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1. Executive summary   
'L??H BS>LIA?H CM A;CHCHA CGJILN;H=? ;M ;H ?H?LAS =;LLC?Lȼ ;H ?H;<F?L I@ MSMN?G CHN?AL;NCIHȼ ;M Q?FF ;M ; @??>MNI=E 

əMO<MNCNONCIHɚ @IL M?P?L;F CH>OMNLC;F JLI=?MM?MȻ )N QCFF <? ;H CGJILN;HN <OCF>CHA <FI=E @IL NB? NL;HMCNCIH JLI=?MM NI ; 

>?=;L<IHCM?> ?H?LAS MSMN?GȻ "?MC>?M NB? JLI>O=NCIH I@ L?H?Q;<F? ?F?=NLC=CNSȼ NB? JLI>O=NCIH I@ AL??H BS>LIA?H1 

@LIG I@@MBIL? QCH> CH NB? .ILNB 3?; CM JLIGCMCHA ACP?H CNM L?F;NCP?FS MB;FFIQ M?; >?JNB ;H> @;PIOL;<F? QCH> MJ??>MȻ 

4BCM L?JILN JL?M?HNM ; @?;MC<CFCNS MNO>S ;MM?MMCHA NB? JIN?HNC;F ;H> <IOH>;LS =IH>CNCIHM @IL AL??H BS>LIA?H JLIɐ

>O=NCIH CH NB? $ON=B ;H> '?LG;H I@@MBIL? ;H> =I;MN;F L?ACIHM I@ NB? .ILNB 3?; @LIG ?F?=NLC=CNS JLI>O=?> @LIG 

I@@MBIL? QCH> ;H> @IL >?FCP?LCHA BS>LIA?H NI >?G;H> =?HNL?M CH NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNJB;FC; 

ə.27ɚ @LIG ȕȓȕȘ NI ȕȓȘȓȻ )H NBCM =IHN?RNȼ ?RJFIL;NILS M=?H;LCIM B;P? <??H >?P?FIJ?> NB;N ?RJFIL? GIL? NB;H DOMN 

=OLL?HN ?H?LAS JIFC=S AI;FM2 ;H> ;FFIQ OM NI JLIPC>? @CLMN CHMCABNM CHNI BIQ ; NL;HMH;NCIH;F BS>LIA?H ?=IHIGS 

=IOF> FIIE CH ȕȓȘȓȻ  

4QI E?S MN;N?G?HNM Q?L? >?LCP?> @LIG NB? ;H;FSMCMȽ 

/00/245.)49Ƚ #IIJ?L;NCIH <?NQ??H NB? .?NB?LF;H>M ;H> '?LG;HS CH >?P?FIJCHA ; =IGGIH BS>LIA?H 

G;LE?N ;H> CH@L;MNLO=NOL? <IIMNM IJJILNOHCNC?M @IL L?;FCMCHA ; >?=;L<IHCM?> L?ACIH;F ?=IHIGSȻ 

#!,, &/2 !#4)/.Ƚ 4LCAA?L DICHN CHCNC;NCP?M NI ?MN;<FCMB ; =IGGIH G;LE?Nȼ L?GIP? L?AOF;NILS <;LLC?LMȼ >?ɐ

P?FIJ ; =IGGIH PCMCIH @IL BS>LIA?H CH@L;MNLO=NOL?ȼ @IMN?L =LIMM <IL>?L =IFF;<IL;NCIH IH CH>OMNLC;F NL;HMɐ

@ILG;NCIHȼ ?MN;<FCMB DICHN 2Ȓ$ ;H> CHHIP;NCIH CHCNC;NCP?M ;H> ?MN;<FCMB <CH;NCIH;F JLID?=NM QCNB H?N <?H?@CNM 

NI NB? $ON=B ;H> '?LG;H ?H?LAS MSMN?GMȻ   

4B? L?MOFNM I@ NB? MNO>S ;L? MOGG;LCT?> <?FIQ ;H> OFNCG;N?FS JLIPC>? @CP? E?S @CH>CHAM ;H> L?=IGG?H>;NCIHMȻ  

1.1. Results of the feasibility study  

(IQ CM NB? ?RCMNCHA ;H> @ONOL? BS>LIA?H >?G;H> ?RJ?=N?> NI >?P?FIJ CH NB? .?NB?LF;H>M ;H> .ILNB 2B?CH?ɐ

7?MNJB;FC;ɂ 

6?LM;NCF? NL;HMJILN;NCIH ;H> CH>OMNLC;F ;JJFC=;NCIHM I@ BS>LIA?H ;L? NI <? =IHMC>?L?> IH NB? >?G;H> MC>?Ȼ 4B?L? 

CM ; BCAB N?=BHIFIAS L?;>CH?MM @IL GIMN BS>LIA?H ;JJFC=;NCIHM CH CH>OMNLS QCNB NL;HMJILN;NCIH ;JJFC=;NCIH =FIM? 

<?BCH>Ȼ )H CH>OMNLSȼ ONCFCM;NCIH I@ AL??H BS>LIA?H CM JIMMC<F? ;M ;H ;FN?LH;NCP? NI AL?S BS>LIA?H ;H> CH JLI=?MM?M 

NB;N HIQ OM? @IMMCF @O?FMȻ 4B? GIMN JLIGCMCHA CH>OMNLS M?=NILM @IL AL??H BS>LIA?H OM;A? ;L? NBIM? NB;N ;FL?;>S OM? 

BS>LIA?H ;M ; L;Q G;N?LC;F IL @O?F NI>;Sȼ MO=B ;M <;MC= =B?GC=;F CH>OMNLC?M @IL ;GGIHC; ;H> G?NB;HIF MSHNB?MCMȼ 

H;JBNB; JLI>O=NCIH CH L?@CH?LC?Mȼ ;M Q?FF ;M MN??Fȼ =?G?HN ;H> AF;MM JLI>O=NCIHȻ )H NB? NL;HMJILN;NCIH M?=NILȼ BSɐ

>LIA?H =;H <? OM?> CH P;LCIOM NSJ?M I@ @O?F =?FF ?F?=NLC= P?BC=F?M ə<OMȼ NL;CHȼ B?;PSɐ>ONS P?BC=F?M ;H> J;MM?HA?L 

                                                                        

1 'L??H BS>LIA?H CM JLI>O=?> <S ?F?=NLIFSMCM I@ Q;N?Lȼ OMCHA IHFS ?F?=NLC=CNS @LIG L?H?Q;<F? MIOL=?MȻ 2?A;L>F?MM I@ NB? ?F?=NLIFSMCM N?=BHIFIAS 
M?F?=N?>ȼ NB? JLI>O=NCIH I@ BS>LIA?H CM #/ȕɐ@L??ȼ ;M Ȕȓȓ J?L=?HN I@ NB? ?F?=NLC=CNS OM?> =IG?M @LIG L?H?Q;<F? MIOL=?Mȼ QBC=B ;L? #/ȕɐ@L?? 

ə>?M=LCJNCIH @LIG NB? '?LG;H .;NCIH;F (S>LIA?H MNL;N?ASɚȻ  
2 )H=FO>CHA NB? '?LG;H .?NQILE $?P?FIJG?HN 0F;HȻ 
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=;LMɚȻ 7CNB L?MJ?=N NI >?G;H> MCT?ȼ NB? MN;LNCHA JICHN @IL NB? ;MM?MMG?HN I@ @ONOL? >?G;H> CM NB? =OLL?HN >?G;H> 

@IL AL?S BS>LIA?HȻ  

!==IL>CHA NI ;H;FSM?> M=?H;LCIM =OLL?HN CH>OMNLC;F ;JJFC=;NCIHM CH NB? J?NLI=B?GC=;F ;H> =B?GC=;F CH>OMNLS CH 

.ILNB 2BCH?ɐ7?MNJB;FC; ;H> NB? .?NB?LF;H>M B;P? ; BS>LIA?H >?G;H> I@ ȔȚ 47B ;H> ȗȔ 47B J?L S?;Lȼ L?MJ?=ɐ

NCP?FSȼ QBC=B CM MO<MN;HNC;FȻ 4B? JIN?HNC;F @ONOL? BS>LIA?H G;LE?N CM GI>?FF?> OH>?L NB? ;MMOGJNCIH I@ ; =IMNɐ

IJNCG;F ?H?LAS MSMN?G @IL ;=BC?PCHA ; AL??HBIOM? A;M L?>O=NCIH N;LA?N I@ ɐȜȘˠ <S ȕȓȘȓȻ 4B? >?G;H> M=?H;LCI CM 

<;M?> IH NB? L?=?HN BS>LIA?H LI;>G;J I@ .ILNB 2BCH?ɐ7?MNJB;FC; ;H> Q;M ;>;JN?> NI NB? $ON=B CH>OMNLC;F ;L?;MȻ 

2?MOFNM MBIQ NB;N >OLCHA NB? CHCNC;F JB;M? I@ NB? M=?H;LCIȼ OJ NI ȕȓȖȓȼ BS>LIA?H >?G;H> CM JLCG;LCFS AIP?LH?> <S 

=IGG?L=C;F NL;HMJILN ;JJFC=;NCIHM MO=B ;M NL;CHMȼ <OM?Mȼ FCABNɐ>ONSȼ ;H> B?;PSɐ>ONS P?BC=F?Mȼ ;M Q?FF ;M <S MO<MNCɐ

NONCIH I@ NB? =OLL?HN BS>LIA?H >?G;H> CH NB? =B?GC=;F ;H> J?NLI=B?GC=;F CH>OMNLSȻ ,;N?Lȼ <?NQ??H ȕȓȖȓ ;H> ȕȓȗȓȼ 

J;MM?HA?L =;LM ;H> NB? MN??F ;H> MSHNB?NC= @O?F M?=NILM <?=IG? CH=L?;MCHAFS CGJILN;HNȻ &LIG ȕȓȖȘȼ NB? F;LA?MN 

FIHAɐN?LG CGJ;=N IH >?G;H> =IG?M @LIG JLI>O=NCIH I@ MSHNB?NC= E?LIM?H?ȼ MSHNB?NC= >C?M?F ;H> MSHNB?NC= H;JBɐ

NB;ȼ OH>?L NB? ;MMOGJNCIH I@ >?=;L<IHCM;NCIH I@ NB? L?@CH?LS M?=NIL PC; AL??H BS>LIA?H ONCFCM;NCIHȻ &CH;FFSȼ <?ɐ

NQ??H ȕȓȗȓ ;H> ȕȓȘȓȼ ; GIL? ?RN?HMCP? BS>LIA?H ;>IJNCIH @IL JLI=?MM B?;N CH BCABɐN?GJ?L;NOL? @OLH;=?M ;H> NB? 

=?G?HN CH>OMNLS CM ;HNC=CJ;N?>Ȼ "S ȕȓȘȓȼ >?G;H> CH .27 ;JJLI;=B?M Ȕșȕ 47B ;H> CH NB? .?NB?LF;H>M ȕȖȜ 47B CH 

N?LGM I@ NB? ;<IP?ɐG?HNCIH?> M?=NILMȻ )H NB? =IHMC>?L?> M=?H;LCIȼ ; =IGGIH G;LE?N CHPIFPCHA <INB .27 ;H> NB? 

.?NB?LF;H>M GIL? NB;H >IO<F?M NB? JIN?HNC;F BS>LIA?H >?G;H> I@ ?;=B L?ACIHȼ NBOM CH=L?;MCHA NB? =B;H=?M @IL ; 

F;LA?ɐM=;F? G;LE?N @IL AL??H BS>LIA?HȻ 

7B;N ;L? NB? JIN?HNC;FM @IL AL??H BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> CH NB? $ON=B ;H> '?LG;H .ILNB 

3?;ɂ 

&IL NBCM MNO>Sȼ CN Q;M ;MMOG?> NB;N AL??H BS>LIA?H CM JLI>O=?> OMCHA ?F?=NLIFSMCM I@ @L?MB IL >?M;FCH;N?> M?; Q;N?Lȼ 

JIQ?L?> <S L?H?Q;<F? ?F?=NLC=CNS @LIG I@@MBIL? QCH> MIOL=?M CH NB? .ILNB 3?;Ȼ 4I ;MM?MM NB? JIN?HNC;F SC?F> I@ 

BS>LIA?H JLI>O=NCIH ;N NB? $ON=B ;H> '?LG;H .ILNB 3?;ȼ IHMBIL? ;H> I@@MBIL? JLI>O=NCIH =IH=?JNM ;L? CHP?MNCɐ

A;N?> CH =IG<CH;NCIH QCNB M?P?L;F IJ?L;NCIH;F M?NNCHAM I@ ?F?=NLIFSMCM @;=CFCNC?MȻ ! MCGJFC@C?> =IH=?JNO;F =IH@CAOL;ɐ

NCIH I@ BS>LIA?H >?FCP?LS NI ; JIN?HNC;F BS>LIA?H <;=E<IH? JCJ?FCH? CM JL?MOG?>ȼ QCNB NBL?? JIMMC<F? =I;MN;F @??>ɐ

CH JICHNMȼ NQI CH NB? .?NB?LF;H>M ə'LIHCHA?H ;H> 2INN?L>;Gɚ ;H> IH? CH '?LG;HS ə%G>?HɚȻ 4;ECHA CHNI ;==IOHN 

H;NCIH;F I@@MBIL? QCH> N;LA?NM OHNCF ȕȓȗȓȼ NB? %5 /@@MBIL? 2?H?Q;<F? %H?LAS 3NL;N?AS ;H> ;FF JIN?HNC;FFS ;P;CF;<F? 

;L?;M @IL NB? S?;LM <?SIH>ȼ ; LI;>G;J @IL NB? >?P?FIJG?HN I@ I@@MBIL? QCH> =;J;=CNC?M CH NB? .ILNB 3?; CM >?P?Fɐ

IJ?> @IL NB? L?@?L?H=? S?;LM əȕȓȕȘ NI ȕȓȘȓɚȻ 4B? >?N?LGCH?> CHMN;FF?> =;J;=CNS I@ I@@MBIL? QCH> J;LEM CH NB? ?R=FOɐ

MCP? ?=IHIGC= TIH?M CH NB? $ON=B ;H> '?LG;H .ILNB 3?; <S ȕȓȘȓ CM =;Ȼ șț '7 @IL NB? .?NB?LF;H>M ;H> =;Ȼ ȘȖ '7 

@IL '?LG;HSȻ !M @;L ;M N?=BHC=;FFS ;H> ?=IHIGC=;FFS @?;MC<F?ȼ NB? ;P;CF;<F? =;J;=CNC?M MBIOF> <? OM?> JLCG;LCFS @IL 

L?H?Q;<F? ?F?=NLC=CNS A?H?L;NCIHȻ ";M?> IH >?N?LGCH?> I@@MBIL? QCH> =;J;=CNC?Mȼ NB? H;NCIH;F I@@MBIL? QCH> N;Lɐ

A?NM ;H> ;G<CNCIHM @IL @ONOL? ?F?=NLIFSMCM =;J;=CNSȼ ;H ?F?=NLIFSMCM >?P?FIJG?HN LI;>G;J @IL NB? .ILNB 3?; ;L?;M 

CM >?P?FIJ?>Ȼ )H NBCM L?MJ?=Nȼ ; NIN;F I@ @CP? M=?H;LCIM @IL NB? BS>LIA?H JLI>O=NCIH QCNB I@@MBIL? QCH> =IG<CH?> 

QCNB IHMBIL? ;H> I@@MBIL? ?F?=NLIFSMCM ;L? GI>?FF?>Ȼ 4B? ;CG CM NI ;H;FSM? >C@@?L?HN =IH=?JNO;F ;JJLI;=B?M ;H> 

NB?CL CGJFC=;NCIHM IH M=;F?ȼ =IMNM ;H> NCGCHA I@ BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? MIOL=?MȻ )H NBCM L?MJ?=Nȼ NB? 

M=?H;LCIM MBIOF> <? CHN?LJL?N?> ;M ?RJFIL;NILS M=?H;LCIM @IL BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> ;H> HIN ;M 
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I@@MBIL? QCH> JIN?HNC;FM @IL ?F?=NLC=CNS JLI>O=NCIH CH ?;=B L?@?L?H=? S?;L Q;M ;MMOG?> NI <? =IOJF?> QCNB BS>LIɐ

A?H JLI>O=NCIH CH NB? ;H;FSM?> M=?H;LCIMȻ 4B?L?@IL?ȼ NB? >?LCP?> L?MOFNM IH N?=BHC=;F ;H> ?=IHIGC= >;N; G;S >C@@?L 

JLID?=NɐMJ?=C@C=;FFS ə?ȻAȻ @IL =?LN;CH ;L?;MɚȻ /HFS I@@MBIL? QCH> Q;M =IHMC>?L?> ;M ;H ?F?=NLC=CNS MIOL=?Ȼ /NB?L 

MIOL=?M MO=B ;M ALC> ?F?=NLC=CNSȼ IHMBIL? QCH> IL MIF;L ?H?LASȼ =IOF> JIMCNCP?FS CH@FO?H=? BS>LIA?H JLI>O=NCIH J?Lɐ

@ILG;H=? ;H> ?=IHIGC=MȻ &OLNB?LGIL?ȼ I@@MBIL? ALC> =IHH?=NCIH JICHNM @OLNB?L CHF;H>ȼ ;M >?M=LC<?> CH NB? '?LG;H 

.?NQILE $?P?FIJG?HN 0F;Hȼ Q?L? HIN =IHMC>?L?> CH NB? ;H;FSMCMȻ 4?=BHIFIAC=;F CHHIP;NCIHM CH NB? ?;LFS MN;A?M I@ 

>?P?FIJG?HN MO=B ;M @FI;NCHA QCH> NOL<CH?Mȼ BS<LC> JLID?=NMȼ ?H?LAS CMF;H>Mȼ ?N=Ȼ =IOF> <LCHA ;>>CNCIH;F <?H?@CNM 

CH NB? G?>COG NI FIHA N?LGȼ <ON Q?L? HIN =IHMC>?L?> CH NBCM JB;M? I@ NB? ;H;FSMCMȻ &CH;FFSȼ IHFS NB? JCJ?FCH? 

NL;HMJILN I@ BS>LIA?H @LIG NB? I@@MBIL? JF;HNM ;H> HI ;FN?LH;NCP?Mȼ MO=B ;M CHɐF;H> MBCJJCHA NL;HMJILNȼ Q?L? =IHɐ

MC>?L?>Ȼ  

(S>LIA?H JLI>O=NCIH KO;HNCNC?M ;H> M=;F?ɐOJ J;NBQ;SM P;LS MO<MN;HNC;FFS <?NQ??H NB? ;H;FSM?> M=?H;LCIM >O? NI 

>C@@?L?HN IJ?L;NCIH;F MNL;N?AC?M @IL NB? ?F?=NLIFSM?LMȻ (IQ?P?Lȼ CH ;FF M=?H;LCIMȼ MCAHC@C=;HN JLI>O=NCIH <?ACHM @LIG 

ȕȓȖȘ C@ ȔȓɒȘȓˠ I@ ?F?=NLC=CNS @LIG I@@MBIL?ɐQCH> CM =IHP?LN?> NI BS>LIA?HȻ "S ȕȓȘȓȼ ;HHO;F BS>LIA?H JLI>O=NCIH 

@LIG I@@MBIL? QCH> =IOF> L?;=B ȘȗɒȔȖȜ 47B @IL NB? .?NB?LF;H>M ;H> ȖȚɒȔȓȓ 47B @IL '?LG;HSȻ  

4B? ?RJ?=N?> JLI>O=NCIH =IMNM I@ BS>LIA?H CH=FO>CHA ;MMI=C;N?> =IMNM I@ NL;HMJILNCHA ?F?=NLC=CNS IL BS>LIA?H NI 

NB? =I;MN;F @??>ɐCH JICHNM ;L? MO<D?=N NI BCAB OH=?LN;CHNSȻ 4BCM G;E?M CN P?LS >C@@C=OFN NI JLIPC>? ;==OL;N? =IMN ?MNCɐ

G;N?M I@ BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> OHNCF ȕȓȘȓȻ .?P?LNB?F?MMȼ NB? =IMN I@ AL??H BS>LIA?H JLI>O=NCIH 

CM ?RJ?=N?> NI @IFFIQ ; >IQHQ;L> NL?H>Ȼ )N CM JLI<;<F? NB;N CN QCFF <? =IGJ?NCNCP? QCNB >IG?MNC= ;H> CGJILN?> <FO? 

BS>LIA?HȻ 4B?M? G;LE?N NL?H>M BCABFS >?J?H> IH JL?P;CFCHA ;H> @ONOL? =IGGI>CNS JLC=?M ;H> >CP?LM? L?AOF;NCHA 

G?=B;HCMGMȻ 5H>?L =IHM?LP;NCP? ;MMOGJNCIHM Q? M?? NB? =IMNM I@ AL??H BS>LIA?H MOJJFS =IHP?LA? ;N =;Ȼ ȗ ;H> Ș 

%52ɟEA <S ȕȓȗȓȻ  

(IQ =IOF> NB? >?G;H> ;H> MOJJFS =?HNL?M <? =IHH?=N?> <S NB? L?JOLJIM?> NL;HMJILN H?NQILE ;H> MNIL;A?M 

CH NB? .?NB?LF;H>M ;H> '?LG;HS ;H> BIQ NI G;N=B BS>LIA?H MOJJFS ;H> >?G;H>ɂ 

2?FC;H=? IH NB? ?RCMNCHA H;NOL;F A;M NL;HMGCMMCIH H?NQILE @IL @ONOL? BS>LIA?H NL;HMJILN CM ;HNC=CJ;N?> CH <INB NB? 

'?LG;H ;H> $ON=B BS>LIA?H MNL;N?AC?MȻ &OLNB?LGIL?ȼ CH <INB =IOHNLC?Mȼ A;M NL;HMGCMMCIH IJ?L;NILM B;P? JO<ɐ

FCMB?> NB?CL PCMCIHM @IL ; H;NCIH;F BS>LIA?H <;=E<IH?Ȼ 4B? $ON=B GCHCMNLS I@ %=IHIGC= !@@;CLM B;M JO<FCMB?> NB? 

(S7;S ȕȚ MNO>S @IL NB? L?;FCM;NCIH I@ ; H;NCIH;F BS>LIA?H <;=E<IH?Ȼ ːȚȘȓ GCFFCIH B;M <??H L?M?LP?> @IL NBCM JF;HȻ 

4B?M? PCMCIHM ;H> JF;HM Q?L? OM?> ;M ;H CHJON @IL ;H;FSM?M I@ NB? NL;HMH;NCIH;F BS>LIA?H CH@L;MNLO=NOL? CH NBCM 

MNO>SȻ  

4B? OH>?LFSCHA BS>LIA?H <;=E<IH? =IHMCMNM JL?>IGCH;HNFS I@ GIL? NB;H Șȼȓȓȓ EG L?JOLJIM?> A;M JCJ?FCH?M ;H> 

;FFIQM NB? =IHH?=NCIH I@ >?G;H> =?HNL?M QCNB NBL?? =I;MN;F @??>ɐCH MOJJFS JICHNMȻ !FMIȼ CN =IHH?=NM @IOL MNIL;A? 

MCN?M QCNB OH>?LALIOH> M;FN =;P?LHM CH <INB =IOHNLC?M ɒ IH? CH NB? .?NB?LF;H>M ;H> NBL?? CH '?LG;HSȼ I@@?LCHA 

@F?RC<CFCNS ;H> M?=OLCNS I@ MOJJFSȻ &CH;FFSȼ CN =IHH?=NM NB? BS>LIA?H NL;HMJILN H?NQILE NI NQI CGJILN FI=;NCIHM ɒ IH? 

CH NB? JILN I@ 2INN?L>;G ;H> IH? CGJILN BO< CH HILNBQ?MN I@ '?LG;HS ə7CFB?FGMB;P?Hȼ @IL ?R;GJF?ɚȻ ! H?NQILE 



 

ț ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

GI>?F ;H;FSMCM Q;M J?L@ILG?> @IL NB? >?G;H> M=?H;LCI ;H> @IL NQI MOJJFS M=?H;LCIMȻ -CMG;N=B CH BIOLFS >?G;H> 

;H> MOJJFS KO;HNCNC?M ;L? =IP?L?> <S MNIL;A? ;H> CGJILN I@ BS>LIA?HȻ 4B? L?MOFNM MBIQ NB;N AL??H BS>LIA?H JLIɐ

>O=?> @LIG I@@MBIL? QCH> CM HIN MO@@C=C?HN NI G??N BS>LIA?H >?G;H> CH NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNɐ

JB;FC; ;H> NB;N ;>>CNCIH;F MIOL=?M ;L? H??>?> @LIG NB? MN;LNȻ "INNF?H?=EM CH BS>LIA?H JCJ?FCH? CH@L;MNLO=NOL? G;S 

>?P?FIJ H?;L =I;MN;F @??>ɐCH JICHNM ;H> CGJILN =IHH?=NCIHM @LIG ȕȓȖȘ IHQ;L>Mȼ <ON =;H <? ;FF?PC;N?> <S >CP?LMCɐ

@SCHA CGJILN PC; INB?L B;L<IOLM MO=B ;M 7CFB?FGMB;P?H CH '?LG;HS ;H> <S ;>>CNCIH;F H?NQILE L?CH@IL=?G?HNMȻ 

*ICHN ALC> >?P?FIJG?HN <?NQ??H NB? .?NB?LF;H>M ;H> '?LG;HS CM L?KOCL?>ȼ <INB @IL NB? NCG?FS L?JOLJIMCHA I@ NB? 

?RCMNCHA A;M ALC> ;H> A;M MNIL;A?M @IL NB? OM? QCNB BS>LIA?H ;M Q?FF ;M @IL NB? >?P?FIJG?HN I@ H?Q BS>LIA?H JCJ?ɐ

FCH?MȻ 

7B;N ;L? NB? J;NBQ;SM ;H> I<MN;=F?M NIQ;L>M ; JIN?HNC;F NL;HMH;NCIH;F BS>LIA?H G;LE?Nɂ 

&ONOL? <OMCH?MM GI>?FM @IL NB? L?;FCM;NCIH I@ ; AL??H BS>LIA?H G;LE?N H??> NB? LCABN @L;G?QILE =IH>CNCIHMȻ !H 

IP?LPC?Q I@ NB? L?MJ?=NCP? P;FO? =B;CHM MBIQM A;JM NI <? <LC>A?> QCNB L?MJ?=N NI G;LE?N @OH=NCIHMȼ ?H?LAS CH@L;ɐ

MNLO=NOL?ȼ MN;E?BIF>?L LIF?M ;H> G;LE?N >?MCAHMȻ /H NB? INB?L B;H>ȼ P;FO? =B;CHM =;H ?PIFP? @LIG NB? ?MN;<FCMB?> 

;H> @OH=NCIHCHA I@@MBIL? QCH> ;H> A;M G;LE?NM ;H> @LIG ?RCMNCHA CH>OMNLS >?G;H>Ȼ  

&IL NB? ;MMOGJNCIHM CH NBCM MNO>Sȼ NB? JLC=?M @IL AL??H BS>LIA?H =IHP?LA? ;N ȗɒȘ %52ɟEA <S ȕȓȗȓȻ &IL <FO? BS>LIA?H 

Q? M?? =IMNM GI>?FF?> <?NQ??H ȕɒȖ %52ɟEA <S ȕȓȖȘ ;FNBIOAB ?MNCG;N?M BCABFS >?J?H> IH NB? JL?P;CFCHA ;H> @ONOL? 

=IGGI>CNS JLC=?M @IL H;NOL;F A;M ;H> #/ȕȼ <?CHA CH@FO?H=?> <S >CP?LM? L?AOF;NCHA G?=B;HCMGMȻ 4BCM MOAA?MNM NB? 

H??> @IL MOJJILN G?=B;HCMGM @IL AL??H BS>LIA?H NI <?=IG? ;H> L?G;CH =IGJ?NCNCP? ;H> <LCHA >IQH =IMNM @OLNB?LȻ 

!H ?H;<FCHA G;LE?N >?MCAH ;H> L?AOF;NILS @L;G?QILE CM H??>?> NI ?MN;<FCMB =?LNC@C=;NCIH I@ AL??H BS>LIA?Hȼ NI 

;FFIQ F;LA?ɐM=;F? IHMBIL? ;H> I@@MBIL? CHN?AL;NCIH I@ JIQ?LɐNIɐA;M N?=BHIFIAS ;H> NI @;=CFCN;N? CHN?AL;N?> ALC> 

JF;HHCHA @IL <INB H;NOL;F A;M ;H> BS>LIA?HȻ 4BCM MBIOF> ;FMI CH=FO>? =FIM? =LIMMɐ<IL>?L =IIL>CH;NCIH ;H> =IIJ?Lɐ

;NCIHȻ  

1.2. Key findings   

,;LA?ɐM=;F?ȼ =LIMMɐ<IL>?L BS>LIA?H P;FO? =B;CHM =;H =IHNLC<ON? NI NB? ?PIFONCIH I@ L?H?Q;<F? ?F?=NLC=CNS ;H> H;Nɐ

OL;F A;M MSMN?GM CHNI ;H CHN?AL;N?> ;H> >?=;L<IHCM?> ?H?LAS MSMN?GȻ %5ȼ H;NCIH;F ;H> L?ACIH;F JIFC=C?M B;P? M?N 

;G<CNCIOM I@@MBIL? QCH> ;H> ?F?=NLIFSM?L =;J;=CNS N;LA?NMȻ 4B? P;FO? =B;CHM ?R;GCH?> CH NB? MNO>S @CN Q?FF QCNBCH 

NBCM @L;G?QILEȻ #IIJ?L;NCIH <?NQ??H NB? .?NB?LF;H>M ;H> '?LG;HS CH >?P?FIJCHA ; =IGGIH BS>LIA?H G;LE?N 

;H> CH@L;MNLO=NOL? =;H @IMN?L NB? IJJILNOHCNC?M @IL L?;FCMCHA ; >?=;L<IHCM?> ?=IHIGSȻ 2?;FCTCHA NB?M? IJJILNOHCɐ

NC?M QCFF L?KOCL? =IIL>CH;N?> ;H> ?@@?=NCP? ;=NCIHM NB;N L?GIP? L?G;CHCHA <;LLC?LM ;H> IP?L=IG? OH=?LN;CHNC?MȻ 4B? 

@IFFIQCHA E?S @CH>CHAM =;H <? >?LCP?> @LIG NB? L?MOFNM I@ NB? MNO>Sȼ QBC=B =;FF @IL ;=NCIH <S ;FF MN;E?BIF>?LMȻ 

1. $ON=Bɐ'?LG;H =IIJ?L;NCIH QCFF <? <?H?@C=C;F NI <OCF> OJ ;H> =IHH?=N NB? G;LE?NM @IL BS>LIA?H CH .27 

;H> NB? .?NB?LF;H>MȻ 

Á ! =IGGIH G;LE?N @IL <INB .27 ;H> NB? .?NB?LF;H>M QIOF> GIL? NB;H >IO<F? NB? JIN?HNC;F >?G;H> @IL 

BS>LIA?H CH NBCM ;L?;Ȼ 

Á #IIJ?L;NCIH ?H;<F?M NB? OM? I@ MSH?LAC?Mȼ ?ȻAȻ BCAB?L G;LE?N PIFOG? @IL M?LPC=?M ;H> <?NN?L ONCFCM;NCIH I@ 

CH@L;MNLO=NOL?ȼ L?>O=?M NB? LCME I@ MNL;H>?> ;MM?NM ;H> CH=L?;M?M M?=OLCNS I@ MOJJFS CH NBCM L?ACIHȻ 



 

Ȝ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

Á )HN?AL;N?> >?P?FIJG?HN =IOF> ;=BC?P? <?NN?L M=;FCHA ;H> ONCFCM;NCIH I@ BS>LIA?H CH@L;MNLO=NOL?Ȼ 

 

2. 4B? NL;HM@ILG;NCIH I@ NB? J?NLI=B?GC=;F ;H> =B?GC=;F CH>OMNLS MNLO=NOL?M CH NB? =LIMM <IL>?L L?ACIH 

QCFF >LCP? NB? >?G;H> @IL BS>LIA?HȻ  

Á )HCNC;F >?G;H> @IL BS>LIA?H CH .27 ;H> NB? .?NB?LF;H>M CM ?RJ?=N?> NI <? >LCP?H JLCG;LCFS <S MO<MNCNONCIH 

I@ =OLL?HN BS>LIA?H =IHMOGJNCIH CH NB? =B?GC=;F ;H> J?NLI=B?GC=;F CH>OMNLC?Mȼ ;M Q?FF ;M =IGG?L=C;F 

NL;HMJILN ;JJFC=;NCIHM MO=B ;M <OM?Mȼ NLO=EMȼ NL;CHM ;H> =;LMȻ 

Á )H NB? =B?GC=;F ;H> J?NLI=B?GC=;F CH>OMNLSȼ NB?L? ;L? ; P;LC?NS I@ ;JJFC=;NCIHM @IL NB? OM? I@ AL??H BS>LIɐ

A?Hȼ ?ȻAȻ @IL G?NB;HIF ;H> ;GGIHC; JLI>O=NCIH IL @IL >?=;L<IHCM;NCIH I@ @O?F L?@CHCHAȻ 

 

3. #I;MN;F ;H> I@@MBIL? BS>LIA?H JLI>O=NCIH =;H =IHNLC<ON? NI NB? ONCFCM;NCIH I@ NB? .ILNB 3?; QCH> ?Hɐ

?LAS JIN?HNC;F ;H> NI >IG?MNC= BS>LIA?H MOJJFSȻ 

Á 4B? =IMN @IL IHMBIL? ;H> I@@MBIL? AL??H BS>LIA?H JLI>O=NCIH CH '?LG;HS ;H> .?NB?LF;H>M CM HIN S?N =IGɐ

J?NCNCP?ȼ <ON JLID?=NCIHM =F?;LFS MBIQ >IQHQ;L> NL?H>MȻ 'L??H BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> 

CM ?RJ?=N?> NI <?=IG? =IGJ?NCNCP? QCNB >IG?MNC= ;H> CGJILN?> <FO? BS>LIA?HȻ 

Á (S>LIA?H JLI>O=NCIH IHMBIL? ;H> I@@MBIL? @LIG I@@MBIL? QCH> MIOL=?M CM FCE?FS NI ;==IGGI>;N? GIL? 

QCH> ?H?LAS CH NB? MSMN?G ;M CN B?FJM MOJJILN >?=;L<IHCM;NCIH MNL;N?AC?M @IL M?P?L;F B;L>ɐNIɐ;<;N? M?=NILM 

;N NB? FIQ?MN MSMN?G =IMNȻ  

Á (S>LIA?H JLI>O=NCIH @LIG .ILNB 3?; I@@MBIL? QCH> H??>M NI <? ;MM?MM?> CH N?LGM I@ P;FO? ;H> =IMN CH 

L?F;NCIH NI INB?L BS>LIA?H MIOL=?Mȼ M?=NIL;F >?=;L<IHCM;NCIH MNL;N?AC?M ;H> MNL;N?AC= ;>P;HN;A?M MO=B ;M 

>IG?MNC= JLI>O=NCIHȼ M?=OLCNS I@ MOJJFS ;H> JO<FC= ;==?JN;H=?Ȼ 

Á "INB IHMBIL? ;M I@@MBIL? JLI>O=NCIH =IH=?JNM H??> NI <? @OLNB?L ?RJFIL?> L?A;L>CHA NB? FI=;NCIH ;H> 

IJNCG;F IJ?L;NCIH I@ NB? ?F?=NLIFSMCM ;H> NB? <;F;H=? <?NQ??H ?F?=NLC=CNS ;H> BS>LIA?H @??> CH NB? ?H?LAS 

MSMN?GȻ  

 

4. 4I G??N @ONOL? BS>LIA?H >?G;H> CH NB? .?NB?LF;H>M ;H> .27ȼ INB?L MIOL=?M <?SIH> AL??H BS>LIA?H 

JLI>O=?> @LIG I@@MBIL? QCH> CH NB? .ILNB 3?; ;L? H??>?> CH ;HS =;M?Ȼ  

Á 'L??H BS>LIA?H JLI>O=?> @LIG I@@MBIL? QCH> CH NB? .ILNB 3?; B;M P;MN JLI>O=NCIH JIN?HNC;Fȼ <ON CN CM MNCFF 

CHMO@@C=C?HN @IL G??NCHA NB? JLID?=N?> BS>LIA?H >?G;H>Ȼ 4BCM >?@C=CN CH BS>LIA?H JLI>O=NCIH =;J;=CNS 

ALIQM ?RJIH?HNC;FFS @LIG ȕȓȕȘ NI ȕȓȘȓȻ 

Á /NB?L MIOL=?M I@ BS>LIA?H CH ;>>CNCIH NI AL??H BS>LIA?H JLI>O=?> @LIG I@@MBIL? QCH> QCFF <? H??>?> CH 

NB? @ONOL?Ȼ 4B?M? INB?L MIOL=?M =;H CH=FO>? >IG?MNC= JLI>O=NCIH I@ AL??H BS>LIA?H @LIG MIF;L ;H> >Iɐ

G?MNC= ;H> CGJILN?> <FO? BS>LIA?HȻ  

 

5. 2?JOLJIMCHA I@ J;LNM I@ NB? ?RCMNCHA A;M CH@L;MNLO=NOL? CH NB? .?NB?LF;H>M ;H> '?LG;HS SC?F>M MO@@Cɐ

=C?HN NL;HMJILN ;H> MNIL;A? =;J;=CNS @IL BS>LIA?H <S ȕȓȖȓȻ 

Á 2?JOLJIMCHA I@ J;LNM I@ NB? ?RCMNCHA A;M CH@L;MNLO=NOL? @IL BS>LIA?H NL;HMJILN CH NB? .?NB?LF;H>M ;H> '?Lɐ

G;HS SC?F>M MO@@C=C?HN NL;HMJILN =;J;=CNS <S ȕȓȖȓȻ !@N?L ȕȓȖȓȼ <INNF?H?=EM =IOF> I==OL CH =?LN;CH L?ACIHMȻ 



 

Ȕȓ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

Á 4B? >?P?FIJG?HN I@ BS>LIA?H MNIL;A? CH ?RCMNCHA ;H> H?Q M;FN =;P?LHM CH <INB NB? .?NB?LF;H>M ;H> '?Lɐ

G;HS QCFF <? ; OM?@OF ;H> H?=?MM;LS <;F;H=CHA ;MM?N @IL I@@?LCHA @F?RC<CFCNS NI NB? ?H?LAS MSMN?GȻ /H? NI 

@CP? =;P?LHM QCFF <? H??>?> CH ȕȓȖȓȼ QCNB NBCM HOG<?L CH=L?;MCHA NI ȗȜ NI ȘȚ =;P?LHM <S ȕȓȘȓȻ 4B?M? ?MNCɐ

G;N?M IHFS =IHMC>?L MNIL;A? =;J;=CNS H??>?> NI <;F;H=? MOJJFS ;H> >?G;H> @FO=NO;NCIHM @IL ; S?;L QCNB 

HILG;F Q?;NB?LȻ &;=NILCHA CH MNL;N?AC= L?M?LP?M ;H> S?;LFS P;LC;NCIHM CH MOJJFS ;H> >?G;H> QIOF> FCE?FS 

CH=L?;M? NB? MNIL;A? H??>Ȼ 

Á ';M MNIL;A? MCN?M =OLL?HNFS OMCHA =;P?LHM @IL A;M MNIL;A? I@@?L ; F;LA? N?=BHC=;F JIN?HNC;F @IL BS>LIA?H 

MNIL;A?Ȼ (IQ?P?Lȼ CH IL>?L NI MOJJILN H?Q BS>LIA?H CH@L;MNLO=NOL?ȼ H?Q =;P?LHM QCFF FCE?FS <? H??>?> >OLɐ

CHA NL;HMCNCIH JB;M? QB?L? <INB H;NOL;F A;M ;H> BS>LIA?H MNIL;A? =;J;=CNS QCFF <? H?=?MM;LSȻ  

Á ! =IOJF?> <CH;NCIH;F ;JJLI;=B <LCHAM MSH?LAC?M ;H> ?@@C=C?H=S CH N?LGM I@ =;J;=CNS ;H> ONCFCM;NCIH I@ MNILɐ

;A? ;H> JCJ?FCH?Mȼ @IL ?R;GJF?Ȼ 4I F?P?L;A? MSH?LAC?M ; DICHN PCMCIH @IL ; BS>LIA?H CH@L;MNLO=NOL? <?NQ??H 

NB? .?NB?LF;H>M ;H> '?LG;HS CM L?KOCL?>Ȼ 'LC> L?JOLJIMCHA ;H> L?H?QCHA N;E?M GOFNCJF? S?;LM @LIG JF;Hɐ

HCHA NI ?R?=ONCHAȼ BCABFCABNCHA NB? H??> @IL OLA?HN =IIL>CH;N?> .,ɐ$% ;=NCIH NI G??N ȕȓȕȘ ;H> ȕȓȖȓ AI;FMȻ 

 

1.3. Recommendations  

4BCM @?;MC<CFCNS MNO>S Q;M JL?J;L?> CH NB? =IHN?RN I@ NB? $ON=Bɐ'?LG;H 'L??H (S>LIA?H #IIJ?L;NCIH QCNB NB? ;CG 

NI JON '?LG;HS ;H> NB? .?NB?LF;H>M IH NB? @IL?@LIHN I@ AFI<;F AL??H BS>LIA?H >?JFISG?HN CH ;H ?H?LAS MSMN?G 

L?F?P;HN M=;F?Ȼ )N G;E?M ;H CGJILN;HN =IHNLC<ONCIH NI =OLL?HN >CM=OMMCIHM ;H> CMMO?M CH NB? =IHN?RN I@ >?=;L<IHCMɐ

CHA CH>OMNLS QCNB BS>LIA?H ;H> NB? JIN?HNC;F OM? I@ I@@MBIL? QCH> @IL BS>LIA?H JLI>O=NCIHȻ 4B? F;LA? HOG<?L I@ 

JLID?=NM =OLL?HNFS ;HHIOH=?> MBIQM NB;N NB? NIJC= CM CGJILN;HN NI MN;E?BIF>?LM ;H> JIFCNC=C;HM ;FCE?Ȼ )N CM CGɐ

JILN;HN NI OM? NB? =OLL?HN GIG?HNOG ;H> MNL?HANB?H NB? =IIJ?L;NCIH <?NQ??H NB? NQI =IOHNLC?M CH IL>?L NI =F;Lɐ

C@S IJ?H CMMO?M ;H> ?H;<F? NB? >?P?FIJG?HN ;H> CGJF?G?HN;NCIH I@ MO==?MM@OF JLID?=NMȻ 4B? @IFFIQCHA L?=IGG?Hɐ

>;NCIHM ;L? CHN?H>?> NI @;=CFCN;N? NBCM JLI=?MMȻ 

1. $ON=Bɐ'?LG;H 'L??H (S>LIA?H #IIJ?L;NCIH 

&CLMN I@ ;FFȼ NB? .?NB?LF;H>M ;H> '?LG;HS MBIOF> @OLNB?L CHP?MNCA;N? JIN?HNC;FM ;H> CHMNLOG?HNM @IL =IIJ?L;NCIH 

QCNB NB? ;CG I@ >?P?FIJCHA NB? BS>LIA?H ?=IHIGS CH NB? =LIMMɐ<IL>?L L?ACIH CH ; =IIL>CH;N?> G;HH?L ;H> >?P?Fɐ

IJCHA CN QCNB NB? =FIM? CHPIFP?G?HN I@ .ILNB 2BCH? 7?MNJB;FC; ;H> ,IQ?L 3;RIHS ;H> L?F?P;HN MN;E?BIF>?LM ə?ȻAȻ 

;ONBILCNC?Mȼ ?H?LAS ;A?H=C?Mȼ JLID?=N =IIL>CH;NILMɚȻ )N CM L?;MIH;<F? NI ?MN;<FCMB ; =IHNCHOIOM  

?R=B;HA? I@ ?RJ?LC?H=? IH IJ?H KO?MNCIHM CH NB? =IHN?RN I@ BS>LIA?H JLI>O=NCIHȼ NL;HMJILN ;H> OM?ȼ MO=B ;M 

JIQ?L MOJJFSȼ ALC> =IHH?=NCIH IL KO;FCNS MN;H>;L>Mȼ ;H> IH @L;G?QILE =IH>CNCIHM ;N H;NCIH;F ;H> %OLIJ?;H F?P?FȻ 

&OLNB?LGIL?ȼ NB? =IIJ?L;NCIH <?NQ??H NB? .?NB?LF;H>M ;H> '?LG;HS MBIOF> <? OM?> ;H> =IGGOHC=;N?>  

;M ; FCABNBIOM? JLID?=N NI G;E? NB? >?P?FIJG?HN I@ NL;HMH;NCIH;F BS>LIA?H P;FO? =B;CHM PCMC<F? CH %OLIJ?Ȼ 
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2. 'LC>ȼ H?NQILE ;H> MNIL;A? CH@L;MNLO=NOL?  

4I MOJJILN NB? >?P?FIJG?HN I@ ALC>Mȼ H?NQILEM ;H> MNIL;A? @;=CFCNC?Mȼ NB? $ON=B ;H> '?LG;H ALC> IJ?L;NILM @IL 

?F?=NLC=CNS ;H> A;M MBIOF> <? CHPCN?> NI C>?HNC@S JIN?HNC;FM ;H> JLID?=NM @IL =IIJ?L;NCIH @IL NB? L?ACIH IH ALC> CHɐ

@L;MNLO=NOL? ;H> BS>LIA?H MNIL;A? NB;N =IGJF?G?HNM ;H> >??J?HM NB? H;NCIH;F ;H> %OLIJ?;H JF;HHCHA ;H> >?ɐ

LCP?M ; DICHN MN?Jɐ<SɐMN?J ;JJLI;=BȻ 

3. (S>LIA?H G;LE?N ;H> NL;>? 

4B? NL;HMH;NCIH;F G;LE?N ;H> BS>LIA?H NL;>CHA MBIOF> <? MOJJILN?> <S ?R=B;HACHA G;LE?N CH@ILG;NCIH ə?ȻAȻ ?Rɐ

J?=N?> >?G;H> IP?L NCG?ɚ ;H> >?P?FIJCHA MNL;N?AC= G?;MOL?M L?A;L>CHA NB? CGJILN ;H> CHN?AL;NCIH I@ BS>LIA?H 

@LIG CHN?LH;NCIH;F G;LE?NMȻ )H NB? FIHA LOHȼ NB? >?P?FIJG?HN I@ ; $ON=Bɐ'?LG;H BS>LIA?H G;LE?N BO< G;N=BCHA 

MSMN?G MBIOF> <? >?P?FIJ?> ;H> MOJJILN?>ȼ =IHH?=NCHA JF;S?LM @LIG >?G;H> ;H> MOJJFS MC>?Ȼ 

4. )H>OMNLC;F NL;HM@ILG;NCIH 

4B? ?R=B;HA? QCNB CH>OMNLS J;LNH?LM MBIOF> <? =IHNCHO?>ȼ ;H> NB? AIP?LHG?HNM MBIOF> ?MN;<FCMB ;H> MOJJILN 

NL;HMH;NCIH;F H?NQILEM ;H> QILECHA ALIOJM I@ CH>OMNLC;F ?HN?LJLCM?M QCNB BCAB NL;HM@ILG;NCIH JL?MMOL? NI ;==IGɐ

J;HS =B;HA? CH NB? CH>OMNLC;F P;FO? =B;CHȻ 4B? J?NLI=B?GC=;F ;H> =B?GC=;F CH>OMNLS CH NB? =IHMC>?L?> L?ACIH CM 

;FL?;>S MNLIHAFS FCHE?>Ȼ #FIM? =IIJ?L;NCIH ;FL?;>S ?RCMNM NBLIOAB NB? Ɉ4LCF;N?L;F MNL;N?AS @IL NB? =B?GC=;F CH>OMNLSɉ 

;H> INB?L =LIMMɐ<IL>?L =IFF;<IL;NCIHM ɛȔȕȗɜȻ 4BOMȼ ; DICHN MNL;N?AS @IL NB? NL;HM@ILG;NCIH I@ CH>OMNLC;F L?ACIHM CM 

L?=IGG?H>?>Ȼ 

5. 2Ȓ$ ;H> CHHIP;NCIH 

4B? ?RCMNCHA <CH;NCIH;F CHHIP;NCIH ;H> OHCP?LMCNS H?NQILEM MBIOF> <? OM?> ;H> ?RJ;H>?> CH IL>?L NI >?P?FIJ ;H> 

JLIGIN? L?M?;L=B Ȓ >?P?FIJG?HN =IIJ?L;NCIH IJJILNOHCNC?M CH NB? @C?F> I@ BS>LIA?H ;H> NI MOJJILN L?M?;L=B ;=ɐ

NCPCNC?MȻ )GJILN;HN L?M?;L=B KO?MNCIHM =IH=?LHCHA ?F?=NLIFSMCMȼ BS>LIA?H NL;HMJILN ;H> MNIL;A? ;M Q?FF ;M CH>OMNLC;F 

;JJFC=;NCIHM =IOF> <? DICHNFS QILE?> IHȻ 4BCM MBIOF> <? MOJJILN?> <S =L?;NCHA ; L?AOF;NILS @L;G?QILE NB;N JLIɐ

GIN?M =IIJ?L;NCIH I@ MN;E?BIF>?LM @LIG <INB =IOHNLC?MȻ /H? @I=OM MBIOF> <? IH @OLNB?L MNO>C?M L?A;L>CHA =IMN 

;MJ?=NMȼ L?;FCM;NCIH ;H> IJ?L;NCHA IJNCIHM @IL BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> ;H> MO<M?KO?HNFS NB? LIF? 

I@ BS>LIA?H CH NL;HM@ILGCHA NB? ?RCMNCHA CH>OMNLC;F P;FO? =B;CH NIQ;L>M =FCG;N? H?ONL;FCNSȻ !HINB?L @I=OM MBIOF> 

<? IH <;MC= L?M?;L=B CH ?F?=NLI=B?GCMNLSȼ MO=B ;M ?F?=NLIFSMCM JLI=?MM?M ;H> NB? OM? I@ L;Q G;N?LC;FMȻ )H NBCM =IHɐ

N?RNȼ ;FMI NB? NL;HM@?L I@ CH@ILG;NCIH ;H> NB? >CMM?GCH;NCIH I@ H?Q N?=BHIFIAC?Mȼ =IH=?JNM ;H> M?LPC=?M <?NQ??H 

NB? NQI =IOHNLC?M MBIOF> <? @OLNB?L MOJJILN?> <S ?MN;<FCMBCHA ; L?AOF;L <CH;NCIH;F Ɉ(S>LIA?H CHHIP;NCIH >;SMɉ 

?P?HNȼ @IL ?R;GJF?Ȼ  

6. 0?LMJ?=NCP? @LIG NB? ?H?LAS MSMN?G F?P?F  

&CH;FFSȼ NB? L?MOFNM I@ NBCM @?;MC<CFCNS MNO>S GOMN <? =IHMC>?L?> @LIG ; MSMN?G F?P?FȻ )N CM L?=IGG?H>?> NI ?R;GCH? 

GIL? >??JFS QB;N LIF? I@@MBIL? BS>LIA?H JLI>O=NCIH =IOF> JF;S CH ; <;F;H=?> GCR I@ I@@MBIL? L?H?Q;<F? ?H?LAS 

MOJJFS IJNCIHM CH L?F;NCIH NI H;NCIH;F ;H> %OLIJ?;H əI@@MBIL?ɚ L?H?Q;<F? N;LA?NMȻ 4B? >?P?FIJG?HN I@ >?GIHMNL;ɐ

NCIH JLID?=NM CH <CH;NCIH;F ;H> %OLIJ?;H =IHN?RN ;>>L?MMCHA NB? MSMN?G F?P?F P;FO?ȼ MO=B ;M QCNBCH CH NB? )0#%) 

JLIAL;Gȼ MBIOF> <? MOJJILN?> <S NB? $ON=Bȼ NB? '?LG;H ;H> NB? .ILNB 2BCH?ɐ7?MNJB;FC; AIP?LHG?HNMȻ 
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2. Introduction  
2.1. Background  

4B? %OLIJ?;H 5HCIH ə%5ɚ ;CGM @IL ; =FCG;N?ɐH?ONL;F ?H?LAS MSMN?G <S ȕȓȘȓ ;H> CM CH NB? GC>MN I@ NB? ?H?LAS NL;Hɐ

MCNCIHȻ )HN?LH;NCIH;F =IIJ?L;NCIH CM ?MM?HNC;F C@ NBCM CM NI MO==??>Ȼ 4BCM CM ?MJ?=C;FFS NLO? @IL NB? .?NB?LF;H>M ;H> 

'?LG;HS ɒ =IOHNLC?M NB;N MB;L? <INB ; F;H> ;H> ; M?; <IL>?LȻ &OLNB?LGIL?ȼ <INB =IOHNLC?M B;P? ;G<CNCIOM AI;FM 

=IH=?LHCHA NB? @OLNB?L ?RJ;HMCIH I@ I@@MBIL? QCH> ?H?LAS JLI>O=NCIH ;H> ;L? @LIHNɐLOHH?LM CH CHP?MNCA;NCHA ;H> 

JLIGINCHA BS>LIA?H ONCFCM;NCIHȻ 

7CNB NB? *ICHN $?=F;L;NCIH I@ )HN?HN IH NB? %H?LAS 4L;HMCNCIHȼ NB? -CHCMNLS I@ %=IHIGC= !@@;CLM ;H> #FCG;N? 0IFC=S 

I@ NB? +CHA>IG I@ NB? .?NB?LF;H>M ;H> NB? &?>?L;F -CHCMNLS @IL %=IHIGC= !@@;CLM ;H> %H?LAS I@ NB? &?>?L;F 2?JO<FC= 

I@ '?LG;HS >?=F;L?> NB?CL ;G<CNCIHM @IL ?H?LAS JIFC=S =IIJ?L;NCIHȻ 4B? >?=F;L;NCIH ?HPCM;A?M NB? DICHN =LIMMɐ<ILɐ

>?L >?P?FIJG?HN I@ I@@MBIL? QCH> JLID?=NM ;H> CH@L;MNLO=NOL? >?P?FIJG?HN CH NB? .ILNB 3?; L?ACIHȻ (S>LIA?H QCNB 

CNM JIN?HNC;F NI M?LP? ;M ;H ?H?LAS =;LLC?Lȼ ?H;<F?L I@ M?=NIL =IOJFCHA ;H> MSMN?G CHN?AL;NCIHȼ ;M Q?FF ;M ; @??>MNI=E 

@IL M?P?L;F CH>OMNLC;F JLI=?MM?M Q;M C>?HNC@C?> ;M ; E?S NIJC=Ȼ 4B? >?P?FIJG?HN I@ %OLIJ?;Hȼ $ON=Bȼ ;H> '?LG;H 

BS>LIA?H MNL;N?AC?M ;H> NB? .ILNB 2BCH?ɐ7?MNJB;FC;H BS>LIA?H LI;> G;J @OLNB?L ?MN;<FCMB?M ; JIFCNC=;F @L;G?ɐ

QILE @IL BS>LIA?H G;LE?N >?P?FIJG?HNȻ 

4B? NLCF;N?L;F JLID?=N Ɉ(SȖ ɒ ,;LA?ɐM=;F? (S>LIA?H 0LI>O=NCIH @LIG /@@MBIL? 7CH> NI $?=;L<IHCM? NB? $ON=B ;H> 

'?LG;H )H>OMNLSɉ Q;M CHCNC;N?> <S NB? .?NB?LF;H>Mȼ NB? &?>?L;F 2?JO<FC= I@ '?LG;HSȼ ;H> NB? '?LG;H &?>?L;F 

3N;N? I@ .ILNB 2BCH?ɐ7?MNJB;FC; ə.27ɚȻ )NM L?;FCM;NCIH CM ;MMCAH?> NI 4./ ;M ;MMCAH?> J;LNS @IL NB? .?NB?LF;H>Mȼ 

NB? L?M?;L=B =?HNL? &ILM=BOHAMT?HNLOG *ưFC=B ə)%+ɐȖɚ ;M NB? ;MMCAH?> J;LNS @IL NB? '?LG;H &?>?L;F 3N;N? I@ .ILNB 

2BCH?ɐ7?MNJB;FC;ȼ ;H> NB? $?ONM=B? %H?LAC?ɐ!A?HNOL ə>?H;ɚ ɒ NB? '?LG;H %H?LAS !A?H=S ɒ ;M NB? ;MMCAH?> J;LNS 

@IL NB? &?>?L;F 2?JO<FC= I@ '?LG;HSȻ 

2.2. Goals 

4B? L?MOFNCHA MNO>Sȼ QBC=B CM NB? @CLMN I@ CNM ECH>ȼ ;CGM NI ;MM?MM NB? @?;MC<CFCNS I@ ; NL;HMH;NCIH;F AL??H BS>LIA?H 

MOJJFS =B;CH CH NB? .?NB?LF;H>M ;H> '?LG;HSȻ 4B? ;H;FSMCM NCG? @L;G? MJ;HM @LIG ȕȓȕȘ NI ȕȓȘȓȻ 

$?=;L<IHCM;NCIH I@ ; MNLIHA CH>OMNLS <;M? CH NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNJB;FC; =IOF> <? J;LNFS L?;FCM?> 

<S AL??H ;H> FIQɐ=;L<IH BS>LIA?H >?JFISG?HNȻ 4B?L?@IL?ȼ ;H ?R;GCH;NCIH I@ ?RCMNCHA ;H> JIN?HNC;F @C?F> I@ BSɐ

>LIA?H ;JJFC=;NCIHM CH NB? CH>OMNLS ;H> NL;HMJILN;NCIH M?=NILM CM IH? I@ NB? G;CH AI;FM I@ NBCM L?M?;L=BȻ 4B? IP?Lɐ

;L=BCHA KO?MNCIH CMȼ BIQ CM NB? ?RCMNCHA ;H> @ONOL? BS>LIA?H >?G;H> CH NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNɐ

JB;FC; ?RJ?=N?> NI >?P?FIJɂ  

&OLNB?LGIL?ȼ NB? L?M?;L=B ;CGM NI CHP?MNCA;N? NB? JIN?HNC;F @IL AL??H BS>LIA?H JLI>O=NCIH CH NB? I@@MBIL? ;H> 

=I;MN;F L?ACIHM I@ NB? $ON=B ;H> '?LG;H .ILNB 3?;Ȼ 4I>;Sȼ ; F;LA?ɐM=;F? BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> 

CM MNCFF ; PCMCIH;LS =IH=?JNȼ <ON CH NB? =IHN?RN I@ BCABFS ;G<CNCIOM JF;HM @IL I@@MBIL? QCH> ONCFCM;NCIH M=;F?ɐOJ ;H> 

?F?=NLIFSMCM >?P?FIJG?HN N;LA?NM CH <INB =IOHNLC?Mȼ CN =IOF> JF;S ; G;DIL LIF? CH NB? @ONOL?Ȼ 4B?L?@IL?ȼ NB? M?=IH> 
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G;DIL AI;F CM NI ;HMQ?L NB? KO?MNCIHȽ QB;N ;L? NB? JIN?HNC;FM @IL BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH> CH NB? 

$ON=B ;H> '?LG;H .ILNB 3?;ɂ 

)H <INB NB? .?NB?LF;H>M ;H> '?LG;HSȼ H;NOL;F A;M G;LE?NM JF;S ; MCAHC@C=;HN LIF? CH NB? =OLL?HN ?H?LAS MSMN?GȻ 

-IL?IP?Lȼ NL;HMJILN ;H> MNIL;A? A;M CH@L;MNLO=NOL? I@ <INB =IOHNLC?M CM CHN?L=IHH?=N?> ;H> M?LP?M ; NL;HMH;NCIH;F 

A;M NL;>?Ȼ )H NB? @ONOL?ȼ L?JOLJIM?> ;H> OJAL;>?> A;M JCJ?FCH?M ;H> MNIL;A?M =IOF> JLIPC>? ; <;=E<IH? @IL NB? 

JIN?HNC;F NL;HMH;NCIH;F BS>LIA?H G;LE?NȻ )H NBCM L?MJ?=Nȼ NB? NBCL> =?HNL;F KO?MNCIH NI ;HMQ?L CMȼ BIQ =IOF> NB? 

>?G;H> ;H> MOJJFS =?HNL?M <? =IHH?=N?> <S NB? L?JOLJIM?> NL;HMJILN ALC> ;H> MNIL;A? MSMN?GM CH NB? .?NB?Lɐ

F;H>M ;H> '?LG;HS ;H> BIQ =;H BS>LIA?H MOJJFS ;H> >?G;H> <? G;N=B?>ɂ 

0LIMJ?=NM @IL ; @ONOL? AL??H BS>LIA?H G;LE?N ;L? MNCFF B;GJ?L?> <S P;LCIOM =B;FF?HA?MȻ !FNBIOAB L?=?HN $ON=Bȼ 

'?LG;H ;H> %OLIJ?;H JIFC=S AI;FM M?? ;H CGJILN;HN LIF? @IL BS>LIA?H CH NB? ?H?LAS NL;HMCNCIHȼ MOMN;CH;<F? <OMCɐ

H?MM GI>?FM @IL ; F;LA?ɐM=;F? BS>LIA?H JLID?=NM ;L? S?N NI ?G?LA?Ȼ )H NB? =IOLM? I@ NB? L?M?;L=Bȼ ; @L;G?QILE @IL ; 

NL;HMH;NCIH;F $ON=B ;H> '?LG;H BS>LIA?H G;LE?N CM ;H;FSM?>ȼ CH=FO>CHA P;FO? =B;CHMȼ AL??H BS>LIA?H =IGJ?NCɐ

NCP?H?MMȼ ;H> >?P?FIJG?HN I@ BS>LIA?H <;=E<IH? ;H> L?AOF;NILS CMMO?MȻ 4BOMȼ NB? @CH;F AI;F I@ NB? L?JILN CM NI 

?R;GCH? NB? J;NBQ;SM ;H> I<MN;=F?M NIQ;L>M ; JIN?HNC;F NL;HMH;NCIH;F BS>LIA?H G;LE?NȻ 

2.3. Structure of the report  

4B? CHCNC;F MN?J CH NB? ;H;FSMCM CM NI >?N?LGCH? N?=BHIFIAC=;F ;MJ?=NMȼ G;LE?N M?=NILMȼ MJ;NC;F >CMNLC<ONCIH ;H> NB? 

MCT? I@ BS>LIA?H >?G;H>Ȼ (S>LIA?H >?G;H> @IL CH>OMNLS ;H> NL;HMJILN;NCIH CM NB?H GI>?FF?> @IL NB? C>?HNC@C?> 

>?G;H> =FOMN?LM CH NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNJB;FC;Ȼ 4B?M? ;MJ?=NM ;L? =IP?L?> CH 3?=NCIH Ȗȼ QBC=B 

Q;M JL?J;L?> <S NB? &ILM=BOHAMT?HNLOG *ưFC=B ə)%+ɐȖɚȻ 

3?=NCIH ȗȼ QBC=B Q;M JL?J;L?> <S >?H;ȼ I@@?LM ;H ;H;FSMCM I@ AL??H BS>LIA?H JLI>O=NCIH @LIG I@@MBIL? QCH>Ȼ !H;Fɐ

SMCM Q;M J?L@ILG?> CH =IIJ?L;NCIH QCNB NB? &L;OHBI@?L )HMNCNON? @IL %H?LAS %=IHIGC=M ;H> %H?LAS 3SMN?G 4?=Bɐ

HIFIAS ə&)%%ɚȼ QBC=B =;LLC?> ION NB? L?KOCL?> GI>?FFCHAȻ )N CH=FO>?M ; LI;>G;J @IL L?;=BCHA @OFF JIN?HNC;F I@ I@@ɐ

MBIL? QCH> CH NB? $ON=B ;H> '?LG;H .ILNB 3?; ;H> @IL NB? M=;F? OJ I@ =I;MN;F ;H> I@@MBIL? ?F?=NLIFSMCM @IL BS>LIɐ

A?HȻ (S>LIA?H JLI>O=NCIH SC?F> ;H> =IMNM ;L? GI>?FF?> @IL M?P?L;F M=?H;LCIMȻ !>>CNCIH;FFSȼ ;H ;MM?MMG?HN I@ #/ȕ 

?GCMMCIH M;PCHAM @LIG ONCFCMCHA AL??H BS>LIA?H CM J?L@ILG?>Ȼ 

)H 3?=NCIH Șȼ QBC=B Q;M JL?J;L?> <S NB? 4./ȼ BS>LIA?H NL;HMJILN ;H> MNIL;A? CH@L;MNLO=NOL? CM ?R;GCH?>ȼ OH>?L 

NB? ;MMOGJNCIH I@ OMCHA G;CHFS L?JOLJIM?> H;NOL;F A;M CH@L;MNLO=NOL? CH NB? .?NB?LF;H>M ;H> '?LG;HSȻ 4I G??N 

?RJ?=N?> BS>LIA?H >?G;H>ȼ ;>>CNCIH;F CGJILN LION?M ;L? =IHMC>?L?> ;J;LN @LIG BS>LIA?H JLI>O=NCIH @LIG I@@ɐ

MBIL? QCH>Ȼ 3=?H;LCIM ;L? GI>?FF?> @IL NB? ;MM?MMG?HN I@ JCJ?FCH? ;H> MNIL;A? =;J;=CNC?M ;H> JIN?HNC;F <INNF?ɐ

H?=EMȻ 

-;LE?N JIN?HNC;FM ;H> <;LLC?LM @IL NB? L?;FCM;NCIH I@ NB? ?HPCM;A?> NL;HMH;NCIH;F BS>LIA?H G;LE?N <?NQ??H NB? 

.?NB?LF;H>M ;H> '?LG;HS ;L? =IHMC>?L?> CH 3?=NCIH șȼ QBC=B Q;M DICHNFS JL?J;L?> <S ;FF NBL?? CHMNCNONCIHMȻ (?L?ȼ 

M?P?L;F ;MJ?=NM @IL G;LE?N >?P?FIJG?HN ;L? ?R;GCH?>Ƚ P;FO? =B;CHMȼ =IMN I@ BS>LIA?H MOJJFSȼ J;NBQ;SM @IL >?P?Fɐ

IJG?HN I@ ;H CHN?LH;NCIH;F BS>LIA?H <;=E<IH?ȼ ;H> L?AOF;NILS @L;G?QILEMȻ  
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3. Hydrogen demand  

4B? <?H?@CNM I@ ; NL;HMH;NCIH;F AL??H BS>LIA?H ?=IHIGS ;L? @CLGFS <;M?> IH NB? ?RJ?=N?> @ONOL? BS>LIA?H >?ɐ

G;H> M=?H;LCIȻ 4B? G;CH >LCP?LM @IL BS>LIA?H >?G;H> ;L? G;LE?N >C@@OMCIHɟ;>IJNCIH <;M?> IH N?=BHIFIAS L?;>ɐ

CH?MM ;H> OH>?LFSCHA <OMCH?MM =;M?MȻ &IL NBCM L?;MIHȼ 3?=NCIH ȖȻȔ MBIQM ;H ;MM?MMG?HN I@ L?F?P;HN NL;HMJILN;NCIH 

;H> CH>OMNLC;F BS>LIA?H N?=BHIFIAC?Mȼ ;H> 3?=NCIH ȖȻȕ I@@?LM ;H ;MM?MMG?HN I@ NB? @ONOL? BS>LIA?H G;LE?NȻ ";M?> 

IH NI>;SɇM >?G;H>ȼ NB? JIMMC<F? @ONOL? G;LE?N >C@@OMCIH I@ BS>LIA?H N?=BHIFIAC?Mȼ NIA?NB?L QCNB NB? KO;FCNS L?ɐ

KOCL?G?HNM @IL NB? BS>LIA?H H??>?>ȼ ;L? >?M=LC<?>Ȼ &CH;FFSȼ 3?=NCIH ȖȻȖ KO;HNC@C?M NB? L?MOFNCHA BS>LIA?H >?G;H> 

@IL .27 ;H> NB? .?NB?LF;H>M CH ȕȓȖȓ ;H> ȕȓȘȓȻ ! J;LNC=OF;L @I=OM CM IH NB? M?=NIL;F MNLO=NOL? ;H> MJ;NC;F >CMNLC<Oɐ

NCIH I@ NBS BS>LIA?H >?G;H>Ȼ 

3.1. Technolo gy assessment  

'L??H BS>LIA?H =;H <? OM?> CH ; =IGJL?B?HMCP? L;HA? I@ ;JJFC=;NCIHMȻ )H NBCM MNO>Sȼ NL;HMJILN;NCIH ;H> CH>OMNLS 

;L? CH @I=OMȻ 4B? ;>P;HN;A? I@ OMCHA BS>LIA?H ;M @O?F IL @??>MNI=E CM NB;N CN >I?M HIN F?;> NI =;L<IH >CIRC>? ?GCMɐ

MCIHMȻ )H ;>>CNCIHȼ =IG<OMNCIHɐ<;M?> HCNLIA?H IRC>? ;H> J;LNC=OF;N? G;NN?L ?GCMMCIHM =;H <? ;PIC>?> QB?H OMCHA 

@O?F =?FFM @IL ?H?LAS =IHP?LMCIHȻ 4B? @IFFIQCHA M?=NCIH ;MM?MM?M NB? ;P;CF;<F? BS>LIA?Hɐ<;M?> N?=BHIFIAC?M @IL 

NL;HMJILN;NCIH ;H> CH>OMNLS NIA?NB?L QCNB CNM L?KOCL?> BS>LIA?H KO;FCNSȻ /NB?L ;JJFC=;NCIHM ;H> M?=NILMȼ MO=B ;M 

NB? ?F?=NLC=CNS M?=NILȼ ;L? HIN <?CHA ;H;FSM?> <ON =IOF> JF;S ;H CGJILN;HN LIF? CH @ONOL? >?G;H> ;H> AL??HBIOM? 

A;M L?>O=NCIHȻ 

3.1.1. Transportation  
! QC>? L;HA? I@ BS>LIA?H P?BC=F?M <S P;LCIOM G;HO@;=NOL?LM CM OH>?L >?P?FIJG?HNȼ QCNB NB? @CLMN P?BC=F?M ;FL?;>S 

;P;CF;<F? IH NB? G;LE?NȻ !P;CF;<F? ɒ IL MIIH NI <? ;P;CF;<F? ɒ P?BC=F?M ;L? <OM?Mȼ NL;CHMȼ B?;PSɐ>ONS P?BC=F?M ə($6Mɚ 

QCNB ; ALIMM FI;> ;<IP? ȖȻȘ G?NLC= NIHMȼ FCABNɐ>ONS P?BC=F?M ə,$6Mɚ QCNB ; ALIMM FI;> OH>?L ȖȻȘ G?NLC= NIHMȼ ;H> 

J;MM?HA?L =;LMȻ  

4B?M? P?BC=F?M OM? ;H ?F?=NLC@C?> >LCP? NL;CH QB?L? P?LS JOL? BS>LIA?H ə˲ ȜȜȻȜȜȜˠɚ CM =IHP?LN?> NI ?F?=NLC=CNS CH ; 

@O?F =?FF ?KOCJJ?> QCNB ; MSMN?G I@ GIL? NB;H șȓˠ ?@@C=C?H=S >O? NI ;>P;HN;A?M CH ?@@C=C?H=SȻ 4B? L?MOFNCHA ?F?=ɐ

NLC=CNS NB?H JIQ?LM ;H ?F?=NLC= ?HACH?Ȼ 4B? OM? I@ ;H CHN?LH;F =IG<OMNCIH ?HACH? QIOF> L?MOFN CH ; MCAHC@C=;HNFS 

FIQ?L ?@@C=C?H=S ɛȔɜȻ 

 

! @O?F =?FF =IHP?LNM =B?GC=;F ?H?LAS CHNI ?F?=NLC=;F ?H?LAS OH>?L ; =IHNCHOIOM MOJJFS I@ BS>LIA?H ;H> ;CLȻ 3?P?L;F 

@O?F =?FF N?=BHIFIAC?M MO=B ;M ;FE;FCH? IL JIFSG?L ?F?=NLIFSN? G?G<L;H? ə0%-ɚȼ QCNB >C@@?L?HN =B;L;=N?LCMNC=Mȼ ;L? 

=OLL?HNFS ;P;CF;<F? IH NB? G;LE?NȻ &IL NB? L?KOCL?G?HNM I@ P?BC=F?Mȼ NB? 0%- @O?F =?FF B;M >?=CMCP? ;>P;HN;A?M >O? 

NI CNM BCAB JIQ?L >?HMCNSȼ =IGJ;=N >?MCAHȼ ?;MCFS =IHNLIFF;<F? IJ?L;NCHA N?GJ?L;NOL?M ə;JJLIRȻ țȓˋ#ɚ ;H> >SH;GC= 

FI;> <?B;PCIOL ɛȕɜȻ 4B? BS>LIA?H CM MNIL?> CH A;M?IOM @ILG CH N;HEM QCNB BCAB JL?MMOL? I@ ȖȘȓ IL Țȓȓ <;Lȼ >?J?H>CHA 

IH NB? P?BC=F? =F;MMȻ 4B? IHAICHA >CM=OMMCIH IH N?=BHC=;F MN;H>;L>M @IL FIHAɐ>CMN;H=? ($6M ;FMI CH=FO>?M IHɐ<I;L> 

FCKO?@C?> BS>LIA?H MNIL;A?Ȼ 

 



 

ȔȘ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

4B? %OLIJ?;H #IGGCMMCIHɇM L?PCM?> 2?H?Q;<F? %H?LAS $CL?=NCP? ə2%$ ))ɚ B;M M?N ; N;LA?N @IL NB? NL;HMJILN;NCIH 

M?=NIL I@ ;N F?;MN Ȕȗˠ L?H?Q;<F? ?H?LAS CH ȕȓȖȓ ɛȖɜȻ !>>CNCIH;FFSȼ NB? #F?;H 6?BC=F? $CL?=NCP? I@ NB? %OLIJ?;H 5HCIH  

ACP?M KOIN;M @IL ;FN?LH;NCP? >LCP? NL;CHM CH H?Q JLI=OL?G?HNM I@ <OM?M ;H> B?;PSɐ>ONS P?BC=F?M ɛȗɜȻ 4B? G;CH ;FN?Lɐ

H;NCP? NI GINILCM?> JLCP;N? NL;HMJILN;NCIH <S @O?F =?FF ?F?=NLC= P?BC=F?M ə&#%6ɚ CM <;NN?LS ?F?=NLC= P?BC=F?M ə"%6ɚȻ 

7CNB NB?CL L?MJ?=NCP? MNL?HANBMȼ NB?S =IGJF?G?HN ?RCMNCHA &#%6 N?=BHIFIASȻ 4B? G;LE?N @IL &#%6 CM ?RJ?=N?> NI 

ALIQ L;JC>FS CH NB? H?RN @?Q S?;LMȻ 

 

)H =IGJ;LCMIH NI "%6Mȼ &#%6M ?H;<F? BCAB L;HA?M ;H> BCAB J;SFI;>M >O? NI CNM FIQ MSMN?G Q?CABN ;H> NB? BCAB 

?H?LAS >?HMCNS I@ BS>LIA?HȻ 2?@O?FFCHA ;H &#%6 CM MCGCF;L NI L?@O?FFCHA =IHP?HNCIH;F J;MM?HA?L =;LM ;H> CM HILG;FFS 

=IGJF?N?> QCNBCH NBL?? GCHON?M ɛȘɜȻ #IHM?KO?HNFSȼ ; BCAB F?P?F I@ @F?RC<CFCNS CM ?HMOL?> QB?H OMCHA &#%6MȻ .?P?Lɐ

NB?F?MMȼ NB? ?@@C=C?H=S I@ &#%6M CM FIQ?L NB;H NB? ?@@C=C?H=S I@ "%6 ;H> NB? ;P;CF;<CFCNS ;M Q?FF ;M NB? JLI>O=NCIH 

PIFOG? I@ P?BC=F?M CM FCGCN?>ȼ QBC=B F?;>M NI BCAB P?BC=F? =IMNMȻ "INB &#%6 ;H> "%6 L?KOCL? ; H?Q L?@O?FFCHA CH@L;ɐ

MNLO=NOL?ȼ CH=FO>CHA BS>LIA?H L?@O?FFCHA MN;NCIHM IL =B;LACHA JICHNMȼ L?MJ?=NCP?FSȻ 

Fuel cell bus  
&O?F =?FF <OM?M ə&#"Mɚ @IL JO<FC= NL;HMJILN;NCIH ;L? ;FL?;>S >?P?FIJ?>ȼ L?MOFNCHA CH ; N?=BHIFIAS L?;>CH?MM F?P?F 

ə42,ɚ I@ Ȝȼ QBC=B G?;HM CN I@@?LM ; KO;FC@C?> MSMN?G QCNB JLII@ I@ MO==?MM@OF OM? ɛșɜ ɛȚɜȻ #OLL?HNFSȼ M?P?L;F G;HO@;=ɐ

NOL?M I@@?L @O?F =?FF <OM?MȻ .?P?LNB?F?MMȼ JLI>O=NCIH KO;HNCNC?M ;L? MNCFF FCGCN?>ȼ ;H> NB?L? =;H <? FIHA?L >?FCP?LS 

NCG?MȻ 4B? IJ?L;NCIH I@ &#"M ?HMOL?M OMO;F JLI=?>OL?M CH ; =LIMMɐFCH? OM? @IL NB? <OM IJ?L;NILȼ L?MOFNCHA CH HI 

<CAA?L P?BC=F? HOG<?LM @IL ; &#" @F??N NB;H ; OMO;F =IHP?HNCIH;F @F??N ɛțɜȻ ! NSJC=;F &#" =IG?M QCNB ; N;HE MCT? I@ 

;JJLIRȻ ȗȓ EA ;N ȖȘȓ <;L JL?MMOL? ;H> =IHMOG?M ;JJLIRȻ ȜȻș EA I@ BS>LIA?H J?L Ȕȓȓ EG ɛȕɜ ɛȜɜȻ #IHM?KO?HNFSȼ NB? 

IJ?L;NCHA L;HA? CM ;LIOH> ȗȓȓ EGȼ ?HIOAB @IL M?LPC=? LOL;F ;L?;MȻ #IGJ;L?> NI ; =IHP?HNCIH;F <OM NB;N =IHMOG?M 

ȗȔȻț F =LO>?ɐICF <;M?> >C?M?F J?L Ȕȓȓ EGȼ NB? @O?F =?FF <OM M;P?M OJ NI ȔȼȓȘȖ A I@ #/ȕ J?L EG C@ NB? BS>LIA?H OM?> CM 

JLI>O=?> QCNB T?LI '(' ?GCMMCIHM ɛȕɜȻ 

Fuel cell train  
-;HO@;=NOL?LM >?FCP?L @O?F =?FF NL;CHM @IL JO<FC= NL;HMJILN;NCIH @IL OM? IH HIHɐ?F?=NLC@C?> LION?M ;M ;H ;FN?LH;NCP? NI 

>C?M?F NL;CHMȻ 4B? 42, CM țȼ G?;HCHA ; KO;FC@C?> MSMN?G QCNB JLII@ I@ @OH=NCIH;FCNS CH NB? @C?F> I@ ;JJFC=;NCIH CM JL?ɐ

M?HN ɛșɜ ɛȚɜȻ !M QCNB <OM?Mȼ JLI>O=NCIH KO;HNCNC?M ;L? MNCFF FCGCN?>ȼ ;H> NB?L? =;H <? FIHA?L >?FCP?LS NCG?MȻ &O?F =?FF 

NL;CHM MNIL? ;LIOH> Ȕțȓ EA I@ BS>LIA?H CH ȖȘȓ <;L N;HEM ;H> =IHMOG? ;LIOH> ȕțȻȘ EA I@ BS>LIA?H J?L Ȕȓȓ EG ɛȜɜȻ 

4BOMȼ NB? IJ?L;NCHA L;HA? =;H L?;=B OJ NI șȓȓ EG >?J?H>CHA IH NB? NL;=E JLI@CF?Ȼ )H =IGJ;LCMIH NI ; =IHP?HNCIH;F 

NL;CH QCNB ;JJLIRȻ ȔȕȜ F >C?M?F =IHMOGJNCIH J?L Ȕȓȓ EGȼ ; @O?F =?FF NL;CH M;P?M OJ NI ȖȼȖȓȓ A I@ #/ȕ ?GCMMCIHM J?L 

EG ɛȔȓɜȻ 

Fuel cell heavy -duty vehicle  
,CE? @O?F =?FF NL;CHMȼ @O?F =?FF B?;PSɐ>ONS P?BC=F?M QCNB ; ALIMM FI;> I@ GIL? NB;H ȖȻȘ G?NLC= NIHM B;P? ; 42, I@ țȼ 

QCNB JLII@ I@ @OH=NCIH;FCNS CH NB? @C?F> I@ ;JJFC=;NCIH ɛșɜȻ 6?BC=F?M CH NB? ȕș N =F;MM @IL >CMNLC<ONCIH M?LPC=?M ;L? ; 

J;LNC=OF;L @I=OM I@ >?P?FIJG?HNȻ "ON NB? >?P?FIJG?HN I@ P?BC=F?M @IL FIHA >CMN;H=?M CM ;FMI A;CHCHA NL;=NCIHȻ !A;CHȼ 

JLI>O=NCIH KO;HNCNC?M ;L? FCGCN?>ȼ ;H> NB?L? ;L? FIHA?L >?FCP?LS NCG?MȻ &IL NB? ?R?GJF;LS =;M? I@ >CMNLC<ONCIH M?Lɐ

PC=?Mȼ @O?F =?FF NLO=EM QCNB ; ȖȘȓ <;L MNIL;A? =;J;=CNS I@ Ȗȕ EA ;H> =IHMOGJNCIH I@ ț EA I@ BS>LIA?H J?L Ȕȓȓ EGȼ NB? 



 

Ȕș ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

IJ?L;NCHA L;HA? QIOF> <? OJ NI ȗȓȓ EG ɛȔȔɜȻ 4B? @O?F =?FF P?BC=F? M;P?M OJ NI șȚȓ A I@ #/ȕ J?L EG CH =IGJ;LCMIH NI 

; =IGJ;L;<F? =IHP?HNCIH;F P?BC=F? QCNB ȕșȻȚ F >C?M?F =IHMOGJNCIH J?L Ȕȓȓ EG ɛȔȕɜȻ  

Fuel cell passenger car  
&O?F =?FF J;MM?HA?L =;LM L?JL?M?HN ; G;NOL? N?=BHIFIAS QCNB ; 42, I@ Ȝȼ CȻ?Ȼ ; KO;FC@C?> MSMN?G QCNB JLII@ I@ MO=ɐ

=?MM@OF OM? ɛșɜɛȚɜȻ 0CIH??LCHA G;HO@;=NOL?LM ;L? NSJC=;FFS <;M?> CH !MC;Ȼ %P?H NBIOAB NB? N?=BHIFIAS CM G;NOL? CH 

A?H?L;Fȼ NB? ;P;CF;<CFCNS IH NB? G;LE?N CM MNCFF FCGCN?>ȼ ;M JLI>O=NCIH KO;HNCNC?M ;L? FCGCN?>Ȼ (?H=?ȼ FIHA?L Q;CNCHA 

NCG?M @IL >?FCP?LS MBIOF> <? N;E?H CHNI ;==IOHNȻ (S>LIA?H N;HEM @IL @O?F =?FF J;MM?HA?L =;LM MNIL? GIL? NB;H Ș EA 

I@ BS>LIA?H ;N Țȓȓ <;L JL?MMOL? ;H> =IHMOG? F?MM NB;H ȓȻȜ EA I@ BS>LIA?H J?L Ȕȓȓ EG ɛȜɜ ɛȔȖɜȻ 4B?L?@IL?ȼ NB? IJɐ

?L;NCHA L;HA? CM ;<IP? Șșȓ EG J?L @CFFCHAȻ 4B? @O?F =?FF P?BC=F? M;P?M OJ NI Ȕșȕ A I@ #/ȕ J?L EG CH =IGJ;LCMIH NI ; 

=IGJ;L;<F? J?NLIF P?BC=F? QCNB ȚȻȜ FɟȔȓȓ EG J?NLIF =IHMOGJNCIH ɛȔȕɜȻ  

Infrastructure needs  
&O?F =?FF P?BC=F?M ;L? L?@O?FF?> ;N BS>LIA?H L?@O?FFCHA MN;NCIHM ə(23ɚȼ MCGCF;L NI =IHP?HNCIH;F L?@O?FFCHA MN;NCIHMȻ 

4B?L?@IL?ȼ ; QC>?FS >CMNLC<ON?> CH@L;MNLO=NOL? CM H?=?MM;LSȻ (23 ;L? ;P;CF;<F? CH M?P?L;F MCT?Mȼ QBC=B >C@@?L CH >CMɐ

J?HM? JL?MMOL?ȼ >;CFS >CMJ?HM? =;J;=CNS ;H> >CMJ?HM?L HOG<?LȻ 4B? 42, CM ț ɛșɜȻ 0O<FC= MG;FF BS>LIA?H L?@O?FFCHA 

MN;NCIHM QCNB IH? >CMJ?HM?L ;H> ; >;CFS >CMJ?HM? =;J;=CNS I@ ȕȓȓ EA ;N Țȓȓ <;L =;H L?@O?F GIL? NB;H ȗȓ @O?F =?FF 

J;MM?HA?L =;LM J?L >;SȻ )H =IHNL;MNȼ G?>COGɐMCT?> (23 ;L? NSJC=;FFS OM?> CH HIHɐJO<FC= >?JINM @IL <OM?M IL B?;PSɐ

>ONS P?BC=F?M QCNB NQI >CMJ?HM?LM ;H> ; >;CFS >CMJ?HM? =;J;=CNS I@ Șȓȓ EA ;N ȖȘȓ <;Lȼ QBC=B =;H L?@O?F GIL? NB;H 

ȕȓ @O?F =?FF <OM?M J?L >;S QCNB ; >;CFS L;HA? I@ ȕȘȓ EGȻ ,;LA? (23 QCNB @IOL >CMJ?HM?LM ;H> ; >;CFS >CMJ?HM? =;J;=CNS 

I@ GIL? NB;H Ȕȼȓȓȓ EA ;L? MNCFF L;L? <ON =IOF> L?@O?F OJ NI ȕȓȓ J;MM?HA?L =;LM IL ȗȓ <OM?M J?L >;SȻ 2?=?HNFSȼ H?Q 

(23 JLID?=NM MBIQ >?P?FIJG?HN NIQ;L>M (23 @IL J;L;FF?F >CMNLC<ONCIH I@ BS>LIA?H QCNB ; JL?MMOL? I@ <INB Țȓȓ ;H> 

ȖȘȓ <;LȻ 7CNB MO=B (23ȼ ;FF LI;> P?BC=F?M =IOF> <? L?@O?FF?>ȼ ?HMOLCHA CGJLIP?> ONCFCM;NCIH L;N?M I@ NB? (23 ;H> CH 

NOLHȼ <?NN?L ?=IHIGC= ?@@C=C?H=SȻ 4BCM =;H <? @OLNB?L CGJLIP?> <S ?MN;<FCMBCHA GI>OF;L (23 =IH=?JNM NB;N =;H @F?Rɐ

C<FS L?MJIH> NI >?G;H> >?P?FIJG?HN ɛțɜȻ 4B? BS>LIA?H =;H >?FCP?L?> <S NL;CF?L QCNB ; =;J;=CNS I@ OJ NI ȔȼȔȓȓ EA 

I@ (ȕ ɛȕɜȻ 

3.1.2. Industry  

(S>LIA?H B;M NB? JIN?HNC;F @IL MCAHC@C=;HNFS L?>O=CHA NB? CH>OMNLSɇM AL??HBIOM? A;M ?GCMMCIHM <S OMCHA AL??H BSɐ

>LIA?H @LIG L?H?Q;<F? ?H?LAS MIOL=?MȻ 4I>;Sȼ H;NOL;F A;Mȼ =I;Fȼ >C?M?F ;H> FCKO?@C?> J?NLIF?OG A;M ;L? =IGGIH 

?H?LAS MIOL=?M @IL FIQ ;H> BCABɐN?GJ?L;NOL? B?;Nȼ ;M NB?CL G;LE?N JLC=?M ;L? L?F;NCP?FS FIQȻ 3IG? CH>OMNLC;F JLIɐ

=?MM?M CH NB? =B?GC=;F CH>OMNLS ;H> L?@CH?LC?M OM? BS>LIA?H ;M @??>MNI=EȻ (S>LIA?H OM?> CH NB?M? JLI=?MM?M CM 

NSJC=;FFS JLI>O=?> <S MN?;G G?NB;H? L?@ILGCHA I@ H;NOL;F A;M ;H> =;L<IHɐ=IHN;CHCHA L?MC>O;F A;M?Mȼ QBC=B G?;HM 

NB?S ;L? HIN =FCG;N?ɐ@LC?H>FSȻ  

 

3N;LNCHA JICHNM @IL >?=;L<IHCMCHA NB? CH>OMNLS ;L? NB? ONCFCM;NCIH I@ AL??H BS>LIA?Hȼ QB?L? #/ȕɐ?GCNNCHA AL?S BSɐ

>LIA?H CM OM?> NI>;Sȼ ;M Q?FF ;M ; N?=BHIFIAS MQCN=B @LIG JLI=?MM?M NB;N OM? @IMMCF @O?FM NI AL??H BS>LIA?HȻ $O? NI 

NB?CL BCAB JLCG;LS ?H?LAS >?G;H>ȼ NB? ?H?LASɐCHN?HMCP? <;MC= =B?GC=;F CH>OMNLC?Mɇ ;GGIHC; ;H> G?NB;HIF MSHɐ

NB?MCMȼ H;JBNB; JLI>O=NCIH CH L?@CH?LC?Mȼ ;M Q?FF ;M MN??Fȼ =?G?HN ;H> AF;MM JLI>O=NCIH GIP? CHNI @I=OM I@ NB? .27 



 

ȔȚ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

(S>LIA?H 2I;>G;J ;H> NBCM MNO>S ɛȔȗɜȻ 4B?M? CH>OMNLC?M B;P? ; MCAHC@C=;HN >?G;H> @IL BCABɐN?GJ?L;NOL? JLI=?MM 

B?;NȻ  

Basic chemicals  
4B? G;CH JLI=?MM?M I@ NB? CH>OMNLS @IL <;MC= =B?GC=;FM =IHMC>?L?> B?L? ;L? ;GGIHC; ;H> G?NB;HIF MSHNB?MCMȻ !M 

>?M=LC<?> CH ;H ;H;FSMCM ;==IGJ;HSCHA NB? BS>LIA?H LI;>G;J I@ .ILNB 2BCH?ɐ7?MNJB;FC;ȼ ;GGIHC; CM NSJC=;FFS 

JLI>O=?> PC; NB? (;<?L JLI=?MM QCNB BS>LIA?H JLI>O=?> @LIG MN?;G G?NB;H? L?@ILGCHA I@ H;NOL;F A;M ɛȔȘɜȻ 4B? 

N?=BHIFIAC=;F ;>;JNCIH CM L?MNLC=N?> NI ; MO<MNCNONCIH I@ AL?S BS>LIA?H @LIG MN?;G G?NB;H? L?@ILGCHA <S AL??H 

BS>LIA?H @LIG L?H?Q;<F? ?H?LAS MIOL=?MȻ 4B? ?RCMNCHA N?=BHIFIAS CM G;NOL? ;H> =IHM?KO?HNFS NB? 42, CM ȜȻ 4B? 

NIN;F BS>LIA?H >?G;H> I@ NB? JLI=?MM >I?M HIN =B;HA? <S MQCN=BCHA NI AL??H BS>LIA?HȻ 4B? L?KOCL?> HCNLIA?H 

GOMN <? JLIPC>?> <S ;H ;CL M?J;L;NCIH JF;HN CH NB? H?Q =IH@CAOL;NCIHȻ !H ;>;JNCIH I@ JLI=?MM =IGJIH?HNM CM L?ɐ

KOCL?>Ȼ 4B? 42, CM NB?L?@IL? țɒȜȻ 

 

4B? MCNO;NCIH CM >C@@?L?HN @IL G?NB;HIF MSHNB?MCMȻ 4B? BS>LIA?H L?KOCL?> @IL G?NB;HIF MSHNB?MCM CM MOJJFC?> <S J;Lɐ

NC;F IRC>;NCIH I@ B?;PS ICF IL MN?;G G?NB;H? L?@ILGCHA I@ H;NOL;F A;MȻ 4B? ;>>CNCIH;FFS L?KOCL?> JLI=?MM B?;N CM 

MOJJFC?> <S <OLHCHA B?;NCHA ICFȼ CH ;>>CNCIH NI B?;PS ICF ;H> H;NOL;F A;MȻ 'L??H BS>LIA?H =;H <? OM?> @IL G?NB;HIF 

MSHNB?MCMȼ CHMN?;> I@ AL?S BS>LIA?H əC@ ; =;L<IH MIOL=? CM ;P;CF;<F?ɚ ;H> B?;N JLI>O=NCIH CH NB? @ONOL?Ȼ )@ NB? JLI=?MM 

B?;N CM MOJJFC?> <S AL??H BS>LIA?Hȼ BS>LIA?H >?G;H> @IL G?NB;HIF MSHNB?MCM CH=L?;M?M CH =IGJ;LCMIH NI NB? =OLɐ

L?HN JLI=?MM <;M?> IH @IMMCF @O?FMȻ 

 

.;JBNB;ȼ ;M IH? I@ NB? GIMN CGJILN;HN <;MC= J?NLI=B?GC=;F G;N?LC;FMȼ CM A?H?L;N?> @LIG =LO>? ICF NB;N CM MJFCN CH 

MN?;G =L;=E?LM NI IF?@CHM ;H> ;LIG;NC=MȻ 4B? <SɐJLI>O=NM BS>LIA?Hȼ B?;PS ICFȼ L?@CH?LS @O?F A;M ;H> H;JBNB; 

=L;=E?LɐI@@ A;M ;L? OM?> @IL JLI=?MM B?;NȻ 4B? JIQ?LɐNIɐFCKOC> LION? OMCHA &CM=B?Lɐ4LIJM=B MSHNB?MCM CM ;H ;FN?LH;ɐ

NCP? IJNCIH @IL JLI>O=CHA H;JBNB; CH NB? @ONOL?Ȼ $?=B?G; MJ?=C@C?M ; 42, I@ Ȝ ;M I@ ȕȓȖȓ ɛȔșɜȻ !H ;FN?LH;NCP? @IL 

JLIPC>CHA JLI=?MM B?;N =IOF> <? AL??H BS>LIA?H IL ?F?=NLC=CNSȻ ! 42, I@ Ȝ CM ?RJ?=N?> ;LIOH> ȕȓȖȘȻ 

Steel production  
#I;F ;H> =IE? ;L? OM?> NI>;S NI L?>O=? CLIH IL? CH ; <F;MN @OLH;=? NI JLI>O=? MN??FȻ 4BCM JLCG;LS MN??F CM =IGJF?ɐ

G?HN?> <S M?=IH>;LS MN??F @LIG MN??F M=L;JȻ !M HI CLIH IL? B;M NI <? L?>O=?> CH NB? M?=IH>;LS MN??F LION?ȼ NB? 

?H?LAS >?G;H> CM MCAHC@C=;HNFS FIQ?LȻ .?P?LNB?F?MMȼ NBCM LION? CM FCGCN?> >O? NI NB? ;P;CF;<CFCNS I@ MN??F M=L;JȻ )H NB? 

@ONOL?ȼ NB? OM? I@ BS>LIA?H CM ; JLIGCMCHA IJNCIH @IL L?>O=CHA CLIH IL? ;M ;H ;FN?LH;NCP? NI =I;F ;H> =IE?Ȼ 4B? L?ɐ

MOFNCHA MJIHA? CLIH =;H <? G?FN?> CHNI MN??F CH ?F?=NLC= ;L= @OLH;=?MȻ ! 42, I@ Ȝ CM ?RJ?=N?> ;N ;LIOH> ȕȓȖȘ <;M?> 

IH L?F?P;HN JLID?=NM ɛȔȘɜ ɛȔȚɜȻ  

Process heat  
0LI=?MM B?;N A?H?L;NCIH CH NB? CH>OMNLS CM =OLL?HNFS G;CHFS <;M?> IH NB? =IG<OMNCIH I@ H;NOL;F A;Mȼ =I;F IL L?MC>O;F 

A;M?M =IGCHA @LIG CH>OMNLC;F JLI=?MM?MȻ -IL? =FCG;N?ɐ@LC?H>FS IJNCIHM ;L? MOMN;CH;<F? <CIɐ?H?LAS ;H> AL??H BSɐ

>LIA?HȻ 4B? JLI>O=NCIH I@ BCABɐN?GJ?L;NOL? B?;N ɒ ;<IP? ȗȓȓˋ# ɒ CM J;LNC=OF;LFS B;L> NI >?=;L<IHCM? ;M =OLL?HN 

B?;N JOGJM =;HHIN <? OM?> CH NB;N N?GJ?L;NOL? L;HA?Ȼ 'L??H BS>LIA?H =;H =IGJF?G?HN ?F?=NLC=;F JLI=?MM B?;N 

A?H?L;NCIHȼ >?J?H>CHA IH ?F?=NLC=CNS ;H> AL??H BS>LIA?H MOJJFS =IH>CNCIHM ɛȔțɜȻ 4B? 42, CM Ȝ ɛȔșɜȻ 
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3.1.3. Hydrogen quality  

4B? >C@@?L?HN L?KOCL?G?HNM I@ NB? CH>CPC>O;F =IGJIH?HNM ;FIHA NB? MOJJFS =B;CH L?A;L>CHA NB? MN;N? ;H> JOLCNS I@ 

BS>LIA?H L?KOCL? JOLC@C=;NCIHȼ =IGJL?MMCIHȼ ;H> FCKO?@;=NCIHȻ 4B? M?F?=N?> Q;S I@ BS>LIA?H MNIL;A? CM ;GIHAMN 

NB? GIMN CGJILN;HN P;LC;<F?M >?@CHCHA NB? L?KOCL?> JLI=?MMCHA MN?JMȻ %F?=NLIFSNC= JLI>O=NCIH I@ BS>LIA?H CM A?H?Lɐ

;FFS @;=CFCN;N?> <?NQ??H Ȕ ;H> ȕȓ <;Lȼ QBCF? BS>LIA?H @O?F =?FF ;JJFC=;NCIHM @IL NL;HMJILN;NCIH IJ?L;N? ;N ȖȘȓɒȚȓȓ 

<;LȻ 4BCM JL?MMOL? >C@@?L?H=? =L?;N?M ; MCAHC@C=;HN JL?MMOL? >C@@?L?HNC;F NB;N GOMN <? <LC>A?>Ȼ -IL?IP?Lȼ NB? BCABɐ

JL?MMOL? =IGJIH?HNM I@ NB? BS>LIA?H MOJJFS =B;CHȼ MO=B ;M BCABɐJL?MMOL? JCJ?FCH?M ;H> Șȓȓ <;L NL;CF?LMȼ ;>> ?P?H 

@OLNB?L =IHMNL;CHNM NI NB? >?MCAH I@ NB? MOJJFS =B;CHȻ  

(S>LIA?H JOLCNS L?KOCL?G?HNM ;L? JLCG;LCFS >?@CH?> <S NB? BS>LIA?H KO;FCNS =IHMNL;CHNM I@ NB? @CH;F BS>LIA?H =IHɐ

MOG?LȻ 4B? JIFSG?L ?F?=NLIFSN? @O?F =?FFM ə0%-&#Mɚȼ QBC=B ;L? NB? GIMN =IGGIH NSJ? I@ @O?F =?FFM ;GIHA NB? NL;HMɐ

JILN;NCIH ;JJFC=;NCIHMȼ B;P? ; ȜȜȻȜȚˠ JOLCNS L?KOCL?G?HN @IL BS>LIA?Hȼ QCNB IL>?LM I@ G;AHCNO>? BCAB?L FCGCNM @IL 

CH>CPC>O;F =IHN;GCH;HNM MO=B ;M /ȕȼ #/ȕȼ ;H> (ȕ/ ɛȔȚɜɛȔɜȻ 

4B? F?P?FM I@ NB? L?KOCL?> BS>LIA?H JOLCNS P;LS ;GIHA NB? >C@@?L?HN CH>OMNLS M?AG?HNMȻ (?H=?ȼ P;LSCHA JOLC@C=;NCIH 

H??>M @IL NB? >?G;H> ;JJFC=;NCIHM CH NB? MJ?=C@C= CH>OMNLS B;P? ;H CGJ;=N IH NB? @CH;F BS>LIA?H >?FCP?LS =IMNȻ 4B? 

JOLCNS L?KOCL?G?HNM L;HA? @LIG ȜȜȻȜȘˠ NI ȜȜȻȜȜȘˠ @IL A?H?L;F CH>OMNLC;F ;JJFC=;NCIHM JLIPC>CHAȼ ;GIHAMN INB?LMȼ 

BCAB N?GJ?L;NOL? JLI=?MM B?;N NI ȜȜȻȜȜȜˠ ;H> ȜȜȻȜȜȜȚˠ @IL M?GC=IH>O=NILM ;H> MJ?=C;F ;JJFC=;NCIHM I@ A;M?IOM 

;H> FCKOC> BS>LIA?Hȼ L?MJ?=NCP?FS ɛȔțɜȻ &OLNB?LGIL?ȼ P?LC@C=;NCIH I@ BS>LIA?H KO;FCNS P;LC?M <?NQ??H NB? JBSMC=;F 

MN;N? I@ BS>LIA?H əA;M?IOM IL FCKOC>ɚȻ !==IL>CHAFSȼ CH>OMNLC;F ;JJFC=;NCIHM B;P? L?KOCL?G?HNM @IL BS>LIA?H JOLCNS 

=IGJ;L;<F? NI 0%-&#M OM?> CH NB? NL;HMJILN;NCIH M?=NILȼ F?;>CHA NI BCAB JOLCNS L?KOCL?G?HNM @IL NB? BS>LIA?H 

MOJJFS =B;CHȻ 2?KOCL?G?HNM @IL BCAB N?GJ?L;NOL? B?;N ;JJFC=;NCIHM =;H <? FIQ?LȾ BIQ?P?Lȼ CH IL>?L NI ONCFCT? NB? 

H?NQILE ?@@?=NM NB? CH@L;MNLO=NOL? QIOF> H??> NI <? >?MCAH?> NI G??N NB? L?KOCL?G?HNM I@ ;FF =IHMOG?L M?AG?HNMȻ 

4;<F? ȔȽ #F;MMC@C=;NCIH I@ A;M?IOM BS>LIA?H JOLCNS F?P?FM ɛȕȓɜ 

1O;FCNS P?LC@C=;NCIH 

F?P?F 

4SJC=;F OM?M (S>LIA?H JOLCNS 

" '?H?L;F CH>OMNLC;F ;JJFC=;NCIHM əG;CHFS BCAB 

N?GJ?L;NOL? JLI=?MM B?;Nɚ 

ȜȜȻȜȘˠ 

$ (S>LIA?H;NCIH ;H> Q;N?L =B?GCMNLS ȜȜȻȜȜˠ 

& )HMNLOG?HN;NCIH ;H> JLIJ?FF;HN ȜȜȻȜȜȘˠ 

, 3?GC=IH>O=NIL ;H> MJ?=C;F ;JJFC=;NCIHM ȜȜȻȜȜȜˠ 

 

4;<F? ȕȽ #F;MMC@C=;NCIH I@ FCKOC> BS>LIA?H JOLCNS F?P?FM ɛȕȓɜ 

1O;FCNS P?LC@C=;NCIH 

F?P?F 

4SJC=;F OM?M (S>LIA?H JOLCNS 

! 3N;H>;L> CH>OMNLC;F ;JJFC=;NCIHMȼ @O?F ;H> 

MN;H>;L> JLIJ?FF;HN 

ȜȜȻȜȜȘˠ 

" (CAB JOLCNSȽ CH>OMNLC;Fȼ @O?F ;H> JLIJ?FF;HN ȜȜȻȜȜȜˠ 

# 3?GC=IH>O=NIL  ȜȜȻȜȜȜȚˠ 
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3.2. Market assessment  

3?=NCIH ȖȻȔ >CM=OMM?> NB? BCAB N?=BHIFIAS L?;>CH?MM @IL GIMN BS>LIA?H ;JJFC=;NCIHM CH NB? CH>OMNLSȼ QCNB NL;HMJILɐ

N;NCIH =FIM? <?BCH>Ȼ 3?=NCIH ȖȻȕ MBC@NM NB? @I=OM @LIG ; N?=BHC=;F NI ; G;LE?N J?LMJ?=NCP?Ȼ )N MN;LNM <S JL?M?HNCHA 

NB? =OLL?HN BS>LIA?H >?G;H> @IL CH>OMNLC;F ;JJFC=;NCIHM CH NB? MN??F ;H> J?NLI =B?GC=;F ;H> =B?GC=;F CH>OMNLC?Mȼ 

<?@IL? >CM=OMMCHA NB? NIN;F G;LE?N JIN?HNC;F @IL .ILNBɐ2BCH? 7?MNJB;FC; ;H> NB? .?NB?LF;H>MȻ &CH;FFSȼ ; <;M? G;Lɐ

E?N >C@@OMCIH M=?H;LCI <;M?> IH ; FCN?L;NOL? MNO>S CM JL?M?HN?>Ȼ 

!GGIHC;ȼ G?NB;HIFȼ ;H> MN??F JF;HNM ;H> L?@CH?LC?M QCFF <? ;MM?MM?> CH IL>?L NI ?MNCG;N? NB? G;LE?N JIN?HNC;F I@ 

BS>LIA?H CH NB? CH>OMNLSȻ !GGIHC;ȼ G?NB;HIF ;H> MN??F JF;HNM ;L? ;MMOG?> NI QILE QCNB ȓȻȔț ὯὫȾὯὫ ȼ ȓȻȔȜ 

ὯὫȾὯὫ  ;H> ȓȻȓș ὯὫȾὯὫ ȼ L?MJ?=NCP?FS ɛȔȜɜȻ !FF HIHɐL?=S=F?> MN??F IONJON CM ;MMOG?> NI MQCN=B NI $2) 

<S ȕȓȘȓȻ )H ;>>CNCIHȼ MSHNB?NC= H;JBNB; NI <? OM?> CH NB? =B?GC=;F CH>OMNLS CM H?=?MM;LS NI =IGJ?HM;N? NB? >?ɐ

=L?;MCHA JLI>O=NCIH I@ =LO>?ɐICF <;M?> H;JBNB; ;M ; =IHM?KO?H=? I@ ?GCMMCIH L?>O=NCIH N;LA?NMȻ 4B?L?@IL?ȼ BS>LIɐ

A?H >?G;H> L?KOCL?> @IL MSHNB?NC= H;JBNB; JLI>O=NCIH CM ;FMI CH=FO>?> CH NB? 0N, ALIOJȻ (S>LIA?H >?G;H> @IL 

0N, ;JJFC=;NCIHM CM ?MNCG;N?> <S M=;FCHA '?LG;H >?G;H> @IL @O?FM <S NB? =;J;=CNC?M I@ L?@CH?LC?M <INB CH .ILNBɐ

2BCH? 7?MNJB;FC;ȼ ;H> CH NB? .?NB?LF;H>M ɛȖɐșɜȻ $O? NI NB? ?F?=NLC@C=;NCIH I@ NB? NL;HMJILN M?=NILȼ >?=FCHCHA =LO>?ɐ

ICF <;M?> @O?F JLI>O=NCIH CM ;MMOG?> NI <? L?JF;=?> <S 0N, J;NBQ;SMȼ QBCF? G;CHN;CHCHA NB? H?=?MM;LS CH>OMNLC;F 

=;J;=CNC?M CH NB? L?ACIH ;H> NB? LIF? I@ L?@CH?LC?M ;M H;JBNB; ;H> MSHNB?NC= @O?F JLIPC>?LMȻ  

4B? @ONOL? >?P?FIJG?HN I@ J;MM?HA?L ;H> @L?CABN NL;HMJILN >?G;H> CM N;E?H @LIG NB? =FCG;N? J;NBQ;SM @IL NB? 

'?LG;HS MNO>S ɛȕɜȻ &IL NB? L?ACIH;F ;FFI=;NCIH NB? ;HHO;F >LCPCHA >CMN;H=?M @IL P?BC=F?M QCNBCH NB? .?NB?LF;H>M 

ə?R=?JN NL;CHMɚ ;L? I<N;CH?> @LIG JO<FC=FS ;P;CF;<F? >;N;ȼ QBC=B CM JLIPC>?> <S NB? $ON=B #?HNL;F !A?H=S @IL 3N;NCMɐ

NC=M ɛȕȓɜȻ 4B? @CAOL?M @IL NB? ;P?L;A? ;HHO;F >CMN;H=? I@ $ON=B NL;CHM əJ;MM?HA?L ;H> AII>Mɚ ;L? I<N;CH?> @LIG %Oɐ

LIMN;N ɛȕȔɜȻ 4B? L?F?P;HN >;N; @IL NL;HMJILN >?G;H> CH .27 CM I<N;CH?> @LIG NB? .27 (ȕ 2I;>G;J ɛȔȘɜȻ $O? NI NB? 

@;=N NB;N NB? ;AAL?A;NCIH I@ .543ȕ L?ACIHM CM OM?>ȼ CN =;H <? M??H ;M AII> ;JJLIRCG;NCIH I@ NB? @ONOL? ;FFI=;NCIH 

I@ NL;HMJILN >?G;H>Ȼ !M L?JILN?> <S #?LHC;OME;M ?N ;FȻȼ NB? Q?CABN?> ;P?L;A? ?@@C=C?H=C?M ;L? =;F=OF;N?> @IL NB? 

>C@@?L?HN NL;HMJILN M?AG?HNM <S OMCHA NB? ?@@C=C?H=C?M I@ NI>;SɇM ;H> ?@@C=C?H=S JLID?=NCIHM ɛȕȕɜȻ ";M?> IH NBCMȼ NB? 

;P?L;A? ;HHO;F >CMN;H=? ;H> =ILL?MJIH>CHA ?@@C=C?H=C?M ;L? GOFNCJFC?> NI JLID?=N NB? L?MJ?=NCP? BS>LIA?H >?G;H>Ȼ 

&O?F =IHMOGJNCIH I@ =;LMȼ <OM?M ;H> NL;CHM @IL NI>;S CM ;MMOG?> NI <? ȓȻȜȼ ȜȻȚ ;H> ȕțȻȘὯὫȾρππ Ὧάȼ L?MJ?=NCP?FSȻ 

4?=BHC=;F JLIAL?MM CM ?RJ?=N?> NI L?MOFN CH >?=L?;M?> @O?F =IHMOGJNCIH I@ ȓȻșȖȼ țȻȓ ;H> ȕȘȻȘὯὫȾρππ Ὧάȼ L?MJ?=ɐ

NCP?FSȻ 4B? ?@@C=C?H=C?M @IL ,$6M ;H> ($6M IH NB? INB?L B;H> >?J?H> IH P?BC=F? Q?CABN =F;MMȻ #IHM?LP;NCP?FSȼ NB? 

G;RCGOG Q?CABNM I@ CH>CPC>O;F =;N?AILC?M ;L? OM?> CH NB? ?@@C=C?H=S =;F=OF;NCIH I@ NB?M? NQI P?BC=F? =F;MM?MȻ 

!M JL?PCIOMFS >CM=OMM?>ȼ BS>LIA?H ;M ; =IGGI>CNS ;FL?;>S B;M ; QC>? L;HA? I@ ;JJFC=;NCIHM CH NB? J?NLI=B?GC=;F 

;H> ;GGIHC; CH>OMNLSȻ 'CP?H NB? BCAB =IH=?HNL;NCIH I@ NB? =B?GC=;F CH>OMNLS CH .27 ;H> NB? .?NB?LF;H>Mȼ <INB 

L?ACIHM B;P? ; MO<MN;HNC;F BS>LIA?H >?G;H> əL?@CH?LC?Mȼ G?NB;HIFȼ ;GGIHC;ɚ I@ ȔȚ ;H> ȗȔ 47Bɟ;ȼ L?MJ?=NCP?FSȻ !M 

MBIQH CH &CAOL? Ȕȼ NB? MNLO=NOL? I@ =OLL?HN BS>LIA?H >?G;H> CH .27 ;H> NB? .?NB?LF;H>M CM MCGCF;Lȼ QCNB ?R=?Jɐ

NCIH;FFS BCAB >?G;H> @IL ;GGIHC; CH NB? .?NB?LF;H>MȻ 'CP?H NB? MCGCF;LCNC?M I@ NB? =OLL?HN BS>LIA?H G;LE?N CH 

NB?M? L?ACIHMȼ NB? >?P?FIJG?HN I@ BS>LIA?H >?G;H> CH <INB L?ACIHM =;H <? ;H;FSM?> NIA?NB?L G?;HCHA@OFFSȻ 4BCM 

CM <?=;OM? ?P?LS MCGCF;L JIFC=S G?;MOL?M =;H <? ?;MCFS ;JJFC?> NI <INB L?ACIHMȼ MO=B ;M <S =L?;NCHA BS>LIA?H P;FF?SM 

NB;N @I=OM IH FI=;F BS>LIA?H =FOMN?LM I@ CH>OMNLC;F ;H> NL;HMJILN;NCIH >?G;H>ȼ QBC=B =;H MOJJILN BS>LIA?H G;Lɐ

E?N ;>IJNCIHȻ 
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4B? ;FFI=;NCIH I@ NB? =OLL?HN BS>LIA?H >?G;H> CH>C=;N?M NQI <LI;>?L NL;HMH;NCIH;F >?G;H> =FOMN?LMȽ NB? >?G;H> 

=FOMN?L ;FIHA NB? .ILNB 3?; =I;MNȼ MNL?N=BCHA @LIG 7?MN NI .ILNBȼ ;H> NB? L?ACIHM ;LIOH> NB? 2BCH?ɐ2OBL ;L?;ȼ 

CH=FO>CHA NB? ,CG<OLA L?ACIH CH NB? MIONB?;MN I@ NB? .?NB?LF;H>MȻ (?H=?ȼ QBCF? F;LA? J;LNM I@ BS>LIA?H >?G;H> CH 

.27 ;L? =IH=?HNL;N?> CH IH? ;L?;ȼ QBC=B CM MOJJFC?> PC; ; BS>LIA?H JCJ?FCH?ȼ NB? >?G;H> CH NB? .?NB?LF;H>M CM 

MO<MN;HNC;FFS GIL? >CMNLC<ON?>Ȼ 7BCF? >?G;H> CH NB? HILNB?LH .?NB?LF;H>M =;H <? MOJJFC?> >CL?=NFS @LIG I@@MBIL? 

QCH>ȼ AL??H BS>LIA?H MOJJFS @IL ;GGIHC; JLI>O=NCIH CH NB? ,CG<OLA ;L?; L?KOCL?M ; GIL? =IGJF?R BS>LIA?H CHɐ

@L;MNLO=NOL? >?P?FIJG?HNȻ (IQ?P?Lȼ ACP?H NB? L?F;NCP? JLIRCGCNS I@ ,CG<OLA NI NB? >?G;H> =FOMN?LM CH .ILNBɐ2BCH? 

7?MNJB;FC; ;H> NB? HOG?LIOM ?RCMNCHA H;NOL;F A;M JCJ?FCH?M <?NQ??H NB? L?ACIHMȼ ;H CHN?AL;N?> ;MM?MMG?HN QCFF 

JLIPC>? ; GIL? =IMNɐ?@@C=C?HN L?MOFNȻ !N NB? M;G? NCG?ȼ BS>LIA?H JCJ?FCH?M ;L? ?HPCM;A?> CH HILNBQ?MN '?LG;HS CH 

IL>?L NI =IHH?=N NB? BS>LIA?H JLI>O=NCIH ;N NB? .ILNB 3?; =I;MN QCNB .27ȼ H?AF?=NCHA JIN?HNC;F MSH?LAS ?@@?=NM 

QCNB NB? JCJ?FCH? ALC> CH NB? .?NB?LF;H>M ɛȕȖɜȻ 

&CAOL? ȔȽ #OLL?HN BS>LIA?H >?G;H> @IL ;GGIHC;ȼ G?NB;HIF ;H> L?@CH?LS CH .27 ;H> .?NB?LF;H>M 
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&CAOL? ȕ >?JC=NM NB? IP?L;FF MNLO=NOL? @IL NB? JIN?HNC;F BS>LIA?H >?G;H> CH <INB .27 əȕȔȗ 47Bɚ ;H> NB? .?NB?Lɐ

F;H>M əȕȜȕ 47Bɚȼ G;ECHA ; NIN;F I@ IP?L Șȓȓ 47B OM?> CH NB? @OLNB?L ;H;FSMCMȻ .IN ;FF JIN?HNC;FM ;L? ;>>CNCP?Ⱦ BIQɐ

?P?Lȼ ;M NB? >?G;H> @IL L?@CH?LC?M CM F;N?L MO<MNCNON?> <S NB? >?G;H> @IL 0N, JLI>O=NCIH ;M ;H ?R;GJF?Ȼ )H =;M? I@ 

L?@CH?LSȼ ;GGIHC; ;H> G?NB;HIFȼ =OLL?HN >?G;H> @IL BS>LIA?H CH <INB L?ACIHM CM OM?> NI >?N?LGCH? NB? JIN?HNC;FȻ 

4B? JIN?HNC;F >?G;H> CH .27 MN;H>M ION >O? NI NB? CGJILN;H=? I@ NB? 0N, ;H> MN??Fȼ ;M NB?M? NQI G;LE?NM G;E? 

OJ NQIɐNBCL>M I@ NB? IP?L;FF >?G;H> JIN?HNC;FȻ )H NB? .?NB?LF;H>Mȼ MN??F JLI>O=NCIH JF;SM ; MCAHC@C=;HNFS MG;FF?L 

LIF?Ȼ 4BCM CM =IGJ?HM;N?>ȼ BIQ?P?Lȼ <S ;H ?P?H F;LA?L L?@CHCHA =;J;=CNSȼ L?MOFNCHA CH GIL? NB;H ȘȘˠ I@ NB? >?G;H> 

JIN?HNC;F CH NB? .?NB?LF;H>M @LIG 0N,Ȼ 

&CAOL? ȕȽ 0IN?HNC;F BS>LIA?H >?G;H> CH .27 əȕȔȗ 47Bɚ ;H> NB? .?NB?LF;H>M əȕȜȕ 47Bɚ 
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Methodology  
4B? OH>?LFSCHA >?G;H> M=?H;LCI @IL NB? .27 (ȕ 2I;>G;J CM >?LCP?> OMCHA ; GI>?F @;GCFS F;LA?FS <;M?> IH &).%ȼ 

NB? @L??FS ;P;CF;<F? GI>?F A?H?L;NIL ɛȔȕɜ ɛȔȘɜȻ 7CNB CNȼ >C@@?L?HN ?H?LAS @FIQM I@ ?H?LAS MSMN?GM =;H <? GI>?FF?> CH 

BCAB N?GJIL;F ;H> MJ;NC;F L?MIFONCIH ;H> =;F=OF;N?> CH ; =IMNɐIJNCG;F Q;S OH>?L NB? =IH>CNCIH I@ '(' L?>O=NCIH 

N;LA?NMȻ 4B? CH>CPC>O;F GI>?F =IGJIH?HNM ;L? =IOJF?> QCNB ?;=B INB?L ;H> ;JJFC?> CN?L;NCP?FS MI NB;N NB? L?MJ?=ɐ

NCP? MNL?HANBM I@ NB? CH>CPC>O;F NIIFM =IG? NI <?;LȻ 4BCM ;JJLI;=B B;M M?P?L;F >CMNCH=N @?;NOL?Mȼ QBC=B ;L?Ƚ 

Á $?N;CF?> G;JJCHA I@ 0N8 J;NBQ;SM @LIG JLCG;LS ?H?LAS NI ?H?LAS OM? 

Á #IHMCMN?HN =IHMC>?L;NCIH I@ M?=NIL;F CHN?L;=NCIHM  

Á (CAB N?GJIL;F ;H> MJ;NC;F L?MIFONCIH I@ CH@L;MNLO=NOL?M ;H> L?H?Q;<F? JIQ?L A?H?L;NCIH 

Á -;JJCHA I@ @ONOL? ?H?LAS CH@L;MNLO=NOL?M ə?F?=NLC=CNSȼ A;Mȼ (ȕɚ ;H> MNIL;A? QCNB BCAB MJ;NC;F L?MIFONCIH 

Á $?N;CF?> L?JL?M?HN;NCIH I@ L?H?Q;<F? JIN?HNC;FM ?MJ?=C;FFS QCH> ;H> 06 ;M Q?FF ;M ?F?=NLIFSMCM MCN?M 

Á -;JJCHA I@ @ONOL? AFI<;F ?H?LAS G;LE?NM ə?ȻAȻ BS>LIA?Hȼ MSHNB?NC= @O?FMɚ 

Á $?N?LGCH;NCIH I@ LI<OMN ;H> G;=LI?=IHIGC=;FFS IJNCGCM?> '(' L?>O=NCIH MNL;N?AC?M N;ECHA CHNI ;==IOHN 

>;N; OH=?LN;CHNC?M <S ;JJFSCHA H?Q G?NBI>M 

4B? ?H?LAS MSMN?G GI>?F &).%ɐ.%34/2 ə.;NCIH;F %H?LAS 3SMN?G -I>?F QCNB 3?=NIL #IOJFCHAɚ CM NB? GI>?F ;JJFC?> 

NI >?LCP? NB? M=?H;LCI @IL BS>LIA?H >?G;H>Ȼ )N G;JM NB? H;NCIH;F ?H?LAS MOJJFS @LIG JLCG;LS ?H?LAS MOJJFS NI NB? 

=IHP?LMCIH M?=NILȼ LCABN NBLIOAB NI NB? ?H>ɐOM? M?=NILMȻ 4B? M?=NILM ;L? L?JL?M?HN?> CH NB? @ILG I@ N?=BHIFIAC?M IL 

JLI=?MM =B;CHM ;H> FCHE?> PC; ?H?LAS @FIQMȻ 4B? N?=BHIFIAC?M ;L? =B;L;=N?LCM?> CH N?LGM I@ ?H?LASȼ ?GCMMCIHM ;H> 

=IMNMȻ 4B? GI>?F CM >?MCAH?> ;M ; =FIM?> IJNCGCM;NCIH GI>?F QCNB NB? I<D?=NCP? @OH=NCIH I@ NB? GCHCGCM;NCIH I@ 

NIN;F MSMN?G =IMNMȻ )HP?MNG?HN >?=CMCIHM NI L?;=B ; =IMNɐ?@@C=C?HN NL;HMCNCIH ;L? GI>?FF?> @LIG NB? G;=LI?=IHIGC=ȼ 

;H> HIN @LIG NB? GC=LI?=IHIGC= J?LMJ?=NCP?Ȼ 4B?L?@IL?ȼ NB? L?MOFNM >I HIN L?@F?=N NB? >?=CMCIHM I@ CH>CPC>O;F G;Lɐ

E?N J;LNC=CJ;HNMȼ <ON L;NB?L MBIQ ;H C>?;FCM?> JC=NOL? QB?L? ;FF =IMNM CH NB? MSMN?G ;L? CHN?LH;FCM?> >OLCHA NB? 

>?=CMCIHɐG;ECHA JLI=?MMȻ &OLNB?LGIL?ȼ NB? L?MOFNM ;L? MO<D?=N NI OH=?LN;CHNC?M L?F;N?> NI N?=BHIFIAS >?P?FIJG?HN 

CH NB? @ONOL?ȼ ;M JLID?=NCIHM @IL N?=BHC=;F ;H> ?=IHIGC= J;L;G?N?LMȼ MO=B ;M CHP?MNG?HN =IMNM ;H> ?@@C=C?H=C?Mȼ 

Q?L? ;JJFC?> CH NB? ;MM?MMG?HNȻ 4B? GI>?F L?JL?M?HNM IHFS J;LN I@ NB? H;NCIH;F ?=IHIGSȼ G?;HCHA CN CM ; J;LNC;F 

?KOCFC<LCOG GI>?FȻ 'CP?H ; #/ȕ GCNCA;NCIH J;NBȼ NB? &).%ɐ.%34/2 GI>?F =;H <? OM?> NI =;F=OF;N? NB? =IMNɐIJNCG;F 

NL;HM@ILG;NCIH MNL;N?AS @IL NB? ?HNCL? ?H?LAS MSMN?G L?KOCL?> NI L?;=B NB? L?>O=NCIH N;LA?NM @IL #/ȕ ?GCMMCIHMȻ 

4B? GI>?F B;M ; N?GJIL;F L?MIFONCIH CH NB? BIOLFS L;HA? CH IL>?L NI <? ;<F? NI L?JL?M?HN NB? @FO=NO;NCHA @??>ɐCH I@ 

L?H?Q;<F? ?H?LAS ;H> CNM ?@@?=NM CH ; JLI<F?GɐILC?HN?> G;HH?LȻ 0;LNC=OF;LFS ;A;CHMN NB? <;=EALIOH> I@ NB? CH=L?;Mɐ

CHA CGJILN;H=? I@ M?=NIL =IOJFCHAȼ ; MJ?=C;F ;>P;HN;A? I@ NB? GI>?F ;JJLI;=B CM NB;N ;FF CHN?L;=NCIHM I@ NB? ?H?LAS 

MSMN?G =;H <? =IHMCMN?HNFS N;E?H CHNI ;==IOHNȻ 4B? GI>?F ;FMI OM?M ; G?NBI>IFIAC=;F ;JJLI;=B NB;N ;FFIQM @IL 

=IMN OH=?LN;CHNC?M NI <? ;>?KO;N?FS ;>>L?MM?> əM?? ,IJCIH ?N ;FȻ ɛȕȔɜɚȻ $LCP?LM I@ NB? GI>?F ;L? ?H?LAS =IHMOGJɐ

NCIHɐ>?N?LGCHCHA >?G;H>M əMO=B ;M JIJOF;NCIH >?P?FIJG?HNȼ ALIMM P;FO? ;>>?>ȼ AII>M >?G;H>Mȼ NL;HMJILN >?ɐ

G;H>Mȼ ?N=Ȼɚȼ QBC=B ;L? ?RIA?HIOMFS MJ?=C@C?> ;H> ;L? HIN J;LN I@ NB? IJNCGCM;NCIHȻ 4B? GI>?F CM <;M?> IH ; GSIJC= 

;JJLI;=Bȼ CȻ?Ȼ IH ;H ;JJLI;=B NB;N MO==?MMCP?FS GCHCGCM?M NB? L?MJ?=NCP? =IMNM @IL NB? L?MJ?=NCP? NCG? CHN?LP;FMȻ 4I 

>?N?LGCH? NB? NL;HM@ILG;NCIH MNL;N?ASȼ ; <;=Eɐ=;MNCHA G?NBI> CM OM?> CH ; @CLMN MN?JȻ )N CM <;M?> IH NB? =IH=?JN I@ 

@CLMN IJNCGCMCHA NB? ?H?LAS MSMN?G I@ NB? N;LA?N S?;L ;M @L??FS ;M JIMMC<F? ;H>ȼ <;M?> IH NB? L?MOFNȼ >?@CHCHA OJJ?L 

;H> FIQ?L FCGCNM @IL NB? MSMN?GM I@ NB? CHN?LG?>C;N? NCG? CHN?LP;FMȻ 4B?M? ;L? MOJJF?G?HN?> <S NB? JIFCNC=;F 

<IOH>M ;H> INB?L J;L;G?N?LM >?LCP?> @LIG NB? MN;E?BIF>?L JLI=?MM >OLCHA NB? JL?J;L;NCIH I@ NB? .27 (ȕ 
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2I;>G;J MO=B ;M L?>O=NCIH N;LA?NM @IL #/ȕ ?GCMMCIHMȼ ?H?LAS MOJJFS MNL;N?AS I@ .27ȼ H?NQILE >?P?FIJG?HN 

JF;HMȼ ?N=Ȼ ɛȔȘɜȻ 4B?Hȼ CH ; M?=IH> MN?Jȼ NB? =IMN IJNCGCM;NCIH I@ NB? JL?=?>CHA CHN?LP;FM CM =;LLC?> IONȼ ;H;FIAIOMFS 

NI ; @IL?=;MNCHA ;JJLI;=Bȼ QCNBCH NB? M?N FCGCN P;FO?MȻ 4B? <;MC= JLI=?>OL? CM MOGG;LCM?> CH &CAOL? ȖȻ  

 

7? >?LCP? A?H?L;FCM?> G;LE?N ;>IJNCIH =OLP?M @IL ?;=B BS>LIA?H G;LE?N <;M?> IH NB? .27 (ȕ 2I;>G;J M=?H;LCI 

>O? NI NB? L?F;NCP? MCGCF;LCNS I@ NB? ?H?LAS MSMN?GM ;H> JIN?HNC;FM I@ BS>LIA?H >?G;H> <?NQ??H .27 ;H> NB? 

.?NB?LF;H>M əM?? ;<IP?ɚȻ &CAOL? ȗ MBIQM NB? G;LE?NɐMJ?=C@C= ;>IJNCIH I@ BS>LIA?H ;JJFC=;NCIHM @IL NL;HMJILN;NCIH 

;JJFC=;NCIHM @LIG ȕȓȕȘ NI ȕȓȘȓȻ )N =;H <? M??H NB;N >OLCHA NB? CHCNC;F JB;M?ȼ OJ NI ȕȓȖȓȼ NL;CH ;H> <OM G;LE?NM 

?RJ?LC?H=? NB? GIMN L;JC> ;>IJNCIH I@ BS>LIA?H ;JJFC=;NCIHMȻ 4B?M? ;L? @IFFIQ?> <S BS>LIA?H ;JJFC=;NCIHM CH =;LM 

;H> B?;PSɐ>ONS P?BC=F?M ə($6Mɚȼ QBC=B L?;=B MCGCF;L F?P?FM I@ G;LE?N ;>IJNCIH ;M NL;CHM ;H> <OM?M <S ȕȓȗȓȻ )H NB? 

FIHAɐN?LGȼ <S ȕȓȘȓȼ NB? M=?H;LCI ?RJ?=NM NB? BCAB?MN G;LE?N MB;L?M @IL BS>LIA?H P?BC=F?M CH NB? ($6 M?AG?HN 

QB?L? GIL? NB;H NBL??ɐKO;LN?LM I@ NB? P?BC=F?M ;L? @O?F =?FF ?F?=NLC=Ȼ )H NB? =;M? I@ J;MM?HA?L =;LMȼ <OM?Mȼ ;H> NL;CHMȼ 

G;LE?N MB;L?M <?NQ??H ȗȓˠ ;H> Șȓˠ ;L? L?;=B?> <S ȕȓȘȓȻ 4B? G;DILCNS I@ NB? FCABNɐ>ONS P?BC=F?M ə,$6ɚ ;L? ?Rɐ

J?=N?> NI <? <;NN?LS ?F?=NLC= P?BC=F?M >O? NI NB? NSJC=;FFS MBILN >;CFS GCF?;A?ȼ ;H> =IHM?KO?HNFSȼ @O?F =?FF ;JJFC=;ɐ

NCIHM QIOF> L?;=B IHFS ;JJLIRCG;N?FS ȕȘˠ I@ NB? G;LE?N CH NB? FIHA N?LGȻ &IL ; GIL? >?N;CF?> ;MM?MMG?HN I@ NB? 

NL;HMJILN M?=NIL ;H> INB?L >LCP?ɐNL;CH NSJ?Mȼ JF?;M? L?@?L NI NB? .27 (ȕ 2I;>G;J M=?H;LCI ɛȔȘɜȻ  

&CAOL? ȖȽ '?H?L;F ;JJLI;=B NI >?LCP? =IMNɐIJNCG;F NL;HM@ILG;NCIH I@ NB? ?HNCL? ?H?LAS MSMN?G QCNB NB? &).%ɐ.%34/2 GI>?F ȔȽ 3=?H;LCI 

ɈȕȓȘȓ4L;HM@ILG;NCIH 3NL;N?AC?Mɉ ɛȕȗɜȻ ȕȽ .ILNBɐ2BCH? 7?MNJB;FC; (ȕ 2I;>G;J ɛȔȘɜ 
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)H ;>>CNCIH NI NB? NL;HMJILN;NCIH M?=NILȼ BS>LIA?H ;>IJNCIH CM ;FMI ?RJ;H>?> CH NB? CH>OMNLS M?=NILȻ &CAOL? Ș JL?ɐ

M?HNM NB? >?LCP?> G;LE?NɐMJ?=C@C= >C@@OMCIH =OLP?M @IL ;GGIHC;ȼ G?NB;HIF ;H> MN??F JLI>O=NCIHȻ )N B;M NI <? HIN?> 

NB;N ;GGIHC; ;H> G?NB;HIF ;FL?;>S B;P? ; BS>LIA?H >?G;H> @IL @??>MNI=E ;H> OM? L?@ILGCHA I@ B?;PS ICF IL 

H;NOL;F A;M NI JLI>O=? BS>LIA?HȻ 4B?L?@IL?ȼ @IL NB?M? G;LE?NMȼ NB? >C@@OMCIH G;LEM NB? ;>IJNCIH I@ '('ɐ@L?? BSɐ

>LIA?H MO<MNCNONCHA NB? =OLL?HN JLI>O=NCIH JLI=?MM?MȻ 4BOMȼ NB? MO<MNCNONCIH I@ NB? HIHɐ?H?LA?NC= @??>MNI=E =IOF> 

<? ;H ?H;<F?L I@ ;H CHCNC;F BS>LIA?H G;LE?N >?P?FIJG?HN CH NB? CH>OMNLS M?=NILȻ )N =;H <? M??H NB;N NB? ;>IJNCIH 

&CAOL? ȗȽ -;LE?N >C@@OMCIH I@ BS>LIA?H CH NB? NL;HMJILN;NCIH M?=NIL @IL NB? <;M? M=?H;LCI 

&CAOL? ȘȽ -;LE?N >C@@OMCIH I@ AL??H BS>LIA?H CH NB? CH>OMNLS M?=NIL @IL <;M? M=?H;LCI 
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@IL ;GGIHC; CM MO<MN;HNC;FFS @;MN?L NB;H @IL G?NB;HIFȻ %MJ?=C;FFS CH '?LG;HSȼ ; F;LA? ;GIOHN I@ ;GGIHC; CM JLIɐ

>O=?> PC; J;LNC;F IRC>;NCIH I@ B?;PS ICFȼ QBC=B CM GIL? '('ɐCHN?HMCP? NB;H H;NOL;F A;M ;H> MO<MNCNON?> @CLMNȻ -IL?ɐ

IP?Lȼ G?NB;HIF JLI>O=NCIH ONCFCM?M NB? <SɐJLI>O=N B?;N ;H> #/ȕ @LIG NB? H;NOL;F A;M L?@ILG?Lȼ G;ECHA ; MO<MNCNOɐ

NCIH QCNB '('ɐ@L?? BS>LIA?H GIL? ?RJ?HMCP? NB;H CM NB? =;M? @IL ;GGIHC;Ȼ )H NB? =;M? I@ MN??F JLI>O=NCIHȼ G;LE?N 

>C@@OMCIH MBIQM NB? CH=L?;MCHA ;>IJNCIH I@ >CL?=N L?>O=NCIH I@ CLIH PC; BS>LIA?H ə$2)ɐ(ȕɚ @IL MN??F JLI>O=NCIHȻ 7BCF? 

NB? @CLMN MN??F JF;HNM ;L? <?CHA =IHP?LN?> NI NB? H?Q JLI=?MM <?NQ??H ȕȓȖȓ ;H> ȕȓȖȘȼ NB? FIHAɐN?LG G;LE?N ;>IJɐ

NCIH L?;=B?M IP?L Șȓˠ CH ȕȓȘȓ ;M NB? L?G;CHCHA ?H?LAS @IL MN??F JLI>O=NCIH CM >?LCP?> @LIG ?F?=NLC=CNS ;H> INB?L 

=B?GC=;F ?H?LAS =;LLC?LMȻ ! GIL? ?RN?HMCP? >CM=OMMCIH I@ NB? CH>OMNLS M?=NIL ;H> NB? LIF? I@ INB?L ?H?LAS =;LLC?LM 

=;H <? @IOH> CH NB? .27 (ȕ 2I;>G;J M=?H;LCI ɛȔȘɜȻ 

&OLNB?L >?G;H> IJNCIHM MO=B ;M BS>LIA?H =IHMOGJNCIH @IL JLI=?MM B?;N IL @IL JLI>O=NCIH I@ MSHNB?NC= @O?FM PC; 

JIQ?LɐNIɐFCKOC>M ə0N,ɚ ;L? =IHMC>?L?> CH NB? M=?H;LCIȻ (IQ?P?Lȼ G;LE?N >C@@OMCIH @IL BS>LIA?H CM HIN >CMJF;S?> ;N 

NBCM MN;A?ȼ ;M <INB IJNCIHM L?@?L NI ;H ?RN?HMCP? M?N I@ @OLNB?L OM?M ;H> ;JJFC=;NCIHM MO=B ;M MSHNB?NC= >C?M?F IL 

MSHNB?NC= E?LIM?H?ȼ ;M Q?FF ;M HIHɐ?H?LA?NC= >?G;H> @IL =B?GC=;F @??>MNI=Eȼ G;ECHA NB? G;LE?N <IOH>;LC?M F?MM 

>?@CH?>Ȼ )H ;>>CNCIHȼ BS>LIA?H OM? CH L?@CH?LC?M @IL >?MOFJBOLCM;NCIH I@ @O?FM CM =IHMC>?L?> CH NB? ;H;FSMCMȼ <ON HIN 

>CMJF;S?> CH NBCM @CAOL?Ȼ 4B? >?G;H> @IL @IMMCF @O?FM CH NB? M=?H;LCI QCFF >?=L?;M? MCAHC@C=;HNFS OJ OHNCF ȕȓȘȓ ;H> NB? 

L?G;CHCHA FCKOC> @O?F >?G;H> QCFF <? L?JF;=?> <S AL??H 0N,Ȼ !==IL>CHA NI NBCMȼ BS>LIA?H >?G;H> @IL >?MOFJBOLCɐ

M;NCIH I@ @IMMCFM @O?FM QCFF >CGCHCMB <S ȕȓȘȓȻ 

)H ;>>CNCIHȼ CH IL>?L NI <?NN?L ;MM?MM NB? ;>IJNCIH M=?H;LCIM I@ NB? CH>CPC>O;F G;LE?NMȼ NB?M? ;L? =IGJ;L?> QCNB 

NB? >;N; @LIG NB? FCN?L;NOL?Ȼ 4B? @IFFIQCHA IP?LPC?Q I@ M=?H;LCIM ə&CAOL? șɚ CH=ILJIL;N?M NB? L?F?P;HN %OLIJ?;H ;H> 

AFI<;F G;LE?N M=?H;LCIM ;H> ;>IJNCIH N;LA?NMȻ )H A?H?L;Fȼ CN =;H <? M??H NB;N P;LCIOM M=?H;LCIM SC?F> ; <LI;> MJ?=ɐ

NLOG I@ BS>LIA?H ;>IJNCIH CH ȕȓȘȓȼ CH>C=;NCHA M?HMCNCPCNS NI G?NBI>IFIAS ;H> CHJON J;L;G?N?LM I@ CH>CPC>O;F M=?ɐ

H;LCIMȻ (IQ?P?Lȼ CN H??>M NI <? JICHN?> ION NB;N >?MJCN? NB? >CMJF;S?> OH=?LN;CHNSȼ ?P?H NB? GIMN =IHM?LP;NCP? 

?MNCG;N?M ;HNC=CJ;N? NB? MB;L? I@ @O?F =?FF P?BC=F?M CH FI=;F <OM ;H> HIHɐ?F?=NLC@C?> NL;CH @F??NM NI ;=BC?P? ȕȓɒȕȘˠ 

<S ȕȓȘȓȼ BCABFCABNCHA NB? LIF? I@ NB?M? G;LE?NMȻ -IL?IP?Lȼ CH NB? >?LCP?> M=?H;LCIȼ B?;PSɐ>ONS P?BC=F?M MOLJ;MM NB? 

;HNC=CJ;N?> G;LE?N ;>IJNCIH CH INB?L MNO>C?MȻ 'CP?H NB? GOFNCJF? Q?CABN =F;MM?M I@ NB? NLO=EMȼ HOG?LIOM MNO>C?M 

ACP? ; G;LE?N ;>IJNCIH @IL NB? IP?L;FF NLO=E G;LE?Nȼ QBC=B CM H;NOL;FFS MG;FF?L NB;H G;LE?N ;>IJNCIH CH NB? CH>Cɐ

PC>O;F Q?CABN =F;MM?MȻ '?H?L;FFSȼ HI M=?H;LCI ;HNC=CJ;N?M ; @F??N J?H?NL;NCIH F;LA?L NB;H ȕȓˠ <S ȕȓȖȓȼ CH>C=;NCHA ; 

AL;>O;F G;LE?N ;>IJNCIH ;@N?L NB? CHCNC;F =IGG?L=C;FCM;NCIH JB;M? NBLIOAB ȕȓȖȓȻ #IHM?KO?HNFSȼ NBCM CH>C=;N?M ; 
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<LI;>?L G;LE?N ;>IJNCIH N?H S?;LM ?;LFC?L NB;H F;N?L M=?H;LCIMȼ BCABFCABNCHA NB? A?H?L;FFS ;HNC=CJ;N?> J?LCI> I@ ; 

>?=;>? NI CHNLI>O=? NB? N?=BHIFIASȻ  

3.3. Demand scenario  

!@N?L N?=BHIFIAS ;P;CF;<CFCNS CM ;MM?MM?> ;H> NB? G;LE?N ;>IJNCIH M=?H;LCIM @IL ?;=B G;LE?N M?AG?HN ;L? M?Nȼ NB? 

>?P?FIJG?HN I@ NB? BS>LIA?H G;LE?NM =;H <? ?P;FO;N?>Ȼ )N MBIOF> <? ?GJB;MCM?> NB;N NB? L?MOFNM ;L? M=?H;LCIM 

;H> HIN @IL?=;MNMȻ &CAOL? Ț MBIQM NB? >?P?FIJG?HN ;H> NB? MNLO=NOL? I@ ?RN?LH;F BS>LIA?H >?G;H> CH <INB NB? 

.?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNJB;FC;Ȼ &IL NB? CH>OMNLS M?=NILȼ NB? @IFFIQCHA ;H;FSMCM =IHMC>?LM IHFS NB? MB;L? 

I@ BS>LIA?H >?G;H> NB;N >I?M HIN I==OL ;M ; <SɐJLI>O=N ;N NB? CH>OMNLC;F MCN? IL CM HIN JLI>O=?> ;N NB? MCN? CNM?F@ȼ 

NBOM IHMCN? JLI>O=NCIH ;M ; <SɐJLI>O=N IL IHMCN? ?F?=NLIFSMCM CM MO<NL;=N?> @LIG NB? NIN;F >?G;H> NI >?LCP? NB? 

KO;HNCNC?M L?F?P;HN @IL NB? >?P?FIJG?HN I@ >?FCP?LS CH@L;MNLO=NOL?Ȼ !M JL?PCIOMFS >CM=OMM?>ȼ <INB L?ACIHM B;P? ; 

=IGJ;L;<F? IP?L;FF JIN?HNC;F @IL NL;HMJILN;NCIH ;H> CH>OMNLC;F >?G;H>ȼ ;M Q?FF ;M G;HS MCGCF;L @?;NOL?M L?A;L>CHA 

NB? MNLO=NOL? I@ NB?M? G;LE?NMȻ (?H=?@ILNBȼ ACP?H NB;N NB? M;G? BS>LIA?H ;>IJNCIH Q;M ;MMOG?>ȼ <INB L?ACIHM 

&CAOL? șȽ $;N; @IL BS>LIA?H J?H?NL;NCIH M=?H;LCIM @LIG  ȕȓȕȓ NI ȕȓȘȓ ɛȔȼ țȼ ȔȜȼ ȕȓȼ ȕȖȼ ȕȜɒȘȗɜȻ ,CH?M CH>C=;N? NB? J?H?NL;NCIH @IL NB? CH>CPC>O;F 

G;LE?NM CH NB? L?@?L?H=? M=?H;LCIȻ 'L?S ;L?; JILNL;SM NB? L;HA? JLIPC>?> CH NB? ;H;FSM?> FCN?L;NOL?Ȼ 



 

ȕȚ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

>?P?FIJ CH ; =IGJ;L;<F? G;HH?L ;H> NIN;F MCT? I@ NB? >?G;H>ȼ MOLJ;MMCHA NB?CL =OLL?HN AL?S BS>LIA?H >?G;H> 

<?NQ??H ȕȓȖȘ ;H> ȕȓȗȓ CH .27 ;H> NB? .?NB?LF;H>Mȼ L?MJ?=NCP?FSȻ  

! =IGGIH G;LE?N @IL <INB .27 ;H> NB? .?NB?LF;H>M <IIMNM JIN?HNC;F BS>LIA?H >?G;H> ;H> =;H CH=L?;M? M?=OLCNS 

I@ MOJJFSȼ QBCF? L?>O=CHA NB? LCME I@ MNL;H>?> ;MM?NMȻ  

4B? MNLO=NOL? I@ ?H?LAS >?G;H> CH .27 ;H> NB? .?NB?LF;H>M @IL @ONOL? BS>LIA?H >?G;H> QCFF <? >IGCH;N?> <S 

CH>OMNLSȼ ?MJ?=C;FFS NB? =B?GC=;F ;H> J?NLI=B?GC=;F CH>OMNLSȼ L?@CH?LC?Mȼ ;H> BCAB MB;L? I@ OL<;H ;L?;M QCNB BCAB 

LI;>ȼ L;CFȼ ;H> ;PC;NCIH @O?F >?G;H>MȻ )H ;>>CNCIHȼ NB? ;MMOG?> >?G;H> M=?H;LCIM =IHMC>?L HIHɐ?H?LA?NC= OM? <S 

>IG?MNC= AL??H H;JBNB; @IL =B?GC=;F @??>MNI=E ;H> JLI>O=NMȻ 4B? ;MMOG?> BS>LIA?H >?G;H> ?MJ?=C;FFS @IL JLIɐ

>O=CHA 0N, ;M NL;HMJILN;NCIH @O?F ;H> =B?GC=;F @??>MNI=E CM NB?L?@IL? >C@@?L?HN CH =IGJ;LCMIH NI M=?H;LCIM QCNB ; 

H;NCIH;F ;H> HIN .27 @I=OMȼ @IL ?R;GJF?ȼ CH MNO>C?M <S 3?HM@Oƥȼ &Ȼ ?N ;F3 ;H> $%.!4Ȼ 4B?M? M=?H;LCIM ;MMOG? FIQ?L 

MB;L?M I@ BS>LIA?H >?G;H> CH NL;HMJILN;NCIH ;H> 0N,Ȼ )H NB? ;MMOG?> M=?H;LCIM NB? BS>LIA?H >?G;H> MN;LNM NI 

JF;S ; G;DIL LIF? <?ACHHCHA CH ȕȓȖȘ ə.27Ƚ Ȕȓ 47Bȼ .,Ƚ ȔȜ 47Bɚȼ ;M BS>LIA?H CM =IHMOG?> NI JLI>O=? P;LCIOM 0N, 

JLI>O=NM MO=B ;M MSHNB?NC= >C?M?F ;H> E?LIM?H? @IL LI;> ;H> ;CL NL;HMJILN;NCIHȼ ;M Q?FF ;M @IL MSHNB?NC= H;JBNB; 

JLI>O=NCIH L?KOCL?> ;M @??>MNI=E CH NB? =B?GC=;F CH>OMNLS əM?? &CAOL? țɚȻ 

                                                                        

3 3?HM@Oƥȼ &Ȼ ?N ;FȽ ,;HA@LCMNMT?H;LC?H @ưL >C? 4L;HM@ILG;NCIH >?M %H?LAC?MSMN?GM CH $?ONM=BF;H>ȼ 3NO>S IH <?B;F@ I@ &?>?L;F -CHCMNLS @IL %=Iɐ

HIGC= !@@;CLM ;H> %H?LASȼ '?LG;HSȾ BNNJMȽɟɟQQQȻ<GQCȻ>?ɟ2?>;ENCIHɟ$%ɟ$IQHFI;>Mɟ"ɟ<?LC=BNMGI>OFɐȖɐL?@?L?HTMT?H;LCIɐOH>ɐ<;ɐ
MCMMT?H;LCIȻJ>@ 
4 Deutsche Energie-!A?HNOL 'G<( ə(LMAȻɚ ə>?H;ȼ ȕȓȕȔɚȻ ɋ>?H;-Leitstudie Aufbruch Klimaneutralität. https://www.dena.de/filead-

min/dena/Publikationen/PDFs/2021/Abschlussbericht_dena-Leitstudie_Aufbruch_Klimaneutralitaet.pdf 

&CAOL? ȚȽ $?P?FIJG?HN I@ ?RN?LH;F BS>LIA?H >?G;H> ;H> CNM MNLO=NOL? @IL NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNJB;FC; @LIG ȕȓȕȘ NI ȕȓȘȓ 



 

ȕț ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

! BCAB?L BS>LIA?H >?G;H> @IL 0N, CM ;FMI ;FFI=;N?> NI NB? L?@CH?LC?M CH NB? .?NB?LF;H>Mȼ L;NB?L NB;H CH .27ȼ ACP?H 

NB? BCAB?L =;J;=CNS NB?L?Ȼ 'CP?H NB? MCGCF;LCNS I@ NB? L?ACIHMȼ INB?L M?=NILM MO=B ;M CH>OMNLSȼ CH=FO>CHA G?NB;HIFȼ 

;GGIHC;ȼ MN??F ;H> JLI=?MM B?;N JLI>O=NCIHȼ ;M Q?FF ;M NB? NL;HMJILN;NCIH M?=NIL B;P? ; =IGJ;L;<F? IP?L;FF MCT?Ȼ 

)N =;H <? M??H NB;N >?G;H> CH <INB L?ACIHM OJ NI NB? S?;L ȕȓȖȓ CM JLCG;LCFS >LCP?H <INB <S NB? NL;HMJILN;NCIH M?=NIL 

ə.27Ƚ ȗ 47Bȼ .,Ƚ Ș 47Bɚ ;H> NB? MO<MNCNONCIH I@ ?RCMNCHA BS>LIA?H >?G;H> CH NB? L?@CH?LC?M @IL JLI=?MMCHA I@ @IMMCF 

@O?FM ;M Q?FF ;M CH ;GGIHC; JLI>O=NCIH ə.27Ƚ ȕ 47Bȼ .,Ƚ ȔȔ 47BɚȻ )H =IHNL;MNȼ BS>LIA?H >?G;H> @IL MN??F JLI>O=ɐ

NCIH ;H> JLI=?MM B?;N JF;SM ; GIL? CGJILN;HN LIF? ;@N?L ȕȓȖȘ ;H> ȕȓȗȘȼ L?MJ?=NCP?FS əM?? &CAOL? Ș @IL =IGJ;LCMIHɚȻ 

4BCM BCABFCABNM NB? CGJILN;H=? I@ MO<MNCNONCHA NB? ?RCMNCHA BS>LIA?H >?G;H> CH NB? CH>OMNLC;F M?=NIL >OLCHA NB? 

L;GJɐOJ I@ ; =F?;H BS>LIA?H G;LE?NȻ )H ȕȓȘȓ IP?L;FF >?G;H> @IL BS>LIA?H CM ;HNC=CJ;N?> NI L?;=B OJ NI Ȕșȕ 47B 

;H> ȕȖȜ 47B CH .27 ;H> NB? .?NB?LF;H>Mȼ L?MJ?=NCP?FSȻ 

  

4B? BCAB?MN =IH=?HNL;NCIH I@ BS>LIA?H >?G;H> =;H <? I<M?LP?> ;FIHA NB? =I;MN;F L?ACIHM CH NB? .?NB?LF;H>Mȼ ;M 

Q?FF ;M 3IONB .?NB?LF;H>M ;H> NB? Q?MN?LH J;LN I@ .27ȼ L?;=BCHA șȻȕ 47B CH 2INN?L>;Gȼ ȖȻȜ 47B CH :??F;H> ;H> 

ȔȻț 47B CH -;;MNLC=BN ;M Q?FF ;M ȔȻș 47B CH $OCM<OLA L?ACIHM əM?? &CAOL? ȜɚȻ 4B?M? ;L? NB? M;G? L?ACIHM ;M NB? 

C>?HNC@C?> ;L?;M @IL ;FFI=;NCHA NB? =OLL?HN BS>LIA?H ;H> ?H=IGJ;MMCHA NB? G;DIL JIJOF;NCIH =?HNL?M CH NB? .?NBɐ

?LF;H>M ;H> .27Ȼ 4B? FIQ?MN >?G;H> CM ;HNC=CJ;N?> CH NB? LOL;F ;L?;M CH NB? MIONBɐ?;MN I@ .27 QCNB ȓȻȘ 47BȻ 4BOMȼ 

;FF L?ACIHM MOLJ;MM NB? >?G;H> I@ ȓȻȘ 47B JȻ;Ȼȼ QBC=B CM ;H ;JJLIRCG;N? >?G;H> NBL?MBIF> @IL =IMNɐ=IGJ?NCNCP?ɐ

H?MM I@ ; FIHAɐ>CMN;H=? JCJ?FCH? NI NL;CF?L NL;HMJILN ɛȕȗɜ ɛȕȘɜȻ )@ >?FCP?LS CM =?HNL;FCM?>ȼ ; BS>LIA?H JCJ?FCH? G;S I@@?L 

; =IMNɐ?@@?=NCP? G?;HM I@ BS>LIA?H NL;HMJILN CH ȕȓȖȓ ;FL?;>SȻ  

 

&CAOL? țȽ $?P?FIJG?HN I@ NB? MNLO=NOL? I@ BS>LIA?H >?G;H> @IL 0N, CH .27 ;H> NB? .?NB?LF;H>M @LIG ȕȓȖȘ NI ȕȓȘȓ 



 

ȕȜ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

! AL??H BS>LIA?H >?G;H> I@ ;<ION ș 47B CM ;HNC=CJ;N?> CH .27 @IL ȕȓȖȓȼ QCNBION N;ECHA CHNI ;==IOHN =OLL?HN AL?S 

CH>OMNLC;F >?G;H>Ȼ ȚȖȻțˠ I@ BS>LIA?H >?G;H> =;H <? ;FFI=;N?> NI NB? NL;HMJILN;NCIH M?=NIL ;H> ȕȓȻȕˠ NI NB? 

CH>OMNLC;F M?=NILȻ 4B? L?G;CHCHA >?G;H> L?F;N?M NI NB? ?RN?LH;F =F?;H BS>LIA?H >?G;H> CH NB? L?@CH?LC?MȻ )H =IHɐ

NL;MN NI .27ȼ NB? >?G;H> @IL BS>LIA?H CH NB? .?NB?LF;H>M QIOF> L?;=B ȔȘȻȘ 47BȻ -IL?IP?Lȼ QCNB ȗȔȻȚˠ ;H> ȕțȻȓˠȼ 

NB? >?G;H> MB;L? I@ L?@CH?LC?M ;H> CH>OMNLS CH NB? .?NB?LF;H>M CM F;LA?Lȼ ;M =F?;H BS>LIA?H CM OM?> ?;LFC?L CH NBIM? 

;L?;M NB;H CH MN??F JLI>O=NCIHȼ QBC=B ;MMOG?M ; >IGCH;HN JIMCNCIH CH .27 əM?? &CAOL? ȔȓɚȻ 

 

&CAOL? ȜȽ 2?ACIH;F ;FFI=;NCIH I@ ?RN?LH;F BS>LIA?H >?G;H> CH NB? .?NB?LF;H>M ;H> .ILNB 2BCH?ɐ7?MNJB;FC; CH NB? S?;L ȕȓȖȓ 



 

Ȗȓ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

(S>LIA?H >?G;H> CH NB? NL;HMJILN;NCIH M?=NIL I@ .27 ;>>M OJ NI ;<ION ȗ 47B CH ȕȓȖȓ əM?? &CAOL? ȔȔɚȻ 4B? F;LA?MN 

MB;L? I@ =;Ȼ șȓˠ CM @IL J;MM?HA?L =;LMȻ )H ȕȓȖȓȼ ($6M ;FL?;>S ;==IOHN @IL ȕȘˠ I@ BS>LIA?H >?G;H> CH NB? NL;HMJILɐ

N;NCIH M?=NILȼ QCNB ; MNLIHA OJQ;L> NL?H> OHNCF ȕȓȘȓȻ !==IL>CHAFSȼ >?G;H> CM L;NB?L ?P?HFS >CMNLC<ON?> ;GIHA NB? 

L?ACIHM CH Q?MN?LH ;H> =?HNL;F .27Ȼ )H NB? =;M? I@ NB? .?NB?LF;H>Mȼ IP?L;FF >?G;H> L?;=B?M =;Ȼ Ș 47Bȼ ;H> NB? 

MNLO=NOL? I@ >?G;H> CM =IGJ;L;<F? QCNB .27Ȼ (IQ?P?Lȼ >O? NI NB? MG;FF?L HOG<?L I@ NL;CHM ;H> <OMM?Mȼ NB?M? 

G;LE?NM JF;S ; MIG?QB;N MG;FF?L LIF? CH NB? IP?L;FF BS>LIA?H >?G;H> @IL NL;HMJILN;NCIHȻ $?G;H> CM G;CHFS FIɐ

=;N?> CH NB? Q?MN?LH ;H> =?HNL;F L?ACIHM I@ NB? .?NB?LF;H>Mȼ QBC=B ?H=IGJ;MM NB? G;DILCNS I@ NB? $ON=B JIJOF;ɐ

NCIH ;H> P?BC=F? @F??NȻ 

 

&CAOL? ȔȓȽ /P?L;FF ;H> L?ACIH;F MNLO=NOL? I@ ?RN?LH;F BS>LIA?H >?G;H> CH .27 ;H> NB? .?NB?LF;H>M @IL ȕȓȖȓ əJIMMC<F? >?PC;NCIH @LIG Ȕȓȓˠ 

>O? NI LIOH>CHA ?LLILMɚ 



 

ȖȔ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!M @IL NB? CH>OMNLC;F M?=NIL CH .27ȼ >?G;H> L?;=B?M =;Ȼ Ȕ 47B CH ȕȓȖȓȼ ;H> NB? >?G;H> =?HNL?M =ILL?MJIH> NI NB? 

=B?GC=;F CH>OMNLS ;H> L?@CH?LS MCN?M ;M ; QC>?L ;>IJNCIH I@ BS>LIA?H CM S?N NI N;E? JF;=? əM?? &CAOL? ȔȕɚȻ )H A?H?L;Fȼ 

NB? CH>OMNLC;F M?=NILɇM BS>LIA?H >?G;H> CH ȕȓȖȓ CM >CMNLC<ON?> ;GIHA IHFS ; @?Q M?F?=N?> =IOHNC?MȻ 4BCM =;H <? 

DOMNC@C?> <S NB? @;=N NB;N NB? OM? I@ ?RN?LH;F BS>LIA?H CM CHCNC;FFS IHFS ;JJFC?> CH <;MC= =B?GC=;FMȼ QB?L? BS>LIA?H 

CM ;FL?;>S OM?>ȼ @IL ?R;GJF?ȼ CH ;GGIHC; ;H> G?NB;HIF JLI>O=NCIHȻ 3CGCF;LFSȼ ?RN?LH;F CH>OMNLC;F >?G;H> CH NB? 

.?NB?LF;H>M əȗ 47Bɚ CM JLCG;LCFS >LCP?H <S NB? =B?GC=;F M?=NIL əCH=FO>CHA ;GGIHC; ;H> G?NB;HIFɚȼ BCABFCABNCHA 

NB? CGJILN;H=? I@ NB? FIQɐB;HACHA @LOCNM >OLCHA G;LE?N LIFFION CH NB? CH>OMNLC;F M?=NILȻ  

 

 

 

 

&CAOL? ȔȔȽ /P?L;FF MNLO=NOL? ;H> L?ACIH;F ;FFI=;NCIH I@ BS>LIA?H >?G;H> I@ NB? NL;HMJILN M?=NIL CH .27 ;H> NB? .?NB?LF;H>M @IL ȕȓȖȓ əJIMMCɐ

<F? >?PC;NCIH @LIG Ȕȓȓˠ >O? NI LIOH>CHA ?LLILMɚ 



 

Ȗȕ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

&LIG ; FIHAɐN?LG J?LMJ?=NCP?ȼ NIN;F ;HHO;F BS>LIA?H >?G;H> CH NB? @CH;F ?H?LAS M?=NIL CH .27 L?;=B?M =;Ȼ Ȕșȕ 

47B CH ȕȓȘȓȼ ?R=FO>CHA NB? =IHP?LMCIH M?=NIL əM?? &CAOL? ȔȖɚȻ )H =IHNL;MN NI ȕȓȖȓ ə>IGCH;H=? I@ NL;HMJILN;NCIH 

>?G;H> QCNB Țȗˠɚȼ ȕșˠ ;H> ȕȓˠ I@ NBCM >?G;H> =IHMCMN I@ CH>OMNLC;F ;H> NL;HMJILN;NCIH >?G;H>Mȼ L?MJ?=NCP?FSȻ 

4B? INB?L Șȗˠ CM OM?> @IL 0N, JLI>O=NCIH ;N NB? L?@CH?LS FI=;NCIHMȻ 4BCM L?MOFN >?GIHMNL;N?M NB? MNL;N?AC= LIF? I@ 

CH>OMNLC;F ;H> ?MJ?=C;FFS 0N, BS>LIA?H >?G;H> CH .27ȼ QBC=B QCFF MCAHC@C=;HNFS CH@FO?H=? NB? >?MCAH I@ BS>LIA?H 

MOJJFS CH NB? FIHA N?LGȻ (S>LIA?H >?G;H> CM =IH=?HNL;N?> JLCG;LCFS CH NB? Q?MN?LH L?ACIHM I@ .27Ȼ )H NB? =;M? I@ 

NB? .?NB?LF;H>Mȼ NIN;F >?G;H> CH ȕȓȘȓ L?;=B?M ȕȖȜ 47B ;H>ȼ >O? NI NB? JLIGCH?HN LIF? I@ 0N, əȚȓˠɚ ;H> =IH=?Hɐ

NL;NCIH I@ NB? L?@CH?LC?M CH NB? 7?MN .?NB?LF;H>Mȼ IP?L;FF BS>LIA?H >?G;H> CM GIL? =IH=?HNL;N?> NB;H CH .27 əM?? 

&CAOL? ț @IL 0N, >?G;H> MNLO=NOL?ɚȻ 4B? L?G;CHCHA Ȗȓˠ I@ >?G;H> ;L? ;FGIMN ?P?HFS MJFCN <?NQ??H CH>OMNLS ;H> 

NL;HMJILN;NCIHȻ  

 

 

&CAOL? ȔȕȽ /P?L;FF MNLO=NOL? ;H> L?ACIH;F ;FFI=;NCIH I@ ?RN?LH;F BS>LIA?H >?G;H> I@ NB? CH>OMNLS M?=NIL CH .27 ;H> NB? .?NB?LF;H>M @IL ȕȓȖȓ 

əJIMMC<F? >?PC;NCIH @LIG Ȕȓȓˠ >O? NI LIOH>CHA ?LLILMɚ 



 

ȖȖ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

4L;HMJILN;NCIH >?G;H> CH .27 L?;=B?M Ȗȕ 47B CH ȕȓȘȓȻ )H =IHNL;MN NI ȕȓȖȓȼ BS>LIA?H >?G;H> @IL NL;HMJILN;NCIH 

CH ȕȓȘȓ CM >IGCH;N?> JLCG;LCFS <S NB? >?G;H> @IL ($6M əȗȗˠɚ ;H> J;MM?HA?L =;LM əȗțˠɚȼ QBCF? NL;CHM ;H> <OM?M 

QCFF JF;S ; GCHIL LIF? ə;<ION țˠɚ əM?? &CAOL? ȔȗɚȻ .?P?LNB?F?MMȼ ;M I@ NI>;Sȼ NB?S ;L? ?MM?HNC;F @IL CH=L?;M?> CH@L;ɐ

MNLO=NOL? ONCFCM;NCIH ;H> NBOM @IL ?=IHIGC= CGJF?G?HN;NCIHȼ ?MJ?=C;FFS CH NB? CHNLI>O=NILS JB;M?Ȼ )H =IHNL;MN NI 

CH>OMNLC;F =IHMOGJNCIHȼ >?G;H> @IL NL;HMJILN;NCIH CM GO=B GIL? ?P?HFS >CMNLC<ON?> ;GIHA NB? L?ACIHMȻ /H? I@ 

NB? GIMN CGJILN;HN L?;MIHM @IL NBCM CM ; BCAB MB;L? I@ ($6MȻ 4BOMȼ BCAB >?G;H> @IL BS>LIA?H CM ;FMI ?RJ?=N?> CH 

F?MM OL<;HCM?> L?ACIHMȻ ! P?LS MCGCF;L JC=NOL? >?P?FIJM CH NB? .?NB?LF;H>Mȼ QB?L?ȼ ;N ;H IP?L;FF NL;HMJILN >?G;H> 

I@ ȖȘ 47Bȼ Ȝșˠ I@ NL;HMJILN;NCIH >?G;H> CM AIP?LH?> <S J;MM?HA?L =;LM ;H> ($6MȻ 7CNB NB? G;DILCNS I@ NB? JIJOɐ

F;NCIH ;H> P?BC=F? @F??N =IH=?HNL;N?> CH NB? ?;MN?LH ;H> Q?MN?LH .?NB?LF;H>Mȼ NB?M? L?ACIHM B;P? NB? BCAB?MN MB;L? 

I@ NL;HMJILN;NCIH >?G;H> CH ȕȓȘȓȻ 

&CAOL? ȔȖȽ /P?L;FF ;H> L?ACIH;F MNLO=NOL? I@ ?RN?LH;F BS>LIA?H >?G;H> CH .27 ;H> NB? .?NB?LF;H>M @IL ȕȓȘȓ əJIMMC<F? >?PC;NCIH @LIG Ȕȓȓˠ 

>O? NI LIOH>CHA ?LLILMɚ 



 

Ȗȗ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)H>OMNLC;F >?G;H> @IL BS>LIA?H CH .27 CH ȕȓȘȓ L?;=B?M =;Ȼ ȗȕ 47B ;H> CM >IGCH;N?> <S MN??F JLI>O=NCIH ə;LIOH> 

Șțɚɣ əM?? &CAOL? ȔȘɚȻ 4BCM CM @IFFIQ?> <S BCABɐN?GJ?L;NOL? JLI=?MM B?;N @IL CH>OMNLC;F @OLH;=?M IL =?G?HN JLI>O=ɐ

NCIH ;H> ;GGIHC; ;M Q?FF ;M G?NB;HIF JLI>O=NCIH QCNB ;JJLIRCG;N?FS ȕȗˠȼ Ȕȕˠ ;H> șˠȼ L?MJ?=NCP?FSȻ )H ;>>CNCIHȼ 

;<ION țˠ I@ CH>OMNLC;F >?G;H> CM OM?> @IL CH>OMNLC;F @OLH;=?MȻ 7CNB IP?L ȕȘ 47Bȼ NB? @I=;F JICHN I@ CH>OMNLC;F >?ɐ

G;H> @IL BS>LIA?H CH .27 CM @IOH> CH NB? Q?MN?LH J;LN I@ NB? L?ACIH ;H> J;LNC=OF;LFS CH NB? 2BCH?ɐ2OBL L?ACIH QCNB 

CNM JL?P;F?H=? I@ MN??F ;H> =B?GC=;F JF;HNMȻ (IQ?P?Lȼ NB? >?G;H> I@ =;Ȼ ȖȚ 47B CH NB? .?NB?LF;H>M @IL CH>OMNLS CM 

MO<MN;HNC;FFS GIL? >?=?HNL;FCM?>ȼ ;H> NQIɐNBCL>M I@ >?G;H> L?PIFP?M JLCG;LCFS ;LIOH> NB? =B?GC=;F CH>OMNLSȼ MO=B 

;M ;GGIHC; ;H> G?NB;HIF JLI>O=NCIHȼ QCNB ȗȚˠ ;H> ȔȚˠȼ L?MJ?=NCP?FSȻ )H =IHNL;MN NI .27ȼ >?G;H> @IL MN??F ;H> 

JLI=?MM B?;N CH NB? .?NB?LF;H>M G;E?M OJ IHFS =;Ȼ ȔȜˠ ;H> ȔȚˠ I@ NIN;F >?G;H>ȼ L?MJ?=NCP?FSȻ #IHM?KO?HNFSȼ ; 

GIL? ?P?HFS >CMNLC<ON?> MOJJFS CH@L;MNLO=NOL? @IL CH>OMNLS QCFF <? L?KOCL?> CH NB? .?NB?LF;H>MȻ 

 

&CAOL? ȔȗȽ /P?L;FF MNLO=NOL? ;H> L?ACIH;F ;FFI=;NCIH I@ BS>LIA?H >?G;H> I@ NB? NL;HMJILN;NCIH M?=NIL CH .27 ;H> NB? .?NB?LF;H>M @IL ȕȓȘȓ 

əJIMMC<F? >?PC;NCIH @LIG Ȕȓȓˠ >O? NI LIOH>CHA ?LLILMɚ 



 

ȖȘ ɟ Ȕȗș 
ȕȜȻȓȖȻȕȓȕȕ 

 
  

&CAOL? ȔȘȽ /P?L;FF MNLO=NOL? ;H> L?ACIH;F ;FFI=;NCIH I@ ?RN?LH;F BS>LIA?H >?G;H> I@ NB? CH>OMNLS M?=NIL CH .27 ;H> NB? .?NB?LF;H>M @IL ȕȓȘȓ 

əJIMMC<F? >?PC;NCIH @LIG Ȕȓȓˠ >O? NI LIOH>CHA ?LLILMɚ 




























































































































































































































