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ABBREVIATIONS AND ACRONYMS

Acronym Expansion Additional Information

AFOLU %KVMGYPXYVI��*SVIWXV]��ERH�3XLIV�0ERH�9WI

BCM &MPPMSR�'YFMG�1IXIVW

BECCS &MSQEWW�)RIVK]�[MXL�'EVFSR�'ETXYVI�ERH�7XSVEKI

CCUS 'EVFSR�'ETXYVI��9WI�ERH�7XSVEKI

CHȠ 1IXLERI

COǅ 'EVFSR�HMS\MHI

CRL 'SQQIVGMEP�6IEHMRIWW�0IZIP

COP26 ��XL�92�'PMQEXI�'LERKI�'SRJIVIRGI�SJ�XLI�4EVXMIW

DAC (MVIGX�%MV�'EVFSR�'ETXYVI�ERH�7XSVEKI

DH (MWXVMGX�,IEX

EJ )\ENSYPI 1018 joules Unit of Energy

EOR )RLERGIH�3MP�6IGSZIV]

GDP +VSWW�(SQIWXMG�4VSHYGX

HELE ,MKL�)ƾGMIRG]��0S[�)QMWWMSRW

LCA 0MJI�']GPI�%WWIWWQIRX

MTCOǅ Eq. 1IXVMG�8SRRIW�SJ�'EVFSR�(MS\MHI�IUYMZEPIRX

MW 1IKE[EXX 106 W (watt) = 106 J/s, unit of power

NDCs 2EXMSREP�(IXIVQMRIH�'SRXVMFYXMSRW

SMRs 7QEPP�1SHYPEV�6IEGXSVW��2YGPIEV

SRL 7SGMEP�6IEHMRIWW�0IZIPW

TRL 8IGLRSPSK]�6IEHMRIWW�0IZIP

UNECE 9RMXIH�2EXMSRW�)GSRSQMG�'SQQMWWMSR�JSV�)YVSTI

UNDP 9RMXIH�2EXMSRW�(IZIPSTQIRX�4VSKVEQQI

UNEP 9RMXIH�2EXMSRW�)RZMVSRQIRX�4VSKVEQQI

UNFC 9RMXIH�2EXMSRW�*VEQI[SVO�'PEWWMƼGEXMSR�JSV�
6IWSYVGIW

UNRMS 9RMXIH�2EXMSRW�6IWSYVGI�1EREKIQIRX�7]WXIQ
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FYMPH�VIWMPMIRX�IRIVK]�W]WXIQW�ERH�EGGIPIVEXI�XLI�IRIVK]�XVERWMXMSR�XS[EVH�EXXEMRMRK�GEVFSR�RIYXVEPMX]��92)')�
GSRXMRYIW�XS�SJJIV�E�TPEXJSVQ�JSV� MXW�QIQFIV�7XEXIW�XS�IRKEKI�MR�MRGPYWMZI�ERH�XVERWTEVIRX�HMEPSKYI��I\GLERKI�
FIWX�TVEGXMGIW��ERH�PIEVR�JVSQ�IEGL�SXLIV�XS�EXXEMR�IRIVK]�XEVKIXW�EW�TEVX�SJ�XLI�7YWXEMREFPI�(IZIPSTQIRX�+SEPW�
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https://unece.org/sites/default/files/2021-08/UNECE%20A%20Commitment%20Trifecta.pdf
https://unece.org/sites/default/files/2021-09/CSE-302021%20INF.5%20UNECE%20A%20Push%20to%20Pivot%20.pdf
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EXECUTIVE SUMMARY 

The Roadmap to Carbon Neutrality by 2050 for Europe, North America and Central Asia

LOW- AND ZERO-CARBON TECHNOLOGY INTERPLAY
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What energy sources will be at the core of future energy systems?
Diversifying and innovating resource base to attain resilient energy systems is the key

How much will the transition to net-zero cost?
The cost to transition to carbon neutral energy systems is much lower than perceived. The cost of inaction is far greater as vulnerable energy systems are susceptible 

to the environmental, economic, and social consequences of climate change.

* Reference Scenario is based on historical trends and current policies.
* Carbon Neutrality Scenario reaches net-zero carbon emissions by 2050 and aims to limit temperature rises to less than 1.5oC by 2100.
* Carbon Neutrality Innovation Scenario accelerates market uptake of innovative technologies including carbon capture, use and storage (CCUS), nuclear power
  (large- and small modular reactor designs), and hydrogen.

Reference Scenario 

Total Investment needs 2050

Carbon Neutrality Scenario 

Total Investment needs 2050

Carbon Neutrality Innovation Scenario 

Total Investment needs 2050

Reference Scenario 

Final Energy Supply 2050

Carbon Neutrality Scenario 

Final Energy Supply 2050

Carbon Neutrality Innovation Scenario 

Final Energy Supply 2050

Total
127 EJ

Electricity 44	

Liquids ��	

Gas �	

Solar �	

Hydrogen ��	

Heat �	

Biomass ���	

Coal �	

Total
194 EJ

Electricity  ��	

Gas ��	
Solar �	

Hydrogen ���	
Heat ���	

Biomass ���	

Liquids ��	

Coal ���	

Total
128 EJ

Liquids 19	

Electricity ��	

Gas �	

Solar �	

Hydrogen �	

Heat �	

Biomass ���	
Coal �	

Renewables �	

Fossil fuel ��	

Transmission, 
Distribution 
and Storage

��	

Nuclear ���	

Fossil electricity 
generation �	

Hydrogen ���	

��I\XVEGXMSR� 
XVERWQMWWMSR� 
ERH�TVSGIWWMRK 

��MRGP��FMSQEWW�''7 

Fossil CCS �	
Energy efficiency & intensity �	

Total
28,193 billion $

Fossil electricity
generation ���	

Nuclear �	

Renewables ��	
��MRGP��FMSQEWW�''7�

Fossil fuel ��	
��I\XVEGXMSR� 
XVERWQMWWMSR� 
ERH�TVSGIWWMRK 

Transmission, 
Distribution 
and Storage
��	

Fossil CCS �	

Hydrogen ���	

Energy efficiency 
& intensity ��	

Total
47,345 billion $

Nuclear �	

Renewables ��	
��MRGP��FMSQEWW�''7�

Transmission, 
Distribution 
and Storage ��	

Fossil fuel ��	
��I\XVEGXMSR� 
XVERWQMWWMSR� 
ERH�TVSGIWWMRK Fossil electricity generation ���	

Fossil CCS ���	
Hydrogen ���	

Energy efficiency 
& intensity ��	

Total
44,783 billion $
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Objectives 

8LMW�TYFPMGEXMSR�FYMPHW�SR�XLI�VIGSQQIRHEXMSRW�JVSQ�XLI�4EXL[E]W�XS�7YWXEMREFPI�)RIVK]�4VSNIGX�ERH�XLI�
92)')�'EVFSR�2IYXVEPMX]�4VSNIGX��

8LI�TYFPMGEXMSR�FYMPHW�YTSR�E�WIVMIW�SJ�XIGLRSPSK]�FVMIJW�XLEX�HMVIGXP]�WYTTSVX�XLI�MQTPIQIRXEXMSR�SJ�XLI�'EVFSR�
2IYXVEPMX]�4VSNIGX��8LI�YRHIVP]MRK�SFNIGXMZIW�SJ�XLMW�TYFPMGEXMSR�EVI�XS��

 � Inform policymakers about a range of options�ERH�WSPYXMSRW�XS�EXXEMR�GEVFSR�RIYXVEPMX]

 � Support countries’ efforts to reach carbon neutrality�ERH�EXXVEGX�MRZIWXQIRXW�MRXS�GPIER�MRJVEWXVYGXYVI�TVSNIGXW�

 � Build capacity in economies�EGVSWW�XLI�92)')�VIKMSR�XS�VIEGL�GSQQSR�KSEPW

Key Takeaways

 � Problem 
'PMQEXI�QSHIPW�MRHMGEXI�XLEX�GYVVIRX�REXMSREP�EGXMSRW�ERH�MRXIVREXMSREP�GPMQEXI�XEVKIXW�WIX�MR�XLI�4EVMW�
%KVIIQIRX�ERH�EX�'34���JEPP�WLSVX�SJ�HIPMZIVMRK�SR�GEVFSR�RIYXVEPMX]�ERH�PMQMXMRK�KPSFEP�[EVQMRK�XS����Ɓ��q'��

 � Mission possible 
8LIVI�EVI�EGLMIZEFPI�TEXL[E]W�JSV�KSZIVRQIRXW�XS�HIWMKR�ERH�EGLMIZI�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW�
XLVSYKL�XIGLRSPSK]�MRXIVTPE]�SJ�EPP�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW��

 � Technology interplay 
'EVFSR�RIYXVEP�IRIVK]�W]WXIQW�GSRWMWX�SJ��-�XLI�HMZIVWMƼGEXMSR�SJ�TVMQEV]�ERH�ƼREP�IRIVK]�WYTTP]��--�ER�
EGGIPIVEXIH�TLEWI�SYX�SJ�YREFEXIH�JSWWMP�JYIPW��---�XLI�IPIGXVMƼGEXMSR�SJ�EPP�WIGXSVW�XLVSYKL�VIRI[EFPI�IRIVK]�
ERH�RYGPIEV�TS[IV��-:�XLI�[MHIWTVIEH�MRRSZEXMSR�SJ�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW��MRGP��''97��L]HVSKIR�
ERH�EHZERGIH�SJ�RYGPIEV�TS[IV��IRIVK]�WXSVEKI�WSPYXMSRW�

 � Implications for the UNECE region 
8LI�92)')�VIKMSR�QYWX�MRGVIEWI��-�XIGLRSPSK]�XVERWJIV�ERH�HITPS]QIRX��--�MRWXMXYXMSREP�GETEGMX]�XS�TPER�
ERH�HVMZI�EQFMXMSYW�XVERWJSVQEXMSR�SJ�IRIVK]�W]WXIQW��---�FY]�MR�ERH�EHSTXMSR�JVSQ�EPP�WXEOILSPHIVW�XS�FYMPH�
WIGYVI��EJJSVHEFPI��ERH�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW�

 � Immediate Actions 
%GXMSR�QYWX�WXEVX�RS[�XS�QE\MQM^I�XLI�YWI�SJ�EPP�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW�XS�EGLMIZI�GEVFSR�
RIYXVEPMX]�F]�������+SZIVRQIRXW�RIIH�XS��-�VEMWI�E[EVIRIWW�EFSYX�XLI�QIVMXW�SJ�EPP�PS[��ERH�^IVS�GEVFSR�
XIGLRSPSKMIW��--�HIZIPST�TSPMG]�JVEQI[SVOW�MR�WYTTSVX�SJ�GEVFSR�RIYXVEPMX]��---�GVIEXI�E�PIZIP�TPE]MRK�ƼIPH�XS�
ƼRERGI�E�NYWX�XVERWMXMSR�XS[EVH�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW�EPMKRIH�XS�XLI�RIIHW�SJ�QIQFIV�7XEXIW�

 � Role of UNECE 
'SSVHMREXIH�MRXIVREXMSREP�GSSTIVEXMSR�[MPP�FI�IWWIRXMEP�XS�EXXEMR�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW��92)')�
TVSZMHIW�E�QYGL�RIIHIH�MRGPYWMZI�ERH�RIYXVEP�TPEXJSVQ�JSV�HIZIPSTMRK�VYPIW��WXERHEVHW��ERH�RSVQW�JSV�
W]WXIQMG�PMJIWX]PI�ERH�MRJVEWXVYGXYVEP�GLERKIW��7YTTSVXMZI�TSPMGMIW��MRGIRXMZIW��ERH�VIKYPEXSV]�JVEQI[SVOW�
IRGSYVEKI�VIKMSREP�ERH�WYF�VIKMSREP�XIGLRMGEP�GSSTIVEXMSR�EGVSWW�TS[IV��MRHYWXV]��FYMPHMRKW��ERH�XVERWTSVX�
WIGXSVW�JSV�TVSNIGXW�SJ�GSQQSR�MRXIVIWX�ERH�TYFPMG�TVMZEXI�TEVXRIVWLMTW�
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The future carbon neutral energy system

4SPMG]QEOIVW�LEZI�GPIEV�TEXL[E]W�XS�EXXEMR�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW�F]�GSQFMRMRK�I\MWXMRK�ERH�
RI[�XIGLRSPSKMIW�[MXLMR�MRXIKVEXIH�IRIVK]�W]WXIQW��%PP�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW�[MPP�TPE]�E�VSPI�
MR� MRXIVGSRRIGXIH�W]WXIQW�[LIVI�RS�IRIVK]�W]WXIQ�[MPP�I\MWX� MR� MWSPEXMSR�� -RRSZEXMSR�ERH�HMKMXEPM^EXMSR�
IREFPI�IRIVK]�W]WXIQW�XLEX�EVI�IƾGMIRX��VIWMPMIRX��ERH�GETEFPI�SJ�HIPMZIVMRK�E�RIX�^IVS�VIKMSR���

FIGURE 1

Carbon Neutral Energy System of the Future
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Carbon Neutrality in the UNECE Region

INTRODUCTION
%W�XLI�VIGIRX�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�'LERKI��-4''�VITSVX�GSRƼVQW��MX� MW�YRIUYMZSGEP�XLEX�LYQER�
MRƽYIRGI�LEW�[EVQIH�XLI�EXQSWTLIVI��SGIER��ERH�PERH��-X�MW�RS[�SV�RIZIV�MJ�[I�[ERX�XS�PMQMX�KPSFEP�[EVQMRK�XS�
���q'��MX�[MPP�FI�MQTSWWMFPI�[MXLSYX�MQQIHMEXI�ERH�HIIT�IQMWWMSRW�VIHYGXMSRW�EGVSWW�EPP�WIGXSVW��'PMQEXI�GLERKI�
PIEHW�XS�I\XVIQI�[IEXLIV�ERH�WYFWIUYIRX�WSGMEP�ERH�IGSRSQMG�HMWVYTXMSR�MR�IZIV]�VIKMSR�SJ�XLI�[SVPH��%X�XLI�
WEQI�XMQI��WYWXEMREFPI�IRIVK]�W]WXIQW�EVI�GVMXMGEP�JSV�EWWYVMRK�UYEPMX]�SJ�PMJI�ERH�MX�YRHIVTMRW�XLI�EXXEMRQIRX�SJ�
XLI������%KIRHE�JSV�7YWXEMREFPI�(IZIPSTQIRX�������%KIRHE��

'PMQEXI�QSHIPW� MRHMGEXI� XLEX� XLI�GYVVIRX�GEVFSR�IQMWWMSR� VIHYGXMSR�TSPMGMIW�ERH�2EXMSREP�(IXIVQMRIH�
'SRXVMFYXMSRW��2('W�JEPP�WLSVX�SJ�[LEX�MW�VIUYMVIH�XS�QIIX�XLI�KSEP�SJ�PMQMXMRK�KPSFEP�[EVQMRK�XS����Ɓ�S'��8LIVI�
MW�E�HMWGSRRIGX�FIX[IIR�GSYRXVMIWƅ�EKVIIH�IRIVK]�ERH�GPMQEXI�XEVKIXW�TIV�XLI�4EVMW�%KVIIQIRX�ERH�XLI�EGXYEP�
TVSKVIWW�QEHI��;I�EVI�VYRRMRK�SYX�SJ�XMQI�XS�PMQMX�XLI�MQTEGXW�SJ�GPMQEXI�GLERKI�

-REGXMSR�MW�E�TSPMG]�GLSMGI�XLEX�GSYPH�PIEH�XS�QSVI�WMKRMƼGERX��TSXIRXMEPP]�MRWYVQSYRXEFPI��GLEPPIRKIW�MR�XLI�JYXYVI��
'SQTPI\�KPSFEP�IRIVK]�W]WXIQW�EVI�EX�XLI�LIEVX�SJ�EPP�IGSRSQMIW��3R�XLI�WYTTP]�WMHI��REXMSREP�IRIVK]�W]WXIQW�
EVI�RSX� MWSPEXIH�FYX�EVI�TEVX�SJ�STXMQM^IH�MRXIVGSRRIGXIH�MRXVE��ERH�MRXIV�VIKMSREP�W]WXIQW��8LIWI�W]WXIQW�EVI�
GLEVEGXIVM^IH�F]�REXYVEP�VIWSYVGIW�ERH�XIGLRSPSKMIW�XLEX�GER�MQTEGX�WYWXEMREFPI�KVS[XL��%�GLERKMRK�XIGLRSPSK]�
PERHWGETI�HVMZIR�F]�PS[�GSWX�XIGLRSPSKMIW�EW�[IPP�EW�IRZMVSRQIRXEP�ERH�KISTSPMXMGEP�GSRGIVRW�XLEX�WMKRMƼGERXP]�
EJJIGX�IRIVK]�W]WXIQ�HIWMKR�ERH�TSPMG]�STXMSRW��3RGI�IRIVK]�W]WXIQW�WXEVX�XS�GLERKI��HS[RWXVIEQ�MRHYWXVMEP�
YWIVW�ERH�GSRWYQIVW�[MPP�RIIH�GSRWMHIVEFPI�XMQI�XS�EHNYWX�XLIMV�EGXMZMXMIW�XS�RI[�IRIVK]�W]WXIQW�

'PIER�ERH�PS[�GSWX�IRIVK]�XIGLRSPSKMIW�EVI�KVS[MRK�UYMGOP]��FYX�QSWX�EVI�WXMPP�EX�ER�IEVP]�HITPS]QIRX�WXEKI��
;LMPI�XIGLRSPSK]�STXMSRW�I\MWX�JSV�QSWX�WXEXIW��TVSLMFMXMZI�GSWXW��VIKYPEXSV]�FEVVMIVW��ERH�WSGMEP�TVIWWYVIW�TVSLMFMX�
PEVKI�WGEPI�HITPS]QIRX��

3R�XLI�WYTTP]�WMHI�� XLIVI�EVI� MRRSZEXMZI�[E]W�XS�TVSHYGI� PS[��ERH�^IVS�GEVFSR�IRIVK]�� MRGPYHMRK�VIRI[EFPI�
IRIVK]�XIGLRSPSKMIW��L]HVSKIR��JSWWMP�JYIPW�[MXL�GEVFSR�GETXYVI��YWI�ERH�WXSVEKI��''97��ERH�RYGPIEV�TS[IV��8LI�
QYPXMTPMGMX]�SJ�GLSMGIW�QEOIW�MX�EPWS�MQTIVEXMZI�XLEX�XLIVI�WLSYPH�FI�ER�MRXIKVEXIH�ETTVSEGL�XS[EVH�HIGMHMRK�SR�
XLI�STXMQYQ�QM\�SJ�XIGLRSPSKMIW��8LI�HIQERH�WMHI�LEW�EPWS�I\TIVMIRGIH�WSQI�HIGEVFSRM^EXMSR�XLVSYKL�W]WXIQ�
IƾGMIRG]��IPIGXVMƼGEXMSR�SJ�XLI�IRIVK]�W]WXIQ��ERH�HMKMXEPM^EXMSR��-RRSZEXMZI�QIEWYVIW�MR�MRHYWXV]��XVERWTSVX�ERH�
FYMPHMRKW�TPE]�E�TMZSXEP�VSPI�

�����TVSZMHIH�QYGL�RIIHIH� MQTIXYW�XS[EVH�GEVFSR�RIYXVEPMX]�EQMH� MRGVIEWMRKP]�YVKIRX�GEPPW� JSV�EGXMSR�� -R�
7ITXIQFIV�������XLI�92�,MKL�PIZIP�(MEPSKYI�SR�)RIVK]�GSRZIRIH�XLI�ƼVWX�KPSFEP�KEXLIVMRK�SR�IRIVK]�YRHIV�XLI�
EYWTMGIW�SJ�XLI�+IRIVEP�%WWIQFP]�WMRGI�������-X�[EW�XLI�9RMXIH�2EXMSRW�=IEV�SJ�+PSFEP�)RIVK]�%GXMSR��ERH�XLI�92�
*VEQI[SVO�'SRZIRXMSR�SR�'PMQEXI�'LERKI�LIPH�MXW���XL�'SRJIVIRGI�SJ�XLI�4EVXMIW��'34����%X�'34����XLI�ƼREP�
EKVIIQIRX�

Calls upon Parties to accelerate the development, deployment, and dissemination of technologies, and the 
adoption of policies, to transition towards low-emission energy systems, including by rapidly scaling up 
XLI�HITPS]QIRX�SJ�GPIER�TS[IV�KIRIVEXMSR�ERH�IRIVK]�IƾGMIRG]�QIEWYVIW�� MRGPYHMRK�EGGIPIVEXMRK�IJJSVXW�
toward the phasedown of unabated coal power and phase-out of inefficient fossil fuel subsidies, while 
providing targeted support to the poorest and most vulnerable in line with national circumstances and 
recognizing the need for help towards a just transition.

8LMW�VITSVX�TVIWIRXW�ER�EREP]WMW�FEWIH�SR�QSHIPPMRK�VIWYPXW�ERH�I\TPSVIW�ZEVMSYW�TEXL[E]W�JSV�TSPMG]QEOIVW�XS�
EXXEMR�GEVFSR�RIYXVEPMX]�XLVSYKL�XIGLRSPSK]�MRXIVTPE]�ERH�XS�MQTPIQIRX�XLI������%KIRHE��-X�RIIHW�XS�FI�RSXIH�
XLEX�XLI�QSHIPPMRK�I\IVGMWI�GSRHYGXIH�JSV�XLI�TYVTSWIW�SJ�XLMW�VITSVX�EWWYQIH�XLEX�EPP� XIGLRSPSKMIW�HIPMZIV�
HIGEVFSRM^EXMSR�MR�XMQI�ERH�MR�JYPP��-J�XLI�XIGLRSPSK]�HIZIPSTQIRX�ERH�HITPS]QIRX�EVI�HIPE]IH�MR�ER]�[E]��SV�MJ�E�
XIGLRSPSK]�MW�VIQSZIH�JVSQ�ER�EKIRHE��XLI�JSVIGEWX�JSV�EGLMIZMRK�GEVFSR�RIYXVEPMX]�[MPP�RIIH�XS�FI�VIZMWMXIH��

8LI�GLERKMRK�IRIVK]�XIGLRSPSK]� PERHWGETI� MQTEGXW�92)')�IRIVK]�W]WXIQW��8LI�TEXL[E]W�XS�EXXEMR�GEVFSR�
RIYXVEPMX]�EVI�GSQTEXMFPI�[MXL�REXMSREP� MRXIVIWXW��2SRIXLIPIWW��TSPMG]QEOIVW�QYWX�YVKIRXP]�ƼREPM^I�XLIMV�GYVVIRX�
TEXL[E]W�ERH�EHETX�XLIMV�IRIVK]�W]WXIQW�XS�GSQTP]�[MXL�XLI�4EVMW�%KVIIQIRX�XEVKIXW��8LI�XVERWJSVQEXMSR�SJ�
IRIVK]�W]WXIQW�RIIHW�XS�WXEVX�RS[�ERH�GERRSX�FI�HSRI�MR�MWSPEXMSR�
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(IƼRMRK�GEVFSR�RIYXVEPMX]

Carbon Neutrality refers to achieving net-zero carbon emissions�[MXL�E�KSEP�SJ�GSRWXVEMRMRK�KPSFEP�[EVQMRK�XS�
�q'��WXVMZMRK�XS����q'�MR�PMRI�[MXL�XLI�4EVMW�%KVIIQIRX��'EVFSR�RIYXVEPMX]�VIUYMVIW�E�GEVIJYP�FEPERGMRK�SJ�EGXYEP�
GEVFSR�IQMWWMSRW�[MXL�GEVFSR�VIQSZEP� XLVSYKL�REXYVEP�WMROW��IRKMRIIVIH�GEVFSR�VIQSZEP� XIGLRSPSKMIW�ERH�
IPMQMREXMRK�GEVFSR�IQMWWMSRW�

%GGSVHMRK�XS�XLI�4EVMW�%KVIIQIRX��GEVFSR�RIYXVEPMX]� MW�HIƼRIH�EW�EGLMIZMRK�E�FEPERGI�FIX[IIR�ERXLVSTSKIRMG�
IQMWWMSRW�F]�WSYVGIW�ERH�VIQSZEPW�F]�WMROW�SJ�KVIIRLSYWI�KEW�IQMWWMSRW�MR�XLI�WIGSRH�LEPJ�SJ�XLMW�GIRXYV]��
-R�XLI�GSRXI\X�SJ�XLMW�TVSNIGX��'EVFSR�2IYXVEPMX]�VIJIVW�XS� ƄEGLMIZMRK�RIX�^IVS�GEVFSR�IQMWWMSRW�XLEX�GSRWXVEMR�
KPSFEP�[EVQMRK�XS����Ɓ�q'�F]�FEPERGMRK�VITSVXIH�GEVFSR�IQMWWMSRW��QEMRP]�GEVFSR�HMS\MHI�ERH�QIXLERI�[MXL�
GEVFSR�VIQSZEP�XLVSYKL�REXYVEP�WMROW�SV�IRKMRIIVIH�GEVFSR�VIQSZEP�XIGLRSPSKMIW��WYGL�EW�''97��FMSIRIVK]�[MXL�
GEVFSR�GETXYVI�ERH�WXSVEKI��&)''7�ERH�HMVIGX�EMV�GETXYVI��(%'��ERH�F]�IPMQMREXMRK�GEVFSR�IQMWWMSRW�XLVSYKL�E�
XVERWMXMSR�XS�E�TSWX�GEVFSR�IGSRSQ]�

Carbon neutrality is not an end state.� -X� MW�ER�IWWIRXMEP�TEVX�SJ�XLI� NSYVRI]�XS�WXEFMPM^MRK�XLI�GSRGIRXVEXMSR�SJ�
KVIIRLSYWI�KEWIW�MR�XLI�GPMQEXI��%W�E�WXERHEPSRI�TSPMG]�XEVKIX��LS[IZIV��GEVFSR�RIYXVEPMX]�[MPP�RSX�FI�IRSYKL�
XS�PMQMX�KPSFEP�[EVQMRK��-J�GEVFSR�RIYXVEPMX]� MW�EGLMIZIH�XSS�PEXI��RIX�RIKEXMZI�GEVFSR�IQMWWMSRW�[MPP�FI�VIUYMVIH�
XS�EHHVIWW�XLI�SZIVWLSSX�� -R�XLI�JYXYVI�� MX� MW�LSTIH�XLEX�EXXEMRMRK�GEVFSR�RIYXVEPMX]�[MPP�IREFPI�XLI�QEREKMRK�
SJ�GEVFSR�IQMWWMSRW�SZIV�XMQI�ERH�[MPP�RIIH�XS�FI�TIVMSHMGEPP]�VIZMWMXIH�ERH�EHHVIWW�MWWYIW�WYGL�EW�LMWXSVMGEP�
IQMWWMSRW��

FIGURE 2

Carbon Neutrality Framework
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Building resilient energy systems based on the sustainable energy and carbon 
neutrality frameworks

Resilient energy systems based on the three pillars of energy security, quality of life, and environmental 
sustainability would protect society from future risks.�)RIVK]�WIGYVMX]�VIPEXIW�XS�WIGYVMRK�XLI�IRIVK]�
RIIHIH�JSV�IGSRSQMG�HIZIPSTQIRX��UYEPMX]�SJ�PMJI�VIJIVW�XS�XLI�TVSZMWMSR�SJ�EJJSVHEFPI�IRIVK]�EZEMPEFPI�XS�
EPP�EX�EPP�XMQIW��ERH�IRZMVSRQIRXEP�WYWXEMREFMPMX]�VIJIVW�XS�PMQMXMRK�XLI�MQTEGX�SJ�IRIVK]�W]WXIQW�SR�GPMQEXI��
IGSW]WXIQW��ERH�LIEPXL��8LI�VETMH�XVERWMXMSR�XS[EVH�WYWXEMREFPI�IRIVK]�[MPP� VIUYMVI�GEVIJYP�HIGMWMSR�
QEOMRK�XS�ƼRH�XLI�FEPERGI�FIX[IIR�EPP�XLVII�TMPPEVW�XS�HIPMZIV�XS�XLI�YRMZIVWEPP]�EKVIIH������%KIRHE�JSV�
7YWXEMREFPI�(IZIPSTQIRX��

Sustainable energy and carbon neutrality frameworks are essential for analyzing technology interplay. 
8LI�QSHIPPMRK�ERH�I\TIVX�GSQQIRXW�EWWYQI�XLEX�XLI�TEGI�SJ�IGSRSQMG�HIZIPSTQIRX�MR�IEGL�QIQFIV�
WXEXI�SJ� XLI�92)')�[MPP�FI�QEMRXEMRIH�ERH� XLEX�IEGL�GSYRXV]�[MPP�LEZI� MXW�IRIVK]�TVIJIVIRGIW�ERH�
XVERWMXMSR�TEXL[E]W�FEWIH�SR�MXW�REXYVEP�VIWSYVGI�IRHS[QIRXW��XIGLRSPSKMGEP�ERH�MRJVEWXVYGXYVI�FEWI��
GYPXYVEP�LIVMXEKI��LMWXSVMGEP�TEXXIVRW�SJ�IGSRSQMG�HIZIPSTQIRX��ERH�PIKEP�ERH�VIKYPEXSV]�WXVYGXYVI�

A commitment to ensuring access to affordable, reliable, sustainable, and modern energy for all� MW�
MRGPYHIH� MR� XLI�9RMXIH�2EXMSRW�7YWXEMREFPI�(IZIPSTQIRX�+SEPW��7(+W��8LMW�ETTVSEGL�IQFVEGIW�XLI�
7(+W�ERH�LMKLPMKLXW�XLI�MRXIVGSRRIGXMZMX]�EQSRK�XLI�HMJJIVIRX�JEGIXW�SJ�WYWXEMREFPI�IRIVK]�ERH�XVEHI�SJJW�
FIX[IIR�XLI�XLVII�TMPPEVW�

Finding a balance between the three pillars is a complex social, political, economic, and technological 
challenge.�%�HMEPSKYI�YRHIV�XLI�92)')�'SQQMXXII�SR�7YWXEMREFPI�)RIVK]�[SYPH�GSRWXMXYXI�E�WMKRMƼGERX�
WXIT�JSV�REXMSRW�XS� MHIRXMJ]� XVEHI�SJJW�ERH�W]RIVKMIW� XS�HIPMZIV�SR�IRIVK]�WIGYVMX]��UYEPMX]�SJ� PMJI��ERH�
IRZMVSRQIRXEP�WYWXEMREFMPMX]��;LMPI�XLIVI�EVI�RS�IEW]�ERW[IVW��XLIVI�MW�ER�YVKIRX�RIIH�XS�ƼRH�E�FEPERGI�
FIX[IIR�XLSWI�GSQTIXMRK�]IX�MRXIVVIPEXIH�MRXIVIWXW�

FIGURE 3

The Energy Trilemma as a Framework to attain Carbon Neutrality
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How is carbon neutrality achievable and why are innovative  

technologies needed? 

6IEGLMRK�GSRWIRWYW�SR�XLI�IRIVK]�XVERWMXMSR�XS[EVHW�GEVFSR�RIYXVEPMX]� MW�E�GSQTPI\�TVSFPIQ��4SPMG]�GLSMGIW�
LEZI�IJJIGXW�SR�I\MWXMRK�ERH�RI[�IRIVK]� XIGLRSPSKMIW�ERH�IGSRSQMG�KVS[XL��ERH� XLI]�EVI�WYFNIGX� XS� XLI�
EZEMPEFMPMX]�SJ�REXMSREP�IRIVK]�VIWSYVGIW�� -RGVIEWMRKP]� XMKLX� XMQIWGEPIW�QIER�XLEX� MHIEP�TEXL[E]W�XS�GEVFSR�
RIYXVEPMX]�EVI� MRGVIEWMRKP]� PIWW�JIEWMFPI�[MXLSYX� MQTSWMRK�HMWVYTXMSR�XS�WSGMIX]��%W�IEGL�GSYRXV]�LEW�YRMUYI�
GMVGYQWXERGIW��IUYMXEFPI�EGGIWW�XS�VIWSYVGIW�QYWX�FI�HIZIPSTIH�XS�EXXEMR�GEVFSR�RIYXVEPMX]�

%HETXEFMPMX]�MR�WYGL�E�GSQTPI\�XVERWMXMSR�MW�ZMXEP�XS�HIZIPST�QIGLERMWQW�XS�HVMZI�GSRWIRWYW�EQSRKWX�MRXIVIWXIH�
TEVXMIW�SR�IRWYVMRK�XMQIP]��VETMH�HIGMWMSR�QEOMRK��%�VETMH�XVERWMXMSR�MW�PMOIP]�XS�HMWVYTX�WSGMIX]�YRPIWW�TSPMG]QEOIVW�
YWI�EPP�XLI�EZEMPEFPI�STXMSRW��)ZIR�YRHIWMVEFPI�STXMSRW�QE]�FI�RIGIWWEV]�

'EVFSR�RIYXVEPMX]� MW�EGLMIZEFPI�F]�YWMRK�E�QM\XYVI�SJ� PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW�ERH�GLERKIW�MR�WSGMEP�
FILEZMSV��)RIVK]�HIQERH�[MPP�FI�HVMZIR�F]�IGSRSQMG�EGXMZMX]�� PMJIWX]PI�GLERKIW�ERH� MQTVSZIQIRXW� MR�IRIVK]�
IJJMGMIRG]�� PS[�GEVFSR�JYIPW��WQEVX� XIGLRSPSKMIW��ERH� XLI�IPIGXVMJMGEXMSR�SJ�EPP�WIGXSVW��92)')�WYTTSVXW�ER�
MRXIKVEXIH�ETTVSEGL�XS�IRIVK]�XIGLRSPSKMIW�XS�VITVIWIRX�EPP�QIQFIV�GSYRXVMIWƅ� MRXIVIWXW�ERH�QE\MQM^I�XLI�
W]RIVKMIW�SJ�HMZIVWI�IRIVK]�WSYVGIW��

%GVSWW�XLI�92)')�VIKMSR��JSWWMP�JYIPW�GYVVIRXP]�HSQMREXI�XLI�IRIVK]�WYTTP]�HYI�XS� PIKEG]�MRJVEWXVYGXYVI��IEWI�
SJ�XVERWTSVXEXMSR��WXSVEKI�� MRJVEWXVYGXYVI��ERH�IRIVK]�HIRWMX]��)\MWXMRK�ERH�RI[�EPXIVREXMZI�PS[��ERH�^IVS�GEVFSR�
XIGLRSPSKMIW�RIIH�XS�FI�YWIH�XS�WYTTSVX�WYWXEMREFPI�HIZIPSTQIRX��7YWXEMREFPI� MRRSZEXMZI�WSPYXMSRW��WYGL�EW�
''97��L]HVSKIR�ERH�XLI�EHZERGIH�SJ�RYGPIEV�TS[IV��QYWX�FI�WGEPIH�YT�XS�QEXGL�XVEHMXMSREP�XIGLRSPSKMIWƅ�GSWX�
ERH�XIGLRMGEP�GSQTIXMXMZIRIWW�XLVSYKL�XIGLRSPSKMGEP�EHZERGIW��IGSRSQMIW�SJ�WGEPI��ERH�GPSWIV�EPMKRQIRX�[MXL�
QEVOIX�HIQERH��

8LMW�VITSVX�TVIWIRXW�XLI�EREP]WMW�FEWIH�SR�QSHIPPMRK�VIWYPXW�ERH�WLS[W�ER�I\TERHIH�WIX�SJ�XIGLRMGEP�STXMSRW�
EZEMPEFPI�XS�WYTTSVX�TSPMG]QEOMRK�ERH�MRXIVREXMSREP�IRIVK]�GSSTIVEXMSR��8LI�WSPYXMSRW�ERH�XIGLRSPSKMIW�EREP]^IH�
MRGPYHI�IRIVK]�IƾGMIRG]��VIRI[EFPI�IRIVK]��JSWWMP�JYIPW��RYGPIEV�TS[IV�ERH�L]HVSKIR��ERH�GEVFSR�WIUYIWXVEXMSR�
ETTVSEGLIW�WYGL�EW�''97��&)''7��ERH�HMVIGX�EMV�GETXYVI��

4SPMG]QEOIVW�WLSYPH�YWI�Life Cycle Assessment (LCA)�WXYHMIW� XS�ZEPMHEXI� XLIMV�ETTVSEGL��0'%�GSQTEVIW�
XIGLRSPSKMIW�SR�XLI�FEWMW�SJ�PMJIXMQI�IRZMVSRQIRXEP�MQTEGX�JVSQ�XLSWI�[MXL�XLI�PS[IWX�GEVFSR�JSSXTVMRX�XS�XLSWI�
XLEX�VIUYMVI�WMKRMƼGERX�GEVFSR�GETXYVI�ERH�WXSVEKI�XS�FI�GEVFSR�RIYXVEP��-X�MW�EPQSWX�GIVXEMR�XLEX�EPP�PS[��ERH�^IVS�
GEVFSR�XIGLRSPSKMIW�[MPP�FI�RIIHIH�HYVMRK�XLI�XVERWMXMSR��*SV�I\EQTPI��TSPMG]QEOIVW�GER�QSZI�XS�E�L]HVSKIR�
IGSRSQ]�EX�XLI�VEXI�EX�[LMGL�IPIGXVSP]^IVW�YWI� PS[�GEVFSR�IPIGXVMGMX]�JVSQ�[MRH�ERH�WSPEV�IRIVK]�EW�[IPP�EW�
RYGPIEV�TS[IV��8LI]�GER�EPWS�HIGSYTPI�MRZIWXQIRXW�F]�YWMRK�L]HVSKIR�JVSQ�REXYVEP�KEW�[MXL�''97�XS�EGGIPIVEXI�
E�L]HVSKIR�IGSW]WXIQ�MRJVEWXVYGXYVI��&EXXIV]�WXSVEKI�ERH�MQTVSZIH�QEREKIQIRX�SJ�HMWXVMFYXIH�VIWSYVGIW�GER�
WXEFMPM^I�ERH�STXMQM^I�KVMH�IPIGXVMGMX]��*SWWMP�JYIPW�[MXL�''97�ERH�RYGPIEV�TS[IV�EW�HMWTEXGLEFPI�IRIVK]�WSYVGIW�
GER�EGX�EW�FEWIPSEH�ERH�TVSZMHI�ƽI\MFMPMX]�XS�MRXIVQMXXIRX�VIRI[EFPI�IRIVK]�WSYVGIW��WYGL�EW�[MRH�ERH�WSPEV��ERH�
IRWYVI�XLI�VIPMEFMPMX]�SJ�ER�IRIVK]�W]WXIQ�

https://unece.org/sites/default/files/2022-07/LCA_0708_correction.pdf
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Carbon Neutrality in the UNECE Region

To-do list for policymakers to attain carbon neutrality

FIGURE 4

Actions to Attain a Carbon-Neutral Energy System

8S�EXXEMR�E�GEVFSR�RIYXVEP�IRIVK]�W]WXIQ��XLI�VIKMSR�RIIHW�XS�UYMGOP]�HITPS]�EPP�GYVVIRXP]�EZEMPEFPI� PS[��
ERH�^IVS�GEVFSR�XIGLRSPSKMIW�JSV�IRIVK]�WYTTP]�EW�[IPP�EW�IRLERGI�W]WXIQ�IJJMGMIRGMIW��8LMW� MRGPYHIW�
XVERWJSVQMRK�XLI�IRIVK]�WYTTP]�F]�MRWXEPPMRK�''97�XIGLRSPSKMIW�MR�JSWWMP�JYIP�TPERXW��WGEPMRK�YT�VIRI[EFPI�
IRIVK]�TVSNIGXW��HITPS]MRK�RYGPIEV�TS[IV�� NYQTWXEVXMRK� PEVKI�WGEPI�WYWXEMREFPI�L]HVSKIR�TVSNIGXW��ERH�
HITPS]MRK�EPP�SXLIV�XIGLRSPSKMIW�GSRWMHIVIH�MR�XLMW�VIZMI[��-R�EHHMXMSR��REXMSREP�KVMHW�ERH�MRXIVGSRRIGXMSRW�
[MPP�LEZI�XS�FI�IRLERGIH�ERH� MRGVIEWIH�EGGSVHMRKP]�[MXL�XLI�QM\�SJ�IRIVK]�WYTTP]�ERH�XVERWREXMSREP�
IUYMPMFVMYQ�VIUYMVIQIRXW��%R�I\TERHIH�VERKI�SJ�XIGLRSPSKMIW� MW�RIIHIH�XS�EXXEMR�GEVFSR�RIYXVEPMX]�F]�
�����ERH�XLI������%KIRHE��%PP�IRIVK]�XIGLRSPSKMIW�LEZI�HMWEHZERXEKIW�XLEX�GER�FI�QMRMQM^IH�MJ�YWIH�
XSKIXLIV�ERH�WXVEXIKMGEPP]���

)RIVK]�I\TIVXW�EVI�E[EVI�XLEX�IRIVK]�MW�E�LMKLP]�VIKYPEXIH�WIGXSV�ERH�XLEX�ER]�XIGLRSPSK]�HIZIPSTQIRX�
ERH�HITPS]QIRX�VIUYMVI�WYMXEFPI�VIKYPEXSV]� JVEQI[SVOW��,S[IZIV�� XLI�QSHIPPMRK� MR� XLMW�TVSNIGX�HSIW�
RSX�JEGXSV�XLI�XMQI�VIUYMVIH�XS� MQTPIQIRX�VIKYPEXSV]�GLERKIW��(IZIPSTMRK�XIGLRSPSKMIW�[MPP�RIIH�RI[�
VIKYPEXSV]�JVEQI[SVOW�XS�WYTTSVX�MQQIHMEXI�GSQQIVGMEPM^EXMSR�GSRWMWXIRX�[MXL�XLI�IRIVK]�QEVOIX�HIWMKR�
ERH�XIGLRMGEP�WXEFMPMX]�SJ�XLI�IRIVK]�W]WXIQ��8LI�YVKIRG]�SJ�XLI�IRIVK]�XVERWMXMSR�VIUYMVIW�TSPMG]QEOIVWƅ�
GSSVHMREXMSR�XS�IRWYVI�XLEX� XLI�VIKYPEXSV]�HIPE]W�HS�RSX�GSQTVSQMWI�XLI�IEVP]�EXXEMRQIRX�SJ�GEVFSR�
RIYXVEPMX]��8LI� MHIE�SJ�E�7SGMEP�6IEHMRIWW�0IZIP�EPMKRW�TSPMG]QEOIVW�[MXL�8IGLRSPSK]�ERH�'SQQIVGMEP�
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6IEHMRIWW�0IZIPW1�YWIH�F]�I\TIVXW��4SPMG]QEOIVW�WLSYPH�YWI�XLIWI�6IEHMRIWW�0IZIPW�[LIR�MRXIVTVIXMRK�
XLI�QSHIPPMRK�VIWYPXW�EW�XLMW�MRHMGEXIW�E�PMOIPMLSSH�XLEX�XLI�HIGEVFSRM^EXMSR�TEXL[E]�MW�EGLMIZEFPI��

'EVFSR�RIYXVEPMX]�[MPP��YPXMQEXIP]��RIIH�WMKRMƼGERX�GLERKIW�XS�XLI�[E]�IGSRSQMIW�[SVO��[MXL�TSXIRXMEPP]�
QER]�YRJSVIWIIR�GSRWIUYIRGIW��%R]�VETMH� MRXVSHYGXMSR�SJ�GLERKI�VIUYMVIW�GSSVHMREXMSR�SJ�XIGLRSPSK]�
HIZIPSTQIRX��GSQQIVGMEPM^EXMSR��ERH�WSGMEP�EGGITXERGI�� Ƅ6IEHMRIWW�0IZIPWƅ�EVI�E�GSQQSRP]�YWIH�
MRHMGEXSV�SJ�HIWGVMFMRK�[LEX�RIIHW�XS�FI�EHHVIWWIH�HYVMRK�XLI�MRXVSHYGXMSR�SJ�E�GLERKI

)RIVK]�MRJVEWXVYGXYVI�FYMPX�RS[�QYWX�FI�RIX�^IVS�GSQTPMERX�XS�EZSMH�WXVERHIH�EWWIXW��%PP� MRJVEWXVYGXYVI�
WGEPI�EWWIXW�LEZI�STIVEXMSREP� PMZIW�SJ�QSVI� XLER����]IEVW��8LIVIJSVI��ER]�EWWIXW�FYMPX�RS[�QYWX�FI�
GSRWMWXIRX�[MXL�REXMSREP�IQMWWMSRW�XEVKIXW�SV�IEWMP]�VIXVSƼXXIH�MR�XLI�JYXYVI��

+MZIR�XLI�XMQIWGEPI�ERH�REXYVI�SJ�XLMW�XVERWMXMSR��QSHIPPMRK�MRHMGEXIW�XLEX�ZIV]�PEVKI�WGEPI�''97�MW�VIUYMVIH�
JSV�QER]�]IEVW��-X�JYRGXMSRW�EW�E�PEWX�VIWSVX� MJ�XLI�XVERWMXMSR�MW�HIPE]IH��-X�EPPS[W�LEVH�XS�EFEXI�IWWIRXMEP�
MRHYWXVMIW�WYGL�EW�GIQIRX��WXIIP��ERH�GLIQMGEPW�XS�GSRXMRYI�ERH�IZIR�[LIR�GEVFSR�RIYXVEPMX]�MW�EGLMIZIH��
JYVXLIV�I\XVEGXMSR�SJ�+,+�IQMWWMSRW�QE]�FI�RIIHIH��%W�XLI�VEXI�VIUYMVIH�JSV�HIGEVFSRM^EXMSR�MW�RS[�WS�
JEWX��''97�GSYPH�I\XIRH�XLI�STIVEXMSREP�PMZIW�SJ�RSR�GSQTPMERX�MRJVEWXVYGXYVI��TVSZMHI�E�GET�XS�I\GIWWMZI�
XVERWMXMSR�GSWXW�ERH�EZSMH�WSGMEP�HMWVYTXMSR��

)RIVK]�IƾGMIRG]�ERH�STXMQM^EXMSR�[MPP�FIGSQI�EX�XLI�GSVI�SJ�EPP�IRIVK]�TSPMG]QEOMRK��-X� MW�ER�MQTSVXERX�
IPIQIRX�SJ�IRIVK]�HIQERH�QEREKIQIRX�MR�E�RnIX�^IVS������[SVPH��8LMW�[MPP�VIUYMVI�VETMH�HITPS]QIRX�SJ�
IƾGMIRG]�QIEWYVIW�ERH�IWXEFPMWLMRK�STXMQEP�FYMPHMRKW��MRHYWXV]��ERH�XVERWTSVX�HIQERH��4SPMG]�QIEWYVIW�
[MPP�MRGPYHI�WMKRMƼGERX�MRZIWXQIRX�ERH�[SVOJSVGI�XVEMRMRK�XS�MQTPIQIRX�XLI�QSRYQIRXEP�XEWO��

4SPMGMIW�WLSYPH�IRGSYVEKI�VEXLIV�XLER�HIPE]�GLERKIW�MR�XLI�IRIVK]�W]WXIQ��1SHIPPMRK�YRHIV�XLI�Pathways 
to Sustainable Energy Project�WLS[IH�XLEX�TVSKVIWW�LEW�FIIR�XSS�WPS[��ERH�XS�EXXEMR�GEVFSR�RIYXVEPMX]�SR�
VSYXI�XS�XLI������q'�XEVKIX��XLI�92)')�GSYRXVMIW�QYWX�IMXLIV�EHHMXMSREPP]�GYX�SV�GETXYVI�EX� PIEWX���+X�SJ�
'3ǅ�F]������MR�E�ƄQMHHPI�SJ�XLI�VSEHƅ�WSGMS�IGSRSQMG�JSVIGEWX�����+X�MW�IUYMZEPIRX�XS�JSYV�]IEVW�SJ�GYVVIRX�
KPSFEP�'3ǅ�IQMWWMSRW��4SPMGMIW�EVI�RIIHIH�XS�HIGVIEWI�ERH�STXMQM^I�IRIVK]�HIQERH��HIGEVFSRM^I�XLI�
IRIVK]�WYTTP]��ERH�HITPS]�IRKMRIIVIH�ERH�REXYVEP�GEVFSR�VIQSZEP�XIGLRSPSKMIW��

Life cycle assessment�WXYHMIW�WLS[�XLEX�XLIVI� MW�RSX�E�GSQTPIXIP]�GEVFSR�RIYXVEP�IRIVK]�WSPYXMSR��%PP�
XIGLRSPSKMIW�VIUYMVI�QEXIVMEPW�ERH�LMKL�XIQTIVEXYVI�TVSGIWWIW�XLEX�VIWYPX�MR�+,+�IQMWWMSRW��6IRI[EFPI�
IRIVK]�WSPYXMSRW�VIUYMVI�WXIIP��GIQIRX��ERH�WMPMGSR��)PIGXVMG�ZILMGPIW�ERH�KVMHW�VIUYMVI�VEVI�IEVXL�QIXEPW�MR�
FEXXIVMIW��,]HVSKIR�GSYPH�PIEO�MRXS�XLI�EXQSWTLIVI�ERH�LEZI�E�RIKEXMZI�MQTEGX��)RIVK]�MRZIWXQIRXW�QE]�
QIER�MRGVIEWIH�IQMWWMSRW�XSHE]�XLEX�[MPP�WEZI�IQMWWMSRW�MR�XLI�JYXYVI��8LI�QSHIPPMRK�HSIW�RSX�VIUYMVI�
ER�EGGSYRX�JSV�XLMW�WLMJX�MR�TIVWTIGXMZI��IRIVK]�ERH�+,+�IQMWWMSR�TEXXIVRW�MR�XLI�IGSRSQ]�FIGEYWI�MX�MW�
QSHIPPIH�YWMRK�LMWXSVMGEP�XVIRHW�

1   UNECE CCUS Technology Interplay��8IGLRSPSK]�VIEHMRIWW�PIZIPW��860W�EVI�E�QIXLSH�JSV�IWXMQEXMRK�XLI�QEXYVMX]�SJ�
XIGLRSPSK]��'SQQIVGMEP�VIEHMRIWW�PIZIPW��'60W�EVI�E�QIXLSH�XLEX�EWWIWWIW�ZEVMSYW�MRHMGEXSVW�[LMGL�MRƽYIRGI�XLI�
GSQQIVGMEP�ERH�QEVOIX�GSRHMXMSRW�FI]SRH�NYWX�XLI�XIGLRSPSK]�QEXYVMX]��7SGMEP�VIEHMRIWW�PIZIPW��760W�EVI�E�QIXLSH�
XLEX�EWWIWWIW�XS�[LEX�I\XIRX�RI[�MHIEW�ERH�MRRSZEXMSRW�VIWSREXI�[MXL�MRHMZMHYEPW�ERH�KVSYTW�ERH�[LIXLIV�XLI]�[MPP�FI�
MRXIKVEXIH�MRXS�WSGMIX]�ERH�VIEGL�HIGMWMSRW�GSRGIVRMRK�XLIMV�EHSTXMSR�MR�XLI�JSVQ�SJ�E�VIKYPEXSV]�ERH�ƼRERGMEP�VIKMQI�

2   UNECE Pathways to Sustainable Energy��%�VIJIVIRGI�WGIREVMS�IREFPIW�EREP]WMW�SJ�[LIXLIV�XLI�[SVPH�MW�PMOIP]�XS�EGLMIZI�
WTIGMƼG�KSEPW�EPSRK�MXW�GYVVIRX�XVENIGXSV]��8LMW�MW�E�ZMXEP�TEVX�SJ�EPP�VIWIEVGL��%REP]WMW�SJ�WTIGMƼG�QIXVMGW�FEWIH�SR�XLI�
SYXGSQIW�SJ�E�VIJIVIRGI�WGIREVMS�QE]�WLS[�XLEX�E�PSRK�XIVQ�TIVJSVQERGI�KSEP��04+��WYGL�EW�E���	�VIHYGXMSR�MR�IRIVK]�
MRXIRWMX]�F]�������[SYPH�PMOIP]�FI�EGLMIZIH�[MXL�SYV�GYVVIRX�EWWYQTXMSRW�EFSYX�XLI�TEGI�SJ�IGSRSQMG�HIZIPSTQIRX�ERH�
XLI�IZSPZMRK�VIPEXMSRWLMTW�FIX[IIR�IRIVK]�ERH�IGSRSQMG�HIZIPSTQIRX��8LI�SYXGSQIW�SJ�E�VIJIVIRGI�WGIREVMS�QE]�EPWS�
WLS[�XLEX��YRHIV�XLI�GYVVIRX�WIX�SJ�EWWYQTXMSRW�ERH�VIPEXMSRWLMTW��E�WTIGMƼG�04+�MW�YRPMOIP]�XS�FI�EXXEMRIH��8LI�VIJIVIRGI�
WGIREVMS�JSV�XLI�4EXL[E]W�TVSNIGX�MW�XLI�7LEVIH�7SGMS�)GSRSQMG�4EXL[E]����774���WII�WIGXMSR�������E�ƈ1MHHPI�SJ�XLI�
6SEHƉ�4EXL[E]�

https://unece.org/fileadmin/DAM/energy/se/pdfs/CSE/Publications/Final_Report_PathwaysToSE.pdf
https://unece.org/fileadmin/DAM/energy/se/pdfs/CSE/Publications/Final_Report_PathwaysToSE.pdf
https://unece.org/sites/default/files/2022-07/LCA_0708_correction.pdf
https://unece.org/sites/default/files/2021-03/CCUS%20brochure_EN_final.pdf
https://unece.org/fileadmin/DAM/energy/se/pdfs/CSE/Publications/Final_Report_PathwaysToSE.pdf
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Energy technologies modelled and analyzed

Wind�TS[IV� MW�E� VIRI[EFPI�IRIVK]�WSYVGI�
XLEX�YWIW�XYVFMRIW�XS�GSRZIVX�[MRH�SRWLSVI�
ERH�SJJWLSVI�XS�IPIGXVMGMX]��

Solar�TS[IV� MW�E�VIRI[EFPI�IRIVK]�WSYVGI�
XLEX�YWIW�WYRPMKLX� XLVSYKL�TLSXS�ZSPXEMG�
GIPPW��4:�SV�E�WIX�SJ�QMVVSVW�ERH� PIRWIW�XS�
GSRGIRXVEXI�E� PEVKI�EVIE�SJ�WYRPMKLX�SRXS�E�
VIGIMZIV��GSRGIRXVEXIH�WSPEV�TS[IV�XS�GVIEXI�
IPIGXVMGMX]��

Hydropower� MW�E�VIRI[EFPI�IRIVK]�WSYVGI�
XLEX�GSZIVW�E�[MHI�EVVE]�SJ� XIGLRSPSKMIW�
LEVRIWWMRK�XLI�JSVGIW�SJ� XLI�REXYVEP�[EXIV�
G]GPI�

Geothermal� MW�E� VIRI[EFPI�IRIVK]�WSYVGI�
TVSHYGIH�JVSQ�LIEX�MRWMHI�XLI�IEVXLƅW�GVYWX��
-X�GER�FI�YWIH�XS�KIRIVEXI�IPIGXVMGMX]�SV�YWIH�
EW�E�HMVIGX�LIEX�WSYVGI�

Biomass�MW�E�VIRI[EFPI�IRIVK]�WSYVGI�QEHI�
JVSQ�FMSPSKMGEP�WSYVGI�QEXIVMEPW��[LMGL�GER�
MRGPYHI�WSPMH�FMSQEWW�� WI[EKI�FMSQEWW��
JSVIWX� VIWMHYIW�� EPKEI� ERH� EKVMGYPXYVEP�
[EWXIW�

Nuclear�TS[IV�TPERXW�GSRZIVX�EXSQMG�IRIVK]�
MRXS�YWEFPI�TS[IV��'SRZIRXMSREP�RYGPIEV�
TS[IV�TPERXW�TVSHYGI�LIEX�XS�HVMZI�E�XYVFMRI�
JSV�IPIGXVMGMX]�KIRIVEXMSR��2YGPIEV�TPERXW�GER�
TVSZMHI�LIEX�JSV�YVFER�HMWXVMGX�LIEXMRK�ERH�
MRHYWXVMEP�TVSGIWWIW�

Natural Gas� MW� E� JSWWMP� JYIP� GSQQSRP]�
FYVRIH�XS�TVSHYGI�LIEX�XS�STIVEXI�E�WXIEQ�
XYVFMRI�� -X� EPWS� LEW� SXLIV� YWIW� MR� LIEX��
GSSOMRK��MRHYWXVMIW��XVERWTSVX�

Coal� MW�E�WSPMH�JSWWMP�JYIP�GSQQSRP]�FYVRIH�
XS� STIVEXI� E� WXIEQ� XYVFMRI� XS� KIRIVEXI�
IPIGXVMGMX]�ERH�LIEX��

Carbon Capture, Use and Storage (CCUS) 
MW� XLI�TVSGIWW�SJ�GETXYVMRK�GEVFSR�HMS\MHI�
�'3ǅ  � IQMWW MSRW � J VSQ� JSWW M P � TS[IV�
KIRIVEXMSR� ERH� MRHYWXVMEP� TVSGIWWIW� JSV�
WXSVEKI�HIIT�YRHIVKVSYRH�SV� VI�YWI��8LMW�
XIGLRSPSK]� GER�FI� GSQFMRIH�[MXL� GSEP��
REXYVEP�KEW�ERH�FMSQEWW��

Hydrogen� MW�E�FYPO�GLIQMGEP� XLEX� MW�YWIH�
TVMQEVMP]�XSHE]�MR�TIXVSPIYQ�VIJMRMRK�ERH�MR�
XLI�TVSHYGXMSR�SJ�EQQSRME��JSV� JIVXMPMWIVW�
ERH�QIXLERSP��-R�XLI�JYXYVI��L]HVSKIR�GSYPH�
FI�YWIH�EW�ER�IRIVK]�GEVVMIV�ERH�IRIVK]�
WXSVEKI�QIHMYQ�

Electricity�ERH� XLI�TVSGIWW�SJ�QEOMRK� XLI�
IRIVK]�W]WXIQ�IPIGXVMG�XLVSYKL�IPIGXVMƼGEXMSR�
MW� WIIR� EW� OI]� XS� XLI� VETMH� VSP PSYX� SJ�
VIRI[EFPI�IRIVK]�WSYVGIW�

Electricity Storage� MW�XLI�GETXYVI�SJ�IRIVK]�
XS� YWI� PEXIV � ERH� MRGPYHIW� P M XL MYQ�MSR�
FEXXIVMIW��HMWTEXGLEFPI�L]HVSKIR�EWWIXW��
ERH�TYQTIH�WXSVEKI�L]HVSTS[IV�� -R�JYXYVI��
PSRK�HYVEXMSR�IRIVK]�WXSVEKI�GSYPH� MRGPYHI�
HIZIPSTQIRXW� MR�QIGLERMGEP� � XLIVQEP��
IPIGXVSGLIQMGEP��ERH�GLIQMGEP�WXSVEKI�

)RIVK]�IƾGMIRG]�EMQW�XS�YWI�PIWW�IRIVK]�XS�
TVSZMHI�XLI�WEQI�YWIJYP�SYXTYX�JSV��VIUYMVIH�
IRIVK]�RIIHW�
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Modelling of scenarios: a tool for informed decision-making

Technology interplay is critical for energy system transformation.� -RXIVTPE]�MW�OI]�XS�FEPERGMRK�IRIVK]�WYTTP]�
ERH�HIQERH�[MXL�IGSRSQMG�JIEWMFMPMX]�ERH�WYWXEMREFMPMX]��8IGLRSPSK]�GLEMRW�PMRO�IRIVK]�WYTTP]�JVSQ�VIWSYVGI�
I\XVEGXMSR��GSRZIVWMSR��WXSVEKI��XVERWQMWWMSR��ERH�HMWXVMFYXMSR�XS�XLI�TVSZMWMSR�SJ�IRIVK]�WIVZMGIW��5YERXMXEXMZI�
QSHIPPMRK�SJ�XLIWI�GLEMRW�LIPTW�MHIRXMJ]�XLI�GSQFMREXMSR�SJ�XIGLRSPSKMIW�XLEX�JSVQ�XLI�PS[IWX�GSWX�WYTTP]�ERH�
MRZIWXQIRX�WGLIHYPIW�[LMPI�QIIXMRK�IRIVK]�WIGYVMX]�VIUYMVIQIRXW�ERH�GPMQEXI�KSEPW�

Modelling of scenarios allows policymakers to see climate policy implications for emissions, energy costs, 
supply security, storage, and constant supply requirements versus variable supply requirements.�4SPMG]QEOIVW�
GER�YWI�QSHIPPMRK�XS�MHIRXMJ]�XIGLRSPSK]�ERH�TIVJSVQERGI�HIƼGMIRGMIW�ERH�HIGMHI�[LMGL�XIGLRSPSKMIW�XS�WYTTSVX�
F]�YRHIVWXERHMRK�MRZIWXQIRX�GSWXW��PIEH�XMQIW��ERH�FIRIƼXW�ERH�VMWOW��8LI�IEVP]�IRKEKIQIRX�SJ�TSPMG]QEOIVW�MR�
QSHIPPMRK�I\IVGMWIW�MW�IWWIRXMEP�XS�IREFPI�MRJSVQIH��EKMPI��ERH�VIWTSRWMZI�TSPMG]QEOMRK�XS�EXXEMR�GEVFSR�RIYXVEPMX]��
4SPMG]�EKMPMX]�ERH�ƽI\MFMPMX]�[MPP�FI�RIIHIH�XS�GLERKI�TEXLW�MJ�XIGLRSPSKMIW�GYVVIRXP]�YRHIV�HIZIPSTQIRX�HS�RSX�
QIIX�I\TIGXEXMSRW��8VEHI�SJJW�[MPP�RIIH�XS�FI�QEHI�FIX[IIR�HMJJIVIRX�XIGLRSPSK]�STXMSRW��GSWXW��TEXL[E]W��
IRIVK]�WIGYVMX]��ERH�IRZMVSRQIRXEP�TVSXIGXMSR�

Modelling necessarily entails numerous assumptions about various future developments.�8LIWI� MRGPYHI�
MRXIVXIQTSVEP�H]REQMGW��XIGLRSPSK]�EZEMPEFMPMX]�ERH�TIVJSVQERGI��WSGMS�TSPMXMGEP�TVIJIVIRGIW��GSRWXVEMRXW��ERH�
FSYRHEVMIW��8LIWI�EWWYQTXMSRW�[MPP�WLETI�XLI�ƼRHMRKW�EW�QSHIPIVW�JSVQ�WGIREVMSW��*YXYVI�WGIREVMSW�EVI�FEWIH�
SR�XVERWTEVIRX�EWWYQTXMSRW�EFSYX�JYXYVI�HIZIPSTQIRXW�EJJIGXMRK�EPP� VIPIZERX�EWTIGXW�SJ�XLI�IRIVK]�W]WXIQ��
%REP]WXW�ERH�TPERRIVW� JEGI�GLEPPIRKIW� MR�UYERXMJ]MRK�TEVEQIXIVW�ERH�ZEVMEFPIW��IWTIGMEPP]�[LIR�HMJJIVIRX�
WXEOILSPHIVW�LEZI�HMJJIVIRX�ZMI[W�SR� XLI�GLEPPIRKIW��HIZIPSTQIRX�H]REQMGW��SV�HIWMVIH�SYXGSQIW��8LIWI�
EWWYQTXMSRW�EMQ�XS�MRGPYHI�ZEVMSYW�JEGXSVW�WYGL�EW�XIGLRMGEP��GSQQIVGMEP�ERH�WSGMEP�VIEHMRIWW�PIZIPW�SJ�ZEVMSYW�
XIGLRSPSKMIW�FYX�QE]�RSX�JYPP]�GETXYVI�YRGIVXEMRXMIW�MR�XLI�TEXL[E]W��ERH�WYGL�XIGLRSPSKMIW�EVI�RSX�EZEMPEFPI�SR�
XMQI�ERH�EX�I\TIGXIH�GSWX��

For the purposes of this project, a modelling framework for medium- to long-term energy system planning, 
energy policy analysis, and scenario development was applied – the MESSAGE model3��8LMW�QSHIPPMRK�
JVEQI[SVO�YWIW� XLI� PS[IWX�W]WXIQ�GSWX� XS�STXMQM^I�IRIVK]�W]WXIQW�YRHIV�ZEVMSYW� XIGLRSPSK]�ERH�TSPMG]�
WGIREVMSW�XS�EXXEMR�GEVFSR�RIYXVEPMX]�F]�������4SPMG]QEOIVW�QE]�[MWL�XS�YWI�EHHMXMSREP�GVMXIVME�VIƽIGXMRK�PSGEP�
ERH�REXMSREP�GSRHMXMSRW��GETEFMPMXMIW��ERH�EQFMXMSRW�JSV�XLIMV�IRIVK]�W]WXIQ��8LMW�GSYPH�MRGPYHI�E�TVIJIVIRGI�JSV�
PSGEP�VIWSYVGIW��QE\MQM^MRK�IRIVK]�WIGYVMX]��WSGMEP�[IPJEVI��ERH�MRXIVKIRIVEXMSREP�IUYMX]�

The scenarios modelled in the context of this project represent energy system transformation, technology 
interplay, and climate mitigation in a geopolitically stable world.�%�GSQQSR�TMXJEPP� MW�YWMRK�WGIREVMSW�JSV�
EREP]WIW�JSV�[LMGL�XLI]�[IVI�RSX�HIWMKRIH��1ENSV�KISTSPMXMGEP�HMWVYTXMSRW��XLIVIJSVI��VIUYMVI�RSX�SRP]�WITEVEXI�
WGIREVMSW�ERH�WIRWMXMZMX]�XIWXW�FYX�EPWS�WMKRMJMGERX�VIZMWMSRW�XS�XLI�IRIVK]�W]WXIQ�QSHIP��8LI�92)')�'EVFSR�
2IYXVEPMX]�WGIREVMSW�I\TPSVI�TPEYWMFPI�MRXIVREPP]�GSRWMWXIRX�HIZIPSTQIRX�XVENIGXSVMIW�XS�������

1SHIPPMRK�YWIW�E�WMQTPMƼIH�VITVIWIRXEXMSR�SJ�VIEP�PMJI�IRIVK]�W]WXIQW��8LMW�QSHIPPMRK�EKKVIKEXIW�KISKVETLMGEP�
EVIEW��IGSRSQMG�WIGXSVW��ERH�XIGLRSPSKMIW�XS�JSVQ�NYHKQIRXW�SR�VIUYMVIH�JYXYVI�XIGLRSPSKMIW��PMJIWX]PI�GLERKIW��
ERH�WSGMS�TSPMXMGEP�EGGITXERGI��2EXYVEPP]��UYERXMƼGEXMSR�MRZSPZIW�EWWYQTXMSRW�YRHIV�YRGIVXEMRX]��%W�XLI�JYXYVI�
MW�YRORS[R��QSHIPPMRK�QYWX�RSX�FI�E�WMRKPI�TVSNIGX��FYX�ER�SRKSMRK�TVSGIWW�FEWIH�SR�XLI�IQIVKIRGI�SJ�RI[�
MRWMKLXW�

3   IIASA MESSAGE Model�TVSZMHIW�E�ƽI\MFPI�JVEQI[SVO�JSV�XLI�GSQTVILIRWMZI�EWWIWWQIRX�SJ�QENSV�IRIVK]�GLEPPIRKIW�ERH�LEW�FIIR�
ETTPMIH�I\XIRWMZIP]�JSV�XLI�HIZIPSTQIRX�SJ�IRIVK]�WGIREVMSW�ERH�XLI�MHIRXMƼGEXMSR�SJ�WSGMSIGSRSQMG�ERH�XIGLRSPSKMGEP�VIWTSRWI�
WXVEXIKMIW�XS�XLIWI�GLEPPIRKIW��8LI�QSHIPPMRK�JVEQI[SVO�ERH�XLI�VIWYPXW�TVSZMHI�GSVI�MRTYXW�JSV�QENSV�MRXIVREXMSREP�EWWIWWQIRXW�
ERH�WGIREVMSW�WXYHMIW��WYGL�EW�XLI�-RXIVKSZIVRQIRXEP�4ERIP�SR�'PMQEXI�'LERKI��-4''��XLI�;SVPH�)RIVK]�'SYRGMP��;)'��XLI�
+IVQER�%HZMWSV]�'SYRGMP�SR�+PSFEP�'LERKI��;&+9��XLI�)YVSTIER�'SQQMWWMSR��ERH�QSWX�VIGIRXP]�XLI�+PSFEP�)RIVK]�%WWIWWQIRX�
�+)%��

https://previous.iiasa.ac.at/web/home/research/researchPrograms/Energy/MESSAGE.en.html
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Business as usual governance of UNECE energy systems will not deliver the change required.�+MZIR�XLI�
PSRKIZMX]�SJ�I\MWXMRK�IRIVK]� MRJVEWXVYGXYVI�ERH� XLI�WLSVXEKI�SJ� XMQI�XS� VIEGL�GEVFSR�RIYXVEPMX]�� XLI� VSPI�SJ�
ƄJYXYVITVSSJMRKƅ� MW�FIGSQMRK� MRGVIEWMRKP]� MQTSVXERX�ERH�YVKIRX��0MQMXEXMSRW�SJ�GVMXMGEP�VE[�QEXIVMEP�VIWSYVGIW�
VIUYMVIH�JSV�ER�IRIVK]�XVERWMXMSR�EHH�YRGIVXEMRX]�ERH�GSQTPI\MX]�XS�XLI�NYHKQIRXW�XS�FI�QEHI�

The carbon neutrality scenario modelled for this publication sets a potential path to attain carbon neutrality 
by 2050�YWMRK�E�ƄQMHHPI�SJ�XLI�VSEHƅ�WSGMS�IGSRSQMG�SYXPSSO�XS�HIXIVQMRI�IRIVK]�HIQERH��8LI�QSHIP�WXEVXW�[MXL�
GYVVIRX�92)')�IRIVK]�W]WXIQW�ERH�GSRWMHIVW�ZEVMSYW�IRIVK]�XIGLRSPSKMIWƅ�GSWXW�ERH�PIEH�XMQIW�XS�IWXMQEXI�XLI�
XIGLRSPSKMIW�ERH�GETEGMXMIW�VIUYMVIH�JSV�XLI�PIEWX�W]WXIQ�GSWX�IRIVK]�WYTTP]�XS�WYTTSVX�XLI�YRHIVP]MRK�IGSRSQMG�
KVS[XL�EWWYQTXMSRW��&]�MQTSWMRK�GSRWXVEMRXW��WYGL�EW�+,+�IQMWWMSRW�GSRWMWXIRX�[MXL�RIX�^IVS�IQMWWMSRW�F]�
������XLI�IRIVK]�WYTTP]�QM\�[MPP�GLERKI�XS�EXXEMR�E�GEVFSR�RIYXVEP�WGIREVMS��8LI�QSHIP�EPWS�HIXEMPW�MRZIWXQIRXW�
MR�IRIVK]�MRJVEWXVYGXYVI�ERH�XVEHI�JVSQ�VIWSYVGI�I\XVEGXMSR�XS�HMWXVMFYXMSR��

The model accounts for economies of scale.�'SWXW�SJ�IRIVK]�ERH� PIEH�XMQI�JSV�XIGLRSPSKMIW�EVI�FEWIH�SR�
EWWIWWQIRXW�F]�I\TIVXW�MR�XLI�XIGLRSPSK]��8LI�ƄGSWXƅ�GEPGYPEXIH�MRGPYHIW�ER�EPPS[ERGI�JSV�E�VIXYVR�SR�MRZIWXQIRX�
XS�VITVIWIRX�ER�MRZIWXQIRX�GEWI�ERH�GSRWMWXW�SJ�ER�IWXMQEXI�SJ� ƄGSWX� PIEVRMRKƅ�XLVSYKL�HIZIPSTIH�IƾGMIRGMIW��
STXMQM^EXMSR��ERH�IGSRSQMIW�SJ�WGEPI��8LI�QSHIP�GSRWMHIVW�IRIVK]�HIQERH�� XIGLRSPSK]��ERH� MRJVEWXVYGXYVI�
GLEPPIRKI�XS�EXXEMR�RIX�^IVS�IQMWWMSRW�YWMRK� PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW�EPSRKWMHI�I\MWXMRK�IRIVK]�
XIGLRSPSKMIW�

7GIREVMSW�HIƼRMXMSRW
Reference Scenario��8LMW�WGIREVMS� MW�HIZIPSTIH�SR�E�WIX�SJ�FEWIPMRI�EWWYQTXMSRW�FEWIH�SR�LMWXSVMGEP�
XVIRHW�ERH�GYVVIRX�TSPMGMIW�� -X�HIWGVMFIW�ER�IZEPYEXMSR�SJ�XLI�[SVPH�EW� MX�WXERHW�VMKLX�RS[��%�VIJIVIRGI�
WGIREVMS�IREFPIW�EREP]WMW�SJ�[LIXLIV� XLI�[SVPH� MW� PMOIP]� XS�EGLMIZI�WTIGMJMG�KSEPW�EPSRK� MXW�GYVVIRX�
XVENIGXSV]��*YXYVI�IQMWWMSRW�EVI�HIXIVQMRIH�F]�XLI�VIPEXMZI�IGSRSQMGW�SJ�E�TSVXJSPMS�SJ�GYVVIRX�ERH�JYXYVI�
WYTTP]�EPXIVREXMZIW�ERH�XLI�VEXIW�SJ�XIGLRSPSK]�PIEVRMRK�ERH�MRRSZEXMSR�EWWYQTXMSRW�ERH�XVIRHW�YRHIVP]MRK�
XLI�VIJIVIRGI�WGIREVMS��%GVSWW�XLI�TYFPMGEXMSR��XLI�VIWYPXW�SJ�GEVFSR�RIYXVEPMX]�WGIREVMSW�EVI�GSQTEVIH�XS�
E�VIJIVIRGI�WGIREVMS�

Carbon Neutrality Scenario��8LI�GEVFSR�RIYXVEPMX]�WGIREVMS� MQTSWIW�E�QERHEXSV]�GEVFSR�RIYXVEPMX]�
GSRWXVEMRX�F]������ERH�EMQW�XS� PMQMX�KPSFEP�XIQTIVEXYVI�VMWIW�XS� PIWW�XLER����'�F]�������8LI�WGIREVMS�
EWWIWWIW�XLI�JIEWMFMPMX]�SJ�GEVFSR�RIYXVEPMX]�F]������YRHIV�XLI�XIGLRSPSK]�� MRRSZEXMSR��ERH�MRJVEWXVYGXYVI�
EWWYQTXMSRW�SJ� XLI�VIJIVIRGI�WGIREVMS��*SWWMP� JYIP�FEWIH�WYTTP]�STXMSRW�FIGSQI�IGSRSQMGEPP]� PIWW�
EXXVEGXMZI��6IRI[EFPI�ERH�RYGPIEV�TS[IV�LIEZMP]�VITPEGI�JSWWMP�JYIPW��+MZIR�XLI�TSVXJSPMS�SJ�JYXYVI�WYTTP]�
STXMSRW��MRRSZEXMSR��ERH�XIGLRSPSK]�PIEVRMRK�VEXIW�SJ�XLI�VIJIVIRGI�WGIREVMS��XLI�GEVFSR�RIYXVEPMX]�WGIREVMS�
TYWLIW�XLI�TIRIXVEXMSR�SJ�XLIWI�XIGLRSPSKMIW�XS�XLI�PMQMX��(IQERH�WMHI�QEREKIQIRX�IJJIGXW�QSHIVEXI�XLI�
TVIWWYVI�SR�WYTTP]�

Carbon Neutrality Innovation Scenario��%�JYXYVI�GLEVEGXIVM^IH�F]�GEVFSR�RIYXVEPMX]� MW�HMWXMRGXP]�HMJJIVIRX�
JVSQ�XLI�VIJIVIRGI�WGIREVMS�ERH�IUYMXEFPI�XIGLRSPSK]�EWWYQTXMSRW��8LI�GEVFSR�RIYXVEPMX]� MRRSZEXMSR�
WGIREVMS�JSGYWIW�SR�XLI�TSXIRXMEP�FIRIJMXW�SJ� MRRSZEXMSR�ERH�HITPS]QIRX�TSPMGMIW�XLEX�EGGIPIVEXI�XLI�
QEVOIX�YTXEOI�SJ�MRRSZEXMZI�XIGLRSPSKMIW��8LIWI�MRGPYHI�

 � 'EVFSR�GETXYVI��YWI�ERH�WXSVEKI��''97�[MXL�HIGEVFSRM^IH�JSWWMP�JYIPW�YWMRK�GETXYVIH�'3ǅ�TVSGIWWIH�
MR�E�GMVGYPEV�GEVFSR�IGSRSQ]�SV�WXSVIH��ERH�XLI�YWI�SJ�HMVIGX�EMV�GETXYVI�'3ǅ�JVSQ�XLI�EXQSWTLIVI��

 � 2YGPIEV�TS[IV�[MXL�PEVKI�WGEPI�VIEGXSV�HIWMKRW�ERH�RI[�WQEPP�QSHYPEV�VIEGXSVW��716W��ERH�EHHMXMSREP�
IRIVK]�WIVZMGIW�FI]SRH�IPIGXVMGMX]��WYGL�EW�WLMJXW�XS�W]RJYIPW��XIGLRSPSKMIW��ERH�MRHYWXVMEP�TVSGIWWIW�

 � ,]HVSKIR�[MXL�XLI�VSPIW�SJ�W]RXLIXMG�JYIPW�ERH�L]HVSKIR�EW�HMVIGX�ERH�MRHMVIGX�IRH�YWI�JYIPW�
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CARBON NEUTRALITY AT A GLANCE
-R������� XLI�92)')�VIKMSR� MW�RS[LIVI�RIEV�EGLMIZMRK�GEVFSR�RIYXVEPMX]��8LI�92)')�VIKMSR�TVSHYGIW���	�SJ�
KPSFEP�'3ǅ�IQMWWMSRW��LEW�LEH�LMKL�IQMWWMSRW�LMWXSVMGEPP]��ERH� MRGPYHIW�GSYRXVMIW�[MXL� XLI�LMKLIWX� PIZIP�SJ�
IGSRSQMG�HIZIPSTQIRX�MR�XLI�[SVPH��(IWTMXI�TSWMXMZI�GSQQMXQIRXW�F]�GSYRXVMIW��XLI�VIKMSR�MW�WXMPP�LIEZMP]�VIPMERX�
SR�JSWWMP�JYIPW��*SWWMP�JYIPW�WXMPP�EGGSYRX�JSV�SZIV���	�SJ�92)')ƅW�IRIVK]�WYTTP]��%PXLSYKL�WYWXEMREFPI�IRIVK]�
GETEGMX]�MW�KVS[MRK�UYMGOP]��XLI�KVS[XL�VEXI�MW�MRWYƾGMIRX�

-R�E� VIJIVIRGI�WGIREVMS��;IWXIVR�)YVSTI�ERH�2SVXL�%QIVMGE�[MPP�QEOI�YT�SZIV���	�SJ�92)')ƅW� XSXEP�'3ǅ 
IQMWWMSRW� MR�������8LI�IPIGXVMGMX]�ERH� XVERWTSVX�WIGXSVW�GSRXVMFYXI�SZIV���	�SJ�92)')�IQMWWMSRW�HYI� XS�
GSRXMRYIH�VIPMERGI�SR�JSWWMP�JYIPW�

 
4VSKVIWW�SR�EXXEMRMRK�GEVFSR�RIYXVEPMX]�ERH�IGSRSQMG�HIZIPSTQIRX�MW�ZEVMIH�EQSRK�XLI�WYF�VIKMSRW�SJ�92)')��
8LIVIJSVI��LMKLP]�HIZIPSTIH�WYF�VIKMSRW�WLSYPH�RSX�SRP]�WXVMZI�XS[EVH�MRHMZMHYEP�XEVKIXW��FYX�MX�MW�EPWS�MQTIVEXMZI�
XS�WYTTSVX�REXMSRW�JSV�[LMGL�EXXEMRMRK�GEVFSR�RIYXVEPMX]� MW�QSVI�GLEPPIRKMRK��;IEPXLMIV�GSYRXVMIW�WLSYPH�EPWS�
WXVMZI�XS�FI�GEVFSR�RIKEXMZI�XS�GSQTIRWEXI�JSV�LMWXSVMGEP�IQMWWMSRW��

FIGURE 5

Size of Problem – CO2 and CH4 emissions in the UNECE region [Mt CO2eq]
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Technology Interplay under the Carbon Neutrality Concept

CO2 emissions by sectors

Carbon neutrality requires reducing emissions across all nations and all sectors.� -RHYWXV]��&YMPHMRKW��ERH�
8VERWTSVX�WIGXSVEP�IQMWWMSRW�QYWX�FI�WMKRMƼGERXP]�WGEPIH�HS[R��

Some sectors contribute more than others. 0EVKI�WIGXSVW�WYGL�EW�TS[IV�KIRIVEXMSR��XVERWTSVX��ERH�MRHYWXVMEP�
TVSGIWWIW�EVI�XLI�QSWX�WMKRMƼGERX�GSRXVMFYXSVW�XS�'3ǅ�IQMWWMSRW��8LMW�MW�FIGEYWI�SJ�XLIMV�LIEZ]�VIPMERGI�SR�JSWWMP�
JYIPW��-R�XLI�GEVFSR�RIYXVEPMX]�WGIREVMS��XVERWJSVQIH�JSWWMP�JYIPW��IPIGXVMGMX]�MRJVEWXVYGXYVI��ERH�PERH�YWI�GSRXVMFYXI�
XS�SJJWIXXMRK�'3ǅ�IQMWWMSRW�MR�GSSTIVEXMSR�[MXL�LIEZ]�VIHYGXMSRW�MR�IQMWWMSRW�JVSQ�SXLIV�WIGXSVW�

FIGURE 7

CO2 Emissions by Sector Reference Scenario  
[Million tonnes CO2 [Mt CO2]]

FIGURE 8

CO2 Emissions by Sector Sector Carbon Neutrality  
Scenario [Million tonnes CO2 [Mt CO2]]
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FIGURE 9

CH4 Emissions by Sector Reference Scenario 
[Million tonnes C,4 [Mt C,4]]

FIGURE 10

CH4 Emissions by Sector Sector Carbon Neutrality  
Scenario [Million tonnes C,4 [Mt C,4]]

Methane emissions matter.� -QQIHMEXIP]�EJXIV�FIMRK�IQMXXIH��QIXLERI��',Ƞ� MW�����XMQIW�QSVI�TSXIRX�XLER�E�
GPMQEXI�TSPPYXERX�GEVFSR�HMS\MHI��'3ǅ��0MOI�'3ǅ��QIXLERI�MW�GYVVIRXP]�EX�VIGSVH�LMKLW�MR�XLI�EXQSWTLIVI��-X�MW�XLI�
WIGSRH�QSWX�EFYRHERX�ERXLVSTSKIRMG�+,+�EJXIV�'3ǅ��1IXLERIƅW�LMKL�KPSFEP�[EVQMRK�TSXIRXMEP�QIERW�XLEX�MXW�
PIEOEKIW�XS�XLI�EXQSWTLIVI�QYWX�FI�QMRMQM^IH���%X�E�PIEOEKI�VEXMS�SJ�EVSYRH����	��XLI�EHZERXEKI�SJ�VITPEGMRK�
GSEP�[MXL�KEW�MW� PMOIP]�IPMQMREXIH��)RLERGIH�QSRMXSVMRK�ERH�VITSVXMRK�[SYPH�IREFPI�QSVI�VSFYWX�QIGLERMWQW�
XS� XEGOPI� XLI�TVSFPIQ��8LI�SMP�ERH�KEW�WIGXSV�LEW�WMKRMJMGERX� VSPIW� MR�QIXLERI�QEREKIQIRX�ERH�[MHIV�
HIGEVFSRM^EXMSR�SJ�XLI�IRIVK]�W]WXIQ��7GEPMRK�HS[R�JSWWMP�JYIP�TVSHYGXMSR�[MPP�WYTTSVX�'3ǅ�ERH�',Ƞ�IQMWWMSRW�
IHYGXMSRW��

CHȠ emissions by sectors

Agriculture, Forestry, and Other Land Use (AFOLU) continue to be large methane emitters.�%�HIGVIEWI�MR�GSEP��
SMP��ERH�KEW�TVSHYGXMSR�VIHYGIW�IQMWWMSRW�JVSQ�PMUYMHW�ERH�WSPMHW�WYTTP]�ERH�I\XVEGXMSR�MR�XLI�GEVFSR�RIYXVEPMX]�
WGIREVMS��;EWXI�IQMWWMSRW�EVI�EPWS�WMKRMƼGERXP]�VIHYGIH�XLVSYKL�QSVI�WYFWXERXMEP�QIXLERI�GSRXVSP�
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FIGURE 11

CO2 mitigation [MtCO2/yr.] in UNECE, Carbon Neutrality vs Reference Scenarios4

COǅ emissions will need to be significantly reduced across all sectors in all regions by utilizing all low- 
and zero-carbon technologies.�2S�WIGXSV�SJ�XLI�IGSRSQ]�GER�FI� MKRSVIH��ERH�RS�XIGLRSPSK]�STXMSR�GER�FI�
IPMQMREXIH�� �1IEWYVIW�[MPP�RIIH� XS�FI� MQTPIQIRXIH� XS�EHHVIWW� XLI�QEWWMZI�WGEPI�SJ� XLI�GLEPPIRKI�ELIEH��
%PXLSYKL�HIGEVFSRM^MRK�XLI�IRIVK]�WYTTP]�MW�GVMXMGEP�XS�EXXEMRMRK�GEVFSR�RIYXVEPMX]��MX�MW�SRP]�SRI�SJ�QER]�WIGXSVW�
XLEX�RIIH�XS�EGX�RS[��1SVI�IJJMGMIRX� PERH�YWI��REXYVEP�GEVFSR�WMROW��ERH�GEVFSR�GETXYVI�XIGLRSPSKMIW�VIUYMVI�
WYƾGMIRX�WYTTSVX�ERH�MRZIWXQIRX��-RHYWXVMEP�TVSGIWWIW�ERH�IRH�YWIW�� MRGPYHMRK�XVERWTSVX�ERH�FYMPHMRKW��VIHYGI�
'3ǅ�IQMWWMSRW��

A carbon-neutral future is achievable with the right policies, incentives, and technology interplay.�%�ZEVMIX]�SJ�
XIGLRSPSKMIW�[MPP�FI�VIUYMVIH�XS�WGEPI�YT�EX�ER�YRTVIGIHIRXIH�VEXI��8LI�RIGIWWEV]�XIGLRSPSKMIW�EPVIEH]�I\MWX��
ERH�QER]�EVI�IGSRSQMGEPP]�ZMEFPI�[MXL�XLI�EHHMXMSR�SJ�ETTVSTVMEXI�VIKYPEXSV]�JVEQI[SVOW��2SRIXLIPIWW��GEVFSR�
RIYXVEPMX]�[MPP�FI�GLEPPIRKMRK�FYX�MQEKMREFPI�

4����)ƾGMIRG]�MW�HIƼRIH�MR�XIVQW�SJ�IGSRSQMGW��TVMGI�
�HIQERH�IPEWXMGMXMIW��PMJIWX]PI�GLERKIW��MRXIRWMX]��1.�+(4�ERH�IRKMRIIVMRK�
IƾGMIRG]��-X�HSIW�RSX�VIPEXI�XS�XLIVQSH]REQMGW�� 
)RIVK]�IƾGMIRG]�VIJIVW�XS�TVMGI�MRHYGIH�VIHYGXMSRW�MR�IRIVK]�HIQERH�EW�E�VIWYPX�SJ�XLI�EHHMXMSREP�GSWX�SJ�XLI�W]WXIQ�GSQTEVIH�XS�
E�VIJIVIRGI�WGIREVMS��8LMW�MRGPYHIW�FSXL�XIGLRSPSKMGEP�ERH�FILEZMSVEP�QIEWYVIW�EX�E�LMKL�PIZIP�SJ�EKKVIKEXMSR��[LMGL�EVI�QSHIPIH�
ZME�ER�MXIVEXMZI�PMRO�FIX[IIR�XLI�IRIVK]�W]WXIQ�ERH�E�XST�HS[R��QEGVS�IGSRSQMG�QSHIP�JSV�IEGL�VIKMSR�
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Technology Interplay under the Carbon Neutrality Concept

Technology

Required by  

2050 in  

UNECE Region

Compound average 

growth rate  

2020-2050 (%)

            Equivalent

Technology 

Readiness  

Level

Commercial 

Readiness  

Level

Social  

Readiness  

Level

Wind

��������[MRH�
XYVFMRIW�[MXL�E�
GETEGMX]�SJ�������+;�
KIRIVEXMRK� 
������8;L

'ETEGMX]�����	�
+IRIVEXMSR�����	

)PIZIR�QMPPMSR�XSRRIW�SJ�
WXIIP��SV��	�SJ�XLI������
KPSFEP�WXIIP�TVSHYGXMSR�

Solar

��QMPPMSR�YXMPMX]�WGEPI�
TERIPW�[MXL�E�XSXEP�
GETEGMX]�SJ�������
+;�KIRIVEXMRK�������
8;L

'ETEGMX]�����	�
+IRIVEXMSR�����	

����QMPPMSR�JSSXFEPP�TMXGLIW�
SJ�WSPEV�TERIPW�IUYEP�
XS�XLI�WYVJEGI�EVIE�SJ�
&IPKMYQ�����	�SJ�XLI�
[LSPI�92)')�VIKMSR�

Hydropower

)\TERHMRK�
L]HVSTS[IV�
GETEGMX]�XS�����+;�
KIRIVEXMRK�������
8;L

'ETEGMX]�����	�
+IRIVEXMSR�����	

%HHMRK�RIX�����+;��XLI�
IUYMZEPIRX�SJ����8LVII�
+SVKIW�(EQW�

Geothermal

���XMQIW�PEVKIV�
IPIGXVMGMX]�KIRIVEXMRK�
GETEGMX]�XLER������
�����+;�MR�����

'ETEGMX]������	�
+IRIVEXMSR������	

+PSFEP�KIS�GETEGMX]�
IPIGXVMGMX]�MR������������
+;���92)')�I\TERWMSR�MW�
IUYMZEPIRX�XS�����XMQIW�XLI�
GYVVIRX�KPSFEP�GETEGMX]

Technology, commercial and social readiness levels

Action required by technology
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Technology

Required by  

2050 in  

UNECE Region

Compound average 

growth rate  

2020-2050 (%)

            Equivalent

Technology 

Readiness  

Level

Commercial 

Readiness  

Level

Social  

Readiness  

Level

Bioenergy

���+;�HIGVIEWI�MR�
FMSQEWW�WSYVGIH�
IPIGXVMGMX]�[�S�''97�
JVSQ�XSHE]ƅW�PIZIPW�
ERH����+;�MRGVIEWI�
SJ�FMSQEWW�[MXL�
''97��XSHE]� �+;

2SR�''97�
IUYMTTIH�'ETEGMX]��
�����	

+IRIVEXMSR�������	

'SRXMRYSYW�WLMJX�XS�FMSQEWW�
[MXL�''97��8SXEP�FMSQEWW�
KIRIVEXMSR�[MPP�HSYFPI�JVSQ�
XSHE]�W�PIZIPW�F]�������"��	�
[MXL�''97

Nuclear 
power

%�XSXEP�GETEGMX]�SJ�
����+;�KIRIVEXMRK�
������8;L

'ETEGMX]�����	�
+IRIVEXMSR�����	

%HHMRK�RIX�����+;

Fossil Fuels

��	�HIGVIEWI�������
+;�MR�RSR�''97�
IUYMTTIH�JSWWMP�JYIPIH�
GETEGMX]�FYX�����+;�
RI[�''97�IUYMTTIH�
GETEGMX]

2SR�''97�
IUYMTTIH�'ETEGMX]��
�����	�+IRIVEXMSR��
���	

+IRIVEXMSR�[MXL�''97��
������8;L

CCUS

8[S�]IEVW�SJ�GYVVIRX�
KPSFEP�'3ǅ�IQMWWMSRW�
����+X�SJ�'3ǅ 
GETXYVIH

���+X�'3ǅ�XS�FI�WXSVIH�
GSVVIWTSRHW�ETTVS\��8S�
��	�SJ�XLI�ZSPYQI�SJ�KPSFEP�
REXYVEP�VIWIVZIW�MR�����

Hydrogen

&]������WSQI������
).�SV����1X�,ǅ�EVI�
YWIH�Ɓ�IWWIRXMEPP]�
JVSQ���MR�����

9WI����	

���1X�,ǅ�GER�JYIP�

�����������7EXYVR�:��%TSPPS�
���QMWWMSRW�XS�XLI�QSSR�

��ƼPP�����QMPPMSR�,MRHIRFYVK�
HMVMKMFPIW�

��3TIVEXI�JSV�SRI�]IEV�����
QMPPMSR�JYIP�GIPP�IUYMTTIH�
'PEWW���XVYGOW��LIEZ]�
XVYGOW�MR�XLI�97��HVMZMRK�SR�
EZIVEKI��������QMPIW�TIV�
ZILMGPI�ERH�]IEV��'YVVIRX�
'PEWW���XVYGOW�VIKMWXIVIH�MR�
XLI�97������1MPPMSR

Energy 
)ƾGMIRG]

(SYFPI�XLI�HIGPMRI�
SJ�ƼREP�IRIVK]�
MRXIRWMXMIW�GSQTEVIH�
XS�LMWXSVMGEP�XVIRHW�

-QTVSZIQIRX�
�HIGPMRI�SJ�ƼREP�
IRIVK]�MRXIRWMXMIW��
���	

(IGPMRI�MR�XSXEP�*)�SJ����).�
����	�[LMPI�+(4�KVS[W�F]�
��	

8LMW�XEFPI�MRGPYHIW�E�8IGLRSPSK]��'SQQIVGMEP��ERH�7SGMEP�6IEHMRIWW�0IZIP��[LMGL�JIEXYVIW�MR�92)')ƅW�8IGLRSPSK]�
&VMIJW��6IEHMRIWW� PIZIPW�EVI� MRWTMVIH�F]�XLI�9RMXIH�2EXMSRW�*VEQI[SVO�'PEWWMJMGEXMSR�JSV�6IWSYVGIW��92*'� ��E�
YRMZIVWEPP]�EGGITXEFPI�ERH� MRXIVREXMSREPP]�ETTPMGEFPI�WGLIQI�JSV�XLI�WYWXEMREFPI�QEREKIQIRX�SJ�EPP�IRIVK]�ERH�
QMRIVEP� VIWSYVGIW��4SPMG]QEOIVW�GER�YWI�XLIWI�JVEQI[SVOW�XS�EWWIWW�[LIVI� XS� JSGYW� MRZIWXQIRXW�ERH�[LMGL�
XIGLRSPSKMIW��?7II�%RRI\�-�A�
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Technology Interplay under the Carbon Neutrality Concept

Investments are needed across all low- and zero-carbon technologies

Carbon Neutrality requires a significant shift in the allocation of investment in the future energy systems. 
1SHIPPMRK�WLS[W�JSWWMP�JYIP�I\XVEGXMSR�MRZIWXQIRX�HMZIVXIH�XS�SXLIV�WIGXSVW�SJ�XLI�IRIVK]�W]WXIQ��-RZIWXQIRX�MR�
VIRI[EFPI�IRIVK]�MW�UYEHVYTPIH��ERH�MRZIWXQIRXW�MR�IRIVK]�IƾGMIRG]�EVI�KVS[MRK�XS�FIGSQI�E�UYEVXIV�SJ�XSXEP�
IRIVK]�MRZIWXQIRXW��7MKRMƼGERX�MRZIWXQIRX�MRGVIEWIW�EVI�EPWS�WIIR�MR�RYGPIEV�TS[IV��''97��ERH�L]HVSKIR��

FIGURE 13

Total Investment Needs for UNECE Energy Systems Reference and Carbon Neutrality Scenarios

Reference Scenario 

Total Investment Needs 2020

Carbon Neutrality Scenario 

Total Investment Needs 2050

Renewables �	

Fossil fuel ��	

Transmission, 
Distribution 
and Storage 

��	

Nuclear ���	

Fossil electricity 
generation �	

Hydrogen ���	

��I\XVEGXMSR� 
XVERWQMWWMSR��
ERH�TVSGIWWMRK�

��MRGP��FMSQEWW�''7�

Fossil CCS �	
Energy efficiency & intensity �	

Total
28,193 billion $

Nuclear �	

Renewables 19	
��MRGP��FMSQEWW�''7 

Transmission, 
Distribution 
and Storage ��	

Fossil fuel 19	
��I\XVEGXMSR� 
XVERWQMWWMSR� 
ERH�TVSGIWWMRK� Fossil electricity generation ���	

Fossil CCS ���	
Hydrogen ���	

Energy efficiency 
& intensity ��	

Total
44,783 billion $
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All regions must re-direct resources now before it is too late.�7MKRMƼGERX� MRZIWXQIRX�MR�IRIVK]�IƾGMIRG]�ERH�
XVERWQMWWMSR��HMWXVMFYXMSR��ERH�WXSVEKI�FIRIƼXW�EPP�WXEOILSPHIVW��'SRWYQIVW�GER�FIRIƼX�JVSQ�PS[IV�IRIVK]�GSWXW�
[MXL�QSVI�IRIVK]�IƾGMIRX�LSQIW��)RIVK]�TVSZMHIVW�ERH�MRHYWXVMIW�GER�EPWS�VIHYGI�IRIVK]�TVSHYGXMSR�GSWXW�[MXL�
QSHIVRM^IH�IRIVK]�XVERWQMWWMSR�ERH�WXSVEKI�

4SPMG]QEOIVW�ERH�XLI�ƼRERGMEP�[SVPH�QYWX�HIZIPST�MRZIWXQIRX�JVEQI[SVOW�JSV�EPP�PS[�GEVFSR�IRIVK]�TVSNIGXW� 
+SZIVRQIRXW�WLSYPH�WYTTSVX�HIZIPSTQIRX�TVSNIGXW�[MXL�ER�ETTVSTVMEXI�VMWO�WLEVMRK�WXVYGXYVI�ERH�JEGMPMXEXI�
EGGIWW�XS�PS[�GSWX�ƼRERGMRK��XS�EGGIPIVEXI�XLI�HITPS]QIRX�SJ� MRRSZEXMZI�XIGLRSPSKMIW��'SRWMWXIRX�TSPMGMIW�ERH�
QEVOIX�JVEQI[SVOW�EVI�RIIHIH�XS�TVSZMHI�JEZSVEFPI�MRZIWXQIRX�WMKREPW�ERH�EXXVEGX�TVMZEXI�ƼRERGI�JSV�LMKL�GETMXEP�
GSWX�TVSNIGXW��4SPMG]QEOIVW�RIIH�XS�FI�IQTS[IVIH�ERH�IRGSYVEKIH�XS�QEOI�WXVSRK�MRZIWXQIRX�HIGMWMSRW�

How much will the transition to net-zero cost?

8LI�GSWX� XS�XVERWMXMSR�XS�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW�EVI�QYGL� PS[IV�XLER�TIVGIMZIH��8LI�GSWX�SJ�
MREGXMSR�MW�JEV�KVIEXIV�EW�ZYPRIVEFPI�IRIVK]�W]WXIQW�EVI�WYWGITXMFPI�XS�XLI�IRZMVSRQIRXEP��IGSRSQMG�ERH�
WSGMEP�GSRWIUYIRGIW�SJ�GPMQEXI�GLERKI��

Energy investment as % of GDP (Gross Domestic Product)�WPMKLXP]�HIGPMRIW�JVSQ�����	�MR������XS�����	�
F]������MR�E�VIJIVIRGI�WGIREVMS��8S�EXXEMR�GEVFSR�RIYXVEPMX]��IRIVK]� MRZIWXQIRX�WLEVI�QYWX� MRGVIEWI�XS�
����	�JVSQ�������8LMW�MW�E�QSHIVEXI�MRGVIEWI�FYX�[MPP�MRGVIEWI�MJ�TVSGVEWXMREXMSR�TIVWMWXW��%�PEGO�SJ�EGXMSR�
MW�PMOIP]�XS�QEOI�GPMQEXI�GSQTEXMFMPMX]�QSVI�I\TIRWMZI�ERH�FYVHIRWSQI�XS�JYXYVI�KIRIVEXMSRW��8LIVIJSVI��
VEMWMRK�E[EVIRIWW�EFSYX�MRZIWXQIRX�QIVMXW�MW�IWWIRXMEP�XS�GSYRXIV�WSGMS�TSPMXMGEP�EGGITXERGI�GSRGIVRW��

)RIVK]�I\TIRHMXYVI�JSV�ƼREP�IRIVK]�EW�E�WLEVI�SJ�+(4�GER�WLS[�XLI�QEVKMREP�ZEPYIW�EPSRK�IEGL�WXIT�
SJ�XLI�IRIVK]�HIPMZIV]�GLEMR�FIGEYWI�MX� MRGPYHIW�STIVEXMRK��QEMRXIRERGI��ERH�JYIP�GSWXW��8LI�VIJIVIRGI�
WGIREVMS�WIIW�E�QSHIVEXI�MRGVIEWI�JVSQ����	�MR������XS����	�F]�������-R�XLI�GEVFSR�RIYXVEPMX]�WGIREVMS��
IRIVK]�ERH�IRIVK]�WIVZMGIW�MRZIWXQIRXW�MRGVIEWI�XS�����	�SJ�+(4��

Investing in clean energy infrastructure across UNECE subregions

FIGURE 14

Total Investment Needs for UNECE Energy Systems Reference and Carbon Neutrality Scenarios by Subregions
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ENERGY SYSTEMS OF THE FUTURE: UNECE REGION
A rapid transition from fossil fuels to low- and zero-carbon technologies is vital to achieving net-zero 
emissions. %GGSVHMRK�XS�EREP]WMW�� XVEHMXMSREP�JSWWMP� JYIP�YWI�[MPP�HIGVIEWI�EW�XIGLRSPSKMIW�WYGL�EW�WSPEV�ERH�
[MRH��RYGPIEV�TS[IV��L]HVSKIR��ERH�''97�QEOI�TVSKVIWW��8LI�TVEGXMGEP�HIPMZIV]�SJ�ER]�VETMH�TEXL[E]�XS�GEVFSR�
RIYXVEPMX]�[MPP�FI�WYFNIGX�XS�MRJVEWXVYGXYVI�GETEGMX]�ERH�EGGIWW�XS�REXYVEP�VIWSYVGIW�

Energy system resilience can be strengthened in several ways� XLVSYKL� MQTVSZIQIRXW� MR�IRIVK]�IJJMGMIRG]��
HMZIVWMƼGEXMSR�SJ�IRIVK]�WYTTP]��ERH�MRXIVGSRRIGXIH�MRJVEWXVYGXYVI�SJ�EPP� PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW�� -R�
EHHMXMSR��XIGLRSPSK]�HIZIPSTQIRX�ERH�MRZIWXQIRX�WXVEXIKMIW�QYWX�JSVQ�TEVX�SJ�XLI�FVSEHIV�GPMQEXI�TSPMGMIW��

Low- and zero-carbon solutions must be prioritized and built at scale to ensure carbon neutrality targets are 
met. -J�[I�GSRXMRYI�[MXL�FYWMRIWW�EW�YWYEP��XLI�[SVPH�MW�SR�E�TEXL�XS�KPSFEP�EZIVEKI�XIQTIVEXYVIW�XLEX�EVI����S'�
EFSZI�TVI�MRHYWXVMEP�PIZIPW��8LIWI�PIZIPW�EVI�GSRWMHIVIH�GEXEWXVSTLMG�ERH�I\MWXIRXMEP�XLVIEXW�XS�LYQERMX]�XLEX�QYWX�
FI�EHHVIWWIH�YVKIRXP]�

FIGURE 15

Total Primary Energy Supply for 2050 [EJ] Reference Scenario vs Carbon Neutrality Scenario

Reference Scenario 

Primary Energy Supply 2050

Carbon Neutrality Scenario 

Primary Energy Supply 2050

FIGURE 16

Final Energy Supply for 2050 [EJ] Reference Scenario vs Carbon Neutrality Scenario

Reference Scenario 

Final Energy Supply 2050

Carbon Neutrality Scenario 

Final Energy Supply 2050

Total
194 EJ

Electricity  ��	

Gas ��	
Solar �	

Hydrogen ���	
Heat ���	

Biomass ���	

Liquids ��	

Coal ���	

Total
128 EJ

Liquids ��	

Electricity ��	

Gas �	

Solar �	

Hydrogen �	

Heat �	

Biomass ���	
Coal �	
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Final energy supply

FIGURE 17

Final Energy Supply [EJ] Reference Scenario

FIGURE 18

Final Energy Supply [EJ] Carbon Neutrality Scenario

[EJ] [EJ]

Reference Scenario 

Final Energy Supply 2050

Carbon Neutrality Scenario 

Final Energy Supply 2050

FIGURE 19

Final Energy Supply [EJ]: Comparison between Carbon Neutrality and Reference Scenarios
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8LI�ƼREP�IRIVK]�WYTTP]�MRHMGEXIW�IRIVK]�GEVVMIVW�YWIH�XS�HIPMZIV�XS�IRH�YWIVW��-R�XLI�GSRXI\X�SJ�XLMW�TVSNIGX�ERH�
QSHIPPMRK�I\IVGMWI��XLMW�MRGPYHIW�

 � Electricity� MW�YWIH� JSV� PMKLXMRK�� ETTPMERGIW��ERH�SXLIV�IPIGXVMG�IUYMTQIRX�� -X� MW�EPWS�YWIH� MR�IPIGXVMG�LIEXMRK��
LIEX�TYQTW��ERH�GSSPMRK�MR�FYMPHMRKW��-X�JEGMPMXEXIW�XLI�IPIGXVMƼGEXMSR�SJ�MRHYWXVMEP�TVSGIWWIW�WYGL�EW�IPIGXVMG�
JYVREGIW�ERH�IPIGXVMG�XVERWTSVXEXMSR�

 � Solar thermal�MW�YWIH�JSV�LIEXMRK�TYVTSWIW�MR�FYMPHMRKW�ERH�MRHYWXV]�

 � Geothermal�MW�YWIH�MR�FYMPHMRKW�ERH�MRHYWXV]�JSV�LIEXMRK�

 � Heat�MW�HMWXVMGX�LIEXMRK��MRGPYHMRK�FPSGO�LIEXMRK�ERH�LIEX�JVSQ�MRHYWXVMEP�GSKIRIVEXMSR�

 � Hydrogen�MW�JYIP�JSV�XVERWTSVXEXMSR�WYGL�EW�JYIP�GIPP�ZILMGPIW��TVSZMHMRK�TVSGIWW�LIEX�MR�MRHYWXVMEP�TVSGIWWIW�
WYGL�EW�WXIIP�ERH�EQQSRME�TVSHYGXMSR��,]HVSKIR�TS[IVW�JYIP�GIPPW�KIRIVEXMRK�LIEX�ERH�IPIGXVMGMX]�MR�FYMPHMRKW�
ERH�MRHYWXV]�

 � Gas�MW�YWIH�JSV�GSSOMRK�ERH�LIEXMRK�MR�FYMPHMRKW��LIEX�MR�MRHYWXVMEP�TVSGIWWIW��ERH�PS[�GEVFSR�JYIP�MR�XVERWTSVX�

 � Liquids� MRGPYHI�FSXL� JSWWMP�ERH�W]RXLIWM^IH� VIRI[EFPI�FEWIH� JYIPW�� -X�TVSZMHIW� PMKLX�ERH�LIEZ]� JYIP�SMP�ERH�
FMSPMUYMHW� WYGL� EW� IXLERSP� ERH�QIXLERSP�� 0MUYMHW� EVI� YWIH� JSV� LIEXMRK�GSSPMRK� ERH� GSSOMRK� MR� FYMPHMRKW��
TVSGIWW�LIEX��ERH�JIIHWXSGO�MR�MRHYWXV]�

 � Biomass�MW�YWIH�JSV�LIEXMRK�MR�VIWMHIRXMEP�ERH�GSQQIVGMEP�WIGXSVW�ERH�MRHYWXVMIW�

 � Coal�MW�YWIH�JSV�FYVRMRK�MR�FSMPIVW�ERH�GSSOIVW�MR�FYMPHMRKW�ERH�JSV�TVSGIWW�LIEX�ERH�JIIHWXSGO�MR�MRHYWXVMIW�
WYGL�EW�WXIIP�ERH�GIQIRX�TVSHYGXMSR�

8LI�XVERWMXMSR�JVSQ�XLI�GYVVIRX�ƼREP�IRIVK]�QM\�XS�E�GEVFSR�RIYXVEP�SRI�[MPP�VIUYMVI�WXVYGXYVEP�GLERKIW��%�GEVFSR�
RIYXVEP�ƼREP�IRIVK]�WYTTP]�VIUYMVIW�MQTVSZIQIRXW�MR�IRIVK]�MRXIRWMX]��JYIP�W[MXGLMRK�JVSQ�XVEHMXMSREP�XS�PS[��ERH�
^IVS�GEVFSR�JYIPW��ERH�HIIT�IPIGXVMƼGEXMSR��

)RIVK]�IƾGMIRG]�MW�E�PS[�LERKMRK�JVYMX�WSPYXMSR�XLEX�GER�WMKRMƼGERXP]�VIHYGI�IRIVK]�HIQERH�ERH�MQTVSZI�XLI�
GEVFSR�MRXIRWMX]�SJ�XLI�ƼREP�IRIVK]�W]WXIQ��-QTVSZIH�IRIVK]�IƾGMIRG]�[MPP�FI�RIIHIH�EGVSWW�MRHYWXV]��XVERWTSVX��
ERH�FYMPHMRK�WIGXSVW�ERH�[SYPH�VIUYMVI�IJJIGXMZI�EGXMSR�SVMIRXIH�GEQTEMKRW�HIWMKRIH�XS�YRPSGO�XLMW�TSXIRXMEP�

7]WXIQ�IƾGMIRG]�KSIW�FI]SRH�IRIVK]�HIQERH�STXMQM^EXMSR��)RLERGIH�QEXIVMEP�IƾGMIRG]�ERH�VIG]GPMRK�LEZI�
KEMRIH� MQTSVXERGI�JSV�VE[�QEXIVMEPW� MR�XLI�GMVGYPEV�IGSRSQ]��8S� MRGVIEWI�VIWMPMIRGI�EKEMRWX�I\XIVREP�WLSGOW��
MQTVSZIQIRXW�MR�VIG]GPEFMPMX]�ERH�VITEMVEFMPMX]�XS[EVHW�JYPP�GMVGYPEVMX]�GER�VIHYGI�IQMWWMSRW��EGGIWW��ERH�GSWX�SJ�
VE[�QEXIVMEPW��

System-wide digitalization� LEW� XLI�TSXIRXMEP� XS�FVMHKI�KETW�EX� XLI�W]WXIQ� PIZIP�[LMPI� GEXEP]^MRK�RI[�
STTSVXYRMXMIW��(MKMXEP�XIGLRSPSKMIW�GER�YRPSGO�QEWWMZI�TSXIRXMEP�[MXL�HIQERH�WMHI�ƽI\MFMPMX]��[LMGL�GSYPH�FI�E�OI]�
MRWXVYQIRX�JSV�FEPERGMRK�XLI�KVMH�ERH�GSWX�IJJIGXMZIP]�EGLMIZMRK�RIX�^IVS�

Widespread innovation of low- and zero-carbon technologies reduces the carbon intensity of the energy 
systems. %PSRKWMHI�XLI�IJJSVXW�XS� MQTVSZI�IRIVK]�IJJMGMIRG]�ERH�HMKMXEPM^EXMSR��JYIP�W[MXGLMRK�JVSQ�XVEHMXMSREP�
IRIVK]�WSYVGIW�XS�PS[IV�GEVFSR�JYIPW�WYGL�EW�REXYVEP�KEW��FMSJYIPW��ERH�FMSQEWW�[MPP�FI�RIIHIH��-X� MW�I\TIGXIH�
XLEX�XLI�RI\X�KIRIVEXMSR�SJ�PS[��ERH�^IVS�GEVFSR�JYIPW��WYGL�EW�L]HVSKIR�ERH�W]RXLIXMG�JYIPW��[MPP�FI�WGEPIH�ERH�
JYPP]�GSQQIVGMEPM^IH�

Sustainable hydrogen� JVSQ�VIRI[EFPI�IRIVK]�ERH�RYGPIEV�TS[IV�XLVSYKL�IPIGXVSP]WMW��REXYVEP�KEW��GSEP��ERH�
FMSQEWW�[MXL�''97�LEW�XLI�TSXIRXMEP� XS�HIGEVFSRM^I�LEVH�XS�EFEXI�WIGXSVW��WYGL�EW� PSRK�LEYP� XVERWTSVX�SV�
IRIVK]�MRXIRWMZI�MRHYWXVMIW��,]HVSKIR�MW�I\TIGXIH�XS�TPE]�ER�MRGVIEWMRKP]�WMKRMƼGERX�VSPI�JVSQ������MR�E�GEVFSR�
RIYXVEP�IRIVK]�W]WXIQ�

The biggest COǅ�IQMWWMSR�VIHYGXMSRW�VIUYMVI�WGEPMRK�YT�XLI�IPIGXVMƼGEXMSR�SJ�XLI�ƼREP�IRIVK]�W]WXIQ��)RIVK]�
WYTTP]�MW�VIHYGIH�F]���	�MR�E�GEVFSR�RIYXVEPMX]�WGIREVMS�FIGEYWI�JSWWMP�JYIPW�EVI�HMWTPEGIH�F]�VIRI[EFPI�IRIVK]��
RYGPIEV�TS[IV��ERH�MQTVSZIH�IRIVK]�IƾGMIRG]��)RIVK]�HIQERH�EPWS�GEPPW�JSV�IPIGXVMƼGEXMSR�EGVSWW�EPP�WIGXSVW��
MRGPYHMRK�MRHYWXV]��FYMPHMRKW��ERH�XVERWTSVX��'SLIWMZI�MRXIVHITIRHIRGI�SJ�GVSWW�WIGXSVEP�ERH�VIKMSREP�IPIGXVMGMX]�
W]WXIQW�[MPP�IREFPI�XLI�TLEWI�SYX�SJ�GEVFSR�MRXIRWMZI�JYIPW�ERH�WMKRMƼGERXP]�VIHYGI�GEVFSR�IQMWWMSRW��
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The impact of doubling electricity demand will have knock-on effects.�)PIGXVMJMGEXMSR�WXMPP� MQTPMIW�E�HSYFPMRK�
SJ�IPIGXVMGEP�HIQERH��8LMW�[MPP� VIUYMVI�XLI� MRWXEPPEXMSR�SJ�QSVI�XVERWQMWWMSR�GEFPIW�XS�IRLERGI�GETEGMX]�ERH�
IƾGMIRG]��8LI�IPIGXVMGMX]�W]WXIQƅW�VIPMEFMPMX]�[MPP�FIGSQI�QSVI�GVMXMGEP�EW�MX�VMWOW�FIGSQMRK�E�WMRKPI�TSMRX�SJ�JEMPYVI�
XLEX�[MPP� MQTEGX�IZIV]�EWTIGX�SJ�PMJI��8LI�MRGVIEWI�MR�IPIGXVMGMX]�GETEGMX]�WLSYPH�FI�MR�EHZERGI�SJ�XLI�MRGVIEWI�MR�
HIQERH�XS�EZSMH�IPIGXVMGMX]�FPEGOSYXW�ERH�I\GIWWMZI�IRIVK]�TVMGIW�[LIR�HIQERH�SYXWXVMTW�WYTTP]��8LI�92)')�
VIKMSR�[MPP�MRGVIEWMRKP]�LEZI�XS�FEPERGI�WLSVX�XIVQ�WYTTP]�[MXL�HIQERH��8LI�PEGO�SJ�XIGLRSPSK]�XS�WXSVI�IPIGXVMGEP�
IRIVK]�KVIEXP]�VIHYGIW�XLI�EFMPMX]�XS�GSTI�[MXL�IRIVK]�WYTTP]�GLERKIW�SZIV�E�PSRKIV�TIVMSH�

Electricity generation mix

FIGURE 20

Electricity Generation Mix [TWh] Reference Scenario

FIGURE 21

Electricity Generation Mix [TWh] Carbon Neutrality Scenario

FIGURE 22

Electricity Generation Mix [TWh]: Comparison between Carbon Neutrality and Reference Scenarios

Reference Scenario 
Electricity Generation Mix 2020

Carbon Neutrality  Scenario  

Electricity Generation Mix 2050
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Technology Interplay under the Carbon Neutrality Concept

Today's electricity generation mix in the UNECE region MW�FEWIH�SR�JSWWMP�JYIPW��GSEP�ERH�REXYVEP�KEW��JSPPS[IH�
F]�RYGPIEV�TS[IV�ERH�L]HVSTS[IV��8VEHMXMSREP�IPIGXVMGMX]�WYTTP]�W]WXIQW�EVI�GLEVEGXIVM^IH�F]�PEVKI�WGEPI�TPERXW�
XLEX�KIRIVEXI�WMRKPI�HMVIGXMSREP�� JSWWMP� JYIP�FEWIH�TS[IV�JSV�IRH�YWIVW��8S�EXXEMR�GEVFSR�RIYXVEPMX]�� XLI�TS[IV�
KIRIVEXMSR�MR�XLI�92)')�VIKMSR�[MPP�LEZI�XS�I\TIVMIRGI�RSXEFPI�WXVYGXYVEP�GLERKIW��8LI�JYXYVI�TS[IV�KIRIVEXMSR�
W]WXIQ�[MPP�� MR�TEVX��LEZI� XS� MRGPYHI�HIGIRXVEPM^IH�ERH�WQEVX�W]WXIQW�ERH� VIUYMVI�''97� XS�QMXMKEXI�'3ǅ 
IQMWWMSRW�JVSQ�GSEP��KEW��ERH�FMSQEWW�TS[IV�TPERXW�

Traditional coal cannot remain a widely distributed source of power generation in the UNECE region.�'SEP�
KIRIVEXMSRƅW�IQMWWMSRW�MRXIRWMX]�MW�MRGSQTEXMFPI�[MXL�IRZMVSRQIRXEP�KSEPW��%W�WYGL��IJJSVXW�XS�UYMGOP]�MRZIWX�MR�ERH�
HITPS]�GEVFSR�GETXYVI��YWI�ERH�WXSVEKI��''97�ERH�LMKL�IƾGMIRG]�� PS[�IQMWWMSRW��,)0)�VIXVSƼX�XIGLRSPSKMIW�
EVSYRH�I\MWXMRK�GSEP�KIRIVEXMSR�WLSYPH�FI�GSRWMHIVIH��IWTIGMEPP]�JSV�TEVXW�SJ�XLI�92)')�VIKMSR�[MXLSYX�ZMEFPI�
EPXIVREXMZIW�

Renewable energy, nuclear power and gas with CCUS�[MPP�FI�XLI�QEMR�IPIQIRXW�SJ�E�JYXYVI�TS[IV�W]WXIQ��*SV�
IEGL�+;�SJ�JSWWMP�GETEGMX]�TLEWIH�SYX������+;�SJ�PS[�GEVFSR�GETEGMX]�MW�I\TIGXIH�XS�FI�FYMPX���SJ�[LMGL���	�MW�
MRXIVQMXXIRX�VIRI[EFPI�IRIVK]��(ITPS]QIRX�SJ�HMWXVMFYXIH�VIRI[EFPI�IRIVK]�KIRIVEXMSR�TVSNIGXW�[SYPH�VIHYGI�
PSWWIW�MR�XLI�KVMH�ERH�QMRMQM^I�IPIGXVMGMX]�ƽS[W��2I[�[E]W�XS�GSQTIRWEXI�JSV�LMKLP]�ZEVMEFPI�IRIVK]�WSYVGIW�
[MPP�FI�RIIHIH��2I[�JSVQW�SJ�IRIVK]�WXSVEKI��IPIGXVMG��QIGLERMGEP��XLIVQEP��GLIQMGEP�WLSYPH�FI�HIZIPSTIH�XS�
HIGVIEWI�XLI�RIIH�JSV�JSWWMP�IRIVK]�FEGOYTW��8LI�GSRGITX�SJ�uFEWIPSEHƅ�IRIVK]�[MPP�FI�VITPEGIH�F]�ƄYRMRXIVVYTXEFPIƅ�
IRIVK]�Ɓ�XLMW�MQTPMIW�XLEX�XLI�WYTTPMIW�GERRSX�FI�EPPS[IH�XS�FI�XYVRIH�SJJ�JSV�GVMXMGEP�YWIW�

(S�GEVFSR�RIYXVEPMX]�WGIREVMSW�VIƽIGX�ƄIJJSVXW�XS[EVHW�TLEWIHS[R�SJ�GSEPƅ#
Coal use is drastically reduced in all the modelled carbon neutrality scenarios.�8LI�QSHIPPMRK�PSSOW�EX�
XIGLRSPSKMIWƅ�GSWXW�ERH�PIEH�XMQIW�XS�STXMQM^I�LS[�GEVFSR�RIYXVEPMX]� MW�EGLMIZIH��8LI�YWI�SJ�GSEP�[MXL�
''97�QE]�[IPP�FI� ƄIGSRSQMGEPP]ƅ�STXMQEP�MR�WSQI�GSYRXVMIW��KMZIR�EHHMXMSREP�QSHIPPMRK�GSRHMXMSRW��WYGL�
EW�IRIVK]�WIGYVMX]��EZEMPEFMPMX]�SJ�''97�WMXIW��ERH�TSPMXMGEP�TVIJIVIRGIW��*SV�I\EQTPI��GSEP�MW�YWIH�XSKIXLIV�
[MXL�''97�XS�KIRIVEXI�L]HVSKIR�MR�QSHIP�GEWIW�[LIVI�REXYVEP�KEW�SV�VIRI[EFPI�IRIVK]�MW�RSX�TVEGXMGEP�
MR�WSQI�QSHIPPIH�WGIREVMSW�� -R�WYGL�GEWIW�� XLI�XEVKIX� MW� XS�EGLMIZI�GEVFSR�RIYXVEPMX]�YWMRK�HMJJIVIRX�
XIGLRSPSKMIW��'3ǅ�ERH�',Ƞ�IQMWWMSRW�EVI�IMXLIV�GETXYVIH�SV�SJJWIX�XS�QIIX�XLI�XEVKIX�JSV�IQMWWMSRW��



36

Carbon Neutrality in the UNECE Region

FIGURE 25

Primary Energy Mix [EJ]: Comparison between Carbon Neutrality and Reference Scenarios

carbon neutrality will require unprecedented reductions in energy intensities of 2.5% annually between 
2020 and 2050. Improvements in energy intensities will be due to economic restructuring and the extensive 
reallocation of resources in the energy system. The phase-out of fossil fuels will result in a fall in primary energy 
EGLMIZIH�XLVSYKL�ER�MRXIKVEXIH�ERH�MRXIPPMKIRX�HIWMKR�XLEX�QIIXW�HIQERH�ZME�GPIER�IPIGXVMƼGEXMSR��WQEVX�HMKMXEP�
XIGLRSPSK]��IƾGMIRX�FYMPHMRKW�ERH�MRJVEWXVYGXYVI��ERH�E�GMVGYPEV�IGSRSQ]�ETTVSEGL�XS�[EXIV��[EWXI��ERH�QEXIVMEPW��
8LMW�MW�IQFIHHIH�MR�E�[LSPI�W]WXIQ�ETTVSEGL�XS[EVHW�WXVYGXYVEP�GLERKI�MR�XIGLRSPSK]��PMJIWX]PI��ERH�IGSRSQ]�

Primary energy supply
FIGURE 23

Primary Energy Mix [EJ] Reference Scenario

FIGURE 24

Primary Energy Mix [EJ] Carbon Neutrality Scenario

Reference Scenario 

Primary Energy Mix 2020

Carbon Neutrality Scenario 

Primary Energy Mix 2050
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Technology Interplay under the Carbon Neutrality Concept

Primary energy offers efficiency improvements.�)RIVK]�IJJMGMIRG]�ERH�MRXIRWMX]� MQTVSZIQIRXW�SGGYV�IRXMVIP]�
EPSRK�XLIWI�GLEMRW��'SRZIVWMSR�JVSQ�TVMQEV]�IRIVK]�MRXS�IPIGXVMGMX]�KIRIVEXMSR��VIƼRMRK��ERH�W]RJYIP�TVSHYGXMSR�
GER�FIGSQI�QSVI�IƾGMIRX��-R�EHHMXMSR��XLI�XVERWQMWWMSR�ERH�HMWXVMFYXMSR�SJ�IRIVK]�ERH�IRH�YWI�WIGXSVW��MRGPYHMRK�
FYMPHMRKW��XVERWTSVX��ERH�MRHYWXV]��EVI�EPWS�TVMRGMTEP�EGXSVW�MR�EXXEMRMRK�GEVFSR�RIYXVEPMX]��

Coal, oil, and natural gas in the total energy supply will need to decrease significantly.�8S�EGLMIZI�GEVFSR�
RIYXVEPMX]�F]�������VIRI[EFPI�IRIVK]�WYTTP]�[MPP�KVS[�JEWXIWX��JSPPS[IH�F]�RYGPIEV�TS[IV��%PP�XIGLRSPSK]�WSPYXMSRW�
PIEHMRK�XS�GEVFSR�RIYXVEPMX]�RIIH�XS�FI�WYTTSVXIH��*SV�I\EQTPI��[MXL�ƽI\MFPI�TSPMG]�MRGIRXMZIW�XS�WGEPI�YT�EGGIWW�
XS�SRWLSVI�ERH�SJJWLSVI�WMXIW�JSV�[MRH�ERH�WSPEV��TIVQMXW�JSV�RI[�RYGPIEV�TPERXW��ERH�TIVQMXW�TPYW�JYRHMRK�JSV�
KISPSKMGEP�''97��8LI�WYGGIWW�SJ�TSPMGMIW�XS�TVSQSXI�VIRI[EFPI�IRIVK]�RIIHW�XS�FI�GSRWMHIVIH�XS�OMGO�WXEVX�
XLI�QSZI�XS�EPXIVREXMZI�IRIVK]�ZILMGPIW��''97��WQEPP�RYGPIEV�TS[IV�QSHYPEV�VIEGXSVW��ERH�RI[�IRIVK]�WXSVEKI�
W]WXIQW��

Energy systems will become reliant on access to critical raw materials.�:EWX�UYERXMXMIW�SJ� VE[�QEXIVMEPW��
MRGPYHMRK�GVMXMGEP�VE[�QEXIVMEPW��EVI�VIUYMVIH�JSV�XLI�GYVVIRX�ERH�JYXYVI�IRIVK]�W]WXIQW��92)')�QIQFIV�7XEXIW�
WLSYPH�ETTP]�XLI�TVMRGMTPIW�ERH�VIUYMVIQIRXW�SJ�XLI�9RMXIH�2EXMSRW�6IWSYVGI�1EREKIQIRX�7]WXIQ��92617��
[LMGL�WXVIWWIW�VIWSYVGIW�EW�E�WIVZMGI��ZEPYI�EHHMXMSR��GMVGYPEVMX]��ERH�MRRSZEXMSR�

�
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CARBON-NEUTRAL ENERGY SYSTEM

INNOVATIVE SOLUTIONS FOR A 

Innovation will be at the core of a carbon-neutral energy systems.�8LI�[SVPH�WXEVXIH�GSRWMHIVMRK� XLI�
XVERWJSVQEXMSR�SJ�IRIVK]�W]WXIQW�SZIV�LEPJ�E�GIRXYV]�EKS��8LI�RSR�IRIVK]�WIGXSVW�WXEVXIH�XLMW�XVERWJSVQEXMSR�
QYGL�QSVI�VIGIRXP]��8]TMGEPP]��XIGLRSPSK]�G]GPIW�WTER�SZIV�����]IEVW���4SPMG]QEOIVW�WLSYPH�I\TIGX�ERH�FI�STIR�
XS�E�WIVMIW�SJ�MRRSZEXMSRW�[MXLMR�XLI�RI\X�HIGEHIW��

Deployment of all low- and zero-carbon technologies will advance carbon neutrality.�8S�QEOI�XLMW�E�VIEPMX]��
XLI�92)')�VIKMSR�QYWX�WGEPI�YT�XIGLRSPSK]�XVERWJIV�ERH�HITPS]QIRX��I\TERH�MRWXMXYXMSREP�GETEGMX]��ERH�FYMPH�
WYTTSVX�JSV�E�WIGYVI��EJJSVHEFPI��ERH�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW��

8LI�RI\X�WIGXMSR�SJ� XLMW� VITSVX�TVSZMHIW�E�LMKL�PIZIP�SZIVZMI[�SJ� XLI�TVSTIVXMIW�ERH� XLI�TSXIRXMEP�SJ� XLVII�
MRRSZEXMZI�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW��E�RI[�KIRIVEXMSR�SJ�RYGPIEV�TS[IV��''97��ERH�L]HVSKIR���XS�HIPMZIV�
SR�GEVFSR�RIYXVEPMX]�

.
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Advanced nuclear power

Nuclear power is an essential low-carbon electricity and heat source contributing to carbon neutrality. 
%PSRK�[MXL�GYVVIRX�TVSZIR�GSQQIVGMEPM^IH�VIEGXSV�HIWMKRW��QER]�RI[�RYGPIEV�VIEGXSV�XIGLRSPSKMIW�EVI�FIMRK�
HIZIPSTIH��[LMGL�QE]�STIR�RI[�QEVOIXW��WYGL�EW�FIXXIV�PSEH�QEREKIQIRX��LMKL�XIQTIVEXYVI�LIEX�JSV�MRHYWXVMEP�
TVSGIWWIW��GSQFMRIH�LIEX�ERH�TS[IV�TVSHYGXMSR��ERH�IPIGXVSP]WMW�JSV�L]HVSKIR�TVSHYGXMSR��'SYRXVMIW�XLEX�HIGMHI�
XS�HITPS]�RYGPIEV�TS[IV�GER�TPE]�ER�IWWIRXMEP�VSPI�MR�HIGEVFSRM^MRK�XLI�92)')�IRIVK]�W]WXIQW�

The technology brief on nuclear power�VITVIWIRXW�XLI�TSXIRXMEP�VSPI�SJ�RYGPIEV�TS[IV�MR�EGLMIZMRK�XLI�RIX�^IVS�
IQMWWMSR�XEVKIX�ERH�LEW�QSXMZEXIH�WSQI�REXMSRW�XS�PSSO�JSV�EPP�XLI�TSXIRXMEP�PS[�GEVFSR�IRIVK]�WIVZMGIW�TVSZMHIH�
F]�RYGPIEV�TS[IV��7SQI�GSYRXVMIW�QE]�GLSSWI�XS�TYVWYI�RYGPIEV�TS[IV�[MXL�E�ZMI[�XLEX�MX�GER�TPE]�ER�MQTSVXERX�
VSPI� MR�XLIMV�IRIVK]�QM\�EW�E�ZMEFPI�HIGEVFSRM^EXMSR�STXMSR��3XLIV�GSYRXVMIW�LEZI�HIGMHIH�RSX�XS�YWI�RYGPIEV�
TS[IV�JSV�E�ZEVMIX]�SJ�VIEWSRW��WSQI�FIGEYWI�SJ�XLIMV�IRHS[QIRX�SJ�REXYVEP�VIWSYVGIW�ERH�SXLIVW�FIGEYWI�SJ�
XLIMV�GSRGIVRW�VIPEXMRK�XS�WEJIX]�ERH�[EWXI��,S[IZIV��WSGMIXMIW�EVI� MRGVIEWMRKP]�E[EVI�SJ�XLI�VMWO�SJ�JEMPMRK�XS�
VIEGL�GPMQEXI�XEVKIXW��8LI�TYWL�JSV�HIGEVFSRM^EXMSR�SJ�IRIVK]�W]WXIQW��EPSRKWMHI�MRGVIEWIH�IRIVK]�TVMGIW�ERH�
MQTVSZIH�WEJIX]�QIEWYVIW�EVI�GLERKMRK�TISTPIƅW�EXXMXYHIW�XS[EVHW�RYGPIEV�TS[IV��8LMW�[MPP�GVIEXI�RI[�QEVOIXW�
JSV�XLI�TIRIXVEXMSR�SJ�XLI�GYVVIRX� PEVKI�WGEPI�VIEGXSVW�ERH�XLI�EHZERGIH�SJ�RYGPIEV�TS[IV�XIGLRSPSKMIW��4SPMG]�
WYTTSVX� MW�RIIHIH�XS�QMXMKEXI�XLI�ƼRERGMEP�VMWO�ERH�LMKL�GETMXEP�GSWX�SJ�GSQTPIXMRK�PEVKI�WGEPI�RYGPIEV�TS[IV�
TPERXW�ERH�EGGIPIVEXI�XLI�HIZIPSTQIRX�ERH�HITPS]QIRX�SJ�WQEPP�QSHYPEV�VIEGXSVW��716W��

2YGPIEV�716�XIGLRSPSK]�GER�TVSZMHI�E�VERKI�SJ�IRIVK]�WIVZMGIW�� MRGPYHMRK�IPIGXVMGMX]��GSKIRIVEXMSR�SJ�LIEX�ERH�
IPIGXVMGMX]��ERH�LMKL�XIQTIVEXYVI�LIEX�JSV� MRHYWXV]��8LI�QSHIP�EWWYQIH�GETMXEP�GSWX�EWWYQTXMSRW�TIV�YRMX�SJ�
TS[IV�VEXMRK����O;�EVI�IUYEP�XS�PEVKI�VIEGXSVW�FYX�[MXL�E�QYGL�WLSVXIV�GSRWXVYGXMSR�XMQI��0EVKI�WGEPI�RYGPIEV�
TPERXW�EVI�VITVIWIRXIH�[MXL�XLI�TSWWMFMPMX]�SJ�STIVEXMSR�MR�X[S�QSHIW��

 � FEWIPSEH�QSHI�[MXL�E�LMKL�GETEGMX]�JEGXSV�SJ���	�[MXL�PS[�ƽI\MFMPMX]

 � ƽI\MFPI�QSHI�[MXL���	�GETEGMX]�JEGXSV�ERH�ƽI\MFMPMX]�EW�LMKL�EW�GSQFMRIH�G]GPI�KEW�TS[IV�TPERXW��
-R� XIVQW�SJ�IRIVK]�WIGYVMX]��I\XIRHMRK� XLI�STIVEXMSREP� PMJIXMQI�SJ�I\MWXMRK� VIEGXSVW� XLEX�GER�GSRXMRYI�WEJI�
STIVEXMSR�GER�WMKRMJMGERXP]�IEWI�XLI�YWI�ERH�HITIRHIRG]�SR�JSWWMP� JYIPW�ERH�XLI�GSWX�SJ�IRIVK]�[MXLSYX�XLI�
ƼRERGMEP�VMWOW�ERH�PSRK�XIVQ�SFPMKEXMSRW�EXXEGLIH�XS�RI[�IRIVK]�TVSNIGXW��

FIGURE 26

Electricity Generation Mix [TWh] Carbon Neutrality Innovation Scenario

https://unece.org/sites/default/files/2021-08/Nuclear%20brief_EN.pdf
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Nuclear small modular reactors

7QEPP�1SHYPEV�6IEGXSVW��716W�EPSRK�[MXL�XLI� PEVKI�WGEPI�VIEGXSVW�VI�QSHIPPIH� MR�E�'EVFSR�2IYXVEPMX]�
-RRSZEXMSR�7GIREVMS��8LI]�MRGPYHI�XLI�TSWWMFMPMX]�SJ�GSRXVMFYXMRK�ƽI\MFPI�STIVEXMSRW�XS�XLI�TS[IV�W]WXIQ��
-R�EHHMXMSR�� XLI]�TVSZMHI� PS[�XIQTIVEXYVI�HMWXVMGX�LIEX� �(,� MR�GSKIRIVEXMSR�QSHI�ERH�TVSHYGI�LMKL�
XIQTIVEXYVI�TVSGIWW�LIEX�XS�FI�YWIH�MR�MRHYWXV]��VITPEGMRK�JSWWMP�JYIPW��-R�XLI�JYXYVI��716W�GSQFMRI�LMKL�
XIQTIVEXYVI�LIEX�[MXL�SXLIV�TVSGIWWIW�XS�WGEPI�YT�WYWXEMREFPI�L]HVSKIR�TVSHYGXMSR�� -X� MW�JSVIWIIR�XLEX�
716W�LEZI�PS[IV�GSRWXVYGXMSR�XMQI�HYI�XS�QSHYPEVMX]�ERH�WQEPP�WM^I�VIEGXSVW�

Nuclear power is suited to delivering substantial amounts of low-carbon power using little land.�*VSQ�
ER�IRZMVSRQIRXEP�PMJI�G]GPI�TIVWTIGXMZI��RYGPIEV�TS[IV�LEW�FIIR�WLS[R�XS�FI�PS[�GEVFSR�FYX�EPWS�TVIWIRXW�
E�RYQFIV�SJ�GS�FIRIJMXW�� -X�GEYWIW� PS[� PERH�SGGYTEXMSR�ERH�XVERWJSVQEXMSR�SZIV�XLI� PMJI�G]GPI�HYI�XS�
XLI�LMKL�IRIVK]�HIRWMX]�SJ�JYIP�IPIQIRXW��[LMGL�QMRMQM^IW�QMRMRK�EVIE�TIV�O;L��ERH�XLI�VIPEXMZIP]� PS[�
SGGYTEXMSR�SJ�TS[IV�TPERX�WMXIW��-X�MW�EPWS�WYMXIH�XS�HIPMZIVMRK�WYFWXERXMEP�EQSYRXW�SJ�PS[�GEVFSR�FEWIPSEH�
ERH�YRMRXIVVYTXEFPI�HIQERH��

-R�ER�MRRSZEXMSR�WGIREVMS��XLIVI�MW�[MHIWTVIEH�YWEKI�SJ�QMGVS�VIEGXSVW�ERH�WQEPP�QSHYPEV�VIEGXSVW��8LIWI�
MRRSZEXMZI�HIWMKRW�FIRIJMX� JVSQ�WXERHEVHM^IH�JEGXSV]�GSRWXVYGXMSR�ERH�IGSRSQMIW�SJ�WGEPI�� -R�WYGL�E�
WGIREVMS��QSHIPPMRK� MRHMGEXIW�E�QSHIWX� MRGVIEWI�SJ�RYGPIEV�TS[IV�GETEGMX]� MR�XLI�IRIVK]�WYTTP]�EX�XLI�
I\TIRWI�SJ�VIRI[EFPI�IRIVK]�WYGL�EW�SJJWLSVI�[MRH��8LIVI� MW�EPWS�E�WMKRMJMGERX�VIHYGXMSR� MR� MRWXEPPIH�
TS[IV�KIRIVEXMSR�GETEGMX]�EW�RYGPIEV� MW�QSVI�IJJIGXMZI�EX�WYTTP]MRK�FEWIPSEH�XLER�ZEVMEFPI�VIRI[EFPI�
IRIVK]�ERH�VIHYGIW�XLI�VIUYMVIQIRXW�JSV�PEVKI�WGEPI�IPIGXVMGMX]�WXSVEKI��

FIGURE 27

Installed Electricity Generation Capacity [GW] Carbon Neutrality Innovation Scenario
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Technology Interplay under the Carbon Neutrality Concept

Carbon capture, use, and storage

Carbon capture, use, and storage (CCUS) technologies are essential to mitigate climate change. ,S[IZIV��
XLI�TYFPMG�TIVGITXMSR�ERH�EGGITXERGI�SJ�''97�EVI�WXMPP� PS[�EGVSWW�XLI�92)')�VIKMSR��-HIEPP]��''97�WLSYPH�FI�
EZSMHIH��FYX�TVEGXMGEPP]�MX�GERRSX�FI�I\GPYHIH�EW�ER�STXMSR�FIGEYWI�MX�MW�SRI�SJ�XLI�JI[�HMWTSWEP�XIGLRMUYIW�XLEX�
VIQSZI�EXQSWTLIVMG�GEVFSR�MR�QIERMRKJYP�UYERXMXMIW��-J�WSGMIX]�GERRSX�VIWXVYGXYVI�JEWX�IRSYKL�� MX� MW�E�TSXIRXMEP�
PEWX�VIWSVX�XIGLRSPSK]�

CCUS has the potential to establish a pathway to carbon neutrality and meet emission targets�[LMPI�QMXMKEXMRK�
XLI�WSGMEP�ERH�IGSRSQMG�HS[RWMHIW�SJ�E�VETMH�TLEWI�SYX�SJ�JSWWMP�JYIPW��-X� MW�EPWS�IWWIRXMEP�JSV�IRIVK]�MRXIRWMZI�
MRHYWXVMIW�XLEX�GERRSX�HIGEVFSRM^I�IEWMP]��8SHE]�QSWX�''97�MW�ƼRERGIH�YWMRK�IRLERGIH�SMP�VIGSZIV]��)36��-R�XLI�
JYXYVI��XLI�EQSYRX�SJ�'3ǅ�XLEX�RIIHW�XS�FI�WIUYIWXVEXIH�[MPP�FI�ZEWX�Ɓ�EX�PIEWX�����FMPPMSR�XSRRIW�TIV�]IEV��''97�
RIIHW�XS�FI�JYRHIH�EW�E�'3ǅ�HMWTSWEP�XIGLRSPSK]�MRXS��JSV�I\EQTPI��WEPMRI�EUYMJIVW�SV�EW�E�WSPYXMSR�JSV�E�GMVGYPEV�
GEVFSR�IGSRSQ]��8LMW�VIUYMVIW�ER�IRZMVSRQIRXEP�XE\EXMSR�ETTVSEGL�XS�ƼRERGI�''97�

Carbon capture technologies are typically installed at point sources such as fossil-fueled power plants and 
polluting factories in this innovation scenario��%W�JSWWMP�JYIPW�TLEWI�SYX��WYMXEFPI�WSYVGIW�HIGVIEWI��8LIVI�MW�EPWS�
JYVXLIV�HIZIPSTQIRX�SJ�&MSQEWW�)RIVK]�[MXL�'EVFSR�'ETXYVI�ERH�7XSVEKI��&)''7�ERH�(MVIGX�%MV�'EVFSR�'ETXYVI�
ERH�7XSVEKI��(%'�

CCUS at point sources will not capture all emissions��-RGVIEWMRK�XLI�TVSTSVXMSR�SJ�GETXYVIH�'3ǅ�MRGVIEWIW�FSXL�
GETMXEP�ERH�STIVEXMSREP�GSWXW�MR�TS[IV�TPERXW�ERH�MRHYWXVMIW��8LIVI�EVI�EPWS�IQMWWMSRW�JVSQ�XLI�YWI�SJ�JSWWMP�JYIPW�
MR�XVERWTSVX�[LMGL�LEZI�RSX�FIIR�HIGEVFSRM^IH��7S��EXXEMRMRK�GSQTPIXI�GEVFSR�RIYXVEPMX]�QIERW�XLEX�EPP�JSWWMP�JYIP�
TPERXW�[MXL�''97�MRWXEPPIH�ERH�EPP�XVERWTSVX�IQMWWMSRW�RIIH�XS�FI�QEXGLIH�[MXL�RIKEXMZI�IQMWWMSRW�GETEGMXMIW�
WYGL�EW�&)''7�SV�(%'��(%'�QYWX�FI�KMZIR�JYPP�TEVMX]�[MXL�SXLIV�''97�XIGLRSPSKMIW��(%'�MW�E�VSFYWX�GEVFSR�
WIUYIWXVEXMSR�WSPYXMSR�EW�MX�TVSZMHIW�KIRYMRIP]�TIVQERIRX�WXSVEKI��YRPMOI�QSWX� PERH�YWI��ERH�HSIW�RSX�VIP]�SR�
REXYVEP�VIWSYVGIW��YRPMOI�&)''7�ERH�PERH�YWI�

FIGURE 28

Carbon Capture and Storage by Technology Carbon Neutrality Innovation Scenario [MtCO2/yr.]

In the Carbon Neutrality scenario, CCUS plays an essential role�� -R�E�''97�TVMSVMX]�WGIREVMS� JSV�'EVFSR�
2IYXVEPMX]��''97�QIERW�XLEX�REXYVEP�KEW�YWEKI�VIQEMRW�GSRWXERX�[LMPI�SMP�ERH�GSEP�HIGVIEWI��FYX�RSX�XS�XLI�PS[�
PIZIPW�WIIR�MR�SXLIV�GEVFSR�RIYXVEPMX]�WGIREVMSW��-R�XLMW�WGIREVMS��XLI�92)')�VIKMSR�RIIHW�XS�MRWXEPP�EFSYX�XLVII�
FMPPMSR�XSRRIW�]IEV�SJ�''97�GETEGMX]�F]������

CCUS is a last-resort solution that adds flexibility for residual and hard-to-abate essential industries such 
as cement, steel, and chemicals.� -X�WLSYPH�RSX�FI�WIIR�EW�E�[E]�XS�TVIWIVZI�XLI�YWI�SJ�JSWWMP�JYIPW��-R�XLI�PEWX�
HIGEHI��GSWXW�LEZI�TPYQQIXIH�JSV�[MRH�ERH�WSPEV��[LMGL�QEOIW�XLIQ�PS[IV�GSWX�XLER�JSWWMP�JYIPW��,S[IZIV��RSX�
EPP�EGXMZMXMIW�� MRGPYHMRK�IRIVK]�MRXIRWMZI� MRHYWXVMIW��GER�FI�HIGEVFSRM^IH�IEWMP]��''97�LEW�WXVYKKPIH�[MXL�GSWX�
SZIVVYRW�ERH�HMWETTSMRXMRK�VIWYPXW�EX�XIWX�JEGMPMXMIW�ERH�RIIHW�WMKRMƼGERX�TSPMG]�WYTTSVX��
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Is carbon capture essential to attain carbon neutrality?

0S[�GEVFSR�IRIVK]�WYTTP]�XIGLRSPSKMIW�ERH�PMJIWX]PI�GLERKIW�EVI�RSX�IRSYKL�XS�PMQMX�KPSFEP�[EVQMRK�[IPP�
FIPS[������q'�GSQTEVIH�XS�XLI�TVI�MRHYWXVMEP� PIZIP��8LIVIJSVI��WSGMIXMIW�YRHIVWXERH�XLEX�GETXYVMRK�ERH�
WXSVMRK�'3ǅ�[MPP�FI�E�RIGIWWMX]��'3ǅ�RIIHW�XS�FI�EGXMZIP]�VIQSZIH�JVSQ�XLI�EXQSWTLIVI��

(MJJIVIRX�STXMSRW�EVI�I\TPSVIH�� MRGPYHMRK�ER�EGGIPIVEXIH�TIRIXVEXMSR�SJ�''97�ERH�(%'��;LMPI�WSQI�
WGLSSPW�SJ�XLSYKLX�FIPMIZI�XLEX�XLI�TSWWMFMPMX]�SJ�VIQSZMRK�'3ǅ�JVSQ�XLI�EMV�[MPP�HIGVIEWI�XLI�YVKIRG]�
SJ�E�RSR�JSWWMP�JYIP�FEWIH�IRIVK]�W]WXIQ��MX� MW�IWWIRXMEP�XS�RSXI�XLEX�[MXLSYX�XLI�HITPS]QIRX�SJ�EPP�''97�
XIGLRSPSKMIW�� XLI�92)')�VIKMSR�[MPP�RSX�FI�EFPI� XS�EXXEMR�GEVFSR�RIYXVEPMX]�ERH�XLI�4EVMW�%KVIIQIRX�
XEVKIXW��

-R�XLI�GEVFSR�RIYXVEPMX]� MRRSZEXMSR�WGIREVMS��(%'�WIIW�ER�I\TSRIRXMEP� MRGVIEWI�HYI�XS�JEWXIV�XIGLRSPSK]�
PIEVRMRK�ERH�QEVOIX�TIRIXVEXMSR��-X�VIUYMVIW�IRIVK]�MRTYX�ERH�MRGYVW�GSWXW��(%'�GSWXW�QSRI]��ERH�YRPMOI�
''97�EX�TS[IV�TPERXW�� XLIVI� MW�RS�WSYVGI�SJ�VIZIRYI�XS�GSZIV�XLI�GSWX��(IWTMXI�IREFPMRK�E�LMKLIV�ERH�
PSRKIV�PEWXMRK�TVIWIRGI�SJ�JSWWMP�JYIPW�MR�XLI�IRIVK]�W]WXIQ��(%'�LEW�RYQIVSYW�MRZEPYEFPI�MRHMVIGX�WSGMEP�
MQTEGXW�SR�XLI�JIEWMFMPMX]�ERH�IEWI�SJ�XLI�IRIVK]�XVERWMXMSR�XS�GEVFSR�RIYXVEPMX]��JVSQ�VIHYGMRK�XLI�RIIH�JSV�
ZEVMEFPI�VIRI[EFPI�KIRIVEXMSR��IPIGXVMGMX]�WXSVEKI��ERH�RYGPIEV�TS[IV�

What happens to fossil fuel use in the future?

%�FVSEHIV�WYWXEMREFPI�IRIVK]�W]WXIQ�EMQW�XS�OIIT�JSWWMP� JYIPW� MR� XLI�KVSYRH��,S[IZIV�� JYRHEQIRXEP�
XVERWJSVQEXMSREP�GLERKI�MR�IRIVK]�W]WXIQW�XEOIW�XMQI��1ER]�GVMXMGEP�WIGXSVW�SJ�XLI�IGSRSQ]�EVI�LEVH�XS�
HIGEVFSRM^I��&]�VIXVSƼXXMRK�JSWWMP�JYIP�TPERXW�[MXL�GEVFSR�GETXYVI�ERH�WYFWYVJEGI�WXSVEKI�XIGLRSPSKMIW��[I�
GER�QMXMKEXI�XLI�IJJIGX�SJ�XLI�JSWWMP�JYIP� MRHYWXV]��-R�������JSWWMP�JYIPW�[MPP�EGGSYRX�JSV�E�WQEPPIV�WLEVI�SJ�
XLI�SZIVEPP�IRIVK]�QM\��3YXWMHI�SJ�XLI�IRIVK]�W]WXIQ��WYFWXERXMEP�LEVH�XS�HIGEVFSRM^I�MRHYWXVMIW��WYGL�EW�
XLI�TVSHYGXMSR�SJ�GIQIRX��WXIIP��ERH�GLIQMGEPW��[MPP�WXMPP�RIIH�JSWWMP�JYIPW��EPXLSYKL�EX�WMKRMƼGERXP]�VIHYGIH�
ZSPYQIW�ERH�GSRZIVXIH�[MXL�'3ǅ�GSRXVSP�QIEWYVIW�
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Hydrogen

Hydrogen is an innovative solution for achieving carbon neutrality and decarbonizing hard-to-abate sectors. 
7YWXEMREFPI�L]HVSKIR�LEW�FIIR�TVSTSWIH�EW�E�FEGOFSRI�SJ�E�QSHIVR��HIGEVFSRM^IH�IRIVK]�WSGMIX]��,]HVSKIR�
MW�EPVIEH]�YWIH�EW�E�GLIQMGEP�JIIHWXSGO��JSV�I\EQTPI��EQQSRME�MW�YWIH�MR�JIVXMPM^IVW�SV�L]HVSGEVFSRW�YWIH�JSV�
TPEWXMGW��-R�XLI�JYXYVI��L]HVSKIR�GER�FI�YWIH�EW�ER�IRIVK]�GEVVMIV�ERH�IRIVK]�WXSVEKI�QIHMYQ��-X�LEW�ZEWX��ZMEFPI�
ETTPMGEXMSRW�EGVSWW�ZEVMSYW�WIGXSVW�XLEX�RIIH�XS�FI�HIGEVFSRM^IH��WYGL�EW�XVERWTSVX��MRHYWXV]��TS[IV�KIRIVEXMSR��
ERH�LIEX�JSV�FYMPHMRKW��-X�HSIW��LS[IZIV��LEZI�HMWEHZERXEKIW�[LMGL�QEOI�MXW�EHSTXMSR�PIWW�XLER�WXVEMKLXJSV[EVH���
-X� MW�LEVH�XS�XVERWTSVX��HMƾGYPX�XS�WXSVI� MR� PEVKI�UYERXMXMIW��VITVIWIRXW�ER�I\TPSWMSR�LE^EVH�ERH�LEW�ER�MRHMVIGX�
KPSFEP�[EVQMRK�TSXIRXMEP��+;4�MJ�EPPS[IH�XS�IWGETI�XS�XLI�EXQSWTLIVI���8LI�IGSRSQMGW�SJ�TVSHYGXMSR�HITIRHW�
SR�XLI�TVMGI�SJ�VIWSYVGIW�VIUYMVIH�XS�TVSHYGI�L]HVSKIR��WYGL�EW�REXYVEP�KEW��GSEP��SV�VIRI[EFPI�ERH�RYGPIEV�
TS[IV�IPIGXVMGMX]��

The carbon-neutral innovation scenario models the potential hydrogen-based economy.�8LMW�MRGPYHIW�L]HVSKIR�
IPIGXVSP]WMW�[MXL�WSPMH�S\MHI�IPIGXVSP]^IVW��[LMGL�GER�STIVEXI�[MXL�LMKL�XIQTIVEXYVI�LIEX�JVSQ�RYGPIEV�TS[IV��
1SVISZIV��XLI�L]HVSKIR�XS�JYIP�TEXL[E]�MW�QSHIPPIH��MRGPYHMRK�L]HVSKIR�XS�QIXLERI��L]HVSKIR�XS�QIXLERSP��ERH�
SXLIV�PMUYMH�JYIPW��8LMW�EWWYQIW�XLEX�L]HVSKIR�GER�FI�YWIH�XS�QEOI�PMUYMH�W]RXLIXMG�JYIPW�XLEX�GER��JSV�I\EQTPI��
VITPEGI�KEWSPMRI�YWIH�MR�HMJJIVIRX�WIGXSVW��-R�XLMW�WGIREVMS��XLI�MRGVIEWI�SJ�L]HVSKIR�YWEKI�F]�GMXM^IRW�MR�LIEXMRK�
FYMPHMRKW�ERH�TS[IVMRK�XVERWTSVX�EWWYQIW�MRGVIEWIH�KSZIVRQIRX�WYTTSVX�ERH�MRGIRXMZIW��

Hydrogen can progress the decarbonization of hard-to-abate sectors, such as energy-intensive industries 
using high temperatures in their processes or long-haul transport.�8LIWI�EVI�I\EQTPIW�SJ�GVYGMEP�IGSRSQMG�
EGXMZMX]�[LIVI�IPIGXVMƼGEXMSR�SJ�IRH�YWI�MW�SRP]�TEVXMEPP]�TSWWMFPI�SV�XLI�XIGLRSPSK]�HSIW�RSX�]IX�I\MWX��,IRGI�E�
VETMH�WLMJX�XS�E�ƈL]HVSKIR�IGSW]WXIQƉ�MW�GSRWMWXIRX�[MXL�XLI�EMQW�JSV�GEVFSR�RIYXVEPMX]�F]������ERH�XLI�%KIRHE�
�����JSV�7YWXEMREFPI�(IZIPSTQIRX��-X�VIUYMVIW�E�HIPMFIVEXI��W[MJX��ERH�I\XIRWMZI�I\TERWMSR�SJ�VIRI[EFPI�ERH�PS[�
GEVFSR�L]HVSKIR�TVSHYGXMSR�

FIGURE 29

Total Final Energy Supply [EJ] Carbon Neutrality Innovation Scenario – Focus on Hydrogen
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FIGURE 30

Hydrogen Supply by Source [EJ] in Carbon Neutrality Innovation Scenario

A massive increase of sustainable hydrogen electrolyzers connected to the electricity grid means low- and 
zero-carbon electricity stations are needed to supply the increased demand.�'VMXMGEP�VE[�QEXIVMEPW�EVI�RIIHIH�
JSV�GIVXEMR�X]TIW�SJ�IPIGXVSP]^IVW�MRGPYHMRK�TPEXMRYQ��MVMHMYQ�ERH�GSFEPX��8LIVIJSVI��RYGPIEV�TS[IV��FMSQEWW��[MRH��
ERH�WSPEV�TS[IV�WII�E�RSXEFPI� MRGVIEWI�MR�IPIGXVMGMX]�WYTTP]��,]HVSKIR�JVSQ�JSWWMP�JYIPW�[MXL�''97�EPWS�TPE]W�
E�WMKRMJMGERX�VSPI��ERH�XLI�VIKMSR�[MPP�HITIRH�SR�L]HVSKIR� MQTSVXW�F]�������8LMW�WGIREVMS�EPWS�LMKLPMKLXW�XLI�
GSRXVMFYXMSR�SJ�RYGPIEV�TS[IV�MR�XLI�KIRIVEXMSR�SJ�L]HVSKIR�JVSQ�IPIGXVSP]WMW�ERH�WXIEQ�IPIGXVSP]WMW�JVSQ�WQEPP�
QSHYPEV�RYGPIEV�VIEGXSVW�

There is a considerable increase in CCUS for hydrogen production from fossil fuels in an innovation scenario. 
8LI�GLIQMGEP� MRHYWXV]� XVEHMXMSREPP]�SFXEMRW�L]HVSKIR�JSV�GLIQMGEP�TVSHYGXW� JVSQ�KEW��SMP��ERH�GSEP�� -R� XLI�
TVIWIRGI�SJ�''97�ERH�(%'��GSEP�KEWMƼGEXMSR��REXYVEP�KEW�WXIEQ�VIJSVQMRK��ERH�IPIGXVSP]WMW�EVI�I\TERHMRK�XLIMV�
GSRXVMFYXMSR�XS�L]HVSKIR�WYTTP]��8LIWI�TVSZIR�XIGLRSPSKMIW�GER�FI�YWIH�XS�FYMPH�E�L]HVSKIR�IGSRSQ]�FYX�VIUYMVI�
XLI�HITPS]QIRX�SJ�''97�SV�ERSXLIV�VSYXI�XS�WXST�GEVFSR�JVSQ�FIMRK�GSRZIVXIH�XS�'3ǅ�ERH�IQMXXIH� MRXS�XLI�
EXQSWTLIVI�

To make a hydrogen economy a reality, governments should increase their efforts to decarbonize the energy 
sector.�4VSZMHIH�[MXL�EHIUYEXI�IGSRSQMG�ERH�ƼRERGMEP�GETMXEP� MRGIRXMZIW��XLI�QSHIP�WGIREVMS�WLS[W�L]HVSKIR�
IPIGXVSP]WMW�FIGSQIW�E�WMKRMƼGERX�GSRXVMFYXSV�XS�IRIVK]�W]WXIQW�XS�YWI�GLIET�ERH�EFYRHERX�IPIGXVMGMX]�JVSQ�PS[�
GEVFSR�WSYVGIW��WYGL�EW�ZEVMEFPI�VIRI[EFPI�IRIVK]�ERH�RYGPIEV�TS[IV��-R�XLI�JYXYVI��IRIVK]�MQTSVXMRK�GSYRXVMIW�
GER�MQTSVX�L]HVSKIR�JVSQ�E�QSVI�GSQTVILIRWMZI�WIX�SJ�TVSHYGIVW��)\MWXMRK�MRJVEWXVYGXYVI��WYGL�EW�REXYVEP�KEW�
XVERWTSVXEXMSR�ERH�HMWXVMFYXMSR��MW�EWWYQIH�XS�FI�EHETXEFPI�XS�LIPT�XLI�XVERWMXMSR�XS�L]HVSKIR��8LI�WYTTSVX�JVSQ�
XLI�KSZIVRQIRX�JSV�6
(�ERH�IRH�YWI�EHSTXMSR�LIPTW�GVIEXI�RMGLI�QEVOIXW�JSV�L]HVSKIR�FEWIH�XIGLRSPSKMIW�WYGL�
EW�JYIP�GIPPW�

The challenge of expanding sustainable hydrogen production quickly means that policymakers should 
consider all sustainable hydrogen production options.�8LIWI�MRGPYHI�PS[�GEVFSR�WSYVGIW��WYGL�EW�JSWWMP�JYIPW�
[MXL�''97��FMSQEWW�[MXL�''97��ERH�VIRI[EFPI�IRIVK]�ERH�RYGPIEV�IRIVK]�JSV�IPIGXVSP]WMW�SV�XLIVQSGLIQMGEP�
[EXIV�WTPMXXMRK�ZME�LMKL�XIQTIVEXYVI�TVSGIWWIW�
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Will nations be able to import hydrogen like oil and gas by 2050? 

&]�������E�L]HVSKIR�TVMSVMX]�QSHIP� MRHMGEXIW�MQTSVXW�SJ��).�TIV�]IEV�SJ�L]HVSKIR��8LMW� MW�IUYMZEPIRX�XS�
RMRI�QMPPMSR�XSRRIW�TIV�]IEV�SV�RMRIX]�JSYV�FMPPMSR�GYFMG�QIXIVW��FGQ���8LMW�MW�GSQTEVEXMZIP]�WQEPP�[LIR�
GSQTEVIH��JSV�I\EQTPI��XS�XLI�GYVVIRX�)YVSTIER�REXYVEP�KEW� MQTSVXW��[LMGL�EGGSYRXIH�JSV�EVSYRH�����
FGQ�MR�������,S[IZIV��TSPMG]QEOIVW�WLSYPH�FI�E[EVI�XLEX�SRP]�TMTIPMRI�XVERWTSVXEXMSR�SJ�L]HVSKIR� MW�
IWXEFPMWLIH��8LI�PEVKI�WGEPI�XVERWTSVXEXMSR�SJ�PMUYIƼIH�L]HVSKIR�SV�L]HVSKIR�YRHIV�LMKL�TVIWWYVI�VIQEMRW�
E�XIGLRMGEP�ERH�IGSRSQMG�GLEPPIRKI��7MKRMJMGERX�TEVXW�SJ�XLI�I\MWXMRK�REXYVEP�KEW� MRJVEWXVYGXYVI�[MPP�FI�
VITYVTSWIH�XS� MRXIKVEXI�L]HVSKIR�TVSHYGIH�XLVSYKL�IPIGXVSP]WMW�JVSQ�PS[�GEVFSR�WSYVGIW��VIRI[EFPI�
IRIVK]�ERH�RYGPIEV�TS[IV�ERH�L]HVSKIR�TVSHYGIH�XLVSYKL�REXYVEP�KEW�[MXL�''97�MRXS�XLI�IRIVK]�W]WXIQ�

5����&EWIH�SR�LMKLIV�LIEXMRK�ZEPYI���SR�PS[IV�LIEXMRK�ZEPYI��0,:�MX�[SYPH�FI�����QMPPMSR�XSRRIW��8LI�ZSPYQI�JSV�0,:�XLI�
ZSPYQI�XLIR�MW������FGQ�EX�784��WXERHEVH�XIQTIVEXYVI�ERH�TVIWWYVI�
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TRUSTED TECHNOLOGIES OR INNOVATION?

FIGURE 31

Total Final Energy Supply in 2050 [EJ] Comparison of Scenarios

%XXEMRMRK�VIWMPMIRX�GEVFSR�RIYXVEP�IRIVK]�W]WXIQW�JSV�XLI�92)')�VIKMSR�[SYPH�VIUYMVI�XLI�HITPS]QIRX�SJ�EPP�PS[��
ERH�^IVS�GEVFSR�XIGLRSPSKMIW�EGVSWW�MRHYWXVMEP��XVERWTSVX�ERH�FYMPHMRKW�WIGXSVW��*SV�XLI�VIKMSR�XS�WYGGIIH�MR�XLMW�
IRHIEZSV��MX�[SYPH�FI�MQTSVXERX�XS�

 � Raise awareness and act on the potential� SJ� EPP� PS[�� ERH� ^IVS�GEVFSR� XIGLRSPSKMIW� XS� HIPMZIV� SR� GEVFSR�
RIYXVEPMX]��8LMW�MW�TSWWMFPI�XLVSYKL�MHIRXMJ]MRK�ERH�WLEVMRK�ETTVSEGLIW�XLEX�LEZI�TVSZIR�XS�WYGGIWWJYPP]��ERH�
MRXVMRWMGEPP]�QSFMPM^I�WXEOILSPHIVW�XS�IRWYVI�[MHIWTVIEH�ERH�HIGIRXVEPM^IH�YTXEOI�SJ�XLI�WSPYXMSRW�WYKKIWXIH�

 � Develop a clear technology agnostic regulatory framework�ERH�IRIVK]�W]WXIQ�HIWMKR�XS�EPPS[�EPP�PS[��ERH�
^IVS�GEVFSR� XIGLRSPSKMIW� XS� FI� HITPS]IH� MRXS� MRXIKVEXIH� GEVFSR�RIYXVEP� IRIVK]� W]WXIQW� VIGSKRM^MRK� XLI�
GSRWMHIVEFPI�YRGIVXEMRX]� MRLIVIRX� MR� XLI� XVERWMXMSR��'SRWMWXIRX�TSPMGMIW�ERH�QEVOIX� JVEQI[SVOW�EGVSWW� XLI�
VIKMSR�EVI�RIGIWWEV]�XS�TVSZMHI�JEZSVEFPI�MRZIWXQIRX�WMKREPW�ERH�EXXVEGX�TVMZEXI�ƼRERGI�JSV�LMKL�GETMXEP�GSWX�
TVSNIGXW��

 � (IWMKR�ƼRERGMRK�QIGLERMWQW�ERH�MRZIWXQIRX�JVEQI[SVO�XLEX�IREFPIW�XLI�HITPS]QIRX�SJ�EPP�PS[��ERH�^IVS�
GEVFSR�XIGLRSPSKMIW��9RPSGOMRK�FSXL�TVMZEXI�ERH�TYFPMG�JYRHMRK�[MPP�VIUYMVI�GPMQEXI�ERH�WYWXEMREFPI�ƼRERGI�
GPEWWMƼGEXMSR�FEWIH�SR�WGMIRXMƼG�ERH�XIGLRSPSK]�RIYXVEP�QIXLSHSPSKMIW�XLEX�WYTTSVX�XLI�XVERWMXMSR�XS�E�PS[�
GEVFSR�IGSRSQ]�
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Industry

FIGURE 32

Total Final Energy Supply ?).A�
Industry Reference Scenario

FIGURE 33

Total Final Energy Supply ?).A�
Industry Carbon Neutrality Scenario

FIGURE 34

Total Final Energy Supply ?).A�Industry 
Carbon Neutrality Innovation Scenario

�)PIGXVMGMX]�MW�TVSHYGIH�JVSQ�ZEVMSYW�TS[IV�WSYVGIW��MRGPYHMRK�JSWWMP�JYIPW�ERH�VIRI[EFPI�IRIVK]�

The decarbonization of industry is a top priority to attain carbon neutrality.�)RIVK]�MRXIRWMZI�MRHYWXVMIW�EVI�SRI�
SJ�XLI�TVMRGMTEP�+,+�IQMXXIVW��EGGSYRXMRK�JSV�EFSYX���	�SJ�XSXEP�'3ǅ�IQMWWMSRW�KPSFEPP]��'IQIRX��MVSR�ERH�WXIIP��
ERH�GLIQMGEPW�ERH�TIXVSGLIQMGEPW�MRHYWXVMIW�EVI�XLI�QSWX�WMKRMƼGERX�MRHYWXVMEP�'3ǅ�IQMXXIVW��[MXL�WLEVIW�MR�XLI�
WIGXSV�VIEGLMRK���	����	��ERH���	��VIWTIGXMZIP]��4SPMG]QEOIVW�WLSYPH�ZIVMJ]�XLEX�XLIWI�MRHYWXVMIW�EVI�TPERRMRK�
JSV�XLI�GSRWIUYIRGIW�SJ�XLI�HIGEVFSRM^EXMSR�SJ�IRIVK]�FIGEYWI�XLI�WYTTP]�SJ�JYIPW�ERH�JIIHWXSGOW�XS�XLIWI�
MRHYWXVMIW�MW�I\TIGXIH�XS�FI�EJJIGXIH�JEWXIV�XLER�XLI�X]TMGEP�MRZIWXQIRX�G]GPI�SJ�XLIWI�MRHYWXVMIW��

Energy-intensive industries are essential to support a low-carbon economy. %QSRK�SXLIV�YWIW��WXIIP�ERH�
GSRGVIXI�WXVYGXYVIW�EVI�VIUYMVIH�XS�WYTTSVX�IRIVK]�XVERWMXMSR��� JSV�[MRH�TS[IV�� XLIVQEP� MRWYPEXMSR�JSV�IRIVK]�
IƾGMIRG]��ERH�PMKLX[IMKLX�QEXIVMEPW�JSV�IPIGXVMG�GEVW��3MP�ERH�REXYVEP�KEW�[MPP�GSRXMRYI�XS�FI�RIIHIH�EW�JYIP�ERH�
JIIHWXSGOW�JSV�XLIWI� MRHYWXVMIW��EW�XLI�HIGEVFSRM^EXMSR�SJ�ZMXEP�TVSGIWWIW�[MPP� VIQEMR�XIGLRMGEPP]�GLEPPIRKMRK��
-RHYWXVMEP�IRIVK]�IƾGMIRG]�[MPP�FI�GVMXMGEP�XS�VIHYGI��WYFWXMXYXI��ERH�GSQTIRWEXI�JSV�IQMWWMSRW�XLVSYKL�QEGLMRIV]�
VITPEGIQIRX�JSV�LMKLIV�IƾGMIRG]��MRWXEPPEXMSR�SJ�LIEXMRK�GSRXVSP�W]WXIQW��ERH�[EWXI�LIEX�VIGSZIV]�

A variety of low- and zero-carbon technologies will support future industrial processes.�8LMW�MRGPYHIW�HITPS]MRK�
XIGLRSPSK]�WSPYXMSRW�JSV�GEVFSR�RIYXVEP� MRHYWXVMIW�F]�IRGSYVEKMRK�MRRSZEXMSR�ERH�VIWIEVGL�ERH�HIZIPSTQIRX�XS�
EHZERGI�XLI�HIZIPSTQIRX�ERH�HITPS]QIRX�SJ�EPP�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW��-RHYWXVMEP�IRIVK]�IƾGMIRG]��
''97��L]HVSKIR��RYGPIEV�TS[IV�ERH�LIEX��ERH�IPIGXVMJMGEXMSR�JVSQ�VIRI[EFPI�IRIVK]�EVI�ZMXEP� XS�EGLMIZMRK�E�
GEVFSR�RIYXVEP�MRHYWXV]�WIGXSV�

Industry will have to adapt to a diverse range of innovative energy options.�8LIWI�MRGPYHI�IPIGXVMGMX]��FMSQEWW��
FMS�PMUYMHW��ZIKIXEFPI�WIIH�SMPW��TPEWXMG�[EWXI�VIG]GPMRK��ERH�L]HVSKIR��8LI�HIZIPSTQIRX�SJ�TSPMGMIW�JSV�E�GMVGYPEV�
IGSRSQ]�MW�RIIHIH�JSV�XLMW��%PWS��XLI�HITPS]QIRX�SJ�''97�XIGLRSPSKMIW�MR�XLI�GIQIRX��JIVXMPM^IV��GLIQMGEP��ERH�
TIXVSGLIQMGEP�WIGXSVW�[MPP�FI�E�GVYGMEP�IREFPIV�JSV�EGLMIZMRK�GEVFSR�RIYXVEPMX]��*YRHMRK�JSV�QIXLERI�VIHYGXMSR�
TVSNIGXW�EX�GSEP�QMRIW�MW�GLEPPIRKMRK�XS�SFXEMR�ERH�MW�HITIRHIRX�SR�GEVFSR�QEVOIX�ƼRERGI��%R]�RI[�GSEP�ƼVIH�
TS[IV�TVSNIGXW�WLSYPH�MRWXEPP�''97�ERH�ƼRERGI�QIXLERI�IQMWWMSRW�VIHYGXMSR�TVSNIGXW�EX�QMRIW�XLEX�WYTTP]�GSEP�
XS�MRHYWXV]��

Establishing infrastructure, generation, and human capacities in pilot projects is urgent.�4VSNIGXW�GSYPH�JSGYW�
SR�L]HVSKIR�EW�E�WSYVGI�SJ�IRIVK]�ERH�TVSGIWW�EKIRX� MR� MRHYWXV]�� MQTVSZMRK�MRHYWXVMEP�TVSGIWWIW��IRIVK]�ERH�
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QEXIVMEP�IJJMGMIRG]�ERH� MRGVIEWMRK�JPI\MFMPMX]� MR�IRIVK]�HIQERH�F]�LMKLPMKLXMRK�EWWSGMEXIH�KEMRW� MR�VIWMPMIRGI�
EKEMRWX�IRIVK]�ERH�VIWSYVGI�WYTTP]�ERH�TVMGI�WLSGOW��%GXMSRW�[MPP�QEOI�GSQTERMIW�QSVI�VSFYWX�MR�E�GLERKMRK�
IRZMVSRQIRX��WMQYPXERISYWP]�LIPTMRK�SZIVEPP�IRIVK]�WYTTP]�GSWXW�F]�EZSMHMRK�VIHYGMRK�TIEO� PSEH�ERH�XLYW�
MRHMVIGXP]�EWWMWXMRK�MR�PIZIPPMRK�XLI�KVMHW��

Clusters and the circular carbon economy can stimulate economies across the region.�8LI�GMVGYPEV�GEVFSR�
IGSRSQ]�XLEX� VIPMIW�SR�GEVFSR�VIHYGXMSR��GETXYVI�� VIYWI��ERH�VIQSZEP�GSQFMRIH�[MXL�ER� MRHYWXVMEP�GPYWXIV�
ETTVSEGL�MW�E�QIERW�SJ�GVIEXMRK�WYWXEMREFPI�NSFW��KVIIR�TVSHYGXW�ERH�MRHYWXV]�GSQTIXMXMZIRIWW��

-RHYWXV]�WLSYPH�TVITEVI�JSV�WMKRMƼGERX�GLERKIW�MR�XLI�WYTTP]�GLEMR��*SWWMP�JYIPW�EVI�XLI�TVMQEV]�JIIHWXSGO�JSV�
MRHYWXV]�� -R�KIRIVEP�� MRHYWXV]�VIUYMVIW�ER�IRIVK]�FEWIPSEH��%R]� MRXIVVYTXMSR�SJ�WYTTP]� MW� PMOIP]�XS�FI�HMWVYTXMZI��
-RHYWXV]�GER�EJJIGX�YTWXVIEQ�IRIVK]�TVSNIGXW� XLEX�TVSZMHI�IRIVK]�WYTTP]��4SPMG]QEOIVW�WLSYPH�TVITEVI�JSV�
WYWXEMREFPI�ERH�MRRSZEXMZI�XIGLRSPSK]�MRXIVTPE]�SJ�EPP�PS[��ERH�^IVS�GEVFSR�XIGLRSPSKMIW�XS�VYR�JEGXSVMIW��WYTTSVX�
LMKL�XIQTIVEXYVI�TVSGIWWIW��ERH�VIQSZI�'3ǅ�EW�F]�TVSHYGXW�SJ�MRHYWXVMEP�TVSGIWWIW��

Buildings

FIGURE 34

Total Final Energy Supply ?).A�
Buildings Reference Scenario

FIGURE 35

Total Final Energy Supply ?).A�
Buildings Carbon Neutrality Scenario

FIGURE 36

Total Final Energy Supply ?).A�Buildings 
Carbon Neutrality Innovation Scenario

6IWMHIRXMEP�ERH�GSQQIVGMEP�WIGXSVW�[MPP�VIUYMVI�IPIGXVMƼGEXMSR�EX�E�WGEPI�ERH�WTIIH�RIZIV�WIIR�FIJSVI��1SWX�
TISTPI�MR�XLI�92)')�VIKMSR�LEZI�XLIMV�LSQIW�ERH�FYWMRIWWIW�TS[IVIH�F]�REXYVEP�KEW�ERH�XLIVQEPP]�KIRIVEXIH�
IPIGXVMGMX]��1EWW�IPIGXVMJMGEXMSR�[MPP� VIUYMVI�E�QM\�SJ�TSPMG]�STXMSRW�� MRGPYHMRK�FIXXIV�KVMH�IJJMGMIRG]�XS� MRWXEPPMRK�
MRWYPEXMSR�ERH�MRXIPPMKIRX�ETTPMERGIW��

Improvements in energy efficiency in the building sector can make an immediate impact.�8LMW� MRGPYHIW�
HIGEVFSRM^MRK�FYMPHMRKW�YWMRK�IRLERGIH�VIXVSƼXXMRK�ERH�MRWYPEXMSR�SJ�I\MWXMRK�MRJVEWXVYGXYVI��

Digital approaches could also identify efficient, effective, and economic transformative solutions.�8LI�YWI�
SJ�WQEVX�ETTPMERGIW��WQEVX�QIXIVW�� PIEOEKI�HIXIGXMSR��ERH�EHZERGIH�PSEH�QEREKIQIRX�XIGLRMUYIW�WLSYPH�FI�
MQTPIQIRXIH�XS�LIPT�HIXIGX�IRIVK]�YWEKI�ERSQEPMIW�ERH�STXMQM^I�IRIVK]�YWI�[LMPI�IWXEFPMWLMRK�VIWMPMIRX�IRIVK]�
W]WXIQW�XLEX�GER�EYXSQEXMGEPP]�W[MXGL�WSYVGIW�SJ�IRIVK]�HITIRHMRK�SR�TVMGI�ERH�EZEMPEFMPMX]�

Educational programs could also raise awareness of energy and resource consumption measures.�8LIWI�
MRGPYHI�TVSQSXMRK�VIHYGIH�XLIVQSWXEX�WIXXMRKW��IRGSYVEKMRK�LIEX�TYQTW��ERH�HMWXVMFYXMRK�VIRI[EFPI�IRIVK]�
KIRIVEXMSR�MR�LSYWILSPHW�ERH�TYFPMG�ERH�GSQQIVGMEP�FYMPHMRKW�
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,]HVSKIR�MW�I\TIGXIH�XS�FIGSQI�E�WMKRMƼGERX�TS[IV�ERH�LIEX�WSYVGI�JSV�LSQIW�MR�QER]�VIKMSRW�F]������  
(IIT�IPIGXVMJMGEXMSR�SJ� XLI�FYMPHMRK�WIGXSV� MW� VIUYMVIH�JSV�GEVFSR�RIYXVEPMX]��6IRI[EFPI�IRIVK]�GETEGMX]�ERH�
QSHIVR��IRIVK]�IƾGMIRX�ETTPMERGIW�[MPP�EPWS�FI�VIUYMVIH�XS�WII�E�HVEQEXMG� MRGVIEWI��,]HVSKIR�MW�I\TIGXIH�XS�
WMKRMƼGERXP]�TIRIXVEXI�XLI�FYMPHMRK�WIGXSV�MR�E�GEVFSR�RIYXVEPMX]�MRRSZEXMSR�WGIREVMS�F]�������-X�[MPP�QEMRP]�FI�YWIH�
JSV�LIEXMRK�LSQIW�EW�TEVX�SJ�E�W]WXIQ�[MHI�HMKMXEP�XVERWJSVQEXMSR�SJ�XLI�IRIVK]�W]WXIQ��

By 2050, natural gas, oil, and coal will be eliminated in servicing people’s residential and commercial 
buildings’ energy needs��8LMW�MW�FIGEYWI�SJ�TSPMG]�WYTTSVX�JSV�VIXVSƼXXMRK�FYMPHMRKW�[MXL�MRWYPEXMSR�ERH�MQTVSZIH�
IRIVK]�IƾGMIRGMIW��)RIVK]�IƾGMIRG]�LEW�I\GIPPIRX�TSXIRXMEP�XS�VIHYGI�GSRWYQTXMSR��GSRXVMFYXI�XS� PSEH�TVSƼPI�
QEREKIQIRX��ERH�VIHYGI�MRJVEWXVYGXYVI�MRZIWXQIRX��8LMW�MRGPYHIW�IRLERGIH�VIXVSƼXXMRK�ERH�MRWYPEXMSR�SJ�I\MWXMRK�
MRJVEWXVYGXYVI�ERH�IRH�YWIV�IHYGEXMSR�TVSKVEQW�XS�VEMWI�E[EVIRIWW�ERH�TVSQSXI�VIHYGIH�XLIVQSWXEX�WIXXMRKW��

Transport

FIGURE 37

Total Final Energy Supply ?).A�] 
Transport Reference Scenario

FIGURE 38

Total Final Energy Supply ?).A�
Transport Carbon Neutrality Scenario

FIGURE 39

Total Final Energy Supply ?).A�Transport 
Carbon Neutrality Innovation Scenario

The transport sector will experience profound structural changes.�)PIGXVMG�ERH�L]HVSKIR�JYIP�GIPP�GEVW��FYWIW��
XVEMRW��ERH�SXLIV�XVERWTSVX�[MPP�RIIH�XS�FIGSQI�GSQQSRTPEGI�EGVSWW�XLI�VIKMSR��;LMPI�XLIVI�MW�E�WXVSRK�TYWL�JSV�
WYGL�ER�EQFMXMSYW�WLMJX�MR�XLI�XVERWTSVX�WIGXSV��MX�MW�IWWIRXMEP�XS�RSXI�XLEX�E�PEGO�SJ�VE[�QEXIVMEPW�WYGL�EW�PMXLMYQ�
ERH�GSFEPX��EW�[IPP�EW�GLEPPIRKIW�EWWSGMEXIH�[MXL�VIG]GPEFMPMX]�ERH�XLI�WLSVX� PMJI�WTERW�SJ�IPIGXVMG�GEV�FEXXIVMIW��
QMKLX�LMRHIV�XLI�GSQTPIXI�IPIGXVMƼGEXMSR�SJ�E�XVEHMXMSREP�YVFER�GEV�TEVO�

Current changes are nowhere near enough.�8VERWTSVX�EGVSWW�XLI�VIKMSR� MW�HSQMREXIH�F]�SMP� PMUYMHW�WYGL�EW�
TIXVSP�ERH�HMIWIP��-R�VIGIRX�]IEVW��XVERWTSVXEXMSR�LEW�QSHIVRM^IH�[MXL�ER�MRGVIEWI�MR�IPIGXVMƼIH�VEMP[E]W�ERH�XLI�
MRXVSHYGXMSR�SJ�IPIGXVMG�ERH�L]HVSKIR�TS[IVIH�ZILMGPIW��,S[IZIV��XLIWI�LEZI�LEH�E�QMRSV�MQTEGX�XS�HEXI��

Adequate policy support is needed for the market entry of new transport infrastructure. 8S�WXMQYPEXI�WXVYGXYVEP�
WLMJXW�XS�PS[�GEVFSR�JYIPW�ERH�XIGLRSPSKMIW��IQMWWMSR�XE\IW�[MXL�XLI�VIQSZEP�SJ�HMIWIP�GEVW�GSYPH�FI�GSRWMHIVIH��
3XLIV�TSPMG]�QIEWYVIW� MRGPYHI�KSZIVRQIRX�WYTTSVX�JSV�IPIGXVMG�GLEVKMRK�WXEXMSRW�ERH�L]HVSKIR�WXEXMSRW�ERH�
IRGSYVEKMRK�JPI\MFPI�[SVOMRK�WGLIHYPIW��GEV�WLEVMRK��ERH� MRGVIEWIH�YTXEOI� MR�TYFPMG� XVERWTSVX��2EXYVEP�KEW�
ZILMGPIW�[MPP�EPWS�VIUYMVI�TSPMG]�WYTTSVX�XS�WII�QMRSV�MRGVIEWIW�MR�YWEKI�EPSRKWMHI�FMSJYIPW�WYGL�EW�FMSIXLERSP�
ERH�FMS�HMIWIP�ZILMGPIW��



��

Technology Interplay under the Carbon Neutrality Concept

There remain serious technology challenges to decarbonizing transport.�%PXLSYKL�XLIVI�[MPP�FI�MQTVSZIQIRXW�
MR�XVERWTSVX�IƾGMIRG]��PMJIWX]PI�GLERKIW�[MPP�EPWS�FI�VIUYMVIH��%PP�JVIMKLX�XVERWTSVX�F]�VSEH��WIE��ERH�EMV�GSRXMRYIW�
XS�GEYWI�WMKRMƼGERX�IQMWWMSRW��6YVEP�EVIEW�[MPP�FI�XLI�LEVHIWX�XS�VIWXVYGXYVI�GSQTEVIH�XS�YVFER�EVIEW�

Hydrogen and biomass play a role alongside electricity in decarbonizing transport.�6IHYGMRK�SMP�HIQERH�
ERH�IQMWWMSRW� MW�ER�EFWSPYXI�TVMSVMX]��*YVXLIVQSVI��L]HVSKIR�WLSYPH�FI�TVSQSXIH�JSV� PSRK�HMWXERGI�JVIMKLX�
ERH�TEWWIRKIV�XVERWTSVX��&MSJYIP�YWEKI�JSV�QSFMPMX]�TYVTSWIW�WLSYPH�FI�GSRWMHIVIH�MRXIVMQ�MJ�XLI�KPSFEP�WYTTP]�
SJ�GSVR�ERH�KVEMRW� MW�RSX�IRHERKIVIH��&MSQEWW�ERH�[EWXI�EVI�[IPP�TSWMXMSRIH�EW�JIIHWXSGO�JSV�FMSKEW�ERH�
YTKVEHIH�FMSQIXLERI�TVSHYGXMSR��VIEH]�XS�FI�MRNIGXIH�MRXS�XLI�KEW�KVMH�JSV�LIEZ]�HYX]�XVERWTSVXEXMSR�

)PIGXVMƼGEXMSR�SJ�XVERWTSVX�[MPP�MQTSWI�E�WMKRMƼGERX�FYVHIR�SR�XLI�TYFPMG��-X�VIUYMVIW�XLEX�XLI�TYFPMG�TYVGLEWI�
XLI�IPIGXVMG�ZILMGPI�ERH�EHETX�XS�XLI�WLSVXIV�VERKI�ERH�PSRK�ƄVIJYIPMRKƅ�XMQIW��8LMW�MW�TEVXMGYPEVP]�GLEPPIRKMRK�MR�
TSSV�ERH�VYVEP�EVIEW��:IV]�GSPH�ERH�ZIV]�LSX�VIKMSRW�TSWI�XLIMV�MWWYIW�GSRGIVRMRK�FEXXIV]�TIVJSVQERGI��)JJSVXW�
XS�TIVWYEHI�GSRWYQIVW�XS�FY]�WQEPPIV�GEVW�ERH�YWI�PIWW�EMV�GSRHMXMSRMRK�[SYPH�LIPT�VIHYGI�FEXXIV]�WM^IW��

Electrification of transport requires a balanced policy stance.�8LI�IPIGXVMJMGEXMSR�SJ�XVERWTSVX�GSYTPIW�X[S�
TVIZMSYWP]�YRGSRRIGXIH�QEVOIXW��[LMGL�EVI�TVMGIH��XE\IH��ERH�VIKYPEXIH�WITEVEXIP]�Ɓ�JYIPW�ERH�IPIGXVMGMX]��8LI�
IPIGXVMƼGEXMSR�SJ�XVERWTSVX�[MPP�MQTEGX�XLI�SZIVEPP�IPIGXVMGMX]�TVMGI�MJ�GETEGMX]�MW�RSX�MRGVIEWIH�MR�PMRI�[MXL�XLMW�I\XVE�
HIQERH��8E\�VIZIRYIW�JVSQ�JYIPW�[MPP�EPWS�GLERKI��'EVFSR�RIYXVEPMX]�XEVKIXW�EVI�X]TMGEPP]�FEWIH�SR�HIEHPMRIW�
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ANNEX 1

8LI�9RMXIH�2EXMSRW�*VEQI[SVO�'PEWWMJMGEXMSR�JSV�6IWSYVGIW��92*'� MW�E�GPEWWMJMGEXMSR�SJ�TVSNIGXW�[LIVI�XLI�
TVSNIGXW�EMQ�XS�TVSHYGI�TVSHYGXW�JSV�YWI��-X�MW�HIWGVMFIH�MR�JYPP�MR�XLMW�VIJIVIRGI�

8LI�WXVYGXYVI�SJ�92*'�MW�WMQTPI�ERH�JSPPS[W�XLI�REXYVEP�TVSKVIWWMSR�SJ�TVSNIGXW�WXEVXMRK�[MXL�E�WXYH]�SJ�XLI�
WSYVGIW�JVSQ�[LMGL�TVSHYGXW�QE]�FI�TVSHYGIH�ERH�IRHMRK�MR�X[S�WXVIEQW��SRI�JSV�TVSHYGXW�XLEX�[MPP�FI�WSPH�
SV�YWIH�SYXWMHI�XLI�TVSNIGX�ERH�SRI�JSV�TVSHYGXW�XLEX�[MPP�FI�TVSHYGIH�ERH�YWIH�F]�XLI�TVSNIGX�SV�RSX�YWIH��
&IX[IIR�XLIWI�TSMRXW��XLI�TVSNIGXW�EVI�FIMRK�TVITEVIH��ƼVWX�F]�GSPPIGXMRK�MRJSVQEXMSR�SR�LS[�XLI]�GER�ƼX�[MXLMR�
XLI�IRZMVSRQIRXEP�ERH�WSGMS�IGSRSQMG�GSRWXVEMRXW��ERH�SR�LS[�XLI]�GER�FI�WLETIH�TL]WMGEPP]��ERH�XLIR�F]�
GLEVEGXIVMWMRK�XLI�HIZIPSTQIRX��TVSHYGXMSR��ERH�HIGSQQMWWMSRMRK�STIVEXMSRW��*SGYWMRK�SR�HIGMWMSRW�QEHI�
[LMGL�EVI�SFWIVZEFPI�MW�WMQTPI��-J�WXVE]MRK�MRXS�E�HMWGYWWMSR�SJ�[LEX�HIGMWMSRW�WLSYPH�FI�QEHI��SR�[LEX�KVSYRHW�
ERH�LS[�XLMW�FIGSQIW�EW�GSQTPMGEXIH�EW�VIEP� PMJI�ERH�WLSYPH�FI�EZSMHIH�JSV�TYVTSWIW�SJ�EGGSYRXMRK�SJ�XLI�
WXEXYW��

8LI�QIXVMGW�XLEX�TVSNIGXW�GEVV]�EVI�GEXIKSVM^IH�[MXL�VIWTIGX�XS�XLI�HIKVII�SJ�GSRƼHIRGI�SJ�XLI�IWXMQEXIW��8LMW�MW�
I\TVIWWIH�EW�E�VERKI�SJ�YRGIVXEMRX]�[LIR�TL]WMGEP�SFWIVZEXMSRW�EVI�FIMRK�YWIH�SV�EW�E�HIKVII�SJ�GSRƼHIRGI�MR�
XLI�VITSVXW�I\EQMRIH�[LIR�HMVIGX�SFWIVZEXMSRW�[MXL�E�VERKI�SJ�YRGIVXEMRX]�EVI�RSX�EZEMPEFPI��

8LMW�FEWMG�WXVYGXYVI� VIJPIGXW� XLI�GLEVEGXIVMWXMGW�SJ�QER]�TVSNIGX� X]TIW��8LI�92�7IGVIXEV]�+IRIVEP�LEW�
VIGSQQIRHIH� XLEX� MX�FI�YWIH� JSV� XVERWJSVQMRK�I\XVEGXMZI�EGXMZMXMIW� JSV�WYWXEMREFPI�HIZIPSTQIRX�ERH�LEW�
JSVQIH�E�;SVOMRK�+VSYT�SR�8VERWJSVQMRK�XLI�)\XVEGXMZI�-RHYWXVMIW�JSV�7YWXEMREFPI�(IZIPSTQIRX�XS�[SVO�SR�XLMW�
GLEPPIRKI��8LI�;SVOMRK�+VSYT�MW�GS�PIH�F]�XLI�ƼZI�92�6IKMSREP�'SQQMWWMSRW�SR�E�VSXEXMRK�FEWMW��92)')�MW�XLI�
PIEH�6IKMSREP�'SQQMWWMSR�MR������ERH�XLI�WTIGMEPM^IH�EKIRGMIW�XLI�9RMXIH�2EXMSRW�(IZIPSTQIRX�4VSKVEQQI�
�92(4�ERH�XLI�9RMXIH�2EXMSRW�)RZMVSRQIRX�4VSKVEQQI��92)4��

FIGURE 1

UNFC classes and sub-categories in a 3D presentation
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FIGURE 2

UNFC in two-dimensional form
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XLI�)�*�QEXVM\��

8LI�WXVYGXYVI�SJ�92*'�MW�TS[IVJYP��RSX�SRP]�HYI�XS� MXW�WMQTPMGMX]�XLEX�QEOIW� MX�ETTPMGEFPI�XS�E�[MHI�VERKI�SJ�
IRIVK]�ERH�QMRIVEP�TVSNIGXW��FYX�EPWS�FIGEYWI� MX� MHIRXMJMIW�IRZMVSRQIRXEP�WSGMS�IGSRSQMG�GEXIKSVMIW� MR� XLI�
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ERH�MRXIVGSRRIGXIH�IGSRSQMIW�XLEX�GSRXMRYI�XS�HIZIPST��

6IGIRXP]��XLI�9RMXIH�2EXMSRW�6IWSYVGI�1EREKIQIRX�7]WXIQ��92617��MR�GSQTPIQIRX�XS�92*'��LEW�IRXIVIH�XLI�
WTIGMƼGEXMSR�ERH�HIZIPSTQIRX�TVSGIWW�WYTTSVXMRK�XLI�VIWSYVGI�HIPMZIV]�EWTIGXW�SJ�QIIXMRK�XLI������%KIRHE�JSV�
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FIGURE 3

The resource management tracking changes from one period to the next
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Note: Colour coding is as in Table 1.
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