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6XPPDU\

7KLV� VWXG\� DQDO\VHV� WKH� HFRQRPLF� LPSRUWDQFH� RI� (8�ZLGH� WUDGLQJ�� FDUULHG� RXW� LQ
DGGLWLRQ�WR�D�FRVW�HIIHFWLYH�LPSOHPHQWDWLRQ�DW�WKH�LQGLYLGXDO�0HPEHU�6WDWH�OHYHO�H�J��
E\� QDWLRQDO� HPLVVLRQ� WUDGLQJ�� ,I� HDFK� FRXQWU\� LPSOHPHQWHG� LWV� WDUJHW� XQGHU� WKH
%XUGHQ�6KDULQJ�$JUHHPHQW�LQGLYLGXDOO\��WKH�WRWDO�DQQXDO�FRVW�IRU�WKH�(8�WR�UHDFK�WKH
.\RWR�WDUJHW�ZRXOG�EH�½����ELOOLRQ��VHH�)LJXUH�����

Figure 1: Cost of reaching the Kyoto target to EU Member States in 2010 (¼�ELOOLRQ�

,I� RQO\� HQHUJ\� VXSSOLHUV� SDUWLFLSDWHG� LQ� WKH� HPLVVLRQV� WUDGLQJ� VFKHPH� WKH� DQQXDO
FRPSOLDQFH�FRVW�ZRXOG�EH�ORZHU��L�H��½����ELOOLRQ�DQG�WKH�(8�0HPEHU�6WDWHV�ZRXOG
VDYH�½����ELOOLRQ�SHU�DQQXP��RU�����IURP�WKH�QR�(8�ZLGH�WUDGLQJ�FDVH��ZLWK����0W
RI� &2�� WUDGHG� ZLWKLQ� WKH� (8�� ,I� WKH� VFRSH� RI� (8�ZLGH� WUDGLQJ� ZDV� HQODUJHG� WR
LQFOXGH� DOVR� HQHUJ\� LQWHQVLYH� LQGXVWULHV� �LURQ� DQG� VWHHO�� QRQ�IHUURXV� PHWDOV�
FRQVWUXFWLRQ�PDWHULDOV��FKHPLFDOV��DQG�SDSHU�DQG�SXOS�LQGXVWULHV��WKH�DQQXDO�VDYLQJV
ZRXOG� LQFUHDVH� WR� ½���� ELOOLRQ� �RU� ����� LQ� ������ZKLOH� SHUPLWV� IRU� ���0W� RI�&2�

ZRXOG�EH�H[FKDQJHG�

,I� DOO� VHFWRUV�SDUWLFLSDWHG� LQ� HPLVVLRQV� WUDGLQJ� LQ� WKH�(8�� WKH� JDLQV� IURP� HPLVVLRQ
WUDGLQJ�ZRXOG�LQFUHDVH�WR�½��ELOOLRQ�SHU�DQQXP��RU������LQ�������,Q�WKLV�FDVH�VRPH
���0W�RI�&2��ZRXOG�EH�WUDGHG�DFURVV�(8�0HPEHU�6WDWHV��7KLV�ZRXOG�EH�DERXW�����
RI�DOO�(8�&2��HPLVVLRQ�SHUPLWV�LQ�FLUFXODWLRQ�LQ������

7KH�SULFH�RI�HPLVVLRQ�SHUPLWV�ZRXOG�EH�DERXW�½���SHU�WRQQH�RI�&2���LQ�DOO�HPLVVLRQ
WUDGLQJ� UHJLPHV� VWXGLHG��ZKLFK� LV�ZHOO�ZLWKLQ� WKH� UDQJH� HVWLPDWHG� E\� RWKHU�PRGHO�
EDVHG� HPLVVLRQ� WUDGLQJ� DQDO\VHV�� $V� WKH� SULFH� RI� HPLVVLRQ� DOORZDQFHV� IRU� WKRVH
VHFWRUV� SDUWLFLSDWLQJ� LQ� WKH� WUDGLQJ� UHJLPH�ZRXOG� EH� DW� UHODWLYHO\�PRGHUDWH� OHYHO� D
VWHS�ZLVH�LPSOHPHQWDWLRQ�RI�DQ�HPLVVLRQ�WUDGLQJ�V\VWHP�DSSHDUV�WR�EH�DWWUDFWLYH�WR
WKH�LQGXVWULHV�HQWHULQJ�WKH�VFKHPH�ILUVW�

                                                          
��All monetary amounts in this report refer to euros at 1999 price level.
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7KH� DQDO\VLV� DVVXPHV� WKDW� HQHUJ\� VXSSOLHUV� DQG� HQHUJ\� LQWHQVLYH� LQGXVWULHV� DOUHDG\
SDUWLFLSDWH�LQ�QDWLRQDO�HPLVVLRQV�WUDGLQJ�VFKHPHV�LQ�DOO�VHFWRUV��RU�UHDFK�WKHLU�WDUJHW
LQ� DQ\� RWKHU� OHDVW� FRVW� PDQQHU�� ,Q� RUGHU� WR� XQGHUVWDQG� KRZ� LPSRUWDQW� WKLV
DVVXPSWLRQ� LV�� DQ� $OWHUQDWLYH� 5HIHUHQFH� FDVH� ZDV� GHYHORSHG�� ,Q� WKLV� FDVH� LW� ZDV
DVVXPHG�WKDW�0HPEHU�6WDWHV�GR�QRW�DOORFDWH�WKHLU�UHVSHFWLYH�%XUGHQ�6KDULQJ�WDUJHWV
LQ� D� FRVW� HIIHFWLYH� PDQQHU� EXW� JLYH� WKH� VDPH� WDUJHW� XQLIRUPO\� WR� DOO� VHFWRUV�� )RU
LQVWDQFH��LI�WKH�WDUJHW�ZDV�����IRU�D�0HPEHU�6WDWH��WKLV�ZRXOG�EH�DVVXPHG�WR�DSSO\
WR�HYHU\�VHFWRU�LQGLYLGXDOO\�LQ�WKDW�FRXQWU\��,Q�WKLV�FDVH�WKH�DQQXDO�FRPSOLDQFH�FRVWV
RI�(8�0HPEHU�6WDWHV�FRXOG�EH�DV�KLJK�DV�½�����ELOOLRQ�LQ�������$Q�(8�ZLGH�SHUPLW
WUDGLQJ�VFKHPH�ZRXOG�KHOS� LQ� UHFWLI\LQJ� LQHIILFLHQFLHV�DQG� WKH�JDLQV� IURP�(8�ZLGH
WUDGLQJ�ZRXOG�EH�KLJKHU�²�XS�WR�½�����ELOOLRQ�LQVWHDG�RI�½����ELOOLRQ�SHU�DQQXP�

��� ,QWURGXFWLRQ

7KH� SXUSRVH� RI� WKH� VWXG\� LV� WR� SURYLGH� D� GHWDLOHG� DQDO\VLV� RI� DOWHUQDWLYH� HPLVVLRQ
WUDGLQJ� VFKHPHV� LQ� WKH� (XURSHDQ� 8QLRQ� �(8�� DV� GLVFXVVHG� LQ� WKH� (XURSHDQ
&RPPLVVLRQ·V� *UHHQ� 3DSHU� RQ� *UHHQKRXVH� *DV� (PLVVLRQV� 7UDGLQJ� ZLWKLQ
WKH�(XURSHDQ�8QLRQ��&20�������������%RWK�LQWUD�DQG�LQWHU�VHFWRUDO�WUDGLQJ�UHJLPHV
DPRQJ�(8�0HPEHU�6WDWHV�KDYH�EHHQ�DQDO\VHG��7KH�DQDO\VLV�ZDV�FDUULHG�RXW�ZLWK�WKH
HQHUJ\�V\VWHP�PRGHO�35,0(6��

7KH� DQDO\VLV� VWDUWV� IURP� WKH� DVVXPSWLRQ� WKDW� HDFK� 0HPEHU� 6WDWH� DFKLHYHV
LQGLYLGXDOO\�LWV�VSHFLILF�WDUJHW�XQGHU�WKH�&RXQFLO�RI��(QYLURQPHQW��0LQLVWHUV·�%XUGHQ
6KDULQJ�$JUHHPHQW���$FFRUGLQJ�WR�WKH�PRGHO�DQDO\VLV� WKLV�FDVH�GRHV�QRW�UHVXOW� LQ�D
OHDVW�FRVW�DOORFDWLRQ�RI�UHGXFWLRQ�HIIRUWV�IRU� WKH�(8��$�VHULHV�RI� LQWUD�(8�HPLVVLRQ
WUDGLQJ� FDVHV� DUH� H[DPLQHG�� YDU\LQJ� WKH� QXPEHU� RI� VHFWRUV� SDUWLFLSDWLQJ� LQ� DQ
HPLVVLRQ�WUDGLQJ�V\VWHP�LQ�RUGHU�WR�UHDFK�VXFK�D�OHDVW�FRVW�DOORFDWLRQ�

,QWXLWLYHO\��RQH�ZRXOG�H[SHFW�WKDW�WKH�PRUH�VHFWRUV�DUH�LQFOXGHG�LQ�D�WUDGLQJ�VFKHPH
WKH�ORZHU�ZRXOG�EH�WKH�FRPSOLDQFH�FRVW��ZKLOH�UHDFKLQJ�WKH�VDPH�RYHUDOO�UHGXFWLRQ�LQ
HPLVVLRQV�� � 7KLV� VWXG\� H[DPLQHV� WKDW� LQWXLWLRQ� DQG� TXDQWLILHV� KRZ� LPSRUWDQW� VXFK
JDLQV�PLJKW�EH�

*LYHQ� WKH� XQFHUWDLQW\� DV� UHJDUGV� WKH� HYROXWLRQ� RI� QRQ�&2�� *+*� HPLVVLRQV�� WKLV
VWXG\� DVVXPHV� WKDW� WKH� (8� UHGXFWLRQ� WDUJHW� RI� ��� VR� WKDW� WKH� %XUGHQ� 6KDULQJ
$JUHHPHQW� DSSOLHV� WR� HQHUJ\� UHODWHG� &2�� HPLVVLRQV� RQO\��� 7KH� KRUL]RQ� RI� WKH
DQDO\VLV�LV�������DV�EHLQJ�WKH�PLGGOH�\HDU�RI�WKH�ILUVW�FRPPLWPHQW�SHULRG�RI�.\RWR
3URWRFRO� ������ WR� ������� ,W� ZDV� DVVXPHG� WKDW� HQHUJ\� FRQVXPHUV� DQG� SURGXFHUV
ZRXOG�DQWLFLSDWH�WKH�HPLVVLRQ�UHGXFWLRQ�FRPPLWPHQWV�DQG�XQGHUWDNH�HIIRUWV�DOUHDG\

                                                          
2 Available at http://europa.eu.int/comm/environment/docum/0087_en.htm
3 For a detailed description of PRIMES, see e.g. “Economic Evaluation of Quantitative Objectives for
Climate Change”, which is available at http://europa.eu.int/comm/environment/enveco/studies2.htm#5
4  In June 1999 the EU Member States agreed to meet the Kyoto reduction target of 8% so that the target for
each Member State was adjusted from the uniform 8 % given in Annex B of the Kyoto Protocol.  The
adjusted targets are: Austria -13,0%; Belgium -7,5%; Denmark -21,0%; Finland 0,0%; France 0,0%;
Germany -21,0%; Greece 25,0%; Ireland 13,0%; Italy -6,5%; Luxembourg -28,0%; Netherlands -6,0%;
Portugal 27,0%; Spain 15,0%; Sweden 4,0%; and the UK -12,5%.
5 In other words, this study uses -8% as the target for energy related CO2. If it would be more cost-effective
to reduce emissions of other greenhouse gases, the target would for energy related CO2 would be lower. If it
would be less cost effective, the target would be higher.
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EHIRUH� ����� VR� WKDW� WKH� DOWHUQDWLYH� WUDGLQJ� VFKHPHV� ZRXOG� EH� LPSOHPHQWHG� DV� RI
�����

%HVLGHV� WKH� H[FOXVLRQ� RI� QRQ�&2�� *+*� HPLVVLRQV�� WKHUH� DUH� VHYHUDO� DGGLWLRQDO
FDYHDWV� WR�EH�PHQWLRQHG��7KH� WKUHH�PDLQ� RQHV� DUH�� L��3RWHQWLDO� DQFLOODU\�EHQHILWV
IURP�UHGXFLQJ�&2��HPLVVLRQV�DUH�QRW�WDNHQ� LQWR�DFFRXQW��7KLV�RPLVVLRQ� LV�XQOLNHO\
WR�V\VWHPDWLFDOO\�ELDV�WKH�UHVXOWV�RI�(8�ZLGH�WUDGLQJ���LL��7KURXJKRXW�WKH�VWXG\�LW�KDV
QRW� EHHQ� SRVVLEOH� WR� LQFOXGH� WKH� HIIHFWV� RI� KDYLQJ� VHYHUDO� FRPSDQLHV� ZLWKLQ� RQH
VHFWRU�²�WKH�DQDO\VLV�LV�EDVHG�RQ�D�´UHSUHVHQWDWLYH�ILUPµ���7KLV�LV�OLNHO\�WR�FDXVH�DQ
XQGHUHVWLPDWLRQ� RI� WKH� JDLQV� IURP� HPLVVLRQV� WUDGLQJ�� LLL�� 7UDQVDFWLRQ� FRVWV
LQYROYHG� LQ� WKH� H[FKDQJH� RI� DOORZDQFHV� KDYH� QRW� EHHQ� HVWLPDWHG� �WKH\� GHSHQG
SULPDULO\�RQ�WKH�LQVWLWXWLRQDO�VHW�XS���,Q�WKLV�VWXG\�WKH�DOORZDQFH�PDUNHW�LV�DVVXPHG
WR�EH�SHUIHFW�DQG�IULFWLRQOHVV�ZLWKRXW�DQ\�WUDQVDFWLRQ�FRVWV��

7KLV� VWXG\� LV� VWUXFWXUHG� DV� IROORZV�� 7KH� VHFRQG� VHFWLRQ� GHILQHV� WKH� EDVHOLQH� DQG
UHIHUHQFH�FDVHV��7KH� WKLUG�VHFWLRQ�GHDOV�ZLWK� WKH� LPSDFWV�RI� WKH� LPSOHPHQWDWLRQ�RI
DOWHUQDWLYH�HPLVVLRQ�WUDGLQJ�UHJLPHV�LQ�WKH�(8��,Q�WKH�ILQDO�VHFWLRQ�VRPH�FRQFOXVLRQV
DUH� GUDZQ�� 7KH� DQQH[� GHVFULEHV� WKH�PHWKRGRORJ\� RI� WKLV� VWXG\� DV�ZHOO� DV� WKH� NH\
IHDWXUHV� RI� WKH� 35,0(6� PRGHO�� 7KH� WHUPV� ´HPLVVLRQ� SHUPLWµ� DQG� ´HPLVVLRQ
DOORZDQFHµ� DUH� XVHG� LQWHUFKDQJHDEO\� LQ� WKLV� VWXG\�� $OO� PRQHWDU\� DPRXQWV� LQ� WKLV
UHSRUW�UHIHU�WR�HXURV�DW������SULFH�OHYHO�

��� 7KH�%DVHOLQH�DQG�5HIHUHQFH�&DVHV

����� 7KH�%DVHOLQH�&DVH

7KH�%DVHOLQH�FDVH��DOVR�FDOOHG�´EXVLQHVV�DV�XVXDOµ��GRHV�QRW�LQYROYH�VSHFLILF�HPLVVLRQ
UHGXFWLRQ�WDUJHWV�EXW�DVVXPHV�WKDW�QR�QHZ�HQYLURQPHQWDO�RU�HQHUJ\�UHODWHG�SROLFLHV
ZRXOG� EH� LPSOHPHQWHG�� 7KH� EDVHOLQH� FDVH� ZDV� GHYHORSHG� LQ� WKH� 6KDUHG� $QDO\VLV
H[HUFLVH� RI� (XURSHDQ� &RPPLVVLRQ·V� (QHUJ\� 'LUHFWRUDWH�*HQHUDO� LQ� ������ DQG
LQFOXGHV�DOO�SROLFLHV�DQG�PHDVXUHV�DJUHHG�XSRQ�E\�WKH�HQG�RI������

)RU� WKH� SXUSRVHV� RI� WKLV� VWXG\� WKH� EDVHOLQH� KDV� EHHQ� XSGDWHG� WR� LQFRUSRUDWH� WKH
HIIHFWV�IURP�WKH�$&($�.$0$�-$0$�QHJRWLDWHG�DJUHHPHQWV��������DQG�������,Q
WKHVH� DJUHHPHQWV� FDU� PDQXIDFWXUHUV� FRPPLWWHG� WKHPVHOYHV� WR� UHGXFH� WKH� DYHUDJH

                                                          
6 However, in the case of emission trading within Annex B it would have been necessary to estimate such
effects. However, due to time limitations and because of the scope of this study (i.e. EU-wide emissions
trading), such analysis was not carried out.
��In practice individual companies within a sector differ in scale, production technology, plant size or age

etc., having different energy efficiency rates and hence possibilities for energy savings and efficiency
improvement. As the PRIMES model (as many other models) is based on the “representative firm”
assumption, it is likely to give an under-estimate of the gains from EU-wide emissions trading. It would thus
be very important to carry out similar analysis with plant level data. However, such models are not available
at the EU level.
8 Existing emission allowance programs function with transaction costs of about 1 or 2% of the permit value.
In the early phase an allowance market might though be ‘burdened’ with transaction costs as high as 5%.
9 See Capros P. et al. (1999) “European Union Energy Outlook to 2020”, European Commission –
Directorate General for Energy (DG-XVII), special issue of ”Energy in Europe”, catalogue number CS-24-
99-130-EN-C, ISBN 92-828-7533-4. See also http://www.shared-analysis.fhg.de/
10 See http://europa.eu.int/comm/environment/co2/co2_agreements
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&2��HPLVVLRQ�IRU�DOO�QHZ�FDUV�VROG�LQ�WKH�(8�WR�����J�NP�E\�������7KLV�FRPSDUHV
ZLWK� D� FXUUHQW� OHYHO� RI� HPLVVLRQV� RI� DERXW� ���J�NP�� � $Q� LQWHUPHGLDWH� WDUJHW� RI
���J�NP�ZDV�VHW�IRU�������7KH�LQGXVWU\�KDV�DOVR�XQGHUWDNHQ�WR�PDNH�DYDLODEOH�WR�WKH
PDUNHW� FDUV� WKDW� HPLW� ���� J�NP� E\� ����� DQG� WR� XQGHUWDNH� IXUWKHU� LPSURYHPHQWV
EH\RQG������ �DQ� LQLWLDO� WDUJHW� IRU� WKH�DYHUDJH�RI�QHZ�FDUV�ZDV� VHW� DW� ���J�NP� IRU
�������7KH�DJUHHPHQW�DVVXPHV�IXHO�TXDOLW\�ZLOO�QRW�KDPSHU�LWV�LPSOHPHQWDWLRQ��%HLQJ
SDUW� RI� WKH� EDVHOLQH� WKH� LPSOHPHQWDWLRQ� FRVW� RI� WKLV� DJUHHPHQW� DUH� QRW� WDNHQ� LQWR
DFFRXQW�LQ�WKH�DQDO\VLV�

7KLV�EDVHOLQH�VFHQDULR�ZDV�FRQFHLYHG�DV�WKH�PRVW� OLNHO\�GHYHORSPHQW�RI� WKH�HQHUJ\
V\VWHP�LQ�WKH�IXWXUH� LQ�WKH�FRQWH[W�RI�H[WUDSRODWLQJ�FXUUHQW�NQRZOHGJH��SROLFLHV� LQ�
SODFH�HWF��,W�LQFRUSRUDWHG�FXUUHQW�WUHQGV�DQG�WKH�HIIHFWV�RI�DOO�SROLFLHV�LQ�SODFH�DQG�LQ
WKH� SLSHOLQH� �VXFK� DV� G\QDPLF� WUHQGV� RI� WHFKQRORJLFDO� SURJUHVV�� HIIHFWV� IURP
UHVWUXFWXULQJ�RI�PDUNHWV�DV�D�FRQVHTXHQFH�RI� OLEHUDOLVDWLRQ�RI�HOHFWULFLW\�DQG�VWHDP�
DQG� JDV� PDUNHWV� LQ� (XURSH� DQG� LVVXHV� UHODWHG� WR� VHFWRUDO� SDWWHUQV� RI� HFRQRPLF
JURZWK� LQ� WKH� (XURSHDQ� 8QLRQ��� ZKLOH� H[FOXGLQJ� DQ\� DGGLWLRQDO� SROLFLHV� DQG
PHDVXUHV�WKDW�DLP�DW�IXUWKHU�UHGXFLQJ�&2��HPLVVLRQV�VR�DV�WR�FRPSO\�ZLWK�WKH�.\RWR
FRPPLWPHQWV�

,Q� WKH�EDVHOLQH�FDVH��GHVSLWH� VRPH�VDWXUDWLRQ� WUHQGV� IRU� VSHFLILF� HQHUJ\�XVHV� LQ� WKH
(8�WKHUH�LV�QR�FRPSOHWH�GH�OLQNLQJ�EHWZHHQ�HQHUJ\�XVH�DQG�HFRQRPLF�JURZWK�XQGHU
EDVHOLQH� FRQGLWLRQV�� (QHUJ\� FRQVXPSWLRQ� LV� SURMHFWHG� WR� LQFUHDVH� E\� ������ IURP
�����WR������ZKLOH�WKH�*URVV�'RPHVWLF�3URGXFW�LV�SURMHFWHG�WR�JURZ�E\�������

7KH� LPSDFW�RI� WKH� LQWURGXFWLRQ�RI� WKH�$&($�DJUHHPHQW� LQ� WKH�EDVHOLQH�FDVH� LV� WR
UHGXFH�HQHUJ\�GHPDQG�IRU�OLTXLG�IXHOV�E\����0WRH���LQ������FRPSDUHG�WR�WKH�6KDUHG
$QDO\VLV�EDVHOLQH��$V�D�FRQVHTXHQFH�&2��HPLVVLRQV�LQFUHDVH�E\�RQO\������IURP�����
WR� ������ FRPSDUHG� WR� ������ LQ� WKH� XQDGMXVWHG� 6KDUHG� $QDO\VLV� EDVHOLQH�� 7DEOH� �
LOOXVWUDWHV� WKH� SURMHFWHG� HYROXWLRQ� RI� &2�� HPLVVLRQV� E\� 0HPEHU� 6WDWH��� LQ� WKH
EDVHOLQH�FDVH�

                                                          
11 Mtoe stands for million tonnes of oil equivalent.
12 The PRIMES model does not include Luxembourg and so it has been excluded from the analysis. Because
of economic restructuring it is expected that this member state will substantially reduce carbon dioxide
emissions relative to 1990. The results should not be affected by this omission, since Luxembourg’s share of
total EU CO2 emissions in 1990 amounted only to 0.35%.
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Table 1: Baseline case - CO2 emissions from energy13 by country and sector in the EU
in 1990 and 2010

1990 2010 % change

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

Mt of CO2 % change

AU 55.0 53.0 -3.6 13.4 8.1 31.4 -1.7 -3.2
BE 104.8 121.7 16.2 30.1 20.8 70.9 -2.1 -1.7
DK 52.7 53.5 1.5 27.9 1.7 23.9 -1.0 -1.9
FI 51.3 72.4 41.0 40.8 8.0 23.6 -1.1 -1.6
FR 352.4 376.2 6.8 68.3 30.5 277.5 -12.7 -3.3
GE 951.6 800.3 -15.9 335.8 59.6 404.9 -20.4 -2.5
GR 70.9 106.1 49.6 53.6 9.9 42.6 -1.4 -1.3
IR 30.1 41.9 39.3 17.4 2.3 22.1 -0.8 -1.9
IT 388.0 418.0 7.7 162.5 36.6 218.9 -11.2 -2.6
NL 153.0 201.4 31.6 77.5 12.9 111.0 -3.7 -1.8
PO 39.1 64.9 66.2 30.9 6.6 27.4 -1.5 -2.2
SP 201.9 266.4 32.0 101.4 29.1 135.9 -6.5 -2.4
SV 50.5 60.2 19.2 16.5 8.6 35.1 -2.5 -4.0
UK 566.9 557.3 -1.7 205.8 33.3 318.2 -13.6 -2.4
EU 3068.1 3193.3 4.1 1182.0 267.9 1743.4 -80.2 -2.5

CO2 emissions (in Mt)
Decomposition of CO 2 emissions

in 2010 (Mt of CO 2)

Difference from Shared
Analysis Baseline in

2010

Notes: ACEA Agreement is included in the baseline. It is assumed that the target for energy related CO2 is –8% from
1990 emissions. Throughout the study the abbreviations are as follows Austria (AU), Belgium  (BE), Denmark (DK),
Finland (FI),  France (FR), Germany  (GE), Greece (GR), Ireland  (IR); Italy (IT), Netherlands (NL), Portugal (PO), Spain
(SP), Sweden (SV) and the United Kingdom (UK). Source: PRIMES

7KHUH�DUH�YHU\�ODUJH�GLIIHUHQFHV�LQ�WKH�WUHQGV�RI�&2��HPLVVLRQV�DPRQJ�(8�0HPEHU
6WDWHV��2QO\�WKUHH�0HPEHU�6WDWHV�PDQDJH�WR�UHGXFH�HPLVVLRQV�EHORZ������QDPHO\�
$XVWULD��*HUPDQ\� DQG�8QLWHG�.LQJGRP�� � ,Q�'HQPDUN� D� QHDU� VWDELOLVDWLRQ� RI�&2�

HPLVVLRQV�LQ������WR�WKHLU������OHYHO� LV�REVHUYHG��,Q�DOO�RWKHU�0HPEHU�6WDWHV� WKHUH
DUH�VLJQLILFDQW�LQFUHDVHV�LQ�HPLVVLRQV�EHWZHHQ������DQG������YDU\LQJ�IURP�������LQ
)UDQFH� WR�PRUH� WKDQ� ����� LQ� 3RUWXJDO�� ,Q� VL[�0HPEHU� 6WDWHV�� &2�� HPLVVLRQV� DUH
H[SHFWHG�WR�LQFUHDVH�E\�PRUH�WKDQ������EHWZHHQ������DQG������

7KH�HIIHFW�RI�WKH�LQFRUSRUDWLRQ�RI�WKH�$&($�DJUHHPHQW�LV�DOVR�QRW�XQLIRUP�DFURVV
WKH� (8� 0HPEHU� 6WDWHV�� (PLVVLRQ� UHGXFWLRQV�� LQ� FRPSDULVRQ� WR� 6KDUHG� $QDO\VLV
EDVHOLQH��UDQJHV�IURP������LQ�*UHHFH�XS�WR���� LQ�6ZHGHQ�� UHIOHFWLQJ� WKH�GLIIHUHQW
VWUXFWXUDO�FKDUDFWHULVWLFV�RI�WKH�WUDQVSRUW�VHFWRU�DFURVV�0HPEHU�6WDWHV�

7KHVH� KXJH� GLYHUJHQFHV� EHWZHHQ� (8� FRXQWULHV� UHIOHFW� D� ODUJH� QXPEHU� RI� IDFWRUV
LQFOXGLQJ�HFRQRPLF�JURZWK�DQG�FKDQJLQJ�PDUNHW�VWUXFWXUHV�

����� 7KH�5HIHUHQFH�&DVH��´/HDVW�&RVW��1R�(8�:LGH�7UDGLQJµ�

7KH� 5HIHUHQFH� FDVH� ZDV� GHYHORSHG� IRU� DQDO\WLFDO� SXUSRVHV� WR� LOOXVWUDWH� ZKDW� WKH
FRPSOLDQFH�FRVWV�ZRXOG�EH�LI�WKH�.\RWR�FRPPLWPHQW�ZDV�LPSOHPHQWHG�VHSDUDWHO\�E\
HDFK� RI� WKH� (8� 0HPEHU� 6WDWHV� WKURXJK� DFWLRQV� ZLWKLQ� HDFK� FRXQWU\�� ,Q� WKH
5HIHUHQFH� FDVH�0HPEHU� 6WDWHV� UHGXFH� HQHUJ\�UHODWHG� &2�� HPLVVLRQV� DFFRUGLQJ� WR
WKHLU�UHVSHFWLYH�WDUJHWV�LQ�WKH�%XUGHQ�6KDULQJ�$JUHHPHQW�

                                                          
13 Excluding emissions from international bunker fuels (aviation and ships)  but including emissions from
both domestic air transport and navigation. Emission factors, definitions and the basic energy balances used
are those published by Eurostat.
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7KLV�5HIHUHQFH�FDVH�FRUUHVSRQGV�WR�QR�WUDGLQJ�RI�HPLVVLRQ�DOORZDQFHV�E\�DQ\�VHFWRU
DFURVV� WKH�(XURSHDQ�8QLRQ��7KH�&2��HPLVVLRQ� UHGXFWLRQ� WDUJHW� LV� LPSOHPHQWHG� DW
WKH�0HPEHU�6WDWH� OHYHO�DQG�WKHUHIRUH�� LW� LV�DOORFDWHG�WR� WKH�VHFWRUV� �FRQVXPHUV�DQG
SURGXFHUV�RI�HQHUJ\��DW�OHDVW�FRVW�EXW�RI�FRXUVH�VHSDUDWHO\�ZLWKLQ�HDFK�0HPEHU�6WDWH�
,Q�RWKHU�ZRUGV��WKH�PDUJLQDO�DEDWHPHQW�FRVW� LV�HTXDOLVHG�DFURVV�WKH�VHFWRUV�LQ�HDFK
0HPEHU�6WDWH��7KLV� VLWXDWLRQ� LV� HTXLYDOHQW� WR� WKH� H[SHFWHG� UHVXOWV� LI� HDFK�0HPEHU
6WDWH� KDG� LPSOHPHQWHG� D� GRPHVWLF� HPLVVLRQ� WUDGLQJ� UHJLPH�� EXW� QR� H[FKDQJH� RI
DOORZDQFHV�ZDV�DOORZHG�DFURVV�0HPEHU�6WDWHV���

7KLV�5HIHUHQFH�FDVH�LV�DQ�LGHDOLVHG�VLWXDWLRQ��GHVLUDEOH�EXW�QRW�QHFHVVDULO\�DFKLHYDEOH
LQ� D� UHDO�ZRUOG� SROLF\� VHWWLQJ�� ,I� WKH� VHFWRUDO� DOORFDWLRQ� RI� WKH� HPLVVLRQ� UHGXFWLRQ
WDUJHW�LV�FHQWUDOO\�GHFLGHG�ZLWKLQ�HDFK�0HPEHU�6WDWH��D�OHDVW�FRVW�DOORFDWLRQ�LV�XQOLNHO\
WR�DULVH�EHFDXVH�RI�H�J��LQIRUPDWLRQ�FRQVWUDLQWV�

Table 2: The Reference Case: Each EU Member State reaches Kyoto target in 2010
separately, according to the Burden Sharing Agreement

Burden
Sharing

Agreement

Change
from

Baseline

Marginal
abatement

cost

Compliance
costs

1990 2010 % change % change Mt CO2

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

Eur’99/tCO 2 Mio Eur’99

Au
stri

55.0 48.3 -12.1 -12.3 -4.7 -10.8 -9.7 -7.8 28.4 47.9
BE 104.8 97.5 -6.9 -6.8 -24.1 -25.8 -25.6 -15.6 89.3 962.7
DK 52.7 41.7 -20.8 -20.4 -11.8 -34.8 -6.0 -8.2 47.9 258.0
FI 51.3 51.7 0.7 0.8 -20.7 -39.7 -14.7 -14.1 63.5 582.5
FR 352.4 354.8 0.7 0.8 -21.4 -4.6 -9.6 -5.5 20.6 251.6
GE 951.6 757.5 -20.4 -20.4 -42.7 -7.8 -4.3 -3.5 13.5 300.6
GR 70.9 89.3 25.9 25.9 -16.8 -24.8 -4.3 -7.2 39.0 450.3
IR 30.1 34.3 14.1 13.9 -7.6 -29.3 -2.9 -10.9 53.5 175.9
IT 388.0 365.5 -5.8 -5.8 -52.5 -24.5 -7.3 -4.6 33.3 867.9
NL 153.0 144.9 -5.3 -5.3 -56.6 -32.1 -38.5 -24.0 150.7 3466.4
PO 39.1 49.7 27.2 28.0 -15.2 -43.0 -6.9 -5.5 41.1 338.5
SP 201.9 233.3 15.6 15.9 -33.1 -23.9 -5.5 -5.3 27.7 467.4
SV 50.5 52.9 4.7 4.8 -7.3 -17.6 -14.4 -9.0 39.7 130.7
UK 566.9 499.9 -11.8 -11.8 -57.4 -13.2 -11.4 -8.3 31.9 725.5
EU 3068.1 2821.4 -8.0 -8.0 -372.0 -18.2 -10.5 -7.4 54.3 9026.0

CO2 emissions (in Mt)
CO2 emissions reduction by sector

in 2010 (% change from Baseline)

Notes: ACEA Agreement is included in the baseline. It is assumed that the target for energy related CO2 is -8% from
1990 emissions. Source: PRIMES

7DEOH���VXPPDULVHV�WKH�HYROXWLRQ�RI�&2��HPLVVLRQV�LQ�WKH�(8�0HPEHU�6WDWHV�XQGHU
WKH� DVVXPSWLRQV� RI� WKH� 5HIHUHQFH� FDVH�� LQFOXGLQJ� WKH� UHGXFWLRQ� DFKLHYHG� E\� HDFK
0HPEHU�6WDWH�DV�ZHOO�DV�WKH�FRUUHVSRQGLQJ�PDUJLQDO�DEDWHPHQW�FRVW����7KH�PDUJLQDO
HIIRUWV� DQG� FRVWV� GLIIHU� VXEVWDQWLDOO\� DFURVV�0HPEHU� 6WDWHV� ZKHQ� HDFK� RQH� KDV� WR
UHGXFH�HPLVVLRQV�XQLODWHUDOO\�DFFRUGLQJ�WR�WKH�%XUGHQ�6KDULQJ�$JUHHPHQW��:KLOH�WKH
PDUJLQDO�DEDWHPHQW�FRVW�DW� WKH�(8�OHYHO� LV�½�����W&2��DYRLGHG��*HUPDQ\�DFKLHYHV
LWV�WDUJHW�ZLWK�D�FRVW�RI�½�����W&2��DW�WKH�PDUJLQ��ZKLOH�WKH�FRUUHVSRQGLQJ�ILJXUH�IRU

                                                          
14 Alternatively, this could be interpreted as if each Member State was able to allocate the emission reduction
objective to each sector so that the economic distortions would be as small as possible.
15 The Burden Sharing Agreement has been applied separately to CO2 emissions and not to the whole range
of greenhouse gases. By implying the emission reduction targets as in the Burden Sharing agreement on 1990
CO2 emissions the resulting emission reduction from 1990 levels for the EU would be 8.7%. In that sense, a
correction factor has been applied on the emission reduction targets imposed by the Burden Sharing
agreement so that the Kyoto protocol emission reduction target (8% from 1990 levels) to be achieved as
regards CO2 emissions. The results obtained are within tolerance limits for a numerical model. For example,
in the case of Denmark the emission reduction computed by the model amounts to 20.4% instead of 21.0% as
in the Burden Sharing Agreement. Any differences are insignificant deviations.



7

1HWKHUODQGV�LV�½������W&2���,Q�RWKHU�ZRUGV��LI�QR�HPLVVLRQ�DOORZDQFH�WUDGLQJ�WDNHV
SODFH��LW�LV�OLNHO\�WKDW��%HOJLXP��)LQODQG�DQG�LQ�SDUWLFXODU�WKH�1HWKHUODQGV�ZLOO�ILQG�LW
YHU\� H[SHQVLYH� WR� UHDFK� WKH� HPLVVLRQ� UHGXFWLRQV� DFFRUGLQJ� WR� WKH� %XUGHQ� 6KDULQJ
$JUHHPHQW��2Q�WKH�RWKHU�KDQG��)UDQFH�DQG�*HUPDQ\�DUH� OLNHO\� WR� ILQG� LW� UHODWLYHO\
HDV\�WR�UHDFK�WKH�UHGXFWLRQ�WDUJHWV�

7KH�PDUJLQDO�DEDWHPHQW�FRVWV�DUH�WKH�NH\�GULYHUV�RI�WKH�DQDO\VLV��6HFWRUV�LQ�0HPEHU
6WDWHV� ZLWK� PDUJLQDO� DEDWHPHQW� FRVW� DERYH� WKH� (8� DYHUDJH� DUH� H[SHFWHG� WR� EX\
HPLVVLRQV� IURP� WKRVH� LQ�0HPEHU�6WDWHV�ZLWK�PDUJLQDO� DEDWHPHQW�FRVWV� ORZHU� WKDQ
WKH�(8�DYHUDJH�

)URP�7DEOH���LW�LV�HYLGHQW�WKDW�HQHUJ\�VXSSO\�VHFWRUV�DUH�WKH�PRVW�UHVSRQVLYH�WR�WKH
LQWURGXFWLRQ�RI�WKH�%XUGHQ�6KDULQJ� WDUJHWV�� IROORZHG�E\�HQHUJ\� LQWHQVLYH� LQGXVWULHV
ZKLOH� RWKHU� GHPDQG� VHFWRUV� DUH� UDWKHU� LQVHQVLWLYH� DV� UHJDUGV� HPLVVLRQV� UHGXFWLRQ�
+RZHYHU��VLJQLILFDQW�GLIIHUHQFHV�DFURVV�(8�0HPEHU�6WDWHV�H[LVW��7KHVH�UHIOHFW� WR�D
ODUJH�H[WHQW�GLIIHUHQW�G\QDPLFV� LQ�HDFK�0HPEHU�6WDWH
V� HQHUJ\� V\VWHP�� WKH� H[LVWLQJ
VWUXFWXUH� RI� HQHUJ\� SURGXFWLRQ� DQG� WKH� SURVSHFWV� RI� LQGXVWULDO� UHVWUXFWXULQJ�� 7KH
&2��LQWHQVLW\�RI�SRZHU�JHQHUDWLRQ�SOD\V�D�NH\�UROH�LQ�WKH�HDVH�ZLWK�ZKLFK�D�FRXQWU\
FDQ� DGMXVW� WR� WKH� LPSRVLWLRQ� RI� D�&2�� FRQVWUDLQW�� ,Q� DGGLWLRQ�� WKH� GLIIHUHQW� HIIRUW
UHTXLUHG� LQ� WKH� %XUGHQ� 6KDULQJ� $JUHHPHQW� UHVXOWV� LQ� GLVWRUWLRQV� DV� UHJDUGV� WKH
FRQWULEXWLRQ�RI� WKH�GLIIHUHQW�VHFWRUV��$V� WKH� ORZ�FRVW�SRVVLELOLWLHV� LQ�HQHUJ\� VXSSO\
VHFWRUV� JHW� H[KDXVWHG�� WKH� DFKLHYHPHQW� RI� WDUJHWV� QHHGV� GHPDQG�VLGH� DFWLRQV�� )RU
H[DPSOH�� LQ�WKH�1HWKHUODQGV�DQG�%HOJLXP��ZKHUH�WKH�35,0(6�PRGHO� VXJJHVWV� WKDW
UHODWLYHO\� KLJK� HIIRUW� LV� UHTXLUHG� WR� UHDFK� WKH� WDUJHW� RI� WKH� %XUGHQ� 6KDULQJ
$JUHHPHQW�� WKH� UHGXFWLRQ� DFKLHYHG� LQ� HQHUJ\� VXSSO\� VHFWRUV� LV� OHVV� WKDQ�RU� HTXDOO\
VLJQLILFDQW�DV�WKDW�RI�HQHUJ\�LQWHQVLYH�LQGXVWULHV�

,I� HDFK�0HPEHU� 6WDWH� UHDFKHG� LWV� %XUGHQ� 6KDULQJ� WDUJHW� DORQH� �ZLWKRXW� (8�ZLGH
WUDGLQJ�RU�DQ\�IOH[LEOH�PHFKDQLVPV�XQGHU�WKH�.\RWR�3URWRFRO���WKH�WRWDO�ZHOIDUH�FRVW
²�RU�FRPSOLDQFH�FRVW����²�RI�UHDFKLQJ�WKH�HPLVVLRQ�WDUJHWV�DUH�HVWLPDWHG�WR�EH�LQ�����
LV�½�����PLOOLRQ�SHU�\HDU��7KLV� ILJXUH� UHSUHVHQWV� �������RI�SURMHFWHG�*'3�RI� WKH
(8� LQ� ������ :LWKLQ� HDFK� 0HPEHU� 6WDWH� WKH� DQDO\VLV� DVVXPHV� WKDW� D� OHDVW�FRVW
DOORFDWLRQ�RI� WKH�HPLVVLRQ� UHGXFWLRQ� WDUJHW� WR�DOO� VHFWRUV� LV� SRVVLEOH��$Q\�GHYLDWLRQ
IURP�D�OHDVW�FRVW�DOORFDWLRQ��IRU�H[DPSOH�EHFDXVH�RI�SROLF\�LPSOHPHQWDWLRQ�IDLOXUH�RU
WKH� ODFN� RI� D� FHQWUDO� DXWKRULW\� WR� SRVVHVV� VXIILFLHQW� LQIRUPDWLRQ� WR� IL[� VXFK� DQ
DOORFDWLRQ��FRXOG�HQWDLO�KLJKHU�WRWDO�FRPSOLDQFH�FRVWV�

����� 7KH�$OWHUQDWLYH�5HIHUHQFH�&DVH��´&KHHVH�6OLFHUµ�

$Q� H[WUHPH� $OWHUQDWLYH� 5HIHUHQFH� FDVH� KDV� EHHQ� GHILQHG� IRU� WKH� SXUSRVH� RI� WKLV
VWXG\�WR� LOOXVWUDWH�KRZ�LPSRUWDQW� LW� LV� WR� UHDFK�WKH�%XUGHQ�6KDULQJ�$JUHHPHQW� LQ�D
OHDVW� FRVW�PDQQHU� ZLWKLQ� HDFK�0HPEHU� 6WDWH�� ,Q� RWKHU� ZRUGV�� WKH� SXUSRVH� RI� WKH
$OWHUQDWLYH�5HIHUHQFH�FDVH� LV� WR�VKRZ�KRZ�VHQVLWLYH� WKH�HVWLPDWHG�JDLQV� IURP�(8�
ZLGH�WUDGLQJ�DUH�WR�WKH�DVVXPHG�EHKDYLRXU�RI�WKH�0HPEHU�6WDWHV�LQ�WKH�DEVHQFH�RI
DQ�(8�ZLGH�WUDGLQJ�VFKHPH�

                                                          
16 As mentioned the welfare or compliance cost is measured as the area below the marginal abatement cost
curve for a given level of emission reduction. This curve is considered as if it represented a cost-supply curve
for the energy demand/supply sector for a service providing emission reduction. This evaluation of welfare
or compliance cost is under partial equilibrium assumptions, following the coverage of the PRIMES model.
A similar evaluation under general equilibrium would result in different numerical values.
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,Q� WKH� $OWHUQDWLYH� 5HIHUHQFH� FDVH�� LW� LV� DVVXPHG� WKDW� ZLWKLQ� D� 0HPEHU� 6WDWH� WKH
HPLVVLRQ�UHGXFWLRQ�WDUJHW�DV�GHILQHG�LQ�WKH�%XUGHQ�6KDULQJ�$JUHHPHQW�PXVW�DSSO\�WR
HDFK�LQGLYLGXDO�VHFWRU��)RU�LQVWDQFH��WKH�$OWHUQDWLYH�5HIHUHQFH�FDVH�DVVXPHV�WKDW�IRU
'DQLVK���HQHUJ\�VXSSOLHUV�DQG�XVHUV�HYHU\�VHFWRU�ZRXOG�UHGXFH�LWV�HPLVVLRQV�E\����
DQG�QR� HPLVVLRQ� WUDGLQJ�ZRXOG�EH� DOORZHG� DPRQJ� WKHVH� VHFWRUV��7KLV� DOORFDWLRQ� LV
HYLGHQWO\�PRUH�H[SHQVLYH�WKDQ�WKH�OHDVW�FRVW�RQH��+RZHYHU��VXFK�D�UXOH�LV�RIWHQ�XVHG
EHFDXVH� LW� VHHPV� RQ� WKH� VXUIDFH� ´GHPRFUDWLFµ�� VLQFH� DOO� VHFWRUV� KDYH� WKH� VDPH
UHGXFWLRQ�WDUJHW�LQ�SHUFHQWDJH�WHUPV��LUUHVSHFWLYHO\�RI�WKH�VHFWRU·V�UHGXFWLRQ�RSWLRQV
DQG� DEDWHPHQW� FRVWV�� 7KLV� LV� RI� FRXUVH� D� VRUW� RI� D� 6RORPRQ� GHFLVLRQ� DQG� WKH
FRUUHVSRQGLQJ�PRGHO�UXQ�FDVH�LV�WHUPHG�´&KHHVH�6OLFHUµ�FDVH���

7DEOH���JLYHV�WKH�GHWDLOV�RI�WKH�´&KHHVH�6OLFHUµ�FDVH��6XFK�DQ�HPLVVLRQ�UHGXFWLRQ�FDVH
LV� H[SHFWHG� WR� UHVXOW� LQ� YHU\�KLJK� FRPSOLDQFH�FRVWV����7KH� FRPSOLDQFH� FRVWV�ZRXOG
LQFUHDVH� IURP�½���� ELOOLRQ� �LQ� WKH�5HIHUHQFH� FDVH�� WR� ½����� ELOOLRQ� �LQ� WKH� ´&KHHVH
6OLFHUµ�FDVH��

Table 3: The “Cheese Slicer” Case: Each sector within each EU Member State reaches
Kyoto target in 2010 separately, according to the Burden Sharing Agreement

Burden
Sharing

Agreement

Change
from

Baseline

Marginal
abatement

cost

Compliance
costs

1990 2010 % change % change Mt CO2

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

Eur’99/tCO 2 Mio Eur’99

AU 55.0 48.0 -12.7 -12.3 -5.0 -2.4 -3.3 -14.1 142.4 252.4
BE 104.8 97.6 -6.8 -6.8 -24.0 -13.3 -7.9 -26.0 219.4 2410.4
DK 52.7 42.0 -20.3 -20.4 -11.5 -23.9 -17.3 -19.1 74.8 414.8
FI 51.3 51.7 0.8 0.8 -20.7 -46.5 -14.1 -2.4 75.3 694.3
FR 352.4 355.0 0.7 0.8 -21.2 1.4 -0.2 -8.0 71.6 600.4
GE 951.6 757.5 -20.4 -20.4 -42.8 -2.2 0.6 -8.8 135.4 2225.9
GR 70.9 89.4 26.0 25.9 -16.7 -12.5 -19.1 -19.1 122.9 890.7
IR 30.1 34.2 13.8 13.9 -7.7 -25.1 3.7 -15.3 107.4 399.7
IT 388.0 364.8 -6.0 -5.8 -53.3 -14.9 -0.1 -13.3 99.2 2579.1
NL 153.0 143.9 -6.0 -5.3 -57.6 -23.4 -35.4 -31.4 174.5 4491.1
PO 39.1 50.3 28.7 28.0 -14.6 -23.0 -28.7 -20.7 137.4 848.7
SP 201.9 233.1 15.5 15.9 -33.3 -10.9 0.7 -16.6 94.8 1414.4
SV 50.5 53.0 4.9 4.8 -7.2 -44.9 -3.0 1.3 64.0 227.6
UK 566.9 499.4 -11.9 -11.8 -57.9 -2.0 0.4 -16.9 128.5 3058.1
EU 3068.1 2819.8 -8.1 -8.0 -373.6 -10.1 -4.2 -13.9 125.8 20507.8

CO2 emissions (in Mt)
CO2 emissions reduction by sector

in 2010 (% change from Baseline)

1RWHV: ACEA Agreement is included in the baseline. It is assumed that the reduction target for energy related CO2 is 8% from
1990 emissions. 6RXUFH: PRIMES

$OWKRXJK� VHHPLQJO\� VLPSOH�� WKH� H[DFW� GHILQLWLRQ� RI� WKH� VHFWRUDO� WDUJHWV� XQGHU� WKH
´&KHHVH� 6OLFHUµ� FDVH� LV� PRUH� FRPSOH[�� EHFDXVH� RI� WKH� LQWHUGHSHQGHQFLHV�� H�J�
GHPDQG� DQG� VXSSO\� RI� HOHFWULFLW\� DUH� LQ� GLIIHUHQW� EXW� LQWHUFRQQHFWHG� VHFWRUV�� ,Q
DGGLWLRQ�� EHFDXVH� RI� HFRQRPLF� UHVWUXFWXULQJ� ZLWKLQ� D� VHFWRU�� WKLV� PD\� UHDFK
G\QDPLFDOO\� �H�J�� LQ� ������ DQG� ´VSRQWDQHRXVO\µ� �L�H�� XQGHU� EDVHOLQH� FRQGLWLRQV�� DQ
HPLVVLRQ�OHYHO�ORZHU�WKDQ�WKH�HPLVVLRQ�UHGXFWLRQ�WDUJHW�IRU�WKH�VHFWRU��UHODWLYH�WR�WKH

                                                          
17 Denmark agreed to reduce its emissions from 1990 level  by 21%  for the first commitment period  of the
Kyoto Protocol (2008 to 2012).
18 Driven by the slicer used in Scandinavian countries to peel an equally thick slice of any piece of cheese.  If
a government (or an organisation) has decided to save e.g. 8% of its expenditure it finds it often impossible
to allocate this savings target because each ministry (or division) maintains that it is “impossible to save”.
Thus, the government has to retort to “sharing the pain equally” (and allocates the 8% savings target to each
ministry). This inefficient allocation method is called in some countries the “Cheese slicer principle”. In
some other countries it is called the “Lawn mower principle”.
19 An even worse situation would be that of total exemption of specific sectors from any reduction target
allowing them to grow as in the baseline.
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HPLVVLRQ�OHYHO�RI�������,Q�VXFK�FDVHV� LW� LV�DVVXPHG�WKDW� WKH�VHFWRU�KDV�QR�HPLVVLRQ
UHGXFWLRQ�WDUJHW�RQ�WRS�RI�WKH�EDVHOLQH�DQG�WKH�RWKHU�VHFWRUV�FROOHFWLYHO\�IDFH�D�ORZHU
HPLVVLRQ�UHGXFWLRQ�WDUJHW�

��� (FRQRPLF�(IIHFWV�RI �(8�ZLGH�(PLVVLRQV�7UDGLQJ

*LYHQ� WKH�EDVHOLQH�VFHQDULR�DQG� WKH� WZR�UHIHUHQFH�FDVHV�� D�QXPEHU�RI�SROLF\�FDVHV
DUH� GHILQHG� DQG� DQDO\VHG��(DFK� FDVH� LQYROYHV� D� GLIIHUHQW� HPLVVLRQ� WUDGLQJ� VFKHPH�
ZKLFK� LV� GHILQHG� E\� FRQVLGHULQJ� GLIIHUHQW� VHWV� RI� VHFWRUV� SDUWLFLSDWLQJ� LQ� (8�ZLGH
WUDGLQJ� RI� HPLVVLRQ� DOORZDQFHV� LQ� RUGHU� WR� UHDFK� WKH� FROOHFWLYH� HPLVVLRQ� WDUJHW�
2EYLRXVO\�D�ODUJH�QXPEHU�RI�FRPELQDWLRQV�LV�SRVVLEOH��7KH�DQDO\VLV�IRFXVHV�RQ�WKUHH
GLIIHUHQW�JURXSLQJV�RI�VHFWRUV��GHILQHG�DV�IROORZV�

• (QHUJ\�VXSSOLHUV��3RZHU�DQG�VWHDP�JHQHUDWLRQ�LQFOXGLQJ�UHILQHULHV��VWHDP
JHQHUDWLRQ� IURP� LQGXVWULDO� ERLOHUV� �HQHUJ\� VXSSO\� VHFWRUV�� DQG� GLVWULFW
KHDWLQJ�

• (QHUJ\� LQWHQVLYH� LQGXVWULHV��7KLV� FDWHJRU\� LQFOXGHV� LURQ� DQG� VWHHO�� QRQ�
IHUURXV��EXLOGLQJ�PDWHULDOV� �FHPHQW��JODVV�HWF����FKHPLFDOV�DQG�SDSHU�DQG
SXOS�

• 5HVW� RI� HQHUJ\� GHPDQG� VHFWRUV� LQFOXGLQJ� RWKHU� LQGXVWULDO� VHFWRUV�
KRXVHKROGV��WHUWLDU\�DQG�WUDQVSRUW�

,Q�DOO�FDVHV�DOO�(8�0HPEHU�6WDWHV�DUH�DVVXPHG�WR�SDUWLFLSDWH�LQ�WKH�(8�ZLGH�WUDGLQJ
VFKHPH�� )RU� LOOXVWUDWLYH� SXUSRVHV�� DOVR� D� YDULDQW� LV� LQWURGXFHG�ZKHUH� (8�0HPEHU
6WDWHV�SDUWLFLSDWH�LQ�LQWHUQDWLRQDO�HPLVVLRQV�WUDGLQJ�ZLWK�RWKHU�$QQH[�%�FRXQWULHV�RI
WKH�.\RWR�3URWRFRO�

&RPSDULQJ�WKH�´&KHHVH�6OLFHUµ�&DVH�ZLWK�WKH�5HIHUHQFH�&DVH�SURYLGHV�LQIRUPDWLRQ
RQ� WKH� FRVWV�RFFXUULQJ� IURP�D�QRQ�HIILFLHQW� DOORFDWLRQ�RI� WDUJHWV�ZLWKLQ� D�0HPEHU
6WDWH�� )XUWKHUPRUH� FRPSDULQJ� WKH� UHIHUHQFH� FDVH� ZLWK� SROLF\� FDVHV� LQYROYLQJ
DGGLWLRQDO� HPLVVLRQ� WUDGLQJ� DPRQJ� VHFWRUV� DFURVV� FRXQWULHV� SURYLGHV� LQIRUPDWLRQ
DERXW�WKH�FRVWV�GXH� WR�QRQ�HIILFLHQW�DOORFDWLRQ�RI�HPLVVLRQ�UHGXFWLRQ�HIIRUW�DPRQJ
0HPEHU� 6WDWHV�� :KHQHYHU� D� WUDGLQJ� VFKHPH� LV� H[SDQGHG� E\� LQFOXGLQJ� DGGLWLRQDO
VHFWRUV�DQG�RU�FRXQWULHV�� WKH� WRWDO�FRPSOLDQFH�FRVWV�DUH�H[SHFWHG� WR� IDOO�� VLQFH� WKLV
DOORZV�IRU�ZLGHU�IOH[LELOLW\�LQ�FKRRVLQJ�DEDWHPHQW�RSWLRQV�

����� (PLVVLRQ�7UDGLQJ�DPRQJ�(QHUJ\�6XSSO\�6HFWRUV�LQ�WKH�(8

7R�LQYHVWLJDWH�D�JUDGXDO�LQWURGXFWLRQ�RI�D�WUDGLQJ�VFKHPH�WKH�DQDO\VLV�ILUVW�FRQVLGHUV
WKH�LPSDFWV�RI�LQWURGXFLQJ�DQ�HPLVVLRQ�WUDGLQJ�UHJLPH�RQO\�IRU�HQHUJ\�VXSSO\��SRZHU
DQG� VWHDP� JHQHUDWLQJ�� VHFWRUV� DJDLQVW� WKH� UHVXOWV� RI� WKH� 5HIHUHQFH� FDVH�� ,W� LV
HFRQRPLFDOO\�MXVWLILDEOH�WR�FRPPHQFH�ZLWK�D�VFKHPH�FRYHULQJ�HQHUJ\�VXSSO\�VHFWRUV
DV�VHHQ�LQ�7DEOH���
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Table 4: Effects of EU-wide emission trading among energy supply sectors

Total

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

% change
Mt CO2

(+sellers /-
buyers)

Price
(Eur’99/tCO 2)

Eur’99/tCO 2

% change
from

reference
Mio Eur’99

% change
from

reference

AU -0.5 -0.5 0.0 0.0 -1.0 0.5 32.3 29.8 5.2 45.0 -6.1
BE 4.5 5.0 -0.4 -0.1 4.7 -4.5 32.3 81.4 -8.9 737.2 -23.4
DK 2.1 2.3 0.0 -0.2 5.1 -2.1 32.3 35.9 -25.1 235.1 -8.9
FI 6.1 6.2 -0.1 -0.1 11.7 -6.1 32.3 42.2 -33.5 486.4 -16.5
FR -3.1 -3.3 0.0 0.2 -0.9 3.1 32.3 23.6 15.0 220.4 -12.4
GE -22.3 -25.8 1.0 2.5 -2.9 22.3 32.3 28.5 111.4 53.0 -82.4
GR 0.4 0.4 0.0 0.0 0.4 -0.4 32.3 33.7 -13.6 222.6 -50.6
IR 1.2 1.4 0.0 -0.1 3.6 -1.2 32.3 41.0 -23.4 156.4 -11.1
IT 0.9 0.9 0.0 0.0 0.2 -0.9 32.3 32.5 -2.4 865.2 -0.3
NL 9.8 12.4 -0.7 -1.9 6.8 -9.8 32.3 119.2 -20.9 2494.1 -28.0
PO 2.7 2.7 0.0 0.0 5.4 -2.7 32.3 33.7 -18.1 324.7 -4.1
SP -1.6 -1.8 0.1 0.1 -0.7 1.6 32.3 31.1 12.5 466.9 -0.1
SV 0.3 0.3 0.0 0.0 0.5 -0.3 32.3 36.9 -7.0 128.1 -2.0
UK -0.5 -0.6 0.0 0.0 -0.1 0.5 32.3 32.1 0.5 723.0 -0.3
EU 0.0 -0.4 -0.1 0.5 0.0 0.0 45.3 -16.6 7158.2 -20.7

Change of country specific emissions from Reference
emission reduction case (Mt CO 2)

Marginal abatement cost
outside the trading regime

Compliance cost (including
trading costs/revenues)

Emission permit trading

6RXUFH: Primes.

7KH�SRZHU�DQG� VWHDP�JHQHUDWRUV� LQ�$XVWULD��*HUPDQ\��)UDQFH��6SDLQ�� DQG� WKH�8.
ZRXOG�EHFRPH�QHW� VHOOHUV�RI� HPLVVLRQ�DOORZDQFHV��ZKLOH� WKH�JHQHUDWRUV� LQ� DOO� RWKHU
0HPEHU�6WDWHV�ZRXOG�EHFRPH�QHW�EX\HUV�� ,Q� WRWDO�� WKH\� WUDGH� HPLVVLRQ� DOORZDQFHV
IRU����0W�&2��LQ�������7KLV�ZRXOG�EH�DERXW����RI�DOO�(8�&2��HPLVVLRQ�SHUPLWV�LQ
FLUFXODWLRQ� LQ��������� ,Q� WKLV� VFKHPH�HQHUJ\�VXSSOLHUV�ZRXOG�UHGXFH� WKHLU�HPLVVLRQV
E\�����0W�RI�&2��PRUH�WKDQ�LQ�WKH�5HIHUHQFH�FDVH�

7KH�LQWHUHVWLQJ�UHVXOW�LV�WKDW�WKH�DOORZDQFH�SULFH�HVWLPDWHG�WR�UHVXOW�IURP�WKLV�SDUWLDO
WUDGLQJ�UHJLPH�FRYHULQJ�HQHUJ\�VXSSO\�VHFWRUV�DFURVV�0HPEHU�6WDWHV�ZRXOG�EH�PRUH
RU� OHVV�HTXLYDOHQW� �½�����W&2��� WR� WKH�DOORZDQFH�SULFH�SUHYDLOLQJ� LQ�D� IXOO� LQWUD�(8
WUDGLQJ� V\VWHP� �½�����W&2�� ²� VHH� 7DEOH� �� LQ� VHFWLRQ� ������ 7KH� FRUUHVSRQGLQJ
PDUJLQDO�DEDWHPHQW�FRVW�IDFHG�RXWVLGH�WKH�WUDGLQJ�UHJLPH�DW�WKH�(8�OHYHO�ZRXOG�EH
½�����W&2���DERXW�����KLJKHU�WKDQ�WKDW�RI�IXOO�LQWUD�(8�WUDGLQJ��

����� (PLVVLRQ�7UDGLQJ�DPRQJ�(QHUJ\�6XSSOLHUV�DQG�(QHUJ\�,QWHQVLYH
,QGXVWULHV�LQ�WKH�(8

7KH�LQFRUSRUDWLRQ�RI�HQHUJ\� LQWHQVLYH� LQGXVWULHV� LQ�DQ�(8�ZLGH�WUDGLQJ�UHJLPH�KDV
SRVLWLYH� EXW� UDWKHU� VPDOO� LPSDFWV� LQ� WHUPV� RI� FRPSOLDQFH� FRVWV� �7DEOH� ���� 7KH
FRPSOLDQFH�FRVWV�ZRXOG�UHGXFH�E\�D�IXUWKHU�RI�½����PLOOLRQ��7KXV��LI�HQHUJ\�VXSSO\
DQG�HQHUJ\�LQWHQVLYH�LQGXVWULHV�SDUWLFLSDWHG�LQ�DQ�(8�ZLGH�HPLVVLRQ�WUDGLQJ�VFKHPH�
WKH\�ZRXOG�VDYH�½�����PLOOLRQ��7KLV�LV�����OHVV�WKDQ�LQ�WKH�5HIHUHQFH�&DVH�

                                                          
20  Note that 2010 emissions are 8% less than 1990 emissions according to the Kyoto target for the EU.
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Table 5: Effects of EU-wide emission trading among energy supply and energy intensive
sectors

Total

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

% change
Mt CO2

(+sellers /-
buyers)

Price
(Eur’99/tCO 2)

Eur’99/tCO 2

% change
from

reference
Mio Eur’99

% change
from

reference

AU -0.7 -0.6 -0.1 0.0 -1.5 0.7 33.3 31.1 9.5 42.3 -11.6
BE 7.0 4.6 2.5 0.0 7.2 -7.0 33.3 67.6 -24.3 742.6 -22.9
DK 2.4 2.6 0.0 -0.2 5.9 -2.4 33.3 36.5 -23.8 251.9 -2.4
FI 7.3 6.9 0.5 -0.1 14.0 -7.3 33.3 40.4 -36.3 521.4 -10.5
FR -3.0 11.6 2.4 -17.1 -0.9 3.0 33.3 26.7 29.6 130.1 -48.3
GE -37.5 -42.6 -1.6 6.7 -5.0 37.5 33.3 31.6 134.8 -13.9 -104.6
GR 1.3 0.5 0.0 0.7 1.4 -1.3 33.3 34.2 -12.2 238.7 -47.0
IR 1.7 1.6 0.0 0.1 4.9 -1.7 33.3 41.0 -23.4 166.6 -5.3
IT 1.1 0.0 0.0 1.1 0.3 -1.1 33.3 33.3 0.0 836.9 -3.6
NL 15.4 13.0 3.4 -1.0 10.7 -15.4 33.3 107.8 -28.5 2318.3 -33.1
PO 2.4 2.3 0.0 0.0 4.8 -2.4 33.3 34.3 -16.7 324.9 -4.0
SP -0.6 -6.5 -0.4 6.3 -0.3 0.6 33.3 32.5 17.4 455.1 -2.6
SV 0.2 0.1 0.1 0.0 0.3 -0.2 33.3 36.2 -8.8 123.0 -5.9
UK 3.1 -0.7 -0.1 3.9 0.6 -3.1 33.3 32.7 2.6 725.5 0.0
EU 0.0 -7.2 6.8 0.5 0.0 0.0 43.3 -20.2 6863.4 -24.0

Change of country specific emissions from Reference
emission reduction case (Mt CO 2)

Marginal abatement cost
outside the trading regime Compliance cost (including

trading costs/revenues)
Emission permit trading

6RXUFH: Primes.

7KH� PDUJLQDO� DEDWHPHQW� FRVW� RXWVLGH� WKH� UHJLPH� DW� WKH� (8� OHYHO� LV� ½�����W&2��
+RZHYHU�� WKH� DOORZDQFH� SULFH� IRU� WUDGLQJ� DFURVV� HQHUJ\� VXSSO\� VHFWRUV� DQG� HQHUJ\
LQWHQVLYH� LQGXVWULHV� LQFUHDVHV�PDUJLQDOO\� WR�½�����W&2��� ,Q�WKLV�FDVH� WKH�8.�ZRXOG
WXUQ� DOVR� D� QHW� EX\HU� RI� HPLVVLRQ� DOORZDQFHV��7KH� YROXPH�RI� HPLVVLRQ� DOORZDQFHV
H[FKDQJHG� LQ� ����� EHWZHHQ� HQHUJ\� VXSSO\� VHFWRUV� DQG� HQHUJ\� LQWHQVLYH� LQGXVWULHV
UHDFKHV������0W�&2���7KLV�ZRXOG�EH�DERXW������RI�DOO�(8�&2��HPLVVLRQ�SHUPLWV�LQ
FLUFXODWLRQ�LQ������

'HVSLWH�WKH�VOLJKW�LQFUHDVH�LQ�WHUPV�RI�PDUJLQDO�DEDWHPHQW�FRVW�IRU�WKH�(8�DQG�HYHQ
WKRXJK�WKH�FRVW�VDYLQJV�ZRXOG�EH�VLJQLILFDQWO\�ORZHU�WKDQ�LQ�D�IXOO�LQWUD�(8�WUDGLQJ
UHJLPH� �VHH�VHFWLRQV�����EHORZ�� WKH� UHVXOWV� VXJJHVW� WKDW�JHWWLQJ� WKHVH� VHFWRUV� LQ� WKH
WUDGLQJ�UHJLPH�LV�HFRQRPLFDOO\�DWWUDFWLYH��7KH�UHDVRQ�LV�WKDW�VWDUWLQJ�ZLWK�WKH�SRZHU
DQG� VWHDP� JHQHUDWLQJ� DV� ZHOO� DV� WKH� HQHUJ\� LQWHQVLYH� VHFWRUV� ZRXOG� QRW� HQWDLO� D
VLJQLILFDQW� GHYLDWLRQ� IURP� WKH� RSWLPXP� �LQ� WHUPV� RI� SULFH� RI� HPLVVLRQ� DOORZDQFHV
WKH\�ZRXOG�IDFH��EHFDXVH�WKH�XWLOLWLHV�KDYH�WKH�VDPH�¶MRLQW·�WDUJHW�RQ�WKH�(8�OHYHO��DV
WKH\� ZRXOG� KDYH� LQGLYLGXDOO\� LQ� 0HPEHU� 6WDWH� WUDGLQJ� VFKHPHV����� &RPSDQLHV� LQ
RWKHU�VHFWRUV�QRW�LQYROYHG�LQ�WKH�VFKHPH�ZRXOG�WKHQ�KDYH�DQ�LQWHUHVW�LQ�MRLQLQJ�WKH
WUDGLQJ�FOXE��VLQFH�WKH\�ZRXOG�JDLQ�IURP�DOORZDQFH�SULFHV�ORZHU�WKDQ�WD[HV�RU�OHYLHV
UDLVHG�VSHFLILFDOO\�IRU�WKHP�

����� (PLVVLRQ�7UDGLQJ�DPRQJ�$OO�6HFWRUV�LQ�WKH�(8

,Q� WKH� SUHVHQFH� RI� HPLVVLRQ� WUDGLQJ� DPRQJ� DOO� VHFWRUV� LQ� WKH� (8� EHQHILWV� IURP
WUDGLQJ�FRPSDUHG�WR�WKH�5HIHUHQFH�FDVH�UHDFK�XS�WR�½�����PLOOLRQ��RU�������7DEOH
���� ,Q� WKH� FDVH� RI� IXOO� LQWUD�(8� WUDGLQJ��*HUPDQ\�� )UDQFH�� 6SDLQ��8.� DQG�$XVWULD

                                                          
21 It is vital to recall that EU-wide trading starts (in the “Reference Case”) from the fact that the marginal
abatement costs are equalised across all sectors in each Member State.  In other words, the differences within
each Member State have already been ironed out before EU-wide trading starts. Thus, it is conceivable to
have a situation where the marginal abatement cost at EU level will not change much. However, the average
cost will fall.
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ZRXOG� PRUH� WKDQ� DFKLHYH� WKHLU� %XUGHQ� 6KDULQJ� WDUJHW� DQG� EHFRPH� QHW� VHOOHUV� RI
HPLVVLRQ�DOORZDQFHV�DW�D�SULFH�RI�½�����W&2���$OO�RWKHU�0HPEHU�6WDWHV�ZRXOG�ILQG�LW
PRUH�FRVW�HIIHFWLYH�WR�VXSSOHPHQW�QDWLRQDO�DEDWHPHQW�HIIRUWV�ZLWK�WKH�DFTXLVLWLRQ�RI
HPLVVLRQ�DOORZDQFHV�� ,Q������HPLVVLRQ�DOORZDQFHV� IRU������0W�&2�� DUH� H[FKDQJHG
DFURVV� (8� 0HPEHU� 6WDWHV�� 7KLV� ZRXOG� EH� DERXW� ����� RI� DOO� (8� &2�� HPLVVLRQ
SHUPLWV�LQ�FLUFXODWLRQ�LQ������

Table 6: Effects of EU-wide emission trading among all sectors

Total

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

% change
Mt CO2

(+sellers /-
buyers)

Price
(Eur’99/tCO 2)

Eur’99/tCO 2

% change
from

reference
Mio Eur’99

% change
from

reference

AU -0.9 -0.5 -0.1 -0.3 -1.9 0.9 32.6 32.6 15.0 45.7 -4.5
BE 13.7 4.2 2.5 7.0 14.0 -13.7 32.6 32.6 -63.5 610.7 -36.6
DK 3.2 2.4 0.0 0.7 7.6 -3.2 32.6 32.6 -31.9 239.8 -7.0
FI 8.8 6.8 0.5 1.5 17.1 -8.8 32.6 32.6 -48.6 488.4 -16.2
FR -14.4 -6.2 -0.7 -7.6 -4.1 14.4 32.6 32.6 58.6 198.3 -21.2
GE -51.2 -33.8 -1.9 -15.5 -6.8 51.2 32.6 32.6 142.1 3.9 -98.7
GR 1.1 0.5 0.1 0.6 1.3 -1.1 32.6 32.6 -16.4 229.0 -49.2
IR 2.3 1.4 0.0 0.9 6.7 -2.3 32.6 32.6 -39.1 156.6 -11.0
IT 0.8 0.6 0.0 0.2 0.2 -0.8 32.6 32.6 -2.1 865.2 -0.3
NL 36.5 13.2 3.4 19.9 25.2 -36.5 32.6 32.6 -78.4 1477.0 -57.4
PO 3.4 2.9 0.1 0.4 6.8 -3.4 32.6 32.6 -20.7 332.2 -1.9
SP -3.1 -1.7 -0.2 -1.2 -1.3 3.1 32.6 32.6 17.9 464.4 -0.6
SV 1.1 0.3 0.2 0.6 2.1 -1.1 32.6 32.6 -17.9 129.5 -0.9
UK -1.3 -0.5 -0.1 -0.7 -0.3 1.3 32.6 32.6 2.2 716.7 -1.2
EU 0.0 -10.4 3.9 6.5 0.0 0.0 32.6 -39.9 5957.4 -34.0

Change of country specific emissions from Reference
emission reduction case (Mt CO 2)

Marginal abatement cost
for all sectors

Compliance cost (including
trading costs/revenues)

Emission permit trading

6RXUFH: Primes.

����� ,QWHUQDWLRQDO�(PLVVLRQV�7UDGLQJ�DPRQJ�$QQH[�%�FRXQWULHV

7DEOH� �� LOOXVWUDWHV� KRZ� UHOHYDQW� DQ� (8�ZLGH� HPLVVLRQ� WUDGLQJ� UHJLPH� ZRXOG� EH
FRPSDUHG�ZLWK�D�IXOO�LQWHUQDWLRQDO�VFKHPH�DPRQJ�$QQH[�%�FRXQWULHV��6XFK�D�VFKHPH
ZRXOG�EH�HYHQ�PRUH�FRVW�HIIHFWLYH�WKDQ�(8�ZLGH�WUDGLQJ��7RWDO�FRPSOLDQFH�FRVWV�LQ
����� XQGHU� $QQH[� %� IXOO� WUDGLQJ� DUH� ������ RU� ½����� PLOOLRQ� ORZHU� WKDQ� LQ� WKH
5HIHUHQFH�FDVH��,Q�RWKHU�ZRUGV�WKH�DGGLWLRQDO�EHQHILWV�RI�$QQH[�%�WUDGLQJ�FRPSDUHG
WR�LQWUD�(8�WUDGLQJ�DPRXQW�WR�½�����PLOOLRQ�
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Table 7: International emission trading (among Annex B countries) among all sectors:
Effects to EU Member States

Total

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

% change
Mt CO2

(+sellers /-
buyers)

Price
(Eur’99/tCO 2)

Eur’99/tCO 2

% change
from

reference
Mio Eur’99

% change
from

reference

AU -0.3 -1.0 0.3 0.5 -0.5 0.3 17.7 17.7 -37.5 44.0 -8.1
BE 17.4 5.5 3.5 8.4 17.8 -17.4 17.7 17.7 -80.2 363.7 -62.2
DK 7.1 5.7 0.1 1.3 16.9 -7.1 17.7 17.7 -63.0 168.1 -34.8
FI 13.5 10.4 0.8 2.2 26.1 -13.5 17.7 17.7 -72.1 319.6 -45.1
FR 3.6 1.3 0.3 2.0 1.0 -3.6 17.7 17.7 -13.8 246.5 -2.0
GE -6.6 -2.0 -0.7 -3.9 -0.9 6.6 17.7 17.7 31.6 300.2 -0.1
GR 3.4 1.6 0.2 1.6 3.9 -3.4 17.7 17.7 -54.5 190.4 -57.7
IR 4.3 2.8 0.0 1.5 12.7 -4.3 17.7 17.7 -66.9 107.1 -39.1
IT 21.3 15.8 0.8 4.7 5.8 -21.3 17.7 17.7 -46.8 709.1 -18.3
NL 42.1 15.8 4.0 22.4 29.1 -42.1 17.7 17.7 -88.2 860.1 -75.2
PO 10.2 9.1 0.2 0.9 20.6 -10.2 17.7 17.7 -56.9 217.0 -35.9
SP 12.6 9.7 0.4 2.5 5.4 -12.6 17.7 17.7 -35.9 407.7 -12.8
SV 3.4 1.1 0.6 1.7 6.5 -3.4 17.7 17.7 -55.4 92.6 -29.2
UK 18.1 4.9 1.6 11.7 3.6 -18.1 17.7 17.7 -44.4 612.5 -15.6
EU 150.4 80.8 12.1 57.5 5.3 -150.4 17.7 -67.3 4638.5 -48.6

Change of country specific emissions from Reference
emission reduction case (Mt CO 2)

Marginal abatement cost
Compliance cost (including

trading costs/revenues)
Emission permit trading

1RWHV: It is assumed that the international allowance price would be ¼�����W&22.  6RXUFH: Primes.

$VVXPLQJ� WKDW� WKH� LQWHUQDWLRQDO�DOORZDQFH�SULFH�ZRXOG�EH�½�����W&2�
���(8�ZRXOG

EHFRPH�D�QHW�EX\HU�RI�HPLVVLRQ�DOORZDQFHV�IURP�RWKHU�$QQH[�%�FRXQWULHV��7KXV��LQ
WKH� LQWHUQDWLRQDO� HPLVVLRQ� WUDGLQJ� FDVH� PRVW� (8� 0HPEHU� 6WDWHV� ZRXOG� QRW� IXOO\
LPSOHPHQW�WKHLU�UHVSHFWLYH�%XUGHQ�6KDULQJ�WDUJHW�RQ�WKHLU�RZQ�WHUULWRU\��EXW�EX\�DOVR
HPLVVLRQ�DOORZDQFHV� �PDLQO\� IURP�8NUDLQH�DQG�5XVVLD�� IRU�����0W�&2�� HPLVVLRQV�
7KLV� FRUUHVSRQGV� WR� ����� RI� ����� &2�� HPLVVLRQV� LQ� WKH� (8�� ,QWHUHVWLQJO\�� WKH
35,0(6�PRGHO� VXJJHVWV� WKDW� DW� DQ� DOORZDQFH� SULFH� RI� ½�����W&2���*HUPDQ\� DQG
$XVWULD�ZRXOG�VHOO�HPLVVLRQ�DOORZDQFHV�RI�����0W�&2��DQG�����0W�&2���UHVSHFWLYHO\�

����� �(IIHFWV�RI �3ROLF\�)DLOXUH��(8�:LGH�(PLVVLRQ�7UDGLQJ�DJDLQVW
´&KHHVH�6OLFHU´�&DVH

7KH� UHVXOWV� SURYLGHG� WKXV� IDU� SUREDEO\� XQGHUHVWLPDWH� WKH� SRWHQWLDO� LPSDFW� RI
HPLVVLRQ� WUDGLQJ�� 5HFDOO� LQ� WKH� 5HIHUHQFH� FDVH� LW� ZDV� DVVXPHG� WKDW� HDFK�0HPEHU
6WDWH� LV� ZLOOLQJ� DQG� DEOH� WR� GHVLJQ� DQG� LPSOHPHQW� DQ� RSWLPDO� HPLVVLRQ� UHGXFWLRQ
SROLF\�LUUHVSHFWLYH�RI�RWKHU�0HPEHU�6WDWHV��,Q�RUGHU�WR�LOOXVWUDWH�KRZ�LPSRUWDQW�(8�
ZLGH�HPLVVLRQ�WUDGLQJ�FRXOG�EH��7DEOH���VKRZV�KRZ�PXFK�WKH�0HPEHU�6WDWHV�ZRXOG
JDLQ� IURP� (8�ZLGH� HPLVVLRQV� WUDGLQJ�� LI� WKH\� KDG� ILUVW� DOORFDWHG� WKH� HPLVVLRQ
UHGXFWLRQ�WDUJHWV�WR�WKHLU�VHFWRUV�XVLQJ�WKH�&KHHVH�6OLFHU�SULQFLSOH��VHH�VHFWLRQ�����

                                                          
22 Based on POLES model calculations, co-ordinated with the model runs of PRIMES model as regards
Kyoto compliance under a regime of emission allowance trading between Annex B countries, allowance
prices, leading Annex B to meet the Kyoto targets, have been found to be uniform at ¼�����W&22. Other
model analyses result in other permit market prices. The POLES result has been used in this study in order to
illustrate the effects of international permit prices on EU-wide trading regimes.
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Table 8: Effects of EU-wide emission trading among all sectors compared to the
“Cheese Slicer” case

Total

Energy
supply
sectors

Energy
intensive
industries

Other
demand
sectors

% change
Mt CO2

(+sellers /-
buyers)

Price
(Eur’99/tCO 2)

Eur’99/tCO 2

% change
from

"Cheese
Slicer"

Mio Eur’99

% change
from

"Cheese
Slicer"

AU -0.9 -2.3 -0.9 2.3 -1.9 0.9 32.6 32.6 -77.1 45.7 -81.9
BE 13.7 0.3 -1.3 14.7 14.0 -13.7 32.6 32.6 -85.1 610.7 -74.7
DK 3.2 -0.9 0.2 3.8 7.5 -3.2 32.6 32.6 -56.4 239.8 -42.2
FI 8.8 9.7 0.5 -1.4 17.1 -8.8 32.6 32.6 -56.7 488.4 -29.7
FR -14.4 -10.1 -3.4 -0.9 -4.1 14.4 32.6 32.6 -54.5 198.3 -67.0
GE -51.2 -52.1 -4.8 5.7 -6.8 51.2 32.6 32.6 -75.9 3.9 -99.8
GR 1.1 -7.9 1.9 7.1 1.3 -1.1 32.6 32.6 -73.5 229.0 -74.3
IR 2.3 0.6 -0.1 1.8 6.7 -2.3 32.6 32.6 -69.6 156.6 -60.8
IT 0.8 -7.5 -1.3 9.6 0.2 -0.8 32.6 32.6 -67.1 865.2 -66.5
NL 36.5 6.0 2.9 27.6 25.4 -36.5 32.6 32.6 -81.3 1477.0 -67.1
PO 3.4 -4.5 2.0 5.9 6.8 -3.4 32.6 32.6 -76.3 332.2 -60.9
SP -3.1 -16.5 -2.3 15.6 -1.3 3.1 32.6 32.6 -65.6 464.4 -67.2
SV 1.1 5.8 -1.0 -3.7 2.1 -1.1 32.6 32.6 -49.0 129.5 -43.1
UK -1.3 -62.8 -10.7 72.2 -0.3 1.3 32.6 32.6 -74.6 716.7 -76.6
EU 0.0 -142.3 -18.2 160.5 0.0 0.0 32.6 -74.1 5957.4 -71.0

Change of country specific emissions from "Cheese
Slicer" emission reduction case (Mt CO 2)

Marginal abatement cost
Compliance cost (including

trading costs/revenues)
Emission permit trading

6RXUFH: Primes.

,Q�WKLV�FDVH��JDLQV�IURP�(8�ZLGH�WUDGLQJ�ZRXOG�EH�½������PLOOLRQ�LQ�DGGLWLRQ�WR�WKH
JDLQV�RI�(8�ZLGH�WUDGLQJ�FRPSDUHG�ZLWK�WKH�5HIHUHQFH�FDVH��L�H��WKH�OHDVW�FRVW�FDVH��
7KH�FRUUHVSRQGLQJ�PDUJLQDO�DEDWHPHQW�FRVW�DW� WKH�(8� OHYHO�XQGHU�´&KHHVH�6OLFHUµ
FDVH� LQFUHDVHV� DW� ½������W&2�� DYRLGHG�� 7KLV� LV� DERXW� ����� KLJKHU� WKDQ� LQ� WKH
5HIHUHQFH�&DVH�

7KH� VDYLQJV� IURP� (8�ZLGH� HPLVVLRQ� WUDGLQJ� DUH� OLNHO\� WR� EH� KLJKHU� WKDQ� WKRVH
HVWLPDWHG� LQ� HDUOLHU� VHFWLRQV�� PDLQO\� EHFDXVH� ²� LQ� SUDFWLFH� ²� LW� LV� LPSRVVLEOH� WR
GHWHUPLQH�LQ�DGYDQFH�WKH�RSWLPDO�PL[�RI�UHGXFWLRQ�WDUJHWV�E\�VHFWRU��(YHQ�LI�VXFK�D
PL[�ZDV�NQRZQ�� LW�ZRXOG�FKDQJH�RYHU� WLPH�GXH� WR� H�J�� WHFKQRORJLFDO� SURJUHVV� DQG
FKDQJHV�LQ�IXHO�SULFHV���7KXV��WKH�RSWLPDO�WDUJHWV�ZRXOG�QHHG�WR�EH�UHDGMXVWHG�

(8�ZLGH� HPLVVLRQV� WUDGLQJ� ZRXOG� FRUUHFW� DQ\� ´PLVWDNHVµ� WKDW� ZRXOG� KDYH� EHHQ
PDGH�LQ�WKH�LQLWLDO�DOORFDWLRQ�RI�WKH�UHGXFWLRQ�WDUJHWV�WR�VHFWRUV��,Q�RWKHU�ZRUGV��LW�LV
SRWHQWLDOO\�PXFK�PRUH�GHWULPHQWDO�IRU�D�VHFWRU�WR�JHW�D�WRR�KLJK�RU�WRR�ORZ�WDUJHW��LI
LW�LV�QRW�DOORZHG�WR�HQJDJH�LQ�(8�ZLGH�HPLVVLRQ�WUDGLQJ�

7KH� ´&KHHVH� 6OLFHUµ� FDVH� LV� YHU\� KHOSIXO� LQ� LOOXVWUDWLQJ� WKH� HFRQRPLF� LPSDFW� RI
GHYLDWLRQV�IURP�WKH�OHDVW�FRVW�VROXWLRQ��WKH�5HIHUHQFH�FDVH��DV�UHJDUGV�WKH�DOORFDWLRQ
RI�HIIRUW�WR�WKH�GLIIHUHQW�VHFWRUV��)RU�LQVWDQFH��LQ�WKH�5HIHUHQFH�FDVH�*HUPDQ\�FRXOG
DFKLHYH� LWV� WDUJHW� DW� TXLWH� PRGHVW� WRWDO� FRVWV�� ,Q� WKH� FDVH� WKDW� HDFK� VHFWRU� PXVW
DFKLHYH�WKH�%XUGHQ�6KDULQJ�WDUJHW�VHSDUDWHO\��*HUPDQ\�EHFRPHV�RQH�RI�WKH�0HPEHU
6WDWHV�WKDW�IDFH�YHU\�KLJK�FRPSOLDQFH�FRVWV��7KH�FRUUHVSRQGLQJ�PDUJLQDO�DEDWHPHQW
FRVW� LQFUHDVHV� WR� ½����W&2�� �WHQ� WLPHV� KLJKHU� WKDQ� LQ� WKH� 5HIHUHQFH� FDVH��� 7KLV
UHVXOW� LV� GXH� WR� WKH� HYROXWLRQ� RI� WKH� *HUPDQ� HQHUJ\� V\VWHP� XQGHU� EDVHOLQH
FRQGLWLRQV��%RWK� HQHUJ\� VXSSO\� VHFWRUV� DQG� HQHUJ\� LQWHQVLYH� LQGXVWULHV� DFKLHYH� WKH
%XUGHQ�6KDULQJ�$JUHHPHQW� WDUJHW� IRU� ����� LQ� WKH� FRQWH[W�RI� WKH�EDVHOLQH� VFHQDULR
�UHGXFLQJ�HPLVVLRQV�E\�����DQG�����IURP������OHYHOV��UHVSHFWLYHO\��FRPSDUHG�WR�DQ
HPLVVLRQ�UHGXFWLRQ�WDUJHW�RI���������,Q�WKH�DEVHQFH�RI�LQFHQWLYHV�WR�IXUWKHU�UHGXFH
WKHLU�HPLVVLRQV��L�H��D�WUDGLQJ�UHJLPH�DFURVV�VHFWRUV��DOO�WKH�DGGLWLRQDO�HIIRUW�UHTXLUHG
WR�DFKLHYH�WKH�%XUGHQ�6KDULQJ�$JUHHPHQW�LV�DOORFDWHG�WR�RWKHU�GHPDQG�VHFWRUV��DQG
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PRUH�VSHFLILFDOO\� WR�KRXVHKROG�DQG�WUDQVSRUW�VHFWRUV��VLQFH�RWKHU� LQGXVWULDO�DQG� WKH
WHUWLDU\� VHFWRU� �RYHU�DFKLHYH� WKHLU� HPLVVLRQ� UHGXFWLRQ� WDUJHW� XQGHU� EDVHOLQH
FRQGLWLRQV�EHFDXVH�RI�UHODWLYHO\�ORZ�PDUJLQDO�DEDWHPHQW�FRVW�LQ�WKHVH�ODWWHU�VHFWRUV��
$V� GLVFXVVHG� LQ� WKH�5HIHUHQFH� FDVH�� HQHUJ\� GHPDQG�VLGH� DEDWHPHQW� HIIRUWV� UHTXLUH
YHU\�KLJK�FRVWV��7KLV�ZRXOG�LPSO\�VLJQLILFDQW�LQFUHDVH�RI� WRWDO�FRPSOLDQFH�FRVWV�IRU
*HUPDQ\�

��� &RQFOXVLRQV

)URP� D� SROLF\� SHUVSHFWLYH� LW� LV� FKDOOHQJLQJ� WR� HVWDEOLVK�PHFKDQLVPV� WKDW� OHDG� WR� D
OHDVW�FRVW�DOORFDWLRQ�RI�HPLVVLRQ�UHGXFWLRQ�HIIRUWV�DFURVV�VHFWRUV�DQG�0HPEHU�6WDWHV�
7KH� VFRSH� RI� WKH� DQDO\VLV� ZDV� WR� H[DPLQH� DOWHUQDWLYH� VHFWRUDO� HPLVVLRQ� WUDGLQJ
UHJLPHV� DQG� WR� HYDOXDWH� WKHLU� FRVW� HIIHFWLYHQHVV� LQ� DFKLHYLQJ� WKH� (8� .\RWR
FRPPLWPHQW��7DEOH���VXPPDULVHV�WKH�PDLQ�ILQGLQJV�IRU�WKH�DOWHUQDWLYH�SROLF\�FDVHV
H[DPLQHG�

Table 9: Compliance cost, savings and marginal abatement cost of Reference and
Alternative Reference (“Cheese slicer”) cases in 2010

Compliance
cost

Savings against
5HIHUHQFH�FDVH

Savings against
$OWHUQDWLYH

5HIHUHQFH�FDVH

Marginal abatement
cost ¼�W&22

¼�PLOOLRQ ¼
million

% ¼
million

%
For sectors

participating
in EU-wide

trading

For
other

sectors

1R�(8�ZLGH�WUDGLQJ
5HIHUHQFH�FDVH: Burden
sharing target implemented
least cost across sectors within
a Member State

9026 n.a. n.a. 11482 56.0 n.a. 54.3

$OWHUQDWLYH�5HIHUHQFH�FDVH:
Burden Sharing target allocated
uniformly to all sectors within a
Member State

20508 -11482 -127.2 n.a. n.a. n.a. 125.8

(8�ZLGH�WUDGLQJ
Energy suppliers 7158 1868 20.7 13350 65.1 32.3 45.3
Energy suppliers and energy
intensive industries

6863 2163 24.0 13645 66.5 33.3 43.3

All sectors 5957 3069 34.0 14551 71.0 32.6 32.6
$QQH[�%�WUDGLQJ��$OO�VHFWRUV 4639 4387 48.6 15869 77.4 17.7 17.7
1RWHV: A negative sign means a cost increase. A positive sign means a cost saving.It is assumed that the international allowance price would
be ¼�����W&22. Compliance cost and savings are on an annual basis.  6RXUFH: Primes

7KH� PDLQ� FRQFOXVLRQ� HPHUJLQJ� IURP� WKH� DQDO\VLV� LV� WKDW� HPLVVLRQ� WUDGLQJ� DFURVV
VHFWRUV�DQG�0HPEHU�6WDWHV� UHVXOWV� LQ� ORZHU� WRWDO�FRPSOLDQFH�FRVWV��ZKLOH� DFKLHYLQJ
WKH� VDPH� HQYLURQPHQWDO� RXWFRPH�� WKDQ� LI� HDFK� 0HPEHU� 6WDWH� LPSOHPHQWV� WKH
%XUGHQ� 6KDULQJ� $JUHHPHQW� DORQH� �WKH� 5HIHUHQFH� FDVH��� *DLQV� LQ� WHUPV� RI� WRWDO
FRPSOLDQFH� FRVWV�� FRPSDUHG� WR� WKH� 5HIHUHQFH� FDVH�� UDQJH� IURP� ������ WR� �����
GHSHQGLQJ�RQ�WKH�HPLVVLRQV�WUDGLQJ�VFKHPH��7KH�DYHUDJH�FRVW�RI�UHGXFWLRQ�GHFUHDVHV
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DFFRUGLQJO\�IURP�½�����W&2��WR�½�����W�&2���LI�HQHUJ\�VXSSO\�DQG�HQHUJ\�LQWHQVLYH
LQGXVWULHV�WUDGH�����DOWKRXJK�WKH�PDUJLQDO�DEDWHPHQW�FRVW�GRHV�QRW�FKDQJH�PXFK�

$V�LW�LV�WKH�GLYHUJHQFH�DPRQJ�PDUJLQDO�DEDWHPHQW�FRVWV�RI�0HPEHU�6WDWHV�RU�VHFWRUV
WKDW� UHQGHUV� WKH� LQVWUXPHQW� DWWUDFWLYH�� LW� LV� EH� LPSRUWDQW� WR� LQFOXGH� LQ� WKH� WUDGLQJ
UHJLPH�SOD\HUV�ZLWK�ZLGHO\�GLIIHULQJ�PDUJLQDO�DEDWHPHQW�FRVWV��7KH�35,0(6�PRGHO
VXJJHVWV��VHH�)LJXUH����WKDW��DPRQJ�WKH�(8�0HPEHU�6WDWHV��%HOJLXP��)LQODQG�DQG�WKH
1HWKHUODQGV� KDYH� WKH� KLJKHVW� PDUJLQDO� DEDWHPHQW� FRVWV� �DQG� WKXV� EH� QHW� EX\HUV�
ZKLOH�)UDQFH�DQG�*HUPDQ\�KDYH�WKH� ORZHVW�PDUJLQDO�DEDWHPHQW�FRVWV� �DQG�WKXV�EH
QHW�VHOOHUV���,Q�DOO�FDVHV��WKH�UHVXOWV�VKRZHG�WKDW�H[WHQGLQJ�WKH�WUDGLQJ�VFKHPH�OHDGV
WR�ORZHU�FRVWV�IRU�HDFK�QHZ�SDUWLFLSDQW��ORZHU�RYHUDOO�FRVWV�DQG�FRQVHTXHQW�JDLQV�LQ
ZHOIDUH��7KH�DQDO\VLV�DOVR�VXJJHVWV� WKDW� WKH�HOHFWULFLW\�VXSSO\��L�H���SRZHU�DQG�VWHDP
JHQHUDWLQJ�� VHFWRU� LV�D�ZHOO�VXLWHG�FDQGLGDWH� WR�EH� LQFOXGHG� LQ�DQ� LQLWLDO�(8� WUDGLQJ
VFKHPH�

Figure 2: Sellers and Buyers in EU-wide and Annex B allowance trading

7KH�DQDO\VLV�FOHDUO\�GHPRQVWUDWHV�VXEVWDQWLDO�HFRQRPLF�JDLQV�IURP�HPLVVLRQ�WUDGLQJ
LQ� WKH� (8�� +RZHYHU�� RQH� VKRXOG� QRW� EH� JXLGHG� E\� PDUJLQDO� DEDWHPHQW� FRVW
FRQVLGHUDWLRQV� RQO\�� ,W� LV� LPSRUWDQW� WR� DQDO\VH� KRZ� LPSRUWDQW� WKH� JDLQV� IURP
HPLVVLRQ� WUDGLQJ� �RU� ORVW� RSSRUWXQLWLHV� LI� RQH� GRHV� QRW� SDUWLFLSDWH� LQ� WUDGLQJ�� DUH
FRPSDUHG�ZLWK�WKH�*URVV�'RPHVWLF�3URGXFW��)LJXUH���LQGLFDWHV�WKDW�ZKLOH�HPLVVLRQ
WUDGLQJ� ZRXOG� QRW� EH� LPSRUWDQW� IRU� *UHHFH� LQ� DEVROXWH� QXPEHUV�� WKH� JDLQV� IURP
WUDGLQJ� DUH� TXLWH� LPSRUWDQW� LQ� UHODWLRQ� WR� *'3�� ,Q� VRPH� ODUJHU� 0HPEHU� 6WDWHV�
QRWDEO\�LQ�*HUPDQ\��WKH�JDLQV�IURP�WUDGLQJ�PD\�EH�LPSRUWDQW�LQ�DEVROXWH�WHUPV��EXW
IDLUO\�VPDOO�LQ�UHODWLRQ�ZLWK�WKH�*'3�

                                                          
23 The total cost of compliance (¼�����PLOOLRQ��GLYLGHG�E\�WKH�QXPEHU�RI�WRQV�UHGXFHG�IURP�WKH�EDVHOLQH
(327Mt CO2) gives the average cost in the first case. For energy supply and energy intensive industries the
total compliance cost was ¼�����PLOOLRQ�LV�GLYLGHG�DJDLQ�E\�WKH�VDPH�UHGXFWLRQ�HIIRUW�����0W�&22).
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Figure 3: Welfare Gains as a Percentage of GDP in 2010 in EU-wide and Annex B
permit trading

7KH�LQFUHDVH�LQ�WRWDO�FRVWV�IURP�D�QRQ�HIILFLHQW�DOORFDWLRQ�LQ�WKH�´&KHHVH�6OLFHUµ�FDVH
DPRXQWV� WR� ����� FRPSDUHG� WR� WKH� 5HIHUHQFH� FDVH�� 7KLV� LQGLFDWHV� WKH� FUXFLDO
LPSRUWDQFH� RI� LGHQWLI\LQJ� FRVW� HIIHFWLYH� SROLF\� PL[HV� LQ� 0HPEHU� 6WDWHV� HLWKHU
WKURXJK�DQ�RSWLPDO�DOORFDWLRQ�RI�WDUJHWV�DPRQJ�VHFWRUV��WKURXJK�RSWLPDO�WD[DWLRQ�RU
WKURXJK�QDWLRQDO�HPLVVLRQ�WUDGLQJ�VFKHPHV��-RLQLQJ�LQ�DQ�(8�ZLGH�HPLVVLRQ�WUDGLQJ
VFKHPH�ZRXOG�JXDUDQWHH�VXFK�EHQHILWV�

Figure 4: Welfare gains from EU-wide emissions trade in power supply and energy
intensive sectors compared with Alternative Reference (“Cheese Slicer”) Case
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VXJJHVWHG�E\� WKH�*UHHQ�3DSHU� DSSHDUV� WR�EH� HFRQRPLFDOO\� DWWUDFWLYH�SURYLGHG� WKDW
WKH�WUDGLQJ�UHJLPH�VWDUWV�ZLWK�WKRVH�SDUWLFLSDQWV��VHFWRUV�DQG�0HPEHU�6WDWHV��JDLQLQJ
WKH� PRVW� IURP� SDUWLFLSDWLRQ�� :KHQ� JUDGXDOO\� LQYROYLQJ� QHZ� SDUWLFLSDQWV� LQ� WKH
WUDGLQJ�VFKHPH�WKH�DQDO\VLV�FRQFOXGHV�WKDW�WKH\�DUH�OLNHO\�WR�IDFH�PDUJLQDO�DEDWHPHQW
FRVW�WKDW�ZRXOG�EH�TXLWH�VLPLODU�WR�WKH�FRVW�REWDLQHG�XQGHU�FRPSUHKHQVLYH�(8�ZLGH
DOORZDQFH�WUDGLQJ��7KLV�PHDQV�WKDW�WKH�SLRQHHUV�KDYH�QRWKLQJ�WR�ORVH�ZKLOH�WKH�QRQ�
SDUWLFLSDQWV�KDYH�LQFHQWLYHV�WR�MRLQ�WKH�WUDGLQJ�UHJLPH�

7KLV� VWXG\� EXLOGV� RQ� WKH�%XUGHQ� 6KDULQJ�$JUHHPHQW� DQG� LOOXVWUDWHV� KRZ�(8�ZLGH
HPLVVLRQ�WUDGLQJ�ZRXOG�DIIHFW� LW��:KHQ�GHVLJQLQJ�HQYLURQPHQWDO�SROLF\�WR�PHHW�WKH
JUHHQKRXVH�JDV�HPLVVLRQ� UHGXFWLRQ� WDUJHW� DFFRUGLQJ� WR� WKH�.\RWR�3URWRFRO�� DOPRVW
DOO� HFRQRPLF� VHFWRUV� DUH� FRQFHUQHG��$V�PDQ\� HFRQRPLF�YDULDEOHV� FKDQJH� RYHU� WKH
SHULRG�RI�SROLF\� LPSOHPHQWDWLRQ�� WKH�SROLF\�GHVLJQ�QHHGV� WR� WDNH� LQWR� DFFRXQW� WKLV
G\QDPLVP��7KXV��DQ\�H[�DQWH�WDUJHW�DOORFDWLRQ�ZLOO�PRVW�OLNHO\�EH�VRPH�ZD\�RII� WKH
FRVW�HIIHFWLYH�PLQLPXP� GXULQJ� WKH� WDUJHW� SHULRG� ������ WR� �������(PLVVLRQ� SHUPLW
WUDGLQJ� LV� DQ� LQVWUXPHQW� WKDW� DOORZV� HFRQRPLF� DJHQWV� WR� WDNH� VXFK� FKDQJHV� LQWR
DFFRXQW� DQG� DV� VXFK� UHPHG\� H[�DQWH� XQNQRZQ� ´PLVWDNHVµ�� ZKLOH� JXDUDQWHHLQJ
VLPXOWDQHRXVO\�WKDW�WKH�RYHUDOO�HQYLURQPHQWDO�UHGXFWLRQ�WDUJHW�RI����LV�DFKLHYHG�
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$QQH[�$�²�'HVFULSWLRQ�RI �WKH�35,0(6�PRGHO

35,0(6� LV� D� PRGHOOLQJ� V\VWHP� WKDW� VLPXODWHV� D� PDUNHW� HTXLOLEULXP� VROXWLRQ� IRU
HQHUJ\�VXSSO\�DQG�GHPDQG�LQ�WKH�(XURSHDQ�8QLRQ��(8��0HPEHU�6WDWHV��7KH�PRGHO
GHWHUPLQHV� WKH� HTXLOLEULXP�E\� ILQGLQJ� WKH�SULFHV� RI� HDFK� HQHUJ\� IRUP� VXFK� VXSSO\
HTXDOV�GHPDQG��7KH�HTXLOLEULXP�LV�VWDWLF��ZLWKLQ�HDFK�WLPH�SHULRG��EXW�UHSHDWHG�LQ�D
WLPH�IRUZDUG�SDWK��XQGHU�G\QDPLF�UHODWLRQVKLSV�

$V�DQ�HQHUJ\�V\VWHP�PRGHO��WKH�FDOFXODWLRQV�LQ�35,0(6�UHIOHFW�D�SDUWLDO�HTXLOLEULXP
VROXWLRQ��,Q�RWKHU�ZRUGV�WKH�UHVW�RI�WKH�HFRQRP\�LV�FRQVLGHUHG�XQFKDQJHG�XQGHU�WKH
LPSRVLWLRQ�RI�DOWHUQDWLYH�HPLVVLRQ�UHGXFWLRQ�VFKHPHV��$W�D�JHQHUDO�HTXLOLEULXP�OHYHO�
V\VWHP�DGMXVWPHQWV��RWKHU�WKDQ�WKRVH�RFFXUULQJ� LQ�WKH�HQHUJ\�V\VWHP��PLJKW� LQGXFH
IXUWKHU�FKDQJHV�LQ�ZHOIDUH��6XFK�HIIHFWV�FDQQRW�EH�DQDO\VHG�LQ�WKH�35,0(6�PRGHO�

7KH�GLIIHUHQW�HPLVVLRQ�UHGXFWLRQ�VFKHPHV�DUH�DSSOLHG�DV�JOREDO� �L�H��DW� WKH�0HPEHU
6WDWH� OHYHO�� RU� VHFWRUDO� FRQVWUDLQWV� LQ� VROYLQJ� WKH�35,0(6�PRGHO��7KH�PHFKDQLVP
WKURXJK� ZKLFK� WKH� &2�� FRQVWUDLQW� LV� DWWDLQHG� LQYROYHV� WKH� DWWULEXWLRQ� RI� DQ
DSSURSULDWH� HFRQRPLF� YDOXH� WR� WKH� UHGXFWLRQ� RI� &2�� HPLVVLRQV�� (TXLYDOHQWO\�� WKH
DELOLW\�WR�HPLW�&2�� LPSOLHV�D�VFDUFLW\�YDOXH�DQG� LV�DOORFDWHG�DQ�LPSOLFLW�SULFH��7KHUH
DUH� FRUUHVSRQGLQJ� FKDQJHV� LQ� WKH� UHODWLYH�SULFHV�� UHIOHFWLQJ� WKH�&2�� HPLVVLRQV� WKDW
HDFK� FRPPRGLW\� RU� DFWLYLW\� LQYROYHV�� ZKLFK� HFRQRPLF� DJHQWV�� L�H�� SURGXFHUV� DQG
FRQVXPHUV�RI�HQHUJ\��IDFH��7KLV��RI�FRXUVH��OHDGV�WR�DGMXVWPHQWV�LQ�WKH�EHKDYLRXU�RI
DJHQWV�� 7KLV� LQGXFHV� D� JHQHUDO� WUHQG� WR� VKLIW� DZD\� IURP� DFWLYLWLHV� WKDW� FDXVH� &2�

HPLVVLRQV�

*LYHQ� WKH� WHFKQLFDO� IHDWXUHV� DQG�GHVLJQ�RI�35,0(6� WKH� LPSRVLWLRQ�RI� D� JOREDO�RU
VHFWRUDO� HPLVVLRQV� FRQVWUDLQW� LV� HTXLYDOHQW� WR� WKH� LQFOXVLRQ� RI� D� YDULDEOH�� ZKLFK
UHIOHFWV�WKH�HFRQRPLF�FRVWV�LPSRVHG�E\�WKLV�FRQVWUDLQW����7KLV�VKDGRZ�YDULDEOH�LV�WKH
PDUJLQDO� DEDWHPHQW� FRVW� WKDW� LV� DVVRFLDWHG� ZLWK� WKH� HPLVVLRQ� FRQVWUDLQW� DQG
UHSUHVHQWV� WKH�HFRQRPLF�FRVW�RI� DYRLGLQJ� WKH� ODVW� �PDUJLQDO��XQLW�RI� FDUERQ� WKDW� LV
UHTXLUHG�E\�WKH�FRQVWUDLQW����

$Q�DOWHUQDWLYH�ZD\�WR�WKLQN�DERXW�WKH�OLQN�EHWZHHQ�DQ�HPLVVLRQ�UHGXFWLRQ�WDUJHW�DQG
LWV� DVVRFLDWHG� PDUJLQDO� DEDWHPHQW� FRVW� LV� WR� DVVXPH� WKDW� WKH� HPLVVLRQ� WDUJHW� LV
DFKLHYHG�WKURXJK�WKH�FUHDWLRQ�RI�D�K\SRWKHWLFDO�PDUNHW�IRU�HPLVVLRQ�DOORZDQFHV�LQ�DQ
DXFWLRQLQJ�UHJLPH��L�H��LQ�VXFK�D�PDQQHU�WKDW�SURGXFHUV�DQG�FRQVXPHUV�RI�HQHUJ\�EX\
WKH� ULJKW� WR� HPLW� &2��� (YLGHQWO\�� EX\LQJ� VXFK� DOORZDQFHV� EHLQJ� �URXJKO\�
SURSRUWLRQDO� WR� WKH�FDUERQ�FRQWHQW�RI� WKH� IRVVLO�HQHUJ\� IXHOV�� OHDGV�FRQVXPHUV� DQG
SURGXFHUV�RI�HQHUJ\�WR�SHUFHLYH�KLJKHU�SULFHV��RU�XVDJH�FRVWV��RI�IRVVLO�IXHOV�

                                                          
24 The PRIMES energy system model formulates energy market equilibrium according to the mixed-
complementary mathematical methodology, which roughly corresponds to the Kuhn-Tucker conditions that
are dual to a mathematical programming problem. Consequently, the imposition of a global or sectoral
constraint on emissions is mathematically strictly equivalent to the inclusion of a shadow variable, a shadow
cost, which appropriately affects all economic costs, proportionally to their emissions.
25 One ton of CO2 emitted contains 12/44 tons of carbon. Therefore, if the marginal abatement cost is ¼���SHU
ton of CO2 then the corresponding value per ton of carbon amounts to ¼�������L�H���������
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7KH� HQHUJ\� V\VWHP� UHVSRQGV� WR� WKH� LPSRVLWLRQ� RI�&2�� FRQVWUDLQWV� LQ� WKH� IRUP� RI
FKDQJHV�LQ�UHODWLYH�HQHUJ\�SULFHV��7KHVH�FKDQJHV�UHIOHFW� WKH�FDUERQ�FRQWHQW�RI�HDFK
IXHO� DQG� SURYLGH� LQFHQWLYHV� WR� WKH� HFRQRPLF� DJHQWV� WR� UHGXFH� WKHLU� &2�

�FRQVXPSWLRQ��� &RQVHTXHQWO\�� WKH� UHVXOWLQJ� FKDQJHV� LQ� UHODWLYH� SULFHV� ZRXOG
HIIHFWLYHO\� UHIOHFW� WKH� &2�� LQWHQVLW\� RI� HDFK� IXHO�� ,Q� VXFK� D� PDUNHW�� WKH� HPLVVLRQ
WDUJHW� LV� UHIOHFWHG� LQ� WKH� QXPEHU� RI� DOORZDQFHV� WKDW� DUH� LVVXHG�� 7KH� PDUJLQDO
DEDWHPHQW� FRVW� LV� HTXLYDOHQW� WR� WKH� SULFH� RI� DOORZDQFHV� WKDW� WKH� PDUNHW� ZRXOG
HVWDEOLVK� IRU� DQ\� JLYHQ� HPLVVLRQ� UHGXFWLRQ� WDUJHW�� %RWK� WKH� DOORZDQFH� SULFH� DQG
PDUJLQDO�DEDWHPHQW�FRVW�UHIOHFW�WKH�GHJUHH�RI�HDVH�RU�GLIILFXOW\�IDFHG�LQ�UHDFKLQJ�WKH
WDUJHW�

7KH� DQDO\VLV� VWDUWV� IURP�D�EDVHOLQH� FDVH��ZKLFK� UHIOHFWV� FXUUHQW� SROLFLHV� DQG� WUHQGV
ZLWKRXW�LQFOXGLQJ�VSHFLILF�HIIRUW�WR�UHGXFH�&2��HPLVVLRQV��6WDUWLQJ�IURP�WKH�EDVHOLQH�
IRU� HDFK� VFHQDULR� WKH� PRGHO� LV� UXQ� LQ� RUGHU� WR� FRPSXWH� WKH� OHDVW� FRVW� VROXWLRQ
FRUUHVSRQGLQJ� WR� WKH� OHYHO� RI� &2�� HPLVVLRQV� LQ� ������ ZKLFK� LV� LPSOLHG� E\� WKH
HPLVVLRQ�UHGXFWLRQ�FRQVWUDLQWV�WKDW�LQ�WXUQ�DUH�GHILQHG�RQ�WKH�EDVLV�RI�WKH�H[DPLQHG
HPLVVLRQ�WUDGLQJ�VFKHPH��ZKLFK�LV�GHILQHG�E\�WKH�VHW�RI�VHFWRUV�LQ�YDULRXV�0HPEHU
6WDWHV� WKDW� SDUWLFLSDWH� LQ� WKH� WUDGLQJ� VFKHPH�� 1RQ�SDUWLFLSDWLQJ� VHFWRUV� IDFH
LQGLYLGXDO�HPLVVLRQ�UHGXFWLRQ�WDUJHWV�� LQ�RWKHU� WHUPV� LQGLYLGXDO�PDUJLQDO�DEDWHPHQW
FRVWV�FDQ�DQG�PRVW� OLNHO\�ZLOO�GLIIHU�IURP�WKH�RWKHU�VHFWRUV��7KH�PRGHO�GHWHUPLQHV
WKH�DOORFDWLRQ�RI� HIIRUWV��QHFHVVDU\� WR�PHHW� WKH� HPLVVLRQ� FRQVWUDLQW�� WR� VHFWRUV� DQG
0HPEHU�6WDWHV�SDUWLFLSDWLQJ�LQ�WKH�WUDGLQJ�EXEEOH�

7KH� VHFWRUV� LQFOXGHG� DUH� HQHUJ\� GHPDQG� DQG� VXSSO\� VHFWRUV�� (PLVVLRQV� DUH
DFFRXQWHG�IRU�LQ�D�VHFWRU�RQO\�LI�GLUHFWO\�HPLWWHG�IURP�IRVVLO�IXHO�FRPEXVWLRQ�LQ�WKH
VHFWRU�� +HQFH� WKH� DQDO\VHG� WUDGLQJ� VFKHPHV� FDQ� EH� FODVVLILHG� DV� ´GRZQVWUHDPµ�
(PLVVLRQV� LQGLUHFWO\� LQFRUSRUDWHG� LQ� HOHFWULFLW\� DQG� VWHDP� XVH� �LQFOXGLQJ� GLVWULFW
KHDWLQJ��DUH�FRQVLGHUHG�LQ�WKH�SRZHU�DQG�KHDW�JHQHUDWLRQ�VHFWRUV��&RQVHTXHQWO\�WKH
HPLVVLRQ� UHGXFWLRQ� WDUJHW� IRU� VHFWRUV�PD\� EH� LQWHUGHSHQGHQW�� VLQFH� IRU� H[DPSOH� D
GHPDQG�VHFWRU�VKLIWLQJ� WKH�HQHUJ\�PL[� LQ� IDYRXU�RI� HOHFWULFLW\�PLJKW� LQGXFH�KLJKHU
HPLVVLRQV�LQ�D�VXSSO\�VHFWRU�VXFK�DV�WKH�RQH�JHQHUDWLQJ�HOHFWULFLW\��$�V\VWHPV�DQDO\VLV
PRGHO�� VXFK� DV� 35,0(6�� HQVXUHV� FRQVLVWHQW� UHSUHVHQWDWLRQ� RI� WKHVH
LQWHUGHSHQGHQFLHV� DQG� D� FRQVLVWHQW� FDOFXODWLRQ� RI� HPLVVLRQ� UHGXFWLRQ� HIIRUWV� DQG
PDUJLQDO�FRVWV�

7KH�DQDO\VLV�GUDZV�FRQFOXVLRQV�E\�FRQVLGHULQJ�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�UHVXOWV�RI
HPLVVLRQV�FRQVWUDLQHG�FDVHV� DQG� WKH�EDVHOLQH� VFHQDULR��7KHVH�GLIIHUHQFHV� FRYHU� WKH
ZKROH� HQHUJ\� V\VWHP�� VKRZLQJ� FKDQJHV� WKDW� DUH� QHFHVVDU\� WR� UHDFK� WKH� ORZHU
HPLVVLRQ� OHYHO�� 6XFK� FKDQJHV� PD\� FRQFHUQ� EHKDYLRXU� LQ� XVLQJ� HQHUJ\�� VWUXFWXUDO
FKDQJHV� LQ� HQHUJ\� XVHV� DQG� SURFHVVHV�� SRVVLEOH� DFFHOHUDWHG� DGRSWLRQ� RI� QHZ
WHFKQRORJLHV��FKDQJHV�LQ�WKH�IXHO�PL[��HWF�

7KH� PRGHO� SURYLGHV� VLPXOWDQHRXV� HVWLPDWLRQV� RI� WKH� PDUJLQDO� FRVW� RI� DEDWHG
HPLVVLRQV�DQG�RI�WKH�HQHUJ\�V\VWHP�FRVWV�RI� WKHVH�FKDQJHV��E\�VHFWRU�DQG�0HPEHU
6WDWH�� )ROORZLQJ� D� OHDVW� FRVW� PHWKRGRORJ\�� WKH� PDUJLQDO� DEDWHPHQW� FRVW� SORWWHG
DJDLQVW� WKH� YDU\LQJ� OHYHOV� RI� HPLVVLRQ� UHGXFWLRQ�� LQ� RWKHU� ZRUGV�� WKH�PRGHO�EDVHG
PDUJLQDO� DEDWHPHQW� FRVW� FXUYHV�� FDQ� EH� XVHG� DV� D� EDVLV� IRU� DVVHVVLQJ� WKH� WRWDO
DEDWHPHQW�FRVW�RI�UHDFKLQJ�DQ\�JLYHQ�WDUJHW�

7KH�HFRQRPLF�LQWHUSUHWDWLRQ�RI�WKH�FRVWV�IRU�WKH�HFRQRP\�DULVLQJ�IURP�WKH�PDUJLQDO
FRVW�LV�FRPSOH[��7KH�LPSRVLWLRQ�RI�D�&2��FRQVWUDLQW�LQGXFHV�DQ�H[WHUQDO�FRVW�WR�WKH
HFRQRP\� FRPSDUHG� WR� EDVHOLQH� FRQGLWLRQV�� +RZHYHU�� IURP� WKH� SHUVSHFWLYH� RI
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VRFLHWDO�ZHOIDUH�WKH�FRQVWUDLQW�DLPV�WR�LQWHUQDOLVH�WKH�H[WHUQDO�FRVW�RI�HPLWWLQJ�&2��
VR� WR� LPSURYH� WKH� DOORFDWLYH� HIILFLHQF\� RI� WKH� RYHUDOO� HFRQRP\�� 8QGHU� VXFK� D
FRQVWUDLQW�� WKH� V\VWHP� EHDUV� D� ORVV� RI� ZHOIDUH� �FRPSDUHG� WR� EDVHOLQH�� LJQRULQJ� WKH
HFRQRPLF�EHQHILWV�RI�DYHUWHG�FOLPDWH�FKDQJH���IRU�HDFK�WRQ�RI�&2��DYRLGHG��HTXDO�WR
WKH� PDUJLQDO� DEDWHPHQW� FRVW� FRUUHVSRQGLQJ� WR� WKDW� WRQ�� 7KHUHIRUH�� WKH� WRWDO
DEDWHPHQW�FRVW� LPSOLHG�E\�DQ�HPLVVLRQ�FRQVWUDLQW� LV�HTXDO� WR�WKH�DUHD� �WKH� LQWHJUDO�
EHORZ�WKH�PDUJLQDO�DEDWHPHQW�FRVW�FXUYH�

%HFDXVH�RI�WKH�HPLVVLRQ�FRQVWUDLQW��WKH�HFRQRPLF�DJHQWV�EHDU�DGGLWLRQDO�FRVWV��IURP
EDVHOLQH��LQ�RUGHU�WR�REWDLQ�WKH�VDPH�OHYHO�RI�HQHUJ\�XVH�VHUYLFHV��,Q�RWKHU�ZRUGV��WKH
HQHUJ\�V\VWHP�ZLOO�UHTXLUH�DGGLWLRQDO�IXQGLQJ�IURP�WKH�UHVW�RI�WKH�HFRQRP\��,W�PLJKW
DOVR� EH� WKH� FDVH� WKDW� HFRQRPLF� DJHQWV� UHGXFH� HQHUJ\� XVH� �E\� VXEVWLWXWLQJ� RWKHU
VHUYLFHV�IRU�WKH�HQHUJ\�VHUYLFH��VR�DV�WR�SDUWO\�DOOHYLDWH�WKH�DGGLWLRQDO�FRVWV�

7KH�DGGLWLRQDO� FRVWV� IRU� WKH�HFRQRPLF� VHFWRUV� DULVLQJ� IURP� WKH�KLJKHU� FRVWV� LQ� WKH
SURYLVLRQ�RI�WKH�HQHUJ\�VHUYLFH�GR�QRW�UHSUHVHQW�D�GLUHFW�OHDNDJH�IURP�WKH�HFRQRP\�
7KHVH�IXQGV�DUH�UHF\FOHG�ZLWKLQ�WKH�HFRQRP\�LQ�WKH�IRUP�RI�DGGLWLRQDO�SXUFKDVHV�RI
JRRGV� DQG� VHUYLFHV�� XVXDOO\� VXEVWLWXWLQJ� GRPHVWLFDOO\� SURGXFHG� FRPPRGLWLHV� IRU
ODUJHO\� LPSRUWHG� HQHUJ\� SURGXFWV�� ,Q� JHQHUDO� HTXLOLEULXP� WHUPV�� DOO� WKHVH� HIIHFWV
UHVXOW� LQ�D�UH�DOORFDWLRQ�RI�UHVRXUFHV�DQG�DFWLYLWLHV�ZLWKLQ�WKH�HFRQRP\��,Q� WKH�HQG�
HDFK� HFRQRPLF� VHFWRU� ZLOO� OLNHO\� EH� DIIHFWHG� GLIIHUHQWO\�� 6RPH� PD\� EH� LPSDFWHG
VLJQLILFDQWO\� �H�J�� HQHUJ\� LQWHQVLYH� LQGXVWULHV�� RU� QHJOLJLEO\� �HYHQ�PRUH� SRVLWLYH��� LI
WKH\� IDFH� DQ� LQFUHDVHG� DFWLYLW\� ZLWKLQ� WKH� QHZ� DOORFDWLRQ�� +RZHYHU�� WKHVH� JHQHUDO
HTXLOLEULXP�FRVWV�RU�EHQHILWV� �LQ�SDUWLFXODU� WKRVH� IRU� IXWXUH� JHQHUDWLRQV�EHFDXVH�RI
DYHUWHG�FOLPDWLF�FKDQJH��DUH�QRW�LQFOXGHG���LQ�WKH�FDOFXODWLRQV�EDVHG�RQ�35,0(6�

                                                          
26 General equilibrium models, such as GEM-E3 are suitable for such calculations. However, details of
supply and demand of energy are much less developed in general equilibrium models than in PRIMES.


