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Resumo:

A implementação de sistemas de Geração Distribuída (GD) teve um aumento nos últimos anos devido ao 
aumento das taxas de energia. Diante desse cenário há uma preocupação por parte das concessionárias 
devido aos problemas que a alta penetração de GD pode causar na rede de distribuição. Contudo, estudos 
vêm sendo realizados a fim de implementar Sistemas de Armazenamento de Energia (SAE) para 
solucioná-los. Desta forma, realizou-se uma revisão bibliográfica em relação ao uso de SAE em conjunto 
com os sistemas de GD, onde são apresentados os cenários da GD no Brasil, bem como os incentivos 
que estão sendo dispostos aos consumidores em relação à implementação da energia renovável. São 
expostos os problemas decorrentes da alta inserção de sistema de GD na rede de distribuição e uma 
provável solução através do uso de SAEs. A tecnologia para os SAE’s escolhida pelos autores estudados 
foi através do uso de baterias. Sendo assim, são expostos alguns trabalhos onde os autores propõem o uso 
destas a fim de corrigir um dos principais problemas decorrentes da GD, que é a ultrapassagem dos 
limites de tensão. Por fim, o trabalho avalia os estudos já realizados através de uma tabela comparativa, a 
qual indica os métodos e objetivos de cada estudo.
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$�JHUDomR�GH�HQHUJLD�HOpWULFD�YHP�WRUQDQGR�VH�GHVFHQWUDOL]DGD��GHYLGR�D� LQVHUomR�GH�

VLVWHPDV� GH� JHUDomR� GLVWULEXtGD� �*'�� QD� UHGH� HOpWULFD�� RX� VHMD�� D� SURGXomR� GH� HQHUJLD� YHP�
GHL[DQGR�GH�VHU�UHDOL]DGD�DSHQDV�SHORV�JUDQGHV�FHQWURV�JHUDGRUHV�H�SDVVD�D�WHU�GLYHUVRV�SRQWRV�
GH� JHUDomR� HVSDOKDGRV� SRU� PHLR� GD� JHUDomR� GH� HQHUJLD� DWUDYpV� GH� SDLQpLV� IRWRYROWDLFRV� H�
VLVWHPDV�HyOLFRV�UHVLGHQFLDLV�RX�LQGXVWULDLV��%8(12��%5$1'­2���������

$� YLDELOLGDGH� QD� LPSODQWDomR� GH� VLVWHPDV� GH� *'� YHP� DXPHQWDQGR� GHYLGR� DRV�
DXPHQWRV�QD�IDWXUD�GH�HQHUJLD�H�D�UHGXomR�GRV�FXVWRV�GH�SDLQpLV�IRWRYROWDLFRV��8P�LQFHQWLYR�

IRL� D� LQVWLWXLomR�SHOD�5HVROXomR�1RUPDWLYD� Q�� ���� GR�6LVWHPD�GH�&RPSHQVDomR� GH�(QHUJLD�
(OpWULFD� SDUD� 0LFUR� H� 0LQLJHUDomR� 'LVWULEXtGD� TXH� SHUPLWH� TXH� RV� FRQVXPLGRUHV� LQMHWHP�
HQHUJLD�SURYLQGD�GH�VLVWHPDV�*'�QD�UHGH�FRP�GHVFRQWRV�VRE�D�WD[D�GH�8VR�GRV�6LVWHPDV�GH�
'LVWULEXLomR� �786'��� $OpP� GLVVR�� RV� EDQFRV� QDFLRQDLV� YrP� RIHUHFHQGR� LQFHQWLYRV� FRPR�

PHOKRUHV�FRQGLo}HV�GH�ILQDQFLDPHQWRV���
$�JUDQGH�LQVHUomR�GH�VLVWHPDV�GH�*'�QR�HQWDQWR�SRGH�SUHMXGLFDU�D�UHGH�GH�GLVWULEXLomR�

VH� RFRUUHU� GH� IRUPD� GHVRUGHQDGD�� 3HUDQWH� HVWH� FHQiULR� D� XWLOL]DomR� GH� 6LVWHPDV� GH�
$UPD]HQDPHQWR�GH�(QHUJLD� �6$(��SRGH� WUD]HU�DOpP�GH�PDLRU�VHJXUDQoD��PDLRU�TXDOLGDGH�H�
HVWDELOLGDGH� jV� UHGHV� GH� GLVWULEXLomR��2�6$(�SRGH� VHU� XWLOL]DGR� FRP�R� LQWXLWR� GH� UHDOL]DU� R�

GHVORFDPHQWR�GH�SLFR�GH�WHQVmR��UHGXomR�GH�FXVWRV�GH�RSHUDomR��UHJXODomR�GH�WHQVmR��UHGXomR�
GH�SHUGDV��HQWUH�RXWURV��

&RP� LVWR� HVWH� WUDEDOKR� WHP� SRU� REMHWLYR� DSUHVHQWDU� XPD� UHYLVmR� WHyULFD� VREUH� RV�
EHQHItFLRV� TXH� R� 6$(� SRGH� WUD]HU� SDUD� D� UHGH� GH� GLVWULEXLomR� DOpP� GH� GHPRQVWUDU� DOJXQV�

HVWXGRV�Mi�UHDOL]DGRV�VRE�R�WHPD��
�

��6$(�12�&217(;72�'(�6,67(0$6�'(�*'��
�
$�LQVHUomR�GH�*'�QD�UHGH�HOpWULFD�EUDVLOHLUD�FRPHoD�D�WRPDU�PDLRUHV�SURSRUo}HV��XPD�

YH]�TXH�VHJXQGR�D�$JrQFLD�1DFLRQDO�GH�(QHUJLD�(OpWULFD��$1((/���QR�DQR�GH������H[LVWLDP�
LQVWDODGRV�QR�%UDVLO��������VLVWHPDV�GH�JHUDomR�IRWRYROWDLFD�H�HyOLFD��HQTXDQWR�TXH�HP�DJRVWR�

GH������Ki�DSUR[LPDGDPHQWH��������VLVWHPDV�LQVWDODGRV��$1((/���������
2�VLVWHPD�GH�GLVWULEXLomR�QDFLRQDO�IRL�SURMHWDGR�GH�XPD�IRUPD�D�RSHUDU�FRP�XP�IOX[R�

XQLGLUHFLRQDO�� 3RUpP� FRQIRUPH� /DWKHHI� HW� DO�� �������� FRP� D� LQVHUomR� GH� VLVWHPDV� GH� *'�
GLUHWDPHQWH�QR�VLVWHPD��HVWH�SDVVD�D�WRUQDU�VH�DWLYR��RX�VHMD��R�FRQVXPLGRU�SDVVD�JHUDU�SDUWH�

GD�HQHUJLD�TXH�FRQVRPH��
'H�DFRUGR� FRP�*XDQ� HW� DO�� �������� D� LQVHUomR� GH�SRXFRV� VLVWHPDV� GH�*'�QmR� DIHWD�

WDQWR� R� VLVWHPD� GH� GLVWULEXLomR�� 3RUpP� GH� DFRUGR� FRP� %LWWHQFRXUW� $UUXGD� HW� DO�� �������� R�
FRPSRUWDPHQWR�LQWHUPLWHQWH�H�D�DOWD�SHQHWUDomR�GHVVHV�VLVWHPDV�QD�UHGH�GH�GLVWULEXLomR�SRGHP�
DFDUUHWDU�SUREOHPDV�FRPR�D�HOHYDomR�GD�WHQVmR�H�IOXWXDo}HV�GR�IOX[R�GH�SRWrQFLD��

�

����)OXWXDo}HV�QR�IOX[R�GH�3RWrQFLD�
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'HYLGR� D� HQHUJLD� IRWRYROWDLFD� VHU� GHSHQGHQWH� GD� UDGLDomR� VRODU�� HVWD� p� FRQVLGHUDGD�
XPD�IRQWH�LQWHUPLWHQWH�GH�HQHUJLD��6XD�GLVSRQLELOLGDGH�p�YDULiYHO�H�GHSHQGH�GH�IDWRUHV�FRPR�R�
PRYLPHQWR�GR�VRO��SUHVHQoD�GH�QXYHQV�H�PXGDQoDV�FOLPiWLFDV���

(VVDV� YDULDo}HV� LQIOXHQFLDP� GLUHWDPHQWH� QD� FXUYD� GH� GHPDQGD� GH�PRGR� TXH� SRGHP�

H[LVWLU�SHUtRGRV�HP�TXH�D�SRWrQFLD�LQMHWDGD�SRGH�VHU�GR�PDLRU�TXH�D�FRQVXPLGD��ID]HQGR�FRP�
TXH�KDMD�XPD�PXGDQoD�GR�IOX[R�GH�SRWrQFLD�QR�SRQWR�GH�FRQH[mR�GR�VLVWHPD��$�PXGDQoD�GH�
IOX[R�GH�SRWrQFLD�VHJXQGR�3DOXGR���������SRGH�DFDUUHWDU�HP�XP�DXPHQWR�GR�SHUILO�GH�WHQVmR�
RFDVLRQDQGR�SUREOHPDV�DR�VLVWHPD��

�

����(OHYDomR�GD�WHQVmR�
�

1R�%UDVLO�D�$1((/�HVWDEHOHFH�DWUDYpV�GRV�3URFHGLPHQWRV�GH�'LVWULEXLomR��352',67��
OLPLWHV�GH�WHQVmR�DR�VLVWHPD�HOpWULFR�TXH�SRGHP�YDULDU�GH������SX�j������SX��'HVVD�IRUPD�R�

Q~PHUR�GH�VLVWHPDV�*'�FRQHFWDGRV�j�UHGH�SRGHP�ID]HU�FRP�TXH�HVVHV�OLPLWHV�VHMDP�YLRODGRV�
GHYLGR�D�YDULDELOLGDGH�GD�LUUDGLkQFLD�VRODU��0285$'���������

$�YDULDomR�GH�WHQVmR��TXDQGR�Ki�JUDQGH�LQVHUomR�GH�VLVWHPDV�GH�*'�QR�VLVWHPD�SRGH�
RFDVLRQDU�D�DWXDomR�LQGHYLGD�GRV�GLVSRVLWLYRV�UHJXODGRUHV�GH�WHQVmR�H�SUHMXGLFDU�D�TXDOLGDGH�

GH�HQHUJLD�IRUQHFLGD��
'LDQWH�GRV�SUREOHPDV�TXH�D� LQVHUomR�GH�IRQWHV� UHQRYiYHLV�SRGH� WUD]HU�DR�VLVWHPD�GH�

GLVWULEXLomR�� R� XVR� GH� 6$(� HP� FRQMXQWR� FRP�*'�YHP� VHQGR� H[DXVWLYDPHQWH� HVWXGDGR� SRU�
GLYHUVRV� DXWRUHV� DILP� GH� HQFRQWUDU� SRVVtYHLV� VROXo}HV� SDUD� D� FRUUHomR� GRV� SUREOHPDV�

DSUHVHQWDGRV��
�

���6,67(0$6�'(�$50$=(1$0(172�'(�(1(5*,$��6$(��
�

2V�6$(V� VmR� VLVWHPDV� GH� DUPD]HQDPHQWR� FXMD� IXQomR� p� FRQYHUWHU� D� HQHUJLD� HOpWULFD�
SDUD�XPD�IRUPD�GH�HQHUJLD�TXH�SRVVD�VHU�DUPD]HQDGD��TXtPLFD��WpUPLFD�RX�PHFkQLFD��H�GHSRLV�

QRYDPHQWH�FRQYHUWLGD�SDUD�HQHUJLD�HOpWULFD�VH�QHFHVViULD��'HQWUH�DV� WHFQRORJLDV�HQFRQWUDGDV�
SDUD�R�DUPD]HQDPHQWR�GH�HQHUJLD�� WHP�VH�XP�GHVWDTXH�PDLRU�SDUD�RV� VLVWHPDV�TXH�XWLOL]DP�
EDWHULDV��$/+$0$/,�HW�DO����������

2�XVR� GH�EDWHULDV� QR�6$(�HP�FRQMXQWR� FRP�R� VLVWHPD�GH�*'� WUD]HP�EHQHItFLRV� DR�

VLVWHPD�GH�GLVWULEXLomR�FRPR�PHOKRULD�GR�SHUILO�GH�WHQVmR��DOtYLR�GR�VLVWHPD�HP�SHUtRGRV�GH�
JUDQGH�GHPDQGD�H�SRVVtYHO�DUPD]HQDPHQWR�GR�H[FHVVR�GH�HQHUJLD�TXDQGR�Ki�XPD�DOWD�JHUDomR�
GD�*'��%$5721��,1),(/'����������

6HQGR�DVVLP�RV�6$(V�VmR�FDSD]HV�GH�DEVRUYHU�SDUWH�GD�HQHUJLD�JHUDGD�HP�SHUtRGRV�GH�

EDL[D�GHPDQGD�RX�EDL[R�FXVWR�GH�JHUDomR�H�GLVSRQLELOL]i�OD�HP�PRPHQWRV�GH�DOWR� FXVWR�GH�
JHUDomR�H�DOWD�GHPDQGD��

�
����9DQWDJHP�GR�8VR�GR�6$(�HP�FRQMXQWR�FRP�D�*'�
�

'H� DFRUGR� FRP� &DPSRV� HW� DO�� �������� RV� 6$(V� HP� FRQMXQWR� FRP� D� *'� SRGHP�
PHOKRUDU�D�TXDOLGDGH�GH�HQHUJLD�HOpWULFD�GR�VLVWHPD�GH�GLVWULEXLomR��SULQFLSDOPHQWH�GLDQWH�GDV�
LQWHUUXSo}HV�H�DIXQGDPHQWRV�GH�WHQVmR��$OpP�GLVVR��VHJXQGR�$OKDPDOL�HW�DO����������R�6$(�
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SRGH� WUD]HU� EHQHItFLRV� TXDQWR� j� UHJXODomR� GH� WHQVmR� H� IUHTXrQFLD�� IOXWXDo}HV� GD� JHUDomR� H�
PHOKRULD�QD�FRQILDELOLGDGH�GR�VLVWHPD�GH�GLVWULEXLomR��

�
�
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�
'LDQWH� GRV� SUREOHPDV� H[SRVWRV� QR� GHFRUUHU� GR� SUHVHQWH� WUDEDOKR� HP� UHODomR� D�

SHQHWUDomR�GH�VLVWHPDV�GH�*'�QD�UHGH�GH�GLVWULEXLomR�H�DV�SRVVtYHLV�VROXo}HV�SDUD�PLQLPL]i�

ORV�DWUDYpV�GR�XVR�GH�6$(V��IRUDP�VHOHFLRQDGRV�DOJXQV�WUDEDOKRV�OLVWDGRV�QD�7DEHOD���RV�TXDLV�
GHPRQVWUDP�DV�HVWUDWpJLDV�H�REMHWLYRV�DERUGDGRV�SRU�DOJXQV�DXWRUHV��

�
7DEHOD���±�7DEHOD�GHPRQVWUDWLYD�GH�HVWXGRV�UHDOL]DGRV�VRE�R�XVR�GH�6$(V�HP�FRQMXQWR�FRP�

*'��

$XWRU��$QR� 2EMHWLYR� (VWUDWpJLD�

�0$&('2��

257(*$�
9$=48(=��

520(52��������

2WLPL]DomR�GH�6$(V�
0RGHODJHP�0DWHPiWLFD�FRP�
6RIWZDUH�$03/�FRP�VROYHU�
*XUREL�

�0217(,52�HW�

DO���������

3UHYLVmR�GH�LQMHomR�GH�SRWrQFLD�

SRU�IRQWHV�UHQRYiYHLV�

0RGHODJHP�0DWHPiWLFD�

�6RIWZDUHV�0$7/$%�H�2SHQ'66�

�&$0326�HW�DO���
������

$GHTXDomR�GRV�QtYHLV�GH�WHQVmR�
FRP�6$(�HP�FRQMXQWR�FRP�*'�

6LPXODGRU�'LJLWDO�HP�WHPSR�UHDO�
��57'6�

�2/,9(,5$�HW�DO���
������

$ORFDomR�yWLPD�GH�EDWHULDV�DILP�
GH�UHGX]LU�SHUGDV�GH�HQHUJLD�

$QiOLVH�4XDVH�6WDWLF�7LPH�6HULHV�
��4676�

�%,77(1&2857�

$558'$�HW�DO���
������

9HULILFDomR�GR�LPSDFWR�GD�DOWD�

SHQHWUDomR�GH�VLVWHPDV�
IRWRYROWDLFRV�FRP�6$(�

6RIWZDUH�0$7/$%�6,08/,1.�

�'(�025$,6�
),/+2��',$6��

'(�0(/2�
9,(,5$��������

&RQWUROH�GRV�VLQDLV�GDV�EDWHULDV�
DILP�GH�PLQLPL]DU�UXtGRV�QD�

IRUPD�GH�RQGD�GD�WHQVmR�

5HGHV�1HXUDLV�$UWLILFLDLV�

�&+8$�HW�DO���
������

(VWXGRV�GR�GHVHTXLOtEULR�H�SHUGDV�
FDXVDGRV�QD�UHGH�HP�UHODomR�DR�
6$(�

6RIWZDUH�36&$'�(07&'�

�0$&+,$9(//,��
������

*HUHQFLDPHQWR�GD�FXUYD�GH�FDUJD�
HP�UHGHV�GH�GLVWULEXLomR�
XWLOL]DQGR�6$(�

6RIWZDUH�0$7/$%�2SHQ'66�

�32=2��32=2��

������

&RQWUROH�GH�FDUJD�H�GHVFDUJD�GDV�

EDWHULDV�GH�XP�6$(�
/yJLFD�)X]]\�

)RQWH��GR�DXWRU��������
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&RQIRUPH�D�7DEHOD����QRWD�VH�TXH�VmR�XWLOL]DGRV�GLYHUVRV�PpWRGRV�H�VRIWZDUHV�DILP�GH�
EXVFDU�SRVVtYHLV�VROXo}HV�H�HVWXGDU�RV�SUREOHPDV�UHIHUHQWHV�DR�XVR�GRV�6$(V�HP�FRQMXQWR�
FRP�VLVWHPDV�GH�*'���

'H�DFRUGR�FRP�RV�HVWXGRV�UHDOL]DGRV�SRU�0DFHGR��2UWHJD�9D]HTXH]��5RPHUR���������

WRUQD�VH�YLiYHO�R�XVR�GH�6$(�FRP�XPD�SUHYLVmR�DSHQDV�SDUD�������FRQVLGHUDQGR�R�FXVWR�ILQDO�
GR� VLVWHPD��&RQVLGHUDQGR�XP� HVWXGR� GLUHWDPHQWH� VREUH� DV� EDWHULDV� GH� XP�6$(��'H�0RUDLV�
)LOKR��'LDV��'H�0HOR�9LHLUD��������SURS}HP�XPD�HVWUDWpJLD��GH�FDUJD�H�GHVFDUJD�GD�EDWHULD�GH�
DFRUGR�FRP�D�QHFHVVLGDGH�GR�FRQVXPLGRU��

(P� XP� HVWXGR� HP� WHPSR� UHDO� IHLWR� SRU�&DPSRV� HW� DO�� �������� p� SRVVtYHO� DQDOLVDU� R�
PRPHQWR�HP�TXH�RFRUUHP�YLRODo}HV�GH�WHQVmR�GH�HQHUJLD��-i��%LWWHQFRXUW�$UUXGD�HW�DO���������
ID]HP� XVR� GRV� 6$(V� D� ILP� GH� UHGX]LU� R� SLFR� GH� GHPDQGD� GRV� WUDQVIRUPDGRUHV� EHP� FRPR�
DXPHQWDU�R�QtYHO�GH�SHQHWUDomR�GH�*'�VHP�H[FHGHU�RV�OLPLWHV�GH�WHQVmR��

�

���&21&/86­2�
�

'HYLGR�DR�VLJQLILFDWLYR�DXPHQWR�GDV� WD[DV�GH�HQHUJLD�H�DV�PXGDQoDV�QDV�QRUPDWLYDV�
TXH�LQFHQWLYDP�D�SURGXomR�GH�HQHUJLD�SUySULD��D�EXVFD�SRU�IRQWHV�GH�HQHUJLDV�UHQRYiYHLV�YHP�
VHQGR�FDGD�YH]�PDLRU�� ID]HQGR�FRP�TXH�D�JHUDomR�GH�HQHUJLD�GLVWULEXtGD� WRPH�XP�LPSXOVR��
1R� HQWDQWR�� D� DOWD� SHQHWUDomR� GHVVHV� VLVWHPDV� SRGH� RFDVLRQDU� SUREOHPDV� QD� UHGH� GH�
GLVWULEXLomR��WDLV�FRPR�IOXWXDomR�GH�IOX[R�GH�SRWrQFLD��GLVWRUomR�GD�IRUPD�GH�RQGD�GD�WHQVmR��
GLVWRUo}HV�KDUP{QLFDV��UXtGRV�H�YLRODomR�GRV�OLPLWHV�GH�WHQVmR��

'LDQWH�GD� UHYLVmR�ELEOLRJUiILFD� UHDOL]DGD�SRGH�VH�SHUFHEHU�TXH�Ki�YiULRV� HVWXGRV� HP�
UHODomR�DR�DUPD]HQDPHQWR�GD�HQHUJLD��TXH�EXVFDP�FRUULJLU�RV�HUURV�FDXVDGRV�SHOD�DOWD�LQMHomR�
GH�SRWrQFLD�GLUHWDPHQWH�QD�UHGH�DWUDYpV�GRV�VLVWHPDV�GH�*'���

3RU�ILP��WHQGR�HP�YLVWD�D�UHODomR�HQWUH�RV�WUDEDOKRV�DQDOLVDGRV�QRWD�VH�TXH�D�PHOKRU�
DOWHUQDWLYD�SDUD�D�LPSOHPHQWDomR�GR�6$(�p�FRP�R�XVR�GH�EDWHULDV��EHP�FRPR�VXD�XWLOL]DomR�
FRP�R�REMHWLYR�GH�FRUULJLU�RV�QtYHLV�GH�WHQVmR�GD�UHGH��$SHVDU�GR�HOHYDGR�FXVWR�GDV�EDWHULDV�
QRV� 6$(V�� HVVD� DOWHUQDWLYD� GHPRQVWUD�VH� HILFLHQWH� QRV� HVWXGRV� UHDOL]DGRV� SDUD� SRVVtYHLV�
VROXo}HV�GRV�SUREOHPDV�DSUHVHQWDGRV��

(VWH� WUDEDOKR� GH� SHVTXLVD� DLQGD� HVWi� HP� DQGDPHQWR� WHQGR� FRPR� SUy[LPRV� SDVVRV� R�
GHVHQYROYLPHQWR�GH�XPD�PHWRGRORJLD�SDUD�R�XVR�GH�6$(V�QR�FRQWUROH�GH�WHQVmR�H�SRWrQFLD�
UHDWLYD�HP�UHGHV�GH�GLVWULEXLomR�GH�EDL[D�H�PpGLD�WHQVmR�FRP�*'��
�
5()(5Ç1&,$6��
�
$/+$0$/,��$��HW�DO��5HYLHZ�RI�(QHUJ\�6WRUDJH�6\VWHPV�LQ�HOHFWULF�JULG�DQG�WKHLU�SRWHQWLDO�
LQ�GLVWULEXWLRQ�QHWZRUNV�������(LJKWHHQWK�,QWHUQDWLRQDO�0LGGOH�(DVW�3RZHU�6\VWHPV�
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