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1&$#&2&(C*).*+/"($&%*3,#2&+*("$%'3)"(*&%1/'(D/%('*&'*

$../+(/0*#C*3)3,2$(&)%*0/%'&(&/'A*W&-6*+)'(*).*

/73$%0&%-*/2/+("&+&(C*0&'("&#,(&)%*&%."$'(",+(,"/A*

^)5/"*0/%'&(C*'&%-2/*.$D&2C*05/22&%-'*-/%/"$22C*6$1/*

3))"/"*(6/"D$2*3/".)"D$%+/*(6$%*6&-6*0/%'&(C*

05/22&%-'A*

J5%*-/%/"$(&)%*(6"),-6*0&/'/2*

$%0*-$')2&%/*-/%/"$()"'*()*

+)D3/%'$(/*.)"*,%"/2&$#2/*

',332CA*

`&..&+,2(*()*("$+?*$%0*$''/''*.,/2*+)%',D3(&)%*56&+6*

+)%.),%0'*#)(6*"/'&0/%(&$2*/%/"-C*0/D$%0*/'(&D$(/'*

$%0*(6/*+$2&#"$(&)%*).*("$%'3)"(*0/D$%0A**

!
." Selecting	a	modelling	tool,

MA: J1/"1&/5*).*D)0/2*(C3/'*

S%/"-C*D)0/2'* 6$1/* 6&'()"&+$22C* ($?/%* (5)*0&'(&%+(* $33")$+6/'4* ()3I0)5%*)"* #)(()DI,3*

<N6$(($+6$""C$*$%0*H&D&2'&%$4*89:9$E*!\SL4*:aa;@A*H)3I0)5%*D)0/2'4*#$'/0*)%*/+)%)D&+*

(6/)"C4*,'/*D$+")I'+$2/*$--"/-$(/0*/+)%)D&+*0$($*',+6*$'*+)%',D3(&)%4* &%+)D/'4*3"&+/'*

$%0* .$+()"* +)'('* ()*D)0/2* 0/D$%0* $%0* ',332C* '/+()"'A* N)(()DI,3*D)0/2'4* )%* (6/* )(6/"*

6$%04* .)+,'* )%* $* D)"/* (/+6%)2)-&+$2* $%0* /%-&%//"&%-* 3/"'3/+(&1/* &%* "/3"/'/%(&%-* (6/*
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/%/"-C*'C'(/DA*`$($*&%3,('*$"/*+)22/+(/0*.")D*+)%',D/"'*$#),(*/G,&3D/%(*$%0*$332&$%+/'*

,'/0*.)"*0&../"/%(*'/+()"'A*

H)3I0)5%*D)0/2'*D$C*#/* 2/''*',&(/0*()*(6/*>O=>SH*3")P/+(*+)%(/7(* .)"*'/1/"$2*"/$')%'A*

H)3I0)5%* D)0/2'4* .)"* /7$D32/* /+)%)D/("&+* D)0/2'4* $&D* ()* /'($#2&'6* (6/* /+)%)D&+*

"/2$(&)%'6&3'*#/(5//%*1$"&$#2/'4*$%0*D$C*).(/%*#/*,'/0*.)"*0/D$%0*.)"/+$'(&%-A*N/+$,'/*

).* (6/&"* "/2&$%+/* )%* 6&'()"&+$2* 3$((/"%'4* (6/&"* ',&($#&2&(C* ()* 0/1/2)3&%-* +),%("C* +)%(/7('*

56/"/* /+)%)D&/'* D$C* #/* ,%0/"-)&%-4* )"* $&D&%-* $(4* '(",+(,"$2* +6$%-/'* D$C* #/* D)"/*

2&D&(/0* <!"#$%*/(* $2A4* 899XE*S>=OL4*89:8@A*O%)(6/"* 2&D&($(&)%* .")D* (6/* >O=>SH*3")P/+(*

3/"'3/+(&1/*&'*(6$(4*#/+$,'/*(6/C*+$3(,"/*$--"/-$(/*0/D$%04*(6/C*0)*%)(*$22)5*.)"*$*D)"/*

0/($&2/0* +6$"$+(/"&'$(&)%* ).* 0/D$%0* '/+()"'* $%0* ')* 6$1/* 2/''* '+)3/* ()* "/3"/'/%(* (6/*

0&1/"'&(C*(C3&+$2*).*(6&'*'/+()"*&%*0/1/2)3&%-*+),%("&/'A*NC*+)%("$'(4*#)(()DI,3*D)0/2'*($?/*

$*D)"/* 0&'$--"/-$(/0* $33")$+6*5&(6* $* '3/+&.&+* .)+,'* )%* /%0I,'/"'* $%0* (/+6%)2)-CA* H6&'*

/%$#2/'* $* -"/$(/"* +6$"$+(/"&'$(&)%*).* +)%',D3(&)%*#/6$1&),"* $%0* (/+6%)2)-C* +6)&+/'* #C*

0&../"/%(*&%+)D/*+$(/-)"&/'4*.)"*/7$D32/*&%*(6/*6),'/6)20*'/+()"4*$%0*&'*)%/*).*(6/*"/$')%'*

(6/C* $"/* "/-$"0/0* $'* #/((/"* ',&(/0* ()* 0/1/2)3&%-* +),%("C* +)%(/7('* <!"#$%4* 899XE*

N6$($+6$"CC$*$%0*H&D&2'&%$4*89:9#@A*N)(()DI,3*D)0/2'*+$%*#/*,'/0*()*/1$2,$(/*/..&+&/%+C*

&D3$+('* ).* 0&../"/%(* '+/%$"&)'4* #,(* )../"*D)"/* 2&D&(/0* 0/($&2* )%* .//0#$+?* ',+6* $'* 6)5* $*

+6$%-/*&%*3"&+/'*D$C*$../+(*,3($?/*).*$*(/+6%)2)-C*(6$%*$*()3I0)5%*D)0/2*D&-6(*3")1&0/*

<S>=OL4*89:8@A*O++),%(&%-*D)0/2'* ',+6*$'*^SOL*0/'+"&#/* (6/*),(+)D/'*).*6C3)(6/(&+$2*

3)2&+C*0/+&'&)%'4*$#),(*$*+6$%-/*&%*(/+6%)2)-C*.)"*/7$D32/4*0/.&%/0*Y),('&0/R*(6/*D)0/2A*

=)0/2'* +$%* #")$02C* #/* +$(/-)"&'/0* $'* /&(6/"* )3(&D&'$(&)%* )"* '&D,2$(&)%A* J3(&D&'$(&)%*

D)0/2'*,'/*2&%/$"*3")-"$DD&%-*()*0/(/"D&%/*(6/*2)5/'(I+)'(*(/+6%)2)-C*+6)&+/'*$2)%-*(6/*

/%/"-C* +6$&%* ()*D//(* (6/* 0/D$%0* .)"* /%/"-C* '/"1&+/'4* ',#P/+(* ()* -&1/%* +)%'("$&%('E* .)"*

/7$D32/4* $* +$3* )%* BJ!* /D&''&)%'* <!\SL4* :aa;@A* H6/C* $"/* ,'/.,2* .")D* $* ',332CI'&0/*

32$%%&%-* 3/"'3/+(&1/* $%0* D$C* ).(/%* #/* ,'/0* .)"* %$(&)%$2* /%/"-C* 32$%%&%-* 56&+6*

("$0&(&)%$22C*&'*&%(/"/'(/0*&%*G,/'(&)%'*$"),%0*2/$'(I+)'(*&%1/'(D/%(*0/+&'&)%'*<TSO4*89:8E*

!\SL4*:aa;@A*F%*+)%("$'(4*(6/*.)+,'*)%*(6/*/%/"-C*'C'(/D*$(*$*+&(C*2/1/2*&'*2&?/2C*()*#/*D)"/*

0/D$%0I'&0/I)"&/%(/0* $%0* &%(/"/'(/0* &%* G,/'(&)%'* $"),%0* (6/* G,$%(&.&+$(&)%* ).* &D3$+('*

.")D*0&../"/%(*'+/%$"&)'A* >,332CI'&0/*0/+&'&)%'*<&%*-/%/"$2@* (/%0* ()*#/*),('&0/*).*$* +&(CR'*

'36/"/* ).* &%.2,/%+/4* $%0* (6/* &%(/"1/%(&)%'* $(* +&(C* 2/1/2* (/%0* ()* #/* D)"/* )%* 0/D$%0*

D$%$-/D/%(4* .)+,''&%-*)%*/%/"-C*/..&+&/%+C4* &%.2,/%+&%-* (6/* '(",+(,"/*).* (6/*,"#$%* .)"D*

$%0* 0/%'&(C4* $%0* 3,#2&+* ("$%'3)"(* <TSO4* 89:8@A* H6&'* +6$"$+(/"&'(&+* D$C* &%+"/$'&%-2C* #/*

+6$%-&%-4*6)5/1/"4*$'*5/*'//*-")5(6*).*0&'("&#,(/0*-/%/"$(&)%*)3(&)%'*$%0*'D$"(*-"&0'A**

F%*$%*O."&+$%*+)%(/7(4*56/"/*%$(&)%$2*/2/+("&+&(C*',332C*D$C*#/*,%"/2&$#2/4* (6/"/* &'*$2')*$*

6&-6/"*&%+&0/%+/*).*$,()I-/%/"$(&)%*#C*+)DD/"+&$24* &%0,'("&$2*$%0*6),'/6)20*+)%',D/"'4*

3"&D$"&2C* ,'&%-* 0&/'/2I* $%0* -$')2&%/I.,/22/0* -/%/"$()"'A* N)(()DI,3* )3(&D&'$(&)%*D)0/2'*

',+6*$'* (6/* FSOR'*=OUbO^IHF=S>*32$(.)"D*$22)5*.)"*1/"C*0/($&2/0*"/3"/'/%($(&)%*).* (6/*

0/D$%0* '&0/*5&(6* "/$')%$#2C* G,&+?* ')2,(&)%* (&D/'4* #,(* (6/*D)0/2* #,&20&%-* "/G,&"/'* (6/*

0/1/2)3D/%(* ).* .$&"2C* 6&-6* (/+6%&+$2* 3").&+&/%+C* $%0* (6/'/* D)0/2'* D$C* %)(* #/* /$'C* ()*

0&''/D&%$(/*)"*/'($#2&'6*$'*$*2&1&%-*3")P/+(*5&(6&%*$*D,%&+&3$2&(CA*FD32&+&(*&%*)3(&D&'$(&)%*

D)0/2'* $"/* $'',D3(&)%'* $"),%0* "$(&)%$2* +6)&+/4* +)D3/(&(&)%4* $%0* D$"?/('* &%* 3/"./+(*

/G,&2&#"&,D* <N6$(($+6$"CC$* $%0* H&D&2'&%$#4* 89:9#E* S>=OL4* 89:8@A* H6&'* (6/)"/(&+$2*

,%0/"3&%%&%-* +),20* $"-,$#2C* #/* ',&(/0* ()* 0/1/2)3/0* +),%("&/'* 56/"/* $0/G,$(/*

&%."$'(",+(,"/*D/$%'* $++/''* $%0* $1$&2$#&2&(C* $"/* %)(* $%* &'',/4* +)%',D/"'* 6$1/* $++/''* ()*

&%.)"D$(&)%* $%0* +6)&+/4* (6/"/*D$C* #/* (&-6(* "/-,2$(&)%* )%*D)%)3)2&'(&+* 3"$+(&+/'* /(+A* F%*

0/1/2)3&%-*+),%("&/'4*6)5/1/"4*/%/"-C*+6)&+/'*D$C*#/*+)%'("$&%/0*#C*2&D&(/0*$1$&2$#&2&(C*

)"*$++/''&#&2&(C*$%0*3))"* &%.)"D$(&)%*.2)5'*56&+6* &D3$+(*+)%',D/"*+6)&+/A*J3(&D&'$(&)%*

D)0/2'* (/%0* ()* $'',D/* (6$(* /%/"-C* &'* (6/* )%2C* .$+()"* &%* (/+6%)2)-C* +6)&+/4* 56/"/$'* &%*

"/$2&(C4* /'3/+&$22C* &%* 3))"/"*D$"?/(* '/-D/%('4* (6/"/*D$C* #/*D)"/* +)D32/7* #/6$1&),"$2*

$%0*3"/./"/%+/*.$+()"'*<U,&P1/%*/(*$2A4*899V@A*

>&D,2$(&)%* D)0/2'* $"/* /%0I,'/I)"&/%($(/0* <.)"* /7$D32/* +))?&%-4* 6/$(&%-* $%0* ("$%'3)"(*

0/D$%0'@*$%0*-)*&%()*0/($&2*$#),(*'3/+&.&+*(/+6%)2)-&/'*',+6*$'*(C3/'*).*+))?&%-*'()1/'*)"*

(C3/'* ).* .,"%$+/'* ,'/0* &%* &%0,'("CA* J%/* ).* (6/&"* $01$%($-/'* &'* (6$(4* ,%2&?/* )3(&D&'$(&)%*
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D)0/2'4*(6&'*0$($*0)/'*%)(*%/+/''$"&2C*%//0*()*#/*0/($&2/0*()*+"/$(/*(6/*D)0/2A*>&D,2$(&)%*

D)0/2'*$"/*D)"/* .2/7&#2/* &%* (6/&"*0$($* "/G,&"/D/%('* $%0*+$%*'(&22* C&/20*1$2,$#2/* &%'&-6('*

/1/%* 5&(6* '3$"'/"* &%3,('* <N6$(($+6$"CC$* $%0* H&D&2'&%$4* 89:9$@A* F%* (/"D'* ).* '+/%$"&)*

$%$2C'&'4*()3I0)5%*)"*)3(&D&'$(&)%*D)0/2'*D$C*#/*D)"/*,'/.,2*.)"*,%0/"'($%0&%-*&D3$+('*

).*/+)%)D&+*&%'(",D/%('A*W)5/1/"4*(6/*'+/%$"&)'*+)%'(",+(/0*.)"*(6/*>O=>SH*3")P/+(*D$C*

#/* &%(/"/'(/0* &%* (C3/'* ).* 3)2&+C* &%(/"1/%(&)%'* )(6/"* (6$%* 3"&+/I#$'/0* )%/'4* .)"* /7$D32/A*

>&D,2$(&)%*D)0/2'*D$C*#/*D)"/*,'/.,2*&%*(6$(*(6/C*+$%*#/*,'/0*()*'(",+(,"/*D)"/*+)D32/7*

'+/%$"&)'*#$'/0*)%*0&../"/%(*3)2&+C* &%(/"1/%(&)%'4*$%0*0)*%)(*D$?/*3")P/+(&)%'*#$'/0*)%*

6&'()"&+$2*0/D$%0*$%0*',332C4*#,(*'&%+/*(6/'/*D)0/2'*$"/*%)(*'/2.I)3(&D&'&%-*(6/C*5&22*%)(*

&0/%(&.C* (6/* )3(&D$2* ')2,(&)%A* F%'(/$04* D,2(&32/* '+/%$"&)'* D,'(* #/* ",%* $%0* (6/%* (6/*

3"/./""/0* ),(+)D/'* +6)'/%* <S>=OL4* 89:8@A* * B$3(,"&%-* &%.)"D$2* $+(&1&(&/'* "/D$&%'* $%*

),('($%0&%-* &'',/* .)"* $22*D)0/2* (C3/'4* $%0* "/G,&"/'* $*6&-6/"* "/2&$%+/*)%* $'',D3(&)%'*)"*

/7("$3)2$(&)%'* #$'/0* )%* ,'/* ).* '3$"'/* ',"1/C* 0$($4* 56)'/* "/3"/'/%(&1&(C* D$C* %)(* #/*

$'',"/0A*

MA8 >/2/+(&%-*$*D)0/2*.)"*(6/*>O=>SH*3")P/+(*

H6/*'(,0C*)#P/+(&1/'*$%0*G,/'(&)%'4*0$($*$1$&2$#&2&(C*$%0*G,$2&(C4*+$3$+&(C*).*,'/"'*).*(6/*

D)0/2* $%0* (6/* +),%("CI'3/+&.&+* +)%(/7(* $"/* $22* %//0* ()* #/* +)%'&0/"/0* 56/%* '/2/+(&%-* $*

D)0/2* <S>=OL4*89:8@A*H6/*>O=>SH*3")P/+(*$&D'* ()*D)0/2* (6/*/%/"-C*'C'(/D*).*O."&+$%*

+&(&/'* $%0* $%'5/"* G,/'(&)%'* $#),(* (6/* /%/"-C* $%0* /D&''&)%'* &D3$+('* ).* 0&../"/%(*

(/+6%)2)-C* &%(/"1/%(&)%'A* F%* (/"D'* ).* ,'/"'4* (6&'* 3")P/+(* $&D'* ()* 3")1&0/* $* ())2* (6$(*

,2(&D$(/2C* 5&22* #/* ,'/0* #C* "/2/1$%(* &%I+),%("C* '($?/6)20/"'* 56/(6/"* (6/C* $"/* )..&+&$2'*

5&(6&%* 2)+$2* D,%&+&3$2&(&/'* )"* 3$"(%/"'* ',+6* $'* 2)+$2* ,%&1/"'&(&/'A* =)0/2'* %//0* ()* #/*

D$&%($&%/0*$%0*,30$(/0A*O((/%(&)%*5$'*(6/"/.)"/*-&1/%*()*(6/*/$'/*).*,'/*$%0*'?&22'*2/1/2'*

"/G,&"/0*).*1$"&),'*D)0/2'4*$'*5/22*$'*+)'(*$%0*$++/''&#&2&(C*()*(6/*').(5$"/A*>).(5$"/*(6$(*

&'* /&(6/"* ."//2C* )"* /$'&2C* $1$&2$#2/* /%6$%+/'* )33)"(,%&(&/'* .)"* +)22$#)"$(&1/* 5)"?* 5&(6*

)(6/"*&%'(&(,(/'*)"*)"-$%&'$(&)%'4*#/C)%0*(6/*'(,0C*3$"(%/"'*$'*5/22A*F%+"/$'&%-*(6/*'&K/*).*

(6/*"/'/$"+6*+)DD,%&(C*,'&%-*(6/*').(5$"/*+$%*/%6$%+/*(6/*0/1/2)3D/%(*$%0*G,$2&(C*).*

2)+$2* "/'/$"+6* <W)5/22'* /(* $2A4* 89::@A* c2/7&#&2&(C* &%* 0$($* &%3,('* 5$'* $%)(6/"* ?/C*

+)%'&0/"$(&)%* &%* (6/* '/2/+(&)%* 3")+/''A* =)0/22&%-* &'* 6&-62C* 0$($I&%(/%'&1/4* $%0* (6/* 0$($*

2&D&($(&)%'* &%* 0/1/2)3&%-* +),%("&/'* $"/* $* "/$2* 2&D&($(&)%A* >)D/*D)0/2'* $"/*D)"/* .2/7&#2/*

(6$%* )(6/"'* &%* 5)"?&%-* 5&(6* 0$($* )%* $* D)"/* 2&D&(/0* '+$2/4* $%0* +$%* #/* D)"/* -"$0,$22C*

3)3,2$(/0*)1/"*(&D/A*

O*+)D3$"$(&1/*$''/''D/%(*).*0&../"/%(*D)0/22&%-*').(5$"/*$-$&%'(*3")P/+(*'3/+&.&+*+"&(/"&$*

&'*&22,'("$(/0*&%*H$#2/*8A* F(*5$'*0/+&0/0*(6$(*(6/*>()+?6)2D*S%1&")%D/%(*F%'(&(,(/R'*^SOL*

').(5$"/*())2*5),20*#/*D)'(*,'/.,2*()*+"/$(/*+&(C*D)0/2'*&%*(/"D'*).*(6/*3")P/+(*)#P/+(&1/'*

$%0* .)"* D$%C* ).* (6/* +)%'&0/"$(&)%'* .)"* $* 0/1/2)3&%-* +),%("C* +)%(/7(4* ',+6* $'* 0$($*

+)%'("$&%('* $%0* /$'/* ).* 2/$"%&%-A* O2')4* (6/"/* &'* /7(/%'&1/* /73/"&/%+/* 5&(6* (6/* ').(5$"/*

$D)%-'(* (6/* 3$"(%/"'* ).* (6/* 3")P/+(* <%$D/2CE* >,'($&%$#2/* S%/"-C* O."&+$* $%0* (6/* S%/"-C*

U/'/$"+6*B/%("/@A*^SOL* &'*$* '&D,2$(&)%*$++),%(&%-* ())24* #,(*$2')*$22)5'* .)"*)3(&D&'$(&)%*

(6"),-6*(6/*,'/*).*$*2&%?*()*$%)(6/"*32$(.)"D4*J>/=J>d>A*F(*$2')*$22)5'*.)"*/$'C*3)"(&%-*).*

0$($* &%* $%0* ),(* ).* (6/* ').(5$"/* ()* )(6/"* 0$($#$'/'* .)"* $%$2C'&'* Q* ',+6* $'* (6/* ,'/* ).*

=&+")').(*S7+/2*#$'/0*D)0/2'A**^SOL*6$'*$2')*#//%*,'/0*.)"*+&(CI2/1/2*/%/"-C*D)0/22&%-*&%*

'/1/"$2* +&(&/'* $+")''* >),(6*O."&+$4* &%+2,0&%-* (6/*B&(C*).* B$3/*H)5%4*N,..$2)* +&(C4* $%0* (6/*

D,%&+&3$2&(C*).*/H6/?5&%&A*F%*(6/'/*+&(&/'4*^SOL*5$'*,'/0*()*+"/$(/*)"*+)D32&D/%(*'($(/*).*

/%/"-C*"/3)"('*$%0*.,(,"/*/%/"-C*'+/%$"&)'*Q*0/($&2&%-*(6/*/%/"-C*3&+(,"/*).*(6/*+&(&/'*$%0*

-&1&%-* &%.)"D$(&)%* $#),(* 3)''&#2/* /%/"-C* .,(,"/'* $%0* (6/&"* $'')+&$(/0* &D32&+$(&)%'* )%*

"/'),"+/'* <B&(C* ).* B$3/* H)5%4* 899;E* S(6/?5&%&* =,%&+&3$2&(C4* 899VE* N,..$2)* B&(C*

=,%&+&3$2&(C4*899VE*L$2D/"*`/1/2)3D/%(*T"),34*899X@A*>)D/*).*(6/'/*"/3)"('*$"/*3$"(*).*

$%* )%-)&%-* '/"&/'* )"* +)22/+(&)%* ).* 5)"?* &%* >),(6* O."&+$%* +&(&/'4* 56/"/* ^SOL* 32$C'* $%*

&%(/-"$2* 3$"(* ).* (6/* "/'/$"+6A* U/'/$"+6* ,'&%-* ^SOL* .)"* (6/* +&(C* ).* B$3/* H)5%4* #C*

>,'($&%$#2/* S%/"-C*O."&+$* <>SO@* 6$'* #//%* )%-)&%-* .)"*D$%C* C/$"'A*J.* (6/* >),(6*O."&+$%*

+&(&/'* (6$(* 6$1/* #//%* (6/* ',#P/+(* ).* ^SOL* '(,0&/'4* )%2C* S(6/?5&%&* =,%&+&3$2&(C* 6$'*

$((/D3(/0*()*D$&%($&%*$%0*,'/*$*^SOL*D)0/2*(6/D'/21/'*#,(*2$+?*).*6,D$%*"/'),"+/'*6$'*
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#>>'(71)8%-*%',=%?@ABCD%21)/.%*9'*%*9-%>)+,.+/6%8-6),'*+1/%E/1&/%'(%F1*-%BG%9'.%'%,'86-%

+57':*%1/%*9-%343%-5+((+1/(%12%*9-%91)(-91,.%(-:*18%H%'%*1*',%8-.):*+1/%12%@AI%>0%@ACJ%

8-,'*+K-% *1%'% L:)88-/*%*8-/.(M%8-2-8-/:-%(:-/'8+1=%N*9-8%5+*+6'*+1/%17*+1/(%&-8-%-O7,18-.P%

():9% '(% 717),'*+1/% 5+68'*+1/% 1)*% 12% *9-% :+*0% '8-'P% '/.% -/-860Q-22+:+-/*% '77,+'/:-% )(-%

*981)69% ,'>-,,+/6%12%.-K+:-(=%!+/%-*%',=% ?@ABAD%.-K-,17-.%'%!"#$Q>'(-.%-/-860%51.-,% 218%

*9-%:+*0%12%R+'5-/%+/%S9+/'P%*1%*80%*1%)/.-8(*'/.%*9-%+57':*%12%(-K-8',%343%'>'*-5-/*%'/.%

-/-860% :1/()57*+1/% 8-.):*+1/% +/*-8K-/*+1/(% '/.% 71,+:+-(=% ;9-% ')*918(% 21)/.% *9'*% *9-%

+/.)(*8+',%(-:*18%9'.%*9-%,'86-(*%-/-860%('K+/6%71*-/*+',P%21,,1&-.%>0%:155-8:+',%'/.%*9-/%

*8'/(718*% (-:*18(=% ;9-0% ',(1% 21)/.% *9'*% *9-+8% :,-'/% -/-860% ()>(*+*)*+1/% 5-'()8-% 12%

8-7,':+/6%5'/0%2)-,(%)(-.%+/%*9-%91)(-91,.P%+/.)(*80%'/.%*8'/(718*%(-:*18(%&+*9%6'(%9'.%

*9-% ,'86-(*% +57':*=%N*9-8%5-'()8-(%12%8-.):+/6%-/-860%:1/()57*+1/% *981)691)*% *9-%:+*0%

&-8-% (+5),'*-.% )(+/6% !"#$P% +/:,).-.% '% :15>+/-.% 9-'*% '/.% 71&-8% +/*-8K-/*+1/% &9-8-%

5'/0% S4$% 7,'/*(% '8-% >)+,*% *1% +5781K-% 1K-8',,% -/-860% -22+:+-/:0% '/.% >)+,.+/6% -/-860%

+/*-/(+*0%8-.):*+1/(=%%

;9-%343%'>'*-5-/*%71*-/*+',%218%K'8+1)(%>+12)-,%()77,-5-/*'*+1/(%218%2)-,%)(-P%'(%&-,,%'(%

K'8+1)(%:15>+/'*+1/(%12%90>8+.%K-9+:,-(%'/.%2)-,%:-,,%K-9+:,-(%+/%*9-%*8'/(718*%(-:*18%12%*9-%

T-O+:1%S+*0%T-*8171,+*'/%'8-'P%&'(%(*).+-.%>0%T'/U+/+%?@AAVD=%;9-%')*918%'((-((-.%-':9%

(:-/'8+1%)(+/6%!"#$%*1%.-*-85+/-%*9-%*1*',%343%-5+((+1/(%'8+(+/6%2815%*9-%2)-,%)(-%+/%*9-%

*8'/(718*'*+1/% (-:*18=% ;9-% 7,'//+/6% +57,+:'*+1/(% 12%51.-,% 1)*7)*(% ():9% '(% *9-% 8-W)+8-.%

:'7':+*0%'/.%:1(*(%12%-*9'/1,%781.):*+1/%:1),.%>-%'((-((-.%2815%*9-%8-(),*(=%X9'>>+8%'/.%

#95'.%?@ABAD%)(-.%'%!"#$%51.-,%12%*9-%*8'/(718*'*+1/%(-:*18(%218%*9-%:+*+-(%12%<(,'5'>'.%

'/.% Y'&',7+/.+% *1% )/.-8(*'/.% *9-% 343% -5+((+1/(% '/.% 71,,)*'/*(% *8-/.(% '/.% *1% '((-((%

71((+>,-%(:-/'8+1(%+/K1,K+/6%'>'*-5-/*%12%-5+((+1/(=%;9-%:+*+-(%9'K-%'%*98--%*1%21)8%*+5-(%

9+69-8%681&*9%8'*-%*9'/%1*9-8%:+*+-(%12%$'E+(*'/=%;9-+8%8-(-'8:9%(91&-.%*9'*%-5+((+1/(%'/.%

71,,)*'/*(% ?7'8*+:),'*-%5'**-8D% :'/% >-% 8-.):-.% >0% '% (9+2*% *1% 7)>,+:% *8'/(718*% '/.% )(+/6%

/'*)8',%6'(%218%2)-,%()>(*+*)*+1/=%%

!" Modelling	an	urban	energy	system	#	data	and	

$%%&'()*+,%-

Z=B [-2+/+/6%(0(*-5%>1)/.'8+-(%

[-,+/-'*+/6% *9-% (0(*-5% >1)/.'80% 218% 51.-,,+/6% :'/% >-% :157,-O% '*% '/% )8>'/% (:',-=% ;9-%

(0(*-5%>1)/.'80%+/:,).-(%2+8(*,0%6-168'790%H%&9-*9-8%*9-%68-'*-8%5-*8171,+*'/%'8-'%+(%*1%

>-% +/:,).-.% 18% '%518-% ,1:',+(-.% :18-% )8>'/% '8-'=% X-:1/.,0P% *9-% >1)/.'80% 12% *9-% -/-860%

(0(*-5%5)(*% >-% .-2+/-.% +/% *-85(% 12% +/:,).+/6% -5>1.+-.% '/.\18% )7(*8-'5% -/-860% ?3"#P%

@AB@D=%]8>'/%-/-860%(0(*-5(%'8-%/1*%.+(:8-*-P%'/.%9'K-%'%68-'*%.-',%12%+/*-8':*+1/%1)*(+.-%

12% *9-+8%122+:+',%>1)/.'8+-(=%]7(*8-'5%-/-860% 8-2-8(% *1% *9-%78+5'80%18% (-:1/.'80%-/-860%

,+/E-.%*1%2+/',%-/-860%.-5'/.P%18%*9-%-/-860%)(-.%+/%6-**+/6%*9-%2+/',%-/-860%*1%*9-%:+*0%'/.%

2+/',%:1/()5-8=%;9+(%:1),.P%218%-O'57,-P%>-%*9-%81'.P%8'+,%18%7+7-,+/-%*8'/(718*%8-W)+8-.%*1%

*8'/(718*%,+W)+.%2)-,(P%18%*9-%*8'/(5+((+1/%,1((-(%+/%*9-%-,-:*8+:',%68+.%2815%71&-8%(*'*+1/%

*1% 71+/*% 12% .-5'/.=% "5>1.+-.% -/-860% 8-2-8(% *1% *9'*% -/-860% )(-.% +/% *9-%5'/)2':*)8-% 12%

611.(% '/.% (-8K+:-(=% ;9+(% &1),.% /--.% *1% :1/(+.-8% >1*9% 611.(% 781.):-.% -,(-&9-8-% >)*%

:1/()5-.% &+*9+/% *9-% :+*0% >1)/.'80P% '(% &-,,% '(% 611.(% 5'/)2':*)8-.% +/% *9-% :+*0% >)*%

:1/()5-.%-,(-&9-8-=%%

;9-% .-:+(+1/% 1/%&9-*9-8% *1% +/:,).-% *9-(-% '(7-:*(% .-7-/.(% 1/% >1*9% *9-% 7)871(-% 12% *9-%

51.-,%'/.%.'*'%'K'+,'>+,+*0=%^18%*9-%X#TX";%781_-:*%+*%+(%()66-(*-.%*9'*%-5>1.+-.%-/-860%

/1*%>-% +/:,).-.=%#,*91)69%:1/()57*+1/Q%8'*9-8%*9'/%781.):*+1/Q>'(-.%5-*8+:(%12%-/-860%

)('6-%'86)'>,0%6+K-%'%518-%'::)8'*-%7+:*)8-%12%'%:+*0M(%211*78+/*P%*9+(%-O-8:+(-%+(%K-80%.'*'Q

+/*-/(+K-P%8-W)+8+/6%218%-O'57,-P%-O*-/(+K-%-:1/15+:%.'*'=%S1/()57*+1/Q>'(-.%'::1)/*+/6%

(*).+-(% 12% )8>'/% -/-860% (0(*-5(% '8-% ,+5+*-.% ?3"#P% @AB@D=% 3+K-/% *9-% .'*'% (:'8:+*0% 12*-/%

'((1:+'*-.%&+*9%.-K-,17+/6%:1)/*8+-(P% *9+(% *07-%12%.'*'%5'0%>-%9'8.-8% *1%1>*'+/%'*%'%:+*0%

,-K-,%*9'/%'*%/'*+1/',%,-K-,=%F'*+1/',Q,-K-,%:1/()57*+1/Q'::1)/*+/6%-O-8:+(-(%:'/%.8'&%1/%
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+5718*%'/.%-O718*%:)(*15(%.'*'=%#*%*9-%:+*0%8-6+1/P%91&-K-8P%+*%+(%5):9%518-%:157,-O%*1%

*8':E%611.(%-/*-8+/6%'/.%,-'K+/6%*9-%6-168'79+:%'8-'%12%+/*-8-(*=%</*-8816'*+/6%-5>1.+-.%

-/-860%:1),.%>-%E-7*%+/%5+/.%218%2)*)8-%79'(-(=%%

<*% +(% 78171(-.% *9'*% )7(*8-'5% -/-860% +(% ',(1% -O:,).-.% 2815% *9+(% '/',0(+(P% '(% *9-% 781_-:*%

(:17-% +(% '+5+/6% '*% ,11E+/6% '*% ()(*'+/'>,-% -/-860% +/*-8K-/*+1/(% &+*9+/% *9-% (:17-% 12% *9-%

:+*+-(M%61K-8/'/:-=%T-'()8+/6%)7(*8-'5%-/-860%+(%*07+:',,0%518-%)(-2),%'*%'%/'*+1/',%,-K-,%

&9-/% :1/(+.-8+/6% 8-6+1/',% .-K-,175-/*% .-:+(+1/(P% '/.% +/28'(*8):*)8-% +/K-(*5-/*(% H% 218%

-O'57,-P%&9-*9-8%*1%+/K-(*%+/%8'+,%,+/E(P%18%&9-8-%*1%,1:'*-%'%71&-8%(*'*+1/=%;9+(%.-7-/.(%

1/%71,+*+:',%(*8):*)8-%&+*9+/%:1)/*8+-(P%&9-*9-8%:+*+-(%&+(9%*1%78151*-%:-8*'+/%+/*-8-(*(P%18%

&9-*9-8%8-6),'*180%28'5-&18E%-O+(*(%218%)*+,+*+-(%'*%'%5)/+:+7',%(:',-%218%-O'57,-=%

!"# ['*'%+/7)*(%+/*1%'%!"#$%51.-,$

;9-%!"#$%51.-,%8-W)+8-(%*9-%:1/(*8):*+1/%12%'%8-2-8-/:-%(:-/'8+1%'/.%*9-/%.'*'%+/7)*(%*1%

+/2185% .-5'/.% 218-:'(*(% )/.-8% .+22-8-/*% (:-/'8+1(% 12% ()(*'+/'>+,+*0% +/*-8K-/*+1/(=% </%

6-/-8',P%*9-8-%'8-%*98--%51.-,,+/6%'7781':9-(%*1%218-:'(*+/6=%;9-%2+8(*%+(%*8-/.%218-:'(*+/6%

12%2+/',%-/-860P%'/.%*9-(-%218-:'(*(%'8-%8-,+'>,-%218%'%7-8+1.%8'/6+/6%2815%'%2-&%51/*9(%*1%'%

2-&% 0-'8(=% ;9-% (-:1/.% *07-P% -:1/15-*8+:% 218-:'(*+/6P% +(% ',(1% >'(-.% 1/% 2+/',% -/-860% '/.%

-(*+5'*-(% '8-% 8-,+'>,-% 218% 1/-Q% *1% *-/Q0-'8% *+5-28'5-(=% ;9-% *9+8.% *07-% +(% -/.Q)(-%

218-:'(*+/6P%&9+:9%+(%>'(-.%1/%)(-2),%-/-860%'/.%-(*+5'*-(%'8-%8-,+'>,-%218%*-/Q%%*1%CAQ0-'8%

781_-:*+1/(%?<"#P%BG`Za%]F"$P%BGGVD=%!"#$P%'%>1**15Q)7%51.-,P%:'/%>-%)(-.%218%-/.Q)(-%

218-:'(*+/6%+2% *9-%.-5'/.%(+.-%+(%()22+:+-/*,0%.+('668-6'*-.P%'/.%*9-%K'8+1)(%.8+K-8(%?,+E-%

717),'*+1/D% '8-% 'K'+,'>,-=% % ;'>,-% C% .-(:8+>-(% *9-% *07-(% 12% .'*'% '/.% *07+:',% (1)8:-(% 218%

717),'*+/6% '% !"#$% 51.-,=% ['*'% 'K'+,'>+,+*0% 218% *9-% (5',,-8% :+*+-(% +/% *9+(% 781_-:*% &+,,%

)/.1)>*-.,0%8-5'+/%'%:9',,-/6-=%;9+(%(91),.%/1*%>-%)(-.%*1%'86)-%'6'+/(*%51.-,,+/6%'*%',,P%

+/(*-'.% +*% +(% '/*+:+7'*-.% *9'*% *9-% 51.-,,+/6% 781:-((% :'/% +*(-,2% +/+*+'*-% 781:-((-(% 12%

+.-/*+20+/6%'/.%'..8-((+/6%.'*'%6'7(%+/:8-5-/*',,0%1K-8%*+5-=%

!

"#$%&!'(!)#*#!+,-.*/!012!3456!

!"#$%&'()*+,(-.//01!

2343(%34&5"$6&7( 89:&7(";(<343( =">>"?(7"#$%&7(

@3%$"&%"?">6%(A3$63BC&7(

X-:*18',%.8+K+/6%

K'8+'>,-(%

3F$P%681((%1)*7)*%K',)-P%

790(+:',%781.):*+1/%P%

717),'*+1/P%91)(-91,.%(+U-P%

*8'/(718*'*+1/%8-W)+8-5-/*(P%

'68+:),*)8',%+88+6'*-.%'8-'=%

F'*+1/',%(*'*+(*+:(%'/.%7,'/(a%

5':81-:1/15+:%(*).+-(=%

+?&$59(<&>3?<(

X-:*18%'/.%()>(-:*18%

*1*',%

^)-,%)(-%>0%(-:*18\()>(-:*18=% F'*+1/',%-/-860%(*'*+(*+:(a%

/'*+1/',%-/-860%>','/:-P%

-/-860%(-:*18%0-'8>11E(=%

"/.Q)(-%'/.%

*-:9/1,160%

:9'8':*-8+(*+:%>0%

(-:*18\()>(-:*18%

"/-860%:1/()57*+1/%

>8-'E.1&/%>0%-/.Q)(-%'/.%

.-K+:-b%-/-860%+/*-/(+*0P%

-22+:+-/:0P%K+/*'6-P%-*:=%

[15-(*+:%8-,-K'/*%(*).+-(P%

()8K-0(P%').+*(a%-O7-8*%

_).65-/*(P%+/.)(*80%

'((1:+'*+1/%.'*'P%61K-8/5-/*%

,+:-/(+/6%.'*'=%

+?&$59(7#::C9%

S9'8':*-8+(*+:(%12%

-/-860%()77,0P%

*8'/(718*P%'/.%

:1/K-8(+1/%2':+,+*+-(%

S'7+*',%'/.%NcT%:1(*(P%

7-82185'/:-%?-22+:+-/:0P%)/+*%

+/*-/(+*0P%:'7':+*0%2':*18(P%-*:D=%

F'*+1/',%-/-860%(*'*+(*+:(P%

(-:*18Q(7-:+2+:%7,'/(P%+/.)(*80%

'((1:+'*+1/%.'*'P%)*+,+*+-(%'/.%

7)>,+:%:157'/+-(=%
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"/-860%78+:-(% $8+:-(%218%+5718*-.\-O718*-.%

2)-,=%

Y-,-K'/*%+/*-8/'*+1/',%(*).+-(=%

"/-860%8-(1)8:-(% "(*+5'*-.P%781K-/%8-:1K-8'>,-%

8-(-8K-(%12%21((+,%2)-,(=%

Y-,-K'/*%.15-(*+:%(*).+-(=%

+>6776"?7(;3%4"$7%

#+8%71,,)*'/*%-5+((+1/%

2':*18%

$1,,)*'/*%-5+((+1/(%7-8%)/+*%

2)-,%:1/()5-.P%781.):-.P%

*8'/(718*-.=%

<$SSP%]X%"$#P%"]%SNY<F#<YP%

8-,-K'/*%.15-(*+:%(*).+-(=%

." /+,01&%*+,-

#7'8*%2815%X1)*9%#28+:'P%*9-8-%8-5'+/%(*+,,%8-,'*+K-,0%2-&%(*).+-(%'*%*9+(%(*'6-%218%51.-,,+/6%

-/-860% 2)*)8-(% 218%)8>'/%-/-860% (0(*-5(% +/%#28+:'/% :+*+-(% ?3"#P%@AB@D=% ;9+(%781_-:*%&+,,%

5'E-% '% ()>(*'/*+',% :1/*8+>)*+1/% *1% -/6'6+/6% &+*9% *9-% 5-*91.1,16+:',% :9',,-/6-(%

'((1:+'*-.=% #/% '((-((5-/*% 12% '778178+'*-% 51.-,,+/6% *11,(% 9'(% :1/(+.-8-.% *9-% (*).0%

1>_-:*+K-(%'/.%W)-(*+1/(P%.'*'%'K'+,'>+,+*0%'/.%W)',+*0P%:'7':+*0%12%)(-8(%12%*9-%51.-,%'/.%

*9-%:1)/*80Q(7-:+2+:%:1/*-O*=%<*%+(%8-:155-/.-.%*9'*%!"#$P%'%>1**15Q)7%'::1)/*+/6%51.-,P%

>-%)(-.=%;9+(%7,'*2185%9'(% (-K-8',% '.K'/*'6-(% 218% *9+(% (*).0P% (15-%12%&9+:9% +/:,).-% *9-%

2,-O+>+,+*0%12%.'*'%+/7)*(P%-'(0%'::-((+>+,+*0%12%*9-%(12*&'8-%'/.%'(%'%(+5),'*+1/%51.-,%+*%+(%

:'7'>,-%12%:1/(*8):*+/6%*9-%*07-(%12%(:-/'8+1(%8-,-K'/*%*1%*9-%781_-:*%1>_-:*+K-(=%

</%*9-%:1/*-O*%12%:+*0%'/.%)8>'/%-/-860%)(-%&+*9+/%.-K-,17+/6%/'*+1/(P%!"#$%9'(%>--/%)(-.%

*1%51.-,% *9-% -/-860% :1/()57*+1/% '/.% *9-% -5+((+1/(% 12% *9-% *8'/(718*% (-:*18% 218%T-O+:1%

:+*0P%[-,9+P%<(,'5'>'.%'/.%Y'&',7+/.+%'(%&-,,%'(%*9-%+/.)(*80P%91)(-91,.%'/.%:155-8:+',%

(-:*18(% -/-860% :1/()57*+1/% +/% R+'5-/% +/% S9+/'P% d'/6E1EP% ;-98'/P% '/.% S'7-% ;1&/%

?T'/U+/+P%@AAJa%d1(-P%BGGJa%X9'>>+8P%!+/%-*%',P%@ABAa%$9.)/6(,+7P%@AAGa%#>>-8(71)8%-*%',P%

@ABCa%X"#P%@ABAD=%</%',,%12%*9-(-%(*).+-(P%K'8+1)(%-/-860%:1/()57*+1/%8-.):*+1/%(*8'*-6+-(%

&-8-%(*).+-.P%8'/6+/6%2815%>+12)-,%'/.%90>8+.%:'8%)(-%?T'/U+/+D%*1%518-%-/-860%-22+:+-/*%

>)+,.+/6(% +/% ;-98'/% ?#>>-8(71)8% -*% ',=D% 18% (9+2*+/6% 2)-,% )(-% +/% +/.)(*80% '/.% 915-(% *1%

/'*)8',% 6'(% ?!+/% -*% ',P% @ABADP% 18% '% :15>+/-.% -22-:*% 12% -/-860% 8-.):*+1/% (*8'*-6+-(% ?X"#P%

@ABAD=%%
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234353,03%-

T=%#>>'(71)8%-*%',=%@ABC=%"/-860%.-5'/.%51.-,%12%*9-%91)(-91,.%(-:*18%'/.%+*(%

'77,+:'*+1/%+/%.-K-,17+/6%5-*8171,+*'/%:+*+-(%?S'(-%(*).0b%;-98'/DP%,"C67D(E"#$?3C(";(

+?A6$"?>&?43C(!4#<6&7%@@?@Db%CBGQC@G=%

#..1P%X=%/1%.'*-=%,$"A676"?(";()$B3?(8$3?7:"$4(!&$A6%&7(6?(F%%$3=%#K'+,'>,-%'*%

9**7b\\&&&Z=&18,.>'/E=186\'28\(('*7\Y-(1)8:-(\$8-(-/*'*+1/(\]8>'/;8'/(718*X-8

K+:-(Q#::8'=7.2=%

d'8/-0P%3=%BGGV=%8D&(4D$&7D"C<(G.(7#7436?3BC&(<&A&C":>&?4(>"<&CH(!974&>(29?3>6%7H%K1,=%BP%

T+,,-//+)5%</(*+*)*-=%#K'+,'>,-%'*b%&&&=(0(*-5.0/'5+:(=186=%

d9'**':9'800'P%X=%c%;+5+,(+/'P%3=%@ABA'=%#%8-K+-&%12%-/-860%(0(*-5%51.-,(P%I?4&$?346"?3C(

E"#$?3C(";(+?&$59(!&%4"$(@3?35&>&?4%Z%?ZDb%ZGZ%QVB`=%

d9'**':9'800'P%X=S=%c%;+5+,(+/'P%3=Y=%@ABA>=%T1.-,,+/6%-/-860%.-5'/.%12%.-K-,17+/6%

:1)/*8+-(b%#8-%*9-%(7-:+2+:%2-'*)8-(%'.-W)'*-,0%:'7*)8-.e%+?&$59(,"C6%9P%C`?ZDbBGfGH

BGGA=%%

d18:9-8(%T=%@ABZ=%$-8(1/',%S155)/+:'*+1/%>0%-5'+,=%26$&%4"$(!#7436?3BC&(+?&$59(F;$6%3=%%

d1(-P%Y=%g=%BGGJ=%"/-860%.-5'/.%'/.%-/K+81/5-/*',%+57,+:'*+1/(%+/%)8>'/%*8'/(718*%H%:'(-%

12%[-,9+P%F4>"7:D&$6%(+?A6$"?>&?4P%CA%?CDb%ZAC%QZB@=%

d)22',1%S+*0%T)/+:+7',+*0P%@AA`P%!#7436?3BC&(&?&$59(3?<(%C6>34&(%D3?5&(>6465346"?(:"C6%9(

3?<(74$34&59P%#K'+,'>,-%'*b%9**7b\\&&&=:+*0-/-860=186=U'=%

S+*0%12%S'7-%;1&/P%@AAVP%=3:&(8"J?(+?&$59(3?<(=C6>34&(=D3?5&(!4$34&59P%#K'+,'>,-%2815b%

9**7b\\&&&=:+*0-/-860=186=U'P%

"XT#$h"/-860%X-:*18%T'/'6-5-/*%#((+(*'/:-%$8168'55-i=%@AB@=%,C3??6?5(;"$(3(C"J(
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