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This thesis focuses on energy-efﬁcient
urban planning and the role of legislation
within that context. The objective of the
thesis is to analyse if energy-efﬁciency of
districts is improved by a regulative
approach into planning, if proper tools and
guidelines to support the planning are
available.
The thesis gives concrete recommendations
for how to improve the regulations in the
city planning process to enable a more
energy efﬁcient built environment.
The recommendations' overall aim is to
increase the quality of life and to increase
the welfare of the society as a whole.
Allowing stakeholders to plan solutions
based only on their own interests, leads to
sub optimised solutions. Energy-efﬁciency
is a multidimensional issue which seldom
can be achieved by sub optimisation. Our
society is facing such tough times in terms of
energy usage and emissions that a stricter
more regulative approach to planning is
needed.
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Abstract
This thesis focuses on energy efﬁcient urban planning and the role of legislation within that
context. The objective of this thesis is to analyse if energy efﬁciency of districts is improved by
a regulative approach into planning, if proper tools and guidelines to support the planning are
available.
The thesis is based on four journal articles and one conference paper. The thesis examines the
advantages of a holistic approach in the planning of energy systems both when building new
districts as in renovating old ones. It also examines the importance of supportive tools for city
planners and planners of energy systems.
The results of the analysis show that a holistic approach and supportive tools enable more
energy efﬁcient solutions. The key to developing sustainable city plans are for different
disciplines to work closely together throughout the whole planning process. Such collaboration
might require certain regulative measures to become reality since stakeholders will work
towards a common goal that might differ from their individual ones. The energy-efﬁciency of
city plans would beneﬁt from a higher degree of regulation by enabling a push of energy
efﬁcient solutions to be realised. Solutions and regulations need to be adapted to local contexts.
A regulative approach is beneﬁcial when long term solutions are sought, that doesn't bring
short term economic beneﬁts but serve the society well on a longer time perspective. The
challenge is to have regulation on a level that both steers the development towards the overall
optimised solutions without hindering new innovative solutions to be born.
The thesis gives concrete recommendations for how to improve the regulations in the city
planning process to enable a more energy efﬁcient built environment.
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Tiivistelmä
Tämä väitöskirja fokusoi energiatehokkaaseen kaupunkisuunnitteluun ja lainsäädännön
rooliin siinä. Tavoitteena on osoittaa, että tiukempi sääntely lisää alueiden energiatehokkuutta
mikäli tarkoituksenmukaiset työkalut ja ohjeistukset ovat käytettävissä
kaupunkisuunnittelussa ja energiajärjestelmien suunnittelussa.
Väitöskirja perustuu neljään tieteelliseen artikkeliin sekä yhteen konferenssijulkaisuun.
Väitöskirja tutkii energiajärjestelmien holistisen suunnittelun hyödyt sekä
uudisrakentamisessa että korjausrakentamisessa. Se tutkii myös tukevien työkalujen tärkeyttä
kaupunkisuunnittelussa sekä energiajärjestelmien suunnittelussa.
Analyysien tulokset näyttävät, että holistinen lähestymistapa ja tukevat työkalut
mahdollistavat energiatehokkaampia ratkaisuja. Tiivis yhteistyö eri alojen välillä koko
suunnitteluprosessin aikana on kestävän kehityksen mukaisten kaavojen kehittämisessä
erityisen tärkeää. Tämänkaltaisen yhteistyön luominen saattaa vaatia tietyn asteen sääntelyä
toteutuakseen. Sidosryhmillä on usein tavoitteita jotka eriävät yhteisistä tavoitteista. Ratkaisut
ja sääntelyt pitää adaptoida paikallisiin olosuhteisiin ollakseen toteutumiskelpoisia.
Lainsäädännöllinen lähestymistapa on hyödyllinen kun etsitään ratkaisuja jotka hyödyttävät
yhteiskuntaa pidemmällä aikavälillä johtuen siitä, että ratkaisut eivät välttämättä tuo lyhyellä
ajanjaksolla taloudellisia hyötyjä. Haaste on pitää lainsäädäntö tasolla joka ohjaa kehitystä
optimaalisiin ratkaisuihin eikä estä uusien innovatiivisten ratkaisujen syntyä.
Väitöskirja antaa konkreettisia suosituksia kaupunkisuunnittelun sääntelyn parantamiseksi
jotta rakennettu ympäristö olisi tulevaisuudessa energiatehokkaampi.
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Sammandrag
Denna avhandling berör energieffektiv stadsplanering och rollen av reglering däri.
Målsättningen med avhandlingen är att analysera huruvida energieffektiviteten inom
områdesplanering förbättras av en mer reglerad planering som stöds av ändamålsenliga verktyg
och riktlinjer.
Avhandlingen består av fyra vetenskapliga journal artiklar och en konferensartikel. Den
undersöker fördelarna med att planera energisystemen holistiskt såväl i nya områden som i
renovering av existerande områden. Den undersöker också vikten av stödjande verktyg för
stadsplanerare och planerare av energisystem.
Resultaten av analyserna visar att ett holistiskt grepp och stödjande verktyg möjliggör mer
energieffektiva lösningar. Det viktigaste i utvecklingen av hållbara stadsplaner är att olika
discipliner samarbetar genom hela planeringsprocessen. Ett sådant samarbete kan kräva en del
regulativa åtgärder för att förvekligas då det gemensamma målet kan vara nåt annat än de
individuella målen hos de olika aktörerna. Stadsplaners energieffektivitet kunde förbättras
med en högre grad av reglering eftersom det skulle möjliggöra en press på införandet av
energieffektiva lösningar. Lösningar och regleringar måste alltid adapteras till det lokala
kontextet.
Då man man söker lösningar som på lång sikt stöder samhället men inte hämtar ekonomisk
nytta på kort sikt är reglering till nytta. Utmaningen är att reglera på en nivå som styr
utvecklingen mot helhets optimerade lösningar utan att hindra att nya innovativa lösningar
utvecklas.
Avhandlingen ger konkreta rekommendationer för förbättrandet av regleringen av
stadsplaneringsprocessen för att möjliggöra en mer energieffektiv byggd miljö.
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3UHIDFH
7KLVVWXG\LVVXPPDULVLQJP\FRUHUHVHDUFKZRUNGXULQJWKHODVWGHFDGH7KHWRSLF
VXVWDLQDEOHFRPPXQLWLHVKDVEHHQFORVHWRP\KHDUWIRUDYHU\ORQJWLPH(QHUJ\
LVVXHVKDYH EHHQP\FRUH FRPSHWHQFH DUHD EXWP\LQWHUHVWKDVUHDFKHGIXUWKHU
WKDQWKDW0\ZRUNVWDUWHGWRPRYHLQWRGLVWULFWOHYHODQDO\VHVDQGIRFXVLQJPRVWO\
RQ WKHSURFHVVRIWKHGHYHORSPHQW WRZDUGVDPRUHVXVWDLQDEOH IXWXUH7KHFKDO
OHQJHLQJHWWLQJGLIIHUHQWVWDNHKROGHUVWRZRUNWRZDUGVDFRPPRQJRDOIDVFLQDWHV
PHDQGVHVVLRQVZLWKGLIIHUHQWVWDNHKROGHUVDOZD\VEULQJVRPHQHZWKRXJKWVDQG
LGHDVWRPH7KHIDFWWKDWZHVHHWKHZRUOGLQVXFKGLIIHUHQWZD\VLVIDVFLQDWLQJDQG
VKRXOGEHPRUHWDNHQDGYDQWDJHRI
0\IRXU\HDUVLQORFDOSROLWLFVLQP\KRPHWRZQ3RUYRRJDYHPHYDOXDEOHLQVLJKW
LQWRWKHGHFLVLRQPDNLQJSURFHVVHVLQ)LQQLVKFRPPXQLWLHV7RH[SHULHQFHKRZGH
FLVLRQPDNHUVH[SHULHQFHWKHSURFHVVRIFLW\SODQQLQJZDVYHU\H\HRSHQLQJWRPH
7KLVH[SHULHQFHJDYHPHORWVRIYDOXDEOHXQGHUVWDQGLQJWKDW,KDYH EHHQDEOHWR
XWLOLVHLQP\UHVHDUFKZRUNDIWHUWKDWDQGLQVXPPDULVLQJWKLVWKHVLV7RWDNHWLPH
WRZRUNDELWRXWVLGH\RXURZQILHOGRIH[SHUWLVHDQGFRPIRUW]RQHJLYHV\RXORWVRI
YDOXDEOHH[SHULHQFHDQGLQFUHDVHGKROLVWLFNQRZKRZ
:RUNLQJLQLQWHUQDWLRQDOSURMHFWVLQGLIIHUHQWFXOWXUHVKDVDOVREHHQYHU\YDOXDEOH
WRPHDQGKDVJLYHQPHDQLQFUHDVHGXQGHUVWDQGLQJDERXWGLIIHUHQWFXOWXUHVDQG
ZKDWDQ³(FR&LW\´PHDQVLQGLIIHUHQWSODFHVLQWKHZRUOG,WKDVDOVREHHQYHU\FKDO
OHQJLQJDQGHYHQIUXVWUDWLQJDWWLPHVEXW,IHHOWKDW,KDYHHYROYHGERWKDVDSHUVRQ
DVDUHVHDUFKHUIURPDOOWKLVH[SHULHQFH1HZFRQWDFWVDQGIULHQGVLQGLIIHUHQWSDUWV
RIWKHZRUOGLVQDWXUDOO\DOVRYHU\YDOXDEOHWRPH
,ZLVK WRH[SUHVV P\JUDWLWXGHWRP\ SURIHVVRU5LVWR/DKGHOPDZKR KDVEHHQ
YHU\VXSSRUWLQJWKURXJKRXWWKHSURFHVVRIZULWLQJWKHWKHVLV+HKDVVKRZQDJHQ
XLQH LQWHUHVW LQ P\ ZRUN DQG KDV JLYHQ PH ORWV RI JRRG DGYLFH LQ WKH ILQDOLVDWLRQ
VWHSV
:LWKRXWP\PHQWRUDQGVXSHUYLVRU$EGXO6DPDG 6DPL .D]LZULWLQJWKLVWKHVLV
ZRXOGKDYHEHHQPXFKKDUGHU7KHEHVWDGYLFH,JRWIURPKLPDIWHUGHFLGLQJWRZRUN
WRZDUGVDGRFWRUDOGHJUHHZDVWKDW³\RXGRQ¶WKDYHWRZLQWKH1REHOSULVH\RXQHHG
WRVKRZWKDW\RXFDQGRUHVHDUFKZKLFK\RXFDQULJKW"6RMXVWGRLW´'HVSLWHKLV
YHU\EXV\ZRUNVFKHGXOH6DPLDOZD\VKDGWLPHWRGLVFXVVWKHWKHVLVZLWKPHWR
JLYHFRPPHQWVZKLFKZHUHYHU\YDOXDEOH+LVDGYLFHDERXWWKHSURFHVVRIZULWLQJ
KDVEHHQYHU\KHOSIXOWRPHDOVRLQP\RWKHUUHVHDUFKZRUN7KDQN\RX6DPL



,KDYHEHHQOXFN\WRZRUNZLWKWKHPRVWWDOHQWHGSHRSOHWKHUHLVZLWKLQWKLVILHOG
ZH KDYH EHHQ IRUPLQJ YHU\ JRRG WHDPV ZKHUH LGHDV DUH VKDUHG RSHQO\ DQG ZH
NQRZ HDFK RWKHU¶V VWUHQJWKV DQG ZHDNQHVVHV DQG VKDUH WKH ZRUN DFFRUGLQJ WR
WKRVH0\GHHSHVWJUDWLWXGHJRHVWRP\FROOHDJXHVDQGFRDXWKRUV,ZRXOGQRWKDYH
GRQHDOOWKLVZRUNDORQHDQGDERYHDOOLWZRXOGQRWKDYHEHHQDVPXFKIXQDVLW
KDVEHHQZLWK\RX7KDQN\RX6DWX3DLKR5LQDW$EGXUDILNRY+D+RDQJ0DUL+XN
NDODLQHQ 0DOLQ ]X &DVWHOO5GHQKDXVHQ 0LNNR 9LUWDQHQ -DUL 6KHPHLNND
.U]\V]WRI.OREXWDQG,OSR.RXKLDZKRXQIRUWXQDWHO\LVQRWZLWKXVDQ\PRUH
/DVWEXWQRWOHDVW,PXVWJLYHDKXJHWKDQN\RXWRP\IDPLO\DQGHVSHFLDOO\WRP\
KXVEDQG(ULF+HKDVVKRZQDUHDOLQWHUHVWLQP\WRSLFDQGKDVEHHQHQJDJHGLQ
PDQ\GLVFXVVLRQVDERXWWKHWRSLFDQGEHLQJZLWKLQDGLIIHUHQWILHOGRIH[SHUWLVHKDV
UDLVHGTXHVWLRQVWKDW,KDGQ¶WWKRXJKWRIEHIRUHZKLFKLPSURYHVWKHTXDOLW\RIWKH
ZRUN7KDQN\RX(ULFIRU\RXUVXSSRUW
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3UHIDFH
/LVWRISXEOLFDWLRQV
$XWKRU¶VFRQWULEXWLRQV
7HUPLQRORJ\OLVW
 ,QWURGXFWLRQ
 /LWHUDWXUHUHYLHZ






'HILQLWLRQVRIVXVWDLQDELOLW\(FR&LW\DQG(FR(IILFLHQF\
8UEDQSODQQLQJ
7UDQVSRUWDWLRQ
(QHUJ\V\VWHPV
&RQFOXVLRQRIOLWHUDWXUHUHYLHZ

 5HVHDUFKTXHVWLRQ
 0HWKRGRORJ\
 0HWKRGRORJ\IRUVWDNHKROGHUVXUYH\
 0HWKRGRORJ\IRUWKHGHYHORSPHQWRIWRROVDQGJXLGHOLQHV
 7RROIRUGLVWULFWOHYHOHQHUJ\DQDO\VLV
 (QHUJ\HIILFLHQF\UDWLQJWRROIRUGLVWULFWV
 &UHDWLQJDFRQFHSWIRUHFRORJLFDOFULWHULDIRUFLW\SODQQLQJ
 0HWKRGRORJ\IRUGLVWULFWOHYHOHQHUJ\DQDO\VHV
 'LVWULFWOHYHOHQHUJ\HIILFLHQF\DQDO\VLV
 0HWKRGRORJ\IRUGLVWULFWOHYHOHQHUJ\DQGHPLVVLRQDQDO\VHV
 )LQGLQJVIURPWKHDQDO\VHV








4XHVWLRQQDLUHDQGUHVLGHQWLDOVXUYH\
'HWDLOHGHQHUJ\V\VWHPVDQDO\VHV
(QHUJ\HIILFLHQF\UDWLQJRIGLVWULFWV
'LVWULFWOHYHOHQHUJ\HIILFLHQF\DQDO\VHV
'LVWULFWOHYHOHQHUJ\V\VWHPDQDO\VHV
&RQFHSWIRUHFRORJLFDOFLW\SODQQLQJ
6XPPDU\RIILQGLQJV

 'LVFXVVLRQ





5HJLRQDOSODQQLQJSKDVH
0DVWHUSODQQLQJSKDVH
'HWDLOHGSODQQLQJSKDVH
&RQVWUXFWLRQXVDJHDQGUHQRYDWLRQSKDVH



 7KHUROHDQGLPSRUWDQFHRIUHJXODWLRQV
 )XUWKHUUHVHDUFK
 &RQFOXVLRQV
5HIHUHQFHV
$SSHQGL[$$UWLFOHV,9
$SSHQGL[%'HVFULSWLRQRIUHVHDUFKSURMHFWV
$SSHQGL[&4XHVWLRQQDLUHIRU)LQQLVKFLW\SODQQHUVDQG+RXVLQJDQGOLYLQJDUHD
VXUYH\LQ6W3HWHUVEXUJ



/LVWRISXEOLFDWLRQV
7KLVWKHVLVLVEDVHGRQWKHIROORZLQJRULJLQDOSXEOLFDWLRQVZKLFKDUHUHIHUUHGWRLQ
WKHWH[WDV,±,9 $SSHQGL[$ 7KHSXEOLFDWLRQVDUHUHSURGXFHGZLWKNLQGSHUPLVVLRQ
RIWKHSXEOLVKHUV

,

1\VWHGWc6KHPHLNND- .OREXW.&DVHDQDO\VHVRIKHDWWUDG
LQJ EHWZHHQ EXLOGLQJV FRQQHFWHG E\ D GLVWULFW KHDWLQJ QHWZRUN (QHUJ\
&RQYHUVLRQDQG0DQDJHPHQW  ±

,,

+HGPDQc6HSSRQHQ0 9LUWDQHQ0(QHUJ\HIILFLHQF\UDWLQJ
RIGLVWULFWVFDVH)LQODQG(QHUJ\3ROLF\  ±

,,,

3DLKR6+HGPDQc$EGXUDILNRY5+RDQJ+6HSSRQHQ0.RXKLD
, 0HLQDQGHU0(QHUJ\VDYLQJSRWHQWLDOVRI0RVFRZDSDUWPHQW
EXLOGLQJVLQUHVLGHQWLDOGLVWULFWV(QHUJ\DQG%XLOGLQJV  ±

,9

3DLKR 6 +RDQJ + +HGPDQ c $EGXUDILNRY 5 6HSSRQHQ 0 
0HLQDQGHU0(QHUJ\DQGHPLVVLRQDQDO\VHVRIUHQRYDWLRQVFHQDU
LRVRID0RVFRZUHVLGHQWLDOGLVWULFW(QHUJ\DQG%XLOGLQJV  ±

9

1\VWHGWc 6HSSRQHQ0'HYHORSPHQWRIDFRQFHSWIRUHFRORJLFDO
FLW\ SODQQLQJ IRU 6W 3HWHUVEXUJ 5XVVLD :RUOG 5HQHZDEOH (QHUJ\ &RQ
JUHVV±6ZHGHQ±0D\/LQN|SLQJ6ZHGHQS





$XWKRU¶VFRQWULEXWLRQV
7KHDXWKRUZDVWKHPDLQZULWHULQMRXUQDO$UWLFOHV,DQG,,DQGLQFRQIHUHQFHSDSHU
9DQGFRZULWHULQMRXUQDO$UWLFOHV,,,DQG,97KHDUWLFOHVZHUHZULWWHQZLWKLQSURMHFWV
ZKHUHWKHDXWKRUZDVHLWKHUDFRUHWHDPPHPEHURUDSURMHFWPDQDJHU

$XWKRU¶VFRQWULEXWLRQWR$UWLFOH , 7KHDXWKRU GHYHORSHGWKH ([FHOEDVHGWRROZLWK
ZKLFKWKHDQDO\VHVZHUHPDGH7KHDXWKRUDOVRGLGPRVWRIWKHFDOFXODWLRQVDQG
DQDO\VHVDVZHOODVWKHDFWXDOZULWLQJRIWKHSDSHU

$XWKRU¶VFRQWULEXWLRQWR$UWLFOH,,WKHDXWKRUZDVWKHSURMHFWPDQDJHUIRUWKHSURMHFW
ZLWKLQZKLFKWKHZRUNZDVGRQH6KHFRQGXFWHGWKHQHJRWLDWLRQVZLWKWKHVWDNHKROGHUV
UHJDUGLQJWKHGHYHORSPHQWRIWKHWRRODQGZKDWDQDO\VHVZHUHWREHPDGHLQWKHGLI
IHUHQWFDVHGLVWULFWV7KHWRROLWVHOIZDVGHYHORSHGE\WKHFRDXWKRUV:LWKWKHH[FHS
WLRQRIWKHWRROGHVFULSWLRQPRVWRIWKHDUWLFOHZDVZULWWHQE\WKHDXWKRU

$XWKRU¶VFRQWULEXWLRQWR$UWLFOH,,,7KHZRUNIRUWKHDUWLFOHZDVGRQHDVDWHDPHIIRUW
DQGWKHDXWKRUWRRNSDUWLQWKHZKROHSURFHVVRIWKHZRUN7RKLJKOLJKWVRPHVSHFLILF
FRQWULEXWLRQWKHGHYHORSPHQWRIWKHUHQRYDWLRQVFHQDULRVVXPPDULVHGLQWDEOH
FDQ EHPHQWLRQHGDVZHOODV&KDSWHUVDQG³1RQWHFKQLFDOEDUULHUVWRHQHUJ\
HIILFLHQF\UHQRYDWLRQV´DQG³'LVFXVVLRQ´

$XWKRU¶VFRQWULEXWLRQWR$UWLFOH,97KHZRUNIRUWKHDUWLFOHZDVGRQHDVDWHDPHIIRUW
DQGWKHDXWKRUWRRNSDUWLQWKHZKROHSURFHVVRIWKHZRUN7RKLJKOLJKWVRPHVSHFLILF
FRQWULEXWLRQWKHGHYHORSPHQWRIWKHGLVWULFWOHYHOUHQRYDWLRQVFHQDULRVVXPPDULVHG
LQWDEOHFDQEHPHQWLRQHG7KHDXWKRUZDVLQDGGLWLRQWKHPDLQDXWKRURI&KDS
WHUVDQG'LVFXVVLRQVDQG&RQFOXVLRQV

$XWKRU¶VFRQWULEXWLRQWRFRQIHUHQFHSDSHU97KHDXWKRUZDVWKHSURMHFWPDQDJHU
IRUWKHSURMHFWZLWKLQZKLFKWKHZRUNZDVGRQH$OOQHJRWLDWLRQVZLWKVWDNHKROGHUV
ZHUHFRQGXFWHGE\WKHDXWKRU7KHTXHVWLRQQDLUHZDVGHYHORSHGE\WKHDXWKRULQ
FRRSHUDWLRQZLWKWKHFRDXWKRU7KHHQHUJ\DQGHPLVVLRQDQDO\VHVRIWKHFDVHGLV
WULFWVZHUHSHUIRUPHGE\WKHFRDXWKRU7KHGHILQLWLRQRIZKDWZDVWREHDQDO\VHGLQ
WKHFDVHVZDVFDUULHGRXWLQFORVHFRRSHUDWLRQEHWZHHQWKHDXWKRUDQGWKHFRDX
WKRU




7HUPLQRORJ\OLVW


&+3
&2HTXLYDOHQW



&23

'HWDLOHGFLW\SODQ


(OHFWULFDOEDVH
ORDGVWUDWHJ\

(OHFWULFDOORDG
WUDFNLQJVWUDWHJ\

0LFUR&+3
62HTXLYDOHQW


&RPELQHG+HDWDQG3RZHU
6KRZVWKHHIIHFWRQJOREDOZDUPLQJRI
D JLYHQ W\SH DQG DPRXQW RI JUHHQ
KRXVH JDVHV FRPSDULQJ LW ZLWK WKH
IXQFWLRQDOO\HTXLYDOHQWDPRXQWRUFRQ
FHQWUDWLRQRIFDUERQGLR[LGH &2 7KH
UHIHUHQFH*:3WKDWLVJOREDOZDUPLQJ
SRWHQWLDO LV FDOFXODWHG ZLWK WKH XVH RI
FRHIILFLHQWV
&23RUFRHIILFLHQWRISHUIRUPDQFH
WKH KHDW FRHIILFLHQW RU FRHIILFLHQW RI
FRQYHUVLRQ UHIOHFWLQJ WKH HIILFLHQF\ RI
KHDWSXPSV)RULQVWDQFHDKHDWSXPS
ZKRVH&23HTXDOVSURGXFHVNLOR
ZDWWVRIKHDWHQHUJ\XVLQJNLORZDWWRI
HOHFWULFLW\
$GHWDLOHGSODQLQFOXGHVDPDSZKHUH
WKH ERXQGDULHV DUH VKRZQ IRU WKH
SODQQHGDUHDV7KHPDSDOVRFRQWDLQV
LQIRUPDWLRQDERXWZKDWSXUSRVHVGLIIHU
HQWDUHDVDUHJRLQJWREHXVHGIRUWKH
OHYHORIFRQVWUXFWLRQDQGSULQFLSOHVUH
JDUGLQJWKHORFDOL]DWLRQDQGVL]HRIWKH
EXLOGLQJ DQG DOVR WKH PHWKRG RI FRQ
VWUXFWLRQZKHQQHHGHG
0LFUR&+3SODQWLVGHVLJQHGWRVXSSO\
WKHPLQLPXPDPRXQWRISRZHUUHTXLUHG
E\ WKH IDFLOLW\ 7KHUHIRUH WKH PLFUR
&+3SODQWFDQRSHUDWHDWSHDNSRZHU
RXWSXWFRQWLQXRXVO\
&DOOV IRU PLFUR&+3 SODQW WR KDYH DQ
HOHFWULFDO FDSDFLW\ WKDW H[FHHGV WKH
PLQLPXPHOHFWULFDOUHTXLUHPHQWIRUWKH
IDFLOLW\ 7KH PLFUR&+3 SODQW RXWSXW
SRZHU FKDQJHV LQ UHVSRQVH WR WKH
QHHGVRIWKHIDFLOLW\
6PDOO VFDOH &+3 SURGXFWLRQ FDSDFLW\
OHVVWKDQN:
'HVFULEHVWKHTXDQWLWLHVRUFRQFHQWUD
WLRQVRIHPLVVLRQVFDXVLQJDFLGXODWLRQ
7KLVLVEDVHGRQWKHUHODWLYHDFLGLW\RI



62DQGLVUHIHUUHGWR6212[+&O
+)1+DQG+6HPLVVLRQV
7KH &+3V\VWHP LV GHVLJQHG WR PHHW
WKHPLQLPXPWKHUPDOORDG7KHUPDOHQ
HUJ\WRPHHWSHDNORDGVLVSURYLGHGE\
DQ DX[LOLDU\ KHDW VRXUFH VXFK DV D
ERLOHU (OHFWULFDO SRZHU LV SXUFKDVHG
IURPRUVROGWRWKHJULGWREDODQFHWKH
HOHFWULFDO GHPDQG IRU WKH IDFLOLW\ ZLWK
WKHSRZHUVXSSOLHGE\WKHIXHOFHOOV\V
WHP
7KH&+3V\VWHPLVGHVLJQHGWRIROORZ
WKH WKHUPDO ORDG RI WKH IDFLOLW\ 3RZHU
WKDW LV JHQHUDWHG GXULQJ WKHFRXUVH RI
VXSSO\LQJ WKH WKHUPDO ORDG LV XVHG E\
WKH IDFLOLW\ WR UHSODFH SXUFKDVHG HOHF
WULFSRZHU7KHH[FHVVSRZHUFDQRIWHQ
EHVROGWRWKHXWLOLW\
LV UHIHUUHG WR WKH PDVV HTXLYDOHQW RI
R]RQH JHQHUDWHG IURP LWV SURSKDVH
7233 UHIOHFWV WKH JHQHUDWLRQ LQ WKH
WURSRVSKHUHRI2R]RQHWKDWLQVXP
PHUWLPH PD\ IRU LQVWDQFH FDXVH
VPRJ7KH HTXLYDOHQWLVFDOFXODWHGDF
FRUGLQJWRWKHUHODWLYHGHJUHHRIR]RQH
JHQHUDWLRQGXHWR&21092&12[
DQG &+ HPLVVLRQV 7KH KLJKHU WKH
7233HTXLYDOHQWWKHJUHDWHUWKHSURE
DELOLW\RIVXPPHUVPRJ  *(0,60DQ
XDO 

$8YDOXHLVDPHDVXUHRIKHDWORVVLQ
DEXLOGLQJHOHPHQWVXFKDVDZDOOIORRU
RUURRI,WFDQDOVREHUHIHUUHGWRDVDQ
µRYHUDOO KHDW WUDQVIHU FRHIILFLHQW¶ DQG
PHDVXUHVKRZZHOOSDUWVRIDEXLOGLQJ
WUDQVIHUKHDW
6RIWZDUH GHYHORSHG DW 977 IRU VLPX
ODWLQJHQHUJ\GHPDQGLQEXLOGLQJV

ȉKHUPDOEDVH
ORDGVWUDWHJ\

7KHUPDOORDG
WUDFNLQJVWUDWHJ\
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 ,QWURGXFWLRQ
7KHZRUOGLVIDFLQJDQHQRUPRXVFKDOOHQJHLQILJKWLQJJOREDOZDUPLQJDQGWKHGH
SOHWLRQRIPDQ\QDWXUDOUHVRXUFHV,QWKHGHYHORSHGSDUWRIWKHZRUOGWKHVWULYLQJ
WRZDUGVDKLJKHUTXDOLW\RIOLIHPRVWRIWHQWDNHVWKHVKDSHRIFRQVXPLQJPRUHJRRGV
DQGVHUYLFHVWKDWXVHQDWXUDOUHVRXUFHVLQRQHZD\RUWKHRWKHU,QWKHGHYHORSLQJ
FRXQWULHVWKHFKDOOHQJHLQWHUPVRIVXVWDLQDELOLW\LVHYHQJUHDWHUZKHQWKHUDLVLQJ
RIWKHTXDOLW\RIOLIHWRWKHVDPHOHYHODVLQWKHGHYHORSHGZRUOGZRXOGPHDQDKXJH
LQFUHDVHLQHPLVVLRQVDQGUHVRXUFHXVDJH

8UEDQLVDWLRQLVDJOREDOPHJDWUHQGWKDWLVSDUWO\FDXVHGE\WKHVWULYLQJIRUDKLJKHU
TXDOLW\ RI OLIH %\  PRUH WKDQ WZRWKLUGV RI WKH ZRUOG V LQKDELWDQWV ZLOO OLYH LQ
XUEDQDUHDV 3RSXODWLRQ'LYLVLRQRIWKH'HSDUWPHQWRI(FRQRPLFDQG6RFLDO$IIDLUV
RIWKH8QLWHG1DWLRQV6HFUHWDULDW ,QDQLQFUHDVLQJO\XUEDQLVHGZRUOGXUEDQ
SODQQLQJZLOOSOD\DNH\UROHLQWKHVXVWDLQDELOLW\FKDOOHQJH

'XHWRLQFUHDVHGXUEDQLVDWLRQWKHUROHRIWKHEXLOWHQYLURQPHQWLQWKHVXVWDLQDELOLW\
FKDOOHQJHZLOOEHFRPHHYHQJUHDWHU:LWKRXWPDMRUFKDQJHVLQWKHZD\ZHEXLOGDQG
SODQ RXU FRPPXQLWLHV VXVWDLQDELOLW\ ZLOO QRW EH LQFUHDVHG HQRXJK &LW\ SODQQLQJ
SOD\VDNH\UROHLQWKLVGHYHORSPHQW+RZRXUFLWLHVDQGGLVWULFWVDUHSODQQHGDIIHFWV
KRZWKH\DUHEXLOWDQGRSHUDWHG,IGRQHZLVHO\FLW\SODQQLQJFDQKDYHDSRVLWLYH
HIIHFWRQSHRSOH¶VHQHUJ\FRQVXPSWLRQEHKDYLRXUWKURXJKRXWWKHZKROHOLIHF\FOHRI
WKHGLVWULFW7KLVKRZHYHUUHTXLUHVDVRFLHW\ZKHUHWKHFLW\SODQVFRGHVDQGUHJX
ODWLRQV DUH LPSOHPHQWHG DQG HQIRUFHG DV SODQQHG ,Q PDQ\ GHYHORSLQJ FRXQWULHV
WKLVLVQRWWKHFDVHWRGD\RIWHQGXHWRFRUUXSWLRQ 6XQGVWU|P &RUUXSWLRQLV
PRVWFRPPRQLQWKHGHYHORSLQJFRXQWULHV 'UHKHUHWDO 

7KHEXLOGLQJVHFWRUKDVEHHQUHFRJQL]HGDVDNH\VHFWRURIWKHHFRQRP\LQLPSURY
LQJ VXVWDLQDELOLW\ 7KH 8QLWHG 1DWLRQV SDQHO RQ FOLPDWH FKDQJH ,3&& KDV HVWL
PDWHGWKDWWKHJUHDWHVWSRWHQWLDOIRUJUHHQKRXVHJDVUHGXFWLRQLVDYDLODEOHLQEXLOG
LQJV ,3&& &RQFHUQLQJ)LQODQG LW KDV EHHQHVWLPDWHGWKDWD IHZSHUFHQW
KLJKHULQYHVWPHQWLQHQHUJ\HIILFLHQWFRQVWUXFWLRQDQGUHQRYDWLRQFDQFXWWKHWRWDO
SULPDU\HQHUJ\FRQVXPSWLRQRIWKHFRXQWU\E\±E\DQGE\±E\
7XRPLQHQHWDO 






7KHUHDUHPDQ\WHFKQRORJLHVGHYHORSHGWRFXWHQHUJ\XVHLQFLWLHVWRLPSURYHWKH
WUDQVSRUWDWLRQVROXWLRQVWRKDQGOHZDWHUDQGZDVWHPDQDJHPHQWLQDVXVWDLQDEOH
ZD\DQGWRLQFUHDVHSHRSOH¶VDZDUHQHVVRIWKHLUHQHUJ\XVH+RZHYHUWKHUHVHHP
WREHEDUULHUVLQWDNLQJWKHVHVROXWLRQVLQWRXVHPRUHZLGHO\ (OHIWKHULDGLV $QDJ
QRVWRSRXORX   ,Q PDQ\ FDVHV WKH EDUULHUV DUH HFRQRPLF EXW WKHUH DUH DOVR
RWKHUEDUULHUVVXFKDVDODFNRINQRZKRZRUODFNRIVXSSRUWLYHJRYHUQPHQWDOSROLFLHV
WKDWFDQEHKLQGHULQJWKHXVDJHRIVXVWDLQDEOHVROXWLRQV =\DGLQHWDO 5HJ
XODWLRQV KDYH EHHQ VKRZQ WR HQDEOH D GHYHORSPHQW WRZDUGV KLJKHU HQHUJ\HIIL
FLHQF\WKH(QHUJ\3HUIRUPDQFHRI%XLOGLQJV'LUHFWLYH(& (3%' EHLQJD
JRRG H[DPSOHRI UHJXODWLRQVSXVKLQJ WKH LQGXVWU\WRFUHDWH PRUH HQHUJ\HIILFLHQW
VROXWLRQVIRUWKHPDUNHW (XURSHDQ3DUOLDPHQW 

/DWHO\LQ)LQODQGWKHUHKDYHEHHQFRPSOH[SURMHFWVZKHUHDOOWKHYDULRXVFKDUDF
WHULVWLFVRIDGLVWULFWKDYHEHHQFRQVLGHUHGDWWKHYHU\LQLWLDOVWDJHVRISODQQLQJ 5D
MDOD HWDO  ,QWKRVHSURMHFWVWKHUHVXOWVLQWHUPVRIHQHUJ\HIILFLHQF\KDYH
EHHQJRRGEXWWKHSURFHVVKDVEHHQSURMHFWEDVHGDQGKDVUHTXLUHGDJUHDWGHDO
RIH[WUDUHVRXUFHV7KH6NDIWNlUUSURMHFWLQ3RUYRR)LQODQGLVRQHJRRGH[DPSOH
7KHSURMHFWLVGHVFULEHGLQ5DMDODHWDO  7KHOHVVRQVOHDUQWKDYHVRIDUQRW
EHHQWDNHQLQWRWKHQRUPDOSODQQLQJSURFHGXUHV 5DMDODHWDO+HGPDQHW
DO 

8UEDQSODQQLQJLQYROYHVDODUJHQXPEHURIGLIIHUHQWDVSHFWVDQGLWVVXFFHVVJUHDWO\
GHSHQGV RQ WKH H[SHUWLVH DYDLODEOH LQ WKH SODQQLQJ SKDVH DQG RQ KRZ ZHOO ORFDO
FRQGLWLRQVDUHWDNHQLQWRDFFRXQW$WWKLVWLPHLQ)LQODQGPDQ\SURMHFWVDLPLQJDW
PDNLQJFLW\GHYHORSPHQWPRUHHFRHIILFLHQWDUHXQGHUZD\ 5DMDODHWDO+HG
PDQHWDO 7KHKDUGSDUWKHUHLVGHYHORSLQJDSSURDFKHVDQGPHWKRGVWKDW
ZKLOH EHLQJ XQLYHUVDOO\ DSSOLFDEOH DOVR DOORZ IRU WKH VSHFLILFV RI SDUWLFXODU UH
JLRQVGLVWULFWVWREHWDNHQZHOOLQWRDFFRXQW

,VWKHHQHUJ\HIILFLHQF\RIGLVWULFWVVXSSRUWHGE\DKLJKGHJUHHRIUHJXODWLRQLQWKH
FLW\SODQQLQJSURFHVV"6KRXOGLQGLYLGXDOEXLOGHUVKDYHWKHULJKWWREXLOGZKDWWKH\
ZDQWRQWKHLURZQSORWRUVKRXOGVRFLHW\SODFHKHDY\FRQVWUDLQWVRQZKDWFDQDQG
VKRXOGEHEXLOW",IVRKRZFDQZHHQVXUHWKDWWKHFRQVWUDLQWVDQGUHJXODWLRQVVHW
DUHLQIDFWOHDGLQJWRDPRUHHQHUJ\HIILFLHQWDQGVXVWDLQDEOHVROXWLRQ"

7KLVWKHVLVDQDO\VHVLIHQHUJ\HIILFLHQF\RIGLVWULFWVLVLPSURYHGE\DUHJXODWLYHDS
SURDFKWRSODQQLQJZKHQWKHSURSHUWRROVDQGJXLGHOLQHVDUHDYDLODEOHWRVXSSRUW
WKHSODQQLQJ

7KHWKHVLVLVEDVHGRQIRXUMRXUQDODUWLFOHVDQGRQHFRQIHUHQFHSDSHUVXPPDUL]HG
EHORZDQGIRXQGDWWKHHQGRIWKLVWKHVLV

$UWLFOH , ³&DVH DQDO\VHV RI KHDW WUDGLQJ EHWZHHQ EXLOGLQJV FRQ
QHFWHGE\DGLVWULFWKHDWLQJQHWZRUN´IRFXVHVRQGLVWULFWKHDWLQJV\V





WHPV7KHIRFXVRIWKHDUWLFOHLVWKHFRQFHSWRIKHDWWUDGLQJPHDQ
LQJ WKDW EXLOGLQJV DUH VHOOLQJ H[FHVV KHDW LQWR WKH GLVWULFW KHDWLQJ
V\VWHP7KHVWXG\KDVEHHQGRQHE\FUHDWLQJDWRROWKDWDQDO\VHV
KHDW DQG HOHFWULFLW\ GHPDQG DQG SURGXFWLRQ LQ D FDVH GLVWULFW LQ
ZHVWHUQ)LQODQG'LIIHUHQWRSHUDWLRQDOVWUDWHJLHVRIPLFUR&+3XQLWV
ZHUHFKRVHQDQGWKHLPSDFWRQWKHZKROHGLVWULFWOHYHOKHDWLQJV\V
WHP ZDV DQDO\VHG 7KH SRVVLELOLW\ WR WUDGH KHDW FDQ EH D ZD\ WR
VHOIVXIILFLHQF\ZKLFKLIFKRLFHVDUHPDGHZLVHO\FDQOHDGWRKLJKHU
VXVWDLQDELOLW\

$UWLFOH ,, ³(QHUJ\ HIILFLHQF\ UDWLQJ RI GLVWULFWV FDVH )LQODQG´ GH
VFULEHVDFLW\SODQQLQJWRROWKDWZDVGHYHORSHGLQRUGHUWRDVVHVV
HQHUJ\HIILFLHQF\RIGHWDLOHGFLW\SODQV7KHDUWLFOHVKRZVWKDWE\
JLYLQJWKHFLW\SODQQHUVDQHDV\WRXVHWRROWKHFKRLFHVPDGHZLWKLQ
WKH GHWDLOHG FLW\ SODQQLQJ SKDVH FDQ OHDG WR KLJKHU HQHUJ\ HIIL
FLHQF\)LYHGLIIHUHQWFDVHGLVWULFWVLQ)LQODQGZHUHDQDO\VHG/RFDO
VWDNHKROGHUVZHUHDOVRLQYROYHGLQWKHGHYHORSPHQWSURFHVVRIWKH
WRRO

$UWLFOH,,,³(QHUJ\VDYLQJSRWHQWLDOVRI0RVFRZDSDUWPHQWEXLOGLQJV
LQ UHVLGHQWLDO GLVWULFWV´ HVWLPDWHV WKH HQHUJ\ VDYLQJ SRWHQWLDOV RI
0RVFRZDSDUWPHQWEXLOGLQJVWKURXJKGLIIHUHQWUHQRYDWLRQFRQFHSWV
$OVR WKH UHGXFWLRQ RI WKH GLVWULFW OHYHO HQHUJ\ GHPDQGV UHVXOWLQJ
IURPWKHSRVVLEOHEXLOGLQJOHYHOHQHUJ\VDYLQJVZHUHHVWLPDWHG7KH
VWXG\ VKRZV WKH EHQHILWV RI SHUIRUPLQJ UHQRYDWLRQ DFWLYLWLHV RQ D
GLVWULFWVFDOHZLWKDKROLVWLFDSSURDFKLQVWHDGRISHUIRUPLQJDFWLRQV
RQHE\RQH2QDGLVWULFWVFDOHVXFKDFWLRQVLQYROYHDZLGHUDQJH
RIVWDNHKROGHUVDQGDOVRLQFOXGHDGPLQLVWUDWLYHDQGRWKHUQRQWHFK
QLFDO DQG QRQHFRQRPLFDO REVWDFOHV WKDW UHTXLUH D UHJXODWLYH DS
SURDFKLQRUGHUWREHIHDVLEOH

$UWLFOH,9³(QHUJ\DQGHPLVVLRQ DQDO\VHVRIUHQRYDWLRQVFHQDULRV
RID0RVFRZUHVLGHQWLDOGLVWULFW´DQDO\VHVGLIIHUHQWFKDQJHVPDGH
LQWKHHQHUJ\V\VWHPRIWKHVDPHFDVHGLVWULFWDQGWKHLULPSDFWVRQ
HPLVVLRQV'LIIHUHQWUHQHZDEOHHQHUJ\VRXUFHVZHUHDQDO\VHGLQD
FDVHGLVWULFWLQ0RVFRZ5XVVLD7KHSXUSRVHZDVWRDVVHVVKRZ
ORZHPLVVLRQYDOXHVFRXOGEHDFKLHYHGE\FRPSDULQJDQGFRPELQ
LQJWHFKQRORJLHVIRUHQHUJ\JHQHUDWLRQDQGWRFODULI\ZKLFKRIWKH
FRPELQDWLRQVSUHVHQWHGZRXOGEHEHWWHULQWHUPVRISURGXFHGHPLV
VLRQV7KHVWXG\VKRZVWKDWWKURXJKDGLVWULFWOHYHOWRSGRZQDS
SURDFKLWLVHDVLHUWRDIIHFWKHDWGHPDQGWKDQHOHFWULFLW\GHPDQG,W
DOVR GLVFXVVHV WKH IDFW WKDW WKH TXDOLW\ RI OLIH LV RIWHQ LPSURYHG
WKURXJK ODUJH UHQRYDWLRQ DFWLYLWLHV ZKLFK RIWHQ FDQQRW EH SHU
IRUPHGZLWKRXWDWRSGRZQKROLVWLFDSSURDFKGXHWRWKHHFRQRPLF
FRQVWUDLQWV RI LQGLYLGXDO DSDUWPHQW RZQHUV (PLVVLRQV DQDO\VLV





VKRZVWKDWLWLVQRWWKDWVWUDLJKWIRUZDUGDQGVLPSOHWRDQDO\VHWKH
HPLVVLRQLPSDFWVRIGLIIHUHQWHQHUJ\FKRLFHV,WFDQEHFRQFOXGHG
WKDWLQRUGHUIRUDFLW\SODQQHUWRDVVHVVWKHVHLPSDFWVVXSSRUWLYH
WRROVDQGJXLGHOLQHVDUHQHHGHG

$UWLOH9³'HYHORSPHQWRIDFRQFHSWIRUHFRORJLFDOFLW\SODQQLQJIRU
6W3HWHUVEXUJ5XVVLD´7KHFRQIHUHQFHSDSHUGHVFULEHVWKHZRUN
GRQHLQWKHUHVHDUFKSURMHFW(FR*UDGZKRVHDLPZDVWRGHYHORSD
FRQFHSWIRUHFRORJLFDOKRXVLQJDUHDVWKDWZRXOGILWLQ6W3HWHUVEXUJ
5XVVLD$FULWHULDOLVWIRUHFRORJLFDOUHVLGHQWLDODUHDVZDVGHYHORSHG
WRJHWKHUZLWKORFDOSDUWQHUV6RPHGLIIHULQJDVSHFWVEHWZHHQ)LQQ
LVK DQG 5XVVLDQ FULWHULD DUH SRLQWHG RXW LQ WKH SDSHU 7KUHH SLORW
FDVHVZHUHDOVRVWXGLHG$URXJKSODQZDVPDGHIRUWKHSLORWDUHDV
LQFOXGLQJ SODFHPHQW RIEXLOGLQJV DQG VHUYLFHVDQGWUDQVSRUWVROX
WLRQV (QHUJ\ V\VWHPV ZHUH PRGHOOHG DQG FRPSDUHG DQG HPLV
VLRQVZHUHFDOFXODWHG2QHRIWKHSLORWFDVHVLVEULHIO\GHVFULEHGLQ
WKH SDSHU $ TXHVWLRQQDLUH WKDW ZDV GLVWULEXWHG WR UHVLGHQWV ZKR
VKRZHGDSRRUZLOOLQJQHVVWRSD\IRUUHQHZDEOHHQHUJ\DQGJRRG
LQGRRUDLUTXDOLW\6DIHW\LVVXHVZHUHKLJKOLJKWHGDPDMRULW\RIWKH
UHVLGHQWVGRHVQRWIHHOVDIHLQWKHLUQHLJKERXUKRRG

7KHDUWLFOHVKDYHEHHQGRQHLQGLIIHUHQWUHVHDUFKSURMHFWVEULHIO\GHVFULEHGEHORZ
$PRUHHODERUDWHGGHVFULSWLRQRIHDFKSURMHFWLVIRXQGLQDSSHQGL[%

7KHZRUNLQ$UWLFOH,ZDVGRQHZLWKLQWKHSURMHFW+HWUDIXQGHGE\7HNHVDQG977
7KH DLPRI WKH SURMHFW ZDVWR GHYHORS DFRQFHSW IRU KHDWWUDGLQJDQG DQDO\VH LWV
SRWHQWLDODQGLPSDFW7KHDXWKRUZDVWDNLQJSDUWLQWKHSURMHFWDVUHVHDUFKVFLHQWLVW
SHUIRUPLQJ GLVWULFW OHYHO HQHUJ\ VLPXODWLRQV DQG FUHDWLQJ DQ ([FHO EDVHG WRRO IRU
SHUIRUPLQJ VLPXODWLRQV RI &+3 XQLWV ZLWK GLIIHUHQW RSHUDWLRQDO VWUDWHJLHV 5HVXOWV
IURPWKHSURMHFWDUHSXEOLVKHGLQWKHRQOLQHSXEOLFDWLRQ
KWWSZZZYWWILLQISGIWLHGRWWHHW7SGI

7KHZRUN LQ $UWLFOH,,ZDV GRQHSDUWO\LQWKH SURMHFW(NRWDDMDPDIXQGHG E\ 6LWUD
7HNHV DQG WKH )LQQLVK FLWLHV -\YlVN\Ol 7RLYDNND 0XOWLD 3HWlMlYHVL -lPVl DQG
.DQQRQNRVNL DQG SDUWO\ ZLWKLQ WKH (QVLR SURMHFW IXQGHG E\ 977 7KH DLP RI WKH
(NRWDDMDPDSURMHFWZDVWRGHYHORSDGLVWULFWOHYHOHQHUJ\UDWLQJFODVVLILFDWLRQV\V
WHPDQGWR GHYHORSDWRROIRUFLW\SODQQHUVIRUDVVHVVLQJWKH HQHUJ\HIILFLHQF\ RI
GHWDLOHGFLW\SODQV,QDGGLWLRQVHYHUDOGLVWULFWOHYHOHQHUJ\DQDO\VHVZHUHGRQHLQ
WKHFDVHGLVWULFWVFRPSDULQJGLIIHUHQWHQHUJ\VROXWLRQVIRUWKHGLVWULFWVDQGDQDO\V
LQJWKHLULPSDFWVRQHPLVVLRQV7KHDXWKRUZDVSURMHFWPDQDJHULQWKHSURMHFW5H
VXOWV RI WKH SURMHFW DUH SXEOLVKHG LQ )LQQLVK  LQ WKH IROORZLQJ RQOLQH SXEOLFDWLRQ
KWWSZZZYWWILLQISGIWHFKQRORJ\7SGI


7KHDLPRIWKH(QVLRSURMHFWZDVWRGHYHORSDG\QDPLFGLVWULFWOHYHOVLPXODWLRQWRRO
EDVHGRQWKH$3526WRROFRRZQHGE\977DQG)RUWXP/WG$VSDUWRIWKHSURMHFW





D0DVWHU¶V WKHVLVZDV GRQHWR ZKLFKWKH DXWKRURI WKLVWKHVLVcVD+HGPDQZDV
DFWLQJDVDGYLVRU7KHDLPRIWKHWKHVLVZDVWRDQDO\VHKRZVRODUHQHUJ\XWLOLVDWLRQ
FRXOGEHLPSURYHGE\DFWLRQVLQWKHFLW\SODQQLQJSURFHVV$ZHEEDVHGTXHVWLRQ
QDLUHWR)LQQLVKFLW\SODQQHUVZDVSHUIRUPHGZKLFKUHVXOWVKDYHEHHQXWLOLVHGLQWKLV
WKHVLV

$UWLFOHV,,,DQG,9ZHUHGRQHZLWKLQWKH0RGHUQ0RVFRZSURMHFWIXQGHGE\WKH0LQ
LVWU\RI)RUHLJQ$IIDLUVRI)LQODQG7KHDLPRIWKHSURMHFWZDVWRSUHSDUHDIHDVLELOLW\
VWXG\ IRU WKH HQHUJ\HIILFLHQW DQG VXVWDLQDEOH UHQRYDWLRQ DQG PRGHUQL]DWLRQ RI D
VHOHFWHG GLVWULFW LQ 0RVFRZ 5XVVLD 7KH DXWKRU RI WKLV WKHVLV ZDV D VHQLRU UH
VHDUFKHULQWKHSURMHFWZLWKWKHPDLQUHVSRQVLELOLW\RIFUHDWLQJWKHGLVWULFWOHYHOFULWH
ULDVHWWLQJIRUVXVWDLQDEOH UHQRYDWLRQV6KH DOVRWRRN SDUWLQWKH HQHUJ\ DQDO\VHV
DQGLQWKHGHYHORSPHQWRIWKHEXVLQHVVPRGHOV5HVXOWVIURPWKHSURMHFWKDVEHHQ
SXEOLVKHGLQWKHIROORZLQJRQOLQHSXEOLFDWLRQV
KWWSZZZYWWILLQISGIWHFKQRORJ\7SGI
KWWSZZZYWWILLQISGIWHFKQRORJ\7SGI


$UWLFOH9ZDVGRQHZLWKLQWKHSURMHFW(FR*UDGZKLFKZDVIXQGHGE\WKH0LQLVWU\RI
)RUHLJQ$IIDLUVRI)LQODQG7KHDLPRIWKHSURMHFWZDVWRGHYHORSJXLGHOLQHVIRUWKH
FLW\SODQQLQJLQ6W3HWHUVEXUJIRULWWRGHYHORSLQWRVXSSRUWLQJPRUHHFRORJLFDOFLW\
SODQQLQJ7KUHHFDVHGLVWULFWVZHUHDQDO\VHGDQGHQHUJ\DQDO\VHVZHUHSHUIRUPHG
$ZLGHUHVLGHQW¶VVXUYH\ZDVSHUIRUPHGZLWKLQWKHSURMHFWZKLFKUHVXOWVKDYHEHHQ
XVHGLQWKLVWKHVLV7KHDXWKRUZDVDFWLQJDVSURMHFWPDQDJHULQWKHSURMHFW7KH
SURMHFWVUHVXOWVDUHIRXQGLQWKHRQOLQHSXEOLFDWLRQDYDLODEOHDW
KWWSZZZYWWILLQISGIWLHGRWWHHW7SGI








 /LWHUDWXUHUHYLHZ

7KHSXUSRVHRIWKLVOLWHUDWXUHUHYLHZLVWRDQDO\VHWKHDYDLODEOHOLWHUDWXUHRQHQHUJ\
V\VWHPVSODQQLQJWUDQVSRUWDWLRQSODQQLQJDQGXUEDQSODQQLQJDQGHVSHFLDOO\RQOLW
HUDWXUHFRYHULQJWKHVHDVSHFWVKROLVWLFDOO\7KHVHWKHPHVKDYHEHHQFKRVHQVLQFH
WKH\DUHWKHFRUHRIHQHUJ\HIILFLHQWXUEDQSODQQLQJ

7KHUHYLHZVWDUWVE\FRYHULQJOLWHUDWXUHGHILQLQJWKHUHOHYDQWWHUPLQRORJ\³6XVWDLQ
DELOLW\´³(FR&LW\´DQG³(FR(IILFLHQF\´7KHWRSLFLWVHOILVGLYLGHGLQWRWKHFKDSWHUV
FRYHULQJXUEDQSODQQLQJWUDQVSRUWDWLRQDQGHQHUJ\V\VWHPV$QRYHUYLHZFDQEH
VHHQLQ)LJXUH




)LJXUH2YHUYLHZRIWKHOLWHUDWXUHUHYLHZ

 'HILQLWLRQVRIVXVWDLQDELOLW\(FR&LW\DQG(FR(IILFLHQF\

&RVWDQ]D 3DWWHQGLVFXVVWKHGHILQLWLRQVRIVXVWDLQDELOLW\LQWKHLUFRPPHQWDU\SD
SHU³'HILQLQJDQGSUHGLFWLQJVXVWDLQDELOLW\´,WLVVWDWHGWKDWVLPSO\SXWDVXVWDLQDEOH
V\VWHPLVRQHZKLFKVXUYLYHVRUSHUVLVWV%XWWKHUHDUHWKUHHDGGLWLRQDOFRPSOLFDWLQJ
TXHVWLRQV  :KDWV\VWHPRUVXEV\VWHPVRUFKDUDFWHULVWLFVRIV\VWHPVSHUVLVW"  
)RUKRZORQJ"  :KHQGRZHDVVHVVZKHWKHUWKHV\VWHPRUVXEV\VWHPRUFKDU
DFWHULVWLFKDVSHUVLVWHG" &RVWDQ]D 3DWWHQ 

$FFRUGLQJWRWKH8QLWHG1DWLRQV&RPPLVVLRQ(QYLURQPHQWDQG'HYHORSPHQWVXV
WDLQDEOHGHYHORSPHQWUHIHUVWRDIRUPRIGHYHORSPHQWLQZKLFKWKHXVHRIUHVRXUFHV
PHHWVKXPDQQHHGVZKLOHSUHVHUYLQJWKHHQYLURQPHQWVRWKDWWKHVHQHHGVFDQEH
PHW QRW RQO\ LQ WKH SUHVHQW EXW DOVR IRU JHQHUDWLRQV WR FRPH 7KH GHILQLWLRQ WLHV
WRJHWKHUDFRQFHUQIRUWKHFDUU\LQJFDSDFLW\RIQDWXUDOV\VWHPVZLWKWKHFKDOOHQJHV





WRKXPDQVRFLHWLHVDQGDGGUHVVHVHQYLURQPHQWDOLVVXHV7KH8QLWHG1DWLRQV&RP
PLVVLRQ (QYLURQPHQW DQG 'HYHORSPHQW KDV GHILQHG VXVWDLQDEOH GHYHORSPHQW DV
³GHYHORSPHQWWKDWPHHWVWKHQHHGVRIWKHSUHVHQWZLWKRXWFRPSURPLVLQJWKHDELOLW\
RIIXWXUHJHQHUDWLRQVWRPHHWWKHLURZQQHHGV´ 81 

2WKHUV\VWHPVRIFODVVLILFDWLRQKDYHEHHQVXJJHVWHGLQDGGLWLRQWRWKHPRVWZLGHO\
XVHGWKUHHSLOODUVRIVXVWDLQDELOLW\$WNLVVRQ +DWFKHU  SURSRVHGDVXVWDLQD
ELOLW\ FRPSDVV ZKLFK XVHV D IDPLOLDUFRPSDVVIRUPDWEXWFRQYHUWVWKHGLUHFWLRQV
QRUWKVRXWKHDVWDQGZHVW LQWRWKHIRXUFDUGLQDOFDWHJRULHVRIVXVWDLQDELOLW\SHU
IRUPDQFH QDWXUH VRFLHW\ HFRQRP\ DQG ZHOOEHLQJ 0F&DUWK\ HW DO   SUR
SRVHGFLUFOHVRIVXVWDLQDELOLW\WKDWLQFOXGHLQGLFDWRUVIRUHFRQRPLFVHFRORJ\SROLWLFV
DQGFXOWXUH

7ZRGHFDGHVDJRWKHWHUP³(FR&LW\´ZDVHODERUDWHGRQIRUWKHILUVWWLPH5RVHODQG
0 5RVHODQG  FLWHV³8UEDQ(FRORJ\´LQWKHSDSHU³'LPHQVLRQVRIWKH
HFRFLW\´WKDWDQ(FR&LW\VKRXOGIROORZWKHIROORZLQJSULQFLSOHV



 ³UHYLVHODQGXVHSULRULWLHVWRFUHDWHFRPSDFWGLYHUVHJUHHQVDIHSOHDVDQW
DQGYLWDOPL[HGXVHFRPPXQLWLHVQHDUWUDQVLWQRGHVDQGRWKHUWUDQVSRUWD
WLRQIDFLOLWLHV
 UHYLVHWUDQVSRUWDWLRQSULRULWLHVWRIDYRXUIRRWELF\FOHFDUWDQGWUDQVLWRYHU
DXWRVDQGWRHPSKDVL]H DFFHVVE\SUR[LPLW\¶
 UHVWRUH GDPDJHG XUEDQ HQYLURQPHQWV HVSHFLDOO\ FUHHNV VKRUH OLQHV
ULGJHOLQHVDQGZHWODQGV
 FUHDWHGHFHQWDIIRUGDEOHVDIHFRQYHQLHQWDQGUDFLDOO\DQGHFRQRPLFDOO\
PL[HGKRXVLQJ
 QXUWXUHRSSRUWXQLWLHVIRUZRPHQSHRSOHRIFRORXU>VLF@DQGWKRVHZLWKGLV
DELOLWLHV
 VXSSRUWORFDODJULFXOWXUHXUEDQJUHHQLQJSURMHFWVDQGFRPPXQLW\JDUGHQ
LQJ
 SURPRWHUHF\FOLQJLQQRYDWLYHDSSURSULDWHWHFKQRORJ\DQGUHVRXUFHFRQ
VHUYDWLRQZKLOHUHGXFLQJSROOXWLRQDQGKD]DUGRXVZDVWHV
 ZRUNZLWKEXVLQHVVHVWRVXSSRUWHFRORJLFDOO\VRXQGHFRQRPLFDFWLYLW\ZKLOH
GLVFRXUDJLQJ SROOXWLRQ ZDVWH DQG WKH XVH DQG SURGXFWLRQ RI KD]DUGRXV
PDWHULDOV
 SURPRWH YROXQWDU\ VLPSOLFLW\ DQG GLVFRXUDJH H[FHVVLYH FRQVXPSWLRQ RI
PDWHULDOJRRGV
 LQFUHDVHDZDUHQHVVRIWKHORFDOHQYLURQPHQWDQGELRUHJLRQWKURXJKDFWLYLVW
DQGHGXFDWLRQDOSURMHFWVWKDWLQFUHDVHSXEOLFDZDUHQHVVRIHFRORJLFDOVXV
WDLQDELOLW\LVVXHV´











5RVHODQG IXUWKHU LQWURGXFHV D IUDPHZRUN IRU VXVWDLQDEOH FRPPXQLW\ SODQQLQJ DV
VKRZQLQ)LJXUH 5RVHODQG 7KLVIUDPHZRUNLVEDVHGRQWDNLQJVRFLDOFDS
LWDOQDWXUDOFDSLWDODVZHOODQHIILFLHQWXVHRIXUEDQVSDFHLQWRDFFRXQWZKLOHHP
SKDVL]LQJWKHPRELOLVDWLRQRIFLWL]HQVDQGWKHLUJRYHUQPHQWV



)LJXUH)UDPHZRUNIRUVXVWDLQDEOHFRPPXQLW\SODQQLQJ 5RVHODQG 
,QWKHFRQWH[WRI(FR&LWLHVLWLVDOVRXVHIXOWRLQWURGXFHWKHFRQFHSWRIHFRHIILFLHQF\
(FRHIILFLHQWFRPPXQLWLHVDLPDWVDWLVI\LQJKXPDQQHHGVLQWKHFRPPXQLW\ZLWKDV
OLWWOHHQYLURQPHQWDOLPSDFWDVSRVVLEOH 'H6LPRQHHWDO 0DWKHPDWLFDOO\WKLV
FDQEHVKRZQDVWKHIROORZLQJHTXDWLRQ :%6&'1LNNDQHQ /DKWL 





7KLVGHILQLWLRQZDVIXUWKHUGHYHORSHGE\/DKWLHWDO  LQVWHDGRIGHVFULELQJWKH
YDOXHRISURGXFWVDQGVHUYLFHVWRGHVFULEHZKDWWKHVHSURGXFWVDQGVHUYLFHVDUH
XVHGIRUWKDWLVWRLQFUHDVHWKHTXDOLW\RIOLIH7KHIDFWRUVWREHPLQLPLVHGZHUHLQ
WXUQHGDGGHGWRWKHFRVWIDFWRUDVLQWKHIROORZLQJ





6HUDJHWDO  GLVFXVVWKHGHILQLWLRQRIWKHWHUP³TXDOLW\RIOLIH´RQHGHILQLWLRQ
KLJKOLJKWHGEHLQJ³4XDOLW\RIOLIHUHIHUVWRWKHGD\OLYLQJHQKDQFHGE\ZKROHVRPH





IRRGDQGFOHDQDLUDQGZDWHUHQMR\PHQWRIXQIHWWHUHGRSHQVSDFHVDQGERGLHVRI
ZDWHUFRQVHUYDWLRQRIZLOGOLIHDQGQDWXUDOUHVRXUFHVVHFXULW\IURPFULPHDQGSUR
WHFWLRQIURPUDGLDWLRQDQGWR[LFVXEVWDQFHV,WPD\DOVREHXVHGDVDPHDVXUHRI
WKHHQHUJ\DQGSRZHUDSHUVRQLVHQGRZHGZLWKWKDWHQDEOHKLPRUKHUWRHQMR\OLIH
DQGSUHYDLORYHUOLIH¶VFKDOOHQJHVLUUHVSHFWLYHRIWKHKDQGLFDSVKHRUVKHPD\KDYH´
%XVLQHVVGLFWLRQDU\ 

 8UEDQSODQQLQJ

7KLV FKDSWHU VWDUWV ZLWK D GHVFULSWLRQ RI WKH )LQQLVK XUEDQ SODQQLQJ SURFHVV $Q
RYHUYLHZ RI WKH SURFHVVLVRIEHQHILW IRU WKH XQGHUVWDQGLQJ RIWKHWKHVLV DWKDQG
6LQFHHDFKFRXQWU\KDVDELWGLIIHULQJXUEDQSODQQLQJSURFHVVDQGLWZRXOGEHWRR
HODERUDWHGWRLQFOXGHDGHWDLOHGDQDO\VLVRIVHYHUDOFRXQWULHVXUEDQSODQQLQJSURFH
GXUHVDFKRLFHZDVGRQHWRSUHVHQWWKH)LQQLVKSURFHVV

$IWHUGHVFULELQJWKHXUEDQSODQQLQJSURFHVVLQ)LQODQGDUHYLHZRQUHOHYDQWLQWHUQD
WLRQDO OLWHUDWXUH ZLWKLQ WKH ILHOG RI XUEDQ SODQQLQJ LV SUHVHQWHG 7KH DLP LV WR ILQG
UHOHYDQWOLWHUDWXUHDQDO\VLQJHQHUJ\HIILFLHQF\RIXUEDQSODQQLQJDQGWKHFRQQHFWLRQ
EHWZHHQFLW\SODQQLQJDQGHQHUJ\V\VWHPVSODQQLQJ

7KHXUEDQ SODQQLQJLVEDVHG RQWKH /DQG 8VH DQG &RQVWUXFWLRQ/DZ /&/  7KH
SXUSRVHRIWKHODZLVWR

x RUJDQL]H ODQG XVH DQG FRQVWUXFWLQJ REMHFWLYHV VR DV WR SURYLGH IRU
JRRGOLYLQJHQYLURQPHQW
x SURPRWH GHYHORSPHQW LQ WHUPV RI HFRORJLFDO HFRQRPLFDO VRFLDO
DQGFXOWXUDOVXVWDLQDELOLW\DQG
x VHFXUHWKHSRVVLELOLW\RILQGLYLGXDOVWDNLQJSDUWLQWKHSUHSDUDWLRQRI
WKHSODQVTXDOLW\RISODQQLQJDQGLQWHUDFWLYLW\YHUVDWLOLW\RIH[SHUWLVH
DQGRSHQSXEOLFLW\ 0LQLVWU\RI(QYLURQPHQW 


)LJXUH  LOOXVWUDWHV WKH KLHUDUFK\ FKDLQ RI XUEDQ SODQQLQJ LQ )LQODQG 7KH )LQQLVK
0LQLVWU\ RI WKH (QYLURQPHQW HODERUDWHV WKH 1DWLRQZLGH 2EMHFWLYHV IRU /DQG 8VH
12/8 EDVHGRQ WKH /DQG 8VHDQG &RQVWUXFWLRQ/DZLQWHUQDWLRQDO DJUHHPHQWV
DQG(8GLUHFWLYHV7KH12/8FRQWDLQVVWUDWHJLFGHFLVLRQVRQDKLJKHUOHYHOVXFK
DVWKRVHFRQFHUQLQJQDWLRQZLGHURDGRUUDLOQHWZRUNVDQGKDUERXUV%DVHGRQWKH
12/8UHJLRQDOFRXQFLOVSUHSDUHWKHLUUHJLRQDOSODQVZKLFKDUHWREHDSSURYHGE\
WKH0LQLVWU\RIWKH(QYLURQPHQW )LQOH[ 







)LJXUH7KHKLHUDUFK\FKDLQRIXUEDQSODQQLQJLQ)LQODQG )LQOH[ 

(DFKUHJLRQDOFRXQFLOSUHSDUHVDODQGXVHSODQIRUWKHLURZQUHJLRQZKLFKXVXDOO\
LQYROYHVVHYHUDOPXQLFLSDOLWLHV7KHUHJLRQDOSODQVLQWXUQVHUYHDVDIUDPHIRUXUEDQ
SODQQLQJLQWKHPXQLFLSDOLWLHV8UEDQSODQQLQJRQDPXQLFLSDOOHYHOLVDERXWSURGXF
LQJDPDVWHUSODQDGHWDLOHGSODQDQGLQVRPHPXQLFLSDOLWLHVDOVRDVKRUHSODQ

7KHPDVWHUSODQLVPDGHWRGLUHFWWKHGHYHORSPHQWDQGODQGXVHIRUWKHPXQLFLSDOLW\
DVDZKROHZKLOHDGHWDLOHGSODQLVPRUHVSHFLILFDQGFRQFHUQVFHUWDLQDUHDVRIWKH
PXQLFLSDOLW\7KHPDVWHUSODQJLYHVLQWKDWVHQVHDELJJHUSLFWXUHWKDWGHWDLOSODQV
PXVWILWLQWR7KHVKRUHSODQRQWKHRWKHUKDQGGLFWDWHVWKHXVHRIVKRUHODQG RIWHQ
IRUYDFDWLRQVHWWOHPHQW  )LQOH[ 

7KHPDVWHUSODQLVDJHQHUDOSODQIRUGLUHFWLQJWKHVRFLHWDOVWUXFWXUHDQGODQGXVH
RIDPXQLFLSDOLW\LQLWVHQWLUHW\,WDOVRKDVWRVHFXUHWKHLQKDELWDQWV¶DFFHVVLELOLW\WR
VRFLDOLQIUDVWUXFWXUHDQGVHUYLFHV7KHREMHFWLYHVDQGUHVWULFWLRQVRIDPDVWHUSODQ
DUHWREHFRQVLGHUHGIRUWKHSUHSDULQJRIGHWDLOHGSODQV7KHGHWDLOHGSODQLQWXUQ
GHILQHVWKHODQGXVHDQGFRQVWUXFWLRQRIFHUWDLQDUHDVE\WDNLQJLQWRDFFRXQWORFDO
FLUFXPVWDQFHVFLW\DQGVFHQHU\DQGJRRGFRQVWUXFWLRQPHWKRGV )LQOH[ 

$GHWDLOHG SODQLQFOXGHVDPDS ZKHUH WKH ERXQGDULHV DUH VKRZQIRUWKH SODQQHG
DUHDV7KHPDSDOVRFRQWDLQVLQIRUPDWLRQDERXWZKDWSXUSRVHVGLIIHUHQWDUHDVDUH
JRLQJWREHXVHGIRUWKHOHYHORIFRQVWUXFWLRQDQGSULQFLSOHVUHJDUGLQJWKHORFDOL]D
WLRQ DQG VL]H RI WKH EXLOGLQJ DQG DOVR WKH PHWKRG RI FRQVWUXFWLRQ ZKHQ QHHGHG
%RWKWKHPDVWHUDQGGHWDLOHGSODQDUHDSSURYHGE\WKHPXQLFLSDOFRXQFLO$FFRUGLQJ





WRWKHODQGXVHDQGFRQVWUXFWLRQODZWKRVHSHRSOHZKRDUHDIIHFWHGE\WKHSODQV
DUHDOVRJLYHQWKHULJKWWRLQIOXHQFHWKHP )LQOH[ 

2QFHDGHWDLOHGSODQLVDSSURYHGLWLVWKHWDVNRIWKHEXLOGLQJLQVSHFWRUWRIROORZXS
RQLWVLPSOHPHQWDWLRQ7KHEXLOGLQJLQVSHFWRULVUHVSRQVLEOHIRUHQVXULQJWKDWDOOFRQ
VWUXFWLRQLVIROORZLQJSODQVDQGUHJXODWLRQVDQGWKDWWKHEXLOWHQYLURQPHQWLVVDIH
DQGVXVWDLQDEOH7KHLQVSHFWRUDOVRJUDQWVEXLOGLQJULJKWVRIIHUVFRXQVHOOLQJZKHQ
QHHGHGDQGGHFLGHVLQWKHHQGZKHQDEXLOGLQJFDQEHEURXJKWLQWRVHUYLFH 0LQ
LVWU\RI(QYLURQPHQW 

'DYLG +DPHUV HW DO   IURP WKH 1HWKHUODQGV (QYLURQPHQWDO $VVHVVPHQW
$JHQF\GLVFXVVWKHLPSRUWDQFHDQGFKDOOHQJHRIFRKHUHQFHLQXUEDQSODQQLQJ'H
FLVLRQPDNLQJLVRIWHQRUJDQLVHGLQDZD\WKDWGHFLVLRQVWKDWDIIHFWWUDQVSRUWDWLRQ
UHODWHGLVVXHVDUHPDGHRQDQDWLRQDOOHYHOZKLOHXUEDQSODQQLQJGHFLVLRQVDUHPDGH
RQDFRPPXQLW\OHYHO7KLVOHDGVWRVLWXDWLRQVZKHUHWKHXUEDQSODQQLQJKDVFHUWDLQ
ERXQGDULHVWKDWRIWHQ KLQGHUWKH GHYHORSPHQWRI VXVWDLQDEOHXUEDQSODQQLQJ&R
KHUHQFHPHDQLQJEULQJLQJGLIIHUHQWDVSHFWVRIWKHXUEDQSODQQLQJWRJHWKHUZRXOG
PRVWSUREDEO\OHDGWRPRUHKROLVWLFDQGVXVWDLQDEOHVROXWLRQV +DPHUVHWDO 

+HQULN/XQG  DOVRDQDO\VHVGHFLVLRQPDNLQJLQFDVHVZKHUHGUDVWLFFKDQJHV
DUH SURSRVHG +LV VWXG\ FRQVLGHUV HQHUJ\ V\VWHPV EXW FDQ HDVLO\ EH DGDSWHG WR
XUEDQSODQQLQJVLQFHLWDGGUHVVHVFKRLFHVWKDWLPSDFWVRFLHW\+HVWDWHVWKDWWUXH
FKRLFHVEHWZHHQUHOHYDQWDOWHUQDWLYHVDUHHVVHQWLDOZKHQVRFLHW\LVWRLPSOHPHQW
SROLWLFDO REMHFWLYHV LPSO\LQJ UDGLFDO WHFKQRORJLFDO FKDQJH 6XFK D WUXH FKRLFH ZLOO
KRZHYHUQRWDSSHDUE\LWVHOI³7KHRUJDQLVDWLRQVOLQNHGWRH[LVWLQJWHFKQRORJLHVDUH
W\SLFDOO\WKHRQHVZKLFKWDNHRQWKHUHVSRQVLELOLW\IRUSURSRVLQJQHZSURMHFWV+RZ
HYHUWKHLQVWLWXWLRQDOVHWXSRIVXFKRUJDQLVDWLRQVLPSOLFLWO\HQWDLOVWKDWWKH\FDQQRW
JHQHUDWH SURSRVDOV ZKLFK LPSO\ UDGLFDO WHFKQRORJLFDO FKDQJHV ,W LV RXWVLGH WKHLU
GLVFRXUVHLQWHUHVWVDQGSHUFHSWLRQ(YHQLIWKH\PDGHVXFKSURSRVDOVLWZRXOGEH
RXWRIWKHLUUHDFKWRLPSOHPHQWWKHVH&RQVHTXHQWO\VXFKVHWXSE\GHIDXOWGRHV
QRW LQYROYH WUXH FKRLFH 2Q WKH FRQWUDU\ LW ZLOO UHSHDWHGO\ UHVXOW LQ D +REVRQ V
FKRLFH&KRRVHDSURMHFWZKLFKILWVZHOOLQWRWKHH[LVWLQJRUJDQLVDWLRQVRUQRSURMHFW
DWDOO$OVRZKHQSROLWLFDOGHFLVLRQVKDYHEHHQPDGHLPSO\LQJWKHZLVKIRUUDGLFDO
WHFKQRORJLFDOFKDQJHWKHRUJDQLVDWLRQVOLQNHGWRH[LVWLQJWHFKQRORJLHVZLOOVWLOOFRQ
WLQXH WR LQLWLDWH SURMHFW SURSRVDOV ZLWKLQ WKHLU RUJDQLVDWLRQDO IUDPHZRUN´ /XQG
 7KHOLQNWRWKHXUEDQSODQQLQJSURFHVVRIWKLVVWDWHPHQWLVWRDFNQRZOHGJH
WKHLPSRUWDQFHRILQFOXGLQJQHZVWDNHKROGHUVWKDWDUHQRWWRRPXFK³LQWKHH[LVWLQJ
RUJDQLVDWLRQ´LQRUGHUWRJHWQHZPRUHUDGLFDOLGHDVLQFOXGHG

7KH GHQVH FLW\ VWUXFWXUH LV HVVHQWLDO LQ RUGHU WR PDNH LW SRVVLEOH WR SURYLGH GDLO\
VHUYLFHVFORVHWRUHVLGHQWVDQGDIXQFWLRQDOSXEOLFWUDQVSRUWDWLRQV\VWHP7KHVHUH
TXLUHDFHUWDLQQXPEHURISD\LQJFXVWRPHUVWREHIXQFWLRQDO'DLO\VHUYLFHVDUHHV
VHQWLDO ZKHQPLQLPL]LQJWKH WUDQVSRUWDWLRQQHHGV$6ZHGLVK VWXG\ 7UDILNYHUNHW
 VKRZVKRZHYHUWKDWWKHGHQVLILFDWLRQKDVDUDWKHUVPDOOLPSDFWRQFDUXVDJH
DLQFUHDVHLQXUEDQGHQVLW\UHGXFHVWKHXVDJHRIFDUVE\±






'XULQJWKHSDVWIHZGHFDGHVYDULRXVHQYLURQPHQWDODVVHVVPHQWWRROVKDYHEHHQ
GHYHORSHG IRU WKH EXLOGLQJ VHFWRU WR LPSURYH VXVWDLQDELOLW\ DQG VXSSRUW GHFLVLRQ
PDNLQJ5HFHQWO\WKHIRFXVRIDVVHVVLQJHQHUJ\HIILFLHQF\DQGVXVWDLQDELOLW\RIEXLOW
HQYLURQPHQWKDVH[SDQGHGIURPWKHVLQJOHEXLOGLQJOHYHOLQWRQHLJKERXUKRRGVGLV
WULFW DQG HYHQ FLW\ OHYHO DVVHVVPHQWV +DDSLR   7KHUH DUH DOUHDG\ D ODUJH
QXPEHURIGLIIHUHQWDVVHVVPHQWWRROVIRUHYDOXDWLQJHQHUJ\HIILFLHQF\DQGVXVWDLQ
DELOLW\VXFKDVLQWHUQDWLRQDOO\ZHOONQRZQ/(('IRU1HLJKERXUKRRG'HYHORSPHQW
/(('   %5(($0 &RPPXQLWLHV %5(($0   DV ZHOO DV &$6%(( IRU
8UEDQ'HYHORSPHQW &$6%(( DQG&$6%((IRU&LWLHV &$6%(( 

 7UDQVSRUWDWLRQ

,QWKLVVHFWLRQDUHYLHZRQOLWHUDWXUHUHODWHGWRWUDQVSRUWDWLRQLQWKHXUEDQHQYLURQ
PHQW LV SUHVHQWHG7KH IRFXVLVSXWRQ OLWHUDWXUHUHJDUGLQJ WKH WUDQVSRUWDWLRQ GH
PDQGDQGHVSHFLDOO\RQWKHXUEDQSODQQLQJ¶VLPSDFWRQWUDQVSRUWDWLRQV\VWHPVDQG
WRILQGOLWHUDWXUHFRPELQLQJWUDQVSRUWDWLRQSODQQLQJHQHUJ\V\VWHPVDQGXUEDQSODQ
QLQJ

7UDQVSRUWFDQLQVRPHGLVWULFWVDFFRXQWIRUXSWRRIWKHWRWDOHQHUJ\GHPDQGRI
WKHGLVWULFW 5DMDODHWDO 7KHUHIRUHLWLVLPSRUWDQWWRWDNHLQWRDFFRXQWVROX
WLRQVWDUJHWLQJGHFUHDVHUHGXFWLRQLQWKHQHHGIRUWUDQVSRUWDWLRQDVZHOODVDQLQ
FUHDVHLQWKHHQHUJ\HIILFLHQF\RIWUDQVSRUWHJE\DIIHFWLQJWKHXVHRISULYDWHFDUV

,Q0RKDPHG6KDKLQ¶VGRFWRUDOWKHVLV³(QHUJ\&RQVHUYDWLRQLQ8UEDQ$UHDVLQWKH
)UDPHZRUNRI D 6XVWDLQDEOH 7UDQVSRUWDWLRQ &RQFHSW´ 6KDKLQ  WKHLGHD RI
WKH³SXVKGRZQSXVKXS´DSSURDFKLVLQWURGXFHGPHDQLQJWKDWWKHXVDJHRISULYDWH
FDUVVKRXOGGHFUHDVH SXVKGRZQ DQGPHDQWLPHWKHXVHRIUHQHZDEOHVRXUFHVIRU
WKHFDUVVKRXOGEHLPSURYHG SXVKXS WRFRQWULEXWHWRPRUHVXVWDLQDEOHWUDQVSRU
WDWLRQVROXWLRQV 6HH)LJXUH 







)LJXUH7KH3XVK8S 'RZQ$SSURDFK 6KDKLQ 
7KHFRQQHFWLRQVEHWZHHQWUDQVSRUWDWLRQDQGHQHUJ\V\VWHPVDUHEHFRPLQJPRUH
UHOHYDQWZLWKWKHLQWURGXFWLRQRIHOHFWULFYHKLFOHV/XQG .HPSWRQ  KDYHPRG
HOOHGKRZHOHFWULFYHKLFOHVFDQLQIOXHQFHWKHQHWZRUNLQDSRVLWLYHZD\7KHDQDO\VHV
VKRZWKDWHOHFWULFYHKLFOHVZLWKQLJKWFKDUJLQJDQGPRUHVRZLWKLQFUHDVLQJLQWHOOL
JHQFH LQFOXGLQJ YHKLFOH WR JULG 9*  ZLOO LPSURYH WKH HIILFLHQF\ RI WKH HOHFWULFDO
SRZHUV\VWHPORZHU&2HPLVVLRQVDQGLPSURYHWKHDELOLW\WRLQWHJUDWHZLQGSRZHU
$QDO\VHVDOVRVKRZWKDWHQGXVHLQWHJUDWLRQFRPELQLQJEXLOGLQJDQGWUDQVSRUWDWLRQ
HQGXVHVFDQIRUPDFRKHUHQWVROXWLRQWRWKHLQWHJUDWLRQ RIZLQGSRZHULQWRVXV
WDLQDEOHHQHUJ\V\VWHPVDQGWKDWYHU\KLJKOHYHOVRIZLQGSRZHUDUHSRVVLEOHHYHQ
ZLWKRXWFHQWUDOL]HGVWRUDJHRUUHJLRQDOHOHFWULFLQWHUWLHV /XQG .HPSWRQ 

,Q 6ZHGHQ VWXGLHV KDYH EHHQ PDGH WR LQYHVWLJDWH KRZ GLIIHUHQW XUEDQ SODQQLQJ
DFWLRQVLPSDFWWKHXVHRISULYDWHFDUV7KHVWXGLHVZHUHFROOHFWHGLQWRDUHSRUWE\
:63 %UXQGHOO)UHLM (ULFVVRQ 7KHUHSRUWIRFXVHVRQFDUXVHLQFLWLHVRQO\
OHDYLQJWKHUXUDODUHDVRXWRILWVVFRSH

7KHUHVXOWVIURPWKHVWXG\E\-RKDQVVRQHWDO  E\7UDILNYHUNHWLQ6ZHGHQ
-RKDQVVRQHWDO VKRZHGWKDWE\GRXEOLQJWKHFROOHFWLYHWUDQVSRUWRIIHULQJ
WKHFDUXVHGHFUHDVHVE\7KHFULWLFDOOHQJWKWRSXEOLFWUDQVSRUWVWDWLRQVZDV
DFFRUGLQJWRWKHVWXG\P:KHQWKHGLVWDQFH LV ORQJHU WKDQWKDW WKHXVHRI
FDUVVWDUWVWRLQFUHDVH,WDOVRVKRZVWKDWE\LPSURYLQJF\FOHSDWKVDQGSHGHVWULDQ
SDWKVFDUXVDJHGURSVE\$FWLRQVWKDWFDQEHLQIOXHQFHGE\FLW\SODQQLQJDUH
HVWLPDWHGWRKDYHDSRWHQWLDOWRFXWFDUXVDJHE\GLYLGHGDPRQJWKHIROORZLQJ





DFWLRQV E\ LQFUHDVHG GHQVLW\ RI XUEDQ VWUXFWXUH   PL[HG IXQFWLRQV   IRU
PDWLRQDQGVSHHGOLPLWVRIVWUHHWVWRPHHWSHGHVWULDQDQGF\FOLVWGHPDQGV  DQG
E\FRQQHFWLQJWRFROOHFWLYHWUDQVSRUWDWLRQ  

$QRWKHUVWXG\E\7UDILNYHUNHW  UHSRUWVWKDWDLQFUHDVHLQXUEDQGHQVLW\
FXWVWKHXVDJHRIFDUVE\±%\PL[LQJEXLOGLQJW\SHVFDUXVDJHFDQEHFXWE\
± ,Q SUDFWLFH WKLV PHDQV KDYLQJ UHVLGHQWLDO EXLOGLQJV VHUYLFHV DQG ZRUN
SODFHVLQWKHVDPHDUHD7RDFKLHYHWKLVWKHUHQHHGVWREHVPDOOEORFNVOHVVWKDQ
PDPL[RIROGDQGQHZDSDUWPHQWVDQGDKLJKHQRXJKGHQVLW\3DUNLQJVWUDW
HJ\DOVRKDVDQLPSDFW*RRGDYDLODELOLW\RISDUNLQJSODFHVDQGFKHDSSDUNLQJOHDGV
WRKLJKHUXVDJHRIFDUV$VDQH[DPSOHLWLVPHQWLRQHGWKDWDWZRUNSODFHVZLWKIUHH
SDUNLQJFDUXVDJHLVXSWRZKLOHWKHILJXUHPD\GURSDVORZDVIRUZRUN
SODFHV ZLWK QR DYDLODEOH SDUNLQJ ,W LV KRZHYHU XQFOHDU KRZ FRPSDUDEOH WKHVH
ZRUNSODFHV DUH LQ WHUPV RI WKH GHPRJUDSKLFV RI WKH XVHUV DQG WKH JHRJUDSKLFDO
ORFDWLRQRIWKHZRUNSODFH

,QVRPHFRXQWULHVWKHUHDUHUHJXODWLRQVVWDWLQJKRZIDUGDLO\VHUYLFHVFDQEHIURP
UHVLGHQWLDOKRXVHV,Q6W3HWHUVEXUJ5XVVLDLWFDQEHDPD[LPXPPIURPHDFK
UHVLGHQWLDOKRXVHWRVHUYLFHSRLQWVYLVLWHGGDLO\ 1\VWHGWHWDO 


 (QHUJ\V\VWHPV

7KHOLWHUDWXUHUHYLHZLQWKLVVHFWLRQIRFXVHVRQHQHUJ\V\VWHPVPHDQLQJGHPDQG
WUDQVPLVVLRQDQGSURGXFWLRQRIHQHUJ\,QFUHDVLQJWKHVKDUHRIFOHDQHQHUJ\SUR
GXFWLRQLVDNH\LQVWUXPHQWLQGHYHORSLQJVXVWDLQDEOHHQHUJ\V\VWHPV7KHRSWLPDO
VRXUFHVDUHGHSHQGHQWRQWKHVSHFLILFORFDWLRQHQHUJ\GHPDQGDQGDYDLODEOHUH
VRXUFHV5HGXFLQJHQHUJ\ GHPDQGLQWKHEXLOGLQJVLVDVXIILFLHQWZD\WRLPSURYH
WKH HQHUJ\ HIILFLHQF\ RIDGLVWULFW,Q (XURSHWKHUHJXODWLYH PHDVXUHVKDYH EHHQ
H[WHQVLYH LQ WKLV PDWWHU GXULQJ WKH ODVW GHFDGHV %XLOGLQJ UHJXODWLRQV KDYH EHHQ
GHYHORSHGWRGHPDQGPRUHHQHUJ\HIILFLHQF\ (XURSHDQ3DUOLDPHQW 

7KHREMHFWLYHLVWRILQGUHOHYDQWOLWHUDWXUHVKRZLQJWKHFRQQHFWLRQEHWZHHQHQHUJ\
V\VWHPSODQQLQJWUDQVSRUWDWLRQSODQQLQJDQGXUEDQSODQQLQJ

,Q977¶VSXEOLFDWLRQ³(QHUJ\9LVLRQV´LWVWDWHVWKDWLQWKHEXLOGLQJVHFWRUWKH
PDLQHQGXVHVRIHQHUJ\LQFOXGHVSDFHKHDWLQJKRWZDWHUSURGXFWLRQFRROLQJOLJKW
LQJFRRNLQJDQGYDULRXVHOHFWULFDODSSOLDQFHV,WLVDOVRVWDWHGWKDWZKHQLPSURYLQJ
WKHHQHUJ\HIILFLHQF\RIEXLOGLQJVDQGUHGXFLQJ&2HPLVVLRQVWKHUHDUHWZRVWHSV
L UHGXFWLRQRIEXLOGLQJOHYHORYHUDOOHQHUJ\GHPDQGDQG LL IXOILOOLQJUHGXFHGHQ
HUJ\ GHPDQG E\ XWLOLVLQJ SULPDULO\ UHQHZDEOH HQHUJ\ VRXUFHV 5HJDUGLQJ HQHUJ\
VXSSO\V\VWHPVLWLVH[SODLQHGWKDWDV\VWHPIRUSURYLGLQJHQHUJ\LQDXVHIXOIRUP
WRHQGXVHUVSULPDULO\FRQVLVWVRIDQHQHUJ\VRXUFHWUDQVSRUWDWLRQ RUGLVWULEXWLRQ 
DQGLQPDQ\FDVHVVWRUDJHHQHUJ\FRQYHUVLRQDQGHQGXVH7KHUHIRUHLWFDQEH





VXPPDULVHGWKDWDQHQHUJ\V\VWHPFRQVLVWVRIHQHUJ\GHPDQGVXSSO\DQGWUDQV
PLVVLRQ 977 

,Q'HQPDUNWKHSULPDU\HQHUJ\VXSSO\IRUKHDWLQJLVUHGXFHGWRWZRWKLUGVRIZKDW
ZDVXVHGSULRUWRHYHQWKRXJKWKHKHDWHGVSDFHDUHDKDVLQFUHDVHGE\PRUH
WKDQSHUFHQWLQWKHVDPHSHULRG7KLVLVDUHVXOWRIEHWWHULQVXODWLRQLQEXLOGLQJV
DQGDQH[SDQVLRQRI&+3 /XQG 

$QQXQ]LDWDHWDO  KDYHFDUULHGRXWDVWDWHRIWKHDUWVWXG\RIQDWLRQDOUHJXOD
WLRQVLQ(XURSHUHJDUGLQJHQHUJ\HIILFLHQF\LQEXLOGLQJV7KHVWXG\VKRZVWKDW(X
URSHDQFRXQWULHVKDYHDGRSWHGGLIIHUHQWDSSURDFKHVLQWKHGHVLJQRIWKHLUQDWLRQDO
UHJXODWRU\IUDPHZRUN.H\SDUWVRIWKH(XURSHDQUHJXODWRU\IUDPHZRUNDUHWKH(Q
HUJ\3HUIRUPDQFHRI%XLOGLQJV'LUHFWLYH(& (3%'  (XURSHDQ3DUOLDPHQW
 DQGLWVUHFDVW (XURSHDQ3DUOLDPHQW 7KHUHFDVWRI(3%'KDVHVWDE
OLVKHGVHYHUDOQHZUHTXLUHPHQWVVXFKDVWKHREOLJDWLRQWKDWDOOQHZEXLOGLQJVVKRXOG
EHQHDUO\]HURHQHUJ\E\WKHHQGRI $QQXQ]LDWDHWDO 

$QQXQ]LDWDHWDO  GLYLGHWKHSROLF\LQVWUXPHQWVLQWRWKUHHFDWHJRULHVGLUHFW
UHJXODWLRQVHFRQRPLFLQVWUXPHQWVDQGVRIWLQVWUXPHQWV'LUHFWUHJXODWLRQLQFOXGHV
VWDQGDUGVDVZHOODVFRPPDQGVDQGSURKLELWLRQVDQGFDQEHFODVVLILHGLQWRLQSXW
UHJXODWLRQSURFHVVUHJXODWLRQDQGRXWSXWUHJXODWLRQ(FRQRPLFLQVWUXPHQWVFRQVLVW
RI GXWLHV WUDGDEOH HPLVVLRQ SHUPLWV HQYLURQPHQWDO OLDELOLW\ .XLN  2VWHUKXLV
 WD[UHGXFWLRQDQGJUDQWV hUJH9RUVDW]HWDO (QYLURQPHQWDOGXWLHV
FDQ EH WD[HV FKDUJHV GXHV RU H[WUD GXWLHV 7KHLU IXQFWLRQ LV HLWKHU WR LQFUHDVH
6WDWHLQFRPHWRJLYHDQLQFHQWLYHWRWKHFKDQJHLQEHKDYLRXURIWKHUHJXODWHGVXE
MHFWRUWRVXSSRUWWKHLPSOHPHQWDWLRQRIDQRWKHUHQYLURQPHQWDODQGHQHUJ\UHJXOD
WLRQ6RIW LQVWUXPHQWV LQFOXGH YROXQWDU\ LQGXVWU\DJUHHPHQWVFRPPXQLFDWLRQ DQG
LQIRUPDWLRQPHDVXUHVDVZHOODVYROXQWDU\FHUWLILFDWLRQDQGODEHOOLQJ $QQXQ]LDWDHW
DO 

6LSLOlHWDO  DQDO\VHWKHKHDWWUDGLQJFRQFHSWPHDQLQJWKDWLQGLYLGXDOSUR
GXFHUVVKRXOGEHDEOHWRVHOOWKHLUH[FHVVKHDWWRWKHGLVWULFWKHDWLQJQHWZRUN7KH
FRQFHSWLVLQWHUHVWLQJVLQFHGLVWULFWKHDWLQJKDVWUDGLWLRQDOO\EHHQDPDUNHWLQRQO\
WKHORFDOHQHUJ\XWLOLWLHVZKLFKLQSUDFWLFHKDYHDPRQRSRO\RIWKHGLVWULFWKHDWVXS
SO\7KHVWXG\VKRZVWKDWWKHFKDOOHQJHVLQVXFKDFRQFHSWDUHPDLQO\UHODWHGWRWKH
EXVLQHVVPRGHOV7KHOLEHUDWHGKHDWHQHUJ\PDUNHWZLOODOVRQHHGDWUDQVPLVVLRQ
QHWZRUNFRPSDQ\WKDWWDNHVFDUHRIWKHWHPSHUDWXUHVSUHVVXUHVDQGK\GUDXOLFEDO
DQFHRIWKHKHDWLQJQHWZRUN7KHQHWZRUNFRPSDQ\LVDOVRUHVSRQVLEOHIRUVHUYLFHV
DQG HQODUJLQJ WKH QHWZRUN ZKHQ QHFHVVDU\ $ EDODQFHVKHHWRSHUDWRU LV DOVR
QHHGHGWRFRRUGLQDWHWKHKHDWFRQWUDFWVEHWZHHQSURGXFHUVDQGFXVWRPHUVDVZHOO
DVWRWDNHFDUHRIUHVHUYHFDSDFLW\VSRWDQGIXWXUHPDUNHWVDQGELOOLQJ7KHQHWZRUN
RSHUDWRUFDQDOVREHDEDODQFHVKHHWRSHUDWRUHVSHFLDOO\LQDVPDOOQHWZRUN 6LSLOl
HWDO 






7RODQG6YHQGVHQ  DQDO\VHORZWHPSHUDWXUHGLVWULFWKHDWLQJV\VWHPV:KHQ
FRQQHFWLQJUHQHZDEOHHQHUJ\VRXUFHVWRWKHGLVWULFWKHDWLQJQHWZRUNWKHHIILFLHQF\
RIWKHV\VWHPVLVLPSURYHGZKHQWKHWHPSHUDWXUHOHYHOLVORZHU7RODQG6YHQGVHQ
FRQFOXGHWKDWWKHUHDUHVHYHUDODVSHFWVWKDWLQIOXHQFHWKHSODQQLQJRIWKHKHDWLQJ
V\VWHP2QHVXFKPDWWHULVWKDWRIGHWHUPLQLQJLQDQDGHTXDWHZD\WKHKHDWORDGLQ
GLIIHUHQWSDUWVRIDORZHQHUJ\GLVWULFWKHDWLQJV\VWHPDQGDWGLIIHUHQWSRLQWVLQWLPH
$QRWKHULVWKDWRIHTXLSSLQJWKHVXEVWDWLRQVRILQGLYLGXDOFRQVXPHUVZLWKDVWRUDJH
WDQNWKDWFDQUHVXOWLQDVLJQLILFDQWUHGXFWLRQLQWKHSLSHGLPHQVLRQVQHHGHGLQWKH
QHWZRUNLQTXHVWLRQHVSHFLDOO\DWHQGEUDQFKHVRIWKHQHWZRUNZKLFKDUHLQDSUH
SRQGHUDQFH LQ PRVW GLVWULFW KHDWLQJ V\VWHPV (PSOR\LQJ D VLPXOWDQHLW\ IDFWRU DW
HDFKOHYHORIDSLSHVHJPHQWLVDOVRVKRZQWREHXVHIXOLQSDUWLFXODUWRDYRLGRYHU
GLPHQVLRQLQJVLQFHWKHFRQVXPHUVLQDGLVWULFWGRQRWDOOFRQVXPHKHDWDWWKHVDPH
WLPH 7RO  6YHQGVHQ   6XFK DQDO\VHV ZLOO EH KDUG WR SHUIRUP E\ HQHUJ\
XWLOLWLHVZLWKRXWVRSKLVWLFDWHGWRROV

,Q)LQODQGWKHFLW\SODQFDQHQDEOHUHQHZDEOHHOHFWULFLW\SURGXFWLRQEXWFDQQRWHQ
IRUFHLW:D\VRIHQDEOLQJLWDUHWRGLUHFWKRXVHVRSWLPDOO\ZLWKUHJDUGWRWKHVRODU
HQHUJ\SURGXFWLRQSRWHQWLDOLHURRIVWLOWHGWRZDUGVWKHVRXWKDWDQDQJOHRI±
GHJUHHVGHSHQGHQWRQWKHODWLWXGH +RDQJ 

$TXDOLWDWLYHVWXG\PDGHE\9LUNNL+DWDNNDHWDO  UHYHDOHGWKDWLQSXEOLFRU
JDQLVDWLRQV WKH PRWLYDWLRQ WR LQFUHDVH HQHUJ\ HIILFLHQF\ FRPHV DOPRVW HTXDOO\
IURP SHUVRQDO LQWHUHVWV FRQIRUPLQJ WR ODZV DQG UHJXODWLRQV DQG FXVWRPHU GH
PDQGV )RU WKH SULYDWH VHFWRU WKH FXVWRPHUV ZHUH WKH PDLQ GULYHU ,Q WKH SXEOLF
VHFWRUERWKHQJLQHHUVDQGQRQHQJLQHHUVDJUHHWKDWVWUDWHJLFSURFHVVHVDUHPDLQO\
EXUHDXFUDWLFZLWKWDVNVFRPLQJIURPWKHXSSHUOHYHOVLQWKHKLHUDUFK\ZKLOHLQWKH
SULYDWHVHFWRUVWUDWHJLFSURFHVVHVDUHGULYHQPDLQO\E\GHYHORSPHQWHIIRUWVQRWVR
PXFKE\EXUHDXFUDF\RUOHJLVODWLRQ,QWKHFRQWH[WRIXUEDQSODQQLQJWKHPDLQVWDNH
KROGHUVDUHZLWKLQWKHSXEOLFVHFWRU 9LUNNL+DWDNNDHWDO 


&KLWWXP VWHUJDDUG  GLVFXVVLQWKHLUSDSHUKRZOHVVRQVOHDUQHGIURP'HQ
PDUNFDQEHWUDQVIHUUHGWRWKH86LQWHUPVRILQFOXGLQJKHDWHQHUJ\V\VWHPVSODQ
QLQJLQWRWKHXUEDQSODQQLQJSURFHVVHVDQGHPSRZHULQJPXQLFLSDOLWLHV7KH\FRQ
FOXGHWKDW³DVFLWLHVDLPWRWDNHFRQWURORIWKHLUHQHUJ\IXWXUHVLWZRXOGUHTXLUHQD
WLRQDO JRYHUQPHQWV WR UHFRJQL]H WKH LPSRUWDQFH RI HPSRZHULQJ ORFDO OHDGHUV WR
LGHQWLI\WKHHQHUJ\VROXWLRQVWKDWVXLWWKHPEHVW'+V\VWHPVLQSDUWLFXODUUHTXLUHD
K\SHUORFDOHQHUJ\DQDO\VLVDQGEHQHILWIURPORFDOGHVLJQEXWRIIHUWUHPHQGRXVHFR
QRPLF DQG HPLVVLRQV UHGXFWLRQ EHQHILWV´ ,W LV DOVR UHFRJQLVHG WKDW ³'DQLVK KHDW
SODQQLQJUHVWVRQSROLFLHVDQGJRYHUQPHQWGHFLVLRQVPDGHGHFDGHVDJRDQGFRQ
WLQXDOO\VWUHQJWKHQHGWKURXJKQHZOHJLVODWLRQ´ &KLWWXP VWHUJDDUG 7KH
LPSRUWDQFHRIUHJXODWLRQVLVHYLGHQWLQWKHVXFFHVVVWRU\RI'DQLVKGLVWULFWKHDWLQJ
V\VWHPV







3RWHQWLDOUHQHZDEOHRUSDUWO\UHQHZDEOHHQHUJ\V\VWHPVRQDEXLOG
LQJVFDOHDUHZRRGDQGZRRGSHOOHWV\VWHPVGLIIHUHQWKHDWSXPS
V\VWHPVVRODUHQHUJ\V\VWHPVPLFURZLQGWXUELQHVDQGPLFUR&+3
V\VWHPV7KHVXLWDELOLW\RIWKHV\VWHPVLVGHSHQGHQWRQWKHEXLOGLQJ
DQGLWVORFDWLRQ7RVRPHH[WHQWWKHXVHUVRIWKHEXLOGLQJVDOVRGH
WHUPLQHZKLFKLVWKHEHVWV\VWHPZKLOHVRPHV\VWHPVUHTXLUHPRUH
ZRUNWKDQRWKHUV


0LFUR&+3LVQRW\HWYHU\ZLGHO\XVHG,WKDVKRZHYHUEHHQIRUHFDVWWKDWLWVXVH
ZLOOEHFRPHPRUHFRPPRQ7KHJDVQHWZRUNSOD\VDQLPSRUWDQWUROHLQWKHIXWXUH
SURVSHFWVRIPLFUR&+3SODQWV7KHFOLPDWHDOVRDQHIIHFWRQWKHSURILWDELOLW\RIPL
FUR&+3SODQWV 'HQWLFHG¶$FFDGLDHWDO 

7KHILUVWVWXG\RIUHGXFWLRQRIHQHUJ\FRQVXPSWLRQWKURXJKGLVWULFWUHQRYDWLRQVZDV
SXEOLVKHG E\ 2X\DQJ HW DO LQ  7KLV SDSHU UHSUHVHQWV WKH +RW 6XPPHU DQG
&ROG:LQWHU5HJLRQRI&KLQDDQGH[DPLQHVEXLOGLQJVZKLFKDUHDWOHDVWVHYHQ\HDUV
ROGDQGDUHEHFRPLQJGLODSLGDWHG 2X\DQJHWDO 

,Q KHU GRFWRUDO GLVVHUWDWLRQ ³(QHUJ\HIILFLHQW UHQRYDWLRQ RI UHVLGHQWLDO GLVWULFWV ±
FDVHVIURPWKH5XVVLDQPDUNHW´6DWX3DLKRDQDO\VHVGLVWULFWOHYHOUHQRYDWLRQFRQ
FHSWVDQGWKHLULPSDFWRQHQHUJ\V\VWHPVDQGWKHZDWHUVXSSO\LQIUDVWUXFWXUH6KH
FRQFOXGHVWKDWWKHSRVVLELOLWLHVIRULPSURYLQJHQHUJ\HIILFLHQF\DQGUHGXFLQJHPLV
VLRQVWKURXJKGLVWULFWOHYHOUHQRYDWLRQFRQFHSWVDUHKXJHDQGWKDWGLVWULFWUHQRYDWLRQ
UHTXLUHVFRRSHUDWLRQRIDZLGHUDQJHRIVWDNHKROGHUV 3DLKR 

 &RQFOXVLRQRIOLWHUDWXUHUHYLHZ
7KHREMHFWLYHRIWKLVOLWHUDWXUHUHYLHZZDVWRDQDO\VHZKDWUHOHYDQWOLWHUDWXUHWKHUH
LVZLWKLQWKHUHOHYDQWILHOGVRIHQHUJ\HIILFLHQWXUEDQSODQQLQJHVSHFLDOO\RQOLWHUDWXUH
FRYHULQJVHYHUDOWKHPHVKROLVWLFDOO\7KHPDLQILQGLQJVDUHVXPPDULVHGLQ7DEOH






7DEOH6XPPDU\RIPDLQILQGLQJVIURPWKHOLWHUDWXUHUHYLHZ

7RSLF

0DLQILQGLQJV

'HILQLWLRQV RI VXV
WDLQDELOLW\ (FR&LW\
DQG(FR(IILFLHQF\
8UEDQSODQQLQJ

/RWV RI OLWHUDWXUH PLQRU GLIIHUHQFHV LQ GHILQLWLRQV
2QO\DIHZDUWLFOHVDERXWWKHGHILQLWLRQRI³TXDOLW\RI
OLIH´LQXUEDQSODQQLQJFRQWH[W
,PSRUWDQFH DQG FKDOOHQJH RI FRKHUHQFH LV KLJK
OLJKWHGLQWKHOLWHUDWXUH'LIIHUHQWGLVFLSOLQHVQHHGWR
ZRUNFORVHO\WRJHWKHULQWKHXUEDQSODQQLQJSURFHVV
7KLVVWLOOIDFHVPDQ\FKDOOHQJHVKRZHYHU

7UDQVSRUWDWLRQFDQEHELJJHVWHQHUJ\FRQVXPHULQ
DGLVWULFW

(QHUJ\ GHPDQG FDXVHG E\ WUDQVSRUWDWLRQ FDQ EH
UHGXFHGWKURXJKXUEDQSODQQLQJPHDVXUHV UHGXFH
GHPDQG LQFUHDVH SXEOLF WUDQVSRUWDWLRQ HQDEOH
QHZFDUWHFKQRORJ\ 

7UDQVSRUWDWLRQV LPSDFW RQ WKH HQHUJ\ V\VWHPV
WKURXJKDZLGHVSUHDGXVHRIHOHFWULFDOYHKLFOHVLV
UHTXLULQJPRUHDWWHQWLRQLQWKHQHDUIXWXUH

/RWV RI GHYHORSPHQW LQ WHUPV RI LPSURYHG HQHUJ\
HIILFLHQF\ LQ EXLOGLQJV ,Q (XURSH WKLV KDV EHHQ
PDLQO\OHDGE\UHJXODWLYHDSSURDFK

5HJXODWHGHQHUJ\PDUNHWFDQEHVORZLQJGRZQQHZ
LQQRYDWLYH FRQFHSWV LQ WKH HQHUJ\ PDUNHW %XW RQ
WKHRWKHUKDQGWKHUHJXODWHGKHDWPDUNHWKDVEHHQ
DQLPSRUWDQWIDFWRULQWKHVXFFHVVRIGLVWULFWKHDWLQJ
QHWZRUNV

8UEDQ SODQQLQJ PHDVXUHV FDQ HQDEOH UHQHZDEOH
HQHUJ\V\VWHPV


7UDQVSRUWDWLRQ

(QHUJ\V\VWHPV




7KHILQGLQJVVKRZWKDWWKHUHLVVLJQLILFDQWUHVHDUFKGRQHZLWKLQWKHGLIIHUHQWWRSLFV
DGGUHVVHGLQWKLVWKHVLVEXWRQO\DIHZDUWLFOHH[LVWWKDWDQDO\VHERWKHQHUJ\V\V
WHPVDQGXUEDQSODQQLQJRUERWKWUDQVSRUWDWLRQV\VWHPVDQGXUEDQSODQQLQJ5HOH
YDQWOLWHUDWXUHWKDWFRPELQHVDOOWKHWKUHHDVSHFWVXUEDQSODQQLQJHQHUJ\V\VWHPV
DQGWUDQVSRUWDWLRQV\VWHPVZDVQRWIRXQGDWDOOLQWKLVOLWHUDWXUHUHYLHZ





 5HVHDUFKTXHVWLRQ
7KHREMHFWLYHRIWKLVWKHVLVLVWRDQDO\VHWKHUROHDQGLPSDFWRIUHJXODWLRQVLQWKH
GHYHORSPHQWRIHQHUJ\HIILFLHQWGLVWULFWVDQGWRUHVSRQGWRWKHTXHVWLRQ³&DQKLJKO\
UHJXODWHGSODQQLQJRIGLVWULFWVOHDGWRKLJKHUHQHUJ\HIILFLHQF\LISURSHUXVHLVPDGH
RIVXSSRUWLYHWRROV")LJXUHVXPPDULVHVWKHPDLQUHVHDUFKTXHVWLRQDQGLWVVXE
TXHVWLRQV



)LJXUH5HVHDUFKTXHVWLRQ


7KHUHVHDUFKLVEDVHGRQILYHDUWLFOHVZKLFKDQDO\VHWKHUHVHDUFKTXHVWLRQE\VKRZ
LQJ


 WKDWDKROLVWLFDSSURDFKDQGHQDEOLQJQHZKHDWWUDGLQJPRGHOVLQWKHGLV
WULFWKHDWLQJV\VWHPVHQDEOHVDGLVWULFW¶VVHOIVXIILFLHQF\LQWHUPVRIHQHUJ\
7KHVH DUH VXSSRUWLQJ PRUH VXVWDLQDEOH HQHUJ\ VROXWLRQV LQ GLVWULFWV

 WKDWWRROVWRDVVHVVWKHHQHUJ\HIILFLHQF\RIGLVWULFWVKDYHEHHQGHYHORSHG
LQRUGHUWRHQDEOHFLW\SODQQHUVWRHDVLO\FRPSDUHGHWDLOHGFLW\SODQV7KLV
HQDEOHVHQHUJ\HIILFLHQWVROXWLRQVWREHVHOHFWHGLIDUHJXODWLYHDSSURDFK
LVFKRVHQPHDQLQJKHUHWKDWHQHUJ\UHODWHGLVVXHVDUHGHFLGHGLQWKHGH
WDLOHG
FLW\
SODQQLQJ
SKDVH

 WKDW WR DFKLHYH D XQLYHUVDOO\ HIILFLHQW HQHUJ\ VROXWLRQ WKH HQWLUH HQHUJ\
FKDLQQHHGVWREHDQDO\VHGDQGLPSURYHPHQWVPDGHEHDULQJLQPLQGWKH
ZKROH HQHUJ\ FKDLQ 6XFK DQDO\VHV FDQ RQO\ EH FDUULHG RXW ZLWK D WRS
GRZQDSSURDFK





 WKDWHPLVVLRQVDQDO\VLVRIGLIIHUHQWHQHUJ\FKRLFHVLVQRWWKDWVWUDLJKWIRU
ZDUGDQGVLPSOH,QRUGHUIRUDFLW\SODQQHUWRDVVHVVWKHVHLPSDFWVVXS
SRUWLYHWRROVDQGJXLGHOLQHVDUHQHHGHG7KURXJKDGLVWULFWOHYHOUHJXODWLYH
DSSURDFKLWLVHDVLHUWRDIIHFWKHDWGHPDQGWKDQHOHFWULFLW\GHPDQG4XDOLW\
RIOLIHLVRIWHQLPSURYHGWKURXJKODUJHUHQRYDWLRQDFWLYLWLHVZKLFKGXHWR
WKHHFRQRPLFFRQVWUDLQWVRILQGLYLGXDODSDUWPHQWRZQHUVRIWHQFDQQRWEH
SHUIRUPHG
ZLWKRXW
D
UHJXODWLYH
KROLVWLF
DSSURDFK

 WKDWDQ\VXVWDLQDELOLW\FULWHULDIRUWKHSODQQLQJSURFHVVQHHGVWREHDGDSWHG
WRORFDOFLUFXPVWDQFHV 0RUH HIIRUWVKRXOGEHSXWLQWR XQGHUVWDQGLQJWKH
QHHGV RI WKH LQKDELWDQWV 7KH HQGXVHU VKRXOG EH LQFOXGHG PRUH LQ WKH
SODQQLQJ SURFHVV,Q5XVVLDWKHUHVHHPVWR EH DODFNRI NQRZOHGJH UH
JDUGLQJUHQHZDEOHHQHUJ\V\VWHPVDQGWHFKQRORJLHVIRUEXLOGLQJHQHUJ\
HIILFLHQWKRXVHV(IIRUWVVKRXOGEHSXWLQWRH[SRUWLQJNQRZOHGJHDQGEHVW
SUDFWLFHV DERXW WKHVH LVVXHV :LWK DQ LQFUHDVH RI NQRZOHGJH WKH ORFDO
QRUPVFDQEHGHYHORSHGLQ DVXVWDLQDEOHZD\DQGWKLVZLOODOVRVXSSRUW
WKHGHYHORSPHQWRIWKHFLW\SODQQLQJSURFHVV







 0HWKRGRORJ\

7KHVWXG\LVEDVHGRQIRXUMRXUQDODUWLFOHVDQGRQHFRQIHUHQFHSDSHUZKLFKPHWK
RGRORJLHVDUHEULHIO\GHVFULEHGLQWKHFKDSWHUVWKDWIROORZ)LJXUHJLYHVDQRYHU
YLHZRIWKHRYHUDOOPHWKRGRORJLFDODSSURDFK




)LJXUH2YHUDOOYLHZRIWKHPHWKRGRORJ\XVHGLQWKHUHVHDUFK
7KHOLWHUDWXUHUHYLHZZDVGRQHE\UXQQLQJVHDUFKHVRQVFLHQFHGLUHFWZLWKUHOHYDQW
NH\ZRUGVDQGJRLQJWKURXJKWKHDUWLFOHVIRXQGDQGWKHLUUHOHYDQWUHIHUHQFHV&RP
ELQDWLRQVRIWKHNH\ZRUGV³XUEDQSODQQLQJ´³HQHUJ\´DQG³WUDQVSRUWDWLRQSODQQLQJ´
ZDVGRQHLQWKHVHDUFKHVLQRUGHUWRILQGOLWHUDWXUHFRPELQLQJWKRVHDVSHFWV5HOH
YDQWOLWHUDWXUHXVHGLQWKHSURMHFWVZKHUHWKLVWKHVLVZRUNZDVDOVRDQDO\VHG&RQ
IHUHQFHVZHUHDOVRDWWHQGHGWRDVVHVVWKHVWDWHRIWKHDUWZLWKLQWKHILHOG

7KH TXHVWLRQQDLUHV IRU SURIHVVLRQDOV LQ XUEDQ SODQQLQJ DQG IRU UHVLGHQWV DUH GH
VFULEHGLQ6HFWLRQ

)RUDQLQGHSWKKROLVWLFDQDO\VLVRIWKHHQHUJ\V\VWHPLQDGLVWULFWDQ([FHOEDVHG
WRROZDVGHYHORSHGIRUUHVHDUFKSXUSRVHV7RDVVHVVWKHHQHUJ\HIILFLHQF\RIGH
WDLOHGOHYHOFLW\SODQVDWRROZDVGHYHORSHGIRUFLW\SODQQHUV7KHPHWKRGRORJ\RI
GHYHORSLQJWKLVLVGHVFULEHGLQ6HFWLRQ

7KHPHWKRGRORJLHVIRUWKHHQHUJ\DQDO\VHVSHUIRUPHGLQWKHFDVHGLVWULFWVDUHGH
VFULEHGLQ6HFWLRQ7KHGLVWULFWOHYHOUHQRYDWLRQDFWLYLWLHVZHUHDQDO\VHGXVLQJ
WZR GLIIHUHQW PHWKRGRORJLHV RQH DQDO\VLQJ GLIIHUHQW HQHUJ\ HIILFLHQF\ PHDVXUHV





DQGDQRWKHUIRFXVLQJRQGLIIHUHQWRSWLRQVRQWKHHQHUJ\V\VWHPDQGLWVLPSDFWRQ
HPLVVLRQV7KHDQDO\VHVZHUHFDUULHGRXWLQDFDVHGLVWULFWLQ0RVFRZ5XVVLD

,QDGGLWLRQWRWKHILQGLQJVGHVFULEHGLQWKHDUWLFOHVWKHUHVHDUFKTXHVWLRQKDVEHHQ
DQDO\VHGZLWKLQGLIIHUHQWUHVHDUFKSURMHFWVOHGE\WKHDXWKRU,QWKH(FR1%&SURMHFW
WKHFDSDFLW\RIWKH(J\SWLDQ8QLYHUVLW\(-867KDVEHHQUDLVHGZLWKLQWKHILHOGRI
(FR&LWLHV0DQ\ZRUNVKRSVVHPLQDUVDQGWUDLQLQJVHVVLRQVKDYHEHHQKHOGZKHUH
WKHUHVHDUFKTXHVWLRQUDLVHGLQWKLVWKHVLVKDVEHHQHODERUDWHGRQ,QWKH(8)3
IXQGHG&,7<7237SURMHFWDGLVWULFWOHYHOHQHUJ\V\VWHPRSWLPLVDWLRQDSSOLFDWLRQLV
EHLQJGHYHORSHG7KLVGHYHORSPHQWSURFHVVKDVDOVROHGWRLQVLJKWVDERXWWKHUH
VHDUFKTXHVWLRQ,QWKH(FR*UDGSURMHFWWKHFLW\SODQQLQJSURFHVVHVRI6W3HWHUV
EXUJ 5XVVLD ZDV GHYHORSHG VR DV WR LQFOXGH PRUH HFRORJLFDO DVSHFWV )LQGLQJV
IURPWKHVHSURMHFWVFRQWULEXWHWRWKHRYHUDOODQDO\VLVRIILQGLQJVDQGWKHUHFRPPHQ
GDWLRQV


 0HWKRGRORJ\IRUVWDNHKROGHUVXUYH\
$ ZHEEDVHG TXHVWLRQQDLUH VWXG\ ZDV SHUIRUPHG GXULQJ -DQXDU\  UHJDUGLQJ
WKHYLHZVRIFLW\SODQQHUVDQGEXLOGLQJLQVSHFWRUVRQHQHUJ\UHODWHGTXHVWLRQVLQWKH
FLW\SODQQLQJSURFHVV7KHDLPZDVWRILQGRXWWKHOHYHORINQRZKRZDQGWKHQHHG
IRUVXSSRUWLQJWRROVDQGJXLGHOLQHV7KHTXHVWLRQQDLUHZDVVHQWWRFLW\SODQQHUV
DQGEXLOGLQJLQVSHFWRUVFRYHULQJDOORI)LQODQG7KHUHZHUHUHVSRQGHQWV
IURPEXLOGLQJLQVSHFWLRQDQGIURPFLW\SODQQLQJ$WWKHWLPHRIWKHVWXG\WKHUH
ZHUHFLWLHVDQGFRPPXQLWLHVLQ)LQODQG .XQWDOLLWWR 7KHTXHVWLRQQDLUH
ZDV VHQW WR RYHU  FLWLHV DQG FRPPXQLWLHV LQ )LQODQG  UHVSRQVHV ZHUH UH
FHLYHG 7KLVUHSUHVHQWV DERXW RQH WKLUG RI WKH FLWLHV LQ)LQODQG ZKLFK FDQ EH UH
JDUGHGDVJRRGKLWUDWHDQGWKHUHVXOWVFDQEHFRQVLGHUHGUHSUHVHQWDWLYHIRUWKH
FLWLHVLQJHQHUDO

7KHTXHVWLRQQDLUHIRUPZDVFUHDWHGRQDQLQWHUQHWEDVHGDSSOLFDWLRQ'LJLXP(QWHU
SULVH KWWSZZZTXHVWEDFNFRPIL  ZKLFK ZDV SURYLGHG E\ WKH 4XHVWEDFN &RP
SDQ\

7KHIXOOTXHVWLRQQDLUHDQGLWVUHVXOWVWUDQVODWHGWR(QJOLVKLVLQFOXGHGLQ$SSHQGL[
&

$UHVLGHQW¶VVXUYH\ZDVGRQHLQ6W3HWHUVEXUJZLWKWKHREMHFWLYHWRILQGRXWUHVL
GHQWVDWWLWXGHVWRZDUGVHQHUJ\HIILFLHQF\DQGWRFODULI\ZKDWUHVLGHQWV¶PDLQZLVKHV
IRUWKHLUOLYLQJVXUURXQGLQJVZHUH7KHUHVXOWVZHUHXVHGLQWKHGHYHORSPHQWZRUN
RIWKHHFRORJLFDOFLW\FULWHULD


7KHVXUYH\ZDVGRQHWRJHWKHUZLWK)LQHF6W3HWHUVEXUJVWDWHXQLYHUVLW\RIHFRQRP
LFVDQGILQDQFH7KHFRQWHQWRIWKHVXUYH\ZDVGRQHE\977DQGWKHVXUYH\ZDV





FRQGXFWHGE\)LQHF7KHVXUYH\ZDVFRQGXFWHGE\)LQHF0DVWHU6WXGHQWVLQWKH
SHULRGRI±(DFKVWXGHQWJRWWKHWDVNWRSROODWOHDVWSHU
VRQVYLDHPDLOSKRQHDQGDWOHDVWSHUVRQVYLDLQGHSWKLQWHUYLHZV7KHWRWDOUH
VSRQVHDPRXQWZDVGLYLGHGLQWRHSROOVDQGLQGHSWKLQWHUYLHZV



 0HWKRGRORJ\IRUWKHGHYHORSPHQWRIWRROVDQGJXLGHOLQHV


7RROIRUGLVWULFWOHYHOHQHUJ\DQDO\VLV

$VLPSOH([FHOEDVHGFRPSXWHUSURJUDPZDVGHYHORSHGLQRUGHUWRFDOFXODWHWKH
KHDWDQGHOHFWULFLW\GHPDQGDQGSURGXFWLRQIRUDJURXSRIEXLOGLQJVIRUHDFKKRXURI
WKH \HDU7KHHQHUJ\GHPDQGIRUVHYHQ GLIIHUHQWEXLOGLQJW\SHVZHUHLPSRUWHGWR
WKLVWRROIURPWKH,'$LQGRRU&OLPDWHDQG(QHUJ\VRIWZDUH

6HYHQGLIIHUHQWEXLOGLQJW\SHVZLWKGLIIHUHQWFRQVXPSWLRQSURILOHVZHUHLQFOXGHGLQ
WKHWRRO GHWDFKHGKRXVHVWHUUDFHKRXVHVDSDUWPHQWEXLOGLQJVKRVSLWDOVHGXFD
WLRQDOEXLOGLQJVRIILFHVSXEOLFEXLOGLQJV 

7RHDFKEXLOGLQJW\SHDFRJHQHUDWLRQXQLWFRXOGEHDGGHGDQGLWVRSHUDWLQJVWUDWHJ\
FRXOGEHFKRVHQ
x (OHFWULFDOORDGWUDFNLQJVWUDWHJ\WKHPLFUR&+3SODQWLVGLPHQVLRQHGDF
FRUGLQJ WR WKH EXLOGLQJV HOHFWULFLW\ GHPDQG 7KH PLFUR&+3 SODQW SRZHU
RXWSXWFKDQJHVLQUHVSRQVHWRWKHQHHGVRIWKHIDFLOLW\
x 7KHUPDOORDGWUDFNLQJVWUDWHJ\WKHV\VWHPLVGHVLJQHGWRIROORZWKHWKHU
PDOORDGRIWKHIDFLOLW\DQGGLPHQVLRQHGWRFRYHUWKHKHDWGHPDQGRIWKH
EXLOGLQJ 7KH SRZHU JHQHUDWHG GXULQJ WKH VXSSO\ RI WKH WKHUPDO ORDG LV
XVHGWRUHSODFHSXUFKDVHGHOHFWULFLW\7KHH[FHVVSRZHUFDQEHVROGWRWKH
XWLOLW\FRPSDQ\
x (OHFWULFDOEDVHORDGVWUDWHJ\WKHPLFUR&+3SODQWLVGHVLJQHGWRVXSSO\
WKHPLQLPXPDPRXQWRISRZHUUHTXLUHGE\WKHIDFLOLW\7KHUHIRUHWKHPL
FUR&+3SODQWFDQRSHUDWHFRQWLQXRXVO\DWSHDNSRZHURXWSXW
x 7KHUPDOEDVHORDGVWUDWHJ\WKHV\VWHPLVGHVLJQHGWRPHHWWKHPLQLPXP
WKHUPDOORDG7KHUPDOHQHUJ\WRPHHWSHDNORDGVLVSURYLGHGE\DQDX[LO
LDU\KHDWVRXUFHVXFKDVDERLOHURUWKHGLVWULFWKHDWLQJQHWZRUN3RZHULV
SXUFKDVHG IURPRUVROG WRWKHJULGLQ RUGHU WREDODQFHWKH HOHFWULFLW\GH
PDQGRIWKHIDFLOLW\ZLWKSRZHUVXSSOLHGE\DIXHOFHOOV\VWHP

)RUWKHPLFUR&+3SODQWVLWZDVDVVXPHGWKDWWKHHOHFWULFLW\WRKHDWUDWLRZDV
PHDQLQJWKDWIRUHDFKN:KRIHOHFWULFLW\SURGXFHGWKHUHZHUHN:KRIKHDWSUR
GXFHG

7KHWRROFDOFXODWHVIRUHDFKEXLOGLQJKRZPXFKKHDWDQGHOHFWULFLW\WKHEXLOGLQJXVHV
DQGSURGXFHVDQGKRZPXFKFRXOGEHVROGWRWKHKHDWLQJQHWZRUNHDFKKRXU






7KHFDVH.DVNLQHQLQZHVWHUQ)LQODQGZDVFKRVHQGXHWRWKHIDFWWKDWWKHFLW\RI
.DVNLQHQQHHGHGHQHUJ\DQDO\VHVGRQHGXHWRWKHVKXWGRZQRIDIDFWRU\ZKLFKZDV
SURGXFLQJKHDWWRWKHGLVWULFWKHDWLQJQHWZRUN



(QHUJ\HIILFLHQF\UDWLQJWRROIRUGLVWULFWV

7KHDLPZDVWRGHYHORSDQHQHUJ\HIILFLHQF\UDWLQJWRROIRUGLVWULFWV7KHPDLQWDUJHW
JURXSRIWKHWRROXVHUVZDVFLW\SODQQLQJSURIHVVLRQDOV7KH\PD\QRWEHIDPLOLDU
ZLWKFRQVWUXFWLRQDQGHQHUJ\SURGXFWLRQWHFKQRORJLHV7KLVIDFWZDVWDNHQLQWRDF
FRXQWLQWKHWRROGHYHORSPHQW,QSUDFWLVHWKHWRROKDGWREHHDV\DQGTXLFNWRXVH
7KH UDWLQJ WRRO LV VSUHDGVKHHWEDVHG DQG LV IUHHO\ DYDLODEOH RQ WKH LQWHUQHW
-\YlVN\Ol,QQRYDWLRQ 7KHLQSXWVHFWLRQRIWKHWRROLVSUHVHQWHGLQ)LJXUH
$Q H[DPSOH RI WKH UHVXOWV SURYLGHG E\ WKH GLVWULFW HQHUJ\ UDWLQJ WRRO LV VKRZQ LQ
)LJXUH7KHIRUPDWRIWKHUDWLQJUHVHPEOHVWKHHQHUJ\UDWLQJRIEXLOGLQJVXVHGLQ
)LQODQG








)LJXUH7KHLQSXWVKHHWLQWKHUDWLQJWRRO $UWLFOH,, 







)LJXUH7KHUHVXOWGLDJUDPRIWKHGLVWULFWHQHUJ\UDWLQJWRRO $UWLFOH,, 
7KHHQHUJ\HIILFLHQF\UDWLQJLVEDVHGRQSULPDU\HQHUJ\FRQVXPSWLRQLQRUGHUWR
WDNH LQWR DFFRXQW ERWK HQHUJ\ GHPDQG DQG XVHG HQHUJ\ VRXUFH 7KLV LV GRQH
WKURXJKWKHXVHRIHQHUJ\FRQYHUVLRQIDFWRUVXVHGLQWKHFDOFXODWLRQVRIWKH(QXP
EHUOLVWHGLQ7DEOH7KHWRROLVGHVLJQHGWRFRPSDUHGLIIHUHQWVROXWLRQVZLWKLQRQH
GLVWULFWWKHUHIRUHUHVXOWVFRPSDULQJGLIIHUHQWGLVWULFWVDUHQRWFRPSDUDEOHZLWKHDFK
RWKHULQWHUPVRIHQHUJ\FODVV7KHSULPDU\HQHUJ\IDFWRUKRZHYHUVKRZVWKHSUL
PDU\HQHUJ\XVHGSHUEXLOWVTXDUHPHWUHDQGFDQEHXVHGIRUFRPSDULQJGLVWULFWV
,QRUGHUWRJDLQDJRRGXQGHUVWDQGLQJRIWKHH[SHFWDWLRQVIRUWKHWRROGLVFXVVLRQV
ZHUHKHOGZLWKFLW\ SODQQHUVIURPILYH FDVHUXUDO GLVWULFWVLQ)LQODQG$GGLWLRQDO WR
WKHVHLQWHUYLHZVWKHUHVXOWVIURPDTXHVWLRQQDLUHWKDWZDVFDUULHGRXWDPRQJFLW\
SODQQHUVZHUHXVHG

&LW\SODQQHUVRIWHQKDYHQREXLOGLQJWHFKQRORJ\EDFNJURXQGPHDQLQJODFNLQJWHFK
QLFDOXQGHUVWDQGLQJRI+9$&WHFKQRORJ\FRQVWUXFWLRQWHFKQRORJ\DQGHQHUJ\V\V
WHPV LQ EXLOGLQJV ,Q RUGHU IRU WKHP WR EH DEOH WR DVVHVV WKH HQHUJ\ GHPDQG RI
EXLOGLQJVWKHHQHUJ\ODEHOVDVVLJQHGE\HQHUJ\FHUWLILFDWHVZHUHXVHG7KH)LQQLVK
(QXPEHUGHVFULELQJWKHWRWDOHQHUJ\GHPDQGRIWKHEXLOGLQJZDVXVHGDVEDVLVIRU
WKHUDWLQJ,WHQWDLOVDOOHQHUJ\XVHLQEXLOGLQJLQFOXGLQJHOHFWULFLW\KHDWLQJHQHUJ\
DQGFRROLQJHQHUJ\GHPDQGV,QDGGLWLRQWKHHQHUJ\VRXUFHXVHGLVDOVRWDNHQLQWR
DFFRXQW LQ WKH (QXPEHU RI WKH EXLOGLQJ E\ PXOWLSO\LQJ WKH HQHUJ\ GHPDQGV ZLWK
HQHUJ\ FRQYHUVLRQ IDFWRUV RI XVHG HQHUJ\ VRXUFHV 7KH QXPEHU LV D WKHRUHWLFDO
YDOXHZKHUHDVWKHUHDOHQHUJ\XVHLVQDWXUDOO\GHSHQGHQWRQWKHUHVLGHQWV¶EHKDY
LRXUDQGWKHVL]HVRIWKHIDPLOLHVOLYLQJLQWKHKRXVHV,WQHHGVWREHVWDWHGFOHDUO\
WKDWPRUHVSHFLILFHQHUJ\FDOFXODWLRQVQHHGWREHGRQHEHIRUHPDNLQJDQ\LQYHVW
PHQWGHFLVLRQVUHJDUGLQJWKHHQHUJ\V\VWHPVRIDGLVWULFW 0LQLVWU\RI(QYLURQPHQW
0LQLVWU\RI(QYLURQPHQW 

)RU VRPH EXLOGLQJ W\SHV WKHUH LV QR (QXPEHU V\VWHP LQGXVWULDO EXLOGLQJV
FKXUFKHVHWF )RUWKHVHNLQGVRIEXLOGLQJVDFODVVLILFDWLRQYDOXHZDVJLYHQLQWKH
WRROWRJLYHHVWLPDWHVZKDWLV³QRUPDOHQHUJ\GHPDQGOHYHO´DQG³ORZHQHUJ\GH
PDQGOHYHO´ZKLFKZHUHEDVHGRQWKHHVWLPDWLRQVSURYLGHGE\D)LQQLVKFRQVWUXF
WLRQHOHPHQWPDQXIDFWXUHU 63(OHPHQWV 






(YHQ WKRXJK WKH WRRO GRHV QRW JR LQWR GHWDLO FRQFHUQLQJ HOHFWULFDO DSSOLDQFHV LQ
KRXVHVVDXQDVLQEXLOGLQJVDUHVWLOOFRQVLGHUHG7KLVLVEHFDXVHDQHOHFWULFDOVDXQD
KDVDVLJQLILFDQWHIIHFWRQWKHHOHFWULFLW\GHPDQGRIDEXLOGLQJDQGHVSHFLDOO\RQWKH
PD[LPXPSRZHUSHDNORDGRIWKHEXLOGLQJ7KHSRZHUGHPDQGRIDVDXQDKHDWHULV
QRUPDOO\N:7KHWRROKDVRSWLRQVIRUHOHFWULFDORUZRRGHQKHDWHGVDXQDV,QPXOWL
DSDUWPHQWEXLOGLQJVZKHWKHUDOOWKHDSDUWPHQWVKDYHWKHLURZQVDXQDVRUZKHWKHU
WKHDSDUWPHQWKDVRQHFRPPRQVDXQDFDQEHVHOHFWHGIRU6DXQDVDUHFXOWXUDOO\
YHU\LPSRUWDQWWRWKH)LQQLVKSHRSOH(YHQLQQHZVPDOOFLW\DSDUWPHQWVVPDOOVDX
QDVDUHSUHYDOHQW,QRQHIDPLO\KRXVHVDQGWHUUDFHGKRXVHVFORVHWRRIWKH
DSDUWPHQWVKDYHVDXQDV,WLVWKHUHIRUHYHU\XQOLNHO\WKDWZHZLOOVHHFLW\SODQVLQ
)LQODQG IRUELGGLQJ VDXQDV DW OHDVW LQ VLQJOH IDPLO\ KRXVHV 7KHUH DUH KRZHYHU
ZD\VWRLQFUHDVHWKHHQHUJ\HIILFLHQF\RIVDXQDVE\UHGXFLQJWKHQXPEHUVDQGWKH
XVDJHRIWKHLQGLYLGXDOVDXQDVE\RIIHULQJDQLFHFRPPRQVDXQDLQWKHQHLJKERXU
KRRG3ODQQLQJDQLFHOX[XULRXVFRPPRQZRRGHQKHDWHGVDXQDLQWKHDUHDIRULQ
VWDQFHE\ODNHVKRUHFDQEHDEHWWHUDOWHUQDWLYHWKDQVPDOOLQGLYLGXDOHOHFWULFVDX
QDVLQHDFKKRXVLQJXQLW

7RHQVXUHWKHVLPSOHXVDJHRIWKHUDWLQJWRROWKHKHDWLQJHQHUJ\VRXUFHFRXOGEH
FKRVHQIURPWKHIROORZLQJUHQHZDEOHHQHUJ\V\VWHPVKHDWSXPSVIRVVLOIXHOVDQG
HOHFWULFLW\6LPLODUFODVVLILFDWLRQVRIWKHHQHUJ\VRXUFHVXVHGDQGWKHLUHQHUJ\FRQ
YHUVLRQIDFWRUVDUHXVHGLQWKH)LQQLVKEXLOGLQJUHJXODWLRQVIURP 0LQLVWU\RI
(QYLURQPHQW (QHUJ\VRXUFHVXVHGDQGWKHLUHQHUJ\FRQYHUVLRQIDFWRUVDUH
VKRZQ LQ 7DEOH 7KHVH HQHUJ\ FRQYHUVLRQIDFWRUVDLPWR UHSUHVHQWWKH SULPDU\
HQHUJ\FRQVXPSWLRQRIGLIIHUHQWHQHUJ\VRXUFHVLQ)LQODQG7KH)LQQLVKHOHFWULFLW\
SURGXFWLRQ PL[ LV SDUWO\ XVHG DV EDVLV LQ WKH GHYHORSPHQW RI WKH SULPDU\ HQHUJ\
IDFWRUV 6WDWLVWLFV)LQODQG 

)RUHDFK EXLOGLQJW\SHWKHXVHURIWKHWRRO KDVWKHRSSRUWXQLW\RIVHOHFWLQJWKUHH
GLIIHUHQW KHDWSURGXFWLRQV\VWHPV7KLVLVFRQYHQLHQWHVSHFLDOO\ZKHQ ODUJHUGLV
WULFWVDUHDQDO\VHGDQGEXLOGLQJVPLJKWQRWKDYHXQLIRUPKHDWLQJV\VWHPV
7DEOH  (QHUJ\ FRQYHUVLRQ IDFWRUV LQ )LQODQG WKDW DUH XVHG LQ FDOFXODWLQJ WKH (
QXPEHUV 0LQLVWU\RI(QYLURQPHQW 



(QHUJ\FRQYHUVLRQIDFWRU

(OHFWULFLW\
'LVWULFWKHDWLQJ
'LVWULFWFRROLQJ
)RVVLOHQHUJ\VRXUFHV
5HQHZDEOHHQHUJ\VRXUFHV LQFOXGLQJZRRG
DQGRWKHUELRIXHOV 













)RUJURXQGKHDWSXPSVDQHVWLPDWLRQRIWKHDQQXDO&RHIILFLHQF\RI3HUIRUPDQFH
&23 RILVXVHGLQWKHUDWLQJWRRO7KLV&23IDFWRULVVHWLQWKH)LQQLVKEXLOGLQJ
UHJXODWLRQV IRU WKH FDOFXODWLRQ RI WKH HQHUJ\ FRQVXPSWLRQ RI EXLOGLQJV LI D EHWWHU
SHUIRUPDQFHRIKHDWSXPSFDQQRWEHSURYHQ 0LQLVWU\RI(QYLURQPHQW 7KH
HOHFWULFLW\WKDWWKHKHDWSXPSXVHVLVFRQYHUWHGWRSULPDU\HQHUJ\ZLWKDIDFWRURI
DFFRUGLQJWR7DEOH7KHKHDWGLVWULEXWLRQORVVHVRIDGLVWULFWKHDWLQJQHWZRUN
DUHDQDO\VHGRQDURXJKOHYHO $UWLFOH,, VHH)LJXUH7KLVLVGRQHE\DQDO\VLQJ
WKHVWDWLVWLFRIDOO)LQQLVKGLVWULFWKHDWLQJQHWZRUNVWDWLVWLFVSURYLGHGE\WKH)LQQLVK
(QHUJ\,QGXVWULHV )LQQLVK(QHUJ\,QGXVWULHV $VDUHVXOWRIWKLVDQDO\VLVLW
VHHPVWKDWKHDWGLVWULEXWLRQORVVHVIURPWKHGLVWULEXWLRQQHWZRUNWHQGWRGHFUHDVH
ZKHQWKHGHQVLW\RIWKHEXLOWDUHDLQFUHDVHV7KLVLVGXHWRWKHLQFUHDVHG HQHUJ\
FRQVXPSWLRQSHUGLVWDQFHRIGLVWULFWKHDWLQJQHWZRUN7KLVGHSHQGHQF\ZDVWDNHQ
LQWRDFFRXQWLQWKHWRRO,IDGLVWULFWKHDWLQJV\VWHPZDVFKRVHQDVWKHHQHUJ\V\VWHP
XVHGLQWKHWRRO WKH HVWLPDWLRQ RI KHDW GLVWULEXWLRQORVVHV ZDVDGGHGWR WKH WRWDO
HQHUJ\GHPDQG



)LJXUH7KHHVWLPDWHGUDWLRRIWKHGHQVLW\RIHQHUJ\FRQVXPSWLRQDQGWKHUHODWLYH
KHDWGLVWULEXWLRQORVVHV ZKLFKDUHUHODWLYHWRWKHWRWDOHQHUJ\SURGXFWLRQ RIGLVWULFW
KHDWLQJQHWZRUNVLQ)LQQLVKFLWLHV FDOFXODWLRQVEDVHGRQGDWDIURP)LQQLVK(QHUJ\
,QGXVWULHV 

,Q DGGLWLRQ WR UHQHZDEOH KHDW VRXUFHV UHQHZDEOH HOHFWULFLW\ SURGXFWLRQ ZDV DOVR
WDNHQLQWRDFFRXQW$QLQSXWYDOXHLQWKHWRROLVWKHSHUFHQWDJHYDOXHRIKRZPXFK
RI WKH GLVWULFW¶V HOHFWULFLW\ QHHG LV SURGXFHG LQ WKH GLVWULFW IURP UHQHZDEOH HQHUJ\
VRXUFHV7KHDSSUR[LPDWHHOHFWULFLW\GHPDQGRIWKHEXLOGLQJVFDQEHGHULYHGIURP
WKH (QXPEHU $ JXLGHOLQH LV QHHGHG IRU FLW\ SODQQHUV WR EH DEOH WR DVVHVV KRZ





PXFKRIWKHHOHFWULFLW\QHHGVRIDGLVWULFWFDQEHFRYHUHGORFDOO\LQWKHGLVWULFWZLWK
GLIIHUHQW LQVWDOODWLRQV RI SKRWRYROWDLF SDQHOV RU ZLQG WXUELQHV ,Q RUGHU WR DFTXLUH
DFWXDOO\UHDOLVWLFDQGDFFXUDWHHQHUJ\SURGXFWLRQSRWHQWLDOVVLPXODWLRQVZRXOGEH
QHHGHG7KHUHDUHKRZHYHUDV\HWQRVXLWDEOHVLPXODWLRQWRROVIRUWKHFLW\SODQQHUV
IRU WKLV SXUSRVH DQG WKH\ PLJKW ODFN WKH NQRZOHGJH WR PDNH VXFK VLPXODWLRQV
0RUHRYHUWKHWDUJHWRIWKHUDWLQJWRROLVWRJLYHDQHVWLPDWHTXLFNO\DQGHDVLO\RIWKH
RYHUDOOHQHUJ\HIILFLHQF\LQWKHLQLWLDOSODQQLQJSKDVHRIDGLVWULFW

,Q WKLV WRRO HQHUJ\ XVH FDXVHG E\ WUDQVSRUW ZDV FRQVLGHUHG RQO\ LQ UHJDUGV WR
WUDQVSRUWSHUIRUPDQFHWKDWFDQEHLQIOXHQFHGE\WKHGHWDLOHGFLW\SODQZKLFKPHDQV
WKDW WKH IRFXV ZDV RQ WKH WUDQVSRUW LQVLGH RI WKH GLVWULFW 6ROXWLRQV VWXGLHG LQ WKH
GHWDLOHG SODQV DUH FHQWUDOLVHG SDUNLQJ LQ WKH RXWVNLUWV RI WKH GLVWULFW EXV VWRSV
SURSHUDQGVHSDUDWHZD\VIRUZDONLQJRUF\FOLQJDQGVWRUDJHVSDFHVIRUELF\FOHV
7KHHIIHFWRIWKHDFWLRQVDLPLQJWRUHGXFHWKHXVHRISULYDWHFDUVZDVHVWLPDWHGRQ
WKHEDVLVRIWKHPRGDOVSOLWUHVHDUFKUHVXOWVRIWKH&LW\RI)UHLEXUJ*HUPDQ\ %LQ
GUD *LHO 

7KHGLVWDQFHWRGDLO\VHUYLFHVDQGWKHQXPEHURIZRUNSODFHVLQWKHGLVWULFWLQIOXHQFH
WKH WUDQVSRUW GHPDQG VLJQLILFDQWO\ DQG ZHUH WDNHQ LQWR DFFRXQW LQ WKH WRRO 7KH
PHWKRGRORJ\IRUWKLVLVIXUWKHUVSHFLILHGLQ$UWLFOH,,7KHHQHUJ\HIILFLHQF\UDWLQJZDV
FDOFXODWHGE\PXOWLSO\LQJWKHHQHUJ\FRQVXPSWLRQRIWKHEXLOGLQJVDQGSRVVLEOHGLV
WULEXWLRQORVVHVRIWKHGLVWULFWKHDWLQJV\VWHPZLWKWKHHQHUJ\FRQYHUVLRQIDFWRURI
XVHGHQHUJ\VRXUFHVDQGDGGLQJWRLWWKHSULPDU\HQHUJ\GHPDQGRIWKHWUDIILF7KDW
UHVXOWVLQWKHWRWDOSULPDU\HQHUJ\GHPDQGRIWKHGLVWULFW7KHFDOFXODWLRQSURFHGXUH
LVVKRZQLQ(TXDWLRQ


(QXPEHU ൌ 

σ൫ாౙ౩ǡ ିா౦౨ౚǡ ൯ ାா౪౨౩
౪
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(QHUJ\FRQVXPSWLRQ>N:K@
(QHUJ\SURGXFWLRQ>N:K@
(SURG 
I 
(QHUJ\FRQYHUVLRQIDFWRU
(WUDQV 
(QHUJ\FRQVXPSWLRQRIWUDQVSRUWDWLRQ>N:K@
$QHW 
1HWIORRUDUHDRIWKHEXLOGLQJ>P@

7KHUDWLQJRIWKHGLVWULFWLVPDGHEDVHGRQDFRPSDULVRQEHWZHHQWKHSHUIRUPDQFH
RIEHVWDQGZRUVWVFHQDULRV7KHFODVVLILFDWLRQVFDOHLVVLPLODUWRWKHEXLOGLQJHQHUJ\
FHUWLILFDWHLQ)LQODQG 0LQLVWU\RI(QYLURQPHQW %\SXWWLQJLQSXWYDOXHVGH
VFULELQJWKHEHVWDYDLODEOHVROXWLRQLQWHUPVRIHQHUJ\HIILFLHQF\ZHGHILQHWKLVDV
WKH$FODVVDQGWKHZRUVWFDVHVFHQDULRVYDOXHVJLYHXVWKH*FODVV7KHFODVVLIL
FDWLRQLVWKHQOLQHDUO\GLYLGHGEHWZHHQWKHVH






7KHWRROZDVWHVWHGLQGLIIHUHQW GLVWULFWV7KHFDVHGLVWULFWVZHUHFKRVHQE\WKH
FRPPXQLWLHVWKDWZHUHLQYROYHGLQWKHUHVHDUFKSURMHFW7KHGLVWULFWVZHUHVXFKWKDW
ZHUHLQGHWDLOHGSODQQLQJGHYHORSPHQWSKDVH DWWKHPRPHQWRIWKHUHVHDUFKDQG
ZKHUHVSHFLDOHQHUJ\HIILFLHQF\PHDVXUHVZDQWHGWREHDQDO\VHG



&UHDWLQJDFRQFHSWIRUHFRORJLFDOFULWHULDIRUFLW\SODQQLQJ

)LUVWDEDVLFFRQFHSWEDVHGRQ)LQQLVKEDVHGDWDZDVGHYHORSHG,WZDVIXUWKHU
GHYHORSHGLQDZRUNVKRSZLWKWKHORFDODXWKRULWLHV%DVHGRQWKHZRUNVKRSDGMXVW
PHQWVZHUHPDGH7KHFRQFHSWZDVUHILQHGE\DGMXVWLQJLWWRWKUHHGLIIHUHQWSLORW
FDVHV 7KH GHWDLOHG FRQFHSWV ZHUH DJDLQ SUHVHQWHG WR ORFDOV DQG DGMXVWHG 7KH
GHYHORSPHQW SURFHVV FRXOG EH FDOOHG DQ LWHUDWLRQ SURFHVV ,QSXW IRU WKH FRQFHSW
GHYHORSPHQWZDVUHFHLYHGDOVRIURPWKHVXUYH\H[SODLQHGLQ6HFWLRQ

)RUHDFKSLORWFDVHDSODQRIWKHDUHDZDVPDGHLQFOXGLQJWKHVWUXFWXUHRIWKHDUHD
EXLOGLQJW\SHVDQGORFDWLRQRIVHUYLFHVDVZHOODVWUDQVSRUWDWLRQVROXWLRQV'LIIHUHQW
HQHUJ\V\VWHPVZHUHPRGHOOHGDQGFRPSDUHG$VDILUVWVWHSWKHEDVHGDWDZDV
FROOHFWHGDQGDSODQRIWKHDUHDZDVSUHSDUHG7KHQXPEHURILQKDELWDQWVEXLOGLQJV
DQG QHFHVVDU\ VHUYLFH VSDFHV ZHUH GHWHUPLQHG 7KH FDVHV ZHUH FKRVHQ E\ WKH
ORFDOSDUWQHUWKHFLW\DXWKRULWLHVDFFRUGLQJWRWKHGHVLUHWRGHYHORSFHUWDLQDUHDVLQ
WKHFLW\

$VDVHFRQGVWHSHQHUJ\FRQVXPSWLRQRIWKHHQWLUHDUHDZDVFDOFXODWHGLQGLIIHUHQW
VFHQDULRVEDVHFDVHVFHQDULRORZHQHUJ\EXLOGLQJDQGRUSDVVLYHKRXVHOHYHO7KH
FRQVXPSWLRQOHYHORIEDVHFDVHVFHQDULRZDVDVVXPHGWRFRUUHVSRQGWRWKHHQHUJ\
FRQVXPSWLRQOHYHORI)LQQLVKEXLOGLQJUHJXODWLRQVLQEHFDXVHUHOLDEOHVRXUFHV
DERXW5XVVLDQFRQVXPSWLRQOHYHOVZHUHQRWDYDLODEOH&RQVXPSWLRQOHYHOVRIORZ
HQHUJ\ DQG SDVVLYHKRXVHV ZHUHDOVREDVHG RQ)LQQLVK GHILQLWLRQV 6WURPHWDO
1LHPLQHQ /\O\NDQJDV 7KHHQHUJ\FRQVXPSWLRQZDVFDOFXODWHGXV
LQJ WKH:LQ(WDQD SURJUDPZKLFK KDVEHHQ GHYHORSHG E\ 977 .RVRQHQ  6KH
PHLNND 

'LIIHUHQWRSWLRQVIRUHQHUJ\SURGXFWLRQEDVHGRQUHQHZDEOHHQHUJ\VRXUFHVZHUH
VWXGLHG'LIIHUHQWVXLWDEOHSURGXFWLRQWHFKQRORJLHVZHUHUHFRJQL]HGDQGWKHQHPLV
VLRQV SURGXFHG GXULQJ WKH HQWLUH OLIHF\FOH RI WKH HQHUJ\ SURGXFWLRQ SURFHVV ZHUH
FDOFXODWHGDQGFRPSDUHGZLWKHDFKRWKHU,QDGGLWLRQGLVWULEXWLRQORVVHVZHUHDOVR
LQFOXGHGLQWKHFDOFXODWLRQV7KHHPLVVLRQVIURPWKHHQHUJ\SURGXFWLRQZHUHFDOFX
ODWHGXVLQJWKH*(0,6WRRO *OREDO(PLVVLRQ0RGHOIRU,QWHJUDWHG6\VWHPV GHYHO
RSHGE\7KHgNR,QVWLWXWH9*(0,6LVDFRPSXWHUSURJUDPDOORZLQJWRPRGHOOLIH
WLPH HPLVVLRQV RI WHFKQRORJLFDO SURFHVVHV LQFOXGLQJ FRQVWUXFWLRQ WUDQVSRUWDWLRQ
HWF7KHSURJUDPXVHVDODUJHGDWDEDVHFRQWDLQLQJYDULRXVWHFKQRORJLFDOSDUDPH
WHUVDQGDPRXQWVRIHPLVVLRQVUHODWHGWRWKRVH






 0HWKRGRORJ\IRUGLVWULFWOHYHOHQHUJ\DQDO\VHV


'LVWULFWOHYHOHQHUJ\HIILFLHQF\DQDO\VLV

7KHJHQHUDOPHWKRGRORJ\RIHQHUJ\DQDO\VHVGRQHLQWKH0RVFRZFDVHGLVWULFWVLV
VKRZQLQ)LJXUH$WILUVWWKHVWDWHRIWKHDUWZDVVWXGLHGIRUERWKROGDSDUWPHQW
EXLOGLQJVDQGWKHHQWLUHUHVLGHQWLDOGLVWULFWLQWKH0RVFRZUHJLRQ7KLVPHDQVWKDW
WKHW\SLFDODSDUWPHQWEXLOGLQJSDUDPHWHUVZHUHLGHQWLILHGDQGDQH[DPSOHGLVWULFW
ZDVVHOHFWHGIRUWKHFDOFXODWLRQV0RVWRIWKHEXLOGLQJVLQWKHH[DPSOHGLVWULFWZHUH
EXLOWEHWZHHQDQG

$IHZGLIIHUHQWW\SLFDODSDUWPHQWEXLOGLQJW\SHVZHUHVWXGLHGWKHLUPRQWKO\HQHUJ\
FRQVXPSWLRQ OHYHOV ZHUH FDOFXODWHG DQG WKHQ IURP WKRVH UHVXOWV WKH HQHUJ\ GH
PDQG RIWKHHQWLUHGLVWULFWZDVFDOFXODWHGLQFOXGLQJDOVRWKH HQHUJ\GHPDQGVIRU
ZDVWHDQGZDWHUPDQDJHPHQWDQGVWUHHWOLJKWLQJ

7KHQH[WVWHSZDVWRHYDOXDWHWKHHQHUJ\VDYLQJSRWHQWLDOVWKDWFDQ EHDFKLHYHG
ZLWKUHQRYDWLQJWKHVHROGDSDUWPHQWEXLOGLQJV7KLVZDVGRQHE\FDOFXODWLQJGLIIHU
HQWVFHQDULRVIRUUHQRYDWHGDSDUWPHQWEXLOGLQJV$VDUHVXOWNQRZOHGJHRIWRWDOHQ
HUJ\FRQVXPSWLRQOHYHOVLQGLIIHUHQWVFHQDULRVLQWKHW\SLFDO0RVFRZUHVLGHQWLDOGLV
WULFWZHUHDFTXLUHG7KHODVWSKDVHRIWKHHQHUJ\FKDLQDQDO\VLVLVWRVWXG\WKHHQ
HUJ\SURGXFWLRQ7KLVSDUWDOVRVWDUWVZLWKWKHVWDWHRIWKHDUWRIWKHH[LVWLQJRUW\SLFDO
HQHUJ\ SURGXFWLRQ DQG GLVWULEXWLRQ V\VWHPV 7KHQ LPSURYHPHQWV DQG UHQHZDO RI
WKHVHV\VWHPVFDQEHLGHQWLILHG)LQDOO\WKHOLIHF\FOHHPLVVLRQVIRUGLIIHUHQWHQHUJ\
SURGXFWLRQVROXWLRQVFDQEHFDOFXODWHG







)LJXUH0HWKRGRORJ\IRUGLVWULFWOHYHO(QHUJ\DQDO\VLV $UWLFOH,,, 


0HWKRGRORJ\IRUGLVWULFWOHYHOHQHUJ\DQGHPLVVLRQDQDO\VHV

7KHSUHVHQWVWDWHZDVVWXGLHGE\VHOHFWLQJERWKDW\SLFDOROGDSDUWPHQWEXLOGLQJDQG
DQHQWLUHUHVLGHQWLDOGLVWULFWLQWKH0RVFRZUHJLRQIRUWKHFDOFXODWLRQV7KHUHQRYD
WLRQFRQFHSWVZHUHDVVHVVHGIURPWKHSHUVSHFWLYHRIHQHUJ\GHPDQGDQGDVVRFL
DWHG HQYLURQPHQWDO LPSDFWV 7KH DVVHVVPHQW VWDUWHG ZLWK WKH GHYHORSPHQW RI D
³&XUUHQW´HQHUJ\DQGZDWHUGHPDQGPRGHORIWKHPRVWFRPPRQEXLOGLQJW\SH ,,
 ZKLFKUHSUHVHQWHGDQDYHUDJHDSDUWPHQWEXLOGLQJ)URPWKLVPRGHORWKHUUHQ
RYDWLRQPRGHOVZHUH JHQHUDWHG 7KHIRXU PRGHOVZKHUHQDPHGDFFRUGLQJWRWKH
FRQFHSWRQZKLFKWKH\ZHUHEDVHG&XUUHQW%DVLF,PSURYHGDQG$GYDQFHG

,QWKLVVWXG\WKHEXLOGLQJPRGHOVZHUHXVHGLQWKHHQHUJ\GHPDQGDQDO\VHVRIWKHLU
FRUUHVSRQGLQJ GLVWULFW FRQFHSWV DOVR QDPHG &XUUHQW %DVLF ,PSURYHG DQG $G
YDQFHG (DFK GLVWULFWFRQFHSW ZDV IXUWKHU XVHG WR H[DPLQH GLIIHUHQW VFHQDULRV RI
HQHUJ\SURGXFWLRQDQGWKHUHVXOWLQJHQYLURQPHQWDOLPSDFWV6HH)LJXUH






$IWHUWKHHQHUJ\GHPDQGVZHUHDQDO\VHGWKHOLIHF\FOHHPLVVLRQVIRUGLIIHUHQWHQ
HUJ\SURGXFWLRQVFHQDULRVZHUHFDOFXODWHGLQFOXGLQJ&2HTXLYDOHQWV62HTXLYD
OHQWV7233HTXLYDOHQWVDQGSDUWLFOHHPLVVLRQV



)LJXUH  2YHUYLHZ RI WKH HQHUJ\ DQDO\VLV SURFHVV LQ WKH VWXG\ :LQ(WDQD LV D
FRPSXWHUVRIWZDUHIRUEXLOGLQJOHYHO HQHUJ\ GHPDQG DQDO\VHVGHYHORSHG E\ 977
7HFKQLFDO5HVHDUFK&HQWUHRI)LQODQG/WG

7KHDSDUWPHQWEXLOGLQJVLQWKHDQDO\VHGDUHDFDQEHGLYLGHGLQWRJURXSVDFFRUGLQJ
WR WKH EXLOGLQJ VHULHV ,, ,, $. ,, DQG 0U ZKLFK DUH DSDUWPHQW
EXLOGLQJVEXLOGEHWZHHQDQG(DFKEXLOGLQJVHULHVUHSUHVHQWVDVSHFLILF
EXLOGLQJ GHVLJQ 2SLW] HW DO   7KHUH DUH DOVR RWKHU DSDUWPHQW EXLOGLQJV
VFKRROV NLQGHUJDUWHQV VKRSV D EDQN LQ WKH DUHD EXW VLQFH WKLV SURMHFW FRQFHQ
WUDWHVRQPRGHUQL]DWLRQRIEXLOGLQJVWKHVHQHZHUEXLOGLQJVIURPWKHVDQGIURP
WKHEHJLQQLQJRIDUHH[FOXGHGIURPWKHVHHQHUJ\FDOFXODWLRQV7KHPRUHGH
WDLOHGGDWDDERXWWKHROGHUDSDUWPHQWEXLOGLQJVLVSUHVHQWHGLQ$UWLFOH,,,










 )LQGLQJVIURPWKHDQDO\VHV

7KHVWXGLHVGHVFULEHGLQWKHDUWLFOHVDOODQDO\VHGLVWULFWOHYHOHQHUJ\V\VWHPVLQFOXG
LQJ HQHUJ\ GHPDQG WUDQVPLVVLRQ DQG SURGXFWLRQ 7KH VWXGLHV DQDO\VH WKH LVVXH
IURPGLIIHUHQWSHUVSHFWLYHVDQGZLWKVRPHZKDWGLIIHUHQWREMHFWLYHV$OOWKHVWXGLHV
VKRZWKDWLWLVSRVVLEOHWRDFKLHYHPDMRULPSURYHPHQWVWREXVLQHVVDVXVXDOZLWK
WKHKHOSRIJRRGDQDO\VLVWRROVDQGDKROLVWLFDSSURDFK,Q)LJXUHDYLVXDOLVDWLRQ
LVGRQHWRVKRZKRZWKHILQGLQJVIURPWKHDQDO\VHVUHODWHWRWKHRYHUDOOUHVHDUFK
TXHVWLRQ





)LJXUH)LQGLQJVIURPWKHDQDO\VHVDQGWKHLUFRQQHFWLRQVWRWKHRYHUDOOUHVHDUFK
TXHVWLRQ



 4XHVWLRQQDLUHDQGUHVLGHQWLDOVXUYH\
7KHTXHVWLRQQDLUHGRQHWRFLW\SODQQLQJSURIHVVLRQDOVVKRZHGWKDWWKHUHLVDFHUWDLQ
ODFNRINQRZKRZDERXWHQHUJ\UHODWHGLVVXHV)RUH[DPSOHWKHWHUP³SULPDU\HQ
HUJ\´ ZDV IDPLOLDU WR RQO\ D ELW PRUH WKDQ KDOI RI WKH UHVSRQGHQWV 6RPH HQHUJ\
V\VWHPVZHUHQRWYHU\IDPLOLDUIRUWKHFLW\SODQQLQJSURIHVVLRQDOV7KHDVVHVVPHQW
RIGLIIHUHQWHQHUJ\DOWHUQDWLYHVIRUDGLVWULFWLVFRQVLGHUHGDFKDOOHQJHIRUWKLVWDUJHW
JURXS






$FFRUGLQJWRWKHTXHVWLRQQDLUHWKHUHVHHPVWREHDZLOOWRGHYHORSGLVWULFWVLQWRPRUH
VXVWDLQDEOHRQHV6HOIVXIILFLHQF\LQHQHUJ\DQGUHGXFHGHPLVVLRQVERWKUHFHLYHG
PRUHDFFHSWDQFHWKDQHDVLQHVVRIJHWWLQJEXLOGLQJORWVVROG

5HJXODWLYHDSSURDFKVHHPVWREHUDWKHUZHOODFFHSWHGLQWKLVJURXS*LYLQJEXLOGHU
ODUJHIUHHGRPWREXLOGZKDWDQGKRZWKH\ZDQWZDVQRWFRQVLGHUHGLPSRUWDQW

7KH UHVLGHQWV¶ VXUYH\ GRQH LQ 6W 3HWHUVEXUJ 5XVVLD VKRZHG WKDW WKH PDMRULW\ RI
SHRSOHDUHQRWZLOOLQJWRSD\DQ\H[WUDIRULPSURYHGLQGRRUFRPIRUWHYHQLILWLVFRQ
VLGHUHGLPSRUWDQW5HQHZDEOHHQHUJ\DVDKHDWVRXUFHIRUWKHKRXVHLVQRWFRQVLG
HUHG LPSRUWDQWIRUWKH UHVLGHQWV*UHHQ DUHDVDQGVDIHW\LVVXHVDUHRQWKH RWKHU
KDQGLPSRUWDQW

7KHGHWDLOVRIWKHTXHVWLRQQDLUHDQGUHVLGHQWVVXUYH\UHVXOWVDUHIRXQGLQ$SSHQGL[
&

 'HWDLOHGHQHUJ\V\VWHPVDQDO\VHV

7KHGHWDLOHGUHVXOWVRIWKHDQDO\VHVDUHGHVFULEHGLQ$UWLFOH,

7KHFHQWUDOSDUWRIWKHFLW\RI.DVNLQHQLQVRXWKZHVWHUQ)LQODQGZDVXVHGDVWKH
FDVHH[DPSOHLQWKHDQDO\VLV7KHHQHUJ\GHPDQGZDVVLPXODWHGEDVHGRQVHYHQ
GLIIHUHQWEXLOGLQJW\SHV7KHW\SHVZHUHFKRVHQEDVHGRQWKHUHDOVLWXDWLRQLQWKH
FKRVHQDUHD'LIIHUHQWHQHUJ\SURGXFWLRQVFHQDULRVZHUHDQDO\VHGDQGFRPSDUHG
ZLWKHDFKRWKHU7KHDLPZDVWRDQDO\VHKRZRSWLPDOHQHUJ\V\VWHPFRXOGEHGH
VLJQHGLIKHDWWUDGLQJZHUHSRVVLEOHXVLQJWKHH[LVWLQJGLVWULFWKHDWLQJQHWZRUN

7KHVLPXODWLRQVVKRZHGWKDWKHDWWUDGLQJFRXOGEHDIXQFWLRQDOZD\WRGHYHORSGH
FHQWUDOLVHG HQHUJ\ V\VWHPV 7KHUH LV D SRWHQWLDO DGYDQWDJH ZKHQ EXLOGLQJV ZLWK
FRQVXPSWLRQ SURILOHV WKDW DUH GLIIHUHQW LQ VKDSH DQGRU WLPLQJ DUH FRQQHFWHG
WKURXJKDGLVWULFWKHDWLQJQHWZRUN+RZHYHULWLVXQOLNHO\WKDWWKLVSRWHQWLDOFRXOGEH
XWLOLVHGE\VLPSO\SURYLGLQJDPLFUR&+3SODQWIRUHYHU\EXLOGLQJ$KROLVWLFDSSURDFK
WRGLPHQVLRQLQJDQGFRQWUROVWUDWHJLHVLQGLIIHUHQWEXLOGLQJVZLOOEHQHHGHGDVZHOO
DVDVPDUWPL[RIEXLOGLQJVZLWKDQGZLWKRXW&+3SODQWV$SRVVLELOLW\RIXVLQJWKHU
PDOO\DFWLYDWHGFRROLQJLQWKHGLVWULFWKHDWLQJQHWZRUNFRXOGEHFRQVLGHUHGDVDVXS
SOHPHQWDU\PHDVXUHIRUXVHRIWKHH[FHVVKHDWLQVXPPHU

7KHRUHWLFDOO\KHDWWUDGLQJFRXOGEHDIXQFWLRQDOZD\WRLPSURYHWKHILQDQFLDOSUR
VSHFW RI PLFUR&+3 SODQWV +DYLQJ D ZD\ WR VHOO WKH H[FHVV KHDW SURGXFWLRQ LP
SURYHVFRVWHIIHFWLYHQHVV+RZHYHUWKHUHDUH REVWDFOHVVLQFHWKHKHDWPDUNHWLV
QRW \HW D IUHH PDUNHW EXW LV VWLOO D UHJXODWHG RQH ZKLFK LV D PDMRU REVWDFOH WR D
IXQFWLRQDOKHDWWUDGLQJ+DYLQJDIXHOFHOOV\VWHPZLWKQR&2HPLVVLRQVDOVRJLYHV





WKHRSSRUWXQLW\RIVHOOLQJHPLVVLRQVTXRWDV7KLVLVKRZHYHURQHNLQGRIDPLFUR
&+3WHFKQRORJ\ZKLFKKDVVWLOOPDQ\REVWDFOHV

,IKHDWWUDGLQJZHUHDUHDOLW\WKHUHZRXOGEHDQHHGIRUVRPHSDUW\WRPDQDJHWKH
ZKROHWUDGLQJV\VWHP7KHHQHUJ\FRPSDQLHVVHHPQDWXUDOO\VXLWHGIRUWKLVVLQFH
WKH\KDYHWKHNQRZKRZDERXWWKHGLVWULFWKHDWLQJQHWZRUNVDQGWKHLUIXQFWLRQDOLW\
,WVHHPVDVWKH\VHHWKHKHDWWUDGLQJFRQFHSWDVDFRPSHWLWLRQWRWKHLUEXVLQHVV

2QH VHULRXV SRVVLEOH REVWDFOH WR ZLGHO\ VSUHDG KHDW WUDGLQJ LV WKDW PLFUR&+3
SODQWV RIWHQXVHQDWXUDO JDVDVDIXHOZKLFKPHDQVWKDW WKH\ XVXDOO\ KDYHWREH
FRQQHFWHGWRDQDWXUDOJDVQHWZRUN$WWKHVDPHWLPHWKHEXLOGLQJKDVWREHFRQ
QHFWHGWRDGLVWULFWKHDWLQJQHWZRUNLQRUGHUWRVHOORIILWVH[FHVVLYHKHDW,WLVTXLWH
UDUH LQ )LQODQG EXW QRW HJ LQ &HQWUDO (XURSH  WKDW ZH KDYH ERWK D QDWXUDO JDV
QHWZRUNDQGDGLVWULFWKHDWLQJQHWZRUNDWWKHVDPHORFDWLRQ

7KHVWXG\VKRZHGWKDWKHDWWUDGLQJFRXOGEHDIXQFWLRQDOZD\WRGHYHORSGHFHQWUDO
LVHGHQHUJ\V\VWHPV7KHUHLVDSRWHQWLDODGYDQWDJHWREHXWLOLVHGZKHQEXLOGLQJV
ZLWKFRQVXPSWLRQSURILOHVGLIIHUHQWLQVKDSHDQGRUWLPLQJDUHFRQQHFWHGWKURXJKD
GLVWULFWKHDWLQJQHWZRUN



 (QHUJ\HIILFLHQF\UDWLQJRIGLVWULFWV

,QWKLVVWXG\ DWRROIRUDVVHVVLQJWKHHQHUJ\HIILFLHQF\RIGHWDLOHGFLW\SODQVZDV
GHYHORSHG7KHWRROZDVXVHGLQILYHFDVHGLVWULFWVDQDO\VLQJGLIIHUHQWSODQQLQJRS
WLRQVDQGDVVHVVLQJKRZGLIIHUHQWRSWLRQVLPSDFWHQHUJ\HIILFLHQF\

7KHGHWDLOHGUHVXOWVRIWKHDQDO\VHVDUHGHVFULEHGLQ$UWLFOH,,%HORZ VHH7DEOH 
VRPHUHVXOWVUHODWHGWRWKHHQHUJ\V\VWHPVLQWKHGLVWULFWVDUHGHVFULEHG

,Q7DEOHWKHUHVXOWVRIWKHHQHUJ\V\VWHPVDQDO\VLVLQRQHRIWKHFDVHGLVWULFWV
6l\QlWVDORLVVKRZQ5RZVDQGVKRZWKDWWKHSULPDU\HQHUJ\IDFWRULQFUHDVHV
VLJQLILFDQWO\ZKHQWKHHQHUJ\VRXUFHLVFKDQJHGIURPUHQHZDEOHWRIRVVLOIXHO7KH
LPSDFWRIUHQHZDEOHHOHFWULFLW\SURGXFWLRQLVVHHQRQURZV±,WLVLQWHUHVWLQJWR
VHHWKDWWKHVDPHWRWDOSULPDU\HQHUJ\IDFWRULVDFKLHYHGE\KDYLQJQRUHQHZDEOH
HOHFWULFLW\SURGXFWLRQEXWKHDWLQJWKHKRXVHVZLWKUHQHZDEOHHQHUJ\ URZ DQGE\
KDYLQJIRVVLOIXHOKHDWLQJDQGUHQHZDEOH HOHFWULFLW\SURGXFWLRQ URZ ,WLV
PRUH FRVW HIIHFWLYH WR UHDFK WKLV OHYHO RI SULPDU\ HQHUJ\ GHPDQG E\ KHDWLQJ WKH
KRXVHVZLWKUHQHZDEOHHQHUJ\VRXUFHVWKDQWRSURGXFHDOOWKHHOHFWULFLW\ZLWKIRU
LQVWDQFHVRODUSDQHOV&RPSDULQJURZVDQGVKRZVWKHLPSDFWRIWUDQVPLVVLRQ
ORVVHVLQWKHKHDWGLVWULEXWLRQV\VWHPZKHQKDYLQJDORFDOGLVWULFWKHDWLQJV\VWHP






7DEOH(QHUJ\V\VWHPDQDO\VLVLQWKH6l\QlWVDORFDVHGLVWULFW
&DVH
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,Q7DEOHWKHLPSDFWRQGLIIHUHQWHQHUJ\VROXWLRQVRQWKHEXLOGLQJOHYHOLVVKRZQ,Q
DOOFDOFXODWLRQVWKHUHZHUHEXLOGLQJVSHFLILFKHDWLQJV\VWHPVGLVWDQFHWRGDLO\VHU
YLFHVZHUHNPSXEOLFWUDQVSRUWDQGF\FOHODQHVZHUHFRQVLGHUHGLQWKHSODQDQG
WKHUHZHUHZRUNLQJSODFHVLQWKHGLVWULFWIRUDOOFDVHV

$VFDQEHVHHQZKHQFRPSDULQJURZVDQGDQGDQGLQ7DEOHWKHLPSDFW
RQWKHHQHUJ\FODVVLVVLJQLILFDQWZKHQFKDQJLQJWKHKHDWLQJV\VWHPIURPUHQHZDEOH
WRHOHFWULFLW\EDVHG7KLVLVEHFDXVHRIWKHKLJKHUSULPDU\HQHUJ\IDFWRURIHOHFWULFLW\
FRPSDUHGWRUHQHZDEOHVRXUFHV7KHLPSDFWRIWKHHOHFWULFVDXQDLVVHHQRQURZV
DQG,WVKRXOGEHHPSKDVLVHGWKDWHYHQWKRXJKWKHDQQXDOSULPDU\HQHUJ\GH
PDQGGRHVQRWGLIIHUWRRPXFKZKHQVDXQDVDUHXVHGZLGHO\DQGGXULQJVDPHWLPH
SHULRGVDVLVWKHFDVHW\SLFDOO\LQ)LQODQGWKHLPSDFWRQWKHHOHFWULFLW\SHDNVFDQ
EHVLJQLILFDQWDQGDIIHFWVWKHZKROHHQHUJ\V\VWHP&RPSDULQJURZVDQGVKRZV
WKHLPSDFWRIEXLOGLQJKLJKULVHEXLOGLQJVLQVWHDGRIVLQJOHIDPLO\KRXVHV7KHGLIIHU
HQFHLVKLJKVLQFHKLJKULVHEXLOGLQJVFRQVXPHOHVVKHDWLQJHQHUJ\SHUUHVLGHQWLDO
VTXDUHPHWUH
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7KHWRROGHYHORSHGLVDVLPSOLILHGRQHWKDWJLYHVSUDFWLFDOKHOSIRUFLW\SODQQHUVLQ
DVVHVVLQJWKHHQHUJ\HIILFLHQF\RIGHWDLOHGFLW\SODQVLQWKHGHVLJQSKDVH7KHWRRO
HQDEOHVDIDVWDQGHDV\ZD\WRFRPSDUHGLIIHUHQWDOWHUQDWLYHVRIFLW\SODQVDQGUDQN
WKHPZLWKUHJDUGWRHQHUJ\HIILFLHQF\,WQHHGVWREHKLJKOLJKWHGWKRXJKWKDWWKHWRRO
GRHVQRWWDNHLQWRDFFRXQWWKHORFDWLRQRIWKHGLVWULFWDQGWKXVQRWEHXVHGWRDVVHVV
WKH RYHUDOO HQHUJ\ HIILFLHQF\ RI OLYLQJ LQ WKH GLVWULFW $QRWKHU WRRO RU JXLGHOLQHV LV
QHHGHGWRDVVHVVZKHUHWRSODFHUHVLGHQWLDOGLVWULFWVLQRUGHUWRDYRLGWUDQVSRUWGH
PDQGDQGXUEDQVSUDZO

:KHQDQDO\VLQJWKHLPSDFWRIGLIIHUHQWFKRLFHVPDGHLQWKHGHWDLOHGFLW\SODQQLQJ
SKDVHLWFDQEHFRQFOXGHGWKDWWKHFKRLFHRIHQHUJ\V\VWHPKDVDVLJQLILFDQWLPSDFW
RQWKHRYHUDOOHQHUJ\HIILFLHQF\+RZHYHUWKHLPSRUWDQFHRIZHOOLQVXODWHGDQGDLU
WLJKWEXLOGLQJVVKRXOGDOVREHHPSKDVLVHG+HDWLQJV\VWHPVFDQEHFKDQJHGDWODWHU
VWDJHVRIWKHEXLOGLQJ¶VOLIHF\FOHPRUHHDVLO\WKDQWKHHQHUJ\HIILFLHQF\RIWKHKRXVH
FDQEHLPSURYHG$PDMRUSDUWRIWKHHQHUJ\XVHLQWKHGLVWULFWLVLQWKHHQGLQIOX
HQFHGE\WKHDFWLRQVRIWKHSHRSOHOLYLQJWKHUH

7KHGHYHORSHGWRROHYDOXDWHVWKHHQYLURQPHQWDOVXVWDLQDELOLW\RIDGLVWULFWE\DQD
O\VLQJ LWV SULPDU\ HQHUJ\ GHPDQG 7KH WRRO JXLGHV RQ FXWWLQJ WKH SULPDU\ HQHUJ\
GHPDQGRIWKHDUHDZKHQWDUJHWLQJWRJHWEHWWHUFODVVLILFDWLRQIURPWKHWRRO7KLV
SULPDU\ HQHUJ\ GHPDQG HYDOXDWLRQ LQFOXGHV WKH HQHUJ\ GHPDQG RI EXLOGLQJV DQG
WUDQVSRUWDWLRQDVZHOODVWKHHQHUJ\V\VWHPDQGVRXUFHXVHG(YHQWKRXJKWKHWRRO
LWVHOIGRHVQRWHVWLPDWH&2HPLVVLRQVIURPWKHDUHDLWVWLOOFRQWULEXWHVWRZDUGVWKLV





JRDO)LUVWO\LIWKHHQHUJ\GHPDQGRIEXLOGLQJVLVUHGXFHGLWVLPLODUO\UHGXFHVWKH
HPLVVLRQV IURP HQHUJ\ SURGXFWLRQ FDXVHG WR FRYHU WKH GHPDQG 6LPLODUO\ HPLV
VLRQVUHGXFWLRQUHVXOWVIURPWKHHQHUJ\GHPDQGRIWUDQVSRUWDWLRQDVLWVHQHUJ\HI
ILFLHQF\FDQEHLPSURYHGRUWUDQVSRUWQHHGVFXW)XUWKHUPRUHWKHSULPDU\HQHUJ\
DQDO\VLVWRROWDNHVLQWRDFFRXQWWKHHQHUJ\VRXUFHXVHGYLD)LQQLVKHQHUJ\FRQYHU
VLRQIDFWRUVZKLFKDUHYDOXHGSDUWO\EDVHGRQWKHLUHQYLURQPHQWDOLPSDFWV


 'LVWULFWOHYHOHQHUJ\HIILFLHQF\DQDO\VHV

7KHGLVWULFWKHDWLQJQHWZRUNKDVDJUHDWSRWHQWLDOIRULPSURYLQJWKHHQHUJ\HIILFLHQF\
EHFDXVHWKHUHDUHPDQ\KHDWORVVHVLQWKHKHDWLQJQHWZRUNDWWKHSUHVHQWGD\ZKHQ
DQDO\VLQJ WKHFDVH LQ0RVFRZ2QHLPSRUWDQW UHQRYDWLRQWDUJHW LV WRLQVWDOOFRP
SOHWHO\DXWRPDWLFLQGLYLGXDOVXEVWDWLRQVLQHYHU\EXLOGLQJDQGVRPRYHIURPWKHROG
IRXUSLSH WR QHZ WZRSLSH GLVWULFW KHDWLQJ V\VWHPV (OLVHHY   ZLWK KHDW H[
FKDQJHUVHQDEOLQJFRQWURORIKHDWGLVWULEXWLRQLQWREXLOGLQJVDQGDSDUWPHQWVEDVHG
RQWKHDFWXDOKHDWGHPDQG2QWKHEXLOGLQJOHYHOWKHDLUWLJKWQHVVRIWKHVWUXFWXUHV
LVRQHNH\LVVXHWKDWQHHGVWREHDGGUHVVHGLQWKHUHWURILWVROXWLRQV%DVHGRQWKLV
VWXG\WKHEXLOGLQJOHYHOHQHUJ\VDYLQJVSRWHQWLDOIRUWKHKHDWLQJHQHUJ\LVXSWR
DQGIRUWKHHOHFWULFDOHQHUJ\XSWR,QDGGLWLRQWKH&2HTXLYDOHQWJUHHQKRXVH
JDVHVPD\EHUHGXFHGE\XSWR7RDFKLHYHDXQLYHUVDOO\HIILFLHQWHQHUJ\VR
OXWLRQLQ0RVFRZWKHHQWLUHHQHUJ\FKDLQQHHGVWREHDQDO\VHGDQGLPSURYHPHQWV
PDGHEHDULQJLQPLQGWKHZKROHHQHUJ\FKDLQ7KHUHVXOWVRIWKHVWXG\LQ$UWLFOH,,,
VKRZHG WKDW LPSURYHG LQGRRU FRQGLWLRQV DQG UHGXFHG KHDWLQJ FRQVXPSWLRQ RIWHQ
OHDGWRLQFUHDVHGHOHFWULFLW\FRQVXPSWLRQ7KLVLVGXHWRWKHIDFWWKDWLPSURYHGLQVX
ODWLRQDQGDLUWLJKWQHVVZKLFKORZHUVKHDWGHPDQGDQGUHGXFHVGUDIWRIWHQLVGRQH
WRJHWKHUZLWKWKHLQVWDOODWLRQRIPHFKDQLFDOYHQWLODWLRQWRHQVXUHDSURSHUYHQWLODWLRQ
RIWKHEXLOGLQJ 7KHYHQWLODWLRQV\VWHPLQFUHDVHVWKH HOHFWULFLW\XVH%\DQDO\VLQJ
WKHHQHUJ\HIILFLHQF\RILQGRRUFRQGLWLRQVDQGWKHEXLOGLQJRYHUDOOHQHUJ\HIILFLHQF\
LQVWHDGRIHQHUJ\FRQVXPSWLRQWKHLVVXHRILQFUHDVHGHOHFWULFLW\FRQVXPSWLRQLVSXW
LQWKHFRUUHFWFRQWH[WDQGWKHLPSURYHG³RXWSXW´RIWKHFRQVXPHGHQHUJ\LVSURSHUO\
FRQVLGHUHG


 'LVWULFWOHYHOHQHUJ\V\VWHPDQDO\VHV

$W WKH GLVWULFW OHYHO GLIIHUHQW LPSURYHPHQW VFHQDULRV LQ WHUPV RI HQHUJ\ GHPDQG
HQHUJ\SURGXFWLRQDQGHPLVVLRQVZHUHDQDO\VHGXVLQJDFDVHGLVWULFWLQ0RVFRZDV
D FDVH VWXG\ 'LIIHUHQW VFHQDULRV ZHUH GHYHORSHG DQG DQDO\VHG 7KH DQDO\VHV
VKRZHGWKDWJUHDWHQHUJ\VDYLQJVFRXOGEHDFKLHYHGLQDGLVWULFWWKURXJKGLIIHUHQW
PRGHUQLVDWLRQVFHQDULRV7KHEDVLFGLVWULFWFRQFHSWVKRZHGDWRWDODQQXDOHOHFWULFLW\
GHPDQG UHGXFWLRQ RI  DQG D WRWDO UHGXFWLRQ LQ KHDWLQJ GHPDQG RI  7KH
LPSURYHG VFHQDULRV JDYH UHVXOWV OLNH  DQG  UHGXFWLRQV IRU HOHFWULFLW\ DQG
KHDW 7KHPRVWDGYDQFHGVFHQDULRUHDFKHGDKHDWLQJ GHPDQGUHGXFWLRQ RI
ZKLOHWKHHOHFWULFLW\UHGXFWLRQVWD\HGDW2QHUHDVRQIRUWKLVLVWKDWHOHFWULFLW\





XVDJHRIUHVLGHQWLDOGLVWULFWVLVJUHDWO\LQIOXHQFHGE\SHRSOH¶VEHKDYLRXUVZKLOHKHDW
LQJGHPDQGFDQPRUHHDVLO\EHLQIOXHQFHGE\WHFKQLFDOPHDVXUHV

7KHLPSRUWDQFHRIDQDO\VLQJWKHZKROHHQHUJ\FKDLQEHFDPHHYLGHQWLQWKHDQDO
\VHVZKHQORRNLQJDWFDVHVZKHUHKHDWORVVHVLQWKHKHDWGLVWULEXWLRQQHWZRUNZHUH
YHU\ODUJHDQGKHDWH[FKDQJHUVZHUHODFNLQJEHWZHHQQHWZRUNVDQGWKHEXLOGLQJV
DVLVRIWHQWKHFDVHLQ5XVVLD7KLVOHDGVWRDVROXWLRQZKHUHWKHUHGXFHGHQHUJ\
GHPDQGLQDEXLOGLQJGRHVQRWOHDGWRVDYLQJVDWWKHEHJLQQLQJRIWKHHQHUJ\FKDLQ
EXWPLJKWLQVWHDGHYHQOHDGWRRYHUKHDWLQJRIWKHEXLOGLQJ

7KH HPLVVLRQ DQDO\VHVVKRZHGWKDWWKHDPRXQWRIHDFK HPLVVLRQW\SH SURGXFHG
PLJKWGHSHQGRQGLIIHUHQWIDFWRUV$VIRU&2HTXLYDOHQWVFKDQJLQJIXHOVIURPQDW
XUDO WR ELRJDV ZRXOG EH DQ HIILFLHQW FKRLFH RI UHGXFWLRQ 7KH VDPH DOVR JRHV IRU
7233HTXLYDOHQWVZKHUHLWFDQEHQRWHGWKDWFKDQJLQJIXHOW\SHZRXOGUHVXOWLQD
JUHDWHU UHGXFWLRQ WKDQ LPSOHPHQWLQJ PRUH DGYDQFHG UHQRYDWLRQ VROXWLRQV +RZ
HYHUGRLQJVRZRXOGRQWKHRWKHUKDQGDOVRUHVXOWLQWZLFHWKHDPRXQWRISURGXFHG
62HTXLYDOHQWVDQGSDUWLFXODWHV7RFRQFOXGHSURGXFLQJHQHUJ\IURPRWKHUUHQHZ
DEOHWHFKQRORJLHVWKDQELRJDVVXFKDVJURXQGVRXUFHKHDWSXPSVVRODUSDQHOV
VRODUFROOHFWRUVRUZLQGWXUELQHVZRXOGEHDEHWWHUVROXWLRQWKDQVZLWFKLQJWRELRJDV
ZKHQLWFRPHVWRUHGXFHG62SDUWLFXODWHVHPLVVLRQOHYHOV


 &RQFHSWIRUHFRORJLFDOFLW\SODQQLQJ
7KHFULWHULDOLVWIRUDQ(FR*UDGDUHDZDVPDGHEDVHGRQWKHILQGLQJVIURPWKHGLV
FXVVLRQVZLWKWKHORFDOFLW\SODQQHUVWKHUHVLGHQWVVXUYH\GRQHDQGWKHGHYHORS
PHQWRISLORWV,WLQFOXGHGDVSHFWVIURPWKHLQWHUQDWLRQDO/(('DQG%5(($0FULWHULD
DQGQDWLRQDO)LQQLVKFULWHULD /(('%5(($0 7KHVHILQGLQJVDUHGLV
FXVVHGEHORZ

7KHFULWHULD OLVW LV GLYLGHGLQWRWKHIROORZLQJVHFWRUVWKH VWUXFWXUHRIWKHDUHD DQG
ODQGXVDJHODQGVFDSHEXLOGLQJVHQHUJ\WUDQVSRUWDWLRQZDVWHDQGZDWHUVROXWLRQV
7KHUH DUH WKUHH FDWHJRULHV LQ WKH FULWHULD OLVW JHQHUDO OHYHO FULWHULRQ GHWDLOV DQG
VSHFLILFDWLRQVRIWKHFULWHULRQDQGVSHFLDOQRWLFHVIURP6W3HWHUVEXUJ+HUHWKHGLI
IHUHQFHVEHWZHHQ)LQQLVKDQG5XVVLDQFULWHULDZHUHDGGUHVVHG

/HVVIRFXVFDQEHSXWRQWKHSODFHPHQWRIVHUYLFHVGXHWRWKHIDFWWKDWWKHQRUPV
DOUHDG\UHTXLUHWKDWWKHVHUYLFHVDUHSODFHGFORVHE\7KHQHHGIRUF\FOHURXWHVLV
LQFOXGHGGHVSLWHWKHIDFWWKDWF\FOHVDUHVHOGRPXVHG7RVXSSRUWWKHXVHRIF\FOHV
VHFXULW\LVVXHVVKRXOGEHKLJKOLJKWHGERWKLQWHUPVRIWUDIILFVHFXULW\PHDQLQJVHS
DUDWHGODQHVIRUF\FOHVDQGLQWHUPVRIVDIHSDUNLQJVROXWLRQVWRSUHYHQWWKHF\FOHV
IURPEHLQJVWROHQ






7KHFULWHULDVHWWLQJLQFOXGHVWKDWUHQHZDEOHHQHUJ\VRXUFHVVKRXOGEHH[DPLQHG,W
KDVKRZHYHUEHFRPHFOHDUWKDWWKHGHYHORSPHQWRIUHQHZDEOHHQHUJ\V\VWHPVLV
QRWWKDWFRPPRQ\HWLQ5XVVLD2QHDVSHFWZDVWKDWWKHEXIIHU]RQHVIRUELRHQHUJ\
SODQWVZHUHQRWNQRZQE\5XVVLDQSDUWQHUV,WZDVDOVRDOLWWOHXQFOHDUZKHWKHUHQ
HUJ\ZHOOVFRXOGEHGULOOHGIRUWKHXVHRIKHDWSXPSVDFFRUGLQJWRWKHORFDOOHJLVOD
WLRQ

7KHSDVVLYHKRXVHVROXWLRQVQHHGWREHKLJKOLJKWHGKHUH$QLPSRUWDQWSDUWRIWKH
SDVVLYHKRXVHFRQFHSWLVWKHPHFKDQLFDOYHQWLODWLRQZLWKHIILFLHQWKHDWUHFRYHU\,W
QHHGVWR EH HPSKDVL]HGWKDW EXLOGLQJV FDQQRW EH EXLOWDLUWLJKW DQGZHOOLQVXODWHG
XQOHVVWKHYHQWLODWLRQLVLQRUGHU

*HQHUDOO\ VSHDNLQJ LW VHHPV WKDW SDVVLYH VROXWLRQV WKDW DUH QRW WKDW WHFKQRORJ\
GHSHQGHQWDUHYDOXHGKLJKHULQ5XVVLD7HFKQRORJLFDOVROXWLRQVDUHQRWFRQVLGHUHG
WREHHFRORJLFDOEXWRQWKHFRQWUDU\WKH\DUHVHHQDVSRWHQWLDODGGLWLRQDOHOHFWULFLW\
FRQVXPHUVPHFKDQLFDOYHQWLODWLRQEHLQJRQHH[DPSOHRIWKLV6PDUWPHWHULQJV\V
WHPVIRUHOHFWULFLW\XVHZHUHRILQWHUHVWEXWVWLOOFRQVLGHUHGZLWKVRPHVFHSWLFLVP

$VDQH[DPSOHRIWKHHQHUJ\V\VWHPFDOFXODWLRQVRIRQHSLORWDUHEULHIO\LQWURGXFHG
EHORZ 7KH SODQQHG QXPEHU RI LQKDELWDQWV LQ WKH DUHD LV  7KH UHVLGHQWLDO
DUHDLVPSHULQKDELWDQWZKLFKPHDQVLQWRWDOPIORRUDUHD7KHUHDUH
ILYHGLIIHUHQWEXLOGLQJW\SHDUHDVGHQVHORZDQGGHQVHGHWDFKHGKRXVHVDQGYLOODV
7KHRFFXSDWLRQLVGHQVHVWLQWKHFHQWUHRIWKHDUHDZKLFKLVUHDOO\FORVHWRVHUYLFHV
DQGUDLOZD\FRQQHFWLRQWRWKHFHQWUHRI6W3HWHUVEXUJ

7KH HQHUJ\ FRQVXPSWLRQ KDV EHHQ FDOFXODWHG LQ WKUHH GLIIHUHQW VFHQDULRV EDVH
FDVHORZHQHUJ\DQGSDVVLYHEXLOGLQJOHYHOV7KHUHVXOWVFDQEHVHHQIURP)LJXUH
 0RVWVLJQLILFDQWLPSURYHPHQWV DUHUHODWHGWRFXWWLQJWKHKHDWFRQVXPSWLRQ RI
EXLOGLQJVDQGHVSHFLDOO\WKHKHDWFRQVXPSWLRQRIVSDFHKHDWLQJ,WLVPRUHGLIILFXOW
WRDIIHFWWKHHOHFWULFLW\RUKRWZDWHUFRQVXPSWLRQEHFDXVHWKH\GHSHQGPRUHRQWKH
KDELWVRIWKHUHVLGHQWV







(QHUJ\FRQVXPSWLRQVFHQDULRV


+HDWHQHUJ\FRQVXPSWLRQ0:KD



(OHFWULFLW\FRQVXPSWLRQ0:KD

0:KD






%DVHFDVH

/RZHQHUJ\
EXLOGLQJ

3DVVLYHKRXVHV



)LJXUH(QHUJ\FRQVXPSWLRQRIWKHSLORWDUHDLQGLIIHUHQWVFHQDULRV
1H[WGLIIHUHQWHQHUJ\SURGXFWLRQRSWLRQVZHUHVWXGLHG7KHILUVWRSWLRQZDVTXLWH
H[WUHPHZLWKWKHWDUJHWRIXVLQJRQO\UHQHZDEOHHQHUJ\VRXUFHVDQGDFKLHYLQJDV
ORZDQHPLVVLRQOHYHODV SRVVLEOH7KDWPHDQWJURXQG KHDWSXPSV EXLOGLQJLQWH
JUDWHGVRODUSDQHOVDQGZLQGSRZHU

+HDWFROOHFWLRQSLSHVFRXOGEHPRXQWHGRQWKHJROIFRXUWORFDWHGFORVHWRWKHSLORW
DUHD,WZDVDVVXPHGWKDWWKH&23RIWKHKHDWSXPSVLVDQGWKHKHDW\LHOGLV
N:KPD2QHRIWKHFKDOOHQJHVZDVWKHIDFWWKDWKHDWSXPSVFRQVXPHHOHFWULFLW\
ZKLFKLVDOVRVXSSRVHGWREHSURGXFHGZLWKLQWKHDUHD,IZDVIXUWKHUDVVXPHGWKDW
WKHHQWLUHDUHDRIURRIVFRXOGEHXWLOL]HGZLWKEXLOGLQJLQWHJUDWHGVRODUSDQHOV,WZDV
FDOFXODWHGWKDWWKH\LHOGRIWKHVRODUSDQHOVZRXOGEH0:KD7KLVPHDQV
WKDWWKHUHVKRXOGDOVREHDORWRIZLQGHQHUJ\LQDEDVHFDVH0:KD WKH
SRZHUFDSDFLW\EHLQJ0: ORZHQHUJ\EXLOGLQJOHYHO0:KD ZLWKWKH
SRZHU FDSDFLW\ RI  0:  DQG SDVVLYH EXLOGLQJ OHYHO  0:KD ZLWK WKH
SRZHUFDSDFLW\0: 7KHSRZHUOHYHOVRIZLQGSRZHUDUHFDOFXODWHGZLWKDFD
SDFLW\IDFWRURI,QWKLVRSWLRQWKHWDUJHWZDVWRSURGXFHDVPXFKHQHUJ\DVLV
FRQVXPHGLQWKHDUHDEXWLWLVDVVXPHGWKDWWKHDUHDLVFRQQHFWHGWRWKHQDWLRQDO
HOHFWULFLW\JULG ZKLFKHYHQV RXWWKHGLIIHUHQFHVEHWZHHQ WKH SURGXFWLRQDQG FRQ
VXPSWLRQFRQWLQXRXVO\

7KHVHFRQGRSWLRQZDVDFRPELQHGKHDWDQGSRZHUSURGXFWLRQ &+3 SODQWIXHOOHG
ZLWKZRRGFKLSV7KHWKLUGRSWLRQZDVDOVRD&+3SODQWEXWIXHOOHGZLWKELRJDVSUR
GXFHGIURPWKHZDVWHV,WZDVDVVXPHGWKDWWKH&+3SODQWLVRSHUDWHGDFFRUGLQJ
WRWKHKHDWGHPDQGLQWKHDUHDDVXVXDO,QDGGLWLRQLWZDVDVVXPHGWKDWWKHSODQW
SURGXFHVRIDQQXDOKHDWFRQVXPSWLRQDQGWKHUHVWRIWKHKHDWGHPDQGLVFRY
HUHGZLWKUHVHUYHSODQWVIRUH[DPSOHDQDWXUDOJDVERLOHU7KH&+3SURFHVVHVXVHG
ZHUHFDOFXODWHGZLWKLQIRUPDWLRQIURPUHDOH[LVWLQJSODQWVIURPWKHGDWDEDVHRIWKH





*(0,6VRIWZDUH7KHSODQW XVLQJZRRG DVDIXHOSURGXFHG 0:K RIKHDW SHU 
0:KRIHOHFWULFLW\ZLWKDQHOHFWULFDOHIILFLHQF\RIDQGRSHUDWLQJWLPHRI
KD7KHELRJDV&+3SODQWSURGXFHG0:KRIKHDWSHU0:KRIHOHFWULFLW\DQG
WKHHIILFLHQF\DQGRSHUDWLQJWLPHZHUHWKHVDPHDVWKHZRRGFKLS&+3SODQW

7KH JUHHQKRXVH JDV HPLVVLRQV RI WKHVH GLIIHUHQW HQHUJ\ SURGXFWLRQ RSWLRQV DUH
VKRZQLQ)LJXUH7KHHPLVVLRQFDOFXODWLRQVLQFOXGHWKHHPLVVLRQVSURGXFHGGXU
LQJWKHHQWLUHOLIHF\FOHRIWKHLUSURFHVVHV LQFOXGLQJIRUH[DPSOHFRQVWUXFWLRQDQG
WUDQVSRUWDWLRQ 7KHVHUHVXOWVZHUHDOVRFRPSDUHGWRWKHEDVHFDVHZKLFKUHSUH
VHQWV WKH FXUUHQW VLWXDWLRQ LQ 5XVVLD $FFRUGLQJ WR ,($ LQ 5XVVLD EXLOGLQJV DUH
KHDWHG PRVW FRPPRQO\ ZLWK GLVWULFW KHDWLQJ LQ ZKLFK WKH KHDW LV SURGXFHG IURP
QDWXUDOJDV7KHHPLVVLRQVRIEDVHFDVHHOHFWULFLW\DUHFDOFXODWHGZLWK*(0,6IURP
WKHEDVHGDWDRI,($ ,($ 




)LJXUH*UHHQKRXVHJDVHPLVVLRQIURPGLIIHUHQWHQHUJ\SURGXFWLRQRSWLRQVLQWKH
ILUVWSLORWFDVH /( ORZHQHUJ\EXLOGLQJV3DVVLYH 3DVVLYHEXLOGLQJV+3 KHDW
SXPS%,39 EXLOGLQJLQWHJUDWHGVRODUSDQHOV&+3ZRRG &+3SODQWWKDWXVHV
ZRRGFKLSV&+3ELRJDV &+3SODQWWKDWXVHVELRJDV 

 6XPPDU\RIILQGLQJV
(QHUJ\HIILFLHQWGLVWULFWVLVDZLGHUHVHDUFKWRSLF7KHWRSLFKDVEHHQDQDO\VHGLQ
WKH MRXUQDO DQG FRQIHUHQFH SDSHUV PHQWLRQHG HDUOLHU 7KH DQDO\VHV FRQVLVWHG RI
TXHVWLRQQDLUHVVXUYH\VHQHUJ\DQDO\VHVWRROGHYHORSPHQWDQGWKHGHYHORSPHQW
RIDQ(FR&LW\FRQFHSW7KHPDLQILQGLQJVRIWKHDQDO\VHVUHOHYDQWIRUWKLVWKHVLVDUH
VXPPDULVHGLQ7DEOH






7DEOH6XPPDU\RIPDLQILQGLQJVIURPWKHDQDO\VHV

7RSLF

4XHVWLRQQDLUHDQGUHVL
GHQWVVXUYH\

'HWDLOHGHQHUJ\V\VWHP
DQDO\VLV

(QHUJ\HIILFLHQF\UDWLQJ
RIGLVWULFWV
'LVWULFWOHYHOHQHUJ\HIIL
FLHQF\DQDO\VLV

'LVWULFWOHYHOHQHUJ\V\V
WHPDQDO\VHV

&RQFHSWIRUHFRORJLFDO
FLW\SODQQLQJ

0DLQILQGLQJV
&LW\ SODQQLQJ SURIHVVLRQDOV H[SHULHQFH D ODFN RI
NQRZKRZDERXWHQHUJ\HIILFLHQF\DQGUHQHZDEOH
HQHUJ\ V\VWHPV 6XSSRUWLYH WRROV DQG JXLGHOLQHV
DUHQHHGHG

*UHHQDUHDVDUHYDOXHGDQGVDIHW\LVFRQVLGHUHG
D SUREOHP 5HVLGHQWV LQ 6W 3HWHUVEXUJ 5XVVLD
GRQ¶WYDOXHUHQHZDEOHHQHUJ\YHU\KLJKO\DQGDUH
QRWZLOOLQJWRLQYHVWLQWKDW,QRUGHUWRSXVKUHQHZ
DEOHHQHUJ\DQGHQHUJ\HIILFLHQF\RWKHUWKDQYRO
XQWDU\PDUNHWEDVHGDFWLRQLVQHHGHG

+HDWWUDGLQJFRXOGEHDIXQFWLRQDOZD\WRGHYHORS
GHFHQWUDOLVHGHQHUJ\V\VWHPV7KHUHLVDSRWHQWLDO
DGYDQWDJHWREHXWLOLVHGZKHQEXLOGLQJVZLWKFRQ
VXPSWLRQSURILOHVGLIIHUHQWLQVKDSHDQGRUWLPLQJ
DUHFRQQHFWHGWKURXJKDGLVWULFWKHDWLQJQHWZRUN
+ROLVWLF DSSURDFK WR HQHUJ\ V\VWHP SODQQLQJ LV
QHHGHGWRDFKLHYHWKHVHEHQHILWV

(QHUJ\HIILFLHQF\ RIGLVWULFWVFDQEHLPSURYHG E\
FKDQJHV PDGH LQ WKH GHWDLOHG FLW\ SODQ 7KH DV
VHVVPHQW WRRO GHYHORSHG KHOSV WKH FLW\ SODQQHUV
LPSURYHWKHHQHUJ\HIILFLHQF\

7RDFKLHYHDXQLYHUVDOO\HIILFLHQWHQHUJ\VROXWLRQ
WKHHQWLUHHQHUJ\FKDLQQHHGVWREHDQDO\VHGDQG
LPSURYHPHQWV PDGH EHDULQJ LQ PLQG WKH ZKROH
HQHUJ\FKDLQ

&RQFHSWFDQEHEDVHGRQJHQHUDOJOREDOFRQFHSWV
EXW KDYH WR DOZD\V EH ORFDOLVHG $QDO\VLV RI HQ
HUJ\ V\VWHPV LV D NH\ IDFWRU LQ RUGHU WR ILQG WKH
EHVWVROXWLRQVIRUDQHFRORJLFDOGLVWULFW








 'LVFXVVLRQ

7KH UHVHDUFK TXHVWLRQ ZDV ZKHWKHU HQHUJ\ HIILFLHQW XUEDQ SODQQLQJ FDQ EH VXS
SRUWHGE\DKLJKHUGHJUHHRIUHJXODWLRQV7KHPDLQUHVHDUFKTXHVWLRQZDVDQDO\VHG
E\DQDO\VLQJZKHWKHUDKROLVWLFDSSURDFKWRHQHUJ\V\VWHPSODQQLQJFRXOGEHEHQ
HILFLDO LQ WKLV DVSHFW OHDGLQJ WR WKH TXHVWLRQ ZKHWKHU D UHJXODWLYH DSSURDFK LV
QHHGHGWRDFKLHYHDKROLVWLFDSSURDFK7KHUROHRIWRROVDQGJXLGHOLQHVVWHHULQJWKH
UHJXODWLRQVLQWKHULJKWGLUHFWLRQZDVWKHIROORZXSTXHVWLRQ

,QWKLVFKDSWHUWKHVHTXHVWLRQVDUHGLVFXVVHGEDVHGRQWKHILQGLQJVIURPWKHDQDO
\VHVGHVFULEHGHDUOLHUIROORZLQJWKHOLIHF\FOHRIWKHXUEDQSODQQLQJSURFHVVIURP
UHJLRQDOSODQQLQJSKDVHWRUHQRYDWLRQRIH[LVWLQJGLVWULFWV

'LIIHUHQWVWDJHVRIWKHXUEDQSODQQLQJSURFHVVFDQGHWHUPLQHGLIIHUHQWDVSHFWVUH
ODWHGWRHQHUJ\HIILFLHQF\DQGVXVWDLQDELOLW\%HORZWKHVHSKDVHVDUHGLVFXVVHGIURP
D)LQQLVKSHUVSHFWLYH VXPPDULVHGLQ7DEOH ZLWKVRPHIXUWKHUGLVFXVVLRQORRNLQJ
DWWKHWRSLFLQDZLGHULQWHUQDWLRQDOFRQWH[W,WVKRXOGEHQRWHGWKDWXUEDQSODQQLQJ
SURFHVVHVGLIIHUIURPFRXQWU\WRFRXQWU\,QJHQHUDOWKHSODQQLQJLVGRQHRQGLIIHUHQW
OHYHOVZLWKPRUHQDWLRQDOOHYHOGHFLVLRQVEHLQJPDGHLQJHQHUDOSODQVDQGWKHGHFL
VLRQVPRYLQJGRZQWRWKHFRPPXQLW\DQGHYHQLQGLYLGXDOOHYHOZKHQWKHVFRSHQDU
URZVWRFLW\SODQVGHWDLOHGFLW\SODQVDQGSODQVRIEORFNVDQGKRXVHV


 5HJLRQDOSODQQLQJSKDVH

,QWKHUHJLRQDOSODQ GHFLVLRQVDUHPDGHUHODWHGWR PDMRU LQIUDVWUXFWXUHVRQ D UH
JLRQDO OHYHO DQG VRPH EDVH SULQFLSOHV UHODWHG WR SODFHPHQW RI GDLO\ VHUYLFHV IRU
H[DPSOHWKHGHFLVLRQRQZKHWKHUWKHFLW\LVDOORZHGWRSODQELJIRRGPDUNHWVRXWVLGH
WKHFLW\FHQWUH7KLVLVDQH[DPSOHRIDGHFLVLRQWKDWZKHQEHLQJPDGHORRNLQJDW
WKHFLWLHVVKRUWWHUPHFRQRPLFEHQHILWVPLJKWOHDGWRDQRQVXVWDLQDEOHVROXWLRQLQ
WKHORQJWHUP7KHUHIRUHLWLVSRVLWLYHWKDWVXFKGHFLVLRQVDUHPDGHRQDUHJLRQDO
OHYHODQGDUHQRWEHLQJVWHHUHGE\DFLW\¶VVKRUWWHUPLQWHUHVWV0DMRUWUDQVSRUWDWLRQ
UHODWHGGHFLVLRQVDUHPDGHLQWKLVSKDVHDOVRDVDUHGHFLVLRQVUHODWHGWRUDLOZD\V
DQGRWKHUUHJLRQDOORJLVWLFVLQIUDVWUXFWXUH7KHVHDUHDOODVSHFWVWKDWKDYHDPDMRU
LQIOXHQFHRQWKHPRELOLW\RISHRSOHDQGKDYHDJUHDWHIIHFWRQHPLVVLRQVDQGHQHUJ\
HIILFLHQF\,QUHFHQW\HDUVWKHUHKDYHEHHQH[DPSOHVRIUHJLRQDOSODQVWKDWEHWWHU
WDNHVXVWDLQDELOLW\LQWRDFFRXQWRQHH[DPSOHEHLQJDVWULFWHUDSSURDFKWRGDLO\VHU
YLFHVEHLQJSODFHGRXWVLGHRIFLW\FHQWUHV7KHUHDUHKRZHYHUVWLOOLPSURYHPHQWV
WREHPDGHLQWKLVWKHLQWHUSUHWDWLRQRIWKHOHJLVODWLRQLQWKHVHDVSHFWVFDQYDU\D
JUHDWGHDODPRQJSODQQHUV$VVHVVPHQWWRROVIRUDVVHVVLQJWKHLPSDFWVRIGLIIHUHQW
SODQQLQJGHFLVLRQVDUHQHHGHGLQRUGHUIRUWKHHIIHFWVRQVXVWDLQDELOLW\WREHPRUH
HDVLO\NQRZQDQGWKHUHIRUHWKHGHFLVLRQVEHLQJPRUHDFFHSWHGDOVRDWWKHFLW\OHYHO





:KHQDVVHVVPHQWFDQEHPDGHPRUHSUHFLVHZLWKDJUHHGREMHFWLYHWRROVDQGPHWK
RGVWKHOHJLVODWLRQFDQDOVREHPRUHGHWDLOHGDQGZLOOEHOHVVGHSHQGHQWRQLQGLYLG
XDOSODQQHUV¶LQWHUSUHWDWLRQVDQGPLQGVHWV


 0DVWHUSODQQLQJSKDVH

7KHPDVWHUSODQQLQJLVGRQHZLWKLQWKHFRPPXQLW\,WGUDZVRQWKHPDLQSULQFLSOHV
RIDFKRVHQDUHDUHJDUGLQJZKDWW\SHRIXVHWKHDUHDVKDOOEHSXWWRDOVRFDOOHG
]RQLQJ7KHPDVWHUSODQGUDZVXSWKHSODQVUHODWHGWRSXEOLFWUDQVSRUWDWLRQ,QUH
JDUGWRHQHUJ\V\VWHPVGHFLVLRQVRQEXLOGLQJDGLVWULFWKHDWLQJQHWZRUNIRUDGLVWULFW
DUHWDNHQLQWKHPDVWHUSODQQLQJSKDVH

5HJDUGLQJWUDQVSRUWDWLRQWKH PDLQSULQFLSOHLQWKHPDVWHUSODQQLQJSKDVHVKRXOG
DOZD\VEHWRKDYHSXEOLFWUDQVSRUWDWLRQF\FOHURXWHVDQGSHGHVWULDQVDVILUVWSULRU
LWLHV,QIUDVWUXFWXUHIRUSULYDWHFDUVVKRXOGEHSODQQHGDVWKH³VHFRQGRUWKLUG´RSWLRQ
RQO\,QWKHFLW\RI3RUYRRLQVRXWKHUQ)LQODQGWKHPDVWHUSODQRIWKHDUHD6NDIWNlUU
LVDJRRGH[DPSOHRIZKHUHWKLVWKLQNLQJKDVEHHQUHDOLVHG(YHQWKRXJKWKHDUHD
LV ± NP RXWVLGH RI WKH FLW\ FHQWUH WKH PDVWHU SODQ ZDV SUHSDUHG EDVHG RQ EXV
WUDQVSRUWDWLRQDQGJRRGF\FOHURXWHV,QWKHILUVWUHDOLVHGGHWDLOHGSODQLQWKLVDUHD
WKHPDVWHUSODQSULQFLSOHZDVIROORZHGE\SODQQLQJWKHIDVWHVWDQGPRVWGLUHFWURXW
LQJIRUWKHSXEOLFWUDQVSRUWDWLRQDQGF\FOHVRQO\3ULYDWHFDUVZHUHGLUHFWHGWRDQ
RWKHUURXWH7KLVZDVKRZHYHUQRWDVLPSOHSURFHVV7KHVKLIWIURPDPDVWHUSODQ
GHFLVLRQWR GHWDLOHG SODQUHDOLVDWLRQ ZDV QRWFOHDU WR GHFLVLRQPDNHUV7KHVDPH
GHFLVLRQPDNHUVWKDWKDGDSSURYHGWKHPDVWHUSODQZHUHRSSRVLQJWKHGHWDLOHGSODQ
HYHQZKHQWKHGHWDLOHGSODQZDVRQO\UHDOLVLQJWKHPDVWHUSODQ7KLVLVDQH[DPSOH
VKRZLQJWKDWPRUHJXLGHOLQHVDQGWRROVDUHQHHGHGWRVKRZWKHLPSDFWRIGHFLVLRQV
:D\VWRVKRZZKDWPDVWHUSODQOHYHOGHFLVLRQVPHDQLQSUDFWLFHRQDGHWDLOHGSODQ
OHYHODUHDOVRQHHGHG,QWKH3RUYRRFDVHWKLVZDVQRWFOHDUIRUDOO0RVWGHFLVLRQ
PDNHUVDJUHHGRQWKHRYHUDOOSULQFLSOHEXWFRXOGQRWXQGHUVWDQGWKHSUDFWLFDOLPSOL
FDWLRQV 7KLV LV RI FRXUVH QDWXUDO VLQFH GHFLVLRQ PDNHUV DUH QRW H[SHUWV LQ FLW\
SODQQLQJ

7KH HQHUJ\ V\VWHPVDUHWR VRPH H[WHQWEHLQJ DGGUHVVHG LQWKH PDVWHUSODQQLQJ
SKDVH'HWDLOVDUHOHIWIRUWKHGHWDLOHGSODQQLQJEXWWKHPDLQSULQFLSOHVFDQEHODLG
GRZQDOUHDG\LQWKHPDVWHUSODQ7KHGLVWULFWKHDWLQJQHWZRUNLVRIWHQDGGUHVVHGLQ
WKLV SKDVH $V GLVFXVVHG LQ $UWLFOHV, ,,, DQG ,9 WKH PRUH KROLVWLFDOO\ WKH HQHUJ\
V\VWHPV DUH SODQQHG WKH PRUH OLNHO\ WKH\ DUH WR DFKLHYH HIILFLHQW VROXWLRQV 7KH
FROODERUDWLRQEHWZHHQHQHUJ\XWLOLWLHVDQGFLW\SODQQHUVFRXOGRIWHQEHFORVHULQWKLV
SKDVH,QRUGHUIRUWKHFLW\ SODQQHUVWRDVVHVVWKH HIILFLHQF\RIGLIIHUHQWSODQQLQJ
RSWLRQVWKH\QHHGLQSXWIURPWKHHQHUJ\XWLOLWLHVIRUH[DPSOHZKHQDVVHVVLQJWKH
WUDQVPLVVLRQORVVHVRIWKHQHWZRUN7KHHQHUJ\XWLOLWLHVPLJKWEHQHILWLIWKHFROODER
UDWLRQFRXOGOHDGWRSODQQLQJRIDW\SHWKDWLVPRVWEHQHILFLDOIRUWKHLQVWDOODWLRQRI
WKHKHDWLQJQHWZRUN,WVKRXOGDOVREHQRWHGWKDWGLVWULFWKHDWLQJVKRXOGQRWEHFRQ
VLGHUHGDXWRPDWLFDOO\WREHWKHEHVWVROXWLRQRWKHURSWLRQVVKRXOGQDWXUDOO\DOVREH





FRQVLGHUHG7KHORFDOHQHUJ\XWLOLW\FRXOGDOVRSOD\DUROHLQRWKHURSWLRQVE\GHYHO
RSLQJWKHLUVHUYLFHDQGEXVLQHVVFRQFHSWV

7KURXJKLQQRYDWLYHEXVLQHVVPRGHOVUHQHZDEOHHQHUJ\FDQDOVREHSURPRWHG)RU
H[DPSOHLQWKDWWKHORFDOHQHUJ\XWLOLW\LQYHVWVLQORFDOUHQHZDEOHHOHFWULFLW\SURGXF
WLRQLQVWDOOHGLQEXLOGLQJV$PRGHOZRUWKFRQVLGHULQJFRXOGEHWKDWWKHHQHUJ\XWLOLW\
UHQWVWKHURRIVSDFHRIWKHEXLOGLQJVDQGRZQVWKHSKRWRYROWDLFSDQHOVDQGKDQGOHV
HYHU\WKLQJ UHJDUGLQJ HOHFWULFLW\ SURGXFWLRQ 7KH EXVLQHVV PRGHO FRXOG EH IXUWKHU
HODERUDWHGIRUH[DPSOHWKHUHQWRIWKHURRIFRXOGEHFRYHUHGZLWKDVSHFLILFDPRXQW
RIHOHFWULFLW\2QHLVVXHWRGLVFXVVLVZKHWKHUDKLJKO\UHJXODWHGHQYLURQPHQWJLYHV
HQRXJKIUHHGRPIRUGHYHORSLQJVXFKQHZZD\VRIGRLQJEXVLQHVV":KHQDSSOLHG
ZLVHO\ WKH UHJXODWLYH DSSURDFK FRXOG HYHQ VXSSRUW WKH FUHDWLRQ RI QHZ EXVLQHVV
PRGHOVEXWPRVWOLNHO\LQDFHUWDLQGLUHFWLRQFKRVHQE\WKHUHJXODWLQJDFWRU7KLVLQ
LWVHOI LV DQ REVWDFOH WR UHDOO\ QHZ DQG LQQRYDWLYH VROXWLRQV 7KHVH DVSHFWV ZHUH
SDUWO\ DQDO\VHG LQ $UWLFOH , ZKHUH WKH KHDW WUDGLQJ FRQFHSW RI VPDOO VFDOHG KHDW
SURGXFHUVEHLQJDEOHWRVHOOWKHLUH[FHVVKHDWWRWKHGLVWULFWKHDWLQJQHWZRUNZDV
DQDO\VHG

,QUHJDUGWR]RQLQJPRUHPL[HG ]RQLQJ ZRXOG EHSRVLWLYH ZKLOHWKDWVXSSRUWVWKH
GHYHORSPHQWRIPRUHGDLO\VHUYLFHVDYDLODEOHDQGZRUNSODFHVEHLQJFORVHUWRUHVL
GHQWLDO DUHDV,WFRXOGEHVWDWHGLQWKHUHJXODWLRQVWKDWWKH QXPEHURIZRUNSODFHV
VKRXOGEHDFHUWDLQPLQLPXPSHUFHQWDJH RIWKHQXPEHURIUHVLGHQWVHVWLPDWHGLQ
WKHGLVWULFW7KLVUDLVHVWKHTXHVWLRQDERXWKRZWRGHILQHD³ZRUNSODFH´",IWKHSODQ
LQFOXGHVRIILFHVPHDQWIRUUHPRWHZRUNHUVDUHWKHVHFRQVLGHUHGWREHZRUNSODFHV
HYHQLIWKHUHLVQRJXDUDQWHHRIWKHSODQEHLQJLPSOHPHQWHG"7KHUHLVDULVNRIVXFK
ORWVEHLQJOHIWHPSW\ZKLFKGRHVQRWVHUYHDQ\ERG\ DQG RQO\PDNHVHQHUJ\ HIIL
FLHQF\ZRUVHGXHWROHVVGHQVLW\LQWKHSODQ2QWKHPDVWHUSODQOHYHOVRPH]RQLQJ
RIDFWLYLWLHVHQDEOLQJZRUNSODFHVVKRXOGDWOHDVWEHWDUJHWHG7KHGHWDLOVDUHPRYHG
RQWRWKHQH[WSODQQLQJSKDVHWKHGHWDLOHGSODQQLQJ7KHLPSDFWRIZRUNSODFHVDQG
GDLO\VHUYLFHVRQDGLVWULFWVHQHUJ\HIILFLHQF\ZHUHDQDO\VHGLQ$UWLFOHV,,DQG9,Q
$UWLFOH ,, DQ HQHUJ\ HIILFLHQF\ UDWLQJ WRRO LV GHVFULEHG DQG LQ $UWLFOH 9 D FULWHULD
VHWWLQJIRU(FR&LWLHVLQ6W3HWHUVEXUJ5XVVLDLVDQDO\VHG


 'HWDLOHGSODQQLQJSKDVH

,QWKHGHWDLOHGSODQQLQJSKDVHWKHGHWDLOHGHQHUJ\XVHRIWKHEXLOGLQJVFDQWRVRPH
H[WHQWEHLQIOXHQFHGDQGVRPHPHDVXUHVFDQEHWDNHQWRHQKDQFHHQHUJ\HIILFLHQF\
LQOLYLQJKDELWV,Q)LQODQGZD\VRIUHJXODWLQJVXFKFKRLFHVDUHUDWKHUOLPLWHG7KH
FLW\SODQ FDQWRGD\ HQDEOHUHQHZDEOH HOHFWULFLW\SURGXFWLRQEXWFDQQRW HQIRUFH LW
:D\V IRU HQDEOLQJ LW DUH IRUH[DPSOH WR GLUHFW KRXVHV RSWLPDOO\ LQUHJDUG WR WKH
VRODUHQHUJ\SURGXFWLRQSRWHQWLDOLHURRIVWLOWHGWRZDUGVWKHVRXWKZLWKDQRSWLPDO
DQJOH,QDGGLWLRQWKHVKDGLQJRIWKHURRIVXUIDFHVIURPRWKHUEXLOGLQJVDQGWUHHV
FDQEHPLQLPLVHG6PDOOVFDOHZLQGSRZHUFDQEHSURPRWHGE\PHQWLRQLQJLQWKH
SODQWKDWLWLVDOORZHGWRSODFHVPDOOZLQGWXUELQHVRQWKHURRIVRURQWKHORW%\DQ





HIILFLHQWSODFHPHQWRIWKHORWVDQGWKHEXLOGLQJVRQWKHORWVWUDQVPLVVLRQORVVHVRI
GLVWULFWKHDWLQJFDQEHUHGXFHG$OOWKHVHDFWLRQVDUHKRZHYHUYROXQWDU\IRUWKHFLW\
SODQQHUV7KHUHFRXOGEHUHJXODWLRQVVWDWLQJWKDWWKHSODQQHUVPXVWWDNHWKHVHDV
SHFWVLQWRDFFRXQWWKDWWKH\PXVWHQDEOHUHQHZDEOHHQHUJ\7KLVZRXOGKRZHYHU
UHTXLUHVXSSRUWIRUWKHFLW\SODQQHUVLQWHUPVRIWRROVJXLGHOLQHVDQGDFORVHUFRO
ODERUDWLRQZLWKHQHUJ\XWLOLWLHV:LWKWRROVOLNHWKHRQHVKRZQLQ$UWLFOH,,DWLJKWHU
UHJXODWLRQFRXOGEHVWHHUHGWRZDUGVPRUHHQHUJ\HIILFLHQWVROXWLRQV

7DNLQJWKHUHJXODWLRQWRDOHYHOZKHUHLWZRXOGEHVWULFWO\UHJXODWHGWRFKRRVHFHUWDLQ
HQHUJ\V\VWHPVPLJKWQRWEH ZLVH,QQRYDWLYHVROXWLRQVPLJKW QRW EHIRXQGLIWKH
FKRLFHRIHQHUJ\V\VWHPVLVUHJXODWHGWRRPXFK7KHUHLVDOVRDULVNRIVXFKDUHJ
XODWLRQ EHLQJKHDYLO\LQIOXHQFHGE\ SROLWLFVHQGLQJXSZLWKUHJXODWLRQVVXSSRUWLQJ
QRQRSWLPDOVROXWLRQV$QRWKHUWKLQJWRUHPHPEHULVWKDWWKHUHLVQRVLQJOHRSWLPDO
VROXWLRQEXWWKHRSWLPXPLVDOZD\VGHSHQGHQWRQWKHORFDWLRQWKHEXLOGLQJVDQGWKH
DYDLODEOHUHVRXUFHV$UWLFOH,9ZKLFKDQDO\VHG HQHUJ\V\VWHPUHQRYDWLRQVLQGLV
WULFWVLQ0RVFRZFRQFOXGHGWKDWDQDO\VLVRIHPLVVLRQVDQGLPSDFWVRIGLIIHUHQWHQ
HUJ\VROXWLRQV LV QRW VWUDLJKWIRUZDUGDQGVLPSOHEXWDQDO\VHVPXVWWDNHGLIIHUHQW
LPSDFWVLQWRDFFRXQWDQGPDNHDQRYHUDOODVVHVVPHQWEDVHGRQORFDOSUHIHUHQFHV
7KHUHIRUHLWZRXOGQRWEHSRVVLEOHWRUHJXODWHWKHFKRLFHRIDVSHFLILFV\VWHP+RZ
HYHULWVKRXOGEHUHJXODWHGWKDWRSWLRQVQHHGWREHDQDO\VHGDQGWKDWVXVWDLQDELOLW\
VKRXOGEHWDNHQLQWRDFFRXQWZKHQFKRRVLQJHQHUJ\VROXWLRQV

7KH GHQVLW\ OHYHO RI WKH XUEDQ VWUXFWXUH FDQ LQIOXHQFH WKH HQHUJ\HIILFLHQF\ RI D
GLVWULFW DV ZDV IRXQG LQ $UWLFOH ,, ZKHUH DQ HQHUJ\ HIILFLHQF\ UDWLQJ WRRO ZDV GH
VFULEHG'HQVHFLW\VWUXFWXUHLVFRQVLGHUHGDQLQGLFDWRURIJRRGSODQQLQJOHDGLQJWR
KLJKHUHQHUJ\HIILFLHQF\DQGVXVWDLQDELOLW\GXHWRVHUYLFHVEHLQJFORVHDQG SXEOLF
WUDQVSRUWDWLRQV\VWHPVEHLQJSURILWDEOHDQGZHOOZRUNLQJ$QLQWHUHVWLQJDVSHFWLQ
WKLVUHJDUGLVZKHWKHUWKHUHLVDOLPLWWRKRZGHQVHWKHXUEDQVWUXFWXUHFDQJHWEHIRUH
WKH TXDOLW\RIOLIHVWDUWVWRGHFUHDVH2UZLOOWKHGHFUHDVHLQTXDOLW\RIOLIHKDSSHQ
RQO\ LI WKH GHQVLILFDWLRQ KDV QRW HYROYHG LQ D UHJXODWHG PDQQHU DV LV WKH FDVH LQ
$OH[DQGULD(J\SW7KHXUEDQVWUXFWXUHLVYHU\GHQVHZKLFKVKRXOGPHDQYHU\ZHOO
IXQFWLRQLQJSXEOLFWUDQVSRUWDWLRQEXWGXHWRDYHU\ORZOHYHORIUHJXODWLRQVRUHQ
IRUFHPHQWRIUHJXODWLRQWKHHQGUHVXOWLVSRRULQWHUPVRIPRELOLW\DQGDLUTXDOLW\
:KHQDSSOLHGWRDZHOOUHJXODWHGHQYLURQPHQWLVWKHUHDSRLQWRIGHQVLW\ZKHUHWKH
HFRHIILFLHQF\VWDUWVWRGHFUHDVH"


 &RQVWUXFWLRQXVDJHDQGUHQRYDWLRQSKDVH

,QWKHFRQVWUXFWLRQSKDVHWKHLQVSHFWLRQRIFRQVWUXFWLRQFDQWDNHDQDFWLYHSDUWLQ
SURPRWLQJ UHQHZDEOH HQHUJ\ WHFKQRORJLHV DQG HQHUJ\HIILFLHQW FRQVWUXFWLRQ WHFK
QRORJLHV,QRUGHUIRUWKHFLW\SODQQHUDQGWKHLQVSHFWLRQRIFRQVWUXFWLRQWRHQDEOH
DVPXFKDVSRVVLEOHDQGVXSSRUWWKHLQGLYLGXDOEXLOGHUVWKH\QHHGWRNQRZZKDWWR
SURPRWH 7KH TXHVWLRQQDLUH GRQH IRU XUEDQ SODQQHUV DQG FRQVWUXFWLRQ LQVSHFWRUV
VKRZHGDODFNRINQRZKRZDQGQHHGIRUWRROVDQGVXSSRUW:KHQKDYLQJHDV\WR





XVH WRROVWKDWVKRZZKDWNLQGRIHQHUJ\VROXWLRQV ZRXOGOHDGWR WKH RYHUDOO PRVW
HQHUJ\HIILFLHQWVROXWLRQVWKH\FDQWDNHWKRVHVROXWLRQVLQWRDFFRXQWLQWKHLUZRUN
+RZPXFKWKHFRQVWUXFWLRQLQVSHFWRUVFDQLQIOXHQFHHQHUJ\HIILFLHQF\LVWRGD\GH
SHQGHQWRQO\RQWKHDFWLYLW\RIWKHLQVSHFWRUV7KHFLW\FDQEHDFWLYHDQGWUDLQWKH
LQVSHFWRUVWRSURPRWHHQHUJ\HIILFLHQF\7KH&LW\RI2XOXLQ)LQODQGKDVIRUPDQ\
\HDUVEHHQDQH[DPSOHRIDFLW\LQZKLFKWKHEXLOGLQJLQVSHFWLRQKDVEHHQSURPRWLQJ
HQHUJ\HIILFLHQF\YHU\DFWLYHO\6RPHRWKHUFLWLHVKDYHIROORZHGWKLVH[DPSOHEXW
WKHPDMRULW\RIFLWLHVVWLOOPXFKWRLPSURYHLQWKLVUHVSHFW,WFRXOGHDVLO\EHUHJXODWHG
IRUFLWLHVWRIROORZWKHH[DPSOHRI2XOX,WVKRXOGKRZHYHUEHQRWHGWKDWFLWLHVKDYH
EHHQJLYHQLQFUHDVLQJO\PRUHWDVNVE\WKHVWDWHZLWKOHVVDQGOHVVPRQH\WRFDUU\
RXWWKHWDVNV,WQHHGVWREHVKRZQWKDWWKHFLW\ZLOOJDLQIURPWKHGHYHORSPHQWDQG
WKDWLWGRHVQRWUHTXLUHPXFKLQYHVWPHQWLQWHUPVRIWLPHDQGPRQH\7KLVLVWKH
FDVHHVSHFLDOO\IRUVPDOOHUFLWLHV

:KHQFRQVLGHULQJWKHHQHUJ\HIILFLHQF\RIGLVWULFWVHPSKDVLVLVDOVRQHHGHGWREH
SODFHGRQLQFUHDVLQJSHRSOH¶VDZDUHQHVVRIWKHLUOLYLQJKDELWVDQGWKHLULPSDFWRQ
HQHUJ\ HIILFLHQF\ 7KHVH DUH KRZHYHU WKLQJV WKDW DUH QRW YHU\ HDVLO\ DFKLHYHG
WKURXJKWKHFLW\SODQQLQJ$YDLODELOLW\RIGDLO\VHUYLFHVDQGSXEOLFWUDQVSRUWDWLRQDUH
WKHREYLRXVLVVXHVWKDWFDQEHLQIOXHQFHGDVGLVFXVVHGLQ$UWLFOHV,,DQG9,Q$UWLFOH
,,DQHQHUJ\HIILFLHQF\UDWLQJWRROLVGHVFULEHGDQGLQ$UWLFOH9DFULWHULDVHWWLQJIRU
(FR&LWLHV LQ 6W 3HWHUVEXUJ 5XVVLD LV DQDO\VHG 'RPHVWLF HOHFWULFLW\ XVH LV PRUH
GLIILFXOWWRLQIOXHQFH7KHFLW\SODQFDQHQFRXUDJHSHRSOHWRLQVWDOOVPDUWHOHFWULFLW\
PHWHUGHYLFHVWKDWLQWXUQHQDEOHDEHWWHUDZDUHQHVVRIHOHFWULFLW\XVH7KHXWLOLW\
FRPSDQ\FDQEDVHGRQWKHUHDOWLPHHQHUJ\GDWDSURYLGHGLIIHUHQWVHUYLFHVWRWKH
FRQVXPHUVVXSSRUWLQJPRUHHQHUJ\DZDUHKDELWV

$OVRUHQRYDWLRQDFWLYLWLHVQHHGWREHFRQVLGHUHGZKHQGLVFXVVLQJHQHUJ\HIILFLHQW
GLVWULFWVDQGFLW\SODQQLQJ$VLVFOHDUWKHSUHH[LVWLQJEXLOGLQJVFRQVXPHPRVWRI
WKHHQHUJ\XVHGE\WKHEXLOWHQYLURQPHQW7KHUHLVDKXJHEXLOGLQJVWRFNUHDFKLQJ
DVWDWHZKHQPDMRUUHQRYDWLRQVDUHQHHGHG1RZDGD\VUHQRYDWLRQVDUHPRVWRIWHQ
GRQHLQGLYLGXDOO\IRUHDFKEXLOGLQJDQGLWVPRUHVHOGRPWKDWDKROLVWLFDSSURDFKLV
XVHG ZKHUH ZKROH GLVWULFWV DUH FRQVLGHUHG DQG ZKHUH HQHUJ\ HIILFLHQF\ LPSURYH
PHQWLVQRWDNH\IDFWRULQWKHUHQRYDWLRQV%\SODQQLQJUHQRYDWLRQVKROLVWLFDOO\DQG
DOVR WDNLQJ WKH HQHUJ\ V\VWHPV LQWR DFFRXQW D EHWWHU HQG UHVXOW ZRXOG RIWHQ EH
DFKLHYHG DV ZDV FRQFOXGHG LQ $UWLFOHV ,,, DQG ,9 ZKHUH DQDO\VHV RI GLVWULFW OHYHO
UHQRYDWLRQFRQFHSWVGHYHORSHGIRUFRQGLWLRQVLQ0RVFRZ5XVVLDZHUHSHUIRUPHG
ZLWKIRFXVRQHQHUJ\HIILFLHQF\DQGHPLVVLRQV7KHFKDOOHQJHLQVXFKPDMRUUHQR
YDWLRQSURMHFWLVWRJHWWKHGLIIHUHQWVWDNHKROGHUVWRZRUNWRJHWKHUDQGWRGLYLGHWKH
FRVWV DQG EHQHILWV DPRQJ WKH VWDNHKROGHUV 7KH FLW\ SODQQLQJ FRXOG EH WKH ULJKW
DFWRUWRIDFLOLWDWHDQGSURPRWHVXFKDSURFHVV







7DEOH6XPPDU\RIILQGLQJVZLWKD)LQQLVKSHUVSHFWLYH





 7KHUROHDQGLPSRUWDQFHRIUHJXODWLRQV

+LJKO\ UHJXODWHG HQHUJ\ PDUNHWV FDQ EH ERWK D SRVLWLYH DQG D QHJDWLYH WKLQJ LQ
WHUPV RI GHYHORSPHQW /RZ UHJXODWLRQV KDYH D SRVLWLYH LPSDFW RQ PDUNHW IRUFHV
(QDEOLQJIUHHEXVLQHVVZLWKLQHQHUJ\PDUNHWFDQKDYHDSRVLWLYHHIIHFWRQWKHLP
SOHPHQWDWLRQRQUHQHZDEOHGHFHQWUDOLVHGHQHUJ\V\VWHPVDQGRWKHUVXVWDLQDEOHVR
OXWLRQV+RZHYHUDUHJXODWLYHDSSURDFKLVEHQHILFLDOZKHQORQJWHUPVROXWLRQVDUH
VRXJKWWKDWGRHVQRWEULQJVKRUWWHUPHFRQRPLFEHQHILWVEXWVHUYHVVRFLHW\ZHOOLQ
DORQJHUWLPHSHUVSHFWLYH7KHFKDOOHQJHLVWRKDYHUHJXODWLRQRQDOHYHOWKDWERWK





VWHHUVWKH GHYHORSPHQWWRZDUGV WKH RYHUDOORSWLPLVHGVROXWLRQV ZLWKRXW KLQGHULQJ
QHZLQQRYDWLYHVROXWLRQVIURPEHLQJIRXQG

2QH GHYHORSPHQW WKDW KDV EHHQ VORZHG GRZQ EHFDXVH RI D KLJKO\ PRQRSROLVHG
PDUNHWLVWKHKHDWWUDGLQJFRQFHSWWKDWZDVDQDO\VHGLQ$UWLFOH,7KHFRQFHSWZRXOG
DOORZVPDOOVFDOHKHDWSURGXFHUVWRXVHWKHGLVWULFWKHDWLQJQHWZRUNWRVHOOWKHLUH[
FHVVKHDW7KHFRQFHSWKDVQRWGHYHORSHGYHU\TXLFNO\RQHUHDVRQEHLQJWKDWWKH
GLVWULFWKHDWLQJPDUNHWLVTXLWHUHJXODWHGDQGLQYHVWPHQWLQWHQVLYHPRVWRIWHQGRP
LQDWHGE\RQHVLQJOHDFWRURQDORFDOOHYHO7KHHQHUJ\FRPSDQLHVKDYHQRWVHHQDV
EHLQJWRWKHLUEHQHILWWRDOORZVPDOOSURGXFHUVWRXVHWKHLUQHWZRUNVWRGREXVLQHVV
RI WKHLU RZQ +RZHYHU WKH FRQFHSW HQDEOHV D PRUH HIILFLHQW XVH RI WKH EXLOGLQJ
VFDOHSURGXFWLRQXQLWVDQGZKHQXVHGRQDZLGHUVFDOHFDQKDYHDQLPSDFWRQWKH
VL]LQJRIWKHFHQWUDOLVHGKHDWSURGXFLQJXQLWVZKLFKZRXOGDOVREHQHILWWKHHQHUJ\
FRPSDQLHV0LFUR&+3XQLWVDQGVRODUKHDWDUHWKHPRVWSUREDEOHKHDWLQJXQLWVWKDW
IDFHWKHVLWXDWLRQRIH[FHVVKHDWSURGXFWLRQ,QUHFHQWWLPHVWKHUHKDYHEHHQVRPH
SRVLWLYHVLJQDOVRIWKHFRQFHSWEHLQJVORZO\DFFHSWHGDQGZHPLJKWVHHWKLVVXF
FHHGLQJLQWKHIXWXUH

7KH NH\ WR GHYHORSLQJ VXVWDLQDEOH FLW\ SODQV LV IRU GLIIHUHQW GLVFLSOLQHV WR ZRUN
FORVHO\WRJHWKHU WKURXJKRXW WKH ZKROH SODQQLQJ SURFHVV7UDQVSRUWDWLRQSODQQLQJ
SODQQLQJRIEXLOGLQJVDQGSODQQLQJRIHQHUJ\V\VWHPVQHHGVWREHGRQHLQDKROLVWLF
ZD\ZRUNLQJWRJHWKHU7KLVLVQRWWRLJQRUHZDWHUDQGZDVWHPDQDJHPHQWSODQQLQJ
ZKLFK DUH QRW LQ WKH VFRSH RI WKLV WKHVLV 2QH H[DPSOH LV D GLVWULFW OHYHO HQHUJ\
SURGXFWLRQV\VWHPVXFKDVDVPDOOVFDOH&+3SODQW,WUHTXLUHVDORWDVVLJQHGWR
HQHUJ\SURGXFWLRQDQGSRVVLEO\QHHGVVWRUDJHVSDFHVIRUIXHO,QWKLVH[DPSOHD
FORVHFROODERUDWLRQEHWZHHQWKHFLW\SODQQLQJDQGWKHORFDOHQHUJ\XWLOLW\PDNHVVXUH
WKDWWKHVHDUHEHLQJWDNHQLQWRDFFRXQWLQWKHSODQ3URSHUWRROVDUHQHHGHGWRDOORZ
WKHFKRLFHVPDGHWREHKROLVWLFDOO\WKHPRVWRSWLPDO2WKHUZLVHWKHUHLVDULVNRI
WKHGHFLVLRQVEHLQJPDGHRQO\EHLQJJRRGIRUWKHHQHUJ\XWLOLW\DQGQRWIRUVRFLHW\
DVDZKROHDQGWKHSHRSOHOLYLQJWKHUH

2QHLPSRUWDQWDVSHFWZKHQGLVFXVVLQJUHJXODWLYHLVVXHVLVWKHHQIRUFHPHQWRIWKH
UHJXODWLRQV ,W LV QRW HQRXJK WR FUHDWH JRRG FLW\ SODQV DQG EXLOGLQJ UHJXODWLRQV LI
WKHUHLVQRV\VWHPWKDWPDNHVVXUHWKHSODQVDUHIROORZHG,Q$OH[DQGULD(J\SWWKH
UHJXODWLRQVDQGFLW\SODQVDUHQRWIROORZHGIXOO\DQGWKHUHDUHVHOGRPDQ\VDQFWLRQV
IRUWKLV7KHUHVXOWLVDFLW\ZKHUHWKHUHDUHPDQ\EXLOGLQJVWKDWGRQRWRIILFLDOO\H[LVW
ZKHUH QR UHJXODWLRQV KDYH EHHQ IROORZHG 7KH TXDOLW\ RI WKHVH EXLOGLQJV LV RIWHQ
YHU\SRRUDQGVRPHEXLOGLQJVKDYHHYHQFROODSVHG$QRWKHUHQGUHVXOWRIWKLVLVWKDW
WKHWUDQVSRUWDWLRQV\VWHPLQWKHFLW\KDVQRWEHHQIROORZLQJWKHKHDYLO\LQFUHDVHRI
LQKDELWDQWV7KHSXEOLFWUDQVSRUWDWLRQV\VWHPFDQQRWFRYHUWKHGHPDQGDQGWKHUH
LVQRWHQRXJKURRPIRUWKHFDUVRQWKHVWUHHWV7KHLQGLYLGXDOEXLOGLQJRZQHUVKDYH
QDWXUDOO\QRWEHHQDEOHWRVHHWKHKROLVWLFLPSDFWVRIWKHLULQGLYLGXDODFWLRQVWKH\
KDYHDFWHGDFFRUGLQJWRZKDWLVEHVWIRUWKHPRQDVKRUWWHUPSHUVSHFWLYH7KLVLV
WKH ZD\SHRSOH WHQGWR DFWZKHQ WKHUH LV QRVRFLHWDOSUHVVXUHWR VWHHUWKHPLQWR
DFWLQJLQZD\VWKDWLVJRRGIRUVRFLHW\DVDZKROH






7RLQYROYHLQKDELWDQWVDQGRWKHUVWDNHKROGHUVPRUHLQWKHFLW\SODQQLQJSURFHVVKDV
EHHQ DQ REMHFWLYH LQ WKH )LQQLVK FLW\ SODQQLQJ SURFHVV IRU VRPH WLPH QRZ 1HZ
PHWKRGVDUHFRQWLQXRXVO\VRXJKWIRUHQJDJLQJGLIIHUHQWVWDNHKROGHUVLQFOXGLQJUHV
LGHQWVDVPXFKDVSRVVLEOHWKURXJKRXWWKHSODQQLQJSURFHVV7KLVLVDJRRGGHYHO
RSPHQWZKLFKOHDGVWRERWKDKLJKHUDFFHSWDQFHRIWKHSODQVZKLFKLQWXUQVDOORZV
WKHSODQVWREHPRUHUHJXODWLYH3HRSOHWHQGWRDFFHSWUHJXODWLRQVDQGUXOHVLIWKH\
KDYHEHHQLQYROYHGLQWKHLUGHYHORSPHQW$OVRIRUWKHSXUSRVHRIHQJDJLQJSHRSOH
LQWKHSODQQLQJSURFHVVWRROVFDQEHRIJUHDWYDOXH7REHDEOHWRVKRZWKHHQHUJ\
HIILFLHQF\LPSDFWRIGLIIHUHQWSODQQLQJVROXWLRQVJLYHVDPXFKVWURQJHUEDVHIRUWKH
GLVFXVVLRQVWKDQWKHDVSHFWVRQO\EHLQJDGGUHVVHGLQJHQHUDOWHUPV

:KHQSURSRVLQJDKLJKHUOHYHORIUHJXODWLRQWRHQKDQFHDPRUHHQHUJ\HIILFLHQWEXLOW
HQYLURQPHQWVRPHFDXWLRQQHHGVWREHWDNHQGXHWRWKHSROLWLFDOIDFWRU7KHUHLVD
ULVNWKDWVXFKUHJXODWLRQVPLJKWQRWLQWKHHQGEHVWULYLQJIRUWKHEHVWWHFKQLFDOVR
OXWLRQVEXWIRUWKHVROXWLRQVWKDWDUHFRQVLGHUHGWKHEHVWSROLWLFDOO\,QWKLVUHVSHFW
WKHUHPLJKWEHORWVRIOREE\LQJIURPGLIIHUHQWVHFWRUVWKDWDUHLQDFRPSHWLQJVLWXD
WLRQ7KLVPLJKWEHWKHFDVHZLWKGLIIHUHQWHQHUJ\V\VWHPVROXWLRQV7KHFDVHZLWK
WKHSULPDU\HQHUJ\IDFWRUVXVHGLQFDOFXODWLQJWKH(QXPEHUVRIWKHEXLOGLQJVLVDQ
H[DPSOHRIWKLV7KHIDFWRUVGRQRWVKRZWKHWHFKQLFDOO\FRUUHFWSULPDU\HQHUJ\XV
DJH,WLVDQHQGUHVXOWRIOREE\LQJDQGSROLWLFDOFRPSURPLVHV


 )XUWKHUUHVHDUFK

7KLVWKHVLVDGGUHVVHVRQO\WKHHQHUJ\HIILFLHQF\RIWKHEXLOWHQYLURQPHQW,WLVFOHDU
WKDWWKHVFRSHQHHGVWREHH[WHQGHGWRFRYHUWKHVXVWDLQDELOLW\RIWKHEXLOWHQYLURQ
PHQW,WLVRIWKHJUHDWHVWLPSRUWDQFHWRLQFOXGHHFRQRPLFDVSHFWVLQRUGHUWRFUHDWH
VROXWLRQV DQG SURFHVVHV WKDW DUH UHDOLVDEOH +RZ WR ZHLJK LQGLYLGXDOV¶ HFRQRPLF
LQWHUHVWV DQG WKH HFRQRPLF LQWHUHVWVRIVRFLHW\ DQG KRZ WR ZHLJK VKRUWWHUPDQG
ORQJWHUPHFRQRPLFLPSOLFDWLRQVDUHFKDOOHQJLQJLVVXHVWRFRQVLGHULQGHYHORSLQJ
DQ\UHJXODWLRQVLPSDFWLQJSODQQLQJ

6RFLDO ZHOOEHLQJ LV WKH WKLUG PDLQ DVSHFW EHVLGHV HQYLURQPHQWDO DQG HFRQRPLF
RQHVWKDWQHHGWREHDGGUHVVHGZKHQHQODUJLQJWKHVFRSHIURPHQHUJ\HIILFLHQF\WR
VXVWDLQDELOLW\,QJHQHUDOLWLVOLNHO\WKDWDQLQFUHDVHGOHYHORIUHJXODWLRQZRXOGUH
GXFHVRFLDOZHOOEHLQJGXHWRIHZHUSRVVLELOLWLHVRIDIIHFWLQJFKRLFHVUHODWHGWRSHR
SOH¶VRZQKRXVHVDQGZD\VRIOLYLQJ2QWKHRWKHUKDQGLIVRFLDODVSHFWVDUHWDNHQ
LQWRDFFRXQWZHOOZKHQVHWWLQJWKHUHJXODWLYHERXQGDULHVWKLVPLJKWEHRYHUFRPH
DQGZHPLJKWHQGXSZLWKVROXWLRQVWKDWLQFUHDVHVRFLDOZHOOEHLQJFRPSDUHGWRWKH
VLWXDWLRQ WRGD\ 7KLV ZRXOG UHTXLUH WKDW WKH VXSSRUWLYH WRROV WDNH LQWR DFFRXQW DOO
WKUHHFRUQHUVWRQHVRIVXVWDLQDELOLW\LQWKHDVVHVVPHQWRIGLIIHUHQWVROXWLRQV,QWKDW
ZD\ WKH SODQQHUV FRXOGUHJXODWHVROXWLRQVWKDW DUH VXVWDLQDEOHRYHUDOO,W LVFKDO
OHQJLQJWRLQFOXGHVRFLDODVSHFWVLQWRVXFKWRROVVLQFHWKRVHIDFWRUVDUHGLIILFXOWWR





WXUQ LQWR QXPEHUV 7KLV LV D WRSLF ZKHUH D JUHDW GHDO RI IXUWKHU UHVHDUFK LV VWLOO
QHHGHG

$ EURDGHU LQWHUQDWLRQDOLVDWLRQ RI WKH UHVXOWV ZRXOG EH RI EHQHILW 8UEDQ SODQQLQJ
SURFHVVHVGLIIHUIURPFRXQWU\WRFRXQWU\$JHQHUDOJXLGHOLQHWKDWFRXOGEH HDVLO\
DGDSWHGWRORFDOFRQGLWLRQVFRXOGEHRIJUHDWEHQHILWWRDFKLHYHDZLGHULPSDFWRI
WKHUHVXOWV7KHORFDOFRQGLWLRQVDOVRGLIIHULQWHUPVRIWKHH[LVWLQJHQHUJ\LQIUDVWUXF
WXUH:KHWKHUWKHUHH[LVWGLVWULFWKHDWLQJQHWZRUNVRUJDVQHWZRUNVLPSDFWWKHSRV
VLEOHHQHUJ\VROXWLRQVDWKDQG$OVRWKHSULPDU\HQHUJ\IDFWRUVRIWKHGLVWULFWKHDWLQJ
DQGHOHFWULFLW\DUHORFDOIDFWRUVWRWDNHLQWRDFFRXQW$QDQDO\VLVRIKRZWKHVHIDFWRUV
LPSDFWWKHRYHUDOOHQHUJ\HIILFLHQF\DQGRSWLPDOHQHUJ\VROXWLRQVZRXOGEHEHQHIL
FLDO

3ULPDU\HQHUJ\IDFWRUVXVHGLQWKLVUHVHDUFKDUHWKHRQHVWKDWLQ)LQODQGKDYHEHHQ
SROLWLFDOO\FKRVHQWREHXVHGZLWKLQWKHHQHUJ\UDWLQJV\VWHP7KHVHDUHDPL[ RI
DFWXDOSULPDU\HQHUJ\IDFWRUVDQGDOREE\LQJSURFHVVIURPGLIIHUHQWLQWHUHVWJURXSV
,ZRXOGEHRIJUHDWEHQHILWWRGHFLVLRQPDNHUVLILWFRXOGEHVKRZQKRZWKHIDFWRUV
LPSDFWWKHRYHUDOOHQHUJ\HIILFLHQF\RIGLVWULFWV$VHQVLWLYLW\DQDO\VLVVKRZLQJWKH
RYHUDOOHQHUJ\HIILFLHQF\RIGLVWULFWVZLWKGLIIHULQJSULPDU\HQHUJ\IDFWRUVZRXOGJLYH
LQSXWWRWKLVGLVFXVVLRQ







 &RQFOXVLRQV

7KHWRSLFRIHQHUJ\HIILFLHQF\LQFLW\SODQQLQJFDQEHGLYLGHGLQWRWKUHHPDLQDUHDV
WKHXUEDQSODQQLQJSURFHVVWUDQVSRUWDWLRQVROXWLRQVDQGHQHUJ\V\VWHPVFRYHULQJ
GHPDQGWKHWUDQVPLVVLRQDQGSURGXFWLRQRIHQHUJ\7KHILHOGLVEURDGDQGWKHFKDO
OHQJHLVWRFRPELQHWKHGLIIHUHQWDVSHFWVLQWRDKROLVWLFDSSURDFK

7KHREMHFWLYHRIWKLVWKHVLVZDVWRDQDO\VHWKHUROHDQGLPSDFWRIUHJXODWLRQLQWKH
GHYHORSPHQWRIHQHUJ\HIILFLHQWGLVWULFWV

7KHMRXUQDODUWLFOHV $UWLFOHV,±,9 FRQFOXGHGWKHIROORZLQJ

x $KROLVWLFDSSURDFKDQGHQDEOLQJQHZKHDWWUDGLQJPRGHOVLQGLVWULFWKHDW
LQJV\VWHPVHQDEOH DGLVWULFW¶VVHOIVXIILFLHQF\LQWHUPVRIHQHUJ\7KHVH
VXSSRUWPRUHVXVWDLQDEOHHQHUJ\VROXWLRQVLQGLVWULFWV $UWLFOH, 

x 7RROVWRDVVHVVHQHUJ\HIILFLHQF\RIGLVWULFWVHQDEOHFLW\SODQQHUVWRHDVLO\
FRPSDUHGHWDLOHGFLW\SODQV7KLVHQDEOHVHQHUJ\HIILFLHQWVROXWLRQVWREH
VHOHFWHGLIDUHJXODWLYHDSSURDFKLVFKRVHQ $UWLFOH,, 

x 7RDFKLHYHDXQLYHUVDOO\HIILFLHQWHQHUJ\VROXWLRQWKHHQWLUHHQHUJ\FKDLQ
QHHGVWREHDQDO\VHGDQGLPSURYHPHQWVPDGHEHDULQJLQPLQGWKHZKROH
HQHUJ\FKDLQ6XFKDQDO\VHVFDQRQO\EHGRQHZLWKDWRSGRZQDSSURDFK
$UWLFOH,,, 

x 7KHLQWHUSUHWDWLRQRIWKHDQDO\VLVRIHPLVVLRQVRIGLIIHUHQWHQHUJ\FKRLFHV
FDQEHFRPSOH[,QRUGHUIRUDFLW\SODQQHUWRDVVHVVWKHVHLPSDFWVVXS
SRUWLYHWRROVDQGJXLGHOLQHVDUHQHHGHG,WZDVDOVRVKRZQWKDWTXDOLW\RI
OLIHLVRIWHQLPSURYHGWKURXJKODUJHUHQRYDWLRQDFWLYLWLHVZKLFKRIWHQFDQ
QRW EH SHUIRUPHG ZLWKRXW D UHJXODWLYH KROLVWLF DSSURDFK GXH WR WKH HFR
QRPLFFRQVWUDLQWVRILQGLYLGXDODSDUWPHQWRZQHUV $UWLFOH,9 

)RU FLW\ SODQQHUV WR EH DEOH WR WDNH KROLVWLFDOO\ VXVWDLQDEOH GHFLVLRQV VXSSRUW LV
QHHGHG 7KH FKDOOHQJH RI FRPELQLQJ GLIIHUHQW GLVFLSOLQHV LQWR D KROLVWLF DSSURDFK
OHDGVWRWKH QHHGIRUERWKHDV\WRXVHWRROVJXLGHOLQHVDQGDERYHDOODSODQQLQJ
SURFHVVWKDWEULQJVWKHGLIIHUHQWGLVFLSOLQHVWRJHWKHU:LWKRXWDKROLVWLFDSSURDFK
WKHHQGUHVXOWLVHDVLO\DVXERSWLPLVHGVROXWLRQ

,WLVLPSRUWDQWWRXQGHUVWDQGWKHGLIIHUHQWSODQQLQJSKDVHVDQGZKDWGHFLVLRQVDUH
PDGHDWZKLFKVWDJH7KHLPSDFWVRIGHFLVLRQVPDGHLQWKHGLIIHUHQWSODQQLQJSKDVH
DUHLPSRUWDQWWRVKRZWRGHFLVLRQPDNHUV$OVRLWLVLPSRUWDQWWRXQGHUVWDQGKRZ
WKH GHFLVLRQVWDNHQLQRQHSODQQLQJSKDVHLQIOXHQFHVWKHIROORZLQJSODQQLQJOHYHO





DQGWKLVQHHGVWREHFOHDUO\VKRZQWRGHFLVLRQPDNHUV7RGD\WKHUHLVDORWWREH
LPSURYHGLQWKLVUHVSHFW


%DVHGRQILQGLQJVLQ$UWLFOHV,,,,,,9DQG9LWFDQEHFRQFOXGHGWKDWWKHUHDUHPDQ\
ZD\VIRUWKHFLW\SODQQHUVWRWDNHHQHUJ\HIILFLHQF\LQWRDFFRXQWDQGWRHQDEOHUH
QHZDEOH HQHUJ\ VRXUFHV DQG VXVWDLQDEOH WUDQVSRUWDWLRQ VROXWLRQV +RZHYHU DOO
WKHVHPHDVXUHVDUHWRGD\YROXQWDU\IRUWKHFLW\SODQQHUV7KHUHLVQRREOLJDWLRQIRU
WKHPWRGRWKHLUEHVWLQDFKLHYLQJHQHUJ\HIILFLHQWFLW\SODQV

,WLVUHFRPPHQGHGWKDWWKHFLW\SODQQLQJSURFHVVVKRXOG EHUHJXODWHGWRGHPDQG
WKDWFLW\SODQQHUVDQG HQHUJ\ V\VWHPVSODQQHUVDGGUHVV HQHUJ\HIILFLHQF\ E\WKH
IROORZLQJPHDQV

x 0L[HG]RQLQJVKRXOGDOZD\VEHFRQVLGHUHG,WVKRXOGEHVWDWHGLQWKHUHJ
XODWLRQVWKDWWKHQXPEHURIZRUNSODFHVVKRXOGEHDFHUWDLQPLQLPXPSHU
FHQWDJHRIWKHQXPEHURIUHVLGHQWVHVWLPDWHGLQWKHGLVWULFW$OVRGLIIHUHQW
UHVLGHQWLDOKRXVLQJW\SHVUDWKHUWKDQWKHW\SLFDORQHIDPLO\KRXVHGLVWULFWV
VKRXOG EH FRQVLGHUHG LQ RUGHU WR DFKLHYH KLJKHU GHQVLW\ 7KH WRRO GH
VFULEHGLQ$UWLFOH,,VKRZVWKHLPSDFWRIZRUNSODFHVRQWKHGLVWULFWVHQHUJ\
HIILFLHQF\

x 7KHHQHUJ\HIILFLHQF\RIDFLW\SODQVKRXOGDOZD\VKDYHWREHDVVHVVHGDQG
WKHHIILFLHQF\FODVVHVRIGLIIHUHQWSODQQLQJRSWLRQVVKRXOGEHGLVVHPLQDWHGWR
GHFLVLRQPDNHUVDQGRWKHUVWDNHKROGHUVEHIRUHDSSURYLQJWKHSODQ

x ,QXUEDQVHWWOHPHQWVLWVKRXOGEHREOLJDWRU\WRLQFOXGHLQWKHFLW\SODQGDLO\
VHUYLFHVDWDZDONLQJGLVWDQFHIURPUHVLGHQWLDOEXLOGLQJV,IWKLVLVQRWHFR
QRPLFDOO\IHDVLEOHLWVKRXOGEHHQVXUHGWKDWSXEOLFWUDQVSRUWDWLRQLVDYDLODEOH
IRUUHDFKLQJWKHVHUYLFHV7KHDYDLODELOLW\VKRXOGLQFOXGHDJRRGOHYHORIVHU
YLFHRIWKHSXEOLFWUDQVSRUWDWLRQV\VWHP7KHWRROGHVFULEHGLQ$UWLFOH,,VKRZV
WKHLPSDFWRIGDLO\VHUYLFHVRQWKHGLVWULFWVHQHUJ\HIILFLHQF\

x 7UDQVSRUWDWLRQVKRXOGDOZD\VEHSODQQHGZLWKSXEOLFWUDQVSRUWDQGF\FOH
DQGSHGHVWULDQURXWHVDVILUVWSUHIHUHQFH&HQWUDOLVHGSDUNLQJRXWVLGHRID
UHVLGHQWLDOGLVWULFWVKRXOGEHFRQVLGHUHG7KHDYDLODELOLW\RIFKDUJLQJSROHV
IRU HOHFWULFDO FDUV VKRXOG EH LQFOXGHG LQ WKH FHQWUDOLVHG SDUNLQJ SODFHV
3DUNLQJSODFHFRVWVVKRXOGQRWEH DOORZHGWREHLQFOXGHGLQWKHSULFHRI
DSDUWPHQWV RU KRXVHV EXW VKRXOG EH DOZD\V DQ H[WUD FRVW SDLG RQO\ E\
WKRVHZKRXVHWKHSDUNLQJSODFHVHUYLFH:LWKWKHWRROGHVFULEHGLQ$UWLFOH
,,SDUNLQJVROXWLRQVLPSDFWRQDGLVWULFWVRYHUDOOHQHUJ\HIILFLHQF\FDQEH
DVVHVVHG$VGLVFXVVHGLQ$UWLFOH9WUDQVSRUWDWLRQVROXWLRQVDUHNH\IDF
WRUVLQDQ(FR&LW\FRQFHSW






x


x

:KHQSODFLQJEXLOGLQJVDQGVHWWLQJERXQGDULHVIRUWKHURRIVLQWKHGHWDLOHG
SODQQLQJSKDVHPD[LPXPVRODUXWLOLVDWLRQVKRXOGDOZD\VEHFRQVLGHUHG,W
VKRXOGEHQRWHGWKDWWKLVSODQQLQJVKRXOGEHGRQHWRJHWKHUZLWKSODQQLQJ
WKHZKROHHQHUJ\V\VWHPLQWKHGLVWULFW,IWKHGLVWULFWKDVDFRPPRQHQHUJ\
GLVWULEXWLRQV\VWHPDQRYHUDOORSWLPDOVROXWLRQPLJKWEHDFKLHYHGE\SODF
LQJVRPHEXLOGLQJVWRZDUGVWKHHDVWVRPHWRZDUGVWKHVRXWKDQGVRPH
WRZDUGVWKHZHVWLQRUGHUWRDFKLHYHDQRYHUDOOPD[LPXPVRODUXWLOLVDWLRQ
6XFKVROXWLRQVFDQRQO\EHIRXQGLIWKHV\VWHPLVSODQQHGKROLVWLFDOO\DVLQ
WKHQH[WEXOOHWSRLQW
(QHUJ\ V\VWHPV VKRXOG DOZD\V EH FRQVLGHUHG KROLVWLFDOO\ LQ WKH PDVWHU
SODQSKDVHDVZHOODVLQWKHGHWDLOHGSODQQLQJSKDVH7KHDLPVKRXOGEH
WRDQDO\VHZKLFKHQHUJ\V\VWHPLVWKHPRVWIHDVLEOHLQWKHVSHFLILFORFD
WLRQ$FORVHFROODERUDWLRQEHWZHHQWKHHQHUJ\XWLOLW\DQGWKHFLW\SODQQHUV
VKRXOGEHREOLJDWRU\



x

7KHPXQLFLSDOLWLHVEXLOGLQJLQVWUXFWRUVVKRXOGEHREOLJHGWRIROORZWKHH[
DPSOHRIWKH&LW\RI2XOXLQFUHDVHWKHLUNQRZKRZDQGWDNHDQDFWLYHDS
SURDFK LQ VXSSRUWLQJ EXLOGHUV WR DFKLHYH EHWWHU HQHUJ\ HIILFLHQF\ $ QD
WLRQDOHGXFDWLRQPRGXOHVKRXOGEHGHYHORSHGDQGFDUULHGRXWIRUWKLVLP
SRUWDQWJURXSRIH[SHUWV7KHTXHVWLRQQDLUHVKRZHGDQHHGIRUIXUWKHUVXS
SRUWIRUWKLVJURXS

x

$VGLVFXVVHGLQ$UWLFOHV,,,DQG,9WKHPXQLFLSDOLW\VKRXOGKDYHDFRRUGL
QDWLQJ DQG OHDGLQJ UROH LQ DQ\ PDMRU UHQRYDWLRQ DFWLRQV PHDQLQJ PRUH
WKDQDVLQJOHIDPLO\KRPHUHQRYDWLRQSURMHFW WRHQDEOHDKROLVWLFDSSURDFK
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Abstract
This study examined the decentralisation of energy production with possibilities of trading not only electricity but also
heat. This was carried out with a limited population of buildings connected to the district heating network in a small town
in Finland.
The study examined whether a buildings community could be self suﬃcient with respect to heat by using small CHP
plants, and explored the consequences of such an energy system. It also aimed to ﬁnd an optimal solution. Therefore,
it searched in what type of buildings should the micro-CHP plants be installed and with what kind of strategy should they
be operated in order for the community to be energetically self suﬃcient without producing lots of excess heat.
 2006 Elsevier Ltd. All rights reserved.
Keywords: Decentralised energy systems; Heat trading; Micro-CHP; Fuel cell

1. Introduction
In centralised energy systems electricity is produced in large power plants and delivered to the consumer
through the grid. Combined heat and power generation (CHP) used in large power stations is a process where
heat, generated as a side product of electricity production, is captured and delivered by means of district heating network to buildings.
Decentralisation of energy production means generation of energy close to, or at the consumption site. Distributed energy systems enable the use of a lighter infrastructure; the transfer capacity does not need to bear as
high loads as with centralised energy production. This might lead to lower cost investments.
Decentralised power production has already reached the level of an individual building. We use the term
‘‘micro-CHP’’ when referring to a combined heat and power generation plant installed in a building. According to a recent study [1] fuel cells technology is one of the most interesting technologies for applications in
CHP plants in buildings. Fuel cells can perform well at part load and can operate with diﬀerent fuels, the most
common being natural gas. While operating on pure hydrogen there are no polluting emissions at all.
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However, according to a recent study [2] this is an expensive technology which is still in its developing phase.
Market competitiveness of fuel cells could be improved when they are used in systems where there is energy
trading.
Long lasting power blackouts have become more common, especially in the USA. It has been forecasted
that these kinds of power blackouts will become more common in the future due to aged and overloaded
transmission systems and an increase of electricity demand. Therefore, a vision of energetically self-suﬃcient
buildings becomes more interesting with such forecasts. Using micro-CHP plants is one way of providing energetically self suﬃcient buildings.
When a micro-CHP plant produces electricity, it also produces heat that can be regarded as a ‘‘side-product’’. This heat can be used to cover the buildings heat demand. If more heat is produced than demanded, the
excess heat could be sold to the district heating network. If more electricity is produced than demanded, it
could also be sold to the electrical network. However, this study focuses on heat trading.
2. Methodology
A simple computer program was developed to calculate the heat and electricity demand and production for
a group of buildings for each hour of the year. Seven diﬀerent building types with diﬀerent consumption proﬁles were included in the study (detached houses, terrace houses, apartment buildings, hospitals, educational
buildings, oﬃces, assembly buildings). For the residential and the oﬃce buildings, both new and old buildings
were included in the study. Table 1 shows all the diﬀerent types of building that were considered in the
simulations.
The cases that have been studied are listed in Table 2. In this paper the letters of Table 2 will be used to
describe the diﬀerent cases.
There was a central CHP plant connected to the network and it was assumed that each building could be
equipped with an individual micro-CHP plant, which provided heat (and electricity) to satisfy the demand of
the building itself or was sold.

Table 1
Buildings of the case community considered in the simulations
Building type

m3

% of total

Commercial building
New oﬃce
Old oﬃce
Old apartment building
New apartment building
Hospital
Educational building
Assembly building
Old detached house
New detached house
Old terrace house
New terrace house

5160
17 320
20 780
71 240
30 680
5340
7370
13 650
44 030
18 870
5200
2600

2
7
9
29
13
2
3
6
18
8
2
1

Table 2
Cases used in the study
A
B
C
D
E
F
G
H

100% degree of decentralisation
75% degree of decentralisation
50% degree of decentralisation
25% degree of decentralisation
‘‘Optimal solution’’
CHP in all except detached and terrace houses
CHP only in residential buildings
CHP only in residential buildings, constant production strategy
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For the micro-CHP plants it was assumed that for each kW h of electricity produced, there were also
2 kW h of heat.
2.1. Cogeneration operating strategies
The following cogeneration strategies, based on a previous study [3], were considered:
• Electrical load tracking strategy: the micro-CHP plant has an electrical capacity that exceeds the minimum
electrical requirement for the facility. The micro-CHP plant power output changes in response to the needs
of the facility.
• Thermal load tracking strategy: the system is designed to follow the thermal load of the facility. The power
generated during the supply of the thermal load is used to replace purchased electricity. The excess power
can often be sold to the utility company.
• Electrical base load strategy: the micro-CHP plant is designed to supply the minimum amount of power
required by the facility. Therefore, the micro-CHP plant can operate continuously at peak power output.
• Thermal base load strategy: the system is designed to meet the minimum thermal load. Thermal energy to
meet peak loads is provided by an auxiliary heat source, such as a boiler. Power is purchased from or sold
to the grid to balance the electricity demand of the facility with power supplied by a fuel cell system.
3. Results
The case town has both residential and non residential buildings. It is estimated that 70% of the residential
buildings are old while 30% are new. The age of the buildings aﬀects the energy demand curves. Simulations
answered the question whether the town could be self-suﬃcient in terms of heat or electricity production. It
also answered whether the community could sell some heat or electricity and whether it needed to buy from
the centralised energy production.
At ﬁrst, three cases – most relevant for this study – are presented in more detail. Subsequently, the other
cases are included in comparison and discussion of annual results.
3.1. Case A: 100% decentralisation
As a base case, the degree of decentralisation was set to be 100%, which means that all the buildings have
their own micro-CHP plants. The plants followed an electrical load tracking strategy. In this base case, the
town was completely self-suﬃcient with respect to heat from June to September (see Fig. 1). During these
Case A
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400

Fraction, (%)

300
January
May

200

July
100

0
1

3

5

7

9

11

13

15

17

19

21

23

Hour
Fig. 1. Amount of decentralised heat production in Case A relative to heat demand.
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Case F
Monthly average values for each hour of a day for three different months
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Fig. 2. Amount of decentralised heat production in Case F relative to heat demand.

months heat could be sold to the district heating network. Further analysis showed that when the degree of
decentralisation was lower, the system naturally needed more heat from centralised production. The results are
calculated as monthly average values for each hour during the day.
3.2. Case F: Decentralised production in other than small detached and terrace houses
Another case was when micro-CHP plants are installed in all building types except for small detached and
terrace houses. This means that all of the buildings, except detached and terrace houses have a micro-CHP
plant. The micro-CHP plants followed an electric load strategy. In this case the whole community is self-sufﬁcient with respect to heat from June to September. The excess heat from the buildings which have a microCHP plant covers the heat demand of the small detached and terrace houses. During these months, there is
excess heat production up to 250% of the total heat demand (see Fig. 2). Here, a question to consider is
whether there is enough capacity in the district heating network for this excess heat production and whether
there are buyers for this heat.
3.3. Case E: Optimal solution
An optimal solution was empirically searched for. By optimal we mean that the shared distributed energy
production should be close to 100% at all times, i.e. centralised heat production would not be needed at all and
the excess decentralised heat production would be zero. The community would, in other words, be self-suﬃcient and not have excess heat production. The closest we got to this optimal case was a solution where the
share of distributed energy production varied between 55% and 200% of the total demand, the 200% being just
a peak at around 16 h (see Fig. 3).
This solution was found by modifying Case F so as to allow diﬀerent operation strategies for CHP plants in
summer and in winter in all but the apartment houses. The seasonal switch changes were not made in the
apartment buildings since it was assumed that they have more seldom professionals handling their technical
service systems. In winter, the micro-CHP plants were set to constantly produce 125% of the maximum electricity demand, this ﬁgure being only 25% in summer. In the apartment buildings, the micro-CHP plants followed an electric load strategy all the time. In this case, considerable amount of electricity was being sold
during winter, while in summer electricity was needed from the centralised unit. Since prices are higher in winter than in summer, this was advantageous for the producer.
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Case E
Monthly average values for each hour of a day for three different months
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Fig. 3. Amount of decentralised heat production in Case E relative to heat demand.

3.4. Comparing diﬀerent cases
Fig. 4 shows the need for centralised heat production for ﬁve diﬀerent cases. Four cases had micro-CHP
plants in all types of building, the ﬁrst case having them in 100% of all buildings (case A), the second in
75% (case B), the third in 50% (case C) and the fourth in only 25% (case D). The ﬁfth case is the ‘‘optimal
solution’’ described earlier (case E). As can be seen, when the degree of decentralisation is lower than 50%,
centralised heat production is needed even in summer months. In the optimal solutions curve it is clearly
shown that the parameters for the micro-CHP plants are changed in May and September. In this case, the
community produces some excessive heat during summer, early spring and late autumn. However, the excessive production is not as great as in the case of 100% decentralisation.
In Fig. 5, we see that the amount of heat needed from the centralised production varies between approximately 0.5 and 8.6 GW h/year, the total yearly heat demand of the community being 10.7 GW h. The worst
case is with a decentralisation degree of only 25%. The best case is with micro-CHP plants in residential build-
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Fig. 4. The need for centralised heat production in a number of selected cases.
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Fig. 5. Net heat from centralised production, decentralised production and excessive heat production in diﬀerent cases.
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Fig. 6. Centralised electricity production for selected cases.

ings running with constant production. This case, however, produces a lot of excessive heat which the optimal
case, case E does not as much.
Fig. 6 shows centralised electricity production for selected cases. When micro-CHP plants are installed only
in residential buildings and operating with constant electricity production (case H), the community has a lot of
excessive electricity production. When the case is the same but the plants have an electric load tracking strategy (case G) there is constantly a need for centralised electricity production. We get approximately the same
result from the case where plants are installed in all other building types than detached and terrace houses
(case F). In the ‘‘optimal case’’ (case E) there is excessive electricity production from October to April. In
the summer centralised electricity production is needed. Since electricity prices tend to be higher in winter,
when the overall demand is higher in Finland, it is good to sell electricity in winter and buy it in summer.
4. Discussion
Our limited simulations showed that heat trading could be a functional way to develop decentralised energy
systems. There is a potential advantage when buildings, with consumption proﬁles that are diﬀerent in shape
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and/or timing, are connected through a district heating network. However, it is unlikely that this potential
could be utilised by simply providing a micro-CHP plant to every building. A holistic approach to dimensioning
and control strategies in diﬀerent buildings will be needed as well as a smart mix of buildings with and without
CHP plants. A possibility to use thermally activated cooling in the district heating network could be considered
as a supplementary measure for use of the excess heat in summer.
Theoretically, heat trading could be a functional way to improve the ﬁnancial prospect of micro-CHP
plants. Having a way to sell the excess heat production improves the cost-eﬀectiveness. However, there are
obstacles since the heat market is not yet a free market but is still a regulated one which is a major threshold
for a functional heat trading.
The emissions trade would also apply to small producers since it is stated that if the network has a capacity
higher than 20 MW all producers in the network are concerned by the emissions trading. This is a regulation
meant to forbid centralised production to split up its units to avoid the emissions trade. By using fuel cells
operating with hydrogen we do not need to be concerned about this since there are no CO2 emissions. Having
a plant with no CO2 emissions also gives the opportunity to sell emissions quota. This is, however, one kind of
a micro-CHP technology which has still many obstacles.
If heat trading would be a reality there would be a need for some party to manage the whole trading system.
The energy companies seem naturally suited for this since they have the know-how about the district heating
networks and their functionality. Today it seems as they see the heat trading concept as a competition to their
business.
One serious possible obstacle for a widely spread heat trading is that micro-CHP plant often uses natural
gas as a fuel, which means that it most often has to be connected to a natural gas network. At the same time,
the building has to be connected to a district heating network in order to sell out its excessive heat. It is quite
rare in Finland (but not e.g., in Central Europe) that we have both a natural gas network and a district heating
network at the same location.
5. Conclusions
Our limited simulations showed that heat trading could be a functional way to develop decentralised energy
systems. There is a potential advantage to be utilised when buildings, with consumption proﬁles diﬀerent in
shape and/or timing, are connected through a district heating network.
Economic aspects were left outside the scope of this study. This is an area where further research is needed
in order to understand better the possibilities of heat trading. Technical demand on the district heating network is another aspect that has not yet been taken into account in the study. The promising perspectives
of the heat trading concept will be further investigated in the near future.
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There is an increasing political pressure on the city planning to create more energy efﬁcient city plans.
Not only do the city plans have to enable and promote energy efﬁcient solutions, but it also needs to be
clearly assessed how energy efﬁcient the plans are. City planners often have no or poor know how about
energy efﬁciency and building technologies which makes it difﬁcult for them to answer to this need
without new guidelines and tools. An easy to use tool for the assessment of the energy efﬁciency of
detailed city plans was developed. The aim of the tool is for city planners to easily be able to assess the
energy efﬁciency of the proposed detailed city plan and to be able to compare the impacts of changes in
the plan. The tool is designed to be used with no in-depth knowledge about energy or building
technology. With a wide use of the tool many missed opportunities for improving energy efﬁciency can
be avoided. It will provide better opportunities for sustainable solutions leading to less harmful
environmental impact and reduced emissions.
& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
The buildings sector has been recognized as a key sector of the
economy in improving sustainability. The United Nations panel on
climate change IPCC has estimated that the greatest greenhouse
gas reduction potentials are available in buildings (IPCC, 2007).
Concerning Finland, it has been estimated that a few percent
higher investment in energy efﬁcient construction and renovation
can decrease total primary energy consumption of the country
4–5% by 2020 and 5–7% by 2050 (Tuominen et al., 2013).
Various environmental assessment tools have been developed
for the building sector to improve sustainability and support
decision making during the past few decades. Recently the focus
of assessing energy efﬁciency and sustainability of built environment has expanded from single building level into neighbourhoods, district and even city level assessments (Haapio, 2012).
There are already lots of different assessment tools for evaluating
energy efﬁciency and sustainability, such as internationally well
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known LEED for Neighbourhood Development (LEED, 2011),
BREEAM Communities (BREEAM, 2012) as well as CASBEE for
Urban Development (CASBEE, 2007) and CASBEE for Cities
(CASBEE, 2011). In addition, national assessment tools and frameworks for sustainable built environment are developed in speciﬁc
projects in Finland. Lahti et al. (2010) developed a tool for
evaluating eco efﬁciency of areas in the city of Helsinki.
Energy efﬁciency is one of the key targets for city planning, but
at least among Finnish city planners, there is a lack of tools for
evaluating the energy efﬁciency of districts. Especially support is
needed when estimating the effects of different decisions and
actions within a district. Feedback from city planners has shown
that the existing tools are rather complicated to use and take too
much time. A need for an easy and fast tool was expressed in the
feedback. To fulﬁl this need, a tool for rating energy efﬁciency of
Finnish districts was developed in Ekotaajama project between
2010 and 2012.
The target was to provide a quick and easy-to-use tool for
evaluating energy efﬁciency of districts for city planners, focusing
on aspects that can be inﬂuenced on a detailed city planning level.
Energy efﬁciency rating is based on primary energy use, in order to
take into account both the energy demand and the energy source.
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It is possible to evaluate different areas, for example with
centralised energy production systems, such as district heating,
but also distributed energy production and separate energy
production systems of buildings. Energy demand is being assessed
mainly through the energy classiﬁcation rating system taking the
heating and electricity demand of buildings into account.
The decision to use primary energy as the indicator was done
because of many reasons. The tool was to indicate energy efﬁciency,
not low emissions. The use of primary energy supports the energy
efﬁciency rating taking the whole energy chain into account. If
emissions were to be used, it should be assessed which emissions to
take into account and with what weighting factor. The common way
to use only CO2 eqv as indicator was dismissed because of many other
emissions also having an important role. One example is particle
emissions. In rural areas small scaled wood heating is common and
can create lots of particle emissions which can have negative impacts
on the local air quality. The tool was based on the energy classiﬁcation
rating systems which are based on primary energy demand; this was
another reason for choosing primary energy and using the same
primary energy conversion factors as in the energy classiﬁcation rating
system. The energy classiﬁcation rating was in turn chosen because it
enables city planners to easily evaluate the energy demand of the
buildings without having building physics knowhow.
1.1. Finnish city planning processes
To better understand the use of the tool, a short description of
the city planning process in Finland is given below.
The Land use- and Construction Law (LCL), that contains rules
for both land use planning and instructions for constructing, was
founded for the purpose of creating a healthy, safe and comfortable living environment where the needs of different population
groups are taken into account. The purpose of the law is to:

 organize land use and constructing objectives to provide for
good living environment,

 promote development in terms of ecological-, economical-,
social- and cultural sustainability, and

 secure the possibility of individuals to take part in preparation of
matters, quality of planning and interactivity, versatility of expertise and open publicity (Ministry of the Environment, 2012b).
Fig. 1 illustrates the hierarchy chain of urban planning in
Finland. The Finnish Ministry of the Environment elaborates the
Nationwide Objectives for Land Use (NOLU) based on the Land
use- and Construction Law, international agreements and EU
directives. The NOLU is for balancing the development of regions
and therefore also dictating all of urban planning in the country. It
contains strategic decisions on higher level such as those concerning nationwide road- or rail networks and harbours. Based on
the NOLU regional councils prepare their regional plans which are
to be approved by the Ministry of the Environment (FINLEX, 1999).
Each regional council prepares a land use plan for their own region
which usually involves several municipalities. The regional plans in
turn serve as a frame for urban planning in the municipalities. Urban
planning on a municipal level is about bringing forth a master plan, a
town- or detailed plan and in some municipalities also a shore plan.
The master plan is made to direct the development and land
use for the municipality as a whole, while a detailed plan is more
speciﬁc and concerns certain areas of the municipality. The master
plan forms in that sense a bigger picture that detail plans must ﬁt
into. The shore plan on the other hand dictates the use of shoreland (often for vacation settlement) (FINLEX, 1999).
An important issue is that all municipalities do not have equal
resources allocated to urban planning. Larger municipalities or cities
have in general more resources than smaller municipalities, usually
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Fig. 1. The hierarchy chain of urban planning in Finland (FINLEX, 1999).

they have an own city- or urban planning department for developing
both the master- and detailed plans. Urban planning departments
mainly consist of architects and might often include land surveyors as
well. Smaller municipalities may not have a department for urban
planning and might therefore outsource some of the tasks to companies or consultants. Also, the responsibility of urban planning belongs
to the head of urban planning department in larger municipalities,
while in smaller municipalities it might be appointed as one of the
tasks of a head engineer or technical manager. This further underlines
the unequal prerequisites for urban planning between municipalities
in Finland (Löytönen, 2011; Simons, 2011; Tommila, 2011).
The master plan is as earlier mentioned a general plan for
directing the societal structure and land use of a municipality in its
entirety. Existing social structures, economic- and ecological sustainability and natural values are to be paid attention to when a
master plan is being developed. It also has to secure the inhabitants
accessibility to social infrastructure and services such as water
supply and sewage, energy- and waste management and roads.
A master plan could also be made for only a part of a municipality
(partial-master plan) or jointly made by several municipalities
(jointly drafted plan) (Ministry of the Environment, 2012b). The
objectives and restrictions of a master plan are to be considered for
the preparing of detailed plans. The detailed plan in turn deﬁnes the
land use and construction of certain areas by taking into account
local circumstances, city and scenery picture, and good construction
methods (FINLEX, 1999).
A detailed plan includes a map where borders are declared for
the planned areas. The map also contains information about what
purposes different areas are going to be used for, the level of
construction and principles regarding the localization and size of
the building and also the method of construction when needed.
Both the master and detailed plan are approved by the municipal
council. According to the land-use and construction law, those
people who are affected by the plans are also given the right to
inﬂuence them (FINLEX, 1999).
Once a detailed plan is approved, it is the task of the building
inspector to follow up on its implementation. The building inspector
is responsible for ensuring that all construction is following plans
and regulations, and that the built environment is safe and sustainable. They also grant building rights, offer counselling when needed,
and decide in the end when a building can be brought into service
(Ministry of the Environment, 2012b).
In the development of this energy efﬁciency rating tool, detailed
city planning areas are considered as districts. One detailed city plan
being one district. In the development project, Ekotaajama, ﬁve
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districts were analysed. The districts were small with a resident
number varying between 85 and 180. The considered districts were
all in rural areas in the Jyväskylä region and consisted mainly of
residential one family houses. Two case areas also included also
industrial buildings. However, the developed tool can be used for
larger districts as well, and it can also include high rise buildings and
other than residential buildings. The analysed cases are representing a
very common residential district type in rural Finland. In this article a
brief comparison of the different case districts are presented and one
case district has been chosen for more in-depth sensitivity analysis.

2. Methodology for developing the energy efﬁciency rating
tool for districts
The aim was to develop an energy efﬁciency rating tool for
districts. The main target group of the tool users were city planning
professionals. They may not be familiar with construction and

energy production technologies. This fact was taken into account
in the tool development. In practise, the tool had to be easy and
quick to use. The rating tool is spreadsheet based, and is freely
available in the internet (Jyväskylä Innovation, 2012). The input
section of the tool is presented in Fig. 2.
An example of the results provided by the district energy rating
tool is presented in Fig. 3. The format of the rating resembles the
energy rating of buildings used in Finland.
Energy efﬁciency rating is based on primary energy consumption, in order to take into account both energy demand and used
energy source. The tool is designed to compare different solutions
within one district; therefore results comparing different districts
are not comparable with each other. In order to get a good
understanding about the expectations for the tool discussions
were held with city planners from the ﬁve case cities in the
Ekotaajama project. Additional to these interviews the results from
a questionnaire that was done for city planners in another project,
Ensio, was used.

Fig. 2. The input and results sections of the rating tool.
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Fig. 3. The result diagram of the district energy rating tool.

Fig. 4. Results of the questionnaires question “How familiar are the following energy systems?”

2.1. Questionnaire to city planners
A web-based questionnaire study was performed during
January 2012 regarding the city planners and building inspectors
views on energy related questions in the city planning process.
The aim was to ﬁnd out the level of knowhow and the need for
supporting tools and guidelines. The questionnaire was sent to 100
city planners and 350 building inspectors covering all of Finland.
There were 92 respondents, 58 from the building inspection and
32 from the city planning. There are 320 cities and communities in
Finland (Kuntaliitto, 2013). The questionnaire was sent to over 300
cities and communities in Finland, answers received were 92. This
represents about one third of the cities in Finland, which can be
regarded as good hit rate and the results can be considered
representative for the cities in general.
One of the results was that the term primary energy was rather
unknown. Only 53% of the building inspectors and 63% of city
planners answered that the term was familiar. This might be an

issue to take into account when distributing the tool, since the
calculations are based on the energy conversion factors and that
needs to be clariﬁed for the users.
The familiarity of different energy systems was also surveyed
(see Fig. 4). District heating was very familiar solution, as could be
expected since it is very commonly used in Finland. Surprising was
that CHP (combined heat and power production) was unknown,
70% of the respondents didn't know at all what CHP is. This shows
that the terminology used with energy experts and city planner
experts is not always common. Most of the common renewable
energy systems were rather well known. Solar energy systems
received unexpectedly some “not known at all” answers.
The questionnaire also showed that it is felt as challenging to
compare different energy systems and only a small portion of the
respondents knew how they could improve the usage of renewable energy through the city planning.
Other challenges were the communication with decision makers,
lack of resources and the information being to spread out and not
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enough processed. These are aspects that can be eased by the tool
developed while it easily compares different alternatives and shows
the energy efﬁciency rating of the district in a clear and understandable form.
2.2. Energy demand of buildings
City planners often have no building technology background. In
order for them to be able to assess the energy demand of buildings,
the energy labels assigned by energy certiﬁcates were used. The
energy label rating system of each speciﬁc building type, such as
detached building, has an individual scale of energy consumption for
the labels from A to G. In Finland, current building regulations
require that for each building the energy class (E-number) has to be
calculated. Therefore it is an easy way to steer energy efﬁciency by
demanding tighter E-numbers in the city plan or in the plot assignment stipulations. The plot assignment stipulations is an instrument
used by the local authority to give detailed binding instructions
about building and the use of the environment for private developers, in case the local authority as a landowner assigns (sells) the
plot to a private developer for building, or the issue is agreed on in
the land use agreement.
The Finnish E-number describing the total energy demand of the
building was used as basis for the rating. It entails all energy use in
building, including electricity, heating energy, and cooling energy
demands. In addition, the energy source used is also taken into
account in the E-number of the building by multiplying the energy
demands with energy conversion factors of used energy sources. The
number is a theoretical value, whereas the actual realised energy
demand is naturally dependent on the inhabitants' behaviour and
the sizes of the families living in the houses. It needs to be clearly
stated that more speciﬁc energy calculations need to be done before
making any investment decisions regarding the energy systems of a
district (Ministry of Environment, 2009, 2012a).
For some building types there is no E-number system, (industrial
buildings, churches etc.). For these kinds of buildings, a classiﬁcation
value was given in the tool to give estimates what is “normal energy
demand level” and “low energy demand level”, which were based on
the estimations provided by a Finnish construction element manufacturer (SP Elements, 2010).
Even though the tool does not go into details concerning electrical
appliances in houses, saunas in buildings are still considered. This is
because an electrical sauna has a signiﬁcant effect on the electricity
demand of a building, and especially on the maximum power peak
load of the building. The power demand of a sauna oven is normally
6 kW. Using a sauna 3 times a week, one hour at a time, which is
rather common in Finland, causes a yearly consumption of over
900 kW h per household. The tool has options for electrical or wooden
heated sauna. In multi apartment buildings it can be chosen whether
all the apartments have their own saunas or if the apartment has one
common sauna. Saunas are culturally very important for the Finnish
people. Even in new small city apartments small saunas are common.
In one family houses and terraced houses close to 100% of the
apartments have saunas. It is therefore very unlikely that we will
see city plans in Finland forbidding saunas, at least in one family
houses. There are, however, ways to increase the energy efﬁciency of
saunas by decreasing the numbers and the usage of the individual
saunas by offering a nice commonly used sauna in the district.
Planning a nice and luxurious common wooden heated sauna in the
area, for instance by a lake's shore, can be a better alternative than the
own electrical small saunas in each building.

divided to renewable energy systems, heat pumps, fossil fuels and
electricity. Similar classiﬁcation of used energy sources and their
energy conversion factors are used in the Finnish building regulations from 2012 (Ministry of Environment, 2012a). Used energy
sources and their energy conversion factors are presented in Table 1.
These energy conversion factors aim to represent the primary energy
consumption of different energy sources in Finland. The Finnish
electricity production mix is presented in Fig. 5. Additional to this
13.9 TW h (16.5% of the total demand) was imported in 2011
(Statistics Finland, 2011).
For each building type, the user of the tool has the possibility to
select three different heat production systems. This is convenient
especially when larger districts are analysed and buildings might
not have uniform heating systems.
For ground heat pumps an estimation of yearly Coefﬁciency of
Performance (COP) of 2.5 is used in the rating tool. This COP factor is
set in the Finnish building regulations for the calculation of energy
consumption of building, if better performance of heat pump cannot
be proven (Ministry of Environment, 2007 D5). The electricity that the
heat pump uses is converted to primary energy with the factor
1.7 according to Table 1. The heat distribution losses of district heating
network are analysed on a rough level. This was done by analysing the
statistic of all Finnish district heating network statistics provided by
the Finnish Energy Industries (2009). The statistics have data about all
Finnish district heating systems, including the length of the district
heating networks, the total energy consumption in a certain district
heating network and the heat distribution losses of the district heating
networks (as relative to energy production). Analysis was done ﬁrstly
by the calculating the key ratio of heat consumption density (MW h/
m) by dividing in the total heat consumption per year (MW h) with
the total length (m) of the network. This heat consumption density is

Table 1
Energy conversion factors in Finland (Ministry of Environment, 2012a).
Energy conversion factor (used in
calculating of Finnish E-number)
Electricity
District heating
District cooling
Fossil energy sources
Renewable energy sources (including
wood and wood based and other
biofuels)

1.7
0.7
0.4
1
0.5

2.3. Analysis of energy production, distribution and source
To ensure the simple usage of the rating tool, the heating energy
source is chosen based on the heat production systems, which were

Fig. 5. The Finnish electricity production mix. Additional to this 13.9 TW h (16.5%
of the total demand) was imported in 2011 (Satistics Finland, 2011).
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mapped to the relative heat distribution losses of the distribution
network, as presented in Fig. 6.
As a result of this analysis it seems that heat distribution losses
from the distribution network tend to decrease when the density
of the built area increases, as presented in Fig. 6. This is due to the
increased energy consumption per distance of district heating
network. This dependency was taken into account in the tool. The
estimation of heat distribution losses was added to the total
energy demand, if a district heating system was chosen as the
used energy system in the tool. The calculated estimations of heat
distribution losses are presented in Fig. 6.
The consumption density of majority of district heating networks
is between 1 and 3 MW h/m. The variation in the relative losses
presented in Fig. 6 on this range can be explained by the large
number of different types of district heating networks as in such
large array there is variation on the qualities and properties of the
district heating networks. As Fig. 6 illustrates, the distribution losses
may provide a substantial addition to the total energy consumption
of the district. Thus, a correlation between the density of energy
consumption (and thus, the density of the built area) in the district
and the share of heat distribution losses from district heating from
the energy consumption of the buildings was made. The share of
losses relative to area density is presented in Table 2.
In addition to renewable heat sources, also renewable electricity
production was taken into account. An input value in the tool is the
percentage value of how much of the district's electricity need is
produced in the district from renewable energy sources. The approximate electricity demand of the buildings can be derived from the Enumber. A guideline is needed for city planners to assess how much of
the electricity need of a district can be covered locally in the district
with different installations of photovoltaic panels or wind turbines. For
getting actually realistic and accurate energy production potentials,
simulations would be needed. There are, however, no suitable
simulation tools for the city planners for this purpose yet, and they

Fig. 6. The estimated ratio of the density of energy consumption and the relative
heat distribution losses (which are relative to the total energy production) of
district heating networks in Finnish cities (calculations based on data from Finnish
Energy Industries (2009)).

Table 2
Heat distribution losses relative to the density of the area
(ea).
ea (Floor area/total area)

(%)

under 0.1
0.1–0.3
0.3–0.5
0.5–1.0
1.0–2.0
Over 2.0

25.0
15.6
9.8
5.9
2.8
2.0
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might lack the knowledge to make such simulations. Moreover, the
target of the rating tool is to give quickly and easily an estimate about
the overall energy efﬁciency in the initial planning phase of a district.
In order for the city planners to get the more precise production
potential, they would need to order these simulations from consultants. This might in smaller cities be a cost that they might not be able
to cover, and therefore a general estimation of the energy production
potential is needed in order to get some indication of the production
potential. There are several tools to assess the renewable energy
generation potential. The tools can be found online, as browser based
applications, but there are also tools for ofﬂine use. A tool to assess the
photovoltaic electricity generation potential is developed by the Joint
Research Centre (JRC) of the European Commission (JRC, 2012). A
simple to use ofﬂine tool is the free version of IDA ESBO, which can be
used to assess the potential of solar thermal energy generation, for
example (ESBO, 2011). Finnish Wind Atlas is a simple tool to estimate
wind power production in Finland (Wind Atlas, 2009). The planner
could use these tools to estimate the inﬂuence of local measures to the
electricity mix and the results obtained from these tools could also be
used as an input for the energy rating tool.
The realisation of local electricity production in the area cannot be
forced directly through the detailed city plan, since it is not legally
possible to force building owners to invest in photovoltaic panels or
wind turbines. However, the utilisation of the renewable energy
sources can be recommended in the plan. Furthermore, it can also
be supported by the inspection of construction, which can take an
active part with promoting renewable energy technologies. One
possibility is also that the local energy utility invests in local renewable
electricity production. A model worth considering could be that the
energy utility rents the roof space of the residential buildings and
owns the photovoltaic panels and handles everything regarding the
electricity production. The business model could be further elaborated,
for example the rent of the roof could be covered with a speciﬁc
amount of electricity.
The city plan can enable renewable electricity production but
cannot force it. Ways for enabling it is to direct houses optimally in
regards to the solar energy production potential, i.e. roofs tilted
towards the south with an angle of 40–45 degrees dependent on
the latitude (Hoang, 2012). In addition, the shading of these roof
surfaces from other buildings and trees should be minimised.
Small scaled wind power can be promoted by mentioning in the
plan that it is allowed to place small wind turbines on the roofs or
on the lot. District level energy production systems, such as small
scaled CHP plants or require a lot assigned for energy production
and possibly needs storage spaces for fuel.
An obstacle for building speciﬁc renewable electricity generation is the lack of feed-in tariffs and immaturity of the Finnish
transmission companies to receive and compensate for the fed in
electricity. The bureaucracy is heavy and complicated and economic compensation is low (Marja-aho, 2011; Bionova, 2012).
2.4. Transport
Transport can in some districts account for up to 50% of the total
energy demand of the district (Rajala et al., 2010). Therefore it is
important to take into account solutions targeting to decrease the
need of transportation, as well as increasing the energy efﬁciency of
the transport, e.g. by affecting to the use of private cars. In this tool,
energy use caused by transport was considered only in regards to
transport performances that can be inﬂuenced by the detailed city
plan, which means that the focus was on the transport inside of the
district. Studied solutions in the detailed plans are: centralised parking
in the outskirts of the district, bus stops, proper and separate ways for
walking or bicycling and storage spaces for bicycles. The impact
of local transport planning measures to the modal split of the district
and was estimated to match the Finnish spatial setting. While the
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estimations were formed, studies on the effect of urban structure to
the travel behaviour were used to assess the estimates (Naess, 2003).
The distance to daily services inﬂuence the transport demand
signiﬁcantly. In the tool the distance to the following services were
inputs: grocery store, day care for small children, school and health
care centre. An assumption was made that each service was visited
ﬁve days a week per household except for the health care centre
which was visited once a month per household. The relation between
distance to services and the usage of private car was estimated on the
basis of a study conducted by Jantunen et al. (2011) and is shown in
Table 3. The energy consumption of the transportation to the services
was calculated using the average energy consumption of cars in
Finland, 0.68 kW h/km (LIPASTO, 2009).
The number of workplaces in the district also inﬂuences to the
transport need. An average daily distance of 26 km to workplace per
commuter was used to calculate the daily work transport of the
area. This represents the Finnish average distance to workplace
(Findikaattori, 2010). Each household was also assumed to have two
commuters within them, which might be an optimistic assumption
since many households have two cars, especially in the rural areas.
The energy rating tool allows insertion of the estimated number of
workplaces within the district as well as an estimation of teleworking
possibilities with the district. The sum of these two is then reduced
from the total number of commuting made from the district. It is to be
noted that there are many possible awareness raising actions to take
to reduce the use of private cars, these are however not actions that
can be taken within the detailed city planning and are therefore left
out of the scope in this study.

2.5. Calculation principles of the primary energy efﬁciency
of the district
The energy efﬁciency rating was calculated by multiplying the
energy consumption of the buildings and possible distribution losses
of district heating system with the energy conversion factor of used
energy sources and adding to it the primary energy demand of the
trafﬁc. That results the total primary energy demand of the district.
The calculation procedure is presented in Eq. (1).
Σ i ðEcons;i  Eprod;i Þf i þEtrans
E  number ¼
Anet

ð1Þ

Table 3
Share of trips made by private car relative to distance. (Jantunen et al., 2011).
Share of trips made by car relative to distance
30%
Less
Less
Less
Less

than
than
than
than

0.9 km
0.9 km
1.6 km
0.9 km

The calculations of the ﬁve different cases used in the project,
are shown in Table 4. The values inserted in the tool are
representing most realistic values. It shall be noted that the energy
efﬁciency class of the houses in Kannonkoski are poor (class C) due
to the fact of them being log houses which are less energy
efﬁcient. Log houses have less strict energy efﬁciency demands
in the building regulations due to technical difﬁculties in achieving
high energy efﬁciency level. The district in Kannonkoski is a resort
area where log houses are preferred due to cultural reasons. In the
district in Petäjävesi heat pumps were not an option for heating
source due to the fact that the district was an area with ground
water. Often Finnish municipalities and regulators do not allow
installing ground heat pumps to ground water areas due to the
possible risks in contaminating the ground water when drilling
the bore holes or in case of broken pipes.
Additionally the case area of Säynätsalo in the city of Jyväskylä
is analysed more in-depth to analyse the impact of different
choices on the overall energy efﬁciency.
The basic info about the district Säynätsalo and its detailed city
plan is presented in Table 5. Basic information includes the ﬂoor
area and number of residents of each of building types in the plan.
The map of the Säynätsalo districts is presented in Fig. 7.
The case district only had residential buildings. In the designing
phase of the detailed city plan, different plans were considered,
such as containing only one family houses, or terraced houses, and
one plan containing also a multi-story building.
As energy source it was most likely to have district heating in
the area due to local circumstances. In speciﬁc Säynätsalo area
district heating is produced mainly with bioenergy sources for the
local wood residues.
In order to show the impact of different choices the following
aspects of the city plan and its impact on the energy efﬁciency was
analysed:

 Energy system (fossil, renewable, ground heat)
 Heat distribution (district heating network or building speciﬁc
systems)

 Energy efﬁciency of buildings (different scenarios: energy
classiﬁcations B, A, o A)

 Electrical sauna (yes/no)
 Local renewable electricity production (0–100% of household
electricity demand)

where, i¼energy source, Econs ¼ energy consumption [kW h],
Eprod ¼ energy production [kW h], f¼energy conversion factor,
Etrans ¼ energy consumption of transportation [kW h], Anet ¼net ﬂoor
area of the building [m2].
The rating of the district is made based on a comparison between
the performance of best and worst scenarios. The classiﬁcation scale
is similar to the building energy certiﬁcate in Finland (Ministry of
environment, 2012a,b). By putting input values describing the best
available solution in terms of energy efﬁciency we deﬁne this as the
A-class, the worst case scenarios values gives us the G class. The
classiﬁcation is then linearly divided between these.

Grocery store
Day-care
School
Health care centre

3. Results

75%

90%

0.9–1.5 km
0.9–1.5 km
1.6–3 km
0.9–1.5 km

Over
Over
Over
Over

1.5 km
1.5 km
3 km
1.5 km

 Transport:

○ Distance to daily services (0, 3 or 20 km)
○ Public transport and bicycle lanes taken into account in the
plan (yes/no)
○ Work places in the area (0 or 50 work places)
In order to assess the impact of the listed aspects sensitivity
analyses were performed were one variable at the time was
changed, the rest being kept static.
3.1. Energy system
As building type one family houses were chosen. All buildings
were of energy class A. No saunas were assumed in these
calculations. Distance to daily services was 0 km, public transport
and bicycle lanes were considered in the plan, and there were 50
working places in the district for all cases. Results of the energy
system comparison calculations are seen in Table 6.
Rows 1 and 2 show that the primary energy factor raises
signiﬁcantly when the energy source is changed from renewable
to fossil fuel. Comparing rows 3 and 4 shows that electric heating
is consuming more primary energy than fossil fuel systems, which
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Table 4
Comparison of cases and calculation of energy class with the tool.
Basic info
2

Districts total area [km ]
Total ﬂoor area [m2]
Numer of residents
Number of apartments
Density (ﬂoor area/total area)
Type and energ class of buildings
One family houses [%, class]
Detached houses [%, class]
High rise buildings [%, class]
Industrial buildings [%, kW h/m2,a]
Electrical saunas in individual buildings?
Heat transmission
Local heat network
No network, building speciﬁc heating systems
Energy source
Electrical heating
Fossil fuel
Renewable sources
Heat pumps
Renwable electricity
Transport
Centralised parking
Bus stops
Bicycle lanes
Parking place for bicycles
Distance to service
Grocery store
Health service
School
Day care
Working places
Remote points
Working places
Result
Primary energy
Energy class

Säynätsalo

Kannonkoski

Jämsä

Petäjävesi

Toivakka

0.06
5350
156
39
0.9

0.0466
4004
156
26
0.09

0,616
39095
150
45
0.06

0.66
12650
200
50
0.02

0.05
2615
85
22
0.05

80% A
10% A
10% A

100% C

70% A

100% A

100% A

Yes

Yes

30% 160
Yes

Yes

Yes

x

x

x

50%
100%

100%

50%

10%

100%
30%

10%

10%

50%
50%
10%

No
Yes
Yes
No

Yes
Yes
Yes
No

No
Yes
Yes
No

No
No
No
No

No
Yes
yes
No

3 km
5 km
3 km
3 km

10 km
10 km
10 km
10 km

1 km
1 km
1 km
1 km

5 km
5 km
3 km
3 km

1 km
1 km
1 km
1 km

0
0

0
0

0
20

0
0

0
0

199
B

263
D

164
C

230
C

200
B

Table 5
General information about Säynätsalo district.
Districts total area
Total ﬂoor area
Numer of residents
Number of apartments
Density of the district

0.06
5350
156
39
0.089

x
x

km2
m2

Floor area/total area

also can be easily seen from the primary energy factors in Table 1.
The impact of renewable electricity production is seen on rows
5–9. Interesting is to see that the same total primary energy factor
is achieved by having no renewable electricity production but heat
the houses with renewable energy (row 9) and by having fossil
fuel heating and 100% renewable electricity production (row 3). It
is more cost effective to reach this level of primary energy demand
by heating the houses with renewable energy sources than to
produce all electricity with for instance solar panels. Comparing
rows 2 and 3 shows the impact of transmission losses in the heat
distribution system when having a local district heating system.
3.2. Energy efﬁciency of buildings
In the following analysis different aspects affecting the energy
demand of the buildings have been changed. In all calculations
there were building speciﬁc heating systems, distance to daily
services were 0 km, public transport and bicycle lanes were
considered in the plan, and there were 50 working places in the
district for all cases. Results from the calculations are seen in
Table 7.

As can be seen when comparing rows 1–4 in Table 7, the
impact of the energy class is much higher when the heating
system is electricity based. This is because of the higher primary
energy factor of electricity compared to renewable sources. The
impact of the electric sauna is seen on rows 5 and 6. It shall be
highlighted that even though the yearly primary energy demand
does not differ too much, the impact on the electricity peaks can
be signiﬁcant and affects the whole energy system when saunas
are used widely and during same time periods, as is the case
typically in Finland. Comparing rows 7 and 5 show the impact of
building high rise buildings instead of one family houses. The
difference is high since high rise buildings consume less heating
energy per residential square meter.
3.3. Transport
In the following analysis different aspects affecting the transport demand have been changed. In all calculations buildings were
one family houses, without saunas. In order to show the impact of
solutions affecting transport demand, the building type was kept
static in the different cases. One family houses were chosen since
they are the most common type in rural districts in Finland. In
reality the building types do inﬂuence the transport demand since
availability of services are dependent on the residential density.
This issue was however overseen since the services available were
a variable input in this analysis.
All had building speciﬁc heating systems with renewable
sources and 100% of the electricity demand was produced on site
with renewable sources. Results from the calculations are seen in
Table 8.
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Fig. 7. Draft of the detailed plan of the Säynätsalo district (City of Jyväskylä, 2010).

Table 6
Energy system analysis.

1
2
3
4
5
6
7
8
9

Table 7
Buildings energy demand analysis.

Local heat
network

Heat
source

Renewable
electricity
production (%)

Total primary energy Total
rating
need [kW h/m2]

Yes
Yes
No
No
No
No
No
No
No

Renewable
Fossil
Fossil
Electricity
Renewable
Renewable
Renewable
Renewable
Renewable

100
100
100
100
100
75
50
25
0

105
168
143
213
93
105
117
129
142

A
A
A
C
A
A
A
A
A

Comparing rows 1 and 2 in Table 8 shows the impact of taking
public transportation and bicycle lanes into account in the plans.
The difference is not very big. Rows 2 and 3 show the inﬂuence of
reducing commuting to work. The case with 50 workplaces in the
district would mean that almost all working people would have a
job in the district. This is not realistic but is used as a best case
scenario. Inﬂuence of this is rather high. The impact of the distance
to daily services is seen when comparing rows 3, 4 and 5. Row
5 shows that when the distance grows up to 20 km it has a
signiﬁcant effect on the districts total energy efﬁciency. Rows
6 and 7 represent “best and worst case scenarios” in regards to
transport solutions.

Building
type
1 One
family
2 One
family
3 One
family
4 One
family
5 One
family
6 One
family
7 High rise

Buildings
energy class

Heat
source

Sauna? Total primary
energy need

Total
rating

A

Renewable No

142

A

B

Renewable No

152

A

A

Electricity

No

262

D

B

Electricity

No

296

D

A

Renewable No

142

A

A

Renewable Yes

153

A

A

Renewable No

117

A

Table 8
Transport analysis.

1
2
3
4
5
6
7

Distance to
daily services

Public transport and
bicycle lanes in the plan

Working
places

Total primary
energy need

Total
rating

0
0
0
3 km
20 km
0
20 km

Yes
No
No
No
No
Yes
No

0
0
50
50
50
50
0

124
135
96
109
181
93
219

A
A
A
A
C
A
C
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4. Discussion and conclusions
The tool developed is a simpliﬁed tool that gives practical help
for city planners to assess the energy efﬁciency of detailed city
plans in the design phase. The tool enables a fast and easy way to
compare different alternatives of city plans and rank them in
regards to energy efﬁciency. It needs to be highlighted though that
the tool does not take into account the location of the district and
can thus not be used to assess the overall energy efﬁciency of
living in the district. Another tool or guidelines are needed to
assess where to place residential districts in order to avoid
transport demand and urban sprawl.
When analysing the impact of different choices made in the
detailed city planning phase, it can be concluded that the choice of
energy system has a signiﬁcant impact on the overall energy
efﬁciency. However, the importance of well insulated and airtight
buildings shall also be highlighted. Heating systems can be changed
in later stages of the buildings life cycle more easily than the energy
efﬁciency of the house can be improved. A big part of the energy use
in the district is at the end inﬂuenced by the actions of the people
living there. Emphasise should be put on increasing people's awareness about their living habits and its impact on the energy efﬁciency.
These are, however, aspects that are not very easily done through the
city planning. Availability of daily services and public transportation
are the obvious issues that can be inﬂuenced. Domestic electricity
use is more difﬁcult to inﬂuence.
A more precise calculation method for assessing the transmission losses dependences on the city plans is needed and is a topic
for further research.
It needs to be noted that the tool is to be used for assessing
different choices within a district and compare their effects on the
districts energy efﬁciency. It is not suitable for comparing different
districts with each other.
A limitation of the tool is that regarding transport, the tool only
assesses decisions made within the area and its impact on the
transport need, it does not take into account the transport need to
and from the district. It therefore needs to be clearly stated when
taking the tool into use that in the previous planning stage, where
the placement of new residential districts is decided, other tools
and methods need to be used in order to plan wisely and not plan
districts that make the urban sprawl effect worse, leading to
highly car dependent neighbourhoods.
A limitation of the tool is that it only assesses the energy
efﬁciency from the technical point of view, not taking socioeconomic aspects into account. The addition of these aspects is a
topic for further research and development. Including socioeconomic assessment of different solutions makes the tool more
usable for decision making support.
The developed tool evaluates environmental sustainability of a
district via analysing its primary energy demand. The tool guides
towards decreasing the primary energy demand of the area, when
targeting to get better classiﬁcation from the tool. This primary
energy demand evaluation includes energy demand of buildings and
transportation as well as used energy system and source. Even
though the tool itself does not estimate CO2 emission from the area,
it still contributes towards this goal. Firstly, if energy demand of
buildings is decreased, it decreases similarly the emissions from
energy production caused to cover the demand. Similarly emission
reduction results the energy demand of transportation, it its energy
efﬁciency can be improved or transport needs decreased. Furthermore, the primary energy analysis tool takes into account the used
energy source via Finnish energy conversion factors (see Table 1),
which are valued partly based on their environmental impacts. These
energy conversion factors are more judgemental for electricity (with
1.7 factor), and support utilisation of renewable energy (0.4 factor) as
well as district heating (0.7) and district cooling (0.4). Even though
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these relationships are not directly same than CO2 emission rates,
they do support targets to decrease CO2 emissions.
The question of whether more tight regulations in city planning
leads to a more sustainable built environment is a topic of discussion
on many levels. With tools like the presented in this paper a tighter
regulation could be steered towards more sustainable solutions. Today
the city planners don't have the possibility to decide and rule about
what energy source people choose for their houses or whether they
take into use energy monitoring technologies. If they would have
better opportunities to regulate what is being built and how people
are living, tools help to lead to the environmental corner-stone of
sustainability being improved. The social wellbeing corner stone
would however probably decrease due to less possibilities for affecting
choices related to peoples own houses and ways of living. The
economic part is dependent on the solutions chosen. This contradiction could be overcome by developing a tool that would take into
account all three corner stones of sustainability in the assessment of
different solutions. That way the planners could regulate solutions that
are overall sustainable.
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a b s t r a c t
This study estimates the energy savings potentials of Moscow apartment buildings through different
renovations concepts. Also the reductions of the district level energy demands resulting from the possible
building level energy savings were estimated. The principles of these energy chain analyses are also
described.
Most of the apartment buildings in the Soviet Union were constructed between 1960 and 1985, and as
a result the urban housing stock today consists mainly of a few standard building types. Energy efﬁciency
of buildings is typically poor. A typical residential district was selected for the analyses. The energy
consumption of a typical Russian building was estimated by calculating heating of living spaces, heating of
domestic hot water, and the consumption of electricity. The energy consumption of the selected building
stock was based on the calculated consumptions of the type buildings. The present state of the district
level was studied ﬁrst, including energy chain analyses. Then the energy savings potentials for three
different renovations concepts were estimated. In addition, non-technical barriers to energy efﬁcient
renovations are discussed.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Energy strategy of Russia for the period up to 2030 states that
Russia must improve its energy efﬁciency and reduce energy intensity of its economy to the level of countries with similar climatic
conditions such as Canada and the Scandinavian countries [1]. In
addition, it is required that Russia’s living standards must correspond with those of the developed countries.
According to national statistics service the share of dilapidated
and emergency-state housing is around 3% of the total area of
the Russian housing stock [2]. However, it is estimated that more
than 290 million m2 or 11% of the Russian housing stock needs
urgent renovation and re-equipment, 250 million m2 or 9% should
be demolished and reconstructed [3]. Some 58–60% of the country’s total multi-family apartment buildings are in need of extensive
capital repair [4].
In 2005; the Russian residential, public, and commercial buildings were responsible for 144.5 Mtoe (million tonnes of oil
equivalent), i.e. 1680 TWh, of ﬁnal energy use (34%) and for 360
Mtoe, i.e. 4186 TWh, of primary energy (55% of overall primary
energy consumption). The technical energy efﬁciency potential of
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the buildings was assessed at 68.6 Mtoe, i.e. 797,820 GWh [5]. Residential buildings are evaluated to have the largest energy savings
potential out of all building types. The largest part (67%) of the
energy savings could be implemented through the more efﬁcient
utilization of district heating in space and water heating. An estimated 60% of the Russian district heating network is in need of
major repair or replacement [6]. The investment needs for rehabilitating the district heating systems is Russia are estimated at US$
70 billion by year 2030 [7].
The majority of Moscow housing stock is built after World
War II [2] and need modernization. Sustainability should be taken
to account when renovating these buildings. Thus, energy efﬁciency of buildings and districts is one of the core issues. Before
deciding any renovation solutions, the energy consumption levels
need to be estimated. After the estimation, different renovation concepts can be compared with the current situation. This
paper describes the principles of the energy analysis process, estimates the present state energy consumptions of a typical Moscow
apartment building and a typical district (neighbourhood), and
then analyses different building level energy renovation concepts.
Often technical solutions exist for energy renovations of buildings but other obstacles hinder or delay their realization. These
non-technical barriers to energy efﬁcient renovations of Moscow
residential districts are also described in this paper.
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2. The Moscow housing stock
Construction in Russia [2] state that the total Russian housing
stock in terms of total residential ﬂoor area was 3177 million m2 in
2009. Total area of the housing stock per capita was 22.4 m2 .
According to the statistics from 2004, 95% of the Moscow
dwelling space is built after World War II, from which 52% of the residential buildings were built during 1946–1975 and 43% in 1976 or
later. According to Rosstat [2], there were 39.801 residential buildings in Moscow in 2009. The amount of residential buildings equals
3,835,000 apartments and the total ﬂoor area of 214 million m2 . The
average ﬂoor area of an apartment in Moscow was 55.8 m2 and the
average number of residents per apartment was 2.8. The ﬁgures do
not account for administrative expansion of Moscow implemented
in summer 2012.
2.1. Typical apartment buildings in Moscow
It is important to understand the general situation in the target
place before conducting energy analysis. In 2004 United Nations
published Country Proﬁles on the Housing Sector Russian Federation [3], which helps to form an overview of typical building
solutions in Moscow and in Russia. First of all, the industrialization
of construction started in the Soviet Union in the 1950s, after which
the precast concrete large-panel construction developed quickly.
Most of the apartment buildings were constructed between 1960
and 1985, and as a result the urban housing stock today consists
mainly of a few standard building types. [3]
In general, there are three basic categories for residential panel
buildings [3]:
• First generation is ﬁve-storey buildings often called khrushchevky.
Khrushchevky have been built between 1959 and 1969 and about
10% of residential buildings belong to this category. Typically
their state is quite poor nowadays and they are situated in fairly
attractive areas, not far from city centres.
• Second generation buildings were constructed between 1961 and
1975. The number of storeys varies but nine-storey buildings are
the most common. The buildings are long and there are usually
ﬁve to nine staircases in each. The external walls are different
lightweight concrete structures without separate thermal insulation material. The housing norms of 1963 regulated their design
and construction. The dwellings in this category are more comfortable than those in the ﬁrst-generation buildings.
• Third generation buildings were built mainly after 1975 in the
suburbs. Large elements and prefabricated modules were used.
These buildings are nine-storey or higher, tower type blocks of
ﬂats or long, narrow buildings with four to seven staircases.
The external walls are usually 32–35 cm thick expanded-clay
lightweight concrete.
Natural ventilation is a typical solution in Russia [8]. District
heating networks supply heat to about 80% of Russian residential
buildings and about 63% of the hot water used by Russia’s population [6].
Energy efﬁciency of these apartment buildings is typically poor.
The thermal insulation of the precast panel walls does not meet
modern standards, and may cause moisture and mould problems.
Moreover, the surroundings like streets, courtyards and parks are
usually poorly maintained. The limited variation in the urban housing stock results in suburbs of large uniformity, where individual
wishes or needs are rarely met. [3]
There is one more issue that should be considered when studying Russian buildings. It is quite difﬁcult for researchers from
outside of Russia to ﬁnd and correctly interpret Russian data.
According to Opitz [9], the central government has a desire to
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conceal important production and ﬁnancial facts, which means
that the clarity and consistency in published statistics is often rare,
and a lot of interesting information is simply unavailable to the
general population. Moreover, the statistical reports published in
several forms by Goskomstat (the State Committee on Statistics)
were incomplete and often inconsistent. The accounting methods
and deﬁnitions varied among sources and even within the same
source in different years. Opitz [9] states that the data almost seem
designed to confuse. The data used for this paper was gathered from
several sources, and cross-checked when appropriate sources were
found.
2.2. The selected housing district
A typical residential district was selected to be analyzed in the
project. The selected district mostly represents 4-th Microrayon
of Zelenograd, Moscow (longitude 37◦ east and latitude 55◦ north).
Zelenograd is located about 35 km to the North-West from Moscow
City centre. The district dimensions are approximately 1 × 0.5 km.
It represents a typical residential district of Moscow and Moscow
region with high-rise apartment buildings constructed for the most
part in 1960s and 1970s. The district is heated with district heating.
Renovation of such buildings and districts may be needed in the
near future.
The apartment buildings in the area can be divided into groups
according to the building series: II-57, II-49, AK-1-8, II-18 and Mr60, which are apartment buildings build between 1966 and 1972.
Each building series represents a speciﬁc building design [8]. There
are also other apartment buildings, schools, kindergartens, shops,
a bank in the area, but since this project concentrates on modernization of buildings, these newer buildings from the 90s and from
the beginning of 2000 are excluded from these energy calculations.
The more detailed data about the older apartment buildings is presented in Table 1 and these buildings were the main target of the
ﬁrst calculations of this study. After the initial analysis the most
common building type II-18 was selected for further analyses.
In total there are approximately 13,800 residents in the buildings that are included in the calculations. The total ﬂoor area of the
studied buildings is 327,600 m2 . The number of residents is estimated based on the assumption that the average occupancy rate
per ﬂat is 2.7 persons [3].
3. Principles of the energy analyses
The main objective for the energy analyses was to form an
overview of average energy consumption, energy production quantities, and energy efﬁciency in Moscow, Russia. The energy analysis
is important, because it helps to recognize the best ways of how
to improve the energy efﬁciency of entire districts and energy systems. The key questions are: “How the energy is currently produced
for buildings and districts?”, “What are the most efﬁcient ways to
reduce energy consumption and how much can it be reduced?”,
“What is the environmental impact of energy production and how
emissions caused by it can be reduced?” and “What are the life cycle
energy costs of different alternatives?”.
The general methodology of energy analyses is presented in
Fig. 1. At ﬁrst the state of the art was studied for both old apartment buildings and the entire residential district in the Moscow
region. This means that the typical apartment building parameters were identiﬁed, and an example district was selected for the
calculations. Most of the buildings in the example district are built
between 1966 and 1972. A few different typical apartment building
types was studied: their monthly energy consumption levels were
calculated, and then from those results the energy demand of the
entire district was calculated including also the energy demands for
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Table 1
Apartment building types and their basic data in the studied district.
Description

Long apartment building

Long apartment building

Higher apartment building

Apartment building

Apartment building

Series
Construction year
Number of buildingsa
Apartments per building
Residents per buildingb
Floor area (m2 )
Number of ﬂoors
Shape
X/Y ratioc

II-57
1967–1968
4.6
358
967
22,827
9
Rectangle
0.07

II-49
1966–1969
11
143
386
8951
9
Rectangle
0.16

AK-1-8
1971–1972
6
102
275
7140
17
Rectangle
0.40

II-18
1965–1966
10
84
227
4911
12
Rectangle
0.60

Mr-60
1967–1968
4
111
300
8042
16
Rectangle
0.38

a
b
c

0.6, because there is one smaller similar building.
Assumption: an average ﬂat has 2.7 residents (United Nations 2004).
Shape of the building: X is width of the building and Y is length of the building.

waste and water management and street lighting. The next step was
to evaluate the energy saving potentials that can be achieved with
renovating these old apartment buildings. This was done by calculating different scenarios for renovated apartment buildings. As a
result knowledge of total energy consumption levels in different
scenarios in the typical Moscow residential district was achieved.
The last phase of the energy chain analyses is to study the
energy production. This part also starts with the state of the art of
the existing or typical energy production and distribution systems.
Then improvements and renewal of these systems can be identiﬁed. Finally, the life cycle emissions for different energy production
solutions can be calculated.
4. The state-of-the-art energy analyses
4.1. The energy consumption of buildings
The energy consumption of a typical Russian building was estimated by calculating heating of living spaces, heating of domestic
hot water, and the consumption of electricity. First the current
states of the selected building districts, chosen to be renovated
or modernized, were analyzed by means of typical buildings. The
analysis took into account structural solutions, heating, ventilation,
water and drainage, electrical and other technical systems.
The energy consumption of the type buildings was calculated
with WinEtana, which is a building energy analysis tool developed
by VTT Technical Research Centre of Finland. The average monthly

Fig. 1. The general methodology of the energy analyses.

temperatures in Moscow were adjusted in the calculation tool to
get more accurate results. The temperature data of Moscow region
was retrieved from the website of EnergyPlus Energy Simulation
Software by U.S. Department of Energy [10].
Typical building parameters in Russia and in Moscow were used
in the calculations. We used the value 18 ◦ C in our calculations as
the default indoor temperature for living spaces in multi-family
buildings located within the case districts. According to Russian
construction norms on thermal performance of buildings, the value
of building air tightness at 50 Pa pressure difference (n50) must
not exceed 2 h−1 for mechanical and 4 h−1 for natural ventilation. However, based on the results of ﬁeld measurements with
blower door tests [11] for a 9-storey building, which represents
closest to the buildings in the case district – the average values
were 7.5 h−1 (vents sealed) and 6 h−1 (vents and windows sealed).
In our calculations we used a rather conservative estimate of air
density factor n50, 6.5 h−1 so that it represented recent improvements in air tightness of windows due to massive installation of
plastic-aluminium windows by residents of apartment buildings in
Russia.
Natural ventilation is a typical ventilation solution in Russia
[8]. Type of base ﬂoor in the buildings is assumed to be groundsupported slab. The typical U-values in Moscow buildings are
approximately 1.1 W/m2 C◦ for wall constructions and 2.9 W/m2 C◦
for fenestration (converted from transmission R values by Matrosov
et al. [12]). Opitz et al. [8] point out that the design R values differ
minimally among older buildings built between 1954 and 1979,
and they are essentially the same among buildings even with different wall structures (except for recently constructed buildings
with 3-layes panel walls).
Because Estonia was part of the Soviet Union, there still remain
numerous apartment buildings built during the Soviet era. The
typical annual Estonian water consumption is between 180–290
l/capita/day [13]. We estimated that the average water consumption in the selected buildings is 272 l/capita/day, of which hot
domestic water consumption is 46%, thus 126 l/capita/day). The
hot water consumption is based on expert estimations and average
Finnish water consumption data.
Electricity consumption of the building was estimated based
on the assumed typical electrical equipment and their energy efﬁciency classes. It included lighting, household electrical equipment:
(laundering, dish washing machine, entertainment, computer,
stove, refrigerator, freezer, and other equipment), as well as outside
lighting, and facility electric consumption (parking slot (preheating
of cars), elevator and pumps). The average energy efﬁciency class of
electrical equipment was assumed to be class D (typical in Finland).
As for the part of internal heat gains, the following values
were used based on the experiences of Finnish experts [14]:
0.96 kWh/m3 /month from domestic hot water (30% of the heat
demand [15] for hot water), 1.42 kWh/m3 /month from electrical
equipment and 0.4 kWh/m3 /month from people.
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Table 2
Annual energy consumptions per ﬂoor area of the type buildings in the selected district.

Building series
Space heating (kWh/a, m2 )
Hot domestic water (kWh/a, m2 )
Losses (kWh/a, m2 )
Total heating energy consumption (kWh/a, m2 )
Total electricity consumption (kWh/a, m2 )

Long apartment
building

Long apartment
building

Higher
apartment
building

Apartment building

Apartment building

II-57
120
88
4
212
42

II-49
126
88
4
218
45

AK-1-8
127
88
4
219
38

II-18
126
88
4
219
47

Mr-60
123
88
4
216
39

The calculated energy consumptions per building ﬂoor area are
presented in Table 2. According to the calculations the average
heating energy consumption of typical old apartment buildings
in Moscow was 217 kWh/m2 ,a and the average electricity consumption 42 kWh/m2 ,a. The result is quite well in line with some
reference studies, e.g. [13]. The differences in energy consumption
calculations may result from the divergence of the base data. Russian structures and used system solutions of buildings may vary
in different buildings (even within same building series) or even
within single buildings. Moreover, according to the Moscow city
programme [16] “Energy Conservation in Construction in the City
of Moscow During 2010–2014 and Until 2020” the thermal insulation of buildings comply with norms only ‘on the paper’, which
may also explain the differences in results. Also the air tightness of
the building has a big signiﬁcance.
Since the variations of the annual heating and electricity consumptions were small, only the most common building type (II-18)
in the district was chosen for the further analyses. A general picture of the energy ﬂows going in and out of the building II-18 is
presented in Fig. 2.
4.2. The district level energy consumption
The annual heating energy consumption of the most common
building type II-18 (Table 2) was 219 kWh/m2 ,a and the annual
electricity consumption 47 kWh/m2 ,a, respectively. Heat is distributed in the district through district heating network. In Russia,
an estimated 20–30% of heat is lost through the heat distribution network before it reaches the end consumer [6]. So, it was
assumed that the heat distribution loss in the network is 20%. The
transmission losses of electricity are typically approximately 10% in
Russia [17] which was also used in the calculations. Then, the total
annual heating energy consumption of the apartment buildings in
the selected area was 71.8 GWh/a, and the total annual electricity consumption was 15.5 GWh/a. This means that annually the
buildings in the selected district need heating energy production
of 89.8 GWh and electricity production of 17.2 GWh.

Fig. 2. The calculated energy streams of the apartment building II-18.

Energy needed for water puriﬁcation was estimated to be
7 kWh of heating and 49 kWh of electricity per person in a year,
and respectively 23 kWh of heating and 62 kWh of electricity for
wastewater treatment [18]. Outdoor lighting was estimated to consume 350 kWh per lamp in a year, while a quote of 0,167 lamps per
inhabitant was used [19,20]. Taking these into account the total
annual heating energy demand without distribution losses for the
district is 72.2 GWh and the total annual electricity demand without transmission losses 17.8 GWh, respectively. Adding the losses
mentioned above will result in the total annual heating demand of
90.2 GWh and the total annual electricity demand of 19.5 GWh.
Heating energy in Moscow is up to 70% generated by large scale
combined heat and power (CHP) plants and they are usually using
natural gas [16]. Assuming that the heat and the power for the
examined district are produced by a natural gas CHP plant, the
related annual CO2-equivalents are for the heating 24.3 × 106 kg/a
and for the electricity 9.9 × 106 kg/a (Table 7), respectively. These
equal to the annual total CO2 -equivalent of 34.2 × 106 kg/a and
the total per person of 2.5 × 103 kg/a/p.p. As a comparison, the
heating of buildings in Finland accounted for 3.97 × 109 kg of CO2 equivalents in 2009 which per citizen would correspond to 0.74 kg
in a year. This would be less the than half of the corresponding
values for case district (1.77 kg/a/p.p).
5. The energy analyses of alternative building renovation
concepts
Three alternative renovation concepts were selected for closer
analysis (Table 3). The cases had different values for the following characteristic: the U-values of building structures (outer wall,
base ﬂoor, roof, windows and doors), ventilation type, air tightness
factor, lighting (indoor), electricity consumption/electrical equipment and water consumption. The renovation cases are adjusted
in such a way that each of them result as an improvement from
a previous one when it comes to the total annual energy consumption. The basic renovation refers to minimum, low-cost or
easy-to-do retroﬁt measures. The improved renovation solutions
outputs better energy or eco efﬁciency. The advanced renovation
column suggests the most progressive solutions. If not otherwise
stated, the improved and advanced solutions always include the
solutions mentioned in the previous renovation.
The annual results from the simulations are shown in Table 4,
from which emerges that each case consumes less energy than the
previous one. The same goes also for heat consumption while the
consumption of electricity is higher for the Advanced-case in comparison with the former Improved-case. The cause of this was the
change of the ventilation system to a mechanical one consuming
more electricity. However, since the improved ventilation system
recovered 60% of the heat of the exhaust air that otherwise would
have been lost it resulted in energy savings in the end in form of
heat. In Table 5, there are the results presented as percentages by
comparing each value of the cases to the same value of the State of
the art-case (the current case). Table 6 represents the yearly energy
consumption per ﬂoor area for each of the cases.
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Table 3
Building level renovation concepts. If not otherwise stated the improved and advanced concepts always include the solutions mentioned in the previous renovation.
Technology/system

Current status

Basic renovation

Improved renovation

Advanced renovation

Structures: U-values (W/m2 K)
•Outer walls
•Base ﬂoor
•Roof
•Windows and doors
Ventilation

1.1
1.1
1.1
2.9
Natural ventilation

0.5
–
0.25
1.85
Natural ventilation, repairing
the existing system (ensuring
sufﬁcient air exchange rate)
Installing outdoor valves
4.0
Car parking places (electricity:
max two hour control)
Energy efﬁcient household
appliances

0.32
–
0.24
1.5
Enhanced mechanical exhaust

0.15
–
0.15
1.0
Mechanical ventilation (supply
and exhaust air) with annual
heat recovery efﬁciency 60%

Air tightness factor n50 (1/h)
Electricity consumption/electrical
equipment

6.5

Energy efﬁcient lighting of
staircases and public spaces
Water consumption (l/day/occupant) 272/of which hot water 126 Installation of modern ﬁxtures
and appliances (160)

2.0
Energy efﬁcient pumps and
fans

Installation of water saving
ﬁxtures and appliances (120)

Lifts – braking with recovering
energy
Demand based control of
lighting of staircases and
public spaces

Separate metering (100)

Table 4
The annual energy consumptions of the building type II-18 with different renovation cases.

Total energy
consumption
(kWh)/building,a
Heating
consumption
(kWh)/building,a
Space heating
Domestic hot water
Losses
Electricity
consumption
(kWh)/building,a

Current

Basic

Improved

Advanced

1,308,003

840,731

675,755

518,897

1,076,373

658,288

511,189

348,027

620,766 (58%)
434,076 (40%)
21,516 (2%)
231,630

388,946 (59%)
256,176 (39%)
13,164 (2%)
183,510

308,833 (60%)
192,132 (38%)
10,212 (2%)
172,000

180,245 (52%)
160,104 (46%)
6,936 (2%)
190,460

Table 5
Energy consumptions of different renovation cases compared to the current.
Current
Total energy consumption
Heating consumption
Space heating
Domestic hot water
Electricity consumption

100%
100%
100%
100%
100%

Basic

Improved

64%
61%
63%
59%
79%

52%
47%
50%
44%
74%

Advanced
40%
32%
29%
37%
82%

characteristic values. The U-values were decreased with 65% for
the outer walls, 77% for the roof and 36% for the windows from
the State of the art to the Basic renovation case. The corresponding values were 36%, 4% and 19% from the Basic to the Improved
renovation case and 53%, 56% and 33% from the Improved to the
Advanced renovation case.

In Fig. 3, there is a chart of the energy consumptions of the
building II-18 for different renovation cases. The total energy consumption, the heating consumption, the electricity consumption,
the energy consumed for space heating, the energy consumed for
domestic hot water and the energy losses of the building are shown
in the ﬁgure. The total energy consumption is composed of the total
heating and electricity consumptions, while the total heating consumption is a sum of the space heating and the domestic water
heating. The losses curve represents efﬁciency based energy losses
of the heating systems.
All the heating (total heating, domestic hot water, space heating) curves show a steep decrease from the state of the art to the
Basic renovation-case; this has to do with the proportions in the
Table 6
The annual heating and electricity consumptions per ﬂoor area for each renovation
case.

Heating consumption (kWh/m2 ,a)
Electricity consumption (kWh/m2 ,a)

Current

Basic

Improved

219
47

134
37

104
35

Advanced
71
39

Fig. 3. Energy demand graph for the different renovation cases of the building II-18.
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Table 7
CO2 -equivalents from natural gas CHP energy generation for different concepts.

Heat (kg/a)
Electricity (kg/a)
Total (kg/a)
Total per person
(kg/a/p.p)

Current

Basic

Improved

24,296,019
9,913,875
34,209,894
2477

14,060,219
7,811,025
21,871,245
1583

10,767,202
6,851,705
17,618,907
1276

Advanced
5,656,596
6,144,183
11,800,779
854

The space heating is showing a steep decrease again between the
Improved- and the Advanced-case, partially because of changes in
the U-value and partially since the losses are being recovered by the
ventilation system (not the same losses as in Fig. 3). However, the
water heating curve between the same cases is behaving oppositely
which results in only a smaller change in the total heat curve.
The heat consumption for domestic water is corresponding
to the amount of water consumed which is decreased with
41%, 25%, and 17% from each case to another (Current, Basic,
Improved, Advanced). The electricity consumption is also the steepest between the State of the art and Basic cases, since all household
appliances are changed to more energy efﬁcient ones. Smaller
improvements are being made in the energy consumption of electrical appliances between the Basic and Improved cases. The energy
consumption rises between the Improved and Advanced cases due
to the ventilation system even though some improvements are
being made with the elevator system. However, the electricity consumption in the Advanced case does not surpass the State of the art
case.
Grouping all the energy consumption together the curve is steep
from the Current to the basic case, while the development is less
steep and constant for the rest of the cases. What can be observed
from these results is that space and water heating is consuming
the larger part of the total energy. A considered amount of the
consumption can therefore be reduced through improving insulation (U-values) and reducing water consumption habits. Also, heat
recovery from the exhaust air is proven to be a way of saving energy
signiﬁcantly but results in increased electricity consumption.
In Table 7, there are listed the CO2 -equivalent greenhouse gases
for different renovation concepts assuming that the energy is produced by natural gas CHP plant. Even the Basic renovation concept
reduces the total CO2 -equivalents by 36%. The reduction with the
Improved concept is 48% and with the Advanced concept 66%,
respectively.
6. Non-technical barriers to energy efﬁcient renovations
There are a number of obstacles that prevent Russia from
beneﬁting from the existing potential of improved eco- and energyefﬁciency in buildings. Common, well-documented ones include
relatively low energy tariffs (e.g., [13,21]), higher up-front investment costs of implementing renovation solutions, as well as high
interest rates [22].
The most important obstacle in building renovation in Russia is
outdated norms and long permission processes [23]. The norms do
not acknowledge the existence of new efﬁcient technologies and
materials. Even though the systems and materials can be relatively
easily certiﬁed, the old norms are used by the authorities when
checking the acceptance of a speciﬁc design solution. It may be
very difﬁcult to prove that a new type of heating system will be
able to provide enough heat, or that connection capacity could be
reduced because thermal insulation is improved.
Apartment-speciﬁc sub-metering is required in all buildings for
electricity and hot and cold water as well as heating, although with
respect to the latter these requirements have not always been fulﬁlled. In existing buildings water meters are not always installed
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by residents despite the requirement, even though the meter and
installation usually pays for itself rather quickly, the resistance to
install the meters most likely has to do with lack of information.
In residential buildings mechanical ventilation is neither
allowed nor prohibited, and the ofﬁcials in charge of issuing building permits or parties approving renovation plans refrain from
assuming responsibility in the absence or clear ofﬁcial guidance
as to how the connection capacity of space heating system should
be dimensioned and mechanical ventilation systems designed,
installed and maintained, even when there is an understanding that
natural ventilation is less energy-efﬁcient especially in high-rise
residential buildings than a mechanical system with heat recovery.
There are differences in operation practices that should be
considered when implementing an eco-efﬁcient renovation. Often
when remodelling the apartments, the owners introduce significant changes to buildings’ technical systems, e.g. they seal an
apartment from a ventilation channel, or even block a building’s ventilation channels, install exhaust ventilation, alter a space
heating system (e.g. connect under-ﬂoor heating). These often illegal changes affect the proper functioning of systems during the
building’s operational phase. It is strictly prohibited for a service
company or inspectors to enter the apartments to check whether
this kind of change was made, or even to maintain the system. The
access is only possible with a decision of a court in the case when a
tenant is absent or opposes the entry. A possible solution is to even
at the design stage to try taking the engineering systems out of
the apartments to the extent possible and providing service access
from public areas.

6.1. Political and administrative obstacles
The question of the liability of the state in renovating the privatized buildings constitutes one of the political obstacles. The
current legislation in this regard is ambiguous: on the one hand,
there is a decision of the High Court conﬁrming the obligation of the
state to implement the repairs and provisions of the Housing Code,
claiming that the residents must jointly take on all the responsibilities concerning their buildings. This question is regularly raised
both by representatives of elected bodies of state power and, at a
broader level, by the community, and is tool of political struggle,
especially so in the election race. When citizens’ law suits are ﬁled
with courts, the latter typically obligates municipal administrations
to conduct the renovation of the apartment building and hencesociety expects that the state will conduct (ﬁnance) the renovations
of the formerly privatized apartment buildings [24].
Given the above, it is common for municipal administrations
to conceal information on the actual technical state of residential
buildings in case they are declared as “dilapidated” or “dangerous”
as then the administrations would have to resettle the residents
and provide them with substitute housing of comparable standard
at the expense of a regional budget where funds for this purpose
are typically insufﬁcient. In addition, the quality of information on
the actual technical condition of buildings is typically low: for most
of the buildings technical inspections to assess the actual wear of
individual buildings are not conducted. Typically, the wear is estimated as a total “percentage of worn-out structures”, which does
not provide enough information for decision-making.
The sector of residential construction is highly dependent on
administrative bodies, the system of urban planning and land use
remains the source of administrative rents [22]. Most international assessments rank Russia as one of the most corrupt major
economies in the world. According to Transparency International,
public ofﬁcials and civil servants, including the police, are seen as
belonging to the most corrupt institutions in Russia, followed by
the education system and parliament [25].

712

S. Paiho et al. / Energy and Buildings 66 (2013) 706–713

6.2. Social aspects
In the renovation business, social aspects are vital and need to
be considered in advance. The distrust of apartment owners is the
ﬁrst obstacle an investor will face at the beginning of the project.
A possible solution is to partner with local authorities to keep the
residents informed, similar to the current budget co-funded renovation practice in Moscow and, ideally, involve the residents into
the planning process. This way, different kind of rumours and disinformation of residents can be efﬁciently managed, despite the
fact that it is common for Russians not to trust the authorities,
institutions, builders, etc. This distrust is also one of the causes of
passivity on the part of people in joint planning activities (e.g. public
hearings of renovation projects). Therefore, the involvement of residents, openness, transparency and the possibility of the residents
inﬂuencing the decision making is important for success.
In cases where the need for renovation is substantial and
requires a temporary resettlement it may turn into the biggest
obstacle, as agreement with each apartment owner would need to
be reached [26]. Another important aspect is that income levels may
vary among the residents of the same building, which complicates
joint decision making on building renovation.

7. Discussion
The need to modernize and upgrade buildings in Moscow districts is evident, because only minor share of residential building
stock aged over 35 years has been renovated to date. Indoor
conditions are poor and the energy losses from buildings are significant. Energy efﬁciency improvements should be considered when
upgrading the districts to beneﬁt from opportunities to reduce
energy consumption.
It is evident that there is a need for local knowhow when
analysing the energy efﬁciency of districts in Moscow. A correct
interpretation of statistics requires knowledge about Russian conditions. The analysis of buildings is eased by the fact that there are
only a few building types, but on the other hand, in reality the used
materials and their parameters can vary signiﬁcantly also within
the same building series. In this research it also turned out that the
energy performances of the different building types are not differing signiﬁcantly, and an adequate analysis can be made even by
using only one building type.
The district heating network has a big potential for improving
the energy efﬁciency of Moscow, because there are lots of heat
losses in the heating network present day. One important renovation target is to install completely automatic individual substations
in every building and so pass from the old four-pipe to new twopipe district heating systems [27] with heat exchangers enabling
control of heat distribution into buildings and apartments based
on the actual heat demand. On the building level, the air tightness
of the structures is one key issue that needs to be addressed in
the retroﬁt solutions. Based on this study, the building level energy
savings potential for the heating energy is up to 68% and for the
electrical energy up to 30% based on these calculations. In addition,
the CO2 -equivalent greenhouse gases may be reduced up to 65%.
To achieve a universally efﬁcient energy solution in Moscow,
the entire energy chain needs to be analyzed and improvements
made bearing in mind the whole energy chain. The results of this
study showed that improved indoor conditions and reduced heating consumption often lead to increased electricity consumption.
By analysing indoor conditions energy efﬁciency and the building
overall energy efﬁciency instead of energy consumption the issue of
increased electricity consumption is put to correct context and the
improved “output” of the consumed energy is considered properly.

The different renovation concepts were not analyzed from the
economical point of view. This should also be done in order to
form an understanding on what renovation solutions are feasible
in Moscow apartment districts. Some solutions may also turn out
unsuitable in practice. In addition, several non-technical barriers
exist for renovations in Moscow. These need to be solved too in
order to get progress.
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a b s t r a c t
Three building level renovation concepts of a typical Moscow residential district are deﬁned and their
energy saving potentials evaluated in a recently published study [1]. This study extends these analyses
and concentrates on energy and emission analyses of different energy renovation solutions and energy
production alternatives at the district level using the same case district as in the previous study [1].
At the district level, four different energy renovation scenarios, called Current, Basic, Improved and
Advanced, were analyzed in terms of energy demand and emissions. Considerable energy savings could
be achieved, up to 34% of the electricity demand and up to 72% of the heating demand, using different
district modernization scenarios.
As for the emission analyses, switching from natural gas to biogas would result in decreasing greenhouse gas emissions, but increasing generation of SO2 -equivalent and particulate emissions. A better
solution would be to still switch to biogas while maximizing renewable energy production from local
non-combustion technologies at the same time.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
In Russia, climate change causes environmental, economic and
social stress, why a future reduction in energy consumption could
beneﬁt the national economy [2]. In an energy-inefﬁcient country
like Russia, there is the potential to weaken the link between GHG
(Greenhouse Gas) emissions and economic growth by improving
energy efﬁciency [3]. Ever since the year 2000, Russia’s economy
has witnessed an upswing, and the government has started to take
effective measures to curb energy intensity and reduce CO2 emissions [4].
Energy efﬁcient renovation increases the value of a building
[5]. Improved cost-effectiveness of energy efﬁciency measures is
achieved when they are implemented as part of a building renovation. It is often important to examine the impacts of building
level renovation solutions in a wider perspective, since energy
renovations reduce the energy demand from the grid or network
[6], as well as the primary energy consumption. Greater overall
energy efﬁciency can often be achieved through a district-scale
building and district infrastructure renovation. The renovation of
buildings should not be separated from the improvement of the
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E-mail address: Satu.Paiho@vtt.ﬁ (S. Paiho).
http://dx.doi.org/10.1016/j.enbuild.2014.03.014
0378-7788/© 2014 Elsevier B.V. All rights reserved.

surrounding environment. If the surrounding environment is
improved, the market value of the land will considerably increase
and the area will become much more attractive to investors. Therefore, it is clear that the renovation of a neighbourhood should not
be restricted to the renewal of buildings, but should be extended
to the whole region [7].
Some general principles for improving energy-efﬁciency at the
district level include: improving the energy-efﬁciency of buildings, outdoor lighting, energy networks and grids (especially by
reducing distribution losses), replacing fossil fuels with renewable energy sources, improving the energy-efﬁciency of waste and
water management systems, reduction of emissions (e.g. change
of fuel or ﬂue gas treatment), and energy-efﬁcient transportation [8]. Modernization must follow the urban structure which
reﬂects the principles of sustainable development and corresponds
to the quality of life: compactness, multifunctional use of territories, sustainable transport, ensured public interests and visually
attractive (unpolluted) environment [9]. Outdoor amenities, i.e.
pedestrian and bicycle paths, parking lots, children’s playgrounds,
sports grounds, benches, litterbins, street lamps, etc., should be renovated and rebuilt because the quality of housing largely depends
on them [7].
Paiho et al. [1] present three different renovation concepts
for apartment buildings in a Moscow residential district. The
energy consumption of a typical Russian apartment building was
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estimated by taking into account heating of living spaces, heating
of domestic hot water, and the electricity consumption. The energy
consumption of the selected building stock was thereafter calculated based on the estimated consumptions of the type buildings.
First the present state of the district level was studied, including
energy chain analyses. The energy saving potentials for the three
different building level renovations concepts were thereafter estimated. Results from the calculations showed that the building level
energy saving potential could be up to 68% for heating energy and
26% for electricity, respectively.
The energy analyses are continued further in this paper by
looking at three district level energy renovation concepts. In combination with this, the paper introduces different energy production
scenarios and estimates the annual emissions for each examined
case. The purpose was to assess how low emission values could
be achieved by comparing and combining technologies for energy
generation, and clarify which of the combinations presented would
be better in terms of produced emissions.
This study tested the hypothesis that energy renovations are
more efﬁcient at a district level than on a building level, thus including the whole energy chain from production to consumption and
taking into consideration not only building scale renovations, but
also improvements on the energy supply systems. Furthermore,
this study aims to explore whether emissions to air correlate with
energy efﬁciency.
2. Background
It is estimated that more than 290 million m2 or 11% of the Russian housing stock needs urgent renovation and re-equipment, 250
million m2 or 9% should be demolished and reconstructed [10].
Some 58–60% of the country’s total multi-family apartment buildings are in need of extensive capital repair, rising to 93–95% in those
apartment blocks with an average age of less than 25 years [11].
The energy strategy of Russia for the period up to 2030 [12]
states that one main problem in heat supply is the unsatisfactory
state of heat supply systems characterized by high depreciation of
ﬁxed assets, especially of heat supply networks and boiler rooms,
insufﬁcient reliability of operation, large energy losses and negative impact onto the environment. The high level of technical
abrasion and a low level of investments into modernization of the
Russian energy industry cause huge energy wastage and carbon
emissions [13]. With the exception of hydropower, Russia’s utilization of renewable energy sources remains low relative to its
consumption of fossil fuels [14]. In the absence of a clearly formulated long-term strategy for bioenergy and renewable energy, the
legal and political processes in this ﬁeld have been fragmented and
weak [15].
2.1. Literature review
There is no relevant literature related to the energy consumption
of Russian buildings. Also nothing has been found on the impacts
of different options for energy renovations of residential buildings
or districts in Russia. Furthermore, no studies have been found,
taking into account the different emissions of energy production
types when analysing the whole energy chain from production to
consumption in residential buildings.
Studies on the energy consumption of Russian buildings have
been made in the 1990s by Matrosov et al. in 1994 [16] and Opitz
et al. in 1997 [17]. More recent studies on energy consumption analyses of buildings elsewhere than Russia have been made by e.g.
Balaras et al. in 2005 [18] (heating energy consumption of European residential buildings); Choi et al. in 2012 [19] (comparison of
energy consumption according to building shape and utilization)
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as well as Kyrö et al. in 2011 [20] and Kim et al. in 2011 [21] (the
impacts of residents’ behaviour on building’s energy consumption).
Studies on the reduction of buildings’ energy consumption through
renovations have been published by e.g. Tommerup and Svendsen
in 2006 [22] (energy-saving potential of Danish dwellings through
energy-saving renovations), Ouyang et al. in 2009 [23] (life cycle
cost analysis for energy-saving renovations of residential buildings)
and Siller et al. in 2007 [24] (on reducing energy consumption and
greenhouse gas emissions of the building stock through renovations).
The ﬁrst study on reduction of energy consumption through district renovations was published by Oujang et al. in 2008 [25]. This
paper represents the Hot Summer and Cold Winter Region of China
and examines buildings which are at least seven years old and are
becoming dilapidated. Opposite to the study in China, where even
quite new buildings are typically demolished and new constructed
[25]; the situation is different in Russia where the designed life time
of buildings is signiﬁcantly longer.
2.2. Moscow residential districts
As of 2012 the need for renovations was estimated at 108 million
m2 (over a half of the total ﬂoor area) in 26.3 thousands of Moscow
apartment buildings based on their age [26]. From an architectural
perspective, residential areas with typical apartment houses look
monotonous, lack vitality and are less aesthetically pleasing [9].
In the Russian Federation, most of the apartment buildings were
constructed between 1960 and 1985 during the Soviet-era, and
as a result the urban housing stock today consists mainly of a
few standard building types [10]. Each building series represents a
speciﬁc building design [9,17,27]. Correspondingly, residential districts in Moscow have been built with only a few building types.
Examples of these building types are clearly deﬁned for example
in [1,10,27]. Therefore the energy demand of the whole district can
be estimated by using these building types and multiplying their
performance with the number of buildings in the area.
In these buildings natural ventilation is dominating. Almost
no buildings have mechanical ventilation [28,29]. Changing the
inner layout of panel houses is hardly possible because the spacing
between the external and internal bearing walls is small [7,9].
Energy efﬁciency of these apartment buildings is typically poor
[10]. The thermal insulation of the precast panel walls does not
meet modern standards. District heating networks supply heat to
about 80% of Russian residential buildings and about 63% of the hot
water used by Russia’s population [30].
2.3. The selected housing district
The selected district mostly represents 4-th Microrayon of
Zelenograd, Moscow (longitude 37◦ east and latitude 55◦ north).
Zelenograd is located about 35 km to the North-West from
Moscow City centre. The district dimensions are approximately
1 km × 0.5 km. It represents a typical residential district of Moscow
and Moscow region with high-rise apartment buildings constructed for the most part in 1960’s and 1970’s. The district is heated
with district heating. Renovation of such buildings and districts is
needed in the near future.
The apartment buildings in the area are built between 1966 and
1972. After the initial analysis the most common building type II18 was selected to represent the average building in further studies
since a comparison of the demands of the buildings showed only
minor differences [1]. There are also a few other newer buildings
but since these analyses concentrated on modernization of buildings, these newer buildings are excluded from the studies.
In total there are approximately 13 800 residents in the buildings that are included in the calculations which is about 0.12% of
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Fig. 1. Overview of the energy analysis process in this study (WinEtana is a computer software for making building energy analyses developed by VTT Technical Research
Centre of Finland).

the total population of Moscow. The total ﬂoor area of the studied buildings is 327 600 m2 and the total roof area 31,230 m2 . The
number of residents is estimated based on the assumption that the
average occupancy rate per ﬂat is 2.7 persons [10].

3. Methodology
The principles of the energy chain analyses used are discussed
in [1]. At ﬁrst the present state was studied by selecting both a typical old apartment building and an entire residential district in the
Moscow region for the calculations. The renovation concepts were
assessed from the perspective of energy demand and associated
environmental impacts. The assessment started with development
of a “Current” energy and water demand model of the most common building type (II-18) which represented an average apartment
building. From this model, other renovation models were generated. The four models where named according to the concept on
which they were based: Current, Basic, Improved and Advanced.
In this study, the building models were used in the energy
demand analyses of their corresponding district concepts, also
named Current, Basic, Improved and Advanced. Each district concept was further used to examine different scenarios of energy
production and the resulting environmental impacts. See Fig. 1 for
further clariﬁcation of the different steps of the energy analysis
process.
The renovation concepts and energy production scenarios were
selected based on expert experience from ﬁeld studies of energy
efﬁcient renovations in Finland. These were adjusted to Russian
conditions also taken into account the existing Moscow building codes for new construction. Relevant detailed building codes,

standards etc. do not exist for renovation. The opportunity to utilize
renewable energy production was also emphasized.
The scenarios were selected primarily with the view on practical implementation of building renovations as follows: (i) only
restoration of buildings to initial condition, (ii) restoration of buildings using nowadays materials available on the market, which
properties have improved over the past 40 years, (iii) signiﬁcant
improvement of buildings to meet local requirements to new construction, and (iv) improvement of buildings going beyond the local
requirements to new buildings but being “normal” to renovation
projects in Finland and Northern Europe.
After the energy demands were analyzed, the life cycle emissions for different energy production scenarios were calculated.
CO2 -equivalents, SO2 -equivalents, TOPP-equivalents (tropospheric
ozone precursor potential) and particulates were selected to
represent the environmental impact of the energy production
alternatives. CO2 -equivalent emission is a total measure, in which
the emissions of different greenhouse gases are summed up
according their global warming potential (GWP) factor [31]. SO2 equivalent signiﬁes the total acidiﬁcation potential, which is the
result of aggregating acid air emissions [31]. In the calculation
of SO2 -equivalent emissions, the utilized software GEMIS (Global
Emission Model for Integrated Systems software) [32] includes SO2 ,
NOx , HF, HCl, H2 S and NH3 . TOPP-equivalent signiﬁes tropospheric
ozone precursor potential [31]. It is the mass-based equivalent
of the ozone formation rate from precursors, measured as ozone
precursor equivalents. The TOPP represents the potentially formation of near-ground (tropospheric) O3 which can cause smog. TOPP
includes emissions of NOx , NMVOC (non-methane volatile organic
compounds), CO and CH4 [31]. Particulates have a signiﬁcant effect
on the local air quality level [33].

Table 1
Corresponding emissions for heat and electricity generation based on the partial substitution method for a 1 heat/0.85 electricity for natural gas CHP plant, a 1.5 heat/1
electricity for biogas CHP plant and a 1 heat/0.345 electricity for waste incineration CHP plant.
Emissions into air

SO2 equivalent
TOPP equivalent
Particulates
Greenhouse gases
CO2 equivalent

Heat for natural gas
CHP (kg/MWh)
0.59
1.3
0.024
285

Electricity for
natural gas CHP
(kg/MWh)
1.2
2.6
0.047
559

Heat for biogas
CHP (kg/MWh)
1.3
0.63
0.053
26

Electricity for
biogas CHP
(kg/MWh)
2.0
0.97
0.081
40

Heat for waste
incineration CHP
(kg/MWh)
0.4
0.68
0.006
36

Electricity for
waste incineration
CHP (kg/MWh)
0.3
0.54
0.004
29

production (GEMIS)

(5)

4. Energy and emission analyses
4.1. Energy analyses
The energy demands of several renovated district concepts were
analyzed and compared to that of the Current concept. Each of
the proposed Current, Basic, Improved and Advanced districts contained buildings with the corresponding level of renovation and
additionally the improvements suggested in Table 3.
In the Current district, the annual energy demands per ﬂoor
area were 219 kWh/m2 ,a and 47.2 kWh/m2 ,a for heating and

387
65

0.30
0.58
0.018
3.3
1.6
0.13

37
28

0.20
0.18
0.041
0.067
0.090
0.015
0.18
0.16
0.026

110
845
552

×emissions per unit of energy for speciﬁc energy

Greenhouse gases
CO2 -equivalent (kg/MWh)

Generated emissions = Amount of energy produced (ε)

1.8
3.9
0.072

In equation 1, εhi denotes the heat energy to efﬁciency quotient where Eh is the share of heat generated (in combined heat
and power), and nh the efﬁciency of the heat generation. The corresponding denotations for electricity generation are shown in Eq.
(3). In Eq. (2), εhi represents the partial share of a certain emission type i per produced heat while εi is the reference value for
the same emission type (Table 1). The corresponding value for the
partial fraction of a certain emission type coming from electricity
generation is calculated according to Eq. (4).
The εi emission values for natural gas was retrieved for a 1/0.85
(Eh /Ee ) heat to electricity quote and 0.9/0.39 (nh /ne ) heat to electricity efﬁciency CHP plant in GEMIS. The corresponding values were
retrieved for a biogas CHP plant with 1.5/1 (Eh /Ee ) and 0.9/0.39
(nh /ne ), and for a waste incineration CHP plant 1/0.345 (Eh /Ee ) and
0.9/0.39 (nh /ne ). The results for the partial fractions of emission
for heat and electricity of both of the CHP plants types can be
found in Table 1. Values for the other energy technologies are found
in Table 2. The emissions were thereby calculated by multiplying
the energy produced by the emission factors of the corresponding
energy system (and the partial share of heat and electricity in cases
for CHP plants) as in (5).

3.7
2.3
0.49

(4)

Emissions into air
SO2 -equivalent (kg/MWh)
TOPP-equivalent (kg/MWh)
Particulates

× εi

Wind farm (WF)

εei

εhi + εei

4.6

Ground source heat
pump (GSHP), COP
3
Solar Thermal Heat
(STH)

(3)

Solar photo-voltaic
(PV)

Ee
ne

(2)

Natural gas CHP
plant, 1 heat/0,85
electricity (MWh)

× εi

Russia electricity
0-level; IEA
numbers

εei =

εhi

εhi + εei

Emissions (kg/MWh) [32]

εei =

(1)

Table 2
Emission coefﬁcients according to produced energy for the different types of facilities or technologies.

εhi =

Eh
nh

Biogas CHP, 1,5
heat/1 electricity
(MWh)

The values for emissions per produced energy (kg/MWh) were
retrieved from GEMIS [32] and account for the life cycle of the
facility by which the energy is generated. In all, emission values
were retrieved for electricity bought from the Russian grid, natural
gas combined heat and power plants (CHP), (building integrated)
solar photovoltaic (PV), solar collectors, wind farms (WF), Ground
source heat pumps (GSHP), biogas CHP plants, natural gas boilers
and biogas boilers with ﬂue gas cleaning.
The emission values for the natural gas and biogas CHPs needed
to be divided into the proportions for heat and electricity generated.
This was done by the partial substitution method, where the idea is
to split the emissions into equal parts for the heat/electricity quote
in relation to the efﬁciency of the type of energy generated. For this,
the following formulas were used:

0.015
0.018
0.0027

3.1. Emissions calculation

εhi =

405
Boiler Natural gas
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Table 3
District level renovation concepts compared to the current status. If not otherwise stated the improved and advanced solutions always include the solutions mentioned in
the previous renovation.
Technology/system

Current status

Basic renovation

Improved renovation

Advanced renovation

Energy production

Energy produced in
large-scale plants,
mainly using natural
gas.

Increasing
energy-efﬁciency of
energy generation
processes

Reduction of emissions
(e.g. change of fuel, or
ﬂue gas treatments).

Replacing fossil fuels with
renewable energy sources (fuel
cells, photovoltaic panels, heat
pumps, etc.) and/or increasing
plants’ efﬁciency, e.g.
increasing the share of CHP
plants

District heating
network (Heat losses,
substations,
ﬂow/energy
adjustment/control)

Poor controlling High
distribution losses

Replacing of
distribution pipes (thus
reducing distribution
losses of district
heating) Adding
building-level
substations and ﬂow
control valves

Heat generation plant is
capable of adjusting
production according to the
variable heat energy demand.
Heating network able to buy
excess heat production from
buildings, so called heat
trading (for example excess
solar heat production).

Electricity distribution

Electricity distribution
networks design does
not allow to feed
locally produced
electricity to the grid,
one-way ﬂow. In some
cases networks operate
close to their limits,
low power factor
possible, old
equipment (e.g.
transformers)

Replacement of old
equipment and cables,
power factor and
harmonics
compensation where
necessary

The basic scenario & review of
automation systems to allow
for connection of distributed
generation.
Smart metres (in case of
demand response and local
controllable energy
generation)

Lighting (outdoor)

Energy-efﬁcient street
lighting

Water puriﬁcation and
distribution waste
water collection and
treatment

Drinking water not
safe.
High leakage rate in
water and sewer
networks.
Improvement of
sewage treatment
efﬁciency where
needed

Waste

Mixed waste collection
>60% municipal solid
waste (MSW) landﬁlled
(27% incinerated, 10%
recycled)

Flexible/multifunctional
use of spaces
Dense city planning
Transportation

Services are placed in
nearby resident
buildings which
reduces transportation
needs.
City structure is rather
dense.

Street lighting
designed to avoid light
pollution

Improved water
puriﬁcation
technology.
Refurbishment of
water and sewer
networks

Smart outdoor lighting (sensor
driven), street lighting
electriﬁed with solar PV’s.
Smart water network
Block scale puriﬁcation and
treatment (to ensure safe local
potable water and wastewater
treatment)

Increased recycling and energy
utilization: ∼22% municipal
solid waste (MSW) landﬁlled
(24% incinerated, 54% recycled)
Safe cycle parking
facilities at train and
metro stations.
Cycle lending system
(bike pools)

electricity, respectively [1]. The heating demand of the buildings
was estimated to be fully covered by district heating with 20% heat
distribution losses [30], while transfer losses of the electrical grid
were estimated to be 10% [34]. Energy needed for water puriﬁcation
was estimated to be 7 kWh of heating and 49 kWh of electricity per
person in a year, and respectively 23 kWh of heating and 62 kWh
of electricity for wastewater treatment [35]. Outdoor lighting was
estimated to consume 350 kWh per lamp per annum, while a factor
of 0.167 lamps per inhabitant was used [15,36].
The Basic district consisted of buildings where the annual calculated demand of heating was 134 kWh/m2 , a and of electricity
was 37 kWh/m2 ,a. Distribution losses of the district heating network were reduced to 15% by system improvements, while transfer
losses of the electrical grid remain the same as in the Current district. The energy demand for water and wastewater treatment was

Improved cycle routes,
separating cycles from
cars and pedestrians.
Improved public
transportation.

Charging points for electrical
vehicles.
Charging points with
embedded PV panels.

reduced by 36% and outdoor lighting by 50% from the previous
concept.
For the Improved district, each square metre of ﬂoor area was
calculated to require 104 kWh/m2 ,a of heating and 33 kWh/m2 ,a
of electricity on an annual basis. The losses of the district heating
network and the electrical grid were kept to the same as in the Basic
district. The energy needed for water and wastewater treatment
was 48% less than for the Current district, while the outdoor lighting
electricity demand was reduced by 70%.
The advanced district was not only a further improvement on
the previous district in terms of energy demand. It was further
used in several scenarios for energy generation from various combinations of renewable energy sources. These alternatives will be
discussed further in the emission analyses. The annual energy
demands per square metre of ﬂoor area in the Advanced district
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Table 4
Resulting annual energy demand for the district concepts (MWh/a).
Current

Basic

Improved

Advanced

Electricity

Heat

Electricity

Heat

Electricity

Heat

Electricity

Heat

Buildings
Street lights
Water and wastewater treatment

17 168
806
1533

89 753

51 691

215

11 899
242
675

24 963

265

12 125
242
797

40 194

414

13 495
403
981

Total

19 507

90 167

14 879

51 957

13 164

40 410

12 816

25 146

182

Table 5
Analyzed energy production scenarios for the different district concepts.

CHP natural gas
CHP biogas
A3 scenario: solar panels, ground source heat pumps, electricity from grid
A4 scenario: solar panels, ground source heat pumps, electricity from wind farms
A5 scenario: solar collectors, solar panels, ground source heat pumps, electricity from wind farms

were 71 kWh/m2 ,a and 35 kWh/m2 ,a for heating and electricity,
respectively. An exception of the Advanced district from the others
is that smart metres are used in the buildings, which lowers their
electricity demand by 5% (estimation based on [37]). Distribution
losses of the district heating network were estimated at 7% (which
is a typical level in Nordic countries), while transfer losses of the
electricity grid were reduced to 9%. Energy demand for water puriﬁcation and wastewater treatment is now reduced by 56% from the
Current district, while electricity needed for outdoor lighting was
70% less.
The data for distribution losses of the district heating network
and the transfer losses from the electrical grid used in the models
were derived from [34,38]. Radocha and Baumgartner [36] and Echelon [39] were consulted for estimating electricity consumption of
the different district concepts. Corresponding values for water and
wastewater consumption have been obtained from [27,40].
Calculations show that the energy need is mainly affected in
the Basic and Advanced concepts. This has mostly to do with the
fact that the buildings are accounting for close to all the energy
demand of the case district. The calculation results are shown in
Table 4 where the energy demand of the district has been categorized into buildings, outdoor lighting, and water and wastewater
treatment. Transfer and other losses have been accounted for in
the numbers presented. Looking at electricity and heating demand
separately, it is notable that the potential for reduction is 34% and
72%, respectively.
It has to be noted that transportation or other services resulting
in further energy demand were not accounted for in the district
energy analyses that have been carried out. These usually form a
signiﬁcant share of the total energy consumption in a district but
were left outside the scope of the analyses where the focus was
on buildings and infrastructure. Also, some of the improvements
presented in Table 3 are directly related to pollution or the comfort
level of the inhabitants, and would not be notable in the results
from the energy.

4.2. Emission analyses
All the concepts presented were further extended with different scenarios of how the energy needed is either being acquired
or produced within the area and the amount of emissions that this
would result in. As shown in Fig. 1, altogether 11 district energy
production scenarios were analyzed. All the district concepts had
two scenarios, except the Advanced, which had ﬁve in total.
Since almost all energy produced in the Moscow area comes
from natural gas [41], the scenario of heat and energy production

Current

Basic

Improved

Advanced

x
x

x
x

x
x

x
x
x
x
x

from natural gas (Nat) was created for each district type. To evaluate
the opportunity for using renewable energy, a scenario where natural gas is being replaced by biogas (Bio) was additionally examined
for each scenario. Table 5 summarizes the scenarios analyzed.
For the Advanced district concept the A3, A4 and A5 scenarios
involving renewable energy were created in addition to the natural
and biogas scenarios. In the A3 scenario, solar panels (PV) mounted
on the roofs of the buildings was calculated to cover 7.5% of the
total electricity demand, while the rest would be bought from the
Moscow grid. All the heating needed would in this scenario be provided by ground source heat pumps (GSHP), which on the other
hand would consume a considerable amount of electricity. The A4
scenario differed from the A3 in the way that all grid electricity was
bought from a wind farm (WF). In addition to the A4 scenario, 30%
of the energy needed for domestic hot water in the district was produced by solar thermal collectors (STH) in scenario A5. This would
eventually lead to fewer boreholes and less electricity needed for
ground source heating.
4.2.1. Emissions for the Current district
The reference emissions of the Current district (Moscow Ref.)
were calculated using the equivalent values for the whole Moscow
multiplied by the number of inhabitants in the selected district.
Heating energy in Moscow is up to 70% generated by large scale
combined heat and power (CHP) plants, 5% by small scale CHP
plants and 25% by heat only boilers (HOB) [42]. This corresponds
to 79.290 GWh of heat generated by the large scale CHP plants,
5.664 GWh from the small scale CHP plants and 28.318 GWh from
the heat only boilers. The fuels used in large scale CHP plants are
98% natural gas, 1.4% coal and 0.6% heavy fuel oil. The fuel used in
both small scales CHP plants and HOBs is 100% natural gas [42].
The fuels were in the calculations presumed to be 100% natural
gas since the share of coal and heavy fuel oil was considered to
be insigniﬁcantly small in comparison to the total. The total electricity production corresponding to the consumption in the city1
was split into 45.045 GWh produced at large-scale CHP plants and
3.234 GWh produced at small-scale CHP plants. The emission values for the Moscow reference case were calculated based on this
data.
Based on the calculated energy demands (Table 4) the emissions
for the Current district were calculated both for the existing natural

1
The City of Moscow is characterized by a surplus electricity balance, i.e. more
electricity is produced than it is consumed and the excess is exported to the surrounding Moscow region.
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Fig. 2. CO2 -equivalent emissions of the district energy production scenarios.

Fig. 3. SO2 -equivalent emissions of the district energy production scenarios.

gas CHP plant and for an alternative biogas CHP plant. The emission
from all the scenarios are pictured in Figs. 2–5.
4.2.2. Emissions for the Basic and Improved district scenarios
The annual emissions from natural gas CHP energy production
and from biogas CHP energy production for both the Basic district scenarios and the Improved district scenarios were calculated
based on the energy demands (Table 4) and corresponding distribution losses. See Figs. 2–5 for results.

4.2.3. Emissions for the Advanced district scenarios
The advanced district scenario is a further improvement of the
Improved district case in terms of energy demand (Table 4). Additionally, it contains several alternatives for energy generation from
various combinations of renewable energy sources: natural gas
CHP biogas CHP, building integrated solar photovoltaic (BIPV), solar
collectors (STH), ground heat pumps, wind farms and electricity
bought from the grid. The emissions from these can be found in
Figs. 2–5.

Fig. 4. Particulates of the district energy production scenarios.
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Fig. 5. TOPP-equivalent emissions of the district energy production scenarios.

For generating energy from solar radiation, the photovoltaic
potential estimation utility Photovoltaic Geographical Information
System (PVGIS) was used for estimating solar irradiation in Moscow
[43]. According to this, the average yearly solar radiation on a horizontally inclined surface is 1.154 kWh/m2 for an optimal surface in
Moscow that has an inclination angle of 39◦ and south-orientation.
The annual electricity generation of the solar photovoltaic (PV)
system was calculated as follows. Using CIS technology based
solar panels (copper–indium–selenium) would give an annual generation of 1.060 kWh/kWp (temperature and reﬂectance losses
included) which means that for every kW-peak power installed
we get a 1.060 kWh of electricity in a year. Further losses (wiring,
inverter, array mismatch and distribution) of the PV system were
estimated to be a total 20% of the whole production [43,44]. The
peak power per square metre ratio for the system was presumed
to be 0.125 kWp /m2 [45]. The same number was multiplied with
half of the roof surface of the buildings in the district for estimating the total annual electricity generation. Half of the roof area of
the district was accounted for installing solar panels, and further
that the roofs were horizontal which meant that solar panels could
be oriented and inclined for optimal solar gain. The total annual
production from the PV system is 1.655 MWh.
Solar collectors are estimated to cover for 30% of the energy for
heating of domestic water which is a rough estimation based on
the results of a pilot project in Helsinki in Finland [46]. The performance of solar thermal heat (STH) systems that were installed
on multi-storey buildings was evaluated in the report. However,
the saving potential of STH varies with solar radiation availability,
system efﬁciency, outside temperature and utilization of heat collected which all complicates any accurate prediction. By accounting
for solar thermal energy, the yearly demand for domestic water
heating for an Advanced building will decrease from 32 kWh/m2
to 23 kWh/m2 resulting into a total heat demand of 61 kWh/m2 .
This means that the total heating energy needed for the buildings
in the Advanced district will become 20.011 MWh/a which is over
14% overall decrease when including solar thermal heating. One
collector square metre produces annually 200–400 kWh for different types of systems and locations in Finland [47], and 450 kWh
in Germany [48]. Results from PVGIS shows that the potential in
Moscow is closer to that of Berlin than Helsinki. The value 400 kWh
was used meaning that the total needed surface area needed for
the solar collectors would be 8.011 m2 . The solar collectors might
be roof-installed or placed on an open ﬁeld and thereafter interconnected to form a large scale solar thermal heating system. The
solar panels would occupy around 50% of the roof total roof area of
the buildings and the collectors around 30% in case they were to be
roof-top mounted.

The ground source heat pumps (GSHP) were decided to have a
coefﬁcient of performance (COP) value of 3, which means that each
unit of electricity put in will generate three units of heat. Depending on how much heating is required there will be a certain amount
of vertical boreholes needed for the ground source heating pumps.
The amount of boreholes was calculated by calculating the total
pipe length needed and dividing this with twice the maximum
depth of a vertical borehole (200 m). Based on the demanded heating energy Dh , the length L of the pipe is calculated by
L=

Dh
× 0.67 [49]
G

(6)

The term G denotes the extractable amount of energy from
ground which depends on the type of soil. In this study, the soil
was assumed to be clay with the amount of extractable energy of
55 kWh/m3 . The value 0.67 in formula 1 comes from the ration of
heat production for a GSHP with a COP value of 3. The pipe length
can be twice the depth of a vertical borehole since it makes a loop
in the end and return back to the surface again. This means that the
total amount of vertical boreholes was calculated by dividing the
total pipe-length for the whole district by 400.
Boreholes are to be placed 15 m from each other [49], which
means that one borehole occupies at most 177 m2 of ground surface. It has been considered that each II-18 building has a total
ﬂoor area of 4.911 m2 while the total ﬂoor area of the district is
327.581 m2 . The district scenarios in this study were considered to
contain solely of II-18 buildings which means that the number of
buildings in each scenario is 67. This number was later used for
calculating how large area is required around each building for the
installation of the boreholes.
In the alternative 3, 7.5% of the total electricity demand is generated by building integrated solar panels (BIPV), a total of 15 600 m2
of panels, while the rest is bought from the grid. These would
occupy half of the roof area as earlier mentioned. The heating
demand is covered by ground source heat pumps (GSHPs) which
in turn demand a considerable amount of electricity (included in
the total demand). This alternative would require 556 boreholes
and the ratio between the ﬂoor area and area needed for GSHP is
1/0.382. The energy demand and generation for this alternative are
shown in Table 6 and the generated emissions in Table 7.
Alternative 4 is similar from the previous alternative except from
the part that the additional electricity from the grid will be bought
from wind farms (WF) located elsewhere. The energy demand and
generation for this alternative are shown in Table 8 and the emissions in Table 9. The solar photovoltaic efﬁciency, and amount of
boreholes and the area required for these are the same as in Alternative 3.
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Table 6
Energy demand and generation for the advanced district alternative 3.
Annual energy demand (MWh/a)

Annual energy generation (MWh/a)

Type

Heat

Buildings
Water and wastewater treatment
Street lights
GSHP

23 379
182

Total

23 561

Electricity
9943
675
242
7854
18 712

Type

Heat

BIPV
GSHP
Electricity from the grid

23 561

Total

23 561

Electricity
1655
17 057
18 712

Table 7
The emissions for the Advanced district scenario alternative 3 (A3: PV + GSHP + bought. . .).
BIPV (kg/a)

GSHP (kg/a)

Grid (kg/a)

Waste incineration (kg/a)

Total (kg/a)

Emissions into air
SO2 -equivalent
TOPP-equivalent
Particulates

291
265
43

293
363
54

59 378
37 260
7794

2494
4613
38

62 456
42 500
7929

Greenhouse gases
CO2 -equivalent

181 817

90 342

8 792 514

244 317

9 308 990

Total per person
(kg/a/p.p)
4.5
3.1
0.57
674

Table 8
Energy demand and generation for the advanced district alternative 4.
Annual energy demand (MWh/a)

Annual energy generation (MWh/a)

Type

Heat

Buildings
Water and wastewater treatment
Street lights
GSHP

23 379
182

Total

23 561

Electricity

Type

Heat

9943
675
242
7854

BIPV
GSHP
WF

23 561

18 712

Total

23 561

In the alternative 5, solar collectors (STH) are producing 30%
(8000 m2 ) of the heating energy needed for the domestic hot water.
The rest of the heat demand is covered by ground heat pumps
(GSHP) which use also electricity for operation. Solar panels (PV)
are producing the same amount of electricity as in alternatives
3 and 4 while the rest of the electricity demand is generated by
wind farms (WF). The total amount of boreholes in this case is 458
which is less than for the precious cases since a share of the heating demand is covered by solar collectors. The ratio between the
ﬂoor area and area needed for GSHP is thereby 1/0.314. The energy

Electricity
1655
17 057
18 712

demand and generation for this alternative are shown in Table 10
and the emissions in Table 11.
4.2.4. Comparison of the different district cases
Generated emissions from the different scenarios are compared
to each other and the value for the Moscow area (Moscow ref.)
in Fig. 2 (CO2 -equivalent emissions), in Fig. 3 (SO2 -equivalent
emissions), in Fig. 4 (particulates), and Fig. 5 (TOPP-equivalent
emissions). The Moscow reference values are average emission values from energy production for the whole of Moscow. In order to

Table 9
The emissions for the Advanced district scenario alternative 4 (A4: PV + GSHP + WF).
BIPV (kg/a)

GSHP (kg/a)

Wind farms (kg/a)

Waste incineration (kg/a)

Total (kg/a)

Emissions into air
SO2 -equivalent
TOPP-equivalent
Particulates

291
265
43

293
363
54

1073
1436
241

2494
4613
38

4151
6677
376

Greenhouse gases
CO2 -equivalent

181 817

90 342

448 794

244 317

965 270

Total per person
(kg/a/p.p)
0.30
0.48
0.027
70

Table 10
Energy demand and generation for the advanced district alternative 5.
Annual energy demand (MWh/a)

Annual energy generation (MWh/a)

Type

Heat

Electricity

Type

Heat

Buildings
Water and wastewater treatment
Street lights
GSHP

23 379
182

9943
675
242
6785

BIPV
GSHP
STH
WF

20 356
3205

Total

23 561

17 644

Total

23 561

Electricity
1655

15 989
17 644

S. Paiho et al. / Energy and Buildings 76 (2014) 402–413

411

Table 11
The emissions for the Advanced district scenario alternative 5 (A5: STH + PV + GSHP + WF).
BIPV (kg/a)

GSHP (kg/a)

Wind farms
(kg/a)

STH (kg/a)

Waste incineration
(kg/a)

Total (kg/a)

Emissions into air
SO2 -equivalent
TOPP-equivalent
Particulates

291
265
43

246
304
45

1001
1340
224

636
573
132

2494
4613
38

4667
7095
482

Greenhouse gases
CO2 -equivalent

181 817

75 745

418 716

118 005

244 317

1 038 600

be comparable, these have been converted to emissions per inhabitant and thereafter multiplied by the number of inhabitants of the
case district.
Using biogas instead of natural gas would result in larger
reduction of CO2 - and TOPP-equivalents but higher levels of SO2 equivalents and particulates with all examined solutions. The
reduction potential is especially high for CO2 -equivalents which
can be reduced to below 10% for each scenario when switching
to biogas. Buying electricity from the grid is not favourable and
would cancel out the effect of using ground source heating pumps
for reducing emissions in alternative 3.
By comparing the emission levels, alternative 4, involving PV,
GSHP and WF, would generate lowest emissions. However alternative 5, involving STH, PV, GSHP and WF, was almost as good
alternative because energy produced by a ground source heat pump
is considered to result in fewer emissions than energy produced by
solar collectors due to the fact that the electricity used by the heat
pump was produced by wind energy. Storing excess heat from the
solar collectors in the ground during hot seasons (summer) with
help from GSHPs was not considered. Taking this into account could
possibly have made alternative 5 the winning scenario.

5. Discussion and conclusions
5.1. Conclusions
At the district level, different improvement scenarios in terms
of energy demand, energy production and emissions were analyzed. The district scenarios, named Current, Basic, Improved and
Advanced, comprise the building renovation cases of the most typical apartment building type. The improvements accounted for
in the district scenarios were the energy consumption of buildings, outdoor lighting, water puriﬁcation, wastewater treatment,
and transfer losses of district heating and electrical grid, and
energy generation from renewable energy sources. Several studies
[14,15,50–54] show the technical feasibility of renewable energy
solutions in Russia.
Considerable energy savings could be achieved in a district
through different modernization scenarios. Even with the basic district concept, the total annual electricity demand would reduce 24%,
and the total annual heating demand 42% according to calculations.
With the improved district concept, the corresponding reductions
would be 33% and 55%. With the advanced district concept, potential reductions would be 34% for electricity demand and 72% for
heating demand. It is clearly seen that savings in heat demand are
easier to achieve than savings in electricity demand. One reason
for this is that electricity demand is more connected to people’s
behaviours than the heat demand and is therefore harder to calculate and forecast. Almost all renovation activities also improve
the quality of living, one such is the instalment of mechanical ventilation which often lower heat demand but increases electricity
demand. It needs to be understood that a holistic approach to the
analysis of the renovation activities is essential to draw the right
conclusions.

Total per person
(kg/a/p.p)
0.34
0.52
0.035
75

The importance of analyzing the whole energy chain becomes
evident when looking at cases where heat losses in the heat distribution network are very big and heat exchangers are lacking
between networks and the buildings (as is the case in Russia).
This leads to a situation where the reduced energy demand in a
building does not lead to savings in the beginning of the energy
chain but may instead even lead to overheating of the building. The
energy saving investments might then be beneﬁcial for the building occupants (if the investments also include control devices), but
looking at the total beneﬁts for the society such renovations would
not bring such beneﬁts as reducing air pollution, global warming, unnecessary investments into utility-level energy (and water)
infrastructure etc.
The emission analyses show that the amount of each emission type produced might depend on different factors. As for
CO2 -equivalents, changing fuels from natural to biogas would be
an efﬁcient choice of reduction. The same also goes for TOPPequivalents, where it can be noted that changing fuel type would
result in further reduction than implementing the next standard
(e.g. Current to Basic) renovation. However, doing so would on
the other hand also result in twice the amount of produced SO2 equivalents and particulates. Concluding, producing energy from
other renewable technologies than biogas, such as ground source
heat pumps, solar panels, solar collectors or wind turbines, would
be a better solution than switching to biogas when it comes to
reduced SO2 particulates emission levels compared to the current
situation.
It can be concluded that there is no straight forward answer to
which scenario is the best one, not even in terms of reduced emissions. Looking at CO2 and TOPP emissions gives another conclusion
than looking at SO2 and particulates emissions. It needs to be clear
what the objectives of the improvements are in order to make the
right decisions in choosing the most efﬁcient improvement scenario.

6. Discussion
There is no relevant scientiﬁc literature related to energy renovations of Russian residential districts, this study can be seen as
a pioneer and forerunner in this sector. Even though the district
examinations were made to one pilot area, their results can be generalized to other similar residential areas existing in Moscow as
well as in other parts of Russia. The energy renovation of such districts requires often improvements to the whole energy chain while
many building level renovations would only improve the energyefﬁciency of the building itself. This means that if the same amount
of energy is supplied to the building through uncontrollable district heating, the building energy consumption and emissions do
not reduce.
The performed analysis highlights also the issue of a wide variety of stakeholders being involved in such renovation activities. City
planning aspects need to be considered for example when considering the need for land use for bore holes or local heating plants.
The roof top solar installations’ inclination angles inﬂuence the
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solar energy production etc. Energy companies naturally have a big
role in the infrastructural renovations of the energy infrastructure
both considering production plants and the transmission lines and
pipes. Ownership and management questions regarding ownership
of energy plants, transmission networks and the buildings play a
role in making the concepts realized.
Business models for carrying out such large scale renovation
activities need to further investigated. The beneﬁts of the different
stakeholders, the incentives for realizing energy efﬁcient district
renovation concepts need to be elaborated. If energy is being subsidized the economic incentives might be lacking. If investments
are paid by other stakeholders than the ones getting the beneﬁts
there is a barrier for executing the concepts. Public authorities need
to have a clear role and strong will to make the concepts become
reality.
Based on the result of this study it can be concluded that the
renovation of a neighbourhood should not be restricted to the
renewal of houses, but should be extended to the whole territory
and whole energy chain in order to achieve the holistically best
results. Furthermore, this study has shown (see Figs. 2–4) that the
emissions to air correlate not only with energy efﬁciency, but are
also highly dependent on the source of energy. For certain types of
emissions (e.g. particulates) the effect of energy source is especially
pronounced.
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Abstract: The aim of the research project, EcoGrad, was to develop a concept for ecological housing areas that
would fit in St Petersburg. A criteria list for ecological residential areas was developed together with local
partners. Some differing aspects between Finnish and Russian criteria are pointed out in this paper. These are
among others the attitude towards high-tech solutions, the norms regarding placement of services, and the lack of
well functioning service concepts for facilities. Three pilot cases were also studied. A rough plan was made for
the pilot areas including placement of buildings and services and transport solutions. Energy systems were
modeled and compared, and emissions were calculated. One of the pilot cases is shortly described in this paper.
A questionnaire that was made to inhabitants showed a poor willingness to pay for renewable energy and good
indoor air. Safety issues were highlighted, a majority does not feel safe in their living area.

Keywords: City planning, Russia, Energy-efficiency

1. Introduction
In Russia the ecological planning is still in the early stage of development. Energy production
based on renewable energy sources is also a quite unknown solution. However, there are
already some regulations that support the guidelines of ecological urban planning. One of
these is the regulation that orders maximum allowed distance from residences to the daily
used services, such as day care centre, school, shops and health care centre.
The aim of the research project, EcoGrad, was to develop a concept for ecological housing
areas that would fit in St Petersburg. The project started in the beginning of 2010 and lasted
until the end of the year 2010. The objective of this paper is to present the development
process used in the project and highlight some specific differences in ecological city concepts
developed for Russia compared to Finland.
As partner on the Russian side was the Coordination Center for International ScientificTechnology and Education Programmes. The most important reason for having a Russian
partner was to develop the contacts to the local government. Another reason was to get help
with collecting necessary basic data.
One of the guiding principles in the planning process of this project was the GOLD principle,
which stands for “Globally Optimized, Locally Designed”. Practically this means that the
local conditions are taken into consideration, when applying global optimized solutions into
the EcoGrad concept.
The project included three pilot residential areas locating in St Petersburg. A rough city plan
was drawn and different energy systems were modeled and calculated.
Based on findings from the pilot studies and negotiations with the local authorities, a criteria
list for an ecological city plan was made, presented, and iterated.
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2. Methodology
2.1. Progress and collecting data
The approach was in the beginning to collect basic data and directly create concepts for pilot
areas. The general data needed was the energy efficiency level of houses being built today,
ventilation systems normally used, energy prices and tariff systems, building norms, city
planning process description, other relevant local regulations (such as distances to the daily
services) etc. Case specific data needed was: existing transport solutions, maps of the areas,
city planning situation, expected amount of inhabitants, etc. However, it turned out to be more
difficult and time consuming to get reliable base data. Therefore the approach was changed.
First a basic concept, based on Finnish base data, was developed. It was presented to the local
authorities and adjustments were made based on the feedback received. The concept was
made in more detail by adjusting it to three different pilot cases. The detailed concepts were
again presented to locals and adjusted. The development process could be called an iteration
process.
A student from Saint-Petersburg State University of Architecture and Civil Engineering made
a one month visit to VTT in order to help with data collection. A rough examination of the
Russian building norms was made.
2.2. Questionnaire study for residents in Russia
Together with Finec, the StPetersburg state university of Economics and Finance,
a questionnaire for residents was made. The questions were made by VTT, and the
questionnaire was performed by Finec. The questionnaire had 750 answers, 600 per email and
150 per telephone interview and face-to-face interviews. The survey was devoted to the living
area conditions opinions, which included answers regarding the housing, buildings and living
areas, transport etc.
The main finding was that almost all respondents (92 %) said that it is of no value for them to
have their house heated with renewable energy. Less than half of the respondents (40 %) are
willing to pay extra for good indoor quality, even though 80 % answered that they consider
good indoor quality important. Security issues could also be highlighted, 72 % said that they
do not feel safe in their neighborhood, which can be compared to a study made in Finland that
showed that 81 % of Finnish people living in urban areas felt really or quite safe [1]. The
respondents want big apartments, over 100 m2, and they want to want to see parks, green
areas and water when they look from their window. What also can be noted was that a rather
big part, 44 % of the respondents do not own a car, mainly due to economical reasons.
2.3. Modeling of pilots
For each pilot case, a plan of the area was done, including the structure of the area, building
types and location of services as well as transportation solutions. Different energy systems
were modeled and compared. At first step, the base data was collected and a plan of the area
was done. Number of inhabitants, buildings and necessary service spaces were settled.
At the second step, energy consumption of the entire area was calculated in different
scenarios: base case scenario, low energy building and/or passive house level. The
consumption level of base case scenario was assumed to correspond to the energy
consumption level of Finnish building regulations in 2008, because reliable sources about
Russian consumption levels were not available. Consumption level of low energy and passive
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houses were also based on Finnish definitions [2; 3]. The energy consumption was calculated
using the WinEtana program which has been developed by VTT.
Different options for energy production, based on renewable energy sources, were studied.
Different suitable production technologies were recognized, and then emissions produced
during the entire lifecycle of the energy production process were calculated and compared
with each other. In addition, the distribution losses were also included in the calculations.
According to IEA electricity transmission losses are 10,3 % and heat distribution losses 7 %
[4]. The emissions from the energy production were calculated using the GEMIS tool (Global
Emission Model for Integrated Systems), developed by The Öko-Institut e.V.
One pilot was a residential area for 20 000 inhabitants. It was developed together with Pöyry
Oy. The plan included different building types: one family houses, row houses and high rise
buildings. The second pilot was a residential area for 10 000 inhabitants, all residential houses
were high rise buildings. It was developed with a local building company. One starting point
for the plan was to develop an ecological city plan without creating any extra investment
costs. Focus was therefore put on non-technical solutions. The third pilot was a smaller one,
including only a few blocks. In that pilot focus was put on the development of public-private
partnership business models.
3. Results
3.1. The EcoGrad concept
The target of the EcoGrad concept is an ecological urban planning process, which takes into
account local Russian operational environment. A result of this process is to achieve an urban
area, which is as eco efficient, functional and comfortable place to live, as possible.
One of the key issues of EcoGrad concept is an integrated planning process. This means that
all urban planning fields are taken into consideration together already from the beginning of
the planning process. In other words, the continuous co-operation of experts of different fields
is really important. Then it is possible to find the solutions that are best for the entire system
both environmentally and economically as well as functionally.
The fields that are included in the EcoGrad concept are: dense structure of the urban area,
local environment and basis, energy efficient buildings, energy production mainly from
renewable energy sources, sustainable transportation solutions, waste and water management
and social issues.
In an energy system of the EcoGrad concept, the primary aim is to minimize the total energy
consumption of the area. The main focus has to be concentrated on the energy usage of
buildings as well as transportation, which are the most significant energy consumers. The
energy consumption of buildings can be remarkably reduced with low energy and passive
building technologies. On the other hand, the energy that is really needed in the area should
be produced mainly from renewable energy sources. The optimization of the entire energy
system, including heating, cooling, and electricity consumption and production, is important.
3.1.1. Factors affecting to the implementation of projects in Russia
The Russian building regulations can be found from the SNIP documents. SNIP is a set of
regulations in the field of construction, enacted by executive state authorities, which contain
obligatory requirements. SNiPs set general provisions, design requirements, rules of carrying
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out works and work acceptance, cost estimate guidelines. There are a large number of SNIPs,
and each of them concentrates on one specific field. However, according to the Russian
partners, the building regulations are currently under development process and the aim is to
develop regulations toward European standards. In Russia, it is critical for all operations and
projects to have sufficient amount of knowledge about Russian building codes and operation
models.
Nowadays it is quite to arrange the maintenances services of residential buildings in
StPetersburg. This is due to unclear ownership and management structures of facilities, as
well as a poor level of the feature information of real estates and poor supply of services.. It
is unclear who should pay for the service and that often leads to the situation that the service
is neglected. This needs to be taken into account when presenting solutions that include
technical aspects. This is one of the drivers (even though not the only one) that increase the
interest for various Public Private Partnership business models.
Some solutions of EcoGrad concept are so multifaceted that it is necessary to have a private
partner for maintaining and operating those. Without skilled private operator it cannot be
assured that technical solutions operate efficient and ecologically enough, as planned. This is
due to the fact that most of the solutions need special know-how and maintenance also after
the construction phase. Depending on the used public private partnership model, private
partner can also be responsible for financing, investing, designing, building, and owning of
services or necessary facilities. When designing and choosing suitable business model, it is
important to consider money flows, responsibility areas of each party and ownerships really
carefully. It has to be clear, who pays to whom and for what duty.
3.2. The Criteria list for ecological urban planning in StPetersburg
The criteria list for an EcoGrad area was made based on the findings from the discussions
with the local city planners and the development of pilots. It included aspects from the
international LEED and BREEAM criteria and national Finnish criteria.
The criteria list is divided into following sectors: the structure of the area and land usage,
landscape, buildings, energy, transportation, waste and water solutions. There are three
categories in the criteria list: general level criterion, details and specifications of the criterion
and special notices from StPetersburg. Here we will address differences between Finnish and
Russian criteria.
Less focus can be put on the placement of services due to the fact that the norms already
require that the services are placed close by. The need for bicycle routes is included despite
the fact that bicycles are seldom used. To support the use of bicycles, security issues should
be highlighted, both in terms of traffic security meaning separated lanes for bicycles and in
terms of safe parking solutions to prevent the bicycles from being stolen.
The criteria setting includes that renewable energy sources should be examined. It has,
however, become clear, that the development of renewable energy systems is not that
common yet in Russia. One aspect was that the buffer zones for bio energy plants were not
known by Russian partners. It was also a bit unclear whether energy wells could be drilled for
the use of heat pumps according to the local legislation.
The passive house solutions need to be highlighted here. An important part of the passive
house concept is the mechanical ventilation with efficient heat recovery. It needs to be

World Renewable Energy Congress 2011 – Sweden
8-11 May 2011, Linköping, Sweden

Bioenergy Technology (BE)

emphasized that buildings can’t be built airtight and well insulated unless the ventilation is in
order.
Generally speaking it seems that passive solutions that aren’t that technology dependent are
valued higher in Russia. Technological solutions are not considered ecological, but contrary
they are seen as potential additional electricity consumers, the mechanical ventilation being
one example of this. Smart metering systems for electricity use was of interest but still
considered with a bit of skepticism.
3.3. The concepts for the pilot cases
During the EcoGrad project three pilot areas were also studied. Comparing calculations of
different energy system scenarios and emission models were made for each pilot model. In
addition, in each pilot the focus was in some special aspect of the model. In the first pilot the
focus was on the factors that affected to the eco efficiency of the area (such as public
transportation as well as walking and bicycling, green corridors, different building type areas,
cultivation plots, placement of services and the entire area etc). The special character of the
second pilot was the requirement of not allowing any extra costs. In the third pilot, the public
private partnership business models were investigated.
As an example the energy system, calculations of the first pilot are briefly introduced below.
The plan of the first pilot area and the volumes are presented in the Figure 1. The planned
number of inhabitants in the area is 20 000. The residential area is 30 m2 per inhabitant, which
means in total 600 000 m2 floor area. There are five different building type areas: dense, low
and dense, detached houses and villas. The inhabitation is most dense in the center of the area,
which is really close to services and railway connection to the centre of StPetersburg.

Fig. 1.Plan of the first pilot

The energy consumption has been calculated in three different scenarios: base case, low
energy and passive building levels. The results can be seen from the Figure 2. Most
significant improvements are related to decreasing the heat consumption of buildings, and
especially the heat consumption of space heating. It is more difficult to affect to the electricity
or hot water consumption, because they depend more on the habits of the residents.
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Fig. 2. Energy consumption of the pilot area in different scenarios

Next, different energy production options were studied. First option was quite ultimate with
the target of using only renewable energy sources and achieving as low emission level as
possible. That meant ground heat pumps, building integrated solar panels and wind power.
Heat collection pipes could be mounted on the golf court locating close to the pilot area. It
was assumed that the COP of the heat pumps is 3, and the heat yield is 35 kWh/m2/a. One of
the challenges was the fact that heat pumps consume electricity, which is also supposed to be
produced within the area. If was further assumed that the entire area of roofs could be utilized
with building integrated solar panels. It was calculated that the yield of solar panels would be
17 700 MWh/a. This means that there should also be a lot of wind energy: in a base case
28 804 MWh/a (the power capacity being 14,4 MW), low energy building level 20 200
MWh/a (with the power capacity of 10,1 MW) and passive building level 17 796 MWh/a
(with the power capacity 8,9 MW). Power levels of wind power are calculated with a capacity
factor 23%. In this option the target was to produce as much energy as is consumed in the
area, but it is assumed that the area is connected to the national electricity grid, which
smoothes the differences between the production and consumption continuously.
The second option was combined heat and power production (CHP) plant that is fuelled with
woodchips. The third option was also a CHP plant, but it was fuelled with biogas produced
from the wastes. It was assumed that the CHP plant is operated according to the heat demand
in the area, as usual. In addition, it was assumed that the plant produces 80 % of yearly heat
consumption, and the rest of the heat demand is covered with reserve plants, for example
natural gas boiler. The used CHP processes were calculated with the information of real
existing plants from the database of the GEMIS software. The plant using wood as a fuel
produced 2 MWh of heat per 1 MWh of electricity, with the electrical efficiency of 27,5 %
and operating time of 6000 h/a. The biogas CHP plant produced 1,5 MWh of heat per 1 MWh
of electricity, and the efficiency and operating time were the same as the woodchip CHP
plant.
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The green house gas emissions of these different energy production options are presented in
Fig. 3. The emission calculations include the emissions produced during the entire life cycle
of their processes (including for example construction and transportation). These results were
also compared to the base case, which represents the current situation in Russia. According to
IEA, in Russia buildings are heated most commonly with district heating, in which the heat is
produced from natural gas. The emissions of base case electricity are calculated with GEMIS
from the base data of IEA [4].
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Fig. 3. Green house gas emission from different energy production options in the first pilot case. (LE
= low energy buildings, Passive = Passive buildings, HP = heat pump, BIPV = building integrated
solar panels, CHP, wood = CHP plant that uses woodchips, CHP, biogas =CHP plant that uses
biogas)

In the second pilot study, the same options were studied as in the first pilot. But moreover, it
was also studied what could be done, if no extra investment costs are allowed. That means
that electricity is bought from the national grid. The most promising for heat production in the
area was district heating with woodchip boiler.
The third pilot, which was the smallest and had only less than 2000 resident, is located by the
coast, on the Vasili island, in central St Petersburg. Therefore, the water heat pump solution
was considered interesting. And besides heating, heat pump could also be utilised for space
cooling. The electricity could be produced with building integrated solar panels as well as
with small building integrated wind turbines. This solution produces all the heat and cooling
energy consumption of the area, but still 71 % (in passive building level) and 79 % (in base
case) of the electricity consumed in the area should be bought from the national grid. In
addition, a heat supply system with solar collectors was modelled.
4. Conclusions
One conclusion of the project was that it is of great importance to have an active local partner
in this type of development project. The local partners need to have their own funding for the
project to ensure that the work is being prioritized.
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Taking the criteria developed in this project into the planning process is the next step in the
development of new ecological areas. There seems to be a difference in the mindset of the
Russian people compared to Finnish people. More effort should be put on understanding the
needs of the inhabitants. The end-user should be included more in the planning process.
There seems to be a lack of knowledge regarding renewable energy systems and technologies
for building energy efficient houses. Efforts should be put on exporting knowledge and best
practices about these issues. With an increase of knowledge the local norms can be developed
in a sustainable way and it will also support the development of the city planning process.
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ƉƉĞŶĚŝǆ͘ĞƐĐƌŝƉƚŝŽŶŽĨƌĞƐĞĂƌĐŚƉƌŽũĞĐƚƐ
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ŽƉĞƌĂƚŽƌ ŝƐ ĂůƐŽ ŶĞĞĚĞĚ ƚŽ ĐŽŽƌĚŝŶĂƚĞ ƚŚĞ ŚĞĂƚ ĐŽŶƚƌĂĐƚƐ ďĞƚǁĞĞŶ
ƉƌŽĚƵĐĞƌƐĂŶĚĐƵƐƚŽŵĞƌƐĂƐǁĞůůĂƐƚŽƚĂŬĞĐĂƌĞŽĨƌĞƐĞƌǀĞĐĂƉĂĐŝƚǇ͕ƐƉŽƚ
ĂŶĚĨƵƚƵƌĞŵĂƌŬĞƚƐĂŶĚďŝůůŝŶŐ͘
dŚĞ ƌĞƋƵŝƌĞŵĞŶƚƐ ĨŽƌ ƚŚĞ ĚŝƐƚƌŝĐƚ ŚĞĂƚŝŶŐ ŶĞƚǁŽƌŬ ĚĞƐŝŐŶ ŝŶ ƚŚĞ ŚĞĂƚ
ƚƌĂĚŝŶŐ ĐŽŶƚĞǆƚ ĂƌĞ ĂŶ ĂƐƉĞĐƚ ƚŚĂƚ Ɛƚŝůů ƌĞƋƵŝƌĞƐ ĨƵƌƚŚĞƌ ĂƚƚĞŶƚŝŽŶ͘ KƵƌ
ƐŝŵƵůĂƚŝŽŶƐ ƐŚŽǁĞĚ ƚŚĂƚ ƚĞŵƉĞƌĂƚƵƌĞ ĐŚĂŶŐĞƐ ǁĞƌĞ ŽĐĐĂƐŝŽŶĂůůǇ ƋƵŝƚĞ
ƌĂƉŝĚŝŶƐŽŵĞƉĂƌƚƐŽĨƚŚĞŶĞƚǁŽƌŬ͘dŚĞǇǁĞƌĞ ĐĂƵƐĞĚďǇƐƚĂŐŶĂƚŝŽŶ ŽĨ
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ĚŝƌĞĐƚŝŽŶƐ͘^ŵĂůůƉƌŽĚƵĐĞƌƐƐĞĞŵƚŽďƌŝŶŐŵŽƌĞƚŝŵĞͲǀĂƌǇŝŶŐĨĂĐƚŽƌƐŝŶƚŽ
ƚŚĞ ƐǇƐƚĞŵ͘ dŚŝƐ ŵŝŐŚƚ ůĞĂĚ ƚŽ Ă ŶĞǁ ĚŝƐƚƌŝĐƚ ŚĞĂƚŝŶŐ ŶĞƚǁŽƌŬ ĚĞƐŝŐŶ
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ŚƚƚƉ͗ͬͬǁǁǁ͘ǀƚƚ͘ĨŝͬŝŶĨͬƉĚĨͬƚŝĞĚŽƚƚĞĞƚͬϮϬϬϱͬdϮϯϬϱ͘ƉĚĨ


ŬŽƚĂĂũĂŵĂ
dŚĞ ŵĂŝŶ ŽďũĞĐƚŝǀĞ ŽĨ ƚŚĞ ŬŽƚĂĂũĂŵĂ ƉƌŽũĞĐƚ ǁĂƐ ƚŽ ĚĞǀĞůŽƉ Ă ĚŝƐƚƌŝĐƚ
ůĞǀĞů ĞŶĞƌŐǇ ƌĂƚŝŶŐ ĐůĂƐƐŝĨŝĐĂƚŝŽŶ ƐǇƐƚĞŵ ĂŶĚ ƚŽ ĚĞǀĞůŽƉ Ă ƚŽŽů ĨŽƌ ĐŝƚǇ
ƉůĂŶŶĞƌƐ ĨŽƌ ĂƐƐĞƐƐŝŶŐ ƚŚĞ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ŽĨ ĚĞƚĂŝůĞĚ ĐŝƚǇ ƉůĂŶƐ͘ /Ŷ
ĂĚĚŝƚŝŽŶ ƐĞǀĞƌĂů ĚŝƐƚƌŝĐƚ ůĞǀĞů ĞŶĞƌŐǇ ĂŶĂůǇƐĞƐ ǁĞƌĞ ĚŽŶĞ ŝŶ ƚŚĞ ϱ ĐĂƐĞ
ĚŝƐƚƌŝĐƚƐ ĐŽŵƉĂƌŝŶŐ ĚŝĨĨĞƌĞŶƚ ĞŶĞƌŐǇ ƐŽůƵƚŝŽŶƐ ĨŽƌ ƚŚĞ ĚŝƐƚƌŝĐƚƐ ĂŶĚ
ĂŶĂůǇƐŝŶŐ ƚŚĞŝƌ ŝŵƉĂĐƚƐ ŽŶ ĞŵŝƐƐŝŽŶƐ͘ dŚĞ ƉƌŽũĞĐƚ ǁĂƐ ĨƵŶĚĞĚ ďǇ ^ŝƚƌĂ͕
dĞŬĞƐĂŶĚƚŚĞ&ŝŶŶŝƐŚĐŝƚŝĞƐ:ǇǀćƐŬǇůć͕dŽŝǀĂŬŬĂ͕DƵůƚŝĂ͕WĞƚćũćǀĞƐŝ͕:ćŵƐć
ĂŶĚ<ĂŶŶŽŶŬŽƐŬŝ͘
ĚŝƐƚƌŝĐƚ͛ƐĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇŝƐŵĂŝŶůǇŝŶĨůƵĞŶĐĞĚďǇƚŚĞďƵŝůĚŝŶŐƐĞŶĞƌŐǇ
ĐŽŶƐƵŵƉƚŝŽŶ͕ ĞŶĞƌŐǇ ƉƌŽĚƵĐƚŝŽŶ ŵĞƚŚŽĚƐ ĂŶĚ ƚƌĂĨĨŝĐ͘ /ŶŚĂďŝƚĂŶƚ͛Ɛ
ďĞŚĂǀŝŽƵƌ ĂůƐŽ ŝŶĨůƵĞŶĐĞƐ ƚŚĞ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶ ƐŝŐŶŝĨŝĐĂŶƚůǇ͘ dŚŝƐ
ƉƌŽũĞĐƚ ĨŽĐƵƐĞĚ ŽŶ ĚĞƐŝŐŶ ƐŽůƵƚŝŽŶƐ ƚŚĂƚ ĐĂŶ ďĞ ŝŶĨůƵĞŶĐĞĚ ƚŚƌŽƵŐŚ ƚŚĞ
ĚĞƚĂŝůĞĚĐŝƚǇƉůĂŶ͘ƐŝŐŶŝĨŝĐĂŶƚůŝŵŝƚĂƚŝŽŶŽĨƚŚĞǁŽƌŬǁĂƐĨŽĐƵƐŝŶŐŽŶůǇ
ŽŶƐŽůƵƚŝŽŶƐŵĂĚĞǁŝƚŚŝŶƚŚĞĚŝƐƚƌŝĐƚ͘dŚŝƐůĞĂǀĞƐŽƵƚŵŽƐƚŽĨƚŚĞŝŵƉĂĐƚƐ
ŽĨƚƌĂĨĨŝĐƐŝŶĐĞŵŽƐƚŽĨƚŚĞƚƌĂĨĨŝĐŝƐƚŽĂŶĚĨƌŽŵƚŚĞĚŝƐƚƌŝĐƚƐďĞĐĂƵƐĞŽĨ
ƚŚĞŝƌŶĂƚƵƌĞďĞŝŶŐƐŵĂůůĞƌƌƵƌĂůĚŝƐƚƌŝĐƚƐ͘/ƚŶĞĞĚƐƚŽďĞĞŵƉŚĂƐŝǌĞĚƚŚĂƚ
ƚŚĞƉůĂĐĞŵĞŶƚŚĂƐĂƐŝŐŶŝĨŝĐĂŶƚŝŵƉĂĐƚŽŶƚŚĞŽǀĞƌĂůůĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇŽĨ
ƚŚĞ ĚŝƐƚƌŝĐƚƐ͘ dŚĞ ƚƌĂĨĨŝĐ ĐĂŶ ďĞ ŵŝŶŝŵŝƐĞĚ ďǇ ƚŚĞ ĚĞƚĂŝůĞĚ ĐŝƚǇ ƉůĂŶ ďǇ
ƉƌŽǀŝĚŝŶŐ ĚĂŝůǇ ƐĞƌǀŝĐĞƐ ĐůŽƐĞ ƚŽ ƚŚĞ ƌĞƐŝĚĞŶƚƐ͘ dŚŝƐ ĐĂŶ͕ ŚŽǁĞǀĞƌ͕ ďĞ
ĐŚĂůůĞŶŐŝŶŐŝŶƚŚĞƌƵƌĂůĂƌĞĂƐǁŝƚŚŶŽĚĞŶƐĞĐŝƚǇƐƚƌƵĐƚƵƌĞ͘
dŚĞĞŶĞƌŐǇĐůĂƐƐŝĨŝĐĂƚŝŽŶƐǇƐƚĞŵŝƐĂǁĂǇƚŽŝŶĨůƵĞŶĐĞƚŚĞďƵŝůĚŝŶŐƐĞŶĞƌŐǇ
ĚĞŵĂŶĚŝŶƚŚĞĐŝƚǇƉůĂŶƐ͘dŝŐŚƚĞƌĞŶĞƌŐǇĐůĂƐƐŝĨŝĐĂƚŝŽŶƐƚŚĂŶǁŚĂƚƚŚĞůĂǁ
ƌĞƋƵŝƌĞƐĐĂŶďĞƐĞƚŝŶƚŚĞƉůĂŶƐ͘dŚĞďƵŝůĚŝŶŐŝŶƐƉĞĐƚŽƌƐŚĂǀĞĂŶŝŵƉŽƌƚĂŶƚ
ƌŽůĞŝŶĂĚǀŝƐŝŶŐŚŽƵƐĞďƵŝůĚĞƌƐŝŶďƵŝůĚŝŶŐĞŶĞƌŐǇĞĨĨŝĐŝĞŶƚĂŶĚŚŝŐŚƋƵĂůŝƚǇ
ŚŽƵƐĞƐ͘DĂŶǇƚŚŝŶŐƐŝŶĨůƵĞŶĐĞƚŚĞĐŚŽŽƐŝŶŐŽĨƚŚĞĞŶĞƌŐǇƐǇƐƚĞŵ͘/ŶƚŚĞ
ĐŝƚǇƉůĂŶŝƚĐĂŶďĞĚĞĐŝĚĞĚƚŽĐŽŶŶĞĐƚƚŽƚŚĞĚŝƐƚƌŝĐƚŚĞĂƚŝŶŐƐǇƐƚĞŵ͘KƚŚĞƌ
ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ĐĂŶ ďĞ ŽŶůǇ ƌĞĐŽŵŵĞŶĚĞĚ͕ ŶŽƚ ĞŶĨŽƌĐĞĚ͘ dŚĞ ďƵŝůĚŝŶŐ
ŝŶƐƚƌƵĐƚŽƌƐĐĂŶĂĐƚŝǀĞůǇƌĞĐŽŵŵĞŶĚƚŚĞƉŽƐƐŝďŝůŝƚŝĞƐŽĨƌĞŶĞǁĂďůĞĞŶĞƌŐǇ
ƐǇƐƚĞŵƐ͘
ƚŽŽůĨŽƌĂƐƐĞƐƐŝŶŐƚŚĞĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇŽĨĂĚŝƐƚƌŝĐƚǁĂƐĚĞǀĞůŽƉĞĚǁŝƚŚŝŶ
ƚŚĞ ŬŽƚĂĂũĂŵĂ ƉƌŽũĞĐƚ͘ dŚĞ ƚŽŽů ŚĞůƉƐ ǁŝƚŚ ĐŽŵƉĂƌŝŶŐ ƚŚĞ ŝŵƉĂĐƚƐ ŽŶ

ĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇďǇĚŝĨĨĞƌĞŶƚĐŚŽŝĐĞƐŵĂĚĞŝŶƚŚĞĐŝƚǇƉůĂŶƐ͘dŚĞƉƵƌƉŽƐĞ
ŽĨƚŚĞƚŽŽůŝƐƚŽĐŽŵƉĂƌĞƐŽůƵƚŝŽŶƐŵĂĚĞǁŝƚŚŝŶĚŝƐƚƌŝĐƚƐ͕ŶŽƚƚŽĐŽŵƉĂƌĞ
ĚŝƐƚƌŝĐƚƐǁŝƚŚĞĂĐŚŽƚŚĞƌ͘dŚĞŬŽƚĂĂũĂŵĂĚŝƐƚƌŝĐƚĂƌĞƌƵƌĂůĂŶĚƚǇƉŝĐĂůůǇ
ĐŽŶƐŝƐƚŽĨŽŶĞĨĂŵŝůǇŚŽƵƐĞƐ͘WĞŽƉůĞŽŶƚŚĞĐŽƵŶƚƌǇƐŝĚĞǁĂŶƚƚŽůŝǀĞŝŶŽŶĞ
ĨĂŵŝůǇŚŽƵƐĞƐŶŽƚƚŽŽĐůŽƐĞƚŽĞĂĐŚŽƚŚĞƌ͘dŚĞƐƉĂƌƐĞůǇƐƚƌƵĐƚƵƌĞĂĚĚƐƚŽ
ƚŚĞŶĞĞĚŽĨƵƐŝŶŐƉƌŝǀĂƚĞĐĂƌƐĨŽƌŵŽǀŝŶŐĂƌŽƵŶĚ͘dŚĞƐĞĂƌĞĂƐƉĞĐƚƐƚŚĂƚ
ŶĞĞĚ ƚŽ ďĞ ĂĐĐĞƉƚĞĚ͘ dŚŝƐ ƌƵůĞƐ ŽƵƚ ƐŽŵĞ ŽĨ ƚŚĞ ƉƌŝŶĐŝƉůĞƐ ŽĨ ĐŽŝƚǇ
ƉůĂŶŶŝŶŐ͕ďƵƚƐƚŝůůƚŚĞƌĞĂƌĞŵĂŶǇƚŚŝŶŐƐƚŚĂƚĐĂŶďĞĚŽŶĞŝŶŽƌĚĞƌƚŽĐƌĞĂƚĞ
ŶŝĐĞĂŶĚĞŶĞƌŐǇͲĞĨĨŝĐŝĞŶƚůŝǀŝŶŐĐŽŶĚŝƚŝŽŶƐ͘
dŚĞ
ƉƌŽũĞĐƚƐ
ĨŝŶĂů
ƌĞƉŽƌƚ
;ŝŶ
ŚƚƚƉ͗ͬͬǁǁǁ͘ǀƚƚ͘ĨŝͬŝŶĨͬƉĚĨͬƚĞĐŚŶŽůŽŐǇͬϮϬϭϮͬdϮϰ͘ƉĚĨ


&ŝŶŶŝƐŚͿ͗

DŽĚĞƌŶDŽƐĐŽǁ
dŚĞ  ƉƌŽũĞĐƚ ǁĂƐ ĐĂƌƌŝĞĚ ŽƵƚ ĚƵƌŝŶŐ ϮϬϭϭʹϮϬϭϰ ĂŶĚ ǁĂƐ ĨƵŶĚĞĚ ďǇ ƚŚĞ
DŝŶŝƐƚƌǇ ĨŽƌ &ŽƌĞŝŐŶ ĨĨĂŝƌƐ ŽĨ &ŝŶůĂŶĚ͘ dŚĞ Ăŝŵ ŽĨ ƚŚĞ ƉƌŽũĞĐƚ ǁĂƐ ƚŽ
ƉƌĞƉĂƌĞĂǁŝĚĞĨĞĂƐŝďŝůŝƚǇ ƐƚƵĚǇĨŽƌƚŚĞĞŶĞƌŐǇͲĞĨĨŝĐŝĞŶƚ ĂŶĚƐƵƐƚĂŝŶĂďůĞ
ƌĞŶŽǀĂƚŝŽŶĂŶĚŵŽĚĞƌŶŝǌĂƚŝŽŶŽĨĂƐĞůĞĐƚĞĚĚŝƐƚƌŝĐƚŝŶDŽƐĐŽǁ͕ZƵƐƐŝĂ͘
dŚĞĞŵƉŚĂƐŝƐŝƐŽŶƚĞĐŚŶŝĐĂůƐŽůƵƚŝŽŶƐĂŶĚƚŚĞŝƌĞŶĞƌŐǇͲƐĂǀŝŶŐƉŽƚĞŶƚŝĂůƐ
ĂŶĚƉŽƐƐŝďůĞƌĞĚƵĐƚŝŽŶ ŝŶ ĞŵŝƐƐŝŽŶƐ͘  ŝƐƚƌŝĐƚŚĞĂƚŝŶŐŝƐŵĂŝŶůǇ ƵƐĞĚĨŽƌ
ƐƉĂĐĞ ŚĞĂƚŝŶŐ ŝŶ ZƵƐƐŝĂŶ ĂƉĂƌƚŵĞŶƚ ďƵŝůĚŝŶŐƐ͘ ƵĞ ƚŽ ƚŚĞ ƚĞĐŚŶŝĐĂů
ƐƚƌƵĐƚƵƌĞ ŽĨ ƚŚĞ ĚŝƐƚƌŝĐƚ ŚĞĂƚŝŶŐ ƵƐĞĚ ŝŶ ZƵƐƐŝĂ͕ ĞŶĞƌŐǇ ƌĞŶŽǀĂƚŝŽŶƐ ŽĨ
ƐŝŶŐůĞ ďƵŝůĚŝŶŐƐ ƐĞůĚŽŵ ůĞĂĚ ƚŽ ƌĞĚƵĐĞĚ ĞŶĞƌŐǇ ƉƌŽĚƵĐƚŝŽŶ͘ ŶĞƌŐǇ
ƉƌŽĚƵĐƚŝŽŶĚĞŵĂŶĚƐĂƌĞƌĞĚƵĐĞĚŽŶůǇŝĨƚŚĞƌĞƐŝĚĞŶƚŝĂůĚŝƐƚƌŝĐƚƐĂŶĚƚŚĞŝƌ
ǀĂƌŝŽƵƐƵƚŝůŝƚŝĞƐĂŶĚŶĞƚǁŽƌŬƐĂƌĞƌĞŶŽǀĂƚĞĚŚŽůŝƐƚŝĐĂůůǇ͘
ƵƌŝŶŐďƵŝůĚŝŶŐƌĞŶŽǀĂƚŝŽŶ͕ĞǆŝƐƚŝŶŐĂŶĚĨƵƚƵƌĞĐƌŝƚĞƌŝĂĨŽƌƐƵƐƚĂŝŶĂďŝůŝƚǇ
ƐŚŽƵůĚ ďĞ ƚĂŬĞŶ ŝŶƚŽ ĂĐĐŽƵŶƚ͘ ^ƵƐƚĂŝŶĂďŝůŝƚǇ ĐƌŝƚĞƌŝĂ ĨŽƌ ĞŶĞƌŐǇͲĞĨĨŝĐŝĞŶƚ
ƌĞŶŽǀĂƚŝŽŶƐŽĨDŽƐĐŽǁĂƉĂƌƚŵĞŶƚďƵŝůĚŝŶŐƐĂŶĚĚŝƐƚƌŝĐƚƐǁĞƌĞĚĞǀĞůŽƉĞĚ
ďĂƐĞĚ ŽŶ ĐƌŝƚĞƌŝĂ ĚĞǀĞůŽƉĞĚ ĨŽƌ ŶĞǁ ƌĞƐŝĚĞŶƚŝĂů ĚŝƐƚƌŝĐƚƐ ŝŶ ^ĂŝŶƚ
WĞƚĞƌƐďƵƌŐ͘ dŚĞ ĐƌŝƚĞƌŝĂ ƐĞƚƚŝŶŐ ŝŶĐůƵĚĞƐ ĐƌŝƚĞƌŝĂ ĨŽƌ ƉůĂŶŶŝŶŐ
ƐƚƌƵĐƚƵƌĞͬĨƵŶĐƚŝŽŶĂů ƉůĂŶŶŝŶŐ͕ ƚŚĞ ƐƵƌƌŽƵŶĚŝŶŐ ƚĞƌƌĂŝŶ͕ ďƵŝůĚŝŶŐƐ͕
ƚƌĂŶƐƉŽƌƚƐŽůƵƚŝŽŶƐ͕ǁĂƐƚĞĚŝƐƉŽƐĂůĂŶĚĞŶĞƌŐǇƐƵƉƉůǇ͘ƚǇƉŝĐĂůDŽƐĐŽǁ
ƌĞƐŝĚĞŶƚŝĂůĚŝƐƚƌŝĐƚǁĂƐƐĞůĞĐƚĞĚĨŽƌĂŶĂůǇƐŝƐ͘&ŝƌƐƚ͕ĂƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚǁĂƐ
ƉƌŽĚƵĐĞĚŽĨĞŶĞƌŐǇƉĞƌĨŽƌŵĂŶĐĞ͕ĂŶĚǁĂƚĞƌĂŶĚǁĂƐƚĞŵĂŶĂŐĞŵĞŶƚŽĨ
ƚŚĞ ďƵŝůĚŝŶŐƐ ĂŶĚ ŽĨ ƚŚĞ ĚŝƐƚƌŝĐƚ͘ dŚĞŶ ĂůƚĞƌŶĂƚŝǀĞ ĞŶĞƌŐǇ ƌĞŶŽǀĂƚŝŽŶ
ĐŽŶĐĞƉƚƐ ƌĞĚƵĐŝŶŐ ƚŚĞ ĞŶǀŝƌŽŶŵĞŶƚĂů ŝŵƉĂĐƚƐ ŽĨ ƚŚĞ ďƵŝůĚŝŶŐƐ ĂŶĚ ƚŚĞ
ĚŝƐƚƌŝĐƚǁĞƌĞĚĞǀĞůŽƉĞĚĂŶĚĂŶĂůǇƐĞĚ͘
dŚĞďƵŝůĚŝŶŐƌĞŶŽǀĂƚŝŽŶĐŽŶĐĞƉƚƐ͕ŶĂŵĞĚĂƐŝĐ͕/ŵƉƌŽǀĞĚĂŶĚĚǀĂŶĐĞĚ͕
ǁĞƌĞĂĚũƵƐƚĞĚŝŶƐƵĐŚĂǁĂǇƚŚĂƚĞĂĐŚŽĨƚŚĞŵďĞĐŽŵĞƐĂŶŝŵƉƌŽǀĞŵĞŶƚ
ŽŶĂƉƌĞǀŝŽƵƐŽŶĞĂƐƌĞŐĂƌĚƐƚŚĞƚŽƚĂůĂŶŶƵĂůĞŶĞƌŐǇĚĞŵĂŶĚ͘dŚĞďĂƐŝĐ
ĐŽŶĐĞƉƚƌĞĨĞƌƐƚŽŵŝŶŝŵƵŵ͕ůŽǁͲĐŽƐƚŽƌĞĂƐǇͲƚŽͲĚŽƌĞŶŽǀĂƚŝŽŶŵĞĂƐƵƌĞƐ͘
dŚĞŝŵƉƌŽǀĞĚƌĞŶŽǀĂƚŝŽŶĐŽŶĐĞƉƚŽƵƚƉƵƚƐďĞƚƚĞƌĞŶĞƌŐǇŽƌĞĐŽͲĞĨĨŝĐŝĞŶĐǇ͘
dŚĞ ĂĚǀĂŶĐĞĚ ƌĞŶŽǀĂƚŝŽŶ ĐŽŶĐĞƉƚ ƐƵŐŐĞƐƚĞĚ ƚŚĞ ŵŽƐƚ ƉƌŽŐƌĞƐƐŝǀĞ
ƐŽůƵƚŝŽŶƐ͘ ĂƐĞĚ ŽŶ ƚŚĞ ĐĂůĐƵůĂƚŝŽŶƐ͕ ƚŚĞ ďƵŝůĚŝŶŐ ůĞǀĞů ĞŶĞƌŐǇ ƐĂǀŝŶŐ
ƉŽƚĞŶƚŝĂůǁĂƐƵƉƚŽϲϴйĨŽƌŚĞĂƚŝŶŐĞŶĞƌŐǇĂŶĚϮϲйĨŽƌĞůĞĐƚƌŝĐŝƚǇ͘

ƚƚŚĞĚŝƐƚƌŝĐƚůĞǀĞů͕ĚŝĨĨĞƌĞŶƚĞŶĞƌŐǇƌĞŶŽǀĂƚŝŽŶƐĐĞŶĂƌŝŽƐǁĞƌĞĂŶĂůǇƐĞĚ
ŝŶƚĞƌŵƐŽĨĞŶĞƌŐǇĚĞŵĂŶĚĂŶĚĞŵŝƐƐŝŽŶƐ͘dŚĞĚŝƐƚƌŝĐƚƐĐĞŶĂƌŝŽƐǁĞƌĞĂůƐŽ
ĐĂůůĞĚ ƵƌƌĞŶƚ͕ ĂƐŝĐ͕ /ŵƉƌŽǀĞĚ ĂŶĚ ĚǀĂŶĐĞĚ͘ ŽŶƐŝĚĞƌĂďůĞ ĞŶĞƌŐǇ
ƐĂǀŝŶŐƐĐŽƵůĚďĞĂĐŚŝĞǀĞĚŝŶƚŚĞĚŝƐƚƌŝĐƚĐŽŶƐŝĚĞƌĞĚƵƐŝŶŐĚŝĨĨĞƌĞŶƚĚŝƐƚƌŝĐƚ
ŵŽĚĞƌŶŝǌĂƚŝŽŶƐĐĞŶĂƌŝŽƐ͕ŽĨƵƉƚŽϯϰйŽĨƚŚĞĞůĞĐƚƌŝĐŝƚǇĚĞŵĂŶĚĂŶĚƵƉƚŽ
ϳϮйŽĨƚŚĞŚĞĂƚŝŶŐĚĞŵĂŶĚ͘
dŚĞĚŝĨĨĞƌĞŶƚƌĞŶŽǀĂƚŝŽŶĐŽŶĐĞƉƚƐǁĞƌĞĂůƐŽĂŶĂůǇƐĞĚĨƌŽŵĂŶĞĐŽŶŽŵŝĐ
ƉŽŝŶƚŽĨǀŝĞǁ͘ůůƚŚĞďƵŝůĚŝŶŐůĞǀĞůƉĂĐŬĂŐĞƐĐŽǀĞƌĞĚŝŵƉƌŽǀĞŵĞŶƚƐŽĨ
ĞǆƚĞƌŶĂůǁĂůůƐ͕ǁŝŶĚŽǁƐĂŶĚĚŽŽƌƐ͕ƵƉƉĞƌĐĞŝůŝŶŐ͕ďĂƐĞŵĞŶƚ͕ǀĞŶƚŝůĂƚŝŽŶ͕
ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ͕ ǁĂƚĞƌ ĂŶĚ ǁĂƐƚĞǁĂƚĞƌ͕ ĞůĞĐƚƌŝĐŝƚǇ͕ ŐĂƐ͕ ŵĞƚĞƌŝŶŐ͕ ĂŶĚ
ŽƚŚĞƌ ŝŵƉƌŽǀĞŵĞŶƚƐ ĂŶĚ ĐŽƐƚƐ ďƵƚ ƚŚĞ ƐĞůĞĐƚĞĚ ƉƌŽĚƵĐƚƐ ĂŶĚ ƐŽůƵƚŝŽŶƐ
ǀĂƌŝĞĚĨƌŽŵďĂƐŝĐƚŚƌŽƵŐŚŝŵƉƌŽǀĞĚƚŽĂĚǀĂŶĐĞĚŽŶĞƐ͘
dŚĞĚŝƐƚƌŝĐƚƌĞŶŽǀĂƚŝŽŶĐŽŶĐĞƉƚƐǁĞƌĞĂůŝŐŶĞĚǁŝƚŚƚŚĞďƵŝůĚŝŶŐƌĞŶŽǀĂƚŝŽŶ
ƉĂĐŬĂŐĞƐ͕ĂŶĚƚŚĞĐŽƐƚƐŽĨďƵŝůĚŝŶŐƌĞŶŽǀĂƚŝŽŶƐǁĞƌĞŝŶĐůƵĚĞĚŝŶƚŚĞĐŽƐƚƐ
ŽĨŝŵƉƌŽǀŝŶŐĚŝƐƚƌŝĐƚĞŶĞƌŐǇĂŶĚǁĂƚĞƌŝŶĨƌĂƐƚƌƵĐƚƵƌĞŝŶƚŚĞƉŝůŽƚDŽƐĐŽǁ
ĚŝƐƚƌŝĐƚ͘
&ŝŶĂŶĐŝŶŐƌĞŶŽǀĂƚŝŽŶƐŝƐŽĨƚĞŶĂŵĂũŽƌďĂƌƌŝĞƌŝŶĂŶǇĐŽƵŶƚƌǇ͘dŚŝƐƚŽƉŝĐ
ǁĂƐĂůƐŽĂĚĚƌĞƐƐĞĚŝŶƚŚĞƉƌŽũĞĐƚ͘DŽƐƚŽĨƚŚĞŚŽƵƐŝŶŐƵŶŝƚƐŝŶĂƉĂƌƚŵĞŶƚ
ďƵŝůĚŝŶŐƐĂƌĞƉƌŝǀĂƚĞůǇŽǁŶĞĚĚƵĞƚŽƚŚĞĨƌĞĞƉƌŝǀĂƚŝǌĂƚŝŽŶĂĨƚĞƌƚŚĞ^ŽǀŝĞƚ
ĐŽůůĂƉƐĞ͘ ,ŽǁĞǀĞƌ͕ ŶŽ ƐƵƐƚĂŝŶĂďůĞ ĨŽƌŵ ŽĨ ƐĞůĨͲĨŝŶĂŶĐŝŶŐ ĂƉĂƌƚŵĞŶƚ
ƌĞŶŽǀĂƚŝŽŶƐŚĂƐĞǆŝƐƚĞĚ͕ĂŶĚĨŽƌŵĞƌůĞƐƐŽƌƐŽĨƌĞƐŝĚĞŶƚŝĂůƵŶŝƚƐƐƚŝůůŚĂǀĞ
ƚŚĞŽďůŝŐĂƚŝŽŶƚŽĐĂƌƌǇŽƵƚĐĂƉŝƚĂůƌĞƉĂŝƌƐ͘
ǆŝƐƚŝŶŐ ĂŶĚ ŶĞǁ ĨŝŶĂŶĐŝŶŐ ŵĞĐŚĂŶŝƐŵƐ͕ ŝŶĐůƵĚŝŶŐ ƉƵďůŝĐͲƉƌŝǀĂƚĞͲ
ƉĂƌƚŶĞƌƐŚŝƉ;WWWͿ͕ĂƌĞŝŶƚƌŽĚƵĐĞĚŝŶƚŚĞƌĞƐƵůƚƐ͘ZĞŐŝŽŶĂůĂŶĚůŽĐĂůďƵĚŐĞƚƐ
ĂƌĞƐƚŝůůƚŚĞŵĂŝŶĨŝŶĂŶĐŝŶŐŵĞĐŚĂŶŝƐŵƐĨŽƌĐĂƉŝƚĂůƌĞƉĂŝƌƐŝŶZƵƐƐŝĂ͘
dŚĞƉƌŽũĞĐƚĂůƐŽĞǆĂŵŝŶĞĚƉŽƐƐŝďůĞďƵƐŝŶĞƐƐŵŽĚĞůƐĨŽƌĞŶĞƌŐǇͲĞĨĨŝĐŝĞŶƚ
ƌĞŶŽǀĂƚŝŽŶƐŽĨƌĞƐŝĚĞŶƚŝĂůĚŝƐƚƌŝĐƚƐŝŶZƵƐƐŝĂ͘ŶŝŵƉŽƌƚĂŶƚƉĂƌƚŽĨƚŚŝƐŝƐ
ƚŚĞ ƐƚĂŬĞŚŽůĚĞƌ ĂŶĂůǇƐŝƐ ĐĂƌƌŝĞĚ ŽƵƚ ďǇ ƚŚĞ ƌĞůĞǀĂŶƚ ĂĐƚŽƌƐ ŝŶǀŽůǀĞĚ ŝŶ
ĚŝƐƚƌŝĐƚƌĞŶŽǀĂƚŝŽŶƐŝŶZƵƐƐŝĂ͘


WƌŽũĞĐƚƐƌĞƐƵůƚƐŚĂǀĞďĞĞŶƉƵďůŝƐŚĞĚŝŶƚŚĞĨŽůůŽǁŝŶŐŽŶůŝŶĞƉƵďůŝĐĂƚŝŽŶƐ͗
ŚƚƚƉ͗ͬͬǁǁǁ͘ǀƚƚ͘ĨŝͬŝŶĨͬƉĚĨͬƚĞĐŚŶŽůŽŐǇͬϮϬϭϯͬdϴϮ͘ƉĚĨ
ŚƚƚƉ͗ͬͬǁǁǁ͘ǀƚƚ͘ĨŝͬŝŶĨͬƉĚĨͬƚĞĐŚŶŽůŽŐǇͬϮϬϭϰͬdϭϱϰ͘ƉĚĨ



ĐŽ'ƌĂĚʹĐŽůŽŐŝĐĂůŝƚǇWůĂŶŶŝŶŐŽŶĐĞƉƚĨŽƌ^ƚWĞƚĞƌƐďƵƌŐ͕ZƵƐƐŝĂ

dŚĞĐŽ'ƌĂĚƉƌŽũĞĐƚǁĂƐĐĂƌƌŝĞĚŽƵƚϮϬϭϬ͘dŚĞƉƌŽũĞĐƚǁĂƐĨŝŶĂŶĐĞĚďǇ
ƚŚĞDŝŶŝƐƚƌǇ ŽĨ&ŽƌĞŝŐŶ ĨĨĂŝƌƐŽĨ&ŝŶůĂŶĚ͘dŚĞŽďũĞĐƚŝǀĞ ŽĨƚŚĞĐŽ'ƌĂĚ
ƉƌŽũĞĐƚǁĂƐƚŽĚĞǀĞůŽƉĂĚĞƐŝŐŶĐŽŶĐĞƉƚŽĨĞĐŽͲĞĨĨŝĐŝĞŶƚĚŝƐƚƌŝĐƚƐŝŶƚŚĞĐŝƚǇ
ŽĨ^ƚ͘WĞƚĞƌƐďƵƌŐ͘ŵƉŚĂƐŝƐǁĂƐƉƵƚŽŶƚĂŬŝŶŐůŽĐĂůĐŽŶĚŝƚŝŽŶƐŝŶƚŽĂĐĐŽƵŶƚ
ǁŚŝůĞĂƉƉůǇŝŶŐŐůŽďĂůůǇŽƉƚŝŵŝǌĞĚƐŽůƵƚŝŽŶƐ͘dŚĞĐŽ'ƌĂĚĐŽŶĐĞƉƚŝŶĐůƵĚĞƐ
ĚĞŶƐĞ ĐŝƚǇ ĚĞǀĞůŽƉŵĞŶƚ͕ Ă ŵŝŶŝŵĂů ŶĞĞĚ ĨŽƌ ƚƌĂǀĞů͕ Ă ŵĂǆŝŵƵŵ ƵƐĞ ŽĨ
ƉƵďůŝĐ ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ ĂŶĚ ůŝŐŚƚ ǀĞŚŝĐůĞƐ͕ ŵŝŶŝŵƵŵ ƉŽǁĞƌ ĐŽŶƐƵŵƉƚŝŽŶ͕
ƚŚĞ ŵĂǆŝŵƵŵ ƵƐĞ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐŽƵƌĐĞƐ ĂŶĚ ĞĐŽůŽŐŝĐĂůůǇ ƐƚĂďůĞ
ƐŽůƵƚŝŽŶƐ ĐŽŶĐĞƌŶŝŶŐ ǁĂƐƚĞ ĚŝƐƉŽƐĂů ĂŶĚ ƐĞǁĞƌĂŐĞ͘ ^ŽĐŝĂů ĂŶĚ ĐƵůƚƵƌĂů
ĂƐƉĞĐƚƐŵƵƐƚĂůƐŽďĞƚĂŬĞŶŝŶƚŽĂĐĐŽƵŶƚ͘
/ŶZƵƐƐŝĂ͕ƚŚĞĐƌĞĂƚŝŽŶ ŽĨĞŶĞƌŐǇĞĨĨŝĐŝĞŶƚƐŝƚĞƐŝƐƐƚŝůůŝŶŝƚƐĞĂƌůǇƐƚĂŐĞƐ͘
WŽǁĞƌƐƵƉƉůǇƐǇƐƚĞŵƐďĂƐĞĚŽŶƌĞŶĞǁĂďůĞĞŶĞƌŐǇƐŽƵƌĐĞƐĂƌĞĂůƐŽŚĂƌĚůǇ
ŬŶŽǁŶ͘KŶƚŚĞŽƚŚĞƌŚĂŶĚ͕ƚŚĞZƵƐƐŝĂŶƐĂƌĞǁĞůůƐŬŝůůĞĚŝŶƉůĂĐŝŶŐŽĨĨŝĐĞƐ
ĂŶĚ ĐŽŶƐƵŵĞƌ ƐĞƌǀŝĐĞƐ ŶĞǆƚ ƚŽ ƌĞƐŝĚĞŶĐŝĞƐ͘ ZĞŐƵůĂƚŝŽŶƐ ĚŝĐƚĂƚĞ ƚŚĞ
ŵĂǆŝŵƵŵ ĂůůŽǁĂďůĞ ĚŝƐƚĂŶĐĞƐ ďĞƚǁĞĞŶ ƌĞƐŝĚĞŶƚŝĂů ďƵŝůĚŝŶŐƐ ĂŶĚ ƐƵĐŚ
ƐĞƌǀŝĐĞƐĂƐŝŶĨĂŶƚͲĐĂƌĞŐƌŽƵƉƐ͕ŬŝŶĚĞƌŐĂƌƚĞŶƐ͕ƐĐŚŽŽůƐ͕ĂŵďƵůĂƚŽƌǇĐůŝŶŝĐƐ
ĂŶĚƐƚŽƌĞƐ͕ĨƵůůǇĐŽŶĨŽƌŵŝŶŐƚŽƚŚĞƉƌŝŶĐŝƉůĞƐŽĨĚĞƐŝŐŶŝŶŐĞĐŽĞĨĨŝĐŝĞŶƚĐŝƚǇ
ĚŝƐƚƌŝĐƚƐ͘
tŚŝůĞƚŚĞƉƌŽũĞĐƚǁĂƐďĞŝŶŐŝŵƉůĞŵĞŶƚĞĚ͕ƌĞƐŝĚĞŶƚƐǁĞƌĞƉŽůůĞĚ͘dŚĞƉŽůůƐ
ƌĞǀĞĂůĞĚƚŚĂƚƚŚĞĂďƐŽůƵƚĞŵĂũŽƌŝƚǇŽĨƚŚĞŵ;ϵϮйͿĚŝĚŶŽƚĐŽŶƐŝĚĞƌƚŚĞƵƐĞ
ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐŽƵƌĐĞƐ ŝŵƉŽƌƚĂŶƚ͘ DŽƐƚ ŽĨ ƚŚĞŵ ;ϴϬйͿ ŚĂĚ ŶŽƚ
ŚĞĂƌĚŽĨŵĞĐŚĂŶŝĐĂůǀĞŶƚŝůĂƚŝŽŶ͘&ƌĞƐŚĂŝƌŝƐĐŽŶƐŝĚĞƌĞĚŝŵƉŽƌƚĂŶƚǇĞƚůĞƐƐ
ƚŚĂŶ ŚĂůĨ ŽĨ Ăůů ƌĞƐƉŽŶĚĞŶƚƐ ;ϰϬйͿ ĂƌĞ ƉƌĞƉĂƌĞĚ ƚŽ ƉĂǇ ĨŽƌ ŝƚ͘ /ŶǀŽůǀŝŶŐ
ƌĞƐŝĚĞŶƚƐ ŝŶ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ƉƌŽĐĞƐƐ͕ ƚŚĂƚ ŝƐ͕ ƚŚĞ ƐŽͲĐĂůůĞĚ >ŝǀŝŶŐ>Ăď
ĂĐƚŝŽŶ ŝƐ ĂŶ ŝŵƉŽƌƚĂŶƚ ĐŽŵƉŽŶĞŶƚ ŽĨ ĚĞƐŝŐŶŝŶŐ ĞĐŽͲĞĨĨŝĐŝĞŶƚ ƌĞƐŝĚĞŶƚŝĂů
ĂƌĞĂƐ͘/ŶZƵƐƐŝĂ͕ƚŚĞƉĂƌƚŝĐŝƉĂƚŝŽŶŽĨƌĞƐŝĚĞŶƚƐƐŚŽƵůĚďĞĨƵƌƚŚĞƌĞǆƚĞŶĚĞĚ
ĂŶĚŵĂĚĞĂƉĂƌƚŽĨƚŚĞĚĞƐŝŐŶǁŽƌŬ͘
dŚĞƉƌŽũĞĐƚĐŽŶĐĞƌŶĞĚƚŚƌĞĞƉŝůŽƚƚĞƌƌŝƚŽƌŝĞƐĨŽƌǁŚŝĐŚƌĞƐŝĚĞŶƚŝĂůĚĞƐŝŐŶƐ
ǁĞƌĞŵĂĚĞ͘dŚĞĚĞƐŝŐŶƐŝŶĐůƵĚĞĚĞƐƚŝŵĂƚĞƐŽĨƉŽǁĞƌĐŽŶƐƵŵƉƚŝŽŶĂŶĚĂ

ƐƚƵĚǇŽĨƚŚĞĚŝƐƚƌŝďƵƚŝŽŶŽĨĞŵŝƐƐŝŽŶƐǁŚĞŶƵƐŝŶŐǀĂƌŝŽƵƐĞŶĞƌŐǇƐƵƉƉůǇ
ƐǇƐƚĞŵƐƐƵŝƚĂďůĞĨŽƌůŽĐĂůĐŽŶĚŝƚŝŽŶƐ͘ĞƐŝĚĞƐ͕ĂĚĞƐŝŐŶƉƌŽǀŝĚŝŶŐĨŽƌďĞƚƚĞƌ
ĞĐŽůŽŐǇ ǁŝƚŚŽƵƚ ĂŶǇ ŐƌĞĂƚĞƌ ŝŶǀĞƐƚŵĞŶƚ ǁĂƐ ŵĂĚĞ ĨŽƌ ŽŶĞ ŽĨ ƚŚĞ ƉŝůŽƚ
ƐŝƚĞƐ͘ dŚĞ WWW ;WƵďůŝĐͲWƌŝǀĂƚĞͲWĂƌƚŶĞƌƐŚŝƉͿ ƉŝůŽƚ ƉƌŽũĞĐƚ ŝŶǀŽůǀĞĚ ƚŚĞ
ĚĞǀĞůŽƉŵĞŶƚŽĨƉƌĂĐƚŝĐĂůŵŽĚĞůƐŽĨƉƌŽũĞĐƚŝŵƉůĞŵĞŶƚĂƚŝŽŶ͘
tŚŝůĞ ƚŚŝƐ ǁŽƌŬ ĐŽŶƚŝŶƵĞĚ͕ ƐĞǀĞŶ ŵĞĞƚŝŶŐƐ ǁŝƚŚ ƌĞƉƌĞƐĞŶƚĂƚŝǀĞƐ ŽĨ ^ƚ͘
WĞƚĞƌƐďƵƌŐ ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ ǁĞƌĞ ŚĞůĚ͘ ƵƌŝŶŐ ƚŚĞƐĞ ŵĞĞƚŝŶŐƐ͕ Ă
ƉƌĞƐĞŶƚĂƚŝŽŶŽĨƚŚĞĐŽŵƉŽŶĞŶƚƐŽĨƚŚŝƐĐŽŶĐĞƉƚǁĂƐŵĂĚĞĂŶĚŽƉŝŶŝŽŶƐ
ŚĞĂƌĚ ĂƐ ƚŽ ŚŽǁ ŝƚƐ ǀĂƌŝŽƵƐ ƐĞĐƚŝŽŶƐ ǁŽƵůĚ ƐƵŝƚ ůŽĐĂů ĐŽŶĚŝƚŝŽŶƐ͘ dŚĞƐĞ
ŽƉŝŶŝŽŶƐ ǁĞƌĞ ƉƵƚ ŝŶ ƚŚĞ ďĂƐŝƐ ŽĨ ƚŚĞ ůŝƐƚ ŽĨ ƚŚĞ ĐƌŝƚĞƌŝĂ ŽĨ ĚĞƐŝŐŶŝŶŐ
ĞŶǀŝƌŽŶŵĞŶƚĂůůǇĐůĞĂŶĂƌĞĂƐƉƌĞƐĞŶƚĞĚŝŶƚŚĞƉƌŽũĞĐƚƐĨŝŶĂůƌĞƉŽƌƚ͘>ŽĐĂů
ĚĞƐŝŐŶĞƌƐŵĂǇƵƐĞƚŚŝƐůŝƐƚǁŚŝůĞƐĞĂƌĐŚŝŶŐĨŽƌĂŶƐǁĞƌƐĂƐƚŽƌĞƋƵŝƌĞŵĞŶƚƐ
ƚŽĐŝƚǇĚĞƐŝŐŶƐǁŚŝĐŚŶĞĞĚƚŽďĞŵĞƚŝŶŽƌĚĞƌƚŽŵĂŬĞƌĞƐŝĚĞŶƚŝĂůĂƌĞĂƐ
ĞĐŽͲĞĨĨĞĐƚŝǀĞ͘
WƌŽũĞĐƚƐ ƌĞƐƵůƚƐŚĂǀĞďĞĞŶƉƵďůŝƐŚĞĚ ŝŶ ƚŚĞĨŽůůŽǁŝŶŐŽŶůŝŶĞƉƵďůŝĐĂƚŝŽŶ
;ĂǀĂŝůĂďůĞ
ĂůƐŽ
ŝŶ
ZƵƐƐŝĂŶ
ĂŶĚ
&ŝŶŶŝƐŚͿ͗
ŚƚƚƉ͗ͬͬǁǁǁ͘ǀƚƚ͘ĨŝͬŝŶĨͬƉĚĨͬƚŝĞĚŽƚƚĞĞƚͬϮϬϭϬͬdϮϱϲϲ͘ƉĚĨ



ƉƉĞŶĚŝǆ͘YƵĞƐƚŝŽŶŶĂŝƌĞĨŽƌ&ŝŶŶŝƐŚĐŝƚǇƉůĂŶŶĞƌƐĂŶĚ
,ŽƵƐŝŶŐĂŶĚůŝǀŝŶŐĂƌĞĂƐƵƌǀĞǇŝŶ^ƚWĞƚĞƌƐďƵƌŐ

ϭ͘ YƵĞƐƚŝŽŶŶĂŝƌĞĨŽƌ&ŝŶŶŝƐŚĐŝƚǇƉůĂŶŶĞƌƐ

dŚĞŽďũĞĐƚŝǀĞǁĂƐƚŽƉĞƌĨŽƌŵĂƋƵĞƐƚŝŽŶŶĂŝƌĞƚŚĂƚŚĂĚĂƌĞůĞǀĂŶƚƐĞƚŽĨ
ƋƵĞƐƚŝŽŶƐǁŚŝĐŚǁŽƵůĚŵĂŬĞŝƚĞĂƐǇĨŽƌƚŚĞƌĞƐƉŽŶĚĞŶƚƐƚŽƵŶĚĞƌƐƚĂŶĚ
ĂŶĚĂŶƐǁĞƌ͘dŚĞĞǆƉĞƌƚŐƌŽƵƉƐĐŚŽƐĞŶƚŽƉĂƌƚŝĐŝƉĂƚĞŝŶƚŚĞƐƵƌǀĞǇǁĞƌĞ
ƵƌďĂŶƉůĂŶŶĞƌƐĂŶĚďƵŝůĚŝŶŐŝŶƐƉĞĐƚŽƌƐ͘dŚĞƵƌďĂŶƉůĂŶŶĞƌƐŵĂŬĞƉůĂŶƐ
ǁŚŝůĞ ƚŚĞ ďƵŝůĚŝŶŐ ŝŶƐƉĞĐƚŽƌƐ ƐĞĞ ƚŚƌŽƵŐŚ ƚŚĂƚ ƚŚĞ ƉůĂŶƐ ĂƌĞ ďĞŝŶŐ
ĨŽůůŽǁĞĚ͘

dŚĞ ƋƵĞƐƚŝŽŶŶĂŝƌĞ ĨŽƌŵ ǁĂƐ ĐƌĞĂƚĞĚ ŽŶ ĂŶ ŝŶƚĞƌŶĞƚ ďĂƐĞĚ ĂƉƉůŝĐĂƚŝŽŶ
ŝŐŝƵŵŶƚĞƌƉƌŝƐĞǁŚŝĐŚǁĂƐƉƌŽǀŝĚĞĚďǇƚŚĞYƵĞƐƚďĂĐŬŽŵƉĂŶǇ͘ůŝŶŬ
ƚŽ ƚŚĞ ƋƵĞƐƚŝŽŶŶĂŝƌĞ ĨŽƌŵ ǁĂƐ ƚŚĞƌĞĂĨƚĞƌ ƐĞŶƚ ƚŽ ĂƌŽƵŶĚ ŽŶĞ ŚƵŶĚƌĞĚ
ƵƌďĂŶƉůĂŶŶĞƌƐĂŶĚƚŚƌĞĞŚƵŶĚƌĞĚĂŶĚĨŝĨƚǇďƵŝůĚŝŶŐŝŶƐƉĞĐƚŽƌƐŝŶĚŝĨĨĞƌĞŶƚ
ŵƵŶŝĐŝƉĂůŝƚŝĞƐŽĨ&ŝŶůĂŶĚ͘ĂĐŚďƵŝůĚŝŶŐŝŶƐƉĞĐƚŽƌƌĞƉƌĞƐĞŶƚĞĚŽŶĞŽĨƚŚĞ
ŵƵŶŝĐŝƉĂůŝƚŝĞƐŽĨ&ŝŶůĂŶĚ͘dŚĞƵƌďĂŶƉůĂŶŶĞƌƐǁĞƌĞƚŚŽƐĞǁŚŽĂƌĞŝŶǀŽůǀĞĚ
ŝŶĚĞƚĂŝůĞĚƉůĂŶŶŝŶŐĨƌŽŵŵƵŶŝĐŝƉĂůŝƚŝĞƐƚŚĂƚŚĂǀĞĂĚĞƉĂƌƚŵĞŶƚĨŽƌƵƌďĂŶ
ƉůĂŶŶŝŶŐŽĨƚŚĞŝƌŽǁŶ͘dŚĞƋƵĞƐƚŝŽŶŶĂŝƌĞǁĂƐƉĞƌĨŽƌŵĞĚŝŶϮϬϭϮ͘

ĞůŽǁƚŚĞƋƵĞƐƚŝŽŶƐĂŶĚƚŚĞƌĞƉůŝĞƐĂƌĞƐŚŽǁŶ͘KƉĞŶƌĞƉůŝĞƐŚĂǀĞďĞĞŶ
ůĞĨƚŽƵƚŝŶƚŚŝƐƐƵŵŵĂƌǇ͘


ϳϬ

/ǁŽƌŬŝŶ͕͘͘EсϵϮ

ϲϬ
ϱϬ
ϰϬ
ϯϬ
ϮϬ
ϭϬ
Ϭ
hƌďĂŶƉůĂŶŶŝŶŐ

ƵŝůĚŝŶŐ
ŝŶƐƉĞĐƚŝŽŶ

ŶĞƌŐǇƵƚŝůŝƚǇ

KƚŚĞƌ



&ŝŐƵƌĞϭ͘ZŽůĞŽĨƌĞƐƉŽŶĚĞŶƚ
ϭϴ
ϭϲ
ϭϰ
ϭϮ
ϭϬ
ϴ
ϲ
ϰ
Ϯ
Ϭ

YƵĞƐƚŝŽŶĨŽƌƵƌďĂŶƉůĂŶŶĞƌƐ͗ŵǇƉƌŽĨĞƐƐŝŽŶŝ

ƌĐŚŝƚĞĐƚ

ŶŐŝŶĞĞƌ

^ƵƉĞƌǀŝƐĞƌŽƌ
KƚŚĞƌ
ĐŚŝĞĨ
ƌĞƐƉŽŶƐŝďůĞ
ƉĞƌƐŽŶ

&ŝŐƵƌĞϮ͘^ƉĞĐŝĨǇŝŶŐƋƵĞƐƚŝŽŶĨŽƌƵƌďĂŶƉůĂŶŶĞƌƐ͘


KƚŚĞƌ



ϲϬ

/ƐƚŚĞƚĞƌŵΗƉƌŝŵĂƌǇĞŶĞƌŐǇΗĨĂŵŝůŝĂƌƚŽǇŽƵ͍͕EсϵϮ

ϱϬ
ϰϬ
ϯϬ
ϮϬ
ϭϬ
Ϭ
zĞƐ

EŽ

ĂŶƚƐĂǇ

&ŝŐƵƌĞϯ͘YƵĞƐƚŝŽŶ͗/ƐƚŚĞƚĞƌŵΗƉƌŝŵĂƌǇĞŶĞƌŐǇΗĨĂŵŝůŝĂƌƚŽǇŽƵ͍͕EсϵϮ



&ŝŐƵƌĞϰ͘ZĞƐƵůƚŽĨƚŚĞƋƵĞƐƚŝŽŶ͞,ŽǁĨĂŵŝůŝĂƌĂƌĞƚŚĞĨŽůůŽǁŝŶŐĞŶĞƌŐǇ
ƐǇƐƚĞŵƐ͍͟





&ŝŐƵƌĞϱ͘^ĞƚƚŚĞĨŽůůŽǁŝŶŐƵƌďĂŶƉůĂŶŶŝŶŐŝƐƐƵĞƐŝŶŝŵƉŽƌƚĂŶĐĞŽƌĚĞƌ͕
ϭсŵŽƐƚŝŵƉŽƌƚĂŶƚ͕EсϵϮ
ZĂƚĞĞŵŝƐƐŝŽŶƐŝŶŽƌĚĞƌŽĨŝŵƉŽƌƚĂŶĐĞ;ϭсŵŽƐƚŝŵƉŽƌƚĂŶƚͿ͕
EсϳϬ
ϭ
KĚŽƵƌƐ
ŽŶƚĂŵŝŶĂƚŝŽŶŽĨǁĂƚĞƌďŽĚǇƐ
dKWW;ĐĂƵƐĞƐŵŽŐͿ
&ŝŶĞƉĂƌƚŝĐůĞƐ
,ĞĂǀǇŵĞƚĂůƐ
^ƵůƉŚƵƌͲĂŶĚEŝƚƌŽŽǆŝĚĞƐ
ĂƌďŽŶĚŝŽǆŝĚĞ

Ϯ
ϯ
ϰ
ϱ
ϲ
Ϭй

ϮϬй

ϰϬй

ϲϬй

ϴϬй

ϭϬϬй

&ŝŐƵƌĞϲ͘ZĂƚĞĞŵŝƐƐŝŽŶƐŝŶŽƌĚĞƌŽĨŝŵƉŽƌƚĂŶĐĞ;ϭсŵŽƐƚŝŵƉŽƌƚĂŶƚͿ͕Eс
ϳϬ


ϳ



ZĂƚĞĨŽůůŽǁŝŶŐĞĐŽŶŽŵŝĐĂƐƉĞĐƚƐŝŶŽƌĚĞƌŽĨŝŵƉŽƌƚĂŶĐĞ
;ϭсŵŽƐƚŝŵƉŽƌƚĂŶƚͿ
WŽƐƐŝďŝůŝƚǇƚŽŵĂŶĂŐĞǁŝƚŚŽƵƚƚŚĞ
ĐŽƐƚƐĐĂƵƐĞĚďǇƉƌŝǀĂƚĞĐĂƌƵƐĞ
dŚĞďƵŝůĚŝŶŐƐůŝĨĞĐǇĐůĞĐŽƐƚƐĂƌĞ
ůŽǁ

ϭ

^ƚĂďůĞĞŶĞƌŐǇĐŽƐƚƐ

ϯ

Ϯ

ϰ

>ŽǁŝŶǀĞƐƚŵĞŶƚĐŽƐƚƐ

ϱ

>ŽǁǇĞĂƌůǇĞŶĞƌŐǇĐŽƐƚƐ

ϲ
Ϭй

ϮϬй

ϰϬй

ϲϬй

ϴϬй

ϭϬϬй



&ŝŐƵƌĞϳ͘ZĂƚĞĨŽůůŽǁŝŶŐĞĐŽŶŽŵŝĐĂƐƉĞĐƚƐŝŶŽƌĚĞƌŽĨŝŵƉŽƌƚĂŶĐĞ;ϭс
ŵŽƐƚŝŵƉŽƌƚĂŶƚͿ


,ŽǁĐŚĂůůĞŶŐŝŶŐĚŽǇŽƵĨŝŶĚƚŚĞĨŽůůŽǁŝŶŐŝƐƐƵĞƐƌĞĂůƚĞĚƚŽ
ůŽĐĂůĚĞĐŝƐŝŽŶŵĂŬŝŶŐ͍EсϵϮ

EŽĐŚĂůůĞŶŐĞƐ

dŚĞƵƚŝůŝƐĂƚŝŽŶŽĨůŽǁ
ĞŶĞƌŐǇƚĂƌŐĞƚƐĂŶĚĞŶĞƌŐǇ
ĐůĂƐƐŝĨŝĐĂƚŝŽŶŝŶƉůĂŶŶŝŶŐ
,ŽǁĐĂŶĐŝƚǇƉůĂŶŶŝŶŐ
ŝŵƉĂĐƚĞŶĞƌŐǇŝƐƐƵĞƐ
ƐƐĞƐƐŵĞŶƚŽĨĞŶĞƌŐǇ
ĂůƚĞƌŶĂƚŝǀĞƐ;ĞĐŽŶŽŵŝĐ
ĂŶĚƚĞĐŚŶĐŝĂůĂƐƐĞƐƐŵĞŶƚͿ
tŚĂƚĞŶĞƌŐǇƐǇƐƚĞŵƐ
ǁŽƵůĚďĞƚŚĞďĞƐƚĨŽƌĂ
ĚŝƐƚƌŝĐƚ͍

^ŽŵĞƚŝŵĞƐĐŚĂůůĞŶŐŝŶŐ
KĨƚĞŶĐŚĂůůĞŶŐŝŶŐ
/ŚĂǀĞŶƚŶĞĞĚĞĚƚŽƚŚŝŶŬ
ĂďŽƵƚŝƚ
Ϭй ϮϬй ϰϬй ϲϬй ϴϬй ϭϬϬй

&ŝŐƵƌĞϴ͘,ŽǁĐŚĂůůĞŶŐŝŶŐĚŽǇŽƵĨŝŶĚƚŚĞĨŽůůŽǁŝŶŐŝƐƐƵĞƐƌĞůĂƚĞĚƚŽ
ůŽĐĂůĚĞĐŝƐŝŽŶŵĂŬŝŶŐ͍EсϵϮ







tŚĂƚĐŚĂůůĞŶŐĞƐĚŽǇŽƵĞǆƉĞƌŝĞŶĐĞŝŶǇŽƵƌǁŽƌŬ͍͕
Eсϴϵ

ŝĨĨŝĐƵůƚƚŽĐŽŽƉĞƌĂƚĞǁŝƚŚŽƚŚĞƌ
ƐƚĂŬĞŚŽůĚĞƌƐ

ϭϬ

>ĂĐŬŽĨƌĞƐŽƵƌĐĞƐ

ϰϰ

ŽůůĂďŽƌĂƚŝŽŶǁŝƚŚĚĞĐŝƐŝŽŶŵĂŬĞƌƐ

Ϯϰ

ŝĨĨŝĐƵůƚƚŽŐĞƚŶĞĞĚĞĚŚĞůƉĂŶĚ
ŝŶĨŽƌŵĂƚŝŽŶ

Ϯϲ

<ŶŽǁͲŚŽǁŶŽƚĂůǁĂǇƐƐƵĨĨŝĐŝĞŶƚ

ϲϭ

dŝŵĞƉƌĞƐƐƵƌĞ

ϲϴ
Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

ϴϬ



&ŝŐƵƌĞϵ͘tŚĂƚĐŚĂůůĞŶŐĞƐĚŽǇŽƵĞǆƉĞƌŝĞŶĐĞŝŶǇŽƵƌǁŽƌŬ͍Eсϴϵ


ůĂďŽƌĂƚĞŽŶΗĚŝĨĨŝĐƵůƚƚŽŐĞƚŶĞĞĚĞĚŚĞůƉĂŶĚ
ŝŶĨŽƌŵĂƚŝŽŶΗ͕EсϮϲ
EĞĞĚĞĚĐůĞĂƌŝŶƐƚƌƵĐƚŝŽŶƐĂŶĚ
ƌĞŐƵůĂƚŝŽŶƐ
EĞĞĚĞĚďĞƚƚĞƌƌĞĨŝŶĞĚ
ŝŶĨŽƌŵĂƚŝŽŶ

ϭϰ
ϭϱ

/ŶĨŽŵƌĂƚŝŽŶŝƐƚŽŽƐĐĂƚƚĞƌĞĚ
dŽŽŵƵĐŚŝŶĨŽƌŵĂƚŝŽŶĂǀĂŝůĂďůĞ

ϭϰ
ϭ


&ŝŐƵƌĞϭϬ͘ůĂďŽƌĂƚĞŽŶΗĚŝĨĨŝĐƵůƚƚŽŐĞƚŶĞĞĚĞĚŚĞůƉĂŶĚŝŶĨŽƌŵĂƚŝŽŶΗ
EсϮϲ

ůĂďŽƌĂƚĞŽŶΗůĂĐŬŽĨƌĞƐŽƵƌĐĞƐΗ͕Eсϰϰ

dŝŵĞ

Ϯϴ

WĞƌƐŽŶŶĞůů

ϯϱ

DŽŶĞǇ

ϭϰ
Ϭ

ϱ

ϭϬ

ϭϱ

ϮϬ

Ϯϱ

ϯϬ

ϯϱ

ϰϬ





&ŝŐƵƌĞϭϭ͘ ůĂďŽƌĂƚĞŽŶΗůĂĐŬŽĨƌĞƐŽƵƌĐĞƐΗEсϰϰ


ŚŽŽƐĞŽŶĞĐůĂŝŵƚŚĂƚǇŽƵĂŐƌĞĞŵŽƐƚǁŝƚŚ͕EсϵϮ
/ƚŚŝŶŬƐŽůĂƌĞŶĞƌŐǇŝƐŝŵƉŽƌƚĂŶƚĂŶĚ/ΖĚ
ůŝŬĞŝƚƐƵƐĞƚŽďĞĨƵƌƚŚĞƌĚĞǀĞůŽƉĞĚŝŶ
&ŝŶůĂŶĚ

ϲϰ

/ŬŶŽǁƚŽŽůŝƚůĞĂďŽƵƚƐŽůĂƌĞŶĞƌŐǇƚŽ
ŚĂǀĞĂŶǇŽƉŝŶŝŽŶƚŚŝƐ

ϵ

^ŽůĂƌĞŶĞƌŐǇŝƐŶŽƚĞĐŽŶŽŵŝĐĂůůǇ
ĨĞĂƐŝďůĞŝŶEŽƌƚŚĞƌŶĐŽƵŶƚƌŝĞƐůŝŬĞ
&ŝŶůĂŶĚ

ϳ

&ŝŐƵƌĞϭϮ͘ŚŽŽƐĞŽŶĞĐůĂŝŵƚŚĂƚǇŽƵĂŐƌĞĞŵŽƐƚǁŝƚŚ͘EсϵϮ




/ŶĐĂƐĞƚŚĞŽƉƉŽƌƚƵŶŝƚŝĞƐĨŽƌƵƚŝůŝǌŝŶŐƐŽůĂƌĞŶĞƌŐǇǁŽƵůĚďĞ
ĐŽŶƐŝĚĞƌĞĚĚƵƌŝŶŐƚŚĞƉůĂŶŶŝŶŐƉŚĂƐĞ͕ůŽǁĞƌŝŶǀĞƐƚŵĞŶƚĐŽƐƚƐ
ĂŶĚŽƉƚŝŵĂůƉƌŽĚƵĐƚŝŽŶͲĐŽŶĚŝƚŝŽŶƐĨŽƌƐŽůĂƌĞŶĞƌŐǇƐǇƐƚĞŵƐ
ĐŽƵůĚďĞĂĐŚŝĞǀĞĚ͘,ŽǁŽĨƚĞŶŚĂƐƚŚŝƐďĞŝŶŐƌĞŐĂƌĚĞĚŝŶǇŽƵƌ
ǁŽƌŬ͍

dŚĞƉƌŽĚƵĐƚŝŽŶŽĨƐŽůĂƌĞŶĞƌŐǇŝƐ
ĂůǁĂǇƐĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞƵƌďĂŶ͙

Ϯ

^ŽůĂƌĞŶĞƌŐǇƉƌŽĚƵĐƚŝŽŶŚĂƐŝŶƐŽŵĞ
ŽĐĐĂƐŝŽŶƐďĞĞŶĐŽŶƐŝĚĞƌĞĚŝŶŵǇǁŽƌŬ

ϯϳ

/ŚĂǀĞŶŽĞǆƉĞƌŝĞŶĐĞĨƌŽŵƐŽůĂƌĞŶĞƌŐǇ
ĨƌŽŵŵǇǁŽƌŬ

ϰϮ

&ŝŐƵƌĞϭϯ͘^ŽůĂƌĞŶĞƌŐǇďĞŝŶŐĐŽŶƐŝĚĞƌĞĚŝŶƚŚĞǁŽƌŬ͘






ŽǇŽƵŬŶŽǁǁŚĂƚĨĂĐƚŽƌƐŵŝŐŚƚĂĨĨĞĐƚƚŚĞƉŽƚĞŶƚŝĂů
ƐŽůĂƌĞŶĞƌŐǇƵƚŝůŝǌĂƚŝŽŶ
/ŬŶŽǁĂďŽƵƚƚŚĞŶĞĞĚĞĚĐŽŶĚŝƚŝŽŶƐĨŽƌ
ƐŽůĂƌĞŶĞƌŐǇƉƌŽĚĐƵƚŝŽŶ
EŽ

ϯϭ
ϲϭ

&ŝŐƵƌĞϭϰ͘<ŶŽǁůĞĚŐĞĂďŽƵƚĨĂĐƚŽƌƐĂĨĨĞĐƚŝŶŐƐŽůĂƌĞŶĞƌŐǇƉŽƚĞŶƚŝĂů͘
EсϵϮ





tŽƵůĚǇŽƵďĞŝŶƚĞƌĞƐƚĞĚŝŶŵŽƌĞŝŶĨŽƌŵĂƚŝŽŶĂďŽƵƚŚŽǁ
ƚŽŝŵƉƌŽǀĞƐŽůĂƌĞŶĞƌŐǇƵƚŝůŝǌĂƚŝŽŶŝŶƵƌďĂŶƉůĂŶŶŝŶŐ͍
zĞƐ͘/ƐƵƉƉŽƌƚƚŚĞŝĚĞĂŽĨĐŽŶƐŝĚĞƌŝŶŐ
ƚŚĞŽƉƉŽƌƚƵŶŝƚŝĞƐĨŽƌƵƚŝůŝǌŝŶŐƐŽůĂƌ
ĞŶĞƌŐǇŝŶƵƌďĂŶƉůĂŶŶŝŶŐĂŶĚǁŽƵůĚ
ůŝŬĞƚŽŝŵƉůĞŵĞŶƚŝƚŝŶŵǇǁŽƌŬ͘

ϰϳ

DĂǇďĞ͕ŝŶĐĂƐĞƚŚĞŝŶĨŽƌŵĂƚŝŽŶ
ďĞĐŽŵĞƐŶĞĐĞƐƐĂƌǇ

ϰϯ

EŽ ϭ



&ŝŐƵƌĞϭϱ͘/ŶƚĞƌĞƐƚŽĨŵŽƌĞŝŶĨŽƌŵĂƚŝŽŶ͘


tŚĂƚŝƐƚŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚƌĞƋƵŝƌĞŵĞŶƚĨŽƌƐŽůĂƌĞŶĞƌŐǇ
ƚŽďĞĨƵƌƚŚĞƌƌĞŐĂƌĚĞĚŝŶƵƌďĂŶƉůĂŶŶŝŶŐ͍;ŽƌŐĂŶŝǌĞŝŶ
ŽƌĚĞƌŽĨŝŵƉŽƌƚĂŶĐĞϭсŵŽƐƚŝŵƉŽƌƚĂŶƚͿ
ϭ
>ĞŐŝƐůĂƚŝŽŶͲƌĞůĂƚĞĚƌĞŐƵůĂƚŝŽŶ
ƌĞƋƵŝƌĞŵĞŶƚƐ
/ŶŝƚŝĂƚŝǀĞŚĂƐƚŽĐŽŵĞĨƌŽŵƚŚĞ
ŵƵŶŝĐŝƉĂůŝƚǇŵĂŶĂŐĞŵĞŶƚ
EĞǁƚŽŽůƐ
ĚƵĐĂƚŝŽŶ;ŬŶŽǁͲŚŽǁͿ
ZĂŝƐĞĚĂǁĂƌĞŶĞƐƐ

Ϯ

ϯ

ϭϬ
ϳ

ϰ

ϱ

ϮϮ
ϭϳ

ϭϱ

ϲ

Ϯϭ

ϮϮ

ϭϳ
Ϯϭ

ϯϭ

ϲ

Ϯϲ

Ϯϰ

ϴ

ϯϰ

ϭϴ

ϭϬ Ϯ

ϯϲ
ϱϬ

ϭϴ

ϮϬ
Ϯϴ

ϳ ϱϭ
ϴ ϰϰ ϲ

&ŝŐƵƌĞϭϲ͘ZĞƋƵŝƌĞŵĞŶƚƐĨŽƌƐŽůĂƌĞŶĞƌŐǇďĞĐŽŵŝŶŐŵŽƌĞƌĞŐĂƌĚĞĚŝŶ
ƵƌďĂŶƉůĂŶŶŝŶŐ͘





Ϯ͘,ŽƵƐŝŶŐĂŶĚůŝǀŝŶŐĂƌĞĂƐƵƌǀĞǇŝŶ^ƚWĞƚĞƌƐďƵƌŐ
ƵƚŚŽƌƐ͗ ƐĂEǇƐƚĞĚƚĂŶĚDĂƌŝ^ĞƉƉŽŶĞŶ͕sdd͕DĂƌŝĂƉƌĞƐǇĂŶ͕&ŝŶĞĐ
ƐƉĂƌƚŽĨ ƚŚĞĐŽ'ƌĂĚ ƉƌŽũĞĐƚ͕ ǁŚŝĐŚ ǁĂƐ ĨŝŶĂŶĐĞĚ ďǇƚŚĞDŝŶŝƐƚƌǇ ĨŽƌ
&ŽƌĞŝŐŶĨĨĂŝƌƐŽĨ&ŝŶůĂŶĚ͕ĂŚŽƵƐŝŶŐĂŶĚůŝǀŝŶŐĂƌĞĂƐƵƌǀĞǇǁĂƐĐŽŶĚƵĐƚĞĚ͘
/ƚ ǁĂƐ ĚŽŶĞ ƚŽŐĞƚŚĞƌ ǁŝƚŚ &ŝŶĞĐ͕ ^ƚ WĞƚĞƌƐďƵƌŐ ƐƚĂƚĞ ƵŶŝǀĞƌƐŝƚǇ ŽĨ
ĞĐŽŶŽŵŝĐƐĂŶĚĨŝŶĂŶĐĞ͘dŚĞĐŽŶƚĞŶƚŽĨƚŚĞƐƵƌǀĞǇǁĂƐĚŽŶĞďǇsddĂŶĚ
ƚŚĞƐƵƌǀĞǇǁĂƐĐŽŶĚƵĐƚĞĚďǇ&ŝŶĞĐ͘
dŚĞƐƵƌǀĞǇǁĂƐĐŽŶĚƵĐƚĞĚďǇϯϬ&ŝŶĞĐDĂƐƚĞƌƐƚƵĚĞŶƚƐŝŶƚŚĞƉĞƌŝŽĚŽĨ
ϮϬͬϭϬͬϮϬϭϬʹϭϱͬϭϭͬϮϬϭϬ͘dŚĞƚĂƐŬǁĂƐƚŽƉŽůůĂƚůĞĂƐƚϮϬƉĞƌƐŽŶƐǀŝĂĞͲ
ŵĂŝůͬƉŚŽŶĞ ĂŶĚ Ăƚ ůĞĂƐƚ ϱ ƉĞƌƐŽŶƐ ǀŝĂ ŝŶͲĚĞƉƚŚ ŝŶƚĞƌǀŝĞǁ͘ dŚĞ ƐƚƵĚĞŶƚƐ
ǁĞƌĞǀĞƌǇĐŽŶĐƌĞƚĞĂŶĚǁĞŐŽƚĞǆĂĐƚůǇϳϱϬĂŶƐǁĞƌƐʹϲϬϬĞͲƉŽůůƐĂŶĚϭϱϬ
ŝŶͲĚĞƉƚŚŝŶƚĞƌǀŝĞǁƐ͘
dŚĞ ƐƵƌǀĞǇ ǁĂƐ ĚĞǀŽƚĞĚ ƚŽ ƚŚĞ ůŝǀŝŶŐ ĂƌĞĂ ĐŽŶĚŝƚŝŽŶƐ ŽƉŝŶŝŽŶƐ͕ ǁŚŝĐŚ
ŝŶĐůƵĚĞĚ ĂŶƐǁĞƌƐ ƌĞŐĂƌĚŝŶŐ ƚŚĞ ŚŽƵƐŝŶŐ͕ ďƵŝůĚŝŶŐƐ ĂŶĚ ůŝǀŝŶŐ ĂƌĞĂƐ͕
ƚƌĂŶƐƉŽƌƚĞƚĐ͘
dŚĞ ƌĞƐƵůƚƐ ǁĞƌĞ ƵƐĞĚ ŝŶ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ǁŽƌŬ ŽĨ ƚŚĞ ĞĐŽůŽŐŝĐĂů ĐŝƚǇ
ĐƌŝƚĞƌŝĂ͘&ŽƌĨƵƚƵƌĞĚĞǀĞůŽƉŵĞŶƚǁŽƌŬƚŚĞƐƵƌǀĞǇĐŽƵůĚďĞĚĞĞƉĞƌĂŶĚĂůƐŽ
ƚĂŬĞ ŝŶƚŽ ĂĐĐŽƵŶƚ ŽƚŚĞƌ ƉĂƌƚƐ ŽĨ ZƵƐƐŝĂ ƚŚĂŶ ^ƚ WĞƚĞƌƐďƵƌŐ͘ ŶĂůǇƐŝŶŐ
ĚŝĨĨĞƌĞŶĐĞƐŝŶĚŝĨĨĞƌĞŶƚƌĞŐŝŽŶƐĐŽƵůĚďĞŚŝŐŚůǇŝŶƚĞƌĞƐƚŝŶŐ͘


Ϯ͘ϭdŚĞƐƵƌǀĞǇ
ĂƐŝĐŝŶĨŽƌŵĂƚŝŽŶ͗
'ĞŶĚĞƌ
ŐĞ
^ŝǌĞŽĨĨĂŵŝůǇ
ĚƵĐĂƚŝŽŶůĞǀĞů
/ŶĐŽŵĞůĞǀĞů
>ŝǀŝŶŐĐŽŶĚŝƚŝŽŶƐŶŽǁ͗

ĂƉĂƌƚŵĞŶƚͬŽŶĞĨĂŵŝůǇŚŽƵƐĞͬƌŽǁŚŽƵƐĞͬŽƚŚĞƌ͍
KǁŶĂƉĂƌƚŵĞŶƚͬŚŽƵƐĞ͕ƌĞŶƚĂů͙ŽƚŚĞƌ͍

YƵĞƐƚŝŽŶƐ͗
x ďŽƵƚƚŚĞŚŽƵƐĞͬĂƉĂƌƚŵĞŶƚ
R ,ŽǁďŝŐĂƉĂƌƚŵĞŶƚŝƐĚĞƐŝƌĞĚ͕ŵϮĂŶĚŶƵŵďĞƌŽĨƌŽŽŵƐ
R /ƐƚŚĞƌŵĂůĐŽŵĨŽƌƚĐŽŶƐŝĚĞƌĞĚŝŵƉŽƌƚĂŶƚ͍;ĚƌĂĨƚ͍ƚŽŽ
ĐŽůĚͬƚŽŽŚŽƚ͍Ϳ͘
 ,ĂǀĞǇŽƵŝŶǇŽƵƌŚŽŵĞŚĂĚƉƌŽďůĞŵƐǁŝƚŚƚŚŝƐ͍
 ƌĞǇŽƵǁŝůůŝŶŐƚŽƉĂǇŵŽŶĞǇĨŽƌŝŶĐƌĞĂƐĞ
ƚŚĞƌŵĂůĐŽŵĨŽƌƚ͍,ŽǁŵƵĐŚ͍
 /ƐŝƚŝŵƉŽƌƚĂŶƚƚŽďĞĂďůĞƚŽĂĚũƵƐƚƚŚĞ
ƚĞŵƉĞƌĂƚƵƌĞ
R /ƐĨƌĞƐŚĂŝƌŝŶƐŝĚĞŝŵƉŽƌƚĂŶƚ͍
 tŝůůŝŶŐƚŽƉĂǇŵŽŶĞǇĨŽƌďĞƚƚĞƌŝŶĚŽŽƌĂŝƌ
ƋƵĂůŝƚǇ͍
R ,ĂǀĞǇŽƵŚĞĂƌĚĂďŽƵƚŵĞĐŚĂŶŝĐĂůǀĞŶƚŝůĂƚŝŽŶƐǇƐƚĞŵƐ͍
 ŶǇŽƉŝŶŝŽŶƐĂďŽƵƚƐƵĐŚƐǇƐƚĞŵƐ͍
R /ƐĂďĂůĐŽŶǇŝŵƉŽƌƚĂŶƚ͍
 tŝůůŝŶŐƚŽƉĂǇŵŽƌĞŝĨĂŶĂƉĂƌƚŵĞŶƚŚĂƐĂ
ďĂůĐŽŶǇ͍,ŽǁŵƵĐŚ͍
R /ƐĂŐĂƌĚĞŶůŽƚŝŵƉŽƌƚĂŶƚ͍
 tŝůůŝŶŐƚŽƉĂǇŵŽƌĞŝĨĂŶĂƉĂƌƚŵĞŶƚͬĂŚŽƵƐĞŚĂƐ
ĂŐĂƌĚĞŶůŽƚ͍,ŽǁŵƵĐŚ͍
R ŽǇŽƵĐŽŶƐŝĚĞƌŝƚŝŵƉŽƌƚĂŶƚƚŽŵĞĂƐƵƌĞǇŽƵƌĞůĞĐƚƌŝĐŝƚǇ
ĂŶĚŚĞĂƚƵƐĞ͍
 tŚǇ͍tŚǇŶŽƚ͍
R /ŶƚĞƌĞƐƚŽĨŚĂǀŝŶŐƌĞĂůƚŝŵĞŵŽŶŝƚŽƌŝŶŐŽĨĞůĞĐƚƌŝĐŝƚǇĂŶĚ
ŚĞĂƚ͍
 tŝůůŝŶŐƚŽƉĂǇĨŽƌƚŚŝƐ͍,ŽǁŵƵĐŚ͍
R ŽǇŽƵĐŽŶƐŝĚĞƌǁĂƚĞƌƐĂǀŝŶŐŝŵƉŽƌƚĂŶƚ͍
R ŽǇŽƵĐŽŶƐŝĚĞƌĞůĞĐƚƌŝĐŝƚǇŽƌŚĞĂƚĞŶĞƌŐǇƐĂǀŝŶŐ
ŝŵƉŽƌƚĂŶƚ͍
 tŚǇ͍;ĞĐŽŶŽŵŝĐĂůͬĞŶǀŝƌŽŶŵĞŶƚĂůƌĞĂƐŽŶƐͬŽƚŚĞƌ
ƌĞĂƐŽŶƐ͍Ϳ͍
R DĞƚĞƌŝŶŐŽĨǁĂƚĞƌƵƐĞŝŵƉŽƌƚĂŶƚ͍ŽǇŽƵƐĞĞĂŶǇ
ĂĚǀĂŶƚĂŐĞŽĨƚŚŝƐ͍

R tŽƵůĚŝƚďĞĂǀĂůƵĞĨŽƌǇŽƵŝĨǇŽƵƌŚŽƵƐĞǁĂƐŚĞĂƚĞĚ
ǁŝƚŚƌĞŶĞǁĂďůĞ͕͞ŐƌĞĞŶ͟ĞŶĞƌŐǇ͍
 tŝůůŝŶŐƚŽƉƉĂǇĨŽƌƚŚŝƐ͍,ŽǁŵƵĐŚŵŽƌĞƚŚĂŶ
ŶŽƌŵĂůŚĞĂƚŝŶŐĨĞĞ;ŝŶйͿ͍
R tŽƵůĚŝƚďĞĂǀĂůƵĞĨŽƌǇŽƵŝĨǇŽƵƌĞůĞĐƚƌŝĐŝƚǇǁĂƐ
ƉƌŽĚƵĐĞĚǁŝƚŚƌĞŶĞǁĂďůĞ͕͞ŐƌĞĞŶ͟ĞŶĞƌŐǇ͍
 tŝůůŝŶŐƚŽƉĂǇĨŽƌƚŚŝƐ͍,ŽǁŵƵĐŚŵŽƌĞƚŚĂŶ
ŶŽƌŵĂůĞůĞĐƚƌŝĐŝƚǇĨĞĞ;ŝŶйͿ͍
R tŚĂƚŝƐƚŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚĨĂĐƚŽƌƐĨŽƌǇŽƵǁŚĞŶďƵǇŝŶŐ
ĂŚŽƵƐĞͬĂƉĂƌƚŵĞŶƚ͍
R tŚĂƚŝƐƚŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚĨĂĐƚŽƌƐĨŽƌǇŽƵǁŚĞŶƌĞŶƚŝŶŐ
ĂŚŽƵƐĞͬĂƉĂƌƚŵĞŶƚ͍
R tŚĞŶǇŽƵĂƌĞďƵǇŝŶŐĞůĞĐƚƌŝĐĂůĞƋƵŝƉŵĞŶƚ͕ĚŽǇŽƵƉĂǇ
ĂƚƚĞŶƚŝŽŶƚŽŝƚƐĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇ͍ƌĞǇŽƵƌƌĞĂĚǇƚŽƉĂǇ
ŵŽƌĞƚŽŐĞƚĞŶĞƌŐǇĞĨĨŝĐŝĞŶƚĞƋƵŝƉŵĞŶƚ͍,ŽǁŵƵĐŚ
ŵŽƌĞ͍
R /ĨǇŽƵůŝǀĞŝŶĂŶŽŶĞͲĨĂŵŝůǇͲŚŽƵƐĞ͕ĂƌĞǇŽƵƌĞĂĚǇƚŽƵƐĞ
ǇŽƵƌƚŝŵĞĂŶĚĞĨĨŽƌƚƚŽƚĂŬĞĐĂƌĞŽĨƚŚĞŚĞĂƚŝŶŐƐǇƐƚĞŵ
ŽĨǇŽƵƌŚŽƵƐĞ͍,ŽǁŵƵĐŚ͍ŽƐŽŵĞƚŚŝŶŐĞǀĞƌǇĚĂǇ͍
KŶĐĞĂǁĞĞŬ͍KŶĐĞĂŵŽŶƚŚ͍

x ďŽƵƚƚŚĞƌĞƐŝĚĞŶƚŝĂůĚŝƐƚƌŝĐƚ
R tŚĂƚŝƐŝŵƉŽƌƚĂŶƚƚŽŚĂǀĞĐůŽƐĞƚŽǇŽƵƌŚŽƵƐĞ͍;ŐƌĞĞŶ
ĂƌĞĂƐ͍ƉůĂǇŐƌŽƵŶĚ͍ƐŚŽƉƐ͍ŽƚŚĞƌƐĞƌǀŝĐĞƐ͍ƉƵďůŝĐ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ͍ǁĂƚĞƌ;ůŝŬĞĂƌŝǀĞƌŽƌƐĞĂ͙Ϳ͍ĞƚĐ͙ŝŶ
ŝŵƉŽƌƚĂŶĐĞŽƌĚĞƌ͘
R tŚĂƚĚŽǇŽƵǁĂŶƚƚŽƐĞĞǁŚĞŶǇŽƵůŽŽŬŽƵƚĨƌŽŵǇŽƵƌ
ǁŝŶĚŽǁ͍
R ŽǇŽƵŽǁŶĂĐĂƌ͍
R ŽǇŽƵŚĂǀĞƉƵďůŝĐƚƌĂŶƐƉŽƌƚĂƚŝŽŶĐůŽƐĞƚŽǇŽƵ͍
 ŽǇŽƵƚŚŝŶŬƚŚĞƉƵďůŝĐƚƌĂŶƐƉŽƌƚĂƚŝŽŶŝƐ
ĐŚĞĂƉͬĞǆƉĞŶƐŝǀĞ͍
 ,ŽǁŵƵĐŚĚŽǇŽƵƚŚŝŶŬĂĚĂŝůǇͬŵŽŶƚŚůǇĨĞĞĨŽƌ
ƉƵďůŝĐƚƌĂŶƐƉŽƌƚĂƚŝŽŶǁŝƚŚŝŶƚŚĞĐŝƚǇƐŚŽƵůĚĐŽƐƚ͍


R /ĨǇĞƐ͗
 ŽǇŽƵƵƐĞǇŽƵƌĐĂƌŝŶƐƚĞĂĚŽĨƉƵďůŝĐƚƌĂŶƐƉŽƌƚŝŶ
ĚĂŝůǇůŝĨĞ͍/ĨǇĞƐ͕ǁŚǇ͍

 ,ŽǁĐůŽƐĞƚŽǇŽƵƌŚŽŵĞĚŽǇŽƵĨĞĞůƚŚĂƚǇŽƵ
ŶĞĞĚƚŽŚĂǀĞĂƉĂƌŬŝŶŐƉůĂĐĞ͍
 ,ŽǁĐůŽƐĞƚŽǇŽƵƌŚŽƵƐĞĚŽǇŽƵĨĞĞůƚŚĂƚǇŽƵ
ǁĂŶƚƚŽŚĂǀĞĂƐƚĂƚŝŽŶĨŽƌƚŚĞƉƵďůŝĐ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ͍
 ,ŽǁŵƵĐŚůŽŶŐĞƌƚŝŵĞĐĂŶǇŽƵƌĚĂŝůǇƚƌŝƉ;ƚŽ
ǁŽƌŬͬƐĐŚŽŽůͿƚĂŬĞǁŝƚŚƉƵďůŝĐƚƌĂŶƐƉŽƌƚĂƚŝŽŶ
ƚŚĂŶǁŝƚŚĐĂƌ͕ĨŽƌǇŽƵƚŽƐƚŝůůĐŽŶƐŝĚĞƌƚŚĞƉƵďůŝĐ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ͍

R /ĨŶŽĐĂƌ͗
 tŚǇĚŽŶ͛ƚǇŽƵŚĂǀĞĂĐĂƌ͍;ĞĐŽŶŽŵŝĐĂůƌĞĂƐŽŶƐ͍
ĞĐŽůŽŐŝĐĂůƌĞĂƐŽŶƐ͍ŶŽŶĞĞĚĨŽƌĂĐĂƌ͍ŽƚŚĞƌ͍Ϳ

R ŽǇŽƵĨĞĞůƐĂĨĞŝŶǇŽƵƌůŝǀŝŶŐĂƌĞĂ͍

R /ƐƐĂĨĞƚǇŝƐƐƵĞƐŝŵƉŽƌƚĂŶƚǁŚĞŶĐŽŶƐŝĚĞƌŝŶŐĂŶĞǁůŝǀŝŶŐ
ĂƌĞĂ͍
 ,ŽǁĚŽĞƐƚŚŝƐĐŽŵĞŝŶƚŽƉƌĂĐƚŝĐĞ͍tŚĂƚŵĂŬĞƐ
ĂŶĂƌĞĂƐĂĨĞ͍

R ŽǇŽƵƵƐĞďŝĐǇĐůĞ͕ŽƌĚŽǇŽƵǁĂůŬǇŽƵƌĚĂŝůǇƌŽƵƚ͍,Žǁ
ůŽŶŐĚŝƐƚĂŶĐĞƐĂƌĞǇŽƵƌĞĂĚǇƚŽĐǇĐůĞŽƌǁĂůŬ͍,ŽǁŽĨƚĞŶ
;ĞǀĞƌǇĚĂǇͬǁĞĞŬůǇͬŵŽŶƚŚůǇͬŝŶƚŚĞƐƵŵŵĞƌ͙Ϳ

R ŽǇŽƵƌĞĐǇĐůĞǇŽƵƌǁĂƐƚĞ͍
 /ĨǇĞƐ͕ǁŚĂƚŵĂƚĞƌŝĂůƐ;ƉĂƉĞƌ͕ƉůĂƐƚŝĐ͕ŵĞƚĂůͿ͍
 /ĨŶŽ͕ǁŚǇŶŽƚ;ŶŽƚƉŽƐƐŝďůĞ͕ƚŽŽĚŝĨĨŝĐƵůƚ͕ƌĞĐǇĐůĞ
ďŝŶƐƚŽŽĨĂƌĂǁĂǇ͕ŶŽƚŝŶƚĞƌĞƐƚĞĚ͕ĚŽŶǲƚŬŶŽǁ
ǁŚǇŝƚƐŚŽƵůĚďĞĚŽŶĞ͙͍Ϳ
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x 0RVW RI WKH SHRSOH GHVLUH DSDUWPHQWV !  P ±
URRPV
x ,WWXUQHGRXWWKDWRISHRSOHKDYHQRSUREOHPVZLWK
WKHUPDO FRPIRUW LQ WKHLU KRXVHV DQG VXSSRVH WKDW WKH
WHPSHUDWXUH )RU WKH UHVSRQGHQWV WKHUPDO FRPIRUW
FRQVLGHUHGLPSRUWDQWEXWMXVWDIHZRIWKHPDUHZLOOLQJ
WRSD\IRULW





x )RU PRVW RI WKH SHRSOH   DOVR LV LPSRUWDQW WR EH
DEOH WR DGMXVW WKH WHPSHUDWXUH DQG WR KDYH D IUHVK DLU
LQVLGH
x -XVWDUHZLOOLQJWRSD\PRQH\IRUEHWWHULQGRRUDLU
TXDOLW\




x $ERXW  RI UHVSRQGHQWV KDYH QHYHU KHDUG DERXW
PHFKDQLFDOYHQWLODWLRQV\VWHPV
x )RUPRVWRIWKHUHVSRQGHQWV%DOFRQ\KDVDPHDQLQJ IRU
EDOFRQ\ PDLQ UHDVRQV VPRNLQJ SODFH RU VWRUDJH
IDFLOLWLHV EXWQRWDOORIWKHPDUHUHDG\WRSD\IRULW






x )RURISHRSOHDJDUGHQORWLVLPSRUWDQW
x $OO RI WKH UHVSRQGHQWV VDLG WKDW LW ZDV LPSRUWDQW WR
PHDVXUHWKHLUHOHFWULFLW\DQGKHDWXVHEHFDXVHLWKHOSV
VDYHQDWXUDOUHVRXUFHVDQGLWKHOSVHFRQRPLVHRQELOOV
x 0RVWRIWKHUHVSRQGHQWV  VDLGWKDWLWZRXOGQ¶WEH
D YDOXH IRU WKHP LI WKHLU KRXVH ZDV KHDWHG ZLWK
UHQHZDEOH³JUHHQ´HQHUJ\



$ERXWWKHUHVLGHQWLDOGLVWULFW
x 7KHPRVWLPSRUWDQWIDFWRUVIRUSHRSOHZKHQEX\LQJRU
UHQWLQJ D KRXVHDSDUWPHQW LV ORFDWLRQ WKHQ IROORZV
SODQQLQJDQGSULFH3HRSOHSUHIHUWRKDYHJUHHQDUHDV

VKRSVSXEOLFWUDQVSRUWDWLRQDQGDOVRZDWHUQH[WWRWKHLU
KRXVHV$ERXWRISHRSOHZDQWWRVHHSDUNVJUHHQ
DUHDVDQGZDWHUZKHQWKH\ORRNIURPWKHLUZLQGRZ)RU
RWKHUVWKHYLHZLQQRWVRLPSRUWDQW






x RIUHVSRQGHQWVRZQDFDUEHFDXVHWKH\DSSUHFLDWH
FRPIRUW 2WKHU  GRQ¶W KDYH D FDU EHFDXVH RI
HFRQRPLFUHDVRQVEHFDXVHWKH\GRQ¶WQHHGDQGDUH
DIUDLGWRGULYHDFDU3HRSOHZKRKDYHDFDUXVXDOO\XVH
WKHLUFDULQVWHDGRISXEOLFWUDQVSRUWLQGDLO\OLIHEHFDXVH
LW¶VPRUHFRQYHQLHQW
x KDYHDSXEOLFWUDQVSRUWDWLRQQH[WWRWKHLUKRXVHV
0RVWRIWKHSHRSOHFRQVLGHUSXEOLFWUDQVSRUWH[SHQVLYH
7KHDQVZHUVDERXWFRVWDUHYHU\GLIIHUHQW 58%
(85(8558%58%(85HWF 
x 0RVWRIWKHSHRSOH  GRQ¶WIHHOVDIHLQWKHLUOLYLQJ
DUHD %XW IRU HYHU\ERG\ VDIHW\ LVVXHV DUH LPSRUWDQW
ZKHQ FRQVLGHULQJ D QHZ OLYLQJ DUHD %X\LQJ DQ
DSDUWPHQWLQDVDIHSODFHZLWKVHFXULW\V\VWHPVYLGHR
FDPHUDV H[SHQVLYH UHVWDXUDQWV RU KRWHOV QHDUE\ FDQ
PDNHDQDUHDVDIH





x -XVWIHZUHVSRQGHQWVXVHELF\FOHEHFDXVHWKHLUKRPHV
DUH WRR IDU IURP XQLYHUVLWLHVZRUN 3HRSOH XVXDOO\ XVH
WKHLUFDUVRUSXEOLFWUDQVSRUW
x 1RERG\UHF\FOHVWKHLUZDVWHGXHWRWKHODFNRIIDFLOLWLHV
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This thesis focuses on energy-efﬁcient
urban planning and the role of legislation
within that context. The objective of the
thesis is to analyse if energy-efﬁciency of
districts is improved by a regulative
approach into planning, if proper tools and
guidelines to support the planning are
available.
The thesis gives concrete recommendations
for how to improve the regulations in the
city planning process to enable a more
energy efﬁcient built environment.
The recommendations' overall aim is to
increase the quality of life and to increase
the welfare of the society as a whole.
Allowing stakeholders to plan solutions
based only on their own interests, leads to
sub optimised solutions. Energy-efﬁciency
is a multidimensional issue which seldom
can be achieved by sub optimisation. Our
society is facing such tough times in terms of
energy usage and emissions that a stricter
more regulative approach to planning is
needed.
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