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CAPÍTULO XI

ESTUDO DE VIABILIDADE DE INTEGRAÇÃO DOS 
SISTEMAS: APROVEITAMENTO DA ÁGUA DA CHU-
VA, AQUECIMENTO DA ÁGUA ATRAVÉS DA ENER-
GIA SOLAR E ENERGIA FOTOVOLTAICA EM UM 
PROJETO RESIDENCIA
 

Gianluca da Silva Santos
Leandro de Souza Ferreira

Guilherme Pires Vieira
Bruno Matos de Farias 

Rachel Cristina Santos Pires 

RESUMO

&RP�D�FRQVWDQWH�SUHRFXSDomR�HP� UHODomR�DR�PHLR�DPELHQWH��EXVFD�VH�
D�QHFHVVLGDGH�GR�GHVHQYROYLPHQWR�H�XWLOL]DomR�GH� IRQWHV�GH�HQHUJLDV�

QRYDV�H� UHQRYiYHLV��RQGH�VH�GHVWDFDP�DV� VHJXLQWHV� IRQWHV�� HQHUJLD�KHOLR-
WpUPLFD��HyOLFD��KtGULFD��ELRPDVVD��JHRWpUPLFD��PDULQKD��DQLPDO�H�KXPDQD��
1HVWH�FRQWH[WR��H[LVWHP�DOWHUQDWLYDV�PXLWR�LQWHUHVVDQWHV��HQWUH�DV�TXDLV�HVWi�
D�VXEVWLWXLomR�GR�DTXHFLPHQWR�HOpWULFR�GD�iJXD��SHOR�DTXHFLPHQWR�DWUDYpV�
GD�HQHUJLD�FRQWLGD�QD� OX]�VRODU��D�HQHUJLD�VRODU�IRWRYROWDLFD��H�R�UHXVR�GD�
iJXD�DWUDYpV�GR�UHDSURYHLWDPHQWR�GD�iJXD�GD�FKXYD�'HYLGR�DR�DOWRFRQVXPR�
GD�HQHUJLD�HOpWULFD�H�GH�iJXD�QDV�UHVLGrQFLDV��KRXYH�D�QHFHVVLGDGH�GH�VHUHP�
FULDGRV�VLVWHPDV�LQWHJUDGRV�TXH�UHGX]LVVHP�HVVHV�JDVWRV��WDLV�FRPR��R�DTXH-
FLPHQWR�GD�iJXD�DWUDYpV�GD�HQHUJLD�VRODU��TXH�VH�SRGH�UHGX]LU�R�FRQVXPR�
GR�FKXYHLUR�HOpWULFR�H�WDPEpP�DXPHQWDU�D�XWLOL]DomR�GHVWD�HQHUJLD��OLPSD��
HP�UHVLGrQFLDV�SRSXODUHV��R�XVR�GD�iJXD�GD�FKXYD�FDSWDGDV�HP�HGL¿FDo}HV�
UHVLGrQFLDV�FRP�SURSyVLWR�GH�VXSULU�DV�GHPDQGDV�QmR�SRWiYHLV�GH�iJXD�HP�
GRPLFtOLRV�� H� D� FULDomR� GH� XP� VLVWHPD� JHUDGRU� IRWRYROWDLFR� TXH� REWpP� D�
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HQHUJLD�GD�UDGLDomR�VRODUDWUDYpV�GH�PyGXORV�IRWRYROWDLFRV��SODFDV�VRODUHV��H�
UHDOL]D�D�FRQYHUVmR�GD�PHVPD�HP�HQHUJLD�HOpWULFD�SRU�PHLR�GH�LQYHUVRUHV�H�
GLVWULEXHP�SDUD�D�UHGH�HOpWULFD�GH�UHVLGrQFLDV�RX�LQG~VWULDV��2�SUHVHQWH�DUWL-
JR�WHP�FRPR�REMHWLYR�D�UHDOL]DomR�GH�XP�HVWXGR�LQWHJUDQGR�HVVHV�VLVWHPDV�
D�XP�SURMHWR�UHVLGHQFLDO���

 1. INTRODUÇÃO

'HYLGR�j�FUHVFHQWH�GHPDQGD�SRU�HQHUJLD�HOpWULFD��WRUQRX�VH�LPSRUWDQ-
WH�FRQVLGHUDU�RV�LPSDFWRV�DPELHQWDLV�FDXVDGRV�SHOD�JHUDomR�H�GLVWUL-

EXLomR�GH�HQHUJLD��EHP�FRPR�D�VXVWHQWDELOLGDGH�GRV�VLVWHPDV�HQYROYLGRV��
1R�%UDVLO�� DLQGD�TXH�JUDQGH�SDUWH�GD�JHUDomR� VHMD�SURYHQLHQWH�GH� IRQWHV�
OLPSDV��KLGUHOpWULFDV���VXD�FRPSOHPHQWDomR�FRP�RXWUDV�IRQWHV�GH�JHUDomR�
TXH�FDXVHP�PHQRUHV� LPSDFWRV�DPELHQWDLV�H�VRFLDLV�p� IXQGDPHQWDO��7DQWR�
DTXHFLPHQWR�GD�iJXD�UHDSURYHLWDGD�GDV�FKXYDV�H�GR�FRQVXPR�GRPpVWLFR��
TXDQWR�SDLQpLV�IRWRYROWDLFRV�VmR�XPD�JUDQGH�VROXomR�SDUD�D�LPSOHPHQWDomR�
QRV�SURMHWRV�UHVLGHQFLDLV��),/+2�������

� $�LQFRUSRUDomR�GR�VLVWHPD�GH�DTXHFLPHQWR�VRODU�GD�iJXD�QD�HVWUX-
WXUD�GD�PRUDGLD�WHP�R�SURSyVLWR�GH�SHUPLWLU�TXH�R�PRUDGRU�GH�EDL[D�UHQGD��
DSURYHLWDQGR�R�VLVWHPD�GH�PXWLU}HV�H�GH�DXWRFRQVWUXomR�GD�KDELWDomR��LQ-
FOXD�HVWD�DOWHUQDWLYD�QD�VXD�SUiWLFD�FRQVWUXWLYD��$�GLVSRQLELOLGDGH�FRPHUFLDO�
H�IDFLOLGDGH�GH�REWHQomR�GRV�PDWHULDLV�HVFROKLGRV�GHYHP�VH�DOLDU�j� LQGLV-
SHQViYHO�LQWHJUDomR�H�IDPLOLDULGDGH�GD�FRPXQLGDGH�FRP�D�QRYD�IRUPD�GH�
XVXIUXLU�H�FRQYLYHU�FRP�R�FRQFHLWR�LQRYDGRU�GR�XVR�GD�HQHUJLD�VRODU��&$5-
'262��������

� 1R�ERMR�GDV�HQHUJLDV�UHQRYiYHLV��D�VRODU�GHVWDFD�VH�SRU�QmR�HPLWLU�
JDVHV�SROXHQWHV�H�RXWURV�WLSRV�GH�UHVtGXRV��DOpP�GH�QmR�GHVWUXLU�DV�UHVHUYDV�
QDWXUDLV��$GHPDLV��D�FDSWDomR�GD�UDGLDomR�VRODU��DWUDYpV�GH�SDLQpLV�IRWRYRO-
WDLFRV��SDUD�D�SURGXomR�GH�HQHUJLD�HOpWULFD�SURPRYH�EHQHItFLRV�DR�VLVWHPD�
HOpWULFR�H�DR�PHLR�DPELHQWH��SRVVLELOLWDQGR�SURGX]LU�HOHWULFLGDGH�GH�IRUPD�
HVWiWLFD��VLOHQFLRVD��QmR�SROXHQWH�H�UHQRYiYHO��*8,0$5­(6��������

� 1HVVH� VHQWLGR�� D� RSomR� SRU� XP� VLVWHPD� VRODU� IRWRYROWDLFR� LQVHUH-



C
A

PÍ
TU

LO
 X

I -
 E

ST
U

D
O

 D
E 

V
IA

B
IL

ID
A

D
E 

D
E 

IN
TE

G
R

A
Ç

Ã
O

 D
O

S 
SI

ST
EM

A
S:

 A
PR

O
V

EI
TA

M
EN

TO
 D

A
 Á

G
U

A
 D

A
 C

H
U

VA
, 

A
Q

U
EC

IM
EN

TO
 D

A
 Á

G
U

A
 A

TR
AV

ÉS
 D

A
 E

N
ER

G
IA

 S
O

LA
R

 E
 E

N
ER

G
IA

 F
O

TO
V

O
LT

A
IC

A
 E

M
 U

M
 P

R
O

JE
TO

 R
ES

ID
EN

C
IA

L

199

�VH�QXPD�SROtWLFD�HVWUDWpJLFD�GH�GHVHQYROYLPHQWR�VXVWHQWiYHO��WHQGR�FRPR�
SULQFLSDLV�REMHWLYRV�D�RSomR�GH�XPD�VROXomR�YLiYHO�GR�SRQWR�GH�YLVWD�HFRQ{-
PLFR��EHP�FRPR�WDPEpP�XPD�VROXomR�GR�SRQWR�GH�YLVWD�VRFLDO�GH�LPSDFWR�
EDVWDQWH�SRVLWLYR�SDUD�TXH�DV�SHVVRDV�WHQKDP�FRQVFLrQFLD�GD�QHFHVVLGDGH�GH�
RSWDU�FDGD�YH]�PDLV�SHODV�HQHUJLDV�UHQRYiYHLV��)(55(,5$�	�6È��������

� 8PD�GDV�PDLV�UHFHQWHV�H�SURPLVVRUDV�DSOLFDo}HV�GD�WHFQRORJLD�IR-
WRYROWDLFD�p�D�LQWHJUDomR�GH�SDLQpLV�VRODUHV�HP�FRQMXQWR�FRP�D�FRQVWUXomR�
FLYLO��GH�IRUPD�GHVFHQWUDOL]DGD�H�OLJDGD�j�UHGH�HOpWULFD�GH�HQHUJLD��(VVD�p�D�
FDUDFWHUtVWLFD� IXQGDPHQWDO� GRV� VLVWHPDV� IRWRYROWDLFRV� LQVWDODGRV� QR�PHLR�
XUEDQR��FRP�HVSHFLDO�GHVWDTXH�SDUD�XWLOL]DomR�HP�HGL¿FDo}HV�UHVLGHQFLDLV�
�635,&,*2�	�7(6721��������

� 3DUD�D�HODERUDomR�GHVWH�HVWXGR��WRUQRX�VH�QHFHVViULR�XPD�SHVTXLVD�
ELEOLRJUi¿FD�DSURIXQGDGD��RQGH�VH�DERUGRX�YiULRV�DVSHFWRV�GR�WHPD��YLVDQ-
GR�DOFDQoDU�WRGRV�RV�REMHWLYRV�GHVFULWRV��$OpP�GH�YLDELOL]DU�D�XWLOL]DomR�GH�
HQHUJLD�UHQRYiYHO�QD�FRQVWUXomR�FLYLO��DWUDYpV�GH�UHVLGrQFLDV�DXWRVVXVWHQWi-
YHLV�

� (VWD�DERUGDJHP�VH�Gi�SHOR�IDWR�GH�HVWDUPRV�HP�FRQVWDQWH�HYROXomR�
H�EXVFD�SRU�QRYDV�VROXo}HV�H�DSOLFDELOLGDGHV�FRP�UHODomR�DRV�QRYRV�PROGHV�
GH�VROXo}HV�VXVWHQWiYHLV�

� 2�REMHWLYR�GD�SHVTXLVD�p�DSUHVHQWDU�YLDELOLGDGH�GH�DSOLFDomR�LQWH-
JUDGD�GRV�VLVWHPDV�GH�UHDSURYHLWDPHQWR�GH�iJXD�GHVWLQDGD�D�¿QV�QmR�SRWi-
YHLV��DTXHFLPHQWR�GD�iJXD�DWUDYpV�GR�VLVWHPD�GH�ERLOHUV�H�LPSOHPHQWDomR�
GH�HQHUJLD�IRWRYROWDLFD�QR�kPELWR�UHVLGHQFLDO�

2. REVISÃO BIBLIOGRÁFICA

2.1 Reuso da água

2V�PHLRV�QDWXUDLV�GH�WUDQVIRUPDomR�GD�iJXD�HP�iJXD�SRWiYHO�VmR�OHQWRV��
IUiJHLV�H�PXLWR�OLPLWDGRV��$VVLP�VHQGR��HVWD�GHYH�VHU�PDQLSXODGD�FRP�

UDFLRQDOLGDGH�� SUHRFXSDomR� H�PRGHUDomR�� QmR� GHYHQGR� VHU� GHVSHUGLoDGD��
SROXtGD�RX�HQYHQHQDGD��'H�PDQHLUD�JHUDO��VXD�XWLOL]DomR�GHYH�VHU�IHLWD�FRP�
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FRQVFLrQFLD�H�GLVFHUQLPHQWR��SDUD�TXH�QmR�VH�FKHJXH�D�XPD�VLWXDomR�GH�HV-
JRWDPHQWR�RX�GH�GHWHULRUDomR�GD�TXDOLGDGH�GDV�UHVHUYDV�DWXDOPHQWH�GLVSR-
QtYHLV��=$03,(521�HW�DO��������

� (P�XPD�UHVLGrQFLD��R�FRQVXPR�GH�iJXD�p�LQÀXHQFLDGR�SRU�GLYHUVRV�
IDWRUHV�FRPR�R�FOLPD�GD�UHJLmR��R�Q~PHUR�GH�KDELWDQWHV��D�UHQGD�IDPLOLDU��FD-
UDFWHUtVWLFD�FXOWXUDO�GD�FRPXQLGDGH�H�D�IRUPD�GH�JHUHQFLDPHQWR�GR�VLVWHPD�
GH�DEDVWHFLPHQWR��TXH�HQJOREDP�D�PLFURPHGLomR�H�R�YDORU�GD�WDULID��(VWLPD-
�VH�XP�FRQVXPR�PpGLR�GH�iJXD�QDV�UHVLGrQFLDV�GH�����/�KDE�GLD��FRP�JUDQ-
GHV�RVFLODo}HV��TXH�SRGHP�LU�GH����/�KDE�GLD�D�����/�KDE�GLD��7687,<$��
������

� 6HJXQGR�7HUSVWUD��������RV�SURSyVLWRV�H�DSOLFDo}HV�GD�iJXD�GHQWUR�
GH�XPD�UHVLGrQFLD�SRGHP�VHU�VHSDUDGRV�HP�TXDWUR�FDWHJRULDV��FRQVXPR��KL-
JLHQH�SHVVRDO��GHVFDUJD�GH�EDQKHLURV��H�OLPSH]D�

� 2EVHUYD�VH�� SRUWDQWR�� TXH� D� iJXD� GHVWLQDGD� DR� FRQVXPR� KXPDQR�
SRGH�VHU�GHVLJQDGD�FRP�GRLV�¿QV�GLVWLQWRV��$�iJXD�XWLOL]DGD�SDUD�KLJLHQH�
SHVVRDO��QD�SUHSDUDomR�GH�DOLPHQWRV�H�SDUD�EHEHU�p�FODVVL¿FDGD�FRPR�XVR�
SRWiYHO��-i�D�iJXD�GHVWLQDGD�DRV�XVRV�QmR�SRWiYHLV��SRGH�VHU�HQFRQWUDGD�QD�
ODYDJHP�GH� URXSDV�� FDUURV� H� FDOoDGDV�� LUULJDomR� GH� MDUGLQV� H� GHVFDUJD� GH�
YDVRV�VDQLWiULRV��(VWXGRV�UHDOL]DGRV�PRVWUDP�TXH�R�PDLRU�FRQVXPR�GH�iJXD�
GHQWUR�GH�XPD�UHVLGrQFLD�VmR�SDUD�ODYDJHP�GH�URXSDV��SDUD�GDU�GHVFDUJD�QRV�
YDVRV�VDQLWiULRV�SDUD�WRPDU�EDQKR��)LJXUDV���H����

)LJXUD����&RQVXPR�GRPpVWLFR�GH�iJXD

)RQWH��%HUQLHUH�HW�DO�������
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)LJXUD����3DUWLFLSDomR�GRV�SRQWRV�GH�XWLOL]DomR�QR�FRQVXPR�GLiULR�PpGLR

 

)RQWH��%HUQLHUH�HW�DO��������

� (P�PpGLD��R�SHUFHQWXDO�GH�iJXD�FRQVXPLGD�HP�XPD�UHVLGrQFLD�GHV-
WLQDGRV�DRV�XVRV�SRWiYHLV�JLUD�HP�WRUQR�GH�����D�����FRQIRUPH�DQiOLVH�GDV�
¿JXUDV���H����'HVWD�IRUPD��HVWDEHOHFHQGR�XP�PRGHOR�GH�DEDVWHFLPHQWR�GH�
UHGH�GXSOD�GH�iJXD��VHQGR�XPD�UHGH�GH�iJXD�SRWiYHO�H�RXWUD�GH�iJXD�GH�UHX-
VR��D�FRQVHUYDomR�GD�iJXD��DWUDYpV�GD�UHGXomR�GR�FRQVXPR�GH�iJXD�SRWiYHO�
SDUD�¿QDOLGDGHV�QmR�SRWiYHLV��VHULD�JDUDQWLGD�

� 6HJXQGR�*DUGQHU�HW�DO���������RV�VLVWHPDV�GH�UHXVR�GH�iJXD�GH�FKXYD�
QD�$XVWUiOLD�DSUHVHQWDP�XPD�HFRQRPLD�QR�FRQVXPR�GH�iJXD�GDV�UHVLGrQFLDV�
GH�DWp�����

� (P�DOJXQV�ORFDLV�R�JRYHUQR�¿QDQFLD�SDUWH�GD�FRQVWUXomR�GR�VLVWHPD�
GH�FROHWD�H�UHDSURYHLWDPHQWR�GD�iJXD�GD�FKXYD��FRPR�IRUPD�GH�LQFHQWLYR�j�
SRSXODomR��(P�+DPEXUJR��QD�$OHPDQKD��FRQFHGH�VH�FHUFD�GH�86�����������
D�86�����������D�TXHP�DSURYHLWDU�D�iJXD�GD�FKXYD��HVWH�LQFHQWLYR�WHUi�FRPR�
UHWRUQR�SDUD�R�JRYHUQR�R�FRQWUROH�GRV�SLFRV�GDV�HQFKHQWHV�GXUDQWH�RV�SHUtR-
GRV�FKXYRVRV��720$=��������

� +RMH�QR�%UDVLO��Mi�H[LVWH�D�$VVRFLDomR�%UDVLOHLUD�GH�0DQHMR�H�&DSWD-
omR�GH�ÈJXD�GH�&KXYD��TXH�p�UHVSRQViYHO�SRU�GLYXOJDU�HVWXGRV�H�SHVTXLVDV��
UHXQLU�HTXLSDPHQWRV��LQVWUXPHQWRV�H�VHUYLoRV�VREUH�R�DVVXQWR��$%&0$&��
������

� $�$VVRFLDomR� %UDVLOHLUD� GH� 1RUPDV� 7pFQLFDV� �$%17�� HVWDEHOHFH�
SRU�PHLR�GD�$%17�1%5������������RV�SDGU}HV�SDUD�DSURYHLWDPHQWR�GH�
iJXDV�SOXYLDLV�SDUD�¿QV�QmR�SRWiYHLV��2�GHVFDUWH�GD�SULPHLUD�FKXYD��¿UVW�
ÀXVK��p�XPD�SUiWLFD�FRPXPHQWH�HPSUHJDGD�SDUD�PHOKRUDU�D�TXDOLGDGH�GD�
iJXD�SOXYLDO�FROHWDGD��(OD�EDVHLD�VH�QR�GHVFDUWH�GRV�SULPHLURV�PLOtPHWURV�
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GH�SUHFLSLWDomR��TXH�FRQWpP�JUDQGH�TXDQWLGDGH�GH�FRQWDPLQDQWHV��YLVWR�TXH�
ODYDP� D� DWPRVIHUD� H� D� VXSHUItFLH� GH� FDSWDomR�� FDUUHDQGR� FRQVLJR� JUDQGH�
SDUWH�GDV�SDUWtFXODV�SUHVHQWHV�QDV�PHVPDV��1R�HQWDQWR��HVVD�SUiWLFD�SURYRFD�
D�SHUGD�GH�JUDQGHV�YROXPHV�GH�iJXD�TXH�GHL[DP�GH�VHU�FDSWDGRV��$GHPDLV��
H[LVWH�PXLWD�LQGH¿QLomR�TXDQWR�DR�YROXPH�GH�GHVFDUWH�PDLV�DSURSULDGR��SR-
UpP�D�UHFRPHQGDomR�PDLV�XVXDO�p�GHVFDUWDU���OLWUR�SDUD�FDGD�Pð�GH�FDSWDomR�

2.2 Energia Fotovoltaica

'H�DFRUGR� FRP�RV� GDGRV� OHYDQWDGRV� SHOR� ODERUDWyULR�6:(5$� �6RODU�
DQG�:LQG�(QHUJ\�5HVRXUFH�$VVHVVPHQW���SRGH�VH�FRQVWDWDU�TXH�R�%UD-

VLO�WHP�XP�SRWHQFLDO�DQXDO�GH�JHUDomR�IRWRHOpWULFD�GH��������[��ïï�.:K��
1R�HQWDQWR��GH�DFRUGR�FRP�RV�GDGRV�GR�%DQFR�GH�,QIRUPDo}HV�GH�*HUDomR�
GD�$1((/��%,*���R�SDtV�SRVVXL�XPD�SRWrQFLD�RXWRUJDGD�GH������[��ñ�N:��
FRP�XP�YDORU� GH�SRWrQFLD�¿VFDOL]DGD�GH� DSHQDV�������[��ñ� N:�� ,VWR� UH-
SUHVHQWD�������GD�SRWrQFLD� HOpWULFD�JHUDGD�QR�SDtV� �3257$/�2�6(725�
(/e75,&2��������

� 1R�FDVR�GR�VHWRU�UHVLGHQFLDO��FKDPD�D�DWHQomR�R�FRQVXPR�GH�FKXYHL-
URV��VLVWHPDV�GH�DU�FRQGLFLRQDGR�H�JHODGHLUDV�FRQIRUPH�LQGLFDGR�QD�¿JXUD���

)LJXUD����&RQVXPR�PpGLR�UHVLGHQFLDO

 

)RQWH��3RUWDO�GR�VHWRU�HOpWULFR�������

� 1R�FRQWH[WR�GD�JHUDomR� IRWRYROWDLFD�GH�SHTXHQR�SRUWH�� D�$1((/�
�$JrQFLD�1DFLRQDO�GH�(QHUJLD�(OpWULFD��SXEOLFRX�HP������GXDV�UHVROXo}HV�
TXH�YrP�SHUPLWLQGR�RV�SULPHLURV�SDVVRV�QR�VHQWLGR�GH�XWLOL]DomR�GH�VLVWH-
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PDV�GH�JHUDomR�GH�HQHUJLD�HOpWULFD��SRU�PHLR�GH�HTXLSDPHQWRV�GH�JHUDomR�GH�
SHTXHQR�SRUWH��$�5HVROXomR����������HVWDEHOHFH�DV�FRQGLo}HV�JHUDLV�SDUD�R�
DFHVVR�GH�PLFUR�H�PLQL�JHUDomR�GLVWULEXtGD�DRV�VLVWHPDV�GH�GLVWULEXLomR�GH�
HQHUJLD�HOpWULFD��DOpP�GH�ID]HU�PHQomR�DR�VLVWHPD�GH�FRPSHQVDomR�GH�HQHU-
JLD�HOpWULFD��$�5HVROXomR����������UHJXODPHQWD�RV�VLVWHPDV�GH�PHGLomR�GH�
HQHUJLD�HOpWULFD�GH�XQLGDGHV�FRQVXPLGRUDV�GR�*UXSR�%��QR�TXDO�VH�LQVHUHP�
RV�FRQVXPLGRUHV�UHVLGHQFLDLV��3257$/�'2�6(725�(/e75,&2��������

2.2.1 Sistemas fotovoltaicos

A HQHUJLD�GR�6RO�SRGH�VHU�XWLOL]DGD�SDUD�SURGX]LU�HOHWULFLGDGH�SHOR�HIHLWR�IRWRYROWDLFR��TXH�FRQVLVWH�QD�FRQYHUVmR�GLUHWD�GH�OX]�VRODU�HP�HQHUJLD�
HOpWULFD��9,//$/9$�	�*$=2/,��������

� 2V�VLVWHPDV�IRWRYROWDLFRV�WrP�D�FDSDFLGDGH�GH�FDSWDU�GLUHWDPHQWH�D�
OX]�VRODU�H�SURGX]LU�FRUUHQWH�HOpWULFD��(VVD�FRUUHQWH�p�FROHWDGD�H�SURFHVVD-
GD�SRU�GLVSRVLWLYRV�FRQWURODGRUHV�H�FRQYHUVRUHV��SRGHQGR�VHU�DUPD]HQDGD�
HP�EDWHULDV�RX�XWLOL]DGD�GLUHWDPHQWH�HP�VLVWHPDV�FRQHFWDGRV�j�UHGH�HOpWULFD�
�9,//$/9$�	�*$=2/,��������

� $�VHJXLU�VHUi�DSUHVHQWDGR�XP�HVTXHPD�LOXVWUDWLYR�QD�¿JXUD����H�RV�
GLVSRVLWLYRV�XWLOL]DGRV��3257$/�62/$5��������

)LJXUD����(VTXHPD�GH�LQVWDODomR�GH�XP�VLVWHPD�IRWRYROWDLFR

 

)RQWH�3RUWDO�6RODU�������

� ���3DLQpLV�6RODUHV��*HUDP�HQHUJLD�VRODU�IRWRYROWDLFD�UHDJLQGR�FRP�
RV�UDLRV�VRODUHV�H�FRQYHUWHQGR�UDGLDomR�HP�HQHUJLD�HOpWULFD��HQHUJLD�IRWRYRO-
WDLFD���2V�SDLQpLV�VRODUHV�GHYHP�VHU�LQVWDODGRV�VREUH�R�WHOKDGR��FRQHFWDGRV�
XQV�DRV�RXWURV�H�HQWmR�FRQHFWDGRV�QR�VHX�,QYHUVRU�6RODU�
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C� ���,QYHUVRU�6RODU��&RQYHUWH�D�HQHUJLD�VRODU�GRV�SDLQpLV�IRWRYROWDLFRV�
�&RUUHQWH�&RQWLQXD���&&��HP�HQHUJLD�HOpWULFD��&RUUHQWH�$OWHUQDGD���$&��TXH�
SRGH�VHU�XVDGD�HP�VXD�&DVD�SDUD�D�79��&RPSXWDGRU��0iTXLQDV��H�TXDOTXHU�
RXWUR�HTXLSDPHQWR�HOpWULFR��LWHP���GD�LPDJHP��

� ���4XDGUR�GH�GLVWULEXLomR��e�DRQGH�VHUi�GLVWULEXtGD�D�HQHUJLD�VRODU�
SDUD�VXD�FDVD�RX�HPSUHVD��4XDQGR�VDL�GR�LQYHUVRU�VRODU�YDL�SDUD�R�VHX��TXD-
GUR�GH�OX]��H�p�GLVWULEXtGD�SDUD�VXD�FDVD�UHGX]LQGR�D�TXDQWLGDGH�GH�HQHUJLD�
TXH�YRFr�FRPSUD�GD�GLVWULEXLGRUD�

� ���2� H[FHVVR� GH� HQHUJLD� YDL� SDUD� D� UHGH� GD� GLVWULEXLGRUD� JHUDQGR�
FUpGLWRV�DWUDYpV�GR�UHOyJLR�GH�OX]�ELGLUHFLRQDO��(VVH�UHOyJLR�GH�OX]�PHGH�D�
HQHUJLD�GD�UXD�TXH�p�FRQVXPLGD�SHOD�FDVD�TXDQGR�QmR�WHP�VRO�H��D�HQHUJLD�
VRODU�JHUDGD�HP�H[FHVVR�TXDQGR�WHP�PXLWR�VRO�H�p�LQMHWDGD�QD�UHGH�GD�GLVWUL-
EXLGRUD��$�HQHUJLD�VRODU�TXH�YDL�SDUD�D�UHGH�YLUD�³FUpGLWRV�GH�HQHUJLDV´�SDUD�
VHUHP�XWLOL]DGR�GH�QRLWH�RX�QRV�SUy[LPRV�PHVHV��

� ���2V�FUpGLWRV�GH�HQHUJLD�VmR�UHJXODPHQWDGRV�SHOD�$1((/��$JrQFLD�
1DFLRQDO�GH�(QHUJLD�(OpWULFD��SRVVXLQGR�UHJUDV�HVSHFt¿FDV�TXH�YDULDP�GH�
DFRUGR�FRP�D�VXD�ORFDOL]DomR�H�VXD�FODVVH�GH�FRQVXPR��UHVLGrQFLD��FRPHU-
FLDO�RX�LQGXVWULDO���3257$/�62/$5��������

������ &RPR�FRQHFWDU�R�VLVWHPD�j�UHGH�GLVWULEXLGRUD

6HJXQGR�3RUWDO�6RODU��������GHYH�VH�VHJXLU�XP�SDVVR�D�SDVVR�SDUD�LQV-
WDODU� H� FRQHFWDU�R� VHX� VLVWHPD� IRWRYROWDLFR�j� UHGH��(VWD�GHQWUH�RXWUDV�

TXHVW}HV�GH�HQWHQGLPHQWR�GDV�QRUPDV�GH�IXQFLRQDPHQWR�VmR�IXQGDPHQWDLV�
SDUD�D�DYDOLDomR�GD�QHFHVVLGDGH�GD�LQVWDODomR�H�GHVHQYROYLPHQWR�GR�SURMHWR��
$EDL[R�VHJXHP�GHVFULWDV�WDLV�HWDSDV�GR�SDVVR�D�SDVVR�GH�UHJXODUL]DomR�

� ��� 6ROLFLWDomR� GH� DFHVVR� �� )RUPXOiULR� SUySULR� D� VHU� HQFDPLQKDGD�
SDUD�GLVWULEXLGRUD�

� ���(PLVVmR�GH�SDUHFHU�GH�DFHVVR���$�GLVWULEXLGRUD�GHYH�HPLWLU�HP�DWp�
���GLDV�SDUD�PLFUR�JHUDomR�RX�DWp����GLDV�SDUD�PLQL�JHUDomR�

� ���,QVWDODomR�GR�HTXLSDPHQWR�±�UHDOL]DU�D�LQVWDODomR�FRQIRUPH�DSUH-
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VHQWDGR�QD�VROLFLWDomR�DSyV�R�SDUHFHU�

� ���6ROLFLWDomR�GH�YLVWRULD�GD�LQVWDODomR�±�VROLFLWDU�D�GLVWULEXLGRUD�D�
YLVWRULD�HP�DWp�����GLDV�DSyV�R�SDUHFHU�

� ���9LVLWD� GH� YLVWRULD±� DFRQWHFHUi� HP� DWp� �GLDVDSyV� VROLFLWDomR� GH�
YLVWRULD�

� ���5HODWyULR±�D�GLVWULEXLGRUD�WHP�PDLV���GLDV�SDUD�HPLWLU�XP�UHODWy-
ULR�FDVR�VHMDP�GHWHFWDGDV�SHQGrQFLDV�

� ���5HJXODUL]DomR�GH�SHQGrQFLDV±�FDVD�KDMD�SHQGrQFLDV��UHJXODUL]DU�H�
VROLFLWDU�QRYD�YLVWRULD�

� ���$SURYDomR±�D�SyV�YLVWRULD�D�GLVWULEXLGRUD�WHP���GLDV�SDUD�DSURYDU�
H�WURFDU�D�PHGLomR�DFLRQDQGR�R�VLVWHPD��3257$/�62/$5��������

2.3 Aquecimento por Boilers

2V�VLVWHPDV�FRP�DTXHFLPHQWR�SRU�HQHUJLD�VRODU�VmR�FRQVWLWXtGRV�SRU�FR-
OHWRUHV�VRODUHV��WDQTXHV�GH�DUPD]HQDPHQWR��IRQWH�DX[LOLDU�GH�HQHUJLD�H�

XPD�UHGH�GH�GLVWULEXLomR�GH�iJXD�DTXHFLGD��&$9$/&$17(��������

2.3.1 Coletor

2�FROHWRU�p� UHVSRQViYHO�SHOD�FDSWDomR�H�FRQYHUVmR�GH�HQHUJLD� UDGLDGD�SHOR�VRO�HP�FDORU�XWLOL]iYHO�

� 4XDQGR�RV�UDLRV�GR�VRO�XOWUDSDVVDP�R�YLGUR�GD�WDPSD�GR�FROHWRU��HOHV�
HVTXHQWDP�DV�DOHWDV�TXH�VmR�IHLWDV�GH�FREUH�RX�DOXPtQLR�H�SLQWDGDV�FRP�XPD�
WLQWD�HVSHFLDO�H�HVFXUD�TXH�DMXGD�QD�DEVRUomR�Pi[LPD�GD�UDGLDomR�VRODU��2�
FDORU�SDVVD�HQWmR�GDV�DOHWDV�SDUD�RV�WXERV��VHUSHQWLQD��TXH�JHUDOPHQWH�VmR�
GH�FREUH��$�iJXD�TXH�HVWi�GHQWUR�GD�VHUSHQWLQD�HVTXHQWD�H�YDL�GLUHWR�SDUD�R�
UHVHUYDWyULR�GR�DTXHFHGRU�VRODU��&$9$/&$17(��������

� 2�Q~PHUR�YDULD�GH�DFRUGR�FRP�D�FDSDFLGDGH�GR�ERLOHU��TXH�p�R�UH-
VHUYDWyULR�TXH�DUPD]HQD�D�iJXD�TXHQWH��H�GHSHQGHQGR�GR�WDPDQKR�GH�FDGD�
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FROHWRU�SRGHP�VHU�XVDGDV�XPD�RX�GXDV�SODFDV�SDUD�ERLOHUV�GH�DWp�����OLWURV��
TXDWUR�SDUD�����OLWURV��H�DVVLP�SRU�GLDQWH��&RPR�UHJUD�JHUDO��R�ERLOHU�GHYH�
VHU�LQVWDODGR�HP�SRVLomR�VXSHULRU�DRV�FROHWRUHV��(VWHV�GHYHP�HVWDU�YROWDGRV�
SDUD�R�QRUWH�� H� VXD� LQFOLQDomR�GHYH� VHU� LJXDO� DR� kQJXOR�GD� ODWLWXGH� ORFDO�
DFUHVFLGR�GH���D����JUDXV���0$548(6��(W��$O�������

� +i�GLYHUVRV�WLSRV�GH�FROHWRUHV��FRP�GLIHUHQWHV�H¿FLrQFLDV�QD�FRQ-
YHUVmR� GH� HQHUJLD�� ([LVWH� XP� WLSR� GH� FROHWRU�PDLV� DSURSULDGR� SDUD� FDGD�
REMHWLYR�GLVWLQWR�FRPR�SRGH�VHU�YLVWR�QD�¿JXUD���(&<&/(��������

)LJXUD����$VVRFLDomR�GR�WLSR�GH�FROHWRU�j�UHVSHFWLYDV�¿QDOLGDGHV

  

)RQWH��(F\FOH������

2.3.2 Reservatório Térmico

2�UHVHUYDWyULR�WpUPLFR�p�FRPR�XPD�FDL[D�G¶iJXD�HVSHFLDO�TXH�FXLGD�GH�PDQWHU� TXHQWH� D� iJXD� DUPD]HQDGD� QR� DTXHFHGRU� VRODU�� (VVHV� FLOLQ-
GURV�VmR�IHLWRV�HP�LQR[��FREUH��RX�SROLSURSLOHQR�HQYROWRV�HP�XP�LVRODQWH�
WpUPLFR��$�PDLRULD�GRV�PRGHORV�GH�UHVHUYDWyULR�WpUPLFR�YHP�FRP�VLVWHPD�
GH�DTXHFLPHQWR�DX[LOLDU�HOpWULFR��PDV�SRGHP�VHU� IDEULFDGRV�FRP�VLVWHPD�
DX[LOLDU�D�JiV�RX�DWp�PHVPR�VHP�HVVH�UHFXUVR��&$9$/&$17(��������

� 2V�PRGHORV�GH�UHVHUYDWyULRV�WpUPLFRV��)LJXUD����YDULDP�GH�WDPD-
QKR��RX�VHMD��R�YROXPH�GH�iJXD�TXH�HOH�p�FDSD]�GH�DUPD]HQDU��p�FDOFXODGR�GH�
DFRUGR�FRP�D�GHPDQGD��1R�GLPHQVLRQDPHQWR�GR�DTXHFHGRU�VRODU�p�SUHFLVR�
VDEHU�TXDQWDV�SHVVRDV�YmR�XVDU�R�VLVWHPD�GLDULDPHQWH��D�GXUDomR�PpGLD�H�D�
TXDQWLGDGH�GH�EDQKRV�GLiULRV��TXDQWRV�VHUmR�RV�SRQWRV�GH�XVR�GH�iJXD�TXHQ-
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WH��0$548(6��(W��$O�������

)LJXUD����0RGHOR�GH�5HVHUYDWyULR�7pUPLFR��%RLOHU�

 

)RQWH��6ROHWURO�������

2.3.3 Circulação e funcionamento

2�VLVWHPD�SRGH�IXQFLRQDU�SRU�WHUPRVVLImR��)LJXUD����RX�FLUFXODomR�IRU-oDGD��2�VLVWHPD�GH�IXQFLRQDPHQWR�SRU�WHUPRVVLImR�EDVHLD�VH�HP�XP�
SURFHVVR�QDWXUDO�HP�TXH�D�iJXD�DTXHFLGD�QRV�FROHWRUHV�VRODUHV�VH�H[SDQGH�
H�WHQGH�D�VXELU�SDUD�R�UHVHUYDWyULR�WpUPLFR�H�SURYRFD�D�FLUFXODomR�GD�iJXD�
SUHVHQWH�QR�UHVHUYDWyULR�SDUD�RV�FROHWRUHV�� IRUPDQGR�R�ÀX[R�QDWXUDO�GH�
FLUFXODomR��352-(7(((��������

� 'HVVD�IRUPD��SDUD�TXH�R�VLVWHPD�SRU�WHUPRVVLImR�IXQFLRQH�RV�FR-
OHWRUHV�VRODUHV�GHYHP�HVWDU�D�SHOR�PHQRV���FP�DEDL[R�GR�UHVHUYDWyULR��
1R�FDVR�GH�QmR�VHU�SRVVtYHO�ORFDOL]DU�R�UHVHUYDWyULR�DFLPD�GRV�FROHWRUHV��
HQWmR�R�VLVWHPD�GHYH�IXQFLRQDU�SRU�FLUFXODomR�IRUoDGD��QR�TXDO�p�QHFHVVi-
ULR�R�HPSUHJR�GH�XPD�ERPED�GH�FLUFXODomR��R�TXH�JHUD�XP�PDLRU�FXVWR�H�
FRQVXPR�HQHUJpWLFR��

� 2�DFLRQDPHQWR�GD�ERPED�GHYH�HVWDU�FRQGLFLRQDGR�D�FRQWURODGRUHV�
GLIHUHQFLDLV�GH�WHPSHUDWXUD��3DUD�PHOKRU�UHQGLPHQWR��RV�FROHWRUHV�VRODUHV�
GHYHP�VHU�RULHQWDGRV�SDUD�R�1RUWH�YHUGDGHLUR��SHUPLWLQGR�VH�XPD�YDULD-
omR�GH�PDLV�RX�PHQRV������R�TXH�WUDUi�XPD�SHUGD�GH����QR�UHQGLPHQWR�
PpGLR�DQXDO�GR�VLVWHPD�HP�UHODomR�j�PpGLD�DQXDO���352-(7(((��������

� $�LQFOLQDomR�LGHDO�GRV�FROHWRUHV�GHYH�VHU�LJXDO�j�ODWLWXGH�GR�ORFDO�
PDLV������1RV�SHUtRGRV�HP�TXH�D�UDGLDomR�VRODU�QmR�p�VX¿FLHQWH�SDUD�R�
DTXHFLPHQWR�GD�iJXD�p�QHFHVViULR�R�XVR�GH�XPD�IRQWH�GH�HQHUJLD�DX[LOLDU�
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TXH�SRGH�VHU�HOpWULFD�RX�D�JiV���352-(7(((��������

)LJXUD���&LUFXODomR�SRU�WHUPRVVLImR

 

)RQWH��&$9$/&$17(�������

2.4 Índices Pluviométricos e térmicos no Rio de Janeiro 

1R�5LR�GH�-DQHLUR�QD�PDLRULD�GRV�PHVHV�GR�DQR�H[LVWH�XPD�SOXYLRVLGD-
GH�VLJQL¿FDWLYD��6y�H[LVWH�XPD�FXUWD�pSRFD�VHFD�H�QmR�p�PXLWR�H¿FD]��

$�PpGLD�DQXDO�GH�SOXYLRVLGDGH�p�GH������PP��D�GLIHUHQoD�HQWUH�D�SUHFLSLWD-
omR�GR�PrV�PDLV�VHFR�H�GR�PrV�PDLV�FKXYRVR�p�GH����PP�

&RP�UHODomR�D�WHPSHUDWXUD��D�PpGLD�DQXDO�p�GH�������&�YDULDQGR������&�DR�
ORQJR�GR�DQR��VHQGR�R�SHUtRGR�PDLV�TXHQWH�GH�GH]HPEUR�DWp�PDUoR���&/,-
0$7(�'$7$��������

3. INTEGRAÇÃODOS SISTEMAS

7UDWD�VH�GH�XP�JUDQGH�GHVD¿R�LQWHJUDU�RV�WUrV�VLVWHPDV��6HP�G~YLGD�VHUi�
QHFHVViULR�GHVHQYROYHU�XP�SURMHWR�DQDOLVDQGR�D�YLDELOLGDGH��FXVWR�EH-

QHItFLR�H�R�LPSDFWR�JHUDGR�GD�DWXDomR�GH�XP�VLVWHPD�VREUH�R�RXWUR�

�6HJXQGR�0HOKDGR�	�9LRODQL���������D�SDUWLU�GH�XP�ERP�SURMHWR�WRUQD�VH�
SRVVtYHO� HODERUDU�XP�SODQHMDPHQWR� H�XPD�SURJUDPDomR�H¿FLHQWHV�� DVVLP�
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FRPR�XP�SURJUDPD�HIHWLYR�GH�FRQWUROH�GH�TXDOLGDGH�SDUD�PDWHULDLV�H�H[H-
FXomR��

� 1D�RSLQLmR�GH�%DtD�	�0HOKDGR���������R�SURMHWR�FRQVWLWXL�VH�HP�
IHUUDPHQWD� LPSRUWDQWH� SDUD� GLPLQXLomR�GH� FXVWRV� GH� SURGXomR�� REWHQomR�
GR�GHVHPSHQKR�HVSHUDGR�GR�SURGXWR��H�UHGXomR�GD�RFRUUrQFLD�GH�IDOKDV�QR�
SURFHVVR�GH�SURGXomR�H�QR�SURGXWR��SHOD�RWLPL]DomR�GDV�DWLYLGDGHV�GH�H[H-
FXomR�

3.1 Análise prévia de cada sistema

3DUD�FRQFHSomR�GR�SURMHWR�p�QHFHVViULR�HQWHQGHU�RV�SUyV�H�RV�FRQWUDV�GH�
FDGD�VLVWHPD�

� 1R�TXDGUR����p�LGHQWL¿FDGR�HVWHV�SRQWRV�D�¿P�GH�IDFLOLWDU�QR�GHVHQ-
YROYLPHQWR�GR�SURMHWR��LGHQWL¿FDQGR�PpWRGRV�SUHYHQWLYRV�FRP�R�REMHWLYR�
GH�YHQFHU�DV�GL¿FXOGDGHV�GH�LPSOHPHQWDomR��XVXIUXLQGR�GRV�EHQHItFLRV�TXH�
FDGD�PpWRGR�QRV�DSUHVHQWD�

4XDGUR����$QiOLVH�GRV�3UyV�H�&RQWUDV�GH�FDGD�VLVWHPD

)RQWH��$GDSWDGR�GH�)(55$=�	�6,/9$�������
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� $�DQiOLVH�GH�FXVWRV�DSUHVHQWDGD�D�VHJXLU�IRL�IHLWD�FRQVLGHUDQGR�XP�
SURMHWR�GH�XPD�UHVLGrQFLD�GH�DSUR[LPDGDPHQWH���Pð�FRP���D���KDELWDQWHV��

3.2 Detalhamento de custos do sistema de Reuso da água

&RQVLGHUDQGR�XP�VLVWHPD�HP�TXH�DSURYHLWDUi�R�XVR�GD�iJXD�GD�FKXYD�
SDUD�¿QV� QmR� SRWiYHLV�� REVHUYDP�VH� HQWmR� QD� WDEHOD� �� RV� FXVWRV� GR�

VLVWHPD�GHVFRQVLGHUDQGR�DV�LQVWDODo}HV�LQWHUQDV�H�R�YDORU�GD�PmR�GH�REUD�

7DEHOD����2UoDPHQWR�GRV�PDWHULDLV�EiVLFRV�SDUD�LQVWDODomR�GH�XP�VLVWHPD�GH�UHXVR�GD�

iJXD�GD�FKXYD

 

)RQWH��$GDSWDGR�GH�/HUR\�0HUOLP���������&	&���������&DVD�	9tGHR���������/RMD�GR�

0HFkQLFR�������

� 1R�FDVR��TXDQGR�VH�XVD�XP�VLVWHPD�TXH�GLVWULEXD�D�iJXD�SRU�JUDYL-
GDGH�QD�LQVWDODomR��SRGH�VH�H[FOXLU�R�XVR�GD�ERPED�GH�iJXD�R�TXH�WUDUi�XPD�
HFRQRPLD�H[SUHVVLYD�OHYDQGR�R�WRWDO�PpGLR�GR�VLVWHPD�SDUD�5����������

 

3.3 Detalhamento de custo do sistema Fotovoltaico

&RQVLGHUDQGR�XPD�LQVWDODomR�UHVLGHQFLDO�GH�EDL[D�FDUJD�H�GHVSUH]DQGR�
QHVWH�SULPHLUR�PRPHQWR�R�YDORU�GD�PmR�GH�REUD�GH�LQVWDODomR��SRGH�

VH�REVHUYDU�DEDL[R�D�WDEHOD���R�FXVWR�GRV�LWHQV�QHFHVViULRV�SDUD�REWHU�XPD�
LQVWDODomR�GH�XP�VLVWHPD�GH�HQHUJLD�HOpWULFD�IRWRYROWDLFD�
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7DEHOD����2UoDPHQWR�GRV�PDWHULDLV�SDUD�LQVWDODomR�GR�VLVWHPD�GH�DEDVWHFLPHQWR�HOpWULFR�
IRWRYROWDLFR

 

)RQWH��$GDSWDGR�GH�1HRVRODU���������$PHULFDQDV���������6XEPDULQR�������

3.4 Detalhamento de custo do sistema de aquecimento por Boilers

AR�RSWDU�SHOD� LQVWDODomR�GH�XP�VLVWHPD�GH�DTXHFLPHQWR� VLPSOHV�SR-
GHP�VH�YHUL¿FDU�RV�FXVWRV�DEDL[R�QD�WDEHOD��GHVFRQVLGHUDQGR�DV�LQV-

WDODo}HV�LQWHUQDV�H�R�YDORU�GD�PmR�GH�REUD�

7DEHOD����2UoDPHQWR�GRV�PDWHULDLV�SDUD�D�LQVWDODomR�GH�XP�VLVWHPD�GH�DTXHFLPHQWR�GD�
iJXD�SRU�ERLOHUV

 

)RQWH��$GDSWDGR�GH�6RODUHVRO���������$PHULFDQDV���������([WUD�������

4. RESULTADOS PRÁTICOS

4.1 Energia fotovoltaica

)RL�DGRWDGR�FRPR�FRQVXPR�PpGLR�GH�HQHUJLD�HOpWULFD��SDUD�HIHLWR�GHVVH�
HVWXGR��R�YDORU�GH�����.:K��WDPEpP�GHWHUPLQDGR�SHOD�SRUFHQWDJHP�

GH�FRQVXPLGRUHV�DSUHVHQWDGRV�QD�SHVTXLVD�GR�352&(/���������&RPR�RV�
YDORUHV�GD�FXUYD�GLiULD�QHP�VHPSUH�SRVVXtDP�R�FRQVXPR�PpGLR�GLiULR��QH-
FHVViULR�SDUD�XP�FRQVXPR�PHQVDO�GH�����.:K�HVWDV�FXUYDV�WDPEpP�IRUDP�
SRQGHUDGDV�

� %DVHDQGR�VH�TXH�XP�SDLQHO�VRODU�IRWRYROWDLFR�FLWDGR�QD�WDEHOD���GR�
LWHP�����SURGX]�DWp��.:K�SRU�GLD�HP�VXD�SURGXomR�Pi[LPD�GHSHQGHQGR�
GDV�FRQGLo}HV�FOLPiWLFDV�H�FRQGLo}HV�GH�LQVWDODomR�JHUDQGR�DVVLP�XPD�HFR-
QRPLD�Pi[LPD�GH���NZ�PrV�SRU�SDLQHO�FRP�JDUDQWLD�VXSHULRU�D���$QRV�
�3257$/�(1(5*,$���������
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%DVHDQGR�VH�QR�FXVWR�GR�.:K�IRUQHFLGR�SHOD�FRQFHVVLRQiULD��FRP�XP�YD-
ORU�PpGLR�GH������FHQWDYRV�SRU�.:K�Mi�LQFOXVR�DV�WDULIDV�GH�,&06��3,6�H�
&2),16�� QHVWH� FHQiULR� XP� SDLQHO� IRWRYROWDLFR� LULD� JHUDU� XPD� HFRQRPLD�
Pi[LPD�GH�����NZ�PrV�[�5�������� �5����������VHQGR�TXH�SDUD�HIHLWR�GH�
FiOFXOR�IRL�XWLOL]DGR�WUrV�SODFDV�IRWRYROWDLFDV�JHUDQGR�XPD�HFRQRPLD�Pi-
[LPD�WRWDO�GH�����NZ�PrV�[�5�������� �5���������SRU�PrV���&RQVXPLQGR�
����.:K�D�5�������� �5����������FRP�XPD�HFRQRPLD�GH�5��������� �5���
���������1D�SHUVSHFWLYD�DQXDO�D�HFRQRPLD�VHULD�GH�5����������FRP�XP�SHUt-
RGR�GH�UHWRUQR�GH���DQRV�GHVSUH]DQGR�RV�FXVWRV�GH�PmR�GH�REUD�H�LQVWDODomR��
�/,*+7��������

� 3DUD�HVWLPDWLYDV�PDLV�SUHFLVDV�VREUH�HFRQRPLD�H�WHPSR�GH�UHWRUQR��
GHYHUi�VHU� IHLWR�XP�HVWXGR�VREUH�DV�FRQGLo}HV�GD� LQVWDODomR�HOpWULFD�� �QR�
FDVR�GH� VHU� SUp�H[LVWHQWH��� DV� GL¿FXOGDGHV� ItVLFDV�GH�SRVLFLRQDPHQWR�GRV�
SDLQpLV��D�LQFLGrQFLD�VRODU�QR�ORFDO�RQGH�R�VLVWHPD�VHUi�LQVWDODGR�OHYDQGR�
HP�FRQVLGHUDomR�D�JHUDomR�GH�HQHUJLD�HOpWULFD�UHGX]LGD�HP�GLDV�FKXYRVRV��
QR�SHUtRGR�GH�LQYHUQR��HQWUH�RXWURV�IDWRUHV�FOLPiWLFRV�FRQVLGHUiYHLV�

4.2 Reuso de água

2�FRQVXPR�PpGLR�GH� iJXD�HP�XPD� UHVLGrQFLD� p�QD�RUGHP�GH�����/�+$%�',$��FRP�JUDQGHV�RVFLODo}HV�SRGHQGR�FKHJDU�DWp�����/�+$%�
',$��&RQIRUPH�¿JXUDV���H���GR�LWHP������SRGHPRV�REVHUYDU�TXH�R�FRQVXPR�
GH�iJXD�DR�GHVWLQR�QmR�SRWiYHO�p�HVWLPDGR�HP�FHUFD�GH�����GR�FRQVXPR�
GLiULR��(P�XPD�UHVLGrQFLD�FRP�R�FRQVXPR�PHQVDO�GH���Pñ�VDEHQGR�VH�TXH�
����VmR�HVWLPDGRV�SDUD�¿QV�QmR�SRWiYHLV�SRGHULD�WHU�XPD�HFRQRPLD�Pi[L-
PD�GH�����Pñ�GHSHQGHQGR�GDV�FRQGLo}HV�FOLPiWLFDV��SRUpP�R�YDORU�WDULIiULR�
GD�FRQFHVVLRQiULD�p�R�PHVPR��3DUD�TXH�D�HFRQRPLD�UHSUHVHQWH�YDORU�H�WHP-
SR�GH�UHWRUQR�R�FRQVXPR�GHYHUi�VHU�PDLV�DOWR�TXH���Pñ�H�R�IRUQHFLPHQ-
WR�GD�FRQFHVVLRQiULD�VHU�PHQRU�TXH���Pñ��([HPSOR��8PD�UHVLGrQFLD�FRP�
FRQVXPR�PHQVDO�GH���Pñ�HFRQRPL]DULD�FRP�R�VLVWHPD�GH�UHXVR�DWp�����Pñ�
XWLOL]DQGR�DSHQDV�����Pñ�GD�FRQFHVVLRQiULD�H�SDJDQGR�D�WD[D�PtQLPD����&(-
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'$(�������

� 3DUD�HVWLPDWLYD�GD�TXDQWLGDGH�GH�iJXD�HP�Pñ�JHUDGD�SHOR�VLVWHPD�GH�
UHXVR��GHYHUi�VHU�IHLWR�XP�HVWXGR�VREUH�D�SUHFLSLWDomR�DQXDO�GD�UHJLmR�HP�
TXH�R�VLVWHPD�VHUi�LQVWDODGR

4.3 Aquecimento por boilers

2�VLVWHPD�GH�DTXHFLPHQWR�SRU�ERLOHUV� WUDUi�XPD�UHGXomR�QR�FRQVXPR�GH� HQHUJLD� XPD�YH]� TXH� D� IRQWH� GH� DTXHFLPHQWR� DX[LOLDU� IRU� XVDGD�
FRP�PHQRU�IUHTXrQFLD�SRVVtYHO�RX�TXH�VHMD�XWLOL]DGD�D�IRQWH�D�JiV�RX�TXH�
QmR�VH�XWLOL]H�IRQWH�DX[LOLDU��$�HFRQRPLD�QR�FRQVXPR�H�R�WHPSR�GH�UHWRUQR�
VHUmR�UHODWLYRV�DR�SHUtRGR�GH�LQYHUQR��RQGH�VHULDP�XWLOL]DGDV�DV�UHVLVWrQFLDV�
HOpWULFDV�GH�FKXYHLURV�H�ODYDWyULRV��([HPSOR��1R�FDVR�GH�XVDU�R�FKXYHLUR�
��YH]HV�DR�GLD�SRU�DSUR[LPDGDPHQWH����PLQXWRV�GXUDQWH���PHVHV�VHULDP�
DSUR[LPDGDV�����KRUDV�GH�XVR��VXSRQGR�XP�FKXYHLUR�GH������:�GH�SRWrQ-
FLD�HTXLYDOHULDP�D�DSUR[LPDGRV����.:�GH�HFRQRPLD�GXUDQWH�HVWHV���PH-
VHV��&RQVLGHUDQGR�R�YDORU�GR�.:�GH�5��������HTXLYDOHULDP�D�XPD�HFRQR-
PLD�DSUR[LPDGD�DQXDO�GH�5�����������FRQVLGHUDGR�RV���PHVHV�GH�LQYHUQR��
JHUDQGR�XP�WHPSR�PtQLPR�GH�UHWRUQR�GH�DSUR[LPDGDPHQWH���DQRV�H�PHLR�
GHVSUH]DQGR�RV�FXVWRV�GH�PmR�GH�REUD�H�LQVWDODomR���/,*+7��������

� 3DUD�HVWLPDWLYDV�PDLV�SUHFLVDV�VREUH�HFRQRPLD�H�WHPSR�GH�UHWRUQR��
GHYHUi�VHU�IHLWR�XP�HVWXGR�VREUH�DV�GL¿FXOGDGHV�ItVLFDV�GH�SRVLFLRQDPHQWR�
GRV�SDLQpLV��D�LQFLGrQFLD�VRODU�QR�ORFDO�RQGH�R�VLVWHPD�VHUi�LQVWDODGR�OHYDQ-
GR�HP�FRQVLGHUDomR�D�DEVRUomR�GH�FDORU�SHORV�SDLQpLV�UHGX]LGD�HP�GLDV�FKX-
YRVRV��QR�SHUtRGR�GH�LQYHUQR��HQWUH�RXWURV�IDWRUHV�FOLPiWLFRV�FRQVLGHUiYHLV�

� 2�JUDQGH�YLOmR�GHVVH�VLVWHPD�VHUi�D�FRQGLomR�FOLPiWLFD�GR�5LR�GH�
-DQHLUR�QR�LQYHUQR��XPD�YH]�TXH�SRGHUi�QmR�KDYHU�UDGLDomR�VRODU�VX¿FLHQWH�
SDUD�DTXHFLPHQWR�GR�YROXPH�GH�iJXD�GHPDQGDGR�
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5. CONCLUSÃO

1HVWH�DUWLJR�IRL�HVWXGDGD�D�LQWHJUDomR�GH�WUrV�VLVWHPDV��FRP�R�REMHWLYR�
GH�EXVFDU�XPD�HFRQRPLD�UHIHUHQWH�DRV�JDVWRV�QR�XVR�GH�iJXD�SDUD�¿QV�

QmR�SRWiYHLV�H�HQHUJLD�HOpWULFD��DWUDYpV�GRV�VLVWHPDV�GH�UHXVR�GH�iJXD��HQHU-
JLD�IRWRYROWDLFD��H�DTXHFLPHQWR�GD�iJXD�DWUDYpV�GH�ERLOHUV�

� (P�XPD�UHVLGrQFLD�XQLIDPLOLDU�QR�5LR�GH�-DQHLUR�D�LQWHJUDomR�GRV�
WUrV�VLVWHPDV�QmR�UHSUHVHQWD�H[SUHVVLYD�YLDELOLGDGH�GHYLGR�DR�IDWR�GD�FRQGL-
omR�FOLPiWLFD�QR�SHUtRGR�GH�LQYHUQR�GHVIDYRUHFHU�R�VLVWHPD�GH�DTXHFLPHQWR�
SRU�%RLOHUV��(P�FRQWUDSDUWLGD�LQWHJUDU�RV�VLVWHPDV�GH�UHXVR�GH�iJXD�H�JHUD-
omR�GH�HQHUJLD�HOpWULFD�D�SDUWLU�GH�SODFDV�IRWRYROWDLFDV�VH�PRVWUD�XPD�DOWHU-
QDWLYD�EDVWDQWH�IDYRUiYHO��YLVWR�TXH�RV�tQGLFHV�SOXYLRPpWULFRV�H�GH�UDGLDomR�
VRODU�GR�5LR�GH�-DQHLUR�VmR�HOHYDGRV�
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$662&,$d­2� %5$6,/(,5$� '(� 1250$6� 7e&1,&$6� ±� $%17-
1%5������ÈJXD�GH�FKXYD���$SURYHLWDPHQWR�GH�FREHUWXUDV�HP�iUHDV�XUED-
QDV�SDUD�¿QV�QmR�SRWiYHLV�±�5HTXLVLWRV��6mR�3DXOR�������

%$Ë$��-��/��0(/+$'2��6��%��$�LPSODQWDomR�GH�XP�VLVWHPD�GH�JHVWmR�GD�
TXDOLGDGH�HP�HPSUHVDV�GH�DUTXLWHWXUD��6mR�3DXOR��(3863��%ROHWLP�7pFQLFR�
GD�(VFROD�3ROLWpFQLFD�GD�863��'HSDUWDPHQWR�GH�(QJHQKDULD�GH�&RQVWUXomR�
&LYLO��%7�3&&�����������

%(51,(5,��5��7���'26�6$1726��&��9���6(9(52��(��$���*8,0$5$(6��
-��&��)��'LVSRVLWLYR�GH�&DSWDomR�H�)LOWUDJHP�SDUD�R�5HXVR�GD�ÈJXD�GD�&KX-
YD��$�3HUFHSomR�GD�$SOLFDomR�HP�5HVLGrQFLDV�QR�6XO�GR�%UDVLO��(VSDFLRV��
9RO������1�������SiJ����������

&$5'262�'�&��$SURYHLWDPHQWR�GH�ÈJXDV�3OXYLDLV�HP�+DELWDo}HV�GH�,Q-
WHUHVVH�6RFLDO�±�&DVR�� ³0LQKD�&DVD�0LQKD�9LGD´��)HLUD�GH�6DQWDQD�%$��
�����

&$6$�',&$6��$TXHFHGRU�6RODU�SDUD�FKXYHLURV�H�WRUQHLUDV��������'LVSR-
QtYHOHP��KWWSV���ZZZ�FDVDGLFDV�FRP�EU�XG�DTXHFHGRU�VRODU�SDUD�FKXYHL-
UR�H�WRUQHLUDV�YDQWDJHQV�H�GHVYDQWDJHQV�KWPO���$FHVVR�HP�����GH�PDLR�GH�
�����

&$9$/&$17(��./(%(5�*��$TXHFLPHQWR� GD�ÈJXD� SRU� (QHUJLD� 6RODU��
������'LVSRQtYHO�HP��KWWSV���EUDVLOHVFROD�XRO�FRP�EU�¿VLFD�DTXHFLPHQWR�D-
JXD�SRU�HQHUJLD�VRODU�KWP��$FHVVR�HP����GH�GH]HPEUR�GH������

&('$(��&RQFHVVLRQiULD�GH�iJXD�H�HVJRWR��������'LVSRQtYHO�HP��KWWSV���
ZZZ�FHGDH�FRP�EU�WDULIDV!��$FHVVR�HP���GH�QRYHPEUR�GH������

&/,0$7(� '$7$�� 6LVWHPD� GH� FRQVXOWD� FOLPDWROyJLFR�� ������ 'LVSRQtYHO�
HP��KWWSV���SW�FOLPDWH�GDWD�RUJ�DPHULFD�GR�VXO�EUDVLO�ULR�GH�MDQHLUR�ULR�GH-
�MDQHLUR�����!��$FHVVR�HP����GH�GH]HPEUR�GH������

(&<&/(��$TXHFLPHQWR�VRODU�GH�iJXD��HQWHQGD�YDULDo}HV�H� IXQFLRQDOLGD-
GHV�GRV�WLSRV�GH�VLVWHPD��������'LVSRQtYHO�HP��KWWSV���ZZZ�HF\FOH�FRP�EU�
FRPSRQHQW�FRQWHQW�DUWLFOH����HQHUJLD������VLVWHPD�VRODU�IRWRYROWDLFR�D-
TXHFLPHQWR�DJXD�EDQKR�SRXSDQFD�HQHUJHWLFDFRPR�IXQFLRQD�LVRODQWH�JDV-
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�HOHWULFR�FRPSRQHQWHV�GLIHUHQFDV�FROHWRUHV�IHFKDGRV�DEHUWRV�WXEXODUHV�
YDFXR�LQVWDODFDR�FRQVXPR�PHLR�DPELHQWH�LPSDFWRV�DPELHQWDLV�HPLVVRHV�
KWPO��$FHVVR�HP�����GH�PDUoR�GH������

(/(.7�62/$5��(QHUJLD�VRODU�IRWRYROWDLFD��������'LVSRQtYHO�HP��KWWSV���
HOHNWVRODU�FRP�EU�HQHUJLD�VRODU�IRWRYROWDLFD�YDQWDJHQV�H�GHVYDQWDJHQV!��
$FHVVR�HP�����GH�PDLR�GH������

)(55(,5$��%��0��*��6È�5��3��5��$SOLFDomR�QmR�FRQYHQFLRQDLV�GH�(QHU-
JLD� 6RODU� )RWRYROWDLFD�� 3RUWR�� ������ 'LVSRQtYHO� HP�� �KWWSV���ZHE�IH�XS�
SW�aHH������5HODWRULRGH(VWDJLR�SGI!��$FHVVR�HP����GH�PDUoR�GH������

),/+2��-�0��(VWXGR�6REUH�D�8WLOL]DomR�GH�(QHUJLD�6RODU�QR�%UDVLO�SDUD�8VR�
5HVLGHQFLDO��%DXUX�63�������

)(55$=��0��)��$���6,/9$��(��0��(VWXGR�GH�9LDELOLGDGH�GH�XP�6LVWHPD�GH�
7UDWDPHQWR�SDUD�5HXWLOL]DomR�GH�ÈJXD�HP�)LQDOLGDGHV�'RPLFLOLDUHV�'LYHU-
VDV��6DQWD�0DULD��������'LVSRQtYHO�HP���KWWSV���SHULRGLFRV�XIVP�EU�UHJHW�
DUWLFOH�YLHZ������!��$FHVVR�HP����GH�PDLR�GH������

*$5'1(5��7���&220%(6��3���0$5.6��5��8VH�VR�5DLQZDWHU�DW�D�UDQJR�
I�VFDOH�LQ�$XVWUDOLDQXUEDQHQYLURQPHQWV�������'LVSRQtYHO�HP���KWWS���ZZZ�
HQJ�1HZFDVWOH�HGX�DX�aFHJDN�&RPEHV�5DLQZDWHU6FDOH�KWP!�� $FHVVR� HP��
���GH�PDUoR�GH������

*8,0$5­(6��'��&��2�,PSDFWR�GD�DSOLFDELOLGDGH�GH�WHFQRORJLD�GH�SODFD�
IRWRYROWDLFD�YROWDGD�SDUD�UHVLGrQFLD�IDPLOLDU�XVDQGR�SURVSHFomR�WHFQROyJL-
FD��8QLYHUVLGDGH�)HGHUDO�GH�6HUJLSH��6mR�&ULVWyYmR��6(���������'LVSRQtYHO�
HP�� KWWSV���UL�XIV�EU�ELWVWUHDP�ULXIV��������'$,$1(B&267$B*8,0$-
5$(6�SGI�$FHVVR�HP����GH�PDUoR�GH������

/,*+7��&RQFHVVLRQiULD�GH�HQHUJLD�HOpWULFD��������'LVSRQtYHO�HP�KWWSV���
ZZZ�OLJKW�FRP�EU!��$FHVVR�HP����GH�QRYHPEUR�GH������

0$548(6��0��/��$��3���6,/9$��$��)���$5$8-2��-��(��4���48(,52=��7��
+��6���$/0(,'$��,��'��$���0$5,1+2��$��$��$TXHFLPHQWR�GH�iJXD�SRU�
PHLR�GH�FDSWDomR�GH�HQHUJLD�6RODU��3URJUDPDomR�SDUD�RUoDPHQWR�GH�VLVWHPD�
GH�DTXHFLPHQWR��������'LVSRQtYHO�HP��KWWSV���SHULRGLFRV�VHW�HGX�EU�LQGH[�
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SKS�¿WVH[DWDV�DUWLFOH�YLHZ����������$FHVVR�HP����GH�GH]HPEUR�GH������

0(/+$'2��6��%���9,2/$1,��0��$��)��$�TXDOLGDGH�QD�FRQVWUXomR�FLYLO�H�R�
SURMHWR�GH�HGLItFLRV��6mR�3DXOR��(3863�7H[WR�7pFQLFR�GD�(VFROD�3ROLWpFQL-
FD�GD�863��'HSDUWDPHQWR�GH�(QJHQKDULD�GH�&RQVWUXomR�&LYLO��77�3&&�����
�����

3257$/�(1(5*,$��4XDO�WHPSR�GH�YLGD�~WLO�UHDO�GRV�SDLQpLV�VRODUHV�IR-
WRYROWDLFRV�������'LVSRQtYHO�HP��KWWSV���ZZZ�KWWSV���ZZZ�SRUWDO�HQHUJLD�
FRP�TXDO�R�WHPSR�GH�YLGD�XWLO�UHDO�GH�XP�SDLQHO�VRODU�!�� $FHVVR� HP� ���
GH�GH]HPEUR�GH������

3257$/�62/$5��6LVWHPD� IRWRYROWDLFR�� FRPR� IXQFLRQD� D� HQHUJLD� 6RODU��
������'LVSRQtYHO�HP��KWWSV���ZZZ�SRUWDOVRODU�FRP�EU�VLVWHPD�IRWRYROWDLFR-
��FRPR�IXQFLRQD�KWPO��$FHVVR�HP����GH�PDUoR�GH������

3257$/�2�6(725�(/e75,&2��/HJLVODomR��SROtWLFDV�S~EOLFDV�H�GHVD¿RV�
SDUD�D�LQVWDODomR�GH�VLVWHPDV�IRWRYROWDLFRV�H�WHUPRVVRODUHV�������'LVSRQt-
YHO�HP��KWWSV���ZZZ�RVHWRUHOHWULFR�FRP�EU�HQHUJLD�VRODU�QR�EUDVLO!��$FHV-
VR�HP����GH�PDLR�GH������

352&(/��3HVTXLVD�GH�SRVVH�GH�HTXLSDPHQWRV�H�KiELWRV�GH�XVR��DQR�EDVH��
352&(/�±�(/(752%5$6�������

352-(7(((� ±� 3URMHWDQGR� (GL¿FDo}HV� (QHUJHWLFDPHQWH� (¿FLHQWHV�������
'LVSRQtYHO� HP��KWWS���SURMHWHHH�PPD�JRY�EU�HTXLSDPHQWR�HTXLSDPHQWRV-
�VRODUHV�VLVWHPD�GH�DTXHFLPHQWR�VRODU�GH�DJXD!��$FHVVR�HP����GH�PDLR�GH�
�����

635,&,*2��5���7(6721��/��&DVD�VXVWHQWiYHO�JDUDQWH�H¿FLrQFLD�HQHUJpWLFD��
������ 'LVSRQtYHOHP��KWWS���DQWLJD�FRWLGLDQR�XIVF�EU�LQGH[�SKS"RSWLRQ -
FRPBFRQWHQW	YLHZ DUWLFOH	LG �����$FDVD�VXVWHQWDYHO	,WHPLG ��!��
$FHVVR�HP����GH�PDUoR�GH������

7(53675$��3��0��-��6LVWHPDV�VXVWHQWiYHLV�GH�XVR�GD�iJXD��PRGHOR�SDUD�D�
XWLOL]DomR�VXVWHQWiYHO�GD�iJXD�GRPpVWLFD�HP�iUHDV�XUEDQDV��7HFQRORJLD�GD�
&LrQFLD�GD�ÈJXD��Y�����Q�����S��������������



218
C

O
N

ST
R

U
Ç

Ã
O

 C
IV

IL
: E

N
G

EN
H

A
R

IA
 E

 IN
O

VA
Ç

Ã
O

 - 
V

O
L.

 4

7687,<$��0��7��$EDVWHFLPHQWR�GH�iJXD�����HG��6mR�3DXOR��'HSDUWDPHQWR�
GH�(QJHQKDULD�+LGUiXOLFD�H�6DQLWiULD�GD�(VFROD�3ROLWpFQLFD�GD�8QLYHUVLGDGH�
GH�6mR�3DXOR�������

720$=��3��$SURYHLWDPHQWR�GH�iJXD�GH�FKXYD��6mR�3DXOR��1DYHJDU�(GLWRUD��
�����
9,//$/9$��0��*��H�*$=2/,��-��5���(QHUJLD�6RODU�)RWRYROWDLFD��&RQFHLWRV�
H�$SOLFDo}HV��6mR�3DXOR��(GLWRUD�eULFD�/WGD�����(GLomR�S����������

=$03,(521�0���/8&,$�6���9,(,5$�$���/8,6�-��3ROXLomR�GD�iJXD��������
'LVSRQtYHO� HP�� KWWS���� HGXFDU�VF�XVS�EU�ELRORJLD�WH[WRV�PBDBW[W��KWPO��
$FHVVR�HP����GH�PDUoR�GH������


