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1.  Introduction

,W�LV�PDQGDWRU\�WR�WUHDW�ZDVWHZDWHU�IURP�IDFWRULHV�
DQG�ZRUNSODFHV�SURSHUO\�DFFRUGLQJ�WR�VWULQJHQW�ZDVWH�
ZDWHU�VWDQGDUGV�EDVHG�RQ�WKH�´:DWHU�3ROOXWLRQ�3UHYHQ�
WLRQ� $FWµ� DQG� ´PRUH� VWULQJHQW� VWDQGDUGVµ� VSHFLÀHG� LQ�
RUGLQDQFHV� RI� ORFDO� JRYHUQPHQWV�� � $OWKRXJK� WKH� FRQ�
YHQWLRQDO� DFWLYDWHG� VOXGJH� SURFHVV� LV� ZLGHO\� XVHG� IRU�
ZDVWHZDWHU�WUHDWPHQW��LW�KDV�D�KLJK�UXQQLQJ�FRVW�VXFK�
DV�WKH�FRVWV�RI�HOHFWULFLW\�DQG�VOXGJH�GLVSRVDO�

,Q� RUGHU� WR� UHGXFH� VXFK� UXQQLQJ� FRVW� LQ� IRRG���
EHYHUDJH�DQG�FKHPLFDO�SODQWV��)XML�(OHFWULF�KDV�GHYHO�
RSHG�D�QHZ�ZDVWHZDWHU�WUHDWPHQW�VROXWLRQ�XVLQJ�%DFLO�
OXV�

2.  Wastewater Treatment and Running Cost

%LRORJLFDO� WUHDWPHQWV�� WKH� FRQYHQWLRQDO� DFWLYDWHG�
VOXGJH�SURFHVV�LQ�SDUWLFXODU��KDYH�EHHQ�XVHG�ZLGHO\�IRU�
WKH�WUHDWPHQW�RI�RUJDQLF�ZDVWHZDWHU�LQ�YDULRXV�SODQWV�
EHFDXVH�WKH\�DUH�HDV\�WR�PDLQWDLQ�DQG�PDQDJH�� Figure 
1� VKRZV� WKH� EDVLF� ÁRZ� RI� ZDVWHZDWHU� WUHDWPHQW� DQG�
DQ�H[DPSOH�RI�WKH�IDFLOLW\���7KH�FRQYHQWLRQDO�DFWLYDWHG�
VOXGJH�SURFHVV�LV�D�PHWKRG�WR�XVH�PLFURRUJDQLVPV�VXV�
SHQGHG� LQ� ZDVWHZDWHU� WR� WDNH� LQ� WKH� SROOXWDQWV� DQG�
SXULI\�WKH�ZDVWHZDWHU��DQG�WKHQ�KDYH�WKH�PLFURRUJDQ�
LVPV� VHWWOH� DQG� UHPRYH� WKHP�� � 6LQFH� WKH�PLFURRUJDQ�
LVPV�UHTXLUH�R[\JHQ�WR�GHFRPSRVH� WKH�SROOXWDQWV� WKH\�
WDNH�LQ��DLU�LQMHFWLRQ�ZLWK�D�EORZHU��DHUDWLRQ��LV�QHFHV�
VDU\� IRU� WKH�ZDVWH�ZDWHU� WR� LQFUHDVH� FRQFHQWUDWLRQ� RI�
WKH�GLVVROYHG�R[\JHQ�LQ�WKH�ZDVWHZDWHU�WR�WKH�OHYHO�UH�
TXLUHG�E\�WKH�PLFURRUJDQLVPV���0RUHRYHU��WKH�PLFURRU�
JDQLVPV�GHFRPSRVH�WKH�SROOXWDQWV�WR�JURZ�DQG�SURSD�
JDWH��DQG�WKH\�QHHG�WR�GLVFKDUJH�WKH�DJJORPHUDWLRQ�RI�

7$*8&+,��.D]X\XNL�*� � � 6$72��0DVDQRUL�*� � � +$1$,��<RVXNH�*� � �

1HZ�:DVWHZDWHU�7UHDWPHQW�6ROXWLRQ�8VLQJ�%DFLOOXV

Fuji Electric has developed a new wastewater treatment solution using Bacillus.  This solution uses special Bacil-
lus that we found suitable for wastewater treatment among a number of such species existing in nature.  This allows 
existing wastewater treatment facilities to reduce the electric power cost for aeration and sludge disposal cost without 
the need for large-scale modification or extension of the facilities.  The sludge-less wastewater treatment system has 
a magnetic separator that separates sludge by magnetic force, achieving significant space-saving and better treat-
ment performance.  In an application example for factory wastewater treatment, the new wastewater treatment solu-
tion reduced the running cost by 20%, and the sludge-less wastewater treatment, by 25%.
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Fig.1    Basic flow of wastewater treatment and example of facility

(OHFWULFLW\
FRVW�IRU
DHUDWLRQ
���

6OXGJH
GLVSRVDO�FRVW

���

&KHPLFDO�DJHQW
FRVW���

5HSDLU
FRVW
���

2WKHU
���

/DERU�FRVW
���

Fig.2  Example of running cost for wastewater treatment
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H[FHVVLYHO\�SURSDJDWHG�PLFURRUJDQLVPV��H[FHVV�VOXGJH��
RXW� RI� WKH� V\VWHP�� � 7KH� GLVFKDUJHG� H[FHVV� VOXGJH� LV�
WUHDWHG�DV�LQGXVWULDO�ZDVWH�

Figure 2�VKRZV�DQ�H[DPSOH�RI�WKH�UXQQLQJ�FRVW�IRU�
ZDVWHZDWHU� WUHDWPHQW� LQ�D�SODQW�� �7KH�HOHFWULFLW\� FRVW�
IRU�DHUDWLRQ�DQG�VOXGJH�GLVSRVDO�FRVW��LQGXVWULDO�ZDVWH�
GLVSRVDO�FRVW��DFFRXQW�IRU�D�ODUJH�SRUWLRQ�RI�WKH�UXQQLQJ�
FRVW�IRU�ZDVWHZDWHU�WUHDWPHQW��DURXQG�����

3.  Wastewater Treatment Using Bacillus

7KHUH� DUH�PDQ\�%DFLOOXV
�� VSHFLHV� H[LVWLQJ� LQ� QD�
WXUH�DQG�VRPH�RI�WKHP�KDYH�D�KLJK�ZDVWHZDWHU�SXULÀ�
FDWLRQ�DELOLW\�WR�GHFRPSRVH�KLJKO\�FRQFHQWUDWHG�RUJDQLF�
VXEVWDQFHV� LQ� D� VKRUW� WLPH� DQG� DOVR� VHFUHWH� D� ODUJH�
TXDQWLW\�RI�HQ]\PHV�WKDW�FDQ�GHFRPSRVH�H[FHVV�VOXGJH���
%\�ÀQGLQJ�VXFK�D� VSHFLHV�DQG�XVLQJ� LW�DV�%DFLOOXV� IRU�
ZDVWHZDWHU� WUHDWPHQW�� )XML� (OHFWULF� KDV� PDQDJHG� WR�
ERWK�UHGXFH�UXQQLQJ�FRVW�DQG�LPSURYH�WKH�SHUIRUPDQFH�
RI�ZDVWHZDWHU�WUHDWPHQW�

3.1  Features
����� 5HGXFHG�UXQQLQJ�FRVW

�D���(OHFWULFLW\� FRVW� IRU� DHUDWLRQ� FDQ� EH� UHGXFHG� E\�
���� WR� ���� FRPSDUHG�ZLWK� FRQYHQWLRQDO�PHWK�
RGV�

�E���6OXGJH� GLVSRVDO� FRVW� FDQ� EH� UHGXFHG� E\� ���� WR�
����FRPSDUHG�ZLWK�FRQYHQWLRQDO�PHWKRGV�

�F��� &KHPLFDO� DJHQW� FRVW� FDQ� EH� UHGXFHG� E\� ���� WR�
����FRPSDUHG�ZLWK�FRQYHQWLRQDO�PHWKRGV�

����� ,PSURYHG�WUHDWPHQW�SHUIRUPDQFH
�D���7KH� FDSDFLW\� IRU� DGGUHVVLQJ� ÁXFWXDWLRQV� LQ� WKH�

TXDOLW\� RI� WKH� ZDVWHZDWHU� WKDW� ÁRZV� LQWR� WKH�
IDFLOLW\�FDQ�EH�H[SDQGHG���7KLV�SURYLGHV�D�EHWWHU�
WUHDWPHQW� SHUIRUPDQFH� FRPSDUHG� ZLWK� FRQYHQ�
WLRQDO�PHWKRGV�DQG�LPSURYHV�ZDWHU�TXDOLW\�

�E���)RXO� RGRUV� FDQ� EH� VXSSUHVVHG� WR� LPSURYH� WKH�
VXUURXQGLQJ� HQYLURQPHQW� DQG� ZRUN� HQYLURQ�
PHQW�

����� (DV\�LQWURGXFWLRQ��PDLQWHQDQFH�DQG�PDQDJHPHQW
�D���/DUJH�VFDOH� FDSLWDO� LQYHVWPHQW� LV� XQQHFHVVDU\�

EHFDXVH� WKH�ZDVWHZDWHU� WUHDWPHQW�XVLQJ�%DFLO�
OXV� FDQ� UHGXFH� VOXGJH� SURGXFWLRQ� DQG� DHUDWLRQ�
YROXPH�ZLWKRXW�WKH�QHHG�IRU�DOWHUDWLRQ�RU�H[WHQ�
VLRQ� WR� H[LVWLQJ�ZDVWHZDWHU� WUHDWPHQW� IDFLOLWLHV�
DQG�HTXLSPHQW�

�E���7KH�RSHUDWLRQ�VWDUWV�E\�SRXULQJ�%DFLOOXV�LQWR�DQ�
H[LVWLQJ�ELRUHDFWRU���7KLV�LV�UHTXLUHG�IRU�WKH�ÀUVW�
WLPH�RQO\���$IWHU�WKDW��WKH�RSHUDWRU�QHHGV�RQO\�WR�
DGG� D� VPDOO� DPRXQW� RI� FKHPLFDO� DJHQW� �DFWLYD�
WRU��GDLO\� LQ�RUGHU� WR� UHWDLQ� WKH�GRPLQDQFH�DQG�
SHUIRUPDQFH�RI�WKH�%DFLOOXV�

�F��� 5HWDLQLQJ� WKH� QXPEHU� RI�%DFLOOXV� WKDW� H[FHHGV�
DERXW� ���� WLPHV� WKH� LQLWLDO� QXPEHU� �%DFLOOXV�

GRPLQDQW� VWDWH�� FDQ�PDLQWDLQ� WKH� HIIHFWV� RI� UH�
GXFLQJ�H[FHVV�VOXGJH�DQG�DHUDWLRQ�YROXPH�ZKLOH�
SUHVHUYLQJ�WKH�ZDWHU�TXDOLW\�

�G���7KH�DGMXVWPHQW�SHULRG�LV���WR���PRQWKV��GXULQJ�
ZKLFK� WKH� DHUDWLRQ� YROXPH� DQG� VOXGJH� FRQFHQ�
WUDWLRQ�VKRXOG�EH�DGMXVWHG�WR�HQVXUH�%DFLOOXV�DUH�
GRPLQDQW�

Figure 3�VKRZV�D�W\SLFDO�SURFHVV�RI�WKH�ZDVWHZDWHU�
WUHDWPHQW� XVLQJ�%DFLOOXV�� � 7KH�PDMRU� LWHPV� WR� EH� DG�
MXVWHG� DUH� DHUDWLRQ� YROXPH�DQG� WKH� DPRXQW� RI� UHWXUQ�
VOXGJH�

3.2  Effects of Bacillus in wastewater treatment
����� %DFLOOXV�IRU�ZDVWHZDWHU�WUHDWPHQW

%DFLOOXV� LV� RQH� RI� IDFXOWDWLYH� DQDHURELF� EDFWHULD
��
WKDW�FDQ�OLYH�ZLWK�D�ORZ�DPRXQW�RI�GLVVROYHG�R[\JHQ
����
7KH� FRQYHQWLRQDO� DFWLYDWHG� VOXGJH�SURFHVV�XVHV�%DFLO�
OXV�H[LVWLQJ�H[WHQVLYHO\�LQ�DFWLYDWHG�VOXGJH���7KH�%DFLO�
OXV�IRU�ZDVWHZDWHU�WUHDWPHQW�FDQ�SXULI\�SROOXWLRQ�FRP�
SRQHQWV�ZLWK� OHVV�DPRXQW� RI� R[\JHQ�� �7KLV� DOORZV� WKH�
EORZHU�WR�RSHUDWH�ZLWK�ORZHU�DLU�YROXPH��UHVXOWLQJ�LQ�D�
UHGXFWLRQ�LQ�WKH�HOHFWULFLW\�FRVW�IRU�DHUDWLRQ�
����� $FWLYDWRU

$GGLQJ�DQ�DFWLYDWRU�FRQVLVWLQJ�PDLQO\�RI�PLQHUDOV�
VXFK� DV� VLOLFRQ�� LURQ� DQG� PDJQHVLXP� WR� WKH� %DFLOOXV�
IRU�ZDVWHZDWHU�WUHDWPHQW�SURPRWHV�WKH�SURSDJDWLRQ�RI�
WKH� EDFWHULD�� VR� WKDW� LW� UHWDLQV� LWV� GRPLQDQFH�� UHVXOW�
LQJ� LQ� VWDEOH� SXULÀFDWLRQ� SHUIRUPDQFH�� � 7KH� DFWLYDWRU�
IRU� ZDVWHZDWHU� WUHDWPHQW� HQKDQFHV� WKH� DELOLW\� RI� WKH�
%DFLOOXV� IRU�ZDVWHZDWHU� WUHDWPHQW� WR�VHFUHWH�HQ]\PHV�
ZKLFK� GHFRPSRVH� SURWHLQV�� FDUERK\GUDWHV� DQG� RWKHU�
VOXGJH� FRPSRQHQWV�� �7KLV�SURPRWHV� WKH�GHFRPSRVLWLRQ�


������%DFLOOXV�� 5HIHU� WR� ´6XSSOHPHQWDO� ([SODQDWLRQµ� RQ� SDJH�
���


������)DFXOWDWLYH� DQDHURELF� EDFWHULD�� � *HQHULF� WHUP� UHIHUULQJ�
WR�EDFWHULD�WKDW�FDQ�OLYH�ZLWK�RU�ZLWKRXW�R[\JHQ��RU�PRUH�
VSHFLÀFDOO\�WKDW�FDQ�OLYH�ZLWK�R[\JHQ�LQ�D�ORZ�FRQFHQWUD�
WLRQ�


����'LVVROYHG�R[\JHQ���2[\JHQ�WKDW�LV�GLVVROYHG�LQ�ZDWHU

:DVWHZDWHU

7UHDWHG
ZDWHU

6OXGJH
GHK\GUDWRU

([FHVV�VOXGJH
�LQGXVWULDO�ZDVWH�

5HWXUQ�VOXGJH

%LRUHDFWRU

%DFLOOXV�LQRFXOXP
�DW�LQWURGXFWLRQ

RQO\�

&KDQJHV�LQ�H[LVWLQJ�ZDVWHZDWHU�WUHDWPHQW

$FWLYDWRU
�SHULRGLFDOO\�

$GMXVWPHQW
SHULRG

���WR���PRQWKV�

6HWWOLQJ�WDQN$GMXVWPHQW
WDQN

%ORZHU

3

Fig.3  General process of wastewater treatment using Bacillus
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RI� H[FHVV� VOXGJH� DQG� GHFUHDVHV� WKH� DPRXQW� RI� VOXGJH�
SURGXFWLRQ�

0RUHRYHU�� WKH� %DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW�
KDV� D� SURSHUW\� RI� LQFUHDVLQJ� WKH� DFWLYLW\� RI� D� SURWHR�
O\WLF�HQ]\PH��VHFUHWLRQ��E\�DERXW����WLPHV�LQ�UHVSRQVH�
WR�WKH�DGGLWLRQ�RI�WKH�DFWLYDWRU�� �7KLV�DFWLYLW\�LV�DERXW�
��� WLPHV� KLJKHU� WKDQ� WKRVH� RI� RWKHU� %DFLOOXV� VSHFLHV�
�VHH� Fig. 4��� � 7KH� %DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW�
KDV� DQRWKHU� SURSHUW\� RI� LQFUHDVLQJ� WKH� DFWLYLW\� RI� D�
FDUERK\GUDWH�GHJUDGLQJ� HQ]\PH� E\� DERXW� ��� WLPHV� LQ�
UHVSRQVH� WR� WKH� DGGLWLRQ� RI� WKH� DFWLYDWRU�� � 7KLV� DFWLY�
LW\�LV�DERXW���WLPHV�KLJKHU�WKDQ�WKRVH�RI�RWKHU�%DFLOOXV�
VSHFLHV��VHH�Fig. 5����7KHVH�SURSHUWLHV�FRQWULEXWH�WR�WKH�
LPSURYHPHQW�RI�WKH�DELOLWLHV�RI�GHFRPSRVLQJ�WKH�SROOX�
WLRQ� FRPSRQHQWV� DQG� SXULI\LQJ� VOXGJH� FRPSRQHQWV� LQ�
ZDVWHZDWHU�FRPSDUHG�ZLWK�FRQYHQWLRQDO�PHWKRGV�
����� 6OXGJH�UHGXFWLRQ

)XML�(OHFWULF�KDV� IRXQG� RXW� WKDW� WKH� DELOLW\� RI� WKH�
%DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW� WR� UHGXFH� H[FHVV�
VOXGJH� UHOLHV� RQ� WKH�ZRUNLQJ� RI� WKH� HQ]\PHV� VHFUHWHG�
E\�WKH�EDFWHULD�

Figure 6� LV�D�JUDSK�VKRZLQJ�WKH�FRPSDULVRQ�RI�WKH�
UHPDLQLQJ�VOXGJH�EHIRUH�DQG�DIWHU� WKH�HQ]\PHV�RI� WKH�
%DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW� �VWHULOL]HG� FXOWXUH�

OLTXLG�� ZHUH� DGGHG� WR� WKH� H[FHVV� VOXGJH� RI� D� ZDVWH�
ZDWHU� WUHDWPHQW� IDFLOLW\� XVLQJ� WKH� FRQYHQWLRQDO� DFWL�
YDWHG� VOXGJH� SURFHVV�� � $GGLQJ� WKH� HQ]\PHV� SURPRWHG�
WKH� GHFRPSRVLWLRQ� DQG� UHPRYDO� RI� DERXW� ���� RI� WKH�
VOXGJH�� � 7KLV� H[SODLQV� KRZ� WKH� HQ]\PHV� FRXOG� UHGXFH�
WKH�DPRXQW�RI�VOXGJH�
����� ,PSURYHG�VOXGJH�VHWWOHPHQW�DQG�RGRU�UHPRYDO

7KH� %DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW� KDV� KLJK�
ÁRFFXODWLRQ�DQG�FRKHVLRQ��VR�WKDW�LW�FDQ�LPSURYH�VOXGJH�
VHWWOHPHQW�

Figure 7� VKRZV� D� FRPSDULVRQ� RI� VOXGJH� YROXPHV�
�69��UDWH�RI�DFWLYDWHG�VOXGJH�VHWWOHPHQW��LQ����PLQXWHV�
EHWZHHQ�WKH�VOXGJH�WUHDWHG�ZLWK�%DFLOOXV�IRU�ZDVWHZD�
WHU�WUHDWPHQW�DQG�WKH�VOXGJH�WUHDWHG�ZLWK�FRQYHQWLRQDO�
DFWLYDWHG�VOXGJH�SURFHVV���7KH�VOXGJH�WUHDWHG�ZLWK�%D�
FLOOXV�IRU�ZDVWHZDWHU�WUHDWPHQW�VHWWOHV�IDVWHU�WKDQ�WKH�
VOXGJH� WUHDWHG�ZLWK� WKH� FRQYHQWLRQDO� DFWLYDWHG� VOXGJH�
SURFHVV���7KLV�PDNHV�VROLG�OLTXLG�VHSDUDWLRQ�HDVLHU�DQG�
UHGXFHV�GLVFKDUJH�RI�WKH�VOXGJH�

0RUHRYHU�� WKH� %DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW�
FDQ� UHPRYH� RGRUV� E\� GHFRPSRVLQJ� IRXO� RGRU� FRPSR�
QHQWV�VXFK�DV�K\GURJHQ�VXOÀGH�DQG�DPPRQLXP�
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Fig.4  Activity of proteolytic enzyme
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Fig.5  Activity of carbohydrate-degrading enzyme
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Fig.6    Sludge decomposition with enzymes of Bacillus for 
wastewater treatment
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Fig.7    Improvement of sludge settlement due to use of Bacillus 
for wastewater treatment
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4.1  Features
7KLV� V\VWHP� LV� WDUJHWHG� PDLQO\� DW� ZRUNSODFHV�

WKDW� KDYH� WR� XSJUDGH�� QHZO\� FRQVWUXFW� RU� H[WHQG�
WKHLU�ZDVWHZDWHU� WUHDWPHQW� IDFLOLWLHV�GXH� WR� LQFUHDVHG�
ZDVWHZDWHU� DQG� SROOXWDQWV� FDXVHG� E\� LQFUHDVHG� SUR�
GXFWLRQ� RU� SODQW� LQWHJUDWLRQ�� � ,W� FDQ� VDWLVI\� WKH� QHHG�
IRU�EXLOGLQJ�D�IDFLOLW\�LQ�DQ�H[WUHPHO\�WLJKW�VSDFH�RU�IRU�
VXSSUHVVLQJ�WKH�LQFUHDVH�LQ�UXQQLQJ�FRVW�IRU�ZDVWHZD�
WHU�WUHDWPHQW���7KH�V\VWHP�LV�FKDUDFWHUL]HG�E\�WKH�IRO�
ORZLQJ� IHDWXUHV� FRPSDUHG� ZLWK� FRQYHQWLRQDO� V\VWHPV�
XVLQJ�WKH�FRQYHQWLRQDO�DFWLYDWHG�VOXGJH�SURFHVV�
����� (IIHFWV�RQ�UXQQLQJ�FRVWV

�D���6OXGJH� GLVSRVDO� FRVW� FDQ� EH� UHGXFHG� E\� ���� RU�
PRUH�� � 1R� RUJDQLF� VOXGJH� LV� SURGXFHG�� DQG� WKH�
V\VWHP�RQO\� UHTXLUHV� LQRUJDQLF� VHGLPHQWV� WR� EH�
GLVSRVHG�RI�VHYHUDO�WLPHV�D�\HDU�

�E���7KHUH� LV� QR� HOHFWULFLW\� FRVW� IRU� DHUDWLRQ� IRU�
VOXGJH�WUHDWPHQW�

�F��� 7KHUH�LV�QR�FKHPLFDO�DJHQW�FRVW�IRU�VOXGJH�WUHDW�
PHQW�

����� ,PSURYHG� DELOLW\� RI� SXULI\LQJ� SROOXWLRQ� FRPSR�
QHQWV
7KH�V\VWHP�FDQ�KDQGOH�D�SROOXWDQW�FRQFHQWUDWLRQ���

WLPHV�KLJKHU�WKDQ�WKDW�RI�WKH�FRQYHQWLRQDO�V\VWHP�
����� 5HGXFHG�LQLWLDO�LQYHVWPHQW

�D���$�VHWWOLQJ�WDQN�LV�XQQHFHVVDU\�
�E���7KH� FDSDFLW\� RI� WKH� ELRUHDFWRU� FDQ� EH� UHGXFHG�

RQH�KDOI�WR�RQH�WKLUG�
�F��� $�VOXGJH�GHK\GUDWRU�LV�XQQHFHVVDU\�

6LQFH� WKH� PDJQHWLF� VHSDUDWRU� VHSDUDWHV� WKH�
VOXGJH�LQWR�VROLG�DQG�OLTXLG��D�VHWWOLQJ�WDQN�XVHG�LQ�
FRQYHQWLRQDO�PHWKRGV�EHFRPHV�QR�ORQJHU�QHFHVVDU\���
6LQFH�QR�RUJDQLF�VOXGJH�LV�SURGXFHG��D�VOXGJH�GHK\�
GUDWRU� LV� XQQHFHVVDU\�� � ,QRUJDQLF� VOXGJH�� KRZHYHU��
VKRXOG�EH�UHPRYHG�VHYHUDO�WLPHV�D�\HDU�

����� 6SDFH�VDYLQJ
7KH� VSDFH� RFFXSLHG� E\� ZDVWHZDWHU� WUHDWPHQW�

HTXLSPHQW�FDQ�EH�UHGXFHG�WR�KDOI� FRPSDUHG�ZLWK�FRQ�
YHQWLRQDO�V\VWHPV�
����� ,PSURYHG�WUHDWPHQW�SHUIRUPDQFH

�D���7KH�QLWURJHQ�UHPRYDO�UDWH�LV�����RU�PRUH�
�E���)RXO� RGRUV� FDQ� EH� VXSSUHVVHG� WR� LPSURYH� WKH�

VXUURXQGLQJ� HQYLURQPHQW� DQG� ZRUN� HQYLURQ�

3.3  Application example
)XML�(OHFWULF�KDV�DSSOLHG�WKH�ZDVWHZDWHU�WUHDWPHQW�

XVLQJ� WKH�%DFLOOXV� IRU�ZDVWHZDWHU� WUHDWPHQW� WR� D� IDF�
WRU\� RI� FRPSDQ\� $�� � 7KLV� IDFWRU\� KDV� LQWURGXFHG� WKH�
FRQYHQWLRQDO�DFWLYDWHG�VOXGJH�SURFHVV�DQG�WKH�DPRXQW�
RI�ZDVWHZDWHU� LV� ����� P��GD\�� � 7KH� SXUSRVH� LV� WR� UH�
GXFH� WKH� VOXGJH� GLVSRVDO� FRVW� LQ� WKH� UXQQLQJ� FRVW� IRU�
ZDVWHZDWHU�WUHDWPHQW�
����� ,QWURGXFWLRQ�PHWKRG

)RU�WKH� LQWURGXFWLRQ��ZH�GLG�QRW�PDNH�DQ\�DOWHUD�
WLRQ� RU� H[WHQVLRQ� WR� WKH� H[LVWLQJ� ZDVWHZDWHU� HTXLS�
PHQW�EXW�RQO\�SRXUHG�DQ� LQRFXOXP�RI� WKH�%DFLOOXV� IRU�
ZDVWHZDWHU�WUHDWPHQW���$�VSHFLÀHG�DPRXQW�RI�DFWLYDWRU�
ZDV� DGGHG� WR� WKH� ELRUHDFWRU� HYHU\� GD\�� � 7KH� DHUDWLRQ�
YROXPH� DQG� WKH� DPRXQWV� RI� UHWXUQ� VOXGJH� DQG� ZDVWH�
VOXGJH�ZHUH� DGMXVWHG� GXULQJ� WKH� ��PRQWK� DGMXVWPHQW�
SHULRG�� � ,Q� WKLV� DGMXVWPHQW�SHULRG��ZH� FRQÀUPHG� WKDW�
WKH� QXPEHU� RI�%DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW� LQ�
FUHDVHG� WR� DERXW����� WLPHV� WKH� LQLWLDO�QXPEHU�� DQG� LW�
UHDFKHG�LWV�GRPLQDQW�VWDWH�
����� ,QWURGXFWLRQ�HIIHFWV

8VLQJ� WKH� %DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW� UH�
GXFHG� WKH� HOHFWULFLW\� FRVW� IRU� DHUDWLRQ� DQG� VOXGJH� GLV�
SRVDO�FRVW�E\�����DQG�����UHVSHFWLYHO\�FRPSDUHG�ZLWK�
WKH� FRVWV� EHIRUH� WKH� LQWURGXFWLRQ�� � $IWHU� VXEWUDFWLQJ�
WKH�LQFUHDVHG�FRVW�RI�WKH�DFWLYDWRU�DGGHG�HYHU\�GD\��WKH�
UXQQLQJ�FRVW� IRU�WKH�HQWLUH�ZDVWHZDWHU�WUHDWPHQW�ZDV�
UHGXFHG�E\�DERXW������VHH�Fig. 8���

4.  Sludge-Less Wastewater Treatment System

8VLQJ� WKH� %DFLOOXV� IRU� ZDVWHZDWHU� WUHDWPHQW� WR�
JHWKHU�ZLWK�D�PDJQHWLF�VHSDUDWRU�PDNHV�LW�SRVVLEOH�WR�
FRQVWUXFW� D� VOXGJH�OHVV� ZDVWHZDWHU� WUHDWPHQW� V\VWHP�
WKDW�SURGXFHV�DOPRVW�QR�H[FHVV�VOXGJH�� Figure 9�VKRZV�
WKH�SURFHVV�RI�WKLV�V\VWHP���:KHQ�D�PDJQHWLF�VHSDUDWRU�
LV� DGGHG� WR� WKH� ZDVWHZDWHU� WUHDWPHQW� XVLQJ�%DFLOOXV�
VKRZQ� LQ� Fig. 3�� WKH� VHWWOLQJ� WDQN� DQG� UHWXUQ� VOXGJH�
FDQ� EH� HOLPLQDWHG� DQG� WKH� VOXGJH� GHK\GUDWRU� LV� DOVR�
XQQHFHVVDU\�
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Fig.8  Example of introducing Bacillus for wastewater treatment
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Fig.9  Process of sludge-less wastewater treatment system
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WKH� ELRUHDFWRU�� � 7KLV� VWULNHV� D� EDODQFH� EHWZHHQ� WKH�
LQFUHDVH� LQ�DQG�VHOI�GLJHVWLRQ�RI� WKH� VOXGJH� WR� RSHUDWH�
ZLWKRXW�SURGXFLQJ�VOXGJH�

Figure 11� VKRZV�D� VFKHPDWLF�GLDJUDP�RI� WKH�PDJ�
QHWLF�VHSDUDWRU�XVHG� LQ�WKH�V\VWHP�� �7KH�PDJQHWLF�DF�
WLYDWHG�VOXGJH�LQ�WKH�ELRUHDFWRU�LV�SXPSHG�XS�DQG�VHQW�
WR�WKH�UHVHUYRLU�RI�WKH�PDJQHWLF�VHSDUDWRU���$�PDJQHWLF�
GUXP�IRU�PDJQHWLF�VHSDUDWLRQ�LV�WXUQLQJ�LQVLGH�WKH�UHV�
HUYRLU���:KHQ�WKH�PDJQHWLF�DFWLYDWHG�VOXGJH�SDVVHV�E\�
WKH�GUXP��LW�DGKHUHV�WR�LW���7KH�VOXGJH�LV�ODWHU�UHPRYHG�
ZLWK�D�VFUDSHU�DQG�UHWXUQHG�WR�WKH�ELRUHDFWRU�
����� ,PSURYHG�SXULÀFDWLRQ�DELOLW\

6LQFH� WKH� V\VWHP�FDQ�HQVXUH�D�KLJK� FRQFHQWUDWLRQ�
RI� WKH� DFWLYDWHG� VOXGJH� LV� UHWDLQHG� LQ� WKH� ELRUHDFWRU��
WKH� SROOXWDQW� SXULÀFDWLRQ� DELOLW\� RI� WKH� ELRUHDFWRU� SHU�
XQLW�YROXPH�FDQ�EH�LQFUHDVHG�WR�DERXW���WLPHV�

4.3  Application example
)XML�(OHFWULF�KDV�DSSOLHG�WKLV�V\VWHP�WR�WKH�IDFWRU\�

RI� IRRG� PDQXIDFWXULQJ� FRPSDQ\� %�� � 7KLV� IDFWRU\� KDV�
LQWURGXFHG� WKH� FRQYHQWLRQDO� DFWLYDWHG� VOXGJH� SURFHVV�
DQG� WKH� DPRXQW� RI� ZDVWHZDWHU� LV� ����� P��GD\�� � 7KH�
SXUSRVH�LV�WR�UHGXFH�WKH�VOXGJH�GLVSRVDO�FRVW�DQG�WR�DG�
GUHVV� WKH� LQFUHDVHG�ZDVWHZDWHU� ORDG� GXH� WR� LQFUHDVHG�
SURGXFWLRQ�
����� ,QWURGXFWLRQ�SURFHGXUH

PHQW�

4.2  System construction
����� &DOFXODWLQJ�VOXGJH�SURGXFWLRQ

$V� VKRZQ� LQ� HTXDWLRQ� ����� WKH� VOXGJH� SURGXFWLRQ�
GXULQJ� ZDVWHZDWHU� WUHDWPHQW� LV� FDOFXODWHG� E\� PXO�
WLSO\LQJ� WKH� ELRFKHPLFDO� R[\JHQ� GHPDQG� �%2'�� DQG�
VXVSHQGHG� VROLG� �66�� E\� WKH� DPRXQW� RI� ZDVWHZDWHU�
DQG�WKHLU�VOXGJH�FRQYHUVLRQ�UDWHV�UHVSHFWLYHO\��DGGLQJ�
WKH�SURGXFWV�WR�REWDLQ�WKH�DPRXQW�RI�LQFUHDVHG�VOXGJH�
�SURSDJDWHG�PLFURRUJDQLVPV���DQG�WKHQ�VXEWUDFWLQJ�WKH�
DPRXQW� RI� GHFUHDVHG� VOXGJH� GXH� WR� VOXGJH� VHOI�GLJHV�
WLRQ�DQG�WKH�GHFRPSRVLWLRQ�E\�HQ]\PHV�IURP�WKH�VXP�

$V�GHVFULEHG�DERYH�� WKH�%DFLOOXV� XVHG� LQ� WKLV� V\V�
WHP�VHFUHWHV�D� ODUJH�TXDQWLW\�RI� HQ]\PHV� WKDW�GHFRP�
SRVH� VOXGJH�� �7KH� DPRXQW� RI� WKHVH� HQ]\PHV� LQFUHDVHV�
ZLWK�WKH�FRQFHQWUDWLRQ�RI�WKH�%DFLOOXV�� �&RQVHTXHQWO\��
ZKHQ� WKH� VOXGJH� FRQFHQWUDWLRQ� �PL[HG� OLTXRU� VXV�
SHQGHG� VROLGV� >0/66@� �� LQ� WKH� ELRUHDFWRU� LV� LQFUHDVHG�
WR� HQKDQFH� WKH� FRQFHQWUDWLRQ� RI� WKH� %DFLOOXV� RI� WKLV�
V\VWHP��WKH�DPRXQW�RI�VOXGJH�GHFRPSRVLQJ�HQ]\PHV�VH�
FUHWHG�E\�WKH�%DFLOOXV�LQFUHDVHV�WR�HIIHFWLYHO\�WUHDW�WKH�
VOXGJH� WKDW� KDV� LQFUHDVHG� GXH� WR� WKH� ELRORJLFDO� WUHDW�
PHQW� RI� SROOXWDQWV�� � 7KLV� SURPRWHV� WKH� GHFRPSRVLWLRQ�
RI� WKH� VOXGJH�� DOORZLQJ� WKH� RSHUDWLRQ� WR� SURGXFHV� QR�
VOXGJH�

: =$ í%2'í4 +% í 66 í4 −& í0/66 í9 ���������
� :���6OXGJH�SURGXFWLRQ��NJ�G�
� %2'���%LRFKHPLFDO�R[\JHQ�GHPDQG��NJ�P��
� 66���6XVSHQGHG�VROLG��NJ�P��
� 0/66���0L[HG�OLTXRU�VXVSHQGHG�VROLGV��NJ�P��
� 4���$PRXQW�RI�ZDVWHZDWHU��P��G�
� 9���&DSDFLW\�RI�ELRUHDFWRU��P��
� $���%2'�VOXGJH�FRQYHUVLRQ�UDWH����
� %���66�VOXGJH�FRQYHUVLRQ�UDWH����
� &���6HOI�GLJHVWLRQ�UDWH����

����� 6ROLG�OLTXLG�VHSDUDWLRQ�RI�VOXGJH
7KH� VXUIDFHV� RI� WKH� EDFWHULDO� ERGLHV� LQ� WKH� DFWL�

YDWHG� VOXGJH� DUH� QHJDWLYHO\� FKDUJHG� DQG� PDJQHWLF�
SRZGHU��PDJQHWLWH��)H�2���LV�SRVLWLYHO\�FKDUJHG���&RQ�
VHTXHQWO\��ZKHQ�PL[HG��WKH\�DGKHUH�WR�HDFK�RWKHU�DQG�
WKH�DFWLYDWHG�VOXGJH�LV�PDJQHWL]HG�

$V� VKRZQ� LQ� Fig. 10�� ZKHQ� PDJQHWLF� SRZGHU� LV�
DGGHG�WR�WKH�DFWLYDWHG�VOXGJH�DQG�WKH�VOXGJH�LV�VWLUUHG��
WKH�VROLGV�LQ�WKH�VOXGJH�DQG�WKH�SRZGHU�TXLFNO\�DGKHUH�
WR�HDFK�RWKHU���7KLV�PDNHV�WKH�DFWLYDWHG�VOXGJH�EHFRPH�
PDJQHWLF�DFWLYDWHG�VOXGJH�WKDW�DOORZV�IRU�TXLFN�DQG�HI�
ÀFLHQW�VROLG�OLTXLG�VHSDUDWLRQ�ZLWK�D�PDJQHWLF�IRUFH�
����� 0DJQHWLF�VHSDUDWRU

)XML� (OHFWULF� KDV� GHYHORSHG� D� PDJQHWLF� VHSDUDWRU�
FDSDEOH� RI� FRQWLQXRXVO\� VHSDUDWLQJ� VROLGV� DQG� OLTXLGV�
LQ� WKH� PDJQHWLF� DFWLYDWHG� VOXGJH� ZLWK� D� PDJQHWLF�
IRUFH�DQG�HVWDEOLVKHG�D�ZDVWHZDWHU� WUHDWPHQW�SURFHVV��
ZLWKRXW� D� QHHG� IRU� ÀQDO� VHWWOHPHQW�� � 8QOLNH� FRQYHQ�
WLRQDO� VROLG�OLTXLG� VHSDUDWLRQ� EDVHG� RQ� JUDYLW\� VHWWOH�
PHQW�� VOXGJH� LV� IRUFHG� WR� FRQFHQWUDWH�� VR� WKDW� WKH�V\V�
WHP� FDQ� UHWDLQ� D� KLJK� FRQFHQWUDWLRQ� RI� WKH� VOXGJH� LQ�

%DFLOOXV�GRPLQDQW
VOXGJH

$IWHU�PDJQHWLF
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6ROLG�OLTXLG�VHSDUD�
WLRQ�ZLWK�PDJQHW
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0DJQHWLF�SRZGHU
DGKHUHV�WR�WKH�VROLGV
LQ�WKH�VOXGJH�

�����P

Fig.10  Magnetic activated sludge
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Fig.11  Schematic diagram of magnetic separator
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����� ,QWURGXFWLRQ�HIIHFWV
7KLV�V\VWHP�UHGXFHG� WKH�VOXGJH�SURGXFHG� WKURXJK�

ELRORJLFDO� WUHDWPHQW� E\� ���� FRPSDUHG� ZLWK� FRQYHQ�
WLRQDO�PHWKRGV��DQG�WKH�DPRXQW�RI�WRWDO�VOXGJH�SURGXF�
WLRQ�LQFOXGLQJ�WKH�VOXGJH�SURGXFHG�LQ�SUHWUHDWPHQW�E\�
DERXW� ����� � 7KH� V\VWHP� FDQ� WUHDW� �� WLPHV�PRUH� SRO�
OXWDQWV� LQ�ZDVWHZDWHU� WKDQ� WKH� FRQYHQWLRQDO� DPRXQW���
$IWHU� VXEWUDFWLQJ� WKH� LQFUHDVHG� FRVWV� RI� WKH� FKHPL�
FDO� DJHQW� �DFWLYDWRU�� DGGHG� HYHU\� GD\�� VXSSOHPHQWDU\�
PDJQHWLF� SRZGHU�� DQG�PDLQWHQDQFH� DQG� UHSDLU� RI� WKH�
PDJQHWLF� VHSDUDWRU�� WKH� UXQQLQJ� FRVW� IRU� WKH� HQWLUH�
ZDVWHZDWHU�WUHDWPHQW�ZDV�UHGXFHG�E\�DERXW������VHH�
Fig. 12��

5.  Postscript

7KLV�SDSHU�GHVFULEHG�D�QHZ�ZDVWHZDWHU�WUHDWPHQW�
VROXWLRQ�XVLQJ�%DFLOOXV� WKDW� WDUJHWV�ZDVWHZDWHU� WUHDW�
PHQW�HTXLSPHQW�LQ�IRRG��EHYHUDJH�DQG�FKHPLFDO�SODQWV���
%\� H[SDQGLQJ� WKH� DSSOLFDWLRQV� RI� WKLV� VROXWLRQ�� )XML�
(OHFWULF�LQWHQGV�WR�KHOS�UHGXFH�WKH�RSHUDWLRQ�DQG�PDLQ�
WHQDQFH�FRVWV�IRU�ZDVWHZDWHU�WUHDWPHQW�DQG�OHVVHQ�HQ�
YLURQPHQWDO�ORDGV�

)RU�WKH�LQWURGXFWLRQ��ZH�LQVWDOOHG�D�PDJQHWLF�VHSD�
UDWRU�DQG�D�SXPS�WKDW�IHHGV�PDJQHWLF�DFWLYDWHG�VOXGJH�
WR�WKH�VHSDUDWRU���:H�SRXUHG�DQ�LQRFXOXP�RI�WKH�%DFLO�
OXV�DQG�PDJQHWLF�SRZGHU�LQWR�WKH�ELRUHDFWRU�RI�WKH�V\V�
WHP���$�VSHFLÀHG�DPRXQW�RI�DFWLYDWRU�ZDV�DGGHG�WR�WKH�
ELRUHDFWRU�HYHU\�GD\�
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Fig.12    Introduction effects of sludge-less wastewater treat-
ment system
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