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<RXpUH WDNLQJ D VWUROO WKURXJK WKH
ZRRGV <RX WDNH D GHHS EUHDWK DQG
ORRN DURXQG FRQVXPLQJ WKH IUHVK DLU
DURXQG \RX ZKLOH \RX REVHUYH WKH WRS RI
WKH WUHHV VZD\ EDFN DQG IRUWK LQ WKH
ZLQG <RX IHHO FDOP 2 UHOD[HG :K\ LV
WKLV"

BWXGLHV KDYH VKRZQ WKDW QDWXUH
LPSURYHV SHRSOHPVY PHQWDO DQG SK\VLEDO
ZHOO EHLQJ )RU H[DPSOH RQH VWXG\

VKRZV WKDW SHRSOH H[SRVHG WR PRUH
QDWXUDO OLJKW KHDO IDVWHU IURP VSLQDO
VXUJHU\ DQG UHSRUWHGO\ KDYH OHVV SDLQ
2WKHU VWXGLHV VKRZ WKDW QDWXUDO OLJKW
SODQWVY WUHHV ZDWHU DQG RWKHU IRUPV RI
QDWXUH FDQ UHGXFH VWUHVV KHOS LPSURYH
IREXV DQG HYHQ LQFUHDVH LPPXQLW\

&RXSOH WKLV LQIRUPDWLRQ ZLWK WKH IDFW
WKDWRI WKH 8 6 SRSXODWLRQ OLYHV LQ
XUEDQ DBRDM DQG PRUH DUFKLWHFWYV

DQG ODE SODQQHUV DUH VHHLQJ D QHHG WR
EULQJ QDWXUH EDFN WR XV 7KLV LV ZK\ ZH
VHH DQ LQFUHDVLQJ QXPEHU RI WKHP
LQFRUSRUDWLQJ HOHPHQWY RI QDWXUH LQWR
WKHLU GHVLJQV ° DOVR UHIHUUHG WR DV
ELRSKLOLF GHVLJQ

R \WHS 6

SRSXOMRQ @/H 1Q
XUEDQ DWH-DV



' ,9(56,),(' 63%&(6 3$* (

KHQ LW FRPHV WR KDQGV RQ O

%,2 3+ ,/ ,& VSDFHV WKHUH DUH PDQ\ ZD\V
. % LQFRUSRUDWH ELRSKLOLF GHVL
( 6, 1 PD[LPL]LQJ QDWXUDO OLJKW X\

FRORU FKRLFHV HPEUDFLQJ WK
%LRSKLOLD PHDQV 2WKH ORY HQRWXM\W XURG BPGQJ QDWXUDO F
IRFXVHV RQ KRZ SHRSOH DQG ZRWGX UH
LQWHUDFW DQG FRQQHFW ZLWK RQH DQRWKHU
%LRSKLOLF GHVLJQ LV DERXWGBEQFMIERRGRABNHYV XS PRVW RI
LQGRRUV LQVLGH LQ DQ HIILFREQMVROW@KDW LW SOD\V D FUL
DHVWKHWLFDOO\ SOHDVLQJ ZELRORJLFDO GHVLJQ 1RW RQO\
DFKLHYH D FRQWHPSRUDU\ ORR
$V VWDWHG SUHYLRXVO\ KXQ&HH@MWUOH PDWHULDO LV DOVF
PLOOLRQV Rl SHRSOH QRZ OLVRBWQFQWRHVHRIQOHFW WKH QDW}
ODUJH WRZQV PDNLQJ LW KD
ZLWK QDWXUH 7KLV LV ZK\ L
HOHPHQWY RI QDWXUH ZLWKL
EXLOGLQJ ®° HVSHFLDOO\ FOD
HQYLURQPHQWYV ° KDV EHFRP
LPSRUWDQW WUHQG LQ DUFK
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. Q D VWXG\ FRQGXFWHG DW D QHZO\

UHIXUELVKHG 1DWLRQDO 2QFRORJ\ ,QVWLWXWH

ZDLWLQJ URRP LQ %UDWLVODYD G6ORYDNLD

FDPH WR WKLV YHU\ FRQFOXVLRQ 9LVLWRUV LQ

WKH VSDFH ZKLFK IHDWXUHG ZRRG

WKURXJKRXW ZHUH PHDVXUHG IRU

UHVSLUDWLRQ KHDUW UDWH FRUWLVRO OHYHO DQG

EORRG SUHVVXUH EHIRUH GXULQJ DQG DIWHU

WKHLU VWD\ LQ WKH ZRRGHQ URRP 7KH VWXG\

IRXQG WKHLU FRUWLVRO OHYHOV GHFUHDVHG E\
LPSO\LQJ D VWUHVYVY UHGXFLQJ HIIHFW

7KH SDUWLFLSDQWY DOVR GHVFULEHG IHHOLQJ

VDWLVILHG RU YHU\ VDWLVILHG

8 VIQJ Z RRG I XLDWXH P SLRYHV
VXGHQW VFKRROSHURUWP DOFH

,Q DQ $XVWULDRDQWNKEP E\

SHVHDBRRSDUHG D FODVVURRP

PDLQO\ VROLG ZRRG PDWHULDC
VWDQGDUG FODVVURRP OHDVX
ZHUH WDNHQ RI WKH KHDOWK E
VWXGHQWY 7KH UHVXOW" 7KH
UDWHYV LQ WKH ZRRGHQ FODVVI
VLIQLILFDQWO\ GHFUHDVHG W
REVHUYHG WKDW WKH VWXGHQ!
PRUH UHOD[HG 7KH ZRRG FODYV
KDG D SRVLWLYH LPSDFW RQ W
RYHUDOO VFKRRO SHUIRUPDQF
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8 VIQJ QDWILDCP DMUDY @\H
Z RRG ERRVW FUDWIW

:KLOH WKHUH DUH PDQ\ VWXGLHV WKDW SURYH
ZRRG ERRVWYV FUHDWLYLW\ WKHUHPV RQH VWXG\
WKDW VWDQGYV RXW ,W ZDV OHG E\ :DVKLQJWRQ
6WDWH 8QLYHUVLW\ SURIHVVRU RI LQWHULRU
GHVLJQ -DQHWWD OLWFKHOO O0F&R\ 3K' ,Q

D &UHDWLYLW\ 5HVHDUFK -RXUQDO 9RO

___1R VVWO¥F&R\ IRXQG WKDW

KLJK VFKRRO VWXGHQWY GHVLJQHG PRUH
LQQRYDWLYH FROODJHV LQ D VHWWLQJ KLJK LQ
GLUHFW VXQOLJKW DQG QDWXUDO ZRRG WKDQ LQ D
VSDFH ILQLVKHG ZLWK PDQXIDFWXUHG
PDWHULDOV OLNH GU\ZDOO DQG SODVWLF

*RIQI JUHHQ P SIRYRHV
FRJ QWYH DELON

&RIQLWLYH IX
VFRUHYV

RQ

$+DUYDUG S8QUWNGVIREVHUYHG
SHRSOH ZKR ZHUH WR VSHQG VL
LQ DQ HQYLURQPHQWDOO\ FRQW
7KH VXEMHFWV ZHUH H[SRVHG W
LQ FRQYHQWLRQDO DQG JUHHQ |
EXLOGLQJV DV ZHOO DV D JUHHC
HQKDQFHG YHQWLODWLRQ 7KH |
0GLQJ &RJIQLWLYH IXQFWLRQ VFRUHV Z
KLJKHU LQ JUHHQ EXLOGLQJ FRC

KLJKHU LQ HQKDQFHG JUHHQ
FRQGLWLRQV

KLJKHU LQ JUHHQ
FRQGLWLRQV

KLJKHU LQ HQKD
EXLOGLQJ FR

HG JUHHQ
LLWRQV
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$IWHU ZRUNLQJ LQ WKH HGXFDWLR@®DO LQGXVWU\
ZH KDYH DOO VHHQ RXU IDLU VKDU R,

ODE IXUQLWXUH WKDW V PDGH RX Rl VVWHHGC90XAW
GRHV LW SURYLGH DV SRVLWLYH RIFDQ LPSDEW

RQ RXU KHDOWK DV ZRRG GRHV"

6WXGLHV DFWXD®EXNKIRZJWKDNH O
DW URRP WHPSHUDWXUH FDQ FDXVEg D ULVH LQ

EORRG SUHVVXUH

KLOH VWHHO IXUQLWXUH KDV PDQWEHQHILWYV

DGG ZDUPWK ZKLOH SURPRWLQJ KHD @A K\
UHOD[HG OHDUQLQJ

°© :122' )25 *22"
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7R IXUWKHU UHGXFH WKH FDUE

D QHZ ODE VSDFH FRQVLGH!I

ZRRG IURP VXVWDLQDEO\ PDQD
IRUHVWY 7KH SUDFWLFH QRW F

W V FOHDU WKDW LQFRUSRUDWX
VSDFH GHVLJQ LV EHQHILFLDOYA

JHQFQEFP(Q{SQWdBEHVWV E X
W88

P J\' XVH UHODWLQJ

KHDOWK EXW LWV EHQHILWYV R W UHIRW RREHVKLSSLQJ
'RRG LV DOVR D PRUH VXVWDLQDEOH FKRLFH

,Q IDERNRG KDV D FDUERQ IRRW

O L L1 N \AJ

PDWHUWIDNH VWHHO

,Q DGGLWLRQ D VWX&\ PRQF(Q
IRVVLO IXHOV FRQVXPHG ZRU(
XVHG_ WR SURGXFH VWHHO FR
DQG DOXPLQXP 6WHHO DOROQJ
D IXOO _ RI JOREDO IRVVLO I}
FROVXPSWKREK GRHV QRW LQF
DGGLWLRQDO IRVVLO IXHOV F
W U D QV S RRIWWLDQWVIMRIDOD WKLHR Q
JRRG QHZV ° UHSODFLQJ WKR
ZLWK ZRRG SURGXFWV LQ FRQ
UHGXFH IRVVLO IXHO FRQVXP{
E\

D UL VYV

OHVV WKDQ PDQ\ FRPPRQ EXLPGLQJ

© RRGKDVD
FDUERQ IRRSUQN

G \KDQP DQ FRP P RQ
EXI@Q) P DMIDY @H \WMHO

e &HUWLILHV RYHU
WKH 8QLWHG 6WDWHV &DQDGD

e BHWV VWDQGDUGYV IRU UHVSRQVLEOH
PDQDJHPHQW

+$7 6 %

6867%,1$% <
PLOOLRQ DFUHV IOI$H]dV$ SCFU@VIV
)e2uBl; 67"

e &KDLQ RI FXVWRG\ FHUWLILFDWLRQ \%WWVDVK@DS@WH RllRUHVWU\ LV WK}

SURGXFWYV IURP IRUHVWYVY WKURXJK \AU(ll_-lJV))((E)SESD\

WSS IRUHVW UHVRXUFH

QHHGV RI VRFLHW\ DQG LQGXVW

SUHVHUYLQJ WKH
ORRNLQJ

PLOOLRQ DFUHV RHIBWHYWR BFORMYUH WKH ZRRG LV
BREB\VBWHEY WY FHUWLILHG E\ WK

IRUH VN HLAK UHEGFVM BEW ISR @FOX Q F L O
6XVWDLQDEOH )RUHVWU\ ,QLWLI

e &HUWLILHV RYHU
WKH 8QLWHG 6WDWHYV &DQDGD

e BURWHFWYV ZDWHU TXDOLW\
KDELWDW VSHFLHV DW ULVN
FRQVHUYDWLRQ YDOXH

ELRGLYI-I|

IRUHVWPpV KHI
IRU ZRRG ODE IXUQLW

)6& DC



' ,9(56,),(' 63%&(6 3% (

&21&/86,21

$V XUEDQL]DWLRQ FRQWLQXHV WR ULVH ZH DV KXPDQV VHHN
QDWXUDO ZRUOG DURXQG XV 7KH XVH RI ZRRG HOHPHQWYV DV
KHOS IRVWHU D FDOPLQJ \HW LQYLJRUDWLQJ ELRSKLOLF UH’
LQ WXUQ OHDGV WR ERWK LPSURYHG PHQWDO KHDOWK DQG J



