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(FR��OFKHP�����OJDH�&XOWLYDWLRQ�DQG�,WV��SSOLFDWLRQ�LQ��
%LRSODVWLF�3URGXFWLRQ

9LYHN�3DQG�D����HYDQVKL�7ULYHGL���.LQMDO�8SDGK�D��

�EVWUDFW

,Q�WKLV�ZRUOG�RI�UDSLGO��JURZLQJ�WHFKV�DQG�VWHDGIDVW�DOWHUQDWLYHV�ZKLFK�UDWKHU�GDPDJH�
environment�than�make�it��ourishing,�we�need�the�actual�green�alternative�which�will�
ef�ciently�supersede—�the�intoxication�by�petro�fuels,�waste-treatment�machinery,�green�
KRXVH�HIIHFWV�DQG�PDQ��PRUH��7KLV�VHDUFK�RI�DOWHUQDWLYH�KDV�PDGH�LWV�ZD��WR�VOHHN�HQG�
through�the�cultivation�of�algae�and�its�bene�ts.�As�little�amounts�will�do�no�good�to�the�
seeking�bene�ts�the�major�ways�found�by�scientists�soaring�through�early�methods�like�
GLOXWLRQ�LVRODWLRQ�PHWKRG�DQG�XVH�RI�VWHQFLO���JHODWLQH�WR�FUHDWH�SDWWHUQV�WR�PRUH�PRGHUQ�
ways�of�open�pond�systems�to�photobioreactors.�The�review�includes�various�ef�cient�
ZD�V� RI� DOJDO� FXOWLYDWLRQ� VXFK� DV� XVH� RI� SKRWRELRUHDFWRUV�� RSHQ� UDFHZD�V�� WZR�SKDVH�
K�EULG�V�VWHPV�DQG��'�WULDQJXODU�V�VWHPV�E��GLVFXVVLQJ�LWV�OLPLWDWLRQV�SOXV�DGYDQWDJHV��
The�photo�bioreactors�though�providing�more�ef�ciency�than�open�pond�system�they�still�
DUH�QRW�PXFK�XVHG��7KH�JUHHG�IRU�LPSURYHG�V�VWHPV�PDGH�GLVFRYHU��RI�WKH�WZR�SKDVH�
K�EULG� V�VWHPV�ZKLFK� REOLWHUDWHV�GLVDGYDQWDJH� RI� ERWK� V�VWHPV�ZKLFK� DUH� GLVFXVVHG��
7KRXJK�WKH�WKLUVW�RI�LPSURYLQJ�OHG�WR�WKH�PRUH�GLIIHUHQW�GHVLJQV�LQ�WKH�ZD��RI�WULDOV�OLNH�
�'�WULDQJXODU�V�VWHPV�ZKLFK�ZLOO�EH�KRQRXUHG�LQ�WKLV�UHYLHZ��:H�DOVR�JR�WKURXJK�D�EULHI�
JOLPSVH�RI�DOJDH�V�UROH�LQ�UHSODFLQJ�V�QWKHWLF�SODVWLFV�ZLWK�LWV�ELRSODVWLF�SURGXFWLRQ�DV�LW�
VKRZV�YHU��YHUVDWLOH�JURXS�RI�SRO�PHUV�DQG�KLJK�GHJUDGDELOLW��

.H�ZRUGV��0LFURDOJDH��&XOWLYDWLRQ�PHWKRGV��2SHQ�V�VWHP��&ORVHG�V�VWHP��%LRSODVWLF�

�RZ�WR�FLWH�WKLV�DUWLFOH�

9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG�,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ��
-�0LFURELRO�5HODW�5HV�������������������

-RXUQDO�RI�0LFURELRORJ��DQG�5HODWHG�5HVHDUFK
9ROXPH����1XPEHU����-DQXDU����-XQH�����

'2,��KWWS���G[�GRL�RUJ����������MPUU������������������
��Y��Z��UW�FO�

�XWKRU��IILOLDWLRQ�� ���6WXGHQW�� �$VVLVWDQW�3URIHVVRU��
'HSDUWPHQW� RI� %LRFKHPLVWU�� DQG� %LRWHFKQRORJ��� 6W��
;DYLHUV� &ROOHJH� �$XWRQRPRXV��� $KPHGDEDG� ��������
*XMDUDW��,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� .LQMDO� 8SDGK�D���
$VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI� %LRFKHPLVWU�� DQG�
%LRWHFKQRORJ��� 6W�� ;DYLHUV� &ROOHJH� �$XWRQRPRXV���
$KPHGDEDG���������*XMDUDW��,QGLD�

(�PDLO��NLQMDO�XSDGK�D�#V[FD�HGX�LQ

5HFHLYHG�RQ���������������������FFHSWHG�RQ������������

,1752�8&7,21

7KH�ZRUOG� LV�QRZ�JRLQJ� WRZDUGV�JUHHQ�LPSDFW�DV� E�� DOWHUQDWLQJ� WKH� XVH� RI� QRQ�UHQHZDEOH�
DQG� SROOXWLQJ� VRXUFHV� ZLWK� WKH� PRUH� UHQHZDEOH�
DQG�HQYLURQPHQWDO�IULHQGO��VRXUFH��7KLV�LQYROYHV�
ELRIXHOV�OLNH�ELRHWKDQRO��ELRK�GURJHQ��ELR�PHWKDQH�
XVLQJ�PDQ��RI�WKH�ELRORJLFDO�VSHFLHV�OLNH�SODQWV³�
L�H��WKHLU�VHHG��OHDYHV��IUXLWV��HWF��DQG�PLFUREHV�OLNH�
�HDVW����PRPR�DVPRELOLV���DFLOO�V� OLFKH�LIRUPLV�D�G�
DOJDH�
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$OJDH� DUH� WKH� SKRWRV�QWKHWLF� RUJDQLVPV� WKDW�
DUH� PXOWLSXUSRVH� IRU� PDQ�� RI� WKH� QHHGV� IRU�
extracting� exempli�ed� pigments� and� vitamins� for�
VXSSOHPHQWV� WR� WUHDWLQJ� WKH� ZDVWH� RI� LQGXVWULDO�
OHWKDUJ��DQG�SURYLGLQJ�JROG�VWDQGDUGV�RI�HFR�IXHOV�
LQ�WKH�IRUP�RI�ELR�HWKDQRO�DQG�ELRK�GURJHQ��:KLOH�
DOVR� XVLQJ� WKH� HQYLURQPHQWDO� &2

�
� UHOHDVHG� IURP�

SHWUROHXP�EXUQW�WKURXJK�YHKLFOHV�LQ�RUGHU�WR�PDNH�
RUJDQLF�FDUERQ�IRU�LWV�JURZWK�DQG�LQ�WXUQ�SXULI�LQJ�
WKH�HQYLURQPHQW�

7KH�$OJDH�LV�GLYLGHG�LQWR�JURXSV�OLNH�JUHHQ�DOJDH��
EURZQ�DOJDH��UHG�DOJDH��EOXH�JUHHQ�DOJDH��GLDWRPV��
golden� algae,� dino�agellates,� euglenophytes.� Out�
RI�WKHVH�PDLQO��EOXH�JUHHQ�DQG�JUHHQ�DOJDH�DUH�XVHG�
DV�WKH��DUH�YHU��ULFK�LQ�YLWDPLQV�DQG�QXWULHQWV��DOVR�
IRU� ELRIXHOV� WRR��2WKHUV� OLNH� UHG� DQG�EURZQ�DOJDH�
DUH�PDMRUO��XVHG�IRU�ELRSODVWLF�SURGXFWLRQ�

$V�VXFK�RI�LPSRUWDQFH�DUH�DOJDH�WKDW�LW�KROGV�ELOOV�
RI� KXQGUHGV� RI� PLOOLRQV� LQ� GROODU� IRU� UHVHDUFKLQJ�
LW�VFXOWLYDWLRQ�� DSSOLFDWLRQ� DQG� SURGXFWV�� $OPRVW�
�����PLOOLRQ� ZHUH� VSHQW� LQ� UHVHDUFKLQJ� DQG� SLORW�
SURMHFW�GHYHORSPHQW�E��86�GHSDUWPHQW�RI�HQHUJ��
�'2(��� $Q� LQYHVWPHQW� VXFK� KLJK� DV� ����� PLOOLRQ�
LV�PDGH�E��DQ�RLO�FRPSDQ��DORQH�LQ�RLO�SURGXFWLRQ�
HIIRUWV�IURP�DOJDH�DQG�UHODWHG�DGYHUWLVHPHQWV��7KLV�
OHG� WR� QRZ� EORRPLQJ� PDQ�� RI� WKH� H[SHULPHQWV�
UHYROYLQJ�DURXQG�DOJDH�FXOWLYDWLRQ�DQG�LWV�IUXLWLQJ�
FDSDFLW��RI�IRUPLQJ�ELRIXHOV��+DOO�DQG�%DQHPDQQ��
�����

6DOW�DQG�ZDVWHZDWHU� WROHUDQFH�EHLQJ�D�VSRWOLJKW�
RI� DOJDH� UHGXFHV� IUHVKZDWHU� XVH�ZKLOH� VRPHWLPHV�
ZDVWHZDWHU� FDQ� EH� FRQVLGHUHG� D� KRVWLQJ� QXWULHQW�
UHVRXUFH� LQ� FHUWDLQ� FLUFXPVWDQFHV� �6FKHQN� H�� DO���
������� 7KH� &2

�
� VHTXHVWUDWLRQ� EHLQJ� FOHDQLQJ�

HQYLURQPHQW� SURSHUW�� RI� DOJDH� LW� ZLOO� QRW� RQO��
UHGXFH� HQYLURQPHQWDO� &2�� EXW� DOVR� SURGXFH� WKH�
SUHFLRXV�2

�
�ZKLFK�DFFRXQWV��������RI� WKH�R[�JHQ�

EUHDWK�E��XV��6FKHQN�H��DO���������+DOO���������

7KHUH� KDV� EHHQ� UHSRUW� E�� ,0HFK(�� ������ ZKLFK�
WROG�LQFUHDVHG�&2

�
�FRQFHQWUDWLRQ�ZLOO�LQFUHDVH�DOJDH�

JURZWK� UDWH� WLOO� RWKHU� QXWULHQWV� DUH� LQ� DEXQGDQFH�
�,0HFK(��������

7KH�FXOWLYDWLRQ�RI�DOJDH�PDMRUO��EH�GRQH�YLD�RSHQ�
V�VWHP�DQG�FORVHG�V�VWHP� LQ�ZKLFK�RSHQ�V�VWHPV�
FRQVLVW� RI� WKH� UDFHZD�� SRQGV� DQG� RWKHU� WRWDOO��
RSHQ�V�VWHPV�DQG�FORVHG� V�VWHPV� LQFOXGHV�SKRWR�
ELRUHDFWRUV�

&�OW�YDW�R��RI�DO�D�

7KH� DOJDH� KDUYHVWLQJ� LV� DV� ROG� DV� DW� OHDVW� �����
�HDUV� DJR�ZKLFK�KDYH� EHHQ� XWLOL]HG� IRU� IRRG� DQG�
PHGLFLQH���HW�WKH�FXOWLYDWLRQ�EHJDQ�RQO�������HDUV�
DJR� �7VHQJ�� �������$V� HDUO��PHQWLRQV� UHYHUWLQJ� WR�

1950’s� stated� their� �rst� roles� in� fuel� production�
�0RUWRQ��������DQG�WKXV�EHJDQ�WKH�FXOWLYDWLRQ�IURP�
ODE�WR�SLORW�VFDOH�

In�algae,�they�depend�on�strain�speci�c�cultivation�
FULWHULD�VR�DV�WR� LQFUHDVH�WKH��LHOG��)DFWRUV�LQFOXGH�
WHPSHUDWXUH�� PL[LQJ�� K�GURG�QDPLFV� PDVV�
WUDQVIHU�� JDV� WUDQVIHU�� OLJKW� F�FOH�� ZDWHU� LQWHQVLW���
ZDWHU� TXDOLW��� S+� OHYHOV� DQG� PDQ�� RWKHUV� OLNH�
FDUERQ�QXWULHQWV�DYDLODELOLW���FHOO�GHQVLW��IUDJLOLW��
JURZWK� LQKDELWDWLRQ�� 7KXV�� WKHUH� KDV� EHHQ� PRUH�
VSHFLDO� LQWHUHVW� O�LQJ� LQ� LWV� FXOWLYDWLRQ� V�VWHP�
GHVLJQV�

$OJDH�FDQ�EH�JURZQ�LQ�YDULRXV�GHVLJQHG�V�VWHPV�
IURP� ORZ� RQ� WHFK� SRQGV� WR� KLJKO�� WHFKQLFDO� DQG�
FRQWUROOHG� V�VWHP� RI� ELRUHDFWRUV�� 7KH� GHVLJQV�
�rmly�differ�in�terms�of�its�economic�requirements�
WR� HQYLURQPHQWDO� LPSDFW� WR� IDFWRUV� LQ� RSHUDWLQJ�
V�VWHPV�

0DMRU� WKHUH� DUH� WZR� V�VWHPV� WKDW� FXOWLYDWLRQ�
IROORZV�����2SHQ�V�VWHPV�DQG����&ORVHGV�VWHPV

2SHQ�V�VWHPV

7KH� RSHQ� SRQGV� DUH� EDVLFDOO�� WKH� QDWXUDO� SLWV�
created� with� speci�c� dimensions.� They� can� either�
EH� VLPSOH� SRQGV� RI� GHVLUHG� GLDPHWHU� DQG� GHSWKV�
ZKHUHDV�RWKHUV�FDOOHG�UDFHZD��SRQGV�KDYH�GHVLUHG�
GLDPHWHU�DQG�GHSWK�SOXV�FLUFXODWLQJ�SDGGOHZKHHOV�
�*XQGXOD�3URNVFK��������

%DVLFDOO��WKH�GHSWK�RI����WR���FP�RU���WR��LQFKHV�
LV� LGHDO� ZKHUHDV� GLDPHWHU� FDQ� YDU�� �*XQGXOD�
Proksch,�2013).�At�lab�scale�you�can�also�use��asks,�
EHDNHUV�DQG�WUD�V�WR�FXOWLYDWH�WKLV�JUHHQ�JROG�VR�DV�
WKH��FDQ�EHKDYH�DV�WKH�PLPLFV�

�GYDQWDJHV���6FKHQN��W�DO��������

‡� 7KHUH�LV�DOZD�V�D�ORZ�FRQVWUXFWLRQ�FRVW�

‡� 7KH��LGHDOLVH�ORZ�HFRQRPLF�PDUJLQV�

�LVDGYDQWDJHV���6FKHQN��W�DO��������

‡� /DUJH�ODQG�DUHD�

‡� /RZ�OLJKW�XWLOL]DWLRQ�

‡� +LJK�FRQWDPLQDWLRQ�

‡� :HDWKHU�FKDQJHV�

6ROXWLRQV����XQGXOD�3URNVFK�������

7KHVH� SUREOHPV� FDQ� EH� RYHUFRPH� E�� XVLQJ� D�
WUDQVSDUHQW� RU� WUDQVOXFHQW� EDUULHU� ZKLFK� FDQ� EH�
FRYHUHG�RQ�WKH�DUHD�DQG�WKXV�FDQ�EH�WXUQHG�LQWR�D�
JUHHQKRXVH�

&ORVHG�V�VWHP

7KH� DOJDH� QHHG� DURXQG� ������������ OX[� RI�
OLJKW� LQWHQVLW�� RI� LQGLUHFW� VXQOLJKW� WR� RSWLPL]H�

9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG��
,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ
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��9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG��
,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ

SKRWRV�QWKHWLF�UHDFWLRQ�DV�GLUHFW�VXQOLJKW�FDQ�FDXVH�
SKRWR� LQKLELWLRQ� DQG� SKRWR� EOHDFKLQJ� �6FKHQN� H��

DO��� ������� 7KLV� FDQ� LQVLVW� WKDW� DOJDH� FDQ�EH� JURZQ�
LQ��'�VSDFH�LQVWHDG�RI�JURZLQJ�MXVW�RQ�VXUIDFH�OLNH�

)LJ�����2SHQ�V�VWHP

$GRSWHG�IURP��6DQWRV�H��DO��������

)LJ�����&ORVHG�V�VWHPV�IRU�DOJDO�FXOWLYDWLRQ

DGRSWHG�IURP��0DVRMtGHN���7RU]LOOR�������

QRUPDO�SODQWV��*XQGXOD�3URNVFK���������

9HUWLFDO�FORVHG�V�VWHP�LQFUHDVH�SURGXFWLYLW��DV�
WKH� OLJKW� ZLOO� GLIIXVH� ELWWHUO��� 7KH�� DUH� PDGH� RI�
WZR�FRPSRQHQWV��$�IHHGLQJ�YHVVHO�WKURXJK�ZKLFK�
&2

�
�DQG�QXWULHQWV�FDQ�EH�LQWURGXFHG�ZKLOH�VHFRQG�

LV�D�VRODU�DUUD��WKURXJK�ZKLFK�WKH�PL[HG�VROXWLRQ�
LV� SXPSHG� EHLQJ� H[SRVHG� WR� VXQOLJKW� �*XQGXOD�
3URNVFK�� ������� 7KH� V�VWHP� LQFUHDVHV� �LHOG� DQG�

FRQWDPLQDWLRQ� LV� HOLPLQDWHG� �*XQGXOD� 3URNVFK��
������

7KHU�ORZ�FRVW�SKRWRELRUHDFWRU�FDQ�EH�PDGH�XVLQJ�
SRO��HWK�OHQH�EDJV�ZKLFK�FDQ�EH�KDQJHG� WKURXJK�
UDFNVVXFK� WKDW� DOO� VLGHV� RI� LW� FDQ� EH� H[SRVHG� WR�
WKH� VXQOLJKW�� $OJDH� FDQ� EH� PL[HG� LQWR� VROXWLRQ�
DQG� SXPSHG� PHFKDQLFDOO�� XVLQJ� VHULHV� RI� EDJV��
6�VWHPV�OLNH�WKLV�FDQ�VRPHWLPH�UHTXLUH�DGGLWLRQDO�
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FRQVWUXFWLRQ� LQ� RUGHU� WR� FXW� WKURXJK� WKH�ZHDWKHU�
�uctuations�(Kizililsoley�and�Helvacioglu,�2008).

7KH� ��� WLPHV�PRUH� FRVWO�� DQG�SURGXFLQJ� �� WR� ���
WLPHV�KLJKHU��LHOGV�RI�DUHDO�IRRWSULQW�WKHQ�FRQYHQWLRQDO�
PHWKRGV�LV�WKH�FORVHG�SKRWRELRUHDFWRU��+HUH�PLQLPDO�
YROXPH�RI�ZDWHU�LV�XVHG�IRU�PD[LPL]LQJ�DEVRUSWLRQ�RI�
QXWULHQWV�DQG�HQHUJ��XQGHU�FRQWUROOHG�HQYLURQPHQW��
7KH�VXUIDFH�WR�YROXPH�UDWLR�SURYLGHV�OLJKW�VDWXUDWLRQV�
DQG� SURSHU� PL[LQJ� HQVXUHV� HYHQ� &2

�
� GLVWULEXWLRQ�

DQG� SUHYHQWV� DOJDO� FHOOV� IURP� VHWWOLQJ� GRZQ�� *ODVV�
tubes�will�ef�ciently�be�used�to�grow�algae�(Schenk�
H��DO����������$�*HUPDQ�FRPSDQ��$OJRPHG��RSHUDWHV�

ZRUOG�V� ODUJHVW� SKRWR�ELRUHDFWRU� LQ� .O�W]H� DQG� WKLV�
FRQVLVWV� RI� ���NP� RI� JODVV� WXEHV� LQ� DERXW� ������P��

JUHHQ�KRXVH� EHLQJ�DEOH� WR�SURGXFH�XS� WR����W� DOJDO�
ELRPDVV�SHU��HDU��*XQGXOD�3URNVFK��������

7ZR�VWDJH���EULG�V�VWHP

7KLV�V�VWHP�LV�GHYHORSHG�DV�D�UHVXOW�RI�UHVHDUFK�
FDUULHG�RXW� WR� UHGXFH� GLVDGYDQWDJHV� RI� ERWK� RSHQ�
SRQG� V�VWHP� DQG� SKRWRELRUHDFWRU� DQG� PDNH� � D�
VHWXS� WKDW� IDOOV� VRPHZKHUH� LQ� EHWZHHQ� KDYLQJ�
DGYDQWDJHV� RI� ERWK� �2ODL]ROD�� ������ 6FKHQN� H�� DO���
������ 6X� H�� DO��� ������� 7KLV� V�VWHP� LV�PDGH� XS� RI�
RSHQ� UDFHZD�V� FRQQHFWHG� WR� WKH� SKRWRELRUHDFWRU�

)LJ�����7ZR�VWDJH�K�EULG�V�VWHP

$GRSWHG�IURP��$]L]�HW�DO��������

)LJ�����&RPSDULVRQ�EHWZHHQ�GLIIHUHQW�V�VWHPV

'DWD�DGRSWHG�IURP��*XQGXOD�3URNVFK�������

and�the��ow�happens�from�photobioreactor�to�open�
UDFHZD�V�SRQG��1DUDOD�H��DO���������

&RPSDULVRQ�EHWZHHQ�WKH�GLIIHUHQW�V�VWHPV

$�7HWUDVHOPLV�VS��0��LV�XVHG��7KH�SKRWRELRUHDFWRU�
DV� ZHOO� DV� WKH� RSHQ� UDFHZD�� SRQG� FXOWLYDWLRQ�

UHVXOWV�WKUHH�PDLQ�JURZWK�F�FOHVZKHUHDV�WKH�IRXUWK�
KDUYHVW�VHHPHG�SRVVLEOH�DW���WK�DQG���WK�GD���7KH�
KDUYHVW�RI�RQO��WKDW�ELRPDVV�WKDW�LV�ULFK�LQ�OLSLGV�LV�
GRQH��,I�FRPSDUHG�WKH�7ZR�VWDJH�V�VWHP��WKH�K�EULG�
V�VWHP� SURGXFHG� QHDUO�� VL[� F�FOHV� DQG� KDUYHVWV��
7KHVH�UHVXOWV�VXJJHVWHG�WKDW�WKH�DYHUDJH�RI�JURZWK�

9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG��
,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ
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��9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG��
,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ

ZDV�KLJKHU�LQ�WKH�+�EULG�V�VWHP�FRPSDUHG�WR�ERWK�
LQGLYLGXDO�PHWKRGV��1DUDOD�H��DO���������

7KLV� KDSSHQHG� EHFDXVH� K�EULG� V�VWHP� KDV�
SURYLGHG� ELRPDVV� JURZWK� DQG� OLSLG� LQGXFWLRQDQ�
LQGHSHQGHQF��DV� LW�KDV�WZR�GLVWLQFW�VWDJHV��+�EULG�
V�VWHP�LQYROYHG�KLJKHU�JURZWK�UDWHV�DQG�ORZ�FXOWXUH�
GRUPDQF��WKDQNV�WR�WKH�GLIIHUHQW�FXOWLYDWLRQ�V�VWHP�
IRU� ELRPDVV� SURGXFWLRQ� DQG� OLSLG� LQGXFWLRQ�7KLV�
EHFRPHV�DGYDQWDJHRXV�DV�DOJDH�FDQ�HLWKHU�LQFUHDVH�
ELRPDVV�RU�LW�FDQ�ELRV�QWKHVL]H�OLSLG�DW�D�VLQJOH�WLPH�
�/LP�H��DO���������/L�H��DO���������6KDUPD�H��DO���������

7KH� PDMRU� GLVDGYDQWDJH� PRVWO�� LQ� RSHQ� SRQG�
V�VWHP��L�H��FRQWDPLQDWLQJ�SUHGDWRUV�RU�RWKHU�DOJDH��
LV�RYHUFRPH�E��K�EULG�V�VWHPV��7KH�LVVXH�LV�VROYHG�
KHUH�DV�WKH�SKRWRELRUHDFWRU�KROGV�WKH�DOJDH�LQ�FORVHG�
HQYLURQPHQW� IRU� D� PXFK� RI� WKHLU� JURZWK� DQG� WKH�
RSHQ� SRQG� V�VWHPV� �SURQH� WR� FRQWDPLQDWLRQ�� ZLOO�
JDLQ� WKH� ELRPDVV� RQO�� IHZ� GD�V� EHIRUH� KDUYHVWLQJ�
�0RKHLPDQL�DQG�%RURZLW]ND��������:DQJ�H��DO���������

�RO��RI�DO�D�����E�RSODVW�F�SURG�FW�R�

3ODVWLFV� WKDW� DUH� SURGXFHG� IURP� ELRPDVV� RU�
HQYLURQPHQW� IULHQGO��UHVRXUFHV�OLNH� IRRG�FURSV�DUH�
NQRZQ�DV�ELRSODVWLF�DQG�KDYH�WKH�VDPH�IXQFWLRQ�DV�
SHWUROHXP� EDVH� ELRSODVWLF� �0HNRQQHQ� H�� DO��� �������
$OJDH� PDNHV� D� SUHIHUUDEOH� ELRPDVV� VRXUFH� IRU�
WKH� SURGXFWLRQ� RI� ELRSODVWLF�� ZKLFK� KDV� LQFUHDVHG�
OHYHO� RI� OLSLG� FRQWHQW� �.KRR� H��DO��� ������ <HZ� H��DO���
�������7KH�ELRPDVV�RI�DOJDH�FRQVLVWV�RI�SURWHLQ�DQG�
FDUERK�GUDWH�EDVHG� SRO�PHUV� ZKLFK� FDQ� EH� XVHG�
DV� RQH� RI� WKH� ELRSODVWLF� FRQVWLWXHQWV�� 6RPH� RI� WKH�
H[DPSOHV� RI� SURWHLQ�EDVHG� SRO�PHUV� DUH� VWDUFK��
FHOOXORVH�� 3+$� �3RO�K�GUR[�DONDQRDWH�� 3+%�
�3RO�K�GUR[�� EXW�UDWH��� 3/$� �3RO�ODFWLF� DFLG��� 3(�
�3RO�HWK�OHQH���39&��3RO�YLQ�O�FKORULGH��IURP�DOJDO�
ELRPDVV�ZKLFK�DUH�XWLOL]HG�WR�GHYHORS�ELRGHJUDGDEOH�
SODVWLFV��.DUDQ�H��DO����������$PRQJ�DERYH�PHQWLRQHG�
SURWHLQ�EDVHG� SRO�PHUV� 3+$� LV� D� SRO�PHU� WKDW� LV�

PRVW�UHFRPPHQGHG�IRU�WKH�SURGXFWLRQ�RI�ELRSODVWLF�
EHFDXVH� LW� FDQ� EH� GHJUDGHG� E�� HQ]�PDWLF� DFWLRQ�
�5DVXO�H��DO����������$OJDO�ELRPDVV�FDQ�DOVR�EH�EOHQGHG�
ZLWK�RWKHU�PDWHULDOV�LQ�RUGHU�WR�SURORQJHG�OLIH�VSDQ��
DOVR�R�SURYLGH� D� EHWWHU�PHFKDQLFDO�SURSHUWLHV��7KH�
PDWHULDOV� ZKLFK� FDQ� EH� EOHQGHG� ZLWK� WKH� DOJDO�
ELRPDVV� DUH� SHWUROHXP� SODVWLFV�� QDWXUDO� SURGXFWV�
�FHOOXORVH�RU�VWDUFK��RU�SRO�PHUV��IRU�WKH�SURGXFWLRQ�
RI�ELRSODVWLF��5DKPDQ���0LOOHU��������

7DEOH����'DWD�UHSUHVHQWV�ELRSODVWLF�SURGXFWV�JHQHUDWHG�E��
GLIIHUHQW�PLFURDOJDO�VSHFLHV

�OJDO�6SHFLHV 3URGXFW %LRSODVWLF�FRQWHQW�
�PJ�PO����

0LFURF�V�LV�DHU�JL�RVD 3+% ����“���

�DHPD�RFRFF�VSO�YLDOLV 3+% �����“�����

�R��U�RFRFF�VEUD��L 3+% ����“�����

&KURRFRFRFF�V��UJLG�V 3+% ���

'DWD�DGRSWHG�IURP��$URUD�H��DO��������

$V�VKRZQ�LQ�)LJ���WKH�GLIIHUHQW�W�SH�RI�EOHQGHG�
PDWHULDOV�DUH�XVHG�IRU�PDQXIDFWXULQJ�RI�LPSURYHG�
TXDOLW�� RI� ELRSODVWLF�� 7KHUH� KDYH� EHHQ� VRPH�
UHVHDUFKHUV�ZKR�PDQXIDFWXUHG� WKH�ELRSODVWLFV� �$��
3RZQDO��������

7KH�IHZ�RI�WKH�ELRSODVWLF�PDQXIDFWXULQJ�H[DPSOHV��
E�� UHVHDUFKHUV� DQG� GHVLJQHUV� DUH�� (ULF� .ODUHQEHHN�
DQG�0DDUWMH�'URV��'XWFK�GHVLJQHUV�PDGH� DQ� DOJDH�
EDVHG�ELRSODVWLF�WKDW�FDQ�UHSODFH�WKH�FXUUHQWO��XVHG�
WUDGLWLRQDO�SODVWLFV��DOVR�HVWDEOLVKLQJ�ODE�FDOOHG�$OJDH�
/DE� IRU� DOJDH� FXOWLYDWLRQ� DQG� VWDUFK� SURGXFWLRQ�
ZKLFK� FDQ� DFW� DV� UDZ� PDWHULDO� IRU� ELRSODVWLF�
SURGXFWLRQ��$XVWHMD�3ODWXN�WH�PDGH�ELRGHJUDGDEOH�
SURGXFW�PL[LQJ�DJDU�DQG�DOJDH�FRDWHG�ZLWK�FDOFLXP�
FDUERQDWH� KDYLQJ� SRWHQWLDO� WR� UHSODFH� SHWUROHXP�
EDVHG� SODVWLFV�� $UL� -RQVVRQPL[HG�ZDWHU� DQG� GULHG�
UHG� DOJDH�FUHDWLQJ�SODVWLF� ERWWOHV� WKDW� FDQ� DOWHUQDWH�
WUDGLWLRQDO�SODVWLF� ERWWOHV�� WKHVH�QHZ�SODVWLF� ERWWOHV�
FDQ�UHWDLQ�WKH�IRUP�ZKHQ�IXOO�DQG�HDVLO��ELRGHJUDGH�

)LJ�����%LRSODVWLF�SURGXFWLRQ

$GRSWHG�IURP��&KRQJ�H��DO��������
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ZKHQ�HPSW��WKXV��WKH�DOJDH�EDVHG�ELRSODVWLF�FDQ�EH�
SURPLVLQJ�LQ�UHSODFLQJ�WKH�WUDGLWLRQDO�ELRSODVWLF�YHU��
ef�ciently�(Arora�H��DO���������

&21&/86,21

Algae� being� a� strong� bene�ciary� can� be� grown�
LQ�EXON�DPRXQWV�YLD�WKH�GLVFXVVHG�PHWKRGV�RXW�RI�
which� bioreactor� are� more� ef�cient� but� less� used�
ZKLOH�WKH�K�EULG�V�VWHP�LV�YHU��ZHOO�QHJDWLQJ�OLPLWV�
RI�ERWK�WKHVH�V�VWHPV��$OJDH�EHLQJ�JRRG�ELRSODVWLF�
VRXUFH�FDQ�DOVR�PDLQWDLQ�HFR�IULHQGO��DSSURDFK�

Con�icts�of�Interest

There�are�no�con�icts�to�declare.

�FN�RZO�G��P��WV

7KH�DXWKRUV�DUH�WKDQNIXO�WR�6W��;DYLHU�V�&ROOHJH�
�$XWRQRPRXV���$KPHGDEDG��,QGLD�IRU�SURYLGLQJ�D�
�nancial� assistance�under� the�scheme�of�Research�
3URMHFW� 6HHG� *UDQW� KDYLQJ� DZDUG� QXPEHU�
6;&$�����������35����

5()(5(1&(6

��� $�� 3RZQDOO�� ��� ELRSODVWLF�SURMHFWV�PDGH� IURP�
DOJDH��FRUQ�VWDUFK�DQG�RWKHU�QDWXUDO�PDWHULDOV��
KWWSV���ZZZ�GH]HHQ�FRP������������
ELRSODVWLF�SURMHFWV�DOJDH�FRUQ�VWDUFK�EHHWOH�
VKHOOV����������$FFHVVHG����$XJXVW�������

��� $URUD�� <�� .��� 6KDUPD�� 6��� �� 6KDUPD�� 9��
�������� 0LFURDOJDH� LQ� %LRSODVWLF� 3URGXFWLRQ��
$� &RPSUHKHQVLYH� UHYLHZ�� �UDELD�� -R�U�DO�
IRU� 6FLH�FH� D�G� ��JL�HHUL�J�� ������� �����������
KWWSV���GRL�RUJ���������V�����������������

��� $]L]��0��$���.DVVLP��.��$���6KRNUDYL��=���-DNDUQL��
)��0��� /LX��+���=DLQL��1��� 7DQ��/�� 6��� ,VODP��$��
%�� 0�� 6��� �� 6KRNUDYL�� +�� �������� 7ZR�VWDJH�
FXOWLYDWLRQ� VWUDWHJ�� IRU� VLPXOWDQHRXV�
LQFUHDVHV� LQ� JURZWK� UDWH� DQG� OLSLG� FRQWHQW� RI�
PLFURDOJDH��$�UHYLHZ���H�HZDEOH���6�V�DL�DEOH�
��HUJ�� �HYLHZV�� ����� �������� KWWSV���GRL�
RUJ���������M�UVHU������������

��� %HQHPDQQ�� -�� �������� 2YHUYLHZ�� $OJDH� RLO�
WR� ELRIXHOV�� 5HVHDUFK*DWH�� KWWSV���ZZZ�
UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������

��� &KLD��:��<���7DQJ��'��<��<���.KRR��.��6���/XS��
$��1��.�����&KHZ��.��:����������1DWXUH�V�ILJKW�
DJDLQVW� SODVWLF� SROOXWLRQ�� $OJDH� IRU� SODVWLF�
ELRGHJUDGDWLRQ� DQG� ELRSODVWLFV� SURGXFWLRQ��
��YLUR�PH��DO� 6FLH�FH� D�G� �FR�HFK�RORJ���
��� �������� KWWSV���GRL�RUJ���������M�
HVH������������

��� &KRQJ�� -��:��5��� 7DQ��;���.KRR��.�� 6���1J��+��
6��� -RQJOHUWMXQ�D��:���<HZ��*��<�����6KRZ��3��
/����������0LFURDOJDH�EDVHG�ELRSODVWLFV��)XWXUH�
VROXWLRQ� WRZDUGV�PLWLJDWLRQ�RI�SODVWLF�ZDVWHV��
��YLUR�PH��DO� �HVHDUFK�� ����� �������� KWWSV���
GRL�RUJ���������M�HQYUHV������������

��� +DOO�� -�� �������7KH�PRVW�LPSRUWDQW�2UJDQLVP��
(FRORJ�� *OREDO� 1HWZRUN� >RQOLQH@�� (FRORJ��
&RPPXQLFDWLRQV� *URXS�� ,QF��$YDLODEOH� IURP��
KWWS���ZZZ�HFRORJ��FRP�� �����������
LPSRUWDQW�RUJDQLVP�>DVVHVVHG�6HS����������@

��� ,0HFK(� 5HSRUW�� ,QVWLWXWLRQ� RI� 0HFKDQLFDO�
(QJLQHHUV� ������� *HR�� (QJLQHHULQJ� *LYLQJ�
8V�WKH�7LPH�WR�$FW��,QVWLWXWLRQ�RI�0HFKDQLFDO�
(QJLQHHUV��/RQGRQ�

��� .DUDQ��+��� )XQN��&���*UDEHUW��0��� 2H���0��� ��
+DQNDPHU��%����������*UHHQ�ELRSODVWLFV�DV�SDUW�
RI�D�FLUFXODU�ELRHFRQRP����UH�GV�L��3OD���6FLH�FH��
������� ��������� KWWSV���GRL�RUJ���������M�
WSODQWV������������

���� .KRR�� .�� 6��� &KLD�� :�� <��� 7DQJ�� '�� <�� <���
6KRZ��3��/���&KHZ��.��:�����&KHQ��:����������
1DQRPDWHULDOV�XWLOL]DWLRQ�LQ�ELRPDVV�IRU�ELRIXHO�
DQG�ELRHQHUJ��SURGXFWLRQ����HUJLHV��������������
KWWSV���GRL�RUJ���������HQ��������

���� .L]LOLOVROH��� 0�� �� +HOYDFLRJOX�� 6�� �������
0LFURDOJDH� *URZWK� 7HFKQRORJ�� 6�VWHPV��
6ROH��,QVWLWXWH��3UHVHQWDWLRQ�DW�,,06$0��1HZ�
<RUN��1<������

���� /L��<���1DJKGL�� )��*���*DUJ�� 6���$GDUPH�9HJD��
7�� &��� 7KXUHFKW�� .�� -��� *KDIRU�� :�� $��� HW� DO��
�������� $� FRPSDUDWLYH� VWXG��� WKH� LPSDFW� RI�
GLIIHUHQW� OLSLG� H[WUDFWLRQ�PHWKRGV� RQ� FXUUHQW�
PLFURDOJDO�OLSLG�UHVHDUFK��0LFURE��&HOO��DF�������
����GRL������������������������

���� /LP�� '�� .��� *DUJ�� 6��� 7LPPLQV�� 0��� =KDQJ��
(�� 6��� 7KRPDV�+DOO�� 6�� 5��� 6FKXKPDQQ�� +���
HW� DO�� �������� ,VRODWLRQ� DQG� HYDOXDWLRQ� RI� RLO�
SURGXFLQJ� PLFURDOJDH� IURP� VXE�� WURSLFDO�
FRDVWDO� DQG� EUDFNLVK� ZDWHUV�� 3/R6� 21��
��H�������GRL���������MRXUQDO�SRQH��������

���� 0DVRMtGHN�� -��� �7RU]LOOR�� *�� �������� 0DVV�
FXOWLYDWLRQ� RI� IUHVKZDWHU� PLFURDOJDH�� ,Q�
�OVHYLHU� H�RRNV� �SS�� ������������ KWWSV���GRL�
RUJ���������E�����������������������

���� 0HNRQQHQ�� 7�� +���0XVVRQH�� 3��� .KDOLO��+��� ��
%UHVVOHU�� '�� &�� �������� 3URJUHVV� LQ� ELR�EDVHG�
SODVWLFV�DQG�SODVWLFL]LQJ�PRGLILFDWLRQV��-R�U�DO�
RI� 0D�HULDOV� &KHPLV�U��� ���0D�HULDOV� IRU� ��HUJ��
D�G� 6�V�DL�DELOL���� ������� ������� KWWSV���GRL�
RUJ���������F�WD�����I

���� 0RKHLPDQL��1��5���DQG�%RURZLW]ND��0��$����������
7KH� ORQJ�WHUP� FXOWXUH� RI� FRFFROLWKRSKRUH�
3OH�URFKU�VLVFDU�HUDH� �+DSWRSK�WD�� LQ� RXWGRRU�
UDFHZD�� SRQGV�� -�� �SSO�� 3K�FRO�� ���� ���������
GRL���������V����������������

���� 0RUWRQ�� 6�� /�� 0RGHUQ� 8VHV� RI� &XOWLYDWHG�

9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG��
,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ
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��9LYHN�3DQG�D��'HYDQVKL�7ULYHGL��.LQMDO�8SDGK�D���(FR�$OFKHP����$OJDH�&XOWLYDWLRQ�DQG��
,WV�$SSOLFDWLRQ�LQ�%LRSODVWLF�3URGXFWLRQ

$OJDH���������(WKQRERWDQLFDO�/HDIOHWV�>RQOLQH@��
6RXWKHUQ� ,OOLQRLV� 8QLYHUVLW�� &DUERQGDOH��
$YDLODEOH� IURP�� KWWS���ZZZ�� HWKQROHDIOHWV�
FRP�OHDIOHWV�DOJDH�KWP�>DVVHVVHG�6HS���������@

���� 1DUDOD��5��5���*DUJ��6���6KDUPD��.���7KRPDV�+DOO��
6��5���'HPH��0���/L��<�����6FKHQN��3��0����������
&RPSDULVRQ� RI� PLFURDOJDH� FXOWLYDWLRQ� LQ�
SKRWRELRUHDFWRU�� RSHQ� UDFHZD�� SRQG�� DQG�
D� 7ZR�6WDJH� K�EULG� V�VWHP�� �UR��LHUV� L��
��HUJ�� �HVHDUFK�� ��� KWWSV���GRL�RUJ���������
IHQUJ�����������

���� 2ODL]ROD�� 0�� �������� &RPPHUFLDO� SURGXFWLRQ�
RI� DVWD[DQWKLQ� IURP� �DHPD�RFRFF�VSO�YLDOLV�
XVLQJ� �������OLWHU� RXWGRRU� SKRWR�
ELRUHDFWRUV�� -�� $SSO�� 3K�FRO�� ���� ���������
GRL���������$��������������

���� 3URNVFK�� *�� �������� *URZLQJ� 6XVWDLQDELOLW�� ��
,QWHJUDWLQJ� $OJDH� &XOWLYDWLRQ� LQWR� WKH� %XLOW�
(QYLURQPHQW�� 5HVHDUFK� *DWH�� KWWSV���ZZZ�
UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������

���� 5DKPDQ��$�����0LOOHU��&��'����������0LFURDOJDH�
DV�D�VRXUFH�RI�ELRSODVWLFV��,Q��OVHYLHU�H�RRNV��SS��
���������� KWWSV���GRL�RUJ���������E������
�������������������

���� 5DVXO�� ,��� $]HHP�� )��� 6LGGLTXH�� 0�� +���
0X]DPPLO��6���5DVXO��$���0XQDZDU��$���$I]DO��
0��� $OL�� 0��� �� 1DGHHP�� +�� �������� $OJDH�
%LRWHFKQRORJ���,Q��OVHYLHU�H�RRNV��SS������������
KWWSV���GRL�RUJ���������E����������������
���������

���� 6DQWRV��0��*��%��'���'XDUWH��5�� /���0DFLHO��$��
0���$EUHX��0���5HLV�� $�����'H�0HQGRQoD��+��
9�� ��������0LFURDOJDH�ELRPDVV�SURGXFWLRQ� IRU�
ELRIXHOV�LQ�%UD]LOLDQ�VFHQDULR��$�FULWLFDO�UHYLHZ��
�LRH�HUJ�� �HVHDUFK�� ������� ������� KWWSV���GRL�

RUJ���������V�����������������

���� 6FKHQN��3��0���7KRPDV�+DOO��6��5���6WHSKHQV��(���
0DU[��8��&���0XVVJQXJ��-��+���3RVWHQ��&���.UXVH��
2����+DQNDPHU��%�� ��������6HFRQG�JHQHUDWLRQ�
ELRIXHOV�� +LJK�(IILFLHQF�� PLFURDOJDH� IRU�
ELRGLHVHO� SURGXFWLRQ�� %LRHQHUJ�� 5HVHDUFK��
������ ������� KWWSV���GRL�RUJ���������V������
����������

���� 6KDUPD�� .��� /L�� <��� DQG� 6FKHQN�� 3��0�� ��������
89�&� PHGLDWHG� OLSLG� LQGXFWLRQ� DQG� VHWWOLQJ��
D�VWHS�FKDQJH�WRZDUGV�HFRQRPLFDO�PLFURDOJDH�
ELRGLHVHO� SURGXFWLRQ�� �UHH�� &KHP�� ����
�����������GRL���������&�*&�����-

���� 6X��&��+���&KLHQ��/��-���*RPHV��-���/LQ��<��6���<X��
<��.��� /LRX�� -��6���H�� DO�� �������� )DFWRUV� DIIHFWLQJ�
OLSLG�DFFXPXODWLRQ�E��1D��RFKORURSVLV�RFXODWD�LQ�
D�WZR�VWDJH�FXOWLYDWLRQ�SURFHVV��-��$SSO��3K�FRO��
�������������GRL���������V����������������

���� 7VHQJ�� &�� .�� ������� &RPPHUFLDO� &XOWLYDWLRQ��
,1�� /REEDQ�� &�� 6�� ��:�QQH�� 0�� -�� �(GV�� 7KH�
%LRORJ�� RI� 6HDZHHGV�� 2[IRUG�� %ODFNZHOO�
6FLHQWLILF�3XEOLFDWLRQ����������

���� :DQJ��+���=KDQJ��:���&KHQ��/���:DQJ��-���DQG�
/LX��7�� ��������7KH� FRQWDPLQDWLRQ�DQG�FRQWURO�
RI�ELRORJLFDO� SROOXWDQWV� LQ�PDVV� FXOWLYDWLRQ�RI�
PLFURDOJDH�� %LRUHVRXU�� 7HFKQRO�� ����� ���������
GRL���������M�ELRUWHFK�������������

���� <HZ��*��<��� .KRR�� .�� 6��� &KLD��:��<���+R��<���
/DZ��&��/���/HRQJ��+��<�����6KRZ��3��/����������
$� QRYHO� OLSLGV� UHFRYHU�� VWUDWHJ�� IRU� ELRIXHOV�
JHQHUDWLRQ�RQ�PLFURDOJDH�&KORUHOOD�FXOWLYDWLRQ�
ZLWK� ZDVWH� PRODVVHV�� -RXUQDO� RI� :DWHU�
3URFHVV� (QJLQHHULQJ�� ���� �������� KWWSV���GRL�
RUJ���������M�MZSH�������������


