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!!1. INTRODUCTION TO GEOTHERMAL ENERGY
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cooling – Vision 2020-2030
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!!2. GEOTHERMAL HEATING AND COOLING – VISION 2020-2030
!!!2.1 MARKET EVOLUTION
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!!!2.1.2 DEPLOYMENT TOWARDS 2030: A TECHNOLOGICAL PERSPECTIVE 

!"#(#$9G$-&$,(9-19,+#$2#&2(*,"91*+$(#G'(91'9&-$.&($'"#$,(&?01'9&-$&.$2#&'"#()*+$#-#(23F$2#&'"#()*+$"#*'9-2$
*-?$1&&+9-2$G0,,+3$1*-$)*'1"$'"#$8:;$?#)*-?$*-36"#(#$7#1*0G#$'"#$(#G&0(1#$9G$*H*9+*7+#$#H#(36"#(#A

 •  L-$'"#$&-#$"*-?F$2#&'"#()*+$"#*'$,0),G$1*-$0G#$'"#$'#),#(*'0(#$*'$G"*++&6$?#,'"$69'"&0'$
*-3$2#&2(*,"91*+$(#G'(91'9&-<

 •  L-$'"#$&'"#($"*-?F$"92"#($ '#),#(*'0(#G$*(#$*H*9+*7+#$*'$2(#*'#($?#,'"$#H#(36"#(#F$6"91"$
1&-G'9'0'#G$*$(#G&0(1#$.&($?9(#1'$0G#<$4(&?01'9&-$.(&)$'"9G$(#G&0(1#$9G$(#G'(91'#?$73$'"#$9-H#G')#-'$*-?$
&,#(*'9-2$1&G'$(#l09(#?$'&$?(9++$'&$'"9G$?#,'"F$*-?$'"#$*H*9+*79+9'3$&.$'"#$'#1"-&+&23$.&($(#'(9#H9-2$'"9G$
"#*'<$M##,$2#&'"#()*+$#-#(23$9G$#1&-&)91*++3$.*H&0(*7+#$'&?*3$9-$(#29&-G$69'"$2&&?$2#&+&291*+$1&-?9O
'9&-G$>,#()#*7+#$+*3#(G$69'"$"&'$6*'#($*'$#*G9+3$*11#GG97+#$?#,'"F$1.<$J92<$]@F$6"9+#$.&($&'"#($(#29&-G$>+&6$
,#()#*79+9'3F$+&6$2#&'"#()*+$2(*?9#-'@$S0G'$'"#$'#1"-91*+$.#*G979+9'3$9G$29H#-$3#'<

I'$,(#G#-'F$2#&'"#()*+$#-#(23$9G$0G#?$.&($"#*'9-2$>*-?$1&&+9-2@$&.$9-?9H9?0*+$709+?9-2GF$9-1+0?9-2$7&'"$
G)*++$>eO\`$XKF$)*9-+3$(#G9?#-'9*+@F$)#?90)$>\`Oe``$XKF$)*9-+3$1&))#(19*+@$*-?$+*(2#$G1"#)#G$>m$e``$
XK@F$*G$6#++$*G$.&($?9G'(91'$"#*'9-2<$!"#$(*-2#$&.$0G#(G$1&),(9G#G$(#G9?#-'9*+$"&0G#GF$&..91#GF$G"&,GF$"#*+'"$
1*(#F$G1"&&+GF$0-9H#(G9'9#GF$)0G#0)GF$*G$6#++$*G$1&))#(19*+F$9-G'9'0'9&-*+F$(#+929&0G$709+?9-2GF$*-?$#H#-$
G&)#$,*(+9*)#-'Gr$M9(#1'$0G#$&.$2#&'"#()*+$#-#(23$*+G&$G0,,+9#G$"#*'$'&$2(##-"&0G#GF$*l0*10+'0(#F$*2(9O
10+'0(*+$*-?$9-?0G'(9*+$,(&1#GG#GF$#'1<F$*-?$&.$1&0(G#$'&$-0)#(&0G$G,*G$*-?$G69))9-2$,&&+G<$I$-0)7#($
&.$-#6$*-?$9--&H*'9H#$*,,+91*'9&-G$&.$2#&'"#()*+$#-#(23$"*H#$7##-$?#H#+&,#?F$*-?$G&)#$&.$'"&G#$"*H#$
*+(#*?3$7##-$?#)&-G'(*'#?F$G01"$*G$*7G&(,'9&-$1&&+9-2F$)#+'9-2$G-&6$&($91#F$*-?$G#*$6*'#($?#G*+9-*'9&-<

/T9G'9-2$"&0G9-2$9-.(*G'(01'0(#$(#,(#G#-'G$*-$&H#(6"#+)9-2$G"*(#$&.$'"#$+&6$'#),#(*'0(#$#-#(23$?#)*-?$
'"*'$1*-$7#$+&291*++3$G0,,+9#?$73$2#&'"#()*+$"#*'$,0),G$*-?$2#&'"#()*+$?9G'(91'$"#*'9-2$G3G'#)G<$%#&O
'"#()*+$?9G'(91'$"#*'9-2$69++$7#$9-1(#*G9-2+3$'*(2#'#?$*'$#T9G'9-2$709+?9-2G$*-?$&+?$9--#($19'9#G$(*'"#($'"*-$
-#6$"&0G9-2$?#H#+&,)#-'G<$;0((#-'$7#-1")*(X$G'0?9#G$9-?91*'#$'"*'$?9(#1'$0G#$2#&'"#()*+$#-#(23$*-?$
?9G'(91'$"#*'9-2$2(9?G$*(#$,(&7*7+3$'"#$)&G'$#..#1'9H#$&,'9&-$.&($'"9G$)*(X#'F$7&'"$9-$'#()G$&.$1*(7&-$
.&&',(9-'$*-?$#1&-&)91G<$$8&6#H#(F$'"#G#$?#H#+&,)#-'G$*(#$9-'(9-G91*++3$.*9(+3$1&),+#TF$(#,+*19-2$#T9G'9-2$
.&GG9+$#-#(23$7*G#?$9-.(*G'(01'0(#F$*-?$'"#(#.&(#$(#l09(#$+&-2#($?#H#+&,)#-'$'9)#G<$

!"#$X#3$1"*++#-2#$.&($'"#$69?#G,(#*?$0G#$&.$2#&'"#()*+$"#*'$69++$7#$'"#$*79+9'3$'&$(#+9*7+3$?#G92-F$#-29O
-##($*-?$1&-'(&+$7&'"$2#&'"#()*+$?9G'(91'$"#*'9-2$*-?$2(&0-?$G&0(1#$"#*'$,0),$9-G'*++*'9&-GF$9-$&(?#($
'&$7#$*7+#$'&$0G#$'"#$3#*(O(&0-?$,&'#-'9*+$&.$2#&'"#()*+$#-#(23$.&($G0G'*9-*7+#$"#*'$*-?$1&+?$G0,,+3<

!"#$,(#G#-'*'9&-$&.$*$H9G9&-$(#2*(?9-2$'"#$?#,+&3)#-'$&.$2#&'"#()*+$"#*'9-2$*-?$1&&+9-2$73$c`\`$9G$
.&10G#?$&-$?#G1(979-2$'"#$*1'9&-G$*-?$1&G'$(#?01'9&-G$'"*'$69++$*++&6$'"#$#H&+0'9&-$&.$'"#$10((#-'$s"0-O
'#(O2*'"#(#(^$#1&-&)3$&.$2#&'"#()*+$#-#(23$'&$*$G3G'#)*'91$*-?$&(2*-9W#?$#T,+&9'*'9&-$&.$2#&'"#()*+$
(#G&0(1#G<$!"#$X#3$G'#,G$.&($'"9G$#H&+0'9&-$*(#$9-?91*'#?$7#+&6$*-?$?9G10GG#?$.&($7&'"$G"*++&6$*-?$?##,$
2#&'"#()*+$G&0(1#GF$9-$(#+*'9&-$'&$a$X#3$*G,#1'GA

 •$$;"*++#-2#
 •$$=),*1'
 •$$!9)#$.(*)#
 •$$;(9'91*+$*GG0),'9&-G

Geothermal healting and cooling • RHC-Platform
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!"#$%&'B')'!4+-$%4A,&'4%&43'2-%'5&&.'#&-18&%/4,'%&3-$%6&3'"0':$%-.&

Geothermal healting and cooling • RHC-Platform

!!!2.1.3 SHALLOW GEOTHERMAL RESOURCES

•$#$RIGYKMIUHR#HT#YGHIJGKLMN#GRGKYW#UR#QIMRVMKV#JHPQURY#GRGKYW#QWQIGLQ

P01"$*$G'#,$-#1#GG9'*'#G$'"#$9-1(#*G#?$,#-#'(*'9&-$&.$2#&'"#()*+$"#*'$,0),G$9-'&$'"#$)*(X#'$.&($-#6$
(#G9?#-'9*+$*-?$1&))#(19*+$709+?9-2G<$!"#$'9)#$G,*-$6"91"$'"9G$9),+9#G$9G$*$+9-#*($9-1(#*G#$9-$'"#$)*(X#'$
G"*(#$.(&)$c`_cOc`c`F$*-?$?0(9-2$'"#$,#(9&?$c`c`Oc`\`$9'$ 9G$.&(#G##-$'"*'$*$1&-G'*-'$_`o$&.$'"#$
)*(X#'$69++$"*H#$7##-$2*9-#?<$!"9G$*?H*-1#)#-'$9G$?#,#-?#-'$&-$(#-#6*7+#$#-#(29#G$>5/P@$7#1&)9-2$
G'*-?*(?$9-$-#6$#-#(23$#..919#-'$709+?9-2G$9-$*++$1&0-'(9#G<

•$$)GZGNHO#.GMIURY#[#+HHNURY#RGI\HK]Q#URIGYKMIURY#,6.<#MRV#*&-6

P01"$*$?#H#+&,)#-'$6&0+?$)#*-$69?#G,(#*?$8#*'9-2$:$;&&+9-2$-#'6&(XG$7*G#?$&-$2#&'"#()*+$#-#(23$
9-$*$'9)#$.(*)#$G##9-2$*$+9-#*($9-1(#*G#$9-$'"#$)*(X#'$G"*(#$.(&)$c`_cOc`c`F$.&++&6#?$73$*$1&-G'*-'$
,*('$&.$'"#$)*(X#'$&.$'#('9*(3$709+?9-2$*-?$G)*++$8#*'9-2$:$;&&+9-2$-#'6&(XG$*'$)&(#$'"*-$e`o<$!"9G$
6&0+?$7#$7*G#?$0,&-$'"#$(*,9?$?9..0G9&-$&.$8#*'9-2$:$;&&+9-2$-#'6&(XGF$6"91"$"*H#$'&$7#1&)#$G'*-O
?*(?$9-$0(7*-$,+*--9-2<$%(&0-?$G&0(1#$"#*'$,0),G$>%P84@$1*-$1&),+#)#-'$'"#$-#'6&(XG$9-$*(#*G$69'"$
+#GG$709+?9-2$?#-G9'3F$*-?$U-?#(2(&0-?$!"#()*+$/-#(23$P'&(*2#$>U!/P@$1*-$&..#($+#H#++9-2$&.$G#*G&-*+$
0-7*+*-1#G$9-$G0,,+3$*-?$?#)*-?<

JUYJ#GRIJMNOW#:GN"OH\GK;

JUYJ#IGLOGKMIPKG#SMQURQ
:GN"OH\GK^#VUQIKUXI#JGMIURY;
LGVUPL#IGLOGKMIPKG#
SMQURQ#:VUQIKUXI#JGMIURY;
GZGKW\JGKG#E#
-,6^#QJMNNH\#YGHIJGKLMN
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•$$)GZGNHO#YGHIJGKLMN#QHNPIUHRQ#THK#KGIKHTUIIURY#HT#G_UQIURY#URTKMQIKPXIPKG

=-$&(?#($.&($'"9G$?#H#+&,)#-'$'&$#H&+H#F$9'$9G$.&(#G##-$'"*'$'"#(#$&02"'$'&$7#$*$G'#*?3$9-1(#*G#$9-$'"#$
0G#$&.$2#&'"#()*+$"#*'$,0),G$9-$(#'(&.9''9-2$&.$&+?$709+?9-2G<$!"9G$6&0+?$7#$*$+9-#*($9-1(#*G#$.(&)$c`_c$
'&$c`c`F$.&++&6#?$73$*$,(#?91'#?$)*(X#'$G"*(#$&.$_`o$*)&-2G'$(#'(&.9''#?$709+?9-2G<$!"9G$*?H*-1#)#-'$
9G$7*G#?$0,&-$*$-0)7#($&.$1(9'91*+$.*1'&(G<$J9(G'+3F$,(&?01'G$*-?$)#'"&?&+&29#G$.&($1&G'$#..#1'9H#$709+O
?9-2$#-#(23$(#.0(79G")#-'$)0G'$7#$?#H#+&,#?<$P#1&-?+3F$'"#(#$)0G'$7#$*$"92"#($,#(.&()*-1#$&.$"92"$
'#),#(*'0(#$"#*'$,0),GF$&($*?&,'9&-$&.$'"#$709+?9-2G$'&$+&6$'#),#(*'0(#$G,*1#$"#*'9-2<$J9-*++3F$'"#$
9),&('*-1#$&.$9),(&H#?$#-#(23$#..919#-13$G'*-?*(?GF$*G$,*('$&.$(#-&H*'9&-$*1'9H9'9#GF$9G$'&$7#$G'(#GG#?$
9-$709+?9-2G$(#20+*'9&-<

!!!2.1.4 DEEP GEOTHERMAL RESOURCES

•   -_ONHUI#TMZHPKMSNG#QGVULGRIMKW#SMQURQ#THK#VGGO#XHRZGRIUHRMN#YGHIJGKLMN#GRGKYW#
MI#IJGUK#TPNN#XMOMXUIW

!"9G$G'#,$9),+9#G$'"#$G3G'#)*'91$#T,+&9'*'9&-$&.$?##,$2#&'"#()*+$#-#(23$6"#(#H#($'"#(#$9G$*$(#G&0(1#$9-$
'"#$0-?#(2(&0-?$*-?$*$,&'#-'9*+$0G#$*'$'"#$G0(.*1#<$I$(*,9?$,(&2(#GG9&-$&.$2#&'"#()*+$,(&S#1'G$9G$G##-$
.(&)$c`_cOc`c`F$6"9+#$9-1(#*G9-2$.&10G$&-$#T9G'9-2$0(7*-$*(#*G$*-?$9--#($19'9#G$9G$,(#?91'#?$.&($c`c`O
c`\`<$J*1'&(G$0-?#(+39-2$'"9G$,(&2(#GG9&-$9-1+0?#$'"#$1&-'(&+$&.$#-H9(&-)#-'*+$*-?$G&19*+$9),*1'G<$892"$
#T,+&(*'9&-$1&G'G$*(#$.&(#G##-$'&$7#$)#'$73$9-1#-'9H#G$*-?$'"#$?#H#+&,)#-'$&.$1"#*,#($#T,+&(*'9&-O&-+3$
?(9++9-2$'#1"-&+&23<

•   )GONHWLGRI#HT#-,6#IGXJRHNHYW

P01"$*$?#H#+&,)#-'$9G$G##-$69'"$2#&'"#()*+$"#*'$.(&)$1&)79-#?$"#*'$*-?$,&6#($>;84@$.&($9-?0G'(9*+$
,(&1#GG$*-?$?9G'(91'$"#*'9-2$:$1&&+9-2<$!"#$.9(G'$&,#(*'9&-G$*(#$#T,#1'#?$.&($'"#$,#(9&?$c`_cOc`c`F$69'"$
69?#G,(#*?$9),+#)#-'*'9&-$&.$'"#$'#1"-&+&23$?0(9-2$c`c`Oc`\`<$P011#GG.0+$*?H*-1#)#-'$9G$7*G#?$&-$*$
-0)7#($&.$1(9'91*+$.*1'&(G$G01"$*G$G'(&-2$9-H&+H#)#-'$&.$'"#$&9+$:$2*G$*-?$?(9++9-2$9-?0G'(3F$?#H#+&,)#-'$
&.$1"#*,#($#T,+&(*'9&-O&-+3$?(9++9-2$'#1"-&+&23F$*-?$*+G&$)&(#$+*(2#$"#*'9-2$-#'6&(XG$'&$*7G&(7$"#*'<

!!!2.2 SHORT TERM (2020) AND MID-TERM (2030) SCENARIOS
!!2.2.1 COST PERSPECTIVE

!"#$.&++&69-2$'*7+#$_$29H#G$*$G0))*(3$&.$'*(2#'#?$"#*'j1&+?$1&G'$c`\`<

&MSNG#!#4#+HQI#THK#JGMI`XHNV#TKHL#YGHIJGKLMN#QHPKXGQ

.GMIURY#MRV#+HHNURY +HQIQ#37!7 +HQIQ#3787

5*-2#$>tO1#-'j
XK"@

IH#(*2#$>tO1#-'j
XK"@

(#?01'9&-$73$c`\`$
>o$c`_`$1&G'G@

)GGO#,GHIJGKLMN#4#)UQIKUXI#.GMIURY a$'&$f e eo
,GHIJGKLMN#.GMI#<PLOQ#
F#NMKYG#QWQIGLQ#MRV#*&-6

e$'&$_` [ _`o

,GHIJGKLMN#.GMI#<PLOQ#
F#QLMNN#QWQIGLQ

h$'&$_e$ _` _`o

Geothermal healting and cooling • RHC-Platform
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5#G9?#-'9*+$2#&'"#()*+$"#*'$,0),G$69'"$*$1*,*19'3$&.$_`$XK$*(#$(&0'9-#+3$9-G'*++#?$.&($*(&0-?$_e``O
ce``$t$,#($XK$.&($1+&G#?$+&&,$G3G'#)G<$K"#-$'"#$1*,*19'3$9G$&H#($_``$XK$>+*(2#$(#G9?#-'9*+$*-?$'#('9*(3$
709+?9-2GF$G1"&&+GF$)0G#0)G@F$'"#$1&G'$(*-2#$.&($&,#-$+&&,$G3G'#)G$9G$e``$C$f``$t$,#($XK$9-G'*++#?<$

U!/P$G3G'#)G$.&($1&))#(19*+$*-?$9-G'9'0'9&-*+$709+?9-2G$*G$6#++$*G$.&($?9G'(91'$"#*'9-2$*-?$1&&+9-2$"*H#$
*$1*,9'*+$1&G'$&.$_``O_e`$Rt$,#($QK'"$(#.#((9-2$'&$P6#?9G"$*-?$M0'1"$#T,#(9#-1#G<$!"#$&,#(*'9-2$1&G'$
9G$1&))&-+3$ceO\`$t$,#($QK"$>P4J$H*(9#G$-&()*++3$9-$'"#$(*-2#$&.$eO]@<

M9G'(91'$"#*'9-2$G3G'#)G$)*3$7#-#.9'$.(&)$#1&-&)9#G$&.$G1*+#$9.$?#)*-?$9G$2#&2(*,"91*++3$?#-G#F$*G$
9-$19'9#GF$70'$&'"#(69G#$,9,9-2$9-G'*++*'9&-$69++$?&)9-*'#$'"#$1*,9'*+$1&G'G<$!"#$1*,9'*+$1&G'$&.$&-#$G01"$
?9G'(91'$"#*'9-2$G3G'#)$9G$#G'9)*'#?$*'$G&)#6"*'$&H#($_$)9++9&-$t$,#($QK'"<

IGG0)9-2$G011#GG.0+$*11&),+9G")#-'$0-'9+$c`\`$&.$'"#$(#G#*(1"$,(9&(9'9#G$G#'$&0'$9-$'"9G$?&10)#-'$.&($
*++$2#&'"#()*+$'#1"-&+&29#GF$*$?#1(#*G#$&.$1&G'G$9-$'"#$(*-2#$29H#-$7#+&6$1*-$7#$#T,#1'#?A

•   73$eo$.&($%#&'"#()*+$M9G'(91'$"#*'9-2A$'*(2#'$a$tO1#-'jXK""

•   73$_`o$.&($%#&'"#()*+$8#*'$40),GA$'*(2#'$e$tO1#-'jXK""$.&($+*(2#$G3G'#)G$*-?$h$tO1#-'jXK""$.&($
G)*++$G3G'#)G

!!!2.2.2 R&D PRIOTITIES

!"#$2#-#(*+$'#1"-&+&291*+$&7S#1'9H#G$1*-$7#$G0))*(9G#?$*GA

•   %#-#(*+A$=-1(#*G9-2$'"#$9-.&()*'9&-$>H9*$=-'#(-#'F$G&19*+$'&&+GF$1&))0-91*'9&-$)*'#(9*+G@$*7&0'$'"#$0G#O
.0+$2#&'"#()*+$,&'#-'9*+F$*)&-2$'"#$H*(9&0G$G'*X#$"&+?#(G$>#-?O0G#(GF$*?H9G#(GF$*0'"&(9'9#GF$#'1<@

•    %#&'"#()*+$8#*'$40),GA$M#1(#*G9-2$ 9-G'*++*'9&-$1&G'\F$ 9-1(#*G9-2$&.$P#*G&-*+$4#(.&()*-1#$J*1'&($
>P4J@F$&,'9)9G*'9&-$&.$'"#$G3G'#)$9-'#2(*'9&-$>2(&0-?$"#*'$G&0(1#$j$"#*'$,0),j$?9G'(970'9&-@F$*-?$G0,,&('$
&.$*1'9H9'9#G$'&6*(?G$*$?#1(#*G#$&.$&H#(*++$#-#(23$?#)*-?$9-$709+?9-2G<

•   U!/P$ *,,+91*'9&-GA$ $ B#''#($ ?9..0G9&-$ &.$ '"#$ '#1"-&+&23F$ #?01*'9&-$ *-?$ '(*9-9-2$ &.$ ?#G92-#(G$ *-?$
9-G'*++#(G<$ =-$*??9'9&-F$ '"#(#$&02"'$ '&$7#$ 9),(&H#)#-'$*-?$G'*-?*(?9W*'9&-$&.$?#G92-$,(&1#?0(#G$*-?$
1&),&-#-'G<

•   M9(#1'$0G#GA$=),(&H9-2$,+*-'$#..919#-13F$?#1(#*G9-2$9-G'*++*'9&-$*-?$&,#(*'9&-*+$1&G'F$?#H#+&,)#-'$&.$
0G#(O.(9#-?+3F$ #..919#-'$*-?$#1&-&)91$ G&.'6*(#$ '&&+G$ .&($ '"#$?#G92-$*-?$)*-*2#)#-'$&.$"#*'9-2$*-?$
1&&+9-2$G3G'#)G<$!(*-G,&('*'9&-$&.$"#*'$.&($)&(#$'"*-$*$.#6$X9+&)#'(#G$9G$10((#-'+3$-&'$#1&-&)91*+F$*-?$
G&$'"#$?#H#+&,)#-'$&.$2#&'"#()*+$?9G'(91'$"#*'9-2$&($1&&+9-2$9G$G07S#1'$'&$'"#$*H*9+*79+9'3$&.$G09'*7+#$
2#&'"#()*+$(#G&0(1#G$1+&G#$'&$,&'#-'9*+$0G#(G<$8#-1#$'"#$?#H#+&,)#-'$&.$/%P$9G$1(9'91*+$.&($079l09'&0G$
+*(2#(OG1*+#$?#H#+&,)#-'<

•   /%P$'#1"-&+&23A$/T,+&(*'9&-$G'(*'#29#G$*-?$?#H#+&,)#-'$&.$*..&(?*7+3$,(91#?F$#T,+&(*'9&-O&-+3$?(9++9-2$
'#1"-&+&23F$2#-#(*++3$9),(&H#?$?(9++9-2$'#1"-&+&29#G<$=),(&H#)#-'$&.$#-"*-1#)#-'$*1'9H9'9#G$.&($7(9-29-2$
2#&'"#()*+$(#G#(H&9(G$'&$*-$#1&-&)91$0G#$>.&++&69-2$'"#$/%PO1&-1#,'@F$G0G'*9-*7+#$0G#$&.$/%P$>9-H#G'9O
2*'9&-$9-'&$,(&,,*-'$'#1"-&+&29#G$#'1<@<

!"#$)*9-$(#G#*(1"$,(9&(9'9#G$.&($2#&'"#()*+$8#*'9-2$*-?$;&&+9-2$69++$7#A

•   ;&)79-#?$8#*'$*-?$4&6#(A$;&2#-#(*'9&-$7*G#?$&-$/%P$*-?$+&6$'#),#(*'0(#$,&6#($,+*-'GF$)91(&$
1&2#-#(*'9&-$

Geothermal healting and cooling • RHC-Platform

\$!&?*3F$1*,9'*+$1&G'$(#?01'9&-$&.$)&(#$'"*-$ceo$1&),*(#?$'&$c``e$1&0+?$7#$*1"9#H#?F$'"#$&,#(*'9-2$1&G'$>G3G'#)$#..919#-13$*-?$)*9-'#-*-1#@$

1&0+?$*+G&$7#$(#?01#?$G92-9.91*-'+3<
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•   D#6$?9(#1'$0G#$*,,+91*'9&-GA$M#H#+&,$1&))#(19*+$?##,$2#&'"#()*+$,(&S#1'G$ .&($ 9-?0G'(9*+$0G#$*-?$
*2(910+'0(#$*,,+91*'9&-GF$?#G*+9-*'9&-$*-?$&'"#($9--&H*'9H#$*,,+91*'9&-G$

•   %#&'"#()*+$?9G'(91'$"#*'9-2A$M#H#+&,)#-'$&.$ +*(2#$ 9-'#2(*'#?$M9G'(91'$8#*'9-2$*-?$;&&+9-2$G3G'#)G$
9-$6"91"$2#&'"#()*+$#-#(23$9G$.+#T97+3$0G#?$9-$?9..#(#-'$.&()GF$9-?9H9?0*++3$&($9-$1&)79-*'9&-$69'"$&'"#($
5#-#6*7+#$/-#(23$P&0(1#G

•   %#&'"#()*+$8#*'$40),GA$8#*'$,0),$,#(.&()*-1#$9),(&H#)#-'$>1.<$'"#$(#+#H*-'$9'#)G$9-$'"#$;(&GGO
;0''9-2$5#G#*(1"$4(9&(9'9#G@F$9),(&H#)#-'$&.$2(&0-?O1&0,+9-2$'#1"-&+&29#G$.&($7#''#($#..919#-13$*-?$#*G9#($
9-G'*++*'9&-<

•   M##,$*-?$G"*++&6A$U-?#(2(&0-?$G3G'#)G$'#G'9-2$?#H91#G$*-?$)#'"&?G

•   /-H9(&-)#-'A$Q#*G0(9-2$1&-G#l0#-1#G$&-$'"#$#-H9(&-)#-'$F$*-?$9),(&H#$'#1"-&+&23$.&($G0G'*9-*7+#$
?#,+&3)#-'$&.$G"*++&6$*-?$?##,$2#&'"#()*+$#-#(23

•   M#G92-A$M#H#+&,)#-'$&.$)&(#$*?H*-1#?$*-?$#..919#-'F$0G#(O.(9#-?+3$*-?$#1&-&)91$)&?#++9-2$G&.'6*(#$
.&($&,'9)9G9-2$'"#$?#G92-F$)&-9'&(9-2$*-?$)*-*2#)#-'$&.$"#*'9-2$*-?$1&&+9-2$G3G'#)G<

•   L,#(*'9&-A$Q&-9'&(9-2$&.$'"#$9-G'*++*'9&-G$>2(&0-?$*-?$G0(.*1#$,*('@

!!!2.3 POTENTIAL AND MARKET DEPLOYMENT
!!!2.3.1 UP TO 2020

;0((#-'+3F$2#&'"#()*+$#-#(23$G&0(1#G$,(&H9?#$*7&0'$ca$%K"'"$.&($"#*'9-2$*-?$1&&+9-2$9-$'"#$/0(&,#*-$
U-9&-F$#l09H*+#-'$'&$c<_$Q'&#$,#($3#*(F$6"#(#73$2#&'"#()*+$8#*'$40),$G3G'#)G$1&-'(970'#$'&$'"#$+*(2#G'$
,*('<$=-$/U$c]F$'"#$9-G'*++#?$1*,*19'3$9-$c`c`$69++$*)&0-'$'&$*(&0-?$e`$%K'"$9-G'*++#?$1&((#G,&-?9-2$'&$
*$1&-'(970'9&-$&.$)&(#$'"*-$_`$Q'&#<

•   ,GHIJGKLMN#.GMI#<PLOQE$!"#$l0*-'9'*'9H#$?#H#+&,)#-'$&.$'"#$/0(&,#*-$2#&'"#()*+$
)*(X#'$9-$'"#$-#T'$'#-$3#*(G$9G$#T,#1'#?$'&$7#$.0#++#?$G07G'*-'9*++3$'"(&02"$'"#$9-'(&O

?01'9&-$*-?$1&-G&+9?*'9&-$&.$G"*++&6$2#&'"#()*+$G3G'#)GF$69'"$*$l09'#$)*'0(#$)*(X#'$
9-$P6#?#-$P69'W#(+*-?$*-?$%#()*-3$*-?$?#H#+&,9-2$)*(X#'G$9-$I0G'(9*$*-?$J(*-1#<$
=-$&'"#($#)#(29-2$/0(&,#*-$)*(X#'GF$*$"92"$2(&6'"$9G$,&GG97+#$*-?$9'$9G$#T,#1'#?$
&H#($'"#$-#T'$3#*(G$>='*+3F$P,*9-F$URF$80-2*(3F$5&)*-9*$*-?$&'"#(G@<$Q*'0(#$)*(O
X#'$1&0-'(9#G$ >-*)#+3$P6#?#-$*-?$%#()*-3@$69++$ G##$*$G'#*?3$ 9-1(#*G#F$)*9-+3$
G'9)0+*'#?$73$G*+#G$9-$'"#$(#-&H*'9&-$G#2)#-'F$70'$*++$&'"#($1&0-'(9#G$69++$G##$*$
G92-9.91*-'$ 2(&6'"<$ J*G'$ ?#H#+&,)#-'$ .&($ 2#&'"#()*+$ "#*'$ ,0),G$ 9++0G'(*'#G$ "&6$
G"*++&6$2#&'"#()*+$#-#(23$(#G&0(1#GF$,(#H9&0G+3$&.'#-$-#2+#1'#?F$"*H#$7#1&)#$H#(3$
G92-9.91*-'F$*-?$G"&0+?$7#$'*X#-$9-'&$*11&0-'$9-$*-3$#-#(23$?#H#+&,)#-'$G1#-*(9&<$

•$)UKGXI#*QGE$!"#$)&G'$,(&)9G9-2$*(#*G$*(#$'"#$1&-G'(01'9&-$&.$-#6$?9G'(91'$"#*'9-2$
:$1&&+9-2$-#'6&(XG$>%#&'"#()*+$M9G'(91'$8#*'9-2$:$;&&+9-2F$69'"$e$tO1#-'jXK"F$9G$&-#$

&.$'"#$)&G'$1&),#'9'9H#$#-#(23$'#1"-&+&29#G@F$&,'9)9W*'9&-$&.$#T9G'9-2$-#'6&(XGF$*-?$'"#$
9-1(#*G#$&.$-#6$*-?$9--&H*'9H#$2#&'"#()*+$*,,+91*'9&-G$9-$'(*-G,&('$9-.(*G'(01'0(#F$9-?0G'(3$

*-?$*2(910+'0(#<$!"#$.9(G'$?#H#+&,)#-'$(#29&-G$69++$7#$'"&G#$,&GG#GG9-2$'"#$)&G'$#*G9+3$*11#GG97+#$
(#G&0(1#G$>.&($#T*),+#$'"#$4*--&-9*-F$!0G1*-$&($4*(9G$7*G9-G@$*G$6#++$*G$"92"#($2(*?#$(#G&0(1#G$6"#(#$
1&)79-#?$"#*'$*-?$,&6#($,(&S#1'G$1*-$7#$?#H#+&,#?$>#<2<$'"#$B*H*(9*-$uQ*+)X*(G'v$(#G#(H&9(@<$

Geothermal healting and cooling • RHC-Platform

a$1&),(9G9-2$80-2*(3$*-?$,*('G$&.$I0G'(9*F$P+&H*X9*F$5&)*-9*F$P#(79*F$;(&*'9*$*-?$P+&H#-9*
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I$(#-#6#?$*1'9H9'3$.&($2#&'"#()*+$?9G'(91'$"#*'9-2$*-?$?9(#1'$0G#$1*-$*+(#*?3$7#$9?#-'9.9#?$9-$J(*-1#F$
%#()*-3F$='*+3$*-?$'"#$4*--&-9*-$7*G9-$1&0-'(9#GaF$*G$6#++$*G$.(&)$-#6$*(#*G$+9X#$'"#$D#'"#(+*-?GF$
P,*9-$*-?$=(#+*-?<$=-$*??9'9&-F$'"#$0-9'$G9W#$&.$2#&'"#()*+$,(&S#1'G$>+9-X#?$'&$'"#$,&GG97+#$,(&?01'9&-$
.(&)$*-$9-?9H9?0*+$6#++@$69++$?9(#1'$,(&S#1'$?#H#+&,)#-'$'&6*(?G$#T9G'9-2$&($-#6+3$?#H#+&,#?$?9G'(91'$"#*O
'9-2$&($1&&+9-2$-#'6&(XG<$K9'"$*7G&(,'9&-$"#*'$,0),GF$1&+?$1*-$7#$,(&?01#?$1#-'(*++3$*-?$?9G'(970'#?$
'"(&02"$*$?#?91*'#?$2(9?F$70'$+&1*+$1&&+9-2$1*-$*+G&$7#$,(&H9?#?$0G9-2$'"#$?9G'(91'$"#*'9-2$2(9?$*G$#-#(23$
,(&H9?#($>"#*'9-2$*-?$1&&+9-2$0G9-2$'"#$G*)#$?9G'(970'9&-$-#'6&(X@<

•   .GMI#TKHL#XHYGRGKMIUHR#YGHIJGKLMN#QWQIGLQE#M0(9-2$'"#$-#T'$_`$3#*(GF$2#&'"#()*+$1&)O
79-#?$"#*'$*-?$,&6#($>;84@$,+*-'G$69'"$+&6$'#),#(*'0(#$9-G'*++*'9&-G$*-?$#-"*-1#?$2#&'"#()*+$G3G'#)G$
>/%P@$69++$7#$?#H#+&,#?<$!"#$G#1'&($.&(#1*G'G$,(#?91'$'&$(#*1"$aO[$%K#$9-$/U$c]$73$c`c`<$I$79-*(3$
G3G'#)$>R*+9-*$;31+#F$L(2*-91$5*-X9-#$;31+#F$&($G9)9+*(@$*'$+&6$'#),#(*'0(#$1*-$"*H#$*$G9)0+'*-#&0G$
#+#1'(91*+$*-?$'"#()*+$1*,*19'3$&.$0,$'&$*7&0'$e$QK#$*-?$_`$QK'"F$(#G,#1'9H#+3<$
I-$/%P$,+*-'$'&?*3$"*G$*$1*,*19'3$&.$\$QK#$&($)&(#F$70'$.0'0(#$1&))#(19*+$,+*-'G$69++$"*H#$*$1*,*19'3$
&.$ceOe`$QK#$*-?$e`O_``$QK'"$>,(&?019-2$.(&)$*$1+0G'#($&.$e$'&$_`$6#++GF$*G$9-$'"#$&9+$:$2*G$9-?0G'(3@<$
;84$9-G'*++*'9&-G$1&0+?$,(&H9?#$"#*'9-2$(#,(#G#-'9-2$c$Q'&#$73$c`c`<

&MSNG#3#4#.GMIURY#[#XHHNURY#XMOMXUIW#URQIMNNGV#UR#-*#3D^#XPKKGRI#MRV#THKGXMQI

!!!2.3.2 POST-2020

!"#$'*(2#'G$?##)#?$.#*G97+#$'&$7#$*1"9#H#?$73$c`\`$*(#$+9G'#?$9-$!*7+#$\$*-?$G"&6-$9-$J92<$f<$!6&$
G1#-*(9&G$*(#$1&-G9?#(#?A$*$1&-G#(H*'9H#$*,,(&*1"$>1&-'9-09-2$,(9)*(9+3$69'"$70G9-#GG$*G$0G0*+@F$*-?$*-$
#-"*-1#?$)*(X#'$*,,(&*1"$>*GG0)9-2$'"#$.0++$G#'$&.$G0,,&('$)#*G0(#G$7&'"$.&($5:M$*-?$?#,+&3)#-'F$
*-?$-#6$'#1"-&+&29#G$*-?$*,,+91*'9&-G@<

&MSNG#8#4#6XGRMKUHQ#THK#JGMIURY#[#XHHNURY#XMOMXUIW#URQIMNNGV#UR#-*#3D#PO#IH#3787

Geothermal healting and cooling • RHC-Platform

.GMIURY#MRV#+HHNURY#UR#-*#3D 37!7 3737

6JMNNH\#,GHIJGKLMN ,?IJ _c<f \e
)GGO#,GHIJGKLMN############## ,?IJ c<h _e
&HIMN#$RQIMNNGV#+MOMXUIW######### ,?IJ _e<] e`
.GMI#MRV#+HNV#<KHVPXIUHR####### &?JIJ ca _c`
.GMI#MRV#+HNV#<KHVPXIUHR######## /IHG c<_ _`<e

.GMIURY#MRV#+HHNURY#UR#-*#3D 37!7 3737 A3787#
XHRQGKZ

C3787#
GRJMRXGV

,GHIJGKLMN#.GMI#<PLOQ /IHG _<_ [<` _` _c
,GHIJGKLMN#)UKGXI#PQGQ########### /IHG `<h c<e e [
.GMIURY#TKHL#+.[<######### /IHG `<_ c<` ] _c
&HIMN#.GMI#MRV#+HNV#<KHVPXIUHR####### /IHG c<_ _`<e cc \`

[$$$#-"*-1#?$)*(X#'$*,,(&*1"$>*GG0)9-2$'"#$.0++$G#'$&.$G0,,&('$)#*G0(#G$7&'"$.&($5:M$*-?$?#,+&3)#-'F$*-?$-#6$'#1"-&+&29#G$*-?$*,,+91*'9&-G@

e$$$1&-G#(H*'9H#$*,,(&*1"$>1&-'9-09-2$,(9)*(9+3$69'"$70G9-#GG$*G$0G0*+@
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%#&'"#()*+$"#*'$,0),G$69++$7#$.9()+3$#G'*7+9G"#?$9-$'"#$)*(X#'G$&.$*++$/U$1&0-'(9#GF$*-?$*$1&-'9-0&0G$
2(&6'"$9G$#T,#1'#?$#H#(36"#(#<$!"#3$69++$7#$1+*GG91*++3$9-'#2(*'#?$9-$#-#(23$G3G'#)G$.&($709+?9-2GF$1&)79O
-#?$69'"$&'"#($(#-#6*7+#$G3G'#)GF$9-$,*('910+*($9-$"#*'9-2$:$1&&+9-2$-#'6&(XG<$Q0+'9O.0-1'9&-*+$-#'6&(XG$
>709+?9-2G$*-?$9-?0G'(9*+$,(&1#GG#G@$69++$7#$?#H#+&,#?$'&&<$%#&'"#()*+$#-#(23$G'&(*2#$>U!/P@$69++$7#$709+'O
0,$.&($G#*G&-*+$G'&(*2#F$69'"$G,#19.91$*,,+91*'9&-G$.&($(#G9?0*+$"#*'$.(&)$9-?0G'(3$*-?$G'&(*2#$&.$G&+*($
#-#(23$>"92"$'#),#(*'0(#$G'&(*2#@<$J&($+&6$'#),#(*'0(#$"#*'$,0),$G0,,&('#?$*,,+91*'9&-GF$-*'0(*+$"#*'$
*-?$1&+?$.(&)$'"#$*9(F$&($G0(.*1#$6*'#($69++$7#$G'&(#?$0-?#(2(&0-?$*-?$0G#?$.&($1&)79-#?$"#*'9-2$*-?$
1&&+9-2<$!"#G#$G3G'#)G$69++$7#1&)#$*-$9),&('*-'$,(&H9?#($.&($"#*'9-2$*-?$1&&+9-2$.&($9-?9H9?0*+$"&0G#GF$
9-?0G'(3$*-?$G#(H91#GF$70'$*+G&$.&($?9G'(91'$"#*'9-2$*-?$1&&+9-2<

M9(#1'$0G#G$69++$7#$.0('"#($?#H#+&,#?$-&'*7+3$.&($*2(910+'0(*+$*,,+91*'9&-G$>"#*'9-2$2(##-"&0G#GF$#'1<@<$D#6$
*,,+91*'9&-G$.&($,(#O"#*'9-2$9-$"92"O'#),#(*'0(#$9-?0G'(9*+$,(&1#GG#G$69++$7#29-$'&$7#$9-G'*++#?<

!"#$#-"*-1#?$2#&'"#()*+$G3G'#)G$>/%P@F$*$(#*+$7(#*X'"(&02"$'#1"-&+&23$69++$#T,#(9#-1#$*$G'(&-2$?#H#O
+&,)#-'$9-$/0(&,#F$,(&?019-2$*$+*(2#$*)&0-'$&.$#+#1'(919'3$*-?$1&)79-#?$"#*'9-2j1&&+9-2$69'"$1&2#-#O
(*'9&-$9-G'*++*'9&-G<$!"#G#$9-G'*++*'9&-G$69++$*++&6$?#H#+&,)#-'$&.$-#6$?9G'(91'$"#*'9-2$G3G'#)G$.&($0(7*-$
*(#*G<

!"#$+&-2$'#()$G1#-*(9&F$69'"$'"#$#T,#1'*'9&-$&.$_e`$Q'&#$7#9-2$G0,,+9#?$.(&)$2#&'"#()*+$G&(01#G$9-$
c`e`F$(#l09(#G$%#&'"#()*+$8#*'9-2$*-?$;&&+9-2$G3G'#)G$'&$7#$*H*9+*7+#$*-?$#1&-&)91$#H#(36"#(#$9-$
/0(&,#F$ .&($ 7&'"$ 9-?9H9?0*+$ 709+?9-2G$*-?$%#&'"#()*+$8#*'9-2j;&&+9-2$ .(&)$#-"*-1#?$*-?$1&)79-#?$
G3G'#)G$.&($0(7*-$*(#*G<

!!!2.4  REFERENCES

!"#$%&''()*$+,+-./$0"-$12+$0313-+*$-+,+4567+$8"3-!+8$"0$+,+-./$9$42:1+$;5;+-$0"-$5$!"##3,:1/$81-51+./$5,<$
5!1:",$;75,=$9$!"#>'(>?@''

+!$%A??')*$<:-+!1:B+$",$12+$;-"#"1:",$"0$12+$38+$"0$+,+-./$0-"#$-+,+4567+$8"3-!+8=$C$A??'>AD>+!

+.+!$%A?&&)*$+.+!$<++;$.+"12+-#57$#5-E+1$-+;"-1=$C$+.+!F$6-388+78

+3-"68+-BG+-$%A?&&)*$.-"3,<98"3-!+$2+51$;3#;$65-"#+1+-=$C$8/81H#+8$8"75:-+8F$,I$A?@F$;;=$DA9&?&F$;5-:8

4.!$%A?&?)*$;-"!++<:,.8$"0$12+$4"-7<$.+"12+-#57$!",.-+88F$657:=$C$:.5F$-+/EJ5B:E

!"#$%&'[')'C&-18&%/4,'8&41"0#'9'6--,"0#'36&04%"-3'@F@FL@FKF
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3. Shallow Geothermal
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!!3  SHALLOW GEOTHERMAL

!"3.1 INTRODUCTION
!!!3.1.1 EU AND NATIONAL SCOPE

IG$G'*'#?$9-$'"#$5/P$?9(#1'9H#$>c``hjcfj/;@F$#*1"$/U$)#)7#($G'*'#$"*G$*$)*-?*'&(3$c`c`$'*(2#'$&.$*$
G,#19.9#?$G"*(#$&.$(#-#6*7+#$#-#(23$9-$'"#$2(&GG$-*'9&-*+$#-#(23$1&-G0),'9&-F$9-$&(?#($'&$*1"9#H#$'"#$
&H#(*++$c`$oO'*(2#'$.&($/U$c]<

P"*++&6$2#&'"#()*+$G3G'#)GF$69'"&0'$&($69'"$'"#$0G#$&.$"#*'$,0),GF$*(#$2#-#(*++3$1&-G9?#(#?$*$(#O
-#6*7+#$'#1"-&+&23$9-$'"#$?9(#1'9H#$c``hjcfj/;n$'"#$?#.9-9'9&-$9-$I('<$c$1@$G'*'#GA$us2#&'"#()*+$#-#(23^$
)#*-G$#-#(23$G'&(#?$9-$'"#$.&()$&.$"#*'$7#-#*'"$'"#$G0(.*1#$&.$G&+9?$#*('"v<$=.$*$"#*'$,0),$9G$0G#?$
9-$'"#$,(&1#GGF$'"#$G3G'#)$"*G$'&$*1"9#H#$'"#$#-#(23$#..919#-13$1(9'#(9*$*G$G'*'#?$9-$*--#T$Z==$&.$'"#$
?9(#1'9H#$>9<#<$'&$,(&H9?#$*'$+#*G'$_<_e$'9)#G$'"#$'"#()*+$&0',0'$*G$1&),*(#?$'&$'"#$,(9)*(3$#-#(23$9-,0'@<$
!"#$+9)9'G$&.$G"*++&6$2#&'"#()*+$'#1"-&+&29#G$'&6*(?G$?#,'"$*(#$-&'$.9T#?n$73$1&))&-$0-?#(G'*-?9-2F$
*-?$9-$*11&(?*-1#$69'"$G0,,&('$G1"#)#G$9-$G&)#$1&0-'(9#GF$'"#$?##,$2#&'"#()*+$(#*+)$G'*('G$*'$*7&0'$
a``$)$?#,'"<

!!!3.1.2 TECHNOLOGY AND POTENTIAL

P"*++&6$2#&'"#()*+$G3G'#)G$*(#$9-$0G#$'"(&02"&0'$/0(&,#$'&$)##'$*)79'9&0G$#-#(23$G*H9-2G$'*(2#'GF$
6"9+G'$*'$'"#$G*)#$'9)#$*1"9#H9-2$"92"$1&).&('$+#H#+G$'"(&02"$'"#$9-"#(#-'$"#*'9-2$*-?$1&&+9-2$1*,*79+9'3<$

I+'"&02"$G&)#$G3G'#)GF$)*9-+3$1&&+9-2$*,,+91*'9&-G$*-?$0-?#(2(&0-?$'"#()*+$#-#(23$G'&(*2#$>U!/P@F$1*-$
)*X#$?9(#1'$0G#$&.$'"#$*H*9+*7+#$2(&0-?$&($2(&0-?6*'#($'#),#(*'0(#GF$)&G'$G"*++&6$2#&'"#()*+$G3G'#)G$
9-1&(,&(*'#$"#*'$,0),G$'&$)##'$#-?$0G#($'#),#(*'0(#G$.&($"#*'9-2$*-?$1&&+9-2<

=-$'"#$D&('"#(-$+*'9'0?#GF$"#*'9-2$9G$0G0*++3$'"#$?&)9-*-'$)&?#F$9-$'"#$)9??+#$+*'9'0?#G$7&'"$"#*'9-2$*-?$
1&&+9-2$*(#$0G#?F$*-?$9-$P&0'"#(-$/0(&,#$1&&+9-2$9G$?&)9-*-'$9-$'#('9*(3$709+?9-2GF$*+'"&02"$"#*'9-2$9G$
*+G&$(#l09(#?$9-$'"#$1&&+#($,#(9&?G$*G$6#++$*G$.&($'"#$,(&?01'9&-$&.$?&)#G'91$"&'$6*'#($>M8K@<

!"#$-0)7#($&.$G"*++&6$2#&'"#()*+$"#*'$,0),$G3G'#)G$9G$2(&69-2$*G$'"#3$*(#$(#2*(?#?$*G$*$G0G'*9-*7+#F$
(#-#6*7+#$*-?$(#+9*7+#$(#-#6*7+#$#-#(23$'#1"-&+&23$*'$*++$G1*+#G$&.$9),+#)#-'*'9&-<$/H#(3?*3$*,,+91*O
'9&-G$(*-2#$.(&)$9-?9H9?0*+$"&)#G$*-?$*,*(')#-'G$69'"$9-?9H9?0*+$G3G'#)G$&.$\O_`$XK'"$9-$1*,*19'3$'&$
1&))#(19*+$*-?$,07+91$709+?9-2GF$69'"$2#&'"#()*+$"#*'$,0),$9-G'*++*'9&-G$0,$'&$)&(#$'"*-$_$QK'"<$

J0('"#($9),(&H#)#-'$&.$#-#(23$#..919#-13$*-?$(#?01'9&-$&.$9-G'*++*'9&-$1&G'$69++$1&-'(970'#$G92-9.91*-'+3$
'&$9-1(#*G#?$?#,+&3)#-'$&.$2#&'"#()*+$G3G'#)G$9-$'"#$"#*'9-2$*-?$1&&+9-2$)*(X#'$*-?$69++$*++&6$+&1*+F$
(#29&-*+$*-?$&H#(*++$/U$'*(2#'G$.&($(#-#6*7+#$#-#(29#G$*-?$#-#(23$G*H9-2G$'&$7#$)#'<$

P"*++&6$2#&'"#()*+$"#*'$,0),$'#1"-&+&23$9G$*''(*1'9H#$.&($'"#$.&++&69-2$(#*G&-GA

•   P09'#?$.&($/0(&,#*-O69?#$2#&+&23F$"3?(&2#&+&23F$*-?$1+9)*'#

•   P09'*7+#$.&($*$H*(9#'3$&.$G)*++$*G$6#++$*G$+*(2#$*,,+91*'9&-G

•   892"$#-#(23$G*H9-2G$,&'#-'9*+$.&($7&'"$"#*'9-2$*-?$1&&+9-2

•   /-#(23$1*,'0(#$*-?$G'&(*2#$1*,*79+9'3F$*(&0-?$'"#$1+&1X$&,#(*79+9'3

•   =-'#2(*'9&-$'"(&02"$>'"#()*+@$G'&(*2#$,&'#-'9*+$*G$1&-'(&++*7+#$+&*?$9-'&$G)*('$#+#1'(91*+$2(9?G$&-$G)*++$
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*-?$+*(2#$G1*+#$

•   =-'#2(*'9&-$*-?$*),+9.91*'9&-$&,'9&-G$69'"$&'"#($G0G'*9-*7+#$'#1"-&+&29#G$>"37(9?$G3G'#)G@

•   ;0((#-'$G'*'#$&.$'"#$'#1"-&+&23$*+(#*?3$*++&6G$,(*1'91*+$9),+#)#-'*'9&-$&-$+*(2#$G1*+#$>,(&H#-$'#1"O
-&+&23$69'"$2&&?$'(*1X$(#1&(?@

•   4&'#-'9*+$&.$9-'#2(*'9-2$G"*++&6$2#&'"#()*+$'#1"-&+&23$9-$+&1*+$#T9G'9-2$70G9-#GG#GF$#G,#19*++3$PQ/
$
•   w#(&$,&++0'9&-$G3G'#)G

!!!3.1.3 ENERGY EFFICIENCY AND SUSTAINABILITY

Q&G'$G"*++&6$2#&'"#()*+$G3G'#)G$0G#$"#*'$,0),$'#1"-&+&23<$I++$"#*'$,0),G$9),(&H#$'"#9($'"#()*+$#.O
.919#-13$*'$+&6$'#),#(*'0(#$?9..#(#-1#$7#'6##-$'"#$#H*,&(*'&($>1&+?@$*-?$1&-?#-G#($>6*()@$G9?#$&.$'"#$
)*1"9-#<$!"9G$(#G0+'$9-$*$+*(2#($'"#()*+$&0',0'$>XK@$*-?$*-$9),(&H#?$#-#(23$#..919#-13$'"(&02"$*$7#''#($
(*'9&$7#'6##-$'"#$'"#()*+$&0',0'$>"#*'9-2$&($1&&+9-2@$*-?$'"#$#-#(23$9-,0'$>#+#1'(91$,&6#($&($2*G@$.&($
&,#(*'9-2$'"#$"#*'$,0),<

L-$'"#$709+?9-2$G9?#$&.$G3G'#)G$'"9G$1*++G$ .&($#-#(23$#..919#-'$?#G92-$0G9-2$ +&6$'#),#(*'0(#$"#*'9-2$
*-?$"92"$'#),#(*'0(#$1&&+9-2$G3G'#)G<$!"9G$(#l09(#G$1&-G9?#(*'9&-$&.$'"#$0G#$&.$2#&'"#()*+$"#*'$,0),$
G3G'#)G$*+(#*?3$9-$#*(+3$G'*2#G$&.$?#G92-F$*-?$'"#$?#H#+&,)#-'$&.$&,'9)9G#?$9-G'*++*'9&-$1&-1#,'G$*-?$
&,#(*'9-2$G'(*'#29#G$*-?$1&-'(&+G$'"*'$.0++3$#T,+&9'$'"#$2#&'"#()*+$"#*'$,0),$l0*+9'9#G<

L-$'"#$2(&0-?$G9?#$&.$2#&'"#()*+$"#*'$,0),$G3G'#)G$.0('"#($9),(&H#)#-'$&.$B&(#"&+#$8#*'$/T1"*-2#(G$
>B8/@$69++$ &,'9)9G#$ &,#(*'9-2$ '#),#(*'0(#G$ >7#''#($ #-#(23$ ,#(.&()*-1#@$ *-?$ (#?01#$ 9-G'*++*'9&-$ 1&G'F$
6"91"$10((#-'+3$*(#$*$)*S&($.*1'&($9-$#H#(3$,(&S#1'<

E*G'$70'$-&'$+#*G'F$'"#$0G#$&.$G"*++&6$2#&'"#()*+$"#*'$,0),$G3G'#)G$G"&0+?$-&'$&-+3$7#$*''(*1'9H#$.(&)$
'"#$#-#(23$,&9-'$&.$H9#6F$70'$'"#9($9-G'*++*'9&-$*-?$&,#(*'9&-$G"&0+?$*+G&$7#$#-H9(&-)#-'*++3$7#-#.919*+$
*-?$'"#(#73$G0G'*9-*7+#$9-$'"#$+&-2$'#()<

!!!3.1.4 FOCAL AREAS FOR IMPROVEMENT AND RESEARCH

;0((#-'+3$'"#$)*9-$.&1*+$*(#*G$.&($9),(&H9-2$#..919#-13F$1&G'$#..#1'9H#-#GG$*-?$#T'#-?9-2$'"#$'#1"-&+&23$
*(#A

•   =-'#2(*'9&-$&.$?#G92-$&.$'"#$G"*++&6$2#&'"#()*+$G3G'#)$*-?$709+?9-2$#-#(23$G3G'#)$69'"$(#2*(?$'&$
&,'9)0)$'"#()*+$0G#$*-?$&,#(*'9&-*+$G'(*'#23

•   L,'9)9G*'9&-$&.$1&),&-#-'G$G01"$*G$7&(#"&+#$"#*'$#T1"*-2#(GF$6#++$1&),+#'9&-$)*'#(9*+GF$1&),(#GO
G&(GF$,0),G$#'1<

•   =),(&H#?$?(9++9-2$)#'"&?G$.&($1&G'$(#?01'9&-F$70'$*+G&$'&$(#?01#$9),*1'$&-$'"#$G0((&0-?9-2G$>#<2<$
G#-G9'9H#$1+*3GF$2(&0-?6*'#(@F$'#1"-9l0#G$'&$1&-'(&+$7&(#"&+#$?#H9*'9&-F$#'1<

•   =),(&H9-2$'"#$0-?#(G'*-?9-2$&.$'"#$G"*++&6$2#&'"#()*+$(#G#(H&9($*G$*-$#-'9'3$*-?$*G$*$,(&1#GGF$'"9G$
9-H&+H#G$'"#$1"*(*1'#(9G*'9&-$&.$ '"#$ 9),&('*-'$,*(*)#'#(G$ >'"#()*+F$"3?(&2#&+&291*+F$#-H9(&-)#-'*+$*G$
6#++$*G$#-29-##(9-2

•   =),(&H9-2$'"#$0-?#(G'*-?9-2$&.$'"#$G"*++&6$2#&'"#()*+$(#G#(H&9($9-$'"#$6*3$9'$(#*1'G$'&$'"#$'"#()*+$
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+&*?9-2j0-+&*?9-2$>7&0-?*(3$+&GG#GF$G'&(*2#$1*,*19'3F$2#&1"#)9G'(3@

•   P'*-?*(?G$.&($?#G92-F$)*'#(9*+G$*-?$9),+#)#-'*'9&-

•   !(*9-9-2$ *-?$ #?01*'9&-*+$ ,(&2(*))#G$ *-?$ 9-.(*G'(01'0(#$ '&$ #-G0(#$ '"#$ 9-G'*++#?$ G3G'#)G$ l0*+9'3$
1&-.&()G$>&($*,,(&*1"#G@$'&$'"#$'"#&(#'91*+$&,'9)0)

•   B#-1")*(XG$'&$*++&6$#-?$0G#(G$*-?$?#G92-#(G$'&$S0?2#$*-?$,#(.&()*-1#$H*+0#$*$G3G'#)

•   =-H#G'92*'#$'"#$G19#-'9.91$.*1'G$(#+*'#?$'&$#-H9(&-)#-'*+$9),*1'$&.$G"*++&6$2#&'"#()*+$G3G'#)G$'&$*++&6$
(#20+*'&(3$*0'"&(9'9#G$'&$7#''#($?#H#+&,$*-?$*)#-?$(#20+*'9&-G<$

!"9G$+9G'9-2$1&),(9G#G$7&'"$'#1"-91*+$*-?$-&-O'#1"-91*+$9GG0#G$>G'*-?*(?GF$'(*9-9-2@F$*G$6#++$*G$G19#-'9.91$
6&(X$-&'$?9(#1'+3$+#*?9-2$'&$9),(&H#?$1&),&-#-'GF$70'$-#1#GG*(3$'&$7#''#($0-?#(G'*-?$,(&1#GG#G$*-?$
#-H9(&-)#-'*+$*G,#1'G<$

!!!3.1.5 SCOPE AND GOAL OF THE SHALLOW GEOTHERMAL RESEARCH PRIORITIES

!"#$P"*++&6$%#&'"#()*+$5#G#*(1"$4(9&(9'9#G$*(#$9-'#-?#?$'&$9?#-'9.3$'#1"-91*+F$#-H9(&-)#-'*+$*-?$#1&-&O
)91$'&,91G$'"*'$69++$#-"*-1#$'"#$?#,+&3)#-'$&.$G"*++&6$2#&'"#()*+$G3G'#)G$>2(&0-?$G&0(1#$"#*'$,0),F$
%P84F$*-?$0-?#(2(&0-?$'"#()*+$#-#(23$G'&(*2#F$U!/P@$9-$'"#$/0(&,#*-$1&-'#T'<$!"#$'&,91G$"*H#$7##-$
G#+#1'#?$69'"$*-$#),"*G9G$&-$'"#$,&'#-'9*+$.&($.0('"#($?#H#+&,)#-'$*-?$1&-'(970'9&-$'&$'"#$9),(&H#)#-'$
&.$'"#$&H#(*++$)*(X#'$,&'#-'9*+$&.$G"*++&6$2#&'"#()*+$G3G'#)G<

P"*++&6$2#&'"#()*+$G3G'#)G$-&'$&-+3$0G#$"#*'$,0),GF$6"91"$*(#$1&H#(#?$9-$'"#$;(&GG$;0''9-2$(#G#*(1"$
,(9&(9'9#GF$70'$*+G&$"*H#$)*-3$&'"#($1&),&-#-'G$9-$1&))&-$69'"$1&-H#-'9&-*+$8ZI;$>8#*'9-2F$Z#-'9+*'9&-$
:$I9(O;&-?9'9&-9-2@$G3G'#)G<$!"#G#$1&),&-#-'G$G01"$*G$19(10+*'9&-$,0),GF$"#*'$#T1"*-2#(GF$,9,#6&(X$
#'1<$*(#$-&'$9-H#G'92*'#?$G#,*(*'#+3$9-$'"9G$?&10)#-'F$70'$*(#$,*('$&.$'"#$9-'#2(*'#?$?#G92-$*,,(&*1"<$
I+G&$.&($"37(9?$&($G'&(*2#$G3G'#)G$&'"#($1+*GG#G$&.$1&),&-#-'G$>#<2<$G&+*($'"#()*+$,*-#+GF$*H*9+*7+#$
(#G9?0*+$"#*'F$#'1<@$"*H#$'&$7#$9-'#2(*'#?<

!"#$P5I$.&10G#G$&-$'"#$1&),&-#-'GF$9GG0#G$*-?$,(&1#GG#G$'"*'$*(#$0-9l0#$*-?$(#+#H*-'$'&$'"#$2#&O
'"#()*+$*,,+91*'9&-$*-?$'"*'F$.&++&69-2$1&-G0+'*'9&-$&.$'"#$2#&'"#()*+$1&))0-9'3F$9-?91*'#$'"#$+*(2#G'$
,&'#-'9*+$.&($9),(&H#)#-'<

!!!3.2 UNDERGROUND SYSTEM COMPONENTS AND MATERIALS"
!!!3.2.1 OVERVIEW

P"*++&6$2#&'"#()*+$G3G'#)G$#9'"#($0G#$6#++G$'&$*11#GG$'"#$2(&0-?6*'#($?9(#1'+3$>u&,#-$G3G'#)Gv@$&($0G#$
*$"#*'$#T1"*-2#($9-G'*++#?$9-$'"#$0-?#(2(&0-?$>u1+&G#?$G3G'#)Gv@<$5#G#*(1"$'&,91G$1&-1#(-9-2$'"#$0-O
?#(2(&0-?$*(#$9?#-'9.9#?$*-?$,(#G#-'#?$"#(#$.&($'"#$1+&G#?$G3G'#)G$)*9-+3n$.&($&,#-$G3G'#)GF$G'*-?*(?$
6#++$1&-G'(01'9&-$1&),&-#-'G$*(#$)&G'+3$*?#l0*'#<$

!"#$2(&0-?$"#*'$#T1"*-2#($G3G'#)$-&()*++3$1&-G9G'G$&.$&-#$&($)0+'9,+#$H#('91*+$7&(#"&+#GF$ 9-$6"91"$
,9,#G$>'3,91*++3$4&+3#'"3+#-#F$4/@$*(#$9-G'*++#?$*G$+&&,GF$.&()9-2$*$B&(#"&+#$8#*'$/T1"*-2#($>B8/@$&($
uH#('91*+$+&&,v<$!"#$9-?9H9?0*+$B8/$*(#$1&--#1'#?$'&2#'"#($9-$*-$*((*3$'"*'$.&()G$*$1+&G#?$"3?(*0+91$
19(109'<$I$B8/$1*-$7#$0G#?$'&$#T'(*1'$'"#()*+$#-#(23$.(&)$'"#$0-?#(2(&0-?$*-?j&($'&$9-S#1'$'"#()*+$
#-#(23$9-'&$'"#$0-?#(2(&0-?<$Q&G'+3$*$"#*'$,0),$69++$7#$0G#?$'&$(#*1"$'"#$.9-*+$'#),#(*'0(#G$(#l09(#?$
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.&($'"#$"#*'9-2$*-?j&($1&&+9-2$*,,+91*'9&-<$I+'"&02"$"#*'$,0),G$1*-$*+G&$7#$0G#?$9-$1&)79-*'9&-$69'"$
*9(F$G&+*($&($6*G'#$"#*'F$'"#$2#&'"#()*+$*,,+91*'9&-$&.$*$"#*'$,0),$"*G$G#H#(*+$?9G'9-1'$*?H*-'*2#G$&.$
6"91"$'"#$)&G'$-&'*7+#$*(#A
•   !"#$0-?9G'0(7#?$2(&0-?$'#),#(*'0(#$9-$_`Oc`$)$?#,'"$(#.+#1'G$'"#$*H#(*2#$*--0*+$*9($'#),#(*'0(#$
.&($*$+&1*'9&-<$!"#(#.&(#$9-$69-'#('9)#F$6"#-$0G9-2$'"#$"#*'$,0),$G3G'#)$.&($"#*'9-2F$'"#$'#),#(*'0(#$
1&-?9'9&-G$.&($'"#$B8/$*(#$.*H&0(*7+#$1&),*(#?$'&$'"#$*9($'#),#(*'0(#F$#G,#19*++3$0-?#($,#*X$1&-?9'9&-G<$
=-$G0))#('9)#F$?0(9-2$1&&+9-2$69'"$ '"#$"#*'$,0),$G3G'#)F$*2*9-$2(&0-?$1&-?9'9&-G$*(#$)01"$)&(#$
*''(*1'9H#$'"*-$*9(<

•    U-+9X#$*9(F$'"#$2(&0-?$"*G$'"#()*+$G'&(*2#$1*,*79+9'3<$K*()$6*'#($.(&)$G0))#($1&&+9-2$&,#(*'9&-$9G$
9-S#1'#?$9-'&$'"#$B8/F$1(#*'9-2$9),(&H#?$1&-?9'9&-G$.&($69-'#('9)#$"#*'9-2<$K9-'#('9)#$"#*'9-2$1&&+G$'"#$
G0((&0-?9-2G$&.$'"#$B8/F$,(#,*(9-2$9'$.&($G0))#('9)#$1&&+9-2<

•   B#1*0G#$&.$'"#$2(&0-?^G$1&-'9-0&0G$'"#()*+$G'&(*2#$1*,*79+9'3F$2#&'"#()*+$"#*'$,0),$G3G'#)G$&..#($
9-'#2(*'9&-$&,,&('0-9'9#G$69'"$ >G0G'*9-*7+#@$ '#1"-&+&29#G$ '"*'$"*H#$131+91$7#"*H9&0($ >G&+*($ '"#()*+@<$ =-$
U!/PF$'"9G$G'&(*2#$1*,*79+9'3$9G$*1'9H#+3$*??(#GG#?$'&$,(&H9?#$1&&+9-2$&($"#*'9-2$.(&)$G&0(1#G$?#+9H#(9-2$
"#*'$&($1&+?$*'$?9..#(#-'$'9)#G$'"*-$'"#$?#)*-?$9G$29H#-F$#<2<$G#*G&-*+$G'&(*2#$&.$69-'#($1&+?F$G&+*($"#*'$
9-$G0))#(F$&($(#G9?0*+$"#*'$.(&)$7*'1"$,(&1#GG#G<

•   B8/$*'$&,#(*'9-2$'#),#(*'0(#G$7#+&6$a`$k;$0G9-2$)*'#(9*+G$G01"$*G$4/$&($4/i$"*H#$*-$*-'919,*'#?$
+9.#$G,*-$&.$)&(#$'"*-$e`$3#*(G$*-?$*(#$H9('0*++3$)*9-'#-*-1#$.(##<$!"9G$*++&6G$.&($H#(3$"92"$(#+9*79+9'3$
*-?$+&6$#T,+&9'*'9&-$1&G'<$

•   %#&'"#()*+$"#*'$,0),$9-G'*++*'9&-G$(#?01#$-&9G#$#)9GG9&-G$*-?$H9G0*+$9),*1'F$*G$'"#3$#T'(*1'$&($(#S#1'$
#-#(23$9-'&$'"#$2(&0-?$*-?$-&'$9-'&$'"#$*)79#-'$*-?$'"#(#.&(#$"*H#$-&$#l09,)#-'$&-$'"#$(&&.<$!"9G$9G$
*$H*+0*7+#$*)#-9'3$.&($,+*--9-2$,0(,&G#G<

;0((#-'+3$'"#$0-?#(2(&0-?$"#*'$#T1"*-2#(G$*(#$*$G92-9.91*-'$1&G'$.*1'&($>a`O[`o@$9-$G"*++&6$2#&'"#()*+$
"#*'$,0),$G3G'#)$,(&S#1'G<$=),(&H9-2$'"#$'"#()*+$*-?$"3?(*0+91$1"*(*1'#(9G'91G$&.$'"#$B8/$G3G'#)G$69++$
9),(&H#$#-#(23$#..919#-13$&.$'"#$2#&'"#()*+$9-G'*++*'9&-GF$-&'$&-+3$(#?019-2$,*37*1X$'9)#$6"#-$'"#$G3GO
'#)$9G$&,#(*'9&-*+F$70'$*+G&$*++&69-2$'"#$(#?01'9&-$&.$1*,9'*+$1&G'$.&($9-G'*++9-2$'"#$G3G'#)<

!!!3.2.2 BOREHOLE HEAT EXCHANGERS (VERTICAL LOOPS)

I$1+&G#?$+&&,$"#*'$#T1"*-2#($1*-$7#$1&-G'(01'#?$&.$?9..#(#-'$)*'#(9*+Gn$10((#-'+3$'"#$)&G'$1&))&-$
&-#$9G$4/$_``$PM5$__$,9,#$9-$'"#$?9*)#'#(G$ce$))F$\c$))$&($a`$))<$!"#$1&))&-$.#*'0(#$&.$*++$
"#*'$#T1"*-2#(G$9G$'"*'$'"#3$*(#$,*('$&.$*$1+&G#?$"3?(*0+91$19(109'F$'"#3$1&-'*9-$*$,0),#?$19(10+*'9&-$
)#?90)$*-?$'"#3$#T1"*-2#$'"#()*+$#-#(23$69'"$'"#$G0((&0-?9-2$2(&0-?$'"(&02"$*$'#),#(*'0(#$?9..#(#-1#$
7#'6##-$'"#$19(10+*'9&-$)#?90)$*-?$'"#$2(&0-?<$UG0*++3F$*-?$69'"$'"#$7#G'$#..919#-13$*-?$G'*79+9'3F$'"#$
"#*'$#T1"*-2#($9G$9-G'*++#?$9-$H#('91*+$?(9++#?$7&(#"&+#GF$70'$'"#$"#*'$#T1"*-2#($1*-$*+G&$7#$9-G'*++#?$
"&(9W&-'*++3F$*'$*-$*-2+#$&($9-'#2(*'#?$9-$*$.&0-?*'9&-$G'(01'0(#$&.$*$709+?9-2<

!"#$)&G'$1&))&-$.&()$&.$B8/$9G$#9'"#($'"#$G9-2+#OUO+&&,$>)*9-+3$9-$P1*-?9-*H9*@$&($'"#$?&07+#OUO+&&,$
>,(#.#((#?$9-$;#-'(*+$/0(&,#@n$'(9,+#OUO+&&,G$&($1&-1#-'(91$>1&*T9*+F$,9,#O9-$,9,#@$B8/$*(#$*+G&$9-$0G#$9-$
)9-&($-0)7#(G$>J92<$h@<$

I+'"&02"$,9,#$&.$?9..#(#-'$)*'#(9*+G$>1&,,#(F$G'*9-+#GG$G'##+F$4Z;$#'1<@$1*-$7#$0G#?F$'"#$)&G'$1&))&-$
)*'#(9*+$9G$4/$_``F$69'"$'"#$H#(G9&-$4/$_``O5;$>5#G9G'*-1#$'&$;(*1X@$7#1&)#$)&(#$,&,0+*($9-$(#1#-'$
'9)#G<$!"#$)*'#(9*+$9G$#T'(0?#?$9-'&$,9,#G$'"*'$*(#$S&9-#?$69'"$*$G'07O6#+?#?$UO7#-?$9-$'"#$.*1'&(3<$4/$
_``$9G$*$)*GG$,(&?01#?$G'*-?*(?$,(&?01'$*-?$9G$0G#?$9-$'"#$2*G$*-?$6*'#($9-?0G'(3$'"(&02"&0'$'"#$
6&(+?<$J9''9-2G$'&$,(&?01#$,9,#$1&--#1'9&-G$*(#$*H*9+*7+#$.(&)$)*-3$G&0(1#G<

Shallow Geothermal • RHC-Platform
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]$$$I$'#),#(*'0(#$,#-*+'3$)#*-G$*$,#(.&()*-1#$,#-*+'3$O$'"#$;&#..919#-'$&.$4#(.&()*-1#$>;L4@$&.$*$'3,91*+$"#*'$,0),$1"*-2#G$73$*7&0'$\$o$
.&($#H#(3$?#2(##$&.$+&6#($G&0(1#$'#),#(*'0(#<

Shallow Geothermal • RHC-Platform

!"#$4/$_``$)*'#(9*+$"*G$*$'"#()*+$1&-?01'9H9'3$&.$̀ <ac$Kj)xRF$9G$1"#)91*++3$9-#('$*-?$"*G$*-$*-'919,*'#?$
+9.#$G,*-$&.$_``$3#*(G$9-$+&6$'#),#(*'0(#$*,,+91*'9&-G<$!"#$4/$_``$9G$.+#T97+#$*-?$9G$*7+#$'&$"*-?+#$G'(*9-$
*-?$G&)#$?#.&()*'9&-F$*-?$9-$'"#$.&()$&.$4/$_``O5;$9'$"*G$G,#19.91$(#G9G'*-1#$'&$,0-1'0*+$,(#GG0(#F$
2(&&H#G$#'1<$N&9-9-2$'#1"-9l0#G$G01"$*G$6#+?9-2$*(#$*H*9+*7+#$*-?$'"#$)*'#(9*+$9G$-&'$#T1#GG9H#+3$1&G'+3<

D&()*+$&,#(*'9-2$'#),#(*'0(#$(*-2#$.&($4/$_``$)*'#(9*+$9G$.(&)$C_`$'&$a`$k;<$J&($"92"#($'#),#(*'0(#G$
4/i$&($4&+370'#-#$>0,$'&$he$k;@$*(#$*H*9+*7+#$*G$,+*G'91$)*'#(9*+G<$

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

/GG#-'9*+$&,'9)9G*'9&-$1"*(*1'#(9G'91G$.&($*++$#*('"O1&0,+9-2$"#*'$#T1"*-2#(G$*(#A

•   E&6$(#G9G'*-1#$'&$'"#()*+$#-#(23$'(*-G.#(

•   E&-2$'#()$?0(*79+9'3$*'$H*(9&0G$&,#(*'9-2$'#),#(*'0(#G$*-?$,(#GG0(#$(*-2#G$

•   E&6$"3?(*0+91$+&GG#G$

•   L,'9)0)$(*'9&$7#'6##-$1&G'F$,#(.&()*-1#$*-?$(#+9*79+9'3

E&&,G$1&0+?$7#$)*?#$&.$*+'#(-*'9H#$)*'#(9*+G$69'"$G9)9+*($+9.#G,*-$*-?$+&6#($(#G9G'*-1#$'&$#-#(23$'(*-GO
.#(<$Z#('91*+$"#*'$#T1"*-2#(G$1&0+?$*+G&$7#$1&-G'(01'#?$9-$?9..#(#-'$2#&)#'(9#G$'"*'$9),(&H#$"#*'$'(*-G.#(F$
*(#$7#-#.919*+$'&$,0),9-2$+&GG#GF$&($*(#$#*G9#($'&$9-G'*++$9-$.9#+?$1&-?9'9&-G<

=-1(#*G9-2$'"#$1&-?01'9H9'3$&.$'"#$,9,#$)*'#(9*+$9G$&.$1&-G9?#(*7+#$9-'#(#G'F$*G$9'$6&0+?$9),(&H#$'"#()*+$
#-#(23$'(*-G.#($>69'"$'"#$+9)9'*'9&-$'"*'$'"#(#$9G$-&$)01"$.0('"#($9),(&H#)#-'$.&($'"#()*+$1&-?01'9H9O
'9#G$)01"$9-$#T1#GG$&.$'"&G#$&.$'"#$-*'0(*+$2(&0-?@<$I+G&$9.$.(&)$*-$9-G'*++*'9&-$*-?$+9.#G,*-$,&9-'$&.$
H9#6$9'$6&0+?$7#$,(#.#(*7+#$'&$0G#$"92"#($6*++$'"91X-#GG#G$'"*-$69'"$10((#-'$4/$_``$PM5$__F$*$"92"#(O
'"#()*+$1&-?01'9H9'3$6&0+?$7#$(#l09(#?F$*G$'"91X#($6*++G$6&0+?$29H#$(9G#$'&$*$"92"#($'"#()*+$(#G9G'*-1#$
6"91"$ 9-'(&?01#G$*$ '#),#(*'0(#$,#-*+'3]<$I$"92"#($ '"#()*+$1&-?01'9H9'3$&.$ '"#$,+*G'91$)*'#(9*+$ 1&0+?$

!"#$%&'\')']68&/41"63'-2'W^:'<+&%1"64,',--.3E',&21?'405'6-",&5'5-$A,&L;L,--.'W^:'
%&457'2-%'"0314,,41"-0'<%"#81?
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1&0-'#($'"9G$9-1(#*G#?$'"#()*+$(#G9G'*-1#<

!"#$&H#(*++$7&(#"&+#$(#G9G'*-1#F$6"91"$9-1+0?#G$'"#$1"*(*1'#(9G'91G$&.$'"#$+&&,$)*'#(9*+F$'"#$.+09?$1"*O
(*1'#(9G'91G$*-?$,9,#$2#&)#'(3F$70'$*+G&$'"#$?9*)#'#($&.$'"#$7&(#"&+#$*-?$'"#$'3,#$&.$7*1X.9++9-2F$,+*3G$
*-$9),&('*-'$(&+#$9-$'"#$#-#(23$'(*-G.#($7#'6##-$'"#$19(10+*'9&-$.+09?$*-?$'"#$2(&0-?<$I$+&6#($7&(#"&+#$
(#G9G'*-1#$9),(&H#G$'#),#(*'0(#G$*-?$"#*'$,0),$#..919#-13$*-?$&0',0'n$?#H#+&,)#-'$&.$B8/$69'"$(#?01#?$
7&(#"&+#$(#G9G'*-1#$69++$1&-'(970'#$'&$7#''#($#..919#-13$*-?j&($+&6#($?(9++9-2$1&G'

;&-1#-'(91$"#*'$#T1"*-2#(G$69'"$?9..#(#-'$,9,#$?9)#-G9&-GF$2(&&H#?$&($'0(70+#-1#O#-"*-1#?$,9,#$?#G92-GF$
,9,#G$69'"$.9-G$*(#$#T*),+#G$&.$.0('"#($,&GG97+#$?#H#+&,)#-'$&.$'"#$H#('91*+$,9,#$"#*'$#T1"*-2#(<

!!!3.2.3  FOUNDATION TYPE HEAT EXCHANGER & INSTALLATION 
8#*'$#T1"*-2#(G$9-'#2(*'#?$9-'&$.&0-?*'9&-$G'(01'0(#G$&.$709+?9-2G$9-$'"#$1&-G'(01'9&-$,(&1#GG$*(#$10(O
(#-'+3$&-+3$*$G)*++$,(&,&('9&-$&.$'"#$'&'*+$&.$9-G'*++#?$u2(&0-?$1&0,+#?v$"#*'$#T1"*-2#(G<$!"#(#$9G$*$
2(&69-2$9-'#(#G'$9-$'"#$1&-G'(01'9&-$9-?0G'(3$.&($'"9G$*,,+91*'9&-F$7#1*0G#$&.$'"#$&7H9&0G$*-?$,&'#-'9*++3$
#..919#-'$9-'#2(*'9&-$69'"$'"#$.&0-?*'9&-$6&(XG$*-?$'"#$1&-G#l0#-'9*+$1&G'$G*H9-2G<

D&'$&-+3$1*-$"#*'$#T1"*-2#(G$7#$9-G'*++#?$9-$.&0-?*'9&-GF$70'$*+G&$9-$9-.(*G'(01'0(#$G01"$*G$(&*?GF$,*(O
X9-2$+&'GF$*9(,&('$(0-6*3G$&($7(9?2#$?#1XG<$!"#G#$"#*'$#T1"*-2#(G$*1'$#..#1'9H#+3$*G$G&+*($1&++#1'&(G$*-?$
1*-$7#$0G#?$'&$1&++#1'$>G#*G&-*+@$"#*'$'"*'$9G$'"#-$G'&(#?$9-$&,#-$6#++G$>I!/P@$&($1+&G#?$+&&,$>B!/P@$
*,,+91*'9&-G<$I+G&$uG+*7$1&++#1'&(Gv$1*-$7#$0G#?$'&$(#2#-#(*'#$1+&G#?$+&&,$&($&,#-$6#++$*,,+91*'9&-G$'"*'$
*(#$'"#()*++3$0-7*+*-1#?<$;&++#1'&($,9,#G$9-$'"#$6*++G$&.$'0--#+GF$(&*?$&($(*9+6*3$10''9-2GF$0-?#(2(&0-?$
,*(X9-2$.*19+9'9#G$1*-$#T,+&9'$3#'$*-&'"#($G&0(1#$&.$G"*++&6$2#&'"#()*+$#-#(23$.&($'"#$0G#$69'"$"#*'$
,0),G<

P9)9+*($'&$'"#$H#('91*+$&($"&(9W&-'*+$'3,#$"#*'$#T1"*-2#(GF$4/$_``$,9,#$)*'#(9*+G$*(#$0G#?$'&$19(10+*'#$*$
"#*'$'(*-G.#($)#?90)<$!"#$,9,#$9G$9-'#2(*'#?$9-'&$1&-1(#'#$G'(01'0(*+$#+#)#-'G$G01"$*G$,9+#GF$G+*7G$*-?$
.&0-?*'9&-G<$=-G'*++*'9&-$&.$'"#$"#*'$#T1"*-2#($1*-$7#$?&-#$69'"$&..$G9'#$,(#O1*G'$1&-1(#'#$,9+#G$?(9H#-$
9-'&$'"#$2(&0-?$&($G+*7$G#2)#-'G$+&6#(#?$9-'&$'(#-1"#GF$&($'"#3$1*-$7#$9-G'*++#?$&-$G9'#$9-'&$?9*,"(*2)$
6*++GF$?(9++#?$,9+#G$&($G+*7G$1*G'$9-$G9'0<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

IG$.&0-?*'9&-G$*(#$*+6*3G$?#G92-#?$&-$'"#$7*G9G$&.$G'(01'0(*+$(#l09(#)#-'GF$'"#(#$*(#$*$-0)7#($&.$+9O
)9'*'9&-G$1&-1#(-9-2$'"#$0G#$&.$.&0-?*'9&-G$*G$"#*'$#T1"*-2#(G<$!"#G#$(#l09(#$.0('"#($9-H#G'92*'9&-$*-?$
?#H#+&,)#-'$9-$&(?#($'&$+#*?$'&$G011#GGA

•   M#G92-$'&&+G$.&($1&)79-#?$'"#()*+$*-?$)#1"*-91*+OG'(01'0(*+$1*+10+*'9&-G<

•   J&0-?*'9&-$'3,#$"#*'$#T1"*-2#(G$-##?$'&$7#$9-'#2(*'#?$9-'&$.&0-?*'9&-$6&(X$(&0'9-#G$'"*'$"*H#$'"#9($
&6-$)#'"&?&+&23$*-?$,+*--9-2F$,&'#-'9*++3$1&-.+91'9-2$69'"$'"#$,9,#$.9''9-2<$;0((#-'$9-G'*++*'9&-$'#1"-9l0#G$
*(#$10)7#(G&)#$*-?$(#l09(#$*$+&'$&.$)*-0*+$6&(XF$*(#$G+&6$9-$,(&?01'9&-$*-?$,(&-#$'&$.*9+0(#<$

•   M#G92-$*-$9-G'*++*'9&-$)#'"&?$'"*'$*++&6G$'"#$1&),+#'#$G'(01'0(#$'&$7#$0G#?$.&($'"#$"#*'$#T1"*-2#(<$
P'##+$G'(01'0(*+$(#O#-.&(1#)#-'$>(#7*(@$.&($,9+#G$9G$-&6$&.'#-$+9)9'#?$'&$*$G#1'9&-$&.$'"#$'&'*+$,9+#$+#-2'"F$
+9)9'9-2$"#*'$#T1"*-2#($+#-2'"<$

•   !&$#-G0(#$'"#$+&-2#H9'3$&.$'"#$G3G'#)F$G'(01'0(*+$#-29-##(G$-##?$9-G92"'$9-'&$'"#$'"#()&O)#1"*-91*+$
7#"*H9&0(<$!"#()*+$131+9-2$1*-$1*0G#$)#1"*-91*+$G'(#GG#G$9-$G'(01'0(*+$#+#)#-'G$G01"$*G$,9+#G<$=-$-&-O
G*'0(*'#?$G&9+$1&-?9'9&-GF$"#*'9-2$&.$'"#$,9+#G$1&0+?$*+G&$29H#$(9G#$'&$9((#H#(G97+#$?(39-2$&0'$&.$1#('*9-$
1+*3G$*-?$'"#(#73$9-1(#*G9-2$(#G9G'*-1#$'&$'"#()*+$'(*-G.#($.(&)$'"#$#+#)#-'$'&$'"#$G&9+<

Shallow Geothermal • RHC-Platform
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•   Q*'#(9*+G$(#G#*(1"$&-$"#*'$#T1"*-2#($)*'#(9*+G$>4/F$4/iF$#'1<@

•   Q*'#(9*+$?#H#+&,)#-'$&.$'"#$,9+#$)*'#(9*+$9'G#+.F$'&$9),(&H#$'"#$'"#()*+$1"*(*1'#(9G'91GF$*-?$'&$#-"*-1#$
*-?$20*(*-'##$'"#()*+$1&-'*1'$7#'6##-$'"#$"#*'$#T1"*-2#($*-?$'"#$,9+#$)*'#(9*+$>6"91"$)*3$7#$1&((0,O
'#?$73$131+91$'"#()*+$#T,*-G9&-O1&-'(*1'9&-$&.$'"#$)*'#(9*+@<$

•   M#G92-$'&&+G$.&($9-'#2(*'9&-$&.$.&0-?*'9&-$#-#(23$0G#$9-$'&'*+$709+?9-2$#-#(23$?#)*-?<

!!!3.2.4 HEAT PIPES 
8#*'$,9,#G$10((#-'+3$*(#$0G#?$9-$,(*1'91#$)*9-+3$.&($1&&+9-2$9-$#+#1'(&-91$*,,+91*'9&-G<$!"#$6&(X9-2$)#O
?90)$>(#.(92#(*-'@$9G$19(10+*'#?$7#'6##-$'"#$#H*,&(*'&($*-?$1&-?#-G#($0G9-2$#T,*-G9&-$*-?$?9..#(#-1#G$
9-$?#-G9'3$>0,6*(?$)&H#)#-'$&.$G'#*)$*-?$?&6-6*(?$)&H#)#-'$&.$.+09?@<$8#*'$,9,#G$&.$+*(2#($G1*+#$*(#$
*+G&$9-$0G#$.&($#T'(*1'9-2$"#*'$&0'$&.$'"#$2(&0-?$9-$&(?#($'&$X##,$,#()*.(&G'$9-'*1'$7#-#*'"$G'(01'0(#G$
>#<2<$,9,#+9-#$.&0-?*'9&-G$9-$I+*GX*@<$!"#$G3G'#)$1&-'*9-G$-&$)&H9-2$,*('G$*-?$9G$'"#(#.&(#$(#+9*7+#$*-?$
#-#(23$#..919#-'$9-$&,#(*'9&-<$M0#$'&$'"#$,"3G91*+$1&-1#,'$&.$&,#(*'9&-F$"#*'$,9,#G$1*-$&-+3$7#$0G#?$.&($
'(*-G,&('9-2$"#*'$0,6*(?G$>9<#<$&0'$&.$'"#$2(&0-?F$.&($"#*'9-2$,0(,&G#G@n$'"#3$1*--&'$7#$0G#?$.&($9-S#1'9-2$
"#*'$9-'&$'"#$2(&0-?$*-?$'"0G$*(#$-&'$G09'*7+#$.&($1&&+9-2$*,,+91*'9&-G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

%(&0-?$G&0(1#$*,,+91*'9&-G$&.$"#*'$,9,#G$"*H#$G'*('#?$G#H#(*+$3#*(G$*2&F$70'$"*H#$-&'$3#'$*$G#10(#$
G'*-?9-2$&-$'"#$)*(X#'<$J0('"#($6&(X$9G$-##?#?$'&6*(?G$+&-2O'#()$(#+9*79+9'3F$*?*,'*'9&-$'&$2(&0-?$,*O
(*)#'#(GF$&,'9)9G*'9&-$&.$6&(X9-2$)#?9*F$#'1<

!!!3.2.5 OPEN SYSTEMS

L,#-$G3G'#)G$ >6#++O7*G#?$G3G'#)G@$*(#$*,,+91*7+#$ 9-$*(#*G$6"#(#$2(&0-?6*'#($l0*-'9'3F$2(&0-?6*'#($
l0*+9'3$*-?$2(&0-?6*'#($+#29G+*'9&-$*++&6G$'"#$0G#$&.$'"9G$'3,#$&.$G"*++&6$2#&'"#()*+$(#G&0(1#<$=-$2#-#(*+$
'"9G$9G$'"#$1*G#G$6"#(#$'"#$"3?(&2#&+&23$1&-G9G'G$&.$(#+*'9H#+3$3&0-2F$)#?90)O$'&$1&*(G#O2(*9-#?$*l09.#(G$
&.$.+0H9*+F$2+*19*+$&($)*(9-#$&(929-<$M#,#-?9-2$&-$+&1*+$1&-?9'9&-G$*-?$"3?(*0+91GF$&'"#($.&()*'9&-G$G01"$
*G$P*-?G'&-#F$+9)#G'&-#F$1"*+XF$?&+&)9'#$*-?$#H#-$.(*1'0(#?$1(3G'*++9-#$(&1XG$*(#$0G#.0+$)9-&($*l09.#(G<

K#++$7*G#?$G3G'#)G$*(#$&(929-*++3$7*G#?$&-$2(&0-?6*'#($6#++$'#1"-&+&23$>?(9++9-2F$6#++$1&),+#'9&-F$,0)O
,9-2j'#G'9-2@$*-?$#T'(*1'$6*'#($'&$7#$0G#?$9-$'"#$709+?9-2$9-G'*++*'9&-<$!"#$G&0(1#$6*'#($1*-$7#$0G#?$.&($
"#*'9-2$*-?$1&&+9-2$'"(&02"$'"#$0G#$&.$"#*'$,0),$'#1"-&+&23<$=.$'"#$#T'(*1'#?$6*'#($'#),#(*'0(#G$*++&6F$
'"#$6*'#($1*-$*+G&$7#$0G#?$.&($?9(#1'$1&&+9-2F$0G0*++3$H9*$*$"#*'$#T1"*-2#(F$"3?(*0+91*++3$G#,*(*'9-2$'"#$
6#++$6*'#($.(&)$'"#$6*'#($9-$'"#$709+?9-2$9-G'*++*'9&-<$

B*G#?$&-$1&))&-$G#-G#$*-?$+#?$?&6-$9-$+#29G+*'9&-$9'$"*G$7#1&)#$G'*-?*(?$,(*1'91#$'&$(#'0(-$'"#$
2(&0-?$6*'#($'&$'"#$.&()*'9&-$.(&)$6"#(#$9'$6*G$#T'(*1'#?<$!"#(#.&(#F$)&G'$6#++O7*G#?$G3G'#)G$1&-G9G'$
&.$*-$#T'(*1'9&-$*-?$*-$9-S#1'9&-$6#++$>?&07+#'@<$M#,#-?9-2$&-$'"#$'3,#$&.$&,#(*'9&-$>"#*'9-2$&($1&&+9-2@$
&.$'"#$709+?9-2F$'"#$6*'#($9-$'"#$9-S#1'9&-$6#++$9G$(#'0(-#?$*'$*$+&6#($&($*$"92"#($'#),#(*'0(#$'"*-$'"#$
6*'#($#T'(*1'#?<$=-$G&)#$1&0-'(9#G$69'"$.*H&0(*7+#$2(&0-?6*'#($1&-?9'9&-GF$G01"$*G$'"#$D#'"#(+*-?GF$&,#-$
6#++$G3G'#)G$*(#$'"#$)&G'$,(&)9-#-'$'3,#$&.$G"*++&6$2#&'"#()*+$*,,+91*'9&-<$

U-?#(2(&0-?$!"#()*+$/-#(23$P'&(*2#$>U!/P@$0G9-2$2(&0-?6*'#($6#++G$9G$1*++#?$*l09.#($G'&(*2#$>I!/P@<$
P3G'#)G$69'"$'"#$G*)#$,0),9-2$?9(#1'9&-$&H#($'"#$6"&+#$3#*($#T9G'$*G$6#++$*G$&'"#(G$69'"$G#*G&-*+$(#O
H#(G*+$&.$'"#$#T'(*1'9&-$*-?$9-S#1'9&-$6#++>G@<$K9'"$'"#$+*''#(F$'"#$'"#()*+$G'&(*2#$.0-1'9&-$&.$'"#$*l09.#($
9G$&,'9)9G#?<$;&+?$6*'#($2#-#(*'#?$73$69-'#($"#*'9-2$9G$0G#?$9-$G0))#($'9)#$.&($1&&+9-2F$6"9+G'$'"#$6*'#($
'"*'$9G$6*()#?$0,$73$'"9G$,(&1#GG$9G$#T'(*1'#?$.&($"#*'9-2$9-$69-'#($'9)#<$D0)#(&0G$,+*-'G$&.$'"#$'3,#$
#T9G'$9-$'"#$D#'"#(+*-?G$*-?$P6#?#-F$69'"$G&)#$)&(#$9-$D&('"#(-$B#+290)$*-?$9-$%#()*-3<

Shallow Geothermal • RHC-Platform
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Shallow Geothermal • RHC-Platform

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!"#$#GG#-'9*+$9GG0#G$69'"$6#++$'3,#$*,,+91*'9&-G$*(#A

•   !"#$*H*9+*79+9'3$*-?$l0*-'9'3$&.$6*'#($'&$7#$#T'(*1'#?$*-?$(#O9-S#1'#?

•   !"#$l0*+9'3F$2#&1"#)9G'(3$*-?$)91(&79&+&23$&.$'"#$2(&0-?6*'#($'&$7#$0'9+9W#?

•   83?(*0+91$*-?$'"#()*+$#..#1'G$&.$9-?9H9?0*+$*-?j&($)0+'9,+#$6#++$G3G'#)G

•   E#29G+*'9&-F$+91#-G9-2$*-?$G0G'*9-*79+9'3

!#1"-&+&291*+$ ?#H#+&,)#-'$ 9G$ ?9(#1'+3$ (#+#H*-'$ '&$ '"#$ .9(G'$ '"(##$,&9-'G<$K#++$ '#G'9-2$ '#1"-&+&23$*-?$
)#'"&?&+&23$"*G$7##-$?#H#+&,#?$)*9-+3$.&($#T'(*1'9&-$&.$6*'#($*-?$-&'$.&($9-S#1'9&-<$y0*+9'3$9GG0#G$
*-?$2(&0-?6*'#($2#&1"#)9G'(3$*-?$)91(&79&+&23$"*H#$7##-$#T'#-G9H#+3$(#G#*(1"#?$9-$*(#*G$6"#(#$'"9G$
9G$(#+#H*-'$'&$?(9-X9-2$6*'#(F$9-?0G'(9*+$0G*2#F$*2(910+'0(*+$0G#F$*-?$1&-1#(-9-2$9GG0#G$&.$1&-'*)9-*'9&-$
*-?$'"#$#-H9(&-)#-'<$=-.&()*'9&-$9G$+*1X9-2$&-$'"#$0G#$&.$2(&0-?6*'#($*'$2(#*'#($?#,'"$*-?$*'$#+#H*'#?$
'#),#(*'0(#G$>1.<$'"#$9'#)G$&-$U!/P$9-$'"#$G'&(*2#$,*('$&.$'"#$;(&GG$;0''9-2$5#G#*(1"$4(9&(9'9#G@<

83?(*0+91$*-?$'"#()*+$#..#1'G$69'"9-$6#++$7*G#?$G3G'#)G$>'"#()*+$G"&('$19(109'9-2$7#'6##-$6#++G@$*-?$"3O
?(*0+91$*-?$'"#()*+$9-'#(*1'9&-$7#'6##-$?9..#(#-'$6#++$7*G#?$G3G'#)G$*G$6#++$*G$'"#$,&'#-'9*+$&,'9)9G*'9&-$
&.$)0+'9,+#$6#++$7*G#?$G3G'#)G$-##?G$.0('"#($(#G#*(1"<

L7H9&0G+3$'#1"-&+&291*+$?#H#+&,)#-'$&.$?(9++9-2$'#1"-9l0#GF$6#++$)*'#(9*+GF$,0),G$*-?$G3G'#)$"3?(*0+91G$
69++$9),(&H#$'"#$*,,+91*79+9'3$&.$'"#$'#1"-&+&23F$(#?01#$)*9-'#-*-1#$9GG0#G$*-?$1&G'$*-?$9),(&H#$6#++$
+9.#<$M#H#+&,)#-'$&.$)#'"&?&+&23$*-?$G'(*'#29#G$69'"$(#2*(?$'&$G3G'#)$9-'#(*1'9&-$9G$*$(#l09(#)#-'$.&($
*11#,'*-1#$*-?$G0G'*9-*79+9'3<

!!!3.3  INSTALLATION OF UNDERGROUND HEAT EXCHANGERS
!!!3.3.1  OVERVIEW

Q&G'$"#*'$#T1"*-2#(G$0G#?$ .&($2#&'"#()*+$"#*'$,0),$*,,+91*'9&-G$*(#$ 9-G'*++#?$ 9-$7&(#"&+#G$6"91"$
*(#$?(9++#?$0G9-2$G'*-?*(?$?(9++9-2$'#1"-&+&29#G$?#(9H#?$.(&)$6*'#($6#++$?(9++9-2F$.&0-?*'9&-$?(9++9-2F$*-?$
#T,+&(*'9&-$?(9++9-2<$

M(9++9-2$.&($1+&G#?$G3G'#)G$>B8/@$9G$0G0*++3$?&-#$73$(&'*(3$?9(#1'$19(10+*'9&-$'#1"-&+&23$9-$G#?9)#-'G$*-?$
G&.'$.&()*'9&-G$>G*-?GF$1+*3F$1"*+XF$)0?G'&-#G$#'1<@<$!"9G$9G$?&-#$73$0G9-2$6*'#($&($)0?$*G$19(10+*'9&-$
)#?9*$'&$G'*79+9W#$'"#$7&(#"&+#$*-?$1*((3$10''9-2G$'&$'"#$G0(.*1#<$M#,#-?9-2$&-$6*'#($+&GG#G$'&$'"#$
2(&0-?$6"9+G'$?(9++9-2F$1*G9-2$)*3$7#$0G#?$.&($,*('G$&.$'"#$7&(#"&+#<

=-$)&(#$1&-G&+9?*'#?$*-?$"*(?$.&()*'9&-G$>G*-?G'&-#F$G"*+#F$?&+&)9'#F$+9)#G'&-#F$2(*-9'#@F$'"#$?&6-O
"&+#O"*))#($>M!8@$9G$*,,+9#?F$0G9-2$*9($>9-$G&)#$1*G#G$.&*)9-2$*2#-'$*??#?@$*G$*$19(10+*'9&-$)#?90)<$
M#,#-?9-2$&-$'"#$G'*79+9'3$&.$'"#$?(9++#?$7&(#"&+#F$G#1'9&-G$)*3$"*H#$'&$7#$1*G#?<$

L'"#($?(9++9-2$)#'"&?G$G01"$*G$'"#$1+*GG91*+$1*7+#O'&&+$?(9++9-2$*-?$*02#(9-2$>.&($G"*++&6$"&+#G$9-$G&.'$
2(&0-?@F$*G$6#++$*G$-#6#($'#1"-9l0#G$G01"$*G$6*'#(OS#''9-2$&($G&-91$?(9++9-2F$*(#$*+G&$0G#?F$*+'"&02"$
'"#G#$)#'"&?G$*(#$73$.*($-&'$*G$1&))&-$*G$'"#$?9(#1'$19(10+*'9&-$(&'*(3$)#'"&?<$!"#$-#6$)#'"&?G$G'9++$
(#l09(#$.0('"#($?#H#+&,)#-'$7#.&(#$'"#3$1*-$7#$1&-G9?#(#?$.&($(&0'9-#$0G#<

LH#($'"#$+*G'$3#*(GF$0-?#($/0(&,#*-$*-?$D*'9&-*+$8#*+'"$:$P*.#'3$?9(#1'9H#G$*-?$6&(X9-2$1&-?9'9&-$(#20O
+*'9&-GF$?(9++9-2$(92G$"*H#$7#1&)#$G*.#(F$)&(#$*0'&)*'#?$*-?$)#1"*-9G#?$'"#(#.&(#$'"#$)*-0*+$"*-?+9-2$
&.$?(9++(&?GF$6#92"'G$#'1<$"*G$7##-$(#?01#?$*-?$6&(X9-2$1&-?9'9&-G$"*H#$9),(&H#?<
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&MSNG#=#4#(ZGKZUG\#HT#MOONUXMSUNUIW#HT#VKUNNURY#IGXJRUaPGQ#THK#VUTTGKGRI#YKHPRV#IWOGQ

/MUR#IGXJRUaPGQ +HRQHNUVMIGV#KHX]Q^#
JMKV#`#LGVUPL#`#QHTI

*RXHRQHNUVMIGV#QHUN^#
WHPRY#QGVULGRIQ

)GOIJ#URIGKZMN

M9(#1'$.+0G"$(&'*(3 )#?90)$O$G&.' G'*-?*(?$)#'"&? `$O$a``$)
5#H#(G#$19(10+*'9&-$(&'*(3 G&.'$.&()*'9&- -&-OG'*-?*(? `$O$_e`$)
M&6-$8&+#$8*))#($>M8!@ "*(?$O$)#?90) -&'$*,,+91*7+# `$O$c``$)
P&-91$(&'*(3 )#?90)$O$G&.' -&-OG'*-?*(? `$O$_e`$)
I02#( G&.'$.&()*'9&- G'*-?*(?$9-$+&*)$#'1< `$O$\`$)
K*'#(OS#''9-2 )#?90) ,*('+3$0G*7+# `$O$_``$)$>z@

!"#$%&'(F')'*"%&61'%-14%7'5%",,"0#'<,&21?E'P"18'/$5'6-014"0&%3'"0'18&'2-%&#%-$05E'405'*Y^'5%",,"0#'<%"#81?E'
P"18'7&,,-P'4"%'6-/.%&33-%'6-$.,&5'1-'18&'5%",,'%"#

L7H9&0G+3$'"#$?(9++9-2$&.$'"#$7&(#"&+#G$9G$&-+3$&-#$*G,#1'$&.$'"#$9-G'*++*'9&-F$&'"#($(#+#H*-'$'#1"-&+&291*+$
*G,#1'G$*(#A

•   M(9++9-2$.+09?G$*-?$*??9'9H#G
•   =-G#('9&-$&.$'"#$"#*'$#T1"*-2#($
•   B*1X.9++9-2$>2(&0'9-2@$&.$'"#$7&(#"&+#F$7*1X.9++$*-?$2(&0'$)*'#(9*+G$
•   4(&1#GG$)*-*2#)#-'$&.$19(10+*'9&-$6*'#($ >)0?@$*-?$?9G,&G*+$&.$)*'#(9*+$ .(&)$ '"#$7&(#"&+#$ >?(9++$
10''9-2G@

!"#$1&G'$&.$'"#$9-G'*++*'9&-$&.$*$B8/$9G$+*(2#+3$?91'*'#?$73$'"#$?(9++9-2$1&G'<$I$(#?01'9&-$&.$?(9++9-2$'9)#$
*-?$1&G'$*-?$*-$9),(&H#)#-'$&.$'"#$6&(X9-2$1&-?9'9&-G$*-?$'"#$)*-*2#)#-'$&.$)0?$*-?$6*'#($&-$G9'#$
6&0+?$7#$H#(3$7#-#.919*+$'&$G"*++&6$2#&'"#()*+$"#*'$,0),$,(&S#1'G<$Q&(#&H#(F$)9'92*'9&-$&.$'"#$(9GX$&.$
+&G'$&($*7*-?&-#?$7&(#"&+#G$9G$9),&('*-'<

IG$)&G'$?(9++9-2$1&),*-9#G$*-?$1&),*-9#G$G0,,+39-2$)*'#(9*+$*-?$G#(H91#G$'&$'"#$G"*++&6$2#&'"#()*+$
9-?0G'(3$*(#$(#+*'9H#+3$G)*++$*-?$7*G#?$(#29&-*++3F$?#H#+&,)#-'$&.$G,#19*+9W#?$#l09,)#-'$9G$-&'$*?H*-1#?F$
70'$6&0+?$.9++$*$'#1"-&+&291*+$2*,$*-?$.9-?$69?#G,(#*?$9),+#)#-'*'9&-<

Shallow Geothermal • RHC-Platform
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!3.3.2  DRILLING

M(9++9-2$.&($G"*++&6$2#&'"#()*+$G3G'#)G$9G$)&G'+3$?&-#$0G9-2$H#(3$'(*?9'9&-*+$?(9++9-2$)#'"&?GF$&,#(*'9&-*+$
GX9++G$*-?$)*1"9-#(3<$I'$'"#$H#(3$7#G'F$&-+3$G,#19.91$,*('G$&.$'"#$?(9++9-2$,(&1#GGF$G01"$*G$'"#$"*-?+9-2$
&.$?(9++9-2$(&?GF$"*H#$7##-$*0'&)*'#?$*-?$)#1"*-9W#?<$

M(9++9-2$,(&2(#GG$>)#'#(G$,#($?*3@$9G$&.'#-$"92"+3$0-1#('*9-F$*G$0-?#(2(&0-?$?(9++9-2$1&-?9'9&-G$"*H#$-&'$
7##-$#T'#-G9H#+3$9-H#G'92*'#?$*-?$'"#$*?#l0*'#$)*'1"9-2$&.$)#'"&?&+&23F$)*1"9-#G$*-?$'&&+G$9G$+*1X9-2<$
!9)#$+&GG$*-?$'"#$1&G'$9-H&+H#?$*(#$G92-9.91*-'$.*1'&(G$9-$&H#(*++$?(9++9-2$1&G'<$B0'$*+G&$7&(#"&+#$l0*+9'3$
>1*++9,#(F$G#1'9&-@$9G$*$(#+#H*-'$.*1'&($.&($9),(&H#)#-'<

M(9++9-2$9G$H#(3$,"3G91*+$6&(X$69'"$G92-9.91*-'$"#*+'"$*-?$G*.#'3$(9GX^GF$0G0*++3$-&9G3$*-?$G07S#1'$'&$6#*'"#($
*-?$G#*G&-<$;&-G#l0#-'+3$,(&?01'9&-$9G$+9)9'#?$73$'"#G#$.*1'&(G$*G$6#++$*G$73$'#1"-91*+$7(#*X?&6-G$
7#1*0G#$&.$'"#$6#*($*-?$'#*($&-$)*1"9-#(3$'"*'$9G$&,#(*'9-2$9-$*$-&-O1&-'(&++#?$#-H9(&-)#-'$*-?$&.'#-$
+*1X9-2$,(&.#GG9&-*+$)*9-'#-*-1#<

B#-#.9'G$&.$?#H#+&,)#-'G$9-$'"9G$*(#*$*(#A

•  B#''#($6&(X9-2$1&-?9'9&-G$.&($?(9++#(G$*-?$9-1(#*G#?$,(&?01'9H9'3

•  =),(&H#?$l0*+9'3$&.$9-G'*++*'9&-F$7*1X.9++9-2j2(&0'9-2F$1&--#1'9&-G

•  I11#,'*-1#$*-?$9-'#2(*'9&-$9-$709+?9-2$9-?0G'(3$?0#$'&$9-1(#*G#?$,(&?01'9H9'3$*-?$1&-G'*-'$l0*+9'3

•  5#?01'9&-$&.$#-H9(&-)#-'*+$(9GX$*-?$9),(&H#?$,(&?01'$(#,0'*'9&-$?0#$'&$7#''#($*-?$1&-G'*-'$l0*+9'3

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!"#(#$9G$*$G92-9.91*-'$,&'#-'9*+$.&($'"#$?#H#+&,)#-'$&.$?#?91*'#?$?(9++9-2$(92G$1*,*7+#$&.$(#+9*7+#F$,(#O
?91'*7+#F$.*G'$,(&?01'9&-$69'"$+&6$)*9-'#-*-1#$(#l09(#)#-'GF$1&-G'*-'$,(&1#GG$l0*+9'3$*-?$*11#,'*7+#$
6&(X9-2$1&-?9'9&-G<$I+'"&02"$9'$9G$-&'$#T,#1'#?$'&$?#H#+&,$1&),+#'#+3$-#6$?(9++9-2$'#1"-9l0#GF$G92-9.91*-'$
9),(&H#)#-'G$1*-$7#$*1"9#H#?$69'"A

•  8*-?+9-2$,(&1#GG$&.$?(9++$10''9-2G$*-?$?(9++9-2$.+09?$

•  Q*-*2#)#-'$&.$,(&1#GG$6*'#(

•  K&(X9-2$1&-?9'9&-GF$l0*+9'3F$,(&?01'9&-$*-?$G*.#'3$

•  L,'9)9W*'9&-$&.$'"#$?(9++9-2$(92G$69'"$(#2*(?$'&$,(&?01'9&-$G,##?

•  B#''#($1&-'(&+$&.$7&(#"&+#$?#H9*'9&-F$9-$(#2*(?$'&$&'"#($0-?#(2(&0-?$9-G'*++*'9&-G$*-?$-#92"7&0(9-2$
B8/G

!3.3.3  GROUTING AND BACKFILLING OF BOREHOLES

%(&0'9-2$*-?$7*1X.9++9-2$&.$7&(#"&+#G$69'"$9-G'*++#?$"#*'$#T1"*-2#(G$9G$(#l09(#?$'&$6*((*-'$'"#$.&++&69-2A

•  E&-2O'#()$'"#()*+$,#(.&()*-1#F$2&&?$1&--#1'9&-$&.$,9,#G$'&$-*'0(*+$2(&0-?

•  E&-2O'#()$)#1"*-91*+$9-'#2(9'3$&.$'"#$7&(#"&+#$*-?$B8/$1&-.920(*'9&-

Shallow Geothermal • RHC-Platform



30

•  E&-2O'#()$#-H9(&-)#-'*+$9-'#2(9'3$&.$'"#$B8/$*-?$'"#$2#&+&291*+$.&()*'9&-$>G#*+9-2$&.$'"#$,#(.&(*'9&-$
j$7&(#"&+#$*--0+0G@

%(&0'9-2j7*1X.9++9-2$9G$10((#-'+3$*??(#GG#?$9-$G&)#$-*'9&-*+$209?#+9-#GF$"&6#H#(F$'"#$9),&('*-1#$'&$'"#$
&H#(*++$l0*+9'3$&.$'"#$?(9++9-2j9-G'*++*'9&-$,(&1#GG$9G$&.'#-$&H#(+&&X#?<$

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

M#H#+&,)#-'$&.$'"#$.&++&69-2$9G$&.$9),&('*-1#A

•  892"$,#(.&()*-1#F$l091X+3$9-G'*++#?F$+&6$1&G'$2(&0'F$9-1+0?9-2$G,#19*+9W#?$)*1"9-#(3j,+*-'<

•  M#H#+&,)#-'$&.$2(&0'9-2$)*1"9-#(3$69'"$1&-'(&+$&H#($'"#$2(&0'$,(&,#('9#GF$9-1+0?9-2$*0'&)*'91$?&10O
)#-'*'9&-$&.$'"#$2(&0'9-2$,(&1#?0(#

•  D&-O?#G'(01'9H#$9-G,#1'9&-$'#1"-&+&23$'&$H#(9.3$1&((#1'$*,,+91*'9&-$&.$2(&0'Gj7*1X.9++$*-?$'&$6*((*-'$
'"#$l0*+9'3$&.$'"#$6&(X$1*((9#?$&0'<

!3.3.4  SPECIFIC IMPROVEMENTS FOR OPEN LOOP WELL INSTALLATION

I$G92-9.91*-'$-0)7#($&.$6#++$7*G#?$G3G'#)G$1&,#$69'"$*$?#1(#*G9-2$39#+?$&.$6*'#(F$*-$9-1(#*G#$9-$9-S#1'9&-$
,(#GG0(#$*-?$1&G'+3$,#(9&?91$)*9-'#-*-1#<$I$-0)7#($&.$'"#G#$,(&7+#)G$1*-$7#$'(*1#?$'&$,&&($?#G92-$
*-?$9-G'*++*'9&-$&.$'"#$6#++GF$&'"#(G$)*3$.9-?$'"#9($&(929-$9-$'"#$2#&1"#)9G'(3$&.$'"#$6*'#(F$)9T9-2$&.$
?9..#(#-'$6*'#($'3,#G$&($#H#-$7*1'#(9*+$2(&6'"$9-$'"#$6#++G$&($1&--#1'9-2$,9,#G<

%09?#+9-#G$"*H#$7##-$?#H#+&,#?$'&$9),(&H#$6#++$l0*+9'3$*-?$9-$)&G'$1&0-'(9#G$)9-9)0)$l0*+9'3$(#l09O
(#)#-'G$.&($6#++GF$6#++$"#*?G$*-?$*GG&19*'#?$,9,#6&(X$"*H#$7##-$(#$9-1&(,&(*'#?$9-'&$'"#$*,,+91*7+#$
+#29G+*'9&-<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

P,#19.91$?#H#+&,)#-'$9G$-##?#?$9-$'"#$.&++&69-2$*(#*GA

•  M#G92-$&.$6#++G$*-?$6#++$G3G'#)GF$&,'9)9G#?$.&($+&1*+$1&-?9'9&-G

•  !#G'$,(&1#?0(#G$.&($#T'(*1'9&-$*-?$9-S#1'9&-

•  K#++$)*'#(9*+GF$1&),&-#-'G$*-?$9-G'(0)#-'*'9&-

•  P*),+9-2$*-?$'#G'9-2$&.$2(&0-?6*'#($1"#)9G'(3$*-?$)91(&79&+&23

•  B#''#($0-?#(G'*-?9-2$&.$"3?(&1"#)91*+$*-?$)91(&79&+&291*+$,(&1#GG#GF$?#H#+&,)#-'$&.$G'(*'#29#G$'&$
*H&9?$(#+*'#?$,(&7+#)G

•  K#++$)*9-'#-*-1#F$G*-9'*'9&-$*-?$(#"*79+9'*'9&-

!3.3.5  ISSUES SURROUNDING URBAN INSTALLATIONS

!&$)*X#$?(9++9-2$.&($2#&'"#()*+$*,,+91*'9&-G$)&(#$*11#,'*7+#$&-$709+?9-2$G9'#GF$9-$,*('910+*($.&($0(7*-$
G#''9-2G$*-?$(#'(&.9''9-2$,(&S#1'GF$'"#$,(&1#GG$-##?G$'&$7#$7#''#($)*-*2#?$*-?$1&-'(&++#?<$/G,#19*++3$'"#$
(#+#*G#$&.$+*(2#$l0*-'9'9#G$&.$6*'#($*-?$?(9++9-2$)0?$9-$1&)79-*'9&-$69'"$'"#$0G#$&.$'(*1X#?$)*1"9-#(3$
1(#*'#$0-*11#,'*7+#$1&-?9'9&-G$*-?$1&-G#l0#-'+3$"92"$1&G'$.&($(#)#?9*'#$*1'9&-<
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=-$*-$9-1(#*G9-2$-0)7#($&.$,(&S#1'G$?(9++9-2$9G$'*X9-2$,+*1#$9-$*(#*G$6"#(#$.0'0(#$.&0-?*'9&-$6&(XG$*(#$
,+*--#?$>J92<$__@<$M9G'0(7*-1#$9-$'"#G#$*(#*G$9G$1&G'+3$7#1*0G#$&.$'"#$?#+*3$'&$G07G#l0#-'$1&-G'(01'9&-$
6&(X<$

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

L.'#-$2#&'"#()*+$G9'#G$*(#$ 9-$0(7*-$*(#*G$6"#(#$ '(*..91$)*-*2#)#-'$ 9G$*+(#*?3$*-$ 9GG0#<$!"#(#.&(#$
*??9'9&-*+$)&H#)#-'$73$'(01XG$)&H9-2$)*'#(9*+$&..$G9'#$9G$0-6*-'#?<$L-$G9'#$,(&1#GG9-2$*-?$G'&(*2#$
&.$#T1*H*'#?$)*'#(9*+G$6&0+?$7#-#.9'$'"#$9-G'*++*'9&-$,(&1#GG<$I+G&$-&9G#$(#?01'9&-F$+&6$#)9GG9&-G$*-?$
(#+*'9H#+3$1+#*-$1&-G'(01'9&-$G9'#G$*(#$?#G9(#?$>1.<$J92<$__@<

•  M#H#+&,9-2$?(9++$(92G$69'"$G)*++$.&&',(9-'G

•  Q9-9)9W9-2$?9G'0(7*-1#$&-$709+?9-2$G9'#GF$#T9G'9-2$+*-?G1*,9-2$j$2*(?#-G

•  4(&1#?0(#G$.&($1+#*-$"*-?+9-2$*-?$?9G,&G*+$&.$)*'#(9*+G

•  M#H#+&,)#-'$&.$u1*(#.0+v$?(9++9-2$)#'"&?G$>#<2<$.0('"#($?#H#+&,)#-'$&.$M!8$69'"$6*'#($9-G'#*?$&.$*9(@$
*-?$)#'"&?G$.&($H#(3$G#-G9'9H#$*(#*G$>#<2<$l091X$1+*3@

!3.4  INTEGRATED DESIGN
!3.4.1  OVERVIEW

M0#$'&$'"#$?3-*)91$1&0,+9-2$&.$'"#$2#&'"#()*+$G3G'#)$69'"$'"#$)#1"*-91*+$G3G'#)$*-?$709+?9-2F$*-$
9-'#2(*'#?$?#G92-$*,,(&*1"$9G$-##?#?$.&($*-$#..919#-'$9),+#)#-'*'9&-$*-?$&,#(*'9&-<

UG9-2$'"#$2(&0-?$'&$#T'(*1'F$9-S#1'$&($G'&(#$'"#()*+$#-#(23$*..#1'G$'"#$'#),#(*'0(#GF$2(&0-?6*'#($.+&6F$
2#&1"#)9G'(3F$*-?F$9-$2#-#(*+F$'"#$"3?(&2#&+&291*+$*-?$2#&,"3G91*+$1&-?9'9&-G$&.$'"#$G&9+<$K"#'"#($&($-&'$
'"#G#$#..#1'G$)*3$1*0G#$G92-9.91*-'$,#('0(7*'9&-G$'&$'"#$2#&'"#()*+$(#G&0(1#$9G$*$l0#G'9&-$1&H#(#?$0-?#($
'"#$1&-1#,'$&.$G0G'*9-*79+9'3F$0-?#(G'&&?$&-$&-#$G9?#$*G$#-#(23$G0G'*9-*79+9'3$*-?$&-$'"#$&'"#($"*-?$
*G$#-H9(&-)#-'*+$G0G'*9-*79+9'3<$!"#$+*''#($1&H#(G$'"#$G0G'*9-*7+#$,(#GG0(#$1&-?9'9&-G$9-$'"#$(#G&0(1#GF$
'"0G$*H&9?9-2$(#?01'9&-$&.$*H*9+*7+#$ .+09?$H&+0)#G$*-?$6*'#($l0*+9'3$*G$6#++$*G$,&GG97+#$ 9-'#(.#(#-1#$
69'"$*l09.#(G$*-?$*-3$&'"#($G07G0(.*1#$(#G&0(1#G$>G01"$*G$'"#()*+$&($)9-#(*+$6*'#(G@F$)*9-'#-*-1#$&.$
2(&0-?6*'#($1&-?9'9&-G$*-?$,(&H9G9&-G$.&($*7*-?&-)#-'$$*-?$,(&,#($(#G'&(*'9&-<

!"#$%&'((')'*%",,"0#'405'W^:'"0314,,41"-0'P"18'K'%"#3'3"/$,140&-$3,7'-0'A$",5"0#'3"1&
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/-#(23$G0G'*9-*79+9'3$1*-$7#$0-?#(G'&&?$9-$,*('910+*($*G$'"#$*79+9'3$'&$#..919#-'+3$)##'$'"#$'"#()*+$?#O
)*-?G$,+*--#?$*+&-2$'"#$+9.#'9)#$&.$'"#$709+?9-2<$!"9G$(#l09(#G$*-$9-'#2(*'#?$*-?$(*'9&-*+$?#G92-$G3G'#)F$
'"#$X-&6+#?2#$&.$709+?9-2$+&*?$*-?$'"#()*+$?#)*-?G$*-?$'"#$*1l0*9-'*-1#$&.$'"#$(#+#H*-'$"3?(&2#&O
+&291*+F$2#&+&291*+$*-?$ '"#()*+$,*(*)#'#(G<$!"#$2&*+$ 9G$ '&$7*+*-1#$ '"#$#T'(*1'9&-G$*-?$ 9-S#1'9&-G$&.$
'"#()*+$#-#(23$9-$'"#$.9#+?$69'"$'"#$-*'0(*+$(#2#-#(*'9&-$*79+9'3$&.$'"#$G&9+$*-?$69'"$&'"#($'"#()*+$#-#(23$
G&0(1#G$'"*'$)*3$#-'#($9-'&$'"#$G3G'#)<$M#,#-?9-2$&-$'"#$1&),+#T9'3$&.$2#&'"#()*+$*,,+91*'9&-GF$'"#$
)*9-'#-*-1#$&.$#..919#-'$&,#(*'9&-$)*3$*+G&$"*H#$'&$(#*1'$'&$+*(2#$H*(9*'9&-G$9-$(#G,#1'$'&$'"#$&(929-*+$
?#G92-$1&-?9'9&-GF$*-?$'"0G$*$.+#T97+#$&,#(*'9&-*+$*-?$1&-'(&+$G'(*'#23$9G$*+G&$,*('$&.$*-3$G0G'*9-*79+9'3$
*,,(&*1"<

!"#$#-H9(&-)#-'*+$G0G'*9-*79+9'3$9G$,#(.#1'+3$#T,(#GG#?$*-?$20*(*-'##?$9-$'"#$9),+#)#-'*'9&-$*-?$#-.&(O
1#)#-'$&.$#-H9(&-)#-'*+$G'*-?*(?G<$=-$2#&'"#()*+$#T,+&9'*'9&-$&.$G"*++&6$2(&0-?6*'#($9'$)0G'$7#$#-G0(#?$
'"*'$'"#$1&-?9'9&-G$*(#$l0*+9'*'9H#+3$*-?$l0*-'9'*'9H#+3$.&(#G##*7+#F$6#++$?&10)#-'#?$*-?$#-H9(&-)#-'*++3$
*11#,'*7+#<

Q&(#&H#(F$1+&G#?$+&&,$G3G'#)G$69++$2#-#(*'#$9-$'"#$1&)9-2$3#*(G$*$G92-9.91*-'$-0)7#($&.$?(9++9-2$9-$*(#*GF$
0G0*++3$0(7*-F$6#(#$+9''+#$#T,#(9#-1#$9G$*H*9+*7+#$&-$,&GG97+#$#-H9(&-)#-'*+$9GG0#G$*-?$9-'#(*1'9&-$#..#1'G<$
P)*('$9-'#2(*'#?$?#G92-$*-?$,+*--9-2$'&&+G$69++$"*H#$'&$7#$?#H#+&,#?$'&$#-G0(#$)9-9)9G*'9&-$&.$,&GG97+#$
,(&7+#)G$69'"&0'$G'(*-2+9-2$'"#$9),+#)#-'*'9&-$&.$'"9G$.&()$&.$#-#(23<$

!3.4.2  SITE INVESTIGATION AND THERMAL RESPONSE TESTS

!&$G'*('$*$?#GX$G'0?3$'&$*-3$.#*G979+9'3$*,,(&*1"$&($?#'*9+#?$6#++$.9#+?$?#G92-F$9-,0'$9-.&()*'9&-F$G9'#$*-?$
.9#+?$?*'*$*(#$#GG#-'9*+<$=-.&()*'9&-$(#l09(#)#-'GF$*)&-2G'$&'"#(G$*(#$?#'*9+#?$2#&+&23F$"3?(&2#&+&23$
*-?$'"#$'"#()*+$1"*(*1'#(9W*'9&-$&.$'"#$0-?#(2(&0-?$>#<2<$2#&+&291*+$G'(*'92(*,"3F$"3?(*0+91$1&-?01'9H9'3F$
,&(&G9'3$&($.(*1'0(#$,*''#(-GF$2(&0-?$6*'#($,(#G#-1#$*-?$2(*?9#-'F$G&9+$l0*+9'3F$,&++0'9&-F$'"#()*+$1&-?01O
'9H9'3F$"#*'$1*,*19'3F$H#('91*+$'#),#(*'0(#$2(*?9#-'@<

L'"#($(#+#H*-'$9-.&()*'9&-$)*3$1&-G9?#($+#2*+$+9)9'*'9&-GF$#-H9(&-)#-'*+$1&-?9'9&-GF$1&-'*)9-*-'$9GG0#G$
&($0G#$&.$'"#$0-?#(2(&0-?$73$&'"#(G$'"*'$)*3$9-'#(.#(#$69'"$2#&'"#()*+$"#*'$#T'(*1'9&-j9-S#1'9&-<$P01"$
9-.&()*'9&-$'&?*3$9G$&.'#-$9-G0..919#-'$9-$'(*?9'9&-*+$'#()G$>+*1X$&.$?*'*@$*-?$9G$l09'#$92-&(#?$&($0-?#(O
H*+0#?$6"#-$?#*+9-2$69'"$G,*'9*+$H*(9*79+9'3$*-?$69'"$'9)#$H*(9*79+9'3$&.$0-?#(2(&0-?$,(&,#('9#G<$B*G91$
9-.&()*'9&-$.&($*$?#GX$G'0?3$6&0+?$7#$*H*9+*7+#$.(&)$G&0(1#G$G01"$*G$*$2#&+&291*+$G0(H#3GF$)0-919,*+$
(#1&(?GF$0'9+9'3$1&),*-9#GF$6*'#($7&*(?F$#'1<$=-H#G'92*'9&-G$&-$'"#$)#1"*-91*+$,(&,#('9#G$&.$'"#$G&9+$9-$
,(#,*(*'9&-$&.$'"#$709+?9-2$.&0-?*'9&-$?#G92-$)*3$*+G&$7#$*H*9+*7+#$*'$*-$#*(+3$G'*2#<

!"#(#$*(#$?9..#(#-'$6*3G$&.$2*'"#(9-2$ .9#+?$ 9-.&()*'9&-<$!"(&02"&0'$ '"#$/;$2#&+&291*+$ 9-.&()*'9&-$ 9G$
*H*9+*7+#$9-$G&)#$&.$'"#$-*'9&-*+$&($(#29&-*+$G0(H#3GF$*+'"&02"$'"#$+#H#+$*-?$#T'#-'$&.$*H*9+*7+#$?*'*$9G$
H#(3$9-"&)&2#-#&0G<$Q&(#$&($+#GG$G&,"9G'91*'#?$2#&,"3G91*+$)#'"&?G$>G01"$*G$2#&#+#1'(91$*-?$G#9G)91$
G0(H#3G@$*(#$*+G&$*H*9+*7+#$*G$6#++$*G$'#G'$?(9++9-2$'#1"-9l0#G<

Q&(#$G,#19.91$)#'"&?G$9-1+0?#$'"#()*+$(#G,&-G#$'#G'$>!5!F$J92<$_c@F$'#),#(*'0(#j?#,'"$,(&.9+#GF$,0),9-2$
'#G'F$#'1<$B3$'"#G#$ 9-H#G'92*'9&-G$ 9'$ 9G$,&GG97+#$'&$?#'#()9-#$'"#$7*G91$,*(*)#'#(G$0G#.0+$ .&($*$2&&?$
?#G92-A$G'(*'92(*,"3F$0-?#(2(&0-?$'"#()*+$,(&,#('9#G$ >'"#()*+$1&-?01'9H9'3F$"#*'$1*,*19'3F$*-?$H#('91*+$
'#),#(*'0(#$2(*?9#-'@F$"3?(&2#&+&291*+$,(&,#('9#G$>,#()#*79+9'3F$G'&(*2#F$2(&0-?6*'#($+#H#+G$*-?$2(*?9#-'@F$
*-?$'"#$'"#()&O"3?(*0+91$,(&,#('9#G$&.$'"#$?(9++#?$"&+#G<$B0'$H#(3$.#6$&($-&$?*'*$*(#$1&++#1'#?$1&-1#(-9-2$
'"#$H#('91*+$*-?$"&(9W&-'*+$H*(9*79+9'3$&.$9-'#(#G'9-2$,*(*)#'#(G$*G$6#++$*G$1&-1#(-9-2$'"#$"3?(&2#&+&29O
1*+$?3-*)91G<$/-"*-1#?$'#G'9-2$69'"$G'#,,#?$"#*'9-2$,0+G#G$&($"#*'9-2$*-?$1&&+9-2$,0+G#G$1*-$l0*-'9.3$
2(&0-?6*'#($#..#1'G<$P&)#$2#&,"3G91*+$'#G'9-2$>&-$G9'#$G0(.*1#$&($*G$7&(#"&+#$+&2G@$9G$*+G&$0-?#('*X#-F$
70'$'"9G$9G$(*'"#($(*(#<

D&6*?*3GF$G9'#$1"*(*1'#(9W*'9&-$)#'"&?G$*(#$l09'#$+9)9'#?$.&($*$H*(9#'3$&.$(#*G&-G<$407+91$*H*9+*7+#$9-O
.&()*'9&-$9G$G1*(1#F$&.'#-$-&'$#T9G'9-2<$%#-#(*+$,0(,&G#$'#1"-9l0#G$?&$-&'$(#*1"$'"#$?#,'"G$(#+#H*-'$.&($
2#&'"#()*+$0G#G$*-?$!5!$'#G'9-2$'#1"-&+&29#G$*(#$&.'#-$-&'$0G#?$9-$*$.#*G979+9'3$G'*2#F$7#1*0G#$
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Shallow Geothermal • RHC-Platform

&.$9'G$1&G'$*-?$1&),+#T9'3F$&($*(#$#T#10'#?$*'$0-*11#,'*7+#$l0*+9'3$+#H#+G$>?0#$'&$1&G'$&($X-&6+#?2#$
(#G'(91'9&-G@$6"91"$"*),#(G$(*'"#($'"*-$"#+,G$'"#$?#G92-$,(&1#GG<$

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!"#$&-+9-#$*H*9+*79+9'3$&.$(#+#H*-'$9-.&()*'9&-$'"(&02"$?*'*7*G#G$*-?$%=P$G3G'#)G$6&0+?$7#$7#-#.919*+F$
#G,#19*++3$ 9.$ 9-.&()*'9&-$&-$0-?#(2(&0-?$9-.(*G'(01'0(#$*-?$'"#$,&G9'9&-$&.$&'"#($2#&'"#()*+$G3G'#)G$
9G$9-1+0?#?<$B&(#"&+#$1"*(*1'#(9W*'9&-$73$2#&,"3G91*+$+&229-2$69++$7#$(#+#H*-'$.&($?#G92-$70'$*++&6G$.&($
#G'*7+9G"9-2$1&),+9*-13$&.$7&(#"&+#$?#G92-$*-?$1&-G'(01'9&-$69'"$#-H9(&-)#-'*+$+#29G+*'9&-<$

!5!$9G$6#++$?#H#+&,#?$.&($G'*-?*(?$"#*'$9-S#1'9&-j"#*'$#T'(*1'9&-$'#G'G$>J92<$_c@n$(#G0+'G$*(#$0G#.0+$&-+3$
9.$'#G'G$*(#$1*((9#?$&0'$,(&,#(+3<$=-$)&(#$1&),+#T$G9'0*'9&-G$69'"$H*(9#?$2#&+&23$&($"3?(&2#&+&291*+$9-O
.+0#-1#$)&(#$*?H*-1#?$!5!$'#G'9-2$G"&0+?$7#$?#H#+&,#?$'&$1"*(*1'#(9W#$'"#$'"#()*+$7#"*H9&0($&.$'"#$
2(&0-?$*-?$2(&0-?6*'#($#..#1'G<$

M#H#+&,)#-'$&.$G)*++$*-?$#*G3$'&$0G#$!5!$*-?$7&(#"&+#$+&229-2$#l09,)#-'F$'&2#'"#($69'"$*$1+#*(+3$?#GO
1(97#?$G'*-?*(?9W#?$)#'"&?&+&23F$69++$*++&6$7#''#($G9'#$1"*(*1'#(9W*'9&-$*'$*11#,'*7+#$1&G'G<$=-$*$+&-2#($
'#()$H9G9&-F$-&-O9-H*G9H#$2#&,"3G91*+$'#1"-&+&29#G$G"&0+?$7#$?#H#+&,#?$'"*'$9-1+0?#$'"#$1"*(*1'#(9W*'9&-$
&.$'"#()*+$G&9+$,*(*)#'#(G<

!#1"-&+&291*+$1"*++#-2#G$*(#A

•  M#H#+&,9-2$'#G'$,(&1#?0(#G$'&$9-1+0?#$&'"#($"#*'$'(*-G,&('$,(&1#GG#G$'"*-$1&-?01'9&-$>#<2<$2(&0-?$
6*'#($)&H#)#-'@

•  M#H#+&,9-2$'#G'$)#'"&?G$'"*'$*++&6$.&($)#*G0(9-2$*??9'9&-*+$,*(*)#'#(G$>G01"$*G$G,#19.91$"#*'$1*,*19'3@$
*-?$.&()*'9&-OG,#19.91$,*(*)#'#(G

•  M#H#+&,9-2$'#G'$)#'"&?G$.&($-&-OG'*-?*(?$2#&)#'(9#G$>#-#(23$7*GX#'GF$G,9(*+GF$.&0-?*'9&-$,9+#G@

!"#$%&'(@')':U4/.,&3'-2'Y8&%/4,'J&3.-03&'Y&313'<YJY?'2%-/'+4%"-$3':$%-.&40'6-$01%"&3

%GVGKNMRVQ
#6\GVGR

#>URNMRV

#6\UIbGKNMRV

#6OMUR #$IMNW

#,KGGXG

#,GKLMRW

&JGKLMN#'GQOHRQG#&GQIQ#UR#
ZMKUHPQ#ONMXGQ#UR#-PKHOG
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•  M#H#+&,)#-'$&.$*$G'*-?*(?$#H*+0*'9&-$&.$l0*+9'3$&.$'#G'$?*'*$*-?$(#G0+'G$*-?$&.$*$?#19G9&-$G3G'#)$
.&($G#+#1'9-2$'"#$+#H#+$&.$'#G'9-2$-##?#?$.&($*$G,#19.91$,(&S#1'F$?#,#-?9-2$&-$+&1*+$19(10)G'*-1#G$*-?$
G3G'#)$,*(*)#'#(G

!"#(#$*(#$G&)#$9-9'9*'9H#G$'&6*(?G$(#*1"9-2$'"#G#$2&*+G$*+(#*?3F$70'$10((#-'+3$69'"&0'$G0..919#-'$.&10G$
&($1&O&,#(*'9&-<

!3.4.3  GOUND HEAT EXCHANGER DESIGN

!"#$,0(,&G#$&.$*$2(&0-?$"#*'$#T1"*-2#($9G$'&$#T1"*-2#$"#*'$>#9'"#($?0(9-2$"#*'9-2$&($1&&+9-2$&,#(*'9&-$
&.$'"#$,+*-'@$69'"$'"#$2(&0-?$H&+0)#<$!"#$2(&0-?$"#*'$#T1"*-2#($1*-$7#$?#.9-#?$*G$*-$*((*-2#)#-'$
&.$9-?9H9?0*+$"#*'$#T1"*-2#(GF$'"*'$1*-$7#$&.$?9..#(#-'$'3,#G$G01"$*G$UO+&&,$"#*'$#T1"*-2#(G$&($1&*T9*+$
"#*'$#T1"*-2#(G$9-G'*++#?$9-$7&(#"&+#G$>7&(#"&+#$"#*'$#T1"*-2#(GF$B8/@F$.&0-?*'9&-$,9+#GF$#-#(23$7*GX#'GF$
"&(9W&-'*+$+&&,GF$#'1<$%#-#(*++3$*$2(&0-?$"#*'$#T1"*-2#($.9#+?$9G$,*('$&.$*$)&(#$&($+#GG$1&),+#T$"#*'9-2$
*-?$1&&+9-2$G3G'#)F$70'$*-&'"#($9),&('*-'$*9)$)*3$7#$'"#$G'&(*2#$&.$#-#(23$9-$.&()$&.$"#*'$&($1&&+<

L,#-$G3G'#)G$*(#$7*G#?$&-$?9(#1'$0G#$&.$2(&0-?$6*'#(F$*-?$*+'"&02"$'"#G#$G3G'#)G$#T1"*-2#$"#*'$
69'"$'"#$2(&0-?$6*'#($*-?$*+G&$'"#$)*'(9TF$'"#3$*(#$-&'$1&-G9?#(#?$2(&0-?$"#*'$#T1"*-2#(G$*G$G01"<$

=-$G"*++&6$2#&'"#()*+$"#*'$,0),$9-G'*++*'9&-G$'"#$.&0($X#3$?#G92-$.*1'&(G$*(#A

•  !"#$709+?9-2$#-#(23$,(&.9+#$>"#*'9-2$*-?$1&&+9-2$?#)*-?$'&$7#$1&H#(#?$.&($*1"9#H9-2$1&).&('$+#H#+G@

•  !"#$"#*'$,0),$9-G'*++*'9&-$>)#1"*-91*+$"#*'9-2j1&&+9-2$9-G'*++*'9&-F$9-1+0?9-2$,0),G@

•  !"#$2(&0-?$"#*'$#T1"*-2#($.9#+?$>-0)7#($*-?$?#,'"$&.$B8/$&($&'"#($2(&0-?$"#*'$#T1"*-2#$?#H91#G@

•  !"#$&,#(*'9&-*+$G'(*'#23$'"*'$69++$#-G0(#$'"#$9-'#2(*'9&-$&.$'"#$.9(G'$'"(##$.*1'&(G$*-?$69++$G#10(#$#-#(23$
#..919#-13$*-?$+&-2$'#()$G0G'*9-*79+9'3$&.$'"#$G3G'#)<

M#*+9-2$69'"$?#G92-$&.$*$2(&0-?$"#*'$#T1"*-2#($.9#+?F$'"#$)*9-$'&&+$1&-G9G'G$9-$G,*1#O'9)#$)&?#+G$l0*-O
'9.39-2$'"#$#T1"*-2#$&.$"#*'$9-'&$*-?$&0'$&.$'"#$(#G#(H&9(F$*-?$'"#$-*'0(*+$'"#()*+$'(*-G,&('$,(&1#GG#G$
9-$'"#$0-?#(2(&0-?<$L.'#-F$)&-9'&(9-2$"*G$'&$7#$,0'$9-$,+*1#$'&$1&-'(&+$'"#$1&((#1'$,#(.&()*-1#$&.$'"#$
(#G#(H&9($#T,+&9'*'9&-$*-?$'&$1"#1X$'"#$)&?#++9-2$*?&,'#?<

!"#$1&(#$&.$'"9G$?#G92-$9G$'"#$)&?#++9-2$&.$0-?#(2(&0-?$'"#()*+$#-#(23$.+&6<$K"9+#$*$.0++$)&?#++9-2$
9G$l09'#$1&),+#T$7#1*0G#$9'$9-H&+H#G$"#*'$*-?$)*GG$.+&6$>1&-?01'9&-F$1&-H#1'9&-F$*?H#1'9&-@$*-?$)*3$
9-1+0?#$,"*G#O1"*-2#G$&($G&)#'9)#G$G92-9.91*-'$2#&1"#)91*+$*G,#1'G<$P&)#'9)#G$H#(3$G9),+9.9#?$G1"#)#G$
1*-$7#$*?&,'#?F$6"#(#$G#)9O-0)#(91*+$&($#H#-$*-*+3'91*+$G&+0'9&-G$7#1&)#$0G*7+#<$!"9G$9G$'"#$1*G#$9-$
)&G'$G'*'#$&.$'"#$*('$B8/$?#G92-$)&?#+GF$6"91"$&-+3$1&-G9?#($1&-?01'9&-$7#'6##-$'"#$'"#()*+$)*GG$&.$
'"#$G&9+$*-?$'"#$B8/<$

!"#$*9)$&.$)&?#++9-2$9G$'&$G9W#$'"#$2(&0-?$G3G'#)$9-$G01"$*$6*3$'"*'$'"#$'#),#(*'0(#G$(#)*9-$69'"9-$
1#('*9-$+9)9'GF$29H#-$*$G,#19.91$'"#()*+$+&*?9-2$*-?$'&$&7'*9-$#G'9)*'#G$&.$"&6$'"#$'#),#(*'0(#$,(&.9+#G$
&.$ '"#$"#*'$#T1"*-2#($69++$ 9-'#(*1'$*'$G"&('F$)#?90)$*-?$ +&-2$'#()$69'"$ '"#$G3G'#)$&,#(*'9&-<$!"9G$
X-&6+#?2#$9G$#GG#-'9*+$*-?$"*G$)*S&($9),+91*'9&-$9-$G3G'#)$?*3O'&O?*3$&,#(*'9&-F$6"#(#$"92"$'(*-G9#-'$
+&*?G$>,#*X$+&*?G@$)*3$"*H#$'&$7#$1&-G9?#(#?F$*G$6#++$*G$9-$'"#$+&-2$'#()$#-#(23$G0G'*9-*79+9'3$&.$'"#$
2#&'"#()*+$#T,+&9'*'9&-<$

=-$'"#$1*G#$&.$B8/$.9#+?GF$'"#(#$*(#$C$9-$'"#$1*G#$&.$)0+'9,+#$"#*'$#T1"*-2#(G$9-$)#?90)$'&$+*(2#$,(&O
S#1'G$O$G&.'6*(#$'&&+G$>G01"$*G$//MF$/KPF$%EMF$MP!F$PBQ$#'1<n$J92<$_\@$6"91"$*(#$1&-G9?#(#?$*?#l0*'#$'&$
?#G92-$B8/$.9#+?G$9-$G&)#$G'*-?*(?$1&-.920(*'9&-GF$S0G'$1&-G9?#(9-2$'"#$'"#()*+$)*GG$*-?$"#*'$.+&6$?0#$
'&$1&-?01'9&-$&.$'"#$G&9+$9'G#+.F$9<#<$69'"&0'$1&-G9?#(9-2$*$,"3G91*++3$(#*+9G'91$(#,(#G#-'*'9&-$&.$'"#$*1'0*+$
G,*'9*++3$H*(39-2$(#G#(H&9($,(&,#('9#G<$%(&0-?6*'#($.+&6F$?#'*9+G$&-$'"#$'"#()*+$#..#1'G$&.$'"#$"&(9W&-'*+$
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1&--#1'9-2$,9,#6&(X$&($&'"#($)*S&($*+'#(*'9&-$&.$'"#$#-#(23$.+&6$1*0G#?$73$&'"#($9-'#(.#(#-1#G$1*--&'$
7#$'*X#-$9-'&$*11&0-'$69'"9-$'"#G#$G1"#)#G<$L-$'"#$&'"#($"*-?F$'"#G#$'&&+G$*(#$(*'"#($1&).&('*7+#n$'"#9($
0G#$9G$l09'#$69?#G,(#*?$*-?$?&#G$-&'$9),+3$G#H#(#$1&G'G<

=-$'"#$G,#19.91$1*G#$&.$.&0-?*'9&-$,9+#GF$G&)#$+9)9'#?$?#G92-$'&&+G$#T9G'G$G01"$*G$'"#$P69GG$G&.'6*(#$
4=E/P=Q<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!"#$)&G'$(#+#H*-'$1"*++#-2#$.&($?#G92-$&.$2(&0-?$"#*'$#T1"*-2#($ .9#+?G$ 9G$)#*-9-2.0+$ 9-'#2(*'9&-$&.$
'"#$2(&0-?$G9?#$)&?#+$9-'&$'"#$G9)0+*'9&-$#-H9(&-)#-'$.&($'"#$6"&+#$G3G'#)<$Q&(#&H#($9'$9G$-#1#GG*(3$
'&$?#H#+&,$G&.'6*(#$'&&+G$'"*'$#-*7+#$?#G92-#(G$'&$*?S0G'$'"#$?#G92-$#..&('$2(*?0*++3$?#,#-?9-2$&-$'"#$
#1&-&)91$G9W#$&.$'"#$"#*'$#T1"*-2#($G3G'#)<

;&-1#(-9-2$"92"O+#H#+$,(#?91'9H#$)&?#+GF$G#H#(*+$'#1"-&+&291*+$?#H#+&,)#-'G$*(#$-##?#?F$*G$6#++$*G$-#6$
?#H#+&,)#-'G$9),(&H9-2$#T9G'9-2$.#*'0(#G<$J&($9-G'*-1#A

•  =-'#(*1'9&-$7#'6##-$'"#$)&H#)#-'$&.$2(&0-?6*'#($*-?$'"#$?9(#1'9&-$&.$"#*'$.+&6n$)&(#$*110(*'#$,(#O
?91'9&-$&.$'"#$+&-2O'#()$7#"*H9&0($&.$'"#$2#&'"#()*+$G3G'#)F$7&'"$9-$'#()G$&.$1"*-2#$&.$0-?#(2(&0-?$
'#),#(*'0(#F$*-?$9-$'#()G$&.$#-#(23$1&-G0),'9&-

•  !*X9-2$9-'&$*11&0-'$'"#$9-"&)&2#-#9'3$&.$'"#()*+$,(&,#('9#G$&.$?9..#(#-'$G&9+$'3,#GF$*-?$=-1+0G9&-$&.$
(#,(#G#-'*'9&-$&.$+*3#(#?$2#&+&23$*-?$)&?0+#G$.&($"3?(&2#&+&23$

•  =-1+0?#$'"#()*+$9-'#(.#(#-1#$1*0G#?$73$&'"#($0-?#(2(&0-?$G3G'#)GF$G01"$*G$&'"#($2#&'"#()*+$,(&S#1'G$
&($2#&'#1"-91*+$6&(XG

•  4(&H9?#$*-$#*G3$9-'#(.*1#$69'"$,(#G#-'$&($.0'0(#$2#&'"#()*+$9-.&()*'9&-$?*'*7*G#G

•  P9),+#$*-?$(#+9*7+#$?#G92-$)#'"&?G$*-?$,(&1#?0(#G$.&($#H#(3?*3$0G#$>G)*++$G3G'#)G@$*9)#?$*'$20*O
(*-'##9-2$#..919#-'$G)*++$G3G'#)G

!"#$%&'(K')':U4/.,&'-2'W^:'5&3"#0'3-21P4%&X'_4,"541"-0'-2'::*L64,6$,41"-0'P"18'/&43$%&5'5414'
-2'#%-$05'1&/.&%41$%&3'"0'4',4%#&'W^:'2"&,5'-2'`(OF'A-%&8-,&3
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•  %#&O#-29-##(9-2$ '&&+$ .&($%8/$ (9GX$*GG#GG)#-'$ >G9'#$ 1"*(*1'#(9G*'9&-<<<@F$ ?#H#+&,)#-'$&.$,(&7*79+9G'91$
*-*+3G9G$9-$6"91"$*$1#('*9-$?#2(##$&.$0-1#('*9-'3$&.$#*1"$H*(9*7+#$9G$*?)9''#?$*-?$'(*-G+*'#?$9-'&$*$(9GX$
*GG#GG)#-'$G1"#)#

•  Q&(#$9-'#2(*'#?$?#G92-$*,,(&*1"$*-?$*0'&)*'91$&,'9)9G*'9&-$&.$"37(9?$G"*++&6$2#&'"#()*+$G3G'#)G

•  =),(&H#?$9-'#(.*1#$'&$709+?9-2$+&*?$1*+10+*'9&-$G&.'6*(#

•  \M$(#,(#G#-'*'9&-G$&.$0-?#(2(&0-?$'#),#(*'0(#$#H&+0'9&-$*-?$'#),#(*'0(#$)*,G$.&++&69-2$'"#$G,#19.91$
,(&7*79+9'3$1&-G9?#(#?

;&-1#(-9-2$+&6O+#H#+$)&?#+GF$)9-&($?#H#+&,)#-'G$*(#$-#1#GG*(3<$=-$,(9-19,+#$'"#$)0+'9O+*3#(#?$*,,(&*1"$
69'"$*$G9-2+#$6*'#($'*7+#$)0G'$7#$'*X#-$9-'&$*11&0-'$9-1+0?9-2$*$G9),+9.9#?$G,*'9*+$*-?$'#),&(*+$H*(9*79+9'3$
&.$,*(*)#'#(G<$I$G9),+#$'#1"-91*+$(9GX$*-*+3G9G$)0G'$7#$*?*,'#?F$73$1&-G9?#(9-2$'"#$+#H#+$&.$0-1#('*9-'3$
&.$ '"#$G,#19.91$ (#G#(H&9($*'$"*-?<$P)*('$,(&1#?0(#G$&.$,(#O#H*+0*'9&-$&.$1*G#$G'0?3$1&),+#T9'3$69'"$
,(&,&G#?$?#G92-9-2$,*'"G$6&0+?$29H#F$ 9-$*-3$1*G#F$*-$9-'#(#G'9-2$+9-X$7#'6##-$'"#$?9..#(#-'$+#H#+G$&.$
?9..910+'3$69'"9-$*$29H#-$G9'0*'9&-<

!3.4.4  DESIGN FOR OPEN LOOP SYSTEMS$

=-$'"#$,*G'F$?#G92-$&.$2(&0-?6*'#(O7*G#?$G3G'#)$"*G$)*?#$0G#$&.$'(*?9'9&-*+$6*'#($6#++$'#1"-&+&23<$=-$
G3G'#)G$6"#(#$2(&0-?6*'#($9G$#T'(*1'#?$.&($1&&+9-2$,0(,&G#G$*-?$-&'$(#'0(-#?$'&$'"#$*l09.#($'"9G$)*3$
6&(XF$70'$'"#$10((#-'$G'*'#$&.$'"#$*('$9-$*,,+91*'9&-$9G$'&$#T'(*1'$*-?$(#O9-S#1'$6*'#($9-'&$'"#$*l09.#(<$!"9G$
.*1'F$9-$1&)79-*'9&-$69'"$'#),#(*'0(#$*-?$,(#GG0(#$1"*-2#G$'&$'"#$2(&0-?6*'#($0G#?F$(#G0+'G$9-$1"*++#-O
29-2$2#&1"#)91*+$1&-?9'9&-G$G01"$*G$1"*-2#G$9-$1"#)91*+$G'*79+9'3$1*0G#?$73$1"*-29-2$(#?&T$1&-?9'9&-GF$
9(&-$.+&110+*'9&-F$?#2*GG9-2F$#'1<$I-&'"#($.&1*+$,&9-'$.&($?#G92-$9G$'"#$9GG0#$&.$7*1'#(9*+$2(&6'"$9-$6#++G$
*-?$6#++$G3G'#)G<$J&($I!/PF$'"#G#$,(&7+#)G$*(#$*??(#GG#?$9-$'"#$;(&GG$;0''9-2$5#G#*(1"$4(9&(9'9#G<

!"#$,&'#-'9*+$ .&($"3?(*0+91$*-?$'"#()*+$ 9-'#(*1'9&-$7#'6##-$*?S*1#-'$6#++$7*G#?$G3G'#)G$&($ '"#()*+$
9-'#(*1'9&-$69'"$-#*(73$G3G'#)G$0G9-2$B8/$-##?G$G,#19*+$*''#-'9&-<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  !#G'9-2$*-?$?#G92-$.&($2#&'"#()*+$6#++G

•  40),9-2$*-?$9-S#1'9&-$G'(*'#29#GF$6#++$)*9-'#-*-1#

•  Q&?#++9-2$&.$"3?(&2#&+91*+$*-?$'"#()*+$9-'#(*1'9&-

•  83?(&+&291*+$*-?$2#&1"#)91*+F$*G$6#++$*G$7*1'#(9&+&291*+$'&&+X9'G

>G##$*+G&$'"#$,*(*2(*,"$&-$U!/P$9-$'"#$;(&GG$;0''9-2$5#G#*(1"$4(9&(9'9#G@

!3.4.5  INTEGRATED DESIGN AND DESIGN OF CONTROLS

=-'#2(*'9&-$ &.$ ?#G92-$ 20*(*-'##G$ '"#$ &,'9)0)$ 9-'#(*1'9&-$ 7#'6##-$ '"#$ 709+?9-2$ #-#(23$ ?#)*-?F$ '"#$
2(&0-?$G9?#$9-G'*++*'9&-$>B8/F$6#++GF$#'1<@F$*-?$'"#$"#*'$,0),$#l09,)#-'<$!"9G$&,'9)9G#?$9-'#(*1'9&-$9G$
?#G1(97#?$9-$'"#$&,#(*'9-2$G'(*'#23F$6"91"$9G$'"#$u(&*?)*,v$&.$'"#$?#G92-$&.$'"#$2#&'"#()*+$"#*'$,0),$
9-G'*++*'9&-<$
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!"#$1&-'(&+G$&.$*-$9-G'*++*'9&-$G"&0+?$"*H#$'"#$1&-'(&+$.0-1'9&-G$*H*9+*7+#$'"*'$69++$*++&6$.&($9),+#)#-O
'*'9&-$&.$'"#$1&-'(&+$G'(*'#23$*-?$)&-9'&(9-2$&.$,#(.&()*-1#F$#-G0(9-2$(&70G'-#GG$&.$'"#$G3G'#)$*-?$
'"#$+&-2$'#()$#..919#-13<

=-$'"#$10((#-'$G9'0*'9&-$G"*++&6$2#&'"#()*+$"#*'$,0),$G3G'#)G$*(#$?#G92-#?$&-$G'*-?*(?$,#(.&()*-1#$
1(9'#(9*$,(&H9?#?$73$'"#$)*-0.*1'0(#(G$&.$#l09,)#-'$G01"$*G$"#*'$,0),GF$,0),GF$"#*'$#T1"*-2#(G$#'1<$
UG0*++3$'"#G#$,#(.&()*-1#$1(9'#(9*$*(#$29H#-$.&($&-#$&,#(*'9&-*+$1&-?9'9&-$>'#),#(*'0(#GF$+&*?@$&-+3F$-&'$
'*X9-2$9-'&$*11&0-'$'"#$#..#1'G$&.$H*(9*'9&-G$9-$1&-?9'9&-G$?0(9-2$*1'0*+$0G#<$Q&(#&H#(F$10((#-'$?#G92-$
)#'"&?G$*(#$,(9)*(9+3$7*G#?$&-$1*,*19'3$?#G92-$69'"$(#+*'9H#+3$+*(2#$&H#(O?#G92-$.*1'&(GF$6"91"$*(#$?#O
'(9)#-'*+$'&$G3G'#)$,#(.&()*-1#<

J&($G&)#$G)*++#($9-G'*++*'9&-GF$9-G'*++*'9&-$1&-1#,'G$9-1+0?9-2$'"#$1&-'(&+$G'(*'#29#G$"*H#$7##-$?#H#+&,#?<$
M#H#+&,)#-'$&.$G'*-?*(?$?#G92-$1&-1#,'G$>*-?$&,#(*'9-2$G'(*'#29#G@$.&($+*(2#($*-?$)&(#$1&),+#T$G3GO
'#)G$69++$,(&H9?#$209?#+9-#G$.&($9-G'*++#(G$'&$9),(&H#$7&'"$l0*+9'3$&.$9-G'*++*'9&-$*-?$+9.#'9)#$&,#(*'9-2$
1&G'<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!&$?*'#$+9''+#$(#G#*(1"$"*G$7##-$1*((9#?$&0'$&-$9-'#2(*'#?$2(&0-?OG&0(1#$G3G'#)GF$*-?$H9('0*++3$-&-#$
&-$9-'#2(*'#?$1&-'(&+$G'(*'#29#G<$I$-0)7#($&.$,&'#-'9*+$(#G#*(1"$9GG0#G$1*-$7#$9?#-'9.9#?$'&$*??(#GG$'"9G$
?#.919#-13A

•  &,'9)9G*'9&-$&.$'"#()*+$0G#$&.$'"#$2(&0-?$"#*'$#T1"*-2#(F$?#G92-$)#'"&?&+&23

•  .+09?$,0),9-2$G'(*'#29#GF$#G,#19*++3$69'"$(#2*(?$'&$,0),9-2$,&6#(F$'"#()*+$+&*?F$'"#()*+$(#G9G'*-1#$
>'0(70+#-'$j$+*)9-*($.+&6$(#29)#G@

•  ?#G92-$&,'9)9G*'9&-$&.$"37(9?$G3G'#)G

•  9-'#2(*'9&-$&.$*$2#&'"#()*+$G3G'#)$69'"$&'"#($'#1"-&+&29#G$9-1+0?9-2$>70'$-&'$+9)9'#?$'&@$.(##$1&&+9-2F$
.(##$"#*'9-2F$G&+*($"#*'F$G'&(*2#

•  =-'#2(*'#?$1&-'(&+$&.$2(&0-?$G&0(1#$"#*'$,0),$G3G'#)G$'&$9-1+0?#$2(&0-?$G9?#F$"#*'$,0),F$709+?9-2$
19(109'G$*-?$709+?9-2$1"*(*1'#(9G'91Gn$)0+'9,+#$9-,0'$$O$)0+'9,+#$&0',0'$1&-'(&+$*,,(&*1"#G

!3.5  SUSTAINABILITY AND ENVIRONMENTAL IMPACT
!3.5.1  OVERVIEW$

IG$.*($*G$'"#$'"#()*+$#..#1'G$&-$'"#$#*('"$*(#$1&-1#(-#?F$'"#$0G#$&.$G"*++&6$2#&'"#()*+$#-#(23$9G$G0GO
'*9-*7+#$*G$+&1*+$2(&0-?$'#),#(*'0(#G$69++$(#1&H#($*.'#($'"#$0G#$&.$'"#$2#&'"#()*+$"#*'$,0),$G3G'#)$9G$
G'&,,#?$>(#H#(G979+9'3$&.$'"#$,(&1#GG@<

!"#$#-H9(&-)#-'*+$G0G'*9-*79+9'3$9G$+#GG$G'(*92"'.&(6*(?F$*G$'"#$?(9++9-2$*-?$9-G'*++*'9&-$&.$'"#$B8/$1*--&'$
7#$0-?&-#<$IG$69'"$*++$"0)*-$*1'9H9'3F$'"#$,(&1#GG$69++$"*H#$'&$7#$(#H9#6#?$(#2*(?9-2$'"#$7#-#.9'G$*-?$
'"#$?(*67*1XG<$P&)#$&.$'"#$9GG0#G$'&$7#$1&-G9?#(#?$.&($1+&G#?$G3G'#)G$*(#A

•  B8/$"*G$*$H#(3$+&-2$+9.#$#T,#1'*-13$>me`$3#*(G@

•  4/$,9,#$9G$-&-O'&T91F$1"#)91*++3$9-#('F$1&-G9G'9-2$&.$;*(7&-$*-?$83?(&2#-$*'&)G$&-+3

•  /-#(23$#T1"*-2#$>"#*'9-2$&($1&&+9-2@$&-+3$69'"$'"#$2(&0-?F$-&$,0),9-2$&.$6*'#($&($2#&1"#)91*+$*+O
'#(*'9&-G$&.$2(&0-?6*'#($l0*+9'3<
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•  892"$#-#(23$G*H9-2G$&-$,(9)*(3$#-#(23$H9*$2#&'"#()*+$"#*'$,0),$G3G'#)

•  5#1&H#(3$&.$,(&1#GGj6*G'#$#-#(23$.(&)$709+?9-2$"#*'9-2j1&&+9-2$131+#G

•  B8/$,9,#G$(#)*9-$9-$'"#$2(&0-?F$'"#9($?#2(*?*'9&-$*.'#($*7*-?&-)#-'$&.$'"#$2#&'"#()*+$G3G'#)$9G$
H#(3$G+&6

J&($&,#-$G3G'#)G$0G9-2$2(&0-?6*'#(F$'"#$#..#1'G$&-$2(&0-?6*'#($(#G&0(1#GF$1"#)9G'(3F$)91(&79&+&23F$#'1<$
)0G'$7#$'*X#-$9-'&$*11&0-'<

!3.5.2  GENERAL ISSUES

!"#$G0G'*9-*79+9'3$&.$*$G"*++&6$2#&'"#()*+$G3G'#)$9G$&-#$&.$'"#$2(#*'$*''(*1'9&-G$&.$'"#$'#1"-&+&23F$*G$
9'$0G#G$#-H9(&-)#-'*+$#-#(23$*-?$.0-1'9&-G$*G$*$"#*'j1&+?$G'&(#<$I-&'"#($*G,#1'$&.$G0G'*9-*79+9'3$9G$'"#$
#*G#$&.$9-'#2(*'9&-$69'"$&'"#($>G0G'*9-*7+#@$'#1"-&+&29#G<$!"#$G0G'*9-*79+9'3$9G$(#.+#1'#?$9-$'"#$,&'#-'9*+$
+&-2$+9.#$G,*-$&.$'"#$G3G'#)$*-?$9'G$1&-'9-0&0G$#-#(23$G*H9-2G<$!*7+#$e$+9G'G$'"#$)*9-$*G,#1'G<

&MSNG#A#4#/MUR#MQOGXIQ#THK#QPQIMURMSUNUIW#MRV#GRZUKHRLGRIMN#ULOMXI

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!"#$?#H#+&,)#-'$&.$*$)&?#+$>'&&+@$9-$6"91"$'"#$G0G'*9-*7+#$*G,#1'G$&.$G"*++&6$2#&'"#()*+$G3G'#)G$&-$
*$+&1*+$&($)&(#$(#29&-*+$G1*+#$7#1&)#$H9G97+#F$*-?$6"91"$1*-$7#$0G#?$*G$*$,+*--9-2$'&&+$.&($+&1*+$&($
(#29&-*+$?#H#+&,)#-'<

IG$"#*'$,0),G$0G#$#+#1'(919'3F$'"9G$'&&+$1*-$*+G&$7#$0G#?$'&$&,'9)9G#$'"#$?#H#+&,)#-'$&.$'"#$#+#1'(91*+$
9-.(*G'(01'0(#$0'9+9G9-2$'"#$2(9?$-#'6&(XF$70'$*+G&$+&1*+$,&6#($,(&?01'9&-F$*-?$1*-$9-1+0?#$'"#$?#)*-?O
G9?#$)*-*2#)#-'$&,,&('0-9'9#G$29H#-$73$"#*'$,0),G$69'"$G&)#$G'&(*2#$1*,*19'3<$J0('"#()&(#F$'"#$G'&O
(*2#$,&'#-'9*+$&.$>'#),&(*(3@$#T1#GG$"#*'$&($1&+?$.&($.0'0(#$0G#$1*-$7#$1&-G9?#(#?<

D*'9&-*+$?*'*7*G#G$&.$9-G'*++*'9&-G$1&0+?$"#+,$9-$&,'9)*+$?#,+&3)#-'$*-?$#-H9(&-)#-'*+$)&-9'&(9-2$&.$
G"*++&6$2#&'"#()*+$G3G'#)G<

J&($1+&G#?$G3G'#)G$'"*'$*(#$?#G92-#?$.&($2(&0-?OG9?#$'#),#(*'0(#G$7#+&6$̀ $k;$&($(#l09(#$.(&G'$,(&'#1'9&-$
&.$'"#$#H*,&(*'&($&.$'"#$"#*'$,0),F$*-'9.(##W#$9G$*??#?$'&$'"#$6*'#($&.$'"#$"#*'$'(*-G.#($.+09?$19(10+*'9-2$
9-$'"#$2(&0-?$"#*'$#T1"*-2#(<$=-$D&('"#(-$/0(&,#$>P1*-?9-*H9*@$&.'#-$/'"*-&+$9G$0G#?F$6"9+#$

6PQIMURMSUNUIW#MRV#GRZUKHRLGRIMN#ULOMXI OHQUIUZG RGYMIUZG

UG9-2$(#-#6*7+#$#-#(23$.(&)$'"#$0-?#(2(&0-? {
UG9-2$G3G'#)$70..#($1*,*19'3$'&$G'&(#$(#G9?0*+$,(&1#GG$#-#(23 {

5#?019-2$,(9)*(3$#-#(23$0G*2#$*-?$(#?019-2$#)9GG9&-G {
UG9-2$#*G9+3$*H*9+*7+#$H&+0)#$9-$G"*++&6$0-?#(2(&0-? {
%#&'"#()*+$G3G'#)$"*G$*$H#(3$+&-2$G#(H91#$+9.# {
=-G'*++9-2$6#++G$&($B8/$?9G'0(7G$'"#$2(&0-? O
M(9++$10''9-2G$1*-$7#$,(&7+#)*'91f O
P,(#*?9-2$&.$,&++0'9&-$*+(#*?3$#T9G'9-2$9-$'"#$G07G0(.*1# O
B8/$>*-?$*+G&$G&)#$6#++G@$(#)*9-$9-$2(&0-?$*.'#($0G# O

f$$$M#,#-?9-2$&-$'"#$(&1XG$?(9++#?F$'"#$10''9-2G$1*-$1&-'*9-$-*'0(*++3$'&T91$)*'#(9*+G$>#<2<$"#*H3$)#'*+GF$*(G#-91@$&($)92"'$G"&6$#+#H*'#?$-*'0(*+$
(*?9&*1'9H9'3$>)*9-+3$9-$G&)#$1(3G'*++9-#$(&1XG@
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9-$'"#$(#G'$&.$/0(&,#$2#-#(*++3$Q&-&#'"3+#-#$2+31&+$>/'"*-#?9&+@$&(F$'&$*$+#GG#($#T'#-?$7#1*0G#$&.$9'G$
H9G1&19'3F$Q&-&,(&,3+#-#$2+31&+$>4(&,*-#?9&+@$9G$0G#?<$L'"#($)*'#(9*+G$+9X#$4&'*GG90)$;*(7&-*'#F$G&)#$
*1#'*'#G$&($'*('(*'#G$"*H#$7##-$'(9#?F$70'$'"#3$*++$G"&6#?$G,#19.91$?(*67*1XG$>#<2<$1&((&G9&-F$9-1(#*G#?$
+#*X*2#F$?#2(*?*'9&-@<

J(&G'$,(&'#1'9&-$0G9-2$Q&-&,(&3+#-#$2+31&+$9G$?#'(9)#-'*+$'&$,0),9-2$#-#(23$#G,#19*++3$*'$+&6$&,#(*'9-2$
'#),#(*'0(#G$7#1*0G#$&.$ '"#$ 1&-G9?#(*7+#$ H9G1&G9'3$&.$ '"#$ 19(10+*'9&-$)#?90)<$M#H#+&,)#-'$&.$ .(&G'$
,(&'#1'9&-$69'"$+&6$,0),9-2$+&GG#G$*-?$"92"$G,#19.91$"#*'$1*,*19'3$6&0+?$9),(&H#$#-#(23$'(*-G.#($*-?$
#..919#-13$&.$1+&G#?$2(&0-?$G&0(1#$"#*'$,0),$G3G'#)G<$

!"#$#1&O'&T91&+&291*+$#..#1'G$>&-$"0)*-G$*-?$*l0*'91@$&.$7&'"$'3,#G$&.$2+31&+$*(#$(#+*'9H#+3$6#++$X-&6-<$
P,#19.91$#..#1'G$&-$G&9+$&(2*-9G)G$>#..#1'G$&-$'#((#G'(9*+$&(2*-9G)G$*-?$#1&G3G'#)G@$"*H#$-&'$7##-$9-H#GO
'92*'#?$9-$?#'*9+<$M#2(*?*'9&-$&.$2+31&+G$'&$*+1&"&+GF$.*''3$*19?G$*-?$#H#-'0*++3$1*(7&-$?9&T9?#$9G$0G0*++3$
H#(3$(*,9?$0-?#($&T9?*'9H#$G&9+$1&-?9'9&-G<$I??9'9H#G$'&$2+31&+$>.&($G'*79+9G*'9&-$*-?$'&$,(#H#-'$1&((&G9&-@$
*(#$1&-G9?#(#?$'"#$)*9-$,(&7+#)<$!"#$)*9-$9'#)G$.&($5:M$1&-1#(-9-2$'"#$"#*'$'(*-G,&('$.+09?G$*(#A

•  D&-O'&T91$*-'9.(##W#F$#*G9+3$?#2(*?*7+#$0-?#($G&9+$*-?$2(&0-?6*'#($1&-?9'9&-GF$70'$G'*7+#$9-G9?#$'"#$
1+&G#?$19(109'

•  I-'9.(##W#$69'"$+&6$H9G1&G9'3$>+&6$,0),9-2$+&GG#G@$*-?$9),(&H#?$G,#19.91$"#*'$1*,*19'3$69++$7#-#.9'$'"#$
#..919#-13$&.$'"#$&H#(*++$"#*'$,0),$G3G'#)G

•  P'*-?*(?$)#'"&?G$.&($1"#1X9-2$l0*+9'3$>79&.&0+9-2F$7*1'#(9*+$?#2(*?*'9&-$#'1<@$*-?$1&-1#-'(*'9&-$&.$
*-'9.(##W#$9-$G3G'#)G

•  M#H#+&,)#-'$&.$*-'9.(##W#$69'"&0'$'"#$*??9'9H#G$'"*'$*(#$0G#?$9-$1&-H#-'9&-*+$G3G'#)G$>#<2<$*0'&)&'9H#$
(*?9*'&(GF$)#'*+$1&),&-#-'G$#'1<@

•  ;&G'$(#?01'9&-$&.$"#*'$'(*-G.#($.+09?

!3.5.3  SPECIFIC ENVIRONMENTAL ISSUES FOR GROUNDWATER SYSTEMS

%&&?$l0*+9'3$2(&0-?6*'#($9G$(#2*(?#?$*G$*$X#3$(#G&0(1#$'"*'$G"&0+?$7#$"*-?+#?$69'"$1*(#<$%(&0-?6*'#($
'"*'$9G$0G#?$.&($?(9-X9-2$6*'#($9G$0G0*++3$,(&'#1'#?$73$+#29G+*'9&-$*-?$,#()9'G$*(#$0G0*++3$(#l09(#?$.&($
?(9++9-2$*-?$#T,+&9'*'9&-<$%(&0-?6*'#($*7G'(*1'9&-$*-?$9-S#1'9&-$1*-$29H#$(9G#$'&$+&1*+$1"*-2#G$9-$2(&0-?O
6*'#($+#H#+GF$6"91"$)*3$"*H#$G'(01'0(*+$&($#1&+&291*+$9),*1'<

L0'G9?#$,(&'#1'#?$W&-#G$2(&0-?6*'#($&.$H*(39-2$l0*+9'3$1*-$7#$0G#?F$"&6#H#(F$9'$9G$G'*-?*(?$,(*1'91#$-&'$
'&$)9T$6*'#($&.$?9..#(#-'$l0*+9'3<$K#++$7*G#?$G3G'#)G$(#l09(#$)*9-'#-*-1#F$G&)#'9)#G$(#l09(9-2$.+0G"9-2$
&($#H#-$1"#)91*+$1+#*-G9-2$&.$G3G'#)G$*-?$?9G,&G*+$&.$+*(2#$l0*-'9'9#G$&.$>1&-'*)9-*'#?@$6*'#(<$=-$*(#*G$
69'"$)&79+#$1&-'*)9-*-'G$9-$'"#$2(&0-?6*'#(F$&,#-$6#++G$1*-$*1'9H#+3$19(10+*'#$*-?$G,(#*?$1&-'*)9-*'#?$
6*'#(<

•  4&'#-'9*+$.&($'#1"-&+&291*+$?#H#+&,)#-'

•  M#G92-$'&&+G$.&($#-H9(&-)#-'*+$9),*1'

•  I1'9H#$0G#$&.$2#&'"#()*+$6#++$7*G#?$G3G'#)G$9-$1&-'*)9-*'9&-$(#)#?9*'9&-

•  =-'#2(*'#?$0G#$&.$?(*9-*2#$6*'#($>'0--#+GF$G&9+$?(*9-*2#F$6*'#($)*-*2#)#-'@$'"(&02"$2#&'"#()*+$6#++$
7*G#?$G3G'#)G$

%(&0-?6*'#($ 9GG0#G$.&($I!/P$G3G'#)G$*(#$)#-'9&-#?$ 9-$'"#$(#+#H*-'$,*(*2(*,"$&.$ '"#$;(&GG$;0''9-2$
5#G#*(1"$4(9&(9'9#G<
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!!!3.6  SHALLOW GEOTHERMAL HEAT PUMP SYSTEMS IN 2020
!!!3.6.1  THE CURRENT BENCHMARK

!"#$10((#-'$>c`__@$G"*++&6$2#&'"#()*+$"#*'$,0),$)*(X#'$9-$/0(&,#$"*G$G"&6-$*$G'#*?3$2(&6'"$&H#($
'"#$?#1*?#$.(&)$c```F$69'"$G&)#$+#H#++9-2$&0'$*.'#($c``f$>1.<$1"*,'#($c<_@<$D&'$&-+3$"*H#$'"#$-0)7#($&.$
9-G'*++#?$G3G'#)G$9-1(#*G#?$G92-9.91*-'+3$9-$'"#$.&0-?9-2$1&0-'(9#G$G01"$*G$%#()*-3F$P6#?#-$*-?$P69'O
W#(+*-?$70'$'"#$'#1"-&+&23$"*G$*+G&$'*X#-$.+92"'$'&$*$+*(2#$-0)7#($&.$&'"#($1&0-'(9#G$G01"$*G$I0G'(9*F$
J(*-1#F$J9-+*-?F$'"#$D#'"#(+*-?GF$D&(6*3F$'"#$URF$#'1<

IG$9-?91*'#?$9-$!*7+#$[F$10((#-'$'#1"-&+&23$9G$*+(#*?3$*7+#$'&$*1"9#H#$G92-9.91*-'$G*H9-2G$&-$,(9)*(3$
#-#(23$>ma`$o@$*-?$;LcO#)9GG9&-G$>*7&0'$e`$o@<$K9'"$*$10((#-'$>N*-0*(3$c`__@$DE$2*G$,(91#$&.$`<eej
)\$>9-1+0?9-2$'*T#G@$'"#$1&G'$G*H9-2G$,#($3#*($*(#$*7&0'$\f`$t<$!"9G$+#*?G$'&$*$,*3$7*1X$&.$#T'(*$1&G'$
6"#-$1&),*(#?$'&$*$2*G$7&9+#($&.$*7&0'$_`$3#*(G<$

=-$c`_`F$*7&0'$e<]$!K"j3#*($6#(#$,(&?01#?$73$%P84$9-$%#()*-3$>0G9-2$G&)#$a$!K"j3#*($&.$"#*'$
.(&)$'"#$2(&0-?F$J92<$_a@<$!"9G$*)&0-'G$'&$G*H9-2G$&.$c<c$!K"j3#*($9-$,(9)*(3$#-#(23F$*-?$*H&9?*-1#$
&.$#)9GG9&-G$&.$*7&0'$[f`x_`\$'&--#G$&.$;Lc<

!"#$%&'(M')'N00$4,'C]^a'34,&3'"0'C&%/407'<,&21?'405'8&41'.%-5$6&5'A7'C]^a'"0'C&%/407'<%"#81?

$RQIMNNMIUHR -RGKYW#
VGLMRV

-TTUXUGRXW -RGKYW#
UROPI

<KULMKW#
GRGKYW

+(3
TMXIHK

+(3
MLHPRI

%*G$7&9+#( _`$QK" `<h __<_$QK"$2*G __<_$QK" `<_fe c<`e$'&-G
%P84 _`$QK" a<`$>P4J@ c<e$QK"$#+< [<]$QK" `<a\` _<`f$'&-G

&MSNG#C#4#-_MLONG#HT#QIMRVMKV#JHLG#\UIJ#THPK#URJMSUIMRIQ^#GRGKYW#VGLMRV#THK#
JGMIURY#MRV#VHLGQIUX#JHI#\MIGK#:).?;c#OKULMKW#GRGKYW#TMXIHK#THK#GNGXIKUXUIW#3"D
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!!!3.6.2  TECHNOLOGICAL AND STRATEGIC BENEFITS FROM R&D

!#1"-&+&291*+$9),(&H#)#-'G$G"&6$)&G'$,(&)9G#$6"#-$'"#3$*(#$*9)#?$*'$7&'"$(#?019-2$1*,9'*+$1&G'$>1&G'$
.&($9-G'*++9-2$'"#$2(&0-?OG9?#$G3G'#)$*-?$"#*'$,0),@$*-?$(#?019-2$+&-2O'#()$&,#(*'9-2$1&G'<$=-$10((#-'$
G3G'#)G$(&02"+3$"*+.$'"#$1&G'$>e`$o@$9G$G,#-'$&-$'"#$2(&0-?OG9?#$G3G'#)F$*-?$'"#$&'"#($e`$o$&-$'"#$
"#*'$,0),$9-G'*++*'9&-$*-?$1&-'(&+G<$

;&G'$(#?01'9&-$9-$9-G'*++*'9&-$&.$G3G'#)G$1*-$7#$(#*+9W#?$'"(&02"$'"#$.&++&69-2$*1'9&-GA

•  L,'9)9G*'9&-$&.$G#+#1'#?$709+?9-2$#-#(23$,(&.9+#F$"#*'$,0),$*-?$2(&0-?OG9?#$G3G'#)

•  =),(&H#?$#..919#-13$9-$2(&0-?$"#*'$#T1"*-2#($9-G'*++*'9&-

•  L,'9)9G9-2$"37(9?$?#G92-

;&G'$(#?01'9&-$9-$'"#$#T,+&9'*'9&-$,"*G#$&.$'"#$9-G'*++*'9&-G$1*-$7#$(#*+9G#?$'"(&02"

•  892"#($"#*'$,0),$#..919#-13F$'"(&02"$9),(&H#?$G&0(1#$*-?$+&*?$'#),#(*'0(#G

•  E&6#($,0),9-2$1&G'

•  892"#($G3G'#)$l0*+9'3$*-?$+&6#($(#,+*1#)#-'$*-?$)*9-'#-*-1#$1&G'

•  =),(&H9-2$#-#(23$G'&(*2#$9-$'"#$0-?#(2(&0-?

P'(*'#291$7#-#.9'G$.(&)$G"*++&6$2#&'"#()*+$"#*'$,0),$G3G'#)G

•  4&6#(.0+$(#-#6*7+#$#-#(23$G*H9-2G$'#1"-&+&23F$'&$7#$1&)79-#?$69'"$&'"#($(#-#6*7+#$#-#(23$,(&?01'9&-$
>'6&$G9?#?$*,,(&*1"@<

•  M#1(#*G9-2$#-#(23$?#,#-?#-1#F$+#GG$9),&('GF$+#GG$(9GX

•  J+#T979+9'3$9-$#-#(23$9-.(*G'(01'0(#$&-$+&1*+$*-?$(#29&-*+$G1*+#

•  P'9)0+*'9-2$'"#$/0(&,#*-$9-?0G'(3$*-?$9-1(#*G9-2$)*(X#'$&,,&('0-9'9#G$#G,#19*++3$.&($PQ/G

!!!3.6.3  THE 2020 GOALS FROM R&D EFFORT

!*7+#$]$G0))*(9G#G$'"#$5:M$#..&('G$G022#G'#?$9-$'"#$,(#H9&0G$1"*,'#(G$*-?$29H#G$*-$#G'9)*'9&-$&.$'"#9($
,&'#-'9*+$9),*1'<$8#-1#$'"#$5:M$#..&('$G"&0+?$(#G0+'$9-A

• #$LOKHZGV#GTTUXUGRXWE$5#?01'9&-$&.$,(9)*(3$#-#(23$9-,0'F$&,#(*'9-2$1&G'$G*H9-2G$:$#)9GG9&-$(#?01'9&-G

•  6IMRVMKV#IGXJRHNHYWE$P3G'#)$1&-1#,'GF$,(&?01'GF$'&&+G$*-?$9),+#)#-'*'9&-$*11#,'#?$73$"#*'9-2$*-?$
1&&+9-2$9-?0G'(3$*-?$'"#$1&-G'(01'9&-$9-?0G'(3$9-$2#-#(*+

•  ?UVGK#MXXGOIMRXGE#I11#,'#?$*G$G'*-?*(?$.#*'0(#$73$2#-#(*+$,07+91$*-?$2&H#(-9-2$7&?9#G

892"#($#..919#-13$*-?$69?#($*11#,'*-1#$69++$+#*?$'&$)&(#$9-G'*++#?$G3G'#)G$*-?$)&(#$#-#(23$G*H9-2G<
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&MSNG#D#4#6PLLMKW#HT#'[)#GTTHKIQ#MRV#SGRGTUIQ

&HOUX $LOKHZGV#
GTTUXUGRXW

6IMRVMKV#
IGXJRHNHYW

?UNVGK#
MXXGOIMRXG

3737

%P84$9-$2#-#(*+ {{{ `{{ ``{ =-1(#*G#$&.$c`_`$7#-1")*(X$P4J$
&.$a$73$ceo$'&$e

J&0-?*'9&-$'3,#$"#*'$
#T1"*-2#(

``{ {{{ {{{ Q*9-$7#-#.9'G$69++$7#$*$709+?9-2$9-O
?0G'(3$*11#,'*-1#$*-?$*$G'*-?*(?$
>#-#(23@$1&-1#,'<

8#*'$,9,#G `{ ``{ {{{ M#H#+&,$9-'&$*$)*(X#'*7+#$'#1"O
-&+&23

U-?#(2(&0-?$
=-G'*++*'9&-

``{ {{{ {{{ P+92"'$#-#(23$#..919#-13$7#-#.9'F$
70'$+*(2#$.9(G'$1&G'$(#?01'9&-$*-?$
9-?0G'(3$*11#,'*-1#

=-'#2(*'#?$?#G92- {{{ {{{ {{{ =-1(#*G#$9-$#-#(23$#..919#-13$
'"(&02"$"92"+3$#..919#-'$1&-|1#,'G<$
c`c`$G"*++&6$2#&'"#(|)*+$"#*'$
,0),$1&-1#,'G$G"&0+?$(*-2#$.(&)$
P4J$e$>7*G91@$'&$P4J$f$>'&,$(*-2#$
"37(9?@

P0G'*9-*79+9'3$:$
#-H9(&-|)#-'*+$9GG0#G

``` `{{ {{{ %09?#+9-#GF$G'*-?*(?GF$'(*9-9-2$69++$
+#*?$'&$*11#,'*-1#$*G$G'*-?*(?$
'#1"-&+&23

{{{$ 892"$5:M$7#-#.9'G
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!!!3.7  SUMMARY: SHALLOW GEOTHERMAL
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)9-9)0)$,(&S#1'$G9W#F$G&$ '3,91*+$*,,+91*'9&-G$*(#$ .&($ +*(2#$&..91#$709+?9-2GF$G"&,,9-2$)*++GF$G1"&&+Gj
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'9)#G$&.$+&6$"#*'$?#)*-?F$&($(#G9?0*+$"#*'$.(&)$9-?0G'(3F$5:M$9-$'"9G$.9#+?$G"&0+?$7#$1&-'9-0#?<
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Shallow Geothermal • RHC-Platform



45

Shallow Geothermal • RHC-Platform

4. Deep Geothermal
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!!4. DEEP GEOTHERMAL

!!!4.1 INTRODUCTION

!"#$1&-'#-'G$&.$'"9G$,*('$&.$'"#$?&10)#-'$*(#$7*G#?$&-$'"#$(#G#*(1"$,(9&(9'9#G$?#19?#?$73$'"#$6&(X9-2$
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!!!4.1.1  DEVELOPMENT OBJECTIVES
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"92"+92"'#?$'"(&02"$G#+#1'#?$1*G#$G'0?9#G$*-?$?#H#+&,)#-'$&7G'*1+#GF$1&-G'(*9-'G$*-?$ 9-1#-'9H#G$?9GO
10GG#?$*11&(?9-2+3<

Q##'9-2$'"&G#$*)79'9&0G$?#H#+&,)#-'$&7S#1'9H#G$.&($2#&'"#()*+$"#*'$>*-?$2#&'"#()*+$,&6#(@$(#l09(#G$
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•  )GGO#YGHIJGKLMN#>p$a```$)@$O$"*(-#GG9-2$'"#$"02#$)#?90)$#-'"*+,3$(#G#(H#$
*-?$;84$ >;&)79-#?$8#*'$*-?$4&6#(@$&,,&('0-9'9#Gn$ 9),+#)#-'*'9&-$&.$?9G'(91'$
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,0''9-2$/%P$&-$'(*1XF$73$.9(G'$1&-1#-'(*'9-2$&-$'"#$)9?O2(*?#F$,&&(+3$1&-H#1O
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.(&-'9#(_`<$
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E*G'$70'$-&'$+#*G'F$?##,$2#&'"#()*+$?#H#+&,)#-'$(#l09(#G$'"*'$*$+*(2#$2#&'"#(O
)*+$)*(X#'$7#$1(#*'#?$*-?$*$2#&'"#()*+$9-?0G'(3$G'(01'0(#?<$I+'"&02"$2#&'"#()*+$

*11&),+9G")#-'G$G1&(#?$6#++F$'"*-XG$'&$#T'(*1'9&-$*-?$1&-H#(G9&-$'#1"-&+&29#G$)*GO
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!"#$%&'(O')'C&-18&%/4,'%&3-$%6&'$1","341"-0'.-1&01"4,E'4'1&0141"+&'433&33/&01'2%-/'a';0#&/468'<CaDLTa?

!!!4.1.2  RESOURCE ENVIRONMENTS

/0(&,#$#T"979'G$*$H*(9#'3$&.$2#&'"#()*+$(#G&0(1#$G#''9-2GF$?9G,+*3#?$9-$GX#'1"$)*,$9-$J92<$_[F$6"91"$
(#+*'#$'&$?9G'9-1'$2#&?3-*)91$#-H9(&-)#-'GF$-*)#+3A

•##!"#$%&'%()*%+,"#-&.+),'!G07?9H9?#?$9-'&A

•  9-'(*1(*'&-91$>4*(9GC8*),G"9(#F$Il09'*9-#F$!*S&F$;*G'9++*-F$5"&-#CE*-20#?&1F$K#G'$g&(XG"9(#CD#'"#(O
+*-?F$D&('"$%#()*-F$M*-9G"F$K*(G*6F$!"(*1#*-@
•  &(&2#-91$7#+'$.&(#?##,$>43(#-#*-F$/7(&F$;*+'*-9G#''*F$D&('"$I+,9-#F$4&$Z*++#3F$I,#--9-91F$;*(,*'"9*-@$
•  )*(29-*+j7*1X$*(1$7*G9-G$>4*--&-9*-F$!(*-G3+H*-9*-F$I#2#*-@$
!"#G#$"&G'F$2#-#(*++3$)0+'9,+#F$*l09.#($G3G'#)G$69'"$-&()*+F$+&6$*-?$"92"$2#&'"#()*+$2(*?9#-'G$(#G,#1O
'9H#+3F$.*H&0(9-2$?9(#1'$0G#GF$*)&-2$6"91"$2#&'"#()*+$?9G'(91'$"#*'9-2$"&+?G$*$,(#H*9+9-2$G"*(#<

• #/%#,)"#-01.",%#+"#-&23+,)+%+,"4&#)5,''>5"9-#$%(*7#-F$E9)*2-#F$5"&-#$C$B(#GG#F$;*),9?*-&F$4*-'#++#O
(9*@$#+9297+#$'&$)#?90)$#-'"*+,3j;84$,(&G,#1'G$*-?F$0+'9)*'#+3F$'&$/%P$?#H#+&,)#-'G<$!6&$/%P$,+*-'G$
9-$'"9G$G#''9-2$*(#$&,#(*'9-2$>P&0+'W$J5F$E*-?*0$M/@F$6"9+#$&-#$6*G$*7*-?&-#?$?0(9-2$1&-G'(01'9&-$
>B*G#+$;8@<

•  6#3$%+)2&534(07%4,'&"+(&53#%4"+(&84",53#*'F$&.'#-$*GG&19*'#?$69'"$?##,$.*0+'G$*-?$0,6*(?G$"3?(&O
'"#()*+$)&H#)#-'GF$'"0G$1(#*'9-2$)#?90)$#-'"*+,3$(#G#(H&9(G<$4(&H9?#$2(&0-?$?#G92-$?*'*$.&($1+&G#?$
*-?$&,#-$G3G'#)G<

•  9#-',"44)+%&*"'')5'#>=7#(91$Q#G#'*F$I()&(91*-F$;#-'(*+$J(*-1#F$B&"#)9*-F$5"&?&,#@$69'"$"&'$G,(9-2G$
*-?$"3?(&'"#()*+$.*0+'$G3G'#)G<

•  :%2%+,&;)+&84",%<&=4)32%+%>?.",%#+"#-&@342"+)'*$>;*'*+0-3*F$;"*9-#$?#$403GF$/9.#+F$;*),9?*-&F$
P0G*X9@F$(#2*(?#?$*G$1*-?9?*'#G$.&($)#?90)$#-'"*+,3F$9.$-&'$/%PF$,(&S#1'G<

•  A2,)@%&'.7(.2,)3+&B3+%'C&@342"+)2&)'4"+(&"#2'C&"2,)@%&*"$*",)2&"+(&#%2%+,&3#&"2,)@%&%D,%+')3+"4&
E3#',&"+(&$#"7%+&',#.2,.#%'F$#T1#++#-'$9-$"92"O#-'"*+,3$2#&'"#()*+$(#G&0(1#G$10((#-'+3$9-$,(&?01'9&-$
.&($,&6#(F$*-?$'&$7#$?#H#+&,#?$9-$'"#$.0'0(#<
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!"#$%&'(S')':$%-.&40'#&-18&%/4,'%&3-$%6&'&0+"%-0/&013'2%-/'a';0#&/468'<CaDLTa?'9'D']-//4%$#4

!!!4.1.3  SCOPE OF DEEP GEOTHERMAL APPLICATION$

M##,$2#&'"#()*+$"#*'9-2$*-?$1&&+9-2$>+&6$*-?$)#?90)$'#),#(*'0(#j#-'"*+,3@$9G$10((#-'+3$,(&?01#?$73$
#T'(*1'9-2$'"#$"#*'$.(&)$2(&0-?$*-?$2(&0-?6*'#($*'$?#,'"G$*-?$'#),#(*'0(#G$G'*-?9-2$69'"9-$e``$)$
Oe```$)$*-?$ce$k;$O$_e`k;F$(#G,#1'9H#+3<$M9(#1'$*,,+91*'9&-G$*(#$0G#?$9-$*2(910+'0(#$>"&('910+'0(#F$?(39-2F$
1(&,$,(&1#GG9-2@F$*l0*10+'0(#F$9-?0G'(9*+$,(&1#GG#G$*-?$7*+-#&+&23<$!"#3$*(#$*+G&$69?#+3$*,,+9#?$9-$'"#$
?9G'(91'$"#*'9-2$G#1'&($*-?$1*-$G0,,+3$#-#(23$'&$1&)79-#?$"#*'$*-?$,&6#($>;84@$,+*-'G$*-?$?(9H#$*7O
G&(,'9&-$1&&+9-2$"#*'$,0),G$'"0G$,(&H9?9-2$1&+?$'&$*$"#*'9-2j1&&+9-2$2(9?<$!"#$(#G9?0*+$"#*'$(#+#*G#?$73$
*$2#&'"#()*+$,&6#($>.+*G"$&($79-*(3@$,+*-'$1*-$7#$0G#?$*G$*$>?&6-G'(#*)F$1*G1*?9-2@$G&0(1#$.&($?(9H9-2$
*$2#&'"#()*+$?9G'(91'$"#*'9-2j1&&+9-2$G3G'#)<

!!!4.2 RESOURCE ASSESSMENT
!!!4.2.1  INTRODUCTION

!"#$'6&$,(9-19,*+$2&*+G$*(#$'&$,(&)&'#$7*G91$(#G#*(1"$.&($1(#*'9-2$"92"Ol0*+9'3$,07+91$?*'*$7*G#G$'&$7#$
0G#?$73$.&++&6O0,$1&))#(19*+$9-9'9*'9H#GF$*-?$'&$,(&,&G#$*$.(*)#6&(X$.&($,(#O?(9++9-2$7*G91$(#G#*(1"$&-$
2#&'"#()*+$(#G&0(1#GF$2#&1"#)9G'(3$*-?$2#&,"3G91G$1*),*92-G<
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!!!4.2.2  CREATION OF A EUROPEAN GEOTHERMAL DATA BASE

!"#$*1'9&-$"#(#$69++$7#$,(9)*(9+3$'&$G#'$0,$*$0G#(O&(9#-'#?$0,?*'#?$?*'*$7*G#$*9)#?$*'$9?#-'9.39-2$*-?$
(*-X9-2$#T,+&(*'9&-j?#H#+&,)#-'$'*(2#'G$*11&(?9-2$'&$"3?(&'"#()*+$G#''9-2GF$6#++$1&-'(&+$*-?$,(&?01'9&-$
(9GX<$=GG09-2$&.$*$5#,&('9-2$;&?#$1&0+?$1&),+#'#$'"9G$*1'9&-<

•  4&'#-'9*+$.&($'#1"-&+&291*+$?#H#+&,)#-'

•  ;(#*'9&-$&.$*$/0(&,#*-$2#&'"#()*+$(#G&0(1#$?*'*$7*G#

•  U,?*'#$&.$/0(&,#*-$%#&'"#()*+$I'+*G

•  /H*+0*'9&-$&.$'"#$/U$/%P$,&'#-'9*+

•  5#9-'#(,(#'*'9&-$&.$#T9G'9-2$2#&,"3G91*+F$2#&+&291*+F$2#&1"#)91*+$?*'*F$*-?$*1l09G9'9&-$&.$-#6$?*'*

•  Q#'"&?&+&291*+$*-?$'#1"-&+&291*+$?#H#+&,)#-'G

!!!4.2.3  EXPLORATION TECHNOLOGIES FOR SUBSURFACE IMAGING

L-#$2&*+$9G$'"#$9?#-'9.91*'9&-F$9-$*$G'*'9G'91*++3$)#*-9-2.0+$6*3F$&.$)#*-$H*+0#G$*-?$G'*-?*(?$?#H9*'9&-G$
&.$,"3G91*+$(&1X$,(&,#('9#G$.(&)$#T,+&(*'9&-$?*'*$>G0(.*1#F$7&(#"&+#@$*G$6#++$*G$*??9'9&-*+$ +*7&(*'&(3$
#T,#(9)#-'G<

!"#$'"(##$?9)#-G9&-*+$?#+9-#*'9&-$&.$2#&+&291$G'(01'0(#$*-?$1"*(*1'#(9W*'9&-$&.$70+X$,(&,#('9#G$&.$2#&O
'"#()*+$G3G'#)G$*(#$)*S&($2&*+G$.&($*110(*'#+3$#H*+0*'9-2$'"#$(#G&0(1#$?#H#+&,)#-'$,&'#-'9*+F$*G$6#++$*G$
.&($+&1*'9-2$?(9++9-2$'*(2#'G<$!"#$?#'#()9-*'9&-$&.$*110(*'#$7&(?#(G$&.$'"#$(#G#(H&9($9G$*$G92-9.91*-'$+#2*+$
9GG0#$*G$6#++F$7#1*0G#$&.$'"#$#T*1'$*0'"&(9'3$,#()9'G<

I-$#H*+0*'9&-$&.$'#1"-91*+$*-?$.9-*-19*+$1&-?9'9&-G$.&($*$.0('"#($0G#$&.$#T9G'9-2$7&(#"&+#GF$'0--#+G$*-?$
)9-#G$.&($2#&'"#()*+$#T,+&(*'9&-$)92"'$,(&H9?#$.0('"#($?*'*$*1l09G9'9&-$&,,&('0-9'9#G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

M#H#+&,)#-'$&.$9--&H*'9H#F$1&G'O#..#1'9H#F$G07G0(.*1#$9)*29-2$'&&+G$1*,*7+#$&.$9-H#G'92*'9-2$0,$'&$*$?#,'"$
&.$*7&0'$[```$)F$9-1+0?9-2$1&)79-#?$G0(.*1#$*-?$*9(7&(-#$2#&,"3G91*+$G0(H#3G$*-?$)#*G0(#)#-'G$6"9+#$
?(9++9-2F$9-1+0?9-2$(&1X$*-?$.+09?$G*),+9-2F$69'"$'"#$.&++&69-2$?#'*9+GA

•  5#G#(H&9($9?#-'9.91*'9&-$.&($?##,$*-?$H#(3$?##,$2#&'"#()*+$>p$a$R)$*-?$m$a$R)$?#,'"@F$9-$&(?#($'&$
?#1(#*G#$'"#$(9GX$*-?$'"#$1&G'G

•  5#G&0(1#$*GG#GG)#-'$>,(&?01'9H9'3$6"#-$(#+*'#?$'&$'"#$9-S#1'9H9'3@$*'$?9..#(#-'$G1*+#GA$/0(&,#*-F$D*'9&O
-*+F$5#29&-*+F$*-?$E&1*+

•  =-OG9'0$*-*+3G9G$&.$(#G#(H&9($,(&,#('9#GF$)&?#++9-2$&.$2#&'"#()*+$(#G#(H&9($7#"*H9&0($*-?$)*-*2#)#-'

•  I,,+91*'9&-$&.$-#6$2#&+&291*+$*-?$2#&,"3G91*+$)#'"&?G$>\M$)&?#++9-2F$\M$G#9G)91F$)*2-#'&'#++0(91GF$
#'1<@

•  UG#$&.$s%+&7*+$Q&-9'&(9-2$.&($/-H9(&-)#-'$*-?$P#10(9'3^$>%Q/P@
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!!!4.2.4  MODELLING TOOLS FOR RESOURCE ASSESSMENT AND RESERVOIR PERFORMANCE EVALUATION

8#*'$'(*-G.#($,(&1#GG#G$*-?$'#),#(*'0(#$?9G'(970'9&-$9-$'"#$G07G0(.*1#$-##?$'&$7#$7#''#($0-?#(G'&&?F$*G$
6#++$*G$'"#$G'(#GG$.9#+?$*-?$.(*1'0(#$,*''#(-G$(#+*'#?$'&$.+09?$.+&6$9-$'"#$(#G#(H&9(<$\M$2#&O)&?#++9-2$9G$
*-$9),&('*-'$'&&+$.&($?#.9-9-2$'"#$7&0-?*(3$1&-?9'9&-G$.&($\M$(#G#(H&9($G9)0+*'9&-G$9-$H9#6$&.$*GG#GG9-2$
'"#$,#(.&()*-1#$&.$*$.0'0(#$&,#(*'#?$(#G#(H&9($*-?$9'G$0-1#('*9-'3<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

M#H#+&,)#-'$&.$9--&H*'9H#$'&&+G$.&($(#*+9G'91$G'(01'0(*+$*G$6#++$*G$.+&6$*-?$'(*-G,&('$)&?#+G$&.$.&($,(#O
?91'9-2$+&-2O'#()$.+09?$*-?$"#*'$#T'(*1'9&-$(*'#G$*-?$'"#9($0-1#('*9-'3F$69'"$'"#$.&++&69-2$?#'*9+GA

•  L,'9)9G*'9&-$*-?$.0('"#($?#H#+&,)#-'$&.$-0)#(91*+$'&&+G$.&($G3G'#)*'91$)#*G0(#)#-'G$&.$'"#$'"#()*+F$
1"#)91*+F$"3?(*0+91$*-?$)#1"*-91*+$+&-2$'#()$7#"*H9&0($&.$2#&'"#()*+$.*19+9'9#G$>#G,#19*++3$"3?(&'"#()*+$
*-?$/%P$.*19+9'9#G@<

•  M#H#+&,)#-'$&.$-0)#(91*+$)&?#++9-2$'&&+G$.&($$)&?#++9-2$ +&-2O'#()$2#&'"#()*+$(#G#(H&9($7#"*H9&0($
>9-1+0?9-2$#1&-&)91*++3$H9*7+#$&,'9&-G$.&($(#G#(H&9($)*-*2#)#-'@<

•  P1*+#$(#+#H*-'$#T,#(9)#-'*+$9-H#G'92*'9&-G$&.$'"#$,(9-19,*+$,(&1#GG#G$?&)9-*'9-2$'"#$2#&'"#()*+$(#G#(O
H&9($7#"*H9&0($0-?#($#-#(23$#T'(*1'9&-$9-$'#()G$&.$&,'9)9G*'9&-$&.$*H*9+*7+#$(#G&0(1#G<

•  =),(&H#$,(#?91'9&-$&.$7&(#"&+#$,#()#*79+9'3$*-?$9-S#1'9H9'3<

!!!4.2.5  EXPLORATION RISK ASSESSMENT AND MITIGATION

P#H#(*+$(9GX$.*1'&(G$>#<2<$'#1"-91*+F$.9-*-19*+F$*-?$#-H9(&-)#-'*+@$-##?$'&$7#$1*(#.0++3$#H*+0*'#?$?0(9-2$
'"#$#T,+&(*'9&-$,"*G#$6"9+#$'"#$G07G0(.*1#$)&?#+$9G$-&'$6#++$0-?#(G'&&?F$'"#$(#G&0(1#$-&'$1&),+#'#+3$
,(&H#-$*-?$'"#$?#H#+&,)#-'$G1#-*(9&G$-&'$3#'$1+#*(+3$?#.9-#?<$ =-$,*('910+*(F$G#9G)91$(9GXG$*GG&19*'#?$
69'"$/%P$,(&S#1'G$*-?$2(&0-?$?#.&()*'9&-$*GG&19*'#?$69'"$#T,+&9'*'9&-$&.$G"*++&6$(#G#(H&9(G$G"&0+?$7#$
*??(#GG#?$*-?$)9'92*'9&-$*1'9&-G$9?#-'9.9#?$*11&(?9-2+3$9-$G'9)0+*'9&-$,+*--9-2<$

='$9G$*GG0)#?$'"*'$9-$#*(+3$#T,+&(*'&(3$G'*2#G$*$.(*)#6&(X$9-G0(*-1#$,&+913$6&0+?$7#$,(&)&'#?$'&$)9O
'92*'#$'"#$#T,+&(*'9&-$(9GX<$='$G"&0+?$*1'$*G$*$G'9)0+0G$0-'9+F$*.'#($'"#$9-9'9*+$"92"$+#H#+$(9GX$7#$)*G'#(#?F$
?#H#+&,#(G$1*((3$&0'$#T,+&(*'9&-j?#H#+&,)#-'$9GG0#G$0-?#($'"#9($&6-$(#G,&-G979+9'3$*-?$(#G&0(1#G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

M#H#+&,)#-'$&.$*?H*-1#?$*,,(&*1"#GF$209?#+9-#G$*-?$'&&+G$*??(#GG9-2$#T,+&(*'9&-$(9GX$*GG#GG)#-'$*-?$
)9'92*'9&-$#*G9-2$'"#$?#19G9&-$)*X9-2$,(&1#GG

!!!4.3 DEEP DRILLING

Q&(#$'"*-$e`$o$&.$'"#$1&G'$&.$2#&'"#()*+$,+*-'G$9G$*GG&19*'#?$69'"$?(9++9-2$&.$6#++G$>J92<$_]@<$4(&2(#GG$
9-$?(9++9-2$'#1"-&+&23$1*-$"#+,$(#?019-2$'"#$1&G'$73$ce$o<$;&-1#(-9-2$2#&'"#()*+$?(9++9-2$*1'9H9'9#GF$'"#$
)*9-$*(#*G$9-H&+H#?$*(#A
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•  M#H#+&,)#-'$&.$9--&H*'9H#$?(9++9-2$'#1"-&+&23$.&($#T,+&(*'9&-$*-?$,(#+9)9-*(3$(#G#(H&9($*GG#GG)#-'$

•  L,'9)9G*'9&-$*-?$?#H#+&,)#-'$&.$)#*G0(#)#-'O6"9+#O?(9++9-2$>QKM@$'#1"-&+&29#GF$?#H#+&,)#-'$&.$?*'*$
9-'#(,(#'*'9&-$)#'"&?&+&29#G

•  =),(&H#?$?(9++9-2$.&($(#G#(H&9($?#H#+&,)#-'$*-?$#T,+&9'*'9&-

•  M(9++9-2$*-?$9-G'*++*'9&-$.&($?##,$7&(#"&+#$"#*'$#T1"*-2#(G$>B8/@$9-$+&6Oj)#?90)$#-'"*+,3F$+&6$,#(O
)#*79+9'3$(#G#(H&9(G$'&$9),(&H#$'#1"-9l0#G$*-?$(#?01#$1&G'G

!!!4.3.1  NOVEL DRILLING CONCEPTS

D&H#+$?(9++9-2$1&-1#,'G$*'$'"#$'#1"-&+&291*+$.(&-'9#($*(#$#T,#1'#?$'&$*++&6$.&($?(*)*'91$?(9++9-2$'9)#$j$
1&G'$7(#*X'"(&02"G$9-$*-$0-.&(#G##*7+#$.0'0(#<$!"#$1&-1#,'G$G"&0+?$7#$9-H#G'92*'#?$'&?*3F$*-?$7*G91$
>*-?$+*'#($*,,+9#?@$(#G#*(1"$G0,,&('#?$9-$&(?#($'&$"*H#$'"#G#$'#1"-9l0#G$*H*9+*7+#$.&($2#&'"#()*+$?(9++9-2$
9-$'"#$)#?90)j+&-2$'#()$'9)#.(*)#<$I$-&-O#T"*0G'9H#$+9G'$&.$1&-1#,'G$1&),(9G#GA

•  )9++9)#'(#$6*H#$?##,$?(9++9-2

•  "3?(&'"#()*+$*-?$9-G'*-'$G'#*)$G,*++*'9&-$?(9++9-2

•  (&7&'91F$0+'(*O?##,F$"92"$'#),#(*'0(#j,(#GG0(#$?(9++9-2$'#1"-&+&29#G

L'"#($'#1"-&+&29#G$*G$+*G#($?(9++9-2$*-?$.0G9&-$?(9++9-2$G"&0+?$.9(G'$7#$*-*+3G#?$73$(#+9*7+#$*GG#GG)#-'$
G'0?9#G$'&$,(&H#$'"#9($7*G91$H9*79+9'3<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  P#'$0,$*-$>*?O"&1@$#H*+0*'9&-$,*-#+

•  B*G91$(#G#*(1"$*-?$G07G#l0#-'$5:M$.&($G#+#1'#?$,(&G,#1'9H#$'#1"-&+&29#G

•  +&6O1&G'F$,(&&.O&.O1&-1#,'$,(&S#1'G$.&($-#6$*-?$9--&H*'9H#$'#1"-&+&291*+$*,,(&*1"#G

!!!4.3.2  CURRENT DRILLING TECHNOLOGY

=-$&(?#($'&$)*X#$7#G'$0G#$&.$10((#-'$?(9++9-2$'#1"-&$+&23F$*-$*GG#GG)#-'$&.$'"#$G'*'#$&.$'"#$*('$&.$
"3?(&1*(7&-$*-?$)9-9-2$?(9++9-2$G"&0+?$7#$1*((9#?$&0'F$*-?$.9#+?G$6"91"$(#l09(#$G,#19.91$G&+0'9&-G$.&($
2#&'"#()*+$G#''9-2G$7#9-2$9-?#-'9.9#?<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  !#1"-&+&23$'(*-G.#($.(&)$&'"#($?##,$?(9++9-2$G#1'&(G$'&$2#&'"#()*+$?(9++9-2$#-29-##(9-2$*-?$,(*1'91#

•  M#.9-9'9&-$&.$G,#19.91$2#&'"#()*+$(#l09(#)#-'G$(#2*(?9-2$?(9++9-2
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!!!4.3.3 IMPROVED DRILLING TECHNOLOGY

=-H#G'92*'9&-$&.$'"&G#$'&,91G$+9X#+3$'&$9),(&H#$(*'#G$&.$,#-#'(*'9&-F$10''9-2$(#1&H#(3F$#l09,)#-'j7&(#"&+#$
9-'#2(9'9#GF$,(#H#-'$.&()*'9&-$?*)*2#$*-?$(#?01#j)9'92*'#$'#1"-&+&291*+$(9GXGF$G*.#'3$(#l09(#)#-'G$*-?$
'"#(#.&(#$0+'9)*'#+3$G*H#$(92$'9)#F$(#?01#$1&G'G$*-?$#-H9(&-)#-'*+$9),*1'G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  E&6O1&G'F$#T,+&(*'9&-$&-+3$?(9++9-2$'#1"-&+&23

•  892"$'#),#(*'0(#$>m_e`k;@$?9(#1'9&-*+$?(9++9-2$>MM@$*-?$)#*G0(#)#-'$6"9+#$?(9++9-2$>QKM@

•  M9(#1'9&-*+$*-?$"&(9W&-'*+$?(9++9-2$9-$2#-#(*+F$1*G9-2$6"9+#$?(9++9-2F$G#9G)91G$*-?$+&229-2$6"9+#$?(9++9-2

•  ;&-'9-0&0GF$.+#T97+#$"&G#F$?(9++$+9-#GF$1&9+#?$'079-2$?#H#+&,)#-'GF$*,,+91*'9&-$&.$1&),&G9'#$'"#()&,+*GO
'91G$7#+&6$\$X)$?#,'"G

•  =),(&H#?$?(9++9-2$*-?$9-G'*++*'9&-$'#1"-&+&23$.&($?##,$7&(#"&+#$"#*'$#T1"*-2#(G$>B8/@

•  Q0?$S#'G$69'"$4M;$>,&+31(3G'*++9-#$?9*)&-?$1&),*1'@$?(9++$79'G

•  M##,$*9(j.&*)$7*+*-1#?$?(9++9-2

•  892"$'#),#(*'0(#F$"92"$,(#GG0(#$1#)#-'$G+0((9#G

•  892"$'#),#(*'0(#F$"92"$,(#GG0(#$9-.+*'*7+#j)#'*+$,*1X#(G$.&($&,#-$"&+#$*-?$1*G9-2

•  Q0?$+&229-2j,(&1#GG9-2

!"#$%&'(B')'*%",,"0#'2-%'#&-18&%/4,'&0&%#7'"0'18&'b4%5&%&,,-'4%&4E'TY
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•  =),(&H#)#-'$&.$?(9++9-2$#-29-##(9-2$?#G92-F$1(#6jG'*..$'(*9-9-2

!!!4.3.4. Optimisation of economics

IGG#GG)#-'$*-?$G'(*'#291$,+*--9-2$&.$ .0'0(#$/U$2#&'"#()*+$"#*'9-2j1&&+9-2$)*(X#'G$*-?$G07G#l0#-'$
?(9++9-2$(#l09(#)#-'G$ >(92$ .&(1#F$1(#6GF$G'*..F$#-29-##(9-2$G0,,&('@$*-?$70?2#'G$69++$*++&6$.&($&,'9)0)$
*++&1*'9&-$&.$'#1"-91*+$*-?$"0)*-$(#G&0(1#G<

L'"#($'&,91G$.&($#1&-&)91$&,'9)9G*'9&-$*(#$G+9)"&+#$HG<$G'*-?*(?$6#++$#T,+&(*'9&-$1*),*92-GF$*,,(&*1"#G$
'&$#*(+3$(#G#(H&9($*GG#GG)#-'j,#(.&()*-1#F$209?#+9-#G$.&($(9GX$*GG#GG)#-'j)9'92*'9&-F$)#'"&?&+&23$.&($
#1&-&)91$,(&S#1'9&-G$*-?$*-'919,*'#?$1&G'$7#-#.9'G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

/+*7&(*'9&-$&.$*$1&"#(#-'$#T,+&(*'9&-j?#H#+&,)#-'$G'(*'#23$>&7S#1'9H#GF$'9)9-2@$*-?$&.$(#+#H*-'$'*GXGF$(92$
.&(1#G$*-?$"0)*-$(#G&0(1#G$69'"$(#.#(#-1#$'&$?9G'(91'$"#*'9-2j1&&+9-2$*-?$;84j/%P$'*(2#'G

!!!4.4 PRODUCTION TECHNOLOGIES

P0G'*9-*7+#$*-?$(#+9*7+#$,(&?01'9&-$&.$2#&'"#()*+$"#*'$.(&)$?##,$2#&'"#()*+$(#G&0(1#G$9G$*GG&19*'#?$
69'"$H*(9&0G$1"*++#-2#GF$)*9-+3$(#+*'#?$'&$'"#$"92"$'#),#(*'0(#F$"92"$,(#GG0(#$#-H9(&-)#-'F$*-?$2#&'"#(O
)*+$.+09?$1&),&G9'9&-<$!"#G#$1"*++#-2#G$*(#$?#*+'$69'"$9-$'"#$.&++&69-2$,*(*2(*,"G<

!!!4.4.1 Material de!nition, well design and completion

!"#$)*'#(9*+G$(#l09(#?$-##?$'&$1&,#$69'"$"&G'9+#$*-?$*7(*G9H#$(#G#(H&9($#-H9(&-)#-'G$*-?$'"#()&O1"#)9O
1*+$.+09?$,(&,#('9#Gn$'"#$2&*+$9G$'&$9),(&H#$#l09,)#-'$(#+9*79+9'3$*-?$'&$9-1(#*G#$'"#$,+*-'$0'9+9G*'9&-$.*1'&(<$

K#++$?#G92-$"*G$'&$'*(2#'$+&-2#($6#++$+9.#F$&,'9)9G*'9&-$&.$6#++$?#+9H#(3$*-?$,(&?01'9H#j9-S#1'9H#$1*,*19'9#GF$
,(#H#-'9&-$&.$,*('91+#$9-H*G9&-$*-?$6#++j.&()*'9&-$9),*9()#-'F$(#?01'9&-$&.$6#++$)*9-'#-*-1#$*-?$6&(XO
&H#($1&G'<$!"#$6#++$1&),+#'9&-$'#1"-&+&23$-##?G$'&$7#$9),(&H#?$9-$&(?#($'&$.0+.9+$'"#G#$?#G92-$2&*+G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  M#G92-$*-?$'#G'9-2$&.$"92"$'#),#(*'0(#F$"92"$,(#GG0(#$)#1"*-91*++3$(#G9G'*-'$)#'*+F$*++&3#?F$1&),&G9'#$
)*'#(9*+G

•  =),(&H#?$)*'#(9*+G$.&($'079-2F$1#)#-'GF$1&),+#'9&-GF$6#++$"#*?

•  M#G92-$&.$&,'9)9G#?$,(&?01'9&-$6#++$1&),+#'9&-$9-$G&.'$>1+*G'91@$?#,&G9'G$*-?$"*(?$>1(3G'*++9-#F$)#'*O
)&(,"91@$(&1XG

•  L,'9)9G*'9&-$&.$6#++$2#&)#'(3F$G9?#O'(*1XGF$)0+'9+*'#(*+GF$"&(9W&-'*+$+#2G

•  M#H#+&,$G09'*7+#$9-S#1'9&-$6#++G$.&($G#-G9'9H#$>G*-?F$G*-?G'&-#@$(#G#(H&9($G#''9-2G$>#<2<$9-$'"#$4*--&-9*-$
7*G9-$*-?$'"#$D&('"$%#()*-$O$4&+9G"$7*G9-@
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!!!4.4.2 Well stimulation, formation damage

!"#$'*(2#'$&.$6#++$G'9)0+*'9&-$9G$'&$7&&G'$6#++F$-#*($6#++$*-?$(#G#(H&9($,#(.&()*-1#F$'&$(#)&H#$6#++$*-?$
.&()*'9&-$?*)*2#F$*-?$'&$?#H#+&,$*-?$,(&,$.(*1'0(#$-#'6&(XG<$J&()*'9&-$?*)*2#$1*-$7#$+9)9'#?$73$
*H&9?*-1#$>&($)9'92*'9&-@$&.$,+0229-2$)#1"*-9G)G$*-?$X9-#'91G$H9*$*?#l0*'#$.+09?$,(&1#GG9-2$*-?$6#++$
1&),+#'9&-$?#G92-$*-?$1(9'91*+$G*-?$.*1#$H#+&19'9#G<$5#)#?9*+$,(&1#?0(#G$-##?$'&$7#$?#G92-#?$*-?$G#O
10(#F$G0G'*9-*7+#$6*'#($9-S#1'9&-$*1"9#H#?<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  M#G92-$*-?$.9#+?$9),+#)#-'*'9&-$&.$"3?(*0+91F$1"#)91*+F$'"#()*+$G'9)0+*'9&-$'#1"-9l0#G$9-$G#+#1'#?$(&1X$
*-?$G'(01'0(*+$G#''9-2G$>G#?9)#-'*(3jG'(*'9.9#?F$H&+1*-&j'#1'&-91F$1(3G'*++9-#j)#'*)&(,"91@

•  =),(&H#?$,(#?91'9&-$*-?$)&-9'&(9-2$&.$1"#)91*+$*-?$"3?(*0+91$?#H#+&,)#-'G

•  J9#+?$'#G'9-2$&.$1*-?9?*'#$.+09?$"*-?+9-2$,(&1#GG#Gj.*19+9'9#GF$6#++$1&),+#'9&-F$6*'#($G*-?$1&-'(&+$,(&O
'&1&+G$*-?$(#)&H*+j(#)#?9*+$,(&1#?0(#G

•  M#H#+&,)#-'$&.$'"#()*++3$*1'9H*'#?j?#*1'9H*'#?$(#*2#-'G

!!!4.4.3 Corrosion and scaling

;&((&G9&-$*-?$G1*+9-2$*(#$*)&-2$'"#$)*9-$,(&7+#)G$?0(9-2$&,#(*'9&-$&.$?##,$2#&'"#()*+$,+*-'GF$S#&O
,*(?9G9-2$,+*-'$#..919#-13$*-?$+&-2#H9'3<$P&$9'$9G$&.$"92"#G'$9),&('*-1#$'&$1&)7*'$1&((&G9&-$*-?$G1*+9-2F$
73$,(#H#-'9-2$?#G92-$G"&('1&)9-2G$*-?$G#10(9-2$6#++j#l09,)#-'$9-'#2(9'9#G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  =-H#G'92*'#$.0('"#($&-$G1*+9-2$*-?$1&((&G9&-$,(&1#GG#GF$#T,#(9)#-'G$'&$#G'*7+9G"$#..#1'$&.$+&6#(9-2$,8$
*'$"92"$'#),#(*'0(#$

•  M#H#+&,$6#++$*-?$,+*-'$?#G92-$69'"$+&6#($G1*+9-2$*-?$1&((&G9&-$(9GXF$

•  M#G92-$*-?$'#G'9-2$&.$1*-?9?*'#$1"#)91*+$9-"979'&($.&()0+*'9&-G$>9-1+<$G'*79+9'3$'#G'G@F$9-S#1'9&-$G3G'#)G$
*-?$)&-9'&(9-2$,(&'&1&+G$

•  P#+#1'9&-$&.$-#6$#-H9(&-)#-'*++3$.(9#-?+3$>u2(##-v@$9-"979'&(G$

•  P#+#1'9&-$&.$9),(&H#?$1&((&G9&-$)&-9'&(9-2$G3G'#)G$>#<2<$%*))*$'(*-G)9GG9&-$)#*G0(#)#-'G@F$u#*(+3$
6*(-9-2v$)#'"&?GF$1&((&G9&-$)#*G0(#)#-'G$9-$,9+&'$,(&S#1'G

•  I,,+91*'9&-$&.$9),(&H#?$>#<2<$1&),&G9'#@$)*'#(9*+G$.&($,9,#GF$G1(##-GF$"#*'$#T1"*-2#(F$#'1<$>1.<$a<a<_@

!!!4.4.4 Downhole instrumentation, monitoring and logging

M&6-"&+#$9-G'(0)#-'*'9&-$9G$(#l09(#?$.&($1&++#1'9&-$&.$(#+9*7+#$9-.&()*'9&-$&-$(#G#(H&9($*-?$.+09?$,(&,#(O
'9#G$9-$*1'0*+F$&.'#-$*?H#(G#F$2#&'"#()*+$#-H9(&-)#-'G<$I+G&$*$69?#($0'9+9W*'9&-$&.$2#&,"3G91*+$)#*G0(#O
)#-'$'&&+G$?0(9-2$&,#(*'9&-$9G$G022#G'#?<$J&($G0G'*9-*7+#$&,#(*'9&-F$1&-'9-0&0G$9-OG9'0$)#*G0(9-2$*-?$
(#1&(?9-2$&.$(#G#(H&9(F$(&1X$*-?$.+09?$,*(*)#'#(G$*-?$,(&,#('9#G$9G$1(019*+<
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•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  =),(&H#)#-'G$'&$"92"$'#),#(*'0(#F$"92"$,(#GG0(#$?&6-"&+#$2*02#G$.&($'#),#(*'0(#F$,(#GG0(#$*-?$39#+?F$
.+09?$G*),+#(G$*-?$1*7+#GF$*-?$(#G9?#-'$$ 7&''&)O"&+#$(#1&(?9-2$?#H91#G

•  =-$G9'0$j$1&-'9-0&0G$6#++$)&-9'&(9-2$>#<2<$0G9-2$.97(#$&,'91G@A$'#),#(*'0(#F$1&-?01'9H9'3F$.+&6F$,(#GG0(#F$
G#9G)919'3F$.(*1'0(#G$,(&,*2*'9&-F$#'1<

•  =),+#)#-'*'9&-$&.$9-$G9'0$"3?(*0+91F$'"#()*+F$)#1"*-91*+$*-?$G#9G)91$)&-9'&(9-2$G3G'#)G$&-$G#+#1'#?$
?#)&-G'(*'9&-$G9'#G

!!!4.4.5 Pump technology

M0(9-2$&,#(*'9&-F$#-#(23$?#)*-?$.&($,0),9-2$1*-$7#$*$70(?#-$&-$&H#(*++$,+*-'$#..919#-13<$8#-1#$'"#(#$
9G$*$-##?$'&$9),(&H#$,0),$#..919#-13$*-?$+&-2#H9'3F$'&$G#10(#$,(&?01'9&-$(#+9*79+9'3F$'&$?#H#+&,$'&&+G$.&($
*H&9?9-2$'6&O,"*G#$.+&6$9-$6#++GF$#'1<F$9-$&(?#($'&$0,2(*?#$#T,+&9'*'9&-$#1&-&)91G<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  M#H#+&,)#-'$&.$"92"$'#),#(*'0(#$(#G9G'*-'F$"92"$#..919#-13$#+#1'(91*+$G07)#(G97+#$,0),G$>/P4@

•  =),(&H#)#-'G$9-$+9-#OG"*.'$*-?$G07)#(G97+#$,0),$'#1"-&+&23$'&$9-1(#*G#$.+&6$*-?$#..919#-13F$*-?$'&$
#-"*-1#$(#G9G'*-1#$*2*9-G'$"92"$'#),#(*'0(#$*-?$,(#GG0(#

!!!4.4.6 Production management and retro!tting

B*G#?$&-$(#29&-*+$"3?(&2#&+&291*+$)&?#++9-2F$6#++$*-?$.9#+?$#T,+&9'*'9&-$1*-$7#$&,'9)9G#?$9-$1&),+9*-1#$
69'"$G0G'*9-*7+#$)*-*2#)#-'$(#l09(#)#-'G<$P0G'*9-*7+#$*-?$7*+*-1#?$&,#(*'9&-$&.$,(&?01'9&-$*-?$(#9-O
S#1'9&-$-##?$'&$7#$#-G0(#?$9-$'"#$+&-2$'#()<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  J9#+?$G9)0+*'9&-$G1#-*(9&GF$9-'#(.#(#-1#$*-?$'(*1#($)#*G0(#)#-'G

•  Q#'"&?G$.&($9-H#G'92*'9-2$'(*-G9'$'9)#$.(&)$,(&?01'9&-$'&$9-S#1'9&-$6#++F$9?#-'9.91*'9&-$&.$?9..#(#-'$'(*-GO
,&('$,*'"G$7#'6##-$,(&?01'9&-$*-?$9-S#1'9&-$6#++G

•  M#H#+&,$)#'"&?&+&29#G$*-?$)*'#(9*+G$.&($(#'(&.9''9-2$>1#)#-'F$1*G9-2F$2#-#(*+$(#*1'9H*'9&-F$#'1<@

!!!4.5 SURFACE SYSTEMS FOR DIRECT HEAT USES AND CHP
I$2(&69-2$9-'#(#G'$'&6*(?G$0'9+9G*'9&-$&.$+&6$'&$)#?90)$'#),#(*'0(#$2#&'"#()*+$(#G&0(1#G$.&($#-#(23$
,(&?01'9&-$9-$79-*(3$131+#G$*-?$9-$1*G1*?9-2$G3G'#)G$1*-$7#$G##-n$'"#(#$9G$*$2#-#(*+$1&-G#-G0G$*)&-2$
'"#$2#&'"#()*+$1&))0-9'3$'"*'$'"9G$)*(X#'$69++$?#H#+&,$#T'#-G9H#+3$6&(+?69?#<$Q*(X#'G$*-?$#-#(23$u,(&O
?01'Gv$&.$'"9G$'#1"-&+&23$9-1+0?#A

•  #+#1'(919'3$,(&?01'9&-$>9-$;84@

•  G,*1#$"#*'9-2$*-?j&($1&&+9-2F$)*9-+3$9-$?9G'(91'$"#*'9-2j1&&+9-2$2(9?G$>J92<$_f@
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•  2(##-"&0G#$"#*'9-2F$*l0*10+'0(#F$?(39-2$&.$,(&?01#j1(&,j6&&?$#'1<$>J92<$_h@

•  9-?0G'(9*+$,(&1#GG$"#*'

•  G,*G$*-?$7*+-#&+&23F$

•  G-&6$)#+'9-2F$G#*6*'#($?#G*+9-*'9&-F$*-?$&'"#($-#6$*,,+91*'9&-G

;&&+9-2$9G$*$.*G'$2(&69-2$G#2)#-'$,*('910+*(+3$9-$P&0'"#(-$/0(&,#<$;#('*9-$*,,+91*'9&-G$&-$?9..#(#-'$'#)O
,#(*'0(#$+#H#+G$1*-$7#$1&)79-#?$9-'&$1*G1*?9-2$0G#GF$69'"$'"#$(#G9?0*+$"#*'$.(&)$&-#$,(&1#GG$7#9-2$'"#$
9-,0'$'&$*$,(&1#GG$*'$+&6#($'#),#(*'0(#<

!"9G$1"*,'#($.&10G#G$&-$#-#(23$1&-H#(G9&-$,(&1#GG#G$*-?$G0(.*1#$#-#(23$1"*9-G<$='$9G$6&('"3$'&$-&'#F$
'"*'$9-$)*-3$(#G,#1'G$9'$?#*+G$69'"$6#++O#G'*7+9G"#?$'#1"-&+&29#GF$G#H#(*+$&.$'"#)$7#9-2$,(*1'91#?$.&($
?#1*?#G<$D#H#('"#+#GGF$'"#(#$#T9G'G$*$G07G'*-'9*+$G,*1#$.&($9),(&H#)#-'G$9-$&(?#($'&$)##'$'"#G#$H*G'$
)*(X#'$?#)*-?G$*'$1&),#'9'9H#$?#)*-?G$1&G'GF$6"91"$(#l09(#G$'"#$.&++&69-2$,(9&(9'9#G$'&$7#$*??(#GG#?A

•  1&G'$(#?01'9&-G

•  &,'9)9G9-2$'"#$#..919#-13$&.$'"#$6"&+#$1"*9-

•  (9GX$+9)9'*'9&-

;0''9-2$?&6-$1&G'G$1*-$7#$*1"9#H#?$73$?#1(#*G9-2$'"#$0-9'$,&6#($9-H#G')#-'$(*'9&$>9<#<$tjXK$9-G'*++#?@$
*-?j&($'"#$&,#(*'9&-$*-?$)*9-'#-*-1#$1&G'G<$L,'9)9G*'9&-$*9)G$*'$0,2(*?9-2$7&'"$'"#$#..919#-19#G$&.$
1&),&-#-'G$9-$'"#$1"*9-F$*-?$'"#$1*G1*?9-2$.(&)$"92"$'&$+&6$'#),#(*'0(#$0G#(G<$!"#$(9GX$9GG0#F$7#9-2$
+#GG$1(9'91*+$'"*-$9'G$1&0-'#(,*('G$9-$'"#$.9#+?G$&.$#T,+&(*'9&-$*-?$?(9++9-2F$G"&0+?$*??(#GG$)9'92*'9&-$&.$
'"#$9),*1'G$9-$G#-G9'9H#F$-*'0(*+$*-?$0(7*-F$#-H9(&-)#-'G<

Deep Geothermal • RHC-Platform
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Deep Geothermal • RHC-Platform

8#-1#$ '"9G$ 1"*,'#($ 9G$ '*(2#'#?$*'$ &,'9)9G9-2$ '"#$ G0G'*9-*79+9'3$ *-?$#1&-&)91$ H9*79+9'3$ &.$ 2#&'"#()*+$
#+#1'(919'3$>;84@$*-?$?9(#1'$0G#$"#*'9-2j1&&+9-2$0-?#('*X9-2GF$*-?$9-1(#*G9-2$'"#$)*(X#'$G"*(#<$!"#G#$
&7S#1'9H#G$1*-$7#$G07?9H9?#?$9-$.9H#$'"#)*'91$*(#*GA

•$-RGKYW#XHRZGKQUHR#GTTUXUGRXW

/..919#-13$"#(#$9G$1&-G'(*9-#?F$6"#-$1&),*(#?$'&$1&-H#-'9&-*+$.&GG9+$.0#+$.9(#?$,&6#($1&-H#(G9&-$131+#GF$
73$'"#$+&6$'#),#(*'0(#$+#H#+$&.$'"#$(#G&0(1#<$!"#$&7S#1'9H#$9G$'&$(#?01#$'"9G$2*,$73$7(9-29-2$1&),&-#-'$
#..919#-19#G$1+&G#($'&$'"#9($)*T9)0)$,"3G91*+$.920(#G$>.&($'"#$(#.#(#-1#$'"#()*+$+#H#+@$*'$(#*G&-*7+#$0-9'$
9-H#G')#-'$1&G'$(*'9&G<$

•$'GQUVGRIUMN^#IGKIUMKW#SPUNVURY#LMK]GI#OGRGIKMIUHR

8#(#$'"#$,(9&(9'3$9G$29H#-$'&$#T9G'9-2$"&0G#Gj709+?9-2G$*-?$19'9#G$9-'(*$)0(&G<$!"9G$(#l09(#G$'"#$1(#*'9&-j
9),+#)#-'*'9&-$&.$*?#l0*'#+3$?#G92-#?$?9G'(91'$"#*'9-2j1&&+9-2$2(9?G$*-?$&.$ +&6$'#),#(*'0(#$"#*'9-2$
G3G'#)G$69'"9-$#T9G'9-2$?6#++9-2G$*-?$709+?9-2G<$L-$6*3$'&$*1"9#H#$'"9G$9G$73$9-G'*++9-2$"#*'9-2j1&&+9-2$
G3G'#)G$7*G#?$&-$#..919#-'$.+&&($"#*'9-2$*-?j&($1#9+9-2$1&&+9-2<$;&&+9-2$"*(?6*(#$2#-#(*++3$9G$(#*1"9-2$
*$"92"#($G'*-?*(?$ 9-$)&?#(-$ '"#()*+$#-29-##(9-2$?#G92-G<$K"#-$?#*+9-2$69'"$#T9G'9-2F$1&-H#-'9&-*++3$
?#G92-#?F$"&)#G$*-?$709+?9-2GF$*-$#1&-&)91$G&+0'9&-$6&0+?$1&-G9G'$&.$G07G'9'0'9-2$)&?#(-$+&6$#-#(23$
?#)*-?$"#*'9-2$ >1&&+9-2@$?#H91#Gj,(&1#GG#GF$ G01"$*G$ +&6$ '#),#(*'0(#$ >-*'0(*+$&($ .&(1#?$1&-H#1'9&-$
?(9H#-@$1&-H#1'&(GF$.&($'"#$&7G&+#'#$"92"$'#),#(*'0(#$1*G'$9(&-$(*?9*'&(G<$Q&?#(-$'#1"-&+&23$(#H#(G97+#$
"#*'$,0),G$1*-$*??$*$G92-9.91*-'$9-,0'$73$*??9-2$1&&+9-2$'&$*$+&*?$,(#H9&0G+3$?#H&'#?$'&$"#*'9-2$*+&-#<

•#+MQXMVURY#

='$"*G$7##-$,(#H9&0G+3$G'(#GG#?$'"*'$1*G1*?9-2$,(&H9?#G$*$0-9l0#$&,,&('0-9'3$'&$&,'9)9G#$'"#$&H#(*++$
1"*9-jG3G'#)$#..919#-13$ 9-$*$G0G'*9-*7+#$*-?$1&G'$#..#1'9H#$)*--#(<$ ='$G'9)0+*'#G$'"#$?#G92-$*-?$ 9)O
,+#)#-'*'9&-$&.$-#6$2#&'"#()*+$?9(#1'$0G#$1&-1#,'GF$69'"$#9'"#($1#-'(*+9G#?$&($?#1#-'(*+9G#?$7*1X$0,j
(#+9#.$G0,,+3$G&+0'9&-G<$!"#G#$1*-$7#$7*G#?$&-$'"(##O,9,#$2(9?G$*-?$"#*'$,0),$*,,+91*'9&-GF$'"#$+*''#($
,*('910+*(+3$ (#6*(?9-2$ 9-$ (#'(&.9''9-2$ 1&-H#-'9&-*+$ "#*'9-2$ G3G'#)G$&.'#-$?#)*-?9-2$"92"$ '#),#(*'0(#<$
I++$'"#G#$9),(&H#)#-'G$*9)$*'$+&6#($(#'0(-$'#),#(*'0(#G$*-?$9-1(#*G#?$2#&'"#()*+$+&*?$.*1'&(G<$K"#-$
1&-'#),+*'9-2$"92"#($#-'"*+,3$G&0(1#GF$;84$?#G92-G$*(#$,(#.#(*7+#F$*G$'"#$*++&6$.&($(#1&H#(9-2$'"#$'0(O
79-#$&0'+#'$"#*'$6"91"$6&0+?$&'"#(69G#$7#$6*G'#?$'&$*')&G,"#(#<

•$+HHNURY#UQQPGQ#

!"#$1&&+9-2$?#)*-?$9G$1&-G9?#(#?$'&$(9G#$G92-9.91*-'+3$*G$*$(#G0+'$&.$9),(&H#?$"&0G9-2j709+?9-2$9-G0+*'9&-$
*-?$9-1(#*G#?$G'*-?*(?G$.&($1&).&('$9-$&..91#j'#('9*(3$.*19+9'9#G<$I7G&(,'9&-$1&&+9-2$?(9H#-$73$"#*'$.(&)$
1&-H#-'9&-*+$G&0(1#G$9G$#-#(23$1&-G0)9-2F$1&G'+3$*-?F$*7&H#$*++F$,&&(+3$#..919#-'<$;&&+9-2$.(&)$+&6O1*(O
7&-$2#&'"#()*+$#-#(23$1*-$,(&H#$*$(#6*(?9-2$G07G'9'0'#$6"#-#H#($G&0(1#$'#),#(*'0(#G$#T1##?$]e$k;F$
9-$6"91"$1*G#$*7G&(,'9&-$1"9++#(G$1*-$7#$1&-'#),+*'#?F$&($6"#-$*GG&19*'#?$69'"$1&),(#GG&($"#*'$,0),G$
G09'*7+#$.&($?9G'(91'$"#*'9-2$*-?$1&&+9-2$*,,+91*'9&-G<$J&($9-?9H9?0*+$709+?9-2GF$G01"$G3G'#)G$"*H#$*+(#*?3$
,(&H#-$1&),#'9'9H#$9-$(#'(&.9''9-2$&.$#T9G'9-2$&..91#$709+?9-2G<

•$.UYJ#IGLOGKMIPKG#JGMI#QIHKMYG$

=-'#(OG#*G&-*+$"#*'$G'&(*2#$)#*-G$G0G'*9-9-2$?##,$2#&'"#()*+$(#G#(H&9($+9.#$#9'"#($*G$*$(#G0+'$&.$9-S#1'9-2$
(#G9?0*+$"#*'$>"&'$6*'#(@$.(&)$1&&+9-2$9-$G0))#(F$'"0G$(#1"*(29-2$'"#$(#G&0(1#$,(9&($'&$'"#$-#T'$69-'#($
"#*'9-2$131+#F$&($9-$1&)79-*'9&-$>"37(9?$)&?#@$69'"$&'"#($(#-#6*7+#$G&0(1#G$>1"9#.+3$G&+*($'"#()*+@$&($
9-?0G'(9*+$ (#G9?0*+$"#*'<$P01"$G3G'#)GF$ G9)9+*($ 9-$,(9-19,+#$ '&$ G"*++&6$*l09.#($ '"#()*+$#-#(23$G'&(*2#$
>I!/P@F$(#l09(#$*$1*(#.0+$*GG#GG)#-'$*-?$)&-9'&(9-2$&.$'"#9($'"#()&O1"#)91*+$>#<2<$G1*+9-2@$*-?$#-H9O
(&-)#-'*+$>79&1"#)91*+F$6*'#($l0*+9'3@$9),*1'GF$*G$*(#$)#-'9&-#?$*+G&$9-$'"#$(#+#H*-'$,*(*2(*,"$&.$'"#$
;(&GG$;0''9-2$5#G#*(1"$4(9&(9'9#G<
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=),+#)#-'*'9&-$&.$'"#$*.&(#)#-'9&-#?$*G,#1'G$9G$,(#G#-'+3$1+&0?#?$73$-&-O'#1"-91*+$+#2*+F$(#20+*'&(3$*-?$
9-G'9'0'9&-*+$7*((9#(GF$*)&-2G'$&'"#(Gn$*++$'"#G#$)*''#(G$-##?$'&$7#$'*1X+#?$9-$*$?#?91*'#?$6&(X9-2$2(&0,<

$$$$

!!!4.5.1 Power cycles, CHP

UG#$&.$+&6O'#),#(*'0(#$(#G&0(1#G$9-$1&)79-*'9&-$69'"$.+*G"$*-?$79-*(3$,&6#($0-9'G$G"&0+?$#-"*-1#$'"#$
#-#(23$&0',0'$*-?$0G#$&.$'"#$(#G&0(1#$*+&-2G9?#$(#'0(-$&-$9-H#G')#-'<$5#G#*(1"$9G$(#l09(#?$.&($9-1(#*G#?$
#-#(23$#..919#-13F$*,,+91*79+9'3$*'$+&6#($'#),#(*'0(#GF$*-?$1&G'$(#?01'9&-<$/-#(23$1&-H#(G9&-$'#1"-&+&23$
.&($2#&'"#()*+$,&6#($,(&?01'9&-$9G$*+G&$1&H#(#?F$9-$)&(#$?#'*9+F$9-$*$G#,*(*'#$?&10)#-'$#+*7&(*'#?$73$
*$G,#19*+$#T,#('G$2(&0,<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  =),(&H#)#-'G$'&$1&-H#(G9&-$131+#G$>#<2<$L5;F$R*+9-*@F$#..919#-13$&.$1&),&-#-'GF$1&G'$*7*'#)#-'$#..9O
19#-13$9-1(#*G#$>1&++*7&(*'9&-$69'"$'"#$,&6#($G#1'&(@

•  5:M$&-$9),(&H#)#-'$&.$1&),&-#-'G$>'0(79-#GF$"#*'$#T1"*-2#(GF$2#-#(*'&(GF$1&&+9-2$?#H91#GF$*0T9+9*(9#G$
+9X#$2*G$G#,*(*'&(GF$.9+'#(GF$9-G0+*'9&-G@

•  =-$'"#$)#?90)j+&-2$'#()F$&H#(1&)9-2$G&)#$10((#-'$7*((9#(G$'&$9),(&H#)#-'__
$
•  E&6$'&$)#?90)$'#),#(*'0(#$;84$>1&)79-#?$,&6#($2#-#(*'9&-j?9G'(91'$"#*'9-2$G1"#)#G@

•  ;*G1*?#$0'9+9G*'9&-F$9-'#2(*'9&-$69'"$"#*'$>&($1&+?@$G0,,+3$H9*$-&H#+$1*G1*?9-2$1&-1#,'G

!"#$%&'(\')'N#%"6$,1$%4,'$3&3'-2'#&-18&%/4,'&0&%#7X'C%&&08-$3&'8&41"0#'<,&21E'J-/40"4?'
405'40"/4,'2--5'.%-6&33"0#'<%"#81E'^$0#4%7?

__$$$$IH*9+*7+#$6&(X9-2$)#?9*$6#++$*-*+3G#?F$+9''+#$+#.'$.&($9),(&H#)#-'$&.$'"#()&?3-*)91$131+#$#..919#-13n$'#),#(*'0(#$?(&,$&H#($"#*'$'(*-G.#($
G0(.*1#G$*+(#*?3$+&6F$.0('"#($9),(&H#)#-'$+*(2#$"#*'$'(*-G.#($*(#*G$*-?$,(#GG0(#$?(&,G$+#*?9-2$'&$,*(*G9'91$,0),9-2$+&GG#Gn$'0(79-#$*#(&?3-*O
)91$#..919#-13$9G$H#(3$1+&G#$'&$'"*'$*''*9-#?$9-$+*(2#$G'#*)$*-?$2*G$'0(79-#GF$G1(#6$#T,*-?#(G$"*H#$+&6#($1&G'G$70'$'"#9($#..919#-13$9G$+&6#(

Deep Geothermal • RHC-Platform
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!!!4.5.2 District heating, direct uses, cascading and storage

Q*(X#'$,#-#'(*'9&-$1*++G$.&($1&-G'(01'9&-$&.$-#6$?9G'(91'$"#*'9-2$-#'6&(XGF$*-?$&,'9)9G*'9&-$&.$#T9G'9-2$
-#'6&(XG$*-?$,+*-'GF$9-$,*('910+*($9-$/*G'jP&0'"O/*G'#(-$/0(&,#$*-?$!0(X#3<$I$1&)79-*'9&-$69'"$2#&O
'"#()*+$;84$,+*-'G$G"&0+?$7#$*''#),'#?F$-&'*7+3$9-$/%P$#-H9(&-)#-'G<$892"O'#),#(*'0(#$"#*'$G'&(*2#$9-$
'"#$2#&'"#()*+$(#G#(H&9($*++&6G$.&($9-'#2(*'9&-$69'"$&'"#($(#-#6*7+#$"#*'$G&0(1#G$*-?$(#G9?0*+$"#*'F$*-?$
1*-$9-1(#*G#$'"#$1*,*19'3$&.$G&0(1#$*-?$2(9?<$M#H#+&,)#-'$2#-#(*++3$*9)G$*'$9-1(#*G#?$#-#(23$#..919#-13F$
9-1(#*G#?$1*,*19'9#GF$+&6#($'#),#(*'0(#GF$*-?$1&G'$(#?01'9&-<$

=),(&H#?$G9'#$*GG#GG)#-'$>#<2<$0G9-2$%#&2(*,"91*+$=-.&()*'9&-$P3G'#)GF$%=P@$*-?$#T,+&(*'9&-$)#'"&?GF$
*-?$ '#1"-&+&291*+$ 9),(&H#)#-'G$ .&($ ,(&1#GG#G$ >?(9++9-2j1&),+#'9&-@$ *-?$ 1&),&-#-'G$ >#<2<$ ?&6-"&+#$
,0),G@$*G$?#G1(97#?$ 9-$'"#$(#+#H*-'$1"*,'#(G$*7&H#$69++$"#+,$'&$ 9),(&H#$'"#$#1&-&)91$ .#*G979+9'3$&.$
2#&'"#()*+$?9G'(91'$"#*'9-2<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  L,'9)9G*'9&-$&.$?9G'(91'$"#*'9-2j1&&+9-2$2(9?G$*-?$'"#9($#T,+&9'*'9&-F$-&H#+$2#&'"#()*+$?9G'(91'$"#*'9-2j
1&&+9-2$2(9?$1&-1#,'G

•  U,2(*?#$&.$"#*'j1&+?$(#1&H#(3$H9*$+&6#(9-2$'"#$709+?9-2j2(9?$G0,,+3$*-?$(#'0(-$'#),#(*'0(#GF$9),+#O
)#-'*'9&-$&.$+&6$'#),#(*'0(#$"#*'9-2$G3G'#)G$9-$#T9G'9-2$709+?9-2Gj?6#++9-2G

•  M#H#+&,)#-'$&.$G09'*7+#$G3G'#)G$*-?$1&),&-#-'G$.&($&,'9)9G*'9&-$&.$1*G1*?9-2$G'(01'0(#G$0G9-2$"#*'$
,0),G

•  I,,+91*'9&-$&.$9--&H*'9H#$1&-1#,'G$.&($2#&'"#()*+$#-#(23$0G#$9-$*2(910+'0(#F$*l0*10+'0(#F$?(39-2$,(&O
1#GG#GF$?#G*+9-*'9&-F$9-?0G'(9*+$0G#GF$G-&6$)#+'9-2$*-?$(&*?$?#O919-2F$#'1<

•  8#*'$(#1&H#(3$.(&)$)9G1#++*-#&0G$G&0(1#G$>)9-9-2$6*'#(GF$'0--#+GF$*9(F$*7*-?&-#?$&9+$*-?$2*G$#T,+&O
(*'9&-j?#H#+&,)#-'$6#++G@

•  =-H#G'92*'9&-$&.$7#"*H9&0($*-?$#-#(23$+&GG#G$&.$"92"$'#),#(*'0(#$"#*'$G'&(*2#$9-$'"#$(#G#(H&9(

•  IG$*$-&-O'#1"-91*+$9GG0#F$'"#$?9GG#)9-*'9&-$&.$,(&H#-$G011#GG.0+$*,,(&*1"#G$-##?$'&$7#$9-1(#*G#?

!!!4.5.3 Absorption cooling

%#&'"#()*+$*7G&(,'9&-$1&&+9-2$*++&6G$.&($1&&+9-2$69'"$+&6$1*(7&-$.&&',(9-'<$;+9)*'91$1&-?9'9&-G$'3,91*++3$
+#*?$'&$9-1(#*G#?$1&&+9-2$+&*?G$9-$+&6$"#*'$?#)*-?$,#(9&?GF$'"0G$.&($'"#$2#&'"#()*+$G3G'#)F$*??9-2$
1&&+9-2$0,2(*?#G$6#++$?#+9H#(3$*-?$7*+*-1#G$'"#$?#)*-?$10(H#<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  =-1(#*G#$'"#$#..919#-13$&.$'"#$1&),&-#-'G$>"&'$6*'#($?(9H#-$*7G&(,'9&-$1"9++#(G@$*-?$(#?01#$#l09,)#-'$
1&G'

•  =),(&H#$9-'#2(*'9&-$&.$'"#$*7G&(,'9&-$"#*'$,0),$j$1"9++#($9-'&$'"#$G3G'#)$1&-1#,'G
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!!!4.6 ENHANCED GEOTHERMAL SYSTEMS (EGS)
!!!4.6.1 Overview

!"9G$1"*,'#($1&H#(G$'"#$?#H#+&,)#-'$*-?$?#)&-G'(*'9&-$&.$#-#(23$#..919#-'F$#-H9(&-)#-'*++3$G&0-?$*-?$
#1&-&)91*++3$H9*7+#$#+#1'(919'3$*-?$"#*'$*-?$1&+?$,(&?01'9&-$.(&)$/-"*-1#?$%#&'"#()*+$P3G'#)G$>/%P@<$
!"#$(#*+)$&.$/%P$'#1"-&+&23$69'"9-$'"#$2#&'"#()*+$1&-'9-00)$9G$G"&6-$9-$J92<$_]<

I'$#*1"$G'*2#$&.$/%P$?#H#+&,)#-'F$,(&H#-$)#'"&?&+&29#G$1*-$7#$*,,+9#?$*-?$7&''+#-#1XG$9?#-'9.9#?<$J(&)$
'"9G$G'*'#O&.O'"#O*('$*GG#GG)#-'F$,(9&(9'9#G$#-1&),*GG9-2$.9H#$)*9-$*(#*G$"*H#$7##-$?#.9-#?$.&($)#?90)$
'&$+&-2$'#()$(#G#*(1"<$!"#$#T,#1'#?$&0'1&)#$69++$7#$2#&'"#()*+$#-#(23$9-$*$.&()$'"*'$1*-$7#$69?#+3$
?#,+&3#?$*-?$1&),#'9'9H#+3$,(91#?F$0-?#(,9--#?$69'"$(#?01#?$1*,9'*+F$&,#(*'9&-*+$*-?$)*9-'#-*-1#$1&G'G<$
P69.'$,(&2(#GG$>*-?$1&-'9-0&0G$9),(&H#)#-'@$69++$7#$,&&+#?$69'"$1&&(?9-*'#?$9-'#(-*'9&-*+$5:M$#..&('GF$
69'"$*$H9#6$'&$G011#GG.0+$?#)&-G'(*'9&-$*-?$9),+#)#-'*'9&-<

!"#$,(&,&G#?$,(&2(*))#$#-?&(G#G$'"#$/D%=D/$4(&S#1'_c$(#1&))#-?*'9&-G<$!"#$/D%=D/$&0'1&)#$1+#*(+3$
#),"*G9G#G$'"*'$'"#$,(#(#l09G9'#$.&($?9GG#)9-*'9-2$/%P$'#1"-&+&23$9G$'"#$?#)&-G'(*'9&-$'"*'$'"#$0-?#(O
2(&0-?$"#*'$#T1"*-2#($1*-$7#$#-29-##(#?$9-?#,#-?#-'+3$.(&)$G9'#$G,#19.91$1&-G'(*9-'G<$!"#$#-'9(#$/%P$
5:M$G'(#*)$G"&0+?$'"#(#.&(#$.&10G$&-$'"9G$X#3$9GG0#<

!"#$)*9-$*(#*G$?#.9-#?$.&($5:M$&-$/%P$1&),(9G#A

_<$/T,+&(*'9&-F$#*G9-2$*11#GG$'&$,&'#-'9*+$(#G#(H&9(G$*'$?#,'"
c<$%#&'"#()*+$6#++GF$0,2(*?9-2$?(9++9-2$*-?$1&),+#'9&-$'#1"-&+&29#G
\<$5#G#(H&9($#-29-##(9-2F$G'9)0+*'9-2$(#G#(H&9($1&--#1'9H9'3$*-?$.+09?$1&-H#1'9&-
a<$/T,+&9'*'9&-F$=),(&H9-2$#..919#-'$#-#(23$(#1&H#(3$,(&1#GG#G
e<$Q&-9'&(9-2F$G0G'*9-*7+#$(#G#(H&9($)*-*2#)#-'

Deep Geothermal • RHC-Platform

_c$$$$!"#$/D%=D/$,(&S#1'$>/D"*-1#?$%#&'"#()*+$=--&H*'9H#$D#'6&(X$.&($/0(&,#@$6*G$*$1&O&(?9-*'9&-$*1'9&-$G0,,&('#?$73$'"#$['"$5:M$J(*)#6&(X$
4(&2(*))#$&.$'"#$/UF$G##A$"'',Ajj#-29-#<7(2)<.($

!"#$%&'@F')'C&-18&%/4,'6-01"0$$/'L'18&':C]'3-$%6&'454.1&5'A7'a';0#&/468'<CaDLTa?'2%-/'c'Y&31&%'
<=TY'J&.-%1X'dY8&'!$1$%&'-2'C&-18&%/4,':0&%#7e?
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Deep Geothermal • RHC-Platform

5#G#*(1"$*(#*G$_$*-?$c$"*H#$7##-$*+(#*?3$?9G10GG#?$9-$'"#$1"*,'#(G$?#*+9-2$69'"$?(9++9-2$*-?$(#G&0(1#G$
9?#-'9.91*'9&-$>a<cF$a<\$*-?$a<a@F$*-?$(#G#*(1"$*(#*$a$"*G$7##-$*??(#GG#?$9-$'"#$,(#H9&0G$1"*,'#($a<e$
&-$ G0(.*1#$ G3G'#)GF$ *G$6#++$ *G$ 7#9-2$ 1&H#(#?$ 9-$ '"#$?#?91*'#?$?&10)#-'$&-$2#&'"#()*+$ #+#1'(919'3$
1&-H#(G9&-<$5#G#*(1"$*(#*G$\$*-?$eF$(#2*(?#?$*G$'"#$-01+#0G$&.$/%P$1&-1#,'$&.$"#*'$,(&?01'9&-F$*(#$
'"#(#.&(#$*??(#GG#?$*G$*$,(9&(9'3<$

!"#$5:M$'&,91G$?9G10GG#?$9-$'"9G$1"*,'#($G"&0+?$#-*7+#$'"#$709+?9-2$0,$&.$*$1&(,0G$&.$/%P$G'*'#O&.O'"#O
*('$?&10)#-'G$*-?$G'*-?*(?GF$*,,+91*7+#$'&$*-3$?##,$*-?$"*(?$(&1X$G#''9-2F$6"*'#H#($'"#$G9-20+*(9'9#G$
9-"#(#-'$ '&$?##,$ G#*'#?$2#&+&291$ G'(01'0(#G<$ P01"$ 9GG0#G$ 1&0+?$ 9-$*$ G#-G#$"#+,$69'"$73,*GG9-2$ '"#$
u)9-9-2v$(*'9&-*+#$>*G$9-"#(#-'$9-$#T,+&(*'9&-$.&($1&-H#-'9&-*+$"3?(&'"#()*+$G&0(1#G@$&.$G#*(1"9-2$+9'"&+&O
291*+$*-?$G'(01'0(*+$*-&)*+9#GF$73$?#H#+&,9-2$'"#$?##,$0-?#(2(&0-?$*+)&G'$*-36"#(#$>9<#<$&-$*11#GG97+#$
+&1*+9'9#G$&-$+*-?$*-?$G"*++&6$&..G"&(#@<$!"#$/%P$*,,(&*1"$'"#(#.&(#$1*-$7#$(#2*(?#?$*G$*$2#&'"#()*+$
1&-'9-00)F$#+9297+#$'&$*('9.919*++3$#-"*-1#?$1&-H#1'9H#$G3G'#)G<

49+&'$'#G'$G9'#G$>J92<$c_@$G#+#1'#?$*11&(?9-2$'&$'"#9($2#&?3-*)91F$2#&)#1"*-91F$'#1'&-91$*-?$,#'(&2(*,"91$
#-H9(&-)#-'G$*(#$(#l09(#?$9-$*$H9#6$'&$7#''#($*,,(*9G#$'"#$7#"*H9&0($&.$/%P$(#G#(H&9(G$*-?$?#.9-#$*11&(O
?9-2+3$*$G#'$&.$209?#+9-#G$&.$"&6$'&$#-29-##($*-?$&,#(*'#$G01"$*('9.919*++3$#-"*-1#?$G3G'#)G<$!"#$)#O
1"*-9G)$&.$)91(&G#9G)91$#H#-'G$'(922#(#?$?0(9-2$'"#$709+?O0,$*-?$#*(+3$&,#(*'9&-$G'*2#$&.$/%P$G3G'#)G$
-##?$'&$7#$0-?#(G'&&?$*-?$)#'"&?G$.&($,(#?91'9&-$&.$'"#G#$#H#-'G$?#H#+&,#?F$9-$&(?#($'&$)9'92*'#$'"#9($
G&19*+$*-?$#1&-&)91$9),*1'F$*-?$'&$*110(*'#+3$?#G92-$*-?$&,'9)9G#$'"#$G'*2#G$&.$7&'"$(&1X$G'9)0+*'9&-$
*-?$(#G#(H&9($#T,+&9'*'9&-<

8#*'$,(&?01'9&-$.(&)$*$-#'6&(X$&.$)9-9-2$'0--#+G$*'$2(#*'$?#,'"$>G#H#(*+$X9+&)#'(#GF$9-$'"#$#T'(#)#$
*7&0'$c`$X)@$"*G$7##-$,(&,&G#?$*G$*-$*+'#(-*'9H#$ '&$ (#G#(H&9($G'9)0+*'9&-$0G#?$ 9-$/%P<$/H*+0*'9&-$
G'0?9#G$.&($'"#G#$,(&,&G*+G$"*H#$(*9G#?$-0)#(&0G$l0#G'9&-G$*-?$,(&7+#)G$'"*'$1*-$-&'$7#$G&+H#?$3#'<$
!"#$'#1"-91*+$.#*G979+9'3$&.$'"9G$1&-1#,'$9G$-&'$29H#-$69'"$'#1"-&+&23$*H*9+*7+#$'&?*3F$*-?$*$(#*+9G*'9&-$
9-$'"#$.&(#G##*7+#$.0'0(#$9G$?&07'#?<

!"#$%&'@('L'_"&P'2%-/'18&'6$%%&01':C]'"0314,,41"-0'"0']-$,1fL3-$3L!-%g13E'!JE'1-'18&'2"%31'5%",,3"1&'2%-/'
18&'(\\F3'<Cah(?G'18&'2"%31'3$314"0&5'6"%6$,41"-0'-+&%'18"3'5"31406&'P43'468"&+&5'"0'(\\B
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Deep Geothermal • RHC-Platform

!"#$1"*++#-2#$9G$G'(*92"'.&(6*(?A$9-1(#*G#$73$&-#$&(?#($&.$)*2-9'0?#$'"#$6&(+?$(#1&H#(*7+#$2#&'"#()*+$
(#G#(H#<$I$1&-G9?#(*7+#$#..&('$ 9G$(#l09(#?$'&$*GG#GG$'"#$(#+9*79+9'3$*-?$*,,+91*79+9'3$&.$'"#$1&-1#,'<$ ='$
G"&0+?$7#$'"#$*)79'9&-$'&$?#H#+&,$G#H#(*+$1&O2#-#(*'9&-$>;84@$,9+&'$/%P$,+*-'G$9-$'"#$(*-2#$&.$e$'&$
_`$QK#$*-?$_`O_e$QK'"F$7#.&(#$#-1&),*GG9-2$'"#$.0('"#($9-?0G'(9*+$G'*2#$69'"$(*'9-2G$&.$e`O_``$QK#$
*-?$_``$QK'"<$P01"$*11&),+9G")#-'G$6&0+?$7#$*11&),*-9#?$73$(#+#H*-'$G#9G)91$9),*1'$*GG#GG)#-'$
*-?$)9'92*'9&-$'&$(#1&-19+#$'"#$,07+91$69'"$*$G0G'*9-*7+#F$9--&H*'9H#$*-?$#-H9(&-)#-'*++3$.(9#-?+3$#-#(23$
'#1"-&+&23<

!!!4.6.2 EGS environments

/+*7&(*'9&-$&.$*-?$*2(##)#-'$&-$*$(#+#H*-'$-&)#-1+*'0(#$&.$/%P$#-H9(&-)#-'G$1&-1#(-9-2$2#&?3-*O
)91jG'(01'0(*+$G#''9-2GF$(&1X$'3,#$>1(3G'*++9-#F$)#'*)&(,"91F$'92"'$G#?9)#-'*(3@F$*-?$9-OG9'0$G'(#GG$.9#+?G$
>1&),(#GG9H#F$#T'#-G9&-*+j?9G'#-G9H#@$ 9G$*$,(#(#l09G9'#<$%(&0,9-2$&.$,&'#-'9*+$ '#G'$G9'#G$G"*(9-2$G9)9+*($
1"*(*1'#(9G'91GF$6"91"$)*3$+#-?$'"#)G#+H#G$'&$*$'#1"-&+&291*+$(#,+91*'9&-<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  IGG#GG)#-'$&.$,&'#-'9*+$/%P$'*(2#'G$

•  P#+#1'9&-$&.$'#G'$*-?$?#)&-G'(*'9&-$G9'#G

!!!4.6.3 Hard rock drilling technology and well completion

=-$*??9'9&-$'&$1"*,'#($a<\F$G&)#$G,#19.91$?#H#+&,)#-'$9G$(#l09(#?$.&($?(9++9-2$9-$H#(3$"*(?$(&1X$.&()*'9&-G<$
L9+F$2*G$*-?$)9-9-2$'#1"-&+&29#G$)92"'$7#$*?*,'#?$'&$/%P$"*(?$(&1X$G#''9-2G$69'"$.&10G$&-$(&1X$79'GF$
7&''&)O"&+#$*GG#)7+9#G$>B8I@$*-?$?#H9*'9&-$1&-'(&+<$/T,#1'#?$7#-#.9'G$*(#$.*G'#($?(9++9-2$>(92$'9)#$2*9-G@$
*-?$)9'92*'9&-$&.$'#1"-&+&291*+$(9GXG$69'"$?(9++9-2<

I+G&$9-$6#++$?#G92-G$>?9*)#'#(F$,(&.9+#F$1*G9-2@$G&)#$G,#19.91$?#H#+&,)#-'$9G$-##?#?$.&($)9-9)9G9-2$&.$
1&),+#'9&-$(9GXF$6#++$,(#GG0(#$*-?$"#*'$+&GG#GF$*-?$)*T9)9W9-2$.+&6$,#(.&()*-1#$*-?$6#++$+9.#<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  M#G92-$*-?$'#G'9-2$&.$"*(?$(&1X$?(9++$79'G

•  M#H#+&,)#-'$&.$+*(2#$?9*)#'#(F$"92"$'"#()*+$9-G0+*'9&-$6#++G

!!!4.6.4 Fracture identi!cation, reservoir stimulation, seismicity

5&1X$G'9)0+*'9&-$*9)G$*'$ 9),(&H9-2$6#++$*-?$(#G#(H&9($"3?(*0+91$1&--#1'9H9'3F$*-?$*'$1(#*'9-2$*$+*(2#$
"#*'$#T1"*-2#$*(#*jH&+0)#<$P9)0+'*-#&0G+3$69'"$G09'*7+3$?#G92-#?$6#++$*(1"9'#1'0(#GF$9'$G"&0+?$0+'9)*'#+3$
*1"9#H#$1&))#(19*+$.+&6$,#(.&()*-1#$>6#++$?#+9H#(3@$*-?$(#G#(H&9($'"#()*+$+9.#F$'"#(#.&(#$G#10(9-2$G0G'*9O
-*7+#$/%P$#T,+&9'*'9&-<$=-$G&$?&9-2$'"#$9-OG9'0$G'(#GG$.9#+?$*-?$'"#$-*'0(*+$,(#O#T9G'9-2$G'*'#$&.$.(*1'0(9-2$
,+*3$*$?#19G9H#$(&+#$69'"$(#G,#1'$'&$.(*1'0(#$9-9'9*'9&-F$,(&,*2*'9&-$*-?$>G#+.@$,(&,,9-2<$P'(*'#29#G$G"&0+?$
7#$9),+#)#-'#?$6"91"$*??(#GG$'"#$?#H#+&,)#-'$&.$)0+'9,+#$,*(*++#+$.(*1'0(#$,*'"GF$7&&G'9-2$.(*1'0(9-2$
,(#GG0(#$2(*?9#-'G$>H9*$.&($ 9-G'*-1#$G9)0+'*-#&0G$6#++$,(#GG0(9G*'9&-F$G'(*??+#$,*1X#($ 9G&+*'#?$9-'#(H*+$
"3?(&.(*1F$1"#)91*+$+#*?9-2$j$G#+.$,(&,,9-2F$#'1<@<
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Deep Geothermal • RHC-Platform

!"#$(9GX$&.$9-?01#?$G#9G)919'3$?0(9-2$/%P$(#G#(H&9($1(#*'9&-j?#H#+&,)#-'$*-?$#T,+&9'*'9&-$-##?$'&$7#$
*-*+3G#?$*-?$)9'92*'9&-$G'(*'#29#G$?#H#+&,#?<

•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

!"#$.&++&69-2$*1'9&-G$*(#$(#1&))#-?#?$'&$*??(#GG$'"#$9GG0#G$*GG&19*'#?$69'"$'"#$(#G#(H&9($1(#*'9&-A

•  M#H#+&,)#-'$&.$)#'"&?G$.&($+&6O1&G'$9-OG9'0$G'(#GG$?#'#()9-*'9&-

•  M#H#+&,)#-'$&.$"92"$(#G&+0'9&-$9)*29-2$&.$-*'0(*+$*-?$G'9)0+*'#?$.(*1'0(#G

•  L,'9)9G*'9&-$&.$G'9)0+*'9&-$'#1"-&+&29#Gn$"3?(&$.(*1'0(9-2$*'$(#?01#?$1&G'F$9),+#)#-'*'9&-$&.$9--&H*O
'9H#$*?H*-1#?$G'9)0+*'9&-$)#'"&?G$*-?$,(&'&1&+G$>,"3G91*+F$1"#)91*+@F$(#G#(H&9($G'9)0+*'9&-$*'$H#(3$"92"$
'#),#(*'0(#G

•  =),(&H#?$1(#*'9&-$*-?$G0G'*9-9-2$&.$+*(2#$>G#+.@$,(&,,#?F$(&1X$.(*1'0(#?$H&+0)#G

•  Q91(&G#9G)91$j$,*GG9H#$G#9G)91$)&-9'&(9-2F$+&1*+9G*'9&-$*-?$G#9G)&+&291*+$*GG#GG)#-'$&.$1(*1X$)&(O
,"&+&23$*-?$,*(*)#'#(G

•  5#G9G'9H9'3$)&-9'&(9-2j'&)&2(*,"3F$)&-9'&(9-2$#+#1'(91*+$,&'#-'9*+G$H9*$X9-#'91$*-?$1"#)91*+$,(&1#GG#G

•  M#H#+&,9-2$*$G+9)O+9-#$"92"$'#),#(*'0(#$?9(#1'9&-*+$7&(#"&+#$(*?*($'&$ 9-H#G'92*'#$'"#$G'(01'0(#$*-?$
#T'#-'$&.$'"#$#-29-##(#?$(#G#(H&9(

•  M#H#+&,)#-'$&.$G#-G&(G$>,"3G91*+$,*(*)#'#(GF$1"#)91*+$'(*1#(G^$*-*+3G9G@$*-?$?*'*$'#+#)#'(3$'&$7#$(0-$
9-$?##,$2#&'"#()*+$7&(#"&+#G

•  M#H#+&,)#-'$ &.$ G&.'6*(#$ G09'#G$ >2#&O)&?#++9-2F$ "3?(&'"#()&O)#1"*-91*+$ G9)0+*'&(G@$ *-?$ "*(?6*(#$
#l09,)#-'$>9G&+*'9&-F$G'(*??+#$,*1X#(GF$#'1<@

•  M#H#+&,)#-'$&.$2+&7*+$)#'"&?&+&29#G$*-?$G&.'6*(#$9-'#2(*'9-2$'(*1#(F$'"#()*+$*-?$2#&,"3G91*+$?*'*$
1&++#1'9&-F$,(&1#GG9-2$*-?$9-'#(,(#'*'9&-$>*G$#+G#6"#(#$G011#GG.0++3$,(*1'91#?$73$'"#$&9+$*-?$2*G$9-?0G'(3@

•  IGG#GG)#-'$&.$9-?01#?$G#9G)919'3F$?#H#+&,)#-'$&.$)9'92*'9&-$G'(*'#29#G

!!!4.6.5 Logging/testing/monitoring, reservoir modelling

/%P$&(9#-'#?$)#*G0(9-2$)#'"&?&+&23$"*G$'&$7#$709+'$0,F$*??(#GG9-2$'"#$,"*G#G$&.$?(9++9-2j1&),+#'9&-$
>"92"$'#),#(*'0(#$+&229-2F$)#*G0(9-2$6"9+#$?(9++9-2@F$"3?(&'"#()*+$*-?$"3?(&1"#)91*+$6#++$'#G'9-2F$6#++$
G'9)0+*'9&-j#T,+&9'*'9&-$>)91(&G#9G)919'3F$.+&6$,#(.&()*-1#@F$*-?$&,#(*'9&-$)&-9'&(9-2<$

5#+9*7+#$)#'"&?G$*(#$(#l09(#?$.&($*GG#GG)#-'$&.$"#*'$#T1"*-2#$*(#*G$*-?$H&+0)#G<$!(*1#($'#1"-&+&23$
1*-$7#$0G#?$9-$'#G'9-2$'"#$19(10+*'9&-$9-$/%P$(#G#(H&9(G<$!"9G$9-1+0?#G$H*(9&0G$.&()G$&.$'(*1#($'#G'G$'&$
?#+9-#*'#$'"#$"#*'$'(*-G.#($*(#*F$'"#$"#*'$#T1"*-2#$H&+0)#F$1"*-2#$9-$'"#$(#G#(H&9($9),#?*-1#$>G"&0+?$
9),(&H#$*G$'"#$(&1X$1&&+G@F$*-?$,(#?91'$*$,&GG97+#$?#H#+&,)#-'$&.$,(#.#(#-'9*+$,*'"$>G"&('$19(109'@F$G&$
'"*'$)#*G0(#G$1*-$7#$?#H#+&,#?$'&$(#)#?3$'"9G<$!(*1#(G$*+G&$*++&6$.&($G'0?9#G$&.$(#G#(H&9($2(&6'"$?0#$
'&$0-1&-'(&++#?$.+09?$+&GG#G$*-?$9'G$#..#1'$&-$'"#$2#-#(*'9&-$&.$G#9G)919'3<

;&-1#(-9-2$(#G#(H&9($)&?#++9-2F$9-'#(*1'9H#$1*+97(*'#?$G9)0+*'9&-G$1*-$7#$9),+#)#-'#?$#-*7+9-2$'&$)*'1"$
*1'0*+j)&-9'&(#?$$ /%P$(#G#(H&9($7#"*H9&0(G$*-?$(#+9*7+3$.&(#1*G'$.0'0(#$,(#GG0(#j$'#),#(*'0(#j
.+&6$'(#-?G$*-?$(#G#(H&9($+9.#
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•$<HIGRIUMN#THK#IGXJRHNHYUXMN#VGZGNHOLGRI

•  M#H#+&,)#-'$&.$"*(?$(&1X$+&229-2$'&&+G$*-?$9)*2#(G

•  M&6-"&+#$,(#GG0(#F$'#),#(*'0(#$*-?$G#9G)91$)&-9'&(9-2F$.97(#$&,'91G$G#-G&(G

•  M#'#1'9&-$&.$.+09?$.9++#?$&($(#*+#?$9-$.(*1'0(#G

•  M#H#+&,$G,#19.91$/%P$6#++$'#G'9-2j'(*19-2F$9),(&H#$'"#$0G#$&.$'(*1#(G$.&($?#+9-#*'9-2$'"#$"#*'$'(*-G.#($
*(#*$*-?$#T1"*-2#$H&+0)#

•  M#H#+&,)#-'$&.$-#6$u2(##-v$'(*1#(G$>G#+#1'9&-F$1"*(*1'#(9G*'9&-$*-?$G'*79+9'3$'#G'G$&.$'"#$-#6$#-H9O
(&-)#-'*++3$.(9#-?+3$"92"$'#),#(*'0(#$2#&'"#()*+$'(*1#(GF$?#H#+&,)#-'$&.$*-*+3'91*+$'#1"-9l0#G$9-$&(?#($
'&$#-"*-1#$'"#$?#'#1'9&-$ +9)9'GF$?#H#+&,)#-'$&.$'#1"-9l0#G$.&($&-O+9-#$)&-9'&(9-2$&.$G#+#1'#?$'(*1#($
1*-?9?*'#G@

•  M#H#+&,$9-'#(*1'9H#F$\OMF$"3?(&'"#()&O)#1"*-91*+$G9)0+*'9&-$&.$/%P$(#G#(H&9(G

!!!4.6.6 Sustainability, rock/water interactions

E9.#'9)#$,(#?91'9&-G$*(#$(#l09(#?$.&($/%P$,+*-'G$*-?$(#G#(H&9(G$9-$"*(?$(&1X$*-?$.(*1'0(#?$#-H9(&-)#-'G<$
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APPENDIX A – SECRETARIAT OF THE RHC-PLATFORM
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