
���������	��
���
�������������� ������������
������! "�#��$�%

&�')(�* +-,/.10�.�23'54768':9

;=<!>@?:ACB)>CD#EGF:?IH�ECBCACJ=H�?:K LMH#?:D#F:NCACD#OPD#BCF:JPF"OPE)Q=RCOPNCDSH"?TJ=HSU5VGWPKXOPBCOPNCJPOPD#A)Y
ECA3BCOPZ5[XF:?:K NCBCF�>5Q=BCF\DSH�F:]5^ _`ECD#AC?:BCF\?:A5Q=?:K DaU5b!_c[XFed�U5AC?:K�RCFaL�HSU5f:ghKig�UC>)j)A
B5H#ghF:JPF�NCF:WP?:ACD#ECVk>CE"Q=VIQ=RCK U5fIQ=D#?IHClImhFhRCF:?5^ >CWaH#BCK7K W!?:ACEGF:NCA5Q=DSH#BCB)>5[@L5dkOPNCO=U
OPBCOPNCJPK nolGHSU5fSD#OPNCB5H#D#AC?:BCA)j�B5H:p�D#KqlI?:VGJPK UCU5brDSH�J=H#WPV:sIt�VPL7NCK�RCF:N5HeL7A/l:mhF�nujkL�H:_
V�Q=?:FenCECBCACWPKIvhOP?:K LkRCNCACZGL7VGD#fIQw>�L7F�L7VGghKI>CEhRCF#U5K D#ACE)H:[xleDSH#EhK:L7FIQ`U5K L7BCACE)H:[xlSH
DSH#EGFedyRCNCO`L�Q=DSH#?:BCACE)H:[-RCNCAC?IH#D#BCF:JPF�Q=OPECD#F:NCV"DSH�VGz5H:Q=BCACE)H:[-BCOPRCNCAC]:VGD#EGF:?:A)j
F:NCJ=H#BCK WaH#{CK Z|;Ss

}�OPNcvhOP?:K L\~�K BCJ`l
� F#U5F:?:BCACZ"B5HeVGEGF:?:ACZ�N5HeL7BCACE"VGNI>GL7V"��O=U5ACEGF:]:NCACDSH#BCK n�Wh�#�:�:��RCF��#�:�:�

NCF:ECA

;=��ACDSH#BCB)>@RCF:ghVGECV\]:OPWPRCOPzCBCF:JPF5l5L7FIQ=D#VGRCBCF:JPF"KiQ=DSHSU5F:JPFcL5dkOPNCO=U7H"OPBCOPNCJPK n
_�FaL7BCA5[�WhB5H#ZC]:K U5f:gyH#ECD#VIHSU5f:BCA)jTRCACDSH#BCf�B5H#ghF:JPFcz5H:Q=V:s7��NCF:D#OkQ=ECK U5f:ECA�QPHSY
[XO8OPBCOPNCJPK n�B5H:[�RCF:D#NCK ]:BCFG���!ECV�n�n�z5H:Q=D#ACBCV�[XA�B5H:Q=RCN5H#?SL7K7[XFedkOa[XFhF:D#NCA5[�H#D#A
K W�?:K L7BCF:?#U5b8?IH#BCA)j�L5dkOPNCO=U��h��H�L7F:RCFI[XF:JPF:b�RCNCF:WPF:NCFen/U5F:JPK ECATDSHkzCK D#EGF�RCF:]:VIY
L7F:?IH#BCF:JPF�[�H#D#Oa[�H#D#ACzCBCF:JPFTH#B5HSU5K WPVT?:K L7RCF:?:K L7KXB5H�{CKXWaH#RCACDSH#BCB)>@WPB5HSjIFaL7ACD#f�V
Q=?:Fen�Z�FIQ=DSH#BCBCK Z�ECBCACWPK)vhOP?:K L"t\H#ECEGOPZ/sI��F:JPF�?:A5Q=BCF:?:ECA�F:ECNCOaQ`U5b8b8D#fh[XFed�U5AC?:K
NCK ghOPBCB)>cD#A)jcBCOPRCNCFIQ=D#A)jcWaH#?SL�H#BCf5l:mhF�RCFIQ=DSH#b8D#fhRCOPNCO`LTEGFed�BCA5[�K W!B5H:Q�V�?:A)Y
J�UC>GL7K5?:AC]:F:NCV�YXRCOPNCO`L�EGFed�BCA5[�WPF:ECNCOa[�H�DSH�RCOPNCO`L"VIQ=K1[�B5H#ghA5[3Q=VIQ=RCK U5fIQ=D#?:FI[
WaH#J=HSU5FI[xsS~�BCACJ=H�vhOP?:K L�H!t\H#ECEGO=>�Q=DSH#BCOx?:K L7ECNCACD#Da>5[\L5UC>�D#A)jkzCACDSHezCK ?5lS>CECKC{CK Y
E)H#?#UC>CD#fIQw>�RCACDSH#BCB)>5[3D#F:JPF5l:>CE"QPH:[XO![XA�WP]:ACN5H:_=[XFIQ=f�WaH#]:OPWPRCOPzCACD#A"Q=?:Fen�OPBCOPN)Y
JPOPD#ACzCBCK/RCF:D#NCOP]:A�>CETBCOPWaHSU5O=d�B5HhECN5Han�B5HkV"[�H#ZC]:VGD#BCfSFI[XV:s:v�UC>"EGFed�BCF:JPF5lIj)D#F
WaHSU5VGzCOPBCACZ�L7F�RCACDSH#BCf�p�F:N5[XVG?IH#BCB)>MzCA-NCOaHSU5K WaH#{CK n8OPBCOPNCJPOPD#ACzCBCFen8RCF#U5K D#ACECA
?cVGNI>GL7Kql5L7OPNId�H#?:BCA)j�Q=D#NCVGECD#VGN5HSj�l�]:K WPBCOaQ=K�zCA@BCOPRCNCAC]:VGD#EGF:?:A)jTF:NCJ=H#BCK WaH#{CK >)j�l
{)>"ECBCACJ=HClGRCF:]:VPL7F:?IH#B5H�B5HhU5F:JPK {CK�B5HeVGEGF:?:A)jcp�H#ECD#K ?kDSHkRCNCFIQ=D#K ZTH#NCA5p�[XOPD#AC{CKql
[XFedkO�Q=DSH#D#A�zCATBCO�B5H#ZC]:K U5f:g�L7FIQ=D#F:?:K NCBCA5[-DSH�F:]5^ _`ECD#AC?:BCA5[-RCF:N5HeL7BCACEGFI[-B5H
]IH#J=H#D#FhNCF:ECK ?�?:RCOPNCO`L|s�}�H:[XO�DSH#E�>cn�nXK/Q=RCNCACZ5[�H#b�;Ss

� F:BCK�v�d�VGBCK RCOPN
~�F#U5ACghBCK ZcL7ACNCOPECD#F:NT]#U7H#JPFaL7K ZCBCFen�F:NCJ=H#BCK WaH#{CK nx;=�C�wK �P�5�C�x�#�|���#���w |;

¡ vhNCVGWPK���Oa[|U5Ku¢
£5¤e¥�¦q¥�§=¨8©)ªo«¬«�¨�­�®o¯a°eªo«o±

;=²�H#NCOPghD#K�_�ECBCACJ=HCl�mhF�RCNCF#U5AC?IH:_�Q=?:K DaU5F\B5H�RCN5H#?SL7AC?:K�p�H#ECD#AMQ=D#FIQ=F:?:BCF
Q=DSHSU5FenIOPBCOPNCJPOPD#ACECA�K#>CE)HCl=?:FaL7BCF:z5H:Q#lwU5OPJPEGF�DSHx?:OaQ=O=U5FxzCACDSH:_`D#fIQw>/sP³XOPEGFI[XOPBGL7VGb
RCNCF:zCACDSH#D#A�n�niVIQ=K1[xlCj)D#F�[�H:_�?:R)U5AC?cB5H�RCNCACZCB)>CD#Da>\NCK ghOPBCf�Q=D#FIQ=F:?:BCF�RCACDSH#BCf
Wa[XK BCATE)U5K1[�H#D#V/;Ss

³XF:]:OPNCD�}�H#B5Q=FI[xl
vhACNCOPECD#F:NTQ=D#N5H#D#OPJPK n�DSH�Q=DSHSU5F:JPFkNCF:WP?:ACD#ECVcOPBCOPNCJPOPD#ACzCBCFenXEGFI[XR5H#BCK n

;`��´!�M�i�C�P�wµ:¶/;



�

 0

 50

 100

 150

 200

 250

 300

 350

 400

 1000  1200  1400  1600  1800  2000

C
O

   
co

nc
en

tr
at

io
n 

(p
pm

)
2

 260

 270

 280

 290

 300

 310

 320

 330

 340

 1600  1700  1800  1900  2000

1769

���������
	���
����������
������� �����
2 � � 
�!"���������#�#%$�$ ��
�&�� '�	)( ������
��
�)*�+,������-�.��0/1
�+.2��3�
������

��)��
�4%
5���2��.�� ��6 .�7�
"8 6:9 82
#%;
<�<�= ��
�& 61> � ����&0
�?@3�� ��A 
�!"�"���B8����'�*�+C� ��DE'1�������F�2� 6 &0
�'

%GH.2��3�
������

���� G�2�JI)��'1��K��0/ � #%;
L�M ��
�& 6 �282
 �2��-�*�/8���� '�	N � KO'�.2��!���*�KO&0
�+C���������582
 IP����QR� & 6 ## +C
�?S�2� A � 82! 6 + 6 '1����*��2��!"� 60A ��*�+T *���
�+�	2U�8���V"��7
!B�5�2� A .2�����"�
��!"����.2��!�7�)&)��!�7 � �2� T 6)W � A 
"82� �F' A ��
�+C� ? & 6T ��! 6�� #%M�$�$ A 
FX $�$�$ ��� & > &0
��
���Y�! A ����'�*�.2� � �2� T ��*�K�' A .�*�' �2�&0
����������
������� DZ���

2 6 ���
+C
�!%QR�"���A .2�����"��*�	)[�� V"D A 
"82� V"D\�F'�'1��?S��D'�82
�!"&0
��2��.�������� 6 #�<�]�; ��
����(S?Y��K�+C!"
�+_^`���
�

�+ A �"��-Y
�4%
A ����
�'

�4%
 8�'�*�4 6 �2� > '�*��2��K)82����
�4%
 � �<�$ ��
�&�� ' 82
J�

�4%
)	

aZb�cYdRegf�hRijb�i
²�H#ghO�Q=VIQ=RCK U5fIQ=D#?:FJk [�H:_`D#fIQw>�B5HxVG?IH#WPK#��O=U5ACEGF:]:NCACDSH#BCK >Sl8RCNCA5[xsPRCOPNCOPE)U7HeL�Hez5H1m
[�H:_hWaHSU5O=d�BCK1Q=D#f"?:K L3OPBCOPNCJPK nol7L5dkOPNCO=U5FI[ >CEGFen�_k?:ACEGF:RCBCKXEGF:NCA5Q=BCKXEGF:R5HSU5ACBCA/s
<!>"WaHSU5O=d�BCK1Q=D#f�BCOh[XFedkO�[�H#D#A�F:WPB5H#ETQ=DSHSU5FIQ=D#Kql5HeL5dkO�[XA�?#dkO�RCNCF:ZCg�U5ATRCK E
?:AGL7F:]:VGD#ECVTB5H:p�D#A@DSHcJ=H#WPV:l7mhF5l7>CE@K�K BCghKX?:ACEGF:RCBCK|EGF:NCA5Q=BCKXEGF:R5HSU5ACBCA@_hNCO=Y
Q=VGN5QPH:[XA"?:ACzCOPNCRCBCA5[XA/s � H#E/l7�:��n OPBCOPNCJPK nol)>CE)H�Q=RCFed�AC?IH:_`D#fIQw>"?hL�H#BCACZTz5H:Q�V
Q=?:K D#Kqle[�H:_i?:ACmhOPWPJ=HeL�H#BCO�RCFejIFaL5dkOPBCB)>/s�v�UC>h��O=U5ACEGF:]:NCACDSH#BCK nC{)>�{CA5p�N5H8Q=DSH#BCF#Y
?:ACD#fFo:��ncs:~�NCK1[@K BCghF:JPF5leL7VIdkO�?IHSd�U5AC?:F�VIQ=?:K L7FI[|U5b8?IH#D#A/l#mhF�?:ACEGF:NCA5Q=DSH#BCB)>
OPBCOPNCJPK n|DSH#EGF:JPF�RCFejIFaL5dkOPBCB)>"[�H:_!BCOP]IHSd�H#BCK�B5H:Q`U5K L7ECA�L5UC>TE)U5K1[�H#D#V�R)U7H#BCOPD#A/s
²�H#?:K D#f5lP>CECmhF!RCOPNCghKIL7?IH8[XK NCECVG?IH#BCB)>kBCO�W`L�H#b8D#fIQw>k�xH:["L7FIQ=DSH#D#BCfSF!RCOPNCOPEGF:B)Y
U5AC?:A5[XA/lI[XFed�U5AC?:F��xH:QxRCOPNCOPEGF:B5H:_�D#NCOPD:_Rlk]:OPWPRCOPE)H!OPBCOPNCJPOPD#ACzCBCA)j�RCFIQ=DSH#?:F:E/s
p L5dkO:lIB5H:Q=D#K U5f:ECA"H#ECD#AC?:BCO8?:ACEGF:NCA5Q=DSH#BCB)>�NCOPWPOPNC?:K ?k[XF:N5Q=f:EGF:JPF�ghO=U5f#p�Vqk ��O=Y
U5ACEGF:]:NCACDSH#BCK nrm�RCNCACWP?:O`L7OTL7F@nuj�Q=EGF:NCF:JPF�?:ACzCOPNCR5H#BCB)>/s�s!Q=DSH#BCB5_�d Wa[XVIQ=ACD#f
B5H:Q�RCOPNCOPZCD#A�B5H�K1[XRCF:NCD#F:?IH#BCKXOPBCOPNCJPF:BCFIQ=K nol7VGWaHSU5O=d�BCb8b8zCA@B5H#ghV�ECN5Han�BCV�?:K L
BCO�WaH#?#dkL7A"B5HeL7K ZCBCA)j"RCFIQ=DSHez5HSU5f:BCACECK ?5s

� F�>CE�dkO�B5H:[�RCF:WP]:VGD#A5Q=f�WaHSU5O=d�BCFIQ=D#K5?:K LcOPBCOPNCJPK n7L5dkOPNCO=U5FI[@>CEGFen�_x?:ACEGF#Y
RCBCK/EGF:NCA5Q=BCK�EGF:R5HSU5ACBCA/l5Q=OPNCO`LT>CECA)j�lCK1Q=D#F:NCACzCBCF�B5H#ZC]:K U5f:ghVcz5H:Q=D#ECV�WaH#Z5[�HSU5F
?:VGJPK UCUC>/lCH�Q=fSF:JPFaL7BCK�l�{CO�B5H:p�DSHkDSHkJ=H#We�

� H#E/l�B5H:[�BCO�]:N5H#ECVI_�NCK WPBCFI[�H#BCK D#BCA)j RCF:N5HeL Q=D#FIQ=F:?:BCF�D#F:JPF5limhF3[XFed�B5H
W�{CfSF:JPF@RCNCAC?:FaL7V�WPNCF:]:ACD#A/s p U5O"?:F:BCA-H#]IQ=F#U5b8D#BCF@BCOTQ=A5Q=D#Oa[�H#D#ACWPF:?IH#BCKxKinuj
B5H:Q=D#K U5f:ECAT]IH#J=H#D#F5l)mhFhnujTK1Q=BCVG?IH#BCB)>TBCO!L�H:_�[XFed�U5AC?:FIQ=D#K/RCF:]:VPL7VG?IH#D#ATN5H#{CK F#Y
B5HSU5f:BCACZ/laWP?5^ >CWPBCACZ�R)U7H#B�L7K Z�L5UC>hNCF:WP?5^ >CWPECV:laH�B5H#?:R5H#ECA/lamhO�]:K U5f:ghO�WaH#R)U5VGD#VI_
ghACNCF:ECV�JPNCFI[�HeL�Q=f:ECK1Q=D#f5s � H#E/l)]IH#J=H#D#F�j)D#F�H#JPK D#VI_8WaHhJPF#U5FIQ=VG?IH#BCB)>�J=H:[�H#BC{COa[xl
[XF:?#UC>C?�ECVGRCVGb8zCA�DSH#E�WP?IH#BCK�;`WPO=U5OPBCK7ECK U5F:?IH#D#A|;�[XA�?#dkO8?:BCFIQ=A5[XFkQ=?:K Zc?:E)U7HeL
V�Q=RCK U5f:BCV�Q=RCN5H#?:VkRCF:NI>CD#VGBCECVkR)U7H#BCOPD#A/s � H�zCA�L7FIQ=DSH#D#BCfSF5l:WPF:ECNCOa[�HCl:{CfSF:JPFG��t
>CECVTNCF#U5f"[�H:_�?:K L7K JPN5H#D#A@?�L7FIQw>CJPBCOPBCBCK|{CK1_�n�[XOPD#A�B5H#{CK F:B5HSU5f:B5H�OPBCOPNCJPOPD#ACzCB5H
Q=D#N5H#D#OPJPK >7�Fu�AT?:NI>CD#VGb8D#f�B5H:Q�WaHSjIFaL7A�W!L7OP{COPBCD#N5HSU5K WaH#{CK nXOPBCOPNCJPF:JPOPBCOPNCVGb8zCA)j
RCF:D#VId�BCFIQ=D#OPZ�K�zCA\_�R5H#B5H#{COa_`b WaH:Q=D#FIQ=VG?IH#BCB)>"B5H �Rv < BCF:?:K D#BCK jTD#O=j)BCF#U5F:JPK Z



�

Q=RCK U5f:BCFen�JPOPBCOPN5H#{CK n�D#OPR)U7H3DSH�O=U5OPECD#NCACzCBCFen�OPBCOPNCJPK nosRu�ArQ=RCN5H#?SL7KxL7FIQ=DSH#D#BCfSF
{CfSF:JPF�L5UC>@?:K L7zCVGD#BCF:JPF�Wa[XOPBCghOPBCB)>\jIF:z5H�]�?:ACECAGL7K ?"R5H#NCBCACEGF:?:A)jTJ=H#WPK ?G�k²�HSY
Q=ECK U5f:ECA�Oap�OPECD#AC?:BCA5[XA�[XFed�VGD#f�]:VGD#Ac?:K D#NCF:O=U5OPECD#NCFIQ=DSH#BC{CK n�W�D#F:zCECAcWPF:NCVkRCF#Y
D#VId�BCFIQ=D#OPZ-JPOPBCOPNCVG?IH#BCB)>MOPBCOPNCJPK noliH@BCO"RCOPNCO`L7?:AC]:F:NCzCFen8H#JPK DSH#{CK nq���!ECV�NCF#U5f
?:K L7K JPN5H#?IH#D#A5[XVGD#f�H#D#FI[XBCKxO=U5OPECD#NCFIQ=DSH#BC{CK n!VM[�H#ZC]:VGD#BCfSFI[XV:l EGF#U5AMWP?:ACzCBCK�L5UC>
B5H:Q�OPBCOPNCJPOPD#ACzCBCK|NCOaQ=VGN5Q=A ¡ ?:VGJPK UCUC>/l5B5H:p�DSH�DSH�J=H#We¢�Q=DSH#BCVGD#fcWPB5HezCBCF�L7F:NCFed�Y
zCA5[XATWaHkO=U5OPECD#NCF:OPBCOPNCJPK b��

� RCF:ghVGE)HSjT?:K L7RCF:?:K L7OPZ\B5Hc{CKXDSHcK BCghKXRCACDSH#BCB)>/l�B5H:[ BCOPF:]ej)K L7BCFcRCNCFIH#B5HSY
U5K WPVG?IH#D#AcQ=ACD#VIH#{CK b DSHhQPp�F:N5[XVG?IH#D#A�?#U7H:Q=BCO�]IHezCOPBCB)>/s��xHezCOPBCB)>/l#>CEGO�L7F:RCFI[XF#Y
dkOhB5H:[rQ=E)U7H:Q=D#A@R)U7H#B�Q=RCN5H#?SL7K|Oap�OPECD#AC?:BCA)jTL7K Z/s��!U7H#B/l5>CECACZ@]:VPL7O�L7K1_`?:A5[xs
s�L7B5H#E/lG>CE�L7F:ECD#F:N�p�K WPACzCBCA)j�B5HeVGETDSH�H#?:D#F:N"{CK1_�n�ECBCACJPA/l)>�[�H#b L5UC>\�xH:Q!BCO
B5HeL7D#Fc?:D#K ghBCV"BCF:?:ACBCV l"?:RCNCF:?IHeL5dkOPBCB)>T{CfSF:JPF�R)U7H#BCV"]:VPL7OhWaH#?SL�H#BCB)>5[-BCOhW
U5OPJPECA)j�s

�����
	���
��������������������������
	��� �����!���"
	�
���!���#
� RCOPNCghK Zkz5H:Q=D#ACBCK){CK1_�n�ECBCACJPA�NCF:WPJ�UC>GL�H:_`D#fIQw>�RCACDSH#BCB)>�RCNCF!D#O:l#zCA�[XFedkOxDSH#E)H
ECN5Han�B5H�>CE���O=U5ACEGF:]:NCACDSH#BCK >/l7zCAIn�NCOaQ=VGN5Q=A�HSU5fSD#OPNCB5H#D#AC?:BCFen�OPBCOPNCJPK nol�WPF:ECNCOa[�H
OPBCOPNCJPK >\?:K D#NCV:l5j)?:A)U5fcDSHcOPBCOPNCJPK >\RCNCACR)U5AC?:K ?�DSH�?:K L7R)U5AC?:K ?"_�RCF:D#OPBC{CK ZCBCF�L7F#Y
?:F#U5KxWPB5HezCBCA5[XA/s s s���F:ECNCOa[�HCli[XA z5H:Q=D#F�zCVI_=[XF5limhF�B5H#g�RCF:D#OPBC{CK1HSU WTD#F:zCECA
WPF:NCVMHSU5fSD#OPNCB5H#D#AC?:BCFen8OPBCOPNCJPOPD#ACECA _3;`BCOPZ5[XF:?:K NCBCA5[�;Ss���NCF:D#OTRCF:B)>CD#Da> ;`BCO=Y
Z5[XF:?:K NCBCFIQ=D#K�;"BCO@_�L7FIQ=DSH#D#BCK1[�L5UC>�D#F:JPF5l�mhF:]3F:{CK BCACD#A�DSH3RCF:NCK ?:B)>CD#A�B5H#g
;`BCOPZ5[XF:?:K NCBCACZ|;!RCF:D#OPBC{CK1HSU@JPOPBCOPNCVG?IH#BCB)>TOPBCOPNCJPK niWhHSU5fSD#OPNCB5H#D#AC?:BCA)j�L5dkOPNCO=U
K�B5H#ghK�;`BCOPZ5[XF:?:K NCBCK�;�mhFaL7OPBCBCK�RCF:D#NCOP]:A-V�OPBCOPNCJPK nos�v�UC>MW`L7K Z5Q=BCOPBCB)>-DSH#EGF:JPF
NCFaL7VcRCF:NCK ?:B)>CBCf5l)B5H:[-BCOPF:]ej)K L7BCFkF:RCOPNCVG?IH#D#A"BCO�RCNCACE5[XOPD#BCACE)H:[XA/l7H�L�H#BCA5[XA/l
mhF�?:ACN5HSd�H#b8D#fIQw>�Vc{CA5p�NCF:?:K Z"?:O=U5ACzCACBCKqs

� D#A)j�dkO8?:ACR5HeL7E)HSj�lIEGF#U5AcgkH#BCF:?:BCK5RCNCFI[XF:?:{CK7DSH���t t`lI?IQ=O8DSH#ECA�RCNCAC?:OPN)Y
DSH#b8D#f�B5H#ghV�VG?IH#JPV�L7F�{CA5p�N/lInuj"?:AC]:K NTB5H#?I[XA5Q=BCO�R5HeL�H:_!B5H�DSH#ECK/RCF:E)H#WPBCACECA/l
zCAInhWPB5HezCOPBCB)> _\DSH#E�QPH:[XF�;`BCOPZ5[XF:?:K NCBCA5[XA8]:F _\B5H:Q=D#K U5f:ECA ?:O=U5ACECA5[XA/lxmhF
]:VPL7f#Yq>CECKCnuj�DaU5V)[�HezCOPBCB)>"W�D#F:zCECATWPF:NCV�B5H#?:K D#f�RCNCFIQ=D#F:JPFkVIQ=?:K L7FI[|U5OPBCB)>"_!BCO=Y
[XFed�U5AC?:A5[XA/s)��FaL7K ]:BCKX;wL�H#BCKe?k]:K U5f:ghFIQ=D#K7?:ACR5HeL7ECK ?5lIBCK zCA5[MBCO!?:K L7NCK WPB)>Cb8D#fIQw>
?:K LMK BCghA)j�RCNCACE5[XOPD#BCACECK ?@DSH�Oa[XF:{CK ZCBCA)j�?:A5Q`U5F:?#U5b8?IH#BCf5l�EGF:D#NCK�[XAMzCVI_=[XF\W
VIQ=D�NCK WPBCFI[�H#BCK D#BCA)j�H#ECD#AC?:K1Q=D#K ?5s7<�O�Z�BCO�L7AC?:BCF5l5HeL5dkO�RCF:E)U5ACE)H#BCB)>�{CA)j�p�HSY
ECD#K ?�BCO�K B5p�F:N5[XVG?IH#D#A/l#Hc;`?:N5HSd�H#D#A|;�HeVPL7ACD#F:NCK bhl:W`L7F:]:VG?IH#b8zCA�L5UC>�RCNCFI[XF:?:{)>
DSH#ECKX?IHSd�U5AC?:KXRCOPNCOa[XF:JPA�V\zCOPNCJPF:?:K Z�L7A5Q=ECVIQ=K nos ²�H�?:K L�[XK BCV\?:K L�{CfSF:JPF5l�[XFen¬[

�%$'&)(+*),�-
. � $'& /102$43
*)56. � $'&

Wind:
20 kWh/d

Wave: 4 kWh/d

Solar heating:
13 kWh/d

Car:
40 kWh/d

Jet flights:
30 kWh/d
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Pumped
heat:

12 kWh/d

Solar HW: 1 kWh/d

Wood: 5 kWh/d

Biofuel: 2 kWh/d

Electricity:
18 kWh/d

Electricity:
12 kWh/d

Electricity:
18 kWh/d

future
consumption

consumption
breakdowns

current
consumption

Energy
inputs:

125 kWh/d

Transport:
40 kWh/d

Heating:
40 kWh/d

Electrical
things:

18 kWh/d

Transport:
20 kWh/d

Heating:
30 kWh/d

Electrical
things:

18 kWh/d

losses in
conversion

to electricity

efficiency

efficiency

2008 2050

���������)	��H� A �"��� -���V�����"�)4%
�! A 
�?S*�'1������� 6 ^ ��.�*�&0
�3��)*�������� G!"������
�+ �2�JX $�$�M ��� & 9 8�'
�2.�� '
�&0
�.�
���&)* = > � ����&0
�? A .2��� � +C����-Y������������"�)4%
�! A 
�?S*�'1������� 9 8�'
� A ����'
� = 	 9 �4%����QR� & 6 ����&0
�? A 
 � �2� T ����
5Qj��&���* T ���82?Y�"����.2�S�2�%8�/1
"82?Y�������������"�)4%� G >Qj��&���* T �����
� A �"��� -����P��� A 
��
������� K����+,��K�3 6 �����r	)[���K �����"�)4%�"��* T ��*�K A .2���A �"���B823
� T ��V � 3�� .�7
-Y������� ! A 
�?S*�'1���������.��"&��
��
������"�)4%� G > '5��
 � ����/ 6 ��& 6 �2�8 6 - 6 �2��!"��.�������� >)� #%M &�� .�
�'1���'< 4%
"8�*���2�Y82����7S82
 : M &�� .�
�'1���'< 4%
"8�*��O�2�82����7�	

•
s!Q=DSH#BCB)>@Q=D#N5H#D#OPJPK >�RCOPNCO=jIFaL7VTB5Hc?:K L7BCF:?#U5b8?IH#BCK/L5dkOPNCO=U7HcOPBCOPNCJPK n�NCF:W=Y
J�UC>GL�H:_c[XFed�U5AC?:K1Q=D#f�K1[XRCF:NCD#V3OPBCOPNCJPK n�W"K BCghA)jMECN5Han�B/si}�E)HSd�K1[XF5l|zCA _
Q=OPB5QcNCF:WPJ�UC>GL�H#D#AM[XFed�U5AC?:K1Q=D#f@K1[XRCF:NCD#V�OPBCOPNCJPK nol|?:ACNCF:]#U5OPBCFen�B5H@Q=F:B)>)Y
zCBCA)jcO=U5OPECD#NCFIQ=DSH#BC{CK >)j�RCK ?SL7OPBCBCA)j�ECN5Han�B/lImhFh?:F#U5FaL7K b8D#f�RCF:E)H#WPBCACE)H:[XA
]:K U5f:ghFeniRCF:D#VId�BCFIQ=D#K�Q=F:B)>CzCBCF:JPF�?:ACRCNCFI[XK BCb8?IH#BCB)>@DSH"[XOPBCghF:b JPVIQ=D#A)Y
BCF:b�B5H:Q=O=U5OPBCB)>7�8�!ECA5[xlSL5UC>�RCNCACE)U7HeL7V:l:_xNCOaHSU5K1Q=D#ACzCBCACZ�RCF:D#OPBC{CK1HSU�RCVIY
Q=D#O=U5KX}�HSjGH#NCA/s

��[XOPD#F:b�L7FIQw>CJPBCOPBCB)>�]:K U5f:ghFen�>5Q=BCFIQ=D#K7V�B5H#ghK ZkL7A5Q=ECVIQ=K nolI³XF:W`L7K U:tBtiQ=RCNCF#Y
mhVI_�Q=D#NCVGECD#VGNCVcOPBCOPNCJPFIQ=RCFed�AC?IH#BCB)>kL7FkD#NCfSFej�E)H#D#OPJPF:NCK ZFEID#N5H#B5Q=RCF:NCDel)F:R5HSU5O=Y
BCB)>"DSH�O=U5OPECD#NCF:OPBCOPNCJPK >/s

vkHSU5Kql�[XA3RCNCF:RCF:BCVI_=[XF�R/^ >CD#f\OPBCOPNCJPOPD#ACzCBCA)j�R)U7H#BCK ?�RCFaL�HSU5f:ghF:JPF"NCF:WP?:A)Y
D#ECV���O=U5ACEGF:]:NCACDSH#BCK nol:EGFedkOPB�W�>CECA)j�Wa[XOPBCghVI_�RCF:RCACD�B5H�OPBCOPNCJPK b WaH�N5HSj)VGBCF:E
O=U5OPECD#NCA5p�K E)H#{CK n/D#N5H#B5Q=RCF:NCD#V�DSHhQ=A5Q=D#Oa[3F:R5HSU5OPBCB)> ¡ W8?:ACEGF:NCA5Q=DSH#BCB)>5[�D#OPR)U5F#Y
?:A)j�B5H:Q=FIQ=K ?G¢`s v U5OPECD#NCA5p�K E)H#{CK >-H#?:D#FI[XF:]:K U5K ?\[�H#D#A5[XO"mhO�FaL7ACBMRCF:WPACD#AC?:BCACZ
B5H:Q`U5K L7F:ETVT?:ACJ�UC>GL7K�]:K U5f:g NCK ?:BCFI[XK NCBCF:JPFcNCF:WPRCFaL7K U5V�B5H#?IH#BCDSHSdkOPBCB)>TB5H�O=U5O=Y
ECD#NCFI[XOPNCO=d�V@WaHTN5HSj)VGBCF:E�D#F:JPF5l/mhFT]IH#DSH#NCO�n�O=U5OPECD#NCFI[XF:]:K UC>�WaH#NI>GL5d�H#b8D#fIQw>



�

Wood: 5 kWh/d

Biofuel: 2

Pumped
heat:

12 kWh/d

Solar HW: 1

Wind: 8 kWh/d

Nuclear:
16 kWh/d

Clean coal:
16 kWh/d

PV: 3 kWh/d

Hydro: 0.2

Tide: 3.7
Wave: 2

Waste: 1.1

Wood: 5 kWh/d

Biofuel: 2

Pumped
heat:

12 kWh/d

Solar HW: 1

Wind: 2

Nuclear:
10 kWh/d

Solar in
deserts:

20 kWh/d

Clean coal:
16 kWh/d

Hydro: 0.2

Tide: 1

Waste: 1.1

Wood: 5 kWh/d

Biofuel: 2

Pumped
heat:

12 kWh/d

Solar HW: 1

Wind: 8

Solar in
deserts:

16 kWh/d

Clean coal:
16 kWh/d

PV: 3

Hydro: 0.2

Tide: 3.7
Wave: 2

Waste: 1.1
Wood: 5 kWh/d

Biofuel: 2

Pumped
heat:

12 kWh/d

Solar HW: 1

Wind: 32

Solar in
deserts: 7

PV: 3

Hydro: 0.2

Tide: 3.7
Wave: 3

Waste: 1.1

Wood: 5 kWh/d

Biofuel: 2

Pumped
heat:

12 kWh/d

Solar HW: 1

Wind: 4

Nuclear:
44 kWh/d

Hydro: 0.2

Tide: 0.7

Waste: 1.1

plan Lplan D plan G plan Eplan N
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Wood: 5 kWh/d

Biofuel: 2

Pumped
heat:

12 kWh/d

Solar HW: 1

Wind: 8

Nuclear:
16 kWh/d

Solar in
deserts:

16 kWh/d

Clean coal: 3

PV: 2

Hydro: 0.2

Tide: 3.7
Wave: 0.3

Waste: 1.1
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