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Coal excavator from above 
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EXECUTIVE SUMMARY
The long-term temperature goal adopted 
under the Paris Agreement of holding 
temperature increase to “well below 2°C 
above pre-industrial levels and pursuing 
H΍RUWV�WR�OLPLW�WKH�WHPSHUDWXUH�LQFUHDVH�WR�
1.5°C above pre-industrial levels” requires 
a rapid decarbonisation of the global 
power sector and the phase-out of the last 
XQDEDWHG� FRDO�ȴUHG�SRZHU�SODQW� LQ� WKH� (8�
by around 2030.  

:KLOH� PRYLQJ� DZD\� IURP� FRDO� LV� UHTXLUHG� WR�
DFKLHYH� WKH� WUDQVIRUPDWLRQ� LQ� OLQH� ZLWK� WKH�
3DULV�$JUHHPHQW� ORQJ�WHUP� WHPSHUDWXUH�JRDO��
a fast coal phase-out strategy in the European 
Union represents not only a necessity but 
also an opportunity when considering other 
policy goals beyond climate change. There are 
QXPHURXV�DOWHUQDWLYHV�WR�FRDO�DQG�WKHLU�GHYHO-
RSPHQW�LV�JDLQLQJ�PRPHQWXP��many bringing 
EHQHȴWV�EH\RQG�HPLVVLRQV�UHGXFWLRQV��VXFK�
DV�FOHDQHU�DLU��HQHUJ\�VHFXULW\��DQG�GLVWULEX-
tion. 

Currently hard coal and lignite jointly 
provide over a quarter of electricity gener-
DWHG� LQ� WKH� (8�� :KLOH� WKH� (8� KDV� DFKLHYHG�
VLJQLȴFDQW� UHGXFWLRQV� LQ� FRDO� XVH� IRU� RWKHU�
SXUSRVHV�LQ�WKH�ODVW�GHFDGHV��UHGXFWLRQV�LQ�WKH�
use of coal in power plants were more modest 
DW�����EHORZ������OHYHOV�LQ�����.�+RZHYHU��WKH�
LPSRUWDQFH� RI� WKHVH� IXHOV� YDULHV� VLJQLȴFDQWO\�
across the member states. Just two states - 
Germany and Poland - are jointly responsible 
for 51% of the EU’s installed capacity and 54% 
RI� WKH� HPLVVLRQV� IURP� WKH� FRDO�ȴUHG� SRZHU�
plants EXW� VHYHQ� RWKHUV� KDYH� QR� FRDO�ȴUHG�
power plants in their electricity mix. 

There is an increasing disparity between 
(8� PHPEHU� VWDWHV� LQ� WKHLU� DSSURDFK�
towards the future role of coal. While some 
KDYH� VLJQLȴFDQWO\� GHFUHDVHG� WKHLU� SRZHU�
production from coal in recent years and 
announced phasing out coal completely in 
the coming 10-15 years �H�J��WKH�8.��)LQODQG��
)UDQFH��� others are building or planning 
WR� EXLOG� QHZ� FRDO�ȴUHG� SRZHU� SODQWV (e.g. 

3RODQG��*UHHFH��

:KLOH� WKH� UROH�RI� FRDO�KDV�EHHQ�GHFUHDVLQJ� LQ�
WKH� (XURSHDQ� 8QLRQ� HOHFWULFLW\� PL[�� D� PXFK�
faster coal phase-out is necessary to remain 
within a Paris Agreement-compatible emis-
sions budget for coal in the electricity sector. 
:H�KDYH� FDOFXODWHG� WKLV�EXGJHW� WR�EH�DURXQG�
���b*W&2��E\�������6KRXOG�H[LVWLQJ�FRDO�ȴUHG�
power plants continue their operation as 
SODQQHG�� WKLV� &2�� HPLVVLRQV� EXGJHW� ZLOO�
be exceeded by 85% by 2050.� ΖI� &2�� HPLV-
sions from planned and announced plants are 
DGGHG�� FXPXODWLYH� HPLVVLRQV� ZLOO� EH� DOPRVW�
twice as high as the coal emissions budget.

To stay within the Paris Agreement tempera-
WXUH� OLPLW�� D� TXDUWHU� RI� WKH� FRDO�ȴUHG� SRZHU�
plants already operating in the EU would need 
WR� EH� VZLWFKHG� R΍� EHIRUH� ������ a further 
����VKRXOG�JR�RɞLQH�E\�����. If the EU is to 
meet its commitments under the Paris Agree-
PHQW��DQ\�LQYHVWPHQWV�LQ�QHZ�SODQWV�DQG�PRVW�
LQYHVWPHQWV�LQ�H[LVWLQJ�SRZHU�SODQWV�ZLOO�QRW�EH�
UHFRYHUHG�E\�LQYHVWRUV��

This report and its associated webpage: 
climateanalytics.org/hot-topics/eu-coal-phase-
out.html present two scenarios for phasing 
RXW� FRDO�� 2XU� ȴUVW� DSSURDFK�� WKH� Regulator 
perspective�� DLPV� WR� SKDVH� RXW� SODQWV� ZLWK�
WKH� KLJKHVW� HPLVVLRQV� LQWHQVLW\� ȴUVW�� ΖQ� RXU�
VHFRQG� DSSURDFK�� WKH� Market perspective��
WKH� HFRQRPLF� YDOXH�RI� WKH�SODQW� LV� SULRULWLVHG�
RYHU� LWV� HPLVVLRQV� LQWHQVLW\�� %RWK� DSSURDFKHV�
\LHOG�D�SKDVH�RXW�RI� FRDO�E\�������ZKLFK� LV� LQ�
OLQH�ZLWK� WKH�3DULV�$JUHHPHQW��DQG�GL΍HU�RQO\�
LQ�WKH�RUGHU��LQ�ZKLFK�FRDO�SRZHU�SODQW�XQLWV�JR�
RɞLQH��:KLOH� ERWK� SHUVSHFWLYHV�PHDQ� VWULFWO\�
WKH� VDPH� IRU� WKH� HQYLURQPHQW�� WKH� 5HJXOD-
WRU�SHUVSHFWLYH�PD\�EHWWHU� UHȵHFW�ZKDW� FRXOG�
happen in reality as countries phase out coal 
through a mix of regulations both at the EU as 
ZHOO�DV�DW�WKH�QDWLRQDO�OHYHO�

7KH� PDLQ� GL΍HUHQFHV� EHWZHHQ� WKH� 5HJXOD-
WRU� DQG�0DUNHW� SHUVSHFWLYHV� FRQFHUQ� 3RODQG��
&]HFK�5HSXEOLF��%XOJDULD�DQG�'HQPDUN��8QGHU�

http://climateanalytics.org/hot-topics/eu-coal-phase-out.html
http://climateanalytics.org/hot-topics/eu-coal-phase-out.html


A stress test for coal in Europe under the Paris Agreement VII

WKH�0DUNHW�SHUVSHFWLYH��3RODQG�DQG�'HQPDUN�
ZRXOG�KDYH�WR�VKXW�GRZQ�PRVW�RI�WKHLU�SODQWV�
by around 2025. Under the Regulator perspec-
WLYH�VRPH�SODQWV�FDQ�VWD\�RQOLQH�XQWLO�WKH�HQG�RI�
WKH�GHFDGH�EHIRUH�VKXWGRZQ�E\�������ΖQ�&]HFK�
5HSXEOLF�DQG�%XOJDULD��D�ODUJH�SDUW�RI�WKH�WRWDO�
capacity needs be shut down already around 
�����XQGHU�WKH�5HJXODWRU�SHUVSHFWLYH��VKRZLQJ�
the high emissions intensity of plants in these 
FRXQWULHV�� ΖQ� *HUPDQ\�� D� VLPLODU� DPRXQW� RI�
capacity would run until 2030 under both the 
0DUNHW�DQG�5HJXODWRU�SHUVSHFWLYHV��EXW�ZKLFK�
VSHFLȴF�SODQWV�JR�RɞLQH�E\�ZKHQ�GL΍HUV�TXLWH�
VLJQLȴFDQWO\�EHWZHHQ�WKH�WZR�DSSURDFKHV��ZLWK�
GL΍HUHQW�SRWHQWLDO�LPSDFWV�RQ�GL΍HUHQW�UHJLRQV�
within the country.

Regardless of the retirement schedule 
LPSOHPHQWHG� LQ� WKH� (XURSHDQ� 8QLRQ�� WKH�
coal phase-out needs to be complemented 
by measures that increase the predictabil-
LW\� DQG� GHFUHDVH� WKH� HFRQRPLF�� VRFLDO� DQG�
environmental costs of the energy transi-
tion�� 7KLV� FRQFHUQV� HVSHFLDOO\� UHJLRQV� KHDYLO\�
dependent on jobs in the coal sector.

A number of developments and policy instru-
PHQWV� DW� ERWK� WKH� QDWLRQDO� DQG� (XURSHDQ�
level could play an important role in facilitating 
coal phase-out compatible with the target of 
WKH�3DULV�$JUHHPHQW��however most of them 
need to be strengthened or scaled up to 
achieve a fast coal phase-out.

2QH� RI� WKH�PRVW� FULWLFDO� GHYHORSPHQWV� LQ� WKH�
UHFHQW�\HDUV�LV�WKH�VLJQLȴFDQW�decrease in the 
FRVWV� RI� UHQHZDEOH� HQHUJ\� VRXUFHV�� ZKLFK�
has decreased the cost of a coal phase-out. 
(YHQ�WKRXJK�ZLQG�DQG�VRODU�HQHUJ\�FRPH�ZLWK�
WKHLU� RZQ� FKDOOHQJHV�� D� QXPEHU� RI� RSWLRQV�
exist to cope with these issues. At the same 
WLPH� UHQHZDEOHV� FRPH� ZLWK� WKH� EHQHȴWV� RI�
being inexhaustible and scalable thus allowing 
completely new business models and leading 
WR�MRE�FUHDWLRQ��LQFOXGLQJ�LQ�DUHDV�ZKLFK�ZLOO�EH�
D΍HFWHG�E\�FRDO�SKDVH�RXW��

An accelerated energy transition towards 
renewable energy sources in the EU can be 
supported by policies such as a more ambi-
tious renewable energy target than currently 
SODQQHG�� LQWHQVLȴHG� LQYHVWPHQW� LQ� HɝFLHQF\�

and grids or market design reformed to priori-
tise demand response.

The (8�(76�� LQWURGXFHG� LQ������� LV�RQH�RI� WKH�
ȵDJVKLS� LQVWUXPHQWV� RI� (XURSHDQ� FOLPDWH�
SROLF\��+RZHYHU��LWV�H΍HFWLYHQHVV�KDV�EHHQ�IDU�
lower than expected when it was initially intro-
duced and in its present state this instrument 
does not provide a strong enough incentive 
to lead to coal phase-out compatible with 
the Paris Agreement goal. 

3KDVLQJ�RXW�FRDO�E\�UHJXODWLRQ�LV�DQ�H΍HFWLYH�
way to achieve emissions reduction targets 
DW� D� ORZHU� FRVW� while providing stake-
holders with certainty to ensure a smooth 
transition to alternative power sources 
in regions where coal currently plays an 
important role. Many European countries 
KDYH�HLWKHU�DQQRXQFHG�FRDO�SKDVH�RXW�GDWHV�RU�
FUHDWHG�VSHFLȴF�QDWLRQDO�UHJXODWLRQV�WR�DFKLHYH�
WKLV� JRDO�� 7KHVH� SODQV� FUHDWH� DQ� HQYLURQPHQW�
RI� FHUWDLQW\� IRU� HQHUJ\� VHFWRU� LQYHVWRUV� DQG�
DOORZ�EHWWHU�QDWLRQDO�SODQQLQJ�WR�DYRLG�VWURQJ�
economic shocks (mostly in terms of regional 
WD[� UHYHQXH�DQG�HPSOR\PHQW�� FUHDWHG�E\� WKH�
spontaneous closure of coal power plants due 
to market forces.

6WULFWHU� HQYLURQPHQWDO� UHJXODWLRQV�� UHVXOWLQJ�
IURP�H�J�� WKH�QHZ�%HVW�DYDLODEOH� WHFKQRORJLHV�
5HIHUHQFH�GRFXPHQWV��%5()V��UHJXODWLRQV�DQG�
WKH� 1DWLRQDO� (PLVVLRQ� &HLOLQJV� 'LUHFWLYH�� ZLOO�
GHFUHDVH�WKH�FRPSHWLWLYHQHVV�RI�WKH�FRDO�VHFWRU��
:KHUHDV�VRPH�SRZHU�SODQWV�PD\�RSHUDWH�DIWHU�
FRVWO\� UHWURȴWWLQJ�� DGGLWLRQDO� LQYHVWPHQWV� WR�
PHHW�WKHVH�GLUHFWLYHV�ZRXOG�LQFUHDVH�WKH�YDOXH�
of stranded assets and hence the costs of coal 
phase-out. A clear phase-out schedule would 
allow for reducing these costs by switching 
R΍�WKH�PRUH�HPLVVLRQV�LQWHQVLYH�SODQWV�ȴUVW�
and consequently avoiding the need for 
UHWURȴWWLQJ�
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Bełchatów Power Station and lignite coal mine. This 5400 MW 
lignite-fired power station in central Poland is the largest in the EU.
Photo © NV77
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BACKGROUND AND OBJECTIVE
At the 21st�VHVVLRQ�RI�WKH�&RQIHUHQFH�RI�3DUWLHV�
�&23���� LQ� 'HFHPEHU� ������ ���� SDUWLHV� WR�
WKH� 81)&&&� DGRSWHG� WKH� 3DULV� $JUHHPHQW��
including mitigation and other commitments 
IRU� VLJQDWRULHV� WR� VWUHQJWKHQ� WKHLU� H΍RUWV� LQ�
ȴJKWLQJ�DJDLQVW�FOLPDWH�FKDQJH�DQG� LWV�FRQVH-
TXHQFHV��

At its core the Agreement includes a goal 
to hold “the increase in the global aver-
age temperature to well below 2°C above 
SUH�LQGXVWULDO� OHYHOV� DQG� SXUVXLQJ� H΍RUWV�
to limit the temperature increase to 1.5°C”. 
This long-term temperature goal is linked to 
another goal of bringing global greenhouse gas 
�*+*��HPLVVLRQV�WR�]HUR� LQ�WKH�VHFRQG�KDOI�RI�
the 21st century. The exact timeframe is to be 
GHYHORSHG� RQ� WKH� EDVLV� RI� WKH� EHVW� DYDLODEOH�
VFLHQWLȴF� HYLGHQFH�� 7KH� 3DULV� $JUHHPHQW� KDV�
EHHQ� UDWLȴHG� LQ� UHFRUG� WLPH�DQG�HQWHUHG� LQWR�
IRUFH�RQ���1RYHPEHU������1 

The technologies needed for reducing emis-
VLRQV� WR� OLPLW� JOREDO� ZDUPLQJ� WR� �r&� DUH� WKH�
same as those necessary to limit global warm-
LQJ�WR�PD[LPXP����r&�E\������EXW�WKH\�QHHG�
to be deployed faster and be complemented 
by actions further decreasing energy demand 
�6FKOHXVVQHU�HW�DO����������$FFRUGLQJ�WR�WKH�PRVW�
UHFHQW� VFLHQWLȴF� OLWHUDWXUH2�� PHHWLQJ� WKH� 3DULV�
$JUHHPHQW� JRDO� UHTXLUHV� D� UDSLG� GHFDUERQL-
sation of the global power sector. As a conse-
TXHQFH�� WKH� VKDUH�RI� XQDEDWHG� FRDO�� L�H�� FRDO�
ȴUHG�SRZHU�SODQWV�ZLWKRXW�FDUERQ�FDSWXUH�DQG�
VWRUDJH�� VKRXOG� GHFOLQH� UDSLGO\� IURP� WRGD\ȇV�
OHYHOV�XQWLO�WKLV�VRXUFH�RI�HQHUJ\�LV�SKDVHG�RXW�
FRPSOHWHO\� DURXQG�PLG�FHQWXU\� �Ζ3&&�� ����D��
5RJHOM�HW�DO����������

7KH�QHHG�IRU�D�TXLFN�FRDO�SKDVH�RXW�VWDQGV�LQ�
stark contrast to the current3 and planned coal-
based generation capacity globally. A recent 

�� $V�RI����-DQXDU\�����������SDUWLHV�VLJQHG�WKH�$JUHHPHQW��PHDQLQJ�WKHVH�FRXQWULHV�DUH�QRZ�REOLJHG�WR�UHIUDLQ�IURP�DFWV�WKDW�ZRXOG�
GHIHDW�WKH�WUHDW\ȇV�REMHFW�DQG�SXUSRVH��DQRWKHU�����SDUWLHV�ERWK�VLJQHG�DQG�UDWLȴHG��WKHUHE\�VLJQDOLQJ�WKHLU�LQWHQW�WR�EH�OHJDOO\�
bound by the terms of the treaty.

�� 6FHQDULRV�FRQVLVWHQW�ZLWK�OLPLWLQJ�ZDUPLQJ�WR�EHORZ��r&�RU����r&�LQ�WKH�Ζ3&&�)LIWK�$VVHVVPHQW�5HSRUW��Ζ3&&������D�
�� :H�GHȴQH�current capacity as the sum of operating capacity and capacity under construction��&RDO�SRZHU�SODQWV�XQGHU�FRQVWUXFWLRQ�

are usually associated with large sunk cost that would occur regardless of their construction being completed.

&OLPDWH�$QDO\WLFV�DQDO\VLV�RI�WKH�LPSOLFDWLRQV�RI�
the Paris Agreement for coal use in the power 
VHFWRU� �5RFKD� HW� DO��� ������ VKRZV� WKDW� H[LVW-
LQJ� FRDO�ȴUHG� SRZHU� SODQWV� DURXQG� WKH�ZRUOG�
would produce twice the amount of emissions 
allowed under scenarios consistent with the 
long-term temperature goal in the Paris Agree-
ment. 

7KH�UHSRUW�ȴQGV�WKDW�WKH�(8�DQG�2(&'�ZRXOG�
need to stop using coal for electricity gener-
DWLRQ�E\�������&KLQD�E\������DQG� WKH� UHVW� RI�
WKH�ZRUOG�� LQFOXGLQJ� WKH�PDMRULW\�RI�HPHUJLQJ�
HFRQRPLHV��ZRXOG� QHHG� WR� SKDVH� RXW� FRDO� E\�
2050. Any delay in phasing out coal globally 
before 2050 will mean that the reliance on 
QHJDWLYH�HPLVVLRQV�WHFKQRORJLHV�LQ�WKH�VHFRQG�
half of the century will be higher to compen-
VDWH�IRU�ODFN�RI�FOLPDWH�DFWLRQ��6KRXOG�WKH�DYDLO-
DELOLW\�RI�QHJDWLYH�HPLVVLRQV�RSWLRQV�EH�OLPLWHG�
GXH�WR�WHFKQRORJLFDO�RU�VXVWDLQDELOLW\�UHDVRQV��
coal phase-out will be necessary much earlier 
WR� DFKLHYH� WKH� 3DULV� $JUHHPHQWȇV� ORQJ�WHUP�
temperature goal. 

5HJDUGLQJ�WKH�(8��WKH�DQDO\VLV�VKRZV�WKDW�ZKLOH�
a large part of its coal-based power capacity is 
already close to the end of its economic life-
WLPH� �(XURSHDQ� (QYLURQPHQW� $JHQF\�� �������
currently operating power plants will still emit 
RYHU� WKHLU� UHPDLQLQJ� OLIHWLPH� ����PRUH� WKDQ�
what would be consistent with meeting the EU’s 
UHTXLUHG�HPLVVLRQV�UHGXFWLRQV�XQGHU�WKH�3DULV�
Agreement (Rocha et al. 2016). The report also 
clearly indicates that existing coal power plants 
jeopardise the EU’s emissions reduction target 
FRPPXQLFDWHG� WR� WKH� 81)&&&� EHIRUH� &23���
LQ� 3DULV� �(XURSHDQ� 8QLRQ�� ����E��� � &RDO�ȴUHG�
SRZHU�SODQWV�KDYH�ORQJ�OLIHWLPHV���WKH�DYHUDJH�
RSHUDWLQJ� OLIHWLPH� RI� D� FRDO�ȴUHG� SRZHU� SODQW�
in the EU is 46 years. This means that any new 
installations in the EU — or in other regions — 
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risk locking in emissions that are inconsistent 
with the Paris Agreement’s long-term tempera-
ture goal. 

7KHVH�ȴQGLQJV�GHPRQVWUDWH�D�QHHG�IRU�D�FOHDU�
FRDO�H[LW�VWUDWHJ\�WKDW�DYRLGV�ZDVWLQJ�DGGLWLRQDO�
FDSLWDO� DQG� FUHDWLQJ� VWUDQGHG� DVVHWV� �&DUERQ�
7UDFNHU�ΖQLWLDWLYH���������6XFK�D�VWUDWHJ\�VKRXOG�
also help the EU member states and utilities to 
reconcile emissions commitments with actual 
HQHUJ\�SODQQLQJ��7KH�3DULV�$JUHHPHQW�SURYLGHV�
new and additional momentum for formulat-
ing such a strategy. 

This report contributes to conceptualising 
such strategy by providing a science based 
VKXWGRZQ�VFKHGXOH�RI�WKH�FRDO�ȴUHG�SRZHU�
SODQW� ȵHHW� LQ� WKH� (XURSHDQ� 8QLRQ� DQG� LWV�
member states in line with the Paris Agree-
PHQWȇV� ORQJ�WHUP� WHPSHUDWXUH� JRDO� �DQG��
IRU�FRPSDULVRQ��ZLWK�WKH�SUHYLRXV�EHORZ��r&�
target).

Kraftwerk Neurath at night. The 4400 MW lignite-fired power station in Neurath, North Rhine-Westphalia, Germany is the second largest in the EU. The five units on the left were 
built in the 1970's and the two 1100 MW units on the right were completed in 2012. Photo © r.classen
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7KH� FXUUHQW� VWDWH� RI� FRDO�ȴUHG�SRZHU� JHQHUD-
tion in the EU shows the scale of the challenge 
of reducing emissions from coal power plants 
WR�OHYHOV�FRQVLVWHQW�ZLWK�WKH�3DULV�$JUHHPHQW��

&RDO� LV�XVHG�DV� IXHO� IRU�SRZHU�SODQWV��ERWK�DV�
D� UHDFWDQW� DQG� WR� SURYLGH� KHDW� LQ� LQGXVWULDO�
processes and for domestic heating. Figure 1 
shows that most of the coal in the EU is used 
as fuel for power plants. The role of coal across 
all sectors in the EU has been decreasing 
steadily since 1990. Altogether coal consump-
WLRQ�GHFUHDVHG�E\�RYHU�����EHWZHHQ������DQG�
2014 in the region.

This trend has not been uniform for all member 
VWDWHV�� :KLOH� VRPH� KDYH� PRUH� WKDQ� KDOYHG�
WKHLU� FRDO� FRQVXPSWLRQ� LQ� WKLV� SHULRG�� H�J��
%HOJLXP4���������'HQPDUN���������6SDLQ��������
RU� WKH�8.� �������� GHFUHDVH� LQ�RWKHU� FRXQWULHV�
KDV�EHHQ�OHVV�VLJQLȴFDQW��H�J��LQ�3RODQG��������
DQG� %XOJDULD� �������� ΖQ� *HUPDQ\�� UHVSRQVLEOH�

�� %HOJLXP�KDV�QR�FRDO�SRZHU�SODQWV��WKH�UHPDLQLQJ�FRDO�LV�XVHG�IRU�WKH�RWKHU�VWDWHG�SXUSRVHV�

IRU�DERXW�D�WKLUG�RI�WKH�(8ȇV�FRDO�FRQVXPSWLRQ��
LW� GHFUHDVHG� E\� ����� &RQWUDU\� WR� WKLV� WUHQG��
FRDO�FRQVXPSWLRQ�LQ�WZR�(8�FRXQWULHV�KDV�HYHQ�
slightly increased: by 3% in Portugal and 6% in 
WKH�1HWKHUODQGV��(XURVWDW������D���

ΖQ� ������ DURXQG� D� TXDUWHU� RI� JURVV� HOHFWULF-
LW\� JHQHUDWHG� LQ� WKH� (8� FDPH� IURP� FRDO� �(($��
�������)LJXUH���VKRZV�VLJQLȴFDQW�UHGXFWLRQV�LQ�
coal use for other purposes but reductions in 
WKH�XVH�RI�FRDO�LQ�SRZHU�SODQWV��ERWK�KDUG�FRDO�
DQG� OLJQLWH�� DUH� PRUH� PRGHVW�� DW� ���� EHORZ�
����� OHYHOV� LQ� ������ ΖQ� WKDW� VDPH� \HDU�� HPLV-
VLRQV�IURP�FRDO�ȴUHG�SRZHU�SODQWV�FRQVWLWXWHG�
almost 77% of total power sector emissions and 
����RI�WKH�HQHUJ\�VHFWRU�HPLVVLRQV��Ζ($���������
&RDO� SRZHU� VWDWLRQV� LQ� ȴYH� FRXQWULHV� FRQWULE-
XWHG�PRUH�WKDQ�D�TXDUWHU�WR�WRWDO�QDWLRQDO�*+*�
HPLVVLRQV�� ����� LQ� *HUPDQ\�� ����� LQ� 3RODQG�
DQG�LQ�&]HFK�5HSXEOLF�������LQ�*UHHFH�DQG�DV�
PXFK�DV� ����� LQ�%XOJDULD� �-RQHV�	�*XWPDQQ��
2015).
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The present lack of a clear and coherent plan to 
reduce coal-related carbon emissions not only 
KLQGHUV� WKH� (8� LQ� IXOȴOOLQJ� LWV� UHTXLUHPHQWV�
WRZDUGV�DFKLHYLQJ�WKH�3DULV�$JUHHPHQWȇV�ORQJ�
WHUP�WHPSHUDWXUH�JRDO��EXW�DOVR�MHRSDUGLVHV�LWV�
leadership in setting the global climate agenda. 

ΖQ�WKH�3UHVLGHQF\�&RQFOXVLRQV�DGRSWHG�LQ�������
WKH�(8�RXWOLQHG�WKH�WDUJHW�IRU�GHYHORSHG�FRXQ-
WULHV� DV� D� JURXS� WR� UHGXFH�*+*�HPLVVLRQV�E\�
�������EHORZ������ OHYHOV� E\� ����� �(XURSHDQ�
&RXQFLO�� ����D��� ΖQ� ������ (8� KHDGV� RI� VWDWH�
adopted a binding emissions reduction target 
RI� ȊDW� OHDVW� ���ȋ� EHORZ� ����� OHYHOV� E\� �����
�(XURSHDQ� &RXQFLO�� ������� 3ROLFLHV�� SDWKZD\V��
DQG� GLUHFWLYHV� IRU� DFKLHYLQJ� WKHVH� JRDOV� DUH�
\HW�WR�EH�GHȴQHG��$�IHZ�NH\�SROLFLHV�LQ�WKH�(8ȇV�
climate and energy policy architecture could 
SRWHQWLDOO\� R΍HU� VROLG� JURXQG� IRU� DGGUHVVLQJ�
the needed coal emissions reductions. In their 
FXUUHQW�VWDWH��KRZHYHU��WKH\�IDOO�VKRUW�RI�ZKDW�
is needed: 

• The (8� (PLVVLRQV� 7UDGLQJ� 6FKHPH� �(8�
(76���RULJLQDOO\�KHUDOGHG�DV�WKH�FRUQHUVWRQH�
RI�(XURSHDQ�FOLPDWH�SROLF\��KDV� FHDVHG� WR�
IXQFWLRQ�DV�DQ�H΍HFWLYH�PHFKDQLVP�WR�VSXU�
ORZ�FDUERQ� RU� FDUERQ�QHXWUDO� LQYHVWPHQW��
with prices collapsing below €5/tonne of 
&22 in 2016 (compared to €30/tonne at its 
launch in 2005). To make the EU ETS more 
H΍HFWLYH�� D� VHULHV� RI� UHIRUPV� KDYH� EHHQ�
introduced with each phase of the Scheme. 
7KHVH� LQFOXGH� UHSODFLQJ� WKH� SURYLVLRQ� RI�
IUHH� HPLVVLRQV� DOORZDQFHV�� RU� VR� FDOOHG�
ȊJUDQGIDWKHULQJ�ȋ5�ZLWK�DXFWLRQLQJ��LQFUHDV-
ing the annual reduction rate of the emis-
sions cap and creating the Market Stability 
5HVHUYH�LQ�������ZKLFK�LV�WR�EHFRPH�RSHU-
DWLRQDO�LQ�������+RZHYHU��WKH�RYHUDOO�H΍HF-
WLYHQHVV� RI� WKHVH� UHIRUPV� UHPDLQV� WR� EH�
VHHQ�� JLYHQ� WKDW� WKH� VWUXFWXUDO� RYHUVXSSO\�
of allowances in the region is foreseen to 
continue.

• The 5HQHZDEOH�(QHUJ\�'LUHFWLYH includes 
a target of increasing the share of renew-
ables in the energy sector to at least 20% 
�(XURSHDQ�8QLRQ���������ΖQ�1RYHPEHU�������

5 Grandfathering means allocation of emissions for free based on historical demand. This practice is still used for allowances in such 
VHFWRUV�DV�DYLDWLRQ�RU�VRPH�HQHUJ\�LQWHQVLYH�LQGXVWULHV�

WKH�&RPPLVVLRQ�SURSRVHG�D� UHFDVW�RI� WKH�
5HQHZDEOH�(QHUJ\�'LUHFWLYH�ZLWK�D�ELQGLQJ�
WDUJHW�RI�DW� OHDVW������(XURSHDQ�&RPPLV-
VLRQ������E���+RZHYHU��GXH�WR�WKH�ORZ�SULFH�
RI�FDUERQ�DOORZDQFHV�LQ�WKH�(8�(76��UDWKHU�
WKDQ�UHSODFLQJ�FRDO��D�ELJ�VKDUH�RI�WKH�QHZ�
renewable energy capacity has replaced 
PRUH� H[SHQVLYH� HQHUJ\� VRXUFHV� OLNH� JDV��
OHDGLQJ�WR�D�VORZHU�WKDQ�UHTXLUHG�GHFUHDVH�
in the power sector’s carbon intensity. 

• The (QHUJ\� (ɝFLHQF\�'LUHFWLYH adopted 
in 2012 includes some binding measures 
WR� LQFUHDVH� HQHUJ\� HɝFLHQF\� E\� ���� LQ�
2020 compared to baseline projections. 
$Q� H΍HFWLYH� LPSOHPHQWDWLRQ� RI� WKLV� GLUHF-
WLYH�ZLOO�DOVR�UHGXFH�HOHFWULFLW\�GHPDQG�DQG�
thus decrease coal consumption (European 
&RXQFLO���������7KH�&RPPLVVLRQȇV�SURSRVDO��
SUHVHQWHG� LQ� 1RYHPEHU� ������ LQFOXGHV� D�
PRUH� DPELWLRXV� HQHUJ\� HɝFLHQF\� WDUJHW�
RI� ���� E\� ����� �(XURSHDQ� &RPPLVVLRQ��
2016a).  

• $LU�TXDOLW\�OHJLVODWLRQ�FRXOG�PDNH�WKH�RSHU-
DWLRQ� RI� FRDO�ȴUHG� SRZHU� SODQWV� LQFUHDV-
LQJO\� H[SHQVLYH�� 7KH� UHFHQWO\� UHOHDVHG�
%5()�6WDQGDUGV� XQGHU� WKH� ΖQGXVWULDO�
(PLVVLRQV� GLUHFWLYH� ZLOO� D΍HFW� QHZ� DQG�
H[LVWLQJ� SRZHU� SODQWV� �(336$�� ������� %XW�
ZLWKRXW�D�FOHDU�SHUVSHFWLYH�RI�D�FRDO�SKDVH�
RXW� LQ� WKH� FRPLQJ� \HDUV�� WKLV� ZRXOG� VWLOO�
DOORZ� VRPH� SODQWV� WR� EH� UHWURȴWWHG� DQG�
QHZ� SODQWV� IXOȴOOLQJ� WKH� VWULFW� FULWHULD� EH�
EXLOW�� WKXV� FRQWULEXWLQJ� WR� D� FDUERQ� HPLV-
sions lock-in.

ΖQFUHDVLQJ� WKH� H΍HFWLYHQHVV� DQG� DPELWLRQ�
of each of these policies should be part of a 
broader framework for tackling emissions from 
FRDO�ȴUHG� SRZHU� SODQWV� DQG� FRDO� SKDVH�RXW�
in line with the Paris Agreement’s long-term 
WHPSHUDWXUH�DQG�HPLVVLRQV�JRDOV��%XW� VXFK�D�
IUDPHZRUN�UHTXLUHV�D�FOHDU�VWUDWHJ\�ZLWK�D�FRDO�
SKDVH�RXW� WLPHOLQH� DQG� GL΍HUHQW� SROLFLHV� WR�
replace coal with other energy sources. 

This reports aims to contribute to conceptu-
alising such a strategy. In addition to design-
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ing an emissions reduction trajectory for coal 
DQG�IRU�WKH�HQWLUH�SRZHU�VHFWRU�LQ�WKH�(8��WKH�
shutdown schedule proposed here articulates 
VRPH� LPSRUWDQW� SROLF\�UHOHYDQW� DVSHFWV�� VXFK�
DV�HɝFLHQF\�DQG�FDUERQ�LQWHQVLW\�RI�SODQWV��DQG�
DLPV�WR�SURYLGH�D�EDVLV�WR�IRUZDUG�GLVFXVVLRQV�
on the subject.

This focus of this report is on the emissions 
reductions needed to stay in line with the Paris 
Agreement’s long-term temperature limit. 
+RZHYHU��D�IDVW�FRDO�SKDVH�RXW�VWUDWHJ\�LQ�WKH�
European Union is in itself desirable when 
considering other policy goals beyond the 
climate change. 

7KHUH� LV� VFLHQWLȴF� FRQVHQVXV� WRGD\� RQ� WKH�
multiple immediate national and regional 
LQFHQWLYHV�WR�XQGHUWDNH�D�FRDO�SKDVH�RXW�IURP�

WKH� (XURSHDQ� HOHFWULFLW\�PL[��2QH� RI� WKH� YHU\�
LPSRUWDQW� LQFHQWLYHV� LV� WKH� VLJQLȴFDQW� UHGXF-
tion in air pollution and the mitigation of 
DVVRFLDWHG� QHJDWLYH� KHDOWK� LPSDFWV� �ΖQWHUQD-
WLRQDO� (QHUJ\�$JHQF\� �Ζ($��� ������� ΖW� KDV�EHHQ�
HVWLPDWHG� WKDW� LQ� WKH� (XURSHDQ� 8QLRQ� DORQH��
WKHVH� FDXVH� ��� ���� SUHPDWXUH� GHDWKV�� DERXW�
�����QHZ�FDVHV�RI�FKURQLF�EURQFKLWLV��DQG�RYHU�
��PLOOLRQ�ORVW�ZRUNLQJ�GD\V�DQQXDOO\��+XVFKHU��
6PLWK��+ROODQG��	�-HQVHQ���������

$GGLWLRQDO� EHQHȴWV� RI� D� TXLFN� FRDO� SKDVH�RXW�
include lowering the cost energy transition to 
UHQHZDEOH� VRXUFHV� �-RQHV� 	� *XWPDQQ�� ������
�6FKDH΍HU�HW�DO������������DQG�ERRVWLQJ�HPSOR\-
PHQW� DQG� JURZWK� RSSRUWXQLWLHV� �6FKDH΍HU� HW�
DO��� ������ �3ROOLWW� HW� DO��� ������ DQG� LQFUHDVLQJ�
HQHUJ\�LQGHSHQGHQFH��6FKDH΍HU�HW�DO���������

Drax, a 3960 MW coal-fired power station in North Yorkshire, England. It is the EU's third largest thermal power station by nameplate capacity and generates around 7% of UK's 
electricity. In 2012 the conversion to full biomass firing for three units was announced to be completed in 2013, 2014 and 2017 respectively.  Photo © Neil Mitchell
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�����75$16/$7Ζ1*�7+(�3$5Ζ6�$*5((0(17�
*2$/�Ζ172�(0Ζ66Ζ216�6&(1$5Ζ26
More than two decades of international climate 
negotiations laid the groundwork for the Paris 
$JUHHPHQW�DQG� LWV�REMHFWLYH�RI�KROGLQJ�JOREDO�
warming to “well below 2°C” and “pursuing 
H΍RUWV�WR�OLPLWȋ�JOREDO�ZDUPLQJ�WR����r&.

6FLHQWLȴF�OLWHUDWXUH�SURYLGHV�DPSOH�HQHUJ\�V\V-
tem emissions scenarios consistent with hold-
LQJ�ZDUPLQJ�WR�EHORZ��r&��ZLWK�YDULRXV�GHJUHHV�
of likelihood.6� 7KLV� UHȵHFWV� WKH� XQFHUWDLQW\�
surrounding the temperature response of the 
Earth system to changes in concentrations 
RI� *+*V� LQ� WKH� DWPRVSKHUH�� 7KH� ORQJ�WHUP�
temperature goal of holding warming below 
�r&�� LQFOXGHG� LQ� WKH� &DQFXQ� $JUHHPHQWV�� LV�
interpreted consistently with scenarios that 
KDYH�D�ȊOLNHO\�FKDQFHȋ�RI������RU�JUHDWHU��RI�
staying below a 2°C global mean warming 
DERYH�SUH�LQGXVWULDO�OHYHOV�WKURXJKRXW�WKH���VW�
FHQWXU\��81(3���������

The Paris Agreement’s long-term temperature 
JRDO�LV�PRUH�VWULQJHQW�WKDQ�WKH�HDUOLHU��r&�JRDO�
RI� WKH� &DQFXQ� $JUHHPHQWV�� :KLOH� WKH� UDQJH�
DQG�GHSWK�RI�OLWHUDWXUH�DYDLODEOH�IRU�WKH�HYDOXD-
WLRQ�RI�WKH����r&�JRDO�LV�QRW�DV�DPSOH�DV�IRU�WKH�
ȊOLNHO\�EHORZȋ��r&�FODVV�RI�VFHQDULRV��VXɝFLHQW�
VFHQDULRV� DUH� DYDLODEOH� WR� DOORZ� D� UREXVW� ȴUVW�
RUGHU�DQDO\VLV�RI�WKH�GL΍HUHQFH�EHWZHHQ�WKHVH�
two temperature goals. 

%DVHG�RQ�DQ�DVVHVVPHQW�RI�WKH�VFHQDULR�OLWHUD-
WXUH��ZH�KDYH�XVHG�DQ�DYDLODEOH�VFHQDULR�ZKLFK�

6 These energy-system scenarios come from Integrated Assessment Models (IAMs). IAMs combine the current knowledge of energy 
systems and climate-model projections to identify economically and technologically feasible emissions pathways consistent with 
D�JLYHQ�FOLPDWH�WDUJHW��ZKLOH�PLQLPLVLQJ�JOREDO�FRVWV��7KHVH�DUH�WKH�VR�FDOOHG�RSWLPDO�ȊOHDVW�FRVWȋ�RU�ȊFRVW�RSWLPDOȋ�SDWKZD\V��6HH�
more on the IAMs in Annex I.

�� 7KH����r&�FRQVLVWHQW�VFHQDULRV�SXEOLVKHG�WR�GDWH�RYHUVKRRW�D����r&�JOREDO�PHDQ�ZDUPLQJ�DERYH�SUH�LQGXVWULDO�GXULQJ�WKH���VW�
FHQWXU\�E\�DERXW����r&�WR����r&��EHIRUH�UHWXUQLQJ�WR����r&�RU�EHORZ�LQ������ZLWK�D�����OLNHOLKRRG��PHGLDQ�ZDUPLQJ�LQ������RI�
���r&��DQG�KDYH�VLPXOWDQHRXVO\�D�SUREDELOLW\�RI�DERXW�����WR�KROG�ZDUPLQJ�EHORZ��r&�GXULQJ�WKH���VW�FHQWXU\�

�� 7KHVH�QXPEHUV�DUH�GUDZQ�GLUHFWO\� IURP� WKH� Ζ3&&�$5��:RUNLQJ�*URXS� ΖΖΖ� 6XPPDU\� IRU�3ROLF\PDNHUV� �Ζ3&&�� ����E��� 7KH�RWKHU�
QXPEHUV�LQ�WKLV�VHFWLRQ�GUDZ�IURP�DOO�VFHQDULRV�DVVHVVHG�E\�WKH�Ζ3&&�)LIWK�$VVHVVPHQW�5HSRUW�DQG�WKH������81(3�(PLVVLRQV�*DS�
5HSRUW��81(3��������DQG�IROORZ�WKH�PHWKRGRORJLHV�RI�WKH������81(3�(PLVVLRQV�*DS�5HSRUW��

�� Ζ$0V�XVXDOO\�FRPSXWH�UHVXOWV�DW�D�ȴYH�RU�WHQ�\HDU�UHVROXWLRQ��0(66$*(�RSHUDWHV�RQ�D����\HDU�UHVROXWLRQ�IURP������RQZDUGV��6LQFH�
WKH�VFHQDULRV�SUHSDUHG�IRU�$5��ZKHUH�UXQ�EHIRUH������Ȃ�WKH�\HDU�ZKHQ�$5��ZDV�SXEOLVKHG�Ȃ�WKH�ȴUVW�SHULRG�IRU�ZKLFK�LPPHGLDWH�
FOLPDWH�SROLF\�LV�DVVXPHG�LV�������ZKHUHDV�LW�LV������IRU�GHOD\HG�FOLPDWH�SROLF\�

KROGV�ZDUPLQJ�EHORZ��r&�ZLWK�����SUREDELOLW\�
RU�JUHDWHU��DQG�UHPDLQV�EHORZ����r&�E\�����7 
with a more than 50% chance as a proxy for 
the Paris Agreement long-term temperature 
JRDO��81(3���������

The Paris Agreement’s long-term tempera-
ture (Article 2) and emissions (Article 4) goals 
�81)&&&�� ������ KDYH� VSHFLȴF� LPSOLFDWLRQV� IRU�
global emissions and energy transition path-
ways. The interpretation of the Paris Agree-
ment’s temperature goal that is applied here 
UHTXLUHV�JOREDO�*+*�HPLVVLRQV� WR�EH�UHGXFHG�
E\� ������� ��������� EHORZ� ����� ������� OHYHOV�
E\� ������ DQG� WR� UHDFK� JOREDOO\� DJJUHJDWHG�
]HUR�HPLVVLRQV�E\������������ ΖQ�FRQWUDVW�� WKH�
&DQFXQ� $JUHHPHQWV� JRDO� LPSOLHG� WKDW� JOREDO�
*+*�HPLVVLRQV�QHHG�WR�EH�UHGXFHG�E\��������
EHORZ������OHYHOV���������EHORZ������OHYHOV��LQ�
2050 and reach globally aggregated zero emis-
sions by 2080-2100.8

7R�HQVXUH�PD[LPXP�UHOHYDQFH�RI�WKLV�DQDO\VLV�
IRU� SROLF\� PDNHUV�� ZH� RSW� IRU� VFHQDULRV� ZLWK�
global emissions in 2020 as close as possible 
WR� FXUUHQW� SURMHFWLRQV�� RIWHQ� UHIHUUHG� WR� DV�
ȊGHOD\HG�DFWLRQȋ�VFHQDULRV��81(3���������7KHVH�
scenarios usually assume that countries will 
PHHW� WKHLU� ����� PLWLJDWLRQ� SOHGJHV�� EHIRUH�
beginning deeper action to meet a long-term 
WHPSHUDWXUH�JRDO��ΖQ�FRQWUDVW��VR�FDOOHG�ȊLPPH-
diate action” scenarios assume strong global 
concerted climate action starting already in 
2010.9 

2 TOTAL EMISSIONS AND COAL-RELATED 
EMISSIONS IN LINE WITH THE PARIS AGREEMENT
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For more detailed information on the scenario 
selection refer to Annex III: Integrated Assess-
ment Model scenarios selection.

%DVHG�RQ�WKHVH�FRQVLGHUDWLRQV��ZH�VHOHFWHG�WKH�
following two scenarios from the Integrated 
$VVHVVPHQW� 0RGHO� 0(66$*(� �ΖΖ$6$�� �������
VKRZQ�LQ�)LJXUH����WR�EH�WKH�EDVLV�RI�WKLV�DQDO-
ysis:

• Paris Agreement 1.5°C scenario with 
overshoot: Pathway that accelerates global 
action from 2020 onwards and temporar-
ily allows temperature increase to exceed 
���r&�GXULQJ�WKH���st�FHQWXU\��+RZHYHU��GXH�
WR� UHGXFWLRQ� LQ� HPLVVLRQV� DQG� ODWHU� &22 
UHPRYDO� IURP� WKH� DWPRVSKHUH�� WKH� JOREDO�
PHDQ�WHPSHUDWXUH�ULVH�LV�EURXJKW�WR����r&�
by 2100 with 50% probability.

• Cancun Agreements 2°C scenario: Path-
way that accelerates global action from 
2020 onwards in order to hold warming to 
EHORZ��r&�E\�������ZLWK�DW�OHDVW�����SURE-
ability.

10 http://www.iea.org/topics/ccs/

�����&2$/�(0Ζ66Ζ216�3$7+:$<6�Ζ1�/Ζ1(�
:Ζ7+�7+(�3$5Ζ6�$*5((0(17
%DVHG�RQ�WKH�JOREDO�HPLVVLRQV�VFHQDULRV�LQWUR-
GXFHG� DERYH�� ZH� GHULYHG� FRVW�RSWLPDO� SDWK-
ways for electricity generation from coal glob-
DOO\�DQG�IRU�WKH�(8�LQ�SDUWLFXODU��LQ�OLQH�ZLWK�WKH�
3DULV�$JUHHPHQWȇV����r&�WHPSHUDWXUH�JRDO��DQG�
IRU�FRPSDUDWLYH�SXUSRVHV�DOVR�IRU�WKH�&DQFXQ�
$JUHHPHQWV��r&�JRDO���)LJXUH����

Ζ$0V� DFKLHYH� HPLVVLRQV� UHGXFWLRQV� WKURXJK�
the deployment of a number of technologies. 
$PRQJ�WKHVH�WHFKQRORJLHV��WKH�PRGHO�LQFOXGHV�
WKH�XVH�RI�FDUERQ�FDSWXUH�DQG�VWRUDJH��&&6��LQ�
FRDO�SRZHU�VWDWLRQV��ΖQ�WKLV�UHSRUW��ZH�IRFXV�RQ�
WKH� UHOHYDQFH�RI� FRDO�ȴUHG�SRZHU� VWDWLRQV� IRU�
Earth’s climate. 

The MESSAGE model used in this work assumes 
WKDW� FRDO� SRZHU� SODQWV�ZLWK� &&6� HPLW� QR� &22 
LQWR�WKH�DWPRVSKHUH��VR�ZLWKLQ�WKH�PRGHO�WKH\�
DUH�QRW�UHOHYDQW� IRU�HPLVVLRQV�EXGJHW�FRQVLG-
erations. ΖQ�UHDOLW\��FRDO�SRZHU�SODQWV�ZLWK�&&6�
DUH�YHU\� OLNHO\�WR�HPLW�DURXQG�D�WHQWK10 of the 
DYHUDJH�HPLVVLRQV�FRPSDUHG�WR�DQ�LQVWDOODWLRQ�
ZLWKRXW� &&6�� :H� FRQVLGHU� WKDW� GHSOR\PHQW�
RI� &&6� IRU� IRVVLO� IXHO� SRZHU� SODQWV� DW� VFDOH� LV�
XQOLNHO\��JLYHQ�WKH�YHU\�VPDOO�QXPEHU�RI�FXUUHQW�
DQG� SODQQHG� FRDO� SRZHU� SODQWV� UHWURȴWWHG�
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ZLWK�&&6��UHVXOWLQJ�UHGXFHG�SODQW�HɝFLHQF\�E\�
DGGLQJ�&&6�DQG�LWV�KLJK�FRVWV��7KH�KLJK�FRVW�LV�
considered especially in the context of rapidly 
GHFUHDVLQJ�FRVWV�RI�DOWHUQDWLYHV��

:KLOH� JOREDO� SDWKZD\V� DUH� D� GLUHFW� RXWSXW� RI�
WKH�0(66$*(�PRGHO��DQ�DJJUHJDWH�SDWKZD\�IRU�
the 28 EU member states is calculated using 
&OLPDWH� $QDO\WLFVȇ� 6Ζ$0(6(� PRGHO� �6LPSOLȴHG�
Integrated Assessment Model with Energy 
System Emulator). This tool downscales the 
aggregated coarse IAM regions to subregions 
and then re-aggregates them again to custom 
regions (in this case the EU28). 

SIAMESE results are the outcome of numerical 
simulations and are based on MESSAGE results 
SULRU� WR� WKH� SXEOLFDWLRQ� RI� WKH� Ζ3&&ȇV� $5�� LQ�
2014. To make those simulation results more 
UHOHYDQW�IRU�SROLF\�PDNHUV��ZH�SRVW�SURFHVVHG�
the cost-optimal pathways for the EU in two 
ways. 

)LUVW�� ZH� DGMXVWHG� WKHP� WR� PDWFK� KLVWRULFDO�
HPLVVLRQV� LQ� ������ 6HFRQG�� IRU� QXPHULFDO�
UHDVRQV��HPLVVLRQV� IURP�FRDO�DOZD\V�VWD\� MXVW�
DERYH� ]HUR� LQ� 6Ζ$0(6(�� 7KHUHIRUH��ZH�XQGHU-
stand a “complete” phase out of coal power 
plants as an emissions reduction by more 
WKDQ�����EHORZ������OHYHOV��:KLOH�GRLQJ�WKHVH�
DGMXVWPHQWV��ZH�PDGH�VXUH�WKDW�WKH�HPLVVLRQV�

budget for the adjusted pathway is the same as 
for the original pathway. 

For more details on the SIAMESE model, see Annex 
IV: SIAMESE. 

The least-cost emissions pathways show that 
coal-related emissions approach zero by 2050 
globally to remain in line with the Paris Agree-
PHQW��DQG�E\�DURXQG������WR�EH�LQ�OLQH�ZLWK�WKH�
&DQFXQ�$JUHHPHQWV��

ΖQ� WKH� (8�� HPLVVLRQV� GHFUHDVH� VWHHSO\� LQ� WKH�
coming years and reach zero already shortly 
DIWHU� ������ 8QGHU� WKH� &DQFXQ� $JUHHPHQWV��
emissions for this region become zero about 
���\HDUV�ODWHU��ΖQ�WKH�VHFRQG�KDOI�RI�WKH�FHQWXU\��
FRDO�UHODWHG�HPLVVLRQV�DUH�]HUR�JOREDOO\��UHJDUG-
less which temperature goal is considered.
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$JUHHPHQW�DQG�ZLWK�WKH�&DQFXQ�$JUHHPHQWV��6RXUFH��ΖΖ$6$�5RJHOM�HW�DO����������:RUOG��DQG�RZQ�FDOFXODWLRQV�EDVHG�RQ�

Rogelj et al. (2015) and Annex IV: SIAMESE.

/($67�&267�&22�(0Ζ66Ζ216�3$7+:$<6 
)RU�FRDO�ȴUHG�HOHFWULFLW\�JHQHUDWLRQ�
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2XU�DSSURDFK�KDV�VRPH�OLPLWDWLRQV�WKDW�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�LQWHUSUHWLQJ�WKH�
results.

)LUVWO\��Ζ$0V�XVH�D�YHU\�VLPSOLȴHG�UHSUHVHQWDWLRQ�RI�WKH�JOREDO�HFRQRP\�EDVHG�RQ�QHRFODVVLFDO�
WKHRULHV��7KH\�FROOHFWLYHO\�SURYLGH�VWDWH�RI�WKH�DUW�NQRZOHGJH�RI�WKH�HQHUJ\�V\VWHP��DQG�DUH�
WKH�EDVLV�RI�WKH�VFLHQWLȴF�ZRUN�VXSSRUWLQJ�WKH�DGRSWLRQ�RI�ORQJ�WHUP�WHPSHUDWXUH�JRDOV��XVLQJ�
a global cost-optimal approach to mitigation. 

Ζ$0V� DVVXPH� WKH� DYDLODELOLW\� RI� UHODWLYHO\� FKHDS�PLWLJDWLRQ� RSWLRQV� LQ� WRGD\ȇV� ORZ�LQFRPH�
FRXQWULHV��ZKLFK�ORZHU�WKH�QHHG�WR�UDSLGO\�UHGXFH�HPLVVLRQV�LQ�ULFK�FRXQWULHV��7KH�QHFHVVDU\�
funds are transferred from rich to poor countries by means of the perfect capital market. 
:LWKRXW�VXFK�RSWLRQV��PLWLJDWLRQ�ZRXOG�QHHG�WR�KDSSHQ�PXFK�TXLFNHU�LQ�FRPSDUDWLYHO\�ULFK�
regions like the European Union. 

The least-cost approach does not explicitly take into account burden-sharing regimes that 
account for historical responsibility or capability. Rich regions bear more responsibility and 
KDYH�KLJKHU�FDSDELOLW\�WR�PLWLJDWH�HPLVVLRQV��DQG�Ζ$0V�DFFRXQW�IRU�WKDW�E\�DVVXPLQJ�ȴQDQFLDO�
WUDQVIHUV�IURP�WKHVH�UHJLRQV�WR�RWKHU�SDUWV�RI�WKH�ZRUOG��%\�FRQVLGHULQJ�RQO\�HPLVVLRQV��WKLV�
RYHUDOO�H΍RUW�UHTXLUHG�RI�ULFK�UHJLRQV�UHPDLQV�XQGHUHVWLPDWHG�

2WKHU�HQHUJ\�V\VWHP�PRGHOV�R΍HU�GL΍HUHQW�DSSURDFKHV��ZKLFK�DUH�DOVR�LQWHUHVWLQJ�WR�SROL-
F\�PDNHUV��0RGHOV� WKH�:(2� �Ζ($��������� Ζ5(1$� �������DQG�*UHHQSHDFH�5HYROXWLRQ� �*UHHQ-
SHDFH��������XVH�GL΍HUHQW�DVVXPSWLRQV�WR�DFKLHYH�HPLVVLRQV�UHGXFWLRQV�DQG�FDQ�\LHOG�FRQVLG-
HUDEO\�GL΍HUHQW�UHJLRQDO�UHVXOWV�IURP�Ζ$0V�

6HFRQGO\��ZH�XVH�MXVW�D�VLQJOH�VFHQDULR�IURP�D�VLQJOH�Ζ$0�IRU�HDFK�WHPSHUDWXUH�JRDO��3DULV�
$JUHHPHQW�DQG�&DQFXQ�$JUHHPHQWV���ΖW�LV�ZHOO�NQRZQ�WKDW�WKHUH�LV�TXLWH�VRPH�LQWHU�PRGHO�
YDULDWLRQ�EHWZHHQ� Ζ$0V��ZKLFK� LV� SUHFLVHO\�ZK\� Ζ3&&ȇV� $5�� UHOLHG� RQ� D� UDQJH�RI� VFHQDULRV�
IURP�GL΍HUHQW�PRGHOV�WR�EXLOG�FRQVHQVXV�RQ�ZKDW�LV�QHHGHG�WR�DFKLHYH�GL΍HUHQW�WHPSHUD-
WXUH�JRDOV��+RZHYHU��FXUUHQWO\�WKH�QXPEHU�RI�SXEOLFO\�DYDLODEOH�VFHQDULRV�PHHWLQJ�WKH�FULWH-
ULD�QHFHVVDU\�WR�GHOLYHU�RQ�3DULV�FRPPLWPHQWV�LV�WRR�VPDOO�WR�SURYLGH�WKLV�NLQG�RI�DQDO\VLV��
Researchers are working on releasing such scenarios in 2017/2018. 

7KH�DGYDQWDJH�RI�RXU�DSSURDFK�LV�WKDW�LW�DOORZV�IRU�D�FRPSDULVRQ�RI�VFHQDULRV�ZLWK�WKH�VDPH�
RU�DW�OHDVW�YHU\�VLPLODU�DVVXPSWLRQV�H�J��UHJDUGLQJ�SRSXODWLRQ�GHYHORSPHQW�RU�DYDLODELOLW\�RI�
FHUWDLQ�PLWLJDWLRQ�RSWLRQV��%(&&6��QXFOHDU��DPRQJ�RWKHUV��IRU�RQH�WHPSHUDWXUH�JRDO��WKHUHE\�
JLYLQJ�FRQȴGHQFH�LQ�WKH�UREXVWQHVV�RI�UHVXOWV��

7KH�QXPEHUV�DQG�WUHQGV�SURYLGHG�KHUH�UHSUHVHQW�ȴUVW�RUGHU�LQGLFDWLRQV��QRW�SUHFLVH�YDOXHV�
FDVW�LQ�VWRQH��ΖW�PXVW�EH�QRWHG�WKDW�DW�WKLV�WLPH��RQO\�Ζ$0V�KDYH�SURGXFHG�WKH�GDWD�RQ����r&�
VFHQDULRV�FXUUHQWO\�DYDLODEOH�LQ�WKH�VFLHQWLȴF�OLWHUDWXUH��2WKHU�VRXUFHV��H�J��Ζ5(1$��Ζ($��DUH�LQ�
WKH�SURFHVV�RI�SURGXFLQJ�QHZ�VFHQDULRV�DQG�DUH�H[SHFWHG�WR�GHOLYHU�IXOO��RU�SDUWLDO�DVVHVV-
PHQWV�RI����r&�LQ�WKH�FRXUVH�RI�������DORQJVLGH�DQ�H[SHFWHG�PXFK�EURDGHU�DVVHVVPHQW�EDVH�
RI�WKH�Ζ$0�ȊFRPPXQLW\ȋ��$OVR��Ζ$0V�DUH�WKH�RQO\�WRROV�WKDW�SURYLGH�D�JRRG�UHSUHVHQWDWLRQ�RI�
WKH� LQWHUOLQNDJHV�DQG� WUDGH�R΍V�SUHVHQW� LQ� WKH� UHDO�ZRUOG�DQG�ZLOO� DOZD\V� UHPDLQ�YDOXDEOH�
WRROV�WR�HYDOXDWH�SRVVLEOH�VROXWLRQV�WR�WKH�SUREOHP�RI�FOLPDWH�FKDQJH�RQ�D�JOREDO�DQG�DJJUH-
gate regional scale.

%2;�����6&(1$5Ζ2�/Ζ0Ζ7$7Ζ216�
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In order to estimate emissions from currently 
operating and planned coal power plants in 
WKH�(8��ZH�XVHG�WKH�*OREDO�&RDO�3ODQW�7UDFNHU�
�*&37�� GDWD�� ZKLFK� SURYLGHV� LQIRUPDWLRQ� RQ�
HYHU\�NQRZQ�FRDO�ȴUHG�SRZHU�JHQHUDWLRQ�XQLW��
LQFOXGLQJ� LWV� ORFDWLRQ�� VWDWXV�� RSHUDWRU�� FDSDF-
LW\�� FRPEXVWLRQ� WHFKQRORJ\11� DQG� IXHO�� \HDU�
of opening and planned retirement (not for 
all units). For additional characteristics like 
REVHUYHG� KLVWRULFDO� ORDG� IDFWRUV� DQG� IXHO� XVH��
which allow for a more accurate estimation of 
WKH�HPLVVLRQV�IURP�HDFK�SODQW��ZH�PHUJHG�WKH�
*&37� GDWD� ZLWK� LQIRUPDWLRQ� SURYLGHG� E\� WKH�
European coal power plant database hosted 
DQG�FRRUGLQDWHG�E\�WKH�&OLPDWH�$FWLRQ�1HWZRUN�
�&$1��(XURSH��&$1�(XURSH���������

There are other datasets that contain coal 
power plant information at a comparable 
OHYHO� RI� GHWDLO�� &RPPHUFLDO� H[DPSOHV� DUH�
3ODWWȇV�:RUOG�(OHFWULF�3RZHU�3ODQWV�GDWDEDVH�12 
or ENERDATA’s power plant tracker13�� 2WKHU��
non-commercial datasets are the outcome 
RI� (8� OHYHO� UHJXODWLRQ� DQG� UHODWHG� UHSRUWLQJ�
UHTXLUHPHQWV�Ȃ�H�J��WKH�(8�(76��+RZHYHU��WKHVH�
GDWDVHWV�KDYH�GUDZEDFNV���WKH\�DUH�HLWKHU�YHU\�
FRVWO\� RU� QRW� DOZD\V� WUDQVSDUHQW�� RU� FRQWDLQ�
RQO\� UHVROXWLRQ� WR� WKH� OHYHO� UHTXLUHG� E\� WKH�
UHVSHFWLYH�UHJXODWLRQ��WKH�(8�(76�RQO\�LQFOXGHV�
SODQWV�DERYH�D�FHUWDLQ�FDSDFLW\��

0DQ\�SODQWV� FRQVLVW�RI� VHYHUDO� VXEXQLWV�� HDFK�
RQH� FRQVLVWLQJ� RI� D� VWHDP� JHQHUDWRU�� WXUELQH�
and electricity generator. Since each of these 
units is able to operate independently from 
RWKHUV�DQG�RIWHQ�XQLWV�DUH�DGGHG�VXEVHTXHQWO\��
ZH�FRQGXFW�RXU�DQDO\VLV�DW� WKH�XQLW� OHYHO��7KH�
dataset we use distinguishes between units 
GHDFWLYDWHG��UHWLUHG��FDQFHOOHG��VKHOYHG��RSHUDW-

11� 7KH�GDWDEDVH�GLVWLQJXLVKHV�EHWZHHQ�GL΍HUHQW�FRPEXVWLRQ�WHFKQRORJLHV�LQ�WKH�IROORZLQJ�FDWHJRULHV��VXEFULWLFDO��VXSHUFULWLFDO�DQG�
XOWUD�VXSHUFULWLFDO�ZLWKRXW�RU�ZLWK�&&6��UDQNLQJ�IURP�OHDVW�WR�PRVW�HɝFLHQW�UHVSHFWLYHO\��)RU�H[DPSOH��0Ζ7ȇV�Ȋ)XWXUH�RI�&RDOȋ�VWXG\�
�0DVVDFKXVHWWV�ΖQVWLWXWH�RI�7HFKQRORJ\��������HVWLPDWHG�WKH�IROORZLQJ�UHSUHVHQWDWLYH�HɝFLHQFLHV�IRU�SODQWV�EXUQLQJ�ΖOOLQRLV����FRDO��
D�ELWXPLQRXV�JUDGH�RI�FRDO�ZLWK��������N-�NJ�KHDW�UDWH��6XEFULWLFDO���������6XSHUFULWLFDO���������8OWUD�VXSHUFULWLFDO���������:H�GR�QRW�
FRQVLGHU�FRDO�ȴUHG�SRZHU�SODQWV�UHWURȴWWHG�ZLWK�&&6�WHFKQRORJ\�LQ�RXU�DQDO\VLV�

12 http://www.platts.com/products/world-electric-power-plants-database
13 http://www.enerdata.net/enerdatauk/knowledge/subscriptions/research/power-plant.php

LQJ��XQGHU�FRQVWUXFWLRQ��SHUPLWWHG��SUH�SHUPLW-
WHG�DQG�DQQRXQFHG��)RU�WKLV�UHSRUW��ZH�H[FOXGH�
WKH�ȴUVW�IRXU�FDWHJRULHV��VLQFH�WKHVH�SODQWV�DUH�
DOUHDG\�LQDFWLYH�

%DVHG�RQ�WKH�LQIRUPDWLRQ�SURYLGHG�LQ�WKH�*&37�
DQG�&$1�(XURSHȇV�GDWDEDVHV��ZH�HVWLPDWH�WKH�
&22 emissions from the current and planned 
FRDO� SRZHU� SODQWV�� GL΍HUHQWLDWLQJ� IRU� HDFK�
power plant unit. 

For more information on the databases and emis-
sions calculations see Annex V: Estimating CO2 
emissions from coal plants.

3 COAL EMISSIONS IN 
THE EUROPEAN UNION
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(8523($1�81Ζ21�&RDO�3RZHU�3ODQW�8QLW�$JH�

�����&855(17/<�23(5$7Ζ1*�&$3$&Ζ7<
2XU�GDWDVHW� FRQWDLQV�����RSHUDWLQJ� FRDO�ȴUHG�
SRZHU� JHQHUDWLRQ� XQLWV�� ORFDWHG� LQ� ���� FRDO�
power plants14 in 21 member states of the 
European Union15 with combined installed 
FDSDFLW\�RI�����*:��$GGLWLRQDO����XQLWV��UHSUH-
VHQWLQJ�QHDUO\��b*:�RI�QHZ�FRPELQHG�FDSDFLW\��
are currently under construction.

Figure 4 summarises the national distribution 
RI�RSHUDWLQJ�FRDO�ȴUHG�SRZHU�SODQWV�LQ�WKH�(8�
DV�ZHOO�DV�WKHLU�DJH�VWUXFWXUH��7DEOH���SURYLGHV�
PRUH�GHWDLOHG�LQIRUPDWLRQ�DOVR�RQ�WKH�QXPEHU��
HVWLPDWHG� HPLVVLRQV� DQG� WKH� DYHUDJH� DJH� RI�
units. 

Germany and Poland alone account for nearly 
half of EU’s installed capacity (51%) and more 
than half of yearly emissions (54%) of all coal-
ȴUHG� SRZHU� SODQWV�� 2WKHU� ELJ� FRDO� XVHUV� LQ�
WHUPV�RI�FDSDFLW\��HPLVVLRQV��DUH�&]HFK�5HSXE-
OLF��6SDLQ��ΖWDO\�DQG�WKH�8QLWHG�.LQJGRP��ZLWK�D�

14� 6RPH�XQLWV�RI�GL΍HUHQW�SODQWV�DUH�RQ�WKH�VDPH��VLWH��RU�LQ�WKH�VDPH��FRPSOH[���6RPHWLPHV�WKH\�DUH�FRQVLGHUHG�GL΍HUHQW�SODQWV���
VRPHWLPHV�ZLWK�GL΍HUHQW�RZQHUV���DQG�LQ�RWKHU�FDVHV�WKH\�DUH�FRQVLGHUHG�WKH�VDPH�SODQW��7KH������SODQWV��LV�DQ�HVWLPDWH�GHULYHG�
IURP�WKH�*OREDO�&RDO�3ODQW�7UDFNHU�GDWDEDVH�DV�RI�-XO\�������:KLOH�HYHU\�H΍RUW�WR�HQVXUH�DFFXUDF\�KDV�EHHQ�PDGH��ZH�FDQQRW�JXDU-
DQWHH�WKHUH�DUH�QR�HUURUV��HVSHFLDOO\�ZLWK�ȴQDQFLDO�RZQHUVKLS�VKLIWV�DIWHU�-XO\�����. The number of units and their total capacity is 
the basis of�WKLV�UHSRUWV�DQDO\VLV�DQG�QRW�WKH�QXPEHU�RI��SODQWV���

15� 6WDWHV�WKDW�GR�QRW�KDYH�DQ\�RSHUDWLQJ�SRZHU�SODQWV�DUH�%HOJLXP��&\SUXV��(VWRQLD��/DWYLD��/LWKXDQLD��/X[HPERXUJ��DQG�0DOWD�
16� 7KH�GL΍HUHQFHV�EHWZHHQ�FDSDFLW\�DQG�HPLVVLRQV�VKDUHV�DUH�SDUWLDOO\�GXH�WR�GL΍HUHQFHV�LQ�HPLVVLRQV�LQWHQVLWLHV�EXW�PDLQO\�GXH�WR�

GL΍HUHQFHV�LQ�DFWXDO�FDSDFLW\�XVDJH�EHWZHHQ�FRXQWULHV��$FWXDO�XVDJH�ZDV�FDOFXODWHG�EDVHG�RQ�D�FRPSDULVRQ�RI�DFWXDO�IXHO�XVDJH�LQ�
�����FRPSDUHG�RYHU�PD[LPXP�WKHRUHWLFDO�IXHO�XVDJH�LI�D�XQLW�ZDV�UXQQLQJ�DW�����SHUFHQW�RI�UDWHG�FDSDFLW\�����GD\V�D�\HDU�

VKDUH�RI���������������������������������������
DQG� ����� ������� UHVSHFWLYHO\16. Most smaller 
FRDO�XVLQJ�FRXQWULHV�KDYH�KDUGO\�EXLOW�DQ\�QHZ�
SRZHU�SODQWV�LQ�WKH�ODVW�GHFDGH��$V�D�UHVXOW��D�
large part of their current capacity is already 
more than 30 years old.

&RPSDUDWLYHO\� OLWWOH�QHZ�FDSDFLW\�FDPH�RQOLQH�
GXULQJ� WKH� ����V� DQG� HDUO\� ����V� �)LJXUH� ���
right panel) but in the last decade a consider-
able amount of new capacity has been built in 
3RODQG�� WKH� 1HWKHUODQGV�� ΖWDO\� DQG� HVSHFLDOO\�
Germany. In Germany alone new capacity 
commissioned in the last decade is comparable 
with the total capacity of Spain or Italy (Figure 
��� OHIW� SDQHO��� 8QOHVV� WKHVH� SODQWV� DUH� UHWLUHG�
EHIRUH�WKH�HQG�RI�WKHLU�OLIHWLPH��HPLVVLRQV�ZLOO�
be locked into the system longer than what 
ZRXOG�EH� FRQVLVWHQW�ZLWK� WKH�(8ȇV�*+*�HPLV-
sions reduction targets.
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Figure 4: Age structure and capacity by country (left panel) and total age structure (right panel) of the EU's coal power plant 
XQLW�ȵHHW��6RXUFH�V���*&37��&$1�(XURSH�
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�����3/$11('�&2$/�&$3$&Ζ7<�
2XU�GDWDVHW�GLVWLQJXLVKHV�EHWZHHQ�DQQRXQFHG��
SUH�SHUPLWWHG� DQG� SHUPLWWHG� LQVWDOODWLRQV�� 2I�
WKH� (8ȇV� WRWDO� SODQQHG� FDSDFLW\�� RQH� XQLW� KDV�
EHHQ� DQQRXQFHG� LQ� 3RODQG�� RQO\� WZR� XQLWV�
KDYH� EHHQ� SHUPLWWHG� LQ� WKH� 8.� DQG� *UHHFH��
DQG� DGGLWLRQDO� HLJKW� KDYH� D� SUH�SHUPLWWHG�
status (mostly in Poland and Germany). These 
11 planned power plants represent around 
�b*:�RI�QHZ�FDSDFLW\�DQG�ZRXOG�EH�D�SRWHQ-
WLDOO\�ZDVWHIXO�LQYHVWPHQW�EHFDXVH�WKH\�ZRXOG�
need to be retired long before the end of their 
HFRQRPLF� OLIHWLPH�� 7DEOH� �� VKRZV� SODQW�OHYHO�

data of planned capacity in the EU.

$V�VKRZQ�DERYH��PRUH�WKDQ�KDOI�RI�DOO�SODQQHG�
coal-based power generation capacity in the 
UHJLRQ�LV� LQ�3RODQG��IROORZHG�E\�*HUPDQ\�DQG�
WKH�8QLWHG�.LQJGRP��+RZHYHU��LW�LV�QRW�FHUWDLQ�
whether these planned units will actually come 
RQOLQH�� WDNLQJ� LQWR� DFFRXQW� WKDW� DQ� LQFUHDVLQJ�
QXPEHU�RI�FRDO�ȴUHG�SRZHU�SODQWV�LQ�WKH�UHJLRQ�
has been cancelled for reasons including 
FRPSHWLWLRQ�ZLWK�UHQHZDEOHV�DQG�HQYLURQPHQ-
WDO�FRQFHUQV��6KHDUHU��*KLR��0\OO\YLUWD��	�1DFH��
������� ���� FRDO�EDVHG� JHQHUDWLRQ� XQLWV�� ZLWK�

7DEOH����&RXQWU\�OHYHO�GLVWULEXWLRQ�RI�FXUUHQW�FRDO�SRZHU�SODQW�FDSDFLW\��RSHUDWLQJ�DQG�XQGHU�FRQVWUXFWLRQ���(PLVVLRQV�DUH�
HVWLPDWHG�EDVHG�RQ������IXHO�XVH�GDWD��6RXUFH��*&37��&$1�(XURSH

&28175< 727$/�81Ζ76 6+$5(�2)�
727$/��(8

727$/�
CAPACITY

6+$5(�2)�
727$/��(8

(67Ζ0$7('�
<($5/<�

(0Ζ66Ζ216

6+$5(�2)�
727$/��(8

Unit % 0: % 0W�&22 %

Austria 4 0.5 800 0.5 1 0.1

%XOJDULD 36 4.9 5 372 3.2 29.7 3.6

&URDWLD 2 0.3 335 0.2 1.6 0.2

&]HFK�5HSXEOLF 123 16.7 10 693 6.4 51 6.2

Denmark 9 1.2 2 837 1.7 17.7 2.2

Finland 16 2.2 2 119 1.3 8.4 1

France 10 1.4 3 312 2 15.8 1.9

Germany 154 20.9 53 597 32.0 284.2 34.8

Greece 17 2.3 4 925 2.9 24.2 3.0

+XQJDU\ 12 1.6 1 274 0.8 8.3 1.0

Ireland 3 0.4 915 0.5 4 0.5

Italy 32 4.3 9 640 5.7 41.6 5.1

Netherlands 8 1.1 5 860 3.5 32.4 4.0

Poland 182 24.7 31 675 18.8 156.3 19.1

Portugal 6 0.8 1 878 1.1 9.8 1.2

Romania 29 3.9 5 535 3.3 18.3 2.2

6ORYDNLD 13 1.8 1 133 0.7 4.6 0.6

6ORYHQLD 6 0.8 1 194 0.7 5.8 0.7

Spain 40 5.4 11 179 6.7 40.1 4.9

Sweden 5 0.7 296 0.2 1 0.1

United Kingdom 31 4.2 13 100 7.8 61.6 7.5

(8� 738 100 167 670 100 817.2 100
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Table 2: National distribution of planned coal-based capacity

/2&$7Ζ21� 81Ζ7�
1$0(

6321625 67$786 727$/�
CAPACITY

&200(176

0:

3RODQG��
Pomorskie

3µĄQRF�
Power 
station 
Unit 1 

Polenergia pre-permit 
GHYHORSPHQW�

 800 $V�RI�-DQXDU\�������WKH�ZHEVLWH�RI�3ROHQHUJLD�
still includes the plans to commission by 2020 
WZR�XQLWV�RI�����0:�HDFK��+RZHYHU��WKH�XQLWV
�
FRQVWUXFWLRQ�SHUPLWV�ZHUH�UHYRNHG�LQ�'HFHPEHU�
������ZKLFK�UDLVHV�TXHVWLRQV�DERXW�WKH�IHDVL-
bility of the project and makes the 2020 date 
unlikely. 3RODQG��

Pomorskie
3µĄQRF�
Power 
station 
Unit 2 

Polenergia pre-permit 
GHYHORSPHQW�

 800 

3RODQG��
ĜOÇVNLH

Zabrze 
Power 
Station 

Fortum pre-permit 
GHYHORSPHQW�

 220 7KH�FRUQHUVWRQH�IRU�WKH�QHZ�)RUWXP�&+3�SODQW�
LQ�=DEU]H��3RODQG��ZDV�ODLG�RQ����-XQH�������
7KLV�QHZ�SODQW�LV�H[SHFWHG�WR�KDYH�D�SURGXFWLRQ�
FDSDFLW\�RI�����0:�DQG�ZLOO�UHSODFH�WKH�H[LVWLQJ�
SODQW��ZKLFK�ZDV�EXLOW�LQ�WKH�����V��

3RODQG��
/XEXVNLH

Gubin 
Power 
Project 

PGE announced  3 000 ΖQ�������3*(�DQQRXQFHG�WKH�FRQVWUXFWLRQ�RI�D�
lignite mine in Gubin in 2018 and an accompa-
nying coal plant with capacity of 2700 - 3000 
0:�WR�EH�FRPSOHWHG�LQ�������ΖQ�$XJXVW�������
plans for the lignite mine were suspended by an 
DGPLQLVWUDWLYH�GHFLVLRQ�RI�WKH�5HJLRQDO�'LUHF-
WRUDWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ��7KLV�UDLVHV�
TXHVWLRQV�DERXW�WKH�IHDVLELOLW\�RI�WKH�SURMHFW��

*HUPDQ\��
/RZHU�
Saxony

Stade Dow 
&KHPLFDO�

Dow 
Deutsch-

land 
Anlageng-
esellschaft 

PE+

pre-permit 
GHYHORSPHQW�

 920 The power plant project of Dow is criticised by 
FLWL]HQV
�LQLWLDWLYHV�DQG�HQYLURQPHQWDO�SURWHF-
WLRQ�DVVRFLDWLRQV��ZKR�VXEPLWWHG�D�ODZVXLW�
DJDLQVW�WKH�FLW\�LQ�2FWREHU������IRU�WKH�SHUPLV-
VLRQV�JLYHQ�WR�WKH�FRQVWUXFWLRQ�RI�WKLV�SODQW��
+RZHYHU�ERWK�WKH�FRPSDQ\�DQG�WKH�FLW\�VWLOO�
KDYH�WKH�LQWHQWLRQ�WR�FDUU\�RXW�WKH�SURMHFW��

*HUPDQ\��
North 
Rhine-
:HVWSKDOLD

Nieder-
aussem 
8QLW�/�
�%R$SOXV�

5:(�3RZHU�
AG

pre-permit 
GHYHORSPHQW�

 1 100 8QLW�.�ZDV�WKH�ȴUVW�%UDXQNRKOHQEORFN�PLW�
RSWLPLHUWHU�$QODJHQWHFKQLN��%R$��XQLW��DQ�
RSWLPLVHG��KLJKO\�HɝFLHQW�VWHDP�HOHFWULF�XQLW�
GHVLJQ��$�VHFRQG�%2$�XQLW��8QLW�/��LV�SODQQHG��ΖW�
LV�VWLOO�QRW�FOHDU�\HW�ZKHWKHU�5:(�ZLOO�EH�DOORZHG�
WR�EXLOG�XQLW�/��$�GHFLVLRQ�LV�OLNHO\�LQ�������
2QO\�WKHQ�5:(�ZLOO�GHFLGH�EDVHG�RQ�HFRQRPLF�
considerations

United 
.LQJGRP��
Firth of 
)RUWK��
Scotland

&DSWDLQ�
&OHDQ�
Energy 
Project 

Summit 
Power

pre-permit 
GHYHORSPHQW�

 570 7KH�&DSWDLQ�&OHDQ�(QHUJ\�3URMHFW�LV�D�SURSRVHG�
�FRPPHUFLDO�VFDOH��FDUERQ�FDSWXUH�DQG�VWRUDJH�
&&6�FRDO�ȴUHG�SODQW��ΖQ�0DUFK�������WKH�SURM-
ect got £4.2 million funding for research and 
IHDVLELOLW\�VWXGLHV��7HFKQLFDO�DVVHVVPHQWV�KDYH�
been largely complete by the end of 2016 and 
commercial analysis is ongoing. 

United 
.LQJGRP��
Yorkshire

&�*(1�
North 
Killing-
holme 
Power 
Project 

&*(1  permitted  470 ΖQ�6HSWHPEHU������WKH�8.�*RYHUQPHQW�
DSSURYHG�&�*(1ȇV�SODQV�WR�EXLOG�D����0:�
SRZHU�VWDWLRQ��FRPSOHWH�ZLWK�&&6�WHFKQRORJ\��
+RZHYHU��DIWHU�WKH�8.�*RYHUQPHQW�DQQRXQFHG�
LQ�1RYHPEHU������WKDW�LW�ZLOO�FDQFHO�WKH�IXQGV�
IRU�WKH�&&6�FRPSHWLWLRQ�WKH�SURMHFW�KDV�KDG�
ȴQDQFLDO�GLɝFXOWLHV��$V�RI�'HFHPEHU�������WKHUH�
KDV�EHHQ�QR�SURJUHVV�RQ�WKLV�SURMHFW�LQ�RYHU�
WZR�\HDUV��ZKLFK�VXJJHVWV�WKH�SURMHFW�KDV�EHHQ�
VKHOYHG�RU�DEDQGRQHG�

*UHHFH��
:HVW�
Macedonia

 Ptole-
maida-V 

Public 
Power 
&RUS�

 under 
construction 

 660 3WROHPDLGD�9�ZLOO�EH�WKH�ȴIWK�FRDO�ȴUHG�XQLW�DW�
WKH�3WROHPDLGD�SRZHU�VWDWLRQ��ZLWK�D�JHQHUDWLQJ�
FDSDFLW\�RI����0:��7KH�SURMHFW�ZDV�SHUPLWWHG�
in 2013 and began construction in September 
������ZLWK�HVWLPDWHG�FRQVWUXFWLRQ�GXUDWLRQ�RI�
���PRQWKV��*LYHQ�LWV�HDUO\�VWDJH�RI�FRQVWUXFWLRQ��
it is unclear whether his unit will actually come 
RQOLQH��:H�WKHUHIRUH�RSWHG�WR�H[FOXGH�LW�IURP�
our analysis.
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D�WRWDO�SODQQHG�FDSDFLW\�RI���b*:��KDYH�EHHQ�
HLWKHU�FDQFHOOHG�RU�VKHOYHG�LQ�WKH�(8�EHWZHHQ�
2010 and 2016. 

It is expected that almost all of future coal-re-
ODWHG�&22 emissions in the EU will come from 
H[LVWLQJ� FRDO�ȴUHG�SRZHU�SODQWV�DQG�QRW� IURP�
new capacity. If currently operating units would 
IROORZ� WKH�KLVWRULFDOO\�REVHUYHG�QDWLRQDO�DYHU-
DJH� OLIHWLPH�� WKH� ODVW� FRDO�ȴUHG� SRZHU� SODQW�
ZRXOG�JR�RɞLQH�RQO\�LQ�WKH�ODWH�����V��DVVXP-
ing that no additional capacity beyond what is 
currently known is added.

�����(0Ζ66Ζ216�)520�&855(17/<�
23(5$7Ζ1*�$1'�3/$11('�&2$/�&$3$&Ζ7<�
:H�HVWLPDWH�&22 emissions from currently oper-
ating and planned capacity in the EU based on 
the methodology described in detail in “Annex 
9��(VWLPDWLQJ�&22 emissions from coal plants.” 
2XU�DQDO\VLV�VKRZV�WKDW�HYHQ�ZLWK�QR�QHZ�FRDO�
SRZHU� SODQWV� FRPLQJ� RQOLQH�� FXPXODWLYH� &22 
emissions from current coal-based electricity 
generation capacity would exceed both the 
&DQFXQ�$JUHHPHQWV�DQG�WKH�3DULV�$JUHHPHQW�
compatible cost-optimal emissions budgets for 
the remainder of the century (Figure 5). 

/2&$7Ζ21� 81Ζ7�
1$0(

6321625 67$786 727$/�
CAPACITY

&200(176

0:

+XQJDU\��
North-
+XQJDU\

Matra 
power 
station 
Unit 6 
(renewed 
proposal) 

Matrai 
Eromu

 pre-permit 
GHYHORSPHQW�

 500 7KH�RULJLQDO�SURMHFW��FDQFHOOHG�LQ�������ZDV�
D����0:�XQLW�WR�EH�DGGHG�WR�WKH�0DWUD�FRDO�
plant. The new 2015 project consists in a 
���0:�VXSHUFULWLFDO�XQLW��ZKLFK�KDV�DOUHDG\�
started the process of getting construction 
permits. 

ΖWDO\��
&DUERQLD�
Iglesias 

Sulcis 
Power 
Station 

Enea  pre-permit 
GHYHORSPHQW�

 350 7KH�SURMHFW�LV�D�SURSRVHG�����PHJDZDWW��0:��
FRDO�ȴUHG�SRZHU�SODQW�ZLWK�FDUERQ�FDSWXUH�
DQG�VWRUDJH��&&6��VXSSRUWHG�E\�D�JRYHUQPHQW�
SURJUDPPH�IRU�GHYHORSPHQW�DQG�GHPRQVWUD-
WLRQ�RI�&&6��+RZHYHU��QR�GHYHORSPHQWV�KDYH�
EHHQ�REVHUYHG�LQ�WKH�SURMHFW�VLQFH�)HEUXDU\�
������ZKLFK�VXJJHVWV�WKH�SODQV�IRU�WKH�SODQW�
KDYH�EHHQ�GHIHUUHG�RU�DEDQGRQHG�
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EUROPEAN UNION potential CO2  emissions from existing  
and planned coal capacity against least-cost pathways

PARIS AGREEMENT Least Cost Pathway 
Hold warming well below 2°C, 1.5°C

CANCUN AGREEMENTS Least Cost Pathway 
Hold warming below 2°C

CURRENT COAL CAPACITY

PLANNED COAL CAPACITY

ANNOUNCED COAL CAPACITY

)LJXUH���(PLVVLRQV�IURP�H[LVWLQJ�DQG�SODQQHG�FRDO�ȴUHG�SRZHU�SODQWV�FRPSDUHG�ZLWK�WKH�FRDO�HPLVVLRQV�EXGJHW�DFFRUGLQJ�
WR�WKH�&DQFXQ�DQG�3DULV�WHPSHUDWXUH�JRDOV��6RXUFHV�5RJHOM�HW�DO����������*&37��&$1�(XURSH��RZQ�FDOFXODWLRQV�
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ΖQ�RUGHU�WR�DFKLHYH�WKH�3DULV�$JUHHPHQWȇV�ORQJ�
WHUP�WHPSHUDWXUH�JRDO��RXU� UHVXOWV�VKRZ�WKDW�
EU member states will need to implement 
early retirement17 of currently operating power 
plants and/or dramatically reduce their utilisa-
WLRQ�UDWH��QRW�GLUHFWO\�DVVHVVHG�KHUH���2SHQLQJ�
QHZ�SRZHU�SODQWV�LV�RXW�RI�WKH�TXHVWLRQ�

(8ȇV� FRDO�UHODWHG�&22 emissions are projected 
WR� IDOO� LQ� WKH� IROORZLQJ� GHFDGHV� HYHQ� ZLWKRXW�
additional policies. This is because a large share 
of the EU’s coal power stations are already rela-
WLYHO\�ROG� DQG�DW� WKH�HQG�RI� LWV� HFRQRPLF� OLIH-
WLPH��VHH�VHFWLRQ�������0RUHRYHU��WKLV�FDQ�DOVR�

17� :H�XVH�SODQQHG�UHWLUHPHQW�GDWH�ZKHUH�DYDLODEOH�RU�DYHUDJH�FRXQWU\�OHYHO�KLVWRULFDO�OLIHWLPHV�RU�(8�OHYHO�OLIHWLPHV�����\HDUV��ZKHUH�
WKHUH�DUH�WRR�IHZ�REVHUYDWLRQV�WR�FDOFXODWH�WKHVH��)RU�GHWDLOV�UHIHU�WR�$QQH[�9��(VWLPDWLQJ�&22 emissions from coal plants.

be attributed to already implemented policies 
VXFK� DV� WKH� (8�(76�� WKH� IHHG�LQ� WDUL΍� VFKHPH�
for renewable energy sources in many Euro-
SHDQ� FRXQWULHV�� DLU� SROOXWLRQ� UHJXODWLRQV�� DQG�
HQHUJ\� HɝFLHQF\� GLUHFWLYHV�� +RZHYHU�� LI� WKH�
speed of coal retirements continues at its 
KLVWRULFDO� SDFH�� FXUUHQWO\� RSHUDWLQJ� FDSDFLW\�
would emit much more than what would be in 
OLQH�ZLWK�WKH�3DULV�$JUHHPHQW��0RUH�SUHFLVHO\��
DV�VKRZQ�LQ�7DEOH����FXUUHQW�cumulative emis-
sions will exceed budgets in line with the Paris 
Agreement for the European Union by 85% 
until 2050 and 99% until 2100. 

7DEOH����&XPXODWLYH�&22�HPLVVLRQV�IRUP�FXUUHQWO\�RSHUDWLQJ�DQG�SODQQHG�FRDO�SRZHU�SODQWV��0W�&22e) and relation to Paris 
DQG�&DQFXQ�$JUHHPHQWV�FRVW�RSWLPDO�EXGJHWV��6RXUFH��ΖΖ$6$�5RJHOM�HW�DO��������E���*&37��&$1�(XURSH��RZQ�FDOFXODWLRQV

&808/$7Ζ9(�
(0Ζ66Ζ216

6853$66(6�
7+(�3$5Ζ6�

$*5((0(17�
%8'*(7�%<

6853$66(6�
7+(�&$1&81�
$*5((0(176�
%8'*(7�%<

&808/$7Ζ9(�
(0Ζ66Ζ216

6853$66(6�
7+(�3$5Ζ6�

$*5((0(17�
%8'*(7�%<

6853$66(6�
7+(�&$1&81�
$*5((0(176�
%8'*(7�%<

0W�&22 % % 0W�&22 % %

EU current  12 145 85% 37%  13 039 99% 47%

   + planned  12 755 95% 44%  14 036 114% 58%

   + announced  13 019 99% 47%  14 617 123% 65%
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This report is accompanied by the webpage 
climateanalytics.org/hot-topics/eu-coal-phase-
out.html that provides a dynamic visualisa-
tion of the results shown here.

ΖQ�WKLV�VHFWLRQ��ZH�H[SORUH�WKH�WLPHOLQH�RI�FRDO�
FDSDFLW\�GHFUHDVH�UHTXLUHG�\HDU�E\�\HDU�DW�WKH�
XQLW� OHYHO� WR�DFKLHYH� FRDO�HPLVVLRQV�SDWKZD\V�
in line with the Paris Agreement temperature 
JRDO��:LWK�WKLV�LQ�PLQG��ZH�GHYHORSHG�D�PHWK-
odology to determine which European power 
SODQWV�QHHG�WR�VKXW�GRZQ�ZKHQ�LQ�RUGHU�WR�ȴW�
WKH� &22 coal emissions in line with commit-
ments made in Paris. 

The results of this analysis allow a regional 
OHYHO�YLVXDOLVDWLRQ�RI�ZKDW�WKH�FXUUHQW�QDWLRQDO�
phase-out plans could look like and highlight 
the phase-out speed needed in each country. 

�����:+Ζ&+�81Ζ76�1(('�72�5(7Ζ5(�)Ζ567"
The main outcome of this analysis — a phase-
out schedule for coal power plants in the EU 
—relies on some key assumptions about the 
VHTXHQFH� LQ� ZKLFK� WKH� GL΍HUHQW� (XURSHDQ�
SODQWV�ZLOO�QHHG�WR�EH�UHWLUHG��7KH�FULWLFDO�TXHV-
tion is which criteria should determine which 
SODQW� XQLWV� DUH� VZLWFKHG� R΍� DQG� ZKHQ�� ΖI� ZH�
RQO\�ORRN�DW�FOLPDWH�FRQVLGHUDWLRQV��WKLV�FKRLFH�
LV� LUUHOHYDQW� DV� ORQJ� DV� HPLVVLRQV� DUH� EHLQJ�
UHGXFHG� RYHU� WLPH�� +RZHYHU� SROLF\� PDNHUV��
SODQW�PDUNHW�DQG�RWKHU�VWDNHKROGHUV�ZLOO�KDYH�
GL΍HUHQW�SHUVSHFWLYHV�

Power plant owners and holding operators 
ZLOO�DLP�WR�PD[LPLVH�WKH�UHYHQXH�WKDW�WKH\�FDQ�
JHQHUDWH� IURP� WKHLU� DVVHWV�� 7KHUHIRUH�� WKH\�
would prioritise the operation of those units 
WKDW� JHQHUDWH� WKH� KLJKHVW� QHW� UHYHQXH� IRU� DV�
ORQJ�DV�SRVVLEOH��UHJDUGOHVV�RI�WKHLU�HPLVVLRQV�
intensity. 

Local policy makers may aim to keep local 
plants online as long as possible but support 
shutting down those not located in their area. 
This is especially the case for some regions in 

(XURSH��ZKLFK�DUH�HFRQRPLFDOO\�KLJKO\�GHSHQ-
GHQW�RQ�WKH�YHUWLFDOO\�LQWHJUDWHG�HQHUJ\�FRPSD-
nies consisting of open pit mines and associ-
DWHG�SRZHU�SODQWV��7KHVH�LQFOXGH��IRU�H[DPSOH��
OLJQLWH�DUHDV�FORVH�WR�&RORJQH�DQG�LQ�/XVDWLD�LQ�
*HUPDQ\��8SSHU�6LOHVLD�LQ�3RODQG�DQG�2VWUDZD�
LQ�&]HFK�5HSXEOLF���

National policy makers� PLJKW� EH� GULYHQ� E\�
YHU\�VLPLODU� LQFHQWLYHV�DV� ORFDO�RQHV��EXW�RQ�D�
larger scale. If coal mining does play a signif-
LFDQW� UROH� LQ� D� QDWLRQȇV� HFRQRP\�� IHDUV� RI�
economic losses associated with shutting down 
SRZHU� SODQWV� PLJKW� JUHDWO\� KLQGHU� H΍HFWLYH�
national climate policy. 

(8� OHYHO� UHJXODWRUV� IRFXV� RQ� ȴQGLQJ� WKH�
FRPPRQ�GHQRPLQDWRU��WDNLQJ�LQWR�DFFRXQW�(8�
OHYHO�HQYLURQPHQWDO�DQG�HFRQRPLF� LVVXHV�DQG�
also the EU’s responsibility on a global scale.

7DNLQJ�DOO�WKHVH�YLHZV�LQWR�DFFRXQW��ZH�FRQVLGHU�
two approaches to determine the phase-out 
VFKHGXOH� WKDW� DLP� WR� HQFRPSDVV� GL΍HUHQW�
DVSHFWV�RI�WKHVH�YLHZV��

• Regulator perspective: it adopts an 
HQYLURQPHQWDO� LQWHJULW\� DSSURDFK� DQG�
SULRULWLVHV� WKH� VKXWGRZQ� RI� WKH� OHDVW� Hɝ-
FLHQW� XQLWV��ZKLOH� DOVR� WDNLQJ� LQWR� DFFRXQW�
WKH� UHYHQXH� WKH\� FDQ� JHQHUDWH�� )RU� WKLV�
SHUVSHFWLYH�� XQLWV� DUH� VRUWHG� SULPDULO\�
according to their carbon intensity (amount 
RI�&22 emitted per unit of electricity gener-
DWHG���7R�UHGXFH�WKH�RYHUDOO�HFRQRPLF�ORVV�
RI� WKH� SKDVH�RXW�� DQG� JLYHQ� WKDW� PDQ\�
JHQHUDWLRQ�XQLWV�KDYH�VLPLODU�FDUERQ�LQWHQ-
VLW\� FKDUDFWHULVWLFV�� D� VHFRQGDU\� VRUWLQJ�
is applied where priority for phase-out is 
JLYHQ�WR�WKH�XQLWV�ZLWK�OHVV�HFRQRPLF�YDOXH�
in each of the carbon intensity ranges. The 
measure used to estimate the economic 
YDOXH� RI� D� SRZHU� JHQHUDWLRQ� XQLW� LV� WKH�
1HW�3UHVHQW�9DOXH��139��SHU�0:��ZKLFK�LV�
WKH�SUHVHQW�YDOXH�RI�WKH�DQWLFLSDWHG�IXWXUH�
FDVK�ȵRZV�RI�HDFK�XQLW�GXULQJ� LWV� UHPDLQ-

4 COAL SHUT 
DOWN SCHEDULE 

http://climateanalytics.org/hot-topics/eu-coal-phase-out.html
http://climateanalytics.org/hot-topics/eu-coal-phase-out.html
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LQJ� OLIHWLPH�� DIWHU� FRQWUROOLQJ� IRU�XQLW� VL]H�� 
 
For detailed information on the approach 
followed to calculate the NPV refer to 
$QQH[�9Ζ��&DOFXODWLQJ�WKH�1HW�3UHVHQW�9DOXH�
of coal power plants.

•  Market perspective: keeping in line with 
the priorities of plant owners and opera-
WRUV�� LW� DLPV� WR� UHGXFH� WKH� RYHUDOO� FRVW� RI�
the shutdown strategy for the whole EU by 
NHHSLQJ�XQLWV�ZLWK�KLJKHU� HFRQRPLF� YDOXH�
online as long as possible. Similarly to the 
5HJXODWRU� SHUVSHFWLYH�� WKH� VRUWLQJ� RI� WKH�
units is done using a two-step approach. 
)LUVW�� XQLWV� DUH� VRUWHG� DFFRUGLQJ� WR� WKHLU�
SURȴWDELOLW\� �139�0:�� DQG� WKH� OHDVW�SURI-
LWDEOH�XQLWV�DUH�SKDVHG�RXW�ȴUVW��6HFRQGO\��
for units within the same range of economic 
YDOXH��SULRULW\�IRU�SKDVH�RXW�LV�JLYHQ�WR�WKH�
units with the highest carbon intensity. 
ΖQFOXGLQJ� HɝFLHQF\� FRQVLGHUDWLRQV� LQ� WKH�
0DUNHW� SHUVSHFWLYH� GRHV� QRW� RQO\� UHȵHFW�
WKH� IDFW� WKDW� LQHɝFLHQW�XQLWV� KDYH�XVXDOO\�
KLJKHU�IXHO�DQG�FDUERQ�SULFH�FRVWV��EXW�DOVR�
accounts for the fact that national regula-
WLRQV�FRQFHUQHG�ZLWK�LVVXHV�OLNH�DLU�TXDOLW\�
DQG�*+*�HPLVVLRQV�ZLOO�D΍HFW� WKRVH�XQLWV�
ȴUVW�� PDNLQJ� WKHP� PRUH� ULVN\� DVVHWV� IRU�
LQYHVWRUV�WKDQ�PRUH�HɝFLHQW�XQLWV��

The shutdown is performed in a stepwise 
manner. For each year in which the sum of 
HPLVVLRQV� IURP� FRDO� SODQWV� LV� DERYH� OHYHOV�
consistent with the long-term goal in the Paris 
$JUHHPHQW��SODQWV�QHHG�WR�EH�VKXW�GRZQ�XQWLO�
WKH�HPLVVLRQV� DUH� DW� RU�EHORZ� WKLV� OHYHO�� &RDO�
SRZHU� SODQWV� DUH� VRUWHG� DV� H[SODLQHG� DERYH�
and those plants with highest priority will be 
VKXW�GRZQ�LQ�D�FHUWDLQ�\HDU��DV�GHSLFWHG�VFKH-
matically in Figure 6 with the grey units being 
WKRVH�WKDW�DUH�VKXW�GRZQ�LQ�D�VSHFLȴF�\HDU�

%RWK� YLHZV� DUH� EDVHG� RQ� D� VWDWLF� DSSURDFK��
which ranks units according to their NPV and 
emissions intensity as of 2016 and assumes 
this rank to remain constant during the 

whole projection period. Although a dynamic 
approach with a changing ranking — in which 
HPLVVLRQV� LQWHQVLW\� DQG� HFRQRPLF� YDOXH� DUH�
calculated each year taking into account the 
SUHYLRXV� \HDUȇV� UHWLUHPHQWV� DQG� WHFKQRORJ\�
LPSURYHPHQWV� LQ� WKH� XQLWV�ȃ�ZRXOG� EH� LGHDO�
WR�GHWHUPLQH�WKH�RSWLPDO�UHWLUHPHQW�VFKHGXOH��
there is high uncertainty surrounding projec-
WLRQV�RI�PDQ\�RI�WKH�YDULDEOHV�FRQVLGHUHG��)RU�
LQVWDQFH�� LQYHVWPHQWV� LQ� WHFKQRORJ\� LPSURYH-
PHQWV�WR�FRPSO\�ZLWK�HPLVVLRQV�DQG�DLU�TXDO-
ity standards will depend on the stringency 
RI� WKH� VWDQGDUGV�� VSHFLDO� H[FHSWLRQV� RU� WLPH�
extensions to comply with the standards at the 
QDWLRQDO�OHYHO��DQG�WKH�WHFKQRORJ\�SULFHV��DOO�RI�
ZKLFK�DUH�YHU\�FKDOOHQJLQJ�WR�SURMHFW��

)XUWKHU�GHYHORSPHQWV�RI�RXU�FXUUHQW�PHWKRG-
ology could include a dynamic modelling that 
WDNHV� LQWR� DFFRXQW� FKDQJHV� LQ� FRXQWU\� OHYHO�
information due to unit retirement and other 
QDWLRQDO�FKDUDFWHULVWLFV��VXFK�DV�VXEVLGLHV�
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)LJXUH����6FKHPDWLF�RYHUYLHZ�RI�PHWKRGRORJ\��(DFK�RI�WKH�
boxes labelled A to G shows emissions from a power unit. 
7KH�EOXH�OLQH�LQGLFDWHV�Ζ$0�GHULYHG�FRVW�RSWLPDO�FRDO�HPLV-
sions pathways in line with the Paris Agreement long-term 
WHPSHUDWXUH�JRDO��DQG�W��WKURXJK�W��GHSLFW�WKH�WLPH�VWHSV�
(years). If we assume that our shutdown regime starts in 
W���WKLV�PHDQV�WKDW�SODQWV�*�DQG�)�QHHG�WR�VKXW�GRZQ�Ȃ�DV�
indicated by the grey colour. In t2 plant E needs to be shut 
down under a least-cost strategy and in t3 only plants A and 
%�PD\�UHPDLQ�LQ�RSHUDWLRQ��ΖQ�W��DOO�UHPDLQLQJ�SODQWV�QHHG�
WR�EH�VKXW�GRZQ��DV�HPLVVLRQV�QHHG�WR�UHDFK�]HUR�WR�FRPSO\�
with the Paris Agreement’s long-term temperature goal.
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�����7+(�67$57Ζ1*�32Ζ17�)25�285�
ANALYSIS
Figure 7 depicts the location of coal power 
SODQWV� LQ� WKH� (8� LQ� ������ 7KH� FRXQWU\� OHYHO�
intensity of coal use – measured in coal use 
per capita – is also shown with darker colours 
depicting higher coal use intensity. There are 
FOHDU�FRDO�XVH�KRWVSRWV��OLNH�WKH�5XKU�DUHD�DQG�
/XVDWLD� LQ� *HUPDQ\�� 8SSHU� 6LOHVLD� LQ� 3RODQG�
DQG�WKH�2VWUDZD�UHJLRQ�LQ�&]HFK�5HSXEOLF��

&]HFK� 5HSXEOLF� KDV� WKH� KLJKHVW� FXUUHQW� FRDO�
GHSHQGHQF\� LQ� SHU� FDSLWD� WHUPV�� IROORZHG� E\�
*HUPDQ\��3RODQG�DQG�%XOJDULD��)UDQFH��6ZHGHQ�
DQG�$XVWULD�VWDQG�RXW�DV�KDYLQJ�FRPSDUDWLYHO\�
ORZHU�FRDO�FRQVXPSWLRQ�SHU�FDSLWD��ZLWK�)UDQFH�
UHO\LQJ� VWURQJO\� RQ�QXFOHDU� SRZHU�� $XVWULD� RQ�
hydroelectricity and Sweden on a mixture of 
ERWK�� %HOJLXP�� /X[HPERXUJ�� 0DOWD�� &\SUXV��
(VWRQLD�� /LWKXDQLD� DQG� /DWYLD� KDYH� QR� FRDO�
power plants at all.

)LJXUH����/RFDWLRQ�RI�FRDO�SRZHU�SODQWV�LQ�WKH�(8�LQ�������&LUFOH�GLDPHWHU�LQGLFDWHV�FDSDFLW\��&RXQWU\�FRORXUV�GHSLFW�FRDO�XVH�
SHU�FDSLWD��GDUNHU�VKDGLQJ�LQGLFDWHV�KLJKHU�FRDO�XVH�SHU�FDSLWD���6RXUFH��*&37��&$1�(XURSH��663��RZQ�FDOFXODWLRQV
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�����5(*8/$725�96�0$5.(7�3(563(&7Ζ9(6�
Figure 8 shows how coal power plants are grad-
ually shut down between 2020 and 2030 in line 
with the Paris Agreement’s long-term tempera-
WXUH� JRDO�� ERWK� IRU� WKH� 5HJXODWRU� �OHIW� SDQHO��
DQG�WKH�0DUNHW�SHUVSHFWLYH��ULJKW�SDQHO���

8QGHU�WKH�5HJXODWRU�VKXWGRZQ�VFKHGXOH��RQO\�
three units located in Germany remain online 
XQWLO�������8QGHU�WKH�0DUNHW�SHUVSHFWLYH��RQH�

XQLW�LQ�*HUPDQ\�DQG�RQH�LQ�6SDLQ�UHPDLQ�DFWLYH�
XQWLO�������)RU�3RODQG��WKH�UHVXOWV�GL΍HU�VLJQLȴ-
cantly between the two approaches: almost 
all plants need to be retired already by 2025 
under the Market whereas many plants remain 
XQGHU� WKH� 5HJXODWRU� SHUVSHFWLYH�� 7KH� VDPH�
SDWWHUQ�LV�REVHUYHG�IRU�'HQPDUN�EXW��JLYHQ�WKH�
PXFK�VPDOOHU�FDSDFLW\��WKH�HDUOLHU�VKXWGRZQ�RI�
a single plant unit changes the remaining unit 
VWUXFWXUH�VLJQLȴFDQWO\�

)LJXUH����5HVXOWV�IRU�UHPDLQLQJ�FRDO�SRZHU�SODQWV�DQG�FRDO�XVHG�IRU�SRZHU�SODQWV�SHU�FDSLWD�LQ�������/HIW�SDQHO��5HJXODWRU�
SHUVSHFWLYH��ULJKW�SDQHO��0DUNHW�SHUVSHFWLYH��6RXUFHV��*&37��&$1�(XURSH��ΖΖ$6$�-RHUL�5RJHOM��663�GDWDEDVH��RZQ�FDOFXODWLRQV

2020

2025

2030

REGULATOR PERSPECTIVE MARKET PERSPECTIVE
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)RU� WKH� &]HFK� 5HSXEOLF� DQG� %XOJDULD�� D� ODUJH�
share of capacity needs be shut down already 
EHIRUH������XQGHU� WKH�5HJXODWRU�SHUVSHFWLYH��
showing the high emissions burden of plants in 

these countries.

Figure 9 compares the Paris Agreement 
scenario phase out schedules for the countries 
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&$1�(XURSH��ΖΖ$6$�-RHUL�5RJHOM��663�GDWDEDVH��RZQ�FDOFXODWLRQV



A stress test for coal in Europe under the Paris Agreement   21

with the largest coal power capacity at present 
IRU�WKH�0DUNHW�DQG�5HJXODWRU�SHUVSHFWLYHV��

7KH� VLPLODULWLHV�EHWZHHQ� WKH� WZR�DSSURDFKHV��
combined with the steep emissions reduction 
UHTXLUHG� WR� VWD\� ZLWKLQ� WKH� 3DULV� $JUHHPHQW�

budget result in around 98% of the units being 
UHWLUHG�ZLWK� D� ȴYH� RU� OHVV� \HDUV� RI� GL΍HUHQFH�
EHWZHHQ� WKH� WZR� DSSURDFKHV�� :KLOH� WKH� WZR�
VKXWGRZQ�VFKHGXOHV�DUH�RYHUDOO�TXLWH�VLPLODU�LQ�
WHUPV�RI�UHWLUHG�FDSDFLW\��WKHUH�DUH�VRPH�LQWHU-
HVWLQJ�GL΍HUHQFHV�EHWZHHQ�WZR�DSSURDFKHV�

7DEOH����3KDVH�RXW�GDWH�IRU�ODUJHVW�FRDO�SRZHU�SODQWV�LQ�(XURSH��7KH�%$8��EXVLQHVV�DV�XVXDO��FROXPQ�VKRZV�WKH�\HDU�LQ�
which the last unit of the power plant would be shut down based on our expectations of lifetime. The two columns Regula-
WRU�DQG�0DUNHW�VKRZ�WKH�\HDU�E\�ZKLFK�WKH�ODVW�XQLW�RI�HDFK�SRZHU�SODQW�QHHGV�WR�EH�VKXW�GRZQ�XQGHU�WKH�WZR�SHUVSHFWLYHV

5$1. PLANT &28175< )8(/ CAPACITY 81Ζ76 6+87�'2:1�<($5

0: %$8 Regulator Market

1 %HĄFKDWµZ

 Poland /LJQLWH 4 928 12 2055 2027 2027

2 Neurath Germany /LJQLWH 4 424 7 2055 2029 2030

3 .R]LHQLFH
 Poland +DUG�FRDO 3 915 11 2061 2028 2025

4 Niederaussem Germany /LJQLWH 3 676 7 2045 2028 2030

5 2SROH
 Poland +DUG�FRDO 3 280 6 2063 2029 2025

6 Jänschwalde Germany /LJQLWH 3 210 6 2028 2024 2027

7 'UD[


 UK +DUG�FRDO 2 640 4 2025 2025 2025

8 %ULQGLVL�6XG Italy +DUG�FRDO 2 640 4 2044 2028 2028

9 %R[EHUJ Germany /LJQLWH 2 427 4 2055 2029 2030

10 -DZRU]QR��
 Poland +DUG�FRDO 2 255 7 2063 2028 2025

11 Mannheim Germany +DUG�FRDO 2 147 4 2058 2031 2030

12 Fiddler's Ferry UK +DUG�FRDO 2 000 4 2017 2017 2017

13 &RWWDP UK +DUG�FRDO 2 000 4 2025 2025 2025

14 5DWFOL΍H UK +DUG�FRDO 2 000 4 2025 2025 2025

15 7RUUHYDOGDOLJD�1RUG Italy +DUG�FRDO 1 980 3 2061 2030 2029

16 :HLVZHLOHU Germany /LJQLWH 1 958 4 2021 2021 2021

17 :HVW�%XUWRQ UK +DUG�FRDO 1 924 4 2025 2025 2025

18 /LSSHQGRUI Germany /LJQLWH 1 866 2 2043 2027 2029

19 7XUµZ
 Poland /LJQLWH 1 765 7 2063 2028 2024

20 Moorburg Germany +DUG�FRDO 1 730 2 2058 2031 2029


�&DSDFLW\�LQFOXGHV�XQLWV�WKDW�DUH�XQGHU�FRQVWUXFWLRQ�DQG�ZLOO�EH�RQOLQH�LQ�WKH�QH[W�����\HDUV�



�%HĄFKDWµZ�KDV�D�WRWDO�FDSDFLW\�RI�������0:��ZLWK����ROGHU�XQLWV�RI���������0:�FDSDFLW\�DQG�D�QHZHU�XQLW�RI������
0:���2QH�XQLW�ZDV�VFKHGXOHG�WR�EH�EH�UHWLUHG�LQ������DQG�WKH�GDWD�DERYH�DQG�RXU�DQDO\VLV�UHȵHFWV�WKLV��+RZHYHU�WKHUH�
is uncertainty surrounding the future of this unit.




�'UD[�KDV���XQLWV�RI�����0:�DQG�D�WRWDO�QDPHSODWH�FDSDFLW\�RI�������0:�EXW�DV�RI�������WZR�XQLWV�KDYH�EHHQ�PRGL-
ȴHG�WR�EH�ȴUHG�E\�ELRPDVV��SRWHQWLDOO\�D�PL[�RI�ELRPDVV�DQG�FRDO��OHDYLQJ�WKH�H΍HFWLYH�FRDO�FDSDFLW\�RI�WKH�UHPDLQLQJ���
XQLWV�DW�������0:��&RQYHUVLRQ�RI�D��UG�XQLW�ZDV�VFKHGXOHG�IRU������

1RWH�WKDW�WKH�DERYH�SODQW�FDSDFLW\�YDOXHV�DUH�GHULYHG�IURP�WKH�*OREDO�&RDO�3ODQW�7UDFNHU�GDWDEDVH�DV�RI�-XO\�������:KLOH�
HYHU\�H΍RUW�WR�HQVXUH�DFFXUDF\�KDV�EHHQ�PDGH��ZH�FDQQRW�JXDUDQWHH�WKHUH�DUH�QR�HUURUV��HVSHFLDOO\�ZLWK�WKH�HYHU�VKLIW-
LQJ�QDWXUH�RI�LQGLYLGXDO�XQLWV�EHLQJ�FRPPLVVLRQHG��GHFRPPLVVLRQHG��UHIXUELVKHG�RU�PRGLȴHG�WR�XVH�GL΍HUHQW�IXHOV��
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The abrupt shut down of all remaining capac-
ity in the United Kingdom in 2025 is due to the 
recently introduced regulation banning coal-
ȴUHG�SRZHU�SODQWV�DIWHU�WKDW�GDWH��

ΖQ� WKH� FDVH� RI�*HUPDQ\�� WKH�0DUNHW� SHUVSHF-
WLYH�IDYRXUV�ORQJHU�RSHUDWLRQ�RI�VRPH�UHPDLQ-
LQJ� FDSDFLW\� WKDQ� WKH� 5HJXODWRUȇV� SHUVSHFWLYH��
7KLV�LV�UHYHUVHG�IRU�3RODQG��ZKHUH�VKXWGRZQ�LV�
considerably faster under the Market perspec-
WLYH��)RU�PRVW�RWKHU�FRXQWULHV�� WKH�UHVXOWV�DUH�
QRW� YHU\� GL΍HUHQW� XQGHU� WKH� WZR� SHUVSHF-
WLYHV�� 7KH� GL΍HUHQFHV� IRU� &]HFK� 5HSXEOLF�� IRU�
LQVWDQFH�� OLH� LQ� WKH� QXPHULF� UDQJH� RI� VLQJOH�
power plant units. 

7KHVH� GL΍HUHQFHV� UHȵHFW� WKH� JUDQXODULW\� RI�
FRDO�ȴUHG�SRZHU�VXSSO\�FDSDFLW\��:KLFK�VSHFLȴF�
SODQWV� JR� RɞLQH� E\� ZKHQ� GL΍HUV� EHWZHHQ�
WKH� WZR� DSSURDFKHV�� ZLWK� GL΍HUHQW� SRWHQWLDO�
LPSDFWV�LQ�YDULRXV�UHJLRQV�LQ�HDFK�FRXQWU\��7KLV�
OHYHO�RI�GHWDLO�FDQ�EH�VHHQ�LQ�WKH�RQOLQH�JUDSKLF�
YLVXDOLVDWLRQ�RQ�WKH�DFFRPSDQ\LQJ�ZHESDJH��

There is not one common ruling factor deter-
PLQLQJ�WKH�ȴQDO�RUGHU�RI�WKH�FRDO�SRZHU�SODQWV�
in the retirement priority list but rather a 
FRPELQDWLRQ� RI� GL΍HUHQW� IDFWRUV� WKDW� D΍HFW�
all units simultaneously. An early shut down 
XQGHU� D� 0DUNHW� SHUVSHFWLYH� LQ� 3RODQG�� IRU�
H[DPSOH��GRHV�QRW�PHDQ�WKDW�LQ�JHQHUDO�WKHVH�
FRDO�SRZHU�SODQWV�DUH�UHODWLYHO\�OHVV�SURȴWDEOH�
WKDQ�LQ�RWKHU�(XURSHDQ�FRXQWULHV��LQ�IDFW��WKH\�
DUH�QRW��7KLV� LV�UDWKHU�GXH�WR�GL΍HUHQW�IDFWRUV�
WKDW�D΍HFW�SDUWLFXODU�XQLWV��FKDQJLQJ�WKHLU�UHOD-
WLYH�SRVLWLRQ�LQ�WKH�UHWLUHPHQW�SULRULW\�OLVW�XQGHU�
each of the approaches. 

2QH� VXFK� IDFWRU� LV� IXWXUH� GHFUHDVH� LQ� HOHF-
WULFLW\� SULFHV� LQ� VRPH� PHPEHU� VWDWHV�� ZKLFK�
SXWV� VRPH� QHZHU�� PRUH� HɝFLHQW� SODQWV� DW� D�
GLVDGYDQWDJH� FRPSDUHG� WR� VLPLODU� EXW� ROGHU�
JHQHUDWLRQ� XQLWV�� ZKLFK� KDYH� DOUHDG\� UHFRY-
HUHG� PRVW� RI� WKH� LQYHVWPHQW� FRVWV�� $QRWKHU�
IDFWRU� FRXOG� EH�� IRU� LQVWDQFH�� WKH� KLVWRULFDOO\�
ORZ�REVHUYHG�XWLOLVDWLRQ�UDWHV�RI�PRUH�HɝFLHQW�
SODQWV�FRPSDUHG�WR�VLPLODU��OHVV�HɝFLHQW�XQLWV�
in some countries. Follow up research could 
SURYLGH�D�PRUH�GHWDLOHGbDQDO\VLV�RI�WKH�IDFWRUV�
determining the probable retirement date of 
HDFK�RI�WKH�XQLWV��ZKLFK�JRHV�EH\RQG�WKH�VFRSH�
of the current analysis. 

Table 4 shows the 20 largest coal power plants 
LQ� WKH� (8� DQG� SURYLGHV� D� \HDU� IRU� WKHLU� VKXW�
GRZQ� DFFRUGLQJ� WR� WKH� GL΍HUHQW� VFKHGXOHV�
�5HJXODWRU�YV�0DUNHW���7KHVH�SRZHU�SODQWV�KDYH�
D�FRPELQHG�FDSDFLW\�RI�DURXQG����*:��ZKLFK�
corresponds to about 32% of the EU’s coal-
ȴUHG�FDSDFLW\�FXUUHQWO\�LQ�RSHUDWLRQ�DQG�XQGHU�
FRQVWUXFWLRQ�� (LJKW� RI� WKHVH� SODQWV� DUH� ȴUHG�
ZLWK�OLJQLWH��ZLWK�WKH�UHPDLQGHU�XVLQJ�KDUG�FRDO��
5RXJKO\������*:�RI� WKLV�FDSDFLW\� LV� ORFDWHG� LQ�
*HUPDQ\��DSSUR[LPDWHO\����*:�LQ�3RODQG�DQG�
the rest in the United Kingdom and Italy. 

(DFK�RI�WKHVH�ODUJH�SODQWV�FRPSULVHV�RI�VHYHUDO�
XQLWV�� 7KH� ODUJHVW�RI� WKHVH��DOVR� WKH� ODUJHVW� LQ�
(XURSH�Ȃ�WKH�%HĄFKDWµZ�SRZHU�SODQW�LQ�3RODQG�
– has multiple units with a combined capacity 
RI�DURXQG���*:��2QH� LQWHUHVWLQJ�SDWWHUQ� WKDW�
HPHUJHV�LV�WKDW�LQ�JHQHUDO��WKH�0DUNHW�SHUVSHF-
WLYH� IDYRXUV� D� ODWHU� FRPSOHWH� VKXWGRZQ� IRU� D�
PDMRULW\� RI� WKH� ODUJH� OLJQLWH� SODQWV�� VKRZLQJ�
WKH�KLJKHU�UHODWLYH�SURȴWDELOLW\�RI�OLJQLWH�SRZHU�
SODQWV�FRPSDUHG�WR�KDUG�FRDO��2QH� LPSRUWDQW�
fact to remember is that the shutdown of such 
large plants is a gradual rather than a sudden 
process. 



A stress test for coal in Europe under the Paris Agreement   23

�����7+(�63(&Ζ$/�&$6(6�2)�*(50$1<�$1'�
32/$1'�
Germany and Poland are jointly responsible for 
51% of the installed capacity and about 54% of 
WKH�HPLVVLRQV�IURP�WKH�FRDO�ȴUHG�SRZHU�SODQWV�
in the EU (Table 1). Action in these two coun-
WULHV�LV�GHFLVLYH�IRU�DQ�HɝFLHQW�DQG�WLPHO\�FRDO�
phase-out compatible with the Paris Agree-
PHQW��ΖQ�DGGLWLRQ��GXH�WR�WKHLU�LQȵXHQFH�RQ�SROL-
F\�PDNLQJ�DW�WKH�(XURSHDQ�OHYHO��JRYHUQPHQWV�
RI� WKHVH� WZR�FRXQWULHV�ZLOO�DOVR�EH�GHFLVLYH� LQ�
designing how and when coal phase-out takes 
place. This role is especially important because 
WKH� QHJDWLYH� FRQVHTXHQFHV� RI� FRDO� SKDVH�RXW�
will strongly impact Poland and Germany but at 
WKH�VDPH�WLPH�WKH�EHQHȴWV�IRU�ERWK�FRXQWULHV�
ZLOO� EH� VLJQLȴFDQW�� 7KH� IROORZLQJ� WZR� VHFWLRQV�
describe the peculiarities of these two coun-
tries in terms of their coal sectors.

�������*(50$1<�$1'�/Ζ*1Ζ7(
Germany is known for its Energy Transition: 
a decision to phase out nuclear energy and 
UHGXFLQJ� HQHUJ\�UHODWHG� *+*� HPLVVLRQV� E\�
VLJQLȴFDQWO\� LQFUHDVLQJ�WKH�UROH�RI�UHQHZDEOHV�
DQG� LPSURYLQJ� HQHUJ\� HɝFLHQF\� �%XQGHVUH-
JLHUXQJ�� ����D���%HWZHHQ������DQG������� WKH�
share of renewables in gross power produc-
tion increased from 6.5% to 29%. In the same 
period the share of power from nuclear power 
plants decreased by 15% and from hard coal by 
almost 7%. The share of power from the most 
FDUERQ�LQWHQVLYH� IXHO�� OLJQLWH�� UHPDLQHG� UHOD-
WLYHO\�VWDEOH�DW�DURXQG������ZLWK�WKH�DEVROXWH�
HOHFWULFLW\�SURGXFWLRQ� IURP� OLJQLWH�ȴUHG�SRZHU�
SODQWV�HYHQ� LQFUHDVLQJ�E\������ �$*�(QHUJLHEL-
ODQ]HQ���������

This had repercussions for the emissions from 
WKH�SRZHU�VHFWRU��ZKLFK�GHFUHDVHG�E\�OHVV�WKDQ�
4% between 2000 and 2015 – much less than 
could be expected from Europe’s energy transi-
WLRQ�OHDGHU��7KH�IDLOXUH�RI�WKH�(8�(76�WR�GHOLYHU�
LQFHQWLYHV� IRU� IXHO� VZLWFKLQJ� DZD\� IURP� FRDO��
FRPELQHG�ZLWK� GHFUHDVLQJ� SULFH� RI� KDUG� FRDO��
KDV�OHG�WR�DQ�LQFUHDVH�LQ�SRZHU�SURGXFWLRQ��LQ�
turn leading to higher electricity exports. 

An increase in the share of renewables has also 
to some degree been counterbalanced by the 
nuclear phase out. Much higher power supply 
FRPELQHG�ZLWK�D�VPDOO�GHFUHDVH�LQ�WKH�RYHUDOO�

emissions led to only modest decrease in the 
carbon intensity of the German power mix: 
IURP�����J�N:K�LQ������WR�����J�N:K�LQ������
�$JRUD�(QHUJLHZHQGH������D���7KH�PDMRU�REVWD-
cle to a deeper and more rapid decarbonisa-
tion of the German power sector is the signif-
LFDQW�VKDUH�RI�OLJQLWH��ΖQ������RYHU�����PLOOLRQ�
WRQQHV� RI� OLJQLWH� ZHUH� H[WUDFWHG� LQ� *HUPDQ\��
����RI�ZKLFK�ZDV�EXUQHG� LQ�FRDO�ȴUHG�SRZHU�
SODQWV��(XUDFRDO��������

%HWZHHQ� ����� DQG� ������ WKH� H[WUDFWLRQ� RI�
OLJQLWH�LQ�*HUPDQ\�LQFUHDVHG�E\�RYHU������IURP�
����WR�����PLOOLRQ�WRQQHV��/LJQLWH�UHPDLQV�WKH�
cheapest fossil fuel for electricity generation 
in Germany but only because external costs 
VXFK�DV�FOLPDWH�FKDQJH��DLU�SROOXWLRQ�DQG�WKRVH�
related to open pit mining are not internalised 
in its price. The low price of emissions allow-
DQFHV�LQ�WKH�(8�(76�GRHV�QRW�UHȵHFW�WKHVH�FRVWV�
DFFRUGLQJO\��$SDUW�IURP�WKH�LQLWLDO�SHULRG��ZKHQ�
WKH� SULFH� UHDFKHG� ��� Ȝ�W&22� �%UHGLQ�� �������
WKH� DOORZDQFHV� WUDGHG� VLJQLȴFDQWO\� EHORZ� WKH�
expected price and in December 2016 cost 
DURXQG��Ȝ�W&22��((;���������

To remedy this situation and facilitate the 
GHFDUERQLVDWLRQ� RI� WKH� SRZHU� VHFWRU�� LQ� HDUO\�
�����WKH�0LQLVWHU�RI�(FRQRP\��6LJPDU�*DEULHO��
suggested introducing a mechanism that 
would increase the costs of power production 
IURP�WKH�PRVW�LQHɝFLHQW�SRZHU�SODQWV��7KH�IHH�
(Klimabeitrag) ZRXOG�KDYH� WR�EH�SDLG�E\� IRVVLO�
IXHO�SRZHU�SODQWV�ROGHU�WKDQ����\HDUV��UHJDUG-
less of fuel type.  It would only apply to emis-
VLRQV� DERYH� D� FHUWDLQ� WKUHVKROG�� ZKLFK� ZDV�
LQLWLDOO\�VHW�DW���0Wb&22�*:��

This threshold was to sink annually until it 
UHDFKHV���0Wb&22. The power plants that exceed 
WKH� HPLVVLRQV� LQWHQVLW\� WKUHVKROG�ZRXOG�KDYH�
to purchase additional�DOORZDQFHV�LQ�WKH�YDOXH�
between 1€ initially and 18-20€ in 2020 for each 
WRQQH�RI�&22�DERYH�WKH�WKUHVKROG��0DWWKHV�HW�
DO��� ������� 7KLV� PHFKDQLVP� ZRXOG� KDYH� LQȵX-
enced the merit order of the German power 
sector by increasing the utilisation of cleaner 
SRZHU�SODQWV�DQG�GHFUHDVLQJ�WKH�FRPSHWLWLYH-
QHVV�RI�WKH�PRVW�FDUERQ�LQWHQVLYH�XQLWV��

ΖQ�-XO\�������DIWHU�VWURQJ�SURWHVWV�IURP�WKH�FRDO�
OREE\�� WKH� *HUPDQ� JRYHUQPHQW� GHFLGHG� QRW�
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WR� LQWURGXFH� WKH� FRDO� IHH�� ΖQVWHDG�� RSHUDWRUV�
RI� OLJQLWH�SRZHU�SODQWV�ZHUH� WR�PRYH�JHQHUD-
WLRQ� XQLWV� ZLWK� FRPELQHG� FDSDFLW\� RI� ���� *:�
WR�Ȋ&DSDFLW\�5HVHUYHȋ�IRU�IRXU�\HDUV��$IWHU�WKLV�
period these power plants are to be closed. 
The companies will be paid compensation of 
(85�����PLOOLRQ�DQQXDOO\�IRU�VHYHQ�\HDUV��7KLV�
measure should reduce emissions by 11-12.5 
0W&22� DQQXDOO\� �/HDGHUV� RI� &'8�� &68� DQG�
63'��������7KH�UHVSHFWLYH�ODZ�KDV�EHHQ�LPSOH-
PHQWHG�LQ�1RYHPEHU�������%0:L��������

:KLOH� WKH� GLVFXVVLRQ� LQ� *HUPDQ\� IRFXVHV� RQ�
decreasing power generation from existing 
FRDO�ȴUHG� SRZHU� SODQWV�� WKH� RYHUVXSSO\� DQG�
resulting decrease of electricity prices makes 
QHZ�SURMHFWV�XQFRPSHWLWLYH��$OUHDG\�LQ�������D�
study of the planned Moorburg power plant in 
+DPEXUJ�SRLQWHG�WR�LWV�XQSURȴWDELOLW\��%81'��
2007). Decreasing wholesale electricity prices 
DQG�LQFUHDVLQJ�FRPSHWLWLYHQHVV�RI�UHQHZDEOHV�
RYHU�WKH�ODVW�GHFDGH�KDV�IXUWKHU�ZRUVHQHG�WKH�
SURȴWDELOLW\� SHUVSHFWLYHV� RI� FRDO�ȴUHG� SRZHU�
SODQWV��(YHQ�EHIRUH�WKH�QHZ�SRZHU�SODQW�ZHQW�
RQOLQH��LWV�ERRN�YDOXH�GHFUHDVHG��FUHDWLQJ�D�ORVV�
RI�DURXQG���ELOOLRQ�(85��9DWWHQIDOO��������

1RQHWKHOHVV��VRPH�QHZ�SODQWV�DUH�VWLOO�SODQQHG�
RU�XQGHU�FRQVWUXFWLRQ��2QH�H[DPSOH�LV�WKH������
0:�'DWWHOQ�SRZHU�SODQW�LQ�ZHVWHUQ�*HUPDQ\��
initially meant to go online in 2011. Should it 
JR�RQOLQH��LW�ZRXOG�EH�RQH�RI�WKH�ELJJHVW�LQ�WKH�
FRXQWU\�� DQG� WKH� ODUJHVW� RQH� EXLOW� DV� D� VLQJOH�
XQLW��ΖWV�ȴQDO�FRPSOHWLRQ�KDV�EHHQ�GHOD\HG�GXH�
to numerous complaints and court proceed-
LQJV�DJDLQVW�WKH�LQYHVWPHQW��'HU�:HVWHQ���������
(YHQ�WKRXJK�WKH�FRQVWUXFWLRQ�ZDV�UHVWDUWHG�LQ�
������ QR� ȴQDO� GDWH� IRU� WKH� SODQWȇV� RSHQLQJ� LV�
FXUUHQWO\�NQRZQ� �8QLSHU��������� �$FFRUGLQJ� WR�
8QLSHUȇV�PDQDJHU�RI�H[WHUQDO�FRPPXQLFDWLRQV��
*HRUJ� 2SSHUPDQQ�� 8QLSHU� LV� VWLOO� RSWLPLVWLF�
DERXW�WKH�SODQW�JRLQJ�RQOLQH�E\�������ZKLFK�ZH�
also assume in our analysis.

�������32/$1'ȇ6�&2$/�'(3(1'(1&<
3RODQG� LV� WKH�(8ȇV� ODUJHVW�KDUG�FRDO�SURGXFHU��
extracting almost 72% of the region’s hard coal 
�(XUDFRDO�� ������� 7KLV� VKDUH� LV� VHW� WR� LQFUHDVH�
HYHQ� PRUH�� DV� *HUPDQ\� SODQV� WR� SKDVH� RXW�
KDUG� FRDO� PLQLQJ� LQ� ������ DQG� WKH� RQO\� KDUG�
FRDO�SURGXFHU�LQ�&]HFK�5HSXEOLF��2.'��LV�ȴOLQJ�
IRU�LQVROYHQF\��7KLV�ZLOO�KDSSHQ�GHVSLWH�WKH�IDFW�

that Poland’s mining sector remains uncom-
SHWLWLYH�ZLWK�H[WUDFWLRQ� FRVWV�DERYH� WKH� LQWHU-
QDWLRQDO� FRDO� SULFHV�� 7KH� VXUYLYDO� RI� WKH� FRDO�
industry is thus only possible due to the signif-
LFDQW�GLUHFW�DQG� LQGLUHFW� VWDWH�DLG�SURYLGHG� WR�
WKH�PLQLQJ�LQGXVWU\��']LHQQLN�=DFKRGQL���������
7KH�JRYHUQPHQW�LV�XQZLOOLQJ�WR�FORVH�WKH�PRVW�
XQSURȴWDEOH� FRDOPLQHV� IRU� SROLWLFDO� UHDVRQV��
ZKLFK� PDNHV� LW� GLɝFXOW� WR� IRFXV� UHVRXUFHV�
and modernise those coalmines in which coal 
H[WUDFWLRQ�FRXOG�VWLOO�EH�SURȴWDEOH��

Almost 85% of Poland’s electricity comes from 
FRDO�ȴUHG�SRZHU�SODQWV��5\QHN�HQHUJLL�HOHNWU\-
F]QHM�� ������� +RZHYHU�� WKH� HQHUJ\� FRPSDQLHV�
operating these installations are increasingly 
D΍HFWHG� E\� WKH� JURZLQJ� PDUNHW� SHQHWUDWLRQ�
RI� UHQHZDEOHV�� ZLWK� QHDU�]HUR� UXQQLQJ� FRVWV��
which has led to a market power price decrease 
IURP�DERXW����3/1�����(85��SHU�0:K�LQ������
WR��������3/1�����(85��LQ�������85(���������1HZ�
grid connections with countries where electric-
LW\�SULFHV�DUH�HYHQ�ORZHU�ZLOO� IXUWKHU�GHFUHDVH�
the electricity price in Poland and endanger the 
SURȴWDELOLW\�RI�QHZ�FRDO�ȴUHG�SRZHU�SODQWV��

1RQHWKHOHVV�� LQ� -XQH� ������ (QHUJ\� 0LQLVWHU��
Krzysztof Tchórzewski pointed out that replac-
ing existing power plants would translate to 
constructing 20-24 new units with combined 
FDSDFLW\�RI�������*:� �:13������F���&XUUHQWO\�
����*:�RI� QHZ� FRDO� FDSDFLW\� LV� SODQQHG��ZLWK�
DERXW����b*:�XQGHU�FRQVWUXFWLRQ��*OREDO�&RDO�
3ODQW�7UDFNHU���������

The largest projects are units 5 and 6 of the 
2SROH�SRZHU�SODQW��ZLWK�FRPELQHG�FDSDFLW\�RI�
����*:��7KH�LQYHVWPHQW�LV�DW�DQ�DGYDQFHG�VWDJH�
and supposed be completed in late 2018 (unit 
5) and early 2019 (unit 6). The projected annual 
coal consumption of these new units is esti-
PDWHG�DW�����PLOOLRQ�WRQQHV� �3*(���������(YHQ�
WKRXJK�DQDO\VWV�SURMHFW�WKHVH�QHZ�LQYHVWPHQWV�
will lead to a decrease in emissions in the 
VKRUW�WHUP��DV�LW�ZLOO�UHSODFH�D�QXPEHU�RI�ROGHU��
ORZ�HɝFLHQF\�SRZHU�SODQWV��LW�ZLOO�ORFN�3RODQGȇV�
power sector into high carbon dependency for 
GHFDGHV�WR�FRPH��$W�WKH�VDPH�WLPH��GXH�WR�LWV�
KLJKHU� FRQYHUVLRQ� HɝFLHQF\� FRPSDUHG� WR� WKH�
ROGHU�SODQWV��LW�ZLOO�ZRUVHQ�WKH�SUREOHP�WKDW�WKH�
JRYHUQPHQW� LV� WU\LQJ� WR� VROYH�� WKH�RYHUVXSSO\�
of domestic coal. 
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7R�LPSURYH�WKH�VLWXDWLRQ�RI�HQHUJ\�FRPSDQLHV�
DQG� WR� ȴQDQFH� FRQVWUXFWLRQ� RI� QHZ� SURMHFWV��
WKH�JRYHUQPHQW�SODQV� WR� LQWURGXFH�D�FDSDFLW\�
PDUNHW� WKDW�ZRXOG�HQVXUH�SURȴWDELOLW\�RI�QHZ�
SRZHU�SODQWV�HYHQ� LQ�WLPHV�ZKHQ�WKH\�GR�QRW�
JHQHUDWH� SRZHU� �:13�� ����F��� 7KLV� SURSRVHG�
instrument should function in a similar way to 
the capacity market already introduced in the 
8QLWHG�.LQJGRP��+RZHYHU��LW�LV�QRW�FRPSDWLEOH�
with the EU’s goal of decarbonising its econ-
omy because it lacks measures that ensure a 
decreasing role of fossil fuels in Poland’s power 
VHFWRU��DQG�DV�VXFK�PD\�QRW�EH�DFFHSWHG�E\�WKH�
(XURSHDQ�&RPPLVVLRQ��:13������D���

7KH�PDLQ�UHDVRQ�IRU�WKH�JRYHUQPHQWȇV�FRQWLQ-
ued support for coal is the perception of 
WKLV� IXHO� DV� GRPHVWLF�� HVSHFLDOO\� FRPSDUHG�
ZLWK� DOWHUQDWLYHV� VXFK� DV� QDWXUDO� JDV�� ZKLFK�
LV� PRVWO\� LPSRUWHG� IURP� 5XVVLD�� 7KH� VLJQLȴ-
cant coal resources and the desire to remain 
LQGHSHQGHQW� ZHUH� WKH� PDLQ� GULYHUV� IRU� WKH�
FRQVWUXFWLRQ�RI� FRDO�ȴUHG�SRZHU�SODQWV�� HVSH-
cially in the 1960s and the 1970s. The situation 
KDV�FKDQJHG�VLQFH�WKHQ�DQG�WKH�KHDY\�UHOLDQFH�
on coal has become a burden. 

1RW�RQO\�GRHV�LW�OHDG�WR�VLJQLȴFDQW�DLU�SROOXWLRQ�
DQG� DOPRVW� ����� GHDWKV� HYHU\� \HDU� �*UHHQ-
SHDFH�� ������ EXW� LW� DFWXDOO\�ZHDNHQV� 3RODQGȇV�
energy security rather than strengthening it. 
ΖQ� $XJXVW� ������ IRU� LQVWDQFH�� HQHUJ\� SULFHV�
skyrocketed because drought had forced some 
WKHUPDO�FRDO�SRZHU�SODQWV�WR�VZLWFK�R΍�GXH�WR�
WKH�ODFN�RI�FRROLQJ�ZDWHU��ZKLFK�LV�VRXUFHG�IURP�
ULYHUV��7R�DYRLG�D�PDMRU�EODFN�RXW��WKH�JRYHUQ-
ment ordered 1600 largest power consumers 
WR�VLJQLȴFDQWO\�UHVWULFW�WKHLU�HOHFWULFLW\�GHPDQG��
ZLWK� VLJQLȴFDQW� QHJDWLYH� HFRQRPLF� LPSDFWV�
�3ROVNLH�5DGLR���������7KH�QHLJKERXULQJ�FRXQ-
WULHV��HVSHFLDOO\�&]HFK�5HSXEOLF�DQG�*HUPDQ\��
DUH�LQ�D�SRVLWLRQ�WR�DYRLG�VLPLODU�SUREOHPV�GXH�
WR�WKH�DYDLODELOLW\�RI�SKRWRYROWDLF�FDSDFLW\��

$QRWKHU�IDFWRU�ZKLFK�ZLOO�KDYH�QHJDWLYH�FRQVH-
TXHQFHV� IRU� 3RODQGȇV� HQHUJ\� VHFXULW\� LV� WKDW�
3ROLVK�FRDO�UHVHUYHV�ZLOO�UXQ�RXW�E\�WKH�����V�DW�
FXUUHQW�H[KDXVWLRQ� UDWH� �%3��������� ([WUDFWLRQ�
FRVWV�ZLOO�LQFUHDVH�VLJQLȴFDQWO\�EHIRUH�WKDW�GDWH�

– the costs of hard coal in Poland are already 
much higher than the price of imported coal. 
6KRXOG� WKLV� WUHQG� FRQWLQXH�� 3RODQGȇV� GHSHQ-
GHQF\� RQ� LPSRUWHG� FRDO� ZRXOG� LQFUHDVH�� ZLWK�
QHJDWLYH� FRQVHTXHQFHV� IRU� 3RODQGȇV� HQHUJ\�
security. 

7KH� PDMRU� FKDOOHQJH� LQ� SKDVLQJ� RXW� FRDO� LV��
KRZHYHU��WKH�FRQFHQWUDWLRQ�RI�WKH�FRDO�PLQLQJ�
LQ� RQH� UHJLRQ�� 8SSHU� 6LOHVLD�� ZKLFK� HPSOR\V�
PRVW�RI�3RODQGȇV��������FRDO�PLQHUV��+RZHYHU��
Upper Silesia is also a highly industrialised 
UHJLRQ� ZLWK� RWKHU� ZHOO�GHYHORSHG� LQGXVWU\�
EUDQFKHV��VXFK�DV�DXWRPRWLYH�DQG�VWHHO�PDQX-
facturing. This would help to lessen the social 
impacts of the coal phase-out in this region.

ΖQ�DGGLWLRQ�WR�VWURQJ�GHSHQGHQF\�RQ�KDUG�FRDO��
Poland also generates further 30% of power 
IURP� OLJQLWH� �36(�� ������� 7KLV� FRXQWU\� LV� DOVR�
home to one of the largest lignite power plants 
LQ�(XURSH�Ȃ�WKH�%HĄFKDWµZ�SRZHU�VWDWLRQ�ZLWK���
*:�LQVWDOOHG�FDSDFLW\��)RU�D�QXPEHU�RI�UHDVRQV�
WKH�JRYHUQPHQW�SULRULWLVHV�KDUG�FRDO�RYHU�WKLV�
HQHUJ\� VRXUFH�� )LUVW� RI� DOO�� IDU� IHZHU� SHRSOH�
DUH� HPSOR\HG� LQ� WKLV� VHFWRU�� ΖQ� ������ WKHUH�
ZHUH� IHZHU� WKDQ� ��b ���� FRDO�PLQHUV� ZRUNLQJ�
LQ� OLJQLWH�PLQLQJ� �3LHWUDV]HZVNL�� �������:KDWȇV�
PRUH��XQOLNH�KDUG�FRDO��OLJQLWH�PLQHV�DUH�RZQHG�
by energy companies rather than directly by 
WKH�VWDWH��)LQDOO\��WKH�HFRQRPLF�VLWXDWLRQ�RI�WKH�
lignite industry is much better than that of the 
KDUG�FRDO�VHFWRU��ZKLFK�GHFUHDVHV�WKH�QHHG�IRU�
GLUHFW�VWDWH�LQWHUYHQWLRQ�
 
$QRWKHU� GHFLVLYH� IDFWRU� LQ� SRZHU� SURGXFWLRQ�
from lignite will be the exhaustion of existing 
ȴHOGV�� ΖI� QR� QHZ� ȴHOGV� DUH� RSHQHG� XS�� LQ� WKH�
2030s the capacity of the power plants will 
KDYH�WR�GHFUHDVH�IURP�FXUUHQWO\�DURXQG��b����
0:�WR�DURXQG�D�WKLUG�RI�WKDW�OHYHO�GXH�WR�IXHO�
VFDUFLW\��&Ζ5(���������%XW�VWURQJ�VRFLDO�SURWHVWV�
DJDLQVW�QHZ�RSHQ�SLW�PLQHV��:13������G��DQG�
GHFUHDVLQJ� FRPSHWLWLYHQHVV� RI� WKLV� VRXUFH� RI�
HQHUJ\�� IXUWKHU�ZRUVHQHG�E\� WKH�SRWHQWLDO� IRU�
an increase in the carbon prices in the coming 
GHFDGHV�� PDNHV� LQYHVWPHQWV� LQ� QHZ� ȴHOGV�
improbable.
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A steep reduction of lignite and hard-coal based 
SRZHU�JHQHUDWLRQ�LV�LQHYLWDEOH�LQ�WKH�(8��JLYHQ�
the emissions reduction targets established at 
WKH�QDWLRQDO�� UHJLRQDO�DQG�JOREDO� OHYHOV��ZKLFK�
UHTXLUH� WKH� FRPSOHWH� GHFDUERQLVDWLRQ� RI� WKH�
electricity sector by the second half of the 
FHQWXU\��&RPSDUHG�WR�RWKHU�VHFWRUV�OLNH�WUDQV-
SRUW�DQG� LQGXVWU\�� WKH�HOHFWULFLW\� VHFWRU�R΍HUV�
WKH�SRVVLELOLW\�RI�UDSLG�PLWLJDWLRQ�RI�*+*�HPLV-
VLRQV�DW�D�ORZHU�FRVW��JLYHQ�WKH�PXOWLSOH�ORZ�FRVW�
DOWHUQDWLYHV�DYDLODEOH�IRU�UHSODFLQJ�IRVVLO�IXHOV�

ΖQ� ������ PRUH� WKDQ� D� TXDUWHU� RI� HOHFWULFLW\�
JHQHUDWHG� LQ� WKH� (8� FDPH� IURP� FRDO�ȴUHG�
SRZHU� SODQWV�� :LWK� VRPH� FRXQWULHV� SODQQLQJ�
RU� DOUHDG\� LPSOHPHQWLQJ� QXFOHDU� SKDVH�RXW��
UHPRYLQJ�FRDO�IURP�WKH�SRZHU�PL[�ZLOO�EH�FKDO-
OHQJLQJ� Ȃ� HVSHFLDOO\� LQ� FRXQWULHV� ZKHUH� RYHU�
50% of electricity comes from coal such as 
3RODQG�� *UHHFH� RU� &]HFK� 5HSXEOLF� �(XURVWDW��
2016b).

2XU� UHVXOWV� VKRZ� WKDW� LQ� RUGHU� WR� PHHW� WKH�
3DULV�$JUHHPHQW� ORQJ�WHUP� WHPSHUDWXUH�JRDO��
coal will need to be phased out in the EU by 
WKH� HDUO\� ����V�� :KLOH� DQ� DOPRVW� FRPSOHWH�
UHPRYDO�RI�FRDO�IURP�WKH�HOHFWULFLW\�PL[�ZLWKLQ�
slightly more than a decade seems to be an 
DPELWLRXV� XQGHUWDNLQJ�� D� VLJQLȴFDQW� VKDUH� RI�
WKH� (8ȇV� H[LVWLQJ� FRDO�ȴUHG� SRZHU� SODQWV� KDV�
DOUHDG\� EHHQ� XQGHUXWLOLVHG�� $OWHUQDWLYH� FOHDQ�
energy sources such as wind and solar are 
rapidly gaining in importance in the EU and 
R΍HU�D�ORZ�FRVW�DOWHUQDWLYH�WR�PHHW�WKH�HQHUJ\�
UHTXLUHPHQWV�RI�WKH�UHJLRQ��ΖQ�WKLV�VHFWLRQ��ZH�
LQYHVWLJDWH�KRZ�D�WUDQVLWLRQ�WR�UHQHZDEOHV�FDQ�
replace the retired coal capacity and contribute 
to decarbonisation of the power sector.  

�����)$&Ζ/Ζ7$7Ζ1*�7+(�*52:7+�2)�
5(1(:$%/(6�
5HQHZDEOH� VRXUFHV� RI� HQHUJ\� KDYH� H[SHUL-
HQFHG� D� UDSLG� JURZWK� LQ� WKH� (8�RYHU� WKH� ODVW�
GHFDGH�Ȃ�HVSHFLDOO\�LQ�WKH�SRZHU�VHFWRU��ΖQ�������
renewables accounted for only 14.4% of elec-
tricity generation but by the end of 2014 their 

share has almost doubled and reached 27.5%. 
In Denmark and Portugal the share of renew-
ables increased the fastest. In both countries 
FORVH�WR�D�TXDUWHU�RI�HQHUJ\�FDPH�IURP�UHQHZ-
DEOHV�LQ������EXW�D�GHFDGH�ODWHU�HYHU\�VHFRQG�
NLORZDWW�KRXU�ZDV�SURGXFHG�XVLQJ�ZLQG��VRODU��
biomass or hydro energy. 

$OVR� *HUPDQ\�� 6SDLQ�� ΖWDO\� DQG� WKH� 8.� KDYH�
UHJLVWHUHG�D�VLJQLȴFDQW�JURZWK�LQ�WKH�VKDUH�RI�
UHQHZDEOHV�� ZKHUHDV� WKH� JURZWK� LQ� )UDQFH��
)LQODQG� DQG� 6ORYDNLD� ZDV� VORZHU� �(XURVWDW��
����E���&XUUHQWO\��UHQHZDEOHV�DFFRXQW�IRU�RYHU�
40% of the total installed generation capacity 
RI� WKH� (8�� DQG� GHVSLWH� FRQFHUQV� DERXW� JULG�
LQWHJUDWLRQ�� QHDUO\� D� WKLUG� RI� WRWDO� HOHFWULFLW\�
production in 2015 was attributed to renew-
able sources (European Network of Trans-
PLVVLRQ� 6\VWHP� 2SHUDWRUV�� ������� 7KH� VKDUH�
renewables in the power mix is set to further 
increase. 

Growth in renewables is closely connected 
with the existence of support mechanisms 
for these new sources of energy. Renewable 
HQHUJ\�VRXUFHV�SURȴWHG�IURP�VXSSRUW�PHFKD-
nisms for a rapid market uptake. This is espe-
FLDOO\�LPSRUWDQW�GXH�WR�WKH�LQHɝFLHQFLHV�RI�WKH�
mechanisms aimed at the internalisation of the 
H[WHUQDO� FRVWV� RI� IRVVLO� IXHOV�� VXFK� DV� WKH� (8�
(76��&RQFHUQV�DERXW�HQHUJ\�VHFXULW\�DQG�HQYL-
URQPHQWDO�GHJUDGDWLRQ�PRWLYDWHG�IURQWUXQQHU�
countries like Denmark and Germany to imple-
ment support policies for renewables already 
LQ� WKH�����V�DQG�����V��$V� WHFKQRORJ\�GHYHO-
RSHG� DQG� LPSURYHG�� WKHVH�PHFKDQLVPV� KDYH�
OHG�WR�PDVVLYH�PDUNHW�SHQHWUDWLRQ��

+RZHYHU�� EDG� GHVLJQ� RI� WKH� VXSSRUW� PHFKD-
QLVP� LQ� VRPH� FRXQWULHV�� H�J�� &]HFK� 5HSXEOLF�
DQG�6SDLQ��ZKLFK�JXDUDQWHHG�DQ�RYHUO\�JHQHU-
RXV� DQG� WKXV� XQVXVWDLQDEOH� OHYHO� RI� VXSSRUW�
KDG� D� ERRP�DQG�EXVW� H΍HFW�� 5HWURDFWLYH�
changes to the support mechanism and mora-
WRULD� RQ� UHQHZDEOHV� GHYHORSPHQW� LQWURGXFHG�
in some countries increased the insecurity of 

5 ALTERNATIVES 
TO COAL
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LQYHVWRUV�DQG�OHG�WR�D�VORZGRZQ�LQ�UHQHZDEOHV�
GHYHORSPHQW��(5()���������$V�D�UHVXOW��FRQWUDU\�
WR� JOREDO� WUHQGV�� LQYHVWPHQW� LQ� UHQHZDEOHV� LQ�
WKH�(8�LQ�UHFHQW�\HDUV�VORZHG�GRZQ�IURP�RYHU�
USD 120 billion in 2011 to below USD 50 billion 
LQ�������%ORRPEHUJ���������

$�PDVVLYH�DFFHOHUDWLRQ�LQ�WKH�UHQHZDEOH�HQHUJ\�
GHYHORSPHQW� LV� FUXFLDO� WR� D� VXFFHVVIXO�� UDSLG�
coal phase-out. Such transition is only possible 
LI�H΍HFWLYH�DQG�SUHGLFWDEOH�SROLF\� LV�DFFRPSD-
QLHG�ZLWK�ȴQDQFLQJ�IRU�UHQHZDEOHV��$Q�LQFUHDVH�
in the costs of carbon allowances by a sensi-
EOH�UHGHVLJQ�RI� WKH�(8�(76�ZRXOG�SURYLGH� WKH�
QHFHVVDU\� ȴQDQFLDO� UHVRXUFHV� IRU� UHQHZDEOHV�
GHYHORSPHQW�ZKLOH�VLPXOWDQHRXVO\�GHFUHDVLQJ�
WKH�FRPSHWLWLYHQHVV�RI�IRVVLO�IXHOV�LQ�WKH�SRZHU�
sector.

�����$&+Ζ(9Ζ1*�75$16)250$7Ζ21�2)�7+(�
32:(5�6(&725
There is no doubt that the energy sector of 
WKH� IXWXUH� ZLOO� ORRN� YHU\� GL΍HUHQW� IURP� ZKDW�
LW� LV� QRZ�� 7KH� PDLQ� WKUHH� GL΍HUHQFHV� ZLOO� EH�
(i) higher reliance on weather-dependent 
VRXUFHV� RI� HQHUJ\�� �LL�� KLJK� XSIURQW� LQYHVW-
PHQWV�DQG�DOPRVW�]HUR�UXQQLQJ�FRVWV��DQG��LLL��
PRVWO\� GHFHQWUDOLVHG� FKDUDFWHU�� &RPELQHG��
WKHVH� GL΍HUHQFHV�PHDQ� D�PDMRU� WUDQVLWLRQ� LQ�
WKH�SRZHU�VHFWRU��ZKLFK�LV�DOUHDG\�XQGHUZD\�LQ�
VRPH�(8�FRXQWULHV��&RDO�SKDVH�RXW�ZLOO�EH�NH\�
LQ�GULYLQJ�WKLV�WUDQVLWLRQ��

Managing power grids with a much higher share 
RI�LQWHUPLWWHQW�VRXUFHV�RI�HQHUJ\��OLNH�ZLQG�DQG�
VRODU��ZLOO�EH�PRUH�FKDOOHQJLQJ�WKDQ�FXUUHQWO\��
+RZHYHU��QXPHURXV�VROXWLRQV�DOUHDG\�H[LVW�WR�
cope with this challenge. Grid extension allows 
WR� EHQHȴW� IURP� GL΍HUHQW� ZHDWKHU� FRQGLWLRQV�
LQ� GL΍HUHQW� UHJLRQV�� 7KH� 1RUWK� 6HDV� &RXQ-
WULHVȇ�2΍VKRUH�ΖQLWLDWLYH��IRU�H[DPSOH��LV�DLPHG�
mainly at reducing the costs of connecting 
R΍VKRUH� ZLQG� IDUPV� WR� WKH� SRZHU� JULG� EXW�
WKHVH�ZLOO�DOVR�GHFUHDVH�WKH�YRODWLOLW\�RI�SRZHU�
VXSSO\��16&2*Ζ���������%HWWHU�GHYHORSHG�JULGV�
ZLOO�DOVR�DOORZ�PRUH�HɝFLHQW�XWLOLVDWLRQ�RI�ODUJH�
DQG�VPDOO�VFDOH�VWRUDJH�FDSDFLWLHV� LQ�GL΍HUHQW�
countries. 

A case in point are energy exports to Norway 
with its huge potential for storing energy in 
hydropower plants at times of high power 

production from wind and solar power plants 
and power imports when the conditions 
worsen. 

The spread of e-mobility and thus large 
QXPEHU�RI�EDWWHULHV��FDQ�LQFUHDVH�WKH�VWRUDJH�
SRWHQWLDO� �7RPRUURZ�� ������� )LQDOO\�� GHPDQG�
PDQDJHPHQW�DQG�D�PRUH�HɝFLHQW�XWLOLVDWLRQ�RI�
GLVSDWFKDEOH�UHQHZDEOHV��VXFK�DV�K\GURSRZHU�
DQG�ELRJDV��R΍HUV�D�ODUJH�SRWHQWLDO�WR�EDODQFH�
the grid. Introducing policies that would facili-
WDWH�D�PRUH�H΍HFWLYH�XWLOLVDWLRQ�RI�WKHVH�RSSRU-
tunities is an important component of coal 
phase-out. 

:LWK� WKH� H[FHSWLRQ� RI� ELRHQHUJ\�� WKH� RWKHU�
VLJQLȴFDQW�GL΍HUHQFH�EHWZHHQ�WKH�FXUUHQW�DQG�
IXWXUH�SRZHU�PDUNHW�LV�WKH�KLJK�XSIURQW�LQYHVW-
ment of low-carbon energy sources and the 
lack of fuel cost for all energy sources except 
biomass. This increases the role of interest 
UDWHV� LQ� WKH� DVVHVVPHQW� RI� WKH�RYHUDOO� LQYHVW-
PHQW��7KH�OHYHO�RI�WKH�LQWHUHVW�UDWHV�LV�VWURQJO\�
LQȵXHQFHG� E\� WKH� SHUFHLYHG� VHFXULW\� RI� WKH�
UHWXUQ�RQ� LQYHVWPHQW�� WKH�KLJKHU� WKH�ULVN�� WKH�
KLJKHU� WKH� LQWHUHVW� UDWHV� �*UDX�� 1HXKR΍�� 	�
7LVGDOH�� ������� 7KDW� LV� ZK\� WKH� IHHG�LQ� WDUL΍�
VXSSRUW�PHFKDQLVP��ZLWK�JXDUDQWHHG�WDUL΍�IRU�
HOHFWULFLW\�IURP�UHQHZDEOHV��ZDV�VR�VXFFHVVIXO�
in fostering the growth of renewables. 

There is a clear trend among the EU coun-
WULHV� RI� PRYLQJ� DZD\� IURP� IHHG�LQ� WDUL΍V�
WRZDUGV� DXFWLRQLQJ�� UHVXOWLQJ� IRU� LQVWDQFH�
IURP� WKH� (XURSHDQ� &RPPLVVLRQȇV� SUHIHUHQFH�
for “market-based approach to renewables” 
and Europeanisation of the support mecha-
QLVPV�IRU�UHQHZDEOHV� �(XURSHDQ�&RPPLVVLRQ��
����E���1RQHWKHOHVV�� WKH� LQYHVWPHQW�ULVN��DQG�
WKXV� WKH�FRVWV�RI� UHQHZDEOHV�FRXOG�EH�VLJQLȴ-
cantly decreased if the EU member states set 
WKHPVHOYHV� FOHDU� DQG� DPELWLRXV� UHQHZDEOH�
energy targets. 

7KLV� ZLOO� QRW� RQO\� IDFLOLWDWH� GHYHORSPHQW� RI�
UHQHZDEOH� HQHUJ\� LQVWDOODWLRQV�� EXW� ZLOO� DOVR�
encourage renewable energy companies to 
LQYHVW�LQ�SURGXFWLRQ�IDFLOLWLHV�LQ�FRXQWULHV�ZLWK�
the largest potential growth. Introducing guar-
DQWHHV�IRU�LQYHVWRUV�WR�VHFXUH�WKHLU�LQYHVWPHQWV�
in case of unpredicted national policy changes 
would result in an additional decrease in the 
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FDSLWDO�FRVWV�RI�LQYHVWPHQWV��$FFRUGLQJ�WR�VRPH�
HVWLPDWHV�� WKLV� ZRXOG� OHDG� WR� FRVWV� UHGXFWLRQ�
amounting to at least EUR 34 billion between 
�����DQG�������$JRUD�(QHUJLHZHQGH������E���

7KH� LVVXH� RI� KLJK� XSIURQW� LQYHVWPHQW� FRVWV�
for renewables is to some degree mitigated 
by their scalability. Unlike fossil fuels installa-
WLRQV�� UHQHZDEOH� HQHUJ\� SURMHFWV� FDQ�EH� UHDO-
LVHG�LQ�VWDJHV��ZLWK�WKH�UHYHQXH�IURP�WKH�LQLWLDO�
VWDJHV� FRQWULEXWLQJ� WR� ȴQDQFLQJ� WKH� VXEVH-
TXHQW�VWDJHV��(YHQ�PRUH�LPSRUWDQWO\��WKH�VPDOO�
VFDOH�RI�UHQHZDEOHV�VLJQLȴFDQWO\�LQFUHDVHV�WKH�
number of participants in the energy transition. 
Decreasing costs per unit makes renewable 
HQHUJ\� LQVWDOODWLRQV�D΍RUGDEOH�WR�DYHUDJH�FLWL-
zens leading to democratisation of the energy 
VHFWRU��6]XOHFNL��$QF\JLHU��	�6]ZHG���������7KLV�
increases the acceptance for energy transfor-
mation in the society.  

/LNH� DQ\�PDMRU� WUDQVIRUPDWLRQ�� UHSODFLQJ� FRDO�
by renewables also has important social reper-
FXVVLRQV�� &RDO� SKDVH�RXW� IURP� WKH� (XURSHDQ�
SRZHU� VHFWRU� ZLOO� KDYH� HVSHFLDOO\� VLJQLȴFDQW�
repercussions for coal mining. 

ΖQ� ������ RYHU� ���b ���� SHRSOH�ZRUNHG� LQ� FRDO�
PLQLQJ�� PRUH� WKDQ� KDOI� RI� WKHP� LQ� 3RODQG�
�(XURVWDW������D���2I�WKDW�QXPEHU���b����MREV�
DUH� LQ� OLJQLWH�PLQLQJ��ZKLFK� DUH� FORVHO\� OLQNHG�
to power generation but a great majority is in 
KDUG�FRDO�PLQLQJ��ZKLFK� LV�PXFK�PRUH� ODERXU�
LQWHQVLYH��

Employment in hard coal mining has been fall-
ing constantly due to the decreasing compet-
LWLYHQHVV� RI� (XURSHDQ� FRDO� FRPSDUHG� ZLWK�
LPSRUWHG� FRDO� DQG� FRQVHTXHQWLDO� FORVXUH� RI�
FRDO�PLQHV� LQ� PDQ\� (8� PHPEHU� VWDWHV�� DQG�
will likely continue to decrease regardless 
of EU coal policy. In Poland employment in 
KDUG�FRDO�PLQLQJ�IHOO� IURP����b���� LQ������WR�
���b����RQO\���\HDUV� ODWHU� �&]HUZLĆVND���������
$W� WKH�HQG�RI�������HPSOR\PHQW� LQ�KDUG� FRDO�
PLQLQJ� LQ�3RODQG�IHOO� WR���b���� �:13������E���
7KLV� GHFUHDVLQJ� WUHQG� LV� VHW� WR� FRQWLQXH� HYHQ�
without coal phase-out. According to some 
HVWLPDWHV��HPSOR\PHQW�LQ�3ROLVK�FRDO�ZLOO�KDYH�
to decrease by a further 50% by 2020 to make 
LW�FRPSHWLWLYH��%XNRZVNL��0DĝQLFNL��ĜQLHJRFNL��	�
7U]HFLDNRZVNL��Q�G����

At the same time increasing demand for 
DOWHUQDWLYHV� WR� FRDO� ZLOO� FUHDWH� MREV� VLJQLȴ-
cantly exceeding the number of jobs in the 
FRDO� VHFWRU�� $OUHDG\� LQ� ������ RYHU� ����PLOOLRQ�
people in the European Union were employed 
in renewable energy sector. More than a third 
of that number worked in wind and PV sectors 
– jobs largely non-existent two decades ago 
�(XU2EVHUYȇ(5�� ������� 'XH� WR� PXFK� KLJKHU�
employment intensity of renewable sources of 
energy compared with coal – especially keeping 
in mind the increasing share of imported coal 
Ȃ� WKHLU� GHYHORSPHQW� ZLOO� SURYLGH�PDQ\�PRUH�
jobs then what will be lost as a result of coal 
SKDVH�RXW� �6FKDH΍HU�HW�DO����������7KH�GLVWULE-
uted character of renewables will also facilitate 
PXFK�PRUH�EDODQFHG�GHYHORSPHQW�RI�GL΍HUHQW�
regions. 
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6
0DQ\� (8� FRXQWULHV� KDYH� DOUHDG\� DQQRXQFHG�
their intention to phase out coal in the electricity 
VHFWRU�LQ�WKH�QH[W�GHFDGHV��&$1�(8523(���������
the United Kingdom and Austria aim at phasing 
RXW� FRDO� E\� ������ )UDQFH� KDV� DQQRXQFHG� WKH�
VKXW�GRZQ�RI�LWV�ODVW�FRDO�ȴUHG�SRZHU�SODQW�E\�
QR�ODWHU�WKDQ�������)LQODQG�DQG�3RUWXJDO�LQ�WKH�
����V��DQG�6ZHGHQ�KDV�DQQRXQFHG�IRVVLO�IXHOV�
SKDVH�RXW� LQ� WKH� QH[W� GHFDGH�� (YHQ� WKRXJK�
WKH� *HUPDQ� &OLPDWH� $FWLRQ� 3ODQ� ����� GRHV�
QRW�LQFOXGH�DQ\�GHDGOLQH�IRU�FRDO�SKDVH�RXW��LW�
LQFOXGHV�D�WDUJHW�RI�FORVH�WR�KDOYLQJ�HPLVVLRQV�
from the power sector between 2014 and 2030 
�%XQGHVUHJLHUXQJ�� ����E��� 7KLV� FDQ� RQO\� EH�
DFKLHYHG�ZLWK�WKH�FORVXUH�RU�GHFUHDVHG�XWLOLVD-
WLRQ�RI�D�QXPEHU�RI�FRDO�ȴUHG�SRZHU�SODQWV��ΖQ�
IDFW�� WKH�(8�KDV�VHHQ�D�PDVVLYH�UHWLUHPHQW�RI�
coal-based power generation units the in the 
ODVW�\HDUV��ZLWK�*HUPDQ\�DQG�8QLWHG�.LQJGRP�
DGYDQFLQJ�SDUWLFXODUO\�IDVW��ΖQ�WKH�ODVW�GHFDGH��D�
total of 272 coal-based power generation units 
ZLWK� D� FRPELQHG� FDSDFLW\� RI� DURXQG� ��b *:�
were retired in the EU. 

Most countries with a phase-out plan in place 
�H�J��)UDQFH�� WKH�8.��UHTXLUH� OLWWOH� LI�DQ\�H΍RUW�
beyond current measures to implement the 
OHDVW�FRVW�UHWLUHPHQW�VFKHGXOH��&RXQWULHV�KHDY-
LO\� UHOLDQW� RQ� FRDO�� KRZHYHU�� QHHG� DGGLWLRQDO�
UHJLRQDO�DQG�QDWLRQDO�PHDVXUHV�WR�DFKLHYH�WKH�
VWHHS�GHFOLQH�LQ�FRDO�JHQHUDWLRQ�WKDW�LV�UHTXLUHG�
in the next decades. 

%HORZ��ZH�GLVFXVV�KRZ�FXUUHQWO\�LPSOHPHQWHG�
(8�OHYHO� SROLFLHV� FDQ� FRQWULEXWH� WR� HQDEOLQJ�
coal phase-out compatible with the target of 
the Paris Agreement.

(8�(76�
$� QXPEHU� RI� IDFWRUV� KDYH� FRQWULEXWHG� WR� WKH�
much slower than necessary decrease in coal 
UHODWHG�&22 emissions in the electricity sector 
LQ�PRVW�(8��)URP�DQ�HFRQRPLF�SHUVSHFWLYH��WKH�
PRVW� UHOHYDQW� IDFWRU� KDV� EHHQ� WKH� ORZ� SULFH�
RI� FDUERQ�REVHUYHG� LQ� UHFHQW� \HDUV� LQ� WKH�(8�
Emissions Trading Scheme (EU-ETS).

7KH�(8�(76�� LQWURGXFHG� LQ������� LV�RQH�RI� WKH�
ȵDJVKLS� LQVWUXPHQWV� RI� (XURSHDQ� FOLPDWH�
SROLF\��+RZHYHU��LWV�H΍HFWLYHQHVV�KDV�EHHQ�IDU�
lower than expected when it was initially intro-
GXFHG��3HZ�&HQWHU�RQ�*OREDO�&OLPDWH�&KDQJH��
Q�G����7KH�PDLQ�UHDVRQ�IRU�WKH�IDLOXUH�WR�DFKLHYH�
a substantial impact on the European power 
mix was the fall in the price of emissions allow-
DQFHV�� IURP�RYHU� ��b Ȝ�W&22 in 2008 to below 
�b Ȝ�W&22� DW� WKH� HQG� RI� ����� �((;�+RPHSDJH��
�������2QH�FOHDU�H[DPSOH�RI�WKLV�IDLOXUH� LV�WKH�
VLWXDWLRQ�LQ�*HUPDQ\��ZKHUH�WKH�XWLOLVDWLRQ�UDWH�
RI� JDV�ȴUHG� SRZHU� SODQWV� KDV� GHFUHDVHG� DQG�
WKH�UROH�RI� OLJQLWH�Ȃ�WKH�PRVW�FDUERQ�LQWHQVLYH�
source of energy – has increased slightly in the 
decade following the introduction of the EU ETS 
�-RQHV�	�*XWPDQQ��������

7KHUH�KDYH�EHHQ�VHYHUDO�DWWHPSWV�WR�DOOHYLDWH�
the problem of a too low price for emissions 
DOORZDQFHV�DQG�WR�PDNH�WKH�(8�(76�PRUH�H΍HF-
WLYH�� ΖQ� 'HFHPEHU� ������ WKH� (XURSHDQ� 3DUOLD-
PHQWȇV� (QYLURQPHQWDO� &RPPLWWHH�SURSRVHG� D�
number of amendments for the EU ETS func-
tioning post-2020. These include increasing 
WKH� /LQHDU� 5HGXFWLRQ� )DFWRU� �� /5)� IURP� �����
WR� ������ DQG� GRXEOLQJ� WKH� LQWDNH� UDWH� RI� WKH�
0DUNHW� 6WDELOLW\� 5HVHUYH� WR� ���� LQ� WKH� ȴUVW�
WKUHH�\HDUV�RI�3KDVH��� �(XURSHDQ�3DUOLDPHQW��
2016). These changes still need to be adopted 
by the European Parliament’s assembly and 
WKH�&RXQFLO�RI�0LQLVWHUV��

2QH�NH\�FRQFHUQ�UHJDUGLQJ�WKH�(8�(76�DQG�LWV�
current design is on how to ensure that ambi-
tious national policies in one member state do 
not result in other countries doing compar-
DWLYHO\� OHVV�� $� FRDO� SKDVH�RXW� FRQVLVWHQW� ZLWK�
the Paris Agreement’s temperature limit would 
IXUWKHU� LQFUHDVH� WKH� RYHUVXSSO\� RI� WKH� DOORZ-
DQFHV�DQG�WKXV�GHFUHDVH�WKHLU�SULFH��(YHQ�ZLWK-
RXW�DQ\�DGGLWLRQDO�PHDVXUHV��LW�FDQ�EH�H[SHFWHG�
that the plans of some EU member states to 
VZLWFK�R΍�DOO�FRDO�ȴUHG�SRZHU�SODQWV�ZLWKLQ�WKH�
QH[W�GHFDGH�ZLOO�VLJQLȴFDQWO\�GHFUHDVH�GHPDQG�
and thus also the price of the allowances. That 

EU CURRENT POLICIES 
AND COAL PHASE-OUT
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ZLOO� LQFUHDVH� WKH�FRPSHWLWLYHQHVV�RI�FRDO�ȴUHG�
power plants in countries without any plans to 
phase out coal and thus undermine the coal 
phase-out plan. 

$Q�DOWHUQDWLYH�ZRXOG�EH� LQWURGXFLQJ�D� FDUERQ�
SULFH�ȵRRU�RU�D�SULFH�FRUULGRU�WR�GHFUHDVH�WKLV�
FRPSHWLWLYHQHVV� RI� FRDO� LQ� FRPSDULVRQ� ZLWK�
other sources of energy with lower carbon 
LQWHQVLW\��.QRSI�	�(GHQKRIHU���������+RZHYHU��
carbon pricing alone is no enough to lead to 
WKH�UHPRYDO�RI�FRDO�IURP�WKH�HQHUJ\�V\VWHP�Ȃ�
DW� OHDVW� QRW� DW� WKH� UDWH� UHTXLUHG� E\� WKH� 3DULV�
Agreement. Unless national carbon intensity 
targets for the electricity sector are put in place 
DQG�XVHG�WR�PRQLWRU�WKH�LPSDFW�DQG�H΍HFWLYH-
QHVV�RI�RWKHU�PLWLJDWLRQ�SROLFLHV�WR�DFKLHYH�WKH�
GHFDUERQLVDWLRQ�RI�WKH�SRZHU�VHFWRU��WKH�H΍HF-
WLYHQHVV�RI�WKH�(8�(76�LQ�FRQWULEXWLQJ�WR�D�VWUDW-
egy to phase out coal in the EU remains at this 
point highly uncertain.

3+$6(�287�%<�5(*8/$7Ζ21
&RQVLGHULQJ�WKH�FXUUHQW� LQH΍HFWLYHQHVV�RI� WKH�
EU-ETS and keeping in mind the opposition of 
VRPH�(8�FRXQWULHV�WR�WKH�QHFHVVDU\�VLJQLȴFDQW�
FKDQJHV�WR�WKH�(8�(76��UHO\LQJ�VROHO\�RQ�PDUNHW�
IRUFHV�WR�DFKLHYH�WKH�FRDO�SKDVH�RXW�PD\�EH�WRR�
ULVN\�� )XUWKHUPRUH�� WKH� ODFN� RI� FRQVLGHUDWLRQ�
IRU�VRFLDO�DQG�HFRQRPLF�H[WHUQDOLWLHV�D΍HFWLQJ�
VRPH� UHJLRQV�� OLNH� VXGGHQ� LQFUHDVH� LQ� XQHP-
SOR\PHQW�DQG�VLJQLȴFDQW�GHFUHDVH�LQ�WD[�UHYH-
QXHV��PD\�KLQGHU�VRFLDO�DFFHSWDQFH�QRW�RQO\�IRU�
the coal phase-out but for climate action alto-
gether. Another risk is the potential threat for 
the power sector in countries and regions with 
no backup for coal.

ΖQ� WKLV�FRQWH[W��D�SKDVH�RXW�RI�FRDO�E\�UHJXOD-
WLRQ� EHFRPHV� DQ� H΍HFWLYH� JRYHUQPHQW� WRRO�
WR� DFKLHYH� HPLVVLRQV� UHGXFWLRQ� WDUJHWV� DW� D�
ORZHU� FRVW�� ZKLOH� SURYLGLQJ� VWDNHKROGHUV� ZLWK�
certainty to ensure a smooth transition to 
DOWHUQDWLYH� SRZHU� VRXUFHV� LQ� UHJLRQV� ZKHUH�
coal currently plays an important role. In addi-
WLRQ�� SKDVH�RXW� UHJXODWLRQ� ZRXOG� GLVFRXUDJH�
LQYHVWRUV� WR� XQGHUWDNH� QHZ� LQYHVWPHQWV� LQ�
FRDO��UHGXFLQJ�WKH�ULVN�RI�VWUDQGHG�DVVHWV�DQG�
UH�GLUHFWLQJ�HQHUJ\�VHFWRU�LQYHVWPHQWV�WR�DOWHU-
QDWLYH�HQHUJ\�VRXUFHV���

0DQ\�(XURSHDQ�FRXQWULHV�KDYH�LQ�IDFW�DOUHDG\�
PRYHG� LQ� WKLV�GLUHFWLRQ��HLWKHU�E\�DQQRXQFLQJ�
SKDVH�RXW� GDWHV� RU� FUHDWLQJ� VSHFLȴF� QDWLRQDO�
UHJXODWLRQV� WR� DFKLHYH� WKLV� JRDO�� 6RPH� RI� WKH�
most outstanding coal phase-out regulation 
examples in the EU are the Portuguese National 
3URJUDPPH�IRU�&OLPDWH�&KDQJH��ZKLFK�FRPPLWV�
to a phase-out of coal in the electricity sector by 
�����DW�WKH�ODWHVW��&$1�(8523(���������DQG�WKH�
United Kingdom’s strategy for the phase-out of 
FRDO�E\�������'HSDUWPHQW�IRU�%XVLQHVV�(QHUJ\�
	�ΖQGXVWULDO�6WUDWHJ\���������

2QH� H[DPSOH� RI� D� SODQQHG� SKDVH�RXW� RI� D�
major technology is the agreement between 
WKH�*HUPDQ�JRYHUQPHQW�DQG�WKH�RSHUDWRUV�RI�
QXFOHDU�SRZHU�SODQWV� IURP������ WR�VZLWFK�R΍�
DOO�QXFOHDU�SRZHU�SODQWV�E\������� ΖQ�WKLV�FDVH��
the schedule for their closure was determined 
E\� WKHLU�DJH��ZLWK�VRPH�H[FHSWLRQV� �'HXWVFKH�
%XQGHVUHJLHUXQJ���������$�SKDVH�RXW�SODQ� IRU�
FRDO�ȴUHG�SRZHU�SODQWV�FRXOG�EH�GHWHUPLQHG�E\�
D�QXPEHU�RI�DGGLWLRQDO�IDFWRUV��VXFK�DV�FDUERQ�
intensity of the produced electricity as studied 
LQ� WKLV� UHSRUW�� WKH� DYDLODELOLW\� RI� UHSODFHPHQW�
options or the social and economic impact of 
plant and coal mine closures (which were not 
HYDOXDWHG�KHUH���

&RDO�SKDVH�RXW�SODQV�ZRXOG�FUHDWH�DQ�HQYLURQ-
PHQW� RI� FHUWDLQW\� IRU� HQHUJ\� VHFWRU� LQYHVWRUV�
DQG� DOORZ� EHWWHU� QDWLRQDO� SODQQLQJ� WR� DYRLG�
strong economic shocks (mostly in terms of 
UHJLRQDO�WD[�UHYHQXH�DQG�HPSOR\PHQW��FUHDWHG�
by the spontaneous closure of coal power 
plants due to market forces. This means that 
E\�FUHDWLQJ�FRDO�SKDVH�RXW�SODQV��WKH�(8�RU�LWV�
PHPEHU� VWDWHV� FRXOG� QRW� RQO\� KDYH� D� VLJQLȴ-
cant impact on reducing national and regional 
*+*�HPLVVLRQV��EXW�DOVR�VHW�SUHFHGHQW�DW� WKH�
LQWHUQDWLRQDO� OHYHO� IRU� WKH� PHDVXUHV� QHHGHG�
WR� DFKLHYH� WKH� GHFDUERQLVDWLRQ� RI� WKH� SRZHU�
VHFWRU��-RQHV�	�*XWPDQQ��������

ΖQ�-XO\�������WKH�*HUPDQ�JRYHUQPHQW�DGRSWHG�
D�SODQ� WR�PRYH� VRPH�RI� WKH�ROGHVW� DQG�PRVW�
FDUERQ�LQWHQVLYH� SRZHU� SODQWV� WR� FDSDFLW\�
UHVHUYH�UHVXOWLQJ�LQ�D�FRPELQHG�FDSDFLW\�RI�����
*:� WR�EH�PRYHG� WR� FDSDFLW\� UHVHUYH� IRU� IRXU�
\HDUV� DQG� VXEVHTXHQWO\� VZLWFKHG� R΍�� 7KHLU�
operators will be paid compensation (Minis-
WU\� RI� (FRQRP\� DQG� ΖQGXVWU\�� ������� 6XFK�
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DSSURDFK�PD\�KRZHYHU�WXUQ�RXW�WRR�H[SHQVLYH�
if a country was to phase out all of its power 
SODQWV� ZLWKLQ� MXVW� RQH� GHFDGH�� WR� VZLWFK� R΍�
DURXQG� ���� RI� *HUPDQ\ȇV� LQVWDOOHG� FDSDFLW\��
SODQW�RSHUDWRUV�ZLOO�UHFHLYH�D�FRPSHQVDWLRQ�RI�
(85�����ELOOLRQ��%XQGHVWDJ��������

&DSDFLW\�UHVHUYHV�DQG�FDSDFLW\�PDUNHWV�WXUQHG�
out to be increasingly often used not only to 
SURYLGH�WKH�QHFHVVDU\�EDFN�XS�SRZHU�IRU�ZHDWK-
HU�GHSHQGHQW�UHQHZDEOHV��EXW�DOVR�WR�VXSSRUW�
HFRQRPLFDOO\� FULSSOHG� FRDO�ȴUHG� SRZHU� SODQWV�
RU�HYHQ�ȴQDQFH�WKH�FRQVWUXFWLRQ�RI�QHZ�LQVWDO-
ODWLRQV�� 7KLV� LV� HVSHFLDOO\� WKH� FDVH� IRU� 3RODQG��
ZKLFK� SODQV� WR� VSHQG� RYHU� (85� ��� ELOOLRQ� WR�
ȴQDQFH� WKH� FUHDWLRQ� RI� D� FDSDFLW\� PDUNHW�
�&OLHQW(DUWK���������ZLWK�VRPH�PHPEHUV�RI�WKH�
JRYHUQPHQW�RSHQO\�GLVFXVVLQJ�ZKLFK�FRDO�ȴUHG�
SRZHU�SODQWV�ZRXOG�EH�ȴQDQFHG�E\�WKLV�PHFKD-
QLVP��:\VRNLH�1DSLHFLH���������

7KH� (XURSHDQ� &RPPLVVLRQȇV� 3URSRVDO� IRU� D�
Regulation on the internal market for elec-
WULFLW\�SUHVHQWHG� LQ�1RYHPEHU������KDV�GRQH�
DZD\�ZLWK�WKLV�SRVVLELOLW\��DFFRUGLQJ�WR�LW��QHZ�
LQVWDOODWLRQV� HPLWWLQJ� PRUH� WKDQ� ���� J� &22/
N:K� VKRXOG� QRW� EH� DOORZHG� WR� SDUWLFLSDWH� LQ�
WKH� FDSDFLW\� PDUNHW� �(XURSHDQ� &RPPLVVLRQ��
����F���6KRXOG�WKLV�SURSRVDO�HQWHU�LQWR�IRUFH��LW�
ZLOO�VHYHUHO\�OLPLW�WKH�SRVVLELOLWLHV�IRU�VXSSRUW-
LQJ�FRDO�ȴUHG�SRZHU�SODQWV�E\�WKH�(8�PHPEHU�
states and may lead to their faster phase-out 
for economic reasons.    

675(1*7+(1Ζ1*�(19Ζ5210(17$/�32/Ζ&<�
$SDUW� IURP� EHLQJ� WKH� PRVW� FDUERQ�LQWHQVLYH�
IXHO��FRDO�DOVR�KDV�D�QXPEHU�RI�QHJDWLYH�VRFLDO�
DQG� HQYLURQPHQWDO� LPSDFWV�� $FFRUGLQJ� WR�
VRPH� HVWLPDWHV�� HPLVVLRQV� RI� DLU� SROOXWDQWV�
IURP� FRDO�ȴUHG� SRZHU� SODQWV� OHDGV� WR� DOPRVW�
��b����IDWDOLWLHV�DQQXDOO\�LQ�WKH�(8��((%��6DQG-
EDJ�� &$1� (XURSH��+($/�� ������� 6WUHQJWKHQLQJ�
regulations not related to climate change and 
LPSURYLQJ�VXVWDLQDELOLW\�RI�WKH�QDWLRQDO�HQHUJ\�
V\VWHPV�KDV�DOUHDG\�EHHQ�RQH�RI� WKH�GHFLVLYH�
IDFWRUV�LQȵXHQFLQJ�HQHUJ\�SROLF\�LQ�WKH�(8�DQG�
EH\RQG��$V�WKH�QHJDWLYH�LPSDFWV�RI�DLU�SROOXWLRQ�
UHVXOWLQJ�IURP�FRDO�ȴUHG�SRZHU�SODQWV�EHFRPH�
FOHDU�� WKH�FDOO� IRU�VWULFWHU�HPLVVLRQV�VWDQGDUGV�
EHFRPHV� VWURQJHU�� (YHQ� WKRXJK� VRPH� LQVWDO-
ODWLRQV� FRXOG�EH�PRGHUQLVHG� WR� IXOȴO� WKH�QHZ�
UHTXLUHPHQWV�� LQ�PDQ\� FDVHV� LW� LV� WRR� H[SHQ-

VLYH� OHDGLQJ� WR�D�GHFUHDVH� LQ� WKH�FRPSHWLWLYH-
QHVV�RI� WKH� LQVWDOODWLRQ� �'HSDUWPHQW� IRU�%XVL-
QHVV�(QHUJ\�	� ΖQGXVWULDO�6WUDWHJ\���������$V�D�
result energy companies decide to close their 
SRZHU�SODQWV�UDWKHU�WKDQ�UHWURȴWWLQJ�WKHP��7KH�
*XDUGLDQ���������

$LU� SROOXWLRQ� KDV� EHHQ� RQH� RI� WKH� ȴUVW� DUHDV�
regulated by European legislation. Already in 
����� WKH� &RXQFLO� RI� (XURSHDQ� &RPPXQLWLHV�
LVVXHG� D� GLUHFWLYH� ZLWK� QDWLRQDO� FHLOLQJV� IRU�
pollutants such as sulphur dioxide and nitrous 
R[LGHV��(YHQ�WKRXJK�PRVW�PHPEHU�VWDWHV�KDG�
to decrease their emissions of these pollutants 
EHWZHHQ������DQG�������VRPH�VWDWHV���*UHHFH��
Portugal and Ireland – actually increased those 
E\� EHWZHHQ� ��� DQG� ������ 7KH� &RXQFLO� DOVR�
LQWURGXFHG� HPLVVLRQV� OLPLWV� IRU� GXVW� SHU�0:�
RI� LQVWDOOHG� FDSDFLW\� �&RXQFLO� RI� WKH�(XURSHDQ�
&RPPXQLWLHV��������

ΖQ� ������ WKLV� GLUHFWLYH� KDV� EHHQ� UHSODFHG� E\�
WKH� /DUJH�&RPEXVWLRQ�3ODQWV�'LUHFWLYH��ZKLFK�
slightly reduced the national emissions limits 
for sulphur dioxide and nitrogen oxides. The 
standards for dust from large combustion 
SODQWV�ZHUH�OHIW�DW�SUHYLRXV�OHYHOV��3RZHU�SODQWV�
exceeding these limits were allowed to stay 
online until 2015 but had to limit their time of 
RSHUDWLRQ� WR�PD[LPXP���b ���� KRXUV� LQ� WRWDO�
between 1 January 2008 and 31 December 2015 
�(XURSHDQ� &RXQFLO�� ������� 7KLV� PHDQW� UHGXF-
LQJ� WKHLU� DYHUDJH� XWLOLVDWLRQ� UDWH� WR� DURXQG�
�����7KLV�GLUHFWLYH�ZDV�FRPSOHPHQWHG�E\�WKH�
ΖQWHJUDWHG� 3ROOXWLRQ� 3UHYHQWLRQ� DQG� &RQWURO�
'LUHFWLYH��Ζ33&�'LUHFWLYH���ZKLFK�PDGH�WKH�LVVX-
DQFH�RI�RSHUDWLRQ�SHUPLWV� IRU� LQGXVWULDO�DFWLY-
ities dependent on the utilisation of the best 
DYDLODEOH� WHFKQLTXHV� �%$7��� )RU� WKLV� SXUSRVH�
WKH�&RPPLVVLRQ�ZRXOG� SHULRGLFDOO\� LVVXH�%$7�
UHIHUHQFH� GRFXPHQWV�� VR� FDOOHG� %5()V� �(XUR-
SHDQ�&RXQFLO��������

7KH� ΖQGXVWULDO� (PLVVLRQV� 'LUHFWLYH� �Ζ('� 'LUHF-
WLYH��� DGRSWHG� LQ������� UHSODFHG�ERWK� WKH�/&3�
DQG� WKH� Ζ33&� GLUHFWLYHV�� 7KLV� QHZ� GLUHFWLYH�
has also replaced a number of other direc-
WLYHV� GHDOLQJ�ZLWK� DLU� SROOXWLRQ� IURP�GL΍HUHQW�
VRXUFHV�� VLJQLȴFDQWO\� EURDGHQLQJ� WKH� OLVW� RI�
pollutants. Power plants unable to meet the 
new standards cannot operate for more than 
��b����KRXUV�LQ�WKH�SHULRG�EHWZHHQ���-DQXDU\�



A stress test for coal in Europe under the Paris Agreement   33

2016 and 31 December 2023. This reduces the 
DYHUDJH�XWLOLVDWLRQ�UDWH�WR�EHORZ������7KH�SUDF-
tice of making the operation permit dependent 
RQ� WKH� XWLOLVDWLRQ� RI� WKH� EHVW� DYDLODEOH� WHFK-
QLTXHV�GHWHUPLQHG�E\�WKH�&RPPLVVLRQ�LQ�%HVW�
DYDLODEOH� WHFKQRORJLHV� 5HIHUHQFH� GRFXPHQWV�
�%5()V�� KDV� EHHQ� WDNHQ� RYHU� IURP� WKH� Ζ33&�
GLUHFWLYH��(XURSHDQ�&RXQFLO��������

The impact of these standards on the coal 
SKDVH�RXW�UHPDLQV�XQFOHDU��HVSHFLDOO\�DV�*+*�
emissions reduction was not the subject of 
WKHVH�GLUHFWLYHV��7KH�Ζ('�FOHDUO\�VWDWHG�WKDW�Ȋ>Z@
here emissions of a greenhouse gas from an 
LQVWDOODWLRQ�DUH�VSHFLȴHG�LQ�$QQH[bΖ�WR�'LUHFWLYH�
��������(&� >LQWURGXFLQJ� WKH� (8� (76@� LQ� UHOD-
WLRQ� WR� DQ� DFWLYLW\� FDUULHG� RXW� LQ� WKDW� LQVWDOOD-
WLRQ��WKH�SHUPLW�VKDOO�QRW�LQFOXGH�DQ�HPLVVLRQV�
OLPLW� YDOXH� IRU� GLUHFW� HPLVVLRQV� RI� WKDW� JDV��
XQOHVV�QHFHVVDU\�WR�HQVXUH�WKDW�QR�VLJQLȴFDQW�
ORFDO� SROOXWLRQ� LV� FDXVHG�ȋ� %XW� WKHVH� DLU� TXDO-
ity regulations and emissions performance 
standards forced many coal power plants to 
LQVWDOO�DGGLWLRQDO�HTXLSPHQW�WR�PHHW�WLJKW�12x 
HPLVVLRQV� OLPLWV�� ZKLFK� LPSOLHV� DQ� DGGLWLRQDO�
cost to the plant operation. Exceptions and 
time extensions to comply with the standards 
DOORZHG�GHOD\HG�FRPSOLDQFH��ZKLFK�GHFUHDVHG�
WKH�H΍HFWLYHQHVV�RI�DLU�TXDOLW\�UHTXLUHPHQWV�WR�
UHGXFH�&22 emissions. 

This situation may change due to the adoption 
RI�WKH�QHZ�%5()V�UHIHUUHG�WR�LQ�WKH�Ζ('�'LUHF-
WLYH��7KH�GRFXPHQW�OLVWV�WKH�EHVW�DYDLODEOH�WHFK-
QLTXHV�IRU�FRPEXVWLRQ�SODQWV��ZKLFK�QHHG�WR�EH�
implemented by power plants within four years 
after the document has been adopted in the 
HDUO\� ������2WKHUZLVH� WKH� UHVSHFWLYH� QDWLRQDO�
authorities will not be allowed to issue or 
extend their operation permits (Joint Research 
ΖQVWLWXWH�� ������� $FFRUGLQJ� WR� D� UHFHQW� UHSRUW��
WKH� LPSOHPHQWDWLRQ� RI� WKHVH� QHZ� UHTXLUH-
ments would reduce the number of premature 
deaths in the EU caused by air pollution from 
FRDO�ȴUHG�SRZHU�SODQWV� IURP���b���� WR��b����
DQQXDOO\� �((%�� 6DQGEDJ�� &$1� (XURSH�� +($/��
2016).

)XUWKHUPRUH�� RQ� ��� 'HFHPEHU� ����� WKH�
1DWLRQDO� (PLVVLRQ� &HLOLQJV� 'LUHFWLYH� �1(&�
'LUHFWLYH��KDV�HQWHUHG�LQWR�IRUFH��ΖW�VWUHQJWKHQV�
WKH� DLU� TXDOLW\� VWDQGDUGV� DGRSWHG� HDUOLHU� IRU�

WKH�SHULRG�DIWHU������IRU�ȴYH�PDMRU�SROOXWDQWV�
�622 ��12X ��1092&��1+3 and PM2.5). As a result 
the average emissions in any year between 
2020 and 2029 should decrease in comparison 
WR������E\�����IRU�622������IRU�12x��DQG�����
for PM2.5� �(XURSHDQ� &RXQFLO�� ������� :KHUHDV�
D� VLJQLȴFDQW� VKDUH� RI� WKHVH� HPLVVLRQV� FRPHV�
IURP�WUDQVSRUW�DQG�KHDWLQJ��LQFUHDVHG�DLU�TXDO-
ity standards will also force operators of coal-
ȴUHG�SRZHU�SODQWV�WR�UHWURȴW�DQG�WKXV�ZRUVHQ�
WKHLU�HFRQRPLF�FRPSHWLWLYHQHVV��

1RQH� RI� WKH� DERYH� PHDVXUHV� UHTXLUHV� WKH�
FORVXUH�RI�WKH�FRDO�ȴUHG�SRZHU�SODQWV�RU�UHGXF-
tion of their utilisation rate as long as they 
VWD\� EHORZ� WKH� OLPLWV� DGRSWHG�� ΖQ� IDFW�� WKHUH�
DUH�QXPHURXV�ZD\V� WR� IXOȴO� WKH�VWDQGDUGV��RU�
be granted a limited life time derogation from 
WKH�%5()V� �(336$���������7KH�DLU�TXDOLW\� VWDQ-
GDUGV� LQFOXGHG� LQ� WKH�1(&�'LUHFWLYH�PD\�DOVR�
EH�LPSURYHG�E\�D�VLJQLȴFDQW�UHGXFWLRQ�LQ�HPLV-
VLRQV�SROOXWDQWV�LQ�RWKHU�VHFWRUV��H�J��WUDQVSRUW�
RU�KRXVHKROGV��+RZHYHU��WKH�HYROXWLRQ�RI�(XUR-
SHDQ�DLU�TXDOLW\�SROLF\�VKRZV�D�FOHDU�WHQGHQF\�
WRZDUGV�PRUH� VWULQJHQW� DQG�EURDGHU� UHTXLUH-
PHQWV� LPSRVHG�RQ�WKH�RSHUDWRUV�RI�FRDO�ȴUHG�
SRZHU�SODQWV��(YHQ� LI� WKHVH� UHTXLUHPHQWV�FDQ�
EH�IXOȴOOHG�LQ�WKH�VKRUW��WR�PLG�WHUP��WKH�WKUHDW�
of more stringent standards in the long-term 
LQFUHDVHV�WKH�ULVN�SUHPLXP�IRU�QHZ�LQYHVWPHQWV�
RU�XSJUDGH�RI�QHZ�FRDO�ȴUHG�SRZHU�SODQWV��$V�
D� UHVXOW�� WKHLU� FRPSHWLWLYHQHVV� LQ� FRPSDULVRQ�
with other sources of energy decreases. 

:KLOH� DLU� TXDOLW\� PHDVXUHV� FDQQRW� UHSODFH�
SROLFLHV�GLUHFWO\�UHODWHG�WR�FRDO��OLNH�WKH�(8�(76�
DQG�SKDVH�RXW�UHJXODWLRQV��WKH\�FDQ�FRQWULEXWH�
LQ�PDQ\�ZD\V� WR� LQFUHDVH� WKHLU� H΍HFWLYHQHVV��
They can for instance ensure that plants with 
KLJKHU� H[WHUQDOLWLHV� DUH� UHWLUHG� ȴUVW� DQG� WKDW�
PDUNHW�IDLOXUHV��OLNH�IXHO�VZLWFKLQJ�IURP�JDV�WR�
FRDO��DUH�PLQLPLVHG��6WUHQJWKHQLQJ�RI�DLU�TXDO-
LW\�UHTXLUHPHQWV�LV�WKXV�D�QHFHVVDU\�FRQGLWLRQ�
for making sure that the national coal phase-
out strategy maximises the social welfare and 
thus increases the social acceptance of coal 
phase-out. 
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7KH�FORVXUH�RI�PRVW�FRDO�ȴUHG�SRZHU�SODQWV�LQ�
the EU in less than 15 years is a fundamental 
WUDQVIRUPDWLYH�FKDOOHQJH��%XW�VXFK�D�WUDQVIRU-
mation is crucial to meet the commitments 
PDGH� LQ� WKH� 3DULV� $JUHHPHQW�� )XUWKHUPRUH��
DQ�HQHUJ\�WUDQVLWLRQ�DZD\�IURP�FRDO�ZLOO�DYRLG�
ODUJH� HQYLURQPHQWDO� DQG� KHDOWK� FRVWV�� VXFK�
as air pollution or – in the case of hard coal 
and some EU member states (e.g. Germany) – 
increasing reliance on energy imports. 

ΖQ� UHFHQW� \HDUV�� FRDO� SRZHU� SODQW� VKXW� GRZQ�
KDV� EHHQ� PDGH� FKHDSHU� E\� WKH� VLJQLȴFDQW��
UDSLG�GHFUHDVH�LQ�UHQHZDEOH�HQHUJ\�FRVWV��(YHQ�
though wind and solar energy come with their 
RZQ� FKDOOHQJHV�� PDLQO\� UHODWHG� WR� ZHDWKHU�
GHSHQGHQF\��D�QXPEHU�RI�RSWLRQV��OLNH�VWRUDJH��
JULG�GHYHORSPHQW�RU�GLVSDWFKDEOH�UHQHZDEOHV��
exist to cope with these issues. At the same 
WLPH� UHQHZDEOHV� FRPH� ZLWK� WKH� EHQHȴWV� RI�
being inexhaustible and scalable thus allowing 
completely new business models and leading 
WR�MRE�FUHDWLRQ��LQFOXGLQJ�LQ�DUHDV�ZKLFK�ZLOO�EH�
D΍HFWHG�E\�FRDO�SKDVH�RXW��

The role of coal has already been decreasing in 
almost all EU member countries and this trend 

LV� VHW� WR� FRQWLQXH�� LQGHSHQGHQWO\� IURP� DQ\�
DWWHPSWV�DW�FRDO�SKDVH�RXW��:LWK�WKH�LQFUHDVLQJ�
market penetration of renewables and result-
LQJ� GHFUHDVH� LQ� WKHLU� SULFH�� LQYHVWRUV� LQ� FRDO�
ȴUHG� SRZHU� SODQWV� DUH� IDFLQJ� GLɝFXOW� WLPHV�
DKHDG��)XUWKHUPRUH��WKH\�KDYH�WR�GHDO�ZLWK�WKH�
FKDOOHQJH�RI� VWULFWHU�DLU�TXDOLW\� VWDQGDUGV�DQG�
ULVLQJ�RSSRVLWLRQ�RI�SHRSOH�D΍HFWHG�E\�WKH�QHZ�
open pit mining. The impact of these measures 
LV� FOHDUO\� YLVLEOH� LQ� WKH� GHFUHDVLQJ� QXPEHU� RI�
SODQQHG�LQYHVWPHQWV��

To remain compatible with the Paris Agree-
PHQWȇV� ORQJ�WHUP� WHPSHUDWXUH� JRDO�� WKH� FRDO�
SKDVH�RXW�QHHGV�WR�KDSSHQ�PXFK�IDVWHU��:KLOH�
SROLF\�PHDVXUHV� DOUHDG\� LQ� SODFH�� OLNH� WKH� (8�
(76�RU� VXSSRUW� IRU� UHQHZDEOHV�� FRXOG�SOD\�DQ�
LPSRUWDQW� UROH� GULYLQJ� WKH� (8ȇV� WUDQVIRUPD-
tion away from coal if strengthened or scaled 
XS�� D� FRDO� SKDVH�RXW� QHHGV� WR� EH� H΍HFWLYHO\�
complemented by additional regulations that 
would increase its predictability and decrease 
WKH�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�FRVWV�
RI� WKLV� WUDQVIRUPDWLRQ��0DNLQJ� IXUWKHU� LQYHVW-
PHQWV�LQ�WKLV�VHFWRU�ZRXOG�LQ�H΍HFW�EH�WKURZLQJ�
good money after bad.

7 CONCLUSIONS
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Open pit coal mining Cottbus Nord in Lower Lusatia, 
Brandenburg, Germany in 2011.
Photo © Vladimir Wrangel / Shutterstock, Inc.



A stress test for coal in Europe under the Paris Agreement 36

$*�(QHUJLHELODQ]HQ�� �������� %UXWWRVWURPHU]HXJXQJ� LQ�
'HXWVFKODQG� DE� ����� QDFK� (QHUJLHWU¦JHU�� 5HWULHYHG�
from http://www.ag-energiebilanzen.de/

Agora Energiewende. (2016a). Die Energiewende im 
Stromsektor: Stand der Dinge 2015�� 5HWULHYHG� IURP�
www.agora-energiewende.de

Agora Energiewende. (2016b). Reducing the cost of 
ȴQDQFLQJ�UHQHZDEOHV�LQ�(XURSH��$�SURSRVDO�IRU�DQ�(8�
5HQHZDEOH�(QHUJ\�&RVW�5HGXFWLRQ�)DFLOLW\��Ȋ5(6�&5)ȋ��

%ORRPEHUJ����������(XURSH�ΖV�/RVLQJ�ΖWV�5HSXWDWLRQ�DV�D�
5HQHZDEOH�(QHUJ\�/HDGHU�

%0:L����������9HURUGQXQJ�]XU�5HJHOXQJ�GHV�9HUIDKUHQV�
GHU�%HVFKD΍XQJ��GHV�(LQVDW]HV�XQG�GHU�$EUHFKQXQJ�
HLQHU�.DSD]LW¦WVUHVHUYH�

%3�� ��������BP Statistical Review of World Energy. Retrie-
YHG� IURP� http://www.bp.com/content/dam/bp/pdf/
HQHUJ\�HFRQRPLFV�VWDWLVWLFDO�UHYLHZ������ES�VWDWLVWL-
FDO�UHYLHZ�RI�ZRUOG�HQHUJ\������IXOO�UHSRUW�SGI

%UHGLQ��'����������An Analysis of the EU Emission Trading 
Scheme.

%XNRZVNL��0���0DĝQLFNL�� -��� ĜQLHJRFNL��$���	�7U]HFLDNRZ-
VNL��5���Q�G����3ROVNL�ZÛJLHO	JW�4XR�9DGLV��3HUVSHNW\Z\�
UR]ZRMX�JµUQLFWZD�ZÛJOD�NDPLHQQHJR�Z�3ROVFH�

%81'�� �������� +DPEXUJ�0RRUEXUJ� Ȃ� GDV� $XV� I¾U� GHQ�
.OLPDVFKXW]"� 5HWULHYHG� IURP� http://bund-hamburg.
EXQG�QHW�ȴOHDGPLQ�EXQGJUXSSHQ�EFPVOYKDPEXUJ�
Proj1_Klima_Energie/Energiegewinnung/moorburg-
V2.pdf

%XQGHVUHJLHUXQJ�� �����D��� (QHUJLHZHQGH� LP� �EHU-
EOLFN�� 5HWULHYHG� 'HFHPEHU� ���� ������ IURP� https://
ZZZ�EXQGHVUHJLHUXQJ�GH�&RQWHQW�'(�6WDWLVFKH6HL-
WHQ�%UHJ�(QHUJLHNRQ]HSW���%XHKQH�PD¡QDKPHQ�
im-ueberblick.html�MVHVVLRQLG )�)����)%������
�&(���������������V�W�

%XQGHVUHJLHUXQJ�� �����E��� .OLPDVFKXW]SODQ� ������
5HWULHYHG� IURP� KWWS���ZZZ�EPXE�EXQG�GH�ȴOHDG-
PLQ�'DWHQB%08�'RZQORDGB3')�.OLPDVFKXW]�NOLPD-
schutzplan_2050_bf.pdf

%XQGHVWDJ�� *HVHW]� ]XU� :HLWHUHQWZLFNOXQJ� GHV� 6WURP-
marktes ( Strommarktgesetz ) (2016).

&$1�(XURSH����������(XURSHDQ�&RDO�0DS�

&$1�(8523(�� ��������&RDO�EULHȴQJ��*RYHUQPHQW�SROLFLHV�
on the  phasing-out of coal.

&DUERQ� 7UDFNHU� ΖQLWLDWLYH�� �������� 8QEXUQDEOH� &DUERQ�
������ :DVWHG� FDSLWDO� DQG� VWUDQGHG� DVVHWV�� Carbon 
7UDFNHU�	�7KH�*UDQWKDP�5HVHDUFK� ΖQVWLWXWH�� /6(�� �Ȃ����
KWWS���GRL�RUJ���������PHT�����������HDD����

&Ζ5(�� �������� :ÛJLHO� EUXQDWQ\� �� 5\QHN� HQHUJLL� HOHN-
WU\F]QHM�� 5HWULHYHG� 'HFHPEHU� ���� ������ IURP�
http://www.rynek-energii-elektrycznej.cire.pl/
VW��������WU��������������ZHJLHO�EUXQDWQ\�KWPO

&OLHQW(DUWK�� �������� 3RODQGȇV� VXSSRUW� IRU� FRDO� WKURXJK�
FDSDFLW\�PDUNHW�ZLOO�KLW�KRXVHKROG�ELOOV�_�&OLHQW(DUWK��
5HWULHYHG� IURP� http://www.clientearth.org/poland-
pledges-support-for-coal-power-by-capacity-market/

&RXQFLO�RI� WKH�(XURSHDQ�&RPPXQLWLHV�� ��������&RXQFLO�
'LUHFWLYH� RI� ���1RYHPEHU� �����RQ� WKH� OLPLWDWLRQ� RI�
emissions of certain pollutants into the air from large 
FRPEXVWLRQ�SODQWV��49���������Ȃ���

&]HUZLĆVND��(����������5HVWUXNWXU\]DFMD�JµUQLFWZD�ZÛJOD�
NDPLHQQHJR�Z�3ROVFH��5HWULHYHG�IURP�KWWS���ELXURVH�
VHMP�JRY�SO�WHNVW\BSGI�L�����SGI

'HSDUWPHQW� IRU�%XVLQHVV�(QHUJ\�	� ΖQGXVWULDO�6WUDWHJ\��

��������&2$/�*(1(5$7Ζ21�Ζ1�*5($7�%5Ζ7$Ζ1��5HWULH-
YHG� IURP� KWWSV���ZZZ�JRY�XN�JRYHUQPHQW�XSORDGV�
V\VWHP�XSORDGV�DWWDFKPHQWBGDWD�ȴOH��������:LWKB
6Ζ*B8QDEDWHGBFRDOBFORVXUHBFRQVXOWDWLRQB)Ζ1$/BB
Y���B�SGI

'HU�:HVWHQ�� �������� (RQ�.UDIWZHUN�'DWWHOQ� LVW�QLFKW� ]X�
UHWWHQ� �� :LUWVFKDIW� �� GHUZHVWHQ�GH�� 5HWULHYHG� IURP�
http://www.derwesten.de/wirtschaft/eon-kraftwerk-
datteln-ist-nicht-zu-retten-id4158000.html

'HXWVFKH� %XQGHVUHJLHUXQJ�� 9HUHLQEDUXQJ� ]ZLVFKHQ�
GHU� %XQGHVUHJLHUXQJ� XQG� GHQ� (QHUJLHYHUVRUJXQJV-
XQWHUQHKPHQ� YRP� ���� -XQL� ����� �������� 5HWULHYHG�
from http://www.energie-fakten.de/pdf/kernenergie-
konsens.pdf

']LHQQLN� =DFKRGQL�� �������� 7U]\� VSµĄNL� LGÇ� QD� UDWX-
QHN�.RPSDQLL��(QHUJD�QD�JLHĄG]LH� OHFL�Z�GµĄ� ��']LHQ-
QLN]DFKRGQL�SO�� 5HWULHYHG� IURP� http://www.dzien-
nikzachodni.pl/strefa-biznesu/wiadomosci/a/
trzy-spolki-ida-na-ratunek-kompanii-energa-na-gield-
]LH�OHFL�Z�GRO����������

(($����������2YHUYLHZ�RI�HOHFWULFLW\�SURGXFWLRQ�DQG�XVH�
LQ�(XURSH��5HWULHYHG�-DQXDU\�����������IURP�2YHUYLHZ�
of electricity production and use in Europe

((%�� 6DQGEDJ�� &$1� (XURSH�� +($/�� :�� �������� /LIWLQJ�
(XURSHȇV� 'DUN� &ORXG�� +RZ� &XWWLQJ� &RDO� 6DYHV�
/LYHV�� 5HWULHYHG� IURP� http://www.eeb.org/index.
F IP"/ LQN6H UY Ζ' (������� ����� �%��� �'% -
%�(�'(��)���)�

EEX. (2016). European Emission Allowances (EUA). 
5HWULHYHG� IURP� https://www.eex.com/en/market-
GDWD�HQYLURQPHQWDO�PDUNHWV�DXFWLRQ�PDUNHW�HXUR-
SHDQ�HPLVVLRQ�DOORZDQFHV�DXFWLRQ�������������

((;�+RPHSDJH����������(XURSHDQ�(PLVVLRQ�$OORZDQFHV�
$XFWLRQ� �(8$�� _� *OREDO� (QYLURQPHQWDO� ([FKDQJH��
5HWULHYHG� IURP� https://www.eex.com/en/market-
GDWD�HQYLURQPHQWDO�PDUNHWV�DXFWLRQ�PDUNHW�HXUR-
SHDQ�HPLVVLRQ�DOORZDQFHV�DXFWLRQ�������������

(336$�� �������� ΖPSOLFDWLRQV� RI� WKH� QHZ� /&3�%5()�
%$7� FRQFOXVLRQV�� 5HWULHYHG� IURP� http://www.eppsa.
HX�WOBȴOHV�HSSVD�ȴOHV���� 0HPEHUV� 2QO\�ΖQIR� IRU�
PHPEHUV������ ��� ��BΖPSOLFDWLRQVBRIB%5()�/&3B�B
%$7BFRQFOXVLRQVB7LJJHVB)LQDO�SUHVHQWDWLRQ�SGI

(5()�� ��������3ROLF\�SDSHU�RQ�UHWURVSHFWLYH�FKDQJHV� WR�
RES legislations and national moratoria.

Euracoal. (2016). Market Report 2016 no.2�� 5HWULHYHG�
from https://euracoal.eu/library/coal-market-reports/

Eurelectric. (2016). (8�(76�5HIRUP���(85(/(&75Ζ&�UHFRP-
mendations on proposals to strengthen the EU ETS A 
(85(/(&75Ζ&�SRVLWLRQ�SDSHU.

(XU2EVHUYȇ(5����������7KH�6WDWH�RI�5HQHZDEOH�(QHUJLHV�
in Europe. Edition 2015.

(XURSHDQ� &RPPLVVLRQ�� &RPPLVVLRQ� 5HJXODWLRQ� �(8��
No 176/2014 of 25 February 2014 amending Regula-
tion (EU) No 1031/2010 in particular to determine the 
YROXPHV� RI� JUHHQKRXVH� JDV� HPLVVLRQ� DOORZDQFHV� WR�
be auctioned in 2013-20 (2014).

(XURSHDQ�&RPPLVVLRQ�� �����D���D3URSRVDO� IRU�D�'LUHF-
WLYH� RI� WKH� (XURSHDQ� 3DUOLDPHQW� DQG� RI� WKH� &RXQFLO�
DPHQGLQJ�'LUHFWLYH���������(8�RQ�HQHUJ\�HɝFLHQF\��
5HWULHYHG� IURP� http://ec.europa.eu/energy/sites/
HQHU�ȴOHV�GRFXPHQWV��BHQBDFWBSDUW�BY���SGI

(XURSHDQ�&RPPLVVLRQ�������E���3URSRVDO�IRU�D�GLUHFWLYH�
RI� WKH� (XURSHDQ� 3DUOLDPHQW� DQG� RI� WKH� &RXQFLO� RQ�
the promotion of the use of energy from renewable 
VRXUFHV��UHFDVW���5HWULHYHG�IURP�http://ec.europa.eu/

REFERENCES

http://www.ag-energiebilanzen.de
http://www.agora-energiewende.de
http://www.bp.com/content/dam/bp/pdf/energy-economics/statistical-review-2016/bp-statistical-review-of-world-energy-2016-full-report.pdf
http://www.bp.com/content/dam/bp/pdf/energy-economics/statistical-review-2016/bp-statistical-review-of-world-energy-2016-full-report.pdf
http://www.bp.com/content/dam/bp/pdf/energy-economics/statistical-review-2016/bp-statistical-review-of-world-energy-2016-full-report.pdf
http://bund-hamburg.bund.net/fileadmin/bundgruppen/bcmslvhamburg/Proj1_Klima_Energie/Energiegewinnung/moorburg-V2.pdf
http://bund-hamburg.bund.net/fileadmin/bundgruppen/bcmslvhamburg/Proj1_Klima_Energie/Energiegewinnung/moorburg-V2.pdf
http://bund-hamburg.bund.net/fileadmin/bundgruppen/bcmslvhamburg/Proj1_Klima_Energie/Energiegewinnung/moorburg-V2.pdf
http://bund-hamburg.bund.net/fileadmin/bundgruppen/bcmslvhamburg/Proj1_Klima_Energie/Energiegewinnung/moorburg-V2.pdf
http://www.bmub.bund.de/fileadmin/Daten_BMU/Download_PDF/Klimaschutz/klimaschutzplan_2050_bf.pdf
http://www.bmub.bund.de/fileadmin/Daten_BMU/Download_PDF/Klimaschutz/klimaschutzplan_2050_bf.pdf
http://www.bmub.bund.de/fileadmin/Daten_BMU/Download_PDF/Klimaschutz/klimaschutzplan_2050_bf.pdf
http://doi.org/10.1108/meq.2013.08324eaa.003
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/567056/With_SIG_Unabated_coal_closure_consultation_FINAL__v6.0_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/567056/With_SIG_Unabated_coal_closure_consultation_FINAL__v6.0_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/567056/With_SIG_Unabated_coal_closure_consultation_FINAL__v6.0_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/567056/With_SIG_Unabated_coal_closure_consultation_FINAL__v6.0_.pdf
http://www.derwesten.de/wirtschaft/eon-kraftwerk-datteln-ist-nicht-zu-retten-id4158000.html
http://www.derwesten.de/wirtschaft/eon-kraftwerk-datteln-ist-nicht-zu-retten-id4158000.html
http://www.energie-fakten.de/pdf/kernenergie-konsens.pdf
http://www.energie-fakten.de/pdf/kernenergie-konsens.pdf
http://www.dziennikzachodni.pl/strefa-biznesu/wiadomosci/a/trzy-spolki-ida-na-ratunek-kompanii-energa-na-gieldzie-leci-w-dol,10149548/
http://www.dziennikzachodni.pl/strefa-biznesu/wiadomosci/a/trzy-spolki-ida-na-ratunek-kompanii-energa-na-gieldzie-leci-w-dol,10149548/
http://www.dziennikzachodni.pl/strefa-biznesu/wiadomosci/a/trzy-spolki-ida-na-ratunek-kompanii-energa-na-gieldzie-leci-w-dol,10149548/
http://www.dziennikzachodni.pl/strefa-biznesu/wiadomosci/a/trzy-spolki-ida-na-ratunek-kompanii-energa-na-gieldzie-leci-w-dol,10149548/
http://www.eeb.org/index.cfm?LinkServID=E3882544-5056-B741-DBB3E8DE57F619F6
http://www.eeb.org/index.cfm?LinkServID=E3882544-5056-B741-DBB3E8DE57F619F6
http://www.eeb.org/index.cfm?LinkServID=E3882544-5056-B741-DBB3E8DE57F619F6
https://www.eex.com/en/market-data/environmental-markets/auction-market/european-emission-allowances-auction#!/2016/12/05
https://www.eex.com/en/market-data/environmental-markets/auction-market/european-emission-allowances-auction#!/2016/12/05
https://www.eex.com/en/market-data/environmental-markets/auction-market/european-emission-allowances-auction#!/2016/12/05
https://www.eex.com/en/market-data/environmental-markets/auction-market/european-emission-allowances-auction#!/2016/11/25
https://www.eex.com/en/market-data/environmental-markets/auction-market/european-emission-allowances-auction#!/2016/11/25
https://www.eex.com/en/market-data/environmental-markets/auction-market/european-emission-allowances-auction#!/2016/11/25
http://www.eppsa.eu/tl_files/eppsa-files/
http://www.eppsa.eu/tl_files/eppsa-files/
https://euracoal.eu/library/coal-market-reports/
http://ec.europa.eu/energy/sites/ener/files/documents/1_en_act_part1_v16.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/1_en_act_part1_v16.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/1_en_act_part1_v7_1.pdf


A stress test for coal in Europe under the Paris Agreement   37

HQHUJ\�VLWHV�HQHU�ȴOHV�GRFXPHQWV��BHQBDFWBSDUW�B
Y�B��SGI

(XURSHDQ�&RPPLVVLRQ�� �����F���3URSRVDO� IRU�D�5HJXOD-
WLRQ�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RQ�
the internal market for electricity.

(XURSHDQ� &RXQFLO�� �������� 'LUHFWLYH� ��������(&� RI� WKH�
(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����2FWR-
ber 2001 on the limitation of emissions of certain 
pollutants into the air from large combustion plants. 
2ɝFLDO� -RXUQDO� RI� WKH� (XURSHDQ� 8QLRQ�� ������� �Ȃ����
http://doi.org/10.1039/ap9842100196

(XURSHDQ� &RXQFLO�� �������� 'LUHFWLYH� �������(&� RI� WKH�
(XURSHDQ�3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����-DQXDU\�
�����FRQFHUQLQJ�LQWHJUDWHG�SROOXWLRQ�SUHYHQWLRQ�DQG�
control.

(XURSHDQ� &RXQFLO�� 3UHVLGHQF\� &RQFOXVLRQV� ��������
5HWULHYHG� IURP� https://www.consilium.europa.eu/
uedocs/cms_data/docs/pressdata/en/ec/110889.pdf

(XURSHDQ�&RXQFLO��3UHVLGHQF\�&RQFOXVLRQV��������

(XURSHDQ� &RXQFLO�� �������� 'LUHFWLYH� ��������(8� RI�
WKH� (XURSHDQ� 3DUOLDPHQW� DQG� RI� WKH� &RXQFLO� RI� ���
1RYHPEHU������RQ�LQGXVWULDO�HPLVVLRQV��2ɝFLDO�-RXU-
nal of the European Union�� /����� ��Ȃ����� http://doi.
RUJ������������������/B���������HQJ

(XURSHDQ�&RXQFLO��'LUHFWLYH���������(8�RI�WKH�(XURSHDQ�
3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����2FWREHU������RQ�
HQHUJ\� HɝFLHQF\�� DPHQGLQJ� 'LUHFWLYHV� ���������(&�
DQG� ��������(8� DQG� UHSHDOLQJ�'LUHFWLYHV� �������(&�
DQG���������(&��������

(XURSHDQ�&RXQFLO��(XURSHDQ�&RXQFLO�����DQG����2FWREHU�
������&RQFOXVLRQV�RQ������&OLPDWH�DQG�(QHUJ\�3ROLF\�
)UDPHZRUN���������5HWULHYHG�IURP�http://www.consi-
lium.europa.eu/uedocs/cms_data/docs/pressdata/
en/ec/145356.pdf

(XURSHDQ� &RXQFLO�� �������� 'LUHFWLYH� RI� WKH� (XURSHDQ�
3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����'HFHPEHU������
on the reduction of national emissions of certain 
DWPRVSKHULF�SROOXWDQWV��DPHQGLQJ�'LUHFWLYH���������
(&�DQG�UHSHDOLQJ�'LUHFWLYH���������(&��2016(1386).

(XURSHDQ�(QYLURQPHQW�$JHQF\����������Transforming the 
EU power sector: avoiding a carbon lock-in�� &RSHQKD-
gen.

European Parliament. (2016). Amendments on the 
SURSRVDO� IRU�D�GLUHFWLYH�RI� WKH�(XURSHDQ�3DUOLDPHQW�
DQG�RI�WKH�&RXQFLO�DPHQGLQJ�'LUHFWLYH���������(&�WR�
HQKDQFH�FRVW�H΍HFWLYH�HPLVVLRQ�UHGXFWLRQV�DQG�ORZ�
FDUERQ�LQYHVWPHQWV��148(2015).

(XURSHDQ�8QLRQ��(85�/H[��������/�������(1���(85�/H[�
��������5HWULHYHG�IURP�http://eur-lex.europa.eu/legal-
FRQWHQW�(1�$//�"XUL &(/(;������/����

European Union. (2015a). Decision (EU) 2015/1814 of 
WKH�(XURSHDQ�3DUOLPHQW�DQG�RI�WKH�&RXQFLO�RI���2FWR-
ber 2015 concerning the establishment and operation 
RI� D�PDHUNHW� VWDELOLW\� UHVHUYH� IRU� WKH� 8QLRQ� JUHHQ-
house gas emission trading scheme and amending 
'LUHFWLYH���������(&��2ɝFLDO� -RXUQDO�RI� WKH�(XURSHDQ�
Union�� /���������������� �Ȃ��� http://doi.org/10.1007/
s13398-014-0173-7.2

European Union. (2015b). Intended Nationally Determi-
QHG� &RQWULEXWLRQ� RI� WKH� (8� DQG� LWV�0HPEHU� 6WDWHV��
5HWULHYHG� IURP� http://www4.unfccc.int/submissions/
Ζ1'&�3XEOLVKHG'RFXPHQWV�/DWYLD���/9�������(8�
Ζ1'&�SGI

(XURVWDW�������D���&RDO�FRQVXPSWLRQ�VWDWLVWLFV���6WDWLVWLFV�
Explained.

Eurostat. (2016b). Gross electricity production by fuel. 
5HWULHYHG� -DQXDU\���������� IURP�http://ec.europa.eu/
eurostat/statistics-explained/index.php/File:Gross-
HOHFWULFLW\�SURGXFWLRQ�E\�IXHO�*:K�(8��������7$-
%/(�SQJ

Eurostat. (2017a). Annual detailed enterprise statistics 
for industry - Mining of coal and lignite.

Eurostat. (2017b). Share of energy from renewable sour-
ces.

*OREDO�&RDO�3ODQW�7UDFNHU����������*OREDO�&RDO�3ODQW�7UDN-
NHU��5HWULHYHG�-XQH����������IURP�http://endcoal.org/
global-coal-plant-tracker/

*UDX�� 7��� 1HXKR΍�� .��� 	� 7LVGDOH��0�� ��������0DQGDWRU\�
GLUHFW�PDUNHWLQJ� RI� ZLQG� SRZHU� LQFUHDVHV� ȴQDQFLQJ�
costs.

Greenpeace. (2015). Energy [ R ] Evolution. Energy [R]
Evolution.

Greenpeace. (2016). Poland: Europe’s most polluted coun-
try in trouble with the EU but still won’t clean up coal 
- Energydesk��5HWULHYHG�IURP�http://energydesk.green-
peace.org/2015/06/25/polands-smog-crisis-europes-
most-polluted-country-in-trouble-with-the-eu-but-
wont-cut-coal-emissions/

+XVFKHU�� -���6PLWK��'���+ROODQG��0���	� -HQVHQ��*�� ��������
7+(� 813$Ζ'� +($/7+� %Ζ//� +RZ� FRDO� SRZHU� SODQWV�
PDNH�XV�VLFN�$�UHSRUW� IURP�WKH�+HDOWK�DQG�(QYLURQ-
ment Alliance. Health and Environment Alliance.

Ζ�&(� 	� (QHUGDWD�� �������� Exploring the EU ETS beyond 
������$�ȴUVW�DVVHVVPHQW�RI�WKH�(8�FRPPLVVLRQȇV�SURSR-
VDO� IRU� 3KDVH� Ζ9� RI� WKH� (8� (76� ������������� 5HWULHYHG�
from http://www.i4ce.org/wp-core/wp-content/
XSORDGV������������������&23(&�)8//�5(3257�SGI

IEA. (2015). World Energy Outlook. http://doi.org/10.1787/
weo-2014-en

Ζ($�� �������� :RUOG� (QHUJ\� 2XWORRN� ������ http://doi.
org/10.1787/weo-2016-en

ΖΖ$6$�� �������� 0(66$*(�� 5HWULHYHG� IURP� http://www.
i iasa.ac.at/web/home/research/modelsData/
MESSAGE/MESSAGE.en.html

International Energy Agency (IEA). (2016). Energy and Air 
3ROOXWLRQ���:RUOG�(QHUJ\�2XWORRN������6SHFLDO�5HSRUW�

Ζ3&&�������D���Climate Change 2014: Mitigation of Climate 
&KDQJH�� &RQWULEXWLRQ� RI�:RUNLQJ� *URXS� ΖΖΖ� WR� WKH� )LIWK�
Assessment Report if the Intergovernmental Panel on 
Climate Change.

Ζ3&&�������E���6XPPDU\�IRU�3ROLF\PDNHUV��ΖQ�6WRFNHU�	�
9��%��DQG�3��0��0���HGV�7�)���'��4LQ��*��.��3ODWWQHU��0��
7LJQRU��6�.��$OOHQ��-��%RVFKXQJ��$��1DXHOV��<��;LD��(GV����
Climate Change 2014: Mitigation of Climate Change. 
&RQWULEXWLRQ� RI� :RUNLQJ� *URXS� ΖΖΖ� WR� WKH� )LIWK� $VVHVV-
ment Report of the Intergovernmental Panel on Climate 
Change�� &DPEULGJH��8QLWHG�.LQJGRP�DQG�1HZ�<RUN��
1<��86$��&DPEULGJH�8QLYHUVLW\�3UHVV�

IRENA. (2016). Roadmap for a Renewable Energy Future.

-RLQW� 5HVHDUFK� ΖQVWLWXWH�� �������� %HVW� $YDLODEOH� 7HFKQL-
TXHV� �%$7�� 5HIHUHQFH� 'RFXPHQW� IRU� /DUJH� &RPEX-
stion Plants  - draft.

-RQHV�� '��� 	� *XWPDQQ�� .�� �������� End of an Era: Why 
every European country needs a coal phase-out plan. 
5HWULHYHG� IURP� https://www.greenpeace.de/sites/
www.greenpeace.de/files/publications/end-of-era-
coal-phase-out-plan-20151204.pdf

.QRSI��%���	�(GHQKRIHU��2����������6DYH�WKH�(8�(PLVVLRQV�
Trading Scheme : set a price band. Energy Post�� �Ȃ���
5HWULHYHG� IURP� http://energypost.eu/eu-emissions-
WUDGLQJ�VFKHPH�FDQ�VDYHG�SULFH�EDQG�

/HDGHUV� RI� &'8�� &�� DQG� 6�� �������� (FNSXQNWH� I¾U� HLQH�
erfolgreiche Umsetzung der Energiewende.

Massachusetts Institute of Technology. (2007). The 
Future of Coal.

0DWWKHV��)���/RUHFN��&���+HUPDQQ��+���3HWHU��)���:¾QVFK��
0���	�=LHJHQKDJHQ�� Ζ�� ��������Das CO2 -Instrument für 
den Stromsektor: Modellbasierte Hintergrundanalysen. 

http://ec.europa.eu/energy/sites/ener/files/documents/1_en_act_part1_v7_1.pdf
http://ec.europa.eu/energy/sites/ener/files/documents/1_en_act_part1_v7_1.pdf
http://doi.org/10.1039/ap9842100196
https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/110889.pdf
https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/110889.pdf
http://doi.org/10.3000/17252555.L_2010.334.eng
http://doi.org/10.3000/17252555.L_2010.334.eng
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145356.pdf
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145356.pdf
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/ec/145356.pdf
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0028
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0028
http://doi.org/10.1007/s13398-014-0173-7.2
http://doi.org/10.1007/s13398-014-0173-7.2
http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Gross-electricity-production-by-fuel-GWh-EU28-2014-TABLE.png
http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Gross-electricity-production-by-fuel-GWh-EU28-2014-TABLE.png
http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Gross-electricity-production-by-fuel-GWh-EU28-2014-TABLE.png
http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Gross-electricity-production-by-fuel-GWh-EU28-2014-TABLE.png
http://endcoal.org/global-coal-plant-tracker/
http://endcoal.org/global-coal-plant-tracker/
http://energydesk.greenpeace.org/2015/06/25/polands-smog-crisis-europes-most-polluted-country-in-trouble-with-the-eu-but-wont-cut-coal-emissions
http://energydesk.greenpeace.org/2015/06/25/polands-smog-crisis-europes-most-polluted-country-in-trouble-with-the-eu-but-wont-cut-coal-emissions
http://energydesk.greenpeace.org/2015/06/25/polands-smog-crisis-europes-most-polluted-country-in-trouble-with-the-eu-but-wont-cut-coal-emissions
http://energydesk.greenpeace.org/2015/06/25/polands-smog-crisis-europes-most-polluted-country-in-trouble-with-the-eu-but-wont-cut-coal-emissions
http://www.i4ce.org/wp-core/wp-content/uploads/2015/11/15-11-30-COPEC-FULL-REPORT.pdf
http://www.i4ce.org/wp-core/wp-content/uploads/2015/11/15-11-30-COPEC-FULL-REPORT.pdf
http://doi.org/10.1787/weo-2014-en
http://doi.org/10.1787/weo-2014-en
http://doi.org/10.1787/weo-2016-en
http://doi.org/10.1787/weo-2016-en
http://www.iiasa.ac.at/web/home/research/modelsData/MESSAGE/MESSAGE.en.html
http://www.iiasa.ac.at/web/home/research/modelsData/MESSAGE/MESSAGE.en.html
http://www.iiasa.ac.at/web/home/research/modelsData/MESSAGE/MESSAGE.en.html
https://www.greenpeace.de/sites/www.greenpeace.de/files/publications/end-of-era-coal-phase-out-plan-20151204.pdf
https://www.greenpeace.de/sites/www.greenpeace.de/files/publications/end-of-era-coal-phase-out-plan-20151204.pdf
https://www.greenpeace.de/sites/www.greenpeace.de/files/publications/end-of-era-coal-phase-out-plan-20151204.pdf
http://energypost.eu/eu-emissions-trading-scheme-can-saved-price-band/
http://energypost.eu/eu-emissions-trading-scheme-can-saved-price-band/


A stress test for coal in Europe under the Paris Agreement 38

5HWULHYHG� IURP� KWWS���ZZZ�EPZL�GH�%0:L�5HGDN-
WLRQ�3')�6�7�VWURPPDUNW�SUDHVHQWDWLRQ�GDV�&2��LQ-
VWUXPHQW�IXHU�GHQ�VWURPVHNWRU�SURSHUW\ SGI�EHUHLF
K EPZL�����VSUDFKH GH�UZE WUXH�SGI

0LQLVWU\� RI� (FRQRP\� DQG� ΖQGXVWU\�� �������� %HJLQQ� GHU�
6LFKHUKHLWVEHUHLWVFKDIW�� 5HWULHYHG� IURP� http://www.
EPZL�GH�'(�3UHVVH�SUHVVHPLWWHLOXQJHQ�GLG �������
html

16&2*Ζ�� ��������3ROLWLFDO�'HFODUDWLRQ�RQ�HQHUJ\�FRRSH-
UDWLRQ�EHWZHHQ�WKH�1RUWK�6HDV�&RXQWULHV�

3HZ�&HQWHU�RQ�*OREDO�&OLPDWH�&KDQJH���Q�G����The Euro-
pean Union Emissions Trading Scheme (EU-ETS) Insights 
And Opportunities Synopsis.

3*(�� �������� 3DUDPHWU\� 7HFKQLF]QH�� 5HWULHYHG� IURP�
http://www.blok5i6.pl/parametry-techniczne/

3LHWUDV]HZVNL�� $�� �������� 3RGVXPRZDQLH� Z\QLNµZ�
produkcyjnych uzyskanych w sektorze wydobywczym 
ZÛJOD� EUXQDWQHJR� ]D� Ζ� SµĄURF]H� ����� URNX�� :ÛJLHO�
Brunatny��91�����5HWULHYHG�IURP�http://www.ppwb.org.
pl/Static/upload/File/wegiel_91_2_2015.pdf

3ROOLWW��+���$OH[DQGUL��(���*RQ]DOH]�0DUWLQH]��$���:XHVWHU��
+���3UHVV��(���2NVDQHQ��6���Ȑ�*KHUERXGM��Ζ����������5HQH-
ZDEOH�(QHUJ\�%HQHȴWV��0HDVXULQJ�WKH�(FRQRPLFV�

3ROVNLH� 5DGLR�� �������� %UDNXMH� SUÇGX�� 6Ç� RJUDQLF]HQLD�
GR� ��� VLHUSQLD� GRVWDZ� GOD� ȴUP�� 2GELRUF\� LQG\ZL-
dualni bezpieczni - Gospodarka - polskieradio.pl. 
5HWULHYHG� IURP� http://www.polskieradio.pl/42/273/
$UW\NXO���������%UDNXMH�SUDGX�6D�RJUDQLF]HQLD�GR�
���VLHUSQLD�GRVWDZ�GOD�ȴUP�2GELRUF\�LQG\ZLGXDOQL�
bezpieczni

36(�� �������� 0LHVLÛF]QH� UDSRUW\� ]� IXQNFMRQRZDQLD�
Krajowego Systemu Elektroenergetycznego i Rynku 
%LODQVXMÇFHJR�� 5HWULHYHG� IURP� http://www.pse.pl/
LQGH[�SKS"PRGXO �	\ ����	P ��	LGBUDS ���

5RFKD��0���3DUUD��3��� 5RPLQJ��1���8UDO��8���$QF\JLHU��$���
&DQW]OHU��-���Ȑ�+DUH��%����������Implications of the Paris 
Agreement for coal use in the power sector.

5RJHOM��-���/XGHUHU��*���3LHW]FNHU��5��&���.ULHJOHU��(���6FKDHI-
IHU�� 0��� .UH\�� 9��� 	� 5LDKL�� .�� �������� (QHUJ\� V\VWHP�
transformations for limiting end-of-century warming 
WR�EHORZ�����r&��Nature Climate Change��5��������Ȃ�����
http://doi.org/10.1038/nclimate2572

Rynek energii elektrycznej. (2016). Podstawowe dane. 
5HWULHYHG� IURP� http://www.rynek-energii-elektrycz-
QHM�FLUH�SO�VW��������WU��������������SRGVWDZRZH�GDQH�
html

Sandbag. (2016a). 2015 EU ETS Emissions analysis.

Sandbag. (2016b). /DVW�FKDQFH�VDORRQ�IRU�WKH�(8�(76. Retrie-
YHG� IURP� KWWS���OLEZHE�EHQ�HGX�ORJLQ"XUO KWWS���
VHDUFK�HEVFRKRVW�FRP�ORJLQ�DVS["GLUHFW WUXH	GE QI
K	$1 ������������������	VLWH HKRVW�OLYH

6FKDH΍HU�� 0��� 5RFKD�� 0��� +DUH�� %��� 6FKOHX¡QHU�� &��)���
%DDUVFK�� )��� *UDQDGLOORV�� -��� Ȑ� =DYDOD�� 3�� �������� /RZ�
&DUERQ�0RQLWRU�������3XUVXLQJ� WKH����&� OLPLW��%HQHȴWV�
and Opportunities.

6FKOHXVVQHU�� &��)��� 5RJHOM�� -��� 6FKDH΍HU�� 0��� /LVVQHU�� 7���
/LFNHU�� 5��� )LVFKHU�� (��0���Ȑ�+DUH��:�� �������� 6FLHQFH�
and policy characteristics of the Paris Agreement 
temperature goal. Nature Climate Change. http://doi.
org/10.1038/nclimate3096

6KHDUHU�� &��� *KLR�� 1��� 0\OO\YLUWD�� /��� 	� 1DFH�� 7�� ��������
%RRP�DQG�%XVW"��7UDNLQJ�WKH�*OREDO�&RDO�3ODQW�3LSH-
OLQH�����

6]XOHFNL�� .��� $QF\JLHU�� $��� 	� 6]ZHG�� '�� �������� (QHUJ\�
GHPRFUDWL]DWLRQ"�6RFLHWDO�DVSHFWV�RI�GH�FDUERQL]DWLRQ�
in the German and Polish energy sectors.

7KH�*XDUGLDQ�� ��������(�21�UXQV�GRZQ�SRZHU�VWDWLRQV�
GHVSLWH�EODFNRXW�ZDUQLQJ�_�%XVLQHVV�_�7KH�*XDUGLDQ��
5HWULHYHG� IURP� https://www.theguardian.com/busi-
ness/2014/jan/22/eon-close-power-stations-blackout

7KH� ΖQWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH�
�Ζ3&&��� �������� Climate Change 2014: Mitigation of 
Climate Change. :RUNLQJ� *URXS� ΖΖΖ� &RQWULEXWLRQ� WR�
the Fifth Assessment Report of the Intergovernmen-
tal Panel on Climate Change. http://doi.org/10.1017/
&%2�������������

7RPRUURZ����������(OHFWULFLW\�0DS��/LYH�&22 emissions of 
WKH� (XURSHDQ� HOHFWULFLW\� SURGXFWLRQ�� 5HWULHYHG� -DQX-
DU\����������IURP�http://electricitymap.tmrow.co/

UNEP. (2014). 7KH� (PLVVLRQV� *DS� 5HSRUW� ����. Unep. 
5HWULHYHG�IURP�http://www.unep.org/pdf/SEI.pdf

UNEP. (2016). 7KH�(PLVVLRQV�*DS�5HSRUW�����. http://doi.
RUJ�Ζ6%1�����������������

81)&&&����������3DULV�$JUHHPHQW���Ȃ���

8QLSHU�� �������� .UDIWZHUN� 'DWWHOQ� ��� 5HWULHYHG� IURP�
https://www.uniper.energy/de/unser-geschaeft/
unsere-standorte/datteln-4.html

85(����������ĜUHGQLD�FHQD�VSU]HGDľ\�HQHUJLL�HOHNWU\F]QHM�
QD� U\QNX�NRQNXUHQF\MQ\P�]D������ URN� ��$NWXDOQRĝFL�
��8U]ÇG�5HJXODFML�(QHUJHW\NL��5HWULHYHG� IURP�https://
ZZZ�XUH�JRY�SO�SO�XU]DG�LQIRUPDFMH�RJROQH�
DNWXDOQRVFL������6UHGQLD�FHQD�VSU]HGD]\�HQHUJLL�
elektrycznej-na-rynku-konkurencyjnym-za-2015-rok.
html

9DWWHQIDOO����������+RKH�$EVFKUHLEXQJHQ�XQG�ZHLWHUKLQ�
QLHGULJH� 6WURPSUHLVH� �� 9DWWHQIDOO�� 5HWULHYHG� 'HFHP-
EHU� ���� ������ IURP� KWWSV���FRUSRUDWH�YDWWHQIDOO�GH�
newsroom/pressemeldungen/2015/hohe-abschrei-
bungen-und-weiterhin-niedrige-strompreise-an-
GHU�ERUVH�EHHLQȵXVVHQ�TXDUWDOVHUJHEQLV�YRQ�YDWWHQ-
fall/

:KLWPRUH�� $��� 	� /DJDGLQRY�� %�� ��������*HWWLQJ� LQ� WRXFK�
with reality: Rebasing the EU ETS Phase 4 cap. Sandbag. 
5HWULHYHG� IURP� https://sandbag.org.uk/site_media/
pdfs/reports/Sandbag_Realiging_EUETS_Ph4_cap.pdf

:13�������D���(NVSHUW��PRľH�E\É�WUXGQR�R�]JRGÛ�.(�QD�
SROVNL� PRGHO� U\QNX� PRF\� �� :LDGRPRĝFL�� 5HWULHYHG�
from http://www.wnp.pl/wiadomosci/282278.html

:13�������E���(QHUJLD�JĄµZQLH�]�ZÛJOD��5HWULHYHG�-DQX-
DU\� ��� ������ IURP� http://gornictwo.wnp.pl/energia-
JORZQLH�]�ZHJOD�������B�B�B��KWPO

:13�� �����F��� 7FKµU]HZVNL�� 3ROVFH� SRWU]HED� ���
nowych bloków energetycznych - Energetyka. Retrie-
YHG� IURP� http://energetyka.wnp.pl/tchorzewski-
polsce-potrzeba-24-nowych-blokow-energetycz-
Q\FK�������B�B�B��KWPO

:13�� �����G��� =(� 3$.� RGSLHUD� ]DU]XW\� SURWHVWXMÇF\FK�
SU]HFLZNR� RGNU\ZFH� ZÛJOD� �� (QHUJHW\ND�� 5HWULHYHG�
'HFHPEHU� ���� ������ IURP� http://energetyka.wnp.pl/
ze-pak-odpiera-zarzuty-protestujacych-przeciwko-
RGNU\ZFH�ZHJOD�������B�B�B��KWPO

:\VRNLH� 1DSLHFLH�� �������� %UXNVHOD� SU]HPRGHORZXMH�
U\QHN�HQHUJLL�F]����5\QNL�PRF\�QLH�GOD�ZÛJOD"�5HWULH-
YHG� IURP�http://wysokienapiecie.pl/rynek/1935-bruk-
sela-przemodelowuje-rynek-energii-cz-3-rynki-mocy-
nie-dla-wegla

http://www.bmwi.de/BMWi/Redaktion/PDF/S-T/strommarkt-praesentation-das-CO2-instrument-fuer-den-stromsektor,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.bmwi.de/BMWi/Redaktion/PDF/S-T/strommarkt-praesentation-das-CO2-instrument-fuer-den-stromsektor,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.bmwi.de/BMWi/Redaktion/PDF/S-T/strommarkt-praesentation-das-CO2-instrument-fuer-den-stromsektor,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.bmwi.de/BMWi/Redaktion/PDF/S-T/strommarkt-praesentation-das-CO2-instrument-fuer-den-stromsektor,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf
http://www.blok5i6.pl/parametry-techniczne/
http://www.ppwb.org.pl/Static/upload/File/wegiel_91_2_2015.pdf
http://www.ppwb.org.pl/Static/upload/File/wegiel_91_2_2015.pdf
http://www.polskieradio.pl/42/273/Artykul/1486937,Brakuje-pradu-Sa-ograniczenia-do-30-sierpnia-dostaw-dla-firm-Odbiorcy-indywidualni-bezpieczni
http://www.polskieradio.pl/42/273/Artykul/1486937,Brakuje-pradu-Sa-ograniczenia-do-30-sierpnia-dostaw-dla-firm-Odbiorcy-indywidualni-bezpieczni
http://www.polskieradio.pl/42/273/Artykul/1486937,Brakuje-pradu-Sa-ograniczenia-do-30-sierpnia-dostaw-dla-firm-Odbiorcy-indywidualni-bezpieczni
http://www.polskieradio.pl/42/273/Artykul/1486937,Brakuje-pradu-Sa-ograniczenia-do-30-sierpnia-dostaw-dla-firm-Odbiorcy-indywidualni-bezpieczni
http://www.pse.pl/index.php?modul=8&y=2013&m=12&id_rap=212
http://www.pse.pl/index.php?modul=8&y=2013&m=12&id_rap=212
http://doi.org/10.1038/nclimate2572
http://www.rynek-energii-elektrycznej.cire.pl/st,33,207,tr,75,0,0,0,0,0,podstawowe-dane.html
http://www.rynek-energii-elektrycznej.cire.pl/st,33,207,tr,75,0,0,0,0,0,podstawowe-dane.html
http://www.rynek-energii-elektrycznej.cire.pl/st,33,207,tr,75,0,0,0,0,0,podstawowe-dane.html
http://libweb.ben.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=nfh&AN=200709081063400898&site=ehost-live
http://libweb.ben.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=nfh&AN=200709081063400898&site=ehost-live
http://libweb.ben.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=nfh&AN=200709081063400898&site=ehost-live
http://doi.org/10.1038/nclimate3096
http://doi.org/10.1038/nclimate3096
https://www.theguardian.com/business/2014/jan/22/eon-close-power-stations-blackout
https://www.theguardian.com/business/2014/jan/22/eon-close-power-stations-blackout
http://doi.org/10.1017/CBO9781107415416
http://doi.org/10.1017/CBO9781107415416
http://electricitymap.tmrow.co/
http://www.unep.org/pdf/SEI.pdf
http://doi.org/ISBN978-92-807-3617-5
http://doi.org/ISBN978-92-807-3617-5
https://www.uniper.energy/de/unser-geschaeft/unsere-standorte/datteln-4.html
https://www.uniper.energy/de/unser-geschaeft/unsere-standorte/datteln-4.html
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/6471,Srednia-cena-sprzedazy-energii-elektrycznej-na-rynku-konkurencyjnym-za-2015-rok.html
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/6471,Srednia-cena-sprzedazy-energii-elektrycznej-na-rynku-konkurencyjnym-za-2015-rok.html
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/6471,Srednia-cena-sprzedazy-energii-elektrycznej-na-rynku-konkurencyjnym-za-2015-rok.html
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/6471,Srednia-cena-sprzedazy-energii-elektrycznej-na-rynku-konkurencyjnym-za-2015-rok.html
https://www.ure.gov.pl/pl/urzad/informacje-ogolne/aktualnosci/6471,Srednia-cena-sprzedazy-energii-elektrycznej-na-rynku-konkurencyjnym-za-2015-rok.html
https://corporate.vattenfall.de/newsroom/pressemeldungen/2015/hohe-abschreibungen-und-weiterhin-niedrige-strompreise-an-der-borse-beeinflussen-quartalsergebnis-von-vattenfall/
https://corporate.vattenfall.de/newsroom/pressemeldungen/2015/hohe-abschreibungen-und-weiterhin-niedrige-strompreise-an-der-borse-beeinflussen-quartalsergebnis-von-vattenfall/
https://corporate.vattenfall.de/newsroom/pressemeldungen/2015/hohe-abschreibungen-und-weiterhin-niedrige-strompreise-an-der-borse-beeinflussen-quartalsergebnis-von-vattenfall/
https://corporate.vattenfall.de/newsroom/pressemeldungen/2015/hohe-abschreibungen-und-weiterhin-niedrige-strompreise-an-der-borse-beeinflussen-quartalsergebnis-von-vattenfall/
https://corporate.vattenfall.de/newsroom/pressemeldungen/2015/hohe-abschreibungen-und-weiterhin-niedrige-strompreise-an-der-borse-beeinflussen-quartalsergebnis-von-vattenfall/
https://sandbag.org.uk/site_media/pdfs/reports/Sandbag_Realiging_EUETS_Ph4_cap.pdf
https://sandbag.org.uk/site_media/pdfs/reports/Sandbag_Realiging_EUETS_Ph4_cap.pdf
http://www.wnp.pl/wiadomosci/282278.html
http://gornictwo.wnp.pl/energia-glownie-z-wegla,289012_1_0_0.html
http://gornictwo.wnp.pl/energia-glownie-z-wegla,289012_1_0_0.html
http://energetyka.wnp.pl/tchorzewski-polsce-potrzeba-24-nowych-blokow-energetycznych,276786_1_0_0.html
http://energetyka.wnp.pl/tchorzewski-polsce-potrzeba-24-nowych-blokow-energetycznych,276786_1_0_0.html
http://energetyka.wnp.pl/tchorzewski-polsce-potrzeba-24-nowych-blokow-energetycznych,276786_1_0_0.html
http://energetyka.wnp.pl/ze-pak-odpiera-zarzuty-protestujacych-przeciwko-odkrywce-wegla,273277_1_0_0.html
http://energetyka.wnp.pl/ze-pak-odpiera-zarzuty-protestujacych-przeciwko-odkrywce-wegla,273277_1_0_0.html
http://energetyka.wnp.pl/ze-pak-odpiera-zarzuty-protestujacych-przeciwko-odkrywce-wegla,273277_1_0_0.html
http://wysokienapiecie.pl/rynek/1935-bruksela-przemodelowuje-rynek-energii-cz-3-rynki-mocy-nie-dla-wegla
http://wysokienapiecie.pl/rynek/1935-bruksela-przemodelowuje-rynek-energii-cz-3-rynki-mocy-nie-dla-wegla
http://wysokienapiecie.pl/rynek/1935-bruksela-przemodelowuje-rynek-energii-cz-3-rynki-mocy-nie-dla-wegla


A stress test for coal in Europe under the Paris Agreement   39
The Melnik Power Station in the Czech Republic. The 1050 MW four unit 
plant is fueled by lignite from mines in North and West Bohemia. 
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ANNEX I: 
ADDITIONAL RESULTS
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2QH�RI�WKH�PDLQ�DGYDQWDJHV�RI�ΖQWHJUDWHG�$VVHVVPHQW�0RGHOV��Ζ$0V�� LV�WKDW�WKH\�H[SOLFLWO\�WDNH�
LQWR� DFFRXQW� WUDGH�R΍V� EHWZHHQ� WKH� GHSOR\PHQW� RI� GL΍HUHQW� HQHUJ\� VXSSO\� WHFKQRORJLHV� �IRU�
H[DPSOH��GXH�WR�GL΍HUHQFHV� LQ� LQYHVWPHQW�DQG�IXHO�FRVWV�UHODWHG�WR�UHVRXUFH�VWRFNV��DQG�PDQ\�
other economic relationships. All IAMs come to the same conclusion: the earlier strong climate 
DFWLRQ�LV�LQLWLDWHG�DQG�LPSOHPHQWHG��WKH�ORZHU�WKH�FRPELQHG�JOREDO�FRVW�RI�PHHWLQJ�D�WHPSHUDWXUH�
OLPLW�RYHU�WKH�ZKROH�RI�WKH�FHQWXU\�

Ζ$0V� DOVR� KDYH� OLPLWDWLRQV�� IRU� H[DPSOH� UHODWHG� WR� WKHLU� XQGHUO\LQJ� GULYLQJ� DVVXPSWLRQV�� )RU�
LQVWDQFH��WKH�0(66$*(�VFHQDULRV�XVHG�LQ�WKLV�UHSRUW�DUH�EDVHG�RQ�KLJK�HQHUJ\�HɝFLHQF\�LPSURYH-
PHQWV��ORZ�SULPDU\�HQHUJ\�GHPDQG��DQG�IXOO�WHFKQRORJ\�DYDLODELOLW\��7KH�ODWWHU�PHDQV�WKDW�FHUWDLQ�
GHEDWHG�DQG�DW�SUHVHQW�XQFHUWDLQ�WHFKQRORJLHV�DUH�DVVXPHG�WR�EH�DYDLODEOH�IRU�PLWLJDWLRQ��7KHVH�
LQFOXGH�QXFOHDU�SRZHU��IRVVLO�IXHO�SRZHU�JHQHUDWLRQ�ZLWK�&&6�DQG�FDUERQ�GLR[LGH�UHPRYDO�RU�QHJD-
WLYH�&22�HPLVVLRQV�WHFKQRORJLHV��DOO�RI�ZKLFK�PD\�KDYH�LPSRUWDQW�VXVWDLQDELOLW\�UHODWHG�DQG�RWKHU�
implications.

3DUWLFXODUO\� IRU����r&�VFHQDULRV� �VXFK�DV� WKH�3DULV�$JUHHPHQWȇV����r&�VFHQDULR���EXW�DOVR� IRU��r&�
VFHQDULRV��VXFK�DV�WKH�&DQFXQ�$JUHHPHQWV��r&�VFHQDULR���VRPH�GHJUHH�RI�QHJDWLYH�&22 emissions 
DUH�HVVHQWLDO� WR�VWD\� LQ� OLQH�ZLWK�WKH�ZDUPLQJ� OLPLW��(YHQ�DIWHU�WDNLQJ� LQWR�DFFRXQW�WKH�DVVXPHG�
SRWHQWLDO� IRU�FDUERQ�VHTXHVWUDWLRQ� LQ� IRUHVWV�DQG�VRLOV��D�QHHG� IRU� LQGXVWULDO�VFDOH�QHJDWLYH�&22 
HPLVVLRQV�UHPDLQV��1HJDWLYH�&22�HPLVVLRQV�KDYH�QRW�DOZD\V�EHHQ�D�QHFHVVLW\��EXW�KDYH�EHFRPH�
RQH�GXH�WR� OLPLWHG�HPLVVLRQV�UHGXFWLRQV�RYHU�WKH�SDVW�FRXSOH�RI�GHFDGHV�� Ζ$0V�PRVW�RIWHQ�XVH�
ELRPDVV�LQ�FRPELQDWLRQ�ZLWK�FDUERQ�FDSWXUH�DQG�VWRUDJH��%(&&6��LQ�RUGHU�WR�DFKLHYH�QHJDWLYH�&22 
emissions at scale.

ΖQ�SUDFWLFH��WKHUH�PD\�EH�LQGLUHFW�HFRQRPLF�FRQVWUDLQWV�SODFHG�XSRQ�WHFKQRORJLHV��)RU�H[DPSOH��
SROLF\�PDNHUV�PD\� UHVWULFW� &22 storage to only the geologically most secure repositories. This 
might lead to a lower storage potential than assumed in IAMs and higher costs. There may also be 
VXVWDLQDELOLW\�FRQVWUDLQWV�SODFHG�XSRQ�WKH�GHSOR\PHQW�RI�ELRPDVV�HQHUJ\�V\VWHPV��GXH�WR�ODQG�XVH�
DQG�RWKHU�HQYLURQPHQWDO�FRQVLGHUDWLRQV��&RQFHUQV�ZLWK�QXFOHDU�SRZHU�LQ�PDQ\�MXULVGLFWLRQV�DUH�
well known and may limit future deployment at least in some regions. 

Ζ3&&�$5��DQG�VXEVHTXHQW�OLWHUDWXUH�VKRZV�FOHDUO\�WKDW�GHOD\LQJ�PLWLJDWLRQ�DFWLRQ�QRW�RQO\�LQFUHDVHV�
WKH� RYHUDOO�PLWLJDWLRQ� FRVWV� DQG�XQGHUPLQHV� WKH� SUREDELOLW\� RI� OLPLWLQJ�ZDUPLQJ� WR� WKH� DJUHHG�
OHYHO�EXW�DOVR�LQFUHDVHV�UHOLDQFH�RQ�QHJDWLYH�&22 emissions��)RU� LOOXVWUDWLRQ��Figure 11 shows 
WKH�UHODWLRQVKLS�EHWZHHQ������HPLVVLRQV�OHYHOV��DV�D���RI������HPLVVLRQV�OHYHOV��DQG�FXPXODWLYH�
QHJDWLYH�&22�HPLVVLRQV�IURP�%(&&6��7KLV�UHODWLRQVKLS�LV�QRW�SHUIHFWO\�OLQHDU��VLQFH��r&�SUREDELOLW\�
OHYHOV�DUH�DOVR�D΍HFWHG�E\�QRQ�&22�IRUFLQJ�WKDW�YDULHV�DFURVV�VFHQDULRV��+RZHYHU��WKHVH�VFHQDULRV�
GR�LQGLFDWH�WKDW�GHHSHU�SUH������PLWLJDWLRQ�ORZHUV�WKH�QHHG�IRU�ODWHU�FRPSHQVDWLRQ�E\�QHJDWLYH�
&22 emissions.

ANNEX II: 
ADVANTAGES AND LIMITATIONS OF IAMS
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It must be noted that this is only a small set of scenarios that merely illustrates the issue. Further 
UHVHDUFK�LV�QHHGHG��HVSHFLDOO\�WRZDUGV�WKH�DVVHVVPHQW�RI�WKH�LQȵXHQFH�RI�SRWHQWLDO�FDUERQ�VHTXHV-
WUDWLRQ� LQ� WKH� ODQG�XVH�� ODQG�XVH�FKDQJH�DQG� IRUHVWU\� �/8/8&)��VHFWRU�DQG�PHDVXUHV� WR� UHGXFH�
QRQ�&22�HPLVVLRQV��5HVHDUFK�LV�RQJRLQJ�LQ�PDQ\�RI�WKHVH�DUHDV��LQFOXGLQJ�LQ�UHODWLRQ�WR�OLPLWDWLRQV�
RI�XVH�DQG�GHSOR\PHQW�RI�FHUWDLQ�WHFKQRORJLHV�IRU�VXVWDLQDELOLW\��RU�RWKHU�FRQVLGHUDWLRQV�LQ�RUGHU�
WR�VXFFHHG�LQ�UHPDLQLQJ�EHORZ�JOREDO�ZDUPLQJ�OLPLWV��7KHVH�LVVXHV�DUH�QRW�FRYHUHG�LQ�WKLV�UHSRUW��
but remain important to any real-world deployment of options described here.

Total global GHG emissions in 2030 as percentage change from 2010 levels
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7R�REWDLQ�LOOXVWUDWLYH����r&�DQG��r&�FRQVLVWHQW�VFHQDULRV�IURP�DOO�0(66$*(�VFHQDULRV�DW�RXU�GLVSRVDO��
we selected scenarios based on their maximum exceedance probability temperature targets 
during the 21st century and their exceedance probabilities in 2100. These exceedance probabili-
WLHV�DUH�FRPSXWHG�ZLWK�WKH�UHGXFHG�IRUP�FDUERQ�F\FOH�DQG�FOLPDWH�PRGHO�0$*Ζ&&��0HLQVKDXVHQ��
5DSHU��	�:LJOH\���������)URP�WKHVH�VFHQDULRV��ZH�FKRRVH�WKRVH�WKDW�OLPLW�JOREDO�PHDQ�WHPSHUDWXUH�
LQFUHDVH�WR����r&�RU�OHVV�LQ������ZLWK�D�SUREDELOLW\�RI�DW�OHDVW������:H�RQO\�VHOHFW�VFHQDULRV�LQ�ZKLFK�
FOLPDWH�SROLF\�VWDUWV�DIWHU�������VLQFH�WKHVH�DUH�GHHPHG�PRUH�LQ�OLQH�ZLWK�KLVWRULFDO�HYROXWLRQ�RI�
global climate policies. This led to the selection of three MESSAGE scenarios:

• The No Policy scenario is the baseline scenario assuming no further climate action after 2020 
EXW�D�ORZ�HQHUJ\�LQWHQVLW\�KLJK�HQHUJ\�HɝFLHQF\��

• The Cancun Agreements (CA) and Paris Agreement (PA)�VFHQDULRV�DUH�FRPSDWLEOH�ZLWK��r&�
DQG����r&��UHVSHFWLYHO\�

ΖW�PXVW� EH�QRWHG� WKDW� DOO� VFHQDULRV�XVHG� LQ� WKLV� VWXG\� DVVXPH�DYDLODELOWL\� RI� WKH� IXOO�PLWLJDWLRQ�
WHFKQRORJ\�SRUWIROLR��L�H��DOO�WHFKQRORJLHV�SUHVHQW�LQ�WKH�PRGHO�DUH�DOORZHG�WR�EH�GHSOR\HG�DW�UDWHV�
GHWHUPLQHG�E\�WKH�PRGHO�XQGHU�UHVSHFWLYH�FRQVWUDLQWV�Ȃ�H�J�� IRVVLO� IXHO�UHVRXUFHV�RU�UHQHZDEOH�
energy potentials.

7R�GDWH��DOO�SXEOLVKHG����r&�FRQVLVWHQW�VFHQDULRV�RYHUVKRRW����r&�RI�JOREDO�PHDQ�ZDUPLQJ�DERYH�
SUH�LQGXVWULDO�GXULQJ�WKH���VW�FHQWXU\�E\�DERXW�����WR����r&��EHIRUH�UHWXUQLQJ�WR����r&�RU�EHORZ�LQ�
�����ZLWK�D�����OLNHOLKRRG��PHGLDQ�ZDUPLQJ�LQ������RI����r&���7KHUH�LV�D�UDQJH�RI�QHZ�VFHQDULRV�
XQGHU�FRQVLGHUDWLRQ�DQG�LQ�SUHSDUDWLRQ�E\�GL΍HUHQW�UHVHDUFK�JURXSV�ZKLFK�OLPLW�ZDUPLQJ�WR����r&�
with a higher probability and with a corresponding peak warming somewhat lower than indicated 
DERYH��7KHVH�DUH�QRW�\HW�SXEOLVKHG�DQG�WKHUHIRUH�FDQQRW�EH�XVHG�DW�WKLV�SRLQW�

ΖQ�WKLV�UHSRUW��ZH�RSW�IRU�D�FODVV�RI�VFHQDULRV�RIWHQ�FDOOHG�“delayed action” scenarios��DV�RSSRVHG�
to those termed “immediate action” scenarios. Delayed action scenarios usually assume that coun-
WULHV�ZLOO�PHHW�WKHLU�&DQFXQ�$JUHHPHQWV�SOHGJHV�IRU�������EHIRUH�EHJLQQLQJ�GHHSHU�DFWLRQ�WR�PHHW�
WKH��r&�RU����r&�ORQJ�WHUP�WHPSHUDWXUH�JRDO��DV�RSSRVHG�WR� LPPHGLDWH�DFWLRQ�VFHQDULRV��ZKLFK�
DVVXPH�VWURQJ�JOREDO�FRQFHUWHG�FOLPDWH�DFWLRQ�VWDUWLQJ�LQ�������ΖQ�H΍HFW��XVLQJ�immediate action 
VFHQDULRV�ZRXOG�LPSO\�WKDW�IXOO�JOREDO�FOLPDWH�DFWLRQ�WR�PHHW�WKH��r&��RU�DQ\�RWKHU�OLPLW��VWDUWHG�
PRUH� WKDQ���\HDUV�DJR�DQG� WKDW�HPLVVLRQV� OHYHOV� LQ������ZRXOG�EH�PXFK� ORZHU� WKDQ�SUHVHQWO\�
SURMHFWHG�� 6XFK� VFHQDULRV��ZKLOH� XVHIXO� IRU� DQDO\WLFDO� SXUSRVHV�� DUH� RI� OLPLW� XVH� WR� WKH� DQDO\VLV�
FRQGXFWHG�KHUH��ΖW�LV�LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�LI�FOLPDWH�DFWLRQ�ZRXOG�EH�UDPSHG�XS�LQ�WKH�
SUH������SHULRG��WKLV�ZRXOG�UHOLHYH�SUHVVXUH�RQ�SRVW������WDUJHWV�

ANNEX III: INTEGRATED 
ASSESSMENT MODEL SCENARIOS SELECTION 
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The SLPSOLȴHG� Integrated Assessment Model with (nergy System (mulator (SIAMESE) seeks to 
address most of the present-day IAMs’ complexity by creating a simple emulation of the IAMs 
HQHUJ\�V\VWHP��6Ζ$0(6(�ZDV�GHYHORSHG�WR�HPXODWH�WKH�HQHUJ\�V\VWHP�FKDUDFWHULVWLFV�RI�D�SDUWLF-
XODU�Ζ$0�WR�UHSURGXFH�LWV�VSHFLȴF�HQHUJ\�DQG�HPLVVLRQV�VFHQDULRV��DQG�H[WHQG�WKH�ȴHOG�RI�DSSOL-
FDWLRQ�E\�DSSO\LQJ�WKLV�SDUWLFXODU�Ζ$0ȇV�H΍HFWLYH�EHKDYLRXU�WR�GL΍HUHQW�VXE�UHJLRQV�RU�FRXQWULHV��

ΖQ�RUGHU�WR�GRZQVFDOH�0(66$*(ȇV�UHJLRQDO�RXWSXW�WR�WKH�(8��WKH�UHVXOWV�RI�WKH�0(66$*(�PRGHO�IRU�
WKH�UHJLRQV�:HVWHUQ�(XURSH��:(8��DQG�(DVWHUQ�(XURSH��((8��DUH�LQSXWWHG�WR�WKH�6Ζ$0(6(�PRGHO��
LQ�WHUPV�RI�*'3�DQG�SULPDU\�HQHUJ\�FRQVXPSWLRQ��$W�WKH�EDVH�\HDU���������WKH�PRGHO�LV�FDOLEUDWHG�
WR�UHSOLFDWH�REVHUYHG�HQHUJ\�FRQVXPSWLRQ�IRU�WKH�UHVSHFWLYH�VXE�UHJLRn1 or country of interest. In 
D�ZD\��WKLV�FDOLEUDWLRQ�SURFHVV�WDNHV�LQWR�DFFRXQW�WKH�FRXQWULHVȇ�RU�VXE�UHJLRQVȇ�SUHIHUHQFHV�UHJDUG-
LQJ�WKH�SULPDU\�HQHUJ\�PL[�FRPSRVLWLRQ��0RUH�SUHFLVHO\��6Ζ$0(6(�DOORFDWHV�HQHUJ\�FRQVXPSWLRQ�
LQ�WKH�UHJLRQV�E\�HTXDOLVLQJ�WKH�PDUJLQDO�XWLOLW\�RI�HQHUJ\��XQGHU�D�ZHOIDUH�PD[LPLVDWLRQ�DSSURDFK��
Energy prices are endogenous in the model2 and coincide with the marginal utility of energy.

&RDO�ZLWKRXW�&&6�FDQ�EH�XVHG�DV�SULPDU\�HQHUJ\�IRU�WKH�VXSSO\�RI�HOHFWULFLW\�DQG�DV�ȴQDO�HQHUJ\�
�PDLQO\�LQ�LQGXVWU\�IRU�WKH�SURGXFWLRQ�RI�VWHHO�DQG�FHPHQW���7KH�DYDLODEOH�0(66$*(�PRGHO�RXWSXW�
GLG�QRW�FRQWDLQ�GDWD�RQ�KRZ�PXFK�FRDO��LQ�HQHUJ\�XQLWV�>(-@��LV�XVHG�ZLWKRXW�&&6�� ) for 
HOHFWULFLW\�VXSSO\��ZKLFK� LV� WKH�TXDQWLW\�RI� LQWHUHVW� IRU� WKH�SXUSRVH�RI� WKLV�UHSRUW��+RZHYHU�� WKLV�
QXPEHU�FDQ�EH�FRPSXWHG�DV�WKH�GL΍HUHQFH�EHWZHHQ�WRWDO�SULPDU\�FRDO�ZLWKRXW�&&6�  and 
ȴQDO�HQHUJ\�� ��DV�WKHUH�LV�QR�&&6�IRU�FRDO�DV�D�ȴQDO�HQHUJ\�W\SH��7KLV�LV�GHSLFWHG�E\�WKH�HTXDWLRQ�
below with t and U�EHLQJ�LQGLFHV�IRU�WLPH�DQG�UHJLRQ��UHVSHFWLYHO\�

7KLV�HQHUJ\�DPRXQW�FDQ�QRZ�EH�FRQYHUWHG�WR�HPLVVLRQV�XVLQJ�DQ�DYHUDJH�HPLVVLRQV�IDFWRU�WKDW�
EDVLFDOO\�UHȵHFWV�WKH�DYHUDJH�FDUERQ�FRQWHQW�RI�FRDO�

$V�WKH�6Ζ$0(6(�GRZQVFDOHU�GRHV�RQO\�GHOLYHU�GDWD�RQ�SULPDU\�HQHUJ\�GHPDQG�IRU�WKH�VL[�GL΍HUHQW�
ȊIXHOȋ�W\SHV�FRDO��RLO��JDV��QXFOHDU��ELRPDVV�DQG�QRQ�ELRPDVV�UHQHZDEOHV��IXUWKHU�FDOFXODWLRQV�DUH�
necessary to compute cost optimal emissions pathways for coal use in the electricity supply sector. 
ΖQ�D�ȴUVW�VWHS�� WKH�DPRXQW�RI�FRDO�XVHG�ZLWKRXW�&&6� LV�FRPSXWHG�DFFRUGLQJ�WR�WKH�VKDUH� LQ�WKH�
UHVSHFWLYH�0(66$*(�EDVH�UHJLRQ��7KHQ�DJDLQ��WKH�DPRXQW�RI�WKLV�FRDO�WKDW�LV�XVHG�LQ�SRZHU�SODQWV�
LV�FRPSXWHG�DFFRUGLQJ�WR�WKH�VKDUH�RI�FRDO�WKDW�LV�XVHG�LQ�SRZHU�SODQWV�ZLWKRXW�&&6�LQ�WKH�UHVSHF-
WLYH�0(66$*(�EDVH�UHJLRQ��6Ζ$0(6(�RXWSXWV�DUH�LQ�HQHUJ\�XQLWV��ZH�FRQYHUWHG�WKHP�LQWR�HPLVVLRQV�
XVLQJ�WKH�LPSOLFLW�FRQYHUVLRQ�IDFWRU�IURP�WKH�0(66$*(�PRGHO��ZKLFK�HTXDOV������W&�7-�
��������

�� 0(66$*(�GHOLYHUV�UHVXOWV�IRU����ZRUOG�UHJLRQV��7KH����PHPEHU�VWDWHV�RI�WKH�(8�DUH�FRQWDLQHG�LQ�WKH�WZR�UHJLRQV�:(8��:HVWHUQ�
(XURSH��DQG�((8��(DVWHUQ�(XURSH���UHVSHFWLYHO\��(DFK�RI�WKHVH�UHJLRQV�LV�WKHQ�VSOLW�XS�LQWR�WZR�VXE�UHJLRQV�FRQWDLQLQJ�DOO�(8�DQG�
QRQ�(8�VWDWHV��UHVSHFWLYHO\��7KH�0(66$*(�HQHUJ\�VXSSO\�IRU������UHVXOWV�DUH�WKHQ�VSOLW�XS�EHWZHHQ�DFFRUGLQJ�WR�ZHLJKWV�GHULYHG�
IURP������KLVWRULFDO�SULPDU\�HQHUJ\�GHPDQG�ȴJXUHV��IXWXUH�VSOLW�LV�HQGRJHQRXV�WR�6Ζ$0(6(�WDNLQJ�LQWR�DFFRXQW�*'3�DQG�SRSX-
lation projections from the Shared-Socioeconomic pathways and the constraint that the sum of energy demand for each source 
�FRDO��RLO��UHQHZDEOHV��HWF���IURP�ERWK�VXE�UHJLRQV�PXVW�HTXDO�WKH�0(66$*(�SDWKZD\�IRU�WKH�EDVH�UHJLRQ�

�� 6Ζ$0(6(�GHWHUPLQHV�WKH�HQHUJ\�SULFHV�IRU�HDFK�IXHO��EDVHG�RQ�HQHUJ\�FRQVXPSWLRQ�OHYHOV�IURP�WKH�0(66$*(�PRGHO��

ANNEX IV: 
SIAMESE
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5HJDUGLQJ�LWV�HTXDWLRQV��6Ζ$0(6(�PLPLFV�WKH�VWUXFWXUH�RI�Ζ$0V��6LPLODU�WR�RWKHU�Ζ$0V��WKH�HFRQRPLF�
RXWSXW��*'3��LV�D�IXQFWLRQ�RI�FDSLWDO��ODERXU�DQG�HQHUJ\�FRQVXPSWLRQ�DQG�7)3��WRWDO�IDFWRU�SURGXF-
WLYLW\���E\�XVLQJ�D�&(6��&RQVWDQW�(ODVWLFLW\�RI�6XEVWLWXWLRQ��SURGXFWLRQ�IXQFWLRQ��7KH�EDVLF�LGHD�EHKLQG�
WKH�&(6�SURGXFWLRQ�IXQFWLRQ�LV�WKDW�LW�ZRXOG�EH�SRVVLEOH��WR�VRPH�H[WHQW��DQG�DW�LQFUHDVLQJ�FRVW���
WR�UHSODFH�RQH�IDFWRU�RI�SURGXFWLRQ�ZLWK�DQRWKHU��H�J��FDSLWDO�ZLWK�HQHUJ\���7KHUHIRUH��*'3�LV�DQ�
HQGRJHQRXV�YDULDEOH��ΖQ�RUGHU�WR�SURYLGH�FRPSDUDEOH�UHVXOWV��ZH�KDUPRQLVH�WKH�*'3�ZLWK�H[WHUQDO�
SURMHFWLRQV�E\�DGMXVWLQJ�WKH�7)3�DVVXPSWLRQV�XQWLO�D�JRRG�ȴW�LV�UHDFKHG��7KH�7)3�LV�H[RJHQRXV�DQG�
it can be interpreted as a proxy of technological progress.

6Ζ$0(6(�UHVXOWV�DUH�WKH�RXWFRPH�RI�QXPHULFDO�VLPXODWLRQV��$W�WLPHV��DGMXVWPHQWV�DUH�UHTXLUHG�WR�
PDNH�WKHVH�VLPXODWLRQV�GLUHFWO\�XVHIXO�IRU�SUHVHQW�GD\�SROLF\�PDNLQJ��)RU�H[DPSOH�� LQ�6Ζ$0(6(��
FRDO�HPLVVLRQV�IRU�(XURSH�DOUHDG\�GHYLDWH�TXLWH�VLJQLȴFDQWO\�LQ������������IURP�WKH�DFWXDO�KLVWRU-
LFDO�HPLVVLRQV��DQG�WKLV�IRU�ERWK��r&�DQG����r&�SDWKZD\V��:H�WKHUHIRUH�DGMXVW�WKH�KLVWRULFDO�HPLV-
VLRQV�LQ�6Ζ$0(6(�EDVHG�RQ�*&37�UHVXOWV�LQ�������7KHQ�ZH�DVVXPH�D�FRPPRQ�SDWKZD\�IRU�ERWK��r&�
DQG����r&�XQWLO�WKH�HDUO\�����V��ZKLFK�HQVXUHV�FRQVLVWHQF\�ZLWK�UHDO�ZRUOG�SROLF\�GHYHORSPHQWV�
DQG�SOHGJHV��2QO\�DIWHU�������WKH����r&�DQG��r&�6Ζ$0(6(�SDWKZD\V�VWDUW�WR�GLYHUJH�VLJQLȴFDQWO\��
'XH�WR�QXPHULFDO�UHDVRQV��HPLVVLRQV�IURP�FRDO�DOZD\V�VWD\��MXVW��DERYH�]HUR�LQ�6Ζ$0(6(��7KHUH-
IRUH�ZH�DVVXPH�WKDW�D�ȊFRPSOHWHȋ�SKDVH�RXW�RI�FRDO�SRZHU�SODQWV�RFFXUV�ZKHQHYHU�HPLVVLRQV�DUH�
UHGXFHG�E\�PRUH�WKDQ�����FRPSDUHG�WR������OHYHOV��'XULQJ�WKHVH�DGMXVWPHQWV��LW�LV�PDGH�VXUH�
that the resulting emissions budget is the same as for the unadjusted pathway.

These changes are necessary to adjust modelled pathways to the most recent real-world data. At 
WKH�VDPH�WLPH��ZH�PDNH�VXUH�WKDW�WKRVH�SDWKZD\V�DUH�IXOO\�FRQVLVWHQW�ZLWK�WKH�RULJLQDO�6Ζ$0(6(�
UHVXOWV��ȴUVW�ZH�HQVXUH� WKDW�SDWKZD\V�DIWHU�DGMXVWPHQW�KDYH� WKH�VDPH�FDUERQ�EXGJHWV� IRU� WKH�
SHULRG������������IRU����r&�DQG��r&�SDWKZD\V�UHVSHFWLYHO\���6HFRQG��DIWHU������ZH�PDNH�VXUH�WKDW�
SDWKZD\V�GR�QRW�GHYLDWH�PRUH�WKDQ�����RI������HPLVVLRQV�OHYHOV��FRPSDUHG�WR�WKH�RULJLQDO�SDWK-
ways from SIAMESE after adjustment.
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7R�HVWLPDWH�HPLVVLRQV�IURP�FRDO�SRZHU�SODQWV�LQ�WKH�(XURSHDQ�8QLRQ��ZH�FRPELQH�WKH�LQIRUPD-
WLRQ�IURP�*OREDO�&RDO�3ODQW�7UDFNHU��*&37��GDWDEDVH��YHUVLRQ�RI�-XQH�������DQG�WKH�&OLPDWH�$FWLRQ�
1HWZRUN��&$1��(8�FRDO�ȴUHG�SRZHU�SODQWV�GDWDEDVH��YHUVLRQ�RI�6HSWHPEHU��������7KH�*&37�GDWD-
EDVH�FRQWDLQV�DOO�NQRZQ�SRZHU�SODQW�XQLWV�LQ�WKH�ZRUOG��LQFOXGLQJ�WKRVH�XVHG�DV�SDUW�RI�LQGXVWULDO�
LQVWDOODWLRQV�WR�SURYLGH�KHDW�DQG�SRZHU��7KH�&$1�GDWDEDVH�RQO\�FRQWDLQV�FRDO�SRZHU�SODQWV�LQ�WKH�
(XURSHDQ�8QLRQ�WKDW�DUH�XVHG�WR�VXSSO\�HOHFWULFLW\��DQG�KHDW��IRU�WKH�PDUNHW��:H�FRPELQH�WKH�WZR�
databases by matching the information for units contained in both sources. This approach has 
PXOWLSOH�EHQHȴWV�

• %\�FRPSDULQJ�WKH�GDWD�Ȃ�HVSHFLDOO\� WKH�FDSDFLW\�Ȃ�ZH�FDQ�VSRW�GL΍HUHQFHV�EHWZHHQ�WKH�WZR�
GDWDVHWV�WKDW�PLJKW�EH�H[SODLQHG�E\�WKH�GHYHORSPHQW�VWDJH�RI�ERWK�GDWDVHWV��:KHQ�LPSRUWDQW�
GL΍HUHQFHV�KDYH�EHHQ�GHWHFWHG��ZH�KDYH�FRQGXFWHG�XQLW�OHYHO�UHVHDUFK�DQG�FKRVHQ�WKH�UHVSHF-
WLYH�VRXUFH�ZH�IRXQG�PRUH�SODXVLEOH�XVLQJ�H[SHUW�MXGJHPHQW�

• 7KH�PDLQ�DGYDQWDJH�RI�WKH�*&37�GDWDEDVH�LV�WKDW�LW�LQFOXGHV�XQLWV�XVHG�LQ�LQGXVWULDO�LQVWDOOD-
WLRQV��ZKLFK�DUH�YHU\�UHOHYDQW�IRU�RXU�DQDO\VLV�JLYHQ�WKDW�RXU�IRFXV�LV�RQ�DFWXDO�HPLVVLRQV�WR�WKH�
DWPRVSKHUH��ΖI�WKRVH�XQLWV�ZHUH�QRW�LQFOXGHG�LQ�WKH�DQDO\VLV��D�VLJQLȴFDQW�DPRXQW�RI�HPLVVLRQV�
that actually occur would not be taken into account. 

• 7KH�PDLQ�DGYDQWDJH�RI�WKH�&$1�GDWDEDVH�RQ�WKH�RWKHU�KDQG� LV�WKDW� LW�FRQWDLQV�DFWXDO�SODQW�
OHYHO�IXHO�LQSXW�GDWD�IRU�������ZKLFK�ZDV�GHULYHG�IURP�WKH�GDWD�UDLVHG�DFFRUGLQJ�WR�WKH�/DUJH�
&RPEXVWLRQ�3ODQWV�'LUHFWLYH�1�%\�XVLQJ�WKLV�GDWD�DQG�WKH�NQRZOHGJH�RI�ZKLFK�SODQW�XQLWV�ZHUH�
DFWXDOO\�RQOLQH�LQ�������VRPH�PLJKW�KDYH�EHHQ�UHWLUHG�SULRU�WR�RU�FRPPLVVLRQHG�DIWHU��������ZH�
ZHUH�DEOH�WR�FRPSXWH�WKH�DYHUDJH������FDSDFLW\�IDFWRU�IRU�PRVW�SODQWV��ZKLFK�ZH�IXUWKHUPRUH�
DVVXPH�WR�EH�DSSOLFDEOH�WR�DOO�UHVSHFWLYH�VXEXQLWV�IRU�DOO�SHULRGV��

The combined data used in this report comprises detailed information per unit concerning its loca-
WLRQ��VWDWXV��FDSDFLW\��FDSDFLW\�IDFWRU��VWDWXV�DQG�HɝFLHQF\�DQG�FRDO�W\SH��ZKLFK�DOORZV�HVWLPDWLQJ�
&22�HPLVVLRQV�IURP�WKHVH�SODQWV��XVLQJ�WKH�IROORZLQJ�IRUPXOD�

• The capacity describes the maximum amount of power a plant can produce and is measured 
LQ�0HJDZDWW��0:���7KH�capacity factor�JLYHV�WKH�VKDUH�RI�WKH�\HDU�WKDW�WKH�SODQW�LV�DFWXDOO\�
UXQQLQJ�DW�WKLV�PD[LPXP�FDSDFLW\��ΖW�LV�LQȵXHQFHG�E\�HOHFWULFLW\�GHPDQG�ȵXFWXDWLRQV��WKH�SRVL-
tion of the plant in the merit order and downtimes due to planned and unplanned mainte-
QDQFH��7KH�REVHUYHG�YDOXHV�IRU������UDQJH�EHWZHHQ������DQG������ �������SHUFHQW�TXDQWLOH��
ZLWK�D�PHGLDQ�RI�������:KHUH�SRVVLEOH��ZH�XVHG�SODQW�OHYHO�FDSDFLW\�IDFWRUV��8QLWV�IRU�ZKLFK�QR�
SODQW�OHYHO�FDSDFLW\�IDFWRUV�FRXOG�EH�FRPSXWHG�ZHUH�DVVLJQHG�WKH�UHVSHFWLYH�FRXQWU\�DYHUDJHV�
capacity factor.

• The HɝFLHQF\�GHVFULEHV�KRZ�ZHOO�D�SODQW�XQLW�LV�DW�FRQYHUWLQJ�HQHUJ\�IURP�FRDO�LQWR�HOHFWULFLW\�
DQG�LW�LV�XVXDOO\�H[SUHVVHG�DV�WKH�DPRXQW�RI�HQHUJ\�RXWSXW�RYHU�WKH�SULPDU\�HQHUJ\�LQSXW��7KLV�
UDWH�LV�GHULYHG�E\�FRPSDULQJ�WKH�TXDQWLW\�RI�HQHUJ\�FRQWDLQHG�LQ�FRDO�DV�LW�HQWHUV�WKH�SODQW�VLWH�
WR�WKH�TXDQWLW\�RI�HQHUJ\�FRQWDLQHG�LQ�WKH�HOHFWULFLW\�WKDW�H[LWV�WKH�SODQW�VLGH�LQWR�WKH�JULG��7KH�
HɝFLHQF\�LQ�RXU�GDWD�YDULHV�RQO\�VOLJKWO\�EHWZHHQ����DQG����SHUFHQW�GHSHQGLQJ�RQ�IDFWRUV�OLNH�

�� KWWS���HXU�OH[�HXURSD�HX�OHJDO�FRQWHQW�(1�7;7�"XUL FHOH[��$�����/����

ANNEX V: ESTIMATING CO
2
 EMISSIONS 

FROM COAL PLANTS
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WKH�W\SH�RI�FRPEXVWLRQ�WHFKQRORJ\��WKH�W\SH�RI�FRDO�DQG�WKH�VL]H�RI�WKH�SODQW��6DUJHQW�	�/XQG\��
2009)

• The emissions factor�UHIHUV�WR�WKH�DYHUDJH�DPRXQW�RI�&22 emissions resulting of burning coal 
WR�SURGXFH�D�FHUWDLQ�TXDQWLW\�RI�HQHUJ\��7KH�DFWXDO�FDUERQ�FRQWHQW�YDULHV�DFURVV�FRDO�W\SHV��
ZKLFK�UHVXOWV� LQ�GL΍HUHQW�HPLVVLRQV�SHU�XQLW�RI�SULPDU\�HQHUJ\�UHOHDVHG�IURP�GL΍HUHQW�FRDO�
W\SHV��:H�XVH�WKH�HPLVVLRQV�IDFWRUV�JLYHQ�LQ�Ζ3&&��������IRU�$QWKUDFLWH��6XE�%LWXPLQRXV�&RDO��
�2WKHU��%LWXPLQRXV�&RDO�DQG�/LJQLWH�DQG�XQZHLJKHG�DYHUDJHV�IRU�XQLW�WKDW�XVH�PRUH�WKDQ�RQH�
coal type as fuel (see Table 5).

• )RU�:DVWH�%LWXPLQRXV��ZH�DVVXPH�WKH�VDPH�HPLVVLRQV�IDFWRU�DV�IRU�%LWXPLQRXV�FRDO��ZKLFK�
YHU\�OLNHO\�RYHUVWDWHV�WKH�DFWXDO�HPLVVLRQV�IDFWRU�DV�ZDVWH�KDV�D�ORZHU�FDUERQ�FRQWHQW�DV�DQ\�
W\SH�RI�FRDO��7KLV��KRZHYHU��LV�RQO\�D�SUREOHP�IRU�D�YHU\�VPDOO�LQVWDOOHG�FDSDFLW\�Ȃ����0:�

%DVHG�RQ�WKH�IRUPXOD�DERYH��ZH�FDOFXODWHG�WKH�HPLVVLRQV�RQ�D�SHU�XQLW�EDVLV��ZKLFK�ZHUH�WKHQ�
DJJUHJDWHG�FRXQWU\�DQG�UHJLRQ�OHYHO�DQG�GLVWLQJXLVKHG�E\�WKH�XQLW�VWDWXV��WDNLQJ�LQWR�DFFRXQW�WKH�
SODQWV�WKDW�DUH�HLWKHU�RSHUDWLQJ��XQGHU�FRQVWUXFWLRQ��DQQRXQFHG��SHUPLWWHG�RU�SUH�SHUPLWWHG��

ΖQ�DGGLWLRQ��GXH�WR�VRPH�PLVVLQJ�LQIRUPDWLRQ�LQ�RXU�GDWDEDVH�UHJDUGLQJ�UHWLUHPHQW�GDWH��W\SH�RI�
IXHO��DQG�RWKHU�UHOHYDQW�YDULDEOHV��ZH�KDG�WR�PDNH�DVVXPSWLRQV�IRU�VRPH�SRZHU�XQLWV��7KH�PDLQ�
following assumptions made were the following:

• :KHUH� LQIRUPDWLRQ� DERXW� WKH� FDSDFLW\� RI� WKH� SODQW� ZDV� PLVVLQJ�� ZH� PDGH� D� FDVH�E\�FDVH�
UHVHDUFK�WR�LQFOXGH�WKH�FDSDFLW\�RI�WKH�XQLW��:KHUH�RXU�UHVHDUFK�\LHOGHG�QR�UHVXOWV��RQO\�VL[�
XQLWV�LQ�WKH�ZKROH�(8���ZH�GHFLGHG�WR�QRW�PDNH�DQ�DVVXPSWLRQ�RQ�WKLV�YDULDEOH�DQG�LQVWHDG�ZH�
excluded those power plants in our calculations. 

• )RU�WKH������0:�XQLW�'DWWHOQ�Ζ9�LQ�*HUPDQ\��ZKLFK�LV�QHDUO\�FRPSOHWHG�EXW�ZKRVH�DFWXDO�RSHQ-
LQJ�LV�SDUW�RI�DQ�RQJRLQJ�FRXUW�SURFHVV��ZH�DVVXPHG�DQ�RSHQLQJ�GDWH�RI������

• )RU�SRZHU�SODQWV�WKDW�DUH�FXUUHQWO\�RSHUDWLQJ��DOUHDG\�EH\RQG�WKHLU�SODQQHG�UHWLUHPHQW�GDWH��
we assume they will be online for another 5 years but not beyond that.

• )RU�SRZHU�SODQWV�WKDW�GLG�QRW�KDYH�D�SODQQHG�UHWLUHPHQW�GDWH��ZH�DVVXPHG�WKH\�ZLOO�KDYH�WKH�
DYHUDJH�OLIHWLPH�RI�SODQWV�WKDW�KDYH�EHHQ�DOUHDG\�UHWLUHG�LQ�WKH�JLYHQ�FRXQWU\�

7DEOH����(PLVVLRQV�IDFWRUV�IRU�GL΍HUHQW�FRDO�W\SHV��6RXUFH��Ζ3&&���������RZQ�FDOFXODWLRQV

&2$/�7<3( (0Ζ66Ζ216�)$&725��
/2:(5�&$/25Ζ&�9$/8(

&855(17/<��������
23(5$7Ζ1*�&$3$&Ζ7<�Ζ1�(8

kg/TJ 0:

Anthracite 98 300 7 044

%LWXPLQRXV�a 94 600 92 519

6XE�%LWXPLQRXV 96 100 7 125

/LJQLWH 101 000 48 795

$QWKUDFLWH�%LWXPLQRXV 96 450 5 034

%LWXPLQRXV�6XE�%LWXPLQRXV 95 350 600

/LJQLWH�%LWXPLQRXV 97 800 2 948

:DVWH�%LWXPLQRXV 94 600 40

a  The same emissions factor as for bituminous coal is also used for plants burning waste and bituminous coal.
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7KH�1HW�3UHVHQW�9DOXH��139��LV�D�ȴQDQFLDO�FRPSXWDWLRQ�WKDW�DOORZV�HVWLPDWLQJ�DQ�DSSUR[LPDWLRQ�
RI�WKH�SURȴWDELOLW\�RI�DQ�LQYHVWPHQW�SURMHFW�E\�FRQYHUWLQJ�LWV�DQWLFLSDWHG�IXWXUH�FDVK�ȵRZV�WR�WKH�
SUHVHQW�FDVK�YDOXHV�PDNLQJ�XVH�RI�D�GLVFRXQW�UDWH��7KH�VWDQGDUG�IRUPXOD�WR�FDOFXODWH�WKH�QHW�SUHV-
HQW�YDOXH�LV�WKH�IROORZLQJ�

:KHUH� �UHSUHVHQWV�WKH�QHW�FDVK�LQȵRZ��LQȵRZ�RXWȵRZ��DW�WLPH�W��  represents the number of 
time periods and ��LV�WKH�GLVFRXQW�GDWH��)RU�D�FRDO�EDVHG�SRZHU�SODQW�RXWȵRZV�LQFOXGH�WKH�LQLWLDO�
LQYHVWPHQW��DQG�ȴ[HG�DQG�YDULDEOH�RSHUDWLRQDO�FRVWV��LQFOXGLQJ�IXHO�DQG�FDUERQ�FRVW���ZKLOH�LQȵRZV�
can be approximated as the incomes coming from actual electricity output of the plant times the 
QDWLRQDO�HQHUJ\�SULFH��7KH�IROORZLQJ�LOOXVWUDWLRQ�VKRZV�WKH�FDVK�ȵRZ�IRU�D�FRDO�SRZHU�SODQW�GXULQJ�
its lifetime:

7DNLQJ�LQWR�DFFRXQW�WKH�ODUJH�QXPEHU�RI�FRDO�EDVHG�JHQHUDWLRQ�XQLWV�LQ�WKH�(8��LW�ZRXOG�EH�D�PDMRU�
FKDOOHQJH� WR�HVWLPDWH� LQGLYLGXDO�SDUDPHWHUV� IRU�HDFK�RI� WKH�YDULDEOHV� LQFOXGHG� LQ� WKH�FDVK�ȵRZ�
FDOFXODWLRQV��ΖQ�FRQVHTXHQFH��ZH�KDYH�FUHDWHG�DSSUR[LPDWHG�FDVK�ȵRZV�IRU�HDFK�RI�WKH�XQLWV�XVLQJ�
VWDQGDUG�FRVW�HVWLPDWHV�SHU�FRPEXVWLRQ�WHFKQRORJ\��W\SH�RI�IXHO�DQG�FDSDFLW\�DQG�QDWLRQDO�OHYHO�
electricity prices. 

)RU� LQYHVWPHQW� DQG� RSHUDWLRQDO� FRVWV�ZH� XVH� WKH�PHDQ� YDOXHV� RI� WKH� UDQJHV� FRPSLOHG� E\� WKH�
'HXWVFKHV�ΖQVWLWXW�I¾U�:LUWVFKDIWVIRUVFKXQJ��'Ζ:��LQ������WR�HVWLPDWH�WKH�IXWXUH�FRVW�RI�HOHFWULFLW\�
JHQHUDWLRQ�XQWLO� ����� �6FKU¸GHU� HW�DO��� �������ZKLFK� FROOHFW� LQIRUPDWLRQ� IURP�PXOWLSOH� WHFKQLFDO�

ANNEX VI: CALCULATING THE NET 
PRESENT VALUE OF COAL POWER PLANTS

In�ows: 
Income  = output (GWh) x electricity price (�)

Out�ows: 
• Fixed operational cost 
• Variable operational cost 
• Carbon cost

In
ve

st
m

en
t Retirement age

10 2 3 4 5 … n

)LJXUH�����&DVK�ȵRZ�GLDJUDP�RI�DQ�DYHUDJH�FRDO�EDVHG�SRZHU�JHQHUDWLRQ�XQLW�



A stress test for coal in Europe under the Paris Agreement   49

studies dealing with cost estimation of power generation units. For simplicity reasons and acknowl-
HGJLQJ�WKH�GLɝFXOWLHV�RI�HVWLPDWLQJ�SURMHFWHG�YDOXHV�IRU�HDFK�RI�WKH�FRVW�SDUDPHWHUV�ZH�DVVXPH�
FRQVWDQW�SDUDPHWHUV� IRU� WKH� IXOO�SURMHFWLRQ�SHULRG��7KH�YDOXHV�XVHG� IRU�RXU�DSSUR[LPDWHG�FDVK�
ȵRZV�DUH�VXPPDULVHG�LQ�WKH�WDEOH�EHORZ�

Note��0LQ�DQG�PD[�YDOXHV�DUH�WDNHQ�GLUHFWO\�IURP�WKH�FRPSLODWLRQ�E\�'Ζ:��WKH�FHQWUDO�YDOXHV�FRUUHVSRQG�WR�WKH�PHGLDQ�RI�
DOO�VWXGLHV�SUHVHQWHG�LQ�WKH�'Ζ:�DQDO\VLV��

2XU� DSSURDFK� WR� LQFOXGH� WKH� FDSLWDO� RU� LQYHVWPHQW� FRVW� LQWR� WKH� 139� FDOFXODWLRQV� UHOLHV� RQ� D�
VWUDLJKW�OLQH�GHSUHFLDWLRQ�PHWKRG��FRQVLVWHQW�ZLWK�WKH�ΖQWHUQDWLRQDO�)LQDQFLDO�5HSRUWLQJ�6WDQGDUGV��
DFFRUGLQJ�WR�ZKLFK�WKH�WRWDO�FRVW�RI�WKH�ȴ[HG�DVVHW�LV�GHSUHFLDWHG�RQ�WKH�EDVLV�WKDW�EHVW�UHȵHFWV�WKH�
FRQVXPSWLRQ�RI�WKH�HFRQRPLF�EHQHȴWV�RI�WKH�DVVHW��JHQHUDOO\�WLPH�EDVHG�IRU�D�SRZHU�VWDWLRQ��3:&��
�������7DNLQJ�LQWR�DFFRXQW�WKDW�ODUJH�FRDO�ȴUHG�JHQHUDWLQJ�XQLWV�DUH�XVXDOO\�GHVLJQHG�WR�RSHUDWH�
ZLWK�D�PLQLPXP�RI�PRGLȴFDWLRQ�IRU�DURXQG����\HDUV��Ζ($�&RDO�5HVHDUFK��&OHDQ�&RDO�&HQWUH���������
ZH�DVVXPH�D����\HDUO\�GHSUHFLDWLRQ� UDWH� IRU�DOO�SRZHU�JHQHUDWLRQ�XQLWV��ZKLFK�PHDQV� WKDW�ZH�
GLVWULEXWH�WKH�RXWȵRZ�FRUUHVSRQGHQW�WR�WKH�LQYHVWPHQW�FRVW�GXULQJ�DSSUR[LPDWHO\�WKH�WHFKQLFDO�
OLIHWLPH�RI� WKH�SRZHU� SODQW�� )L[HG� DQG� YDULDEOH� RSHUDWLRQDO� FRVWV� RQ� WKH�RWKHU� KDQG� DUH� FDOFX-
ODWHG�IRU�DOO�SHULRGV�ZKHUH�WKH�XQLW�LV�RSHUDWLRQDO�DQG�YDU\�GHSHQGLQJ�RQO\�RQ�WHFKQRORJ\�DQG�VL]H�
(capacity and estimated electricity output). 

Another important operational cost that does not relate directly to the combustion technology is 
the fuel cost that the generation units incur to produce electricity. For this parameter we distin-
JXLVK�RQO\�EHWZHHQ�WZR�W\SHV�RI�IXHO��KDUG�FRDO�DQG�OLJQLWH��7DNLQJ�LQWR�DFFRXQW�IRVVLO�IXHO�SULFH�ȵXF-
WXDWLRQV��LW�LV�LPSRUWDQW�WR�LQFOXGH�D�G\QDPLF�SULFH�HVWLPDWH�IRU�WKLV�FRVW��)RU�WKLV�SXUSRVH�ZH�KDYH�
REWDLQHG�KLVWRULF�SULFHV�VHULHV�IRU�ERWK�IXHOV�IURP�WKH�(Ζ$��8�6��(QHUJ\�ΖQIRUPDWLRQ�$JHQF\���������
+DUG�FRDO�SULFH�IRUHFDVWV�XQWLO������DUH�EDVHG�RQ�D�UHFHQW�8QLWHG�.LQJGRP�JRYHUQPHQWDO�VWXG\�
DERXW�IRVVLO�IXHOV�SULFHV��'HSDUWPHQW�RI�(QHUJ\�DQG�&OLPDWH�&KDQJH�8�.���������ZKLOH�IRU�OLJQLWH�
SULFH� IRUHFDVWV�� LQ� DEVHQFH�RI� H[WHUQDO�SURMHFWLRQV��ZH�DVVXPH�SULFHV�XQWLO� �����ZLOO� IROORZ� WKH�
JOREDO�WUHQG�REVHUYHG�LQ�WKH�ODVW����\HDUV��)RU�WKH�SHULRG�DIWHU������ZH�DVVXPH�D�FRQVWDQW�SULFH�
IRU�ERWK�IXHO�W\SHV�JLYHQ�WKH�ODFN�RI�UHOLDEOH�SURMHFWLRQV�IRU�WKLV�SHULRG��7KH�IRUPHU�PHDQV�WKDW�RXU�
IXHO�FRVW�HVWLPDWHV�DUH�FRQVHUYDWLYH�IRU�SRZHU�SODQWV�VWLOO�RQ�RSHUDWLRQ�DIWHU�������ZKLFK�FRQVWLWXWH�
only a small fraction of all plants in the EU. The chart below shows our fuel price assumptions for 
WKH�FDVK�ȵRZV��

7DEOH����&RVW�SDUDPHWHUV�IRU�FRDO�EDVHG�SRZHU�SODQWV�E\�WHFKQRORJ\�

&2$/�7<3( &$3Ζ7$/�&267�
Ȝ�.:

)Ζ;('�23(5$7Ζ1*�&267�
Ȝ�.:a

9$5Ζ$%/(�23(5$7Ζ1*�&267�
€/MWh

min central max min central max min central max

Coal – 
Ζ*&&�Z�R�&&76 1418 1800 1870 63 63 63 6 8  9 

Coal – 
3&�Z�R�&&76 1020 2000 2346 24 42 47 3 4  6 

Coal – 
3&�Z�R�&&76 998 1300 1425 24 26 43 2 6  6 

Coal�Ȃ�3&�Z�R�&&76�
(Subcritical) 960 1263 1862 30 25 20 2 6  10 

Lignite�Ȃ�$GYDQFHG�
�%R$��Z�R�&&76 998 1769 2336 27 32 37 3 7  11 

Lignite – 
2OG 998 1769 2336 31 34 37 3 7  11 
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Note��+LVWRULFDO�YDOXHV�ZHUH�RULJLQDOO\�REWDLQHG�LQ�FXUUHQW�86'�DQG�FRQYHUWHG�WR�(85�PDNLQJ�XVH�RI�WKH�DYHUDJH�H[FKDQJH�
rate between the currencies for each of the yearsz. 

$GGLWLRQDOO\��JLYHQ�WKDW�ZH�DUH�GHDOLQJ�ZLWK�FRDO�SRZHU�JHQHUDWLRQ�XQLWV�RSHUDWLQJ�LQ�WKH�(XURSHDQ�
8QLRQ��WKH�FDUERQ�SULFH�PXVW�EH�LQFOXGHG�LQ�WKH�RSHUDWLRQDO�FRVW�RI�WKH�SRZHU�SODQWV��)RU�WKLV�YDUL-
able we use historical price series for the EU-ETS emissions trading scheme and projected price 
HYROXWLRQ�XQWLO������IURP�D�UHFHQW�VWXG\�E\�&DUERQ�7UDFNHU��&DUERQ�7UDFNHU���������ZKLFK�DVVXPH�
WKH�FDUERQ�SULFH�ZLOO�JR�IURP�DURXQG�WR��bȜ�W�LQ������WR���bȜ�W�LQ�������)RU�WKH�SHULRG�DIWHU������
ZH�DSSO\�WKH�DYHUDJH�SULFH�\HDUO\�JURZWK�UDWH�RI�WKH�SHULRG�����������WR�WKH�YDOXH�SURMHFWHG�E\�
&DUERQ�7UDFNHU�LQ�������)RU�DOO�XQLWV�ZH�KDYH�DSSOLHG�WKH�FDUERQ�SULFH�WR�WKH�HVWLPDWHG�HPLVVLRQV�
JHQHUDWHG�\HDUO\��ZKLFK�ZH�KDYH�FDOFXODWHG�XVLQJ�WKH�DVVXPSWLRQV�GHVFULEHG�LQ�GHWDLO�LQ�$QQH[�9��
(VWLPDWLQJ�&22 emissions from coal plants.

7KH�(XURSHDQ�FDUERQ�SULFH�HYROXWLRQ�ZH�DVVXPH�IRU�RXU�FDOFXODWLRQV�LV�VKRZQ�LQ�WKH�ȴJXUH�EHORZ�
together with the global carbon price assumption the MESSAGE model makes for a two degrees 
VFHQDULR�SDWKZD\�XQWLO�������%RWK�SULFH�OHYHOV�DUH�YHU\�VLPLODU�DIWHU������EXW�GL΍HU�VLJQLȴFDQWO\�LQ�
WKH�ȴUVW�WZR�GHFDGHV�LQ�WKH�DEVHQFH�RI�D�JOREDO�FDUERQ�SULFH�IRU�WKLV�SHULRG��

)LQDOO\��LQ�RUGHU�WR�HVWLPDWH�WKH�LQȵRZV�WKDW�D�SRZHU�JHQHUDWLRQ�XQLW�ZRXOG�FUHDWH�IRU�WKH�LQYHVWRU�
ZH�KDYH�WDNHQ�WKH�DVVXPHG�HOHFWULFLW\�\HDUO\�RXWSXW�RI�HDFK�XQLW��FDOFXODWHG�ZLWK�WKH�VDPH�DVVXPS-
WLRQV�ZH�KDYH�GRQH�XQGHU�WKH�HPLVVLRQV�FDOFXODWLRQV��DQG�PXOWLSOLHG�LW�E\�WKH�QDWLRQDO�DYHUDJH�HOHF-
WULFLW\�SULFH�H[FOXGLQJ�OHYLHV�DQG�WD[HV��*LYHQ�WKDW�FRQVLVWHQW�KLVWRULF�GDWD�LV�RQO\�DYDLODEOH�DW�WKH�
FRXQWU\�OHYHO�IRU�WKH�(XURSHDQ�8QLRQ�IRU�WKH�SHULRG������������Ȋ(XURVWDW���'DWD�([SORUHU�ȋ�������
ZH�KDYH�DSSOLHG�KLVWRULFDO�WUHQGV�WR�HVWLPDWH�WKH�FRXQWU\�OHYHO�SULFHV�IRU�WKH�SHULRG�EHIRUH������
DQG�IRU�WKH�SHULRG�XQWLO�������7KH�DPSOH�UDQJH�RI�KLVWRULF�SULFHV�REVHUYHG�LQ�WKH�GL΍HUHQW�FRXQWULHV�
ZDV�RXU�PDLQ�UHDVRQ�WR�XVH�D�GL΍HUHQWLDWHG�FRXQWU\�OHYHO�SULFH�LQVWHDG�RI�WKH�(8�DYHUDJH��

$V��WKH�QH[W�VWHS�WKH�QHW�SUHVHQW�YDOXH�ZDV�FDOFXODWHG�IRU�HDFK�RI�WKH�XQLWV�E\�FRQYHUWLQJ�IXWXUH�
QHW� FDVK� ȵRZV� WR� SUHVHQW� YDOXHV� XVLQJ� D� GLVFRXQW� UDWH�� 'LVFRXQW� UDWHV� UHȵHFW� WKH� FDSLWDO� FRVW�
DQG�H[SHFWHG�UDWH�RI�UHWXUQ�RI�LQYHVWPHQWV�DQG�DOORZ�D�FRQYHUVLRQ�RI�IXWXUH�FDVK�ȵRZV�WR�SUHV-

)LJXUH�����&DVK�ȵRZ�GLDJUDP�RI�DQ�DYHUDJH�FRDO�EDVHG�SRZHU�JHQHUDWLRQ�XQLW�
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HQW�YDOXH��7KH\�DUH�GLUHFWO\� OLQNHG� WR� WKH� LQWHUHVW� UDWH�RQ� WKH�FDSLWDO�PDUNHW�DV� WKH\�UHȵHFW� WKH�
RSSRUWXQLW\�FRVW�RI�FDSLWDO�WR�ȴQDQFH�DQ�LQYHVWPHQW�RSSRUWXQLW\��7KH�GLVFRXQW�UDWH�XVHG�IRU�WKH�
FHQWUDO�HVWLPDWH�LV�����ZKLFK�LV�WKH�UDWH�UHFRPPHQGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ�LQ�LW�JXLGH�
WR�&RVW�%HQHȴW�$QDO\VLV�RI�ΖQYHVWPHQW�3URMHFWV��(XURSHDQ�&RPPLVVLRQ������E��DQG�EURDGO\�FRUUH-
VSRQGV�WR�WKH�DYHUDJH�UHDO�\LHOG�RQ�ORQJHU�WHUP�JRYHUQPHQW�GHEW�LQ�WKH�(8�RYHU�D�SHULRG�VLQFH�WKH�
HDUO\�����V��(XURSHDQ�&RPPLVVLRQ���������$�VHQVLWLYLW\�DQDO\VLV�ZDV�GRQH�ZLWK�KLJKHU�DQG�ORZHU�
GLVFRXQW�UDWHV��QDPHO\�D����UDWH�IRU�WKH�PLQLPDO�HVWLPDWH�DQG����UDWH�IRU�WKH�PD[LPDO�HVWLPDWH�

ΖW�PXVW�EH�QRWHG�WKDW�ODUJHU�XQLWV�XVXDOO\�KDYH�KLJKHU�139�DV�WKH\�FDQ�JHQHUDWH�PRUH�HOHFWULFLW\��
ΖQ�FRQVHTXHQFH�RXU�VRUWLQJ�FULWHULD�WKDW�UHȵHFW�WKH�SURȴWDELOLW\�RI�HDFK�XQLW�PRUH�DFFXUDWHO\�LV�WKH�
1HW�3UHVHQW�9DOXH�SHU�0:�RI�FDSDFLW\��

:KLOH�WKH�UHVXOWV�SUHVHQWHG�LQ�WKH�PDLQ�WH[W�RI�WKLV�UHSRUW�WDNH�LQWR�DFFRXQW�RQO\�WKH�FHQWUDO�HVWL-
PDWH�RI�WKH�139�0:�DV�D�VRUWLQJ�FULWHULRQ�IRU�SKDVH�RXW�VFKHGXOH�RI�JHQHUDWLRQ�XQLWV�ZH�FRQVLGHU�
QHFHVVDU\�WR�KLJKOLJKW�WKH�ODUJH�XQFHUWDLQW\�DVVRFLDWHG�WR�WKH�FDOFXODWLRQ�RI�IXWXUH�FDVK�ȵRZV�RI�
LQYHVWPHQW�SURMHFW�XVLQJ�VWDQGDUG�LQFRPH�DQG�FRVW�DVVXPSWLRQV�LQVWHDG�RI�XQLW�VSHFLȴF�GDWD��ΖQ�
RUGHU�WR�JLYH�DQ�LGHD�RI�WKH�SRVVLEOH�XQFHUWDLQW\�UDQJH�DVVRFLDWHG�WR�RXU�139�HVWLPDWHV�ZH�KDYH�
GRQH�D�VHQVLWLYLW\�DQDO\VLV�RI�RXU�UHVXOWV�E\�FDOFXODWLQJ�D�PLQLPDO�DQG�D�PD[LPDO�139�DQG�FDVK�ȵRZ�
estimate for the units. 

)LJXUH����VKRZV�WKH�DJJUHJDWHG�UHVXOWV�IRU�DOO�SRZHU�SODQWV�LQ�WKH�(8�XQGHU�WKH�VHQVLWLYLW\�DQDO\VLV�
VFHQDULRV��)RU�WKH�PLQLPDO�FDVK�ȵRZ�ZH�KDYH�XVHG�WKH�PLQLPDO�LQFRPH�HVWLPDWHV��ORZHU�JHQHUD-
WLRQ�GXH�WR�VPDOOHU�ORDG�IDFWRU��DJDLQVW�WKH�PD[LPDO�FRVW�HVWLPDWHV�IRU�D�GXUDWLRQ�HTXLYDOHQW�WR�WKH�
ORZHU�OLIHWLPH�HVWLPDWH��DQG�IRU�WKH�PD[LPDO�FDVK�ȵRZV�ZH�KDYH�GRQH�WKH�RSSRVLWH��PD[��LQFRPH��
PLQ�FRVW�DQG�PD[�� OLIHWLPH���$GGLWLRQDOO\��DV�GHVFULEHG�DERYH��D� ORZHU�DQG�KLJKHU�GLVFRXQW�UDWH�
ZDV�DSSOLHG�WR�WKH�PLQLPDO�DQG�PD[LPDO�FDVK�ȵRZV�UHVSHFWLYHO\�WR�FRQYHUW�IXWXUH�ȵRZV�WR�SUHVHQW�
YDOXHV��&HQWUDO�HVWLPDWHV�LQ�FRQWUDVW�XVH�FHQWUDO�HVWLPDWHV�IRU�DOO�WKH�LQFRPH�DQG�FRVW�SDUDPHWHUV��
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WORLD Emissions Scenarios

NO POLICY

CANCUN AGREEMENTS 
Hold warming below 2°C
PARIS AGREEMENT (with overshoot) 
Hold warming well below 2°C, 1.5°C Limit
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LEAST-COST CO2 EMISSIONS PATHWAYS For coal �red electricity generation

EUWorld

PARIS AGREEMENT Least Cost Pathway 
Hold warming well below 2°C, 1.5°C

CANCUN AGREEMENTS Least Cost Pathway 
Hold warming below 2°C
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EUROPEAN UNION potential CO2  emissions from existing  
and planned coal capacity against least-cost pathways

PARIS AGREEMENT Least Cost Pathway 
Hold warming well below 2°C, 1.5°C

CANCUN AGREEMENTS Least Cost Pathway 
Hold warming below 2°C

CURRENT COAL CAPACITY

PLANNED COAL CAPACITY

ANNOUNCED COAL CAPACITY

In�ows: 
Income  = output (GWh) x electricity price (�)

Out�ows: 
• Fixed operational cost 
• Variable operational cost 
• Carbon cost
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