t �T, n ��, t ���g, Cn,t �T, n ��, t ��$�

��, η �T��H_`d�K, β �T]5.d8a��_,  e` β = (1 + ρ)Δt , ρ �a�*, Δ �� 5,

n � t %^�T���5..

3.2 -./0
� X4), ����56P:�������V$���&O��. $ WITCH-China �%�, 0$
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��<�N0%����Æ1�aÆ>5�-b-;�9. "��_D+.:

Cn,t =Yn,t − IFG
n,t −

∑
j

(
IRD
j,n,t + Ij.n.t + (oemj,n,t · Kj,n,t)

)

−
∑

f

(
IOUT
f,n,t + (oemexf · QOUT

f,n,t )
) − IGRID

n,t − IPRADA
n,t − ISCAP

n,t − IRADA
n,t

(2)

��, Yn,t �T<�N0%�, IFG
n,t �T-c%fÆ1, IRD

j,n,t �T, j (����� �Æ�, Ij,n,t �T,

j (�������Æ1, oemj,n,t �T, j (�����BbaÆ>5, Kj,n,t �T, j (���d+g

�, IOUT
f,n,t �T, f (�-��J`<=�Æ1, oemexf �T�-��J`�Bb>5, QOUT

f,n,t �T, f (

�-���J`�, IGRID
n,t �T��K$/�+�Æ1, IPRADA

n,t , ISCAP
n,t , IRADA

n,t �T=��0+Æ1.

�), WITCH-China �%�����%$��g=��15����'Æ�� CES J.e , D+.:

Yn,t =
tfp0n

(
αn

(
tfpyn,tK

FGβn

n,t L
(1−βn)
n,t

)ρ

+ (1 − αn)ESρ
n,t

)1/ρ

Ωn,t
−

∑
f

Cf,n,t −
∑
ghg

Cghg,n,t. (3)

��, KFG
n,t �T-c%f�154�, ESn,t �T���%���Æ�, Ln,t �Tg=�, Ωn,t �T��=D

�:, Cf,n,t �T, f (�-��36>5, Cghg,n,t �T0(����>5, tfp0n �T6�cea� GDP

���::, αn � ρ %^�T� CES �%P:�::, �� ρ = 1−ξ
ξ , ξ �T15g=����Æ��'#

.�"�b�, βn � CD �%P:�::, tfpyn,t �T��'�%*.

-c%f�15I<K*fhcQ�gL, D+.:

KFG
n,t+1 = KFG

n,t · (1 − δFG)δt + δt · IFG
n,t . (4)

��, δFG
n,t ��fh*, IFG

n,t �T-c%f�Æ1.

3.3 1\23/0
$ WITCH-China �%�����'Æ� (ESn,t) ��G��Æ���5*)�)"4�: �>, D

+.:

ESn,t = φES
n

(
αES

n RDENρES

n,t + (1 − αES
n )tfpnn,tENn,tρES

)1/(ρES)
. (5)

��, αES
n , φES

n , ρES �T CES $��::, %^)1, n ��$��:1!;�9. tfpnn,t �T���

�'�%*, RDENn,t �T�5*)�)"4�, ENn,t �T�G��Æ�. �G��Æ�����#��

��Æ�: �>, D+.:

ENn,t =
(
αEN

n ELρEN

n,t + (1 − αEN
n )NELρEN

n,t

)1/(ρEN )
. (6)

��, ELn,t �T����Æ�, NELn,t �T#����Æ�, αEN
n � ρEN %^�T�G��Æ� CES$

��::. < 1 �T!"������ CES : J..

EN

EL

0.66

NEL

ELHYDRO EL2

ELFFREN

ELFF

ELCOALBIOELGAS ELOIL

EPC ELIGCC

ELPC ELPB ELCIGCC ELBIGCC

ELGASTR ELGASCCS

TradBiom OGBCOALnel

GASnel Trad BioOIL&BACK

BACKnel OILnel

ELNUKE&BACK

ELBACK ELNUKEELW&S

ELWIND

ELCSP

ELPV

WINDON WINDOFF

] 1 WITCH-China 4^5_678 CES 9:
D< 1 4T, �G��Æ�%������#����Æ�. ����Æ��23�-�����#�

-����. $��-�������23: 7#��+/#�-7��, ��7#���%�dd CCS �
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h,7#���, $�+/��L2;+f�� (PC) �h�+��A *����� (integrated gasifica-

tion combined cycle, IGCC).$�#�-�����Æ���2;: ���E��LI����H�� ("�

::YU[� 2).
$ 2 5_67;<=>

��g� ih ��g� ih

EN �� CES ih ELNUKE ie

EL ei ELCSP jjid�Æe

NEL Tei ELPV jk

TradBiom f�ej� WINDON j]le

COALnel Teikj WINDOFF Y]le

GASnel Tei�
l ELGASTR f�
lÆe

Trad Bio f�ekm ELGASCCS CCS �
lÆe

BACKnel Tei�	�� (backstops) ELOIL ke

Oilnel Teilk ELPC mkÆe

ELHYDRO me ELCIGCC lhl�nhf�ke

ELBACK �	��Æe (backstops)

&g��0?@���<=��$00�, D+.:

Qf(t, n) =
∑

j

Qj,f (t, n). (7)

��, Qf (t, n) �T, t 5�, n ��, f (&g���0?@�, Qj,f(t, n) �T, t 5�, n ��, j

<=, f (&g���0?@�.

, f (&g��$���1�J`����*��N*g�#���, D+.:∑
n

Qf (t, n) =
∑

x

Xf (t, n). (8)

��, Xf (t, n) �T, t 5�, n ��, f (&g��1�J`����*��N*g�#�.

��N>5L231�J`>5�N*g>5, D+.:

Cf (t, n) = MCf (t, n) × Qf(t, n) + pf (t, n) × Xf (t, n). (9)

��, Cf (t, n) �T, f (&g���36>5, MCf (t, n) �T*(1�J`�hG>5, pf(t, n) �T*

g�,&.

����<=, ���%d+g�*9�%��154���%���:�i<�:2:

ELj(t, n) ≤ μj(t, n) × KELj(t, n). (10)

�),5;:� German Aerospace Centre (DLR)� the Potsdam Institute for Climate Impact Research

(PIK) (Pietzcker[27])  ��9����LI�o�%FUM���LI��?@ÆQ. H�?@ÆQL:

�� National Renewable Energy Laboratory (NREL) (Arent[28]).

��4m�����, :��$e WITCH �%��Q (Bosetti � [3]), 5�%$!�� LBD � LBS

@PÆQ!L���*), )UM!�541�)"I<���.)"*�5�M&���*).

3.4 ?@/0
a�����-��no%� CO2 ��e`+.:

emiCO2
n,t =

∑
t

ωf,CO2Xf,n,t − CCSn,t (11)

WECO2
t =

∑
n

emiCO2
n,t

wemi2qemiCO2

(12)

��, emiCO2
n,t �T, n ��, t ���-��no%�� CO2 ���, ωf,CO2 �T, f ��-����

���_, Xf,n,t �T, f (�-���36�, CCSn,t �T�3?14 CO2 ����. WECO2
t �T�

� CO2 ��Ln����, wemi2qemiCO2 � CO2 ������ok�_. $!�� CO2 ��, WITCH-

China�%,+ Environmental Protection Agency (EPA)�:1!;!��0(���hG��>5ÆQ,
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 '���"5�%�0(����, "�2;: CH4 � N2O. .#, $!��0(��#), ��$�)�

%���gpH, Dnh�p�ifj�. ��0(5����&�k0(��LK 1�!q�, ��5;

r���58��gpH�����b0L�41.

WITCH-China �%�����(�Kk�*���"!,  � Meinshausen � [29] ! ����%

MAGICC �%*!::ce. �*�$�D+.:

Ma,t+1 = Aa,a × Ma,t + Au,a × Mu,t + ΔtWECO2
t , (13)

Mu,t+1 = Aa,u × Ma,t + Au,u × Mu,t + At,u × Ml,t, (14)

Ml,t+1 = Au,l × Mu,t + Au,t × Mu,t. (15)

�� Ma,t�Mu,t�Ml,t %^�T&�k�s9k�q9pk�LK, A �TK��*�k#.�ok�_,

@e`+.:

A =

⎛
⎜⎝

0.88 0.04704
0.12 0.94796 0.00075

0.005 0.99925

⎞
⎟⎠ . (16)

�), CH4 � N2O $&�k��LKD+.:

Moghg,atm,t+1 = dΔt

1,oghg × Moghg,atm,t + d2,oghg × 1
2
(WEoghg

t + WEoghg
t+1 ) + (1 − dΔt

1,oghg) × stockoghg. (17)

��, Moghg,atm,t�T, oghg(0(���&�kLK, WEt
oghg �T, oghg(0(������, stockoghg

�T, oghg(0(���&�ka�4�, d1,oghg � d2,oghg %^�TLK-;$��::, oghg�T CH4

� N2O. orVK�!;D+.:

Ft =
∑
ghg

RFghg,t + RFaerosols,t, (18)

RFCO2,t = α × (ln(MCO2,atm,a) − ln(Mpre)), (19)

RFCO2,t = inter × fac×
(√

stm × Moghg,t −
√

stm × Mpre,oghg

)
. (20)

��, Ft �T, t �0orVK, RFghg,t �T, ghg (0(���orVK, RFaerosols,t �T&�k�s

l�orVK, *��� MAGICC �%)�@�. Mpre ��jpt' CO2 �&�kLK, Mpre,oghg �,

oghg (0(���jpt'�&�kLK, inter�fac � stm %^�TorVK!;$��::. ���

V0K��D+.:

Tt+1 = Tt + σ1 × (Ft − λ × Tt − σ2 × (Tt − T o
t )), (21)

T o
t+1 = T o

t + σho(Tt − T o
t ). (22)

��, Tt �T���jpt'���&�k�V0K����, σ1 �qA::, σ2 �&�k�9?0K�o

k*, T o
t �T���jpt'���9?�V0K����. λ ���=D::, λ = 4.1

s , s �T��uq

��:, σho �9?k10���:. -A, WITCH-China �%,+���V0K 1��D;����M

&���41, D+.:

Ωn,t = 1 +
ω−

1,nTt + ω−
2,nT

ω−
3,n

t

1 + QADA
n,t

+ (ω+
1,nTt + ω+

2,nT
ω+

3,n

t ), (23)

Damagesn,t =
1

1 − Ωn,t
. (24)

��, Ωn,t �T���V0K 1����_, Damagesn,t �T����=D�_, QADA
n,t �T=����

��:, �6�=r=�!��������6. ω−
1,n�ω−

2,n�ω−
3,n � ω−

4,n %^�T, n ����c=D:

:, ω+
1,n�ω+

2,n�ω+
3,n � ω+

4,n %^�T, n ����s=D::.

sD$� (3) 4T, 5;'����=DUM"�%P:.�, ��$<�r)-&�����LK(

8�:2+, �-��$���9�5�:%,  *&)l*!��������.
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4 `ABabC�Dc
�K WITCH �%, WITCH-China �%��$��I% ����;<��<�><��*!'%.

��, $�%"!a�, S"$�WITCH �%���56��������:1, #����-�m (��

�-n [26])������-�m (���-n [30]) #�����-�m, ��a�������56���

����:1���sB*!h�, ��2; GDP��g�#�����36��, O[� 3.

$ 3 2005 E 2010 FNGHI�NI�dIefgJ

tkfc
2005 2010

�m �m Vm t� �m �m Vm t�

GDP (luSv) 0.39 0.53 1.35 2.27 0.87 1.13 2.68 4.68

�o (u�) 3.63 4.25 5.19 13.07 3.60 4.25 5.53 13.38

Æ

e

�

�

(TWh)

kj 407.55 535.10 1032.31 1974.96 778.90 867.38 1572.39 3218.67

lk 0.91 1.20 53.46 55.56 1.41 2.30 15.21 18.92

�
l 7.03 3.20 6.59 16.81 11.69 12.50 70.15 94.34

i� 0.00 0.00 139.63 139.63 0.00 0.00 194.32 194.32

l� 2.07 0.67 2.37 5.11 58.77 20.76 50.40 129.93

PV 0.0018 0.0007 0.0007 0.0032 1.57 0.04 0.46 2.07

CSP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

m� 555.48 291.81 196.94 1044.23 1010.47 530.84 358.26 1899.57

m

n

�

�

(TWh)

kj 1854.68 2925.42 3142.12 7922.22 2925.56 3761.95 4334.15 11021.66

lk 615.69 735.81 2319.90 3671.41 926.01 857.80 3261.00 5044.80

�
l 256.27 62.94 136.95 456.16 455.82 151.39 335.44 942.65

�ekm 4.45 6.13 5.32 15.90 - - - -

�ej� 755.55 691.95 799.73 2247.22 - - - -

fc`�: Bosetti[3]; ��de [26].

)1 Nordhaus � Sztorc[7] 7G��*��(#� MAGGIC �%�ce, WITCH-China �%f�!

���(��'::. �����������g� GDP �FD-B, 5;$�$e WITCH �%4!�

�<���sB-BA8 (the shared socio-economic pathways, SSP) n�A8*!f�, n� SSP A8�

�Q:�� (KC & Lutz[31]; Dellink[32]; Emmerling[33]). < 2 �< 3 %^�T! SSP2 A8+��K��

��g� GDP u�-B. �), 5;FIn� SSP A8�=�� SSP2 A8�� WITCH-China �%��

�� GDP ��gu�A8. $� SSP2 A8, S"��$eA8 (BAU) #��� 2100 ��V0K 1 2

vwK�:2A8 (2deg), �S$��0:(8+, ������������������������

#�����=C��.
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fc`�: ��d�p 2015 (��de [26])�WITCH�ofcq (Emmerling[33] )�IIASAfcq (KC & Lutz[31])�OECD

fcq (Dellink[32]).
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5 TUVj

5.1 WkXY
$$eA8 (BAU) +, 2100 ����V0K�K�jpt' 1 5.37◦C, P,� 21 )Hv 2◦C 01

(8 (IPCC[34]). 2100���><��<�;<��� GDP %^_9 5.08�6.49� 15.35pw3@. D< 4

4T, K��� GDP Vo�/�u�, I��� GDP ���,!4$&��-2, ;<��� GDP ��

p�-,��, �g��<��, ><��� GDP ��p�/!���. P������ GDP K5-B&

@, BAU A8+��������/�����p�7,�/�u�, $ 2040 �#', ������ GDP

K5o�2%/��u�,  � 2040�_9tb 16.95%. 2045" 2100��., *K5AE+A,  � 2100

�A" 8.92% ��.

< 5 �T! BAU A8+��K��&g��$��#�������K5��ku�. �,�K��

GDP #.�-2, ;<���&g��$��p�-,���, �g��<��, ><���&g��$�

�p�/!���. �H��, �� GDP ���AE 1 ([< 4), �����%+��-����Æ��
'#&, ��K���&g��$��V$ 2035 �o� 1u�,  � 2035 ��B_9tb, ><��<

�;<�� 2035 �&g��$��%^� 18366.19�21163.46 � 43975.88 TWh. P 2040 " 2100 �, �

�K���&g��$��JBAE+A,  � 2100 �%^A" 9008.41�19345.40� 35090.78 TWh. 5

���, $�%��<�r)-&��(8:2+, ������%5*��5�413�Bb�%0��

�0+A. �), �,�� GDP ��� GWP �K5-B, &g��$���������K5(o�q

/A��u�, $ 2025 �_9tb 34.96%. #A, 2030 " 2100 ��.*K5AE+A,  � 2100 �A"

10.16%.
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< 6 �T! BAU A8+��K�� CO2 �����������K5���u�. �,��K��

&g��$����u�, K��� CO2 ��-BVo�q/A��u�. "�D+, $ 2040 �#', >

<��<�;<��� CO2 ����Vo� 1u�, � 2040 �_9tb, %^_ 1.80�2.20 � 3.15 Gt.

$ 2045 " 2100 ��., K�������AE+A. 5���$��., ��&g��$��(o�+A
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u� ([< 5), ���� CO2 ��-&�����-��$�%����+A, *�Ln��.��K��

� CO2 ����AE+A. �H��, ;<������p�-,��, �g��<������, ><�

�����p�/!��. P�����������K5-B&@, $ 2030 �#', BAU A8+���

�x���K5oAE 1u�,  � 2030 �_9tb 43.22%. 2035 " 2100 ��., ���xKAE+

A, � 2100 �+A" 14.53%.

5.2 ghqi*+jrklmn-.o1\spqtu
< 7 �T! 2 vwK0:A8+ 2020 " 2100 ��.�����><��<#�;<�� GDP ��

�K5 (# BAU A8���:�). �H��, �K� BAU A8, 2 vwK0:A8+6����)���

� GDP $ 2020 " 2100 ��.Vo�+Au�, @+AuKAE/&. ��, 2 vwK0:A8+���

GDP+AuK�K���� GDP+AuK��/M, "�D+, 2vwK0:A8+ 2020��� GDP�

K� BAUA8+A −4.59%, 2100��� GDP �K� BAUA8+A −16.53%; 2vwK0:A8+ 2020

��� GDP �K� BAU A8+A −7.77%, 2100 ��� GDP �K� BAU A8+A −18.71%.

�), P��K��k�&@, 2065�#', ��><�� 2vwK0:A8+ GDP�K� BAUA8

+AuK-&, �g����<��, ��;<�� 2 vwK0:A8+ GDP �K� BAU A8+AuK

L��/M. #�, 2070 " 2100 ��., $+���<�� GDP +AuK�AE�r, �+AuK� 2090

�JBM���;<�� GDP �+AuK.

< 8 �T! 2 vwK0:A8+ 2020 " 2100 ��.�����><��<#�;<��&g��$

����K5 (# BAU A8���:�). �H��, �K� BAU A8, 2 vwK0:A8+6����

)���K���&g��$�$ 2020 " 2100 ��.Vo�&u+A�u�. 5���, $ 2 vwK0

:(8�:2+, ��k�w"��-&������, V��,+:%�-��$�#�r0(����

�. P��PK&@, ��&g��$�$ 2020 " 2100 ��.�9�5�:%, @��&g��$��+

Au�AEQV. "�D+, �K� BAU A8, $ 2 vwK0:A8+��&g��$����K5-B

$ 2020 " 2100 ��.&�o�AE+A�u�, R$��., ���&g��$���+Au�'AE/

&, ��, 2020 ���&g��$����K5� −43.54%, +A" 2100 � −61.37%.

�), P����k�&@, ��&g��$�$ 2020 " 2100 ��.�9�5�:%, I�$+��

���AE 1, �����%����Æ��', ��&g��$��+Au��4�r. "�D+, �K

� BAU A8, $ 2 vwK0:A8+��&g��$����K5-B$ 2020 " 2045 ��.o�AE

+A�u� ([< 8),  � 2045 �_9-!��, &:� −67.89%. $ 2050 " 2100 ��., *A8+��

&g��$��K� BAU A8���K5-Bo�AE 1�u�,  � 2100 �_9 −52.70%.

P��K��&@, 2 vwK0:A8+��&g��$0�K BAU A8(�9�5�:%, ���

K5-Bo�qAA1�u�. $ 2060 �#', ��><���&g��$0��+AK5-&, �g��

<��, ;<���+AK5-M. 2065 " 2100 ��., $+�<�><���&g��$0+Au��

r, �<�><<���&g��$0��+AuK�K;<��7M.

5���;<��4����Æ�, ,���-��Æ�7,, ��<�><���4m���1�7

�vw (D���LI��H��), ��$ 2060 �#'�<�><��#�-������&g��$0

��x�9-&�:%, �;<���&g��$0��+AuKL��/M. #�, $+#�-��sy

�� 1, ;<���&g��$0��+AuKL*&)/&.

5.3 ghrrksv1\23qwxtyuv
< 9 �T! 2 vwK0:A8+ 2020 " 2100 ��.�����!�����$���K5-B. �

H��, �����E��H�#�LI���$ 2020 " 2100 ��.���#�r%, �x)6*���

�$���K5(p�/,���. 5���, S���-&������, �5�-&������, �_

> 21 )Hv���V0K 1�q+ 2 vwK�:2(8, ��Æ�7��!�>?6�����. �5,

S�(�����0�,n&���, t�&S����2%/�, (��7����Æ�#s>���%.

��, 21 )HvS�!������Æ��x��K5('p�/,���.
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"�&@, ��H�, 2 vwK0:A8S�H��Æ��x��K5oq/A��u�. $ 2020 "

2035��., H�Æ��x��K5o� zu�,  � 2035�_9tb, &:� 40.04%. 2040" 2100�

�., S�H�Æ��x��K5�4+A, � 2100�A" 16.33%. ����, ��S��1���K/v

w, 2020" 2100��.S���$��x��K5ot) 1u�,P 2020�� 23.26% 1" 2100��

26.79%. ��LI���, S��LI���x��K5� 2030 �_9tb, &:� 26.31%, 2035 " 2100

��.S��LI���x��K5AE+A,  � 2100 ��.A" 5.02%. ��E�, �,�LI���

�$��xK��u�, S�E�$��x��K5� 2035 �_9tb, &:� 20.78% ([� 4), 2040 "

2100 ��.S�E�$��x��K5AE+A,  � 2100 �A" 8.80%.

$ 4 NGEyz{{N&wz5_67ncx|[\}|8]^RS
elhydro elnuclearback

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

cajaz 7.9% 5.1% 3.6% 3.0% 2.3% 7.9% 5.1% 3.6% 3.0% 2.3%

easia 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

India 2.4% 4.1% 7.3% 10.1% 13.7% 2.4% 4.1% 7.3% 10.1% 13.7%

kosau 6.2% 6.3% 6.2% 6.0% 5.2% 6.2% 6.3% 6.2% 6.0% 5.2%

laca 1.5% 1.7% 2.4% 3.0% 2.2% 1.5% 1.7% 2.4% 3.0% 2.2%

mena 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

Europe 22.2% 20.2% 19.8% 20.0% 21.5% 22.2% 20.2% 19.8% 20.0% 21.5%

sasia 0.2% 0.6% 1.5% 3.6% 8.1% 0.2% 0.6% 1.5% 3.6% 8.1%

ssa 0.0% 0.0% 0.0% 0.1% 0.4% 0.0% 0.0% 0.0% 0.1% 0.4%

te 19.3% 18.3% 19.6% 18.1% 16.5% 19.3% 18.3% 19.6% 18.1% 16.5%

USA 27.7% 23.7% 21.9% 22.4% 21.4% 27.7% 23.7% 21.9% 22.4% 21.4%

China 12.6% 20.1% 17.8% 13.8% 8.8% 12.6% 20.1% 17.8% 13.8% 8.8%

elwind elsolar

2020 2040 2060 2080 2100 2020 2040 2060 2080 2100

cajaz 8.7% 3.4% 2.5% 2.2% 1.8% 17.0% 7.8% 4.5% 3.5% 1.9%

easia 0.8% 1.2% 2.2% 4.2% 4.2% 0.5% 1.7% 6.6% 9.0% 6.6%

India 9.1% 10.7% 13.7% 15.1% 15.0% 11.6% 15.6% 23.6% 29.2% 16.0%

kosau 3.1% 2.6% 3.0% 3.2% 2.7% 2.4% 2.3% 2.4% 2.3% 1.3%

laca 2.3% 3.3% 4.6% 6.2% 5.6% 1.7% 1.9% 2.9% 3.8% 2.0%

mena 11.5% 9.2% 10.2% 10.9% 12.8% 16.5% 17.3% 14.0% 12.1% 8.9%

Europe 15.5% 12.5% 12.6% 12.7% 12.9% 21.7% 15.6% 13.5% 12.0% 8.7%

sasia 0.0% 0.0% 0.1% 0.3% 0.6% 0.0% 0.0% 0.1% 0.3% 1.6%

ssa 0.0% 0.0% 0.1% 2.2% 10.1% 0.0% 0.0% 0.1% 3.1% 40.3%

te 2.6% 2.9% 3.4% 4.4% 4.1% 1.5% 2.1% 2.7% 2.1% 1.4%

USA 14.1% 14.2% 15.5% 14.2% 13.8% 14.8% 12.6% 10.8% 9.8% 6.4%

China 32.2% 40.0% 32.0% 24.2% 16.3% 12.4% 23.2% 18.8% 12.6% 5.0%
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< 10 �T! 2 vwK0:A8+ 2020 " 2100 ��.��><��n�!�����Æ�����

u�. �H@�, $ 2 vwK0:A8+, ��><��!�����Æ��"�/&�/u, ��-�Gu

��H�. $ 2020 " 2045 ��., ��><H��$0�o�2% zu�, P 2020 �� 751.48 TWh

 1" 2045 �� 2997.93 TWh. 2050 " 2070 ��., ��><��H�$0�� 1u�Ir. 2075 "

2100 ��., ��><��H�$0�o�AE+A�u�, P 2075 �� 3113.41 TWh +A" 2100 ��

2497.63 TWh. �g, ��><�����Æ��$ 2020 " 2100 ��.+:rx 1�u�, P 2020 �

� 523.64 TWh  1" 2100�� 1144.90 TWh. �), 2020" 2065��., ��><��FG�$��o

�AE 1u�,  � 2065 �_9tb, tb��� 501.41 TWh. 2070 " 2100 ��., ��><��F

G�$��AE+A,  � 2100 �A" 313.72 TWh. �,FG���-B, ��><�� CSP (chip scale

package) �$��$ 2020 " 2055 ��.o�AE 1u�,  � 2055 �_9tb, tb��� 180.79

TWh. $ 2060 " 2100 ��.��><�� CSP �$��o�AE+Au�,  � 2100 �A" 77.99

TWh. -A, ����E�r�%F��, �����u�$��;<�� ([< 12), ��><��<��

�E���/! ([< 10 �< 11).

< 11 �T! 2 vwK0:A8+ 2020 " 2100 ��.���<��n�!�����Æ�����

u�. �,��><���!��������u�, $ 2 vwK0:A8+, ���<��H�Æ��x

#�-����Æ���-&K5. "�D+, $ 2020 " 2045 ��., ���<H��$0�o�2% 

zu�, P 2020 �� 658.02 TWh  1" 2050 �� 3158.30 TWh. 2055 " 2070 ��., ���<��

H�$0�� 1u�Ir. 2075 " 2100 ��., ���<��H�$0�o�AE+A�u�, P 2075

�� 3290.15 TWh +A" 2100 �� 2421.20 TWh. I�, �����><��, ���<�������

����/r, 5�����><����1�7�vw, 46������o�3&. ���<����

�Æ��$ 2020 " 2100 ��.+:rx 1�u�, P 2020 �� 275.09 TWh  1" 2100 �� 601.46

TWh.

�), 2020 " 2075 ��., ���<��FG�$��o�AE 1u�, @� 2050 �JB���<

��FG�$��JBq+���$��. I�, 2080 " 2100 ��., $+���<��FG$���A

E+A, �$��&JB!����<�����$��. �,��><��, ���<�� CSP �$��

$ 2020 " 2060 ��.o�AE 1u�,  � 2060 �_9tb, tb��� 215.39 TWh. $ 2065 "

2100 ��.���<�� CSP �$��o�AE+A�u�,  � 2100 �A" 106.55 TWh.
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< 12 �T! 2 vwK0:A8+ 2020 " 2100 ��.��;<��n�!�����Æ�����

u�. ���><��<���n�!�������u�����, 2 vwK0:A8+��;���!

�����$ 2020 " 2100 ��."�7,�/�u�. xq, $��.H�mg>���;<��!��

����$0�-,�����, $ 2020 " 2075 ��., �o2%/�u�, � 2075 �_9tb, &:�

6996.21 TWh. $ 2080 " 2100 ��., ��;<��H�$����rx+Au�,  � 2100 �+A"

6292.80 TWh. �), �����><��<��, ��;<��"�/��E�r%F, *���E���
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7�r%.  $ 2080 �#'+:>�;<��#�-����$���7g�H������.
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-A,$ 2020" 2085��.��;<���FG$��AE 1,  � 2085�_9tb 1362.62 TWh,

2090 " 2100 ��.�$��rx+A, � 2100 �A" 1141.52 TWh. �� CSP, $ 2020 " 2075 ��.

��;<��� CSP $��AE 1,  � 2075 �_9tb 390.97 TWh, 2080 " 2100 ��.�$��

rx+A, � 2100 �A" 273.49 TWh. -A, ����, $ 2020 " 2100 ��.��;<�����$�

�AE 1, P 2020 �� 185.65 TWh  1" 2100 �� 405.92 TWh.

6 T}

5;,+"!�� - ������ �!�%, R WITCH-China �%, '��%� 11 �#����

� 3 ����� (��><��<�;<��), P 21 )Hv�� 2 vwK0:(8:2�PP, �S�

����K����������363*�41�K, #����><��<�;<��9&!����

� (H��E�����FG� CSP) ���-B*!%2. 5;� �4=����$#+$�: 1) $�

WITCH �%! �� - ������ �!�%, ;�����18+���!�������2.*!

!�%2. 2) $������/9:1,  �!;�������56�������::,  *&)'�

%����'%�;<��<�><��, #78� ���0:(8+������.!�����-9

��-B#.�-2. ,+�%�b, S"�9#+��0�:

xq, ������_> 2 vwK0:(8, ��y�/&���>5, @ GDP �+AuK�AE/

&, ���������, S�><�� GDP �+AuK$ 2070�#A�AE�&. ��, S�� GDP +

AuK�K���k�� GDP +AuK7&. �), PS�><��<�;<��k�&@, �,��k�

GDP +AK5���u�, S�;<����<�� GDP �+AuKAE/&. $ 2065 �#', S�>

<��$ 2 vwK0:(8�:2+, � GDP �� BAU A8�+AuK-&, �g��<�� GDP �

+AuK, S�;<�� GDP $��.�+AuK/M. #�, $ 2070 �#A, ><��� GDP +Au

K�4�&,  � 2090 �JB!�S�;<�� GDP �+AuK.

�g, $!��y�/&���>5, �����������, ��k�w"��-&������,

V��,+:%�-��$�#�r0(�����. P��k�&@, ��&g��$�$ 2020 " 2100

��.�9�5�:%, @��&g��$��+Au�AEQV. P����k�&@, ��&g��$

�$ 2020" 2100��.�9�5�:%, I�$+�����AE 1, �����%����Æ��',

��&g��$��+Au��4�r. PS�;<��<�><��k�&@, 2 vwK0:A8+��

&g��$0�K BAU A8(�9�5�:%, ���K5-Bo�qAA1�u�.

�), �!��������, ���)6-&������, �_9 2 vwK0:(8, ��!���

���$��$9&'x����!�����0$��/,�K5. S���-&������, �5�

-&������, �_> 21 )Hv���V0K 1�q+ 2 vwK�:2(8, ��Æ�7��!�

>?6�����. �5, S�(�����0�,n&���, t�&S����2%/�, (��7��

��Æ�#s>���%. ��, 5)HvS�!������Æ��x��K5('p�/,���.
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-A, �����V��&���!�>6�����, #�r��-��no4%��0(����,

��, H�$S�w"���!��������'q9'v��6, ��.�!�������-B4$

/&�-2. �), ����1��-������-2�, S����$ 2 vwK0:(8+�!���

����-B4$/&�-2�.
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