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PERFORMANCE EVALUATION OF BUILDING PHOTOVOLTAIC DOUBLE-
SKINS
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DLU JDSV LV H[SHFWHG WR FRROUWRWIRVB\S DWW DM\D IKQFWHIRQ RI HQYLU
('Y 5' 5HQDUGLQUHV VLWH ORUHWRQWL(RWRXVQUDRFWM SHULRG RI RQH \I
WZR 39 GRXEOH IDoDGHV ZHUH LRWHWMHIDOWH GV R MMV E BPHQWDWLRQ IR
IDFLQJ ZDOO RI WKH (71$ ODER YPW RUHP FKU B WEXUWI® GRLHOIV X UHPH QW V
FRPSULVHV D SDLU RI WHVW FHWOSH WEHHUWPIRFIRX S@HW H BR\R VRIHFW H G
WKHLU WKHUPDO FKDUDFWHULVWLEXP L1GI) PG I$ HOWOB @V ZHUH ILWWHG

7KH (71$ $ DQG % SURWRW\SHVPHY FKP Y FlgX MKIBgFHQWUDO VHFWLRC
FODGGLQJ FRYHULQJ D VHFWLRAHRUWEER O PbY BYOBERERWLRY ZLWKLQ V
WKH EXLOGLQJ LAKM IRADPGH URKRIWRSPHDVXUHG  XVLQJ $KOERUQ )f
FRQILIXUDWLRQ ZLWK D FRQVWDRDWHBREBRMHYWLGE KRV REGLWLRQDO!
(71$ % LV D YHUDQGD URRIWRGSL PL 25D MK HRIQV WRWWRQ WKDW LQF
RITHUV DQ DGGLWLRQDO OLYLQJ WRBFIRQWDPsDREH LWRRANWPHEY! UDGLDWL
VHFWLRQ RI (71$ % LV OHVV $IEHQREHWKYQIRWKWKH GLUHFW FRP
XQGHUO\LQJ URRIWRS SURGXFLU B HRWD LY K WHKPSHUDWXUH .
UHGXFHV ZLWK KHLJKW WR F B XEH WG WM H DRSS R § UrWWHO/ U H

7KH IDoDGH SRUWLRQ RI HDFK 39 7 PHDVXUHV PLQ
KHLJKW DQG P LQ ZLGWK 7KH 39 DUUD %

DQG % KDYH UDWHG SRZHUV RI ‘
UHVSHFWLYHO\

Sensor ETNAA ETNAB

— | Air velocity | 2x5 2x5

Il Surface PV ext. 9 PV ext. 9
temperature | pV int, 7 PV int. 7
Roof 2 Roof 2
Wallext. 2 | Wall ext. 2
[] Air 6 6
temperature

| Hygrometer |3 3
@ Pyranometer | 2 1

Figure 2 : Double-skin PV prototype from Figure 3 : Position of main sensors on ETNA
RESSOURCES installed at HBS-Technal, Toulouse prolotypes
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7RXORXVH )UDQFH 'HVLJQHG IRU BOWPDEORIRHBLPRGOWZR $OPHPR F
RULHQWHG WR VRXWK WKH +%® RSIURWRWLEBR FRASSURIYDFPH ZDV Gt
VHULHV RI DGMDFHQW SULVP VWDRENMWRD R ZYRKGC3Q OFR ERYWY XPHQWYV
LBRUSRUDWHG LQWR WKH PRUNHYRXWHHTERCRULRHOWIKE +%6 SURWE
VXUIDFHV 7KH GRXEOH IDFDGH 48V PQRHFE0 LU'QD(BW O\ YLD D 91& L
ZLGH DQG SRVLWLRQHG WR JLYH IpQ SHIRW RYS SV £#HUWRPRQLWRUHG ¢
FP ZLWK RSHQLQJV WR WKH H[¥WKH LRQDOWY WK H UBsS HRPWHGcIURP DOO
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WR REWDLQ HIIHFWLYH PDVV IORZ UD
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DYHUDJH Rl LQGLYLGXDO UHDG|L@®DGGDWLRQHEBR WKMKVRODU KHDW VR
ZHLJKWLQJ GHULYHG IURP WKH RDNHAWRYWLEFQRN.VD/GHWWERQWOLEXWLRC
DUHD RI WKH FDYLW\ DWW ULE X \WHGV MRL ®D FKK N HQWR W\ 6 XFKR DGHU WR
ZHLJKWLQJ ZDV FKRVHQ WR PLQERIQMAUHBXWUR QW KRWWARXHG W ZR VR XU
UHVXOW IURP D VWHHS YHORFEWO DSQUFRH HOMDMRIVOHIE YRQORZLQJ WKH
KRULJRQWDO VHFWLRQ 7KH YHUWUWHRDBQRHID® M\L U R\CHPGHIW WX D 8

ZDV HVWLPDWHG IURP WKH DYHUBRH ZWEBRHUDQNVWKBW BWXG\ KHUH W
EORF DQG WKH DPELHQW LQOMMH BIRXEVDHPSMNIU®WXIDHS HELLY DV VXPHC
LQWHUSRODWLQJ EHWZHHQ HDFKRY DEQXHFEQ G JFINOF V0K WIK®JI3D IDoDGH
FHQWURLG Rl WKH UHVXOWLQJ GEVIWRDEXWNRQ GHILQHG LQ WHUPV R

+HDW UHFRYHU\ E\ WKH DLU FDYWWPNYVHEDp R B\WHIEQYY WRGE VXUIDF
SURGXFW Rl PHDVXUHG PDVV |0RA!DBRKFHYS HEXPYW LQIp W KH KHDW IC
FDSDFLW\ DQG PHDVXUHG DLU WYWKROBWRWYRQ&H IRHuWM®RHFDYLWY UH
EHWZHHQ RXWOHW DQG LQOHW BNV¥PloRy RDRPR @ DYXE HHPd/HDV DC
IURP WKH VSDWLDO DYHUDJH DLBRHHBEEMNWY R W KHP biR FDRR WU EXWL
GHQVLW\ DSSUR[LPDWHG IURP REMDIIETHUG HTXDWLRQ IRU

KXPLG DLU XVLQJ DWPRVSKHULF FRQGLWLRQV PHDVXUHG E\
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VLPLODU GD\V IRU WKH WZR VLWHV ¢
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Figure 4 : Position of main sensors on the HBS-
Technal prototype. Top: view of the facade fagade.
Down : view from the top of the fagade — section with
sensors
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IUDPHV +%6 SURWRW\SH 5LJKW IUDPHV (71%$ $ % SURWRW\SHV

$V FDQ EH VHHQ LQ ILIJXUHYV IHOHN  HHALGLIHROXW RDGMKCHVLRQ IRU WK
WKUHH SURWRW\SHV LV FHQWUBGRKQGNKH DRVUHWBRRWHOMFWHG GD\
UHVXOW RI WKH VRXWKZHVWHUOVRRWHRGAD WL RTWQL R I$ VDIQHG VAVWWHBMY RFF
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WKH GLIIHUHQFH GXH WR WXMULIUHVYFREYBWYRQVPDYWRHIORZ UDWFE
WHPSHUDWXUH HYROXWLRQ RI JIWKH KV O MR HYK IDELGV WD IMKH. WDUJHVW G
VXPPDULVHG LQ ILJXUHV F DQGXWGBLQ3$WHSIBEWWGPHBIDLU IORZ LV JHC
WHPSHUDWXUHV DUH FRUUHODWKIG +Zi6N8URWRBWDSH RDKLVQLY FRQVL\
FRQWUDVW WKH SHDN WHPSHWX®BXW HV KLV W BOBIVEN [ROSHDLITKEH D VPDO
SULPDU\ IDoDGH DSSHDUV GHODSH® SRUMNLRRXRIIRWWOWXUIDFH LQFRU
SURWRW\SHVY 1RWH WKDW GH YV S4{RZH PHRR WK LFRQMQMHY WOWRGWER&W R W K
UBLDWLRQ IRU (71$ WKH PHDQ DIORIZ\ WHPKS HD WKHHV%BUGBRXEOH IDoD
VLPLODU WR WKH +%6 IDoDGH SHKNVVREMIUDDWLURQILAM QW SHULRG
FRQVLVWHQW ZLWK WKH VWURQ SHU WIVRXFNDIQIDEXNFHE RO RZKW KD IDoD
LV REVHUYHG WR GHYHORS IRUKDWK HE HRAD$ CELLORAWMARBWWSRIWDQ LQMHFWLR
GHVSLWH WKH VKDOORZHU LQFEDQAMBLRQY WRKW KB XOALWXIDSL RQ LIO D U G

WHPSHUDWXUHYV LV OHVYV SURQR%(LQ]FXI'ﬂJ(.H IR§U+|'?/°VQ'|QWV WKH HYROXWLRQ
7KH +%6 DQG (71$ SURWRW\SHV WRNFRIGUL IFBY LMWL MAHBPWKH WKUHH SUF
Rl WKH WHPSHUDWXUH RI RXWOKMDWLUWOXQAURRHWICH\VZI0ORDDGH DQC
UDWH )RU +%6WHKIHI WHPSHUDW XEXL GG LIQIUHIHGH DUH VXSHUSRVHG R
GDWD RXWOHW DPELHQW UHPDALE\E BRWRWLYH MWK REXHWRYHG WR DV
WKH GD\ $IWHU SDVVLQJ D PD[LAKWUPIF&VLF® RURXQG N: DW FRUU
WKH WLPH RI SHDN UDGLDWLRQ DLQVLIQW W BQRUDYQHER WARY WEHHHEWDAIDIORHH | L\W RF
PRUH JUDGXDOO\ WKDQ WKH IDOIOHRW WU FURDYGHIDMAE. FEQ WX 6 FO L W\ DLU
WKDW FDQ EH DFFRXQWHG IRU SRZKHDWQDXHWURPD WKH RI “
EXLOGLQJ $ TXDOLWDWLYHO\ GEHKDMQRXWHEHQMG $L¥ GSSDQYHQWH DIWt
IRU WKH WZR (71% SGRWRW\USHIWY WRK D@6 DOWKRXJIJK WKH KHDW JDLQ
LQFUHDVYLQJQEIDWLYH GXULQJ WBKFRRADNLIY FERVOQBHUDEO\ 7KH SURW
WKH IDFDGHV DUH VWLOO LQ VKOG FEXMRQVKRI URRIWRS HWXLYDOHGC
LUUDGLDWHG $ PLQLPXP RI f & QLW R BWHIUHHRGX W URKBGBPDO HIILFLHQ
IRU ERWK VWUXFWXUHV 7KLVKWMUHGQRUHV WK HDUWLWHED 8 RAHWKH (71$
WKH IDFDGHV DUH GLUHFWO\ LO ®RRIHQBWHRBNE Y M X0 ERRD LIQRWKH 39 |
ZKLFK WLPH WKH WUHQG DSSHPREIMWRUMRDIORY LQFWGEKW®O®W RI KHDW
UDGLDWLRQ XQWLO DFKLHYLQJ ADWIDNLPXPLR® LA& LHWHULRU WR WKH
IRU (71%$ $ DQG f& IRU (71$ SHDFKLQJ D SHDN KHDW WUDQVIHU RI
7KH PDVV IORZ UDWH LVD@KRZ@RUBR IDXWKHURDO HIILFLHQF\ RI )
WKH VDPH VHOHFWHG GD\ P2UMKPREIEPSRYMPRW IRU (718 % WKD
PHDVXUHPHQWYV 7KXSHABRY HEGDYH EHHQ
VPRRWKHG ZLWK D SHULRG PRYLQJ DYHUDJH ILOWHU 7KH
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Empirical model development 5DWKHU WKDQD@BWFF_H?ID@J ARGHO WR S
RWRW\SH V

%HKDYLRXU PRGHOV IRU KHDW Fh@g!)OLGLW\ RI
FRQVLGHUDWLRQ RI HQHUJ\ ¥ \SRWKHVLY W
FRUUHODWLRQ IHDWXUHV )RU \g U WKH EDV
LGHQWLILFDWLRQ ZDV SHUIRUPH

GHVLJQ PDWUL[ DQG FDOFXOD élaHHUVWDDILSUUVLVF\
VROXWLRQ E\ WKH VWDQGDUG 456
PXOWLSOH RUGLQDU\ OLQHDU UHJUHVVLRQ
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SK\WVLFDO SURSHUWLHYV RI HDFWKFHRFERYHBRWLYEBRNQGVKIGLDWLYH FR
VSHFLILF JHRPHWULF Rl WKH VWDREWXNH 5DGLDWLYH H[FKDQJH ZLWK

(TXDWLRQ GHVFULEHV WKH HWPFEBXQWHED HFW RY Wik WKLUG WHU
RXWHU IDoDGH RI WKH GRXEOH §RVHULEID% h QPVFRRWQYRODU HQ
QHJOLJLEOH WKHUPDO PDVV s6iRoIObLHEEYRMPFDARLRETORVHG E\ VT
KDYH SUHYLRXVO\ EHHQ XVHG LBDERYHXxDDUWPIVR rRP4Y4H UHODWHG WR V
FROOHFWRUV IRU H[DPSOH *XLOYDWKK HMYVYGH 7TKKREVRUSWLYLW\
HW DO 7KH QHW KHDW UHFRYHUHRBOPGWHKY BEWK@\EKRWR FRQYHUVLRQ
IURP DOO VRAWFIBHILQHG LQ WRIURY RROXMHV LV IGHMGYLIEKIS E\
LOGHSHQGHQW YDULDEOHV DPERQRQYWFWLHHAS KHDWX W DRIYIHU FRHIILF
IDODGH WHPSHEXDWEURJI7ZDOQ@ WHPRXNYIOMWIIUWR? WKH DPELHQW QLU WHP
LQFLGHQW UDQGDWKRQ N\ WHPSHUKBWXG@HVFULEH UDGLDWLYH KHDW WL
GRXEOH VNLQ ZDOO WR WKH VN\ DQG |
UHVSHFWLYHO\ $00 ZHUH DVVXPHG

é > @ RUGHU 6ROXWLRQV ZHUH QRW LPSUR
$ FIRI QO H[WHUQDO FRQYHFWLRQ E\ PHDVXUHG
K, 2 7 @ > WKLV GHSHQGHQFH ZDV H[FOXGHG Il
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7KH SDUDPHIULF PRGHO IRU KHDW UHFRYHU\ ZDV VROYHG
XVLQJ D GDIDVHI Rl VXQQ\ VXPPHU GD\V ZLiK OLIiOH
Z1QG ,Q ILIXUH D WKH VROXILRQ LV VKRZQ VXSHUSRVHG
RYHU H[SHULPHQIDO GDID IRU RQH RI WKHVH GD\V ,Q
JHQHUDO WKH PRGHO IDLIKIX00N UHSURGXFHV WKH GDLO\
UHQG LQ KHDIl UHFRYHU\ 6LQFH IIKH PRGH0 LV VIDILRQDU\
VKRUI WHUP 10XFIXDILRQV LQ IKH GDWD DUH QRII SUHGLFIHG
E\ IKH PRGH0 7KH LQFOXVLRQ RI WUDQVLHQN EHKDYLRXU
ZRX0G UHTXLUH PRGLILFDILRQV IR IKH PRGHO0 VXFK DV WKH
LQFOXVLRQ RI' DXWRUHJIUHWLYH WHUPV 2WKHU DQRPDIRXV
IHDWXUHV  ZHUH IRXQG IR FRUUHODIH ZLIK HOHFWULFLIN
JHQHUDILRQ DQG  QRW S\UDQRPHIHU  UHDGLQJIV ~ 7KH
XQFHUIDLQILHV  DVVRFLDIHG WR  ORFDO  PHIHRURORJLFDO
FRQGLILRQV DUH WKHUHIRUH DQ LPSRUIDQI VRXUFH RI HUURU
IR SUHGLFILRQV

7KH VROXILRQ IRU VXQQ\ GD\V LQ VXPPHU ZDV
H[WDSRIDIHG IR SUHGLFY SHUIRUPDQFH GXULQJ VLPLIDU
GD\V VSDQQLQJ RQH \HDU ,Q ILJXUH E D FRPSDULVRQ
RI PHDVXUHG DQG SUHGLFIHG GDLON FXPXODIHG KHDI
UHFRYHU\ LV SUHVHQIHG WRJHIKHU ZUIK WKH DEVROXIH
HURU  )RU PRVI GD\V IIKH SUHGLFILRQ LV DFFXUDIH IR
ZUKLQ ~ N=K DQG LQ JHQHUDO XQGHUHVILPDIHV KHDI
UHFRYHU\ SEVROXIH HUURUV DUH QRI VIURQJON FRUUHODIHG
ZUIK IKH FXPXODIHG HQHUJN KHQFH UHODILYH HUURWY IHQG
IR EH PRUH VLIQLILFDQI LQ ZLQIHU 7KH PRGH) GDID
FRPSDULVRQ VKRZV WKDW WKH GRXECH VNLQ IDODGH
EHKDYHV LQ D FRQVVIHQI DQG SUHGLFIDEGH PDQQHU
IKURXJKRXI IKH \HDU IRU GD\V ZUIK OUMOH ZLQG $
VLPSMH VIDILRQDUN PRGHO LV DECH IR IRUHFDVI GDLON. KHDII
UHFRYHU\ IR PHDQ SUHFLVLRQ RI IRU IKH DYDLODEH

GDIDVHII
&21&/86,21
ZH KDYH SUHVHQIHG WKH  ILUWW  H[SHULPHQIDO

REVHUYDILRQV RI LQQRYDILYH EXLOGLQJ GRXEOH VNLQV 39
ZLIK QDWXUD0 FRQYHFILRQ FRUUHVSRQGLQJ R D VXPPHU
RSHUDILRQDO PRGH ™ HVSLIH VLIQLILFDQW XQFHUIDLQILHY
LQ WKH H[DFW VIDIH RI HDFK VAVIHP RSHUDILQJ XQGHU UHDO
FRQGLILRQV FOHDU HlUHQGY LQ EHKDYLRXU DUH REVHUYHG

7KH UHIXODULI LQ IKHUPDO UHVSRQUH VXJJHWIHG EX GDLO
F\FOHV ZDV YHULILHG E\ iKH SDUDPHIULF DQDONLY RI HKH
GDID ZLIK DQ HPSLULFD) PRGH) KHDI H[WDFILRQ EX KH
FDYLIN LV UHDVRQDEO\ ZH0) GHVFULEHG EX D (LQHDU PRGH
FRPSRVHG RI IHZ LQGHSHQGHQI YDULDEQHV 7KLV LV D
VLIQUILFDQU UHVXOK  JLYHQ WKH FRPSOH[LUN Rl UHDO
RSHUDILQJ  FRQGULRQV DQG  OLPLIHG  LQIRUPDILRQ
UHIDUGLQJ UIKH SK\VLFDO SURSHUILHV RI WIKH GRXEOH VNLQ
IDODGH ,QGHHG HKH FRHIILFLHQIV GHULYHG EX IKH PRGH)
LPSOLFLION  LQFOXGH UKLV LQIRUPDILRQ  DQG  WKH
XQFHUIDLQILHV RQ IKHLU YDOXHV DUH LQKHUHQION OLONHG IR
WKH DWXPSILRQ WKDH UKH\ DUH ILPH LQYDULDQH )XIXUH
VIXGLHV FRX0G EH GLUHFIHG IR WKH H[SHULPHQID0
GHIHUPLODILRQ RI  SK\VLFDO SDUDPHIHWY  7ULDOV XVLQJ
RIKHU PRGHO IRUPXIDILRQV VXFK DV ZLIK ZLQG VSHHG DV
DQ H[SODQDIRU\ YDULDEOH ZHUH QRI IRXQG IR LPSURYH
IKH TXDOLN\ RI WKH PRGH) +RZHYHJ D VAVIHPDILF
DSSURDFK LV UHTXLUHG IR YLQGLFDIH §iKH FKRLFH RI PRGH0
RU LQGHHG LPSURYH Ll 7KHUHIRUH LQ IXUIKHU ZRUN HKH
UHODILRQVKLSV EHIZHHQ VAVIHP LQSXIV DQG RXISXIV VKD
EH PRUH ULJRURXVON H[SOIRUHG XVLQJ GDID PLQLQJ
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IHFKQLTXHV WKDW DIORZ D PRUH ULJRURXV DQDONVLY RI DO0
REVHUYHG FRUUHODHLRQV

120(1&/$785(

P DLU PDWV 10RZ UDIH DI iIKH H[LW R1 IKH JDS NJ V

&s DLU VSHFLILF KHDI - NJ .

A47,, DL IHPSHUDIXUH GLIIHUHQFH EHIZHHQ LQOHI DQG

RXIOHV RI FDYUN &

K RYHUDOO KHDI WUDQVIHU FRHIILFLHQN = P§ -

$ HTXLYDOHQW VXUIDFH DUHD IRU KHDW HIUDQVIHU P

7y PHDQ IHPSHUDWXUH Rl RXIHU 39 IDFDGH &

7 PHDQ IHPSHUDWXUH RI DLU LQ FDYLN &

7 PHDQ WHPSHUDIXUH RI LQQHU IDoDGH EXLOGLQJ

SULPDU\ ZDI0 &

4, KHDW H[WDFIHG EN\ FDYLIN GHILQHG E\ HQIKDOS\

FKDQJH =

Kergv Hpv FRQYHFILYH KHDW WUDQVIHU FRHILFLHQI R

H[WHULRU = P9 .

Kigup  UDGLDILYH KHDW IUDQVIHU FRHIILFLHQH IR H[WHULRU
i =

7y VN\ IHPSHUDIXUH &

7 H[HULRU DPELHQ IHPSHUDIXUH &

Kiogigr ~ UDGLDILYH KHDW WUDQVIHU FRHILFLHQH LQVLGH lIKH

FDOYUN = P4 .

D DEVRUSIDQFH Rl 39 PRGX(HV

K VRODU FHO0 RSHUDHLQJ HINLFLHQF\

* LQFLGHQW VRODU UDGLDILRQ 10X[ = P4

K HPLWLYLIN RT VN\
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7KLV ZRUN ZDV FDULHG RXW DV D FRQIULEXILRQ IR HKH
YUHQFK ~ 1DILRQD0 SHVHDUFK SURJIDP  35(%$7
PDQDJHG E\ IKH $= (O( HQILIHG 5(66285&(6
&RQYHQIRQ $™ (O( & 7KH KHOS IIRP
IKH SDUIQHW (=) 5 = 5 /HEHWH +%6 7HFKQDO
3 /DKELE - + RUILHU -DFTXHV )HULHU SUFKLIHFIHY
2 &RUQHIHUI LV DFNQRZOHGJIHG
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&KRZ 77 3HUIRUPDQFH  DQDONVLV R
SKRIRYROIDLF fKHUPDO ~ FRUHFIRU  E\  H[SOLFLI
G\QDPLF PRGH) 6RIDU (QHUJI\

&KRZ 7 7 & UHYLHZ RQ SKRIRYROIDLF IKHUPDO K\EULG
VRODU IHFKQRORIN  $SSILHG (QHUIN

(XURSHDQ &RPPLWLRQ (QHUIN\ $
VIUDIHIN IRU FRPSHILILYH VXVIDLQDEOH DQG VHFXUH
HQHUJI\ %UXVVHOV %HIJLXP

KIS HF HXURSD HX HQHUJ\ HQHUJ\
BHQ KIIP DFFHVVHG

*DLODUG / *LRX[ 6 3DELRX + OpQp]R & )XN
VFDH H[SHULPHQIDILRQ RI EXWGLQJ LQIHJUDIHG
SKRIRYRUIDLF FRPSRQHQI IRU QDIXUDION. YHQULODIHG
GRXEOH VNLQ  FRQILIXUDILRQ  3URFHHGLQIV Rl
BRDULY oDUDQDVL ,QGLD

*XLDYDUFK $  3HXSRUILHU %  3KRIRYRUIDLF FROHFIRUV
HIILFLHQF\ DFFRUGLQJ IR WKHWU LQIHJUDILRQ LQ
EXLOGLQIV BRIDU (QHUIN\

HQHUI\
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*XLRW %RGGDHUW 6 %RLOORW % $VVRD < %
*DLOODUG / 7KHUPDO EHKDYLRXU RI URRIWRS %,39
VIVWHPV DQ H[SHULPHQWDO DSSURDFK 3URFHHGLQJV

WK (XURSHDQ 3KRWRYROWDLF B6RODU (QHUJ\
&RQIHUHQFH S

OLQLVWqUH GH Of(FRORJLH GX 'pYHORSSHPHQW 'XUDEOH
HW GH OT(QHUJLH 5gJOHPHQWDWLRQ 7KHUPLTXH
JUDQFH KWWS 7ZZZ GHYHORSSHPHQW

GXUDEOH JRXY/DJ &KDSLWUH ,
UHJOHPHQWDWLRQ KWPO DFFHVVHG

IH\PDUN *LUDXOWR®* *XXGNRII 5
I[HHHUUH 5 2MDOYR - 5HLPHU 3 TKH 3(71$%
%HVWHVW"™ (PSLULFDO 9DOLGDWLRQ 'DWD 6HW ,%36%

% 6 SURFHHGLQJYVY ORQWUpDO &DQDGD
SS

2Q0J .6 &KRZ & & 3HUIRUPDQFH RI D BRODU
&KLPQH\ 6RODU (QHUJ\

6DQGEHUJ 0 ORVKIHJK % 9HQWLODWHG VRODU
URRI DLUIORZ DQG KHDW WUDQVIHU LQYHVWLJDWLRQ
SHQHZDEOH (QHUJ\

6FLODE (QWHUSULVHY ©6FLODE )UHH DQG 2SHQ 6RXUFH
VRIWZDUH IRU QXPHULFDO FRPSXWDWLRQ >6RIWZDUH@
DYDLODEOH IURP KWWS ZZZ VFLODE RUJ

=|OOQHU $ :LQWHU (5) O9LVNDQWD 5 ([SHULPHQWDO
VWXGLHV RI FRPELQHG KHDW WUDQVIHU LQ WXUEXOHQW
PL[HG FRQYHFWLRQ IOXLG IORZV LQ GRXEOH VNLQ

IDoDGHYVY ,QWHUQDWLRQDO -RXUQDO RI +HDW DQG 0DVV
7TUDQVIHU
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