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Description
5IF�CJPTBOE�mMUFS�	#4'
�JT�B�NPEJmDBUJPO�PG�USBEJUJPOBM�TMPX�TBOE�
mMUFS�GPS�IPVTFIPME�MFWFM�XBUFS�USFBUNFOU��"�#4'�DPOTJTUT�PG�B�
DPODSFUF�PS�QMBTUJD�DPOUBJOFS�mMMFE�XJUI�TBOE�BOE�HSBWFM��*U�JT�
EFTJHO�UP�XPSL�JOUFSNJUUFOUMZ�EVF�UP�UIF�GBDU�UIBU�UIFSF�JT�BMXBZT�B�
TUBOEJOH�MBZFS�PG�XBUFS�BCPWF�UIF�mMUFS�CFE��5IF�CJPMPHJDBM�MBZFS�
BU�UIF�UPQ�PG�UIF�TBOE�MBZFS�QMBZT�B�NBKPS�SPMF�JO�UIF�SFNPWBM�
PG�NPTU�PG�UIF�QBUIPHFOT
�UVSCJEJUZ�BOE�PUIFS�DPOUBNJOBOUT��
1IZTJDBM�TUSBJOJOH�BMTP�DPOUSJCVUFT�UP�UIF�QVSJmDBUJPO�QSPDFTT�
5IF�mMUFS�JT�TJNQMF�UP�VTF�BOE�DBO�CF�QSPEVDFE�MPDBMMZ�

Design Criteria
5IF�mMUFS�DPOUBJOFS�JT�VTVBMMZ�NBEF�PG�DPODSFUF�PS�QMBTUJD�PS�
BOZ�PUIFS�XBUFS�QSPPG
�SVTU�QSPPG�BOE�OPO�UPYJD�NBUFSJBM��5IF�
EJNFOTJPOT�PG�UIF�DPOUBJOFS�BSF�BQQSPYJNBUFMZ�����N�UP���N�
IFJHIU�BOE�XJUI�B�TVSGBDF�BSFB�PG�����N2��5IF�DPODSFUF�mMUFS�CPY�
JT�DBTU�GSPN�B�TUFFM�NPVME�PS�NBEF�XJUI�B�QSF�GBCSJDBUFE�QJQF��
5IF�DPOUBJOFS�JT�mMMFE�XJUI�MBZFST�PG�TJFWFE�BOE�XBTIFE�TBOE�
BOE�HSBWFM��5IF�mMUFS�JT�EFTJHOFE�UP�IBWF�B�TUBOEJOH�XBUFS�MBZFS�
BCPWF�UIF�mMUFS�NFEJB
�XIJDI�JT�NBJOUBJOFE�CZ�FOTVSJOH�UIBU�UIF�
IFJHIU�PG�UIF�PVUMFU�QJQF�JT�BCPVU���DN�BCPWF�UIF�TBOE�MBZFS��
5IJT�EFTJHO�GFBUVSF�BMMPXT�UIF�GPSNBUJPO�PG�B�CJPMPHJDBM�MBZFS�
BOE�EJTUJOHVJTIFT�UIF�#4'�GSPN�TMPX�TBOE�mMUFS�BOE�BMMPXT�GPS�
JOUFSNJUUFOU�PQFSBUJPO�

Operating Principles

8BUFS�JT�QPVSFE�PO�UP�UIF�EJGGVTFS�QMBUF�BOE�XJMM�nPX�UISPVHI�UIF�
mMUFS�NFEJB��'JMUFSFE�XBUFS�JT�DPMMFDUFE�UISPVHI�UIF�PVUMFU�QJQF�
BOE�TUPSFE�JO�B�DMFBO�XBUFS�DPOUBJOFS�

.BKPS�GPVS�TUFQT�JO�UIF�USFBUNFOU�QSPDFTTFT�JODMVEF�NFDIBOJDBM�
USBQQJOH
�QSFEBUJPO
�BETPSQUJPO
�BOE�OBUVSBM�EFBUI�

• .FDIBOJDBM�USBQQJOH�BOE�TJFWJOH��4VTQFOEFE�TPMJET�BOE�
QBUIPHFOT�BSF�QIZTJDBMMZ�USBQQFE�JO�UIF�TQBDFT�CFUXFFO�
UIF�TBOE�HSBJOT�

• "ETPSQUJPO�BOE�BUUBDINFOU��EJTTPMWFE�BOE�TVTQFOEFE�
QBSUJDMFT�NBZ�HFU�BUUBDIFE�UP�UIF�mMUFS�NFEJB�

• 1SFEBUJPO��1BUIPHFOT�BSF�DPOTVNFE�CZ�PUIFS�
NJDSPPSHBOJTNT�JO�UIF�CJPMPHJDBM�MBZFS��5IJT�CJPMPHJDBM�MBZFS�
NBUVSFT�PWFS�POF�UP�UISFF�XFFLT
�EFQFOEJOH�PO�WPMVNF�
PG�XBUFS�mMUFSFE
�UIF�BNPVOU�PG�OVUSJFOUT�BOE�BWBJMBCJMJUZ�PG�
NJDSP�PSHBOJTNT�JO�UIF�XBUFS�

• /BUVSBM�EFBUI��1BUIPHFOT�mOJTI�UIFJS�MJGF�DZDMF�PS�EJF�
CFDBVTF�UIFSF�JT�OPU�FOPVHI�GPPE�PS�PYZHFO�GPS�UIFN�UP�
TVSWJWF
�QBSUJDVMBSMZ�EFFQ�JO�UIF�mMUFS�NFEJB�MBZFS�

Applications
#4'�JT�TVJUBCMF�GPS�UIF�USFBUNFOU�PG�XBUFS�BU�IPVTFIPME�MFWFM��
#'4�JT�SFDPNNFOEFE�OPU�UP�VTF�XBUFS�XJUI�UVSCJEJUZ�NPSF�UIBO�
���/56�BOE�EJTTPMWFE�DIFNJDBMT�	F�H�
�PSHBOJD�QFTUJDJEFT�PS�
BSTFOJD
�BSF�OPU�SFNPWFE�

$IMPSJOBUFE�XBUFS�TIPVME�OPU�CF�VTFE�BT�DIMPSJOF�LJMMT�
NJDSPPSHBOJTNT�QSFTFOUFE�JO�CJPmMN�SFTVMUJOH�SFEVDUJPO�PG�
QFSGPSNBODF�JO�QBUIPHFO�SFNPWBM��5IF�XBUFS�DBO�CF�DIMPSJOBUFE�
BGUFS�mMUSBUJPO�JO�PSEFS�UP�FOIBODF�UIF�XBUFS�RVBMJUZ�

Components
$PODSFUF�PS�QMBTUJD�DPOUBJOFS
�mMUFS�NFEJB
�DMFBO�XBUFS�DPMMFDUPS�

5ZQJDBM�#JP�mMUFS�EFTJHOFE�GPS�B�IPVTFIPME�MFWFM

Capacity
(FOFSBMMZ�EFQFOET�PO�UIF�TJ[F�PG�UIF�GBNJMZ��.PTUMZ��������MJUFST�
DBQBDJUZ�GPS�UIF�FBTF�PG�IBOEMJOH�BOE�USFBUJOH�

Costs
(FOFSBMMZ�MPX�DPTU��EFQFOEJOH�PO�BWBJMBCJMJUZ�PG�NBUFSJBMT��
$BQJUBM�DPTU�BCPVU�64��������
�$PTU�MJUFS�USFBUFE�BCPVU�64�������

Freshwater

HouseholdBiosand Filter
T E C H N O L O G Y SOURCE

SCALE

�

Lid

%JGGVTFS�#BTJO�1MBUF

'JOF�4BOE�-BZFS

0VUMFU�5VCF

'JMUFS�#PEZ

4FQBSBUJOH�(SBWFM�-BZFS

%SBJOBHF�(SBWFM�-BZFS



<[PSP[`�
�,MÄJPLUJ`

#4'�SFNPWFT�QBUIPHFOT�TVDI�BT�CBDUFSJB
�QSPUP[PB�BOE�
IFMNJOUIFT��#4'�JT�BMTP�FGGFDUJWF�GPS�UIF�SFNPWBM�PG�WJSVT��0UIFS�
DPOUBNJOBOUT�TVDI�BT�UVSCJEJUZ�BOE�QBSUJDVMBUF�JSPO�BSF�BMTP�
SFNPWFE�JO�UIF�QSPDFTT��)PXFWFS
�EJTTPMWFE�DIFNJDBMT
�TVDI�BT�
PSHBOJD
�QFTUJDJEFT�PS�BSTFOJD�BSF�OPU�FGGFDUJWFMZ�SFNPWFE��

5IF�UBCMF�CFMPX�TIPXT�UIF�CJPTBOE�mMUFS�USFBUNFOU�FGmDJFODZ�JO�
SFNPWJOH�QBUIPHFOT
�UVSCJEJUZ�BOE�JSPO�	$"845�����
�

��� 3FNPWFT�FGGFDUJWFMZ�QBUIPHFOT
�UVSCJEJUZ
�DPMPS
�
PEPS�BOE�JSPO�

��� 3FMBUJWFMZ�IJHI�nPX�SBUFT�	PWFS����-�QFS�IPVS
�
DBO�CF�BDIJFWFE��

��� 0OF�UJNF�JOTUBMMBUJPO�XJUI�GFX�NBJOUFOBODF�
SFRVJSFNFOUT�BOE�OFHMJHJCMF�PQFSBUJPO�DPTUT�

��� -POH�MJGF�BOE�DBO�CF�NBOVGBDUVSFE�GSPN�MPDBMMZ�
BWBJMBCMF�NBUFSJBMT�HFOFSBUJOH�BO�PQQPSUVOJUZ�GPS�
MPDBM�CVTJOFTTFT�

��� &BTZ�UP�PQFSBUF�BOE�NBJOUBJO�

��� #JPMPHJDBM�MBZFS�UBLFT����UP����EBZT�UP�EFWFMPQ�
UP�NBUVSJUZ�

��� -PX�SBUF�PG�WJSVT�JOBDUJWBUJPO�

��� )JHI�UVSCJEJUZ�	�����/56
�XJMM�DBVTF�mMUFS�UP�DMPH�
RVJDLMZ�BOE�SFRVJSFT�NPSF�NBJOUFOBODF�

��� *OWFTUNFOU�DPTU�DPVME�CF�IJHIFS�GPS�MPX�JODPNF�
GBNJMJFT

��� $BOOPU�SFNPWF�EJTTPMWFE�DPNQPVOET�

��� 'PS�DPODSFUF�#4'
�JUT�IFBWZ�XFJHIU�DBO�NBLF�
USBOTQPSUJOH�JU�EJGmDVMU�

Reliability

3FMJBCMF�GPS�UIF�SFNPWBM�PG�TVTQFOEFE�TPMJET�BOE�
NJDSPPSHBOJTNT�

Replication Potential 

4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�

Regulatory/Institutional Issues

"�#4'�TIPVME�CF�DPOTUSVDUFE�POMZ�CZ�USBJOFE�UFDIOJDJBOT��
.BUFSJBMT�BSF�HFOFSBMMZ�MPDBMMZ�BWBJMBCMF�BOE�UIF�DPOTUSVDUJPO�CZ�
USBJOFE�MPDBM�TUBGG�NBZ�DSFBUF�PQQPSUVOJUJFT�GPS�MPDBM�CVTJOFTT�

Operation and Maintenance

• 'PS�UVSCJEJUZ�MFWFMT�HSFBUFS�UIBO����/56
�UIF�XBUFS�TIPVME�
mSTU�CF�TUSBJOFE�UISPVHI�B�DMPUI�PS�TFUUMJOH�CFGPSF�VTJOH�UIF�
#4'�

• 5IF�nPX�SBUF�UISPVHI�UIF�mMUFS�XJMM�TMPX�EPXO�PWFS�UJNF�
BT�UIF�QPSF�PQFOJOHT�CFUXFFO�UIF�TBOE�HSBJOT�CFDPNF�
DMPHHFE��8IFO�UIF�nPX�SBUF�ESPQT�UP�B�MFWFM�UIBU�JT�
JOBEFRVBUF�GPS�UIF�IPVTFIPME�VTF�UIF�mMUFS�OFFET�UP�CF�
DMFBOFE��

• 5IF�OFFE�GPS�DMFBOJOH�EFQFOET�PO�UIF�BNPVOU�BOE�RVBMJUZ�
PG�XBUFS�CFJOH�QVU�UISPVHI�UIF�mMUFS��*G�UIF�XBUFS�JT�SFMBUJWFMZ�
DMFBO�	UVSCJEJUZ�MFTT�UIBO����/56

�UIF�mMUFS�NBZ�MJLFMZ�SVO�GPS�
TFWFSBM�NPOUIT�XJUIPVU�UIJT�NBJOUFOBODF�QSPDFEVSF�

• $MFBOJOH�JT�EPOF�CZ�B�TJNQMF�ATXJSM�BOE�EVNQ��QSPDFEVSF�
QFSGPSNFE�PO�UIF�UPQ�PG�UIF�TBOE
�BOE�POMZ�UBLFT�B�GFX�
NJOVUFT��*U�DPOTJTUT�PG�BHJUBUJOH�UIF�TVSGBDF�TBOE
�UIFSFCZ�
TVTQFOEJOH�DBQUVSFE�NBUFSJBM�JO�UIF�TUBOEJOH�MBZFS�PG�UIF�
XBUFS��5IF�EJSUZ�XBUFS�JT�TDPPQFE�PVU��5IF�DMFBOJOH�QSPDFTT�
DBO�CF�SFQFBUFE�BT�NBOZ�UJNFT�BT�OFDFTTBSZ�UP�SFHBJO�UIF�
EFTJSFE�nPX�SBUF��

• 8IFO�B�#4'�JT�VTFE�GPS�UIF�mSTU�UJNF
�UIFSF�JT�OP�CJPmMN�
ZFU��5IF�CJPMPHJDBM�MBZFS�UZQJDBMMZ�UBLFT����UP����EBZT�UP�
EFWFMPQ�UP�NBUVSJUZ�JO�B�OFX�mMUFS�EFQFOEJOH�PO�JOMFU�XBUFS�
RVBMJUZ�BOE�VTBHF��3FNPWBM�FGmDJFODZ�BOE�UIF�TVCTFRVFOU�
FGGFDUJWFOFTT�PG�UIF�mMUFS�JODSFBTF�UISPVHIPVU�UIJT�QFSJPE��
%VSJOH�UIJT�QFSJPE
�VTFST�XJMM�OFFE�UP�EJTJOGFDU�PS�CPJM�UIF�
XBUFS�PS�VTF�BO�BMUFSOBUJWF�TVQQMZ��

5VSCJEJUZ #BDUFSJB 7JSVTFT 1SPUP[PB *SPO

Lab ��� 6Q�UP������ ������ ������ /"

'JFME ����������� /" /" ��� ������
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Advantages Disadvantages
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Sources

��� #BVNHBSUOFS
�+��	����
��5IF�&GGFDU�PG�6TFS�#FIBWJPS�PO�UIF�1FSGPSNBODF�PG�5XP�)PVTFIPME�8BUFS�'JMUSBUJPO�4ZTUFNT��#PTUPO
�
.BTTBDIVTFUUT��)BSWBSE�4DIPPM�PG�1VCMJD�)FBMUI�

��� $"845�	����
��#JPTBOE�'JMUFS�.BOVBM
�%FTJHO
�$POTUSVDUJPO
�*OTUBMMBUJPO
�0QFSBUJPO�BOE�.BJOUFOBODF��"MCFSUB��$FOUFS�GPS�
"GGPSEBCMF�8BUFS�BOE�4BOJUBUJPO�5FDIOPMPHZ�	$"845
��

��� $IJFX
�)�
�4BNQTPO
�.�
�)VDI
�4�
�,FO
�4�
�BOE�#PTUJDL
�#��$��	����
��&GGFDU�PG�HSPVOEXBUFS�JSPO�BOE�QIPTQIBUF�WPO�UIF�FGmDBDZ�
PG�BSTFOJD�SFNPWBM�CZ�JSPO�BNFOEFE�CJPTBOE�mMUFST��&OWJSPONFOUBM�TDJFODF���UFDIOPMPHZ
���	��

�����������

��� %VLF
�8���#BLFS
�%��	����
��5IF�6TF�BOE�1FSGPSNBODF�PG�UIF�#JPTBOE�'JMUFS�JO�UIF�"SUJCPOJUF�7BMMFZ�PG�)BJUJ��"�'JFME�4UVEZ�PG�����
)PVTFIPMET��7JDUPSJB
�6OJWFSTJUZ�PG�7JDUPSJB��

��� &"8"(�4"/%&$�	����
��)PVTFIPME�8BUFS�5SFBUNFOU�BOE�4BGF�4UPSBHF�	)854
��-FDUVSF�/PUFT��%VFCFOEPSG��4XJTT�'FEFSBM�
*OTUJUVUF�PG�"RVBUJD�4DJFODF�	&"8"(

�%FQBSUNFOU�PG�8BUFS�BOE�4BOJUBUJPO�JO�%FWFMPQJOH�$PVOUSJFT�	4"/%&$
��

��� &MMJPUU
�.�
�4UBVCFS
�$�
�,PLTBM
�'�
�%J(JBOP
�'�
�BOE�4PCTFZ
�.��	����
��3FEVDUJPOT�PG��J��&��DPMJ��J�
�FDIPWJSVT�UZQF����BOE�
CBDUFSJPQIBHFT�JO�BO�JOUFSNJUUFOUMZ�PQFSBUFE�IPVTFIPME�TDBMF�TMPX�TBOE�mMUFS��8BUFS�3FTFBSDI
���	��

������������

��� 'FOH
�4�
�$IFO
�$�
�8BOH
�2�
�:BOH
�;�
�;IBOH
�9�
��BOE�9JF
�4��	����
��.JDSPCJBM�DPNNVOJUZ�JO�B�GVMM�TDBMF�ESJOLJOH�XBUFS�CJPTBOE�
mMUFS��+PVSOBM�PG�&OWJSPONFOUBM�#JPMPHZ
���
����������

��� -BOUBHOF
�%��4�
�2VJDL
�3�
�BOE�.JOU[
�&��%��	����
��)PVTFIPME�XBUFS�USFBUNFOU�BOE�TBGF�TUPSBHF�PQUJPOT�JO�EFWFMPQJOH�DPVOUSJFT��
B�SFWJFX�PG�DVSSFOU�JNQMFNFOUBUJPO�QSBDUJDFT��8JMTPO�2VBSUFSMZ
�8PPESPX�8JMTPO�*OUFSOBUJPOBM�$FOUFS�GPS�4DIPMBST�&OWJSPONFOUBM�
$IBOHF�BOE�4FDVSJUZ�1SPHSBN
���	��
����

��� /HBJ
�5�
�.VSDPUU
�4�
�BOE�4ISFTUIB
�3��	����
��,BODIBO�"STFOJD�'JMUFS�	,"'
���3FTFBSDI�BOE�*NQMFNFOUBUJPO�PG�BO�"QQSPQSJBUF�
%SJOLJOH�8BUFS�4PMVUJPO�GPS�3VSBM�/FQBM��$BNCSJEHF
�."�BOE�,BUINBOEV��.BTTBDIVTFUUT�*OTUJUVUF�PG�5FDIOPMPHZ�BOE�&/1)0
�
/FQBM��

���� /HBJ
�5��,�
�4ISFTUIB
�3��3�
�%BOHPM
�#�
�.BIBSKBO
�.�
�BOE�.VSDPUU
�4��&��	����
��%FTJHO�GPS�TVTUBJOBCMF�EFWFMPQNFOU�IPVTFIPME�
ESJOLJOH�XBUFS�mMUFS�GPS�BSTFOJD�BOE�QBUIPHFO�USFBUNFOU�JO�/FQBM��+PVSOBM�PG�&OWJSPONFOUBM�4DJFODF�BOE�)FBMUI�1BSU�"
���	��

�
���������

���� /PVCBDUFQ
�$�
�5FNHPVB
�&�
�BOE�3BINBO
�.��"��	����
��%FTJHOJOH�*SPOѧ"NFOEFE�#JPTBOE�'JMUFST�GPS�%FDFOUSBMJ[FE�4BGF�
%SJOLJOH�8BUFS�1SPWJTJPO��$-&"/o4PJM
�"JS
�8BUFS
���	�

���������

�



Description
$FSBNJD�mMUFST�BSF�TJNQMF�EFWJDFT�NBEF�PVU�PG�DMBZ�BOE�VTFE�
UP�mMUFS�ESJOLJOH�XBUFS�JO�PSEFS�UP�SFNPWF�UVSCJEJUZ
�TVTQFOEFE�
NBUFSJBMT
�BOE�QBUIPHFOT��3FNPWBM�UBLFT�QMBDF�CZ�QIZTJDBM�
QSPDFTT�TVDI�BT�NFDIBOJDBM�USBQQJOH�BOE�BETPSQUJPO�PO�
UIF�DFSBNJD�NJDSP�TDBMF�QPSFT��5IF�mMUFST�BSF�PGUFO�MPDBMMZ�
NBOVGBDUVSFE
�FBTZ�UP�BTTFNCMF�BOE�SFRVJSF�OP�FOFSHZ�UP�
PQFSBUF�

Design Criteria
$FSBNJD�mMUFS�JT�NBEF�GSPN�B�NJY�PG�MPDBM�UFSSB�DPUUB�DMBZ�BOE�
TBXEVTU�PS�PUIFS�DPNCVTUJCMFT
�TVDI�BT�SJDF�IVTLT���*U�JT�B�MPX�
DPTU
�BOE�IBT�B�CVDLFU�TIBQFE�	��w�EJBNFUFS�BOE���w�EFFQ
��
5IF�mMUFST�BSF�QSFQBSFE�CZ�VTJOH�B�TJNQMF�QSFTT
�BOE�UIFO�mSFE�
JO�B�LJMO��"�DPMMPJEBM�TJMWFS�TPMVUJPO�JT�UIFO�BQQMJFE�UP�UIF�TVSGBDFT�
PG�UIF�mSFE�DMBZ�BT�B�CBDUFSJDJEF
�BGUFS�XIJDI�JU�JT�TFU�GPS�VTF�JO�B�
QMBTUJD�SFDFQUBDMF�UBOL�XJUI�B�MJE�BOE�B�TQJHPU�

Operating Principles
5IF�mMUFS�JT�nPXFSQPU�TIBQFE
�IPMET�BCPVU������MJUFST�PG�XBUFS
�
BOE�TJUT�JOTJEF�B�QMBTUJD�PS�DFSBNJD�SFDFQUBDMF��8BUFS�nPXT�
UISPVHI�UIF�QPSFT�PG�UIF�DFSBNJD�mMUFS�JOUP�B�TUPSBHF�SFDFQUBDMF��
5IF�TVTQFOEFE�TPMJET�BOE�QBUIPHFOT�BSF�QIZTJDBMMZ�USBQQFE�
JO�UIF�TQBDFT�CFUXFFO�UIF�mOF�HSBJOT��5IF�USFBUFE�XBUFS�JT�
UIFO�BDDFTTFE�WJB�B�TQJHPU�FNCFEEFE�XJUIJO�UIF�XBUFS�TUPSBHF�
SFDFQUBDMF�

Applications
$FSBNJD�mMUSBUJPO�JT�NPTU�BQQSPQSJBUF�JO�BSFBT�XIFSF�UIFSF�JT�
DBQBDJUZ�GPS�RVBMJUZ�DFSBNJD�mMUFS�QSPEVDUJPO
�B�EJTUSJCVUJPO�
OFUXPSL�GPS�SFQMBDFNFOU�PG�CSPLFO�QBSUT
�BOE�VTFS�USBJOJOH�PO�
IPX�UP�DPSSFDUMZ�NBJOUBJO�BOE�VTF�UIF�mMUFS�

Components
$FSBNJD�mMUFS
�DMFBS�XBUFS�DPOUBJOFST
�MJE�BOE�UBQ���

Capacity
(FOFSBMMZ�WBSJBCMF�CVU�MJNJUFE�UP�QPSUBCMF�DBQBDJUZ��*U�DBO�USFBU�
�����MJUSFT�PG�XBUFS�JO�POF�DIBSHF�

Costs
1SJDJOH�GPS�SFBEZ�UP�VTF�mMUFS�VOJUT
�JODMVEJOH�UIF�SFDFQUBDMF
�JT�
EFUFSNJOFE�CZ�MPDBM�QSPEVDUJPO�DPTUT�BOE�JT�VTVBMMZ�CFUXFFO�
64����UP������3FQMBDFNFOU�DMBZ�mMUFST�XJMM�DPTU�64����UP�����

Freshwater

HouseholdCeramic Pot Filter  
T E C H N O L O G Y SOURCE

SCALE

�

<[PSP[`�
�,MÄJPLUJ`
-BCPSBUPSZ�UFTUJOH�IBT�TIPXO�UIBU�BMUIPVHI�UIF�NBKPSJUZ�PG�
UIF�CBDUFSJB�BSF�SFNPWFE�NFDIBOJDBMMZ�UISPVHI�UIF�mMUFS�T�
TNBMM�	���o����NJDSPOT
�QPSFT
�DPMMPJEBM�TJMWFS�JT�OFDFTTBSZ�UP�
JOBDUJWBUF�����QFSDFOU�PG�UIF�CBDUFSJB��5IF�mMUFS�SFNPWFT�������
QFSDFOU�QSPUP[PB�CZ�NFDIBOJDBM�QSPDFTTFT��)PXFWFS
�UIF�
FGGFDUJWFOFTT�PG�DFSBNJD�mMUFS�JO�JOBDUJWBUJOH�PS�SFNPWJOH�WJSVTFT�
JT�VOLOPXO�

Reliability
7BSJBCMF�USFBUNFOU�QFSGPSNBODF�QBSUJDVMBSMZ�GPS�WJSVT�SFNPWBM��

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF��1PUUFST�GPS�1FBDF�JT�
B�6OJUFE�4UBUFT�BOE�/JDBSBHVB�CBTFE�OPO�HPWFSONFOUBM�
PSHBOJ[BUJPO�	/(0
�UIBU�QSPNPUFT�UIF�nPXFS�QPU�DFSBNJD�mMUFS�
EFTJHO�CZ�QSPWJEJOH�UFDIOJDBM�BTTJTUBODF�UP�PSHBOJ[BUJPOT�
JOUFSFTUFE�JO�FTUBCMJTIJOH�B�mMUFS�GBDUPSZ�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�TVQFSWJTJPO�CVU�DBO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�
BWBJMBCMF�NBUFSJBM�



��� 3FNPWFT�QBUIPHFOT
�UVSCJEJUZ�BOE�TVTQFOEFE�
TPMJET��QBSUJBMMZ�FGGFDUJWF�GPS�UIF�SFNPWBM�PG�
WJSVTFT�BOE�JSPO�

��� ,FFQT�XBUFS�DPME�BOE�TBGF
�JNQSPWFT�UBTUF�BOE�
PEPS�PG�XBUFS�

��� 3FMBUJWFMZ�MPX�DPTU�BOE�TJNQMF�UP�VTF�BOE�DMFBO�

��� $BO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBM�

��� &YDFQU�GPS�DMBZ�QPU
�JU�T�EVSBCMF
�FBTZ�UP�NPWF�
BOE�USBOTQPSU�����

��� %PFT�OPU�SFNPWF�BMM�QBUIPHFOT�

��� %PFT�OPU�SFNPWF�DIFNJDBM�DPOUBNJOBOUT�BOE�
DPMPS�

��� )JHIMZ�UVSCJE�PS�JSPO�DPOUBJOJOH�XBUFS�QMVHT�
QPSFT�PG�UIF�DFSBNJD�QPU��

��� 7BSJBCMF�RVBMJUZ�DPOUSPM�GPS�MPDBMMZ�QSPEVDFE�
mMUFST�

��� 'JMUFST�DBO�CSFBL�PWFS�UJNF���OFFE�GPS�TQBSF�
QBSUT�

��� "�MPX�nPX�SBUF�PG�����MJUFST�QFS�IPVS�GPS�OPO�
UVSCJE�XBUFST�

Operation and Maintenance
3BX�XBUFS�JT�QPVSFE�JOUP�UIF�DFSBNJD�QPU��5IF�XBUFS�TMPXMZ�
QBTTFT�UISPVHI�UIF�QPSFT�BOE�JT�DPMMFDUFE�JO�UIF�MPXFS�
DPOUBJOFS��5IF�USFBUFE�XBUFS�JT�TUPSFE�JO�B�DMFBO�XBUFS�TUPSBHF�
DPOUBJOFS��UP�QSPUFDU�JU�GSPN�SFDPOUBNJOBUJPO��

'PS�UVSCJEJUZ�MFWFMT�HSFBUFS�UIBO����/56
�UIF�XBUFS�TIPVME�CF�mSTU�
TUSBJOFE�UISPVHI�B�DMPUI�PS�TFUUMFE�QSJPS�UP�VTJOH�UIF�DFSBNJD�QPU�
mMUFS�

D U
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UIF�mMUFS�JT�VQ�UP���ZFBST��IPXFWFS
�JU�JT�SFDPNNFOEFE�UIBU�UIF�
mMUFS�QPU�CF�SFQMBDFE�FWFSZ�����ZFBST��5IJT�JT�JO�QBSU�UP�BWPJE�
QPPS�QFSGPSNBODF�EVF�UP�mOF�JOWJTJCMF�DSBDLT�XIJDI�NBZ�IBWF�
EFWFMPQFE�PWFS�UJNF��"OZ�DSBDLT�XJMM�SFEVDF�UIF�FGGFDUJWFOFTT�
TJODF�XBUFS�DBO�TIPSU�DJSDVJU�XJUIPVU�CFJOH�mMUFSFE�UISPVHI�UIF�
DFSBNJD�QPSFT�



Sources
��� #SPXO
�+��BOE�.��4PCTFZ�	����
��*OEFQFOEFOU�"QQSBJTBM�PG�$FSBNJD�8BUFS�'JMUSBUJPO�*OUFSWFOUJPOT�JO�$BNCPEJB��'JOBM�3FQPSU
�

%FQBSUNFOU�PG�&OWJSPONFOUBM�4DJFODFT�BOE�&OHJOFFSJOH
�4DIPPM�PG�1VCMJD�)FBMUI
�6OJWFSTJUZ�PG�/PSUI�$BSPMJOB
�64"�

��� $"845�	����
��$FSBNJD�$BOEMF�'JMUFS��'BDU�4IFFU���"DBEFNJD��$FOUFS�GPS�"GGPSEBCMF�8BUFS�BOE�4BOJUBUJPO�5FDIOPMPHZ�	$"845�


��� $MBTFO
�5�
�BOE�#PJTTPO
�4��	����
��)PVTFIPME�#BTFE�$FSBNJD�8BUFS�'JMUFST�GPS�UIF�5SFBUNFOU�PG�%SJOLJOH�8BUFS�JO�%JTBTUFS�
3FTQPOTF��"O�"TTFTTNFOU�PG�B�1JMPU�1SPHSBNNF�JO�UIF�%PNJOJDBO�3FQVCMJD��*O��8BUFS�1SBDUJDF���5FDIOPMPHZ���

��� (VQUB
�"�
�7FSNB
�4�3�
�BOE�$IBVEIVSJ
�.��	����
��1FSGPSNBODF�&WBMVBUJPO�PG�$FSBNJD�'JMUFS�$BOEMFT��*O��+PVSOBM�PG�&OWJSPONFOUBM�
&OHJOFFSJOH����
������������

��� 'SBO[
�"��	����
��"�1FSGPSNBODF�4UVEZ�PG�$FSBNJD�$BOEMF�'JMUFST�JO�,FOZB�*ODMVEJOH�5FTUT�GPS�$PMJQIBHF�3FNPWBM��$BNCSJEHF��
.BTTBDIVTFUUT�*OTUJUVUF�PG�5FDIOPMPHZ�	.*5
��

��� )BHBO
�+�.�
�)BSMFZ
�/�
�1PJOUJOH
�%�
�4BNQTPO
�.�
�4NJUI
�,�
�BOE�4PBN
�7��	����
��3FTPVSDF�%FWFMPQNFOU�*OUFSOBUJPOBM���
$BNCPEJB�$FSBNJD�8BUFS�'JMUFS�)BOECPPL
�7FSTJPO����
�1IOPN�1FOI
�$BNCPEJB��*OOPWBUJWF�5FDIOPMPHJFT��$FSBNJD�8BUFS�
1VSJmFST
�IUUQ���XBUFSBEWPDBUF�PSH�QPUUFST�IUN

��� )PFSNBO
�"�
�3JNIBOFO�'JOOF
�3�
�.BVOVMB
�-�
�#POTEPSGG
�$�)��WPO��3BQBMB
�+�
�-BIUJ
�,��BOE�)BFOOJOFO
�.�-��	����
��&WBMVBUJPO�
PG�UIF�1VSJmDBUJPO�$BQBDJUZ�PG�/JOF�1PSUBCMF
�4NBMM�TDBMF�8BUFS�1VSJmDBUJPO�%FWJDFT�

��� -BOUBHOF
�%��	����
��*OWFTUJHBUJPO�PG�UIF�1PUUFST�GPS�1FBDF�$PMMPJEBM�4JMWFS�*NQSFHOBUFE�$FSBNJD�'JMUFS�3FQPSU����'JFME�
*OWFTUJHBUJPOT��"MFUIJB�&OWJSPONFOUBM�GPS�64"*%
�64"�

��� -PX
�+��	����
��"QQSPQSJBUF�.JDSPCJBM�*OEJDBUPS�5FTUT�GPS�%SJOLJOH�8BUFS�JO�%FWFMPQJOH�$PVOUSJFT�BOE�"TTFTTNFOU�PG�$FSBNJD�
8BUFS�'JMUFST�
�.BTUFS�PG�&OHJOFFSJOH�UIFTJT��%FQBSUNFOU�PG�$JWJM�BOE�&OWJSPONFOUBM�&OHJOFFSJOH
�.BTTBDIVTFUUT�*OTUJUVUF�PG�
5FDIOPMPHZ��$BNCSJEHF
�.BTTBDIVTFUUT
�64"�

���� 4NJUI
�-��	����
��$FSBNJD�8BUFS�'JMUFS�6TF�JO�5BLFP
�$BNCPEJB�o�0QFSBUJPOBM�*TTVFT�BOE�)FBMUI�1SPNPUJPO�3FDPNNFOEBUJPOT��
4VCNJUUFE�JO�QBSUJBM�GVMmMMNFOU�BT�B�SFRVJSFNFOU�GPS�B�.BTUFS�PG�4DJFODF�JO�$POUSPM�PG�*OGFDUJPVT�%JTFBTFT
�-POEPO�4DIPPM�PG�
)ZHJFOF�BOE�5SPQJDBM�.FEJDJOF
�-POEPO
�&OHMBOE�

���� 0ZBOFEFM�$SBWFS
�7��"�
�BOE�4NJUI
�+��"��	����
��4VTUBJOBCMF�DPMMPJEBM�TJMWFS�JNQSFHOBUFE�DFSBNJD�mMUFS�GPS�QPJOU�PG�VTF�XBUFS�
USFBUNFOU��&OWJSPONFOUBM�TDJFODF���UFDIOPMPHZ
���	�

���������
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Description
(SBWJUZ�ESJWFO�NFNCSBOF�	(%.
�UFDIOPMPHZ�XPSLT�XJUIPVU�BOZ�
CBDL�nVTIJOH�PS�DMFBOJOH��1SFTTVSF�SFRVJSFE�UP�QSFTT�XBUFS�
UISPVHI�UIF�NFNCSBOFT�JT�HFOFSBUFE�CZ�HSBWJUZ�QSPEVDFE�CZ�
EJGGFSJOH�XBUFS�MFWFMT�CFUXFFO�UXP�TUPSBHF�UBOLT��"T�B�GFFE
�
OBUVSBM�XBUFS�	SJWFS
�TQSJOH
�XFMM�PS�SBJOXBUFS
�DBO�CF�VTFE�
XJUIPVU�QSF��PS�QPTU�USFBUNFOU��"MUIPVHI�UVSCJE�XBUFST�DBO�CF�
VTFE
�B�QSF�USFBUNFOU�JT�SFRVJSFE�JG�UIF�XBUFS�JT�FYUSFNFMZ�UVSCJE��
(%.�UFDIOPMPHZ�IBT�B�IJHI�QPUFOUJBM�GPS�JNQMFNFOUBUJPO�GPS�
ESJOLJOH�XBUFS�USFBUNFOU�JO�IPVTFIPMET�PS�GPS�DPNNVOJUJFT�

Design Criteria
(%.�DPOTJTUT�PG�UXP�XBUFS�UBOLT�BSSBOHFE�PO�UPQ�PG�FBDI�PUIFS��
5IF�VQQFS�UBOL�DPOUBJOT�UIF�6'�NFNCSBOFT�BOE�UIF�MPXFS�UBOL�
TUPSFT�mMUFSFE�XBUFS��0QUJPOBMMZ
�B�TNBMMFS�UBOL�XJUI�B�TJFWJOH�
DMPUI�DBO�CF�QMBDFE�PO�UPQ�PG�UIF�VQQFS�UBOL�UP�SFNPWF�DPBSTF�
TPMJET�TVDI�BT�CSBODIFT�BOE�TBOE��5IF�DMFBO�XBUFS�UBOL�JT�
EJNFOTJPOFE�GPS�B�UPUBM�WPMVNF�PG�BCPVU����MJUFST�XIJMTU�UIF�
NFNCSBOF�UBOL�JT�EJNFOTJPOFE�GPS�BCPVU����MJUFST��

8IFO�PQFSBUJOH�UIF�VOJU
�GFFE�XBUFS�JT�QPVSFE�JO�UP�UIF�
NFNCSBOF�UBOL�BOE�ESJWFO�UISPVHI�UIF�NFNCSBOF�TIFFUT�CZ�JUT�
PXO�QSFTTVSF��8BUFS�JT�UIFO�MFE�UP�UIF�DMFBO�XBUFS�UBOL�UISPVHI�
B�TJMJDPO�UVCF�DPOOFDUFE�UP�B�QFSNFBUF�SFNPWBM�QJQF
�MPDBUFE�
BU�UIF�DFOUFS�PG�UIF�VMUSBmMUSBUJPO�NFNCSBOFT�TIFFUT��5IF�DFOUSBM�
MPDBUJPO�PG�UIF�QFSNFBUF�SFNPWBM�QJQF�LFFQT�XBUFS�MFWFMT�JO�UIF�
NFNCSBOF�UBOL�BU�B�NJOJNVN�WPMVNF�PG����MJUFST
�XIJDI�LFFQT�
UIF�NFNCSBOFT�GSPN�ESZJOH�PVU�BOE�UIF�DMFBO�XBUFS�UBOL�GSPN�
PWFS�nPXJOH�

Operating Principles
5IF�PQFSBUJOH�QSJODJQMF�PG�(%.�JT�CBTFE�PO�UIF�JEFB�PG�
PQFSBUJOH�VMUSBmMUSBUJPO�NFNCSBOFT�JO�B�EFBE�FOE�NPEF�VTJOH�
HSBWJUZ�BT�POMZ�ESJWJOH�GPSDF��5IJT�JNQMJFT�UIBU�BMM�XBUFS�IBT�UP�
HP�UISPVHI�UIF�VMUSBmMUSBUJPO�NFNCSBOF�TJODF�UIFSF�JT�OP�PUIFS�
PVUMFU��5ISPVHI�UIJT�QSPDFTT
�B�IJHI�SFNPWBM�PG�CBDUFSJB�BOE�
WJSVTFT�DBO�CF�PCUBJOFE�BOE�UIF�VTF�PG�FYUFSOBM�FOFSHZ�TPVSDFT�
DBO�CF�BWPJEFE�

5IF�TZTUFN�SVOT�XJUIPVU�BOZ�CBDLXBTIJOH�MFBEJOH�UP�B�
GPVMJOH�MBZFS�PO�UIF�NFNCSBOF�TVSGBDF��"O�JODSFBTFE�GPVMJOH�
MBZFS�EFDSFBTFT�UIF�nVY�UISPVHI�UIF�NFNCSBOFT��)PXFWFS
�
VOEFSMZJOH�SFTFBSDI�IBT�TIPXO�UIBU�nVY�WBMVFT�EP�OPU�
OFDFTTBSJMZ�EFDSFBTF�XJUI�UJNF�CVU�TUBCJMJ[F�BSPVOE�B�DPOTUBOU�
WBMVF��'VSUIFSNPSF�JU�IBT�CFFO�TIPXO�UIBU�B�IFUFSPHFOFPVT�
GPVMJOH�MBZFS�DPOUBJOJOH�IJHI�CBDUFSJPMPHJDBM�BDUJWJUZ�BOE�
QSFEBUJPO�IBT�B�QPTJUJWF�FGGFDU�PO�UIF�nVY�WBMVFT�UISPVHI�UIF�
NFNCSBOF��5IVT
�JO�PSEFS�UP�QSFTFSWF�BDUJWJUZ�JO�UIF�GPVMJOH�
MBZFS
�OP�DIFNJDBMT�BSF�VTFE�GPS�EJTJOGFDUJPO�

Applications
.PTU�VMUSBmMUSBUJPO�NFNCSBOFT�IBWF�QPSFT�UIBU�BSF�TNBMMFS�UIBO�
UIF�TJ[F�PG�CBDUFSJB�BOE�WJSVTFT��5IVT
�XBUFS�mMUFSFE�UISPVHI�
UIFTF�NFNCSBOFT�JT�NJDSPCJPMPHJDBMMZ�TBGF�
"T�B�GFFE
�OBUVSBM�XBUFS�	SJWFS
�TQSJOH
�XFMM�PS�SBJOXBUFS
�DBO�CF�
VTFE�XJUIPVU�QSF��PS�QPTU�USFBUNFOU��*G�UVSCJE�XBUFST�BSF�VTFE
�B�
QSF�USFBUNFOU�XJMM�SFRVJSFE�	JO�UIF�GPSN�PG�DMPUI�mMUFS
�

Components
%JGGFSFOU�DPNQPOFOUT�BT�TIPXO�JO�UIF�EFTJHO�TUFQ�	TFF�mHVSF�
BCPWF
�

(SBWJUZ�ESJWFO�NFNCSBOF�USFBUNFOU�VOJU

Capacity
(FOFSBMMZ�WBSJBCMF�GSPN����UP����MJUFST�GPS�IPVTFIPME�VTFT�

Costs
5IF�MJGFTQBO�PG�B�IPVTFIPME�mMUFS�JT�FTUJNBUFE�UP�CF�BCPVU���
ZFBST�BOE�UIF�QSPEVDUJPO�DPTU�JT�DBMDVMBUFE�BU�BCPVU�64����o���

Freshwater

HouseholdGravity-Driven Membrane (GDM) Technology
T E C H N O L O G Y SOURCE

SCALE

7

1SF�mMUFS�	DMPUI


.FNCSBOF�UBOL

$MFBO�XBUFS�UBOL



<[PSP[`�
�,MÄJPLUJ`
7FSZ�IJHI�FGmDJFOU�JO�SFNPWJOH�QBUIPHFOJD�CBDUFSJB�BOE�PUIFS�
TVTQFOEFE�TPMJET�

��� 4VJUBCMF�GPS�ESJOLJOH�XBUFS�USFBUNFOU�JO�
IPVTFIPMET�PS�GPS�DPNNVOJUJFT��

��� 1SPEVDFT�NJDSPCJPMPHJDBMMZ�TBGF�ESJOLJOH�XBUFS�

��� /P�CBDL�nVTIJOH�PS�DMFBOJOH�JT�SFRVJSFE�

��� &GGFDUJWF�QFSGPSNBODF�JO�SFNPWJOH�EJGGFSFOU�
DPOUBNJOBOUT�JODMVEJOH�NJDSP�PSHBOJTNT�

��� %PFT�OPU�SFRVJSF�FOFSHZ�JOQVU�VOMJLF�PUIFS�
NFNCSBOF�UFDIOPMPHJFT

��� 5IJT�JT�OPU�TVJUBCMF�GPS�IJHIMZ�UVSCJE�XBUFS��

��� 3FRVJSFT�TLJMMFE�UFDIOJDJBO�UP�JOTUBMM�

��� 3FMBUJWFMZ�DPTUMJFS�UIBO�CJP�TBOE�BOE�DFSBNJD�
mMUFS�

��� /PU�BQQMJDBCMF�GPS�SVSBM�BSFBT�XIFSF�BEWBODFE�
UFDIOPMPHZ�JT�OPU�QPTTJCMF�

Reliability
3FMJBCMF�JO�BDIJFWJOH�UIF�EFTJSFE�XBUFS�RVBMJUZ�CVU�QFSGPSNBODFT�
XJMM�BMTP�EFQFOE�PO�UIF�MPDBM�DPOEJUJPOT�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�DBOOPU�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�
BWBJMBCMF�NBUFSJBM�

Operation and Maintenance
8BUFS�JT�DPMMFDUFE�GSPN�B�TPVSDF�BOE�UIFO�USBOTQPSUFE�UP�UIF�
IPVTFIPME�XIFSF�JU�JT�TUPSFE�PS�JNNFEJBUFMZ�QPVSFE�JOUP�UIF�
mMUFSJOH�VOJU��#FDBVTF�PG�UIF�TNBMM�QPSF�TJ[F�PG�UIF�VMUSBmMUSBUJPO�
NFNCSBOFT
�B�XJEF�WBSJFUZ�PG�NJDSP�PSHBOJTNT�DBO�CF�SFNPWFE��
.BJOUFOBODF�PG�UIF�mMUFS�VOJU�DPNQSJTFT�PG�SFHVMBS�DMFBOJOH�
PG�UIF�UBQ�JO�PSEFS�UP�BWPJE�SFDPOUBNJOBUJPO��"MTP
�B�SFHVMBS�
TVSWFJMMBODF�PG�UIF�DMFBO�XBUFS�UBOL�JT�OFFEFE�JO�PSEFS�UP�BWPJE�
PWFSnPX�

D U
Advantages Disadvantages
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Description
-JGF4USBX�JT�B�QPJOU�PG�VTF�XBUFS�JOUFSWFOUJPO�UIBU�DBO�CF�VTFE�
BU�IPNF�PS�BU�UIF�TPVSDFT�PG�XBUFS��*U�DPNFT�JO�UXP�EJGGFSFOU�
EFTJHOT�BT�QFSTPOBM�MJGFTUSBX�BOE�'BNJMZ�MJGFTUSBX��5IF�GBNJMZ�
-JGF4USBX�JT�B�NPEJmDBUJPO�PG�UIF�QFSTPOBM�MJGFTUSBX�SFEFTJHOFE�
JOUP�B�HSBWJUZ�CMBEEFS�mMUSBUJPO�TZTUFN�XIJDI�QVSJmFT�MBSHFS�
WPMVNF�FOPVHI�GPS�B�GBNJMZ��5IF�-JGF4USBX�QFSTPOBM�XBUFS�mMUFS�
FOBCMFT�VTFST�UP�ESJOL�XBUFS�TBGFMZ�GSPN�DPOUBNJOBUFE�XBUFS�
TPVSDFT�XIFSF�VTFST�TVDL�PO�POF�FOE�PG�UIF�mMUFS�UP�BQQMZ�UIF�
OFFEFE�QSFTTVSF��

Design Criteria
-JGF4USBX�JT�B�DZMJOESJDBM�QMBTUJD�UVCF�UIBU�DPOUBJOT�B�IPMMPX�
mCFS�NFNCSBOF�PG�����NJDSPOT�QPSF�TJ[FT��*U�VTFT�POMZ�QIZTJDBM�
mMUSBUJPO�NFUIPET�BOE�OP�DIFNJDBMT�

Operating Principles
*O�-JGFTUSBX�'BNJMZ
�XBUFS�JT�QPVSFE�JOUP�UIF�GFFE�XBUFS�CVDLFU�
XIFSF�UIF�QSPmMFS�SFNPWFT�DPBSTF�QBSUJDMFT�MBSHFS�UIBO���çN��
(SBWJUZ�QVTIFT�UIF�XBUFS�XJUI�QBSUJDMFT�mOFS�UIBO���çN�EPXO�
UIF�QMBTUJD�IPTF�UPXBSET�UIF�QVSJmDBUJPO�DBSUSJEHF��"U�UIF�UJNF�
PG�mSTU�VTF
�PQFOJOH�UIF�FYJU�WBMWF�SFNPWFT�BMM�UIF�BJS�USBQQFE�
JOTJEF�UIF�IPMMPX�mCFS�NFNCSBOF�BOE�NPJTUFOT�UIF�NFNCSBOF�
TVSGBDF
�BMMPXJOH�BO�PQUJNBM�mMUSBUJPO�PG�UIF�VOUSFBUFE�XBUFS��5IF�
FYJU�WBMWF�NVTU�CF�DMPTFE�BGUFS���TFDPOET���

5IF�QVSJmDBUJPO�DBSUSJEHF�	IPMMPX�mCFS�NFNCSBOF
�mMUFST�PVU�
QBSUJDMFT�MBSHFS�UIBO�����NJDSPOT�CZ�TJ[F�FYDMVTJPO�	UVSCJEJUZ�BOE�
NJDSPCFT�JODMVEJOH�QSPUP[PBO�QBSBTJUFT
�CBDUFSJB�BOE�WJSVTFT
��
5IF�SFRVJSFE�mMUSBUJPO�QSFTTVSF�DPNFT�GSPN�UIF�FMFWBUFE�UBOL�
UIBU�HFOFSBUFT�BCPVU�����CBS�QSFTTVSF��

1VSJmFE�XBUFS�DBO�CF�DPMMFDUFE�GSPN�UIF�CMVF�UBQ��8IFO�UIF�
DMFBOJOH�CVMC�JT�TRVFF[FE
�USBQQFE�QBSUJDMFT�PO�UIF�SFUFOBUF�
BSF�nVTIFE�PVU�UISPVHI�UIF�FYJU�WBMWF�CZ�CBDLQSFTTVSF�BQQMJFE�
XIFO�UIF�DMFBOJOH�SFE�CVMC�JT�TRVFF[FE�

5IF�QVSJmFE�XBUFS�DPNQMJFT�XJUI�UIF�64&1"�SFRVJSFNFOUT�
PG�������MPH�SFEVDUJPOT�PG�CBDUFSJB
�WJSVTFT�BOE�QSPUP[PB
�
SFTQFDUJWFMZ��5IF�����CBS�QSFTTVSF�BMMPXT�B�nPX�SBUF�PG������-�
IPVS�

5IF�-JGF4USBX¥�'BNJMZ�mMUFS�BMTP�DPOUBJOT�B�DIMPSJOF�DIBNCFS�
MPDBUFE�CFMPX�UIF�UPQ�DPOUBJOFS��5IJT�DIBNCFS�FMVUFT�MPX�
BNPVOUT�PG�BDUJWF�DIMPSJOF
�XIJDI�QSPUFDU�UIF�VMUSBmMUSBUJPO�
NFNCSBOF�GSPN�GPVMJOH��5IF�BDUJWF�DIMPSJOF�TMPXT�EPXO�CJPmMN�
GPSNBUJPO�BOE�QSPUFDUT�UIF�VMUSBmMUSBUJPO�DBSUSJEHF�MFBEJOH�UP�BO�
FYUFOEFE�MJGFUJNF�PG�UIF�-JGF4USBX¥�'BNJMZ�XBUFS�QVSJmFS�

Applications
-JGF4USBX�JT�JEFBM�GPS�IPNFPXOFST�EVSJOH�FNFSHFODJFT�XIFSF�
XBUFS�TVQQMJFE�BU�IPNF�JT�OPU�TBGF��*U�JT�BMTP�JEFBM�GPS�DBNQFST�
BOE�IJLFST�XIP�NBZ�CF�ESJOLJOH�GSPN�SJWFST�PS�MBLFT�BOE�BSF�OPU�
DFSUBJO�PG�UIF�XBUFS�TBGFUZ��*U�mMUFST�B�NBYJNVN�PG������MJUSFT�PG�
XBUFS�

-JG4USBX�'BNJMZ�JT�VTFE�GPS�UIF�GBNJMZ�PG�mWF�PS�NPSF��*U�mMUFST�B�
NBYJNVN�PG���
����MJUFST�PG�XBUFS�

Components
%JGGFSFOU�DPNQPOFOUT�BT�TIPXO�JO�UIF�EFTJHO�TUFQ�

-JGFTUSBX�BMMPXT�TPNFPOF�UP�ESJOL�XBUFS�EJSFDUMZ�GSPN�TPVSDF

Capacity
(FOFSBMMZ�WBSJBCMF�GSPN����UP����MJUFST�GPS�UIF�IPVTFIPME�VTFT�

Costs
$PTUT�WBSZ�BDDPSEJOH�UP�UIF�MPDBUJPO��*O�UIF�64"�UIF�DPTUT�PG�B�
-JGF4USBX�JT�BCPVU�64���������QD�

Freshwater

HouseholdLife Straw Technology
T E C H N O L O G Y SOURCE

SCALE

��
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-JGF4USBX�JT�UIF�NPTU�BEWBODFE�QFSTPOBM�XBUFS�mMUFS�BWBJMBCMF�
UPEBZ��-JGF4USBX�GVMmMT�UIF�SJHPSPVT�TUBOEBSET�GPS�XBUFS�
mMUSBUJPO�BOE�TVSQBTTFT�&1"�HVJEFMJOFT�GPS�&��DPMJ
�(JBSEJB
�BOE�
$SZQUPTQPSJEJVN�PPDZTUT
�

Reliability
3FMJBCMF�JO�BDIJFWJOH�HPPE�XBUFS�RVBMJUZ�BT�EFTJHOFE�CVU�
QFSGPSNBODFT�XJMM�BMTP�EFQFOE�PO�UIF�MPDBM�DPOEJUJPOT��

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�BQQMJDBCMF�GPS�EJGGFSFOU�
GBNJMZ�TJ[FT��

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�DBOOPU�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�
BWBJMBCMF�NBUFSJBM�

Operation and Maintenance
1SF�mMUFS�TIPVME�CF�DMFBOFE�EBJMZ�CZ�SFNPWJOH�QSF�mMUFS�GSPN�
DPOUBJOFS
�XBTI�BOE�SFQMBDF��1VSJmDBUJPO�DBSUSJEHF�TIPVME�
CF�DMFBOFE�EBJMZ��$BSUSJEHF�JT�DMFBOFE�CZ�TRVFF[JOH�UIF�SFE�
CVMC
�XBJUJOH����TFDPOET
�BOE�SFQFBUJOH�UIJT�UXJDF��0QFO�
UIF�SFE�WBMWF�BOE�BMMPX�XBUFS�UP�nPX�PVU�PG�UIF�SFE�PVUMFU�
GPS����TFDPOET��5IF�mHVSF�CFMPX�EFTDSJCFT�PQFSBUJPO�BOE�
NBJOUFOBODF�QSPDFEVSFT�

��



Sources
��� #PJTTPO
�4�
�4DINJEU
�8��1�
�#FSIBOV
�5�
�(F[BIFHO
�)�
�BOE�$MBTFO
�5��	����
��3BOEPNJ[FE�DPOUSPMMFE�USJBM�JO�SVSBM�&UIJPQJB�UP�

BTTFTT�B�QPSUBCMF�XBUFS�USFBUNFOU�EFWJDF��&OWJSPONFOUBM�TDJFODF���UFDIOPMPHZ
���	��

������������

��� $MBTFO
�5�
�/BSBOKP
�+�
�'SBVDIJHFS
�%�
�BOE�(FSCB
�$��	����
��-BCPSBUPSZ�BTTFTTNFOU�PG�B�HSBWJUZ�GFE�VMUSBmMUSBUJPO�XBUFS�USFBUNFOU�
EFWJDF�EFTJHOFE�GPS�IPVTFIPME�VTF�JO�MPX�JODPNF�TFUUJOHT��5IF�"NFSJDBO�KPVSOBM�PG�USPQJDBM�NFEJDJOF�BOE�IZHJFOF
���	�

�����
�����

��� &"8"(�	����
��1SPKFDU��(SBWJUZ�%SJWFO�.FNCSBOF�	(%.
�5FDIOPMPHZ��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�
BOE�5FDIOPMPHZ�	&"8"(
��

��� *3$�	����
��1PJOU�PG�VTF�5SFBUNFOU��7FTUFSHBBSE�'SBOETFO�-BVODIFT�-JGF4USBX	3
�'BNJMZ��5IF�)BHVF��*3$�*OUFSOBUJPOBM�8BUFS�
BOE�4BOJUBUJPO�$FOUSF��

��� -PP
�4��-�
�'BOF
�"��(�
�,SBOU[
�8��#�
�BOE�-JN
�5��5��	����
��&NFSHFODZ�XBUFS�TVQQMZ��"�SFWJFX�PG�QPUFOUJBM�UFDIOPMPHJFT�BOE�
TFMFDUJPO�DSJUFSJB��8BUFS�3FTFBSDI
���	��

������������

��� 1FUFS�7BSCBOFUT
�.�
�+PIOTUPO
�3���.FJFSIPGFS
�3�
�,BHF
�'�
�.VFMMFS
�4�
�BOE�1SPOL
�8��	����
�(SBWJUZ�%SJWFO�.FNCSBOF�
%JTJOGFDUJPO�GPS�)PVTFIPME�%SJOLJOH�8BUFS�5SFBUNFOU��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�BOE�5FDIOPMPHZ�
	&"8"(
��

��� 4DIBFGFS
�.��	����
��8BUFS�UFDIOPMPHJFT�BOE�UIF�FOWJSPONFOU��3BNQJOH�VQ�CZ�TDBMJOH�EPXO��5FDIOPMPHZ�JO�4PDJFUZ
���	�

�����
����

��� 8FCTJUFT��

-JGFTUSBX��IUUQ���XXX�WFTUFSHBBSE�GSBOETFO�DPN�MJGFTUSBX

(SBWJUZ�%SJWFO�.FNCSBOF�	(%.
�UFDIOPMPHZ��IUUQ���XXX�FBXBH�DI�GPSTDIVOH�FOH�HSVQQFO�HEN�JOEFY

��

��� -JGFTUSBX�mMUFST�VQ�UP��
����MJUFST�PG�XBUFS�

��� 3FNPWFT��������PG�XBUFSCPSOF�CBDUFSJB
�������
PG�XBUFSCPSOF�QSPUP[PBO�QBSBTJUFT�

��� 3FEVDFT�UVSCJEJUZ
�mMUFSJOH�EPXO�UP�����NJDSPOT

��� 6MUSBMJHIU��XFJHIT�POMZ��P[�

��� %PFT�OPU�VTF�JPEJOF�PS�JPEJ[FE�SFTJO�

��� $POUBJOT�OP�DIFNJDBMT
�VTFT�OP�FOFSHZ
�IBT�OP�
NPWJOH�QBSUT�

��� 7FSZ�IJHI�nPX�SBUF��FBTZ�UP�DMFBO��

��� $BOOPU�CF�GBCSJDBUFE�VTJOH�MPDBM�NBUFSJBMT�

��� 3JTLT�PG�DSPTT�DPOUBNJOBUJPO�BOE�JNQSPQFS�
PQFSBUJPO�

��� 3FMBUJWFMZ�DPTUMJFS�UIBO�CJPTBOE�BOE�DFSBNJD�
mMUFS�

��� /FFET�SFHVMBS�CBDLXBTI�UP�FOTVSF�UIF�SFRVJSFE�
MFWFM�PG�UIF�RVBMJUZ�

D U
Advantages Disadvantages



Description
$PBHVMBUJPO�nPDDVMBUJPO�JT�B�DIFNJDBM�XBUFS�USFBUNFOU�UFDIOJRVF�
UZQJDBMMZ�BQQMJFE�QSJPS�UP�TFEJNFOUBUJPO�BOE�mMUSBUJPO�	F�H��SBQJE�
TBOE�mMUSBUJPO
�UP�FOIBODF�UIF�BCJMJUZ�PG�B�USFBUNFOU�QSPDFTT�
UP�SFNPWF�QBSUJDMFT��4VDI�QBSUJDMF�NBZ�JODMVEF�TVTQFOEFE
�
EJTTPMWFE�PSHBOJD�BOE�PS�JOPSHBOJD�NBUUFS�BT�XFMM�BT�TFWFSBM�
CJPMPHJDBM�PSHBOJTNT
�TVDI�BT�CBDUFSJB
�BMHBF�PS�WJSVTFT��
5IPTF�NBUFSJBM�IBT�UP�CF�SFNPWFE
�BT�JU�DBVTFT�EFUFSJPSBUJPO�
PG�XBUFS�RVBMJUZ�CZ�SFEVDJOH�UIF�DMBSJUZ�	F�H��DBVTJOH�UVSCJEJUZ�
PS�DPMPS

�BOE�FWFOUVBMMZ�DBSSZJOH�QBUIPHFOJD�PSHBOJTNT�PS�
UPYJD�DPNQPVOET�BETPSCFE�PO�UIFJS�TVSGBDFT��$PBHVMBUJPO�JT�
UIF�EFTUBCJMJ[BUJPO�PG�DPMMPJEBM�QBSUJDMFT�CSPVHIU�BCPVU�CZ�UIF�
BEEJUJPO�PG�B�DIFNJDBM�SFBHFOU�DBMMFE�BT�DPBHVMBOU��'MPDDVMBUJPO�
JT�UIF�BHHMPNFSBUJPO�PG�EFTUBCJMJ[FE�QBSUJDMFT�JOUP�NJDSPmMN�BOE�
BGUFS�JOUP�CVMLZ�nPDDVMBUJPO�XIJDI�DBO�CF�TFUUMFE�DBMMFE�nPD��5IF�
BEEJUJPO�PG�BOPUIFS�SFBHFOU�DBMMFE�nPDDVMBUJPO�BJE�NBZ�QSPNPUF�
UIF�GPSNBUJPO�PG�UIF�nPD��$PBHVMBUJPO�'MPDDVMBUJPO�JT�BMTP�B�
DPNNPO�QSPDFTT�UP�USFBU�JOEVTUSJBM�BOE�EPNFTUJD�XBTUFXBUFS�JO�
PSEFS�UP�SFNPWF�TVTQFOEFE�QBSUJDMFT�GSPN�UIF�XBUFS�

Design Criteria
4FMFDUJPO�PG�DPBHVMBOUT�BOE�nPDDVMBOUT�BOE�UIFJS�EPTF�JT�
JNQPSUBOU�TUFQT�JO�DPBHVMBOUT�nPDDVMBOUT�QSPDFTT��)PXFWFS�
TFMFDUJPO�PG�QIZTJDBM�TJ[F�BOE�DBQBDJUZ�PG�UIF�UBOLT�XJMM�CF�
CBTFE�PO�UIF�XBUFS�RVBMJUZ�BOE�RVBOUJUZ�UP�CF�USFBUFE�JO�B�
TZTUFN��

5IF�DPNNPOMZ�VTFE�NFUBM�DPBHVMBOUT�BSF�FJUIFS�CBTFE�PO�
BMVNJOVN�PS�JSPO��5IF�BMVNJOVN�DPBHVMBOUT�JODMVEF�BMVNJOVN�
TVMGBUF
�BMVNJOVN�DIMPSJEF�BOE�TPEJVN�BMVNJOBUF��5IF�
JSPO�DPBHVMBOUT�JODMVEF�GFSSJD�TVMGBUF
�GFSSPVT�TVMGBUF
�GFSSJD�
DIMPSJEF�BOE�GFSSJD�DIMPSJEF�TVMGBUF��0UIFS�DIFNJDBMT�VTFE�BT�
DPBHVMBOUT�JODMVEF�IZESBUFE�MJNF�BOE�NBHOFTJVN�DBSCPOBUF��
5IF�FGGFDUJWFOFTT�PG�BMVNJOVN�BOE�JSPO�DPBHVMBOUT�BSJTFT�
QSJODJQBMMZ�GSPN�UIFJS�BCJMJUZ�UP�GPSN�NVMUJ�DIBSHFE�QPMZOVDMFBS�
DPNQMFYFT�XJUI�FOIBODFE�BETPSQUJPO�DIBSBDUFSJTUJDT��8IFO�
NFUBM�DPBHVMBOUT�BSF�BEEFE�UP�XBUFS�UIF�NFUBM�JPOT�	"M�BOE�
'F
�IZESPMZ[F�SBQJEMZ�CVU�JO�B�TPNFXIBU�VODPOUSPMMFE�NBOOFS
�
GPSNJOH�B�TFSJFT�PG�NFUBM�IZESPMZTJT�TQFDJFT��5IF�FGmDJFODZ�
PG�SBQJE�NJYJOH
�UIF�Q)
�BOE�UIF�DPBHVMBOU�EPTBHF�EFUFSNJOF�
XIJDI�IZESPMZTJT�TQFDJFT�JT�FGGFDUJWF�GPS�USFBUNFOU�

5IFSF�IBT�CFFO�DPOTJEFSBCMF�EFWFMPQNFOU�PG�QSF�IZESPMZ[FE�
JOPSHBOJD�DPBHVMBOUT
�CBTFE�PO�CPUI�BMVNJOVN�BOE�JSPO�UP�
QSPEVDF�UIF�DPSSFDU�IZESPMZTJT�TQFDJFT�SFHBSEMFTT�PG�UIF�
QSPDFTT�DPOEJUJPOT�EVSJOH�USFBUNFOU��5IFTF�JODMVEF�BMVNJOVN�
DIMPSPIZESBUF
�QPMZBMVNJOVN�DIMPSJEF
�QPMZBMVNJOVN�
TVMGBUF�DIMPSJEF
�QPMZBMVNJOVN�TJMJDBUF�DIMPSJEF�BOE�GPSNT�PG�
QPMZBMVNJOVN�DIMPSJEF�XJUI�PSHBOJD�QPMZNFST��*SPO�GPSNT�JODMVEF�
QPMZGFSSJD�TVMGBUF�BOE�GFSSJD�TBMUT�XJUI�QPMZNFST��5IFSF�BSF�BMTP�
QPMZNFSJ[FE�BMVNJOVN�JSPO�CMFOET�

5IF�QSJODJQBM�BEWBOUBHFT�PG�QSF�QPMZNFSJ[FE�JOPSHBOJD�
DPBHVMBOUT�BSF�UIBU�UIFZ�BSF�BCMF�UP�GVODUJPO�FGmDJFOUMZ�PWFS�
XJEF�SBOHFT�PG�Q)�BOE�SBX�XBUFS�UFNQFSBUVSFT��5IFZ�BSF�MFTT�

$PBHVMBUJPO�'MPDDVMBUJPO�JO�B�ESJOLJOH�XBUFS�TZTUFN

*OKFDUJPO�PG�DPBHVMBOU�DIFNJDBMT

Freshwater

Semi-centralized and CentralizedCoagulation-Flocculation
T E C H N O L O G Y SOURCE

SCALE

��

TFOTJUJWF�UP�MPX�XBUFS�UFNQFSBUVSFT��MPXFS�EPTBHFT�BSF�SFRVJSFE�
UP�BDIJFWF�XBUFS�USFBUNFOU�HPBMT��MFTT�DIFNJDBM�SFTJEVBMT�BSF�
QSPEVDFE��BOE�MPXFS�DIMPSJEF�PS�TVMGBUF�SFTJEVBMT�BSF�QSPEVDFE��
5IFZ�BMTP�QSPEVDF�MPXFS�NFUBM�SFTJEVBMT�

5IF�EFHSFF�PS�FYUFOU�PG�nPDDVMBUJPO�JT�HPWFSOFE�CZ�CPUI�
BQQMJFE�WFMPDJUZ�HSBEJFOUT�BOE�UJNF�PG�nPDDVMBUJPO��5IFTF�UXP�
QBSBNFUFST�JOnVFODF�UIF�SBUF�BOE�FYUFOU�PG�QBSUJDMF�BHHSFHBUJPO�
BOE�UIF�SBUF�BOE�FYUFOU�PG�CSFBLVQ�PG�UIFTF�BHHSFHBUFT��*O�
UIJT�QSPDFTT
�QSJNBSZ�QBSUJDMFT�BSF�JOEVDFE�UP�BQQSPBDI�DMPTF�
FOPVHI�UPHFUIFS
�NBLF�DPOUBDU�BOE�QSPHSFTTJWFMZ�GPSN�MBSHFS�
BHHMPNFSBUFT
�PS�nPDT�

1SFDIMPSJOBUJPO $PBHVMBOU

.JYJOH�$PBHVMBUJPO 4FUUMJOH

%JTJOGFDUJPO$MFBS�8FMM%JTUSJCVUJPO�4ZTUFN

8BUFS�4PVSDF

'JMUSBUJPO

%JTJOGFDUBOU

4MVEHF
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5IF�FGmDJFODZ�PG�UIF�DPBHVMBUJPO�nPDDVMBUJPO�QSPDFTT�JT�
EFQFOEFOU�PO�NBOZ�WBSJBCMFT
�JODMVEJOH�UZQF�PG�DPBHVMBOU�VTFE��
DPBHVMBOU�EPTBHF��mOBM�Q)��DPBHVMBOU�GFFE�DPODFOUSBUJPO��UZQF�
BOE�EPTBHF�PG�DIFNJDBM�BEEJUJWFT�PUIFS�UIBO�QSJNBSZ�DPBHVMBOU�
	F�H��QPMZNFST
��TFRVFODF�PG�DIFNJDBM�BEEJUJPO�BOE�UJNF�MBH�
CFUXFFO�EPTJOH�QPJOUT��JOUFOTJUZ�BOE�EVSBUJPO�PG�NJYJOH�BU�SBQJE�
NJY�TUBHF��5ZQF�PG�SBQJE�NJY�EFWJDF��WFMPDJUZ�HSBEJFOUT�BQQMJFE�
EVSJOH�nPDDVMBUJPO�TUBHF��nPDDVMBUPS�SFUFOUJPO�UJNF���UZQF�PG�
TUJSSJOH�EFWJDF�VTFE��nPDDVMBUPS�HFPNFUSZ�

Reliability
4ZTUFN�JT�IJHIMZ�SFMJBCMF
�IPXFWFS
�PQFSBUJPO�BOE�NPOJUPSJOH�
QMBZT�B�NPTU�JNQPSUBOU�SPMF�

Replication Potential 
/FFET�EFUBJMFE�UFDIOJDBM�GFBTJCJMJUZ�TUVEZ
�BOE�FYQFSUT�TVQQPSUT�
CFGPSF�JOTUBMMBUJPO�

Regulatory/Institutional Issues
3FRVJSFT�TUBOEBSE�EFTJHO
�FYQFSU�TFSWJDFT�BOE�TVQFSWJTJPO�

Operation and Maintenance
0QFSBUJPO�BOE�.BJOUFOBODF�PG�DPBHVMBUPST���nPDDVMBUPST�
JODMVEF�

• $IFNJDBM�TUPDL��5IFSF�TIPVME�CF�B�HPPE�TUPDL�BU�MFBTU�
TVGmDJFOU�GPS�POF�NPOUI�PG�PQFSBUJPO�

• %PTJOH�DPOUSPM��$PSSFDU�EPTJOH�PG�DPBHVMBOU�DIFNJDBMT�
JT�WFSZ�JNQPSUBOU�GPS�FGmDJFOU�BOE�FGGFDUJWF�SFNPWBM�PG�
TVTQFOEFE�TPMJET��4BNQMFT�PG�SBX�XBUFS�TIPVME�CF�
UBLFO�SFHVMBSMZ
�BOE�UFTUFE�XJUI�B�SBOHF�PG�DPBHVMBOU�
DPODFOUSBUJPOT�UP�EFUFSNJOF�UIF�PQUJNVN�EPTF�SBUF�PG�
DPBHVMBOU��5IF�SFTVMUT�TIPVME�CF�VTFE�UP�BEKVTU�UIF�
DPBHVMBOU�EPTF�

• 3BQJE�NJYJOH�PG�UIF�XBUFS�BOE�DPBHVMBOU�DIFNJDBMT�BU�UIF�

��

Capacity
*U�EFQFOET�PO�UIF�UPUBM�XBUFS�EFNBOE�BOE�XBUFS�TVQQMZ�TPVSDF��
5IF�TJ[F�JT�EFDJEFE�CBTFE�PO�UIF�EFTJHO�

Costs
5IJT�JT�IJHI�UFDI�BOE�SFRVJSFT�FYUFSOBM�FOFSHZ�UP�NJY�BOE�
DIFNJDBMT�GPS�UIF�DPBHVMBUJPO�nPDDVMBUJPO�QSPDFTT��5IVT
�UIJT�JT�
DPTUMJFS�QSPDFTT�

Operating Principles
$PBHVMBOUT�TVDI�BT�NJOFSBM�BOE�PS�PSHBOJD�DPBHVMBOUT�UZQJDBMMZ�
JSPO�BOE�BMVNJOVN�TBMU
�PSHBOJD�QPMZNFST�XJUI�DIBSHFT�PQQPTJUF�
UP�UIPTF�PG�UIF�TVTQFOEFE�TPMJET�BSF�BEEFE�UP�UIF�XBUFS�UP�
OFVUSBMJ[F�UIF�OFHBUJWF�DIBSHFT�PO�EJTQFSTFE�OPO�TFUUBCMF�
TPMJET�TVDI�BT�DMBZ�BOE�PSHBOJD�TVCTUBODFT��$PBHVMBUJPO�
EFTUBCJMJ[FT�UIF�QBSUJDMFT��DIBSHFT��0ODF�UIF�DIBSHF�JT�
OFVUSBMJ[FE
�UIF�TNBMM�TVTQFOEFE�QBSUJDMFT�TUJDL�UPHFUIFS��
5IF�TMJHIUMZ�MBSHFS�QBSUJDMFT�GPSNFE�UISPVHI�UIJT�QSPDFTT�BSF�
DBMMFE�NJDSPnPDT�BOE�XIJDI�BSF�UPP�TNBMM�UP�CF�WJTJCMF�UP�UIF�
OBLFE�FZF��"�IJHI�FOFSHZ
�SBQJE�NJY�UP�QSPQFSMZ�EJTQFSTF�UIF�
DPBHVMBOU�BOE�QSPNPUF�QBSUJDMF�DPMMJTJPOT�JT�OFFEFE�UP�BDIJFWF�
HPPE�DPBHVMBUJPO�BOE�GPSNBUJPO�PG�UIF�NJDSPnPDT��1SPQFS�
DPOUBDU�UJNF�JO�UIF�SBQJE�NJY�DIBNCFS�JT�UZQJDBMMZ���UP���NJOVUFT��
0WFS�NJYJOH�EPFT�OPU�BGGFDU�DPBHVMBUJPO
�CVU�JOTVGmDJFOU�NJYJOH�
XJMM�MFBWF�UIJT�TUFQ�JODPNQMFUF�

Applications
$PBHVMBUJPO�nPDDVMBUJPO�JT�B�DPOWFOUJPOBM�QSF�USFBUNFOU�NFUIPE�
UZQJDBMMZ�VTFE�JO�DPNCJOBUJPO�XJUI�TFEJNFOUBUJPO�BOE�SBQJE�TBOE�
mMUSBUJPO�UP�TFQBSBUF�UIF�TVTQFOEFE�BOE�EJTTPMWFE�DPNQPVOET�
GSPN�UIF�XBUFS�JO�DFOUSBMJ[FE�ESJOLJOH�XBUFS�USFBUNFOU�QMBOUT��
.PTUMZ�DPBHVMBUJPO�nPDDVMBUJPO�JT�DPNCJOFE�XJUI�TFEJNFOUBUJPO�
BOE�SBQJE�TBOE�mMUSBUJPO��$PBHVMBUJPO�nPDDVMBUJPO�JT�BMTP�PGUFO�
VTFE�UP�SFNPWF�TVTQFOEFE�TPMJET�JO�EPNFTUJD�BOE�JOEVTUSJBM�
XBTUFXBUFS�USFBUNFOU�QMBOUT�

Components
$PBHVMBOUT�NJYFST
�nPDDVMBOUT�NJYFST
�nPDDVMBOUT�UBOL�MJOLFE�UP�
UIF�TMVEHF�DPMMFDUPS�

'PMMPXJOH�DPBHVMBUJPO
�nPDDVMBUJPO
�B�HFOUMF�NJYJOH�TUBHF
�
JODSFBTFT�UIF�QBSUJDMF�TJ[F�GSPN�TVCNJDSPTDPQJD�NJDSPnPD�UP�
WJTJCMF�TVTQFOEFE�QBSUJDMFT��5IF�NJDSPnPDT�BSF�CSPVHIU�JOUP�
DPOUBDU�XJUI�FBDI�PUIFS�UISPVHI�UIF�QSPDFTT�PG�TMPX�NJYJOH��
$PMMJTJPOT�PG�UIF�NJDSPnPD�QBSUJDMFT�DBVTF�UIFN�UP�CPOE�UP�
QSPEVDF�MBSHFS
�WJTJCMF�nPDT��5IF�nPD�TJ[F�DPOUJOVFT�UP�CVJME�
UISPVHI�BEEJUJPOBM�DPMMJTJPOT�BOE�JOUFSBDUJPO�XJUI�JOPSHBOJD�
QPMZNFST�GPSNFE�CZ�UIF�DPBHVMBOU�PS�XJUI�PSHBOJD�QPMZNFST�
BEEFE�	nPDDVMBUJPO�BEEJUJWFT�NBZ�CF�BDUJWBUFE�TJMJDB
�UBMDVN
�
BDUJWBUFE�DBSCPO
�BOJPOJD�PS�DBUJPOJD�nPDDVMBOUT�BOE�Q)�DPOUSPM�
SFBHFOUT�TVDI�BT�BDJET�PS�CBTFT
��)JHI�NPMFDVMBS�XFJHIU�
QPMZNFST
�DBMMFE�DPBHVMBOU�BJET
�NBZ�CF�BEEFE�EVSJOH�UIJT�TUFQ�
UP�IFMQ�CSJEHF
�CJOE
�BOE�TUSFOHUIFO�UIF�nPD
�BEE�XFJHIU
�BOE�
JODSFBTF�TFUUMJOH�SBUF��0ODF�UIF�nPD�IBT�SFBDIFE�JUT�PQUJNVN�
TJ[F�BOE�TUSFOHUI
�UIF�XBUFS�JT�SFBEZ�GPS�UIF�TFQBSBUJPO�QSPDFTT�
	TFEJNFOUBUJPO
�nPBUBUJPO�PS�mMUSBUJPO
��%FTJHO�DPOUBDU�UJNFT�GPS�
nPDDVMBUJPO�SBOHF�GSPN����PS����NJOVUFT�UP�BO�IPVS�PS�NPSF�
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���� ;BHLMJT
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�,PVUTPVLPT
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�BOE�1BSBTLFWB
�$��"��	����
��"�$PNCJOFE�$PBHVMBUJPO�'MPDDVMBUJPO�BOE�.FNCSBOF�'JMUSBUJPO�
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QPJOU�XIFSF�UIF�DIFNJDBMT�BSF�BEEFE�JT�FTTFOUJBM�

• 'MPDDVMBUJPO�TIPVME�CF�BDIJFWFE�CZ�HFOUMF�NJYJOH�TP�BT�UP�NBYJNJ[F�UIF�OVNCFS�PG�DPMMJTJPOT�CFUXFFO�TVTQFOEFE�QBSUJDMFT�BOE�
nPDT
�XJUIPVU�CSFBLJOH�UIF�nPDT�VQ�UISPVHI�SBQJE�NJYJOH�

• 1MBOU�MBZPVU��5IF�nPDDVMBUPS�BOE�DMBSJmFST�TIPVME�CF�MPDBUFE�DMPTF�UP�POF�BOPUIFS�BOE�XBUFS�TIPVME�nPX�TMPXMZ�CFUXFFO�UIFN�TP�
BT�UP�OPU�CSFBL�VQ�UIF�nPDT�

• 4MVEHF�NBOBHFNFOU��%VSJOH�UIF�DPBHVMBUJPO�nPDDVMBUJPO�USFBUNFOU�QSPDFTT
�B�TVCTUBOUJBM�BNPVOU�PG�TMVEHF�JT�HFOFSBUFE��5IJT�
TMVEHF�DBO�CF�SFVTFE�BT�GFSUJMJ[FS�GPS�BHSJDVMUVSF�XIFO�OP�UPYJD�DPNQPVOET�BSF�QSFTFOU��*O�UIF�QSFTFODF�PG�UPYJD�TMVEHF�UIF�TPMJE�
XBTUF�IBT�UP�CF�USFBUFE�PS�EJTQPTFE�PG�JO�BO�FOWJSPONFOUBMMZ�QSPQFS�NBOOFS�

��� -PX�DPTU�BOE�TJNQMF�UFDIOPMPHZ�UIBU�DBO�BMTP�
SFEVDF�DPTUT�GPS�TVCTFRVFOU�USFBUNFOU��

��� 4FQBSBUFT�NPTU�PG�UIF�TVTQFOEFE�BOE�DPMMPJEBM�
QBSUJDMFT�GSPN�XBUFS�

��� *U�JNQSPWFT�FGmDJFODZ�PG�mMUSBUJPO�QSPDFTT�

��� *U�SFRVJSFT�MPX�DPTU�BOE�FBTJMZ�BWBJMBCMF�
DIFNJDBMT�

��� *U�SFRVJSFT�DIFNJDBMT�GPS�DPBHVMBOUT�BOE�
nPDDVMBOUT���

��� 2VBMJmFE�QFSTPOOFM�SFRVJSFE�GPS�EFTJHO�	F�H��
DPOTUSVDUJPO�PG�DIBNCFST�BOE�EPTBHF�PG�
DIFNJDBMT

�PQFSBUJPO�	DIFNJDBM�EPTF�TFMFDUJPO
�
BOE�TZTUFN�NBJOUFOBODF�

��� 5SBOTGFS�PG�UPYJD�DPNQPVOET�JOUP�TPMJE�QIBTF�
BOE�EFWFMPQFE�TMVEHF�IBT�UP�CF�USFBUFE�XJUI�
DBSF�

��� /FFET�SFHVMBS�FOFSHZ�TVQQMZ�GPS�UIF�NJYFST�

D U
Advantages Disadvantages



Description
#BOL�'JMUSBUJPO�	#'
�IBT�CFFO�DPNNPO�QSBDUJDF�JO�NBOZ�
&VSPQFBO�DJUJFT�GPS�NPSF�UIBO�����ZFBST��#BOL�mMUSBUJPO�JT�B�
OBUVSBM�QSPDFTT�PG�XBUFS�USFBUNFOU�XIJDI�BWPJET�UIF�VTF�PG�
DIFNJDBMT�BOE�XIFO�QSPQFSMZ�EFTJHOFE�BOE�PQFSBUFE�QSPEVDFT�
XBUFS�PG�BDDFQUBCMF�RVBMJUZ��*U�XBT�PSJHJOBMMZ�JOUFOEFE�UP�
SFNPWF�QBUIPHFOT�BOE�TVTQFOEFE�TPMJET�GSPN�JODSFBTJOHMZ�
QPMMVUFE�TVSGBDF�XBUFST��)PXFWFS�JU�JT�OPX�CFJOH�VTFE�UP�
SFNPWF�USBDF�PSHBOJDT�BOE�PUIFS�DPOUBNJOBOUT��*U�VUJMJ[FT�UIF�
QIZTJDBM
�DIFNJDBM
�BOE�CJPMPHJDBM�QSPDFTTFT�JO�UIF�TPJM�BOE�
BRVJGFS�GPS�QVSJmDBUJPO�PG�TVSGBDF�XBUFS�EVSJOH�JUT�QBTTBHF�UP�
QSPEVDUJPO�XFMMT��*O�UIF�DPOUFYU�PG�EFWFMPQJOH�DPVOUSJFT
�#'�IBT�
CFFO�DPOTJEFSFE�BT�POF�PG�UIF�CFTU�UFDIOPMPHJFT�UP�DPOUSJCVUF�
GPS�B�NPSF�TVTUBJOBCMF�XBUFS�DZDMF�CZ�SFDIBSHJOH�TUSFTTFE�
HSPVOEXBUFS�CPEJFT�XJUI�mMUFSFE�TVSGBDF�XBUFS�

Design Criteria
5IF�EFTJHO�PG�#'�TZTUFNT�VTVBMMZ�SFRVJSFT�B�EFUBJMFE�IZESP�
HFPMPHJDBM�JOWFTUJHBUJPO
�LOPXMFEHF�BCPVU�UIF�DIBSBDUFSJTUJDT�PG�
UIF�DBUDINFOU��

5IF�RVBMJUZ�PG�XBUFS�	F�H��TBMJOJUZ

�HFPMPHJD�GPSNBUJPO�PG�UIF�TJUF�
	F�H��BNPVOU�BOE�TPMVCJMJUZ�PG�BSTFOJD�DPOUFOU
�SFEPY�DPOEJUJPOT

�
TPJM�DIBSBDUFSJTUJDT�	UFYUVSF
�BOE�IZESBVMJD�DIBSBDUFSJTUJDT�PG�UIF�
TPJM�	QPSPTJUZ
�QFSNFBCJMJUZ
�BSF�GBDUPST�UP�CF�BTTFTTFE�QSJPS�UP�
QMBOOJOH�GPS�#'�GPS�XBUFS�BCTUSBDUJPO��

1PMMVUBOUT�JO�TPJM�PG�HFPHFOJD�	F�H�
�BSTFOJD
�PS�BOUISPQPHFOJD�
PSJHJO�	F�H��IFBWZ�NFUBMT�GSPN�BO�JOEVTUSJBM�TJUF
�OJUSBUF�GSPN�
BHSJDVMUVSF
�NBZ�SFOEFS�#'�VOTVJUBCMF��'PS�FGGFDUJWF�#'
�UIF�TPJM�
UFYUVSF�TIPVME�IBWF�HPPE�mMUSBUJPO�QSPQFSUJFT��-JNFTUPOF�BOE�
EPMPNJUF�CFESPDLT
�GPS�JOTUBODF
�BSF�SJDI�JO�mTTVSFT�UIBU�IBWF�
WFSZ�IJHI�IZESBVMJD�DPOEVDUJWJUZ��5IFZ�BSF�UIFSFGPSF�VOTVJUBCMF�
GPS�UIF�SFNPWBM�PG�XBUFS�DPOUBNJOBOUT��

4VJUBCMF�TPJM�UFYUVSFT�GPS�#'�BSF�TBOE�BOE�HSBWFM�BRVJGFST�XJUI�
IZESBVMJD�DPOEVDUJWJUZ�HSFBUFS�UIBO��������N�T
�B�NJOJNBM�
UIJDLOFTT�PG���N�BOE�B�HPPE�IZESBVMJD�DPOOFDUJPO�UP�UIF�
BEKBDFOU�TVSGBDF�XBUFS�

&YBNQMF�PG�#BOL�'JMUSBUJPO�TJUF

Freshwater

Semi-centralized and CentralizedBank Filtration
T E C H N O L O G Y SOURCE

SCALE

��

Applications
#'�JT�BQQMJDBCMF�XIFO�UIFSF�JT�OFFE�UP�JNQSPWF�UIF�RVBMJUZ�PG�
BCTUSBDUFE�XBUFS�GSPN�TVSGBDF�XBUFS�TPVSDFT�BOE�UP�SFEVDF�
DPTU�PG�XBUFS�USFBUNFOU��0QFSBUJPO�PG�B�#'�TZTUFN�JT�TVJUBCMF�
XIFSF�HSPVOEXBUFS�MFWFM�JO�UIF�TVSSPVOEJOHT�PG�UIF�#'�XFMM�XJMM�
OPU�EFDMJOF�CFMPX�BO�FDPMPHJDBMMZ�BOE�FDPOPNJDBMMZ�KVTUJmBCMF�
UISFTIPME�WBMVF�EVF�UP�PQFSBUJPO�

BF Location

Capacity
*UT�TJ[F�WBSZ�XJEFMZ�CBTFE�PO�MPDBM�DPOEJUJPOT�BOE�MFWFM�PG�
USFBUNFOU�DBQBDJUZ��5IF�QFSGPSNBODFT�XJMM�WBSZ�BDDPSEJOH�UP�UIF�
MPDBM�IZESPHFPMPHZ�BOE�SJWFS�IZESPMPHZ�

Costs
(FOFSBMMZ�MPX�DPTU�CVU�WBSJBCMF�UP�UIF�MPDBM�DPOEJUJPOT�

Operating Principles
4FWFSBM�QIZTJDBM
�DIFNJDBM
�BOE�CJPMPHJDBM�QSPDFTTFT�BSF�
SFTQPOTJCMF�GPS�UIF�JNQSPWFNFOU�PG�XBUFS�RVBMJUZ�EVSJOH�TPJM�
QBTTBHF��.BKPS�QSPDFTTFT�UIBU�SFNPWF�DPOUBNJOBOUT�JO�#'�
JODMVEF�

6WUDLQLQJ�RU�ÀOWUDWLRQ��5IF�NFDIBOJDBM�mMUSBUJPO�QSPDFTT�SFUBJOT�
TVTQFOEFE�NBUUFS�JO�UIF�TPJM
�EFQFOEJOH�PO�QPSF�TJ[F�

%LRGHJUDGDWLRQ��#JPEFHSBEBUJPO�JT�UIF�NBJO�ESJWFS�GPS�SFEPY�
QSPDFTTFT�PDDVSSJOH�EVSJOH�TPJM�QBTTBHF�BOE�JT�SFTQPOTJCMF�
GPS�UIF�CSFBLEPXO�PG�EJTTPMWFE�BOE�PS�TFEJNFOU�CPVOE�PSHBOJD�
NBUUFS�

$GVRUSWLRQ��5SBDF�FMFNFOUT�TVDI�BT�JSPO
�NBOHBOFTF�BOE�
WBSJPVT�IFBWZ�NFUBMT�BSF�FMJNJOBUFE�EVSJOH�TPJM�QBTTBHF
�NBJOMZ�
CZ�TPSQUJPO�QSPDFTTFT�BOE�CZ�BDDVNVMBUJOH�PO�UIF�TVSGBDF�PG�
BO�BETPSCFOU�PS�TVCTUSBUB��#JPMPHJDBM�DPOUBNJOBOUT�TVDI�BT�
QSPUP[PB
�CBDUFSJB�BOE�WJSVTFT�BSF�SFEVDFE�CZ�B�DPNCJOBUJPO�
PG�QSPDFTTFT�JODMVEJOH�BETPSQUJPO�UP�BRVJGFS�NBUFSJBMT�BOE�
JOBDUJWBUJPO�

Components
"CTUSBDUJPO�XFMMT
�DPOOFDUJPO�TZTUFNT
�TVSGBDF�XBUFS�TPVSDF
�
HSPVOE�XBUFS�TPVSDF



<[PSP[`�
�,MÄJPLUJ`
5IF�QFSGPSNBODF�PG�#'�XJUI�SFTQFDU�UP�XBUFS�RVBMJUZ�
JNQSPWFNFOUT�EFQFOET�PO��J
�IZESPHFPMPHJDBM�DPOEJUJPOT�
JODMVEJOH�DIBSBDUFSJTUJDT�BOE�DPNQPTJUJPO�PG�BMMVWJBM�BRVJGFS�
NBUFSJBMT��JJ
�SJWFS�MBLF�XBUFS�RVBMJUZ��JJJ
�HSPVOEXBUFS�EJMVUJPO��JW
�
IZESBVMJD�DIBSBDUFSJTUJDT�BOE�EJTUBODF�PG�UIF�XFMM	T
�GSPN�SJWFS�
MBLF��W
�UFNQFSBUVSF�PG�UIF�XBUFS��	WJJ
�QVNQJOH�SBUF��WJJJ
�TPJM�
TFEJNFOU�DIBSBDUFSJTUJDT�BU�UIF�SJWFS�MBLF�BRVJGFS�JOUFSGBDF�

Reliability
3FMJBCJMJUZ�XJMM�EFQFOE�PO�UIF�RVBMJUZ�PG�JOTUBMMBUJPO�BOE�NPEF�PG�
PQFSBUJPO��*U�JT�VTVBMMZ�SFMJBCMF�BT�MPOH�BT�UIF�TFMFDUJPO�PG�UIF�#'�
TJUF�JT�EPOF�XFMM�BOE�UIF�JOGSBTUSVDUVSF�JT�JOTUBMMFE�QSPQFSMZ�

Replication Potential 
#'�JT�EFQFOEFOU�PO�MPDBM�DPOEJUJPOT��/FFET�EFUBJMFE�UFDIOJDBM�
GFBTJCJMJUZ�BOBMZTJT�BOE�FYQFSUT�TVQQPSU�CFGPSF�JOTUBMMBUJPOT�PG�B�
#'�

Regulatory/Institutional Issues
3FRVJSFT�TUBOEBSE�EFTJHO
�FYQFSU�TFSWJDFT�BOE�TVQFSWJTJPO��
*U�TIPVME�CF�PQFSBUFE�BOE�NPOJUPSFE�CZ�VUJMJUZ�PQFSBUPST�BOE�
SFHVMBUFE�UIPSPVHI�UIF�SFTQPOTJCMF�BVUIPSJUZ�

Operation and Maintenance
#BOL�mMUSBUJPO�JT�B�VTFGVM�UFDIOJRVF�BT�QSF�USFBUNFOU�PS�FWFO�
BT�UIF�NBJO�USFBUNFOU�TUFQ�GPS�ESJOLJOH�XBUFS��1BUIPHFOT
�UPYJD�
BMHBF�BOE�TVTQFOEFE�TPMJET�DBO�CF�SFNPWFE�FGmDJFOUMZ�CZ�
#'��)PXFWFS
�UIF�PWFSBMM�USFBUNFOU�FGmDJFODZ�GPS�PSHBOJD�BOE�
JOPSHBOJD�USBDF�DPOUBNJOBOUT�JT�PGUFO�TUSPOHMZ�SFEPY�EFQFOEFOU�

5IF�#'�TZTUFN�JT�B�MPX�PQFSBUJPO�BOE�NBJOUFOBODF�TZTUFN�
UIBU�EPFT�OPU�SFRVJSF�GSFRVFOU�BUUFOUJPO�PG�PQFSBUPST��5IF�NBKPS�
PQFSBUJPO�JODMVEFT�QVNQJOH�PG�XBUFS�GSPN�BCTUSBDUJPO�XFMMT�
BOE�NPOJUPSJOH�PG�nPXT�JO�UIF�TVSGBDF�XBUFS�TPVSDFT��BT�XFMM�
BT�HSPVOEXBUFS�MFWFMT�JO�UIF�BCTUSBDUJPO�BT�XFMM�BT�PCTFSWBUJPO�
XFMMT�

5IF�CJPMPHJDBM�MBZFS�PO�UIF�TJEF�PS�CPUUPN�PG�UIF�TVSGBDF�XBUFS�
TPVSDFT�JT�BO�JNQPSUBOU�QBSU�PG�UIF�#'�USFBUNFOU��5IJT�MBZFS�
NBZ�HFU�DMPHHFE�PWFSUJNF�BOE�XPVME�SFRVJSF�DMFBOJOH�JG�SBUF�PG�
JOmMUSBUJPO�SFEVDFT��

��

,RQ�H[FKDQJH��TPNF�JPOT�DBO�CF�FYDIBOHFE�PO�OFHBUJWFMZ�
DIBSHFE�TVSGBDFT�PG�DMBZ�NJOFSBMT
�BNPSQIPVT�GFSSJD�PYJEFT�BOE�
BMVNJOB�BOE�PSHBOJD�TPMJE�NBUUFS�

3UHFLSLWDWLRQ��*O�BOPYJD�BRVJGFST
�UIF�SFNPWBM�PG�NFUBM�JPOT�
JT�EPNJOBUFE�CZ�QSFDJQJUBUJPO�SFBDUJPOT�XJUI�4VMQIJEF�XIFO�
JOTPMVCMF�DPNQPVOET�GPSN�BOE�QSFDJQJUBUF�GSPN�UIF�TPMVUJPO�

3JWFS�CBOL�mMUSBUJPO�QSPDFTT
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��� 0UIFS�QPTU�USFBUNFOU�NFUIPET�BSF�OFDFTTBSZ�TVDI�
BT�PYJEBUJPO�BOE�BETPSQUJPO�UP�SFBDI�ESJOLJOH�XBUFS�
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D U
Advantages Disadvantages



Description
4PJM�"RVJGFS�5SFBUNFOU�	4"5
�JT�BO�BSUJmDJBM�HSPVOEXBUFS�
BRVJGFS�SFDIBSHF�PQUJPO��*O�UIJT�QSPDFTT
�XBUFS�JT�JOUSPEVDFE�
JOUP�UIF�HSPVOEXBUFS�UISPVHI�TPJM�QFSDPMBUJPO�VOEFS�DPOUSPMMFE�
DPOEJUJPOT��4PJM�BRVJGFS�USFBUNFOU�JT�FJUIFS�VTFE�UP�BSUJmDJBMMZ�
BVHNFOU�UIF�HSPVOEXBUFS�JO�PSEFS�UP�XJUIESBX�GSFTIXBUFS�
BHBJO�BU�B�MBUFS�TUBHF�PS�BT�B�CBSSJFS�UP�QSFWFOU�TBMUXBUFS�PS�
DPOUBNJOBOUT�GSPN�FOUFSJOH�UIF�BRVJGFS��%VSJOH�QFSDPMBUJPO
�
OBUVSBM�TPJM�mMUSBUJPO�PDDVST�BOE�UIF�XBUFS�FOUFST�UIF�BRVJGFS�BOE�
QPTTJCMZ�NJYFT�XJUI�HSPVOEXBUFS��5IJT�NFUIPE�DBO�CF�VTFE�
XJUI�XBTUFXBUFS�FGnVFOU�	USFBUFE�CMBDLXBUFS
�PS�TMJHIUMZ�QPMMVUFE�
XBUFS�	F�H�
�QSF�USFBUFE�HSFZXBUFS�PS�TUPSNXBUFS
��

Design Criteria
4"5�DBO�CF�EFTJHOFE�BT�B�SFDIBSHF�JOmMUSBUJPO�CBTJO�PS�BO�
JOKFDUJPO�XFMM�	EJSFDU�JOKFDUJPO
�EFQFOEJOH�PO�UIF�BWBJMBCJMJUZ�PG�
MBOE�

5IF�TVJUBCJMJUZ�PG�4"5�EFQFOEFOU�PO�UIF�DIBSBDUFSJTUJDT�PG�UIF�
MPDBM�HFPMPHJD�GPSNBUJPO�BOE�HSPVOEXBUFS��*UT�QFSGPSNBODF�JT�
SFMBUFE�UP�UIF�RVBMJUZ�PG�UIF�JOnVFOU
�TPJM�UZQF
�BOE�QVSQPTF�PG�UIF�
USFBUFE�XBUFS��5IPTF�GBDUPST�XJMM�EFUFSNJOF�CPUI�UIF�BQQMJDBCJMJUZ�
PG�UIF�UFDIOPMPHZ�BOE�UIF�MFWFM�PG�SFRVJSFE�QSF��BOE�QPTU�
USFBUNFOU��

%FQFOEJOH�PO�UIF�XBTUFXBUFS�RVBMJUZ
�MBOE�BWBJMBCJMJUZ�BOE�
JOUFOEFE�VTBHF
�UIF�JOnVFOU�UP�UIF�4"5�DBO�CF�QSF�USFBUFE�VTJOH�
WBSJPVT�USFBUNFOU�UFDIOPMPHJFT�UIBU�NBZ�JODMVEF�TFDPOEBSZ
�
UFSUJBSZ�PS�BEWBODFE�XBTUFXBUFS�USFBUNFOU�

4"5�DBO�CF�EFTJHOFE�JO�UISFF�EJGGFSFOU�XBZT���

• *OmMUSBUJPO�CZ�TVSGBDF�TQSFBEJOH�JO�CBTJOT�JO�TBOEZ�TPJMT��
5IJT�BQQSPBDI�JT�OPU�TVJUBCMF�GPS�TPJMT�UIBU�DPOUBJO�UPP�NBOZ�
DMBZ�MBZFST�PS�PUIFS�TPJMT�UIBU�DPVME�SFTUSJDU�UIF�JOmMUSBUJPO�PG�
XBUFS�

• 7BEPTF�[POF�XFMMT�BSF�VTFE�XIFSF�UIF�TVSGBDF�JOmMUSBUJPO�JT�
MPX�EVF�UP�IZESP�HFPMPHJDBM�QSPQFSUJFT�PG�UIF�TPJM�BOE�XIFSF�
BWBJMBCMF�MBOE�JT�FYQFOTJWF�

• %JSFDU�SFDIBSHF�UP�UIF�BRVJGFS�UISPVHI�XFMMT�JT�EPOF�XIFSF�
QFSNFBCMF�TVSGBDF�TPJMT�BSF�OPU�BWBJMBCMF
�WBEPTF�[POFT�
IBWF�SFTUSJDUJOH�MBZFST
�BOE�PS�BRVJGFST�BSF�DPOmOFE�

Freshwater

Semi-centralized and CentralizedSoil Aquifer Treatment
T E C H N O L O G Y SOURCE

SCALE

��

Applications
4"5�DBO�CF�BQQMJFE�GPS�EJGGFSFOU�QVSQPTFT

6DIH�:DWHU�6WRUDJH��JU�SFEVDFT�FWBQPSBUJPO�SBUF
�BWPJET�UIF�
QPUFOUJBM�GPS�JOTFDU�CSFFEJOH�BOE�SFEVDFT�SJTL�PG�DPOUBNJOBUJPO�
BOE�QPMMVUJPO�DPNQBSFE�UP�XBUFS�TUPSFE�PO�UIF�TVSGBDF��5IF�
JODSFBTFE�TUPSBHF�DBQBDJUZ�CVGGFST�TFBTPOBM�BOE�XFBUIFS�
QBUUFSO�WBSJBUJPOT�PG�XBUFS�BWBJMBCJMJUZ�BOE�EFNBOE��

Components
/FFET�EFUBJMFE�BOBMZTJT�PG�UIF�HSPVOEXBUFS�BOE�EFQFOET�PO�UIF�
MPDBM�DPOEJUJPO�JODMVEJOH�RVBMJUZ�PG�XBUFS�UP�CF�USFBUFE��

,PSURYH�VRFLDO�DFFHSWDQFH�RI�UHFODLPHG�ZDWHU��*U�QSPWJEFT�
BEEJUJPOBM�USFBUNFOU�BT�XFMM�BT�UIF�OFDFTTBSZ�EJMVUJPO�PG�UIF�
JOnVFOU�XBUFS��5IJT�HJWF�UIF�OPUJPO�UIBU�4"5�USFBUFE�XBTUFXBUFS�
JT�TJNJMBS�UP�HSPVOEXBUFS�BCTUSBDUJPO��5IJT�QSPNPUFT�TPDJBM�
BDDFQUBODF�GPS�JOEJSFDU�QPUBCMF�VTF�

4XDOLW\�,PSURYHPHQW��JU�JT�VTFE�UP�SFNPWF�SFTJEVBM�
DPOUBNJOBOUT�GSPN�XBTUFXBUFS�FGnVFOU�BOE�TUPSNXBUFS��4"5�
SFNPWFT�TVTQFOEFE�TPMJET
�PSHBOJD�NBUUFS�BOE�BNNPOJB�
FGGFDUJWFMZ��'VSUIFSNPSF
�4"5�FGGFDUJWFMZ�SFNPWFT�CBDUFSJB�BOE�
WJSVTFT�

0LWLJDWH�6DOWZDWHU�RU�&RQWDPLQDQWV�,QWUXVLRQ��5IF�XBUFS�
UIBU�JOmMUSBUFT�JO�4"5�SFDIBSHFT�BRVJGFST�UIBU�DBO�IFMQ�SFEVDF�
TBMU�XBUFS�JOUSVTJPO�JO�DPBTUBM�BRVJGFST�PS�PS�HFOFSBMMZ�QSFWFOU�
JOUSVTJPO�PG�DPOUBNJOBOUT�JOUP�UIF�BRVJGFS�

Capacity
*U�WBSJFT�BOE�EFQFOET�PO�UIF�MPDBM�DPOEJUJPO�

Costs
(FOFSBMMZ�MPX�DPTU�CVU�WBSJBCMF�UP�UIF�MPDBM�DPOEJUJPOT�

Operating Principles
"T�UIF�FGnVFOU�NPWFT�UISPVHI�UIF�TPJM�BOE�FOUFST�UIF�BRVJGFS
�
JU�VOEFSHPFT�TJHOJmDBOU�RVBMJUZ�JNQSPWFNFOUT�CZ�QIZTJDBM
�
DIFNJDBM�BOE�CJPMPHJDBM�QSPDFTTFT��5IF�XBUFS�JT�TUPSFE�JO�UIF�
VOEFSMZJOH�VODPOmOFE�BRVJGFS�HFOFSBMMZ�GPS�TVCTFRVFOU�SFVTF
�
TVDI�BT�JSSJHBUJPO�PS�FWFO�GPS�ESJOLJOH�XBUFS�QVSQPTFT�	HFOFSBMMZ�
BGUFS�B�XBUFS�QVSJmDBUJPO�TUFQ
�
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4"5�SFNPWFT�FGmDJFOUMZ�B�WBSJFUZ�PG�IFBWZ�NFUBMT�BOE�UPYJD�
FMFNFOUT�CZ�DIFNJDBM�QSFDJQJUBUJPO�BOE�BETPSQUJPO��*U�BMTP�
SFNPWFT�FGmDJFOUMZ�QBUIPHFOJD�CBDUFSJB�BOE�WJSVTFT�BT�B�SFTVMU�
PG�TPJM�mMUSBUJPO�BOE�EJF��PGG�SFTVMUJOH�GSPN�UIF�MPOH�EFUFOUJPO�UJNF�
JO�UIF�VOTBUVSBUFE�[POF�BOE�UIF�BRVJGFS�

Reliability
3FMJBCJMJUZ�XJMM�EFQFOE�PO�UIF�RVBMJUZ�PG�JOTUBMMBUJPO�BOE�NPEF�PG�
PQFSBUJPO�

Replication Potential 
/FFET�EFUBJMFE�UFDIOJDBM�GFBTJCJMJUZ�BOBMZTJT�BOE�FYQFSUT�TVQQPSU�
CFGPSF�JOTUBMMBUJPOT�PG�B�#'�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�BOE�TVQFSWJTJPO��"MTP
�XJMM�CF�HVJEFE�
CZ�UIF�MPDBM�SFHVMBUJPO�BOE�CZFMBXT�GPS�CVJMEJOH
�0QFSBUJPO�BOE�
.BJOUFOBODF�PG�UIF�4"5�

Operation and Maintenance
• 5IF�NBJO�SFNPWBM�QSPDFTT�JO�4BU�PDDVST�BU�UIF�CJPMPHJDBM�

MBZFS�XIFSF�UIF�JOnVFOU�nPX�FOUFST�UIF�JOmMUSBUJPO�CBTJO��"T�
UIF�CJPMPHJDBM�MBZFS�EFWFMPQT�JU�DMPHT�BOE�SFEVDF�SBUF�PG�
JOmMUSBUJPO��5IJT�SFRVJSFT�SFNPWBM�PG�UIF�MBZFS�UP�SF�FTUBCMJTI�
UIF�JOmMUSBUJPO�SBUF�CZ�PQFOJOH�VQ�DMPHHFE�TVSGBDFT�

• 'PS�BQQMJDBUJPO�CZ�JOKFDUJPO�XFMMT
�TVTQFOEFE�TPMJET�
BDDVNVMBUF�BU�BOE�OFBS�UIF�XFMM�BRVJGFS�JOUFSGBDF
�BOE�
CFDBVTF�UIJT�DJSDVNGFSFOUJBM�BSFB�JT�MJNJUFE�BOE�UIF�nVY�
UISPVHI�JU�JT�MBSHF
�SBQJE�IZESBVMJD�IFBE�MPTT�BOE�SFEVDUJPO�
JO�JOKFDUJPO�DBQBDJUZ�PDDVS�RVJDLMZ��5IF�DMPHHJOH�DBVTFE�CZ�
UIF�BDDVNVMBUJPO�PG�UIF�TVTQFOEFE�NBUFSJBM�BOE�CJPMPHJDBM�
HSPXUI�NVTU�CF�SFNFEJFE�CZ�QVNQJOH�UIF�XFMM�GPS�CBDL�
nVTIJOH
�CZ�TVSHJOH�PS�KFUUJOH
�PS�BU�UJNFT�CZ�EPTJOH�UIF�XFMM�
XJUI�DIFNJDBMT�UP�MPPTFO�BOE�PS�EJTTPMWF�UIF�BDDVNVMBUFE�
DMPHHJOH�NBUFSJBMT��

• 3FNPWBM�PG�TVTQFOEFE�TPMJET�UP�B�WFSZ�MPX�MFWFMT
�J�F�
�MFTT�
UIBO���NJMMJHSBN�QFS�MJUFS�JO�UIF�SFDIBSHF�XBUFS�JT�SFRVJSFE�
GPS�TVDDFTTGVM�PQFSBUJPO�PG�SFDIBSHF�XFMMT
�FYDFQU�XIFSF�
LBSTUJD�PS�GSBDUVSFE�SPDL�BRVJGFST�BSF�UP�CF�SFDIBSHFE��

• 8FMMT�SFDIBSHJOH�TPMVUJPO�SJEEMFE�PS�GSBDUVSFE�SPDL�BRVJGFST�
DBO�UPMFSBUF�XBUFS�IBWJOH�IJHIFS�MFWFMT�PG�TVTQFOEFE�TPMJET�
XJUIPVU�FYQFSJFODJOH�TFWFSF�PQFSBUJPOBM�QSPCMFNT�

��

5IF�JEFBM�QPSPVT�NFEJVN�GPS�BO�4"5�PQFSBUJPO�JT�POF�UIBU�IBT�
HPPE�QFSNFBCJMJUZ�BOE�FGGFDUJWF�SFNPWBM�PG�BMM�DPOTUJUVFOUT�PG�
DPODFSO��0GUFO�OP�TVDI�NFEJVN�FYJTUT�CFDBVTF�UIF�BUUSJCVUFT�
SFRVJSFE�UP�BDIJFWF�POF�HPBM�IBNQFS�UIF�BDIJFWFNFOU�PG�UIF�
PUIFS��*O�TVSGBDF�TPJM
�DPBSTF�UFYUVSFE�NBUFSJBMT�BSF�EFTJSBCMF�
GPS�JOmMUSBUJPO�CFDBVTF�UIFZ�USBOTNJU�XBUFS�SFBEJMZ��IPXFWFS
�
UIF�MBSHF�QPSFT�JO�UIFTF�TPJMT�BSF�JOFGmDJFOU�BU�mMUFSJOH�PVU�
DPOUBNJOBOUT
�BOE�UIF�TPMJE�TVSGBDFT�BEKBDFOU�UP�UIF�NBJO�nPX�
QBUIT�BSF�SFMBUJWFMZ�OPOSFBDUJWF��

*O�DPOUSBTU
�mOF�UFYUVSFE�TPJMT�BSF�FGmDJFOU�BU�DPOUBNJOBOU�
BETPSQUJPO�BOE�mMUSBUJPO
�CVU�UIFZ�IBWF�MPX�QFSNFBCJMJUZ�BOE�
UIFJS�TNBMM�QPSFT�DMPH�FBTJMZ��

4USVDUVSFE�TPJMT�PS�DSBDLT�BSF�QFSNFBCMF
�CVU�UIF�MBSHF�nPX�
QBUIT�DPNQMFUFMZ�EPNJOBUF�UIF�NPWFNFOU�PG�NBUFSJBM�BOE�NVDI�
PG�UIF�NBUSJY�JT�CZQBTTFE��5IF�CFTU�DIPJDF�GPS�BO�4"5�TPJM�JT�
UIFSFGPSF�B�DPNQSPNJTF
�TVDI�BT�mOF�TBOE�PS�B�TBOEZ�MPBN�XJUI�
SFMBUJWFMZ�MJUUMF�TUSVDUVSF�

5IF�RVBMJUZ�PG�XBUFS�FYUSBDUFE�GSPN�B�SFDIBSHF�BRVJGFS�EFQFOET�
PO�UIF�RVBMJUZ�PG�UIF�SFDMBJNFE�XBUFS�JOUSPEVDFE�	BGUFS�QSF�
USFBUNFOU

�UIF�NFUIPE�PG�SFDIBSHF
�UIF�DIBSBDUFSJTUJDT�PG�UIF�
BRVJGFS
�UIF�SFTJEFODF�UJNF
�UIF�BNPVOU�PG�EJMVUJPO�JO�UIF�BRVJGFS�
BOE�UIF�IJTUPSZ�PG�UIF�TZTUFN��

&TQFDJBMMZ�HSPVOEXBUFS�SFDIBSHF�XJUI�SFDZDMFE�XBTUFXBUFS�
QSFTFOUT�B�XJEF�SBOHF�PG�UFDIOJDBM�BOE�IFBMUI�DIBMMFOHFT���
"MUIPVHI�UIF�VOTBUVSBUFE�QBSU�PG�UIF�TPJM�JT�LOPXO�UP�BDU�BT�B�
mMUFS�GPS�B�WBSJFUZ�PG�DPOUBNJOBOUT
�HSPVOEXBUFS�SFDIBSHF�TIPVME�
OPU�CF�WJFXFE�BT�B�USFBUNFOU�NFUIPE�

4PJM�BRVJGFS�USFBUNFOU�QSPDFTT
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OFDFTTBSZ�XIFO�BQQMZJOH�4"5��
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JOmMUSBUJPO�CBTJO�XIJDI�DPVME�CF�FYQFOTJWF�JO�
TPNF�BSFBT�

��� *OUSPEVDJOH�QPMMVUBOUT�JOUP�HSPVOEXBUFS�BRVJGFST�
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��� $BO�DIBOHF�UIF�TPJM�BOE�HSPVOEXBUFS�
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�EJTDIBSHF�PG�OVUSJFOUT�BOE�NJDSP�
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Description
4MPX�TBOE�mMUSBUJPO�	44'
�JT�B�DPNNPOMZ�VTFE�FGGFDUJWF�XBUFS�
USFBUNFOU�UFDIOPMPHZ�UIBU�JT�BQQMJFE�JO�B�DFOUSBMJ[FE�PS�TFNJ�
DFOUSBMJ[FE�TZTUFN��"�XFMM�EFTJHOFE�BOE�QSPQFSMZ�NBJOUBJOFE�
44'�FGGFDUJWFMZ�SFNPWFT�UVSCJEJUZ�BOE�QBUIPHFOJD�PSHBOJTNT�
UISPVHI�WBSJPVT�CJPMPHJDBM
�QIZTJDBM�BOE�DIFNJDBM�QSPDFTTFT�
JO�B�TJOHMF�USFBUNFOU�TUFQ��5IF�NBJO�USFBUNFOU�QSPDFTT�PDDVST�
BU�UIF�CJPMPHJDBM�MBZFS�	TDINVU[EFDLF
�UIBU�EFWFMPQT�PO�UIF�UPQ�
GFX�DFOUJNFUFST�PG�UIF�TBOE�MBZFS��*O�PSEFS�GPS�B�44'�UP�IBWF�JUT�
CFTU�QFSGPSNBODF
�JU�SFRVJSFT�B�SJQFOJOH�QFSJPE�PG�EBZT�UP�XFFLT�
GPS�UIF�TDINVU[EFDLF�UP�EFWFMPQ�TVGmDJFOUMZ���0OMZ�VOEFS�UIF�
QSFWBMFODF�PG�B�TJHOJmDBOUMZ�IJHI�MFWFM�PG�UVSCJEJUZ�PS�BMHBF�
DPOUBNJOBUJPO
�QSF�USFBUNFOU�NFBTVSFT�	F�H��SPVHIJOH�mMUSBUJPO�
PS�TFEJNFOUBUJPO
�CFDPNF�OFDFTTBSZ��5IF�UFDIOPMPHZ�JT�WFSZ�
TJNQMF�XIJDI�EPFT�OPU�SFRVJSF�BEWBODFE�UFDIOPMPHZ�BOE�TLJMMT�
GPS�DPOTUSVDUJPO
�PQFSBUJPO�BOE�NBJOUFOBODF�

Design Criteria
4MPX�TBOE�mMUFST�VTF�TBOE�XJUI�FGGFDUJWF�TJ[FT�PG�����������NN�
XJUI�B�VOJGPSNJUZ�DPFGmDJFOU�CFUXFFO����o�
�QSFGFSBCMZ������44'�
JT�PQFSBUFE�NPTU�FGGFDUJWFMZ�BU�B�nPX�SBUF�PG����o����N�I�

44'T�SFRVJSF�BO�JOnVFOU�UVSCJEJUZ�CFMPX����/56�BOE�QSFGFSBCMZ�
CFMPX����/56��5IF�QSF�USFBUNFOU�NFBTVSFT�	F�H��SPVHIJOH�
mMUSBUJPO�PS�TFEJNFOUBUJPO
�BSF�OFDFTTBSZ�UP�FOTVSF�UIBU�UIF�
mMUFST�EP�OPU�DMPH�GSFRVFOUMZ��44'T�BSF�MFTT�FGGFDUJWF�JO�SFNPWJOH�
NJDSPPSHBOJTNT�GSPN�DPME�XBUFS�CFDBVTF�UIF�CJPMPHJDBM�
BDUJWJUZ�XJUIJO�UIF�mMUFS�CFE�BOE�UIF�ATDINVU[EFDLF��EFDMJOFT�BT�
UFNQFSBUVSFT�EFDSFBTF�

Freshwater

Semi-centralized and CentralizedSlow Sand Filtration
T E C H N O L O G Y SOURCE

SCALE

22

Applications
44'�JG�FGGFDUJWF�GPS�JOnVFOU�UVSCJEJUZ�CFMPX����/56�BOE�QSFGFSBCMZ�
CFMPX����/56��*G�UIF�UVSCJEJUZ�JT�IJHIFS�BOE�JU�JT�SFRVJSFE�UP�
SFNPWF�PSHBOJDT
�JU�DBO�JODMVEF�BEEJUJPOBM�USFBUNFOU�TUFQT�BT�
NFOUJPOFE�BCPWF

*U�JT�XJEFMZ�BQQMJDBCMF�GPS�UIF�USFBUNFOU�PG�TVSGBDF�XBUFS�JO�TNBMM
�
SVSBM�DPNNVOJUJFT�XIFSF�MBOE�JT�OP�MJNJUJOH�GBDUPS��*O�VSCBO�
BSFBT�XJUI�QPQVMBUJPO�MFTT�UIBO���
���
�JU�DBO�CF�VTFE�BT�UIF�
NBJO�USFBUNFOU�TUFQ��*U�JT�BMTP�VTFE�BT�B�QPMJTIJOH�VOJU�JO�MBSHF�
DFOUSBMJ[FE�XBUFS�USFBUNFOU�PS�JO�XBTUFXBUFS�USFBUNFOU�TZTUFNT��

Components
*U�DPOTJTUT�PG�B�DPODSFUF�UBOL
�mMUFS�NFEJB
�VOEFSESBJO�TZTUFN�
BOE�TVQQPSU�HSBWFM��5IF�UBOL�JT�NBEF�PG�3$$�PS�TUPOF�NBTPOSZ�
PS�TUFFM�TUSVDUVSF�CBTFE�PO�UIF�MPDBM�DPOEJUJPO��5IF�TBOE�NFEJB�
JT�UIF�NBJO�MBZFS�UIBU�SFNPWFT�DPOUBNJOBOUT��5IF�ESBJO�BOE�
HSBWFM�MBZFST�BSF�JNQPSUBOU�JO�NBJOUBJOJOH�VOJGPSN�nPX�JO�UIF�
TBOE�NFEJVN�

4MPX�TBOE�mMUSBUJPO

Capacity
*U�WBSJFT�BDDPSEJOH�UIF�RVBOUJUZ�BOE�RVBMJUZ�PG�XBUFS�UP�CF�USFBUFE�
BOE�UIF�MPDBM�DPOEJUJPO�

Costs
*OWFTUNFOU�JT�HFOFSBMMZ�MPX���64�����o����64%�QFS�TRVBSF�
NFUFS�CVU�WBSJBCMF�UP�UIF�MPDBM�DPOEJUJPOT�

*U�JT�B�MPX�FOFSHZ
�MPX�DIFNJDBM�BOE�MPX�PQFSBUPS�BUUFOUJPO�
QSPDFTT
�IFODF�JU�IBT�MPX�PQFSBUJOH�BOE�NBJOUFOBODF�DPTU�

Operating Principles
4MPX�TBOE�mMUSBUJPO�JT�CBTJDBMMZ�B�CJPmMUSBUJPO�QSPDFTT��*O�UIJT�
QSPDFTT�DPOUBNJOBUFE�GSFTIXBUFS�nPXT�UISPVHI�B�MBZFS�PG�TBOE
�
XIFSF�JU�HFUT�QIZTJDBMMZ�mMUFSFE�BOE�CJPMPHJDBMMZ�USFBUFE�UP�
SFNPWF�TVTQFOEFE�TPMJET
�PSHBOJDT�BOE�QBUIPHFOT��

5IF�UPQ�MBZFST�PG�UIF�TBOE�JT�BMXBZT�CJPMPHJDBMMZ�BDUJWF�UIBU�
FTUBCMJTIFT�MBZFS�PG�B�NJDSPCJBM�DPNNVOJUZ�PO�UIF�UPQ�MBZFS�PG�
UIF�TBOE�TVCTUSBUF��5IF�NBKPSJUZ�PG�UIF�DPNNVOJUZ�JT�QSFEBUPSZ�
CBDUFSJB�UIBU�GFFE�PO�XBUFS�CPSOF�NJDSPCFT�QBTTJOH�UISPVHI�UIF�
mMUFS��*O�PSEFS�UP�NBJOUBJO�BO�FGGFDUJWF�USFBUNFOU�QFSGPSNBODF
�
UIF�TDINVU[EFDLF�MBZFS�IBT�UP�CF�BDUJWF�BOE�OFWFS�BMMPXFE�UP�
ESZ��5IFSFGPSF�B�44'�TIPVME�OPU�CF�PQFSBUFE�JOUFSNJUUFOUMZ��

5IFSF�BSF�TFWFSBM�NPEJmDBUJPOT�UP�44'�

��� 'PS�IJHI�JOnVFOU�UVSCJEJUZ
�B�QSF�USFBUNFOU�TUFQ�JO�UIF�GPSN�PG�
SPVHIJOH�mMUFS�PS�B�TFEJNFOUBUJPO�UBOL�JT�VTFE

��� *O�PSEFS�UP�JNQSPWF�UIF�PSHBOJD�SFNPWBM�FGmDJFODZ
�44'�
NBZ�CF�QSFDFEFE�CZ�BO�PYJEBUJPO�QSPDFTT�	VTVBMMZ�
P[POBUJPO
�UIF�CSFBLT�EPXO�MBSHF�NPMFDVMFT�PG�PSHBOJDT�
UP�CJPEFHSBEBCMF�PSHBOJD�DPNQPVOET�UIBU�DBO�CF�SFBEJMZ�
DPOTVNFE�JO�UIF�CJPMPHJDBM�MBZFS�
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3FNPWFT�UVSCJEJUZ
�QSPUP[PB
�QBUIPHFOT
�WJSVTFT�BOE�IFBWZ�
NFUBMT��'JMUFST�XBUFS�!���o����MJUFST�QFS�IPVS�QFS�TRVBSF�NFUFS�
PG�TVSGBDF�

44'T�BSF�WFSZ�FGGFDUJWF�GPS�UIF�SFNPWBM�PG�NJDSPCJPMPHJDBM�
QBUIPHFOT��IPXFWFS
�EJTJOGFDUBOUT�	F�H�
�DIMPSJOBUJPO
�BSF�PGUFO�
VTFE�JO�USFBUNFOU�GBDJMJUJFT�BT�B�TUFQ�TVCTFRVFOU�UP�UIF�44'�VOJU�

Reliability
7FSZ�IJHI�JG�QSPQFSMZ�PQFSBUFE�BOE�NBJOUBJOFE�

Replication Potential 
/FFET�EFUBJMFE�UFDIOJDBM�GFBTJCJMJUZ�BOBMZTJT�BOE�FYQFSUT�TVQQPSU�
CFGPSF�JOTUBMMBUJPO�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�BOE�TVQFSWJTJPO��"MTP
�XJMM�CF�HVJEFE�
CZ�UIF�MPDBM�SFHVMBUJPO�BOE�CZFMBXT�GPS�CVJMEJOH
�PQFSBUJPO�BOE�
NBJOUFOBODF�

Operation and Maintenance
44'T�BSF�PQFSBUFE�BU�MPX�mMUSBUJPO�SBUFT�	���o���N�I
�JO�PSEFS�UP�
FOTVSF�UIBU�UIFSF�JT�B�TUBCMF�nPX�PG�OVUSJFOUT�BOE�PYZHFO�UP�UIF�
NJDSPPSHBOJTNT�JO�UIF�mMUFS�UIBU�BSF�SFTQPOTJCMF�GPS�UIF�USFBUNFOU�
PG�UIF�XBUFS��

4JODF�44'�OFFET�B�SJQFOJOH�QFSJPE�VOUJM�UIF�TDINVU[EFDLF�
EFWFMPQT�TVGmDJFOUMZ
�JU�JT�JNQPSUBOU�UIBU�UIF�USFBUFE�XBUFS�
EVSJOH�UIJT�UJNF�JT�XBTUFE�PS�SFDZDMFE�	JO�XIBU�JT�SFGFSSFE�UP�BT�
mMUFS�UP�XBTUF�DZDMF
��"GUFS�TFWFSBM�XFFLT�UP�B�GFX�NPOUIT
�UIF�
QPQVMBUJPO�PG�NJDSPPSHBOJTNT�NBZ�HFU�UPP�EFOTF�BOE�TUBSU�UP�
DMPH�UIF�mMUFS��*G�nPX�SBUFT�BSF�UPP�MPX
�UIF�mMUFS�NVTU�CF�DMFBOFE�
CZ�TDSBQJOH�PGG�UIF�CJPMPHJDBM�MBZFS
�XBTIFE
�ESJFE�JO�UIF�TVO
�
BOE�TUPSFE��

"GUFS�TFWFSBM�TDSBQJOHT
�UIF�DMFBOFE�BOE�ESJFE�TBOE�JT�SFQMBDFE�
CBDL�UP�UIF�mMUFS
�UPHFUIFS�XJUI�OFX�TBOE
�UP�NBLF�VQ�GPS�MPTTFT�
EVSJOH�XBTIJOH��

44'�SFRVJSFE�NJOJNVN�PQFSBUPS�BUUFOEBODF��5IF�NBJO�
SPVUJOF�PQFSBUJPO�SFRVJSFNFOUT�JODMVEF�BEKVTUJOH�UIF�mMUSBUJPO�
SBUF
�TDBSQJOH�BOZ�nPBUJOH�NBUFSJBMT��5IF�NBKPS�PQFSBUJPOBM�
SFRVJSFNFOUT�BSF�mMUFS�DMFBOJOH�BOE�SFQMBDFNFOU�PG�TBOE�

��

��� 'PS�JNQSPWFE�PSHBOJD�PS�PUIFS�DPOUBNJOBOUT
�B�MBZFS�PG�
HSBOVMBS�BDUJWBUFE�DBSCPO�TBOEXJUDIFE�CFUXFFO�MBZFST�PG�
TBOE�JT�VTFE�BT�BO�BETPSQUJPO�MBZFS��5IJT�JT�VTFE�UP�SFNPWF�
USBDF�PSHBOJDT�TVDI�BT�QFTUJDJEFT
�NFUBMT�FUD�

��� &GGFDUJWF�GPS�UIF�SFNPWBM�PG�CBDUFSJB
�WJSVTFT
�
QSPUP[PB
�BOE�UVSCJEJUZ�JO�DPOUBNJOBUFE�GSFTI�
XBUFS�

��� 4JNQMJDJUZ�PG�EFTJHO�BOE�POMZ�SFRVJSF�CBTJD�
TLJMMT�BOE�LOPXMFEHF�BOE�NJOJNBM�FGGPSU�GPS�
DPOTUSVDUJPO
�PQFSBUJPO�BOE�NBJOUFOBODF�

��� *G�DPOTUSVDUFE�XJUI�HSBWJUZ�nPX�POMZ
�OP�QVNQT�
BSF�SFRVJSFE�

��� &BTZ�UP�JOTUBMM�JO�SVSBM
�TFNJ�VSCBO
�BOE�SFNPUF�
BSFBT�

��� )JHI�SFMJBCJMJUZ�BOE�BCJMJUZ�UP�XJUITUBOE�
nVDUVBUJPOT�JO�XBUFS�RVBMJUZ�

��� -POH�MJGFTQBO�SFMBUJWFMZ�HPPE�	FTUJNBUFE�����
ZFBST
��

��� 3FMBUJWFMZ�HPPE�RVBMJUZ�JT�SFRVJSFE��UVSCJEJUZ�
	�������/56
�BOE�MPX�BMHBF�DPOUBNJOBUJPO��
0UIFSXJTF
�QSF�USFBUNFOU�NBZ�CF�OFDFTTBSZ�

��� 3FRVJSFNFOU�PG�B�MBSHF�MBOE�BSFB�BOE�NBOVBM�
MBCPS�GPS�DMFBOJOH�	JG�NFDIBOJDBM�DMFBOJOH�JT�OPU�
BWBJMBCMF
�

��� $PME�UFNQFSBUVSFT�MPXFS�UIF�FGmDJFODZ�PG�UIF�
QSPDFTT�EVF�UP�B�EFDSFBTF�JO�CJPMPHJDBM�BDUJWJUZ�

��� -PTT�PG�QSPEVDUJWJUZ�EVSJOH�UIF�SFMBUJWFMZ�MPOH�
mMUFS�DMFBOJOH�BOE�SJQFOJOH�QFSJPET�

��� $IFNJDBM�DPNQPVOET
�TVDI�BT�'MVPSJOF
�OBUVSBM�
PSHBOJD�NBUUFS�BOE�PUIFS�%#1T�QSFDVSTPST�BSF�
OPU�TVGmDJFOUMZ�SFNPWFE��
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��4MPX�TBOE�mMUSBUJPO��NBOVBM�GPS�DBSFUBLFST��	5SBJOJOH�TFSJFT���*3$��OP���
��5IF�)BHVF
�5IF�
/FUIFSMBOET��*3$�*OUFSOBUJPOBM�8BUFS�BOE�4BOJUBUJPO�$FOUSF��IUUQ���XXX�JSD�OM�EPDTFBSDI�UJUMF�������

��



Description
3BQJE�TBOE�mMUSBUJPO�	34'
�JT�BO�JNQPSUBOU�USFBUNFOU�TUFQ�GPS�UIF�
SFNPWBM�PG�UVSCJEJUZ�BOE�NJDSPPSHBOJTNT
�XIJDI�JT�QSFDFEFE�
CZ�DPBHVMBUJPO�BOE�nPDDVMBUJPO��*U�DBO�CF�FJUIFS�B�HSBWJUZ�PS�
QSFTTVSF�mMUSBUJPO�TZTUFN��5IF�SBQJE�mMUFS�JT�EFTJHOFE�UP�VUJMJ[F�
UIF�FOUJSF�EFQUI�PG�B�mMUFS�CFE�UP�BUUBJO�B�IJHIFS�UISPVHIQVU�PG�
XBUFS�GPS�B�HJWFO�TVSGBDF�BSFB��

Design Criteria
5XP�UZQFT�PG�34'�BSF�UZQJDBMMZ�VTFE��SBQJE�HSBWJUZ�BOE�SBQJE�
QSFTTVSF�TBOE�mMUFST��34'�SFRVJSFT�BEFRVBUF�QSF�USFBUNFOU�
VTVBMMZ�DPBHVMBUJPO�nPDDVMBUJPO�BOE�QPTU�USFBUNFOU�VTVBMMZ�
EJTJOGFDUJPO��34'�JT�NPSF�FYQFOTJWF�BOE�TPQIJTUJDBUFE�
	DPNQBSFE�UP�44'

�SFRVJSFT�FOFSHZ�JOQVU
�SFHVMBS�CBDLXBTIJOH�
BOE�nPX�DPOUSPM�PG�UIF�mMUFS�PVUMFU��4PNF�PG�UIF�EFTJHO�DSJUFSJB�GPS�
BO�FGGFDUJWF�34'�JODMVEF��

• 'JMUSBUJPO�SBUF������N�I�

• %FQUI�PG�CFE��������PG�HSBWFM�BOE������N�PG�TBOE
�

• 4J[F�PG�TBOE��FGGFDUJWF�TJ[F����������NN�

• 6OJGPSNJUZ�DPFGmDJFOU������BOE�MPXFS

34'�DBO�CF�EFTJHOFE�BT�B�NPOP�NFEJVN�TBOE�mMUFS�PS�NVMUJ�
NFEJB�mMUFS��*O�UIF�DBTF�PG�NVMUJ�NFEJB�mMUFS
�UIF�34'�NFEJB�NBZ�
JODMVEF�MJHIUFS�	MPXFS�EFOTJUZ
�CVU�DPBSTFS�NFEJB�PO�UPQ�PG�TBOE�
PS�IFBWJFS�	NPSF�EFOTJUZ
�NBUFSJBM�CFMPX�UIF�TBOE�MBZFS��4PNF�PG�
UIF�MJHIUFS�mMUFS�NFEJB�JODMVEF�BOUISBDJUF�DPBM�BOE�QVNJDF��"OE�
UIF�NPTU�DPNNPO�EFOTFS�NFEJB�JT�HBSOFU��

.VMUJ�NFEJB�34'�BSF�NPSF�FGGFDUJWF�BOE�IBWF�MPOHFS�mMUSBUJPO�
DZDMF�TJODF�NVDI�PG�UIF�NFEJB�EFQUI�JT�VTFE�UP�FGGFDUJWFMZ�
SFNPWF�TPMJET�

Freshwater

Semi-centralized and CentralizedRapid Sand Filtration
T E C H N O L O G Y SOURCE

SCALE

��

Applications
3BQJE�TBOE�mMUSBUJPO�SFRVJSFT�IJHIMZ�TLJMMFE�XPSLFST�GPS�
DPOTUSVDUJPO�BOE�PQFSBUJPO
�BOE�IJHI�FOFSHZ�JOQVUT��6OMFTT�
EJTJOGFDUJPO�JT�BQQMJFE
�UIF�mMUFSFE�XBUFS�JT�OPU�TBGF�GPS�ESJOLJOH��
34'�DBO�QSPWJEF�B�WFSZ�FGmDJFOU�NFUIPE�JO�MBSHFS�VSCBO�XBUFS�
TVQQMZ�TZTUFNT��*U�JT�BMTP�VTFE�BT�B�QPMJTIJOH�TUFQ�	UFSUJBSZ�
USFBUNFOU
�PG�TFDPOEBSZ�FGnVFOU�JO�XBTUFXBUFS�USFBUNFOU��

Components
'JMUFS�UBOL
�mMUFS�TBOE�PS�NJYFE�NFEJB
�HSBWFM�TVQQPSU�CFE
�VOEFS�
ESBJO�TZTUFN
�XBTI�XBUFS�USPVHIT
�CBDLXBTI�TZTUFN�	JODMVEJOH�
TVSGBDF�XBTI
�FUD�

3BQJE�TBOE�mMUSBUJPO�VOJUT��QSFTTVSF�	UPQ
���HSBWJUZ�	CPUUPN


Capacity
*U�JT�BQQMJDBCMF�GPS�TFNJ�DFOUSBM�UP�DFOUSBMJ[FE�TZTUFNT�BOE�
DBQBDJUZ�WBSJFT�BDDPSEJOH�UIF�MPDBM�DPOEJUJPOT�BOE�OFFE�

Costs
5IF�DPOTUSVDUJPO�DPTU�BOE�DPTUT�PG�PQFSBUJPO�WBSZ�BDDPSEJOH�UP�
UIF�MPDBM�DPOEJUJPO�

Operating Principles
5IF�JOnVFOU�XBUFS�FOUFST�OFBS�UIF�UPQ�PG�UIF�UBOL�BOE�nPXT�
EPXOXBSE�UISPVHI�UIF�NFEJB�BOE�UIF�mMUFSFE�XBUFS�JT�DPMMFDUFE�
CZ�UIF�VOEFS�ESBJO�TZTUFN�UP�B�EJTJOGFDUJPO�VOJU�GPS�GVSUIFS�
USFBUNFOU�

'JMUSBUJPO�QSPDFTT



<[PSP[`�
�,MÄJPLUJ`
8JUI�QSF�USFBUFE�XBUFS�JOnVFOU
�34'�DBO�QSPEVDF�B�mMUSBUF�RVBMJUZ�
XJUI�MFTT�UIBO���/56
�����SFNPWBM�PG�DPMJGPSNT
����o�����
SFNPWBM�PG�$SZQUPTQPSJEJVN�BOE�(JBSEJB�DZTUT
�����SFNPWBM�PG�
DPMPS�BOE����SFNPWBM�PG�5PUBM�0SHBOJD�$POUFOU��

Reliability
)JHIMZ�SFMJBCMF
�JG�QSPQFSMZ�PQFSBUFE�

Replication Potential 
4UBOEBSE�EFTJHO�HVJEFMJOFT�BSF�BWBJMBCMF�

Regulatory/Institutional Issues
1SF�USFBUNFOU�JT�VTVBMMZ�OFDFTTBSZ�GPS�SBQJE�TBOE�mMUSBUJPO��
4VDI�USFBUNFOUT�JODMVEF�DPBHVMBUJPO�BOE�nPDDVMBUJPO
�GPMMPXFE�
CZ�TFEJNFOUBUJPO��4JODF�34'�HFU�DSFEJU�GPS�DFSUBJO�SFNPWBM�
FGmDJFODJFT
�UIFZ�SFRVJSF�DMPTF�NPOJUPSJOH�BOE�DPOUSPMT�CZ�
SFHVMBUPSZ�BHFODJFT�

Operation and Maintenance
0OF�PG�UIF�NBKPS�PQFSBUJPOBM�BDUJWJUZ�PG�34'�JT�CBDLXBTIJOH�
BGUFS�FBDI�mMUSBUJPO�DZDMF
�nPX�DPOUSPM�UP�FOTVSF�DPOTUBOU�
QSFTTVSF�PS�DPOUFOE�nPX��34'�DBO�IBWF�mMUFS�SVO�MFOHUI�PG����
���I�EFQFOEJOH�PO�JOnVFOU�XBUFS�RVBMJUZ
�mMUFS�NFEJB�EFTJHO�
BOE�mMUSBUJPO�SBUF��4PNF�mMUFST�DBO�PQFSBUF�MPOHFS�UIBO�POF�
XFFL�CFGPSF�OFFEJOH�UP�CF�CBDLXBTIFE��)PXFWFS
�UIJT�JT�OPU�
SFDPNNFOEFE�BT�MPOH�mMUFS�SVOT�DBO�DBVTF�UIF�GPSNBUJPO�PG�NVE�
CBMMT�XIJDI�NBLFT�CBDLXBTIJOH�EJGmDVMU�BOE�JOnVFODF�VOJGPSN�
nPX�DPOEJUJPOT
�BOE�IFODF�SFTVMU�JO�TIPSU�DJSDVJUJOH�

5SFBUFE�XBUFS�GSPN�TUPSBHF�JT�VTFE�GPS�UIF�CBDLXBTI�DZDMF��5IJT�
USFBUFE�XBUFS�JT�HFOFSBMMZ�UBLFO�GSPN�FMFWBUFE�TUPSBHF�UBOLT�PS�
QVNQFE�JO�GSPN�UIF�DMFBS�XFMM��5IF�mMUFS�JT�CBDLXBTIFE�XIFO�J
�
IFBE�MPTT�JT�TP�IJHI�UIBU�UIF�mMUFS�OP�MPOHFS�QSPEVDFT�XBUFS�BU�
UIF�EFTJSFE�SBUF
�JJ
�FGnVFOU�UVSCJEJUZ�EPFT�OPU�NFFU�TUBOEBSET�
	UVSCJEJUZ�CSFBLUISPVHI
�PS�JJJ
�mMUFS�SVO�SFBDIFT�B�HJWFO�IPVS�PG�
PQFSBUJPO�

2SHUDWLRQDO�FKDOOHQJHV�DQG�KRZ�WR�DGGUHVV�WKHP�

$LU�%LQGLQJ��"T�UIF�mMUFS�SVO�MFOHUI�FYUFOET�GPS�B�MPOH�QFSJPE
�
IFBEMPTT�EFWFMPQT�FYUFOTJWFMZ�BOE�UIJT�NJHIU�DSFBUF�UIF�
EFWFMPQNFOU�PG�OFHBUJWF�QSFTTVSF�JO�UIF�mMUFS�CFE��"�TUBHF�
SFBDIFT�XIFO�UIF�IFBEMPTT�CZ�UIF�mMUFS�NFEJB�FYDFFET�UIF�TUBUJD�
IFBE�PG�XBUFS�BCPWF�UIF�CFE��.PTU�PG�UIJT�SFTJTUBODF�JT�PGGFSFE�
CZ�UIF�UPQ����UP����DN�TBOE�MBZFS��5IF�CPUUPN�TBOE�BDUT�MJLF�B�

26

"T�UIF�JOnVFOU�USBWFMT�UISPVHI�UIF�mMUFS�NFEJB�EJGGFSFOU�USBOTQPSU�
BOE�BUUBDINFOU�NFDIBOJTNT�MFBE�UP�TVTQFOEFE�TPMJET�BOE�
NJDSPPSHBOJTNT�CFJOH�SFNPWFE�GSPN�UIF�XBUFS��$POUBNJOBOUT�
BSF�FJUIFS�BUUBDIFE�UP�UIF�NFEJB�TVSGBDFT�PS�TUSBJOFE�USBQQFE�
JO�UIF�QPSF��5IF�NBJO�SFNPWBM�NFDIBOJTNT�PG�34'�JODMVEF�
TUSBJOJOH
�BETPSQUJPO�BOE�TFUUMJOH��*O�TPNF�DBTFT�34'�DBO�BMTP�
CF�VTFE�BT�B�CJPMPHJDBM�mMUFS�JG�JU�JT�QSFDFEFE�CZ�PYJEBUJPO�PG�
PSHBOJD�NBUUFS�	VTVBMMZ�P[POBUJPO
�

WBDVVN
�BOE�XBUFS�JT�TVDLFE�UISPVHI�UIF�mMUFS�NFEJB�SBUIFS�UIBO�
HFUUJOH�mMUFSFE�UISPVHI�JU��5IF�OFHBUJWF�QSFTTVSF�TP�EFWFMPQFE
�
UFOET�UP�SFMFBTF�UIF�EJTTPMWFE�BJS�BOE�PUIFS�HBTFT�QSFTFOU�
JO�XBUFS�BOE�GPSNT�BJS�CVCCMFT�UIBU�HFU�BUUBDIFE�UP�UIF�TBOE�
HSBJOT��5IJT�QIFOPNFOPO�JT�LOPXO�BT�"JS�#JOEJOH�BOE�SFTVMUT�JO�
NPSF�DMPHHJOH�PG�mMUFS�QPSFT�UIBU�XJMM�TJHOJmDBOUMZ�SFEVDF�PS�TUPQ�
mMUSBUJPO�UISPVHI�UIF�NFEJB��5P�BWPJE�TVDI�USPVCMFT
�UIF�mMUFST�
BSF�DMFBOFE�BT�TPPO�BT�UIF�IFBE�MPTT�FYDFFET�UIF�PQUJNVN�
BMMPXBCMF�WBMVF�

)RUPDWLRQ�RI�0XG�%DOOV��8IFO�UIF�CBDLXBTIJOH�PS�TVSGBDF�
XBTI�QSPDFTTFT�BSF�OPU�FGGFDUJWF
�TVTQFOEFE�TPMJET�TUBSU�UP�
HSPX�PWFSUJNF�BOE�GPSN�NVECBMMT�PO�UIF�TVSGBDF�PG�UIF�mMUFS�
CFE��8IFO�UIFZ�IBWF�HSPXO�UP�B�DFSUBJO�TJ[F
�UI�NVE�CBMMT�NBZ�
TJOL�EPXO�JOUP�UIF�TBOE�CFE�EVSJOH�CBDLXBTI�BOE�BDDVNVMBUF�
BU�UIF�BOE�BGGFDU�UIF�nPX�PG�XBUFS�BOE�FWFO�CMPDL�VOEFSESBJOT��
'PSNBUJPO�PG�NVECBMM�JT�CFTU�BWPJEFE�CZ�NBLJOH�TVSF�UIBU�UIF�
CBDLXBTI�TUFQ�JT�QSPQFSMZ�EPOF�BOE�JU�JT�BTTJTUFE�CZ�TVSGBDF�
XBTI�PS�BJS�CBDLXBTI�

&UDFNLQJ�RI�)LOWHUV��5IF�mOF�TBOE�DPOUBJOFE�JO�UIF�UPQ�MBZFST�PG�
UIF�mMUFS�CFE�TISJOLT�BOE�DBVTFT�UIF�EFWFMPQNFOU�PG�TISJOLBHF�
DSBDLT�JO�UIF�TBOE�CFE��"T�UIF�mMUFS�SVO�FYUFOET�PWFS�UJNF
�
IFBEMPTT�CVJMET�VQ�BOE�UIF�QSFTTVSF�PO�UIF�TBOE�CFE�JODSFBTFT�
BOE�XJEFOT�UIF�DSBDLT�

3FNFEJBM�.FBTVSFT�UP�1SFWFOU�$SBDLJOH�PG�'JMUFST�BOE�'PSNBUJPO�
PG�.VE�#BMMT

• #SFBLJOH�UIF�UPQ�mOF�NVE�MBZFS�XJUI�SBLFT�BOE�XBTIJOH�PGG�
UIF�QBSUJDMFT�

• 8BTIJOH�UIF�mMUFS�XJUI�B�TPMVUJPO�PG�DBVTUJD�TPEB�

• 3FNPWJOH
�DMFBOJOH�BOE�SFQMBDJOH�UIF�EBNBHFE�mMUFS�TBOE�



Sources
��� #BS�;FFW
�&�
�#FMLJO
�/�
�-JCFSNBO
�#�
�#FSNBO
�5�
�BOE�#FSNBO�'SBOL
�*��	����
��3BQJE�TBOE�mMUSBUJPO�QSFUSFBUNFOU�GPS�4830��

.JDSPCJBM�NBUVSBUJPO�EZOBNJDT�BOE�mMUSBUJPO�FGmDJFODZ�PG�PSHBOJD�NBUUFS��%FTBMJOBUJPO
����
����������

��� #SJLLF
�'���#SFEFSP
�.��	����
��-JOLJOH�5FDIOPMPHZ�$IPJDF�XJUI�0QFSBUJPO�BOE�.BJOUFOBODF�JO�UIF�DPOUFYU�PG�DPNNVOJUZ�XBUFS�
TVQQMZ�BOE�TBOJUBUJPO��"�SFGFSFODF�%PDVNFOU�GPS�1MBOOFST�BOE�1SPKFDU�4UBGG��(FOFWB��8PSME�)FBMUI�0SHBOJ[BUJPO�BOE�*3$�8BUFS�
BOE�4BOJUBUJPO�$FOUSF��

��� $IVBOH
�:��)�
�8BOH
�(��4�
�BOE�5VOH
�)��)��	����
��$IMPSJOF�SFTJEVBMT�BOE�IBMPBDFUJD�BDJE�SFEVDUJPO�JO�SBQJE�TBOE�mMUSBUJPO��
$IFNPTQIFSF
���	�

������������

��� %FCPDI
�#�
��BOE�'BSSJT
�,��	����
��&WBMVBUJPO�PO�UIF�&GmDJFODZ�PG�3BQJE�4BOE�'JMUSBUJPO��"EEJT�"CBEB����UI�8&$%�$POGFSFODF�

��� )BNNFT
�'�
�#FSHFS
�$�
�,PTUFS
�0�
�BOE�&HMJ
�5��	����
��"TTFTTJOH�CJPMPHJDBM�TUBCJMJUZ�PG�ESJOLJOH�XBUFS�XJUIPVU�EJTJOGFDUBOU�
SFTJEVBMT�JO�B�GVMM�TDBMF�XBUFS�TVQQMZ�TZTUFN��+PVSOBM�PG�8BUFS�4VQQMZ��3FTFBSDI�BOE�5FDIOPMPHZ�"26"
���	�

��������

��� 0�DPOOPS
�+�5��BOE��0�DPOOPS
�5�-��	����
��3FNPWBM�PG�.JDSPPSHBOJTNT�CZ�3BQJE�4BOE�'JMUSBUJPO��$PMVNCJB�.0��)�0�$�
&OHJOFFSJOH��

��� 0�.FMJB
�$��3��	����
��1BSUJDMFT
�1SFUSFBUNFOU�BOE�'JMUSBUJPO
�"4$&�+PVSOBM�PG�&OWJSPONFOUBM�&OHJOFFSJOH
����	�
�������

��� 4DIVM[
�$�3��BOE�0LVN
�%�"���	����
��4VSGBDF�8BUFS�5SFBUNFOU�GPS�$PNNVOJUJFT�JO�%FWFMPQJOH�$PVOUSJFT��+PIO�8JMFZ�BOE�4POT
�
/FX�:PSL��

��� 64&1"�	����
��5FDIOPMPHJFT�GPS�6QHSBEJOH�&YJTUJOH�PS�%FTJHOJOH�/FX�%SJOLJOH�8BUFS�5SFBUNFOU�'BDJMJUJFT��$JODJOOBUJ��64�
&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�

���� 64&1"�	����
��(VJEBODF�.BOVBM�GPS�$PNQMJBODF�XJUI�UIF�'JMUSBUJPO�BOE�%JTJOGFDUJPO�3FRVJSFNFOUT�GPS�1VCMJD�8BUFS�4ZTUFNT�
6TJOH�4VSGBDF�8BUFS�4PVSDFT
�64�&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�
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��� )JHIMZ�FGGFDUJWF�GPS�SFNPWBM�PG�UVSCJEJUZ�	VTVBMMZ�
��������/56
�

��� )JHI�mMUSBUJPO�SBUF�	�o���N�I
�BOE�IFODF�TNBMM�
MBOE�SFRVJSFNFOU�

��� /P�MJNJUBUJPOT�SFHBSEJOH�JOJUJBM�UVSCJEJUZ�MFWFMT�	JG�
DPBHVMBOU�PS�nPDDVMBOU�JT�BWBJMBCMF�BOE�DPSSFDUMZ�
BQQMJFE
�

��� $MFBOJOH�UJNF�	CBDLXBTIJOH
�JT�TIPSU�NJOVUFT�
BOE�mMUFST�DBO�CF�QVU�CBDL�JOUP�PQFSBUJPO�
JOTUBOUMZ�

��� /PU�FGGFDUJWF�JO�SFNPWJOH�CBDUFSJB
�WJSVTFT
�
nVPSJEF
�BSTFOJD
�TBMUT
�PEPS
�BOE�PSHBOJD�
NBUUFS��JU�SFRVJSFT�QSF��BOE�QPTU�USFBUNFOU�

��� )JHI�DBQJUBM�BOE�PQFSBUJPOBM�DPTUT�	IJHI�FOFSHZ�
JOQVU�SFRVJSFE
�

��� 'SFRVFOU�DMFBOJOH�	CBDLXBTIJOH
�SFRVJSFE�JO�
FWFSZ������I

��� 4LJMMFE�TVQFSWJTJPO�FTTFOUJBM�	F�H�
�GPS�nPX�
DPOUSPM
�

��� #BDLXBTIJOH�XBUFS�BOE�TMVEHF�OFFET�
USFBUNFOU�UIBU�NJHIU�SFRVJSF�TFXBHF�TZTUFN�PS�
TUBCJMJ[BUJPO�QPOET��

D U
Advantages Disadvantages



Description
"DUJWBUFE�DBSCPO�VOJUT�BSF�DPNNPOMZ�VTFE�UP�SFNPWF�PSHBOJDT�
	PEPST
�NJDSP�QPMMVUBOUT
�GSPN�ESJOLJOH�XBUFS�BU�DFOUSBMJ[FE�BOE�
EFDFOUSBMJ[FE�MFWFMT��5IFZ�BSF
�QBSUJDVMBSMZ
�JNQPSUBOU�GPS�UIF�
SFNPWBM�PG�OPO�CJPEFHSBEBCMF�PSHBOJD�DPNQPVOET�BOE�USBDF�
PSHBOJDT��5IFZ�BSF�VUJMJ[FE�CFTU�XIFO�UIF�JOnVFOU�XBUFS�IBT�MPX�
UVSCJEJUZ��5IVT�UIFZ�BSF�PGUFO�QSFDFEFE�CZ�mMUSBUJPO�VOJU��

Design Criteria
"DUJWBUFE�DBSCPO�JT�QSFQBSFE�JO�TVDI�B�XBZ�UIBU�JU�FYIJCJUT�B�
IJHI�EFHSFF�PG�QPSPTJUZ�BOE�BO�FYUFOTJWF�TVSGBDF�BSFB��*U�JT�PGUFO�
QSPEVDFE�GSPN�QFUSPMFVN�DPLF
�CJUVNJOPVT�DPBM
�MJHOJUF
�XPPE�
QSPEVDUT
�DPDPOVU�TIFMM�PS�QFBOVU�TIFMM��5IF�DBSCPO�NFEJVN�JT�
iBDUJWBUFEw�CZ�UIF�QSPDFTT�PG�QZSPMZTJT
�TVCKFDUJOH�JU�UP�TUFBN�	B�
HBT�MJLF�XBUFS
�BSHPO�PS�OJUSPHFO
�BOE�IJHI�UFNQFSBUVSF�	����
����¡$
�VTVBMMZ�XJUIPVU�PYZHFO�

*O�TPNF�DBTFT
�UIF�DBSCPO�NBZ�BMTP�VOEFSHP�BO�BDJEJD�XBTI�PS�
CF�DPBUFE�XJUI�B�DPNQPVOE�UP�FOIBODF�UIF�SFNPWBM�PG�TQFDJmD�
DPOUBNJOBOUT��5IF�QZSPMZTJT�QSPDFTT�QSPEVDFT�DBSCPO�XJUI�IJHI�
QPSPTJUZ�BOE�B�IJHI�TQFDJmD�TVSGBDF�BSFB��*U�JT�UIFO�DSVTIFE�UP�
QSPEVDF�B�HSBOVMBS�PS�QPXEFSFE�DBSCPO�QSPEVDU��5IF�HSBOVMBS�
BDUJWBUFE�DBSCPO�JT�VTFE�JO�mMUSBUJPO�VOJUT��5IF�QPXEFSFE�
BDUJWBUFE�DBSCPO�JT�IPXFWFS�VTFE�BT�TMVSSZ�JO�UIF�DPBHVMBUJPO�
nPDDVMBUJPO�VOJUT�

Freshwater

Semi-centralized and CentralizedActivated Carbon Filters
T E C H N O L O G Y SOURCE

SCALE
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Applications
"DUJWBUFE�DBSCPO�mMUFST�BSF�XJEFMZ�VTFE�UP�SFNPWF�DFSUBJO�
PSHBOJDT
�DIMPSJOF�PS�SBEPO�GSPN�ESJOLJOH�XBUFS�BU�IPVTFIPME
�
DPNNVOJUZ�MFWFM�BOE�UP�USFBU�JOEVTUSJBM�PS�NVOJDJQBM�XBTUFXBUFST��
"DUJWBUFE�DBSCPO�JT�OPU�FGmDJFOU�GPS�EJTJOGFDUJPO�BOE�OJUSBUFT�
SFNPWBM��

Components
/FFET�EFUBJMFE�BOBMZTJT�PG�UIF�TZTUFN�CBTFE�PO�XIFSF�JU�IBT�
CFFO�JOTUBMMFE�F�H�
�106
�10&�PS�DFOUSBMJ[FE�USFBUNFOU�TZTUFNT�

"DUJWBUFE�DBSCPO�mMUSBUJPO�VOJUT�GPS�HSPVOEXBUFS�USFBUNFOU

Capacity
*U�DBO�CF�BQQMJFE�GSPN�B�TNBMM�UP�MBSHF�TDBMF�TZTUFNT�

Costs
*OTUBMMBUJPO�DPTUT�BSF�NPEFSBUF�CVU�BEEJUJPOBM�UFDIOJDBM�
FRVJQNFOU�JT�SFRVJSFE��0QFSBUJOH�DPTUT�BSF�VTVBMMZ�MJNJUFE�UP�
SFHFOFSBUJPO�PG�UIF�DBSCPO�BOE�SFQMBDFNFOU�PG�UIF�NFEJB��
%FQFOEJOH�PO�UIF�UZQF�BOE�DPODFOUSBUJPO�PG�UIF�DPOUBNJOBOU�

Operating Principles
"�UZQJDBM�DBSCPO�QBSUJDMF�IBT�IJHI�QPSPTJUZ�UIBU�QSPWJEFT�B�
MBSHF�TVSGBDF�BSFB�GPS�BETPSQUJPO�TJUFT�PG�DPOUBNJOBOUT�JO�XBUFS�
USFBUNFOU��%VSJOH�XBUFS�mMUSBUJPO�UISPVHI�BDUJWBUFE�DBSCPO
�
DPOUBNJOBOUT�HFU�BETPSCFE�PO�UP�UIF�TVSGBDF�PG�UIFTF�DBSCPO�
HSBOVMFT�PS�CFDPNF�USBQQFE�JO�UIF�TNBMM�QPSFT�PG�UIF�BDUJWBUFE�
DBSCPO��5IF�DIBSBDUFSJTUJDT�PG�UIF�DBSCPO�NBUFSJBM�	QBSUJDMF�TJ[F
�
QPSF�TJ[F�BOE�EJTUSJCVUJPO
�TVSGBDF�BSFB
�TVSGBDF�DIFNJTUSZ
�
EFOTJUZ
�BOE�IBSEOFTT
�JOnVFODF�UIF�FGmDJFODZ�PG�BETPSQUJPO�

CFJOH�SFNPWFE
�TPNF�DBSCPO�mMUFST�NBZ�SFRVJSF�TQFDJBM�
IB[BSEPVT�XBTUF�IBOEMJOH�BOE�EJTQPTBM
�XIJDI�DBO�CF�DPTUMZ�



<[PSP[`�
�,MÄJPLUJ`
&GmDJFOU�GPS�QPMMVUBOU�IBWJOH�IJHI�BGmOJUZ�GPS�BDUJWBUFE�DBSCPO�
TVSGBDF�

Reliability
3FMJBCMF�JG�UIF�XBUFS�DPNQPTJUJPO�JT�UBLFO�JOUP�BDDPVOU�XIFO�
DIPPTJOH�UIF�UZQF�PG�BDUJWBUFE�DBSCPO�VTFE�BT�mMUFS�NBUFSJBM�

Replication Potential 
/FFET�EFUBJMFE�UFDIOJDBM�GFBTJCJMJUZ�BOBMZTJT�BOE�FYQFSUT�TVQQPSU�
CFGPSF�JOTUBMMBUJPOT�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�BOE�TVQFSWJTJPO

Operation and Maintenance
$BSCPO�mMUFST�BSF�SFMBUJWFMZ�FBTZ�UP�JOTUBMM�BOE�NBJOUBJO�CVU�
TLJMMFE�MBCPS�JT�SFRVJSFE�BU�MFBTU�PDDBTJPOBMMZ�GPS�NPOJUPSJOH�UIF�
SFNPWBM�QFSGPSNBODF�PWFS�UJNF��

"DUJWBUFE�DBSCPO�mMUFST�IBWF�B�MJNJUFE�MJGFUJNF��"GUFS�MPOH�
mMUSBUJPO�WPMVNFT
�UIF�BETPSQUJPO�DBQBDJUZ�PG�UIF�BDUJWBUFE�
DBSCPO�HFUT�FYIBVTUFE�UIBU�JT�PGUFO�JOEJDBUFE�CZ�CSFBLUISPVHI�
PG�DPOUBNJOBOUT��5IF�mMUFS�NBUFSJBM�JT
�UIFSFGPSF
�SFHFOFSBUFE�
UP�SFTUPSF�JUT�BETPSQUJPO�DBQBDJUZ�BDDPSEJOH�UP�NBOVGBDUVSFS�T�
JOTUSVDUJPOT��

3FQMBDFNFOU�JOUFSWBMT�TIPVME�CF�DBMDVMBUFE�CBTFE�PO�UIF�
mMUFSFE�XBUFS�WPMVNF�BOE�UIF�BNPVOU�PG�DPOUBNJOBOU�CFJOH�
SFNPWFE��*O�TNBMM�TDBMF�JOTUBMMBUJPO�B�DBSCPO�DBSUSJEHF�DBO�CF�
CBDLXBTIFE�BOE�UIFO�SFVTFE�PS�EJTDBSEFE�JG�OPO�UPYJDT�IBWF�
CFFO�BETPSCFE�

��

5IF�DIBSBDUFSJTUJDT�PG�UIF�DIFNJDBM�DPOUBNJOBOU�TVDI�BT�UIF�
UFOEFODZ�PG�UIF�DIFNJDBM�UP�DPNF�PVU�PG�TPMVUJPO�BSF�BMTP�
JNQPSUBOU��)ZESPQIPCJD�DPNQPVOET�	UIBU�BSF�MFTT�TPMVCMF
�BSF�
NPSF�MJLFMZ�UP�HFU�BETPSCFE�UP�B�TPMJE��"�TFDPOE�DIBSBDUFSJTUJD�
JT�UIF�BGmOJUZ�PG�UIF�DPOUBNJOBOU�UP�UIF�DBSCPO�TVSGBDF��*G�TFWFSBM�
DPNQPVOET�BSF�QSFTFOU�JO�UIF�XBUFS
�DPNQPVOET�XJUI�IJHI�
BGmOJUZ�XJMM�BUUBDI�UP�UIF�DBSCPO�JO�HSFBUFS�RVBOUJUZ�UIBO�UIPTF�
XJUI�XFBL�BGmOJUZ��5IFTF�DPNCJOFE�GBDUPST�FOBCMF�UIF�BDUJWBUFE�
DBSCPO�NBUFSJBM�UP�ESBX�UIF�NPMFDVMF�PVU�PG�UIF�XBUFS��

8IFO�UIF�BETPSQUJPO�DBQBDJUZ�PG�UIF�BDUJWBUFE�DBSCPO�JT�
FYIBVTUFE
�JU�OFFET�UP�CF�SFHFOFSBUFE�CZ�SFMFBTJOH�UIF�BUUBDIFE�
DPOUBNJOBOUT��5IF�SFHFOFSBUJPO�QSPDFTT�IFMQT�SFVTF�UIF�
BDUJWBUFE�DBSCPO�GPS�NBOZ�DZDMFT�BOE�SFRVJSFT�FOFSHZ�BOE�PS�
DIFNJDBMT�UP�HFU�NBYJNVN�SFDPWFSZ�PG�JUT�BETPSQUJPO�DBQBDJUZ�

"DUJWBUFE�DBSCPO�mMUSBUJPO�VOJUT�DBO�CF�BQQMJFE�JO�DFOUSBMJ[FE�PS�
EFDFOUSBMJ[FE�TZTUFNT��"U�EFDFOUSBMJ[FE�MFWFM
�BDUJWBUFE�DBSCPO�
mMUSBUJPO�VOJUT�DBO�FJUIFS�CF�QPJOU�PG�VTF�	106
�PS�QPJOU�PG�
FOUSZ�	10&
�USFBUNFOU��"�10&�EFWJDF�JT�SFDPNNFOEFE�GPS�UIF�
USFBUNFOU�PG�SBEPO�BOE�WPMBUJMF�PSHBOJD�DPNQPVOET�CFDBVTF�
UIFTF�DPOUBNJOBOUT�DBO�FBTJMZ�WBQPSJ[F�GSPN�XBUFS�JO�TIPXFST�
PS�XBTIJOH�NBDIJOFT�BOE�CFDPNF�IFBMUI�IB[BSET��106�EFWJDFT�
BSF�VTFGVM�GPS�UIF�SFNPWBM�PG�MFBE�BOE�DIMPSJOF��5IF�TUSVDUVSF�PG�
106�EFWJDFT�DBO�FJUIFS�CF�JO�MJOF
�MJOF�CZQBTT�GBVDFU�NPVOUFE�
PS�QPVS�

��� &BTZ�UP�JOTUBMM�BOE�NBJOUBJO�

��� $BO�CF�VTFE�BU�UIF�QPJOU�PG�FOUSZ�	TFNJ�DFOUSBMJ[FE�
ESJOLJOH�XBUFS�USFBUNFOU�QMBOUT
�XBTUFXBUFS�
USFBUNFOU�QMBOUT
�PS�BU�UIF�QPJOU�PG�VTF�	IPVTFIPME�
DPNNVOJUZ�mMUFST
�

��� &GmDJFOU�UP�SFNPWF�DFSUBJO�PSHBOJDT
�DIMPSJOF
�SBEPO�

��� .BUFSJBMT�BSF�BWBJMBCMF�FWFSZXIFSF�

��� "DUJWBUFE�DBSCPO�DBO�BMTP�CF�VTFE�BT�B�QSF�
USFBUNFOU�UP�QSPUFDU�PUIFS�XBUFS�USFBUNFOU�VOJUT�

��� 'JMUFS�IBT�UP�CF�SFQMBDFE�SFHVMBSMZ�

��� 4LJMMFE�MBCPS�SFRVJSFE�PDDBTJPOBMMZ�

��� 8BUFS�BOBMZTJT�JT�SFRVJSFE�UP�DIPPTF�UIF�NPTU�
BEBQUFE�UZQF�PG�BDUJWBUFE�DBSCPO�

��� $POUBNJOBOUT�BSF�TFQBSBUFE�GSPN�XBUFS�CVU�OPU�
EFTUSPZFE�

��� *U�JT�OPU�FGmDJFOU�GPS�EJTJOGFDUJPO�BOE�OJUSBUFT�
SFNPWBM�

D U
Advantages Disadvantages
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Description
"EWBODFE�0YJEBUJPO�1SPDFTTFT�	"01T
�SFGFS�UP�B�TFU�PG�
DIFNJDBM�USFBUNFOU�QSPDFEVSFT�EFTJHOFE�UP�SFNPWF�PSHBOJD�
	BOE�TPNFUJNFT�JOPSHBOJD
�NBUFSJBMT�JO�XBUFS�BOE�XBTUFXBUFS�CZ�
PYJEBUJPO�UISPVHI�SFBDUJPOT�XJUI�IZESPYZM�SBEJDBMT�	r0)
��*O�SFBM�
XPSME�BQQMJDBUJPOT�PG�XBTUFXBUFS�USFBUNFOU
�IPXFWFS
�UIJT�UFSN�
VTVBMMZ�SFGFST�NPSF�TQFDJmDBMMZ�UP�B�TVCTFU�PG�TVDI�DIFNJDBM�
QSPDFTTFT�UIBU�FNQMPZ�P[POF�	0�

�IZESPHFO�QFSPYJEF�	)�0�
�
BOE�PS�67�MJHIU��"01T�BSF�TVDDFTTGVM�JO�USBOTGPSNJOH�UPYJD�
PSHBOJD�DPNQPVOET�	F�H�
�QIBSNBDFVUJDBMMZ�BDUJWF�DPNQPVOET
�
QFTUJDJEFT
�FOEPDSJOF�EJTSVQUPST�FUD�
�JOUP�CJPEFHSBEBCMF�
TVCTUBODFT��"EWBODFE�PYJEBUJPO�JT�BMTP�VTFE�BT�RVBUFSOBSZ�
USFBUNFOU�PS�B�QPMJTIJOH�TUFQ�UP�SFNPWF�NJDSP�QPMMVUBOUT�GSPN�
UIF�FGnVFOUT�PG�NVOJDJQBM�XBTUFXBUFS�USFBUNFOU�QMBOUT�BOE�GPS�
UIF�EJTJOGFDUJPO�PG�XBUFS��5IF�DPNCJOBUJPO�PG�TFWFSBM�"01T�JT�BO�
FGmDJFOU�XBZ�UP�JODSFBTF�QPMMVUBOU�SFNPWBM�BOE�SFEVDF�DPTUT�

Design Criteria
.BOZ�NFUIPET�BSF�BWBJMBCMF�VOEFS�UIF�CSPBE�EFmOJUJPO�PG�"01T��
"01�HFOFSBMMZ�VTFT�TUSPOH�PYJEJ[JOH�BHFOUT�MJLF�IZESPHFO�
QFSPYJEF�	)�0�
�PS�P[POF�	0�

�JSSBEJBUJPO�	67�MJHIU
�TPMBS�
MJHIU
�VMUSBTPVOET
�BOE�DBUBMZTUT�	JSPO�JPOT
�FMFDUSPEFT
�NFUBM�
PYJEFT
�TFQBSBUFMZ�PS�JO�DPNCJOBUJPO�VOEFS�MPX�UFNQFSBUVSF�BOE�
QSFTTVSF��

"01�JT�HPWFSOFE�CZ�UIF�JOnVFOU�DPOUBNJOBOU�DPODFOUSBUJPO
�
UBSHFU�FGnVFOU�DPOUBNJOBOU�DPODFOUSBUJPO
�EFTJSFE�nPX�SBUF
�
BOE�CBDLHSPVOE�XBUFS�RVBMJUZ�QBSBNFUFST�TVDI�BT�Q)
�CSPNJEF�
DPODFOUSBUJPO
�BOE�BMLBMJOJUZ��

5IF�LFZ�EFTJHO�QBSBNFUFST�GPS�"01T�JODMVEF��DIFNJDBM�EPTBHFT�
BOE�SBUJPT�XJUI�PUIFS�DIFNJDBMT
�SFBDUPS�DPOUBDU�UJNF
�BOE�
SFBDUPS�DPOmHVSBUJPO��5IF�PQUJNVN�EPTBHFT
�SBUJPT
�BOE�DPOUBDU�
UJNF�BSF�XBUFS�TQFDJmD�BOE�USFBUNFOU�TDFOBSJP�TQFDJmD
�BOE�BSF�
PGUFO�EFUFSNJOFE�UISPVHI�QJMPU�TUVEJFT�VTJOH�UIF�XBUFS�NBUSJY�
PG�JOUFSFTU��)JHIFS�DIFNJDBM�EPTBHFT�BOE�DPOUBDU�UJNFT�BSF�
UZQJDBMMZ�FYQFDUFE�UP�SFTVMU�JO�IJHIFS�SFNPWBM�SBUFT��IPXFWFS
�
JODSFBTJOH�EPTBHFT�SFTVMUT�JO�IJHIFS�0�.�DPTUT�BOE�QPTTJCMF�
CZ�QSPEVDU�GPSNBUJPO�

"NPOH�UIF�EJGGFSFOU�BWBJMBCMF�"01T
�UIPTF�ESJWFO�CZ�MJHIU�TFFN�
UP�CF�UIF�NPTU�QPQVMBS�UFDIOPMPHJFT�GPS�XBTUFXBUFS�USFBUNFOU��
4PMBS�"01T�BSF�QBSUJDVMBSMZ�BUUSBDUJWF�EVF�UP�UIF�BCVOEBODF�PG�
TPMBS�MJHIU�EVF�UP�UIFJS�SFMBUJWFMZ�MPX�DPTUT�BOE�IJHI�FGmDJFODJFT�

Freshwater

Semi-centralized and CentralizedAdvanced Oxidation Processes
T E C H N O L O G Y SOURCE

SCALE

��

Applications
"01T�BSF�ESJWFO�CZ�FYUFSOBM�FOFSHZ�TPVSDFT�TVDI�BT�FMFDUSJD�
QPXFS
�VMUSBWJPMFU�SBEJBUJPO�	67
�PS�TPMBS�MJHIU��

"01T�IBWF�B�XJEF�SBOHF�PG�BQQMJDBUJPOT�TVDI�BT�BJS�	PEPS�
FMJNJOBUJPO
�QVSJmDBUJPO

�TPJM�	SFNFEJBUJPO
�BOE�XBUFS�
EFDPOUBNJOBUJPO��*O�XBUFS
�UIFTF�QSPDFTTFT�IBWF�UIF�BCJMJUZ�UP�
EFTUSPZ�PSHBOJD�QPMMVUBOUT�CVU�UIFZ�DBO�BMTP�CF�BEBQUFE�UP�UIF�
SFNPWBM�PG�JOPSHBOJD�NFUBMT��"01T�BSF�BMTP�DPNNPOMZ�BQQMJFE�
GPS�UIF�EJTJOGFDUJPO�PG�XBUFS
�BJS�

Components
/FFET�EFUBJMFE�BOBMZTJT�PG�UIF�TZTUFNT
�XBUFS�TUSFBNT�BOE�
NPEF�PG�BQQMJDBUJPO�

1PTTJCMF�BQQMJDBUJPOT�PG�0[POBUJPO�BOE�"01T�JO�XBTUFXBUFS�
BOE�ESJOLJOH�XBUFS�USFBUNFOU��

Capacity
*U�DBO�WBSZ�GSPN�TNBMM�TDBMF�BQQMJDBUJPO�UP�MBSHF�TDBMF�USFBUNFOU�
TZTUFNT�

Costs
.PTUMZ�DPTUT�PG�"01T�BSF�UPP�IJHI
�TJODF�B�DPOUJOVPVT�JOQVU�
PG�FYQFOTJWF�DIFNJDBM�SFBHFOUT�BSF�SFRVJSFE�UP�NBJOUBJO�UIF�
PQFSBUJPO�PG�NPTU�"01T�TZTUFN�

(JWFO�UIF�QPUFOUJBM�DPTUT
�"01T�BSF�VTVBMMZ�EFQMPZFE�JO�UIF�mOBM�
TUBHF�BGUFS�QSJNBSZ�BOE�TFDPOEBSZ�USFBUNFOU�IBT�TVDDFTTGVMMZ�
SFNPWFE�B�MBSHF�QSPQPSUJPO�PG�DPOUBNJOBOUT�

%BSL�"01 -JHIU�ESJWFO�"01

0[POF�	0�
 1IPUPMZTJT�	67��)�0�


'FOUPO�	'F����)�0�
 1IPUPDBUBMZTJT�	-JHIU���$BUBMZTU


&MFDUSPMZTJT�	FMFDUSPEFT�
�DVSSFOU
 1IPUP�'FOUPO�	4PMBS�MJHIU���'FOUPO


4POPMZTJT�	6MUSBTPVOET




,MMLJ[P]LULZZ�,MÄJPLUJ`
%VF�UP�UIF�IJHI�PYJEBUJPO�QPUFOUJBM�PG�0)�SBEJDBMT
�"01T�BSF�
TVDDFTTGVM�JO�PYJEJ[JOH�NPTU�PG�UIF�PSHBOJD�DPNQPVOET�QSFTFOU�
JO�XBUFS�BOE�XBTUFXBUFS
�JOPSHBOJD�TVCTUBODFT�BOE�WBSJFUJFT�
PG�NJDSPPSHBOJTNT�	JODMVEJOH�SFTJTUBOU�NJDSPCFT
��%JGGFSFOU�
LJOET�PG�XBUFS�BSF�UIFSFGPSF�TVJUBCMF�GPS�BO�"01�USFBUNFOU��GPS�
FYBNQMF�JOEVTUSJBM�XBTUFXBUFS�DPOUBJOJOH�UPYJD�DPNQPVOET�DBO�
CF�USFBUFE�CZ�TPMBS�QIPUP�'FOUPO��TVSGBDF�PS�HSPVOE�XBUFS�DBO�
CF�EJTJOGFDUFE�CZ�NFBOT�PG�JNQSPWFE�TPMBS�XBUFS�EJTJOGFDUJPO�
CZ�BEEJOH�)�0���CPUI�CBDUFSJB�JO�ESJOLJOH�XBUFS�QMBOUT�PS�
NJDSP�QPMMVUBOUT�JO�TFXBHF�TZTUFNT�DBO�CF�EFHSBEFE�VTJOH�
P[POBUJPO��%JTTPMWFE�BSTFOJD�DBO�CF�SFNPWFE�GSPN�XBUFS�CZ�DP�
QSFDJQJUBUJPO�JO�QSFTFODF�PG�JSPO�

Reliability
3FMJBCMF�JG�QSPQFSMZ�EFTJHOFE�BOE�PQFSBUFE�

Replication Potential 
/FFET�EFUBJMFE�UFDIOJDBM�GFBTJCJMJUZ�BOBMZTJT�BOE�FYQFSUT�TVQQPSU�
CFGPSF�JOTUBMMBUJPOT�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�BOE�TVQFSWJTJPO�

Operation and Maintenance
0QFSBUJPO�BOE�.BJOUFOBODF�PG�UIF�"01T�EFQFOET�PO�UIF�UZQFT�
PG�"01��*G�UIF�0[POF�HFOFSBUPS�JT�TFU�VQ�XJUI�B�DMFBO�BJSnPX
�
SPVUJOF�NBJOUFOBODF�PG�DMFBOJOH�UIF�EJFMFDUSJDT�JO�UIF�HFOFSBUPS
�
EVTUJOH�UIF�JOUFSJPS�PG�UIF�HFOFSBUPS�BOE�SFBTTFNCMZ�XJMM�CF�
SFRVJSFE�FWFSZ�TJY�NPOUIT�UP�POF�ZFBS�PS�NPSF��"MM�FMFDUSJDBM�
DPNQPOFOUT�JO�UIF�HFOFSBUPS�BSF�CBTFE�PO�FBTJMZ�SFQMBDFBCMF�
DJSDVJU�CPBSET�PS�PO�BO�FBTJMZ�SFQMBDFE�EJFMFDUSJD��4ZTUFN�GBJMVSF�
JT�WFSZ�SBSF��"JS�%SZFS���%FTJDDBOU�JO�UIF�BJS�ESZFS�HFOFSBMMZ�MBTUT�
GSPN�������ZFBST�CFGPSF�OFFEJOH�SFQMBDFNFOU��67�SFBDUPST�BMTP�
SFRVJSF�DMFBOJOH�PG�MBNQT�UP�SFEVDF�GPVMJOH��PG�UIF�TMFFWFT�UIBU�
NBZ�BGGFDU�67�JOUFOTJUZ�

��

Operating Principles
"EWBODFE�PYJEBUJPO�JOWPMWFT�TFWFSBM�QSPDFTTFT�BT�TIPXO�JO�UIF�
'JHVSF��5IF�TUFQT�JO�"01�JODMVEF�

• 'PSNBUJPO�PG�TUSPOH�PYJEBOUT�	F�H�
�IZESPYZM�SBEJDBMT
�

• 3FBDUJPO�PG�UIFTF�PYJEBOUT�XJUI�PSHBOJD�DPNQPVOET�JO�UIF�
XBUFS�QSPEVDJOH�CJPEFHSBEBCMF�JOUFSNFEJBUFT�

• 3FBDUJPO�PG�CJPEFHSBEBCMF�JOUFSNFEJBUFT�XJUI�PYJEBOUT�
SFGFSSFE�UP�BT�NJOFSBMJ[BUJPO�	J�F�
�QSPEVDUJPO�PG�XBUFS
�
DBSCPO�EJPYJEF�BOE�JOPSHBOJD�TBMUT
�

"01T�SFMZ�PO�JO�TJUV�QSPEVDUJPO�PG�IJHIMZ�SFBDUJWF�IZESPYZM�
SBEJDBMT�	r0)
��5IFTF�SFBDUJWF�TQFDJFT�BSF�UIF�TUSPOHFTU�
PYJEBOUT�UIBU�DBO�CF�BQQMJFE�JO�XBUFS�BOE�DBO�WJSUVBMMZ�
PYJEJ[F�BOZ�DPNQPVOE�QSFTFOU�JO�UIF�XBUFS�NBUSJY
�PGUFO�BU�B�
EJGGVTJPO�DPOUSPMMFE�SFBDUJPO�TQFFE��$POTFRVFOUMZ
�r0)�SFBDUT�
VOTFMFDUJWFMZ�PODF�GPSNFE�BOE�DPOUBNJOBOUT�XJMM�CF�RVJDLMZ�
BOE�FGmDJFOUMZ�GSBHNFOUFE�BOE�DPOWFSUFE�JOUP�TNBMM�JOPSHBOJD�
NPMFDVMFT��)ZESPYZM�SBEJDBMT�BSF�QSPEVDFE�XJUI�UIF�IFMQ�PG�
POF�PS�NPSF�QSJNBSZ�PYJEBOUT�	F�H��P[POF
�IZESPHFO�QFSPYJEF
�
PYZHFO
BOE�PS�FOFSHZ�TPVSDFT�	F�H��VMUSBWJPMFU�MJHIU
�PS�DBUBMZTUT�
	F�H��UJUBOJVN�EJPYJEF
��1SFDJTF
�QSF�QSPHSBNNFE�EPTBHFT
�
TFRVFODFT�BOE�DPNCJOBUJPOT�PG�UIFTF�SFBHFOUT�BSF�BQQMJFE�
JO�PSEFS�UP�PCUBJO�B�NBYJNVN�t0)�ZJFME��*O�HFOFSBM
�XIFO�
BQQMJFE�JO�QSPQFSMZ�UVOFE�DPOEJUJPOT
�"01T�DBO�SFEVDF�UIF�
DPODFOUSBUJPO�PG�DPOUBNJOBOUT�GSPN�TFWFSBM�IVOESFET�QQN�UP�
MFTT�UIBO���QQC�BOE�UIFSFGPSF�TJHOJmDBOUMZ�CSJOH�$0%�BOE�50$�
EPXO
�XIJDI�FBSOFE�JU�UIF�DSFEJU�PG�iXBUFS�USFBUNFOU�QSPDFTTFT�
PG�UIF���TU�DFOUVSZw�

"EWBODFE�0YJEBUJPO�1SPDFTTFT



Sources
��� "ZPVC
�,�
�WBO�)VMMFCVTDI
�&��%�
�$BTTJS
�.�
�BOE�#FSNPOE
�"��	����
��"QQMJDBUJPO�PG�BEWBODFE�PYJEBUJPO�QSPDFTTFT�GPS�5/5�

SFNPWBM��B�SFWJFX��+PVSOBM�PG�)B[BSEPVT�.BUFSJBMT
����	�

��������

��� $PNOJOFMMJT
�$�
�,BQBMLB
�"�
�.BMBUP
�4�
�1BSTPOT
�4��"�
�1PVMJPT
�*�
�BOE�.BOU[BWJOPT
�%��	����
��"EWBODFE�PYJEBUJPO�QSPDFTTFT�GPS�
XBUFS�USFBUNFOU��BEWBODFT�BOE�USFOET�GPS�3�%��+PVSOBM�PG�$IFNJDBM�5FDIOPMPHZ�BOE�#JPUFDIOPMPHZ
���	�

���������

��� $PNOJOFMMJT
�$�
�,BQBMLB
�"�
�.BMBUP
�4�
�1BSTPOT
�4��"�
�1PVMJPT
�*�
�BOE�.BOU[BWJOPT
�%��	����
��"EWBODFE�PYJEBUJPO�QSPDFTTFT�GPS�
XBUFS�USFBUNFOU��BEWBODFT�BOE�USFOET�GPS�3�%��+PVSOBM�PG�$IFNJDBM�5FDIOPMPHZ�BOE�#JPUFDIOPMPHZ
���	�

���������

��� *55�8BUFS���8BTUFXBUFS�	����
��"EWBODFE�0YJEBUJPO�1SPDFTT�XJUI�8&%&$0�FYQFSUJTF�BOE�UFDIOPMPHJFT��IUUQ���XXX�USFBUNFOU�
YZMFNJOD�DPN�BSUJDMFT�CSP@BPQ@FO@XFC�QEG

��� .BIBNVOJ
�/�/�
��BOE�"EFXVZJ
�:�(�
	����
��"EWBODFE�PYJEBUJPO�QSPDFTTFT�	"01T
�JOWPMWJOH�VMUSBTPVOE�GPS�XBTUFXBUFS�
USFBUNFOU��B�SFWJFX�XJUI�FNQIBTJT�PO�DPTU�FTUJNBUJPO��6MUSBTPOJDT�4POPDIFNJTUSZ
���
����������

��� 6MUSBTPOJDT�4POPDIFNJTUSZ���
����F������.JDIBFM
�*�
�3J[[P
�-�
�.D"SEFMM
�$�
�.BOBJB
�$�
�.FSMJO
�$�
�4DIXBSU[
�5�
�������'BUUB�
,BTTJOPT
�%��	����
��6SCBO�XBTUFXBUFS�USFBUNFOU�QMBOUT�BT�IPUTQPUT�GPS�UIF�SFMFBTF�PG�BOUJCJPUJDT�JO�UIF�FOWJSPONFOU��B�SFWJFX��
8BUFS�3FTFBSDI���
���������

��� 0MMFS
�*�
�.BMBUP
�4�
���4ÈODIF[�1ÏSF[
�+��	����
��$PNCJOBUJPO�PG�BEWBODFE�PYJEBUJPO�QSPDFTTFT�BOE�CJPMPHJDBM�USFBUNFOUT�GPS�
XBTUFXBUFS�EFDPOUBNJOBUJPO�B�SFWJFX��4DJFODF�PG�5IF�5PUBM�&OWJSPONFOU
����	��

������������

��� 1FUSPWJD
�.�
�3BEKFOPWJD
�+�
�BOE�#BSDFMP
�%��	����
��"EWBODFE�PYJEBUJPO�QSPDFTTFT�	"PQT
�BQQMJFE�GPS�XBTUFXBUFS�BOE�ESJOLJOH�
XBUFS�USFBUNFOU��&MJNJOBUJPO�PG�QIBSNBDFVUJDBMT��5IF�)PMJTUJD�"QQSPBDI�UP�&OWJSPONFOU
��	�

��������

��� 3J[[P
�-�
�������#JPBTTBZT�BT�B�UPPM�GPS�FWBMVBUJOH�BEWBODFE�PYJEBUJPO�QSPDFTTFT�JO�XBUFS�BOE�XBTUFXBUFS�USFBUNFOU��8BUFS�
3FTFBSDI���
�����������

���� 8BUFS�3FTFBSDI���
�����F�����4BODIFT
�4�
�#BSSFUP�$SFTQP
�.��5�
�BOE�1FSFJSB
�7��+��	����
��%SJOLJOH�XBUFS�USFBUNFOU�PG�QSJPSJUZ�
QFTUJDJEFT�VTJOH�MPX�QSFTTVSF�67�QIPUPMZTJT�BOE�BEWBODFE�PYJEBUJPO�QSPDFTTFT��8BUFS�3FTFBSDI
���	�

����������

���� 4UBTJOBLJT
�"��	����
��6TF�PG�TFMFDUFE�BEWBODFE�PYJEBUJPO�QSPDFTTFT�	"01T
�GPS�XBTUFXBUFS�USFBUNFOU�B�NJOJ�SFWJFX��(MPCBM�
/&45�+PVSOBM
���	�

����������

���� 64&1"�	����
��)BOECPPL�PO�BEWBODFE�QIPUPDIFNJDBM�PYJEBUJPO�QSPDFTTFT��&1"M����3��������

��

��� %FTUSPZT�UPYJD�PSHBOJD�DPNQPVOET�XJUIPVU�
QPMMVUJPO�USBOTGFS�UP�BOPUIFS�QIBTF�

��� 7FSZ�FGmDJFOU�UP�USFBU�BMNPTU�BMM�PSHBOJD�
QPMMVUBOUT�BOE�SFNPWF�TPNF�UPYJD�NFUBMT�

��� "QQMJDBCMF�GPS�XBUFS�EJTJOGFDUJPO�BOE�
XBTUFXBUFS�USFBUNFOU�

��� 4DBMBCJMJUZ�BMMPXT�UP�VTF�UIFN�JO�TNBMM�TDBMF�
USFBUNFOU�UFDIOPMPHJFT�

��� 3FMBUJWFMZ�IJHI�PQFSBUJPO�DPTUT�EVF�UP�DIFNJDBMT�
BOE�PS�FOFSHZ�JOQVU�

��� 'PSNBUJPO�PG�PYJEBUJPO�JOUFSNFEJBUFT�QPUFOUJBMMZ�
UPYJD�

��� 4LJMMFE�UFDIOJDJBOT�BSF�SFRVJSFE�GPS�UIF�EFTJHO�
BOE�PQFSBUJPO�

��� &NFSHJOH�UFDIOPMPHJFT�BOE�TUJMM�B�MPU�PG�SFTFBSDI�
JT�SFRVJSFE�

D U
Advantages Disadvantages



Description
.FNCSBOFT�BSF�UIJO�BOE�QPSPVT�TIFFUT�PG�NBUFSJBM�BCMF�
UP�TFQBSBUF�DPOUBNJOBOUT�GSPN�XBUFS�XIFO�B�ESJWJOH�GPSDF�
JT�BQQMJFE��0ODF�DPOTJEFSFE�B�WJBCMF�UFDIOPMPHZ�POMZ�GPS�
EFTBMJOBUJPO
�NFNCSBOF�QSPDFTTFT�FNFSHFE�BT�B�TJHOJmDBOU�
JOOPWBUJPO�JODSFBTJOHMZ�FNQMPZFE�GPS�USFBUNFOU�PG�CPUI�
ESJOLJOH�XBUFS�BOE�XBTUFXBUFS��*U�IBT�CFFO�VTFE�GPS�SFNPWBM�
PG�NJDSPPSHBOJTNT
�QBSUJDVMBUF�NBUFSJBM
�NJDSP�QPMMVUBOUT
�
BOE�OBUVSBM�PSHBOJD�NBUFSJBM
�XIJDI�DBO�JNQBSU�DPMPS
�UBTUFT
�
BOE�PEPST�UP�UIF�XBUFS�BOE�SFBDU�XJUI�EJTJOGFDUBOUT�UP�GPSN�
EJTJOGFDUJPO�CZ�QSPEVDUT�	%#1
��"T�BEWBODFNFOUT�BSF�NBEF�
JO�NFNCSBOF�QSPEVDUJPO�BOE�NPEVMF�EFTJHO
�DBQJUBM�BOE�
PQFSBUJOH�DPTUT�DPOUJOVF�UP�EFDMJOF��5IF�TDBMBCJMJUZ�PG�NFNCSBOF�
mMUSBUJPO�TZTUFNT�IBT�BMMPXFE�UIFN�UP�CF�WFSZ�FGGFDUJWF�
UFDIOPMPHJFT�BU�BMM�TDBMFT�UIBU�SBOHF�GSPN�IPVTF�IPME�UP�MBSHF�
DFOUSBMJ[FE�TZTUFNT��"EWBODFT�JO�NBUFSJBM�TDJFODFT�BOE�EFTJHO�
IBWF�TJHOJmDBOUMZ�JNQSPWFE�UIF�XJEFTQSFBE�VTF�PG�NFNCSBOF�
UFDIOPMPHZ�JO�XBUFS�BOE�XBTUFXBUFS�USFBUNFOU�

Design Criteria
.PTU�NFNCSBOFT�BSF�TZOUIFUJD�PSHBOJD�QPMZNFST�	F�H�
�
QPMZTVMGPOF
�DFMMVMPTF�BDFUBUF
��.JDSPmMUSBUJPO�BOE�VMUSBmMUSBUJPO�
NFNCSBOFT�BSF�PGUFO�NBEF�GSPN�UIF�TBNF�NBUFSJBMT
�CVU�UIFZ�
BSF�QSFQBSFE�VOEFS�EJGGFSFOU�NFNCSBOF�GPSNBUJPO�DPOEJUJPOT�TP�
UIBU�EJGGFSFOU�QPSF�TJ[FT�BSF�QSPEVDFE�

.FNCSBOFT�DBO�BMTP�CF�QSFQBSFE�GSPN�JOPSHBOJD�NBUFSJBMT�
TVDI�BT�DFSBNJDT�PS�NFUBMT��$FSBNJD�NFNCSBOFT�BSF�NJDSP�
QPSPVT
�UIFSNBMMZ�TUBCMF
�DIFNJDBMMZ�SFTJTUBOU
�BOE�PGUFO�VTFE�GPS�
NJDSPmMUSBUJPO��)PXFWFS
�IJHI�DPTU�BOE�NFDIBOJDBM�GSBHJMJUZ�IBWF�
IJOEFSFE�UIFJS�XJEFTQSFBE�VTF�

.FUBMMJD�NFNCSBOFT�BSF�PGUFO�NBEF�PG�TUBJOMFTT�TUFFM�BOE�
DBO�CF�WFSZ�mOFMZ�QPSPVT��5IFJS�NBJO�BQQMJDBUJPO�JT�JO�HBT�
TFQBSBUJPOT
�CVU�UIFZ�DBO�BMTP�CF�VTFE�GPS�XBUFS�mMUSBUJPO�BU�IJHI�
UFNQFSBUVSFT�PS�BT�B�NFNCSBOF�TVQQPSU�

5IF�DVSSFOU�UFOEFODZ�PO�NFNCSBOF�EFWFMPQNFOU�JT�UP�VTF�
/BOP�GVODUJPOBMJ[FE�NFNCSBOFT��1PMZNFS�NFNCSBOFT�EPQFE�
XJUI�TJMWFS�OBOPQBSUJDMFT�UP�BWPJE�CJP�GPVMJOH�JT�BO�FYBNQMF�PG�
TVDI�NPEFSO�NFNCSBOFT�

5IFSF�BSF�NBJOMZ�GPVS�UZQFT�PG�NFNCSBOF�NPEVMFT�DPNNPOMZ�
BWBJMBCMF�UIBU�JODMVEF�QMBUF�BOE�GSBNF
�UVCVMBS
�TQJSBM�XPVOE
�
BOE�IPMMPX�mCFS��

• 3ODWH�DQG�IUDPH�PRGXOH�JT�UIF�TJNQMFTU�DPOmHVSBUJPO
�
DPOTJTUJOH�PG�UXP�FOE�QMBUFT
�UIF�nBU�TIFFU�NFNCSBOF
�BOE�
TQBDFST��

• 7XEXODU�PRGXOHV�PHPEUDQH�JT�PGUFO�PO�UIF�JOTJEF�PG�B�
UVCF
�BOE�UIF�GFFE�TPMVUJPO�JT�QVNQFE�UISPVHI�UIF�UVCF�

• 6SLUDO�ZRXQG�PRGXOH�JT�UIF�NPTU�QPQVMBS�NPEVMF�JO�
JOEVTUSZ�GPS�/BOP�mMUSBUJPO�PS�SFWFSTF�PTNPTJT�NFNCSBOFT��
5IJT�NPEVMF�IBT�B�nBU�TIFFU�NFNCSBOF�XSBQQFE�BSPVOE�B�

Freshwater

Semi-centralized and CentralizedMembrane Filtration
T E C H N O L O G Y SOURCE

SCALE

��

.FNCSBOF�NPEVMF�EFTJHOT

QFSGPSBUFE�QFSNFBUF�DPMMFDUJPO�UVCF��5IF�GFFE�nPXT�PO�POF�
TJEF�PG�UIF�NFNCSBOF��1FSNFBUF�JT�DPMMFDUFE�PO�UIF�PUIFS�
TJEF�PG�UIF�NFNCSBOF�BOE�TQJSBMT�JO�UPXBSET�UIF�DFOUFS�
DPMMFDUJPO�UVCF�

• +ROORZ�ÀEHU�PRGXOHV�DPOTJTU�PG�CVOEMFT�PG�IPMMPX�mCFST�
JO�B�QSFTTVSF�WFTTFM��5IFZ�DBO�IBWF�B�TIFMM�TJEF�GFFE�
DPOmHVSBUJPO�XIFSF�UIF�GFFE�QBTTFT�BMPOH�UIF�PVUTJEF�PG�
UIF�mCFST�BOE�FYJUT�UIF�mCFS�FOET��)PMMPX�mCFS�NPEVMFT�
DBO�BMTP�CF�VTFE�JO�B�CPSF�TJEF�GFFE�DPOmHVSBUJPO�XIFSF�
UIF�GFFE�JT�DJSDVMBUFE�UISPVHI�UIF�mCFST��)PMMPX�mCFST�
FNQMPZFE�GPS�XBTUFXBUFS�USFBUNFOU�BOE�JO�NFNCSBOF�
CJPSFBDUPST�BSF�OPU�BMXBZT�VTFE�JO�QSFTTVSF�WFTTFMT��
#VOEMFT�PG�mCFST�DBO�CF�TVTQFOEFE�JO�UIF�GFFE�TPMVUJPO�
BOE�UIF�QFSNFBUF�JT�DPMMFDUFE�GSPN�POF�FOE�PG�UIF�mCFST��



��

Operating Principles
.FNCSBOF�TFQBSBUJPO�QSPDFTTFT�DBO�CF�PQFSBUFE�JO�DSPTT�nPX�
PS�EFBE�FOE�NPEF��

&URVV�ÁRZ�RSHUDWLRQ��JT�VTFE�JO�/BOP�mMUSBUJPO�BOE�SFWFSTF�
PTNPTJT��*O�UIJT�NPEF
�UIF�GFFE�JT�QVNQFE�QBSBMMFM�UP�UIF�
NFNCSBOF�TVSGBDF�BOE�UIF�QFSNFBUF�JT�XJUIESBXO�EJBHPOBMMZ�
UP�JU��$SPTT�nPX�NPEF�JOEVDFT�UVSCVMFODF�BU�UIF�NFNCSBOF�
TVSGBDF�UP�JOIJCJU�UIF�CVJMEVQ�PG�UIF�GPVMJOH�MBZFS�PO�UIF�
NFNCSBOF�TVSGBDF�

Applications
8BUFS�USFBUNFOU�QSPDFTTFT�FNQMPZ�TFWFSBM�UZQFT�PG�NFNCSBOFT��
5IFZ�JODMVEF�NJDSPmMUSBUJPO�	.'

�VMUSBmMUSBUJPO�	6'

�/BOP�
mMUSBUJPO�	/'
�BOE�SFWFSTF�PTNPTJT�	30
�NFNCSBOFT��

'PS�XBTUFXBUFS�USFBUNFOU�BQQMJDBUJPOT
�NFNCSBOFT�BSF�DVSSFOUMZ�
CFJOH�VTFE�BT�B�UFSUJBSZ�BEWBODFE�USFBUNFOU�GPS�UIF�SFNPWBM�PG�
EJTTPMWFE�TQFDJFT��PSHBOJD�DPNQPVOET��QIPTQIPSVT��OJUSPHFO��
DPMMPJEBM�TPMJET��BOE�NJDSPSPHBOJTNT
�JODMVEJOH�CBDUFSJB
�
QSPUP[PBO�DZTUT
�BOE�WJSVTFT��.FNCSBOF�UFDIOPMPHJFT�GPS�
XBTUFXBUFS�USFBUNFOU�JODMVEF�

• Membrane bioreactors�VTVBMMZ�NJDSPmMUSBUJPO�	.'
�PS�
VMUSBmMUSBUJPO�	6'
�NFNCSBOFT�JNNFSTFE�JO�BFSBUJPO�UBOLT�
	WBDVVN�TZTUFN

�PS�JNQMFNFOUFE�JO�FYUFSOBM�QSFTTVSF�
ESJWFO�NFNCSBOF�VOJUT
�BT�B�SFQMBDFNFOU�GPS�TFDPOEBSZ�
DMBSJmFST�BOE�UFSUJBSZ�QPMJTIJOH�mMUFST��

• /RZ�SUHVVXUH�PHPEUDQHV�VTVBMMZ�.'�PS�6'�NFNCSBOFT
�
FJUIFS�BT�B�QSFTTVSF�TZTUFN�PS�BO�JNNFSTFE�TZTUFN
�
QSPWJEJOH�B�IJHIFS�EFHSFF�PG�TVTQFOEFE�TPMJET�SFNPWBM�
GPMMPXJOH�TFDPOEBSZ�DMBSJmDBUJPO��

• +LJK�SUHVVXUH�PHPEUDQHV�/BOP�mMUSBUJPO�PS�SFWFSTF�
PTNPTJT�QSFTTVSF�TZTUFNT�GPS�USFBUNFOU�BOE�QSPEVDUJPO�
PG�IJHI�RVBMJUZ�QSPEVDU�XBUFS�TVJUBCMF�GPS�JOEJSFDU�QPUBCMF�
SFVTF�BOE�IJHI�QVSJUZ�JOEVTUSJBM�QSPDFTT�XBUFS��"MTP
�
SFDFOU�SFTFBSDI�IBT�TIPXO�UIBU�NJDSP�QPMMVUBOUT
�TVDI�
BT�QIBSNBDFVUJDBMT�BOE�QFSTPOBM�DBSF�QSPEVDUT
�DBO�CF�
SFNPWFE�CZ�IJHI�QSFTTVSF�NFNCSBOFT�

Components
/FFET�EFUBJMFE�BOBMZTJT�PG�UIF�TZTUFNT
�XBUFS�RVBMJUZ
�BOE�UZQFT�
PG�NFNCSBOF�UFDIOPMPHZ�VTFE�

Capacity
7FSZ�nFYJCMF�BOE�DBO�CF�BQQMJDBCMF�GSPN�TNBMMFS�VOJU�UP�UIF�
MBSHFTU�USFBUNFOU�QMBOUT�

Costs
.FNCSBOF�mMUSBUJPO�TZTUFNT��DBQJUBM�DPTUT�PO�B�CBTJT�PG�EPMMBST�
QFS�WPMVNF�PG�JOTUBMMFE�USFBUNFOU�DBQBDJUZ�BOE�EP�OPU�FTDBMBUF�
SBQJEMZ�BT�QMBOU�TJ[F�EFDSFBTFT��5IJT�GBDUPS�NBLFT�NFNCSBOFT�
RVJUF�BUUSBDUJWF�GPS�TNBMM�TZTUFNT��5IF�VOJU�SBUF�PG�DPTUT�WBSJFT�
BDDPSEJOH�UP�UIF�UZQFT�PG�NFNCSBOF�

'HDG�HQG�RSHUDWLRQ��UIF�NFNCSBOF�JT�GFE�PSUIPHPOBMMZ
�
DPNQBSBCMF�UP�B�iDPGGFF�mMUFSw��*O�UIJT�NPEF
�SFUBJOFE�QBSUJDMFT�
BDDVNVMBUF�UP�GPSN�B�DBLF�MBZFS�BOE�GPVMJOH�UFOEFODJFT�BSF�
UIFSFGPSF�IJHI�

*O�VMUSB��BOE�NJDSPmMUSBUJPO�CPUI�PQFSBUJOH�NPEFT�BSF�QPTTJCMF�

.FNCSBOF�QSPDFTTFT�EJGGFS�JO�UIFJS�NPMFDVMBS�TFQBSBUJPO�TJ[F�
BOE�UIF�ESJWJOH�GPSDF�XIJDI�IBT�UP�CF�FYQFOEFE��5IF�NBJO�UZQFT�
PG�NFNCSBOF�mMUSBUJPO�QSPDFTTFT�JODMVEF�NJDSP�mMUSBUJPO
�VMUSB�
mMUSBUJPO
�OBOP�mMUSBUJPO�BOE�SFWFSTF�PTNPTJT�

.JDSPmMUSBUJPO�	.'
�DMPTFMZ�SFTFNCMFT�DPOWFOUJPOBM�DPBSTF�
mMUSBUJPO�BOE�JT�VTFE�GPS�UIF�TFQBSBUJPO�PG�QBSUJDMFT�CFUXFFO�����
BOE����N
�TVDI�BT�TVTQFOEFE�TPMJET�	DPMMPJET

�CBDUFSJB�BOE�
MBSHF�QSPUFJOT��.'�FNQMPZT�NFNCSBOFT�XJUI�B�QPSPVT�TUSVDUVSF�
DPSSFTQPOEJOH�UP�MPX�PQFSBUJOH�QSFTTVSFT�JO�UIF�����UP���CBS�
SBOHF��.'�JT�BQQMJFE�GPS�DMBSJmDBUJPO�BOE�TUFSJMJ[BUJPO�QVSQPTFT
�
GPS�DFMM�IBSWFTUJOH
�TFQBSBUJPO�PG�PJM�XBUFS�FNVMTJPOT
�FUD�

.FNCSBOF�UZQFT

'JMUSBUJPO�QSPDFTT�CZ�NFNCSBOF



6MUSBmMUSBUJPO�	6'
�CFMPOHT�UP�UIF�QSFTTVSF�ESJWFO�NFNCSBOF�
QSPDFTTFT��5IJT�UFDIOJRVF�VTFT�NJDSP�QPSPVT�NFNCSBOFT�
XIPTF�QPSF�EJBNFUFST�BSF�CFUXFFO�������ON��4VDI�NFNCSBOFT�
MFU�UISPVHI�TNBMM�NPMFDVMFT�	XBUFS
�TBMUT
�BOE�SFUBJO�UIF�MBSHF�
NPMFDVMFT�	QPMZNFST
�QSPUFJOT
�DPMMPJET
��0QFSBUJOH�QSFTTVSFT�
BSF�UZQJDBMMZ�JO�UIF�SBOHF�PG���UP���CBS�GPS�DSPTT�nPX�BQQMJDBUJPO��
8JUI�B�TFNJ�EFBE�FOE�PQFSBUJPO�NPEF
�UIF�QSFTTVSFT�BSF�NVDI�
MPXFS
�BSPVOE���������CBS��6'�JT�JEFBMMZ�TVJUFE�GPS�GSBDUJPOBUJPO
�
DPODFOUSBUJPO�BOE�QVSJmDBUJPO�QVSQPTFT�

/BOPmMUSBUJPO�	/'
�JT�B�QSFTTVSF�ESJWFO�NFNCSBOF�QSPDFTT�
XIJDI�JT�QSFGFSFOUJBMMZ�VTFE�GPS�UIF�SFDZDMJOH�PG�BRVFPVT�
TPMVUJPOT��0QFSBUJOH�QSFTTVSFT�BSF�CFUXFFO���BOE����CBST��/'�
IBT�QPSF�PG�BSPVOE�������NJDSPO�JO�TJ[F�

3FWFSTF�0TNPTJT�	30
�TFSWFT�UP�TFQBSBUF�DPNQPOFOUT�PG�B�
TPMVUJPO��*U�JT�CBTFE�PO�B�QSFTTVSF�ESJWFO�QSPDFTT
�UIF�ESJWJOH�
GPSDF�SFTVMUJOH�GSPN�UIF�EJGGFSFODF�PG�UIF�FMFDUSPDIFNJDBM�
QPUFOUJBM�PO�CPUI�TJEFT�PG�UIF�NFNCSBOF��0QFSBUJOH�QSFTTVSFT�
DBO�SBOHF�GSPN����CBST�VQ�UP�����CBST��"�UZQJDBM�30�BQQMJDBUJPO�
JT�TFBXBUFS�EFTBMJOBUJPO��5IF�NBKPS�USFOET�GPS�30�GPS�UIF�QBTU����
ZFBST�BSF�JNQSPWFE�QFSGPSNBODF�BOE�B�TJHOJmDBOU�SFEVDUJPO�JO�
DPTU�

3FDFOU�EFWFMPQNFOUT�IBWF�HSFBUMZ�FYUFOEFE�UIF�DBQBCJMJUJFT�PG�
UIF�NFNCSBOFT�UP�XJUITUBOE�BHHSFTTJWF�FOWJSPONFOUT��'VSUIFS�
QSPHSFTT�XBT�BMTP�NBEF�PO�JNQSPWFE�QFSGPSNBODF�XJUI�SFHBSE�
UP�CPUI�QFSNFBCJMJUZ�BOE�TFMFDUJWJUZ�

"OPUIFS�GPSN�PG�NFNCSBOF�mMUSBUJPO�QSPDFTT�JT�UIF�
&MFDUSPEJBMZTJT�	&%

�XIJDI�JT�B�NFNCSBOF�QSPDFTT�XIFSF�JPOT�
BSF�USBOTQPSUFE�UISPVHI�TFNJ�QFSNFBCMF�NFNCSBOF
�VOEFS�UIF�
JOnVFODF�PG�BO�FMFDUSJD�QPUFOUJBM��5IF�NFNCSBOFT�BSF�$BUJPO��PS�
"OJPO�TFMFDUJWF
�XIJDI�CBTJDBMMZ�NFBOT�UIBU�FJUIFS�QPTJUJWF�JPOT�
PS�OFHBUJWF�JPOT�XJMM�nPX�UISPVHI��'PS�FYBNQMF�DBUJPO�TFMFDUJWF�
NFNCSBOFT�BSF�QPMZFMFDUSPMZUFT�XJUI�OFHBUJWFMZ�DIBSHFE�NBUUFS
�
XIJDI�SFKFDUT�OFHBUJWFMZ�DIBSHFE�JPOT�BOE�BMMPX�QPTJUJWFMZ�
DIBSHFE�JPOT�UP�nPX�UISPVHI�

*O�&%
�JPOT�DBO�CF�SFNPWFE�GSPN�XBTUFXBUFS�CZ�QMBDJOH�
NVMUJQMF�NFNCSBOFT�JO�B�SPX
�XIJDI�BMUFSOBUFMZ�BMMPX�QPTJUJWFMZ�
PS�OFHBUJWFMZ�DIBSHFE�JPOT�UP�nPX�UISPVHI��&%�JT�VTFE�GPS�
EFTBMJOBUJPO
�EFNJOFSBMJ[BUJPO�BOE�UIF�SFNPWBM�PG�NFUBMT�

<[PSP[`�
�,MÄJPLUJ`
*U�IBT�CFFO�VTFE�GPS�SFNPWBM�PG�CBDUFSJB�BOE�PUIFS�
NJDSPPSHBOJTNT
�QBSUJDVMBUF�NBUFSJBM
�NJDSP�QPMMVUBOUT
�BOE�
OBUVSBM�PSHBOJD�NBUFSJBM
�XIJDI�DBO�JNQBSU�DPMPS
�UBTUFT
�
BOE�PEPST�UP�UIF�XBUFS�BOE�SFBDU�XJUI�EJTJOGFDUBOUT�UP�GPSN�
EJTJOGFDUJPO�CZ�QSPEVDUT�	%#1
�

Reliability
3FMJBCMF�JG�PQFSBUJOH�DPOEJUJPOT�BSF�TDBMFE�UBLJOH�JOUP�BDDPVOU�
XBUFS�PS�XBTUFXBUFS�RVBMJUZ�

Replication Potential 
.FNCSBOF�UFDIOPMPHJFT�BSF�NPSF�FDPOPNJDBM�UIBO�PUIFS�
BMUFSOBUJWFT
�PS�SFRVJSF�NVDI�MFTT�MBOE�BSFB�UIBO�DPNQFUJOH�
UFDIOPMPHJFT
�TJODF�UIFZ�NBZ�SFQMBDF�TFWFSBM�VOJU�USFBUNFOU�
QSPDFTTFT�XJUI�B�TJOHMF�VOJU�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�BOE�TVQFSWJTJPO��.FNCSBOF�GPVMJOH�JT�
UIF�LFZ�DIBMMFOHFT�

Operation and Maintenance
• .FNCSBOFT�IBWF�UP�CF�CBDLXBTIFE�PO�B�SFHVMBS�CBTJT�UP�

SFTUPSF�nVY
�UP�BWPJE�GPVMJOH�BOE�UP�JODSFBTF�UIFJS�MJGFUJNF�

• &BSMZ�EFUFDUJPO�PG�SBX�XBUFS�DIBOHFT�BOE�NBLJOH�
BEKVTUNFOUT�UP�UIF�PQFSBUJPOBM�QBSBNFUFST�UP�BDDPNNPEBUF�
UIF�DIBOHFT�BSF�UIF�LFZ�UP�TVDDFTTGVM�QMBOU�PQFSBUJPO��

• 3BX�XBUFS�RVBMJUZ�NVTU�CF�SFWJFXFE�GSFRVFOUMZ�BOE�
PQFSBUJPOBM�QBSBNFUFST�PG�UIF�NFNCSBOF�USFBUNFOU�USBJO�
TIPVME�CF�DPOUJOVBMMZ�SFWJFXFE�BOE�DPNQBSFE�UP�PSJHJOBM�
TUBSU�VQ�DPOEJUJPOT�

• 1SFUSFBUNFOU�FGmDJFODJFT�BOE�QPTU�USFBUNFOU�XPSLT�TIPVME�
BMTP�CF�NPOJUPSFE�DMPTFMZ��8IJMF�TPNF�DIBOHFT�JO�UIF�
USFBUNFOU�QSPDFTT�NBZ�OPU�TJHOJmDBOUMZ�JNQBDU�QMBOU�
QSPEVDUJWJUZ�PS�mOJTIFE�XBUFS�RVBMJUZ
�UIFZ�NBZ�SFTVMU�JO�
NFNCSBOF�EFHSBEBUJPO
�NPSF�GSFRVFOU�DMFBOJOH
�BOE�
HFOFSBMMZ�IJHIFS�PQFSBUJOH�DPTUT�PWFS�UJNF�JG�OPU�QSPQFSMZ�
BEESFTTFE�

• .BKPS�PCTUBDMF�UP�UIF�XJEFTQSFBE�VTF�PG�UIJT�UFDIOPMPHZ�JT�
NFNCSBOF�GPVMJOH��*U�JT�B�QSPDFTT�XIFSF�TPMVUF�PS�QBSUJDMFT�
EFQPTJU�POUP�B�NFNCSBOF�TVSGBDF�PS�JOUP�NFNCSBOF�QPSFT�
JO�B�XBZ�UIBU�EFHSBEFT�UIF�NFNCSBOF�T�QFSGPSNBODF��

• .FNCSBOF�GPVMJOH�DBO�DBVTF�TFWFSF�nVY�EFDMJOF�BOE�
BGGFDU�UIF�RVBMJUZ�PG�UIF�XBUFS�QSPEVDFE��4FWFSF�GPVMJOH�
NBZ�SFRVJSF�JOUFOTF�DIFNJDBM�DMFBOJOH�PS�NFNCSBOF�
SFQMBDFNFOU��5IJT�JODSFBTFT�UIF�PQFSBUJOH�DPTUT�PG�B�
USFBUNFOU�QMBOU��

• 'PVMJOH�DBO�CF�DBVTFE�CZ�CJPMPHJDBM�HSPXUI�PO�UIF�
NFNCSBOF�TVSGBDF�	PGUFO�UFSNFE�BT�CJP�GPVMJOH
�PS�CZ�UIF�
EFQPTJUJPO�PG�JOPSHBOJD�TVCTUBODFT�TVDI�BT�TDBMF�GPSNBUJPO�
	PGUFO�DBMMFE�JOPSHBOJD�GPVMJOH
�

• 'PVMJOH�DBO�CF�SFWFSTJCMF�BOE�JSSFWFSTJCMF�CBTFE�PO�UIF�
TUSFOHUI�PG�BUUBDINFOU�PG�QBSUJDMFT�UP�UIF�NFNCSBOF�
TVSGBDF��3FWFSTJCMF�GPVMJOH�DBO�CF�SFNPWFE�CZ�B�TUSPOH�
TIFBS�GPSDF�PG�CBDLXBTIJOH��'PSNBUJPO�PG�B�TUSPOH�NBUSJY�
PG�GPVMJOH�MBZFS�XJUI�UIF�TPMVUF�EVSJOH�B�DPOUJOVPVT�mMUSBUJPO�
QSPDFTT�XJMM�SFTVMU�JO�SFWFSTJCMF�GPVMJOH�CFJOH�USBOTGPSNFE�
JOUP�BO�JSSFWFSTJCMF�GPVMJOH�MBZFS��*SSFWFSTJCMF�GPVMJOH�JT�UIF�
TUSPOH�BUUBDINFOU�PG�QBSUJDMFT
�XIJDI�DBOOPU�CF�SFNPWFE�CZ�
QIZTJDBM�DMFBOJOH��*U�SFRVJSFT�DIFNJDBM�DMFBOJOH�QSPDFTT�

��
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��� )JHI�QFSGPSNBODF�JO�SFNPWJOH�NPTU�PG�UIF�
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��� $PNQBDU�VOJUT�BOE�SFRVJSF�MFTT�TQBDF�UIBO�
DPOWFOUJPOBM�USFBUNFOU�TDIFNFT�

��� .FNCSBOFT�BWBJMBCMF�DBO�CF�VTFE�UP�TFQBSBUF�
NBOZ�LJOET�PG�DPOUBNJOBOUT�

��� %JTJOGFDUJPO�DBO�CF�QFSGPSNFE�XJUIPVU�
DIFNJDBMT�

��� .FNCSBOF�GPVMJOH�JT�NPTU�DSJUJDBM�

��� 1SPEVDUJPO�PG�QPMMVUFE�XBUFS�	GSPN�
CBDLXBTIJOH
�

��� .FNCSBOFT�IBWF�UP�CF�SFQMBDFE�PO�B�SFHVMBS�
CBTJT�

��� /FFET�BEWBODFE�UFDIOPMPHZ�BOE�TLJMMFE�
UFDIOJDBM�QFSTPOBM�GPS�EFTJHO
�PQFSBUJPO�BOE�
NBJOUFOBODF��

��� )JHI�PQFSBUJOH�DPTU�EVF�UP�IJHI�FOFSHZ�
DPOTVNQUJPO�	QVNQJOH
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Description
0O�TJUF�HSFZXBUFS�SFDZDMJOH�JT�B�SFMBUJWFMZ�OFX�QSBDUJDF��0OMZ�B�
GFX�PGG�UIF�TIFMG�TZTUFNT�BSF�DPNNFSDJBMMZ�BWBJMBCMF��0OMZ�GFX�
BSF�UFTUFE�PO�GVMM�TDBMF�GPS�MPOH�UJNF�QFSJPET��.PTU�USFBUNFOU�
VOJUT�SFQPSUFE�JO�UIF�MJUFSBUVSF�	BOE�BEWFSUJTFE�DPNNFSDJBMMZ
�BSF�
CBTFE�PO�QIZTJDBM�QSPDFTTFT�	J�F�
�mMUSBUJPO�BOE�EJTJOGFDUJPO

�
XIJMF�UIF�NPSF�DVSSFOU�POFT�JODPSQPSBUF�CJPMPHJDBM�USFBUNFOU�
BT�XFMM���5IF�USFBUNFOU�UFDIOPMPHZ�EFWFMPQFE�BU�UIF�IPVTFIPME�
TDBMF�JT�UIFSFGPSF�CBTFE�PO�UIF�mMUSBUJPO�BOE�CJPMPHJDBM�
QSPDFTTFT�

Design Criteria
0OF�PG�UIF�DPOTUSBJOUT�GPS�UIF�USFBUNFOU�UFDIOPMPHJFT�TFMFDUFE�JO�
VSCBO�BSFBT�JT�B�TNBMM�GPPUQSJOU�EVF�UP�TQBDF�DPOTUSBJOUT�

5SFBUNFOU�VOJUT�VTFE�GPS�B�TJOHMF�IPVTFIPME��BSF�TJNQMF�JO�
EFTJHO�UIBU�VTF�MPDBM�NBUFSJBMT�BOE�BSF�FBTZ�UP�PQFSBUF�BOE�
NBJOUBJO��

*O�SVSBM�BSFBT
�XIFSF�NVDI�MBOE�JT�VTVBMMZ�BWBJMBCMF
�AOBUVSBM��
USFBUNFOU�TZTUFNT�TFFN�UP�CF�BQQSPQSJBUF��

5ZQF�PG�UFDIOPMPHZ�BOE�EFTJHO�TUBOEBSE�EFQFOET�PO�UIF�RVBMJUZ�
BOE�RVBOUJUZ�PG�HSFZXBUFS�UP�CF�USFBUFE�BOE�QVSQPTF�PG�UIF�
SFVTF��'VSUIFS�JOGPSNBUJPO�PO�PQFSBUJOH�QSJODJQMFT�BOE�EFTJHO�
DSJUFSJB�GPS�BWBJMBCMF�HSFZXBUFS�UFDIOPMPHJFT�JT�QSFTFOUFE�JO�UIF�
OFYU�TFDUJPO�

Greywater

HouseholdGravel Filtration Beds
T E C H N O L O G Y SOURCE

SCALE

��

(FOFSBM�QSJODJQMF�PG�IPVTFIPME�MFWFM�HSFZXBUFS�USFBUNFOU�

Applications
"QQMJDBCMF�GPS�BOZ�QMBDF�JO�IPVTFIPME�MFWFM�

Components
'JMUSBUJPO�UFDIOPMPHJFT�BSF�WFSZ�DPNNPO��)PXFWFS
�MFWFM�PG�
BEWBODFNFOU�EFQFOET�PO�UIF�QVSQPTF�PG�UIF�XBUFS�VTFT�BGUFS�
USFBUNFOU
�J�F�
�GPS�UPJMFU�nVTIJOH�PS�DBS�XBTIJOH�PS�HBSEFOJOH�PS�
QPSUBCMF�VTFT�

Capacity
5IF�TZTUFNT�BSF�EFTJHOFE�GPS�B�TJOHMF�IPVTFIPME�MFWFM�

Costs
(FOFSBMMZ
�MPX�DPTU��EFQFOEJOH�PO�BWBJMBCJMJUZ�PG�NBUFSJBMT�BOE�
GSFRVFODZ�PG�CBDL�nVTIJOH�BOE�EFTMVEHJOH�

Operating Principles
.BJO�QSJODJQMFT�PG�USFBUNFOU�JODMVEF�QIZTJDBM�NFDIBOJDBM�BOE�
CJPMPHJDBM�QSPDFTT��

3K\VLFDO�JUH\ZDWHU�WUHDWPHQW�V\VWHPV��"�UZQJDBM�HSFZXBUFS�
USFBUNFOU�VOJU�DPNQSJTFT�PG�DPNQBSUNFOUT�GPS�TFUUMJOH�BOE�HSBWFM�
mMUFS�CFET�VOJU�XJUI�B�QMBOU�HSBTT�DPWFS��

1IZTJDBM�HSFZXBUFS�USFBUNFOU�TZTUFN�VTFE�JO�2FCJB�7JMMBHF
�
1BMFTUJOF�	4PVSDF��#VSOBU�BOE�&TIUBZBI
�����


5H:DWHU·V�JUH\ZDWHU�WUHDWPHQW�V\VWHP�GPS�PVUEPPS�JSSJHBUJPO�
JT�BMTP�DPNNPOMZ�VTFE�HSFZ�XBUFS�USFBUNFOU�UFDIOPMPHZ�GPS�
UIF�IPVTFIPME�MFWFM��*O�UIJT�UZQF�PG�UFDIOPMPHZ
�QIZTJDBM�BOE�
DIFNJDBM�USFBUNFOU�TZTUFNT�VTVBMMZ�JOWPMWF�IPMEJOH�UBOLT
�mMUFST
�
BOE�QVNQT��'PS�FYBNQMF
�UIF�NBKPS�DPNQPOFOUT�PG�UIF�3F8BUFS�
HSFZXBUFS�USFBUNFOU�TZTUFN�BSF�B�TVSHF�UBOL
�TBOE�NFEJB�
mMUSBUJPO�UBOL
�BOE�QJQJOH�UP�BO�PVUEPPS�JSSJHBUJPO�TZTUFN��.BOZ�
CBTJD�HSFZXBUFS�USFBUNFOU�BOE�TUPSBHF�TZTUFNT�BMTP�JODPSQPSBUF�



��

BDUJWBUFE�DBSCPO�BOE�PS�DMBZ�mMUFST�BOE�EJTJOGFDUJPO�	F�H�
�
DIMPSJOBUJPO
�QVSJmDBUJPO�XJUI�VMUSBWJPMFU�SBEJBUJPO
��

5IFTF�TZTUFNT�DPTU�CFUXFFO���
����BOE���
����GPS�B�TJOHMF�
GBNJMZ�IPNF�BOE�DBO�CF�GBJSMZ�MBOE�JOUFOTJWF
�SFRVJSJOH�TQBDF�
GPS�IPMEJOH�UBOLT�BOE�mMUSBUJPO�VOJUT��5IF�QFSGPSNBODFT�PG�UIJT�
UFDIOPMPHZ�IBT�CFFO�UFTUFE�BOE�SFQMJDBCMF�GPS�EJGGFSFOU�PUIFS�
TJNJMBS�DPOEJUJPO�

*UH\ZDWHU�7UHDWPHQW�%R[��
5IJT�UFDIOPMPHZ�JT�WFSZ�TJNQMF�BOE�GBCSJDBUFE�BU�UIF�IPVTFIPME�
MFWFM�JO�,FOZB�BOE�OFBSCZ�CZ�SFHJPO�JO�"GSJDB��*U�DPOTJTUT�PG�B�
DPOUBJOFS�UIBU�JT�XBUFSUJHIU�	HFOFSBMMZ
�EFQUI���DN�JEFBM
�MFOHUI�
BOE�XJEUI�UP�HJWF�TVSGBDF�BSFB�PG�BQQSPYJNBUFMZ�����N2
�J�F��
MFOHUI��N
�XJEUI����N

�MPDBMMZ�BWBJMBCMF�BOE�DIFBQ��1FSGPSBUFE�
EJTUSJCVUJPO�QJQFT�	���NN�QJQF�GPS�TVSGBDF
����NN�QJQF�GPS�
CBTF
��$PBSTF�HSBWFM�CBTFT�JT�MBJE�PWFS�QJQFT�	��DN

�GPMMPXFE�
CZ��w�HSBWFM�	��DN

�B�MBZFS�PG�OFUUJOH�BOE�mOBMMZ�DPBSTF�TBOE�
	��DN
�

8BUFS�MPWJOH�QMBOUT�	TFEHFT
�QBQZSVT
�SFFET
�7FUJWFS�HSBTT�
FUD
�QMBOUFE�JOUP�TBOE�CFUXFFO�JOMFU�QJQFT��(SBWFM�QMBDFE�
JNNFEJBUFMZ�CFMPX�QFSGPSBUJPOT�UP�SFEVDF�TDPVS�

"�QMBTUJD�DPOUBJOFS�PG����MJUFST�JT�VTFE�BOE�B���NN�EJBNFUFS�
IPMF�JT�DVU�GPS�PVUMFU�QJQF�BOE�TMJDF�PQFO�����PG�UIF�VQQFS�
TFDUJPO�	TP�UIBU�UIF�DPOUBJOFS�NBZ�CF�PQFOFE�GPS�DMFBOJOH
�

"�GVOOFM�JT�VTFE�UP�TJFWF�GPS�JOMFU�BOE�DIBOOFM�XBUFS�JOUP�
DPOUBJOFS�BOE�SFNPWF�MBSHF�QBSUJDMFT��0VUMFU�QJQF�QBTTFT�
UISPVHI����NN�IPMF�WJB�B�EPXO�QJQF�TP�UIBU�GBUT�BOE�HSFBTFT�
BSF�SFUBJOFE�BOE�OPU�QBTTFE�UISPVHI�UP�CFE�	TFF�GPMMPXJOH�
TDIFNBUJD
�

(SFZXBUFS�USFBUNFOU�BU�IPVTFIPME�MFWFM

"OPUIFS
�MFTT�TPQIJTUJDBUFE�CVU�DIFBQFS�HSFZ�XBUFS�USFBUNFOU�
TZTUFN�XBT�JNQMFNFOUFE�CZ�UIF�*OUFSOBUJPOBM�$FOUFS�GPS�
"HSJDVMUVSBM�3FTFBSDI�JO�UIF�%SZ�"SFBT�	*$"3%"
�BOE�UIF�
*OUFSOBUJPOBM�8BUFS�.BOBHFNFOU�*OTUJUVUF�	*8.*
�JO�OFJHICPSJOH�
+PSEBO��5IF�TZTUFN�DPOTJTU�PG�B�TFQUJD�UBOL�GPMMPXFE�CZ�BO�
JOUFSNJUUFOU�TBOE�mMUFS�XBT�JOTUBMMFE�JO�TPNF�DPNNVOJUJFT��5IJT�
DPTU�FGGFDUJWF�TZTUFN�ZJFMEFE�QPTJUJWF�SFTVMUT�GPS�USFBUFE�HSFZ�
XBUFS�BOE�DBO�CF�VTFE�GPS�BHSJDVMUVSBM�QVSQPTFT�

<[PSP[`�
�,MÄJPLUJ`
*U�WBSJFT�BDDPSEJOH�UP�UIF�UZQFT�PG�UFDIOPMPHJFT�BOE�QVSQPTF�PG�
UIF�USFBUNFOU�VOJUT�

Reliability
3FMJBCMF�JG�DPOTUSVDUJPO�JT�XBUFSUJHIU�BOE�JOnVFOU�JT�QSJNBSZ�
TFUUMFE�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�UIBU�DBO�CF�SFQMJDBUFE�JO�
TJNJMBS�FOWJSPONFOU��*U�IBT�B�IJHI�QPUFOUJBM�PG�JOUFHSBUJOH�XJUI�
PUIFS�QPTU�USFBUNFOUT�UFDIOPMPHJFT�TVDI�BT�%&8"54�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�CVU�DBO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�
BWBJMBCMF�NBUFSJBM�
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��� 5IFZ�BSF�NPTUMZ�WFSZ�TJNQMF�BOE�CBTFE�PO�UIF�
MPDBM�UFDIOPMPHJFT�

��� %VF�UP�MPDBM�UFDIOPMPHZ
�JU�DBO�CF�CVJMU�BOE�
SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�NBUFSJBMT��

��� *O�NBOZ�DBTFT
�UIFZ�EPO�U�OFFE�BOZ�DIFNJDBM�
BOE�FMFDUSJDJUZ�

��� *U�IBT�B�SFBTPOBCMF�TFSWJDF�MJGF
�NPSF�UIBO���
ZFBST�

��� /P�SFBM�QSPCMFNT�XJUI�nJFT�PS�PEPST�JG�VTFE�
DPSSFDUMZ�

��� -PX�DBQJUBM�DPTUT�BOE�NPEFSBUF�PQFSBUJOH�DPTUT�
EFQFOEJOH�PO�FNQUZJOH�

��� 3FRVJSFT�FYQFSU�EFTJHO�BOE�DPOTUSVDUJPO�JO�
NPTU�PG�UIF�DBTFT�

��� 3FRVJSFE�GSFRVFOU�NPOJUPSJOH�CZ�UIF�FYQFSUT�

��� -PX�SFEVDUJPO�JO�QBUIPHFOT
�TPMJET�BOE�
PSHBOJDT�

��� )BWJOH�B�IJHI�IFBMUI�SJTL�JTTVF�

��� -JLFMZ�JNQMJDBUJPOT�PG�OFHMFDU�NJTVTF�

��� .BOZ�DBTFT�MPX�QVCMJD�BDDFQUBCJMJUZ�

D U
Advantages Disadvantages

Operation and Maintenance
• 5IF�0QFSBUJPO�BOE�.BJOUFOBODF�EFQFOET�PO�UIF�USFBUNFOU�UFDIOPMPHJFT�BOE�NBUFSJBMT�VTFE�GPS�QSPDFTTJOH�

• (FOFSBMMZ�BMM�UIF�.�BOE�0�VTFE�GPS�UIF�mMUSBUJPO�UFDIOPMPHJFT�BOE�CJPMPHJDBM�USFBUNFOU�UFDIOPMPHJFT�BSF�BQQMJDBCMF�

• 3FDFOUMZ�.#3�BSF�BMTP�VTFE�GPS�UIF�IPVTFIPME�MFWFM�HSFZXBUFS�USFBUNFOU��)PXFWFS�JU�JT�IBT�OPU�CFFO�QSPWFE�UP�CF�DPTU�FGGFDUJWF��
"U�UIF�TBNF�UJNF
�JU�SFRVJSFT�BMM�UIF�CBDLXBTI�BOE�DMFBOJOH�QSPDFTT�BT�QSFTFOUFE�JO�UIF�.#3�TFDUJPO�
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�3�BOE�(BMJM
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�4��BOE�&��'BWFSP�	����
��4JOHMF�)PVTFIPME�(SFZXBUFS�5SFBUNFOU�XJUI�B�.PWJOH�#FE�#JPmMN�.FNCSBOF�3FBDUPS�
	.##.3
��+PVSOBM�PG�.FNCSBOF�4DJFODF
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��� +BCPSOJH
�4��	����
��0WFSWJFX�BOE�GFBTJCJMJUZ�PG�BEWBODFE�HSFZ�XBUFS�USFBUNFOU�TZTUFNT�GPS�TJOHMF�IPVTFIPMET��6SCBO�8BUFS�
+PVSOBM�%0*����������������9�������������

��� *83.�	����
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��� ,VMBCBLP
�3���,JOPCF
�+���.VKVOHB
�+���0MXFOZJ
�4���4MFZUS
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��(SFZXBUFS�VTF�JO�QFSJ�VSCBO�IPVTFIPMET�JO�,JUHVN
�6HBOEB��
,BNQBMB
�6HBOEB��*O��4VTUBJOBCMF�4BOJUBUJPO�1SBDUJDF
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"GSJDB��&UIJPQJB��"SCB�.JODI�6OJWFSTJUZ��

��� 4IFXB
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$POTUSVDUJPO�PG�EPNFTUJD�HSFZXBUFS�TZTUFNT

IUUQ���XXX�TVTBOB�PSH�EPDT@DDCL�TVTBOB@EPXOMPBE��������HSFZXBUFS�USFBUNFOU�TZTUFN�DPOTUSVDUJPO�HSFFOXBUFS�QEG



Description
5IF�DPVQMJOH�PG�B�NFNCSBOF�UP�B�CJPMPHJDBM�USFBUNFOU�VOJUT�
IBT�JODSFBTFE�JOUFSFTU�CPUI�BDBEFNJDBMMZ�BOE�DPNNFSDJBMMZ�
CFDBVTF�PG�UIF�JOIFSFOU�BEWBOUBHFT�PG�UIF�QSPDFTT�PGGFSFE�
PWFS�DPOWFOUJPOBM�CJPMPHJDBM�XBTUFXBUFS�USFBUNFOU�TZTUFNT��
5IF�NFNCSBOF�CJPSFBDUPS�	.#3
�DPNCJOFT�CJPEFHSBEBUJPO�
XJUI�NFNCSBOF�mMUSBUJPO�GPS�TPMJE�MJRVJE�TFQBSBUJPO��%VF�UP�JUT�
SFMBUJWFMZ�MPX�DPOUFOU�PG�QPMMVUBOUT
�HSFZXBUFS�JT�FBTZ�UP�USFBU�
XJUI�.#3T��5IF�QPMMVUBOUT�DPOUBJOFE�BSF�EFDPNQPTFE�CZ�UIF�
CBDUFSJB�PG�UIF�BDUJWBUFE�TMVEHF�UBOL��5IF�USFBUFE�HSFZXBUFS�JT�
PG�IJHI�RVBMJUZ�BOE�IZHJFOJDBMMZ�TBGF�TP�UIBU�JU�DBO�CF�SFVTFE
�
BMPOF�PS�DPNCJOFE�XJUI�SBJO�XBUFS
�GPS�UPJMFU�nVTIJOH
�MBVOESZ�
PS�GPS�JSSJHBUJPO�QVSQPTFT��5IF�.#3�IBT�CFFO�SFHBSEFE�BT�
BO�JOOPWBUJWF�UFDIOPMPHZ�GPS�HSFZ�XBUFS�USFBUNFOU�EVF�UP�JUT�
QSPDFTT�TUBCJMJUZ�BOE�JUT�BCJMJUZ�UP�SFNPWF�QBUIPHFOT�

Design Criteria
-PX�QSFTTVSF�NFNCSBOF�mMUSBUJPO
�FJUIFS�NJDSP��mMUSBUJPO�PG�
VMUSBmMUSBUJPO�JT�VTFE�UP�TFQBSBUF�FGnVFOU�GSPN�BDUJWBUFE�TMVEHF��

5IF�UXP�NBJO�.#3�DPOmHVSBUJPOT�VTFE�GPS�UIF�.#3�BSF�FJUIFS�
TVCNFSHFE�NFNCSBOFT�PS�FYUFSOBM�DJSDVMBUJPO�	TJEF�TUSFBN�
DPOmHVSBUJPO
��5IF�TVCNFSHFE�BSF�NPSF�PGUFO�VTFE�JO�EPNFTUJD�
XBTUFXBUFS�USFBUNFOU�

.FNCSBOF�VTFE�JO�TVCNFSHFE�.#3T�DBO�CF�FJUIFS�IPMMPX�mCFS�
NFNCSBOFT�PS�QMBUF�NFNCSBOF�NPEVMF�EFTJHO�

4VDDFTTGVM�JOUSPEVDUJPO�PG�.#3�TZTUFNT�JOUP�TNBMM�TDBMF�
BOE�EFDFOUSBMTJFE�BQQMJDBUJPO�IBT�MFE�UP�UIF�EFWFMPQNFOU�PG�
QBDLBHFE�USFBUNFOU�TPMVUJPOT��

*O�UIF�MBTU�DPVQMF�PG�ZFBST�UIF�VTF�PG�.#3T�GPS�NFEJVN�UP�MBSHF�
TDBMF�EPNFTUJD�XBTUFXBUFS�BQQMJDBUJPO�JT�HSPXJOH�HSBEVBMMZ��
5IF�NBJO�GBDUPST�UIBU�DPOUSJCVUFE�UP�UIFJS�EFWFMPQNFOU�XFSF�UIF�
FYQFSJFODFT�HBJOFE�XJUI�QJMPU�TNBMM�TDBMF�QSPKFDUT
�UIF�ESBTUJD�
EFDSFBTF�JO�UIF�DPTU�PG�NFNCSBOFT
�UIF�BWBJMBCJMJUZ�PG�TVCTJEJFT�
BOE�UIF�JNQSPWFNFOUT�JO�NFNCSBOF�QFSGPSNBODF��0UIFS�
SFBTPOT�XFSF�GPPUQSJOU�MJNJUBUJPOT
�TUSJDU�TUBOEBSET�GPS�EJTDIBSHF�
JOUP�TFOTJUJWF�CBUIJOH�XBUFS�BOE�UIF�EFWFMPQNFOU�PG�HVBSBOUFFE�
PO�NFNCSBOF�MJGF�TQBOT�BOE�NBJOUFOBODF�DPOUSBDUT��

Greywater

Semi-centralized and CentralizedMembrane Bioreactor 
T E C H N O L O G Y SOURCE

SCALE

��

	.#3�5ZQFT��4JEFTUSFBN�BOE�4VCNFSHFE�.#3
�

Applications
5IJT�JT�QPTTJCMF�XIFSF�DPNNVOJUJFT�BSF�XJMMJOH�UP�DPMMFDU�
HSFZXBUFS�TFQBSBUFMZ�BOE�SFVTF�GPS�JSSJHBUJPO�BOE�PUIFS�
QVSQPTFT��

.FNCSBOF�UFDIOPMPHJFT�GPS�XBTUFXBUFS�USFBUNFOU�BSF�VTVBMMZ�
CBTFE�PO�NFNCSBOFT�JNNFSTFE�JO�BFSBUJPO�UBOLT�	WBDVVN�
TZTUFN

�PS�JNQMFNFOUFE�JO�FYUFSOBM�QSFTTVSF�ESJWFO�NFNCSBOF�
VOJUT
�BT�B�SFQMBDFNFOU�GPS�TFDPOEBSZ�DMBSJmFST�BOE�UFSUJBSZ�
QPMJTIJOH�mMUFST��5IFZ�VTVBMMZ�FNQMPZ�NJDSPmMUSBUJPO�	.'
�PS�
VMUSBmMUSBUJPO�	6'
�NFNCSBOFT�UIBU�QSPWJEF�B�IJHIFS�EFHSFF�PG�

Components
(FOFSBMMZ�JU�DPOTJTUT�PG�DPNCJOBUJPO�PG�UIF�DPMMFDUJPO�UBOL
�
QVNQT
�mMUSBUJPO
�CJPMPHJDBM�USFBUNFOU
�EJTJOGFDUJPO
��TUPSBHF�UBOL�
DJTUFSO
��QJQF�XPSL�

Capacity
*U�WBSJFT�GPSNB�GBNJMZ�PG�GPVS�UP�MBSHF�DPNNVOJUJFT�

Costs
5IF�VOJU�DPTUT�WBSZ�XJUI�UIF�RVBMJUZ�BOE�RVBOUJUZ�PG�HSFZ�XBUFS�UP�
CF�USFBUFE�BOE�QVSQPTF�PG�SFVTFT�

$PNQBSBUJWF�BEWBOUBHFT�BOE�EJTBEWBOUBHFT��PG�NFNCSBOF�
DPOmHVSBUJPO

TVTQFOEFE�TPMJET�BOE�NJDSPCJBM�SFNPWBM��6'�NFNCSBOFT�BSF�
FGGFDUJWF�GPS�WJSVT�SFNPWBM�
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�,MÄJPLUJ`
$0%�SFEVDUJPO�DBO�SFBDI�NPSF�UIBO�����

'PS�FYBNQMF�)6#&3�(SFZ6TF�FGnVFOU�NFFUT�UIF�(FSNBO�
TUBOEBSET�GPS�UIF�SFVTF�PG�USFBUFE�XBUFS�GPS�UPJMFU�nVTIJOH
�
MBVOESZ�XBTIJOH�BOE�JSSJHBUJPO��5IF�USFBUFE�HSFZXBUFS�BMTP�
NFFUT�CBUIJOH�XBUFS�RVBMJUZ�BDDPSEJOH�UP�UIF�&6�EJSFDUJWF�
�������&&$��&YBNQMF�PG�QFSGPSNBODF�PG�.#3�QMBOU�JO�7JFUOBN

Reliability
3FMJBCMF�JG�DPOTUSVDUJPO�JT�XBUFSUJHIU�BOE�JOnVFOU�JT�QSJNBSZ�
TFUUMFE��HFOFSBMMZ�HPPE�SFTJTUBODF�UP�TIPDL�MPBEJOH��

Operating Principles
5IF�HSFZXBUFS�JT�DPMMFDUFE�JO�B�mSTU�UBOL�GPS�QSFMJNJOBSZ�
TFEJNFOUBUJPO�BOE�DPBSTF�mMUSBUJPO�CZ�B��NN�TDSFFO��5IF�XBUFS�
JT�QVNQFE�JOUP�UIF�TFDPOE�UBOL�XJUI�UIF�BDUJWBUFE�TMVEHF�BOE�
UIF�NFNCSBOF�JODPSQPSBUFE��%VF�UP�BFSBUJPO
�UIF�nVJE�JT�NPWFE�
QFSQFOEJDVMBS�UP�UIF�NFNCSBOF�TVSGBDF
�XIFSF�UIF�USFBUFE�XBUFS�
QBTTFT�UISPVHI�UIF�NFNCSBOF�QMBUF
�XIJMF�UIF�TMVEHF�TUBZT�JO�
UIF�UBOL�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�DBO�CF�NPEJmFE�
DPOTJEFSJOH�UIF�MPDBM�DPOEJUJPO���

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�CVU�DBO�CF�DPOTUSVDUFE�DPNCJOJOH�XJUI�
UIF�MPDBMMZ�BWBJMBCMF�NBUFSJBM�

Operation and Maintenance

0QFSBUJPO�BOE�.BJOUFOBODF�PG�TJNJMBS�UFDIOPMPHJFT�EFTDSJCFE�
GPS�CMBDL�XBUFS�USFBUNFOU�JT�BMTP�BQQMJDBCMF�IFSF��

$POUSPMMJOH�NFNCSBOF�GPVMJOH�JT�UIF�LFZ�JTTVF�JO�UIF�PQFSBUJPO�
PG�BO�.#3��5IJT�SFRVJSFT�TVGmDJFOU�QSF�USFBUNFOU�BOE�FGGFDUJWF�
DMFBOJOH�PG�NFNCSBOFT�CZ�TDPVSJOH�DIFNJDBM�DMFBOJOH��

*OUFOTJWF�USBJOJOH�BOE�UFDIOPMPHJDBM�TVQQPSU�PG�PQFSBUPST�JT�
POF�PG�UIF�NPTU�DSJUJDBM�GBDUPST�UP�FOTVSF�B�RVJDL�BOE�FGmDJFOU�
PQFSBUJPO�BOE�SFMJBCMF�DPOUSPM�PG�UIF�TZTUFN�

.#3�5FDIOPMPHZ
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��� 4NBMMFS�GPPUQSJOU�BOE�TNBMMFS�SFBDUPS�WPMVNF

��� %FDSFBTFE�TMVEHF�QSPEVDUJPO

��� (PPE�FGnVFOU�RVBMJUZ�

��� 1PUFOUJBM�TDBMBCJMJUZ��4PNF�.#3�BQQMJDBUJPOT�
IBWF�BMTP�CFFO�TVDDFTTGVMMZ�DPNNFSDJBMJ[FE�GPS�
EFDFOUSBMJ[FE�VTBHF�JO�TJOHMF�PS�EPVCMF�GBNJMZ�
IPVTFT�XJUI�����QFSTPO�FRVJWBMFOUT��

��� )JHI�CJPNBTT�DPODFOUSBUJPO�BOE�IJHIFS�TMVEHF�
BHF�DPNQBSFE�UP�PUIFS�UFDIOPMPHJFT

��� &GGFDUJWF�SFNPWBM�PG�CBDUFSJB�BOE�WJSVTFT�

��� -PXFS�TFOTJUJWJUZ�UP�QFBL�DPOUBNJOBOU�MPBET

��� )JHIFS�MFWFM�PG�NBJOUFOBODF
�NPSF�TPQIJTUJDBUFE�
DPOUSPM�VOJUT�

��� 3FRVJSFT�FYQFSU�EFTJHO�BOE�DPOTUSVDUJPO

��� 3FMBUJWFMZ�FYQFOTJWF�UP�JOTUBMM�BOE�PQFSBUF

��� 1PUFOUJBM�PG�EJTDIBSHJOH�nPBUJOH�PS�TFUUMFE�
TMVEHF�EVSJOH�UIF�ESBX�PS�EFDBOU�QIBTF

��� 'SFRVFOU�GPVMJOH�BOE�DMPHHJOH�PG�CJPSFBDUPS

��� -JNJUFE�FYQFSJFODF�JO�VTF�PG�NFNCSBOF�JO�
XBTUFXBUFS�SFVTF

��� -JNJUBUJPOT�JNQPTFE�CZ�QSFTTVSF
�UFNQFSBUVSF
�
BOE�Q)�SFRVJSFNFOUT�UP�NFFU�NFNCSBOF�
UPMFSBODFT

��� .FNCSBOF�DPVME�CF�TFOTJUJWF�UP�TPNF�
DIFNJDBMT�BOE�DIBODFT�PG�QSPEVDJOH�
CZQSPEVDUT�
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��4VC�DSJUJDBM�nVY�GPVMJOH�JO�NFNCSBOF�CJPSFBDUPST���"�SFWJFX�PG�SFDFOU�
MJUFSBUVSF��%FTBMJOBUJPO
����	�

����������

���� 3PTFOCFSHFS
�4�
�6��,SàHFS
�3��8JU[JH
�8��.BO[
�6��4[FX[ZL�BOE�.��,SBVNF�	����
��1FSGPSNBODF�PG�B�CJPSFBDUPS�XJUI�TVCNFSHFE�
NFNCSBOFT�GPS�BFSPCJD�USFBUNFOU�PG�NVOJDJQBM�XBTUF�XBUFS��8BUFS�3FTFBSDI
���
��������

���� 4BOUBTNBTBT
�$�
�3PWJSB
�.�
�$MBSFOT
�'�
�BOE�7BMEFSSBNB
�$��	����
��(SFZ�XBUFS�SFDMBNBUJPO�CZ�EFDFOUSBMJ[FE�.#3�QSPUPUZQF��
3FTPVSDFT
�$POTFSWBUJPO�BOE�SFDZDMJOH
����
���������

���� 4IJO
�)��4�
�4��.��-FF
�*��4��4FP
�(��0��,JN
�,��)��-JN�BOE�+��4��4POH�	����
��1JMPU�TDBMF�4#3�BOE�.'�PQFSBUJPO�GPS�SFNPWBM�PG�
PSHBOJD�BOE�OJUSPHFO�DPNQPVOET�GSPN�HSFZXBUFS�w�8BUFS�4DJFODF�BOE�5FDIOPMPHZ
���	�

�������
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Description
"�DPNQPTU�QSJWZ�JT�TJNJMBS�JO�TUSVDUVSF�UP�B�QJU�MBUSJOF�PS�BRVB�
QSJWZ�XJUI�TPNF�WBSJBUJPOT�MJLF�TMPQJOH�nPPS�BOE�MJRVJE�TUPSBHF��
*U�SFDFJWFT�UIF�GFDFT
�VSJOF
�BOBM�DMFBOTJOH�NBUFSJBMT�XJUI�UIF�
BEEJUJPO�PG�PUIFS�PSHBOJD�NBUUFS�TVDI�BT�HBSCBHF
�MFBWFT�BOE�
HSBTT��#JPMPHJDBM�EFDPNQPTJUJPO�UBLFT�QMBDF�JOTJEF�UIF�QSJWZ�
QSPEVDJOH�IVNVT�DBMMFE�iDPNQPTUw��

Design Criteria
5IF�WPMVNF�PG�UIF�QJU�EFQFOET�PO�UIF�OFFET�GPS�GFSUJMJ[FS�BOE�
UIF�OVNCFST�PG�QFPQMF�VTJOH�UIF�QSJWZ��1SPQPSUJPO�PG�FYDSFUB�
UP�SFGVTF�	PSHBOJD�NBUUFS
�TIPVME�CF�BCPVU���UP���CZ�WPMVNF��
%FTJHO�WBMVF�PG�����N��QFSTPO��ZFBS�JT�VTFE�GPS�DBMDVMBUJOH�UIF�
WPMVNF�PG�UIF�QJU�	JO�NBOZ�DBTFT�SBOHJOH�����UP������N��QFSTPO�
ZFBS
�

(FOFSBM�GPSNVMB�GPS�UIF��DBMDVMBUJPO�JT��7��������Y�/�Y�3�Y�1
XIFSF
��7�JT�UIF�SFRVJSFE�WPMVNF�JO�N�
�/�JT�UIF�OVNCFS�PG�VTFST
��
3�JT�UIF�SBUF�PG�mMMJOH�	N��QFSTPO�ZFBS

�1�JT�UIF�FNQUZJOH�QFSJPE�
	VTVBMMZ�POF�ZFBS


"�EFTJHO�DBO�BMTP�QSPWJEF�TFQBSBUF�VSJOF�ESBJOBHF
�XIJDI�XPVME�
TFQBSBUF�VSJOF�BOE�QSFWFOU�JU�GSPN�HPJOH�UP�UIF�DPNQPTU�

5IJT�XPVME�UIFO�SFEVDF�OJUSPHFO�BOE�NPJTUVSF�MFWFMT�JO�UIF�
DPNQPTU�QJMF�

Blackwater

HouseholdCompost Privy
T E C H N O L O G Y SOURCE

SCALE

"�TFDUJPOBM�WJFX�PG�B�DPNQPTU�QSJWZ

4DIFNBUJD�EJBHSBN�PG�B�DPNQPTU�QSJWZ

Applications
"�DPNQPTU�QSJWZ�JT�BQQSPQSJBUF�GPS�VTF�JO�BSFBT�XIFSF�UIFSF�JT�B�
USBEJUJPO�PG�VTJOH�IVNBO�FYDSFUB�PO�UIF�MBOE��$PNQPTUT�DBO�BMTP�
CF�VTFE�JO�mTIQPOET�

Components
1SJWZ�QJU��TMBC��TVQFSTUSVDUVSF��SFNPWBCMF�DPWFST��WFOUJMBUJPO�
QJQF�

Capacity
0OF�BWFSBHF�IPVTFIPME�DPVME�QSPEVDF���N��PG�EJHFTUFE�TMVEHF�
JO���ZFBST��"MMPXJOH�SFGVTF�UP�mMM�VQ�UIF�UBOL�XJMM�TIPSUFO�UIF�
DZDMF�UP������NPOUIT�GPS�DPNQPTUJOH��

Costs
*OWFTUNFOU�DPTU�JT�WFSZ�MPX�BOE�EFQFOET�PO�UIF�UZQFT
�TJ[F�BOE�
MPDBM�DPOEJUJPO�

Operating Principles
$PNQPTUJOH�JOWPMWFT�UIF�CJPMPHJDBM�EFHSBEBUJPO�PG�UIF�PSHBOJD�
DPNQPVOET�PG�XBTUFT�XIJDI�IBWF�SFMBUJWFMZ�IJHI�DPODFOUSBUJPO�
PG�TPMJET��*OJUJBMMZ
�QTZDISPQIJMJD�BOE�NFTPQIJMJD�CBDUFSJB�
	�����¡$
�QSFTFOU�JO�UIF�PSHBOJD�XBTUF
�EFDPNQPTF�JU�BOE�
HFOFSBUF�IFBU��5IF�UFNQFSBUVSF�SJTFT�VOUJM�JU�MJNJUT�UIF�HSPXUI�
PG�UIF�NFTPQIJMJD�CBDUFSJB��5IF�UFNQFSBUVSF�UIFO�CFHJOT�UP�
ESPQ
�UIF�NFTPQIJMJD�CBDUFSJB�UBLF�PWFS�BHBJO�BT�EFDPNQPTJUJPO�
BQQSPBDIFT�DPNQMFUJPO��-FOHUI�PG�UJNF�GPS�UIF�EFDPNQPTJUJPO�
QSPDFTT�JT�OPU�mYFE��4MVEHF�JO�PQFO�DPNQPTU�QJMFT�XJOESPX�JT�
DPNQPTUFE�GPS����UP����EBZT
�CVU�JO�B�DPNQPTU�QSJWZ
�JU�UBLFT�BU�
MFBTU�B�ZFBS��

"OBFSPCJD�DPNQPTUJOH�JT�NVDI�TMPXFS�QSPDFTT�JO�UIF�BCTFODF�
PG�PYZHFO
�BOE�QBUIPHFOJD�CBDUFSJB�DBO�TVSWJWF�MPOHFS�JO�DPPMFS�
UFNQFSBUVSF�

'PS�FGmDJFOU�DPNQPTUJOH
�UIF�DPSSFDU�CBMBODF�PG�NBUFSJBMT�NVTU�
CF�NBJOUBJOFE�GPS�UIF�NJDSPCFT�XIJDI�EJHFTU�BOE�EFHSBEF�UIF�
NBUFSJBMT�
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5IF�DPSSFDU�CBMBODF�PG�OVUSJFOUT�NVTU�CF�NBJOUBJOFE�GPS�FGmDJFOU�
DPNQPTUJOH��5IF�NJDSPCFT�OFFE�DBSCPO�GPS�FOFSHZ�BOE�OJUSPHFO�
GPS�HSPXUI�

Reliability
3FMJBCMF�JG�DPOTUSVDUJPO�JT�XBUFSUJHIU�BOE�JOnVFOU�JT�QSJNBSZ�
TFUUMFE��HFOFSBMMZ�HPPE�SFTJTUBODF�UP�TIPDL�MPBEJOH��

Replication Potential 
4FMG�IFMQ�QPUFOUJBM�JT�IJHIMZ�QPTTJCMF��5SBJOJOH�JO�JOTUBMMBUJPO
�
0QFSBUJPO�BOE�.BJOUFOBODF�DBO�CF�JOTUJUVUFE�

Regulatory/Institutional Issues
3FRVJSFT�BO�FOUJUZ�UP�DPOEVDU�USBJOJOH�JNQMFNFOUBUJPO�TVQQPSU�

Operation and Maintenance
5IF�DPNQPTU�NVTU�CF�DPMMFDUFE�SFHVMBSMZ�BOE�IBVMFE�UP�B�
QPJOU�PG�BQQMJDBUJPO�EJTQPTBM��'PS�NVMUJQMF��PS�EPVCMF�WBVMU�
DPNQPTUFST
�XIFO�UIF�DPOUFOUT�PG�UIF�UBOL�QSJWZ�SFBDI�B�MFWFM�
PG�����N�CFMPX��UIF�SPVOE�TVSGBDF
�UIF�TMBC�TVQFSTUSVDUVSF�BSF�
NPWFE�UP�BOPUIFS�DPNQPTU�QSJWZ��5IF�mSTU�QJU�JT�mMMFE�XJUI�HSBTT�
PS�MFBWFT�BOE�FBSUI�

5IF�DPNQPTU�JT�SFNPWFE�XIFO�UIF�TFDPOE�QJU�JT�GVMM�BOE�UIF�mSTU�
POF�JT�SFVTFE�

5IFTF�NJDSPCFT�OFFE�DBSCPO�GPS�FOFSHZ�BOE�OJUSPHFO�UP�GPSN�
QSPUFJOT�GPS�HSPXUI�

5P�BDIJFWF�TVJUBCMF�$�/�SBUJP
�JU�JT�OFDFTTBSZ�UP�BEE�PSHBOJD�
NBUUFS�TVDI�BT��DSPQ�SFTJEVFT
�MFBWFT
�HSBTTFT
�TBXEVTU�PS�
TPNF�PUIFS�FBTJMZ�DPNQPTUBCMF�NBUFSJBMT��*O�BEEJUJPO
�XPPE�BTI�
DBO�CF�BEEFE�SFHVMBSMZ�UP�UIF�DPNQPTUT�UP�SFEVDF�BDJEJUZ�BOE�
PEPS�PG�UIF�DPNQPTU�BOE�TQFFE�VQ�UIF�DPNQPTUJOH�QSPDFTT��
-JLFXJTF
�VSJOF�TIPVME�CF�TFQBSBUFE�UP�SFEVDF�OJUSPHFO�BOE�
NPJTUVSF�MFWFMT�JO�UIF�DPNQPTU��'PS�UIF�TBNF�SFBTPO
�XBUFS�
TIPVME�OPU�CF�BEEFE�UP�UIF�QJU�

5IF�IVNVT�QSPEVDFE�CZ�B�DPNQPTU�MBUSJOF�UIBU�JT�GVODUJPOJOH�
XFMM�JT�B�EBSL�GSJBCMF�BOE�JOPGGFOTJWF�NBUFSJBM
�SBUIFS�MJLF�B�HPPE
�
NPJTU�PSHBOJD�TPJM�

��� 4VJUBCMF�JO�USPQJDBM�BSFBT�XIFSF�OVUSJFOUT�BSF�
RVJDLMZ�MFBDIFE�GSPN�UIF�TPJM�

��� 4BUJTmFT�NPTU�TBOJUBSZ�SFRVJSFNFOUT�

��� 6TFE�BT�TPJM�GFSUJMJ[FS�JO�BHSJDVMUVSBM�QSBDUJDFT�

��� /FFET�OP�XBUFS�GPS�nVTIJOH�BT�DPNQPTUJOH�
SFRVJSFT�MJUUMF�NPJTUVSF�

��� $BO�CF�CVJMU�PO�CFESPDL��OFFE�OPU�QFOFUSBUF�UIF�
TVCTPJM�

��� -PX�QPMMVUJPO�IFBMUI�SJTLT
�FTQFDJBMMZ�JG�JO�B�
TFBMFE�VOJU�

��� /FFET�PSHBOJD�NBUUFS�UP�DPSSFDU�UIF�$�/�SBUJP�

��� 1SPDFTT�JT�SBUIFS�DPNQMJDBUFE�BOE�OFFET�DMPTF�
TVQFSWJTJPO
�FEVDBUJPO�BOE�GPMMPX�VQ�

��� /PU�GSFF�PG�IB[BSET�BOE�SFHVMBS�BUUFOUJPO�

��� /PU�TVJUBCMF�JO�BSFBT�XJUI�IJHI�HSPVOEXBUFS�
UBCMF
�EVF�UP�QPTTJCMF�JOmMUSBUJPO�XJUI�MFBDIBUF�

��� .PSF�FYQFOTJWF�UIBO�UIF�PSEJOBSZ�QJU�MBUSJOF�

D U
Advantages Disadvantages
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Sources
��� 8)0�	����
��(VJEFMJOFT�GPS�UIF�TBGF�VTF�PG�XBTUFXBUFS�FYDSFUB�BOE�HSFZXBUFS��7PMVNF�*��1PMJDZ�BOE�3FHVMBUPSZ�"TQFDUT��(FOFWB��

8PSME�)FBMUI�0SHBOJ[BUJPO��

��� 8)0�	����
��(VJEFMJOFT�GPS�UIF�TBGF�VTF�PG�XBTUFXBUFS�FYDSFUB�BOE�HSFZXBUFS��7PMVNF�**��8BTUFXBUFS�6TF�JO�"HSJDVMUVSF��(FOFWB��
8PSME�)FBMUI�0SHBOJ[BUJPO��

��� 8)0�	����
��(VJEFMJOFT�GPS�UIF�TBGF�VTF�PG�XBTUFXBUFS�FYDSFUB�BOE�HSFZXBUFS��7PMVNF�***��8BTUFXBUFS�BOE�&YDSFUB�6TF�JO�
"RVBDVMUVSF��(FOFWB��8PSME�)FBMUI�0SHBOJ[BUJPO��

��� 8)0�	����
��(VJEFMJOFT�GPS�UIF�TBGF�VTF�PG�XBTUFXBUFS�FYDSFUB�BOE�HSFZXBUFS��7PMVNF�*7��&YDSFUB�BOE�(SFZXBUFS�6TF�JO�
"HSJDVMUVSF��(FOFWB��8PSME�)FBMUI�0SHBOJ[BUJPO�
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Description
"�QJU�MBUSJOF�DPOTJTUT�PG�B�IPMF�JO�UIF�HSPVOE�DPWFSFE�XJUI�FJUIFS�
B�TRVBUUJOH�QMBUF�PS�B�TMBC�QSPWJEFE�XJUI�SJTFS�BOE�TFBU��"�
IPVTJOH�PS�UPJMFU�SPPN�JT�CVJMU�PWFS�UIF�QJU��"�QJU�MBUSJOF�PQFSBUFT�
XJUIPVU�XBUFS��-JRVJE�QPSUJPO�PG�UIF�FYDSFUB�TPBLT�BXBZ�JOUP�UIF�
TPJM��5IF�7*1�JT�B�QJU�MBUSJOF�XJUI�B�TDSFFOFE�WFOU�JOTUBMMFE�EJSFDUMZ�
PWFS�UIF�QJU��5IF�WFOU�QSPWJEFT�PEPS�DPOUSPM�BOE�UIF�TDSFFO�PO�
UPQ�PG�UIF�WFOU�QSFWFOUT�FOUSZ�PG�JOTFDUT�BUUSBDUFE�CZ�UIF�TNFMM��
'JMMFE�QJUT�BSF�DPWFSFE�XJUI�TPJM�GPS�DPNQPTUJOH��5IFSF�BSF�UXP�
UZQFT�PG�7*1�MBUSJOFT��TJOHMF�QJU�BOE�BMUFSOBUJOH�QJU��'PS�UIF�MBUUFS
�
UIFSF�BSF�UXP�BEKBDFOU�QJUT�CFMPX�UIF�UPJMFU�SPPN�BOE�POF�QJU�JT�
VTFE�BU�BOZ�HJWFO�UJNF��8IFO�POF�QJU�CFDPNFT�GVMM
�JU�JT�DMPTFE�
BOE�UIF�PUIFS�QJU�JT�VTFE��#Z�UIF�UJNF�UIF�TFDPOE�QJU�CFDPNFT�
GVMM
�UIF�mSTU�IBT�GVMMZ�EFDPNQPTFE�BOE�CFDPNFT�JOOPDVPVT��
.BUFSJBMT�JO�UIF�mMMFE�QJU�BSF�SFNPWFE�BOE�UIF�QJU�DBO�UIFO�CF�
SFUVSOFE�UP�TFSWJDF�UJMM�JU�CFDPNFT�GVMM��

Design Criteria
5IF�QJU�WPMVNF�JT�HJWFO�CZ�UIF�QSPEVDU�PG��4MVEHF�BDDVNVMBUJPO�
SBUF�Y�/VNCFS�PG�QFPQMF�Y�'JMMJOH�UJNF

• 4MVEHF�BDDVNVMBUJPO�SBUF������MJUFST�QFSTPO�ZFBS�PS�SBUF�
EFDSFBTFE�UP����MJUFST�QFSTPO�ZFBS�JG�QJU�JT�TFBTPOBMMZ�
nPPEFE�PS�XBUFS�GSPN�XBTIJOHT�JT�BEEFE�UP�UIF�QJU��*ODSFBTF�
SBUF�CZ�����UP�BMMPX�CVMLZ�NBUFSJBMT�GPS�BOBM�DMFBOTJOH�

• %FTJHO�VTF�PG�TJOHMF�QJU�	mMMJOH�UJNF
���QFSJPE�PG���ZFBST�

• 1JU�CPUUPN�OPU�MJOFE�UP�FOBCMF�MJRVJE�UP�TPBL�BXBZ

Blackwater

HouseholdVentilated Improved Pit (VIP) Latrine
T E C H N O L O G Y SOURCE

SCALE

Applications
4JOHMF�QJU�7*1�MBUSJOFT�BSF�TVJUBCMF�GPS�VTF�JO�SVSBM�BSFBT�XIFSF�
UIF�TPJM�JT�EFFQ�BOE�TQBDF�JT�BWBJMBCMF�UP�DPOTUSVDU�TVDDFFEJOH�
QJUT��"MUFSOBUJOH�EPVCMF�QJU�7*1�MBUSJOFT�BSF�BQQSPQSJBUF�GPS�VSCBO�
BSFBT�XIFSF�QFPQMF�DBO�BGGPSE�B�QFSNBOFOU�MBUSJOF�UIBU�EPFT�OPU�
SFRVJSF�SFMPDBUJOH�BGUFS�FWFSZ�GFX�ZFBST�

7*1�MBUSJOFT�DBO�CF�VTFE�JO�BSFBT�XIFSF�UIFSF�BSF�OP�PO�TJUF�
XBUFS�TVQQMJFT��8BUFS�JT�OFFEFE�GPS�IBOE�XBTIJOH�

Components
1JU��TRVBUUJOH�QMBUF�PS�XPPEFO�TFBU���DPWFS��DPWFS�TMBC��BOE�B�
IPVTJOH�PS�UPJMFU�SPPN�

Capacity
• .JOJNVN�QJU�WPMVNF�����N��GPS�IPVTFIPME�PG���QFSTPOT�GPS�

VTF�JO�BCPVU���ZFBST

• *ODSFBTF�JO�DBQBDJUZ�DBO�CF�BDIJFWFE�CZ�NBLJOH�UIF�QJU�
BU�MFBTU�����N�EFFQFS�UIBO�UIF�NJOJNVN�TJODF�UIF�MBUSJOF�

Costs
0OF�PG�UIF�DIFBQFTU�PQUJPOT�PG�USFBUNFOU�BU�IPVTFIPME�MFWFM��
5IF�DPTUT�PG�DPOTUSVDUJPO
�0QFSBUJPO�BOE�.BJOUFOBODF�WBSZ�
BDDPSEJOH�UP�UIF�MPDBM�DPOEJUJPO�

Operating Principles
5XP�JNQPSUBOU�BDUJPOT�UBLF�QMBDF�JO�UIF�QJU�XIJDI�SFEVDF�UIF�SBUF�
BU�XIJDI�JU�mMMT�

��� 5IF�MJRVJE�QPSUJPO�PG�UIF�FYDSFUB�TPBLT�BXBZ�JOUP�UIF�TPJM�

��� 5IF�TPMJET�JO�UIF�FYDSFUB�BSF�CSPLFO�EPXO�JOUP�TJNQMFS�
DPNQPVOET�CZ�CJPMPHJDBM�EJHFTUJPO��4PMVCMF�QSPEVDUT�BSF�
DBSSJFE�JOUP�UIF�TPJM�CZ�UIF�MJRVJE�QPSUJPO�PG�UIF�FYDSFUB�

��� (BTFT�	GPVM�BJS
�QSPEVDFE�CZ�UIF�EJHFTUJPO�BSF�QVT

DBOOPU�CF�VTFE�BGUFS�UIF�TMVEHF�TVSGBDF�HFUT�DMPTF�UP�UIF�
TMBC�DPWFS�

<[PSP[`�
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����SFEVDUJPO�PG�TPMJET�CZ�EJHFTUJPO���*U�DBO�CF�B�TJOHMF�QJU
�
EPVCMF�QJU�PS�NVMUJQMF�QJUT�

Reliability
$BO�CF�SFMJFE�VQPO�UP�NBJOUBJO�QSPUFDUJPO�XJUI�MJNJUFE�
TVQFSWJTJPO�GPS�MPOH�QFSJPET�PG�UJNF�
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Replication Potential 
4FMG�IFMQ�QPUFOUJBM�JT�IJHIMZ�QPTTJCMF��5SBJOJOH�JO�JOTUBMMBUJPO
�
0QFSBUJPO�BOE�.BJOUFOBODF�DBO�CF�JOTUJUVUFE�

Regulatory/Institutional Issues
5IJT�PQUJPO�TIPVME�CF�USJFE�mSTU�PO�B�QJMPU�TDBMF�JO�UIF�SVSBM�
BSFBT�XJUI�BHSJDVMUVSBM�PGmDJBMT�BOE�-(6T��3FRVJSFT�BO�FOUJUZ�UP�
DPOEVDU�USBJOJOH�JNQMFNFOUBUJPO�TVQQPSU��

Operation and Maintenance
• 3FHVMBS�DMFBOJOH�BOE�SFQBJST�

• 1FSJPEJD�JOTQFDUJPO�PG�UIF�nZ�TDSFFOT�BOE�TJHOT�PG�FSPTJPO�
BSPVOE�UIF�FEHFT�PG�UIF�TMBC�

• 6TF�PG�B�MJUUMF�CMFBDI�PS�EJTJOGFDUBOU�UP�XBTI�UIF�nPPS�TMBC�

• 8IFSF�UIFSF�JT�TUBOEJOH�XBUFS�JO�UIF�MBUSJOF�QJU
�TNBMM�
RVBOUJUJFT�PG�TQFDJBM�PJMT
�LFSPTFOF
�PME�FOHJOF�PJM�DBO�CF�
BEEFE�UP�UIF�QJU�UP�QSFWFOU�NPTRVJUPFT�GSPN�CSFFEJOH�

• 4UPQ�VTF�PG�QJU�XIFO�MFWFM�PG�TPMJET�SFBDIFT�����N�GSPN�UIF�
VOEFSTJEF�PG�UIF�TMBC��'JMM�UIF�QJU�JNNFEJBUFMZ�XJUI�TPJM�

��� &BTZ�GPS�DPOTUSVDUJPO�VTJOH�MPDBM�NBUFSJBMT�

��� .JOJNBM�XBUFS�SFRVJSFNFOU

��� -PX�BOOVBM�DPTU

��� &BTZ�NBJOUFOBODF

��� "MM�LJOET�PG�BOBM�DMFBOTJOH�NBUFSJBMT�NBZ�CF�
VTFE

��� -BDL�PG�TQBDF�GPS�SFMPDBUJOH��UIF�QJU�JT�EFOTF�JO�
VSCBO�BSFBT

��� 1PUFOUJBM�GPS�HSPVOEXBUFS�QPMMVUJPO

��� %PFT�OPU�EJTQPTF�PG�MBSHF�RVBOUJUJFT�PG�TVMMBHF�
XBUFS

��� /PU�TVJUBCMF�JO�BSFBT�XJUI�IJHI�HSPVOEXBUFS�
UBCMF
�EVF�UP�QPTTJCMF�JOmMUSBUJPO�XJUI�MFBDIBUF

��� /PU�TVJUBCMF�JO�BSFBT�XJUI�JNQFSNFBCMF
�SPDLZ�
VOEFSHSPVOE
�EVF�UP�MJNJUFE�JOmMUSBUJPO�DBQBDJUZ�
MBUSJOF

D U
Advantages Disadvantages

Sources
��� &"8"(�4"/%&$�	����
��4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��-FDUVSF�/PUFT��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�

4DJFODF�	&"8"(

�%FQBSUNFOU�PG�8BUFS�BOE�4BOJUBUJPO�JO�%FWFMPQJOH�$PVOUSJFT�	4"/%&$
��

��� &TSFZ
�4��"�
�"OEFSTTPO
�*�
�)JMMFST
�"�
�BOE�4BXZFS
�3��	����
��$MPTJOH�UIF�MPPQ��&DPMPHJDBM�TBOJUBUJPO�GPS�GPPE�TFDVSJUZ��4*%"
�
4UPDLIPMN�	4XFEFO
��

��� )BSWFZ
�1�
�#BHISJ
�4�
�BOE�3FFE
�#��	����
��&NFSHFODZ�TBOJUBUJPO��BTTFTTNFOU�BOE�QSPHSBNNF�EFTJHO��8&%$
�-PVHICPSPVHI�
6OJWFSTJUZ�

��� 5JMMFZ
�&�
�-VFUIJ
�$�
�.PSFM
�"�
�;VSCSVFHH
�$�
�BOE�4DIFSUFOMFJC
�3��	����
��$PNQFOEJVN�PG�4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��
%VFCFOEPSG�BOE�(FOFWB��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�BOE�5FDIOPMPHZ��

��� 6/&1�	����
��"�%JSFDUPSZ�PG�&OWJSPONFOUBMMZ�4PVOE�5FDIOPMPHJFT�GPS�UIF�*OUFHSBUFE�.BOBHFNFOU�PG�4PMJE
�-JRVJE�BOE�)B[BSEPVT�
8BTUF�GPS�4NBMM�*TMBOE�%FWFMPQJOH�4UBUFT�	4*%4
�JO�UIF�1BDJmD�3FHJPO��5IF�)BHVF��6OJUFE�/BUJPOT�&OWJSPONFOU�1SPHSBNNF�
	6/&1
�
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Description
5IF�TFQUJD�UBOL�JT�BO�VOEFSHSPVOE�XBUFS�UJHIU�DIBNCFS�UIBU�
SFDFJWFT�CPUI�FYDSFUB�BOE�nVTI�XBUFS�GSPN�UPJMFUT�XJUI�PS�XJUIPVU�
PUIFS�IPVTFIPME�XBTUFXBUFST�	PS�TVMMBHF
��5IF�UBOL�TFSWFT�
BT�B�TFEJNFOUBUJPO�UBOL�GPS�UIF�SFNPWBM�PG�JODPNJOH�TPMJET
�
XIJMF�BMMPXJOH�UIF�MJRVJE�GSBDUJPO�	PS�TFUUMFE�FGnVFOU
�UP�QBTT��
BT�B�CJPDIFNJDBM�SFBDUPS�GPS�UIF�BOBFSPCJD�EFDPNQPTJUJPO�PG�
UIF�SFUBJOFE�TPMJET��BOE�BT�B�TUPSBHF�UBOL�JO�XIJDI�UIF�OPO�
EFHSBEBCMF�SFTJEVBM�TPMJET�BDDVNVMBUF��4DVN
�TVDI�BT�GBUT�BOE�
HSFBTFT
�SJTFT�UP�UIF�UPQ��5IF�DMBSJmFE�MJRVJE�nPXT�UISPVHI�UIF�
PVUMFU�QJQF�BOE�JT�VTVBMMZ�EJTQPTFE�UISPVHI�B�TVCTVSGBDF�TPJM�
BCTPSQUJPO�TZTUFN��5IF�FGnVFOU�TIPVME�OPU�CF�EJTDIBSHFE�UP�
TVSGBDF�ESBJOT
�DSFFLT
�TUSFBNT�PS�MBLFT
�XJUIPVU�USFBUNFOU�

Design Criteria
• 3FUFOUJPO�UJNF�PG�BU�MFBTU����IPVST

• 5XP�UIJSET�PG�UBOL�WPMVNF�JT�SFTFSWFE�GPS�TMVEHF�BOE�TDVN��
TUPSBHF

• 8BTUFXBUFS�JOnPX�	�������
�MJUFS�QFSTPO�EBZ

• 4MVEHF�BDDVNVMBUJPO�SBUF������MJUFS�QFSTPO�ZFBS

• .BYJNVN�mMMFE�WPMVNF�������PG�UBOL�WPMVNF

• %FTMVEHJOH�JOUFSWBM�JT�BQQSPYJNBUFMZ�FWFSZ���ZFBST

• 1SPWJEF�WFOUJMBUJPO�QJQF�UP�QFSNJU�HBT�QSPEVDFE�JO�UIF�UBOL�
UP�FTDBQF�

• .VTU�CF�XBUFS�UJHIU�XJUI�POF�PS�UXP�DIBNCFST�

Blackwater

HouseholdSeptic Tank  
T E C H N O L O G Y SOURCE

SCALE

Applications
4BUJTGBDUPSZ�BOE�BDDFQUBCMF�GBDJMJUZ�GPS�FYDSFUB�EJTQPTBM�BOE�
PUIFS�MJRVJE�XBTUFT�GSPN�JOEJWJEVBM�IPVTFT
�DMVTUFS�PG�IPVTFT
�
BQBSUNFOUT
�BOE�JOTUJUVUJPOT�	TDIPPMT
�

Components
*OMFU�UFF�QJQF��EJHFTUJPO�DIBNCFS�BOE�TFUUMJOH�DIBNCFS�	GPS
��DIBNCFS�UBOL
��PVUMFU�UFF�QJQF��NBOIPMF�DPWFS
�DMFBO�PVUT

Capacity

Costs
7BSJFT�CBTFE�PO�UIF�BDDPSEJOH�UP�UIF�MPDBM�DPOEJUJPO�

Operating Principles
5IF�TFQUJD�UBOL�PQFSBUFT�TJNJMBS�UP�BO�BRVB�QSJWZ
�J�F�
�TFUUMJOH�
TPMJET
�BOBFSPCJD�EJHFTUJPO�PG�TPMJET�BOE�TUPSBHF�PG�EJHFTUFE�
TMVEHF��-JHIU�TPMJET�nPBU�PO�UIF�TVSGBDF�PG�UIF�XBUFS�JO�UIF�
UBOL
�DBMMFE�TDVN
�JT�BMTP�SFUBJOFE�JO�UIF�UBOL��-JRVJE�FGnVFOU�
EJTQPTFE�UP�BCTPSQUJPO�mFMET�TPJM�JOmMUSBUJPO
�MFBDIJOH�PS�
TPBLBXBZ�QJUT
�FWBQPUSBOTQJSBUJPO�NPVOET�PS�TPJM�DPOEJUJPOFS�
PO�BHSJDVMUVSBM�MBOE��4MVEHF�GSPN�TFQUJD�UBOLT�PS�TFQUBHF�JT�
SFNPWFE�CZ�WBDVVN�UBOLFST�BOE�DP�USFBUFE�XJUI�TFXBHF�PS�
PUIFS�TMVEHF
�VOEFSHPFT�PXO�USFBUNFOU
�PS�EJTQPTFE�JO�MBIBS�
BSFBT�PS�WBSJPVT�MBOE�BQQMJDBUJPOT�PS�TVSGBDF�EJTQPTBM�

/P��PG�QFSTPO�
TFSWFE� � 8 �� �� ��

-FOHUI�	N
 ��� ��� ��� ��� ���

8JEUI�	N
 ��� ��� ��� ��� ���

-JRVJE�EFQUI�	N
 ��� ��� ��� ��� ���

'SFFCPBSE�	N
 ��� ��� ��� ��� ���

5BOL�WPMVNF�	N�
 ��� ��� ��� ��� ����

4FQUJD�UBOL
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Regulatory/Institutional Issues
-PDBM�BHFODZ�BOE�CZF�MBXT�

Operation and Maintenance
• &GnVFOU�GSPN�TFQUJD�UBOL�TIPVME�CF�JOTQFDUFE�QFSJPEJDBMMZ�UP�

FOTVSF�UIBU�OFJUIFS�TDVN�OPS�TVTQFOEFE�TPMJET�BSF�MFBWJOH�
UIF�TZTUFN�

• 3FHVMBS�EFTMVEHJOH�PG�TFQUJD�UBOL�DPOUFOUT�TIPVME�CF�
EPOF�XIFO�UIF�TMVEHF�BOE�TDVN�PDDVQZ�����PG�UIF�UBOL�T�
DBQBDJUZ�

• /PSNBMMZ�EPOF�FWFSZ���UP���ZFBST�

��� 'MFYJCMF�BOE�BEBQUBCMF�UP�XJEF�WBSJFUJFT�PG�
IPVTFIPMET�XBTUF�EJTQPTBM�

��� *U�DBO�CF�CVJMU�BOE�SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT�

��� -JUUMF�TQBDF�SFRVJSFE�EVF�UP�VOEFSHSPVOE�
DPOTUSVDUJPO��

��� /P�SFBM�QSPCMFNT�XJUI�nJFT�PS�PEPST�JG�CVJME�BOE�
PQFSBUFE�DPSSFDUMZ�

��� *U�IBT�MPOH�TFSWJDF�MJGF�

��� -PX�JOWFTUNFOU�DPTUT��MPX�0QFSBUJPO�BOE�
.BJOUFOBODF�DPTUT��

��� $POTUBOU�BOE�TVGmDJFOU�BNPVOUT�PG�QJQFE�XBUFS�
SFRVJSFE�UP�CSJOH�UIF�XBTUF�UP�UIF�USFBUNFOU�VOJU�

��� 0OMZ�TVJUBCMF�GPS�MPX�EFOTJUZ�IPVTJOH�JO�BSFBT�
XJUI�MPX�XBUFS�UBCMF�BOE�OPU�QSPOF�UP�nPPEJOH�

��� .BOVBM�DMFBOJOH�PG�UIF�UBOL�JT�IJHIMZ�IB[BSEPVT
�
XIJMF�NFDIBOJDBM�DMFBOTJOH�	WBDVVN�USVDLT
�
SFRVJSFT�TPQIJTUJDBUFE�JOTUSVNFOUT�

��� -PX�SFEVDUJPO�JO�QBUIPHFOT
�TPMJET�BOE�
PSHBOJDT�UIVT�JU�SFRVJSFT��TFDPOEBSZ�USFBUNFOU�
GPS�CPUI�FGnVFOU�BOE�GBFDBM�TMVEHF�

D U
Advantages Disadvantages

Sources
��� &"8"(�4"/%&$
�	����
��4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��&YFSDJTFT��4FQUJD�5BOL��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�

"RVBUJD�4DJFODF�	&BXBH

�%FQBSUNFOU�PG�8BUFS�BOE�4BOJUBUJPO�JO�%FWFMPQJOH�$PVOUSJFT��

��� .BSB
�%%��	����
��-PX�$PTU�6SCBO�4BOJUBUJPO��8JMFZ
�$IJDIFTUFS
�6,��4J[JOH
�WPMVNF�BOE�FNQUZJOH�DBMDVMBUJPOT�BOE�FYBNQMF�
EFTJHO�TPMVUJPOT
�$IBQUFS���

��� 1PMQSBTFSU
�$��BOE�3BKQVU
�74��	����
��&OWJSPONFOUBM�4BOJUBUJPO�3FWJFXT��4FQUJD�5BOL�BOE�4FQUJD�4ZTUFNT��&OWJSPONFOUBM�
4BOJUBUJPO�*OGPSNBUJPO�$FOUFS
�#BOHLPL
�"*5
�5IBJMBOE
�QQ���o����

��� 4BTTF
�-��	����
��%&8"54��%FDFOUSBMJ[FE�8BTUFXBUFS�5SFBUNFOU�JO�%FWFMPQJOH�$PVOUSJFT��#03%"
�#SFNFO�0WFSTFBT�3FTFBSDI�
BOE�%FWFMPQNFOU�"TTPDJBUJPO
�#SFNFO
�(FSNBOZ�

��� 5JMMFZ
�&�
�-VFUIJ
�$�
�.PSFM
�"�
�;VSCSVFHH
�$�
�BOE�4DIFSUFOMFJC
�3��	����
��$PNQFOEJVN�PG�4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��
%VFCFOEPSG�BOE�(FOFWB��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�BOE�5FDIOPMPHZ�	&"8"(
��

��� 8)0�	����
��"�(VJEF�UP�UIF�%FWFMPQNFOU�PG�0O�TJUF�4BOJUBUJPO��(FOFWB��8PSME�)FBMUI�0SHBOJ[BUJPO�	8)0
��

��� 841�	����
��5FDIOPMPHZ�0QUJPOT�GPS�6SCBO�4BOJUBUJPO�JO�*OEJB��"�(VJEF�UP�%FDJTJPO�.BLJOH�

<[PSP[`�
�,MÄJPLUJ`
"CPVU��������#0%�SFNPWBM���������TVTQFOEFE�TPMJE�SFNPWBM��
����DPMJGPSN�SFNPWBM�

Reliability
3FMJBCMF�JG�SFHVMBSMZ�DMFBOFE�BOE�EFTMVEHFE��45�SFTJTUBOU�BHBJOTU�
4IPDL�MPBE�

Replication Potential 
#BTJD�TFQUJD�UBOL�EFTJHO
�NBUFSJBMT�BOE�UFDIOJDBM�LOPX�IPX�
BSF�SFBEJMZ�BWBJMBCMF��*U�DBO�CF�VQHSBEFE�UP�QJQFE�DPMMFDUJPO�GPS�
TFDPOEBSZ�USFBUNFOU
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Description
5IF�*NIPGG�UBOL�DPOTJTUT�PG�BO�VQQFS�DPNQBSUNFOU
�XIJDI�TFSWFT�
BT�B�TFUUMJOH�CBTJO
�BOE�B�MPXFS�DPNQBSUNFOU�JO�XIJDI�UIF�
TFUUMFE�TPMJET�BSF�BOBFSPCJDBMMZ�EJHFTUFE��4DVN�BOE�HBT�WFOU�
DIBNCFST�BSF�MPDBUFE�BU�UIF�TJEFT�PG�UIF�UBOL��*U�DBO�CF�BO�PQFO�
PS�DPWFSFE�UBOL��*NIPGG�UBOLT�BSF�VTFE�CZ�TNBMM�DPNNVOJUJFT�
XJUI�SBX�XBTUFXBUFS�nPXT�JO�UIF�PSEFS�PG�����N��EBZ�	QPQVMBUJPO�
BCPVU��
����QFPQMF�PS��
����IPVTFIPMET
�

Design Criteria
5IF�EFTJHO�PG�UIF�*NIPGG�UBOL�EFQFOET�PO�UIF�UZQF�PG�JOnVFOU�
BOE�MPDBM�DPOEJUJPOT��*O�HFOFSBM
�

• *NIPGG�UBOLT�BSF�OPSNBMMZ�EFTJHOFE�XJUI�B�IZESBVMJD�
SFUFOUJPO�UJNF�PG���UP���IPVST��

• -FOHUI�FRVBMT���UJNFT�JUT�XJEUI�

• %FQUI�PG�����UP���N
�

• ����PG�UIF�UPUBM�TVSGBDF�BSFB�JT�UZQJDBMMZ�QSPWJEFE�GPS�HBT�
WFOU�XJUI�XJEUI�PG������UP������N�BU�CPUI�TJEFT��

• "CPVU�����N��DBQJUB�TUPSBHF�DBQBDJUZ�GPS�TMVEHF�EJHFTUJPO�JT�
VTVBMMZ�QSPWJEFE�BU�UIF�MPXFS�DPNQBSUNFOU�

Blackwater

Semi-centralized and CentralizedImhoff Tank  
T E C H N O L O G Y SOURCE

SCALE

Applications
"QQMJDBCMF�GPS�TNBMM�DPNNVOJUJFT�JO�VSCBO�PS�QFSJ�SVSBM�BSFBT�

Components
4FUUMJOH�DPNQBSUNFOU��EJHFTUJPO�DPNQBSUNFOU��HBT�WFOU�BOE�
HBT�DIBNCFS��JOMFU�BOE�PVUMFU�DIBOOFMT�BOE�QJQJOH��TMVEHF�
XJUIESBXBM�QJQJOH��HBT�WFOU�QJQF��UBOL�TUSVDUVSF�XJUI�PS�XJUIPVU�
NBOIPMFT�

Capacity
.PTUMZ�SFMBUJWFMZ�TNBMM�QMBOUT�CVU�JU�DBO�SBOHF�GSPN������
����N��
EBZ�DBQBDJUZ�EFQFOEJOH�PO�UIF�EFTJHO��

Costs
$PTU�WBSJFT�BDDPSEJOH�UP�UIF�UZQFT�PG�EFTJHO
�TJ[F�BOE�NBUFSJBMT�
VTFE�GPS�UIF�DPOTUSVDUJPO�

Operating Principles
4FUUMJOH�PG�TPMJET�PDDVST�JO�UIF�VQQFS�DPNQBSUNFOU��4MVEHF�

<[PSP[`�
�,MÄJPLUJ`
#0%�SFEVDUJPO�JT�BCPVU�������
�EFQFOEJOH�PO�BWBJMBCMF�
EJTDIBSHF�PQUJPOT��GVSUIFS�USFBUNFOU�NBZ�TUJMM�CF�OFFEFE�

Reliability
3FMJBCMF�JG�XFMM�EFTJHOFE�BOE�EF�TMVEHJOH�JT�DBSSJFE�PVU�
SPVUJOFMZ��*NIPGG�UBOL�JT�SFTJTUBOU�BHBJOTU�TIPDL�MPBET�

GBMMT�UISPVHI�UIF�TMPU�UP�UIF�CPUUPN�PG�UIF�TFUUMJOH�DPNQBSUNFOU�
JOUP�UIF�MPXFS�UBOL
�XIFSF�JU�JT�EJHFTUFE��%JHFTUJPO�QSPDFTT�
HFOFSBUFT�CJPHBT�XIJDI
�JT�EFnFDUFE�CZ�UIF�CBGnFT�UP�UIF�
HBT�WFOU�DIBNCFS
�QSFWFOUJOH�UIF�EJTUVSCBODF�PG�UIF�TFUUMJOH�
QSPDFTT�

Replication Potential 
4UBOEBSE�EFTJHOT�BSF�BWBJMBCMF�BOE�UIF�UFDIOPMPHZ�DBO�CF�
FBTJMZ�SFQMJDBUFE�JO�EJGGFSFOU�MPDBUJPOT��4JODF�UIF�BOBFSPCJD�
TMVEHF�EJHFTUJPO�XJMM�SFRVJSF�IJHIFS�UFNQFSBUVSF
�IFBUJOH�NBZ�CF�
SFRVJSFE�JO�TPNF�DBTFT�

Regulatory/Institutional Issues
3FRVJSFT�TLJMMFE�QFSTPOOFM�UP�NBJOUBJO�UIF�GBDJMJUZ

*NIPGG�5BOL
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Operation and Maintenance
3FHVMBS�DIFDLJOH�GPS�XBUFS�UJHIUOFTT
�TDVN�BOE�TMVEHF�MFWFMT�SFRVJSFE��4MVEHF�OFFET�UP�CF�EVH�PVU�FWFSZ���UP���ZFBST�BOE�
EJTDIBSHFE�QSPQFSMZ�	F�H��JO�DPNQPTUJOH�PS�ESZJOH�CFE
��*O�BEEJUJPO
�JU�SFRVJSFT�

• 1FSJPEJDBMMZ�EFTMVEHJOH�	PODF�PS�UXJDF�B�ZFBS
�BOE�EBJMZ�SFNPWBM�PG�nPBUJOH�EFCSJT
�TVDI�BT�DPBSTF�NBUFSJBMT�BOE�HSFBTF�BOE�
TDVN��

• 5IF�TMVEHF�DBO�CF�SFNPWFE�CZ�QVNQJOH�PS�IZESBVMJD�QSFTTVSF�QJQFT�SJHIU�GSPN�UIF�CPUUPN�PS�CZ�B�WBDVVN�USVDL��

• 5XJDF�B�NPOUI�SFWFSTJOH�UIF�nPX�	CBDLXBTI
�PG�XBUFS�UP�FWFO�VQ�UIF�TPMJET�JO�UIF�EJHFTUJPO�DIBNCFS�

• 3FHVMBS�DMFBOJOH�PG�UIF�TJEFT�PG�UIF�TFUUMJOH�DIBNCFS�BOE�TMPU�CZ�SBLF�PS�TRVFFHFF�JT�WFSZ�JNQPSUBOU

��� (PPE�GPS�TNBMM�TFUUMFNFOUT�BOE�DMVTUFSFE�
IPVTFT

��� 4NBMM�BSFB�SFRVJSFE�BOE�JU�DBO�CF�DPOTUSVDUFE�
VOEFS�SPBET�PS�QVCMJD�QMBDFT

��� -PX�DPTUT�PG�JOWFTUNFOU

��� %P�OPU�SFRVJSF�IJHIMZ�TLJMMFE�TVQFSWJTJPO

��� 4JNQMF�PQFSBUJPO�BOE�NBJOUFOBODF�

��� .PSF�FGmDJFOU�TFUUMJOH�UIBO�TFQUJD�UBOL

��� 7FSZ�MPX�USFBUNFOU�FGmDJFODZ

��� "EEJUJPOBM�USFBUNFOU�NJHIU�CF�OFFEFE

��� 3FRVJSFT�NPSF�PGUFO�EFTMVEHJOH

��� 0EPS�GSPN�FTDBQJOH�HBTFT

D U
Advantages Disadvantages

Sources
��� 4BOJNBT�	����
��*OGPSNFE�$IPJDF�$BUBMPHVF��#03%"�BOE�64"*%��

��� 841�	����
��1IJMJQQJOFT�4BOJUBUJPO�4PVSDF�#PPL�BOE�%FDJTJPO�"JE��8BTIJOHUPO��8BUFS�BOE�4BOJUBUJPO�1SPHSBN��

��� .D-FBO
�3��$��	����
��)POEVSBT�XBTUFXBUFS�USFBUNFOU��DIFNJDBMMZ�FOIBODFE�QSJNBSZ�USFBUNFOU�BOE�TVTUBJOBCMF�TFDPOEBSZ�
USFBUNFOU�UFDIOPMPHJFT�GPS�VTF�XJUI�*NIPGG�UBOLT
�.BTTBDIVTFUUT�*OTUJUVUF�PG�5FDIOPMPHZ�

��� .JLFMPOJT
�"��	����
��"�1SPQPTBM�UP�*NQMFNFOU�B�$JSDVJU�3JEFS�1SPHSBN�JO�)POEVSBT��$BNCSJEHF��.BTTBDIVTFUUT�*OTUJUVUF�PG�
5FDIOPMPHZ�	.*5
��

��� 4"44&
�-��BOE�#03%"�	����
��%&8"54�%FDFOUSBMJ[FE�8BTUFXBUFS�5SFBUNFOU�JO�%FWFMPQJOH�$PVOUSJFT��#SFNFO��#SFNFO�
0WFSTFBT�3FTFBSDI�BOE�%FWFMPQNFOU�"TTPDJBUJPO�	#03%"
�

��� 8)0�	����
��"�(VJEF�UP�UIF�%FWFMPQNFOU�PG�0O�TJUF�4BOJUBUJPO��8PSME�)FBMUI�0SHBOJ[BUJPO�	8)0
�(FOFWB�
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Description
"OBFSPCJD�CBGnFE�SFBDUPS�JT�TJNJMBS�UP�B�TFQUJD�UBOL�JO�TFSJFT
�
XIFSF�XBTUFXBUFS�JT�GPSDFE�UP�nPX�EPXO�UISPVHI�UIF�FYJTUFODF�
PG�EPXO�TIBGU�PS�EPXO�QJQF�BOE�EJTUSJCVUFE�PWFS�UIF�FOUJSF�BSFB�
PG�UIF�nPPS�XIFSF�JU�JOPDVMBUFT�XJUI�BDUJWF�TMVEHF�GPS�EJHFTUJPO��
5IF�VQ�nPX�BMTP�DBVTFT�TMVEHF�QBSUJDMFT�UP�TFUUMF�

Design Criteria
5IF�EFTJHO�DBMDVMBUJPO�JODMVEFT�EFUBJM�BUUFOUJPO�PO�DIBNCFS�T�
HFPNFUSZ
�VQ�nPX�WFMPDJUZ
�PSHBOJD�MPBE
�UFNQFSBUVSF
�
EFTMVEHJOH�JOUFSWBM
�BOE�SFUFOUJPO�UJNF�

• "�IZESBVMJD�SFUFOUJPO�UJNF�	)35
�JT�DPOTJEFSFE�CFUXFFO����
UP����IPVST
�VQ�nPX�WFMPDJUZ�PG�UIF�XBTUFXBUFS�MFTT�UIBO�����
N�I
�BOE�UIF�OVNCFS�PG�VQ�nPX�DIBNCFST�	��UP��
�

• "OBFSPCJD�USFBUNFOU�JT�QSFGFSSFE��JG�#0%��
����NH�M��

• 5FNQFSBUVSF�TIPVME�CF�CFUXFFO������¡$�XJUI�Q)�SBOHFT�PG�
���������

• 3FDPNNFOEFE�TPMJET�EFUFOUJPO�UJNF�JT�CFUXFFO�������
EBZT��

• "SFB�SFRVJSFE�SBOHFT�GSPN����������N2�EFQFOEJOH�PO�UIF�
EFUFOUJPO�QFSJPE�VTFE�

Blackwater

Semi-centralized and Centralized(UHLYVIPJ�)HMÅLK�9LHJ[VY��()9�
T E C H N O L O G Y SOURCE

SCALE

Applications
"OBFSPCJD�CBGnFE�SFBDUPS�JT�TVJUBCMF�GPS�BMM�LJOET�PG�XBTUFXBUFS�
TVDI�BT�XBTUFXBUFS�GSPN�TFUUMFNFOU
�IPTQJUBM
�IPUFM�SFTPSU
�
QVCMJD�NBSLFU
�TMBVHIUFS�IPVTF
�BOE�GPPE�QSPDFTTJOH�JOEVTUSJFT��
5IF�NPSF�PSHBOJD�MPBET
�UIF�IJHIFS�JUT�FGmDJFODZ�

5IJT�JT�BMTP�BQQSPQSJBUF�GPS�BSFBT�XIFSF�MBOE�NBZ�CF�MJNJUFE�
TJODF�UIF�UBOL�JT�JOTUBMMFE�VOEFSHSPVOE�BOE�SFRVJSFT�B�TNBMM�
BSFB�

Components
4FUUMFS�JOUFHSBUFE�XJUI�TFQUJD�UBOL
�EFTJHOBUFE�TFSJFT�PG�CBGnFE�
$IBNCFST
�BOE�EPXO�TIBGU�PS�EPXO�nPX�QJQF�

Capacity
5IF�BOBFSPCJD�SFBDUPS�DBO�CF�FGmDJFOUMZ�EFTJHOFE�GPS�B�
EBJMZ�JOnPX�PG�VQ�UP��
����QPQVMBUJPO�FRVJWBMFOU�DPNNVOJUZ�
XBTUFXBUFS�BOE�XJUI�#0%�PG�VQ�UP���
����NH�M��

%JHFTUFS�WPMVNF�DBO�CF�VQ�UP�����N��XJUI�JOnPXT�VQ�UP����N��E��
*G�VTFE�JO�DPNCJOBUJPO�XJUI�TFQUJD�UBOL�BOE�IPSJ[POUBM�HSBWFM�
mMUFS
�CBGnFE�SFBDUPS�JODSFBTFT�JUT�USFBUNFOU�TDBMBCJMJUZ�VQ�UP�
�
����N��

Costs
(FOFSBMMZ�MPX�DPTU��IPXFWFS�WBSZ�EFQFOEJOH�PO�BWBJMBCJMJUZ�PG�
NBUFSJBMT�BOE�FDPOPNZ�PG�TDBMF�

Operating Principles
"OBFSPCJD�#BGnFE�3FBDUPST�	"#3
�VTF�CBGnFT�UP�DSFBUF�NVMUJQMF�
USFBUNFOU�[POFT�JO�B�QSJNBSZ�DMBSJmFS��"�TMVEHF�CMBOLFU�JT�
FTUBCMJTIFE�JO�FBDI�CBGnFE�[POF
�BOE�EJGGFSFOU�NJDSPCJPMPHJDBM�
QPQVMBUJPOT�FTUBCMJTI�UIFNTFMWFT�JO�FBDI�[POF��5IF�PWFSBMM�
FGGFDU�JT�UP�QSPWJEF�CPUI�QSJNBSZ�USFBUNFOU�BOE�TPNF�TFDPOEBSZ�
USFBUNFOU�JO�B�TJOHMF�CBTJO��

"T�JMMVTUSBUFE�JO�UIF�EJBHSBN
�JODPNJOH�XBTUFXBUFS�JT�VTVBMMZ�
EJWFSUFE�UP�UIF�UBOL�GSPN�BO�FMFWBUFE�QJQFMJOF�QSFGFSBCMZ�
VTJOH�POMZ�HSBWJUBUJPOBM�GPSDF�TP�BT�OPU�UP�DSFBUF�VOOFDFTTBSZ�
UVSCVMFODF�JOTJEF�UIF�SFBDUPS��"T�XBTUFXBUFS�TUBSUT�UP�CVJMEVQ�
BOE�JODSFBTF�JO�MFWFM
�UIF�DBSSZPWFS�XBUFS�XJMM�TUBSU�UP�PWFSnPX�UP�
UIF�OFYU�DPNQBSUNFOU�MFBWJOH�IFBWZ�TPMJET�CFIJOE�UP�TFUUMF�BU�
UBOL�CPUUPN��6TVBMMZ�UIJT�NFUIPE�JT�NPSF�FGGFDUJWF�FTQFDJBMMZ�GPS�
IPVTFIPME�EJTDIBSHF�BOE�BHSJDVMUVSF�XBTUFXBUFS�XIFSFCZ�IJHI�
BNPVOU�PG�IFBWZ�TPMJET�DBO�CF�FYQFDUFE��

7FSUJDBM�CBGnFT�JO�UIF�UBOL�GPSDF�UIF�QSF�TFUUMFE�XBTUFXBUFS�UP�
nPX�VOEFS�BOE�PWFS�UIF�CBGnFT�HVBSBOUFFJOH�DPOUBDU�CFUXFFO�
XBTUFXBUFS�BOE�SFTJEFOU�TMVEHF��5IJT�XJMM�BMMPX�BO�FOIBODFE�
BOBFSPCJD�EJHFTUJPO�PG�TVTQFOEFE�BOE�EJTTPMWFE�TPMJET�
UIPSPVHI���BU�MFBTU���TFEJNFOUBUJPO�DIBNCFS�BOE��o��VQ�nPX�
DIBNCFST�

5IF�NBKPSJUZ�PG�TFUUMFBCMF�TPMJET�BSF�SFNPWFE�JO�UIF�
TFEJNFOUBUJPO�DIBNCFS�BU�UIF�CFHJOOJOH�PG�UIF�"#3
�XIJDI�
UZQJDBMMZ�SFQSFTFOUT������PG�UIF�UPUBM�WPMVNF��5IF�VQ�nPX�
DIBNCFST�QSPWJEF�BEEJUJPOBM�SFNPWBM�BOE�EJHFTUJPO�PG�PSHBOJD�
NBUUFS��"CPVU�����#0%�NBZ�CF�SFEVDFE
�XIJDI�JT�GBS�TVQFSJPS�
UP�UIBU�PG�B�DPOWFOUJPOBM�TFQUJD�UBOL��5IF�BDDVNVMBUFE�TMVEHF�
OFFET�EFTMVEHJOH�FWFSZ���UP���ZFBST�

"OBFSPCJD�CBGnFE�SFBDUPS
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Operation and Maintenance
• $IFDL�TDVN�CMBOLFU
�CSFBL�VQ�JG�UPP�UIJDL
�DPOUSPM�GPBNJOH

• .POJUPS�UPUBM�TPMJET�CVJME�VQ�BOE�HBT�QSPEVDUJPO

• 3FHVMBSMZ�TDIFEVMF�DMFBOJOH�PG�TPMJE�XBTUF�CVJME�VQ�CZ�
NBOVBM�PS�WBDVVN�EFTMVEHJOH��

• %FTMVEHJOH�NVTU�SFHVMBSMZ�CF�EPOF�PO�B�DBMDVMBUFE�
JOUFSWBM�BOE�TPNF�TMVEHF�NVTU�CF�MFGU�UP�FOTVSF�DPOUJOVPVT�
FGmDJFODZ�

• 3FHVMBS�DPOUSPM�PG�TPMJE�JOUFSWFOUJPO�UP�FWFSZ�DIBNCFS�NVTU�
be done

<[PSP[`�
�,MÄJPLUJ`
3FEVDUJPO�PG�#0%�JT�BCPVU���������0OMZ�NPEFSBUF�SFEVDUJPO�PG�
JOGFDUJPVT�PSHBOJTNT��FGnVFOU�IBT�TMJHIU�PEPS�	NFUIBOF
�

Reliability
)JHI�SFMJBCJMJUZ�EVF�UP�MPX�FGGFDU�XIFO�IZESBVMJD�BOE�PSHBOJD�
TIPDL�MPBET�PDDVS�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF��*U�IBT�IJHI�QPUFOUJBM�UP�CF�
JOUFHSBUFE�XJUI�PUIFS�QPTU�USFBUNFOUT
�TVDI�BT�"OBFSPCJD�'JMUFS�
3FBDUPS�BOE�)PSJ[POUBM�(SBWFM�'JMUFS�1MBOU�

Regulatory/Institutional Issues
3FRVJSFT�TLJMMFE�QFSTPOOFM�UP�NBJOUBJO�UIF�GBDJMJUZ�

��� 4VJUBCMF�GPS�TNBMMFS�BOE�MBSHFS�TFUUMFNFOUT

��� -JUUMF�TQBDF�SFRVJSFE�EVF�UP�VOEFSHSPVOE�
DPOTUSVDUJPO

��� -PX�JOWFTUNFOU�DPTUT

��� 7FSZ�MPX�0QFSBUJPO�BOE�.BJOUFOBODF�DPTUT��
/P�NPWJOH�QBSUT�QPXFS�OFFEFE��)BSEMZ�BOZ�
CMPDLBHF

��� 4JNQMF�BOE�EVSBCMF

��� )JHI�USFBUNFOU�FGmDJFODZ

��� 3PCVTU�UP�CPUI�PSHBOJD�BOE�IZESBVMJD�TIPDL�
MPBET

��� &YQFSUT�BSF�SFRVJSFE�GPS�EFTJHO�BOE�TVQFSWJTJPO

��� 4LJMMFE�NBTPO�JT�SFRVJSFE�GPS�XBUFS�UJHIU�
QMBTUFSJOH

��� &GnVFOU�JT�OPU�DPNQMFUFMZ�PEPSMFTT

��� 4MPX�HSPXUI�SBUF�PG�BOBFSPCJD�CBDUFSJB�NFBOT�
MPOH�TUBSUVQ�QFSJPE

��� -FTT�FGmDJFOU�XJUI�XFBL�XBTUFXBUFS

D U
Advantages Disadvantages



Sources
��� #BSCFS
�8��1��	����
��5IF�6TF�PG�UIF�"OBFSPCJD�#BGnFE�3FBDUPS�	"#3
�'PS�8BTUFXBUFS�5SFBUNFOU��"�3FWJFX��8BUFS�3FTFBSDI
�

��	�

�����������

��� #03%"�	����
��&N4BO���&NFSHFODZ�4BOJUBUJPO��"O�JOOPWBUJWF���SBQJEMZ�JOTUBMMBCMF�TPMVUJPO�UP�JNQSPWF�IZHJFOF�BOE�IFBMUI�JO�
FNFSHFODZ�TJUVBUJPOT��#SFNFO��#SFNFO�0WFSTFBT�3FTFBSDI�BOE�%FWFMPQNFOU�"TTPDJBUJPO��

��� &"8"(�4"/%&$�	����
��4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��-FDUVSF�/PUFT��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�
4DJFODF�	&"8"(

�%FQBSUNFOU�PG�8BUFS�BOE�4BOJUBUJPO�JO�%FWFMPQJOH�$PVOUSJFT�	4"/%&$
��

��� &1"�	����
��&NFSHJOH�5FDIOPMPHJFT�GPS�#JPTPMJET�.BOBHFNFOU��6OJUFE�4UBUFT�&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ
�0GmDF�PG�
8BTUFXBUFS�.BOBHFNFOU��

��� 'PYPO
�,�.�
�1JMMBZ
�4�
�-BM
�5�
�3PEEB
�/�
�)PMEFS
�'�
�BOE�#VDLMFZ
�$�"��	����
��5IF�BOBFSPCJD�CBGnFE�SFBDUPS�	"#3
���"O�
BQQSPQSJBUF�UFDIOPMPHZ�GPS�PO�TJUF�TBOJUBUJPO��8BUFS�4"���
����

��� -JV
�3�
�5JBO
�2�
�BOE�$IFO
�+��	����
��5IF�EFWFMPQNFOUT�PG�BOBFSPCJD�CBGnFE�SFBDUPS�GPS�XBTUFXBUFS�USFBUNFOU��"�SFWJFX��"GSJDBO�
+PVSOBM�PG�#JPUFDIOPMPHZ
��	��

�����������

��� )BTTBO
�4��3��BOE�*��%BIMBO�	����
��i"OBFSPCJD�XBTUFXBUFS�USFBUNFOU�VTJOH�BOBFSPCJD�CBGnFE�CJPSFBDUPS��B�SFWJFX�w�$FOUSBM�
&VSPQFBO�+PVSOBM�PG�&OHJOFFSJOH
��	�

���������

��� .PSFM
�"�
�BOE�%JFOFS
�4��	����
��(SFZXBUFS�.BOBHFNFOU�JO�-PX�BOE�.JEEMF�*ODPNF�$PVOUSJFT
�3FWJFX�PG�EJGGFSFOU�USFBUNFOU�
TZTUFNT�GPS�IPVTFIPMET�PS�OFJHICPSIPPET��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�	&"8"(

�%FQBSUNFOU�PG�
8BUFS�BOE�4BOJUBUJPO�JO�%FWFMPQJOH�$PVOUSJFT�	4"/%&$
��

��� 4JOHI
�4�
�)BCFSM
�3�
�.PPH
�0�
�4ISFTUIB
�3�3�
�4ISFTUIB
�1��BOE�4ISFTUIB
�3��	����
�1FSGPSNBODF�PG�BO�BOBFSPCJD�CBGnFE�SFBDUPS�
BOE�IZCSJE�DPOTUSVDUFE�XFUMBOE�USFBUJOH�IJHI�TUSFOHUI�XBTUFXBUFS�JO�/FQBM�"�NPEFM�GPS�%&8"54��&DPMPHJDBM�&OHJOFFSJOH
���	�

�
���o����

���� 464"/"�	����
��%FDFOUSBMJ[FE�8BTUFXBUFS�.BOBHFNFOU�BU�"EBSTI�$PMMFHF�#BEBMBQVS
�.BIBSBTIUSB
�*OEJB��'BDUTIFFU��&TDICPSO��
4VTUBJOBCMF�4BOJUBUJPO�"MMJBODF��

���� 8BOH
�+�
�)VBOH
�:�
�BOE�;IBP
�9��	����
��1FSGPSNBODF�BOE�$IBSBDUFSJTUJDT�PG�BO�"OBFSPCJD�#BGnFE�3FBDUPS��*O��#JPSFTPVSDF�
5FDIOPMPHZ
���
����o����

���� 8)0�	����
��&DPTBO�&YQFSU�5SBJOJOH�$PVSTF�GPS�UIF�*OUSPEVDUJPO�PG�&DPMPHJDBM�4BOJUBUJPO�JO�#IVUBO��(FOFWB��8PSME�)FBMUI�
0SHBOJ[BUJPO��

��
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Description
"OBFSPCJD�'JMUFS�JT�B�mYFE�CFE�CJPMPHJDBM�SFBDUPS��%JTTPMWFE�
PSHBOJD�NBUUFS�BOE�OPO�TFUUMFBCMF�TPMJET�BSF�BOBFSPCJDBMMZ�
EJHFTUFE�CZ�CBDUFSJB�PG�UIF�CJPmMN�BUUBDIFE�UP�UIF�mMUFS�NFEJB��
"OBFSPCJD�mMUFST�BSF�XJEFMZ�VTFE�BT�TFDPOEBSZ�USFBUNFOU�JO�
IPVTFIPME�CMBDL��PS�HSFZXBUFS�TZTUFNT�BOE�JNQSPWF�TPMJET�
SFNPWBM�DPNQBSFE�UP�TFQUJD�UBOLT�PS�BOBFSPCJD�CBGnFE�SFBDUPST��
"OBFSPCJD�mMUFST�DBO�CF�EFTJHOFE�BT�BOBFSPCJD�EJHFTUFST�
BMMPXJOH�SFDPWFSZ�PG�UIF�QSPEVDFE�CJPHBT�

Design Criteria
"OBFSPCJD�mMUFS�DBO�CF�CVJMU�BCPWF�PS�CFMPX�UIF�HSPVOE��5IF�
IZESBVMJD�SFUFOUJPO�UJNF�TIPVME�CF�JO�UIF�SBOHF�PG�����BOE���EBZT�
GPS�QSF�TFUUMFE�CMBDLXBUFS�BOE�����UP�����EBZT�GPS�HSFZXBUFS�

'JMUFS�NBUFSJBM�TVDI�BT�HSBWFM
�SPDLT
�DJOEFS�PS�TQFDJBMMZ�GPSNFE�
QMBTUJD�QJFDFT�DBO�QSPWJEF�BEEJUJPOBM�TVSGBDF�BSFB�GPS�CBDUFSJB�
UP�BUUBDI��5ZQJDBM�mMUFS�NBUFSJBM�TJ[FT�SBOHF�GSPN����UP����NN�
JO�EJBNFUFS��'JMUFST�XJUI�UXP�UP�UISFF�mMUFS�MBZFST�BOE�B�NJOJNVN�
EFQUI�PG�����UP�����N�BSF�SFDPNNFOEFE��

(FOFSBMMZ
�TJNQMF�BOBFSPCJD�mMUFS�TUBSUT�XJUI�B�mSTU�MBZFS�PG�
MBSHF�TJ[FE�DJOEFS�PS�SPDLT�	��UP����DN

�XIJDI�BSF�CFEEFE�PO�
B�QFSGPSBUFE�DPODSFUF�TMBC�BCPVU�IBMG�B�NFUFS�BCPWF�HSPVOE�
QBSBMMFM�UP�UIF�nPX�EJSFDUJPO��5IF�XBUFS�MFWFM�TIPVME�DPWFS�UIF�
mMUFS�NFEJB�CZ�BU�MFBTU����N�UP�HVBSBOUFF�BO�FWFO�nPX�SFHJNF��

"OBFSPCJD�mMUFST�NBZ�CF�PQFSBUFE�BT�EPXO�nPX�PS�VQ�nPX�
TZTUFNT��5IF�VQ�nPX�TZTUFNT�	BOBFSPCJD�VQ�nPX�mMUFST
�BSF�
OPSNBMMZ�QSFGFSSFE�BT�UIF�SJTL�PG�XBTIJOH�PVU�BDUJWF�CBDUFSJB�JT�
MFTT�JO�UIJT�DBTF��

Blackwater

Semi-centralized and CentralizedAnaerobic Filter 
T E C H N O L O G Y SOURCE

SCALE

Applications
"OBFSPCJD�mMUFST�BSF�XJEFMZ�VTFE�BT�TFDPOEBSZ�USFBUNFOU�TUFQ�
JO�IPVTFIPME�HSFZXBUFS�PS�CMBDLXBUFS�USFBUNFOU�TZTUFNT�PS�
CJPEFHSBEBCMF�JOEVTUSJBM�XBTUFXBUFS��*U�DBO�CF�B�DPNQPOFOU�PG�
%&8"5T�

Components
4FUUMFS
�EFTJHOBUFE�TFSJFT�PG�CBGnFE�DIBNCFST
�BOE�mMUFS�
DIBNCFS�BOE�mMUFS�NFEJB�

Capacity
*U�WBSJFT�BOE�DBO�CF�EFTJHOFE�GSPN�B�TJOHMF�IPVTFIPME�UP�B�MBSHF�
DPNNVOJUZ�DJUZ�TDBMF�BT�XFMM�

Costs
(FOFSBMMZ�MPX�DPTU��EFQFOEJOH�PO�BWBJMBCJMJUZ�PG�NBUFSJBMT�BOE�
GSFRVFODZ�PG�CBDL�nVTIJOH�BOE�EF�TMVEHJOH�

Operating Principles
"OBFSPCJD�mMUFST�BSF�EJGGFSFOU�GSPN�TFQUJD�UBOLT�JO�UIBU�UIFZ�BMTP�
JODMVEF�UIF�USFBUNFOU�PG�OPO�TFUUMFBCMF�BOE�EJTTPMWFE�TPMJET�CZ�
CSJOHJOH�UIFN�JO�DMPTF�DPOUBDU�XJUI�UIF�BDUJWF�CBDUFSJBM�NBTT�
mYFE�PO�UIF�mMUFS�NBUFSJBM
�XIJDI�BOBFSPCJDBMMZ�EJHFTUT�UIF�
EJTTPMWFE�PSHBOJD�NBUUFS�XJUIJO�TIPSU�SFUFOUJPO�UJNFT��5IJT�JT�
TJNJMBS�UP�"OBFSPCJD�#BGnFE�3FBDUPST�	"#3T
�XIFSF�UIJT�DPOUBDU�
JT�QSPWJEFE�CZ�EJTDIBSHJOH�XBTUFXBUFS�UP�UIF�CPUUPN�PG�UIF�VQ�
nPX�USFBUNFOU�EJSFDUMZ�JOUP�UIF�CJPNBTT�XIJDI�JT�TFUUMFE�JO�UIF�
TMVEHF�

5ISFF�DIBNCFS�BOBFSPCJD�mMUFS�GPMMPXJOH�B�TFQUJD�UBOL

.BJO�%&8"54�NPEVMFT�GPS�QIZTJDBM�BOE�CJPMPHJDBM�
XBTUFXBUFS�USFBUNFOU
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Operation and Maintenance
• "OBFSPCJD�mMUFST�OFFE�UP�CF�iTFFEFEw�JO�UIF�CFHJOOJOH�

PG�UIF�USFBUNFOU�QSPDFTT�UP�BMMPX�GPS�UIF�GPSNBUJPO�PG�UIF�
SFRVJSFE�CJPmMN�GPS�BOBFSPCJD�EJHFTUJPO�

• 'VMM�USFBUNFOU�QFSGPSNBODF�JT�OPU�MJLFMZ�VOUJM�BQQSPYJNBUFMZ�
TJY�UP�OJOF�NPOUIT�MBUFS��

• 8JUI�UJNF
�UIF�TPMJET�XJMM�DMPH�UIF�QPSFT�PG�UIF�mMUFS�BOE�UIF�
USFBUNFOU�FGmDJFODZ�EFDSFBTFT��5IJT�IBQQFOT�XIFO�UIF�
CBDUFSJBM�mMN�CFDPNFT�UPP�UIJDL�BOE�UIF�XBTUFXBUFS�mOET�B�
DIBOOFMFE�XBZ�UISPVHI�POMZ�TPNF�PQFO�QPSFT��

• 8IFO�UIF�FGmDJFODZ�HPFT�EPXO
�UIF�mMUFS�OFFET�UP�CF�
DMFBOFE�CZ�CBDL�nVTIJOH�PG�XBTUFXBUFS�PS�CZ�SFNPWJOH�UIF�
mMUFS�NBTT�GPS�DMFBOJOH�PVUTJEF�UIF�SFBDUPS

• "T�XJUI�TFQUJD�UBOLT
�EF�TMVEHJOH�PG�UIF�QSJNBSZ�TFUUMJOH�
DIBNCFS�TIPVME�CF�EPOF�BU�SFHVMBS�JOUFSWBMT�

• #PUI�EF�TMVEHJOH�BOE�DMFBOJOH�PG�UIF�mMUFS�NBUFSJBM�DBO�CF�
B�IFBMUI�IB[BSE�BOE�BQQSPQSJBUF�TBGFUZ�QSFDBVUJPOT�TIPVME�
CF�UBLFO�

��� 3FTJTUBOU�UP�PSHBOJD�BOE�IZESBVMJD�TIPDL�MPBEJOHT

��� )JHI�SFEVDUJPO�PG�#0%�BOE�544

��� &GnVFOU�OVUSJFOU�DPOUFOU�BMMPXT�JU�UP�CF�VTFE�JO�
BHSJDVMUVSF

��� -PX�TMVEHF�ZJFME

��� /P�FYUFSOBM�FOFSHZ�SFRVJSFE

��� $BO�CF�CVJMU�BOE�SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT��

��� -POH�TFSWJDF�MJGF

��� /P�SFBM�QSPCMFNT�XJUI�nJFT�PS�PEPVS�JG�VTFE�DPSSFDUMZ

��� .PEFSBUF�DBQJUBM�DPTUT
�NPEFSBUF�PQFSBUJOH�DPTUT�
EFQFOEJOH�PO�FNQUZJOH�

��� 3FMJBCMF�BOE�BNQMF�QJQFE�XBUFS�SFRVJSFE�UP�CSJOH�
UIF�XBTUFT�UP�UIF�USFBUNFOU�VOJU�

��� -PX�SFEVDUJPO�JO�QBUIPHFOT�BOE�TVTQFOEFE�TPMJET��
4FDPOEBSZ�USFBUNFOU�GPS�CPUI�FGnVFOU�BOE�GBFDBM�
TMVEHF�SFRVJSFE
�BT�XFMM�BT�SFHVMBS�EF�TMVEHJOH�

��� 0OMZ�TVJUBCMF�GPS�MPX�EFOTJUZ�IPVTJOH�JO�BSFBT�XJUI�
MPX�XBUFS�UBCMF�BOE�OPU�QSPOF�UP�nPPEJOH�

��� .BOVBM�DMFBOJOH�PG�UIF�UBOL�JT�IJHIMZ�IB[BSEPVT�
BOE�BO�JOIVNBOF�UBTL
�XIJMF�NFDIBOJDBM�DMFBOTJOH�
	WBDVVN�USVDLT
�SFRVJSFT�TPQIJTUJDBUFE�JOTUSVNFOUT�

��� 3FRVJSFT�FYQFSU�EFTJHO�BOE�DPOTUSVDUJPO�

��� -POH�TUBSU�VQ�UJNF�

D U
Advantages Disadvantages

<[PSP[`�
�,MÄJPLUJ`
#0%�����UP������544�����UP�������5PUBM�$PMJGPSNT����UP���MPH�
VOJUT�

Reliability
3FMJBCMF�JG�DPOTUSVDUJPO�JT�XBUFSUJHIU�BOE�JOnVFOU�JT�QSJNBSZ�
TFUUMFE��HFOFSBMMZ�HPPE�SFTJTUBODF�UP�TIPDL�MPBEJOH�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF��*U�IBT�IJHI�QPUFOUJBM�UP�CF�
JOUFHSBUFE�XJUI�PUIFS�QPTU�USFBUNFOUT�TVDI�BT�%&8"54�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�CVU�DBO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�
BWBJMBCMF�NBUFSJBM�



Sources
��� .PSFM
�"��BOE�%JFOFS
�4��	����
��(SFZXBUFS�.BOBHFNFOU�JO�-PX�BOE�.JEEMF�*ODPNF�$PVOUSJFT
�3FWJFX�PG�EJGGFSFOU�USFBUNFOU�

TZTUFNT�GPS�IPVTFIPMET�PS�OFJHICPSIPPET��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�BOE�5FDIOPMPHZ�	&BXBH
�

��� .PSFM
�"�
�BOE�%JFOFS
�4��	����
��(SFZXBUFS�.BOBHFNFOU�JO�-PX�BOE�.JEEMF�*ODPNF�$PVOUSJFT
�3FWJFX�PG�EJGGFSFOU�USFBUNFOU�
TZTUFNT�GPS�IPVTFIPMET�PS�OFJHICPSIPPET��%VFCFOEPSG��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�	&"8"(

�%FQBSUNFOU�PG�
8BUFS�BOE�4BOJUBUJPO�JO�%FWFMPQJOH�$PVOUSJFT��

��� 4BTTF
�-��	����
��%&8"54��%FDFOUSBMJTFE�8BTUFXBUFS�5SFBUNFOU�JO�%FWFMPQJOH�$PVOUSJFT��#03%"
�#SFNFO�0WFSTFBT�3FTFBSDI�
BOE�%FWFMPQNFOU�"TTPDJBUJPO
�#SFNFO
�(FSNBOZ��	%FTJHO�TVNNBSZ�JODMVEJOH�&YDFM�CBTFE�EFTJHO�QSPHSBN�


��� 5JMMFZ
�&�
�-VFUIJ
�$�
�.PSFM
�"�
�;VSCSVFHH
�$�
�BOE�4DIFSUFOMFJC
�3��	����
��$PNQFOEJVN�PG�4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��
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Description
5SJDLMJOH�mMUFST�	BMTP�DBMMFE�CJPMPHJDBM�USJDLMJOH�mMUFST
�BSF�BFSPCJD�
mYFE�mMN�TZTUFNT�UIBU�DPOUBJO�mMUFS�CFE�PG�SPDLT
�HSBWFM
�
QMBTUJD�NPEVMFT
�FUD��8BTUFXBUFS�JT�TQSBZFE�PO�UIF�mMUFS�CFE�
	XJUI�B�SPUBUJOH�TQSJOLMFS
�BOE�USJDLMFT�UISPVHI�UIF�mMUFS�NFEJB��
"�CJPmMN
�HSPXJOH�PO�UIF�mMUFS�NBUFSJBM�BFSPCJDBMMZ�EFHSBEFT�
PSHBOJD�QPMMVUBOUT��5SJDLMJOH�mMUFST�BSF�B�TFDPOEBSZ�USFBUNFOU�
	BGUFS�TFQUJD�UBOLT�PS�PUIFS�QSJNBSZ�USFBUNFOU
�BOE�BSF�CBTFE�
PO�BUUBDIFE�HSPXUI�QSPDFTTFT�TVDI�BT�PUIFS�mYFE�mMN�SFBDUPST�
	F�H�
�BOBFSPCJD�mMUFST
�SPUBUJOH�CJPMPHJDBM�DPOUBDUPST
�FUD�
��
5SJDLMJOH�mMUFST�BSF�GPMMPXFE�CZ�TFDPOEBSZ�TFUUMJOH�UBOLT�UP�
SFNPWF�TVTQFOEFE�TPMJET��

Design Criteria
5IF�QSJNBSZ�EFTJHO�GBDUPST�JODMVEF��J
�UIF�UZQF�PG�mMUFS�NFEJB
�JJ
�
UIF�TQSBZJOH�TZTUFN
�BOE�JJJ
�UIF�DPOmHVSBUJPO�PG�UIF�VOEFS�ESBJO�
TZTUFN��

'JMUFS�NBUFSJBMT�XJUI�TQFDJmD�TVSGBDF�BSFB�TIPVME�CF�BU�MFBTU����
N2�N���5IF�QSJPSJUZ�JT�UP�VTF�MBSHFS�TJ[FT��4UPOFT�XJUI�B�EJBNFUFS�
PG���DN�DBO�BWPJE�QPOEJOH
�CVU�UIFZ�MJNJU�UIF�TVSGBDF�BSFB�QFS�
VOJU�WPMVNF�BWBJMBCMF�GPS�UIF�CJPmMN�UP�HSPX�PO��"�EJBNFUFS�PG�
����DN�GPS�UIF�TUPOFT�JT�SFDPNNFOEFE��"O�VQQFS�TJ[F�MJNJU�PG�
BCPVU����DN�JT�UIFSFGPSF�SFDPNNFOEFE��5IF�QBSUJDMFT�TIPVME�CF�
VOJGPSN�TVDI�UIBU������PG�UIF�QBSUJDMFT�IBWF�B�EJBNFUFS�CFUXFFO�
��BOE����DN��

"�iSPUBSZ�TQSJOLMFS�EJTUSJCVUPSw�JT�NPTU�PGUFO�VTFE�UP�FWFOMZ�
EJTUSJCVUF�UIF�XBUFS�PO�UIF�mMUFS��5IF�SPUBSZ�EJTUSJCVUPS�DPOTJTUT�PG�
B�IPMMPX�WFSUJDBM�DFOUFS�DPMVNO�DBSSZJOH�UXP�PS�NPSF�SBEJBM�QJQFT�
PS�BSNT�TPNF�DN�BCPWF�UIF�mMUFS�NFEJB�	UP�TQSFBE�PVU�VOJGPSNMZ�
BOE�QSFWFOU�JOUFSGFSJOH�XJUI�JDF�BDDVNVMBUJPO�EVSJOH�XJOUFS�
TFBTPO�JO�DPMEFS�DMJNBUFT

�FBDI�PG�XIJDI�DPOUBJOT�B�OVNCFS�PG�
OP[[MFT�PS�PSJmDFT�GPS�EJTDIBSHJOH�UIF�XBTUFXBUFS�POUP�UIF�CFE��

"O�VOEFS�ESBJO�TZTUFN�NBEF�JO�USJDLMJOH�mMUFST�TFSWFT�UXP�
QVSQPTFT��J
�UP�DBSSZ�UIF�XBTUFXBUFS�QBTTJOH�UISPVHI�UIF�mMUFS�
BOE�UIF�TMPVHIFE�TPMJET�GSPN�UIF�mMUFS�UP�UIF�mOBM�DMBSJmDBUJPO�
QSPDFTT��BOE�JJ
�UP�QSPWJEF�BJS�UP�NPWF�VQ�CZ�OBUVSBM�DPOWFDUJPO�
GPS�WFOUJMBUJPO�PG�UIF�mMUFS�UP�NBJOUBJO�BFSPCJD�DPOEJUJPOT��
5ZQJDBMMZ
�UIF�TPMJE�NFEJB�JT�QMBDFE�PO�B�TVQQPSU�XJUI�PQFOJOHT
�
GPS�JOTUBODF�B�QFSGPSBUFE�TMBC�

Blackwater

Semi-centralized and CentralizedTrickling Filter
T E C H N O L O G Y SOURCE

SCALE

Applications
5SJDLMJOH�mMUFST�DBO�USFBU�EPNFTUJD�CMBDLXBUFS�PS�HSFZXBUFS�
PS�BOZ�PUIFS�CJPEFHSBEBCMF�FGnVFOU�JO�TFNJ�BOE�DFOUSBMJ[FE�
XBTUFXBUFS�USFBUNFOU��5IFZ�BSF�UZQJDBMMZ�BQQMJFE�BT�QPTU�
USFBUNFOU�GPS�VQnPX�BOBFSPCJD�TMVEHF�CMBOLFU�SFBDUPST�PS�GPS�
GVSUIFS�USFBUNFOU�BGUFS�BDUJWBUFE�TMVEHF�USFBUNFOU��

*O�BOZ�DBTF
�QSJNBSZ�TFEJNFOUBUJPO�JT�DPNQVMTPSZ�UP�BWPJE�
DMPHHJOH�PG�UIF�mMUFS�CFE�BOE�B�TFDPOEBSZ�DMBSJmDBUJPO�TUFQ�BOE�
QPTU�USFBUNFOU�PG�FYDFTT�TMVEHF�	F�H�
�JO�UIJDLFOJOH�BOE�ESZJOH�

Capacity
5IF�TZTUFN�JT�VTVBMMZ�BQQMJFE�JO�VSCBO�BSFBT�GPS�USFBUNFOU�
PG�EPNFTUJD�XBTUFXBUFS��*U�DBO�CF�BMTP�BQQMJFE�GPS�TNBMMFS�
DPNNVOJUJFT�

Costs
*OWFTUNFOU�DPTUT�EFQFOE�PO�UZQF�PG�mMUFS�NBUFSJBMT�BOE�GFFEFS�
QVNQT��PQFSBUJPOBM�DPTUT�EFUFSNJOFE�CZ�FMFDUSJDJUZ�DPOTVNQUJPO�
PG�GFFEFS�QVNQT�

"SSBOHFNFOU�PG�5SJDLMJOH�mMUFS�XJUI�PUIFS�USFBUNFOU�VOJUT

Components
'JMUFS�NFEJB
�SPUBUJOH�CMBEF
�BOE�VOEFS�ESBJOBHF�DPOmHVSBUJPO�

CFET�PS�BOBFSPCJD�EJHFTUFST
�BSF�BMTP�SFRVJSFE��



��

Operation and Maintenance
• 5IF�CBDUFSJBM�mMN�IBT�UP�CF�nVTIFE�BXBZ�PODF�JO�mWF�UP�

TFWFO�ZFBST�PS�NPSF�UP�QSFWFOU�DMPHHJOH�BOE�FYDFTTJWF�
TMPVHIJOH�BT�XFMM�BT�UP�SFNPWF�UIF�EFBE�TMVEHF��5IJT�DBO�
CF�EPOF�VTJOH�IJHI�IZESBVMJD�MPBEJOH�SBUFT�	������N��N2I
�
BOE�UFNQPSBM�DPMMFDUJPO�PG�UIF�FGnVFOU��

• 5IF�SPUBSZ�EJTUSJCVUPS�NBZ�BMTP�SFRVJSF�SFHVMBS�DMFBOJOH�PS�
UFDIOJDBM�NBJOUFOBODF�

• $POTUBOU�IZESBVMJD�MPBEJOH�DBO�CF�NBJOUBJOFE�UISPVHI�
TVDUJPO�MFWFM�DPOUSPMMFE�QVNQT�PS�EPTJOH�TJQIPOT�

• 3FDJSDVMBUJPO�PG�FGnVFOU�NBZ�BMTP�CF�SFRVJSFE�UP�BWPJE�MPX�
nPX�DPOEJUJPOT
�CVU�B�UPP�TUSPOH�nPX�PWFSMPBE�XPVME�nVTI�
PVU�UIF�NJDSPCFT��

• .PJTUVSF�DPOUSPM�PG�UIF�mMUFS�JT�WFSZ�JNQPSUBOU�PO�UIF�POF�
IBOE�UP�QSFWFOU�PEPS�	J�F�
�JG�UPP�ESZ
�BOE�PO�UIF�PUIFS�IBOE�
UP�QSFWFOU�OFTUJOH�PG�nJFT�BOE�NPTRVJUPFT��

• #FTJEFT�ESZJOH�PVU
�FYDFTTJWF�PEPS�DBO�BMTP�BSJTF�XIFO�
BOBFSPCJD�DPOEJUJPOT�BSJTF�EVF�UP�FYDFTTJWF�PSHBOJD�
MPBEJOHT�PS�JOTVGmDJFOU�BFSBUJPO��5IF�PEPS�BOE�nZ�QSPCMFNT�
SFRVJSF�UIBU�UIF�mMUFS�CF�CVJMU�BXBZ�GSPN�IPNFT�BOE�
CVTJOFTTFT��

<[PSP[`�
�,MÄJPLUJ`
#0%�������������-PX�544�SFNPWBM��5PUBM�$PMJGPSNT��������MPH�
VOJUT��/�����������1������������

Reliability
3FTJTUBOU�UP�TIPDL�MPBEJOHT�CVU�UIF�TZTUFNT�EPFT�OPU�XPSL�
EVSJOH�QPXFS�GBJMVSFT�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�BQQMJDBCMF�GPS�EJGGFSFOU�
TJ[F�PG�UIF�QPQVMBUJPO�

Regulatory/Institutional Issues
%FTJHO
�QMBOOJOH�BOE�JNQMFNFOUBUJPO�CZ�FYQFSU�DPOTVMUBOUT��
GFFEFS�QVNQT�SFRVJSFE��QFSNBOFOU�TUBGG�SFRVJSFE�GPS�PQFSBUJPO�

Operating Principles
8BTUFXBUFS�JT�TQSBZFE�PO�mMUFS�BOE�USJDLMFT�WFSUJDBMMZ�UISPVHI�UIF�
TPMJE�NFEJB��5IF�CJPNBTT�HSPXJOH�PO�UIF�NFEJB�CSBLFT�EPXO�
PSHBOJD�NBUUFS�VOEFS�BFSPCJD�DPOEJUJPOT��

5SJDLMJOH�mMUFST�BSF�CJPMPHJDBM�mMUFST�BOE�UIF�mMUSBUJPO�QSPDFTT�JT�
OPU�NFDIBOJDBM�TUSBJOJOH�PG�TPMJET
�CVU�UIF�SFNPWBM�PG�PSHBOJD�
TVCTUBODFT�PDDVST�CZ�VTF�PG�CBDUFSJBM�BDUJPO�

0QFSBUJOH�QSJODJQMFT�PG�USJDLMJOH�mMUFS
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���������
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�#SFNFO�0WFSTFBT�3FTFBSDI�
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8BTUFXBUFS�&OHJOFFSJOH��
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��8BTUFXBUFS�5FDIOPMPHZ�'BDU�4IFFU��5SJDLMJOH�'JMUFST
�����'���������64�&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ
�
8BTIJOHUPO��"WBJMBCMF��XXX�FQB�HPW�

���� 64&1"�	����
��5SJDLMJOH�'JMUFST��6OJUFE�4UBUFT�&OWJSPONFOU�1SPUFDUJPO�"HFODZ��

���� 64&1"�	����
��5SJDLMJOH�'JMUFST�/JUSJmDBUJPO��6OJUFE�4UBUFT�&OWJSPONFOU�1SPUFDUJPO�"HFODZ

���� 841�	����
��5FDIOPMPHZ�0QUJPOT�GPS�6SCBO�4BOJUBUJPO�JO�*OEJB��"�(VJEF�UP�%FDJTJPO�.BLJOH��QEG�QSFTFOUBUJPO��8BTIJOHUPO��8BUFS�
BOE�4BOJUBUJPO�1SPHSBN�

62

��� "EEJUJPOBM�USFBUNFOU�NBZ�CF�OFFEFE�UP�NFFU�NPSF�
TUSJOHFOU�EJTDIBSHF�TUBOEBSET�

��� 1SF�USFBUNFOU�BOE�USFBUNFOU�PG�FYDFTT�TMVEHF�JT�
SFRVJSFE�

��� )JHI�DBQJUBM�DPTUT�BOE�NPEFSBUF�PQFSBUJOH�DPTUT�

��� /PU�BMM�QBSUT�BOE�NBUFSJBMT�NBZ�CF�BWBJMBCMF�MPDBMMZ�

��� 3FMJBCMF�BOE�BNQMF�XBUFS�nPX�SFRVJSFE�UP�CSJOH�UIF�
XBTUF�UP�UIF�USFBUNFOU�VOJU�

��� 3FRVJSFT�FOFSHZ�	TIVUEPXO�EVSJOH�QPXFS�DVUT�BOE�
QVNQ�GBJMVSFT


��� )JHI�PSHBOJD�MPBEJOHT�DBO�DBVTF�BOBFSPCJD�
DPOEJUJPOT�BOE�PEPS�QSPCMFNT

��� *ODJEFODF�PG�DMPHHJOH�JT�SFMBUJWFMZ�IJHI
�nJFT�BOE�
PEPST�BSF�PGUFO�QSPCMFNBUJD

��� 7FDUPS�BOE�PEPS�QSPCMFNT�

U
Disadvantages

��� 4JNQMF
�SFMJBCMF
�CJPMPHJDBM�QSPDFTT�

��� $BO�CF�PQFSBUFE�BU�B�XJEF�SBOHF�PG�PSHBOJD�BOE�
IZESBVMJD�MPBEJOH�SBUFT�

��� )JHI�FGnVFOU�RVBMJUZ�JO�UFSNT�PG�#0%�BOE�TVTQFOEFE�
TPMJET�SFNPWBM��JO�DPNCJOBUJPO�XJUI�B�QSJNBSZ�BOE�
UFSUJBSZ�USFBUNFOU�BMTP�JO�UFSNT�PG�QBUIPHFOT�

��� 4VJUBCMF�JO�BSFBT�XIFSF�MBSHF�USBDUT�PG�MBOE�BSF�OPU�
BWBJMBCMF�GPS�MBOE�JOUFOTJWF�USFBUNFOU�TZTUFNT�

��� .BZ�RVBMJGZ�GPS�FRVJWBMFOU�TFDPOEBSZ�EJTDIBSHF�
TUBOEBSET�

��� &GGFDUJWF�JO�USFBUJOH�IJHI�DPODFOUSBUJPOT�PG�PSHBOJDT�
EFQFOEJOH�PO�UIF�UZQF�PG�NFEJVN�VTFE�

��� "QQSPQSJBUF�GPS�TNBMM��UP�NFEJVN�TJ[FE�DPNNVOJUJFT�

��� &GmDJFOU�OJUSJmDBUJPO�VOJUT�

��� %VSBCMF�QSPDFTT�FMFNFOUT�

���� -PX�QPXFS�SFRVJSFNFOUT�

���� .PEFSBUF�MFWFM�PG�TLJMM�BOE�UFDIOJDBM�FYQFSUJTF�
OFFEFE�UP�NBOBHF�BOE�PQFSBUF�UIF�TZTUFN�

D
Advantages
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Description
6QnPX�"OBFSPCJD�4MVEHF�#MBOLFU�	6"4#
�SFBDUPST�BSF�
BOBFSPCJD�DFOUSBMJ[FE�PS�EFDFOUSBMJ[FE�XBTUFXBUFS�USFBUNFOU�
TZTUFNT�BDIJFWJOH�IJHI�SFNPWBM�PG�PSHBOJD�QPMMVUBOUT��5IF�
6"4#�JT�B�TJOHMF�UBOL�QSPDFTT�XIFSF�XBTUFXBUFS�FOUFST�UIF�
SFBDUPS�GSPN�UIF�CPUUPN
�BOE�nPXT�VQXBSE��"�TVTQFOEFE�TMVEHF�
CMBOLFU�USFBUT�UIF�XBTUFXBUFS�BT�UIF�XBTUFXBUFS�JT�mMUFSFE�
UISPVHI�JU��6"4#�SFRVJSF�B�QPTU�USFBUNFOU�UP�SFNPWF�QBUIPHFOT
�
CVU�EVF�UP�B�MPX�SFNPWBM�PG�OVUSJFOUT
�UIF�FGnVFOU�XBUFS�BT�XFMM�
BT�UIF�TUBCJMJ[FE�TMVEHF�DBO�CF�VTFE�JO�BHSJDVMUVSF��

Design Criteria
5IF�Q)�WBMVF�PG�JOnVFOU�OFFET�UP�CF�CFUXFFO�����BOE������UP�
BMMPX�CBDUFSJBM�HSPXUI�GPS�BOBFSPCJD�EJHFTUJPO��5IF�Q)�WBMVF�
JT�JNQPSUBOU�CFDBVTF�BU�IJHI�Q)�WBMVFT
�BNNPOJBD�	/)��
�
EJTTPDJBUFT�UP�/)��XIJDI�JOIJCJUT�UIF�HSPXUI�PG�NFUIBOF�
QSPEVDJOH�CBDUFSJB��

5IF�UFNQFSBUVSF�TIPVME�CF�CFUXFFO���¡$�UP���¡$��#FMPX�UIJT�
SBOHF
�UIF�EJHFTUJPO�SBUF�EFDSFBTFT�CZ�BCPVU�����GPS�FBDI�
�¡$�UFNQFSBUVSF�EFDSFBTF��#FMPX���¡$�UIF�QSPDFTT�JT�OPU�WFSZ�
FGmDJFOU
�BMUIPVHI�CBDUFSJBM�BDUJWJUZ�DBO�TUJMM�CF�PCTFSWFE�BU�
UFNQFSBUVSFT�MFTT�UIBO���¡$��

*OnVFOUT�TIPVME�IBWF�DPODFOUSBUJPOT�PG�BCPWF�����NH�$0%�-
�
BT�GPS�MPXFS�SBUFT
�BOBFSPCJD�EJHFTUJPO�JT�OPU�CFOFmDJBM��
0QUJNVN�JOnVFOU�DPODFOUSBUJPOT�BSF�BCPWF�����NH�$0%�-��

5IF�IZESBVMJD�SFUFOUJPO�UJNF�	)35
�HFOFSBMMZ�MJFT�CFUXFFO���
UP����IPVST��"OBFSPCJD�NJDSPPSHBOJTNT
�FTQFDJBMMZ�NFUIBOF�
QSPEVDJOH�CBDUFSJB
�IBWF�B�TMPX�HSPXUI�SBUF��"U�MPXFS�)35T
�UIF�
QPTTJCJMJUZ�PG�XBTIPVU�PG�CJPNBTT�JT�NPSF�QSPNJOFOU��

5ZQJDBMMZ
�VQ�nPX�WFMPDJUZ�TIPVME�CF�JO�UIF�SBOHF�PG�����UP���N�I��
4MVEHF�TIPVME�OPU�CF�XBTIFE�PVU�PG�UIF�SFBDUPS
�BOE�PO�UIF�
PUIFS�IBOE
�B�NJOJNVN�WFMPDJUZ�OFFET�UP�CF�NBJOUBJOFE�UP�LFFQ�
UIF�CMBOLFU�JO�TVTQFOTJPO��

Blackwater

Semi-centralized and Centralized
<WÅV^�(UHLYVIPJ�:S\KNL�)SHURL[�
(UASB) Reactor

T E C H N O L O G Y

SOURCE

SCALE

Applications
*U�JT�B�XFMM�FTUBCMJTIFE�QSPDFTT�GPS�MBSHF�TDBMF�JOEVTUSJBM�
XBTUFXBUFS�USFBUNFOU�QSPDFTTFT��*UT�BQQMJDBUJPO�UP�EPNFTUJD�
TFXBHF�JT�TUJMM�SFMBUJWFMZ�OFX��5ZQJDBMMZ�JU�JT�VTFE�GPS�CSFXFSZ
�
EJTUJMMFSZ
�BOE�GPPE�QSPDFTTJOH�BOE�QVMQ�BOE�QBQFS�XBTUF��

Capacity
5IF�TJ[FT�WBSZ�BOE�BQQMJDBCMF�NPTUMZ�GPS�DFOUSBMJ[FE�

Costs
$PTUT�WBSZ�BDDPSEJOH�UP�UIF�TJ[F
�EFTJHO�BOE�MPDBM�DPOEJUJPOT�

Components
"�TJOHMF�UBOL�XJUI�HBT�DPMMFDUJPO�TZTUFN
�JOMFU�BOE�PVUMFU�
TUSVDUVSFT��

Operating Principles
*OEVTUSJBM�PS�EPNFTUJD�XBTUFXBUFS�nPXT�JOUP�UIF�CPUUPN�PG�BO�
BOBFSPCJD�VQnPX�UBOL��"T�QBSUJDMFT�BHHSFHBUF�EVSJOH�VQnPX�
UIFZ�GPSN�GPSNT�HSBOVMFT
�XIJDI�UVSO�JOUP�B�TMVEHF�CMBOLFU�
PWFSUJNF��.JDSPPSHBOJTNT�MJWJOH�JO�UIF�HSBOVMFT�PS�TMVEHF�
CMBOLFU�EFHSBEF�PSHBOJD�QPMMVUBOUT�CZ�BOBFSPCJD�EJHFTUJPO��5IF�
TMVEHF�CMBOLFU�JT�LFQU�JO�TVTQFOTJPO�CZ�UIF�nPX�SFHJNF�BOE�
GPSNFE�HBT�CVCCMFT��"�TFQBSBUPS�BU�UIF�UPQ�PG�UIF�SFBDUPS�BMMPXT�
UP�SFDPWFS�CJPHBT�GPS�FOFSHZ�QSPEVDUJPO
�OVUSJFOU�SJDI�FGnVFOU�
GPS�BHSJDVMUVSF�BOE�UP�SFUBJO�UIF�TMVEHF�JO�UIF�SFBDUPS��4MVEHF�
BDDVNVMBUJPO�JT�MPX�	FNQUZJOH�JT�POMZ�SFRVJSFE�FWFSZ�GFX�ZFBST
�
BOE�UIF�TMVEHF�JT�TUBCJMJ[FE�BOE�DBO�CF�VTFE�BT�TPJM�GFSUJMJ[FS�

"T�EPNFTUJD�PS�NVOJDJQBM�XBTUFXBUFS�DPOUBJOT�UIF�DPNQPTJUJPO�
PG�OVUSJFOUT�BOE�NJDSPOVUSJFOUT�SFRVJSFE�GPS�CBDUFSJBM�BDUJWJUZ�
BOE�HSPXUI
�UIFZ�BSF�HFOFSBMMZ�MFTT�QSPCMFNBUJD�UIBO�JOEVTUSJBM�
XBTUFXBUFST��

6QnPX�"OBFSPCJD�4MVEHF�#MBOLFU�3FBDUPST
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Operation and Maintenance
• 5IF�DPOTUSVDUJPO�BOE�NBJOUFOBODF�PG�6"4#�SFRVJSFT�TLJMMFE�

TUBGG���6"4#�SFBDUPST�SFRVJSF�TFWFSBM�NPOUIT�PG�TUBSU�VQ�UJNF�
VOUJM�UIF�TMVEHF�CMBOLFU�JT�GVMMZ�EFWFMPQFE��

• (SBOVMBS�TMVEHF�JT�EFWFMPQFE�XIFO�CBDUFSJB�BHHSFHBUF�
BOE�GPSN�DIBJOT�UIBU�nPDDVMBUF�nPDT�PS�HSBOVMFT�JOUP�CJHHFS�
TJ[FT��

• )JHI�PSHBOJD�MPBEJOH�JO�DPOOFDUJPO�XJUI�MPXFS�IZESBVMJD�
MPBEJOH�SBUFT�RVJDLFO�UIF�HSBOVMBUJPO�QSPDFTT�JO�UIF�TUBSUJOH�
QIBTF��

• 5IF�IZESBVMJD�MPBE�NVTU�DPSSFTQPOE�UP�UIF�VQnPX�WFMPDJUZ�
NBJOUBJO�UIF�CMBOLFU�JO�QSPQFS�QPTJUJPO��

• 5IF�nPX�SBUF�NVTU�CF�DPOUSPMMFE�BOE�QSPQFSMZ�HFBSFE�JO�
BDDPSEBODF�XJUI�nVDUVBUJPO�PG�UIF�PSHBOJD�MPBE��

• "�QFSNBOFOU�PQFSBUPS�JT�SFRVJSFE�UP�DPOUSPM
�NPOJUPS�BOE�
SFQBJS�UIF�SFBDUPS�BOE�UIF�EPTJOH�QVNQ��

• %FTMVEHJOH�JT�JOGSFRVFOU�BOE�FYDFTT�TMVEHF�OFFET�UP�CF�
SFNPWFE�POMZ�FWFSZ�GFX�ZFBST�	��UP���ZFBST
�

<[PSP[`�
�,MÄJPLUJ`
���UP������#0%�����UP������$0%�BOE����UP������544��MPX�
QBUIPHFO�SFEVDUJPO�NJOJNBM�OVUSJFOU�SFNPWBM�

Reliability
/PU�SFTJTUBOU�UP�TIPDL�MPBEJOH�BOE�TFOTJUJWF�UP�PSHBOJD�MPBE�
nVDUVBUJPOT��*U�SFRVJSFT�MPOH�TUBSUVQ�QFSJPE�GPS�FGGFDUJWF�
QFSGPSNBODF�VOUJM�UIF�TMVEHF�CMBOLFU�JT�XFMM�EFWFMPQFE�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�BQQMJDBCMF�GPS�EJGGFSFOU�
TJ[F�PG�UIF�QPQVMBUJPO�

3FRVJSFT�TLJMMFE�TUBGG
�FMFDUSJDJUZ�BOE�JT�TFOTJUJWF�UP�WBSJBCMF�
nPXT�

Regulatory/Institutional Issues
$BO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�BWBJMBCMF�NBUFSJBM�CVU�SFRVJSFT�
TLJMMFE�TUBGG�GPS�DPOTUSVDUJPO�

��� 3FRVJSFT�TLJMMFE�QFSTPOOFM�GPS�DPOTUSVDUJPO
�PQFSBUJPO�
BOE�NBJOUFOBODF�	DPOUSPM�PG�GFFEJOH�QVNQ�BOE�
JOnVFOU�PSHBOJD�MPBE
�

��� 5SFBUNFOU�NBZ�CF�VOTUBCMF�XJUI�WBSJBCMF�IZESBVMJD�
BOE�PSHBOJD�MPBET�

��� *OTVGmDJFOU�QBUIPHFO�SFNPWBM�XJUIPVU�BQQSPQSJBUF�
QPTU�USFBUNFOU�

��� -POH�TUBSU�VQ�QIBTF�

��� /PU�SFTJTUBOU�UP�TIPDL�MPBEJOH�

��� $POTUBOU�TPVSDF�PG�FMFDUSJDJUZ�BOE�XBUFS�nPX�JT�
SFRVJSFE�

��� /PU�BEBQUFE�GPS�DPME�SFHJPOT�

U
Disadvantages

��� )JHI�USFBUNFOU�FGmDJFODZ�GPS�IJHI�TUSFOHUI�
XBTUFXBUFS�

��� #JPHBT�DBO�CF�VTFE�GPS�FOFSHZ�	CVU�VTVBMMZ�SFRVJSFT�
TDSVCCJOH�mSTU


��� /P�BFSBUJPO�TZTUFN�SFRVJSFE�	UIVT�MPX�FOFSHZ�
DPOTVNQUJPO
�

��� -PX�TMVEHF�QSPEVDUJPO�BOE�USFBUFE�TMVEHF�DBO�CF�
VTFE�GPS�TPJM�GFSUJMJ[BUJPO�

��� &GnVFOU�JT�SJDI�JO�OVUSJFOUT�BOE�DBO�CF�BQQMJFE�PO�
BHSJDVMUVSBM�

��� -PX�MBOE�BSFB�SFRVJSFNFOU
�DBO�CF�DPOTUSVDUFE�
VOEFSHSPVOE�BOE�XJUI�MPDBMMZ�BWBJMBCMF�NBUFSJBM�

��� -PX�PEPS�FNJTTJPOT�JO�DBTF�PG�PQUJNVN�PQFSBUJPO�

D
Advantages
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����������
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8BUFS�4DJFODF���5FDIOPMPHZ
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��������

��� -FUUJOHB
�(�
�7BO�7FMTFO
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�)PCNB
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�%F�;FFVX
�8�
�BOE�,MBQXJKL
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�FTQFDJBMMZ�GPS�BOBFSPCJD�USFBUNFOU��#JPUFDIOPMPHZ�BOE�CJPFOHJOFFSJOH
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���������
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��� -FUUJOHB
�(�
�3PFSTNB
�3��BOE�(SJO
�1��	����
��"OBFSPCJD�5SFBUNFOU�PG�3BX�%PNFTUJD�4FXBHF�BU�"NCJFOU�5FNQFSBUVSFT�6TJOH�B�
(SBOVMBS�#FE�6"4#�3FBDUPS�#JPUFDIOPMPHZ�BOE�#JPFOHJOFFSJOH����	�
������o�����

��� .JOI�5SBO
�5�
�4UVFU[
�3��.�
�$IFO
�7�
�BOE�-F�$MFDI
�1��	����
��"EWBODFE�DIBSBDUFSJ[BUJPO�PG�GPVMJOH�JO�NFNCSBOF�DPVQMFE�XJUI�
VQnPX�BOBFSPCJD�TMVEHF�CMBOLFU�QSPDFTT��&OWJSPONFOUBM�5FDIOPMPHZ
������

��� /OBKJ
�$�$��	����
��"�SFWJFX�PG�UIF�VQnPX�BOBFSPCJD�TMVEHF�CMBOLFU�3FBDUPS��B�SFWJFX��%FTBMJOBUJPO�BOE�8BUFS�5SFBUNFOU
�EPJ��
�����������������������������

���� 7PO�4QFSMJO
�.�
�BOE�EF�-FNPT�$IFSOJDIBSP
�$"��	����
��#JPMPHJDBM�8BTUFXBUFS�5SFBUNFOU�JO�8BSN�$MJNBUF�3FHJPOT��7PMVNF�
0OF��*8"
�-POEPO
����o����

��



66

Description
3PUBUJOH�CJPMPHJDBM�DPOUBDUPST�	3#$

�DPOTJTU�PG�B�TFSJFT�
PG�DMPTFMZ�TQBDFE�DJSDVMBS�EJTLT�PG�QPMZTUZSFOF�PS�QPMZWJOZM�
DIMPSJEF�PS�QPMZQSPQZMFOF���3#$�BMTP�DBMMFE�SPUBUJOH�CJPMPHJDBM�
mMUFST
�BSF�mYFE�CFE�SFBDUPST�DPOTJTUJOH�PG�TUBDLT�PG�SPUBUJOH�
EJTLT�NPVOUFE�PO�B�IPSJ[POUBM�TIBGU��5IF�EJTLT�BSF�QBSUJBMMZ�
TVCNFSHFE�JO�XBTUFXBUFS�BOE�SPUBUFE�TMPXMZ�BT�XBTUFXBUFS�
nPXT�UISPVHI��5IFZ�BSF�VTFE�JO�TFDPOEBSZ�XBTUFXBUFS�USFBUNFOU�
VOJUT�GPS�EPNFTUJD�XBTUFXBUFS�PS�BOZ�PUIFS�CJPEFHSBEBCMF�
FGnVFOU��

Design Criteria
3#$T�BSF�VTVBMMZ�EFTJHOFE�PO�UIF�CBTJT�PG�IZESBVMJD�BOE�
PSHBOJD�MPBEJOH�SBUFT�EFSJWFE�GSPN�QJMPU�QMBOU�BOE�GVMM�TDBMF�
JOTUBMMBUJPOT�

5IF�PSHBOJD�MPBEJOH�SBUF�JT�������LH�PG�#0%�N2�EBZ�BOE�������
LH�PG�#0%������N��PG�NFEJB��5IF�TVCNFSHJOH�EFQUI�WBSJFT�
GSPN����UP�����BOE�B�VTVBM�SPUBUJOH�TQFFE�JT���UP���SQN��5IF�
DPNNPO�EJTD�EJBNFUFS�JT�CFUXFFO�����BOE���N�

Blackwater

Semi-centralized and CentralizedRotating Biological Contractor (RBC)  
T E C H N O L O G Y SOURCE

SCALE

Applications
3#$T�DBO�BDIJFWF�B�IJHI�MFWFM�PG�CJPEFHSBEBCMF�PSHBOJD�
SFNPWBM�GPSN�EPNFTUJD�XBTUFXBUFS�BT�XFMM�BT�GSPN�IJHI�
TUSFOHUI�JOEVTUSJBM�XBTUFXBUFS�	F�H��GSPN�EBJSJFT
�CBLFSJFT
�GPPE�
QSPDFTTPST
�QVMQ
�QBQFS�NJMMT
��

"�HSFBU�WBSJFUZ�PG�BQQMJDBUJPOT�BSF�LOPXO
�FJUIFS�BT�QPTU�
USFBUNFOU�GPS�BDUJWBUFE�TMVEHF�QSPDFTTFT�JO�DPOWFOUJPOBM�
EPNFTUJD�XBTUFXBUFS�USFBUNFOU�QMBOUT
�PS�GPS�EFDFOUSBMJ[FE�
BQQMJDBUJPO�BU�UIF�MFWFM�PG�TNBMM�UP�NFEJVN�TJ[FE�DPNNVOJUJFT
�
JOEVTUSJFT�PS�JOTUJUVUJPOT�

Capacity
4NBMMFTU�QBDLBHFE�VOJU�GPS�������IPVTFT��GPS�DPNNVOJUJFT�BOE�
JOEVTUSJBM�XBTUF�BQQMJDBUJPO�

Costs
(FOFSBMMZ
�3#$T�JOWPMWF�IJHI�DBQJUBM�DPTUT�BT�OPU�BMM�NBUFSJBMT�
NBZ�CF�MPDBMMZ�BWBJMBCMF�BOE�NPUPS�BOE�TQFDJBM�NBUFSJBM�GPS�

4FDUJPOBM�WJFX�PG�3#$�

Components
3#$�UBOLT
�TIBGU�PG�TUFFM�PS�DPSSVHBUFE�QMBTUJD�NFEJB
�NPUPST�
BOE�FOFSHZ�TVQQMZJOH�TZTUFNT
�QJQFT�BOE�mUUJOH�BTTPDJBUFE�XJUI�
PUIFS�USFBUNFOU�TZTUFNT�CFGPSF�BOE�BGUFS�UIF�3#$�

Operating Principles
5IF�QSPDFTT�DPOTJTUT�PG�MBSHF�EJBNFUFS�TUFFM�PS�DPSSVHBUFE�
QMBTUJD�NFEJB�DFOUFSFE�BSPVOE�B�IPSJ[POUBM�TIBGU
�QMBDFE�JO�B�
DPODSFUF�UBOL��5IF�NFEJB�JT�TMPXMZ�SPUBUFE�	NFDIBOJDBM�PS�BJS�
ESJWF
��"U�BOZ�HJWFO�UJNF�EVSJOH�UIF�SPUBUJPO
�BCPVU�����PG�UIF�
NFEJB�TVSGBDF�BSFB�JT�JO�UIF�XBTUFXBUFS��

SPUBUJPO�JT�SFRVJSFE��"OPUIFS�DPTU�GBDUPS�NBZ�CF�NBOVGBDUVSJOH�
BOE�JNQMFNFOUBUJPO
�XIJDI�SFRVJSFT�TLJMMFE�FYQFSUT�

0QFSBUJPO�BOE�NBJOUFOBODF�DPTUT�BSF�BMTP�SFMBUJWFMZ�IJHI
�
CFDBVTF�PQFSBUJPO�SFRVJSFT�B�DPOUJOVPVT�FMFDUSJDJUZ�TVQQMZ�BOE�
TVQFSWJTJPO�CZ�B�TLJMMFE�MBCPS���

0SHBOJTNT�JO�UIF�XBTUFXBUFS�BUUBDI�BOE�NVMUJQMZ�PO�UIF�SPUBUJOH�
NFEJB�VOUJM�UIFZ�GPSN�B�UIJO�MBZFS�PG�CJPNBTT�

5IJT�mYFE�mMN�HSPXUI�QSFTFOUT�B�WFSZ�MBSHF
�WFSZ�BDUJWF�
QPQVMBUJPO�GPS�UIF�CJPMPHJDBM�EFHSBEBUJPO�PG�PSHBOJD�QPMMVUBOUT�

%VSJOH�SPUBUJPO
�UIF�NFEJB�DBSSJFT�UIF�CJPNBTT�BOE�B�mMN�
PG�XBTUFXBUFS�JOUP�UIF�BJS�XIFSF�PYZHFO�JT�USBOTGFSFE��5IF�
EJTTPMWFE�PYZHFO�BOE�PSHBOJD�NBUFSJBMT�JO�UIF�XBTUFXBUFS�
EJGGVTF�JOUP�UIF�CJPNBTT�BOE�BSF�UIFO�NFUBCPMJ[FE�
3BEJBM�BOE�DPODFOUSJD�QBTTBHFT�JO�UIF�NFEJB�BMMPX�VOSFTUSJDUFE�
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Operation and Maintenance
• 5IF�TZTUFN�NVTU�CF�TVQFSWJTFE�CZ�QSPGFTTJPOBM�PQFSBUPST�

• *U�UBLFT���UP����XFFLT�GPS�UIF�CJPmMN�UP�FTUBCMJTI�GPS�B�HPPE�
USFBUNFOU�QFSGPSNBODF

• .BJOUFOBODF�JODMVEFT�MVCSJDBUJPO�PG�NPWJOH�QBSUT
�NPUPST�
BOE�CFBSJOHT��SFQMBDJOH�TFBMT
�NPUPST
�TFSWJDJOH�CFBSJOHT��
BOE�DMFBOJOH�UIF�BUUBDIFE�HSPXUI�NFEJB�	TQSBZ�XBTIJOH�PG�
EJTDT�BOE�QVSHJOH�PG�TFUUMFE�TMVEHF


• 5IF�EJTDT�NBZ�BMTP�CF�DIFDLFE�GPS�EFCSJT�BDDVNVMBUJPO
�
QPOEJOH�BOE�FYDFTTJWF�PS�OPU�TVGmDJFOU�CJPNBTT�
BDDVNVMBUJPO�

• 1VSHJOH�PG�TFUUMFE�TMVEHF�PO�NPOUIMZ�PS�CJNPOUIMZ

<[PSP[`�
�,MÄJPLUJ`
���UP������#0%�����UP������$0%�BOE����UP������544��MPX�
QBUIPHFO�BOE�OVUSJFOU�SFNPWBM�

)35��NJOJNVN���IPVST
�HFOFSBMMZ���UP����IPVST�

Regulatory/Institutional Issues
$BO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�BWBJMBCMF�NBUFSJBM�CVU�SFRVJSFT�
TLJMMFE�TUBGG�GPS�DPOTUSVDUJPO�

FOUSZ�PG�UIF�XBTUFXBUFS�BOE�BJS�UISPVHIPVU�UIF�VOJU�T�UPUBM�TVSGBDF�
BSFB�GPS�DPOUJOVFE�HSPXUI�PG�UIF�CJPNBTT��#JPNBTT�UIJDLOFTT�
SBOHFT�GSPN�������JODI�	�����NN
�UP�������JODI�	��NN
�
EFQFOEJOH�VQPO�PSHBOJD�DPODFOUSBUJPO
�UFNQFSBUVSF�BOE�PUIFS�
QSPDFTT�WBSJBCMFT�

5IF�EJTL�SPUBUJPO�BGGFDUT�PYZHFO�USBOTGFS�BOE�NBJOUBJOT�UIF�
CJPNBTT�JO�BO�BFSPCJD�DPOEJUJPO��5IF�SPUBUJPO�JT�BMTP�UIF�
NFDIBOJTN�GPS�SFNPWJOH�FYDFTT�TPMJET�GSPN�UIF�EJTLT�CZ�
TIFBSJOH�GPSDFT�JU�DSFBUFT�BOE�NBJOUBJOJOH�UIF�TMVEHF�JO�
TVTQFOTJPO�TP�UIFZ�DBO�CF�DBSSJFE�PWFS�UP�B�DMBSJmFS��3#$T�DBO�
CF�VTFE�GPS�TFDPOEBSZ�USFBUNFOU
�BOE�UIFZ�DBO�BMTP�CF�PQFSBUFE�
JO�UIF�TFBTPOBM�BOE�DPOUJOVPVT�OJUSJmDBUJPO�BOE�EF�OJUSJmDBUJPO�
NPEFT�

4FDUJPOBM�WJFX�PG�3#$�

Reliability
(FOFSBMMZ�NPSF�SFMJBCMF�UIBO�PUIFS�mYFE�mMN�QSPDFTTFT�CFDBVTF�
PG�UIF�MBSHF�CJPMPHJDBM�NBTT�QSFTFOU��

"EBQUBCJMJUZ�PG�UIF�CJPMPHJDBM�mMNT�PGGFST�FYDFMMFOU�PQQPSUVOJUZ�GPS�
UIF�QVSJmDBUJPO�PG�XBTUFXBUFS�BOE�EJTQMBDFBCMF�NPEVMBS�EFTJHO�

Replication Potential 
"WBJMBCMF�JO�NPEVMBS�VOJUT�BOE�DBO�CF�JOTUBMMFE�JO�MPDBMMZ�CVJMU�
UBOLT�

��� "EFRVBUF�QSJNBSZ�USFBUNFOU�BOE�TFDPOEBSZ�DMBSJmFS�
SFRVJSFE

��� $POUJOVPVT�FMFDUSJDJUZ�TVQQMZ�SFRVJSFE
�IPXFWFS
�
VTFT�MFTT�FOFSHZ�UIBO�USJDLMJOH�mMUFST�PS�BDUJWBUFE�
TMVEHF�QSPDFTTFT�GPS�DPNQBSBCMF�EFHSBEBUJPO�SBUFT�

��� $POUBDU�NFEJB�OPU�BWBJMBCMF�BU�MPDBM�NBSLFU

��� )JHI�JOWFTUNFOU
�PQFSBUJPO�BOE�NBJOUFOBODF�DPTUT

��� .VTU�CF�QSPUFDUFE�BHBJOTU�TVOMJHIU
�XJOE
�SBJO�BOE�
UIF�DPME�XFBUIFS
�FTQFDJBMMZ�JO�DPME�DMJNBUFT�

��� 0EPS�QSPCMFNT�NBZ�PDDVS�

��� 3FRVJSFT�TLJMMFE�UFDIOJDBM�MBCPS�GPS�PQFSBUJPO�BOE�
NBJOUFOBODF

U
Disadvantages

��� )JHI�DPOUBDU�UJNF�BOE�IJHI�FGnVFOU�RVBMJUZ�	CPUI�
#0%�BOE�OVUSJFOUT
�

��� )JHI�QSPDFTT�TUBCJMJUZ
�SFTJTUBOU�UP�TIPDL�IZESBVMJD�PS�
PSHBOJD�MPBEJOH�

��� 4IPSU�DPOUBDU�QFSJPET�BSF�SFRVJSFE�CFDBVTF�PG�UIF�
MBSHF�BDUJWF�TVSGBDF�BSFB�

��� -PX�TQBDF�SFRVJSFNFOU�

��� -PX�TMVEHF�QSPEVDUJPO�UIBU�DBO�FBTJMZ�CF�ESBJOFE�PS�
EFXBUFSFE�

D
Advantages
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�BOE�.PUB
�.��	����
��#JPSFBDUPST��3PUBUJOH�#JPMPHJDBM�$POUBDUPST��&ODZDMPQFEJB�PG�*OEVTUSJBM�
#JPUFDIOPMPHZ��#JPQSPDFTT
�#JPTFQBSBUJPO
�BOE�$FMM�5FDIOPMPHZ
�%0*������������������������FJC����

��� $PSUF[
�4�
�5FJYFJSB
�1�
�0MJWFJSB
�3�
�BOE�.PUB
�.��	����
��3PUBUJOH�CJPMPHJDBM�DPOUBDUPST��B�SFWJFX�PO�NBJO�GBDUPST�BGGFDUJOH�
QFSGPSNBODF��3FWJFXT�JO�&OWJSPONFOUBM�4DJFODF�BOE�#JP�5FDIOPMPHZ
��	�

��������

��� 4BJLBMZ
�1�
�BOE�"ZPVC�(�.��	����
��"NNPOJB�OJUSPHFO�SFNPWBM�JO�TUFQ�GFFE�SPUBUJOH�CJPMPHJDBM�DPOUBDUPST��8BUFS�"JS�4PJM�1PMMVUJPO
��
���
���o����

��� 5PSLJBO
�"�
�)BTIFNJBO
�4�+�
�BOE�"MJOFKBE�,��	����
��1PTU�USFBUNFOU�PG�VQnPX�BOBFSPCJD�TMVEHF�CMBOLFU�USFBUFE�JOEVTUSJBM�
XBTUFXBUFS�CZ�B�SPUBUJOH�CJPMPHJDBM�DPOUBDUPS��8BUFS�&OWJSPO�3FT
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����o����

��� 64�'JMUFS�	����
��&OWJSFY�1SPEVDUT
�#VMMFUJO�/P��64'�������"���IUUQ���XXX�VTmMUFS�DPN

��� 64�'JMUFS�	����
��"QQMZJOH�UIF�SPUBUJOH�CJPMPHJDBM�DPOUBDUPS�QSPDFTT��64�'JMUFS��#VMMFUJO�/P��64'�������"�
�IUUQ����XXX�XBPX�OFU�
#SPDIVSFT�3#$�QEG

��� 8&'�BOE�"4$&�	����
��%FTJHO�PG�NVOJDJQBM�XBTUFXBUFS�USFBUNFOU�QMBOUT
�8BUFS�&OWJSPONFOU�'FEFSBUJPO�.BOVBM�PG�QSBDUJDF�/P��
�
�8BUFS�&OWJSPONFOU�'FEFSBUJPO�.BOVBM�BOE�SFQPSU�PO�FOHJOFFSJOH�QSBDUJDF�/P������"MFYBOESJB�BOE�3FTUPO
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Description
"DUJWBUFE�4MVEHF�JT�B�NVMUJ�DIBNCFS�SFBDUPS�VOJU�UIBU�NBLFT�
VTF�PG�BFSPCJD�NJDSPPSHBOJTNT�UP�EFHSBEF�PSHBOJD�NBUUFS�JO�
XBTUFXBUFS�BOE�UP�QSPEVDF�B�IJHI�RVBMJUZ�FGnVFOU���*U�DPOTJTUT�
PG�TVTQFOEFE�CBDUFSJBM�HSPXUI�NJYFE�XJUI�XBTUFXBUFS�JO�BO�
BFSBUFE�UBOL��5IF�CBDUFSJB�DPOTVNF�UIF�PSHBOJD�QPMMVUBOUT�
UP�HSPX�BOE�USBOTGPSN�JU�UP�FOFSHZ
�XBUFS
�$0��BOE�OFX�DFMM�
NBUFSJBM���"�QIZTJDBM�QSF�USFBUNFOU�VOJU
�B�QPTU�TFUUMJOH�VOJU�	B�
DMBSJmFS
�GSPN�XIJDI�BDUJWF�TMVEHF�JT�SF�DJSDVMBUFE�UP�UIF�BFSBUFE�
UBOL
�BOE�FYDFTT�TMVEHF�USFBUNFOU
�BSF�OFDFTTBSZ��*O�BEEJUJPO
�
B�DPOTUBOU�BOE�XFMM�UJNFE�TVQQMZ�PG�PYZHFO�JT�SFRVJSFE�UP�
NBJOUBJO�BFSPCJD�DPOEJUJPOT�BOE�UP�UIF�LFFQ�UIF�BDUJWF�CJPNBTT�
TVTQFOEFE��

Design Criteria
"DUJWBUFE�TMVEHF�SFBDUPST�JODMVEF�B�QSJNBSZ�USFBUNFOU�	JODMVEJOH�
TDSFFOJOH�BOE�QSF�TFUUMJOH

�POF�PS�NPSF�NBJO�BFSBUFE�USFBUNFOU�
DIBNCFST
�BFSBUJPO�EFWJDFT
�B�NJYFS�UP�LFFQ�UIF�TMVEHF�JO�
TVTQFOTJPO
�B�TFDPOEBSZ�DMBSJmFS�UP�TFQBSBUF�UIF�CJPNBTT�GSPN�
UIF�USFBUFE�FGnVFOU�BOE�B�SFUVSO�BDUJWBUFE�TMVEHF�TZTUFN�UIF�
DJSDVMBUFT�SFUVSO�TMVEHF�GSPN�UIF�TFDPOEBSZ�TFEJNFOUBUJPO�
UBOL�UP�UIF�BFSBUJPO�UBOL���&YDFTT�TMVEHF�JT�EJSFDUFE�UP�TMVEHF�
USFBUNFOU�TZTUFN�VTVBMMZ�CZ�BOBFSPCJD�EJHFTUJPO�

%FTJHO�PG�UIF�FBDI�PG�UIF�VOJU�EFQFOET�PO�UIF�RVBMJUZ�PG�XBTUF�
TUSFBNT
�MPDBM�TPDJP�FDPOPNJD�BOE�DMJNBUJD�DPOEJUJPOT�

Blackwater

Semi-centralized and CentralizedActivated Sludge 
T E C H N O L O G Y SOURCE

SCALE

Applications
"DUJWBUFE�TMVEHF�TZTUFNT�DBO�USFBU�CMBDLXBUFS
�HSFZ�XBUFS
�
GBFDBM�TMVEHF�BOE�JOEVTUSJBM�XBTUFXBUFS�BT�MPOH�BT�UIF�QPMMVUBOUT�
UP�CF�USFBUFE�BSF�CJPEFHSBEBCMF�

5IF�QSPDFTT�JT�IJHIMZ�NFDIBOJ[FE�BOE�UIVT�NBJOMZ�BEBQUFE�
GPS�DFOUSBMJ[FE�TZTUFNT�XIFSF�FOFSHZ
�NFDIBOJDBM�TQBSF�QBSUT�
BOE�TLJMMFE�MBCPS�BSF�BWBJMBCMF��5IJT�UFDIOPMPHZ�JT�FGGFDUJWF�GPS�
DFOUSBMJ[FE�XBTUFXBUFS�USFBUNFOU�TZTUFNT�

Capacity
$PNNPO�JO�DFOUSBMJ[FE�TZTUFN
�OPU�BEBQUFE�GPS�TNBMM�
DPNNVOJUJFT��"MNPTU�FWFSZ�XBTUFXBUFS�DBO�CF�USFBUFE�BT�MPOH�
BT�JU�JT�CJPEFHSBEBCMF��6TVBMMZ�BQQMJFE�JO�EFOTFMZ�QPQVMBUFE�
BSFBT�GPS�USFBUNFOU�PG�EPNFTUJD�XBTUFXBUFS��

Costs
)JHI�DBQJUBM
�PQFSBUJPO�BOE�NBJOUFOBODF�DPTUT��$PTU�QFS�VOJU�
USFBUNFOU�WBSJFT�BDDPSEJOH�UP�UIF�RVBMJUZ�PG�JOnVFOU�BOE�FGnVFOU�
BT�XFMM�BT�MPDBM�DPOEJUJPO�

Components
"FSBUJPO�UBOL
�DMBSJmFS
�BFSBUJPO�TZTUFN
�NJYJOH�FRVJQNFOU�

Operating Principles
5IF�BDUJWBUFE�TMVEHF�QSPDFTT�DPOTJTUT�PG�UXP�CBTJD�VOJUT��5IF�
BFSBUJPO�CBTJO�BOE�UIF�DMBSJmFS��
5IF�BFSBUJPO�UBOL�QSPWJEFT�BO�FOWJSPONFOU�XIFSF�CBDUFSJB�HSPX�
BOE�BSF�DPOUJOVBMMZ�NJYFE�XJUI�UIF�PSHBOJDT�JO�UIF�QSFTFODF�PG�
EJTTPMWFE�PYZHFO��.JDSPPSHBOJTNT
�UISPVHI�BFSPCJD�CJPMPHJDBM�
PYJEBUJPO
�SFNPWF�UIF�PSHBOJDT�GSPN�UIF�XBTUFXBUFS�

5IF�TFDPOEBSZ�DMBSJmFS�QSPWJEFT�MJRVJE�TPMJE�TFQBSBUJPO�XIFSF�
UIF�CJPMPHJDBM�nPDT�BSF�TFUUMFE
�DPODFOUSBUFE�BOE�B�QPSUJPO�
JT�SFUVSOFE�UP�UIF�BFSBUJPO�CBTJO��5IF�TFUUMFE�TPMJET�VOEFSHP�
BOBFSPCJD�EFHSBEBUJPO�UP�TUBCJMJ[F�UIF�PSHBOJD�NBUUFS��5IJT�JT�B�
DPOUJOVPVT�DZDMF�PG�NJDSPCJBM�HSPXUI�BOE�EFBUI��&YDFTT�HSPXUI�
MFBWFT�UIF�DMBSJmFS�GPS�GVSUIFS�TMVEHF�USFBUNFOU�BOE�EJTQPTBM�

/JUSPHFO�JT�SFNPWFE�CZ�OJUSJmDBUJPO�EFOJUSJmDBUJPO�BOE�
QIPTQIPSVT�JT�FJUIFS�SFNPWFE�DIFNJDBMMZ�PS�CJPMPHJDBMMZ�PS�
BDDVNVMBUFE�JO�UIF�FYDFTT�TMVEHF�

<[PSP[`�
�,MÄJPLUJ`
#0%�BOE�544�SFNPWBM�SBUFT�BSF�BCPVU����UP�������)JHI�
OJUSPHFO�SFNPWBM��1�BDDVNVMBUFE�JO�CJPNBTT�BOE�TMVEHF��-PX�
QBUIPHFO�SFNPWBM��)35�PG�TPNF�IPVST�VQ�UP�TFWFSBM�EBZT

5IF�PWFSBMM�QSPDFTT�PG�UIF�BDUJWBUFE�TMVEHF�TZTUFN
�JG�XFMM�
PQFSBUFE
�JT�IJHIMZ�FGmDJFOU�GPS�UIF�SFNPWBM�PG�CPUI�TFUUBCMF�
	QIZTJDBM�QSJNBSZ�USFBUNFOU
�BOE�EJTTPMWFE
�DPMMPJEBM�BOE�
QBSUJDVMBUF�PSHBOJD�NBUUFS�BOE�OVUSJFOUT�	CJPMPHJDBM�SFNPWBM�JO�
UIF�BDUJWBUFE�TMVEHF
�JO�BMNPTU�FWFSZ�DMJNBUF
�UIPVHI�QBUIPHFO�
SFNPWBM�JT�MPX�
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Operation and Maintenance
• .FDIBOJDBM�FRVJQNFOU�	F�H�
�QVNQT
�BFSBUPST
�NJYFST
�

SFRVJSF�DPOUJOVPVT�NBJOUFOBODF�BOE�DPOUSPM�UP�FOTVSF�
TVQQMZ�PG�PYZHFO�BOE�TMVEHF�DJSDVMBUJPO�BOE�SFNPWBM�

• 5FDIOJDBM�BQQMJBODFT�	F�H��Q)�NFUFS
�UFNQFSBUVSF
�PYZHFO�
DPOUFOU�FUD�
�OFFE�UP�CF�NBJOUBJOFE�DBSFGVMMZ�UP�DPOUSPM�
DPODFOUSBUJPOT�PG�TMVEHF�BOE�PYZHFO�MFWFMT�JO�UIF�BFSBUJPO�

Reliability
3FMJBCMF�TZTUFNT�CVU�DBO�GBJM�JO�DBTF�PG�QPXFS�GBJMVSF�PS�GBMM�PVU�
PG�UFDIOJDBM�FRVJQNFOU�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�BQQMJDBCMF�GPS�EJGGFSFOU�
TJ[F�PG�UIF�QPQVMBUJPO�

3FRVJSFT�TLJMMFE�QFSTPOOFM
�FMFDUSJDJUZ�BOE�JT�TFOTJUJWF�UP�
WBSJBUJPOT�JO�nPXT�

Regulatory/Institutional Issues
4ZTUFN�QBSUT�OPU�MPDBMMZ�BWBJMBCMF��JNQMFNFOUBUJPO�POMZ�QPTTJCMF�
CZ�FYQFSJFODFE�QSPGFTTJPOBM�

��� 1SPOF�UP�DPNQMJDBUFE�DIFNJDBM�BOE�NJDSPCJPMPHJDBM�
QSPCMFNT�

��� &GnVFOU�NJHIU�SFRVJSF�GVSUIFS�USFBUNFOU��EJTJOGFDUJPO�
CFGPSF�EJTDIBSHF�

��� /PU�BMM�QBSUT�BOE�NBUFSJBMT�NBZ�CF�BWBJMBCMF�MPDBMMZ�

��� 5FDIOJDBM�DPNQMFYJUZ��SFRVJSFT�FYQFSU�EFTJHO�BOE�
TVQFSWJTJPO�

��� 3FRVJSFT�MBSHF�BNPVOU�PG�FOFSHZ�JOQVU��NBJOMZ�
BFSBUJPO�

��� $POTUBOU�TPVSDF�PG�FMFDUSJDJUZ�JT�SFRVJSFE�

��� .JYJOH�PG�JOEVTUSJBM�FGnVFOU�XJUI�EPNFTUJD�XBTUFXBUFS�
DBO�MFBE�UP�UPYJDJUZ�BOE�NBKPS�NBMGVODUJPOJOH��

U
Disadvantages

��� (PPE�SFTJTUBODF�BHBJOTU�TIPDL�MPBEJOH�

��� $BO�CF�PQFSBUFE�BU�B�XJEF�SBOHF�PG�PSHBOJD�BOE�
IZESBVMJD�MPBEJOH�SBUFT�

��� )JHI�FGnVFOU�RVBMJUZ�BOE�IJHI�SFEVDUJPO�PG�#0%�BOE�
QBUIPHFOT�	VQ�UP����
�

��� $BO�CF�NPEJmFE�UP�NFFU�TQFDJmD�EJTDIBSHF�MJNJUT�

��� 4NBMM�MBOE�SFRVJSFE�

D
Advantages

UBOLT��

• 5IF�JOnVFOU�BOE�FGnVFOU�nPXT�TIPVME�CF�TVQFSWJTFE�BOE�
DPOUSPMMFE�DPOTUBOUMZ�	F�H��CZ�B�DFOUSBMJ[FE�DPNQVUFSJ[FE�
NPOJUPSJOH�TZTUFN
�UP�FOTVSF�PQUJNBM�MJWJOH�DPOEJUJPOT�GPS�
UIF�SFRVJSFE�CBDUFSJB�BSF�HVBSBOUFFE�

• 5XP�PG�UIF�NPTU�TFSJPVT�QSPCMFNT�XJUI�UIF�BDUJWBUFE�TMVEHF�
QSPDFTT�BSF�	J
�B�QIFOPNFOPO�LOPXO�BT�CVMLJOH
�JO�XIJDI�
UIF�TMVEHF�GSPN�UIF�BFSBUJPO�UBOL�XJMM�OPU�TFUUMF
�BOE�	JJ
�
UIF�EFWFMPQNFOU�PG�CJPMPHJDBM�TVSGBDF�GPBN��*U�JT�JNQPSUBOU�
UIBU�UIFTF�DPOEJUJPOT�BSF�DPOUSPMMFE�CFGPSF�UIF�TZTUFN�GBJMT�
TFSJPVTMZ�

• #VMLJOH�DBO�CF�DBVTFE�FJUIFS�CZ�PSHBOJTNT�UIBU�HSPX�JO�
mMBNFOUPVT�GPSN�JOTUFBE�PG�nPDT�BOE�XJMM�OPU�TFUUMF
�PS�UIF�
HSPXUI�PG�NJDSPPSHBOJTNT�UIBU�JODPSQPSBUF�MBSHF�WPMVNFT�
PG�XBUFS�JOUP�UIFJS�DFMM�TUSVDUVSF
�NBLJOH�UIFJS�EFOTJUZ�OFBS�
UIBU�PG�XBUFS��'JMBNFOUPVT�PSHBOJTNT�DBO�CF�DPOUSPMMFE�
CZ�UIF�BEEJUJPO�PG�DIFNJDBMT�	F�H��DIMPSJOF�PS�IZESPHFO�
QFSPYJEF
�UP�UIF�SFDZDMFE�BDUJWBUFE�TMVEHF��UIF�BMUFSBUJPO�
PG�UIF�EJTTPMWFE�PYZHFO�DPODFOUSBUJPO�JO�UIF�BFSBUJPO�UBOL��
UIF�BEEJUJPO�PG�OVUSJFOUT�BOE�HSPXUI�GBDUPST�UP�GBWPS�PUIFS�
NJDSPPSHBOJTNT�FUD��

• 'PBNJOH�	UIF�EFWFMPQNFOU�PG�CJPMPHJDBM�TVSGBDF�GPBN
�JT�
DBVTFE�NPTU�PGUFO�CZ�UIF�FYDFTTJWF�HSPXUI�PG�BO�PSHBOJTN�
DBMMFE�/PDBSEJB��/PDBSEJB�DBO�CF�DPOUSPMMFE�CZ�BWPJEJOH�
UIF�SFDZDMJOH�PG�UIF�TLJNNFE�GPBN�PS�UIF�BEEJUJPO�PG�B�
DIFNJDBM�BHFOU�	F�H��QPMZNFST�PS�DIMPSJOF
�PO�UIF�TVSGBDF�
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����������
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TMVEHF�NPEFMJOH��4UBUF�PG�QSPDFTT�LOPXMFEHF
�NPEFMJOH�DPODFQUT
�BOE�MJNJUBUJPOT��#JPUFDIOPMPHZ�BOE�CJPFOHJOFFSJOH
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�������

��� -VEXJH
�)'��BOE�.PIJU
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�-JRVJE�BOE�)B[BSEPVT�
8BTUF�GPS�4*%4�JO�UIF�$BSJCCFBO�3FHJPO��/BJSPCJ��6OJUFE�/BUJPOT�&OWJSPONFOU�1SPHSBNNF�(MPCBM�1SPHSBNNF�PG�"DUJPO�	6/&1�
(1"
�BOE�$BSJCCFBO�&OWJSPONFOUBM�)FBMUI�*OTUJUVUF�	$&)*
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6/&1�(1"�i(VJEFMJOFT�PO�.VOJDJQBM�8BTUFXBUFS�.BOBHFNFOUw��5IF�)BHVF��6OJUFE�/BUJPOT�&OWJSPONFOU�1SPHSBNNF�(MPCBM�
1SPHSBNNF�PG�"DUJPO�	6/&1�(1"

�$PPSEJOBUJPO�0GmDF��

���� WPO�4QFSMJOH
�.��BOE�EF�-FNPT�$IFSOJDIBSP
�$�"��	����
��#JPMPHJDBM�8BTUFXBUFS�5SFBUNFOU�JO�8BSN�$MJNBUF�3FHJPOT
�7PMVNF�
5XP��*8"
�-POEPO�

��
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Description
5IF�4FRVFODJOH�#BUDI�3FBDUPS�	4#3
�JT�B�mMM�BOE�ESBX�BDUJWBUFE�
TMVEHF�USFBUNFOU�TZTUFN��5IF�QSPDFTTFT�BSF�TJNJMBS�UP�UIF�
DPOWFOUJPOBM�BDUJWBUFE�TMVEHF�TZTUFN��5IF�4#3
�IPXFWFS
�VTFT�
B�TJOHMF�SFBDUPS�CBTJO�GPS�BFSBUJPO�BOE�TFEJNFOUBUJPO��0OF�
PS�NVMUJQMF�DPNQBSUNFOUT�DBO�CF�VTFE��4#3
�PYJEBUJPO�EJUDI�
BOE�TVCNFSHFE�NFNCSBOF�CJPSFBDUPS�BSF�CJPMPHJDBM�TFXBHF�
USFBUNFOU�QSPDFTTFT�JEFOUJmFE�BT�QSFGFSSFE�QSPDFTTFT�GPS�B�
DBQBDJUZ�PG���
����UP���
����N��E�

Design Criteria
4#3T�HFOFSBMMZ�EP�OPU�IBWF�QSJNBSZ�TFUUMJOH�UBOLT��UIFSFGPSF
�
FGGFDUJWF�SFNPWBM�PG�HSJU
�EFCSJT
�QMBTUJDT
�FYDFTTJWF�PJM�PS�
HSFBTF
�BOE�TDVN
�BT�XFMM�BT�TDSFFOJOH�PG�TPMJET�TIPVME�CF�
BDDPNQMJTIFE�QSJPS�UP�UIF�4#3�QSPDFTT�

*O�BEEJUJPO�UP�UIF�LFZ�EFTJHO�QBSBNFUFST�	JOnVFOU�DIBSBDUFSJTUJDT�
PG�UIF�XBTUFXBUFS�BOE�UIF�FGnVFOU�SFRVJSFNFOUT�GPS�UIF�
QSPQPTFE�TZTUFN

�UIF�EFTJHO�JODMVEF�EFUFSNJOJOH�OVNCFS�
PG�DZDMFT�QFS�EBZ
�OVNCFS�PG�CBTJOT
�EFDBOU�WPMVNF
�SFBDUPS�
TJ[F
�BOE�EFUFOUJPO�UJNFT��"EEJUJPOBMMZ
�UIF�BFSBUJPO�FRVJQNFOU
�
EFDBOUFS
�BOE�BTTPDJBUFE�QJQJOH�DBO�UIFO�CF�TJ[FE�

(FOFSBM�EFTJHO�DSJUFSJB�JODMVEF�

• %FUFOUJPO�UJNF��������NJO�

• #0%�MPBEJOH������������LH�#0%�LH�

• "SFB�SFRVJSFNFOU�������
����N2�GPS�FRVJWBMFOU�QFPQMF�PG�
�
�������
����

Blackwater

Semi-centralized and CentralizedSequencing Batch Reactor (SBR)  
T E C H N O L O G Y SOURCE

SCALE

Applications
$BQBCMF�PG�IBOEMJOH�EPNFTUJD
�DPNNFSDJBM
�BOE�JOEVTUSJBM�
XBTUFT�JO�MJNJUFE�TQBDFT��"MTP�nFYJCMF�GPS�USFBUNFOU�JO�B�
DPNNVOJUZ�MFWFM�TDBMF��

4#3T�BSF�UZQJDBMMZ�VTFE�BU�nPX�SBUFT�PG���.(%�PS�MFTT��5IF�NPSF�
TPQIJTUJDBUFE�PQFSBUJPO�SFRVJSFE�BU�MBSHFS�4#3�QMBOUT�UFOET�UP�
EJTDPVSBHF�UIF�VTF�PG�UIFTF�QMBOUT�GPS�MBSHF�nPX�SBUFT�

Capacity
3FDPNNFOEFE�DBQBDJUZ�SBOHF�PG��
��������
����N��EBZ�PS�BO�
VSCBO�DPNNVOJUZ�XJUI�B�QPQVMBUJPO�PG�BCPVU��
����UP����
�����
4NBMMFS�QMBOUT�UP�����N��EBZ�DBQBDJUZ�DBO�CF�NBEF�BWBJMBCMF�

Costs
*U�WBSJFT�EFQFOEJOH�PO�UIF�RVBMJUZ�PG�XBTUF�TUSFBN
�MPDBM�
DPOEJUJPOT�BOE�RVBMJUZ�PG�USFBUFE�XBTUF�TUSFBNT��

Components
5IF�4#3�TZTUFN�DPOTJTUT�PG�B�UBOL
�BFSBUJPO�BOE�NJYJOH�
FRVJQNFOU
�B�EFDBOUFS
�BOE�B�DPOUSPM�TZTUFN��5IF�DFOUSBM�
GFBUVSFT�PG�UIF�4#3�TZTUFN�JODMVEF�UIF�DPOUSPM�VOJU�BOE�UIF�
BVUPNBUJD�TXJUDIFT�BOE�WBMWFT�UIBU�TFRVFODF�BOE�UJNF�UIF�
EJGGFSFOU�PQFSBUJPOT��4#3�NBOVGBDUVSFST�TIPVME�CF�DPOTVMUFE�GPS�
SFDPNNFOEBUJPOT�PO�UBOLT�BOE�FRVJQNFOU�

Operating Principles
5IF�4#3�TZTUFN�JT�B�TFU�PG�UBOLT�UIBU�PQFSBUF�PO�B�mMM�BOE�ESBX�
CBTJT��&BDI�UBOL�JO�UIF�4#3�TZTUFN�JT�mMMFE�EVSJOH�B�EJTDSFUF�
QFSJPE�PG�UJNF�BOE�UIFO�PQFSBUFE�BT�B�CBUDI�SFBDUPS��"GUFS�
EFTJSFE�USFBUNFOU
�UIF�NJYFE�MJRVPS�JT�BMMPXFE�UP�TFUUMF�BOE�UIF�
DMBSJmFE�TVQFSOBUBOU�JT�UIFO�ESBXO�GSPN�UIF�UBOL��5IF�DZDMF�GPS�
FBDI�UBOL�JO�B�UZQJDBM�4#3�JT�EJWJEFE�JOUP�mWF�EJTDSFUF�QFSJPET��
'JMM
�3FBDU
�4FUUMF
�%SBX�BOE�*EMF�BT�TIPXO�JO�UIF�mHVSF�CFMPX��

)LOO��5IF�GFFE�WPMVNF�JT�EFUFSNJOFE�CBTFE�GBDUPST�JODMVEJOH�
EFTJSFE�MPBEJOH�BOE�EFUFOUJPO�UJNF�BOE�FYQFDUFE�TFUUMJOH�
DIBSBDUFSJTUJDT�PG�UIF�PSHBOJTNT��5IF�UJNF�PG�'JMM�EFQFOET�
VQPO�UIF�WPMVNF�PG�FBDI�UBOL
�UIF�OVNCFS�PG�QBSBMMFM�UBOLT�JO�
PQFSBUJPO
�BOE�UIF�FYUFOU�PG�EJVSOBM�WBSJBUJPOT�JO�UIF�XBTUFXBUFS�
nPX�SBUF��

"OZ�BFSBUJPO�TZTUFN�	F�H�
�EJGGVTFE
�nPBUJOH�NFDIBOJDBM
�PS�
KFU
�DBO�CF�VTFE��5IF�JEFBM�BFSBUJPO�TZTUFN�NVTU�CF�BCMF�UP�
QSPWJEF�CPUI�B�SBOHF�PG�NJYJOH�JOUFOTJUJFT
�GSPN�[FSP�UP�DPNQMFUF�
BHJUBUJPO
�BOE�UIF�nFYJCJMJUZ�PG�NJYJOH�XJUIPVU�BFSBUJPO��

5HDFW��#JPMPHJDBM�SFBDUJPOT
�XIJDI�BSF�JOJUJBUFE�EVSJOH�'JMM
�BSF�
DPNQMFUFE�EVSJOH�3FBDU��"T�JO�'JMM
�BMUFSOBUJOH�DPOEJUJPOT�PG�MPX�
EJTTPMWFE�PYZHFO�DPODFOUSBUJPOT�	F�H�
�NJYFE�SFBDU
�BOE�IJHI�
EJTTPMWFE�PYZHFO�DPODFOUSBUJPOT�	F�H��BFSBUFE�SFBDU
�NBZ�CF�

���%FDBOU������*EMF ���"OPYJD�mMM

���"FSBUFE�mMM

���3FBDU
���4FUUMF

5IF�4#3�QSPDFTT�DZDMF
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Operation and Maintenance
5IF�PQFSBUJPO�PG�BO�4#3�JT�CBTFE�PO�UIF�mMM�BOE�ESBX�QSJODJQMF
�
XIJDI�DPOTJTUT�PG�UIF��*EMF
�'JMM
�3FBDU
�4FUUMF
�BOE�%SBX�QSPDFTT��
.PSF�UIBO�POF�PQFSBUJOH�TUSBUFHZ�JT�QPTTJCMF�EVSJOH�NPTU�PG�
UIFTF�TUFQT��'PS�JOEVTUSJBM�XBTUFXBUFS�BQQMJDBUJPOT
�USFBUBCJMJUZ�
TUVEJFT�BSF�UZQJDBMMZ�SFRVJSFE�UP�EFUFSNJOF�UIF�PQUJNVN�
PQFSBUJOH�TFRVFODF��

'PS�NPTU�NVOJDJQBM�XBTUFXBUFS�USFBUNFOU�QMBOUT
�USFBUBCJMJUZ�
TUVEJFT�BSF�OPU�SFRVJSFE�UP�EFUFSNJOF�UIF�PQFSBUJOH�TFRVFODF�

Reliability
3FMBUJWFMZ�FBTZ�UP�PQFSBUF�EVF�UP�NJDSP�QSPDFTT�UFDIOPMPHZ�BOE�
GFXFS�NFDIBOJDBM�FRVJQNFOU��*U�JT�WFSZ�SFMJBCMF�QSPWJEFE�SFHVMBS�
FOFSHZ�TVQQMZ�

(SFBUFS�nFYJCJMJUZ�JT�BDIJFWFE�CZ�DIBOHJOH�PQFSBUJPOBM�TUSBUFHZ�
	DZDMF�EVSBUJPO
�DZDMF�TFRVFODF�BOE�BFSBUJPO�NJYJOH�TUSBUFHZ
��

Regulatory/Institutional Issues
3FRVJSFT�BO�FOUJUZ�UP�PQFSBUF�BOE�NBJOUBJO�UIF�GBDJMJUZ�

<[PSP[`�
�,MÄJPLUJ`
5IF�QFSGPSNBODF�PG�4#3T�JT�UZQJDBMMZ�DPNQBSBCMF�UP�
DPOWFOUJPOBM�BDUJWBUFE�TMVEHF�TZTUFNT�BOE�EFQFOET�PO�TZTUFN�
EFTJHO�BOE�TJUF�TQFDJmD�DSJUFSJB��1FSGPSNBODFT�BSF�FYDFMMFOU�JO�
NPTU�DBTFT�IBWJOH�#0%�BOE�544�SFNPWBM�SBUF�PG�BCPVU�����������

Replication Potential 
1BDLBHFE�QMBOUT�BMSFBEZ�BWBJMBCMF
�CVU�EFTJHO
�NBUFSJBMT
�
FRVJQNFOU�BOE�MBCPS�BSF�BMTP�SFBEJMZ�BWBJMBCMF�

SFRVJSFE��5JNF�EFEJDBUFE�UP�SFBDU�DBO�CF�BT�IJHI�BT�����PS�
NPSF�PG�UPUBM�DZDMF�UJNF��5IF�FOE�PG�3FBDU�NBZ�CF�EJDUBUFE�CZ�B�
UJNF�TQFDJmDBUJPO�	F�H��UIF�UJNF�JO�3FBDU�TIBMM�BMXBZT�CF�����I
�
PS�B�MFWFM�DPOUSPMMFS�JO�BO�BEKBDFOU�UBOL�

6HWWOH��4PMJET�TFQBSBUJPO�UBLFT�QMBDF�VOEFS�RVJFTDFOU�
DPOEJUJPOT�	J�F�
�XJUIPVU�JOnPX�PS�PVUnPX
�JO�B�UBOL
�XIJDI�NBZ�
IBWF�B�WPMVNF�NPSF�UIBO�UFO�UJNFT�UIBU�PG�UIF�TFDPOEBSZ�DMBSJmFS�
VTFE�GPS�DPOWFOUJPOBM�DPOUJOVPVT�nPX�BDUJWBUFE�TMVEHF�QMBOU��

'UDZ��'HFDQW���5IF�XJUIESBXBM�NFDIBOJTN�NBZ�UBLF�POF�PG�
TFWFSBM�GPSNT
�JODMVEJOH�B�QJQF�mYFE�BU�TPNF�QSFEFUFSNJOFE�
MFWFM�XJUI�UIF�nPX�SFHVMBUFE�CZ�BO�BVUPNBUJD�WBMWF�PS�B�QVNQ
�
PS�BO�BEKVTUBCMF�PS�nPBUJOH�XFJS�BU�PS�KVTU�CFOFBUI�UIF�MJRVJE�
TVSGBDF��5IF�UJNF�EFEJDBUFE�UP�%SBX�DBO�SBOHF�GSPN���UP�NPSF�
UIBO������PG�UIF�UPUBM�DZDMF�UJNF��

,GOH��5IF�QFSJPE�CFUXFFO�%SBX�BOE�'JMM�JT�UFSNFE�*EMF��5IJT�
iJEMFw�UJNF�DBO�CF�VTFE�FGGFDUJWFMZ�UP�XBTUF�TFUUMFE�TMVEHF��
8IJMF�TMVEHF�XBTUJOH�DBO�CF�BT�JOGSFRVFOU�BT�PODF�FWFSZ�
��UP���NPOUIT
�NPSF�GSFRVFOU�TMVEHF�XBTUJOH�QSPHSBNT�BSF�
SFDPNNFOEFE�UP�NBJOUBJO�QSPDFTT�FGmDJFODZ�BOE�TMVEHF�
TFUUMJOH�

CFDBVTF�NVOJDJQBM�XBTUFXBUFS�nPX�SBUFT�BOE�DIBSBDUFSJTUJD�
WBSJBUJPOT�BSF�VTVBMMZ�QSFEJDUBCMF�BOE�NPTU�NVOJDJQBM�EFTJHOFST�
XJMM�GPMMPX�DPOTFSWBUJWF�EFTJHO�BQQSPBDIFT�

4#3T�PQFSBUF�JO�UJNF�SBUIFS�UIBO�JO�TQBDF�BOE�UIF�OVNCFS�PG�
DZDMFT�QFS�EBZ�DBO�CF�WBSJFE�UP�DPOUSPM�EFTJSFE�FGnVFOU�MJNJUT
�
PGGFSJOH�BEEJUJPOBM�nFYJCJMJUZ�XJUI�BO�4#3�

5IF�4#3�TZTUFN�DPOTJTUT�PG�UIF�DPOUSPMT
�BVUPNBUJD�WBMWFT
�
BOE�BVUPNBUJD�TXJUDIFT��5IFTF�TZTUFNT�NBZ�SFRVJSF�NPSF�
NBJOUFOBODF�UIBO�B�DPOWFOUJPOBM�BDUJWBUFE�TMVEHF�TZTUFN��"O�
JODSFBTFE�MFWFM�PG�TPQIJTUJDBUJPO�VTVBMMZ�FRVBUFT�UP�NPSF�JUFNT�
UIBU�DBO�GBJM�PS�SFRVJSF�NBJOUFOBODF��5IF�MFWFM�PG�TPQIJTUJDBUJPO�
NBZ�CF�WFSZ�BEWBODFE�JO�MBSHFS�4#3�XBTUFXBUFS�USFBUNFOU�
QMBOUT�SFRVJSJOH�B�IJHIFS�MFWFM�PG�NBJOUFOBODF�PO�UIF�BVUPNBUJD�
WBMWFT�BOE�TXJUDIFT�

��� "�IJHIFS�MFWFM�PG�TPQIJTUJDBUJPO�JT�SFRVJSFE�
	DPNQBSFE�UP�DPOWFOUJPOBM�TZTUFNT

�FTQFDJBMMZ�GPS�
MBSHFS�TZTUFNT
�PG�UJNJOH�VOJUT�BOE�DPOUSPMT�

��� .PTU�PG�UIF�DPNQPOFOU�QBSUT�BSF�QBUFOUFE�BOE�
DPNFT�GSPN�BCSPBE

��� .PSF�FYQFOTJWF�UIBO�PUIFS�USFBUNFOU�NFUIPET��
)JHIFS�MFWFM�PG�NBJOUFOBODF�	DPNQBSFE�UP�
DPOWFOUJPOBM�TZTUFNT
�BTTPDJBUFE�XJUI�NPSF�
TPQIJTUJDBUFE�DPOUSPMT
�BVUPNBUFE�TXJUDIFT
�BOE�
BVUPNBUFE�WBMWFT

��� 1PUFOUJBM�PG�EJTDIBSHJOH�nPBUJOH�PS�TFUUMFE�TMVEHF�
EVSJOH�UIF�%3"8�PS�EFDBOU�QIBTF�XJUI�TPNF�4#3�
DPOmHVSBUJPOT�

��� *O�DBTF�PG�QPXFS�GBJMVSF
�SFBDUPS�NBZ�PWFSnPX

��� 3FRVJSFT�NPSF�TLJMMFE�BUUFOUJPO

U
Disadvantages

��� &GmDJFOU�USFBUNFOU

��� )BOEMFT�IZESBVMJD�BOE�PSHBOJD�TIPDL�MPBET�	IJHI�
JOnPX�WBSJBUJPO


��� .PEVMBS�DPOTUSVDUJPO�GBDJMJUBUFT�GVUVSF�FYQBOTJPO

��� 1SPWJEFT�B�TJNQMF�BOE�SFMJBCMF�XBTUFXBUFS�USFBUNFOU�
QSPDFTT�XJUIJO�B�CBTJO�	TJNQMF�EFTJHO�BOE�
DPOTUSVDUJPO


��� )JHIMZ�nFYJCMF�BOE�GVMMZ�BVUPNBUJD

��� 3FMBUJWFMZ�TNBMM�TQBDF�SFRVJSFNFOU

D
Advantages
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��� 4JOHI
�.�
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Description
$POTUSVDUFE�XFUMBOET�BSF�TFDPOEBSZ�USFBUNFOU�GBDJMJUJFT�
GPS�IPVTFIPME�BOE�PS�CJPEFHSBEBCMF�NVOJDJQBM�PS�JOEVTUSJBM�
XBTUFXBUFS��5IFSF�BSF�UISFF�EJGGFSFOU�UZQFT�PG�DPOTUSVDUFE�
XFUMBOET�DMBTTJmFE�BDDPSEJOH�UP�UIF�XBUFS�nPX�SFHJNF�BT�J
�
GSFF�TVSGBDF�DPOTUSVDUFE�XFUMBOET
�JJ
�IPSJ[POUBM�nPX�DPOTUSVDUFE�
XFUMBOET
�BOE�JJJ
�WFSUJDBM�nPX�DPOTUSVDUFE�XFUMBOET��5IFTF�UISFF�
UZQFT�PG�$8T�NBZ�CF�DPNCJOFE�BT�IZCSJE�DPOTUSVDUFE�XFUMBOET�
JO�PSEFS�UP�FYQMPJU�UIF�TQFDJmD�BEWBOUBHFT�PG�UIF�EJGGFSFOU�
TZTUFNT��5IF�GSFF�TVSGBDF�DPOTUSVDUFE�XFUMBOET�TZTUFNT
�UP�
CF�QSFTFOUFE�IFSF
�UZQJDBMMZ�DPOTJTU�PG�CBTJOT�PS�DIBOOFMT
�XJUI�
TPNF�TPSU�PG�TVCTVSGBDF�CBSSJFS�UP�QSFWFOU�TFFQBHF
�TPJM�PS�
BOPUIFS�TVJUBCMF�NFEJVN�UP�TVQQPSU�UIF�FNFSHFOU�WFHFUBUJPO��

Design Criteria
5IF�USFBUNFOU�QSPDFTTFT�UIBU�PDDVS�JO�BO�BSUJmDJBM�XFUMBOE�BSF�
TJNJMBS�UP�UIPTF�UIBU�PDDVS�JO�PUIFS�GPSNT�PG�MBOE�USFBUNFOU��
3FNPWBM�PG�TFUUMFBCMF�PSHBOJDT�PDDVST�QSJNBSJMZ�BT�B�SFTVMU�
PG�TFEJNFOUBUJPO�XIFSFBT�SFNPWBM�PG�DPMMPJEBM�BOE�TPMVCMF�
PSHBOJDT�PDDVST�QSJNBSJMZ�CZ�BFSPCJD�NJDSPCJBM�PYJEBUJPO�

%FTJHO�DSJUFSJB�GPS�GSFF�TVSGBDF�UZQF�XFUMBOET�EFQFOE�PO�UIF�
FYQFDUFE�USFBUNFOU�QFSGPSNBODFT��5IF�USFBUNFOU�QFSGPSNBODF�
JT�B�GVODUJPO�PG�EFUFOUJPO�UJNF
�HSPVOE�TMPQF
�XBUFS�EFQUI
�
WFHFUBUJPO
�BSFBM�FYUFOU
�BOE�HFPNFUSJD�TIBQF��.PSFPWFS
�
QSFDJQJUBUJPO
�JOmMUSBUJPO
�FWBQPUSBOTQJSBUJPO
�IZESBVMJD�MPBEJOH�
SBUF
�BOE�XBUFS�EFQUI�DBO�BMM�BGGFDU�UIF�SFNPWBM�PG�PSHBOJDT
�
OVUSJFOUT
�BOE�USBDF�FMFNFOUT�OPU�POMZ�CZ�BMUFSJOH�UIF�EFUFOUJPO�
UJNF
�CVU�BMTP�CZ�FJUIFS�DPODFOUSBUJOH�PS�EJMVUJOH�UIF�XBTUFXBUFS��

*O�TFMFDUJOH�B�TJUF�GPS�B�GSFF�XBUFS�TVSGBDF�XFUMBOE
�UIF�
VOEFSMZJOH�TPJM�QFSNFBCJMJUZ�NVTU�CF�DPOTJEFSFE��5IF�NPTU�
EFTJSBCMF�TPJM�QFSNFBCJMJUZ�JT�������UP������N�T��5ZQJDBMMZ�CFE�
EFQUI�JT�BCPVU�����N�

"�EFUFOUJPO�UJNF�PG�����EBZT�IBT�CFFO�SFQPSUFE�UP�CF�PQUJNBM�
GPS�UIF�USFBUNFOU�PG�QSJNBSZ�BOE�TFDPOEBSZ�XBTUFXBUFS��4IPSUFS�
EFUFOUJPO�UJNFT�EP�OPU�BDIJFWF�SFRVJSFE�QPMMVUBOU�EFHSBEBUJPO��
PO�UIF�PUIFS�IBOE�MPOHFS�EFUFOUJPO�UJNFT�DBO�MFBE�UP�TUBHOBOU
�
BOBFSPCJD�DPOEJUJPOT�

5IF�EFUBJMFE�EFTJHO�TUBOEBSET�BSF�BWBJMBCMF�GPS�TQFDJmD�MPDBM�
DPOEJUJPO�BOE�nPX�DIBSBDUFSJTUJDT��(FOFSBM�HVJEF�BT�QFS�64&1"�
BSF�

• )ZESBVMJD�3FUFOUJPO�5JNF�	)35
����UP���EBZT�JO�FBDI�DFMM�

• %FQUI��4VSGBDF�'MPX�����N�UP����N�

• 0QFO�8BUFS�;POF��ö����N�

• -�8�3BUJP������UP�����

• 7FHFUBUJPO�1PSPTJUZ������UP������

Blackwater

Semi-centralized and CentralizedConstructed Wetland: A Free Surface Type
T E C H N O L O G Y SOURCE

SCALE

Applications
8FUMBOE�TZTUFNT�DBO�CF�NPTU�DPTU�FGGFDUJWF�USFBUNFOU�
BMUFSOBUJWFT�XIFSF�TVJUBCMF�MBOE�JT�BWBJMBCMF�BU�SFBTPOBCMF�DPTU��
5IFZ�BMTP�QSPWJEF�FOIBODFE�IBCJUBU�BOE�SFDSFBUJPOBM�WBMVFT��
-BOE�SFRVJSFNFOUT�BOE�DPTUT�UFOE�UP�GBWPS�BQQMJDBUJPO�PG�'84�
UFDIOPMPHZ�JO�SVSBM�BSFBT�

Capacity
7BSJFT�GSPN�TNBMM�DPNNVOJUZ�MFWFM�UP�B�MBSHF�DJUZ�TDBMF�

Components
5IF�UPUBM�TJUF�BSFB�XJMM�JODMVEF�UIF�TVSGBDF�BSFB�PG�UIF�'SFF�
8BUFS�4VSGBDF�	'84
�XFUMBOET
�UIF�EJLF�BSFB
�CVGGFS�[POF�	JG�
SFRVJSFE
�BSPVOE�UIF�XFUMBOET
�BOE�UIF�BSFB�PG�UIF�BDDFTT�SPBET�
BTTPDJBUFE�XJUI�UIF�TJUF�

'SFF�TVSGBDF�nPX�UZQF�DPOTUSVDUFE�XFUMBOE
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Operation and Maintenance
5IF�NPTU�JNQPSUBOU�NBJOUFOBODF�UBTL�JODMVEFT�SFHVMBS�DIFDLJOH�
PG�UIF�FGmDJFODZ�PG�UIF�QSF�USFBUNFOU�QSPDFTT
�PG�QVNQT
�PG�
JOnVFOU�MPBE�BOE�EJTUSJCVUJPO�PO�XFUMBOE��

3FHVMBS�NBJOUFOBODF�TIPVME�FOTVSF�UIBU�XBUFS�JT�OPU�TIPSU�
DJSDVJUJOH
�PS�CBDLJOH�VQ�CFDBVTF�PG�GBMMFO�CSBODIFT
�HBSCBHF
�
PS�CFBWFS�EBNT�CMPDLJOH�UIF�XFUMBOE�PVUMFU��7FHFUBUJPO�NBZ�
IBWF�UP�CF�DVU�CBDL�PS�UIJOOFE�PVU�QFSJPEJDBMMZ�

'MPXT�NVTU�CF�CBMBODFE
�BOE�XBUFS�MFWFMT�JO�UIF�XFUMBOET�
BEKVTUFE�PDDBTJPOBMMZ��*O�TPNF�DMJNBUFT�UIF�WFHFUBUJPO�NVTU�CF�
SFHVMBSMZ�IBSWFTUFE��

5ZQJDBM�GBJMVSFT�JO�'84�XFUMBOET�BSF�DBVTFE�CZ�FYDFTT�PSHBOJD�
MPBEJOH�XIJDI�UVSOT�UIF�XFUMBOE�UP�BOBFSPCJD�DPOEJUJPO�DBVTJOH�
PEPST�BOE�QPUFOUJBMMZ�LJMMJOH�UIF�FNFSHFOU�WFHFUBUJPO��&YDFTT�
TPMJET�XJMM�DSFBUF�QSPCMFNT�GPS�FNFSHFOU�WFHFUBUJPO�JG�BMMPXFE�UP�
TFUUMF�JO�UIF�'48�XFUMBOET��

4FSWJDF�QSPWJEFST�XIP�QFSGPSN�0�.�GPS�DPOTUSVDUFE�XFUMBOET�
NVTU�IBWF�BQQSPQSJBUF�USBJOJOH�BOE�FYQFSUJTF��

Reliability
$BQBCJMJUZ�UP�IBOEMF�IZESBVMJD�TIPDL�MPBEJOHT��1SPDFTT�JT�
nFYJCMF�XJUI�DPOTJTUFOU�UP�IJHI�RVBMJUZ�FGnVFOU��

Replication Potential 
1BDLBHFE�QMBOUT�BMSFBEZ�BWBJMBCMF
�CVU�EFTJHO
�NBUFSJBMT
�
FRVJQNFOU�BOE�MBCPS�BSF�BMTP�SFBEJMZ�BWBJMBCMF�

Regulatory/Institutional Issues
*U�XJMM�CF�HVJEFE�CZ�UIF�MPDBM�BVUIPSJUJFT��TUBOEBSE�CZF�MBXT�BOE�
EFTJHO�NBOVBM�

4FUUMFBCMF�BOE�TVTQFOEFE�TPMJET�UIBU�BSF�OPU�SFNPWFE�JO�UIF�
QSJNBSZ�USFBUNFOU�BSF�FGGFDUJWFMZ�SFNPWFE�JO�UIF�XFUMBOE�CZ�
mMUSBUJPO�BOE�TFEJNFOUBUJPO��

"UUBDIFE�BOE�TVTQFOEFE�NJDSPCJBM�HSPXUI�JT�SFTQPOTJCMF�GPS�UIF�
SFNPWBM�PG�TPMVCMF�PSHBOJD�DPNQPVOET
�XIJDI�BSF�EFHSBEFE�
CJPMPHJDBMMZ�CPUI�BFSPCJDBMMZ�BOE�BOBFSPCJDBMMZ��5IF�PYZHFO�
SFRVJSFE�GPS�BFSPCJD�EFHSBEBUJPO�JT�TVQQMJFE�EJSFDUMZ�GSPN�UIF�
BUNPTQIFSF�CZ�EJGGVTJPO�PS�PYZHFO�MFBLBHF�GSPN�UIF�WFHFUBUJPO�
SPPUT�JOUP�UIF�SIJ[PTQIFSF
�IPXFWFS
�UIF�PYZHFO�USBOTGFS�GSPN�UIF�
SPPUT�JT�OFHMJHJCMF�

5IF�NFDIBOJTNT�GPS�QIPTQIPSVT�SFNPWBM�JO�DPOTUSVDUFE�
XFUMBOET�BSF�BETPSQUJPO
�DPNQMFYBUJPO�BOE�QSFDJQJUBUJPO
�
TUPSBHF
�QMBOU�VQUBLF�BOE�CJPUJD�BTTJNJMBUJPO�

5IF�SFNPWBM�NFDIBOJTNT�GPS�OJUSPHFO�JO�DPOTUSVDUFE�XFUMBOET�
BSF�NBOJGPME�BOE�JODMVEF�WPMBUJMJ[BUJPO
�BNNPOJmDBUJPO
�
OJUSJmDBUJPO�EFOJUSJmDBUJPO
�QMBOU�VQUBLF
�BOE�NBUSJY�BETPSQUJPO��
5IF�NBKPS�SFNPWBM�NFDIBOJTN�JO�NPTU�PG�UIF�DPOTUSVDUFE�
XFUMBOET�JT�NJDSPCJBM�OJUSJmDBUJPO�EFOJUSJmDBUJPO��"NNPOJB�
JT�PYJEJ[FE�UP�OJUSBUF�CZ�OJUSJGZJOH�CBDUFSJB�JO�BFSPCJD�[POFT��
/JUSBUFT�BSF�DPOWFSUFE�UP�OJUSPHFO�HBT�CZ�EFOJUSJGZJOH�CBDUFSJB�JO�
BOPYJD�BOE�BOBFSPCJD�[POFT�

<[PSP[`�
�,MÄJPLUJ`
#0%�SFNPWBM�FGmDJFODZ�JT���������)BT�SFNPWBM�FGmDJFODZ�FRVBM�
UP�UIBU�PG�UFSUJBSZ�USFBUNFOU�QMBOUT����

Costs
$POTUSVDUFE�XFUMBOET�BSF�VTVBMMZ�DIFBQFS�UP�CVJME��5IFSF�JT�
B�XJEF�WBSJBUJPO�PG�DPTU�GPS�UIFTF�TZTUFNT�PXJOH�UP�B�MBDL�PG�
EFTJHO�VOJGPSNJUZ��5PUBM�DPTUT�WBSZ�BDDPSEJOH�UP�UIF�MPDBUJPO
�
MBOE�WBMVFT�BOE�DPTUT�PG�UIF�DPOTUSVDUJPO�NBUFSJBMT�

4VSGBDF�nPX�DPOTUSVDUFE�XFUMBOET�IBWF�BMTP�PGUFO�MPXFS�
NBJOUFOBODF�BOE�SFQBJS�DPTUT�UIBO�TVCTVSGBDF�TZTUFNT�

Operating Principles
"�GSFF�TVSGBDF�DPOTUSVDUFE�XFUMBOE�	BMTP�DBMMFE�GSFF�XBUFS�
TVSGBDF�nPX
�JT�B�TFSJFT�PG�nPPEFE�QMBOUFE�DIBOOFMT�PS�B�CBTJO�
UIBU�BJNT�UP�SFQMJDBUF�OBUVSBM�XFUMBOE��

"T�XBUFS�TMPXMZ�nPXT�UISPVHI�UIF�XFUMBOE
�QBSUJDMFT�TFUUMF
�
QBUIPHFOT�BSF�EFTUSPZFE
�BOE�PSHBOJTNT�BOE�QMBOUT�VUJMJ[F�UIF�
OVUSJFOUT��*U�JT�FTQFDJBMMZ�BQQSPQSJBUF�GPS�QSF�USFBUFE�BOE�TFUUMFE�
XBTUFXBUFS��

5IF�QSPDFTT�PG�NFUBM�SFNPWBM�JO�XFUMBOET�JODMVEF�
TFEJNFOUBUJPO
�mMUSBUJPO
�BETPSQUJPO
�DPNQMFYBUJPO
�QSFDJQJUBUJPO
�
DBUJPO�FYDIBOHF
�QMBOU�VQUBLF�BOE�NJDSPCJBMMZ�NFEJBUFE�
SFBDUJPOT�FTQFDJBMMZ�PYJEBUJPO��"ETPSQUJPO�JOWPMWFT�UIF�CJOEJOH�
PG�NFUBM�JPOT�UP�UIF�QMBOU�PS�NBUSJY�TVSGBDF
�XIFSFBT�UIF�
QSFTFODF�PG�CBDUFSJB�DBVTFT�UIF�QSFDJQJUBUJPO�PG�NFUBM�PYJEFT�
BOE�TVMQIJEFT�XJUIJO�UIF�XFUMBOE��4PNF�XFUMBOE�TQFDJFT�IBWF�B�
XFMM�FTUBCMJTIFE�BCJMJUZ�GPS�EJSFDU�VQUBLF�PG�NFUBMT�
1BUIPHFOT�BSF�SFNPWFE�JO�XFUMBOE�EVSJOH�UIF�QBTTBHF�PG�
XBTUFXBUFS�UISPVHI�UIF�TZTUFN�NBJOMZ�CZ�TFEJNFOUBUJPO
�
mMUSBUJPO�BOE�BETPSQUJPO�CZ�CJPNBTT��0ODF�UIFTF�PSHBOJTNT�
BSF�FOUSBQQFE�XJUIJO�UIF�TZTUFN
�UIFJS�DPODFOUSBUJPO�EFDSFBTF�
SBQJEMZ
�NBJOMZ�CZ�UIF�QSPDFTTFT�PG�OBUVSBM�EJF�PGG�BOE�QSFEBUJPO�

$POTUSVDUFE�XFUMBOE
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��� (BVTT
�.��BOE�841�	����
��$POTUSVDUFE�8FUMBOET��"�1SPNJTJOH�8BTUFXBUFS�5SFBUNFOU�TZTUFN�GPS�4NBMM�-PDBMJUJFT��&YQFSJFODFT�

GSPN�-BUJO�"NFSJDB��8BTIJOHUPO�%�$���5IF�8PSME�#BOL��

��� (FSTCFSH
�3�
�&MLJOT
�#�
�-ZPO
�4�
�BOE�(PMENBO
�$��	����
��3PMF�PG�BRVBUJD�QMBOUT�JO�XBTUFXBUFS�USFBUNFOU�CZ�BSUJmDJBM�XFUMBOET��
8BUFS�3FTFBSDI
���	�

����������

��� )PGGNBOO
�)�
�1MBU[FS
�$�
�8JOLFS
�.�
��BOE�WPO�.VFODI
�&��	����
�5FDIOPMPHZ�SFWJFX�PG�DPOTUSVDUFE�XFUMBOET�4VCTVSGBDF�
nPX�DPOTUSVDUFE�XFUMBOET�GPS�HSFZXBUFS�BOE�EPNFTUJD�XBTUFXBUFS�USFBUNFOU���*OUFSOBUJPOBMF�;VTBNNFOBSCFJU�	(*;
�(NC)�
4VTUBJOBCMF�TBOJUBUJPO���FDPTBO�QSPHSBN�

��� ,BZPNCP
�4�
�.CXFUUF
��5�4�"�
�,BUJNB
�+�)�:�
��-BEFHBBSE
�/�
�BOE��+�SHFOTFO
�4�&�	����
��8BTUF�4UBCJMJ[BUJPO�1POET�"OE�
$POTUSVDUFE�8FUMBOET�%FTJHO�.BOVBM��6/&1�*&5$�XJUI�UIF�%BOJTI�*OUFSOBUJPOBM�%FWFMPQNFOU�"HFODZ��IUUQ���XXX�VOFQ�PSH�JFUD�
*OGPSNBUJPO3FTPVSDFT�1VCMJDBUJPOT�8BTUF4UBCJMJ[BUJPO1POETBOE8FUMBOET1VCMJDBUJPO�UBCJE�������%FGBVMU�BTQY

��� ,JWBJTJ
�"��,��	����
��5IF�QPUFOUJBM�GPS�DPOTUSVDUFE�XFUMBOET�GPS�XBTUFXBUFS�USFBUNFOU�BOE�SFVTF�JO�EFWFMPQJOH�DPVOUSJFT��B�SFWJFX��
&DPMPHJDBM�&OHJOFFSJOH
���	�

����������

��� .BSB
�%%��	����
��%PNFTUJD�XBTUFXBUFS�USFBUNFOU�JO�EFWFMPQJOH�DPVOUSJFT��&BSUITDBO
�-POEPO
�6,��QQ���o����

��� 6/�)"#*5"5�	����
��$POTUSVDUFE�8FUMBOET�.BOVBM��6/�)"#*5"5�8BUFS�GPS�"TJBO�$JUJFT�1SPHSBNNF�/FQBM
�,BUINBOEV�

��� 8BMUPO
�8�&��	����
��.BOBHJOH�.PTRVJUPFT�JO�4VSGBDF�'MPX�$POTUSVDUFE�5SFBUNFOU�8FUMBOET��3JWFSTJEF��6OJWFSTJUZ�PG�$BMJGPSOJB��

��� 7ZNB[BM
�+��	����
��$POTUSVDUFE�8FUMBOET�GPS�8BTUFXBUFS�5SFBUNFOU��'JWF�%FDBEFT�PG�&YQFSJFODFp��&OWJSPONFOUBM�TDJFODF�
��UFDIOPMPHZ
���	�

�������7ZNB[BM
�+��	����
��&NFSHFOU�QMBOUT�VTFE�JO�GSFF�XBUFS�TVSGBDF�DPOTUSVDUFE�XFUMBOET��"�SFWJFX��
&DPMPHJDBM�&OHJOFFSJOH��&DPMPHJDBM�&OHJOFFSJOH
�JO�QSFTT�
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��� .BZ�GBDJMJUBUF�NPTRVJUP�CSFFEJOH�

��� -POH�TUBSU�VQ�UJNF�UP�XPSL�BU�GVMM�DBQBDJUZ�

��� 3FRVJSFT�MBSHF�MBOE�BSFB�

��� 3FRVJSFT�FYQFSU�EFTJHO�BOE�TVQFSWJTJPO�

��� .PEFSBUF�DBQJUBM�DPTU�EFQFOEJOH�PO�MBOE
�MJOFS
�FUD�

��� /PU�WFSZ�UPMFSBOU�UP�DPME�DMJNBUFT�

��� '84�DPOTUSVDUFE�XFUMBOET�DBO�SFNPWF�GFDBM�
DPMJGPSNT�CZ�BU�MFBTU�POF�MPH�GSPN�UZQJDBM�NVOJDJQBM�
XBTUFXBUFST��5IJT�NBZ�OPU�CF�TVGmDJFOU�UP�NFFU�
EJTDIBSHF�MJNJUT�JO�BMM�MPDBUJPOT�BOE�TVQQMFNFOUBM�
EJTJOGFDUJPO�NBZ�CF�SFRVJSFE��5IF�TJUVBUJPO�JT�GVSUIFS�
DPNQMJDBUFE�CFDBVTF�CJSET�BOE�PUIFS�XJMEMJGF�JO�UIF�
XFUMBOE�QSPEVDF�GFDBM�DPMJGPSNT�

U
Disadvantages

��� 4ZTUFN�EPFT�OPU�SFRVJSFE�DIFNJDBM�BOE�FMFDUSJDBM�
FOFSHZ�

��� -FTT�FYQFOTJWF�UP�DPOTUSVDU�BOE�IBWF�B�MPX�
0QFSBUJPO�BOE�.BJOUFOBODF�DPTUT�

��� $BO�CF�CVJMU�BOE�SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT

��� 1SPWJEFT�BFTUIFUJDBMMZ�QMFBTJOH�iHSFFO�TQBDFw�UP�B�
DPNNVOJUZ
�BOE�JODMVEF�UIF�JODPSQPSBUJPO�PG�XJMEMJGF�
IBCJUBU�BOE�QVCMJD�SFDSFBUJPOBM�PQQPSUVOJUJFT�

��� )BWF�B�MFTT�PEPS�BOE�nJFT�JODJEFODF�

��� $BO�CF�DPNCJOFE�XJUI�BRVBDVMUVSF�BOE�BHSJDVMUVSF�
TFSWJDFT�

��� 5IF�SFNPWBM�PG�#0%
�544
�$0%
�NFUBMT
�BOE�
QFSTJTUFOU�PSHBOJDT�JO�NVOJDJQBM�XBTUFXBUFST�DBO�CF�
WFSZ�FGGFDUJWF�XJUI�B�SFBTPOBCMF�EFUFOUJPO�UJNF���5IF�
SFNPWBM�PG�OJUSPHFO�BOE�QIPTQIPSVT�DBO�BMTP�CF�
FGGFDUJWF�XJUI�B�TJHOJmDBOUMZ�MPOHFS�EFUFOUJPO�UJNF�

D
Advantages
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Description
"�)PSJ[POUBM�4VCTVSGBDF�'MPX�	)'84
�JT�B�MBSHF�HSBWFM�BOE�
TBOE�mMMFE�DIBOOFM�UIBU�JT�QMBOUFE�XJUI�BRVBUJD�WFHFUBUJPO��"T�
XBTUFXBUFS�nPXT�IPSJ[POUBMMZ�UISPVHI�UIF�DIBOOFM
�UIF�mMUFS�
NBUFSJBM�mMUFST�PVU�QBSUJDMFT�BOE�NJDSPPSHBOJTNT�EFHSBEF�
PSHBOJDT��3FNPWBM�PG�TFUUMFBCMF�PSHBOJDT�PDDVST�QSJNBSJMZ�BT�
B�SFTVMU�PG�TFEJNFOUBUJPO��3FNPWBM�PG�DPMMPJEBM�BOE�TPMVCMF�
PSHBOJDT�PDDVST�QSJNBSJMZ�CZ�BFSPCJD�NJDSPCJBM�PYJEBUJPO�

Design Criteria
5SFBUNFOU�QFSGPSNBODF�PG�B�)'84�XFUMBOE�JT�B�GVODUJPO�PG�
EFUFOUJPO�UJNF
�HSPVOE�TMPQF
�XBUFS�EFQUI
�WFHFUBUJPO
�BSFBM�
FYUFOU
�BOE�HFPNFUSJD�TIBQF��#BTJD�EFTJHO�QSJODJQMFT�JODMVEF���

• 5IF�TVSGBDF�PG�UIF�mMUFS�JT�LFQU�BU�B�MFWFM�TP�UIBU�FSPTJPO�JT�
QSFWFOUFE��5IF�CPUUPN�TMPQF�TIPVME�CF��������GSPN�JOMFU�UP�
PVUMFU�UP�BDIJFWF�HPPE�ESBJOBHF�

• 5IF�EFQUI�PG�mMUFS�CFET�JT�OPSNBMMZ�BSPVOE����DN�XJUI�BO�
BEEJUJPOBM����DN�GSFFCPBSE�GPS�XBUFS�BDDVNVMBUJPO�

• 5IF�SFRVJSFE�TQFDJmD�TVSGBDF�BSFB�JT�BCPVU������N¤�Q�F��
EFQFOEJOH�PO�UFNQFSBUVSF�BOE�PUIFS�GBDUPST��*O�XBSN�
DMJNBUFT�MFTT�BSFB�JT�SFRVJSFE�EVF�UP�UIF�IJHIFS�CJPMPHJDBM�
BDUJWJUZ��*O�DPME�DMJNBUFT�	F�H�
�&VSPQF
�UIF�NJOJNVN�EFTJHO�
WBMVF�TIPVME�OPU�CF�CFMPX���N¤�Q�F��

• 5IF�PSHBOJD�MPBEJOH�QFS�TVSGBDF�BSFB�TIPVME�OPU�FYDFFE�
�����H#0%�N¤rE�	���H$0%�N¤rE
�JO�DPME�DMJNBUFT��/P�EBUB�
JT�BWBJMBCMF�GPS�XBSN�DMJNBUFT�XJUI�DPBSTF�TBOE�TVCTUSBUF��

• 5IF�IZESBVMJD�MPBEJOH�TIPVME�CF�������NN�E�GPS�HSFZXBUFS�
BOE����NN�E�GPS�XBTUFXBUFS�

• )PXFWFS
�UIF�MJNJUJOH�GBDUPS�JT�UIF�PSHBOJD�MPBE
�XIJDI�
NFBOT�UIBU�HSFZXBUFS�DBO�QSPCBCMZ�CF�BQQMJFE�BU�IJHIFS�
IZESBVMJD�MPBET�

• 1SF�USFBUNFOU�JT�FTTFOUJBM�UP�QSFWFOU�DMPHHJOH�BOE�FOTVSF�
FGmDJFOU�USFBUNFOU�

• 5IF�CFE�TIPVME�CF�MJOFE�XJUI�BO�JNQFSNFBCMF�MJOFS�	DMBZ�PS�
HFPUFYUJMF
�UP�QSFWFOU�MFBDIJOH��4NBMM
�SPVOE
�FWFOMZ�TJ[FE�
HSBWFM�	�o��NN�JO�EJBNFUFS
�JT�NPTU�DPNNPOMZ�VTFE�UP�mMM�
UIF�CFE�UP�B�EFQUI�PG�����UP��N��

• 5P�MJNJU�DMPHHJOH
�UIF�HSBWFM�TIPVME�CF�DMFBO�BOE�GSFF�
PG�mOFT��4BOE�JT�BMTP�BDDFQUBCMF
�CVU�JT�NPSF�QSPOF�UP�
DMPHHJOH��*O�SFDFOU�ZFBST
�BMUFSOBUJWF�mMUFS�NBUFSJBMT�TVDI�BT�
1&5�IBWF�CFFO�TVDDFTTGVMMZ�VTFE�

• 5IF�SFNPWBM�FGmDJFODZ�PG�UIF�XFUMBOE�JT�B�GVODUJPO�PG�UIF�
TVSGBDF�BSFB�	MFOHUI�NVMUJQMJFE�CZ�XJEUI

�XIJMF�UIF�DSPTT�
TFDUJPOBM�BSFB�	XJEUI�NVMUJQMJFE�CZ�EFQUI
�EFUFSNJOFT�UIF�
NBYJNVN�QPTTJCMF�nPX��"�XFMM�EFTJHOFE�JOMFU�UIBU�BMMPXT�GPS�
FWFO�EJTUSJCVUJPO�JT�JNQPSUBOU�UP�QSFWFOU�TIPSU�DJSDVJUJOH�

Blackwater

Semi-centralized and Centralized
Constructed Wetland: Horizontal 
Sub-Surface Flow 

T E C H N O L O G Y

SOURCE

SCALE

Applications
5IJT�UZQF�PG�XFUMBOE�DBO�CF�BQQSPQSJBUF�GPS�TNBMM�TFDUJPOT�
PG�VSCBO�BSFBT
�QFSJ�VSCBO
�BOE�SVSBM�DPNNVOJUJFT��5IFZ�DBO�
BMTP�CF�EFTJHOFE�GPS�TJOHMF�IPVTFIPME��)4'8T�BSF�CFTU�TVJUFE�
GPS�XBSN�DMJNBUFT�CVU�UIFZ�DBO�CF�EFTJHOFE�UP�UPMFSBUF�TPNF�
GSFF[JOH�BOE�QFSJPET�PG�MPX�CJPMPHJDBM�BDUJWJUZ�

Capacity
7BSJFT�GSPN�TNBMM�IPVTFIPME�TJ[F�UP�B�MBSHF�DJUZ�TDBMF��

Costs
7BSJFT�BDDPSEJOH�UP�UIF�MPDBUJPO
�MBOE�WBMVFT
�DPTUT�PG�UIF�
DPOTUSVDUJPO�NBUFSJBMT
�BOE�XFBUIFS�DPOEJUJPOT�

4VC�TVSGBDF�nPX�XFUMBOET

Components
*U�DPOTJTUT�PG�mMUFS�NFEJB
�FNCBOLNFOU�EJLF�BSFB
�QMBOUT�BOE�
CVGGFS�[POF��

Operating Principles
"T�XBTUFXBUFS�nPXT�IPSJ[POUBMMZ�UISPVHI�UIF�DIBOOFM
�UIF�
mMUFS�NBUFSJBM�mMUFST�PVU�QBSUJDMFT�BOE�NJDSPPSHBOJTNT�EFHSBEF�
PSHBOJD�QSPEVDUT��



��

Operation and Maintenance
5IF�XBUFS�MFWFM�JO�B�)'84�$POTUSVDUFE�8FUMBOE�JT�NBJOUBJOFE�
BU���UP���DN�CFMPX�UIF�TVSGBDF�UP�FOTVSF�TVCTVSGBDF�nPX��5IF�
CFE�TIPVME�CF�XJEF�BOE�TIBMMPX�TP�UIBU�UIF�nPX�QBUI�PG�UIF�
XBUFS�JT�NBYJNJ[FE��"�XJEF�JOMFU�[POF�TIPVME�CF�VTFE�UP�FWFOMZ�
EJTUSJCVUF�UIF�nPX��

5IF�mMUFS�NBUFSJBM�XJMM�SFRVJSF�SFQMBDFNFOU�FWFSZ���UP����PS�NPSF�
ZFBST�UP�SFNPWF�UIF�DMPHHFE�HSBWFM�XJMM�DMPH�XJUI�BDDVNVMBUFE�
TPMJET�BOE�CBDUFSJBM�mMN�

.BJOUFOBODF�BDUJWJUJFT�TIPVME�GPDVT�PO�FOTVSJOH�UIBU�QSJNBSZ�
USFBUNFOU�JT�FGGFDUJWF�BU�SFEVDJOH�UIF�DPODFOUSBUJPO�PG�TPMJET�JO�
UIF�XBTUFXBUFS�CFGPSF�JU�FOUFST�UIF�XFUMBOE��.BJOUFOBODF�TIPVME�
BMTP�FOTVSF�UIBU�USFFT�EP�OPU�HSPX�JO�UIF�BSFB�BT�UIF�SPPUT�DBO�
IBSN�UIF�MJOFS�

Reliability
$BQBCJMJUZ�UP�IBOEMF�IZESBVMJD�TIPDL�MPBEJOHT�BOE�SFMJBCMF�JG�
PQFSBUJPO��BOE�NBJOUFOBODF�JT�BT�QMBOOFE�

Replication Potential 
1BDLBHFE�QMBOUT�BMSFBEZ�BWBJMBCMF
�CVU�EFTJHO
�NBUFSJBMT
�
FRVJQNFOU�BOE�MBCPS�BSF�BMTP�SFBEJMZ�BWBJMBCMF�

Regulatory/Institutional Issues
*U�XJMM�CF�HVJEFE�CZ�UIF�MPDBM�CVJMEJOH�TUBOEBSE�CZF�MBXT�BOE�
EFTJHO�NBOVBM�QSFTDSJCFE�GPS�B�TQFDJmD�MPDBUJPO�UP�QSFTFSWF�UIF�
FOWJSPONFOU�BOE�QVCMJD�IFBMUI��

<[PSP[`�
�,MÄJPLUJ`
$BO�BDIJFWF�IJHI�SFNPWBMT�PG�TVTQFOEFE�TPMJET�BOE�NPEFSBUF�
SFNPWBM�PG�QBUIPHFOT
�OVUSJFOUT
�BOE�PUIFS�QPMMVUBOUT�TVDI�BT�
IFBWZ�NFUBMT�QIPTQIPSVT�
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5IF�mMUFS�NFEJB�BDUT�BT�CPUI�B�mMUFS�GPS�SFNPWJOH�TPMJET
�B�
mYFE�TVSGBDF�VQPO�XIJDI�CBDUFSJB�DBO�BUUBDI
�BOE�B�CBTF�GPS�
UIF�WFHFUBUJPO��"MUIPVHI�GBDVMUBUJWF�BOE�BOBFSPCJD�CBDUFSJB�
EFHSBEF�NPTU�PSHBOJDT
�UIF�WFHFUBUJPO�USBOTGFST�B�TNBMM�BNPVOU�
PG�PYZHFO�UP�UIF�SPPU�[POF�TP�UIBU�BFSPCJD�CBDUFSJB�DBO�DPMPOJ[F�
UIF�BSFB�BOE�EFHSBEF�PSHBOJDT�BT�XFMM��5IF�QMBOU�SPPUT�QMBZ�BO�
JNQPSUBOU�SPMF�JO�NBJOUBJOJOH�UIF�QFSNFBCJMJUZ�PG�UIF�mMUFS�

"OZ�QMBOU�XJUI�EFFQ
�XJEF�SPPUT�UIBU�DBO�HSPX�JO�UIF�XFU
�
OVUSJFOU�SJDI�FOWJSPONFOU�JT�BQQSPQSJBUF��1ISBHNJUFT�BVTUSBMJT�
	SFFE
�JT�B�DPNNPO�DIPJDF�CFDBVTF�JU�GPSNT�IPSJ[POUBM�SIJ[PNFT�
UIBU�QFOFUSBUF�UIF�FOUJSF�mMUFS�EFQUI�

1BUIPHFO�SFNPWBM�JT�BDDPNQMJTIFE�CZ�OBUVSBM�EFDBZ
�QSFEBUJPO�
CZ�IJHIFS�PSHBOJTNT
�BOE�TFEJNFOUBUJPO�

0UIFS�QSJODJQMFT�BT�QSFTFOUFE�GPS�GSFF�TVSGBDF�XFUMBOET�BSF�BMTP�
BQQMJDBCMF�GPS�UIJT�UZQF�BT�XFMM�

��� 3FRVJSFT�MFTT�TQBDF�UIBO�B�'SFF�8BUFS�4VSGBDF�
$POTUSVDUFE�8FUMBOE�

��� )JHI�SFEVDUJPO�JO�#0%
�TVTQFOEFE�TPMJET�BOE�
QBUIPHFOT�

��� %PFT�OPU�IBWF�UIF�NPTRVJUP�QSPCMFNT�DPNQBSFE�UP�
UIF�'SFF�8BUFS�4VSGBDF�$POTUSVDUFE�8FUMBOE�

��� $BO�CF�CVJMU�BOE�SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT�

��� /P�FMFDUSJDBM�FOFSHZ�BOE�DIFNJDBM�SFRVJSFE�GPS�
PQFSBUJPO�

��� -PX�0QFSBUJPO�BOE�.BJOUFOBODF�DPTUT�DPNQBSFE�UP�
UIF�NFDIBOJ[FE�TZTUFNT�

D
Advantages

��� 3FRVJSFT�FYQFSU�EFTJHO�BOE�TVQFSWJTJPO�

��� /PU�WFSZ�UPMFSBOU�UP�DPME�DMJNBUFT�

��� .PEFSBUF�DBQJUBM�DPTU�EFQFOEJOH�PO�MBOE
�MJOFS
�mMM
�
FUD�

��� 1SF�USFBUNFOU�JT�SFRVJSFE�UP�QSFWFOU�DMPHHJOH�

U
Disadvantages
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Description
"�7FSUJDBM�'MPX�$POTUSVDUFE�8FUMBOE�	7'8
�IBT�IJHIFS�USFBUNFOU�
FGmDJFODZ�BOE�OFFET�MFTT�TQBDF��7'8�JT�B�mMUFS�CFE�UIBU�JT�
QMBOUFE�XJUI�BRVBUJD�QMBOUT��8BTUFXBUFS�JT�QPVSFE�PS�EPTFE�
POUP�UIF�XFUMBOE�TVSGBDF�GSPN�BCPWF�VTJOH�B�NFDIBOJDBM�EPTJOH�
TZTUFN��5IF�XBUFS�nPXT�WFSUJDBMMZ�EPXO�UISPVHI�UIF�mMUFS�NFEJB��
5IF�JNQPSUBOU�EJGGFSFODF�CFUXFFO�B�WFSUJDBM�BOE�IPSJ[POUBM�
XFUMBOE�JT�UIF�EJSFDUJPO�PG�UIF�nPX�QBUI�BOE�UIF�BFSPCJD�
DPOEJUJPOT�GPS�UIF�USFBUNFOU�

Design Criteria
#BTJD�EFTJHO�QSJODJQMFT��GPS�7'8�USFBUJOH�EPNFTUJD�XBTUFXBUFS�
JODMVEF��

• 5IF�UPQ�TVSGBDF�PG�UIF�mMUFS�IBT�UP�CF�LFQU�MFWFM�BOE�UIF�
EJTUSJCVUJPO�QJQFT�BSF�PGUFO�DPWFSFE�XJUI�HSBWFM�UP�QSFWFOU�
PQFO�XBUFS�BDDVNVMBUJPO�EVSJOH�UIF�QVNQJOH�QFSJPET�

• 5IF�EJTUSJCVUJPO�QJQFT�TIPVME�CF�EFTJHOFE�JO�TVDI�XBZ�
UIBU�UIFZ�BDIJFWF�BO�FWFO�EJTUSJCVUJPO�PG�UIF�QSF�USFBUFE�
XBTUFXBUFS�PO�UIF�FOUJSF�DPOTUSVDUFE�XFUMBOE�CFE��5IJT�JT�
FOTVSFE�CZ�TFMFDUJOH�UIF�SJHIU�EJBNFUFS�PG�UIF�EJTUSJCVUJPO�
QJQFT
�MFOHUI�PG�QJQFT
�EJBNFUFS�BOE�TQBDJOH�PG�PQFOJOHT�JO�
UIF�EJTUSJCVUJPO�QJQFT�

• 5IF�EJTUBODF�CFUXFFO�ESBJOBHF�QJQFT�JT�CBTFE�PO�UIF�
EFUBJMFE�EFTJHO�CVU�NBZ�CF�BSPVOE���N��5IF�ESBJOBHF�
QJQFT�BSF�DPWFSFE�XJUI�HSBWFM�UP�FOBCMF�HPPE�ESBJOBHF�

• "�CPUUPN�TMPQF�PG��������JO�EJSFDUJPO�UP�UIF�PVUMFU�JT�
JNQPSUBOU�GPS�MBSHF�7'8T�

• 5IF�EFQUI�PG�UIF�TBOE�mMUFS�CFET�TIPVME�CF�BU�MFBTU����DN
�
XJUI�BO�BEEJUJPOBM����DN�PG�HSBWFM�BU�UIF�CBTF�UP�DPWFS�UIF�
ESBJOBHF�QJQFT
����DN�HSBWFM�PO�UIF�UPQ�PG�UIF�CFE��5IF�
HSBWFM�PO�UPQ�QSFWFOUT�GSFF�XBUFS�BDDVNVMBUJPO�PO�UIF�
TVSGBDF
�BOE�DPVME�JO�GBDU�CF�PNJUUFE�JG�UIFSF�JT�OP�BDDFTT�UP�
UIF�$8�GPS�UIF�QVCMJD�

• 5IF�SFRVJSFE�TQFDJmD�TVSGBDF�BSFB�JT�VTVBMMZ�����N¤�Q�F��JO�
DPME�SFHJPOT�BOE�����N¤�Q�F��JO�XBSN�SFHJPOT�

• 5IF�PSHBOJD�MPBEJOH�QFS�TVSGBDF�BSFB�TIPVME�CF�MJNJUFE�UP�
���H$0%�	N¤rE
�JO�DPME�DMJNBUFT��5IJT�BQQMJFT�UP�HSFZXBUFS�
BOE�XBTUFXBUFS��)PXFWFS
�UIJT�NBZ�BMTP�WBSZ�EFQFOEJOH�PO�
UIF�SFVTF�PQUJPO�BOE�MPDBM�MFHJTMBUJPO��

• 5IF�IZESBVMJD�MPBEJOH�GPS�7'8T�JO�DPME�DMJNBUFT�TIPVME�OPU�
FYDFFE���������NN�E��*O�XBSN�DMJNBUFT�IZESBVMJD�SBUFT�VQ�
UP�����NN�E�PG�QSF�USFBUFE�XBTUFXBUFS�DPVME�CF�BQQMJFE�
XJUIPVU�OFHBUJWF�JOnVFODF��

• %VSJOH�SBJO�FWFOUT
�B�TIPSU�UFSN�IZESBVMJD�MPBEJOH�PG�VQ�UP�
����NN�E�DBO�CF�BQQMJFE��

Blackwater

Semi-centralized and Centralized
Constructed Wetland: Vertical 
Sub-Surface Flow 

T E C H N O L O G Y

SOURCE

SCALE

Applications
*U�JT�BQQMJDBCMF�GPS�TJOHMF�IPVTFIPMET�PS�TNBMM�DPNNVOJUJFT�BT�
B�TFDPOEBSZ�PS�UFSUJBSZ�USFBUNFOU�GBDJMJUZ�PG�HSFZ�XBUFS�PS�CMBDL�
XBUFS��&GnVFOU�DBO�CF�SFVTFE�GPS�JSSJHBUJPO
�PS�JT�EJTDIBSHFE�JOUP�
TVSGBDF�XBUFS�

Capacity
7BSJFT�GSPN�TNBMM�B�IPVTFIPME�UP�B�MBSHF�DJUZ�TDBMF��

"�DPNCJOBUJPO�PG�UXP�WFSUJDBM�TVCTVSGBDF�nPX�XFUMBOET�BOE�
B�)PSJ[POUBM�TVCTVSGBDF�nPX�XFUMBOE

7FSUJDBM�TVCTVSGBDF�nPX�XFUMBOE

Components
4FF�'JHVSFT�BOE�UIFJS�DPNQPOFOUT��
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Operation and Maintenance
• 5IF�HSBWFM�XJMM�CFDPNF�DMPHHFE�XJUI�BDDVNVMBUFE�TPMJET�

BOE�CBDUFSJBM�mMN�XJUI�UIF�UJNF��5IF�NBUFSJBM�NBZ�IBWF�UP�CF�
SFQMBDFE�FWFSZ���UP����PS�NPSF�ZFBST�

• .BJOUFOBODF�BDUJWJUJFT�TIPVME�GPDVT�PO�FOTVSJOH�UIBU�
QSJNBSZ�USFBUNFOU�FGGFDUJWFMZ�MPXFST�PSHBOJDT�BOE�TPMJET�
DPODFOUSBUJPOT�CFGPSF�FOUFSJOH�UIF�XFUMBOE�

• 5FTUJOH�NBZ�CF�SFRVJSFE�UP�EFUFSNJOF�UIF�TVJUBCJMJUZ�PG�
MPDBMMZ�BWBJMBCMF�QMBOUT�XJUI�UIF�TQFDJmD�XBTUFXBUFS�

• 5IF�WFSUJDBM�TZTUFN�SFRVJSFT�NPSF�NBJOUFOBODF�BOE�
UFDIOJDBM�FYQFSUJTF�UIBO�PUIFS�XFUMBOE�UFDIOPMPHJFT�

Reliability
$MPHHJOH�PG�UIF�mMUFS�CFE�JT�UIF�NBJO�SJTL�PG�UIJT�TZTUFN
�CVU�
USFBUNFOU�QFSGPSNBODF�JT�BMXBZT�SFMJBCMF�QSPWJEFE�UIF�PQFSBUJPO�
JT�TBUJTGBDUPSZ�

"EBQUBCJMJUZ�UP�IBOEMF�IZESBVMJD�TIPDL�MPBEJOHT��#FUUFS�
QFSGPSNBODFT�UIBO�PUIFS�XFUMBOET�UZQFT�	IPSJ[POUBM�BOE�GSFF�
TVSGBDF
�

Replication Potential 
4UBOEBSET�EFTJHO�NBOVBM�BSF�BWBJMBCMF�

Regulatory/Institutional Issues
*U�XJMM�CF�HVJEFE�CZ�UIF�MPDBM�BVUIPSJUZ�T�TUBOEBSE�CZF�MBXT�BOE�
EFTJHO�NBOVBM�

Costs
7BSJFT�BDDPSEJOH�UP�UIF�MPDBUJPO
�MBOE�WBMVFT�BOE�DPOTUSVDUJPO�
NBUFSJBMT�

Operating Principles
*O�WFSUJDBM�mMUFS�CFET�XBTUFXBUFS�JT�JOUFSNJUUFOUMZ�BQQMJFE�	FJUIFS�
CZ�QVNQ�PS�TFMG�BDUJOH�TZQIPO�EFWJDF
�POUP�UIF�TVSGBDF�BOE�
UIFO�ESBJOT�WFSUJDBMMZ�EPXO�UISPVHI�UIF�mMUFS�MBZFST�UPXBSET�B�
ESBJOBHF�TZTUFN�BU�UIF�CPUUPN��*O�TPNF�DBTFT
�UIF�EJTUSJCVUJPO�
QJQFT�BSF�DPWFSFE�XJUI�HSBWFM�UP�BWPJE�PQFO�XBUFS�QVEEMFT
�
XBTUFXBUFS�nPXT�WFSUJDBMMZ�UISPVHI�UIF�DIBOOFM
�UIF�mMUFS�
NBUFSJBM�mMUFST�PVU�QBSUJDMFT�BOE�NJDSPPSHBOJTNT�EFHSBEF�
PSHBOJDT�

#Z�EPTJOH�UIF�XFUMBOE�JOUFSNJUUFOUMZ�	GPVS�UP�UFO�UJNFT�B�EBZ

�UIF�
mMUFS�HPFT�UISPVHI�TUBHFT�PG�CFJOH�TBUVSBUFE�BOE�VOTBUVSBUFE
�
BOE�BDDPSEJOHMZ
�EJGGFSFOU�QIBTFT�PG�BFSPCJD�BOE�BOBFSPCJD�
DPOEJUJPOT��5IF�GSFRVFODZ�PG�EPTJOH�TIPVME�CF�UJNFE�TVDI�UIBU�
UIF�QSFWJPVT�EPTF�PG�XBTUFXBUFS�IBT�UJNF�UP�QFSDPMBUF�UISPVHI�
UIF�mMUFS�CFE�TP�UIBU�PYZHFO�IBT�UJNF�UP�EJGGVTF�UISPVHI�UIF�
NFEJB�BOE�mMM�UIF�WPJE�TQBDFT�

5IF�mMUFS�NFEJB�BDUT�BT�CPUI�B�mMUFS�GPS�SFNPWJOH�TPMJET
�B�
mYFE�TVSGBDF�VQPO�XIJDI�CBDUFSJB�DBO�BUUBDI�BOE�B�CBTF�GPS�
UIF�WFHFUBUJPO��5IF�UPQ�MBZFS�JT�QMBOUFE�BOE�UIF�WFHFUBUJPO�JT�
BMMPXFE�UP�EFWFMPQ�EFFQ
�XJEF�SPPUT�XIJDI�QFSNFBUF�UIF�mMUFS�
NFEJB�

%VSJOH�B�nVTI�QIBTF
�UIF�XBTUFXBUFS�QFSDPMBUFT�EPXO�UISPVHI�
UIF�VOTBUVSBUFE�CFE�BOE�JT�mMUFSFE�CZ�UIF�TBOE�HSBWFM�NBUSJY��
/VUSJFOUT�BOE�PSHBOJD�NBUFSJBM�BSF�BCTPSCFE�BOE�EFHSBEFE�
CZ�UIF�EFOTF�NJDSPCJBM�QPQVMBUJPOT�BUUBDIFE�UP�UIF�TVSGBDF�PG�
UIF�mMUFS�NFEJB�BOE�UIF�SPPUT��#Z�GPSDJOH�UIF�PSHBOJTNT�JOUP�B�
TUBSWBUJPO�QIBTF�CFUXFFO�EPTJOH�QIBTFT
�FYDFTTJWF�CJPNBTT�
HSPXUI�DBO�CF�EFDSFBTFE�BOE�QPSPTJUZ�JODSFBTFE��"�ESBJOBHF�
OFUXPSL�BU�UIF�CBTF�DPMMFDUT�UIF�FGnVFOU��

5IF�EFTJHO�BOE�TJ[F�PG�UIF�XFUMBOE�JT�EFQFOEFOU�PO�IZESBVMJD�
BOE�PSHBOJD�MPBET�

1BUIPHFO�SFNPWBM�JT�BDDPNQMJTIFE�CZ�OBUVSBM�EFDBZ
�QSFEBUJPO�
CZ�IJHIFS�PSHBOJTNT
�BOE�TFEJNFOUBUJPO�

<[PSP[`�
�,MÄJPLUJ`
$BO�BDIJFWF�IJHI�SFNPWBMT�PG�TVTQFOEFE�TPMJET�BOE�NPEFSBUF�
SFNPWBM�PG�QBUIPHFOT
�OVUSJFOUT�BOE�PUIFS�QPMMVUBOUT�TVDI�BT�
IFBWZ�NFUBMT�QIPTQIPSVT�

#0%������UP������544������UP������5/��������51��������'$�õ�
��UP���MPH



Sources
��� $PPQFS
�1��	����
�5IF�QFSGPSNBODF�PG�WFSUJDBM�nPX�DPOTUSVDUFE�XFUMBOE�TZTUFNT�XJUI�TQFDJBM�SFGFSFODF�UP�UIF�TJHOJmDBODF�PG�

PYZHFO�USBOTGFS�BOE�IZESBVMJD�MPBEJOH�SBUFT
�8BUFS�4DJFODF�BOE�5FDIOPMPHZ���	�

������


��� (BVTT
�.��BOE�841�	����
��$POTUSVDUFE�8FUMBOET��"�1SPNJTJOH�8BTUFXBUFS�5SFBUNFOU�TZTUFN�GPS�4NBMM�-PDBMJUJFT��&YQFSJFODFT�
GSPN�-BUJO�"NFSJDB��8BTIJOHUPO�%�$���5IF�8PSME�#BOL��

��� )FFST
�.��	����
�$POTUSVDUFE�XFUMBOET�VOEFS�EJGGFSFOU�HFPHSBQIJD�DPOEJUJPOT��&WBMVBUJPO�PG�UIF�TVJUBCJMJUZ�BOE�DSJUFSJB�GPS�UIF�
DIPJDF�PG�QMBOUT�JODMVEJOH�QSPEVDUJWF�TQFDJFT��.BTUFS�UIFTJT
�'BDVMUZ�PG�-JGF�4DJFODFT
�)BNCVSH�6OJWFSTJUZ�PG�"QQMJFE�4DJFODFT
�
(FSNBOZ
�IUUQ���XXX��HU[�EF�%PLVNFOUF�PF���FDPTBO�FO�DPOTUSVDUFE�XFUMBOET�VOEFS�EJGGFSFOU�HFPHSBQIJD�DPOEJUJPOT������QEG�

��� )PGGNBOO
�)�
�1MBU[FS
�$�
�8JOLFS
�.�
��BOE�WPO�.VFODI
�&��	����
�5FDIOPMPHZ�SFWJFX�PG�DPOTUSVDUFE�XFUMBOET�4VCTVSGBDF�nPX�
DPOTUSVDUFE�XFUMBOET�GPS�HSFZXBUFS�BOE�EPNFTUJD�XBTUFXBUFS�USFBUNFOU���*OUFSOBUJPOBM�;VTBNNFOBSCFJU�	(*;
�(NC)�4VTUBJOBCMF�
TBOJUBUJPO���FDPTBO�QSPHSBN�

��� ,BZPNCP
�4�
�.CXFUUF
��5�4�"�
�,BUJNB
�+�)�:�
��-BEFHBBSE
�/�
�BOE��+�SHFOTFO
�4�&�	����
��8BTUF�4UBCJMJ[BUJPO�1POET�"OE�
$POTUSVDUFE�8FUMBOET�%FTJHO�.BOVBM��6/&1�*&5$�XJUI�UIF�%BOJTI�*OUFSOBUJPOBM�%FWFMPQNFOU�"HFODZ��IUUQ���XXX�VOFQ�PSH�JFUD�
*OGPSNBUJPO3FTPVSDFT�1VCMJDBUJPOT�8BTUF4UBCJMJ[BUJPO1POETBOE8FUMBOET1VCMJDBUJPO�UBCJE�������%FGBVMU�BTQY

��� ,JWBJTJ
�"��,��	����
��5IF�QPUFOUJBM�GPS�DPOTUSVDUFE�XFUMBOET�GPS�XBTUFXBUFS�USFBUNFOU�BOE�SFVTF�JO�EFWFMPQJOH�DPVOUSJFT��B�SFWJFX��
&DPMPHJDBM�&OHJOFFSJOH
���	�

����������

��� ,VTDIL
�1�
�8JFTTOFS
�"�
�4FFHFS
�&��.�
�,ÊTUOFS
�.�
�,BQQFMNFZFS
�6�
�1BSFEFT
�%�
�BOE��4IUFNFOLP
�/��*��	����
��5IF�4UBUVT�PG�
3FTFBSDI�PO�$POTUSVDUFE�8FUMBOET�&OWJSPONFOUBM�BOE�'PPE�4BGFUZ�BOE�4FDVSJUZ�GPS�4PVUI�&BTU�&VSPQF�BOE�6LSBJOF�	QQ������
���
��4QSJOHFS�

��� 6/�)"#*5"5�	����
��$POTUSVDUFE�8FUMBOET�.BOVBM��6/�)"#*5"5�8BUFS�GPS�"TJBO�$JUJFT�1SPHSBNNF�/FQBM
�,BUINBOEV�

��� 64&1"�	����
��4VCTVSGBDF�nPX�$POTUSVDUFE�XFUMBOET�GPS�8BTUFXBUFS�USFBUNFOU��"�UFDIOPMPHZ�BTTFTTNFOU��&1"�����3���������
IUUQ���XBUFS�FQB�HPW�UZQF�XFUMBOET�SFTUPSF�VQMPBE�����@��@��@XFUMBOET@QEG@TVC�QEG

���� 7ZNB[BM
�+�
���,SÚQGFMPWÈ
�-��	����
��3FNPWBM�PG�PSHBOJDT�JO�DPOTUSVDUFE�XFUMBOET�XJUI�IPSJ[POUBM�TVC�TVSGBDF�nPX��B�SFWJFX�PG�
UIF�mFME�FYQFSJFODF��4DJFODF�PG�UIF�5PUBM�&OWJSPONFOU
����	��

������������

���� 7ZNB[BM
�+��	����
��$POTUSVDUFE�8FUMBOET�GPS�8BTUFXBUFS�5SFBUNFOU��'JWF�%FDBEFT�PG�&YQFSJFODFp��&OWJSPONFOUBM�TDJFODF���
UFDIOPMPHZ
���	�

�������

���� 7ZNB[BM
�+��	����
��&NFSHFOU�QMBOUT�VTFE�JO�GSFF�XBUFS�TVSGBDF�DPOTUSVDUFE�XFUMBOET��"�SFWJFX��&DPMPHJDBM�&OHJOFFSJOH��
&DPMPHJDBM�&OHJOFFSJOH
�JO�QSFTT�

��

��� 3FRVJSFT�MFTT�TQBDF�UIBO�B�'SFF�8BUFS�4VSGBDF�
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��� )JHI�SFEVDUJPO�JO�#0%
�TVTQFOEFE�TPMJET�BOE�
QBUIPHFOT�

��� %PFT�OPU�IBWF�UIF�NPTRVJUP�QSPCMFNT�PG�UIF�'SFF�
8BUFS�4VSGBDF�$POTUSVDUFE�8FUMBOE�

��� $BO�CF�CVJMU�BOE�SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT�
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��� )JHI�RVBMJUZ�mMUFS�NBUFSJBM�JT�OPU�BMXBZT�BWBJMBCMF�BOE�
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"EWBODFE�
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Description
8BTUF�4UBCJMJTBUJPO�1POET�	841T
�BSF�BSUJmDJBM�NBO�NBEF�
MBHPPOT�JO�XIJDI�CMBDLXBUFS
�HSFZXBUFS�PS�GBFDBM�TMVEHF�BSF�
USFBUFE�CZ�OBUVSBM�QSPDFTTFT�BOE�UIF�JOnVFODF�PG�TPMBS�MJHIU
�
XJOE
�NJDSPPSHBOJTNT�BOE�BMHBF��5IF�QPOET�DBO�CF�VTFE�
JOEJWJEVBMMZ
�PS�MJOLFE�JO�B�TFSJFT�GPS�JNQSPWFE�USFBUNFOU��
5IFSF�BSF�UISFF�UZQFT�PG�QPOET��BOBFSPCJD
�GBDVMUBUJWF�BOE�
BFSPCJD�	NBUVSBUJPO

�FBDI�XJUI�EJGGFSFOU�USFBUNFOU�BOE�EFTJHO�
DIBSBDUFSJTUJDT��5IF�FGnVFOU�TUJMM�DPOUBJOT�OVUSJFOUT�	F�H��/�BOE�
1
�BOE�JT�UIFSFGPSF�BQQSPQSJBUF�GPS�UIF�SFVTF�JO�BHSJDVMUVSF�
	JSSJHBUJPO
�PS�BRVBDVMUVSF�	F�H��mTI��PS�NBDSPQIZUF�QPOET
�CVU�
OPU�GPS�EJSFDU�SFDIBSHF�JO�TVSGBDF�XBUFST�

Design Criteria
5IF�EJGGFSFOU�UZQFT�PG�841�DBO�CF�VTFE�JOEJWJEVBMMZ
�CVU�UIF�
NPTU�FGmDJFOU�BOE�DPNNPO�TZTUFN�HFOFSBMMZ�DPOTJTUT�PG�UISFF�
QPOET�JO�TFSJFT��BOBFSPCJD
�GBDVMUBUJWF�BOE�BFSPCJD�PS�NBUVSBUJPO�
QPOE��

(FOFSBMMZ�BOBFSPCJD�BOE�GBDVMUBUJWF�QPOET�BSF�EFTJHOFE�GPS�
#0%�SFNPWBM�BOE�NBUVSBUJPO�QPOET�GPS�QBUIPHFO�SFNPWBM��
)PXFWFS
�TPNF�#0%�SFNPWBM�PDDVST�JO�NBUVSBUJPO�QPOET�
BOE�TPNF�QBUIPHFO�SFNPWBM�JO�BOBFSPCJD�BOE�GBDVMUBUJWF�
QPOET��%FQFOEJOH�PO�UIF�SFRVJSFNFOU�GPS�UIF�mOBM�FGnVFOU
�
POMZ�BOBFSPCJD�BOE�GBDVMUBUJWF�QPOET�BSF�OFDFTTBSZ�JO�TPNF�
JOTUBODFT�

"OBFSPCJD�QPOET�SFRVJSF�BQQSPYJNBUFMZ���N��N2�EBJMZ�nPX�
BOE�GBDVMUBUJWF�BFSPCJD�QPOET�SFRVJSF����N��N2�EBJMZ�nPXT��
"OBFSPCJD�QPOET�DBO�CF�����N�JO�EFQUI�BOE�SFDFJWF�PSHBOJD�
MPBET�VTVBMMZ�JO�UIF�SBOHF�PG�����UP�����H�#0%�N��EBZ��5IFZ�
TIPVME�OPU�CF�PQFSBUFE�CFMPX���¡$
�BOE�UIF�MPBE
�XIJDI�
DBO�CF�USFBUFE�JODSFBTFT�MJOFBSMZ�XJUI�UFNQFSBUVSF�SJTF�	F�H��
����H�N��EBZ�BU���¡$�BOE����H�N��EBZ�BU���¡$
��5IF�EFTJHO�
UFNQFSBUVSF�TIPVME�CF�UIF�NFBO�PG�UIF�DPMEFTU�NPOUI�PG�UIF�
ZFBS��"�)ZESBVMJD�3FUFOUJPO�5JNF�	)35
�PG�POF�EBZ�TIPVME�CF�
TVGmDJFOU�GPS�B�#0%��MPXFS�UIBO�����H�N��EBZ�BU���¡$
�CVU�UIF�
SFDPNNFOEFE�)35�SBOHF�WBSJFT�GSPN���UP���EBZT�

'PS�IJHI�TUSFOHUI�JOEVTUSJBM�XBTUFT
�VQ�UP�UISFF�BOBFSPCJD�QPOET�
JO�TFSJFT�NJHIU�CF�OFDFTTBSZ��5IF�PQUJNVN�Q)�GPS�EJHFTUJPO�MJFT�
BU���UP���BOE�BDJEJD�XBTUFXBUFST�UIVT�SFRVJSF�OFVUSBMJ[JOH�QSJPS�
UP�USFBUNFOU��%VF�UP�JUT�UPYJDJUZ�UP�BOBFSPCJD�CBDUFSJB
�BNNPOJB�
DPODFOUSBUJPOT�TIPVME�OPU�FYDFFE�����NH�/)��/�-�

'BDVMUBUJWF�5SFBUNFOU�1POET�DPOTJTU�PG�MBSHF�TIBMMPX�QPOET�
	EFQUI�PG���UP��N
��'BDVMUBUJWF�5SFBUNFOU�1POET�BSF�EFTJHOFE�
GPS�#0%�SFNPWBM�PO�UIF�CBTJT�PG�MPX�TVSGBDF�MPBEJOH�BOE�
DBO�USFBU�XBUFS�JO�UIF�#0%�SBOHF�PG�����UP�����LH�IB�EBZ�
DPSSFTQPOEJOH�UP����UP����H�N2�EBZ�BU�UFNQFSBUVSFT�BCPWF�
��¡$�

.BUVSBUJPO�PS�QPMJTIJOH�QPOET�BSF�FTTFOUJBMMZ�EFTJHOFE�GPS�
QBUIPHFO�SFNPWBM�BOE�SFUBJOJOH�TVTQFOEFE�TUBCJMJ[FE�TPMJET��
.BUVSBUJPO�QPOET�BSF�TIBMMPXFS�	��UP�����N

�XJUI���N�CFJOH�

Blackwater

Semi-centralized and CentralizedWaste Stabilization Ponds (WSP)
T E C H N O L O G Y SOURCE

SCALE

Applications
841T�BSF�QBSUJDVMBSMZ�XFMM�TVJUFE�GPS�USPQJDBM�BOE�TVCUSPQJDBM�
DPVOUSJFT�CFDBVTF�UIF�JOUFOTJUZ�PG�UIF�TVOMJHIU�BOE�UFNQFSBUVSF�
BSF�LFZ�GBDUPST�GPS�UIFJS�FGmDJFODZ��*O�DPME�DMJNBUFT
�UIF�)35�

.JOJ�8BTUF�4UBCJMJ[BUJPO�1POET�DPOTJTUJOH�PG�B�BOBFSPCJD�
	SJHIU

�GBDVMUBUJWF�	NJEEMF
�BOE�BFSPCJD�QPOE�	MFGU


7FSUJDBM�TVCTVSGBDF�nPX�XFUMBOE

PQUJNBM��5IF�TJ[F�BOE�OVNCFS�PG�NBUVSBUJPO�QPOET�EFQFOET�
PO�UIF�SFRVJSFE�CBDUFSJPMPHJDBM�RVBMJUZ�PG�UIF�mOBM�FGnVFOU��5IF�
QSJODJQBM�NFDIBOJTNT�GPS�GBFDBM�CBDUFSJBM�SFNPWBM�JO�GBDVMUBUJWF�
BOE�NBUVSBUJPO�QPOET�BSF�)35
�UFNQFSBUVSF
�IJHI�Q)�	���

�BOE�
IJHI�MJHIU�JOUFOTJUZ��'BFDBM�CBDUFSJB�BOE�PUIFS�QBUIPHFOT�EJF�
PGG�EVF�UP�UIF�IJHI�UFNQFSBUVSF
�IJHI�Q)�PS�SBEJBUJPO�PG�UIF�TVO�
MFBEJOH�UP�TPMBS�EJTJOGFDUJPO�

5IF�SFDPNNFOEFE�IZESBVMJD�SFUFOUJPO�UJNF�JT����UP����EBZT��*G�
VTFE�JO�DPNCJOBUJPO�XJUI�BMHBF�BOE�PS�mTI�IBSWFTUJOH
�UIJT�UZQF�
PG�QPOE�JT�BMTP�FGGFDUJWF�BU�SFNPWJOH�UIF�NBKPSJUZ�PG�OJUSPHFO�BOE�
QIPTQIPSVT�GSPN�UIF�FGnVFOU�

&GnVFOU

.BUVSBUJPO�QPOE
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BOE�MPBEJOH�NBZ�CF�BEKVTUFE
�CVU�XIFO�NFBO�UFNQFSBUVSFT�GBMM�
CFMPX����¡$�EVSJOH�TFWFSBM�NPOUI�PG�UIF�ZFBST��841T�TFFN�OPU�
UP�CF�BQQSPQSJBUF�

841�BSF�BMTP�SFDPNNFOEFE�BT�USFBUNFOU�GPS�SFVTF�PG�UIF�
FGnVFOU�JO�BHSJDVMUVSF�BOE�BRVBDVMUVSF
�CFDBVTF�PG�UIFJS�
FGGFDUJWFOFTT�JO�SFNPWJOH�OFNBUPEFT�	XPSNT
�BOE�IFMNJOUI�
FHHT
�XIJMF�QSFTFSWJOH�TPNF�OVUSJFOUT��*G�SFVTF�JT�OPU�QPTTJCMF
�
841T�NBZ�OPU�CF�BEFRVBUF�GPS�BSFBT�TFOTJUJWF�UP�FVUSPQIJDBUJPO�

*O�&VSPQF
�841T�BSF�XJEFMZ�VTFE�GPS�TNBMM�QPQVMBUJPO�VQ�UP�
�
�����)PXFWFS
�MBSHFS�TJ[F�TZTUFNT�FYJTU�JO�UIF�.FEJUFSSBOFBO�
SFHJPO�

Components
"T�TIPXO�JO�UIF�'JHVSFT
�DPNQPOFOUT�WBSZ�BDDPSEJOH�UP�UIF�
UZQFT�PG�UIF�QPOET�

Capacity
"MNPTU�BMM�XBTUFXBUFST�	JODMVEJOH�JOEVTUSJBM�XBTUFXBUFS
�DBO�CF�
USFBUFE
�CVU�NPSF�TVSGBDF�XJMM�SFRVJSFE�GPS�B�IJHIFS�PSHBOJD�MPBE��

Costs
7BSJFT�BDDPSEJOH�UP�UIF�MPDBUJPO
�MBOE�WBMVFT�BOE�DPTUT�PG�
UIF�DPOTUSVDUJPO�NBUFSJBMT��)PXFWFS
�TUBCJMJ[BUJPO�QPOET�BSF�
UIF�NPTU�DPTU�FGGFDUJWF�XBTUFXBUFS�USFBUNFOU�UFDIOPMPHZ��
4UBCJMJ[BUJPO�QPOET�BMTP�IBWF�UIF�BEWBOUBHF�PG�WFSZ�MPX�
PQFSBUJOH�DPTUT�TJODF�UIFZ�VTF�OP�FOFSHZ�DPNQBSFE�UP�
PUIFS�XBTUFXBUFS�USFBUNFOU�UFDIOPMPHJFT�BOE�POMZ�MPX�UFDI�
JOGSBTUSVDUVSF�

Operating Principles
4FUUMFE�PSHBOJDT�BSF�EJHFTUFE�BOBFSPCJDBMMZ�JO�UIF�mSTU�
QPOE�	BOBFSPCJD�QPOE
��5IF�anaerobic pond�TFSWFT�UP�J
�
TFUUMF�VOEJHFTUFE�NBUFSJBM�BOE�OPO�EFHSBEBCMF�TPMJET�BT�
CPUUPN�TMVEHF
�JJ
�EJTTPMWF�PSHBOJD�NBUFSJBM
�JJJ
�CSFBL�EPXO�
CJPEFHSBEBCMF�PSHBOJD�NBUFSJBM�

)DFXOWDWLYH�3RQGV�DPOTJTU�PG�MBSHF�TIBMMPX�QPOET�	EFQUI�PG���
UP��N
�XJUI�BO�BFSPCJD�[POF�DMPTF�UP�UIF�TVSGBDF�BOE�BOBFSPCJD�
[POF�BU�B�EFFQFS��5IFSF�BSF�UXP�UZQFT�PG�GBDVMUBUJWF�QPOET��
QSJNBSZ�GBDVMUBUJWF�QPOET�UIBU�SFDFJWF�SBX�XBTUFXBUFS�	BGUFS�
HSJU�SFNPWBM

�BOE�TFDPOEBSZ�GBDVMUBUJWF�QPOET�SFDFJWJOH�
TFUUMFE�XBTUFXBUFS�VTVBMMZ�GSPN�UIF�BOBFSPCJD�QPOE��*O�QSJNBSZ�
GBDVMUBUJWF�QPOET
�UIF�GVODUJPOT�PG�BOBFSPCJD�BOE�TFDPOEBSZ�
GBDVMUBUJWF�QPOET�BSF�DPNCJOFE��

*O�B�TFDPOE�QPOE�	GBDVMUBUJWF�QPOE

�BMHBF�HSPXJOH�PO�UIF�
TVSGBDF�QSPWJEF�PYZHFO�MFBEJOH�UP�CPUI�BOBFSPCJD�EJHFTUJPO�
BOE�BFSPCJD�PYJEBUJPO�PG�UIF�PSHBOJD�QPMMVUBOUT��%VF�UP�UIF�BMHBM�
BDUJWJUZ
�Q)�SJTFT�MFBEJOH�UP�JOBDUJWBUJPO�PG�TPNF�QBUIPHFOT�BOE�
WPMBUJMJ[BUJPO�PG�BNNPOJB�

"MHBF�QSPEVDF�PYZHFO�JO�FYDFTT�PG�UIFJS�PXO�SFRVJSFNFOUT
�
XIJDI�UIFZ�USBOTGFS�UP�UIF�XBUFS��*U�JT�UIJT�FYDFTT�PYZHFO�UIBU�
JT�VTFE�CZ�CBDUFSJB�UP�CSFBL�EPXO�PSHBOJD�NBUUFS�CZ�BFSPCJD�
EJHFTUJPO�	PYJEBUJPO
�USBOTGPSNJOH�UIF�PSHBOJD�QPMMVUBOUT�JOUP�
$0���"EEJUJPOBMMZ�UP�BFSPCJD�BOE�BOBFSPCJD�EJHFTUJPO�PG�#0%
�
JO�UIF�GBDVMUBUJWF�QPOET�iTFXBHF�#0%w�JT�DPOWFSUFE�JOUP�iBMHBM�
#0%w�

5IF�GBDVMUBUJWF�QPOET�BSF�DPWFSFE�CZ�BMHBF��5IF�BMHBM�
QSPEVDUJPO�PG�PYZHFO�PDDVST�OFBS�UIF�TVSGBDF�PG�BFSPCJD�QPOET�
UP�UIF�EFQUI�UP�XIJDI�MJHIU�DBO�QFOFUSBUF�	J�F��UZQJDBMMZ�VQ�UP�

5ZQJDBM�TDIFNF�PG�B�XBTUF�TUBCJMJ[BUJPO�TZTUFN��"O�
BOBFSPCJD
�GBDVMUBUJWF�BOE�NBUVSBUJPO�QPOE�JO�TFSJFT�
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��� $BO�CF�CVJMU�BOE�SFQBJSFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT�

��� /P�FYUFSOBM�FOFSHZ�SFRVJSFE�GPS�PQFSBUJPO�

��� -PX�JO�DPOTUSVDUJPO�BOE�WFSZ�MPX�PQFSBUJOH�DPTUT�

��� )JHI�SFEVDUJPO�JO�QBUIPHFOT�

��� $BO�USFBU�IJHI�TUSFOHUI�XBTUFXBUFS�UP�IJHI�RVBMJUZ�
FGnVFOU�

��� (FOFSBMMZ�SFMJBCMF�BOE�XFMM�GVODUJPOJOH��

��� &GnVFOU�DBO�CF�SFVTFE�JO�BRVBDVMUVSF�PS�GPS�JSSJHBUJPO�
JO�BHSJDVMUVSF�

D
Advantages

��� 3FRVJSFT�MBSHF�PQFO�MBOE�TVSGBDFT��

��� 3FRVJSFT�FYQFSU�EFTJHO�BOE�TVQFSWJTJPO�

��� .BZ�QSPNPUF�CSFFEJOH�PG�JOTFDUT�JO�UIF�QPOE�	F�H��
nJFT
�NPTRVJUPFT
�

��� %F�TMVEHJOH�	OPSNBMMZ�FWFSZ�GFX�ZFBST
�BOE�DPSSFDU�
EJTQPTBM�PG�UIF�TMVEHF�OFFET�UP�CF�HVBSBOUFFE�

��� *G�UIF�FGnVFOU�JT�SFVTFE
�TBMJOJUZ�OFFET�UP�CF�
NPOJUPSFE�

��� *G�UIF�OVUSJFOUT�JO�UIF�FGnVFOU�DBOOPU�CF�SFVTFE�	F�H��
JO�BHSJDVMUVSF

�EJTDIBSHF�DBO�DBVTF�FVUSPQIJDBUJPO�

��� "OBFSPCJD�QPOET�DBO�DBVTF�CBE�PEPVST�JG�QPPSMZ�
EFTJHOFE�

��� /PU�BMXBZT�BQQSPQSJBUF�GPS�DPMEFS�DMJNBUFT�

U
Disadvantages

Operation and Maintenance
4PMJET�JO�UIF�SBX�XBTUFXBUFS�BT�XFMM�BT�CJPNBTT�QSPEVDFE�XJMM�
TFUUMF�PVU�JO�mSTU�TUBHF�BOBFSPCJD�QPOET��(FOFSBM�QSBDUJDF�JT�UP�
SFNPWF�TMVEHF�XIFO�JU�IBT�SFBDIFE�IBMG�EFQUI�JO�UIF�QPOE��5IJT�
VTVBMMZ�PDDVST�BGUFS�VQ�UP����PS����ZFBST�PG�PQFSBUJPO��*O�DFSUBJO�
JOTUBODFT
�BOBFSPCJD�QPOET�CFDPNF�DPWFSFE�XJUI�B�UIJDL�TDVN�
MBZFS
�XIJDI�JT�UIPVHIU�UP�CF�CFOFmDJBM�CVU�OPU�FTTFOUJBM
�BOE�
NBZ�HJWF�SJTF�UP�JODSFBTFE�nZ�CSFFEJOH�

Reliability
3FMJBCMF
�JG�QPOET�BSF�NBJOUBJOFE�XFMM
�BOE�JG�UFNQFSBUVSF�JT�OPU�
UPP�MPX�

Replication Potential 
4UBOEBSET�EFTJHO�NBOVBM�BSF�BWBJMBCMF��

Regulatory/Institutional Issues
*U�XJMM�CF�HVJEFE�CZ�TUBOEBSE�CZF�MBXT�BOE�EFTJHO�NBOVBM��
&JUIFS�QSJWBUF�TFDUPS�PS�BOZ�PUIFS�XBTUFXBUFS�NBOBHFNFOU�
BHFODZ�DBO�PQFSBUF�BOE�NBJOUBJO�UIF�QMBOU��

<[PSP[`�
�,MÄJPLUJ`

Pond #0%�SFNPWBM 1BUIPHFO�
SFNPWBM )35

"OBFSPCJD�QPOE ���UP���� ��UP���EBZT

'BDVMUBUJWF�QPOE ���UP���� ��UP����EBZT

.BUVSBUJPO�QPOE ���UP���� ��� ���UP����EBZT

����NN
��"EEJUJPOBM�PYZHFO�DBO�CF�JOUSPEVDFE�CZ�XJOE�EVF�UP�
WFSUJDBM�NJYJOH�PG�UIF�XBUFS��0YZHFO�JT�VOBCMF�UP�CF�NBJOUBJOFE�
BU�UIF�MPXFS�MBZFST�JG�UIF�QPOE�JT�UPP�EFFQ
�BOE�UIF�DPMPS�UPP�
EBSL�UP�BMMPX�MJHIU�UP�QFOFUSBUF�GVMMZ�PS�JG�UIF�#0%�BOE�$0%�
JO�UIF�MPXFS�MBZFS�JT�IJHIFS�UIBO�UIF�TVQQMZ��"T�B�SFTVMU�PG�UIF�
QIPUPTZOUIFUJD�BDUJWJUJFT�PG�UIF�QPOE�BMHBF
�UIFSF�JT�B�EJVSOBM�
WBSJBUJPO�JO�UIF�DPODFOUSBUJPO�PG�EJTTPMWFE�PYZHFO�

"U�QFBL�TVO�SBEJBUJPO
�UIF�QPOE�XJMM�CF�NPTUMZ�BFSPCJD�EVF�UP�
BMHBM�BDUJWJUZ
�XIJMF�BU�TVOSJTF�UIF�QPOE�XJMM�CF�QSFEPNJOBOUMZ�
BOBFSPCJD��1FBL�BMHBF�BDUJWJUZ�BMTP�SFTVMUT�JO�B�Q)�SJTF�UP�BCPWF�
��TJODF�DBSCPOBUF�BOE�CJDBSCPOBUF�JPOT�SFBDU�UP�QSPWJEF�NPSF�
DBSCPO�EJPYJEF�GPS�UIF�BMHBF
�MFBWJOH�BO�FYDFTT�PG�IZESPYZM�JPOT��
"�Q)�BCPWF���GPS����IPVST�DBO�QSPWJEF�B������LJMM�PG�&��DPMJ�BOE�
UIVT
�NPTU�QBUIPHFOJD�CBDUFSJB��

The maturation pond�TFSWFT�GPS�UIF�SFUFOUJPO�PG�TUBCJMJ[FE�
TPMJET�BOE�UIF�JOBDUJWBUJPO�PG�QBUIPHFOJD�NJDSPPSHBOJTNT�WJB�
IFBUJOH
�SJTF�PG�Q)�BOE�TPMBS�EJTJOGFDUJPO��7JSVT�SFNPWBM�PDDVST�
CZ�BETPSQUJPO�PO�UP�TFUUBCMF�TPMJET�	JODMVEJOH�UIF�QPOE�BMHBF
�
BOE�DPOTFRVFOU�TFEJNFOUBUJPO�JO�UIF�BOBFSPCJD�BOE�GBDVMUBUJWF�
QPOE��4PNF�NJDSPPSHBOJTNT�TVDI�BT�QSPUP[PBO�DZTUT�BOE�
IFMNJOUI�FHHT�BSF�BMTP�SFNPWFE�CZ�TFEJNFOUBUJPO�

5P�QSFWFOU�TDVN�GPSNBUJPO
�FYDFTT�TPMJET�BOE�HBSCBHF�OFFE�UP�
CF�SFNPWFE�CFGPSF�UIF�XBTUFXBUFS�FOUFST�UIF�QPOET��BOE�QSF�
USFBUNFOU�	XJUI�HSFBTF�USBQT
�JT�FTTFOUJBM�UP�NBJOUBJO�UIF�QPOET��

$BSF�TIPVME�CF�UBLFO�UP�FOTVSF�UIBU�QMBOU�NBUFSJBM�EPFT�OPU�
GBMM�JOUP�UIF�QPOET�BT�UIJT�JODSFBTF�UIF�#0%�DPOUFOU�PG�UIF�
XBUFS��7FHFUBUJPO�PS�NBDSPQIZUFT�TIPVME�CF�SFNPWFE�BT�JU�NBZ�
QSPWJEF�B�CSFFEJOH�IBCJUBU�GPS�NPTRVJUPFT�BOE�QSFWFOU�MJHIU�
GSPN�QFOFUSBUJOH�UIF�XBUFS�DPMVNO��5IF�8)0�EPFT�OPU�QSPNPUF�
QPOE�TZTUFNT�JG�BQQSPQSJBUF�NPTRVJUP�DPOUSPM�NFBTVSFT�BSF�OPU�
HVBSBOUFFE�

*G�UIF�XBUFS�JT�SFVTFE�GPS�JSSJHBUJPO
�UIF�TBMJOJUZ�PG�UIF�FGnVFOU�
TIPVME�CF�DPOUSPMMFE�SFHVMBSMZ�JO�PSEFS�UP�QSFWFOU�OFHBUJWF�
JNQBDU�PO�UIF�TPJM�TUSVDUVSF�



Sources
��� "SUIVS
�+�1��	����
��/PUFT�JO�UIF�%FTJHO�BOE�0QFSBUJPO�PG�8BTUF�4UBCJMJ[BUJPO�1POET�JO�8BSN�$MJNBUFT�PG�%FWFMPQJOH�$PVOUSJFT���

8BTIJOHUPO��5IF�8PSME�#BOL��

��� %B�4JMWB
�'�
�%F�4PV[B
�3�
�%F�$BTUSP
�'�
���"SBVKP
�"��	����
��1SPTQFDUVT�PG�XBTUF�TUBCJMJ[BUJPO�QPOET�JO�$FBSÈ
�/PSUIFBTU�#SB[JM��
8BUFS�4DJFODF�BOE�5FDIOPMPHZ
���	�

�������

��� (SBU[JPV
�.�
���$IBMBUTJ
�.��	����
��6TF�PG�XBTUF�TUBCJMJ[BUJPO�QPOET��TZTUFNT�JO�.FEJUFSSBOFBO�&VSPQF��%FTBMJOBUJPO�BOE�8BUFS�
5SFBUNFOU
���	�����

������������

��� *3$�	����
��8BTUF�4UBCJMJ[BUJPO�1POET��*3$�*OUFSOBUJPOBM�8BUFS�BOE�4BOJUBUJPO�$FOUSF
�/FUIFSMBOET��IUUQ���XXX�XBTIEPD�JOGP�
EPDTFBSDI�UJUMF�������

��� .BSB
�%�%���1FBSTPO
�)��	����
��%FTJHO�.BOVBM�GPS�8BTUF�4UBCJMJ[BUJPO�1POET�JO�.FEJUFSSBOFBO�$PVOUSJFT��-FFET��-BHPPO�
5FDIOPMPHZ�*OUFSOBUJPOBM�-UE�

��� .BSB
�%��	����
��8BTUF�TUBCJMJ[BUJPO�QPOET��1BTU
�QSFTFOU�BOE�GVUVSF��%FTBMJOBUJPO�BOE�8BUFS�5SFBUNFOU
��	���

�������

��� .CVSV
�/�
�5FCJUFOEXB
�4��.�
�WBO�#SVHHFO
�+��+�
�3PVTTFBV
�%��1�
���-FOT
�1��/��	����
��1FSGPSNBODF�DPNQBSJTPO�BOE�
FDPOPNJDT�BOBMZTJT�PG�XBTUF�TUBCJMJ[BUJPO�QPOET�BOE�IPSJ[POUBM�TVCTVSGBDF�nPX�DPOTUSVDUFE�XFUMBOET�USFBUJOH�EPNFTUJD�
XBTUFXBUFS��"�DBTF�TUVEZ�PG�UIF�+VKB�TFXBHF�USFBUNFOU�XPSLT��+PVSOBM�PG�&OWJSPONFOUBM�.BOBHFNFOU
����
����������

��� /;&5�	����
��0YJEBUJPO�QPOE�HVJEFMJOFT�������/FX�FMBOE�FOWJSPONFOUBM�5FDIOPMPHZ
�.JOJTUSZ�GPS�UIF�&OWJSPONFOU�/FX�;FBMBOE�

��� 4BI
�-�
�3PVTTFBV
�%��1�
���)PPJKNBOT
�$��.��	����
��/VNFSJDBM�NPEFMMJOH�PG�XBTUF�TUBCJMJ[BUJPO�QPOET��XIFSF�EP�XF�TUBOE �
8BUFS
�"JS
���4PJM�1PMMVUJPO
����	�

������������

���� 8)0�	����
��8BTUFXBUFS�TUBCJMJ[BUJPO�QPOET��1SJODJQMFT�PG�QMBOOJOH�BOE�QSBDUJDF��"MFYBOESJB��8PSME�)FBMUI�0SHBOJ[BUJPO�
3FHJPOBM�0GmDF�GPS�UIF�&BTUFSO�.FEJUFSSBOFBO��
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Description
"O�PYJEBUJPO�EJUDI�JT�B�NPEJmFE�BDUJWBUFE�TMVEHF�CJPMPHJDBM�
USFBUNFOU�QSPDFTT�UIBU�VUJMJ[FT�MPOH�TPMJET�SFUFOUJPO�UJNFT�	435T
�
UP�SFNPWF�CJPEFHSBEBCMF�PSHBOJDT��*O�UIJT�QSPDFTT�TDSFFOFE�
BOE�EF�HSJUUFE�SBX�NBUFSJBMT�BSF�NFDIBOJDBMMZ�BFSBUFE�JO�WBSJPVT�
GPSNT���SJOH��PWBM�TIBQFE�EJUDI�PS�DIBOOFM
�UP�QSPWJEF�#0%�
SFEVDUJPO��"GUFS�USFBUNFOU
�MJRVJE�BOE�TMVEHF�BSF�TFQBSBUFE�
JO�B�mOBM�TFUUMJOH�UBOL��5IF�PYJEBUJPO�EJUDI�QSPDFTT�JT�B�GVMMZ�
EFNPOTUSBUFE�TFDPOEBSZ�XBTUFXBUFS�USFBUNFOU�UFDIOPMPHZ
�
BQQMJDBCMF�JO�BOZ�TJUVBUJPO�XIFSF�BDUJWBUFE�TMVEHF�USFBUNFOU�
	DPOWFOUJPOBM�PS�FYUFOEFE�BFSBUJPO
�JT�BQQSPQSJBUF�

Design Criteria
5IF�EFTJHO�DSJUFSJB�BSF�BGGFDUFE�CZ�UIF�JOnVFOU�XBTUFXBUFS�
QBSBNFUFST�BOE�UIF�SFRVJSFE�FGnVFOU�DIBSBDUFSJTUJDT
�
JODMVEJOH�UIF�EFDJTJPO�PS�SFRVJSFNFOU�UP�BDIJFWF�OJUSJmDBUJPO
�
EFOJUSJmDBUJPO
�BOE�PS�CJPMPHJDBM�QIPTQIPSVT�SFNPWBM�

5IF�EJUDIFT�BSF�VTVBMMZ���UP���GU�EFFQ�XJUI����EFHSFFT�PS�WFSUJDBM�
TJEFXBMMT��

4DSFFOFE�XBTUFXBUFS�FOUFST�UIF�EJUDI
�JT�BFSBUFE
�BOE�DJSDVMBUFT�
BU�BCPVU������UP������N�T�UP�NBJOUBJO�UIF�TPMJET�JO�TVTQFOTJPO�

%FTJHO�4PMJE�SFUFOUJPO�UJNF�	435T
�WBMVFT�WBSZ�GSPN���UP����
EBZT��5ZQJDBM�435T�SFRVJSFE�GPS�OJUSJmDBUJPO�SBOHF�GSPN����UP����
EBZT�

#0%�MPBEJOH�SBUFT�WBSZ�GSPN�MFTT�UIBO����
����NH������MJUFST�UP�
NPSF�UIBO��Y����NH������MJUFST��

"�#0%�MPBEJOH�SBUF�PG����
����NH������MJUFST�QFS�EBZ�JT�
DPNNPOMZ�VTFE�BT�B�EFTJHO�MPBEJOH�SBUF��)PXFWFS
�UIF�#0%�
MPBEJOH�SBUF�JT�OPU�UZQJDBMMZ�VTFE�UP�EFUFSNJOF�XIFUIFS�PS�OPU�
OJUSJmDBUJPO�PDDVST�

5IF�IZESBVMJD�SFUFOUJPO�UJNF�XJUIJO�UIF�PYJEBUJPO�EJUDI�SBOHFT�
GSPN���UP����IPVST�GPS�NPTU�NVOJDJQBM�XBTUFXBUFS�USFBUNFOU�

Blackwater

Semi-centralized and CentralizedOxidation Ditch 
T E C H N O L O G Y SOURCE

SCALE

Applications
5IJT�UFDIOPMPHZ�JT�WFSZ�FGGFDUJWF�JO�TNBMM�JOTUBMMBUJPOT
�TNBMM�
DPNNVOJUJFT
�BOE�JTPMBUFE�JOTUJUVUJPOT
�CFDBVTF�JU�SFRVJSFT�NPSF�
MBOE�UIBO�DPOWFOUJPOBM�USFBUNFOU�QMBOUT��

Components
0WBM�EJUDIFT��CMPXFS�BOE�EJGGVTFST��NFDIBOJDBM�NPUPST�NJYFST�PS�
TVCNFSHFE�NJYFST��MJWF�GFFE�TZTUFN��BEKVTUBCMF�XFJST��DPWFST��
DMBSJmFST

Capacity
'PS�nPX�SBOHF�PG��������
����N��EBZ��"SFB�SFRVJSFE�����N2�GPS�B�
����N��EBZ�nPX��

Costs
7BSJFT�CBTFE�PO�UIF�MPDBM�DPOEJUJPOT
�RVBMJUZ�PG�XBTUFXBUFS�
CFGPSF�BOE�BGUFS�UIF�USFBUNFOU�

Operating Principles
"�TFU�PG�QSF�BOE�QPTU�USFBUNFOU�VOJUT�BSF�SFRVJSFE�UP�BQQMZ�
UIF�PYJEBUJPO�EJUDI��5IF�QSFUSFBUNFOU�JODMVEFT�QSFMJNJOBSZ�
USFBUNFOU
�TVDI�BT�CBS�TDSFFOT�BOE�HSJU�SFNPWBM��1SJNBSZ�
TFUUMJOH�QSJPS�UP�BO�PYJEBUJPO�EJUDI�JT�TPNFUJNFT�QSBDUJDFE
�CVU�
JT�OPU�UZQJDBM�JO�UIJT�EFTJHO��1PTU�USFBUNFOU�JODMVEFT�UFSUJBSZ�
mMUFST�BGUFS�DMBSJmDBUJPO
�EFQFOEJOH�PO�UIF�FGnVFOU�SFRVJSFNFOUT��
%JTJOGFDUJPO�JT�SFRVJSFE�BOE�SF�BFSBUJPO�NBZ�CF�OFDFTTBSZ�QSJPS�
UP�mOBM�EJTDIBSHF�

'MPX�UP�UIF�PYJEBUJPO�EJUDI�JT�BFSBUFE�BOE�NJYFE�XJUI�SFUVSO�
TMVEHF�GSPN�B�TFDPOEBSZ�DMBSJmFS��"�UZQJDBM�QSPDFTT�nPX�
EJBHSBN�GPS�BO�BDUJWBUFE�TMVEHF�QMBOU�VTJOH�BO�PYJEBUJPO�EJUDI�JT�
TIPXO�BU�UIF�CFHJOOJOH�	TFF�'JHVSF
�



��
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#0%�SFNPWBM�FGmDJFODZ�JT���������DBQBCMF�PG�SFNPWBM�
FGmDJFODZ�FRVBM�UP�UIBU�PG�UFSUJBSZ�USFBUNFOU�QMBOUT�

4VSGBDF�BFSBUPST
�TVDI�BT�CSVTI�SPUPST
�EJTD�BFSBUPST
�ESBGU�
UVCF�BFSBUPST
�PS�mOF�CVCCMF�EJGGVTFST�BSF�VTFE�UP�DJSDVMBUF�UIF�
NJYFE�MJRVPS��5IF�NJYJOH�QSPDFTT�FOUSBJOT�PYZHFO�JOUP�UIF�NJYFE�
MJRVPS�UP�GPTUFS�NJDSPCJBM�HSPXUI�BOE�UIF�NPUJWF�WFMPDJUZ�FOTVSFT�
DPOUBDU�PG�NJDSPPSHBOJTNT�XJUI�UIF�JODPNJOH�XBTUFXBUFS��

5IF�BFSBUJPO�TIBSQMZ�JODSFBTFT�UIF�EJTTPMWFE�PYZHFO�	%0
�
DPODFOUSBUJPO�CVU�EFDSFBTFT�BT�CJPNBTT�VQUBLF�PYZHFO�BT�UIF�
NJYFE�MJRVPS�USBWFMT�UISPVHI�UIF�EJUDI�

4PMJET�BSF�NBJOUBJOFE�JO�TVTQFOTJPO�BT�UIF�NJYFE�MJRVPS�
DJSDVMBUFT�BSPVOE�UIF�EJUDI��*G�EFTJHO�435T�JT�TFMFDUFE�GPS�
OJUSJmDBUJPO
�B�IJHI�EFHSFF�PG�OJUSJmDBUJPO�XJMM�PDDVS��

0YJEBUJPO�EJUDI�FGnVFOU�JT�VTVBMMZ�TFUUMFE�JO�B�TFQBSBUF�
TFDPOEBSZ�DMBSJmFS��"O�BOBFSPCJD�UBOL�NBZ�CF�BEEFE�QSJPS�UP�
UIF�EJUDI�UP�FOIBODF�CJPMPHJDBM�QIPTQIPSVT�SFNPWBM�

Reliability
$BQBCJMJUZ�UP�IBOEMF�IZESBVMJD�TIPDL�MPBEJOHT�
1SPDFTT�IBT�WFSZ�IJHI�nFYJCJMJUZ�XJUI�DPOTJTUFOU�IJHI�RVBMJUZ�
FGnVFOU�

Replication Potential 
1SPDFTT�JT�nFYJCMF��.BYJNVN�nFYJCJMJUZ�XJUI�DPOTJTUFOU�IJHI�
RVBMJUZ�FGnVFOU�

Regulatory/Institutional Issues
3FRVJSFT�BO�FOUJUZ�UP�PQFSBUF�BOE�NBJOUBJO�UIF�GBDJMJUZ�

Operation and Maintenance
• "EKVTUNFOU�PG�SPUPS�JNNFSTJPO�CZ�SBJTJOH�DPWFSJOH�B�XFJS

• 1SFWFOUJWF�NBJOUFOBODF�PO�SPUPST�BOE�PUIFS�FRVJQNFOU

• .BJOUFOBODF�PG�XFJST
�TMJEF�HBUFT
�TUSVDUVSFT�BOE�PUIFS�
BQQVSUFOBODFT

��� /P�QSJNBSZ�TFUUMJOH�UBOLT�OFFEFE�

��� $BQBCMF�PG�NFFUJOH�TUSJDU�EJTDIBSHF�TUBOEBSET�

��� 3FMBUJWFMZ�TNBMM�TQBDF�SFRVJSFNFOU�

��� .PTU�TUBCMF�QFSGPSNBODF�PG�BMM�DPOUJOVPVT�nPX�
NFDIBOJDBM�CJPMPHJDBM�TZTUFN�

��� 4ZTUFNT�DBO�CF�VTFE�XJUI�PS�XJUIPVU�DMBSJmFST
�XIJDI�
BGGFDUT�nFYJCJMJUZ�BOE�DPTU�

D
Advantages

��� 3FRVJSFT�IJHIMZ�TLJMMFE�BUUFOUJPO�BOE�PQFSBUJPO�

��� -BSHF�FOFSHZ�SFRVJSFNFOU�GPS�FRVJQNFOU�PQFSBUJPO�

��� -BSHF�WPMVNF�PG�TMVEHF�HFOFSBUFT�

��� #JPMPHJDBM�USFBUNFOU�JT�VOBCMF�UP�USFBU�IJHIMZ�UPYJD�
XBTUF�TUSFBNT�

U
Disadvantages

Sources
��� 'FOH
�$��	����
��$PNNJTTJPOJOH�BOE�0QFSBUJPO�PG�0YJEBUJPO�%JUDI�JO�.VOJDJQBM�8BTUFXBUFS�5FBUNFOU�1MBOU�<+>��/PSUIFSO�

&OWJSPONFOU
��
������

��� .UFUIJXB
�"�
�.VOZFOZFNCF
�"�
�+FSF
�8�
�BOE�/ZBMJ
�&��	����
��&GmDJFODZ�PG�PYJEBUJPO�QPOET�JO�XBTUFXBUFS�USFBUNFOU��*OU��+��
&OWJSPO��3FT
��	�

����������

��� .BOU[JBSBT
�*�
�4UBNPV
�"�
�BOE�,BUTJSJ
�"��	����
��1FSGPSNBODF�PQUJNJ[BUJPO�PG�BO�BMUFSOBUJOH�PYJEBUJPO�EJUDI�TZTUFN�CZ�DZDMF�
UJNFMFOHUI�WBSJBUJPO��%FTBMJOBUJPO�BOE�8BUFS�5SFBUNFOU
���	���

����������

��� 4IBNNBT
�/��,�
�BOE�8BOH
�-��,��	����
��0YJEBUJPO�EJUDI�#JPMPHJDBM�5SFBUNFOU�1SPDFTTFT�	QQ���������
��4QSJOHFS�

��� 53$
�������4USBUGPSE�%JTUSJDU�$PVODJM�NVOJDJQBM�PYJEBUJPO�QPOET�TZTUFN�NPOJUPSJOH�QSPHSBNNF�"OOVBM�3FQPSU������������53$�
5FDIOJDBM�3FQPSU���������

��� 64&1"�	����
��8BTUFXBUFS�5FDIOPMPHZ�'BDU�4IFFU�0YJEBUJPO�%JUDIFT��6OJUFE�4UBUFT�&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ
�&1"�����
'���������

��� 8BUFS�&OWJSPONFOU�'FEFSBUJPO�	����
��%FTJHO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT
��UI�FEJUJPO
�.BOVBM�PG�1SBDUJDF�/P�����
7PM��
�8BUFS�&OWJSPONFOU�'FEFSBUJPO��"MFYBOESJB
�7JSHJOJB�
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Description
"RVBDVMUVSF�JO�HFOFSBM�SFGFST�UP�UIF�DPOUSPMMFE�DVMUJWBUJPO�PG�
BRVBUJD�QMBOUT�BOE�BOJNBMT�CZ�NBLJOH�VTF�PG�XBTUFXBUFS�BT�B�
OVUSJFOU�TPVSDF�GPS�QMBOUT�BOE�mTI��8JUI�UIF�IFMQ�PG�mTIQPOET�
BOE�BRVBDVMUVSF
�QSF�USFBUFE�XBTUFXBUFS�DBO�CF�VUJMJ[FE�BOE�
DPOUBJOFE�OVUSJFOUT�DBO�CF�SFDZDMFE�JOUP�UIF�GPPE�DIBJO��*O�
QSJODJQMF
�QSF�USFBUFE�XBTUFXBUFS�JT�MFU�JOUP�B�QPOE�XIFSF�UIF�
DPOUFOUT�BSF�VUJMJ[FE�CZ�EJGGFSFOU�TQFDJFT�PG�NJDSPPSHBOJTNT
�
QMBOUT�BOE�mTIFT��'PS�B�GVMM�TDBMF�USFBUNFOU�BOE�UP�NBJOUBJO�
PQUJNJ[FE�DPOEJUJPOT�GPS�UIF�TQFDJFT�JU�JT�DPNNPO�UP�VTF�QPOE�
TZTUFNT�JO�TFSJFT�PG�UXP�PS�UISFF�NPEVMFT�

Design Criteria
5IF�CJPDIFNJDBM�PYZHFO�EFNBOE�	#0%
�TIPVME�OPU�FYDFFE�
��H�N2�QFS�EBZ�BOE�PYZHFO�TIPVME�CF�BU�MFBTU���NH�-��'JTI�
JOUSPEVDFE�UP�BFSPCJD�QPOET�DBO�FGGFDUJWFMZ�SFEVDF�BMHBF�BOE�
IFMQ�DPOUSPM�NPTRVJUP�QPQVMBUJPOT��#VU�JG�UIF�QPOET�BSF�PWFS�
GFSUJMJ[FE
�UIJT�JODSFBTFT�UIF�HSPXUI�PG�QIZUPQMBOLUPO�BOE�BMHBF�
BOE�UIFJS�FWFOUVBM�EFHSBEBUJPO�ESBTUJDBMMZ�SFEVDFT�UIF�MFWFMT�PG�
PYZHFO�JO�UIF�XBUFS�MFBEJOH�UP�EFBUI�PG�mTI�PS�PUIFS�PSHBOJTNT�

3FUFOUJPO�UJNF�JT�������EBZT��NFBO�EFQUI�JT�����N�	����N�BU�JOMFU�
BOE�����N�BU�PVUMFU
��

Blackwater

Semi-centralized and CentralizedAquaculture  
T E C H N O L O G Y SOURCE

SCALE

Applications
4VJUBCMF�JO�BSFBT�XIFSF�UIFSF�BSF�mTIQPOET�PS�JO�BSFBT�OFBS�UIF�
TFB
�SJWFST
�TXBNQ�NBSTIFT
�FUD��"MTP�BQQMJDBCMF�XIFSF�TQBDF�
JT�BWBJMBCMF�XJUIJO�VSCBO�TFUUMFNFOUT�

Components
'JTIQPOE�XJUI�FBSUIFO�FNCBOLNFOUT
�JOMFU�BOE�PVUMFU�QJQFT��
UZQFT��1JQJOH�JT�SFRVJSFE�mTI�QPQVMBUJPO�

Capacity
4NBMM�BOE�MBSHF�TDBMF�BQQMJDBUJPOT�QPTTJCMF��1SF�USFBUNFOU�
EFUFSNJOFT�TDPQF�PG�BRVBDVMUVSF�

Costs
*U�WBSJFT�BDDPSEJOH�UP�UIF�MPDBM�DPOEJUJPO��'FBTJCJMJUZ�PG�FGnVFOU�
SFVTF�PQUJPO�EFQFOET�PO�MBOE�QSJDFT�GSFF�MBOE�VTF�QPTTJCJMJUZ��

Operating Principles
(FOFSBMMZ
�UISFF�LJOET�PG�BRVBDVMUVSF�EFTJHOT�GPS�SBJTJOH�mTI�
FYJTU��	J
�GFSUJMJ[BUJPO�PG�mTI�QPOET�XJUI�FYDSFUB�GBFDBM�TMVEHF��
	JJ
�GFSUJMJ[BUJPO�PG�mTI�QPOET�XJUI�FGnVFOUT��BOE�	JJJ
�mTI�HSPXO�
EJSFDUMZ�JO�BFSPCJD�QPOET��

"�XFMM�GVODUJPOJOH�mTI�QPOE�SFRVJSFT�TVGmDJFOU�OVUSJFOUT�GPS�UIF�
PSHBOJTNT�BU�BMM�MFWFMT�BOE�TVGmDJFOU�PYZHFO�GPS�mTI�UP�HSPX��
8IFO�JOUSPEVDJOH�OVUSJFOUT�JO�UIF�GPSN�PG�FGnVFOU�PS�TMVEHF�JU�JT�
JNQPSUBOU�UP�MJNJU�UIF�BEEJUJPOT�TP�UIBU�BFSPCJD�DPOEJUJPOT�BSF�
NBJOUBJOFE�

(FOFSBM�XPSLJOH�QSJODJQMF�JT�TJNJMBS�UP�BFSPCJD�USFBUNFOU�VOJUT�
XIFSF�FGnVFOUT�BSF�USFBUFE�JO�QSFTFODF�PG�PYZHFO�BOE�HSPXUI�PG�
CBDUFSJB�BOE�MJWJOH�BOJNBM�JODMVEJOH�mTI�
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�,MÄJPLUJ`

*G�QSPQFS�GVODUJPO�DBO�CF�HVBSBOUFFE
�HPPE�USFBUNFOU�FGmDJFODZ�
DBO�CF�FYQFDUFE�

Reliability
6TVBMMZ�SFMJBCMF�QSPWJEFE�SFHVMBS�PQFSBUJPO��$PMMBQTF�PG�UIF�
TZTUFN�DBO�PDDVS��

*U�DBO�CF�VQHSBEFE�XJUI�JOUSPEVDUJPO�PG�TFDPOEBSZ�USFBUNFOU�
CFGPSF�UIF�mTIQPOE�
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Replication Potential 
)JHI�TFMG�IFMQ�QPUFOUJBM�XIFSF�BRVBDVMUVSFT�IBWF�B�USBEJUJPO��#VU�
DPPQFSBUJPO�PG�FYQFSUT�JT�SFDPNNFOEFE�GPS�QPMMVUJPO�DPOUSPM�

Regulatory/Institutional Issues
4VCKFDU�UP�DPNQMJBODF�XJUI�UIF�$MFBO�8BUFS�"DU�BOE�MPDBM�
BVUIPSJUZ�QFSNJTTJPO�NBZ�SFRVJSF�

Operation and Maintenance
• 3FNPWBM�PG�XFFET�BOE�PUIFS�BRVBUJD�QMBOUT�SFHVMBSMZ

• 1SFWFOU�GPSNBUJPO�PG�nPBUJOH�TDVN�BOE�UP�BMMPX�PYZHFO�UP�
DPNF�UISPVHI

• .BJOUBJO�UIF�SJQSBQ�PG�UIF�FNCBOLNFOUT

��� 6UJMJ[BUJPO�PG�OVUSJFOUT��

��� 3FMJFWFT�SJWFST�UISPVHI�UIF�SFEVDUJPO�PG�EJSFDU�
QPMMVUJPO�MPBE�

��� $BO�QSPWJEF�B�DIFBQ
�MPDBMMZ�BWBJMBCMF�QSPUFJO�
TPVSDF�

��� -PX�UP�NPEFSBUF�DBQJUBM�DPTU��

��� 0QFSBUJOH�DPTUT�DBO�CF�PGGTFU�CZ�QSPEVDUJPO�
SFWFOVF�

��� $BO�CF�CVJMU�BOE�NBJOUBJOFE�XJUI�MPDBMMZ�BWBJMBCMF�
NBUFSJBMT�

D
Advantages

��� )B[BSEPVT�UP�IVNBO�IFBMUI�JG�OPU�GVODUJPOJOH�
QSPQFSMZ
�BOE�DPMMBQTF�PG�UIF�USFBUNFOU�VOJU�JT�
QPTTJCMF��

��� $BOOPU�USFBU�IBSNGVM�JOEVTUSJBM�XBTUFT

��� .BZ�OFFE�JODMVTJPO�PG�BOBFSPCJD�QPOE�BU�IFBE�PG�
XPSLT�UP�SFEVDF�SFDZDMF�PG�mTI�XPSN�FHHT

U
Disadvantages

Sources
��� "26"&53&"5�	����
��.BOVBM�PO�FGnVFOU�USFBUNFOU�JO�BRVBDVMUVSF��4DJFODF�BOE�1SBDUJDF��IUUQ���BSDIJNFS�JGSFNFS�GS�EPD������

SBQQPSU������QEG

��� $IÈWF[�$SPPLFS
�1�
�BOE�0CSFRVF�$POUSFSBT
�+��	����
��#JPSFNFEJBUJPO�PG�BRVBDVMUVSF�XBTUFT��$VSSFOU�PQJOJPO�JO�CJPUFDIOPMPHZ
�
��	�

���������

��� (%��	����
��$PNNVOJUZ�#BTFE�5FDIOPMPHJFT�GPS�%PNFTUJD�8BTUFXBUFS�5SFBUNFOU�BOE�3FVTF��PQUJPOT�GPS�VSCBO�BHSJDVMUVSF��*%3$�
0UUBXB��"WBJMBCMF��IUUQ���JESJOGP�JESD�DB

��� .BSUJOT
�$�
�&EJOH
�&�
�7FSEFHFN
�.�
�)FJOTCSPFL
�-�
�4DIOFJEFS
�0�
�#MBODIFUPO
�+��1�
�������7FSSFUI
�+��	����
��/FX�EFWFMPQNFOUT�
JO�SFDJSDVMBUJOH�BRVBDVMUVSF�TZTUFNT�JO�&VSPQF��"�QFSTQFDUJWF�PO�FOWJSPONFOUBM�TVTUBJOBCJMJUZ��"RVBDVMUVSBM�FOHJOFFSJOH
���	�

�
�������

��� .JS[PZBO
�/�
�5BM
�:�
�BOE�(SPTT
�"��	����
��"OBFSPCJD�EJHFTUJPO�PG�TMVEHF�GSPN�JOUFOTJWF�SFDJSDVMBUJOH�BRVBDVMUVSF�TZTUFNT��
SFWJFX��"RVBDVMUVSF
����	�

������

��� 3PXBO�6OJWFSTJUZ�	����
��%FTJHO�HVJEF�GPS�3FDJSDVMBUJOH�BRVBDVMUVSF�4ZTUFN
�1SFQBSFE�GPS�4JPVY�*OEJBO�3FTFSWBUJPO��(MBTTCPSP
�
/+������
�IUUQ���XXX�SPXBO�FEV�DPMMFHFT�FOHJOFFSJOH�DMJOJDT�FOHXPCPSEFST�3FQPSUT�&8#@mTI@IBUDIFSZ@mOBM�QEG

��� 5JMMFZ
�&���-VFUIJ
�$���.PSFM
�"���;VSCSVFHH
�$���4DIFSUFOMFJC
�3��	����
��$PNQFOEJVN�PG�4BOJUBUJPO�4ZTUFNT�BOE�5FDIOPMPHJFT��
%VFCFOEPSG�BOE�(FOFWB��4XJTT�'FEFSBM�*OTUJUVUF�PG�"RVBUJD�4DJFODF�BOE�5FDIOPMPHZ�	&"8"(
��

��� 8)0�	����
��(VJEFMJOFT�GPS�UIF�TBGF�VTF�PG�XBTUFXBUFS�FYDSFUB�BOE�HSFZXBUFS��7PMVNF�***��8BTUFXBUFS�BOE�&YDSFUB�6TF�JO�
"RVBDVMUVSF��(FOFWB��8PSME�)FBMUI�0SHBOJ[BUJPO��
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Description
"�)POFZTVDLFS�JT�B�UFSN�VTFE�JO�*OEJB�BOE�4PVUI�"GSJDB�GPS�
TFQUJD�UBOLT�BOE�MBUSJOFT�FNQUJFS��)POFZTVDLFS�VTFT�B�WBDVVN�
QVNQ�UP�TVDL�TFQUBHF�GSPN�B�DFTTQJU
�TFQUJD�UBOL�PS�MBUSJOF�
BOE�EJTDIBSHFT�JU�FJUIFS�UP�UIF�TFXFS�OFUXPSL
�UP�B�XBTUFXBUFS�
USFBUNFOU�QMBOU
�JO�B�QJU�GPS�DPNQPTUJOH�PS�JOUP�UIF�FOWJSPONFOU��
$PNQPTUJOH�DBO�HFOFSBUF�SFWFOVFT�TJODF�JU�SFQMBDFT�FYQFOTJWF�
GFSUJMJ[FS�BOE�DPVME�CF�B�HPPE�UFDIOJRVF�PG�OVUSJFOU�SFDPWFSZ��

Design Criteria
"�UZQJDBM�)POFZTVDLFS�USVDL�JO�*OEJB�IBT�B�DBQBDJUZ�PG��
����
MJUFST�BOE�TFSWFT�BCPVU�mWF�CVJMEJOHT�B�EBZ��

"TTVNJOH�B���ZFBS�FNQUZJOH�DZDMF�POF�USVDL�DBO�DBUFS�UP�BCPVU�
�
����UP��
����CVJMEJOHT�PS���
����UP���
����QFPQMF��

*O�UIF�DJUZ�PG�#BOHBMPSF�BMPOF
�JU�JT�FTUJNBUFE�UIBU�UIFSF�XFSF�VQ�
UP�����TVDI�USVDLT�JO�����
�TFSWJOH�NPSF�UIBO���NJMMJPO�QFPQMF�

)POFZTVDLFST�BSF�PQFSBUFE�CZ�QSJWBUF�DPNQBOJFT�XJUIPVU�UIF�
OFFE�GPS�TVCTJEJFT��5IF�DIBSHF�GPS�FNQUZJOH�B�TFQUJD�UBOL�JT�
CFUXFFO��
����BOE��
����3VQFFT�	64%����BOE���
�FWFSZ�UXP�
ZFBST�

"GUFS�UISFF�NPOUIT�PG�DPNQPTUJOH
�B�USVDLMPBE�PG�DPNQPTU�
DBO�CF�TPME�GPS��
����UP��
����3VQFFT�	64%����UP���
��*O�UIF�
#BOHBMPSF�BSFB
�DPNQPTU�JT�VTFE�QSJNBSJMZ�PO�CBOBOB�BOE�
DPDPOVU�USFFT�

*G�TFQUBHF�JT�EJTDIBSHFE�PO�MBOE�GPS�DPNQPTUJOH
�FBDI�
)POFZTVDLFS�SFRVJSFT�POF�IFDUBSF�PG�MBOE�GPS�DPNQPTUJOH�

Resources Recovery (Nutrients 
and Other Resources/Materials)
HouseholdSludge Reuse: Honeysucker

T E C H N O L O G Y SOURCE

SCALE

Applications
5IJT�JT�BQQMJDBCMF�GPS�BOZ�VSCBO�TFUUJOH�XIFSF�XBTUFXBUFST�BSF�
USFBUFE�CZ�POTJUF�TBOJUBUJPO�UFDIOPMPHJFT
�QBSUJDVMBSMZ�TFQUJD�
UBOL��

Components
*U�SFRVJSFT�B�USVDL�XJUI�UIF�TQFDJBM�QJQFT�BOE�NPUPST��TBGF�MBOE�
GPS�EJTQPTJOH�BOE�DPNQPTUJOH��

Capacity
"TTVNJOH�B���ZFBS�FNQUZJOH�DZDMF�POF�USVDL�DBO�DBUFS�UP�BCPVU�
�
����UP��
����CVJMEJOHT�PS���
����UP���
����QFPQMF��

"SFB�PG�UIF�EJTQPTBM�TJUF�WBSJFT�BDDPSEJOH�UP�UIF�UPUBM�BNPVOU�PG�
TMVEHF�UP�CF�EJTQPTFE�

Costs
*U�WBSJFT�CBTFE�PO�UIF�MPDBM�DPOEJUJPO��*OEJBO�DBTF�TUVEJFT�
TIPX�UIBU�JU�XJMM�DPTUT�BCPVU����NPOUI�GPS�B�TJOHMF�IPVTFIPME�GPS�
EJTQPTJOH�UIF�XBTUF�

Operating Principles

1JU�UPJMFUT�BOE�TFQUJD�UBOL�BSF�DPNNPO�JO�UIF�VSCBO�QFSJQIFSZ�JO�
EFWFMPQJOH�DPVOUSJFT��5SVDLT�BSF�JOEJHFOPVTMZ�EFWFMPQFE�XJUI�
B�XBUFS�KFUUJOH�BOE�WBDVVN�TVDLJOH�QVNQ�UIBU�WBDVVNT�BOE�
TVDL�B�QJU�UPJMFU��5IJT�NFDIBOJ[BUJPO�OBNFE�BT�)POFZTVDLFS�JT�B�
.PCJMF�5FDIOPMPHZ��*U�FMJNJOBUFT�NBOVBM�TDBWFOHJOH�BOE�TBGF�

$PMMFDUFE�TFXBHF�JT�USBOTQPSUFE�JO�B�OBUVSBM�HSPVOE�GPS�TBGF�
EJTQPTBM�BOE�SFDPWFSZ�PG�OVUSJFOUT��5IF�EJTQPTFE�XBTUF�JT�
DPNQPTUFE�UP�UVSO�JOUP�GFSUJMJ[FS��*U�DBO�CF�BQQMJFE�EJSFDUMZ�JO�
UIF�mFMET�PS�DSPQT��5IF�USFBUNFOU�QSPDFTT�JT�DPNQMFUFMZ�OBUVSBM�
UIFSFGPSF�TFMFDUJPO�PG�EJTQPTBM�TJUF�JT�LFZ�GPS�UIF�TBGF�BOE�
FGGFDUJWF�USFBUNFOU�BOE�DPNQPTUJOH�
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Replication Potential 
*U�JT�QPTTJCMF�JO�BMM�QMBDFT��XIFSF�BDDFTT�GPS�USBDLT�JT�BWBJMBCMF�

<[PSP[`�
�,MÄJPLUJ`
*U�JT�TBGF
�FBTZ�BOE�OVUSJFOUT�DBO�CF�SFDPWFSFE�

Reliability
*U�SFRVJSFT�DBSFGVM�NPOJUPSJOH�BOE�DPOUSPM��

Regulatory/Institutional Issues
&NCFEEJOH�PG�DVSSFOU�QSBDUJDFT�BT�BO�PGmDJBMMZ�BDDFQUFE�PQUJPO�
UP�TBOJUBUJPO�TFSWJDF�EFMJWFSZ�GPS�BMM�VSCBO�EXFMMFST

Operation and Maintenance
• 4FMFDUJPO�PG�MBOE�USFBUNFOU
�NPOJUPSJOH�PG�UIF�USFBUNFOU�

QSPDFTT�JT�LFZ

• 1SFQBSBUJPO�PG�GFSUJMJ[FS�GSPN�UIF�DPNQPTUJOH�XJMM�SFRVJSF�
TQFDJBM�BUUFOUJPO�

• 1PUFOUJBM�DPOUBNJOBUJPO�PG�HSPVOEXBUFS�BOE�PUIFS�XBUFS�
CPEJFT�JT�BMTP�DSJUJDBM�XIJMF�TFMFDUJOH�B�EJTQPTBM�TJUF�

��� 3FMBUJWFMZ�DIFBQFS
�TBGFS
�BOE�GBTUFS�UIBO�NBOVBM�
PQFSBUJPO

��� 1PUFOUJBM�CFOFmU�GSPN�UIF�DPNQPTUJOH�

��� %SJWFO�CZ�UIF�NBSLFU�BOE�OP�OFFE�PG�JOWFTUNFOU�GSPN�
UIF�MPDBM�CPEJFT�HPWFSONFOU�

��� "QQMJDBCMF�JO�MPX�JODPNF�DPNNVOJUJFT�BOE�TMVNT

D
Advantages

��� 3JTLT�UP�UIF�QVCMJD�IFBMUI�BOE�FOWJSPONFOUBM�QPMMVUJPO

��� 3FRVJSFT�MBOE�GPS�UIF�USFBUNFOU�

��� )JHIFS�SJTL�PG�HSPVOE�XBUFS�QPMMVUJPO�

��� 1PUFOUJBM�JODJEFODF�PG�nJFT�BOE�JOTFDUT

U
Disadvantages

Sources
��� ,WBSOTUSÚN
&�
�7FSIBHFO
�+�
�/JMTTPO
�.�
�4SJLBOUBJBI
�7�
�4JOHI
�,�
�BOE�3BNBDIBOESBO
4�	����
��/FX�"HSJDVMUVSJTU�	����
��

1SPEVDUJWF�TBOJUBUJPO���UIF�IPOFZ�TVDLFST�PG�#FOHBMVSV��IUUQ���XXX�OFX�BH�JOGP�FO�GPDVT�GPDVT*UFN�QIQ B�����

��� 1BSUJBMMZ�CBTFE�PO�B�SFTFBSDI�4MVEHF�3FVTF�GSPN�.FHB�$JUJFT�o�"�4PVUIFSO�*OEJB�$BTF��8PSME�8BUFS�XFFL���������IUUQ���XXX�
XPSMEXBUFSXFFL�PSH�EPDVNFOUT�888@1%'������5IVS�4FDVSJOH�XBUFS�BOE�GPPE�4SJLBOUBJBI�)POFZTVDLFST�QEG

��� 1FBSDF
�'��	����
��4IJUPOPNJDT��UIF�WBMVF�PG�IVNBO�XBTUF��/FX�4DJFOUJTU
����	����

��������

��� 4MVEHF�3FVTF�GSPN�.FHB�o�$JUJFT�o�"�4PVUIFSO�*OEJB�$BTF�IUUQ���XXX�XPSMEXBUFSXFFL�PSH�EPDVNFOUT�888@1%'������5IVS�
4FDVSJOH�XBUFS�BOE�GPPE�4SJLBOUBJBI�)POFZTVDLFST�QEG

��� 5TJLP
�3��(�
�BOE�5PHBSFQJ
�4��	����
��"�4JUVBUJPOBM�"OBMZTJT�PG�8BTUF�.BOBHFNFOU�JO�)BSBSF
�;JNCBCXF��+PVSOBM�PG�"NFSJDBO�
4DJFODF
��	�
��

��� 7FSIBHFO
�+�
�,WBSOTUSÚN
�&�
�/JMTTPO
�.�
�4SJLBOUBJBI
�7�
�BOE�4JOHI
�4��3��,��	����
��5IF�CVTJOFTT�PG�UIF�)POFZ�4VDLFST�JO�
#FOHBMVSV�	*OEJB
��"TJB�3FHJPOBM�4BOJUBUJPO�BOE�)ZHJFOF�1SBDUJUJPOFST�8PSLTIPQ
�%IBLB
�#BOHMBEFTI
����+BOVBSZ����'FCSVBSZ�
�����

%FWFMPQJOH�B�QSPUPDPM�GPS�UIF�JODMVTJPO�PG�OPO�TFXFSBHF�CBTFE�
PS�PO�QMPU�TBOJUBUJPO�TZTUFNT�JO�*OEJB

%FWFMPQJOH�B�QSPUPDPM�BOE�B�MFHBM�GSBNF�XPSL�GPS�IBOEMJOH
�
USBOTQPSUBUJPO
�DPNQPTUJOH�BOE�BQQMJDBUJPO�PG�OVUSJFOUT�GSPN�
TFQUBHF�BOE�PO�QMPU�TZTUFNT

3FTFBSDI�PO�VOEFSTUBOEJOH�OVUSJFOU�o�QBUIPHFOT�BOE�TBGF�
BQQMJDBUJPO�GPS�OVUSJFOU�SFVTF
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Description
6SJOF�DPOUBJOT�WBMVBCMF�OVUSJFOUT�MJLF�/JUSPHFO�BOE�1IPTQIPSVT�
BOE�DBO�CF�BQQMJFE�UP�TPJM�BT�B�GFSUJMJ[FS�GPS�DSPQT��4USVWJUF�
	.H/)�10��)�0

�TPNFUJNFT�BMTP�DBMMFE�.BHOFTJVN�
"NNPOJVN�1IPTQIBUF�)FYBIZESBUF�	.�"�1
�JT�B�DSZTUBMMJ[FE�
XIJUF
�PEPSMFTT�QPXEFS�QSPEVDFE�UISPVHI�B�CBTJD�QSFDJQJUBUJPO�
SFBDUJPO�JO�VSJOF��4USVWJUF�JT�B�CJPBWBJMBCMF
�TMPX�SFMFBTF�GFSUJMJ[FS��
JU�JT�DPNQBDU�BOE�DBO�CF�TUPSFE
�USBOTQPSUFE�BOE�BQQMJFE�FBTJMZ
�
BOE�EPFT�OPU�TNFMM��5ISPVHI�TUSVWJUF�SFDPWFSZ
�PWFS�����PG�
1IPTQIBUF�DBO�FBTJMZ�CF�SFNPWFE�GSPN�VSJOF�

Design Criteria
5IF�TUSVWJUF�SFBDUPS�DPOTJTUT�PG�B�TUJSSJOH�NFDIBOJTN
�XIJDI�JT�
mUUFE�JOTJEF�UIF�UBOL��B�OZMPO�DMPUI�mMUFS�CBH�IBOHT�CFMPX�B�WBMWF�
UP�BMMPX�UIF�NBJO�SFBDUPS�UP�CF�ESBJOFE�	TFF�UIF�mHVSF�CFMPX
��

5P�TUBSU�UIF�QSPDFTT
�UIF�DPMMFDUFE�VSJOF�BOE�NBHOFTJVN�BSF�
NJYFE�GPS����NJOVUFT�JO�UIF�SFBDUJPO�UBOL��5IF�WBMWF�JT�PQFOFE�
BOE�UIF�TVTQFOTJPO�JT�UIFO�ESBJOFE�JOUP�UIF�mMUFS�CBH��5IF�mMUFS�
CBH�SFUBJOT�UIF�TUSVWJUF�XIJMF�UIF�FGnVFOU�QBTTFT�UISPVHI��5IF�
TUSVWJUF�XJMM�CF�SFBEZ�UP�VTF�BGUFS�UIF�mMUFS�CBH�JT�BJS�ESJFE�GPS�POF�
UP�UXP�EBZT��

*O�mFME�FYQFSJNFOUT
�UIJT�UZQF�PG�SFBDUPS�XBT�BCMF�UP�SFDPWFS�
PWFS�����PG�UIF�QIPTQIBUF�DPOUBJOFE�JO�UIF�VSJOF��*O�PSEFS�UP�
NBYJNJ[F�OVUSJFOU�SFDPWFSZ
�BOZ�QSFDJQJUBUF�UIBU�QSFDJQJUBUFT�
OBUVSBMMZ�GSPN�VSJOF�TIPVME�CF�JODPSQPSBUFE�JOUP�UIF�mOBM�
QSPEVDU�

5IF�TUSVWJUF�SFBDUPS�EFTJHO�JO�B�DPNNVOJUZ�TDBMF�JT�TUJMM�MJNJUFE�
JO�UIF�QJMPU�BOE�MBC�TDBMF��%FWFMPQNFOU�PG�DPNQMFUF�EFTJHO�
HVJEFMJOFT�BOE�QSJODJQMFT�BSF�TUJMM�POHPJOH��

Resources Recovery (Nutrients 
and Other Resources/Materials)
Semi-centralized and CentralizedStruvite and Struvite Reactor

T E C H N O L O G Y SOURCE

SCALE

Applications
4USVWJUF�QSFDJQJUBUJPO�NBZ�CF�BQQSPQSJBUF�GPS�BOZ�TJUVBUJPO�XIFSF�
TJHOJmDBOU�RVBOUJUJFT�PG�VSJOF�DBO�CF�DPMMFDUFE�BOE�TVGmDJFOU�
RVBOUJUJFT�PG�.BHOFTJVN
�QSFGFSBCMZ�JO�B�TPMVCMF�GPSN
�JT�
BWBJMBCMF�BU�BO�BGGPSEBCMF�DPTUT�

6SJOF�DPMMFDUJPO�	MBCPS
�BOE�USBOTQPSU�	GVFM
�BDDPVOUT�GPS�B�MBSHF�
QSPQPSUJPO�PG�UIF�DPTUT
�BOE�UIFSFGPSF�TUSVWJUF�QSPEVDUJPO�JT�NPSF�
BQQSPQSJBUF�GPS�BSFBT�XIFSF�MBSHF�WPMVNFT�PG�VSJOF�BSF�BWBJMBCMF�
XJUIJO�B�TNBMM�BSFB�TVDI�BT�QVCMJD�UPJMFUT
�TDIPPMT�

4USVWJUF�DBO�BMTP�CF�QSPEVDFE�GSPN�B�WBSJFUZ�PG�XBTUFXBUFST�
	JODMVEJOH�EPNFTUJD�XBTUFXBUFS�PS�MJRVJE�BOJNBM�NBOVSF
�CVU�UIF�
QSPDFTT�JT�NPSF�EJGmDVMU�BOE�SFRVJSFT�BEEJUJPOBM�DIFNJDBMT�GPS�
Q)�DPOUSPM��

Components
*U�DPOTJTUT�PG�TZTUFNT�UIBU�SFRVJSF�DPMMFDUJPO
�TUPSBHF
�BOE�
SFBDUPS�GPS�DPOWFSUJOH��.BUFSJBMT
�NPEF�PG�USBOTQPSUBUJPO�BOE�
UZQF�PG�SFBDUPS�XJMM�EFQFOE�PO�UIF�MPDBM�DPOEJUJPO�

Capacity
5IF�TUSVWJUF�SFBDUPS�IBT�CFFO�UFTUFE�GPS�B�DPNNVOJUZ�MFWFM��

Costs
$BTF�TUVEJFT�CZ�&XBH�JO�/FQBM�TIPX�UIBU�TUSVWJUF�QSFDJQJUBUJPO�
SFBDUPS�DPTUT�64�	�����

�PS�64������QFS�MJUFS�USFBUNFOU�DBQBDJUZ�
PS�64��	�������
�QFS�LH�TUSVWJUF�QSPEVDUJPO�DBQBDJUZ�QFS�EBZ��

Operating Principles

+RXVHKROG�DQG�'HFHQWUDOL]HG�V\VWHP��6SJOF�JT�DPMMFDUFE�
GSPN�FBDI�IPVTFIPME�	VTJOH�BOZ�UZQF�PG�VSJOF�USBOTQPSUBUJPO�
NFBOT
��5IF�DPMMFDUFE�VSJOF�JT�QSPDFTTFE�UISPVHI�UIF�TUSVWJUF�
SFBDUPS�XIFSF�.BHOFTJVN�TPVSDF�JT�BEEFE��.BJO�GPVS�TUFQT�GPS�
QSPDFTTJOH�JO�UIF�SFBDUPS�JODMVEF��J
�mMMJOH�SFBDUPS�XJUI�VSJOF
�JJ
�
BEEJOH�BOE�NJYJOH�PG�QSFDJQJUBUJOH�DIFNJDBM�	NBHOFTJVN

�JJJ
�
mMUFSJOH�TUSVWJUF�QSFDJQJUBUFT
�BOE�JW
�ESZJOH�UIF�TUSVWJUF��
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Replication Potential 
5IJT�JT�JO�FBSMZ�TUBHF�PG�EFWFMPQNFOU��)PXFWFS
�UIF�mFME�SFTVMUT�
EFNPOTUSBUFE�UIBU�JU�DBO�CF�SFQMJDBCMF�JO�BOZ�QMBDF�XIFSF�VSJOF�
DBO�CF�TFQBSBUFE�BOE�PUIFS�SBX�NBUFSJBMT�BSFB�BWBJMBCMF�

Regulatory/Institutional Issues
"�TUBOEBSE�CZFMBXT�BOE�SFHVMBUJPOT�XJMM�SFRVJSF�GPS�UIF�TBGFUZ�PG�
QVCMJD�IFBMUI�BOE�FOWJSPONFOU�

Reliability
5IF�QJMPUFE�TZTUFNT�BSF�SFMJBCMF��)PXFWFS�SFMJBCJMJUZ�XJMM�WBSZ�
BDDPSEJOH�UP�NPEF�PG�PQFSBUJPO�BOE�BMTP�EFQFOET�PO�UIF�MPDBM�
DPOEJUJPO�

<[PSP[`�
�,MÄJPLUJ`

5IJT�JT�PO�UIF�QJMPU�MFWFM�BOE�QFSGPSNBODFT�BSF�TUJMM�VOEFS�UIF�
FYQFSJNFOUBUJPOT�

Operation and Maintenance
$SJUJDBM�QPJOU�JO�UIF�TUSVWJUF�QSPEVDUJPO�QSPDFTT�JT�BMXBZT�MJRVJE�
TPMJE�TFQBSBUJPO��5IF�GPMMPXJOH�QPJOUT�BSF�JNQPSUBOU�GPS�UIF�
PQFSBUJPO�BOE�NBJOUFOBODF�QSPDFTT��

• 4QFDJBM�BUUFOUJPO�NVTU�CF�QBJE�UP�UIF�mMUFS

• 0QUJNVN�TUJSSJOH�UJNF�JT�BCPVU����NJOVUFT

• 'JUUJOHT�NVTU�CF�NFUBM�BT�QMBTUJD�DBVTFT�GSFRVFOU�MFBLBHFT

• "�NJOJNVN�TFUUMJOH�UJNF�JT����IPVST�BOE�UIJT�UJNF�IBT�UP�CF�
BEKVTUFE�BDDPSEJOHMZ�GPS�CJHHFS�SFBDUPST

• #PUUPN�BOE�XBMMT�PG�UIF�SFBDUPS�IBWF�UP�CF�DMFBOFE�
QFSJPEJDBMMZ�GSPN�SFNBJOJOH�TUSVWJUF�

3FTVMUT�IBWF�TIPXO�UIBU�BDIJFWJOH�B�IJHI�1IPTQIPSPVT�SFNPWBM�
GSPN�UIF�MJRVJE�JT�OPU�EJGmDVMU
�IPXFWFS�UIF�LFZ�QSPCMFN�JT�
TFQBSBUJOH�UIF�QSFDJQJUBUFE�TUSVWJUF�GSPN�UIF�MJRVJE�
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��� 3FEVDFE�XFJHIU�BOE�WPMVNF�PG�OVUSJFOUT�	DPNQBSFE�
UP�VSJOF
�

��� &BTZ�USBOTQPSU
�TUPSBHF�BOE�IBOEMJOH
�OP�CBE�TNFMM�

��� 4JNQMF�UFDIOPMPHZ��DBO�CF�CVJMU�BOE�PQFSBUFE�BMNPTU�
BOZXIFSF�

��� $POTUSVDUJPO�XJUI�MPDBM�NBUFSJBMT�	GPS�IPVTFIPME�MFWFM


��� &BTZ�PQFSBUJPO�	OP�FMFDUSJDJUZ�GPS�IPVTFIPME�MFWFM
�

��� 6TFS�GSJFOEMZ�GFSUJMJ[FS�QSPEVDU�

��� -PXFS�PQFSBUJOH�BOE�NBJOUFOBODF�DPTUT

��� *NQSPWFE�EJHFTUJPO�QFSGPSNBODF�JO�DFOUSBMJ[FE�VOJU

��� 5SFBUNFOU�o�JNQSPWFE�FGmDJFODZ�BOE�SFMJBCJMJUZ

���� 4NBMMFS�TVQFSOBUBOU�OVUSJFOU�MPBE�SFUVSOFE�

D
Advantages

��� )JHI�WPMVNFT�PG�VSJOF�SFRVJSFE�

��� -PX�ZJFMET�	BQQSPYJNBUFMZ���LH�TUSVWJUF�GSPN�����
-JUFST�PG�VSJOF
�

��� 1BSUJBM�SFDPWFSZ�PG�/JUSPHFO�BOE�OP�SFDPWFSZ�PG�
1PUBTTJVN��

��� 3FRVJSFT�TPMVCMF�.BHOFTJVN�TPVSDF�

��� 5SBOTQPSU�DPTUT�PG�VSJOF�	UP�UIF�TUSVWJUF�QSPEVDUJPO�
TJUF
�SFEVDF�FDPOPNJD�WJBCJMJUZ�

��� &GnVFOU�SFRVJSFT�USFBUNFOU�PS�DPOUSPMMFE�SFVTF�	J�F��
GFSUJHBUJPO
�

��� 1PTTJCMF�DPSSPTJPO�PG�NFUBM�BQQMJBODF�

U
Disadvantages
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Description
5IFSF�BSF�FNFSHJOH�UFDIOPMPHJFT�UIBU�DBO�SFDPWFS�OVUSJFOUT�
	F�H�
�/JUSPHFO
�1IPTQIPSPVT
�GSPN�UIF�XBTUFXBUFS��5IF�
SFDPWFSZ�PG�QIPTQIPSVT�GSPN�EPNFTUJD�XBTUFXBUFS�IBT�CFFO�
JNQMFNFOUFE�BU�GVMM�TDBMF�JOTUBMMBUJPOT�	F�H�
�0TUBSB�QSPDFTT�
	64"

�$SZTUBMMBDUPS�	/FUIFSMBOET

�1IPTOJY�	+BQBO
�QSPDFTTFT
��
"�OVNCFS�PG�QSPDFTTFT�TVDI�BT�TUJSSFE�UBOL�SFBDUPST�BOE�BJS�
BHJUBUFE�BOE�nVJEJ[FE�CFE�SFBDUPST�IBWF�CFFO�JOWFTUJHBUFE�BT�
QPTTJCMF�DPOmHVSBUJPOT�GPS�TUSVWJUF�SFDPWFSZ��5IFTF�QSPDFTTFT�
IBWF�UIF�BCJMJUZ�UP�SFNPWF�BOE�SFDPWFS�PWFS�����PG�UIF�TPMVCMF�
QIPTQIPSVT�JO�UIF�XBUFS��*O�UIF�XBTUFXBUFS
�OVUSJFOUT�SFDPWFSZ�
XPVME�IBWF�UIF�BEEJUJPOBM�CFOFmUT�PG�NJOJNJ[JOH�FVUSPQIJDBUJPO�
BOE�BMMFWJBUJOH�UIF�TDBMJOH�PG�QSPDFTT�FRVJQNFOU�BU�XBTUFXBUFS�
USFBUNFOU�QMBOUT�

Design Criteria
#BTFE�PO�FYJTUJOH�MJUFSBUVSF
�B�WBSJFUZ�PG�BQQSPBDIFT�FYJTU�UP�
UIF�SFDPWFSZ�PG�QIPTQIPSVT�GSPN�XBTUFXBUFS
�TMVEHF
�BOE�
TMVEHF�BTI��5IF�NBJO�BQQSPBDIFT�BSF�DBUFHPSJ[FE�CZ�UIF�PSJHJO�
PG�UIF�VTFE�NBUUFS�	XBTUFXBUFS
�TMVEHF�MJRVPS
�GFSNFOUFE�PS�
OPOGFSNFOUFE�TMVEHF
�BTI
�BOE�UIF�UISFF�TJHOJmDBOU�SFDPWFSZ�
QSPDFTTFT�	QSFDJQJUBUJPO�GSPN�FGnVFOU�PS�MJRVPS��XFU�DIFNJDBM�
FYUSBDUJPO�BOE�TVCTFRVFOU�QSFDJQJUBUJPO��BOE�UIFSNBM
�F�H�
�
NFUBMMVSHJDBM
�USFBUNFOU
�

5IF�EFTJHO�DSJUFSJB�BOE�TUBOEBSET
�UIFSFGPSF�EFQFOET�PO�UIF�
UZQFT�PG�BQQSPBDIFT�VTFE�GPS�UIF�SFDPWFSZ��'PS�FYBNQMF
�JO�UIF�
/FUIFSMBOET
�UIF�QIPTQIPSVT�GBDUPSZ�PG�5IFSNQIPT�*OUFSOBUJPOBM�
VTFT�B�QSPDFTT�XIJDI�BMMPXT�UIF�VTF�PG�TFXBHF�TMVEHF�
JODJOFSBUJPO�BTI�BT�B�SFQMBDFNFOU�GPS�QIPTQIBUF�SPDL�BT�B�SBX�
NBUFSJBM���4JNJMBSMZ
�UIF�0TUBSB�QSPDFTT
�EFWFMPQFE�CZ�6OJWFSTJUZ�
PG�#SJUJTI�$PMVNCJB
�JT�BMSFBEZ�QSPWJOH�TVDDFTTGVM�JO�TFWFSBM�
TFXBHF�QMBOUT�JO�$BOBEB�BOE�UIF�64"
�BOE�JT�OPX�CFJOH�UFTUFE�
JO�*TSBFM
�$IJOB�BOE�UIF�6,�

4JNJMBS�UP�PUIFS�USFBUNFOU�UFDIOPMPHJFT
�UIF�TUBOEBSE�EFTJHO�
QSBDUJDFT�XJMM�EFQFOE�PO�UIF�EJGGFSFOU�BQQSPBDIFT�BOE�MPDBM�
DPOEJUJPOT�

Resources Recovery (Nutrients 
and Other Resources/Materials)
Semi-centralized and Centralized

Nutrient Recovery Technology 
(E.g., Ostara’s Pearl)

T E C H N O L O G Y
SOURCE

SCALE

Applications
3FDZDMJOH�QIPTQIPSVT�GSPN�UIF�MJRVJE�QIBTF�DBO�CF�EPOF�
PO�B�TNBMM�PS�B�MBSHF�TDBMF�BOE�BU�OFBSMZ�FWFSZ�8851��5IF�
XFU�DIFNJDBM�QSPDFTT�SFRVJSFT�GFSNFOUBUJPO�PG�UIF�TMVEHF�
BOE�B�MBSHF�OVNCFS�PG�DIFNJDBMT
�BOE�JT�OPU�FDPOPNJDBM�PO�
B�TNBMM�TDBMF��5IF�UIFSNBM�NFUBMMVSHJDBM�QSPDFTT�SFRVJSFT�B�
MPU�PG�FOFSHZ
�XIJDI�MFBET�UP�IJHI�PQFSBUJPOBM�DPTUT�GPS�CPUI�
QSPDFTTFT��#PUI�UIFSNBM�USFBUNFOU�BOE�JODJOFSBUJPO�BSF�MBSHF�
TDBMF�QSPDFTTFT��

4FWFSBM�mFME�TUVEJFT�TIPX�UIBU�TFNJ�DFOUSBMJ[FE�PS�EFDFOUSBMJ[FE�
TZTUFNT�BSF�QSFGFSSFE�GPS�UIF�OVUSJFOUT�SFDPWFSZ�DPNQBSFE�UP�UIF�
DFOUSBMJ[FE�POF�

Components
*U�DBO�CF�JOTUBMMFE�JO�BOZ�UZQFT�PG�DFOUSBMJ[FE�XBTUFXBUFS�
TZTUFNT�BT�TIPXO�JO�'JHVSF��5IF�UFDIOPMPHZ�BOE�JUT�DPNQPOFOUT�
BSF�BEWBODFE�BOE�EFWFMPQFE�PO�TPQIJTUJDBUFE�FOHJOFFSJOH�
EFTJHO�

Capacity
5IF�UFDIOPMPHZ�IBT�CFFO�JOTUBMMFE�BOE�PQFSBUFE�JO�B�GVMM�
DFOUSBMJ[FE�TDBMF�JO�4BTLBUPPO�BOE�0TUBSB�DJUJFT�JO�$BOBEB��
)PXFWFS
�UIF�UFDIOPMPHZ�IBT�nFYJCJMJUZ�XJUI�UIF�TJ[FT�PG�UIF�DJUJFT�
BOE�RVBMJUZ�BOE�RVBOUJUZ�PG�XBTUFXBUFS�UP�CF�USFBUFE�

Costs
7BSJFT�BDDPSEJOH�UP�UIF�UZQFT�PG�QMBOUT
�TJ[F
�XBTUFXBUFS�RVBMJUZ�
BOE�PUIFS�MPDBM�DPOEJUJPOT��

Operating Principles
*O�UIF�QSFDJQJUBUJPO�QSPDFTT
�QIPTQIBUF�EJTTPMWFE�JO�UIF�
XBTUFXBUFS�PS�TMVEHF�MJRVPS�JT�QSFDJQJUBUFE�PS�BETPSCFE
�
XIFSFBT�UIF�NFUBM�JPOT�SFNBJO�CPVOE�JO�UIF�TMVEHF�BOE�BSF�
OPU�	DP�
QSFDJQJUBUFE�XJUI�UIF�QIPTQIBUF��*G�QIPTQIPSVT�JT�UP�CF�
SFDPWFSFE�GSPN�UIF�TMVEHF
�JU�mSTU�IBT�UP�CF�EJTTPMWFE�VTJOH�B�
TUSPOH�BDJE
�IFBU
�BOE�PS�QSFTTVSF��

*O�UIF�XFU�DIFNJDBM�FYUSBDUJPO�QSPDFTT�UIF�NFUBM�JPOT�BOE�
QIPTQIBUF�IBWF�UP�CF�TFQBSBUFE�CFGPSF�UIF�QIPTQIBUF�QSPEVDU�

5IF�1FBSM¥�/VUSJFOU�3FDPWFSZ�1SPDFTT�
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Replication Potential 
'VMM�OVUSJFOU�SFDPWFSZ�UFDIOPMPHZ�BOE�BQQSPBDIFT�BSF�TUJMM�
JO�FBSMZ�TUBHFT�PG�UIF�EFWFMPQNFOU��)PXFWFS
�UIF�mFME�SFTVMU�
EFNPOTUSBUFE�UIBU�UIFJS�TVDDFTTGVM�EFWFMPQNFOU�BOE�TUBOEBSET�
EFTJHOT�BSF�BWBJMBCMF�UP�SFDPWFS�UIF�1IPTQIPSPVT�GSPN�UIF�
XBTUFXBUFS�

Regulatory/Institutional Issues
5IJT�JT�BO�BEWBODFE�UFDIOPMPHZ�BOE�XJMM�CF�PQFSBUFE�POMZ�CZ�
MJDFOTFE�QSJWBUF�TFDUPS�XJUI�EFmOFE�UFSNT�PG�SFGFSFODFT�BOE�
RVBMJUZ�DPOUSPM��"�TUBOEBSE�CZFMBXT�BOE�SFHVMBUJPOT�XJMM�SFRVJSF�
GPS�UIF�TBGFUZ�PG�QVCMJD�IFBMUI�BOE�FOWJSPONFOUOperation and Maintenance

5IF�PQFSBUJPO�BOE�NBJOUFOBODF�SFRVJSFT�WFSZ�IJHI�TLJMMFE�BOE�
USBJOFE�PQFSBUPST�

Reliability
5IF�TZTUFN�JT�IJHI�UFDI�BOE�NFDIBOJ[FE�UIBU�IBT�B�WFSZ�IJHI�
MFWFM�PG�SFMJBCJMJUZ��

<[PSP[`�
�,MÄJPLUJ`

5IF�QFSGPSNBODFT�MFWFMT�BSF�QSPWFE�UP�CF�TBUJTGBDUPSZ�BT�UIF�
SFNPWBM�SBUF�JT�BCPWF�������5IF�GVMM�QFSGPSNBODFT�BSF�TUJMM�VOEFS�
UIF�FYQFSJNFOUBUJPOT�

DBO�CF�QSFDJQJUBUFE��5IJT�SFRVJSFT�JOUFOTJWF�VTF�PG�DIFNJDBMT�BOE�NBLFT�UIF�QSPDFTT�DPNQMFY�BOE�FYQFOTJWF��

*G�TMVEHF�JT�JODJOFSBUFE
�BMM�PG�UIF�PSHBOJD�TVCTUBODFT
�JODMVEJOH�UPYJD�DPNQPVOET�BOE�UIF�NPTU�WPMBUJMF�NFUBM�DPNQPVOET
�BSF�
SFNPWFE��5P�DBQUVSF�BMM�PS�BU�MFBTU�NPTU�PG�UIF�SFNBJOJOH�NFUBM�JPOT
�UIF�BTI�IBT�UP�VOEFSHP�B�UIFSNBM�NFUBMMVSHJDBM�USFBUNFOU�

([DPSOH�RI�&HQWUDOL]HG�V\VWHP��WKH�2VWDUD�SURFHVV�

0TUBSB�EFTJHOT
�CVJMET�BOE�NBSLFUT�B�QSPQSJFUBSZ�OVUSJFOU�SFDPWFSZ�UFDIOPMPHZ�UIBU�USBOTGPSNT�QIPTQIPSVT�BOE�OJUSPHFO�SFDPWFSFE�
GSPN�NVOJDJQBM�BOE�JOEVTUSJBM�XBUFS�USFBUNFOU�GBDJMJUJFT�JOUP�B�IJHI�WBMVF
�FDP�GSJFOEMZ�GFSUJMJ[FS
�TPME�BOE�NBSLFUFE�BT�$SZTUBM�(SFFO��
5IF�0TUBSB�UFDIOPMPHZ�JT�CBTFE�PO�DPOUSPMMFE�DIFNJDBM�QSFDJQJUBUJPO�JO�B�nVJEJ[FE�CFE�SFBDUPS�UIBU�SFDPWFST�TUSVWJUF�JO�UIF�GPSN�PG�
IJHIMZ�QVSF�DSZTUBMMJOF�QFMMFUT�PS�iQSJMMTw�

*O�UIJT�UFDIOPMPHZ
�OVUSJFOU�SJDI�GFFE�TUSFBNT�BSF�NJYFE�XJUI�NBHOFTJVN�DIMPSJEF�BOE
�JG�OFDFTTBSZ
�TPEJVN�IZESPYJEF�BOE�UIFO�GFE�
JOUP�UIF�1FBSM�SFBDUPS�XIFSF�NJOVUF�QBSUJDMFT�PS�TUSVWJUF�iTFFETw�CFHJO�UP�GPSN��-JLF�B�QFBSM
�UIFTF�TFFET�HSPX�JO�EJBNFUFS�VOUJM�UIFZ�
SFBDI�UIF�EFTJSFE�TJ[F�o�����NN�UP�����NN�XIJDI�JT�QSFDJTFMZ�DPOUSPMMFE�CZ�WBSZJOH�LFZ�QBSBNFUFST��5IJT�NJOFSBM�JT�GPSNFE�CZ�UIF�
MFGUPWFS�OJUSPHFO�BOE�QIPTQIPSVT�QSFTFOU�JO�XBTUFXBUFS�BGUFS�CJPMPHJDBM�USFBUNFOU�BOE�PGUFO�QSFDJQJUBUFT�UP�GPSN�DSVTUZ�EFQPTJUT�UIBU�
CMPDL�QJQFT�

5IF�4BTLBUPPO�8851�CBTFE�PO�UIF�0TUBSB�EFTJHOT
�GFBUVSFT�B�1FBSM������SFBDUPS
�XIJDI�IBT�BO�BOOVBM�QSPEVDUJPO�DBQBDJUZ�PG�����
UPOOFT�PG�$SZTUBM�(SFFO
�UIF�TMPX�SFMFBTF
�FDP�GSJFOEMZ�GFSUJMJ[FS�DSFBUFE�GSPN�UIF�IBSWFTUFE�OVUSJFOUT��5IF�$JUZ�SFDFJWFT�B�TIBSF�PG�UIF�
SFWFOVF�HFOFSBUFE�GSPN�GFSUJMJ[FS�TBMFT�XIJDI�IFMQT�PGGTFU�UIF�DPTUT�PG�UIF�TZTUFN��$SZTUBM�(SFFO�JT�VTFE�JO�CMFOET�CZ�UIF�BHSJDVMUVSF
�
UVSG�BOE�IPSUJDVMUVSF�TFDUPST�UISPVHIPVU�$BOBEB�BOE�UIF�6OJUFE�4UBUFT�
*O�B�NVOJDJQBM�XBTUFXBUFS�USFBUNFOU�QMBOU
�VQ�UP����QFS�DFOU�PG�UIF�QIPTQIPSVT�BOE����QFS�DFOU�PG�UIF�BNNPOJB�MPBE�JT�SFNPWFE�GSPN�
TMVEHF�EFXBUFSJOH�MJRVJE�VTJOH�UIJT�QSPDFTT�BOE�UIF�SFTVMUJOH�QSPEVDU�JT�NBSLFUFE�BT�B�DPNNFSDJBM�GFSUJMJ[FS�DBMMFE�$SZTUBM�(SFFO�
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��� *U�SFRVJSFT�BEWBODFE�UFDIOPMPHJDBM�LOPXMFEHF��BOE�
IJHIMZ�USBJOFE�QMBOU�PQFSBUPST�

��� 1PUFOUJBM�QSFTFODF�PG�UPYJD�TVCTUBODF�XJUI�
QIPTQIPSPVT�

��� $PTUT�PG�PQFSBUJPO�JT�WFSZ�IJHI

��� 5IF�UFDIOPMPHJFT�BSF�OPU�JOTUBMMFE�ZFU�JO�BOZ�
EFWFMPQJOH�DPVOUSJFT�
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Description
4MVEHF�ESZJOH�CFE�JT�B�NFUIPE�GPS�EFXBUFSJOH�TMVEHF�UISPVHI�
SFEVDUJPO�PG�NPJTUVSF�DPOUFOU�CZ�mMUSBUJPO�BOE�FWBQPSBUJPO��
5IF�CPUUPN�PG�UIF�mMUFS�CFE�JT�MBJE�XJUI�QFSGPSBUFE�QJQFT�GPS�
ESBJOJOH�UIF�mMUSBUF�PS�TFFQBHF�XBUFS��%SZJOH�CFET�BSF�FJUIFS�
QMBOUFE�PS�VOQMBOUFE�TFBMFE�TIBMMPX�QPOET�mMMFE�XJUI�TFWFSBM�
ESBJOBHF�MBZFST�BOE�EFTJHOFE�GPS�UIF�TFQBSBUJPO�PG�TPMJET�GSPN�
UIF�MJRVJE�GSBDUJPO�PG�	GBFDBM
�TMVEHF�GSPN�MBUSJOFT
�TFQUJD�UBOLT
�
CJPHBT�SFBDUPST
�USJDLMJOH�mMUFST
�FUD��4MVEHF�JT�ESJFE�OBUVSBMMZ�CZ�
B�DPNCJOBUJPO�PG�QFSDPMBUJPO�BOE�FWBQPSBUJPO��4MVEHF�ESZJOH�
CFET�BSF�OPSNBMMZ�MPDBUFE�OFBS�USFBUNFOU�QMBOUT�UP�USFBU�UIF�
TMVEHF�QSPEVDFE�CZ�QSJNBSZ�TFDPOEBSZ�USFBUNFOU��"GUFS�ESZJOH
�
NPJTUVSF�DPOUFOU�JT�SFEVDFE�CZ�����PS�MFTT�

Design Criteria
6OQMBOUFE�TMVEHF�ESZJOH�CFET�BSF�TJNQMF�TBOE�BOE�HSBWFM�mMUFST�
PO�XIJDI�CBUDI�MPBET�PG�TMVEHF�BSF�EFXBUFSFE��5IF�EJBNFUFS�
PG�UIF�NFEJVN�BOE�UIF�IFJHIU�PG�UIF�EJGGFSFOU�HSBWFM�BOE�TBOE�
MBZFST�WBSZ�BDDPSEJOH�UP�UIF�MPDBM�DPOEJUJPO��

(FOFSBMMZ
�UIF�CFE�DPOUBJOT�TFWFSBM�MBZFST�PG�HSBWFM�CFET��*U�
DPOUBJOT�B�DPBSTF�HSBWFM�MBZFS�	EJBNFUFS�����UP����NN
�JT�XJUIJO�
���UP����DN�PG�IFJHIU
�BOPUIFS�HSBWFM�MBZFS�	EJBNFUFS�PG���UP�
���NN
�PG����UP����DN��BOE�B�TJNJMBS�MBZFS�XJUI�TMJHIUMZ�TNBMMFS�
EJBNFUFS�EFQFOEJOH�PO�MPDBM�DPOEJUJPO��5IFSF�TIPVME�CF�B�mOBM�
TBOE�MBZFS�PG����UP����DN�

-BOE�SFRVJSFNFOUT�BSF������N2�QFS�DBQJUB�GPS�B����EBZT�DZDMF��
%SZJOH�UBLFT�VQ�UP����UP����EBZT��0O�BO�BOOVBM�CBTJT
�BCPVU�����
UP�����LH�54�N2�DBO�CF�BQQMJFE�PO�B�ESZJOH�CFE��#FGPSF�GSFTI�
TMVEHF�JT�BQQMJFE
�ESJFE�TMVEHF�OFFET�UP�CF�EFTMVEHFE�BOE�
CSPVHIU�UP�B�DPNQPTUJOH�TJUF�

1MBOUFE�CFET�DPOTJTU�PG�BO�JNQFSNFBCMF�TIBMMPX�QJU�mMMFE�XJUI�
EJGGFSFOU�MBZFST�PG�DPBSTF�UP�mOF�TBOE��(FOFSBMMZ
�UIFSF�BSF�UISFF�
MBZFST
�TUBSUJOH�XJUI�B�MBSHF�HSBWFM�MBZFS�	EJBNFUFS�PG���NN
�PG�
���DN�IFJHIU
�GPMMPXFE�CZ�B�mOF�HSBWFM�MBZFS�XJUI�HSBOVMFT�PG���
NN�JO�EJBNFUFS�	BMTP����DN�IFJHIU
�BOE�mOBMMZ�DPWFSFE�XJUI�B�
TBOE�MBZFS�PG�TPNF����DN��

6OMJLF�VOQMBOUFE�CFET
�QMBOUFE�CFET�EP�OPU�OFFE�EFTMVEHJOH�
CFGPSF�FBDI�OFX�BQQMJDBUJPO�BT�UIF�SPPU�TZTUFN�PG�UIF�QMBOUT�
NBJOUBJOT�UIF�QFSNFBCJMJUZ�

Resources Recovery (Nutrients 
and Other Resources/Materials)
Semi-centralized and CentralizedSludge Drying Beds

T E C H N O L O G Y SOURCE

SCALE

Applications
%SZJOH�CFET�BSF�OPU�TVJUBCMF�JO�SFHJPOT�XJUI�IFBWZ�SBJOGBMMT�BOE�
GSFRVFOU�nPPEJOH�PS�XIFSF�UIF�XBUFS�UBCMF�JT�IJHI��

*O�BOZ�DBTF
�UIF�QPOET�TIPVME�CF�TFBMFE�UP�QSFWFOU�JOmMUSBUJPO�
PG�UIF�QBUIPHFO�DPOUBJOJOH�QFSDPMBUF�BOE�B�DPVOUFS�CPVOE�DBO�
QSFWFOU�SVO�PGG�UP�nPX�JO�

Components
$POTUSVDUJPO�PG�VOQMBOUFE�BOE�QMBOUFE�TMVEHF�ESZJOH�CFET�JT�
TJNJMBS��5IFZ�SFRVJSF�HSBWFM�TBOE�mMUFST
�ESBJOBHF�QJQFT�JO�UIF�
CPUUPN�	QFSGPSBUFE�17$�QJQFT�PS�IPMMPX�CMPDLT

�BOE�EJGGFSFOU�
ESBJOBHF�MBZFST��

5IF�CFE�GSBNF�JT�VTVBMMZ�NBEF�GSPN�DPODSFUF�PS�B�QMBTUJD�MJOFS�
XJUI�UIF�CPUUPN�TVSGBDFT�TMJHIUMZ�TMPQFE�JO�PSEFS�UP�GBDJMJUBUF�
QFSDPMBUJPO�BOE�ESBJOBHF��5IF�MPXFTU�MBZFS�PG�UIF�CFE�DPOTJTUT�PG�
B�ESBJOBHF�TUSBUVN�NBEF�PG�DPBSTF�HSBWFM��6QQFS�MBZFST�DPOTJTU�
PG�EJGGFSFOU�TBOE�BOE�HSBWFM�XJUI�mOFS�HSBJO�TJ[F�BU�UIF�UPQ��'PS�
UIF�TMVEHF�BQQMJDBUJPO
�B�TQMBTI�TQBUF�NBZ�CF�VTFE�UP�BWPJE�
TQVUUFSJOH�

Capacity
4NBMM�BOE�MBSHF�TDBMF�BQQMJDBUJPOT�QPTTJCMF��

Costs
5IF�JOWFTUNFOU�DPTUT�PG�TMVEHF�ESZJOH�CFET�BSF�NPEFSBUF�
XIFSF�MBOE�QSJDFT�BSF�MPX�BOE�mMUFS�NBUFSJBM�JT�MPDBMMZ�BWBJMBCMF��
)PXFWFS
�UIF�QPOE�NBZ�OFFE�UP�CF�NBEF�JNQFSNFBCMF�BOE�
FYQFSU�TLJMMT�BSF�SFRVJSFE�GPS�EFTJHO�

0QFSBUJPO�DPTUT�BSF�MPX�BT�OP�FOFSHZ�PS�DPNQMJDBUFE�FRVJQNFOU�
JT�SFRVJSFE��)PXFWFS
�EFTMVEHJOH
�JO�QBSUJDVMBS
�GPS�VOQMBOUFE�
CFET�JT�MBCPSJPVT�

1MBOUFE�TMVEHF�ESZJOH�CFET

4MVEHF�ESZJOH�CFET�SFRVJSFT�MBSHF�TVSGBDF�BSFBT�BOE�PEPS�JT�
GSFRVFOU��5IFSFGPSF
�UIFZ�TIPVME�CF�DPOTUSVDUFE�GBS�BXBZ�GSPN�
IPVTJOHT�



���

Replication Potential 
)JHI�TFMG�IFMQ�QPUFOUJBM�CVU�DPPQFSBUJPO�PG�FYQFSUT�JT�
SFDPNNFOEFE�GPS�QPMMVUJPO�DPOUSPM�

Regulatory/Institutional Issues
3FRVJSFT�DMFBS�HVJEFMJOFT�BOE�CZFMBXT�

Operation and Maintenance
0QFSBUJPO�BOE�.BJOUFOBODF�JODMVEFT�BQQMJDBUJPO�PG�TMVEHF
�
EFTMVEHJOH
�DPOUSPM�PG�ESBJOBHF�TZTUFN�BOE�UIF�DPOUSPM�PG�
UIF�TFDPOEBSZ�USFBUNFOUT�GPS�QFSDPMBUF�PS�ESJFE�TMVEHF��&WFO�
UIPVHI�FYQFSUT�BSF�OPU�DPNQVMTPSZ�GPS�UIF�0QFSBUJPO�BOE�
.BJOUFOBODF
�B�XFMM�PSHBOJ[FE�DPNNVOJUZ�HSPVQ
�XIJDI�IBT�
FYQFSJFODF�JO�PSHBOJD�GFSUJMJ[FS�VTF�BOE�QSFQBSBUJPO
�JT�SFRVJSFE�

Reliability
6TVBMMZ�IJHI
�JG�UIF�BSFB�JT�LFQU�ESZ�	SBJO
�SVOPGG
�CVU�JO�DBTFT�PG�
DBSFMFTT�VTF
�GPSNT�B�IB[BSE�UP�SFTJEFOUT��

<[PSP[`�
�,MÄJPLUJ`

%FQFOET�PO�UIF�MPDBM�DMJNBUF�	SBJO
�SVOPGG
��54�DPOUFOU�PG����UP�
�����DBO�CF�BDIJFWFE��4PNF�PG�/)��JT�MPTU�UP�BJS��/VUSJFOUT�BSF�
DBQUVSFE�JO�QMBOUT�BOE�JO�UIF�OVUSJFOU�SJDI�ESJFE�TMVEHF�UIBU�DBO�
CF�BQQMJFE�PO�MBOE��

Operating Principles
%SZJOH�CFET�BSF�TJNQMF�TFBMFE�TIBMMPX�QPOET�mMMFE�XJUI�TFWFSBM�
ESBJOBHF�MBZFST��4MVEHF�JT�BQQMJFE�PO�UIF�UPQ�BOE�ESJFE�CZ�
QFSDPMBUJPO�BOE�FWBQPSBUJPO��

5IF�TMVEHF�JT�BQQMJFE�JO�B�CBUDI�NPEF�BCPVU�PODF�QFS�XFFL�
JOUFSWBMT�JO�MBZFST�PG�OP�NPSF�UIBO����UP����DN��"CPVU����UP�����
PG�UIF�JOJUJBM�WPMVNF�JT�SFNPWFE�CZ�QFSDPMBUJPO�SFTVMUJOH�JO�UPUBM�
TPMJE�	54
�DPOUFOU�PG����UP�����EFQFOEJOH�PO�UIF�MPDBM�XFBUIFS�
DPOEJUJPOT�BOE�DMJNBUF��*O�SFHJPOT�XJUI�GSFRVFOU�SBJOGBMM
�DPOUPVS�
CPVOET�DBO�QSFWFOU�TVSGBDF�SVOPGG�UP�FOUFS�UIF�QPOET�BOE�
DPWFSJOH�UIF�ESZJOH�CFET�XJUI�B�SPPG�NBZ�CF�DPOTJEFSFE�

%SZJOH�JOEVDFT�QBSUJBM�QBUIPHFO�SFNPWBM��)PXFWFS
�UIF�ESJFE�
TMVEHF�TUJMM�NBZ�DPOUBJO�QBUIPHFOT
�QBSUJDVMBSMZ�)FMNJOUI�FHHT
�
BOE�TIPVME�UIFSFGPSF�CF�IBOEMFE�DBSFGVMMZ�BOE�SFDFJWF�GVSUIFS�
USFBUNFOU�TVDI�BT�DPNQPTUJOH�PS�QSPMPOHFE�TUPSBHF�CFGPSF�
VTF�JO�BHSJDVMUVSF��5IF�QFSDPMBUF�GSPN�EFXBUFSJOH�DPOUBJOT�BMTP�
QBUIPHFOT
�NBJOMZ�CBDUFSJB�BOE�WJSVTFT�BOE�IBT�UP�CF�GVSUIFS�
USFBUFE�BT�XFMM��*O�UIF�DBTF�PG�GSFRVFOU�BQQMJDBUJPO�PG�TMVEHF�
BOE�UP�FOIBODF�SFUFOUJPO�UJNFT
�UXP�PS�NPSF�ESZJOH�CFET�DBO�CF�
DPOTUSVDUFE�JO�QBSBMMFM�BOE�VTFE�BMUFSOBUFMZ�

*O�QMBOUFE�ESZJOH�CFET
�UIF�QMBOUT�NBJOUBJO�UIF�QPSPTJUZ�PG�UIF�
TPJM�BOE�FOIBODF�UIF�FWBQPSBUJPO�CZ�USBOTQJSBUJPO�	FWBQPSBUJPO
��
%SJFE�TMVEHF�DBO�CF�VTFE�BT�CJPTPMJE�JO�BHSJDVMUVSF�

4MVEHF�JT�BEEFE�JOUFSNJUUFOUMZ�PODF�B�XFFL�BOE�POMZ�SFNPWFE�
FWFSZ���UP����ZFBST��0ODF�UIF�TMVEHF�JT�SFNPWFE�JU�JT�XFMM�
NJOFSBMJ[FE�BOE�IBT�B�TPJM�MJLF�TUSVDUVSF�XJUI�B�54�DPOUFOU�PG����
UP������5IFSFGPSF
�QMBOUFE�TMVEHF�ESZJOH�CFET�BSF�BMTP�DBMMFE�
IVNJmDBUJPO�CFET��*U�JT�CFTU�UP�TUPQ�BQQMZJOH�TMVEHF�POF�PS�
UXP�ZFBST�CFGPSF�SFNPWJOH�JU�	XIJMF�B�QBSBMMFM�CFE�SFDFJWFT�UIF�
TMVEHF
��*O�TVDI�B�XBZ
�UIF�IVNJmFE�TMVEHF�JT�OFBSMZ�QBUIPHFO�
GSFF�BOE�DBO�CF�SFVTFE�EJSFDUMZ�BT�CJPTPMJE�JO�BHSJDVMUVSF�
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��� 4JNQMF�UP�PQFSBUF
�OP�FOFSHZ�SFRVJSFE�

��� -PXFTU�DPTU�PQUJPO�BNPOH�TMVEHF�EFXBUFSJOH�
NFUIPET�

��� %SJFE�TMVEHF�DBO�CF�VTFE�BT�GFSUJMJ[FS�	FJUIFS�EJSFDUMZ�
JO�UIF�DBTF�PG�QMBOUFE�CFET�PS�BGUFS�DPNQPTUJOH�JO�
UIF�DBTF�PG�VOQMBOUFE�CFET
�

��� &BTZ�UP�PQFSBUF�	OP�FYQFSUT
�CVU�USBJOFE�DPNNVOJUZ�
SFRVJSFE
�

��� )JHI�SFEVDUJPO�PG�TMVEHF�WPMVNF�BOE�QBUIPHFO�
SFNPWBM�

��� $BO�CF�CVJMU�XJUI�MPDBMMZ�BWBJMBCMF�NBUFSJBMT�

D
Advantages

��� 'JMUSBUF�TFFQBHF�XBUFS�IBT�UP�CF�USFBUFE�

��� .BZ�QSPEVDF�PEPS�BOE�nJFT�OVJTBODF�

��� 3FRVJSFT�MBSHF�MBOE�BSFB�

��� 3FRVJSFT�USFBUNFOU�PG�QFSDPMBUF�

��� 0OMZ�BQQMJDBCMF�EVSJOH�ESZ�TFBTPOT�PS�OFFET�B�SPPG�
BOE�DPOUPVS�CVOE�

��� .BOVBM�MBCPS�PS�TQFDJBMJ[FE�FRVJQNFOU�JT�SFRVJSFE�UP�
SFNPWF�ESJFE�TMVEHF�GSPN�CFET�

U
Disadvantages
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Description
"OBFSPCJD�CJPHBT�SFBDUPST�BSF�BJSUJHIU�SFBDUPST�JO�XIJDI�
PSHBOJD�XBTUF�JT�EFDPNQPTFE�BOE�USBOTGPSNFE�JOUP�CJPHBT�CZ�
B�CJPMPHJDBM�QSPDFTT�DBMMFE�BOBFSPCJD�EJHFTUJPO��#JPHBT�JT�B�
NJY�PG�NFUIBOF
�DBSCPO�EJPYJEF�BOE�PUIFS�USBDF�HBTFT��#JPHBT�
JT�SFDPWFSFE�BOE�USBOTGPSNFE�JOUP�IFBU�PS�BOZ�PUIFS�GPSN�PG�
FOFSHZ��5IF�SFNBJOJOH�TMVEHF�DPOUBJOT�NBOZ�OVUSJFOUT�BOE�
DBO�CF�VTFE�JO�BHSJDVMUVSF��#JPHBT�JT�BO�BMUFSOBUJWF�TPVSDF�PG�
FOFSHZ�GPS�VTF�JO�IPVTFIPME�DPPLJOH
�IFBUJOH
�MJHIUJOH
�BOE�GPS�
NVOJDJQBM�BOE�JOEVTUSJBM�VTF��.BJOMZ�JO�JOEVTUSJBMJ[FE�DPVOUSJFT
�
UIJT�UFDIOPMPHZ�IBT�CFFO�FWPMWFE�PWFS�UIF�QBTU�DFOUVSJFT
�
SFTVMUJOH�JO�WBSJPVT�EFTJHOT�PG�EJGGFSFOU�DPNQMFYJUJFT

Design Criteria
5IFSF�JT�B�MBSHF�SBOHF�PG�EJGGFSFOU�UZQFT�BOE�EFTJHOT�PG�
BOBFSPCJD�EJHFTUFS�UFDIOPMPHJFT�GPS�UIF�USFBUNFOU�PG�PSHBOJD�
XBTUF��5IF�DPNQMFYJUZ�PG�EFTJHO�WBSJFT�BDDPSEJOH�UP�UIF�
DPNQPTJUJPO�PG�UIF�TVCTUSBUF��ESZ�BOE�XFU�QSPDFTTFT��NFTPQIJMJD�
BOE�UIFSNPQIJMJD�QSPDFTTFT��NFDIBOJDBMMZ�NJYFE�BOE�OP�NJYFE�
SFBDUPST
�CBUDI�BOE�DPOUJOVPVT�SFBDUPST
�BOE�POF�TUBHF�PS�NVMUJ�
TUBHF�QSPDFTTFT�FUD��)PXFWFS
�BMM�UIPTF�UFDIOPMPHJFT�BSF�CBTFE�
PO�BOBFSPCJD�QSPDFTT�

5IFSF�BSF�NBOZ�DPNNFSDJBM�EFTJHOT�BWBJMBCMF�GPS�UIF�CJPSFBDUPS�
VTFGVM�GPS�EJGGFSFOU�TDBMF��4PNF�FYBNQMFT�JODMVEF��EFTJHO�CZ�
"QQSPQSJBUF�3VSBM�5FDIOPMPHZ�*OTUJUVUF�	"35*
�GPS�IPVTFIPME�
MFWFM��#*05&$)�1MBOUT�GSPN�4PVUI�*OEJB�GPS�����GBNJMJFT��5IF�
,0.10("4�$PNQBDU�UFDIOPMPHZ�EFWFMPQFE�JO�4XJU[FSMBOE��
USFBUJOH�NVOJDJQBM�PSHBOJD�XBTUF�

5IF�"35*�DPNQBDU�CJPHBT�QMBOUT�BSF�CBTFE�PO�B�TJNQMF�BOE�
MPX�DPTU�nPBUJOH�ESVN�EFTJHO�BQQMZJOH�B�XFU�EJHFTUJPO�QSPDFTT��
5IF�QMBOUT�BSF�NBEF�GSPN�DPOWFOUJPOBM�QPMZUIFOF�XBUFS�UBOLT�
	UXP�UBOLT
�XJUI�WPMVNFT�PG�UZQJDBMMZ������N��BOE���N�

�BOE�
TUBOEBSE�QMVNCFS�QJQJOH��5IF�TNBMMFS�UBOL�JT�UIF�HBTIPMEFS�
BOE�JT�JOWFSUFE�PWFS�UIF�MBSHFS�POF
�XIJDI�IPMET�UIF�NJYUVSF�
PG�EFDPNQPTJOH�GFFETUPDL�BOE�XBUFS��"O�JOMFU�JT�QSPWJEFE�GPS�
BEEJOH�GFFETUPDL
�BOE�BO�PWFSnPX�GPS�SFNPWJOH�UIF�EJHFTUFE�
SFTJEVF��5IF�PWFSnPX�MJRVJE�DBO�CF�NJYFE�XJUI�UIF�GFFETUPDL�
BOE�SFDZDMFE�CBDL�JOUP�UIF�QMBOU�UP�NBJOUBJO�PQUJNBM�NPJTUVSF�
DPOEJUJPO�GPS�B�XFU�EJHFTUJPO�QSPDFTT���"�QJQF�UBLFT�UIF�CJPHBT�
UP�B�DPMMFDUJPO�CBMMPPO�PS�EJSFDUMZ�UP�UIF�LJUDIFO�

&NQJSJDBM�SFTVMUT�TIPX�UIBU����������MJUFST�PG�XBTUF�DBO�QSPEVDF�
��N��PG�CJPHBT�QFS�EBZ���*U�SFTVMUT�BQQSPYJNBUFMZ���������N��PG�
NFUIBOF�HBT�QFS��
����QFSTPOT�QFS�EBZ��

Energy Recovery System

HouseholdAnaerobic Biogas Reactor  
T E C H N O L O G Y SOURCE

SCALE

Applications
5IF�BOBFSPCJD�USFBUNFOU�PG�PSHBOJD�TPMJE�XBTUF�JT�QBSUJDVMBSMZ�
BEBQUFE�XIFSF�UIFSF�JT�B�OFFE�GPS�B�SFOFXBCMF�FOFSHZ�JO�B�TVC�
VSCBO�BOE�SVSBM�BSFB��

Components
%JHFTUJPO�UBOL��mYFE�PS�nPBUJOH�DPWFS��TMVEHF�XBTUF�JOMFU�QJQF��
HBT�SFNPWBM�QJQF��QSFTTVSF�SFMJFG�BOE�WBDVVN�WBMWF�

Capacity
#JPHBT�QMBOU�DBO�TFSWF�GSPN�B�IPVTFIPME�UP�B�DPNNVOJUZ�DJUZ�
MFWFM�

Costs
$PTUT�WBSZ�BDDPSEJOH�UP�UIF�UZQF�PG�UFDIOPMPHZ�BOE�MPDBM�
DPOEJUJPOT�

"�CJPHBT�SFBDUPS

4PVSDFT�PG�PSHBOJD�XBTUFT�GPS�B�IPVTFIPME�MFWFM�CJPHBT�QMBOU
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Replication Potential 
5IF�CFTU�QSBDUJDFT�XJUI�TUBOEBSE�EFTJHO�BOE�ESBXJOH�BSF�
BWBJMBCMF�UIBU�DBO�CF�SFQMJDBCMF�BU�BOZ�MPDBM�DPOEJUJPO��

Regulatory/Institutional Issues
3FRVJSFT�TLJMMFE�QFSTPOOFM�UP�NBJOUBJO�UIF�GBDJMJUZ�

Operation and Maintenance
*U�XJMM�SFRVJSF�UIF�GPMMPXJOH�TJNQMF�PQFSBUJPOT�

• $IFDL�TDVN�CMBOLFU��CSFBL�VQ
�JG�OFDFTTBSZ

• .POJUPS�HBT�QSPEVDUJPO
�BDJEJUZ�BMLBMJOJUZ�SBUJP

• $POUSPM�GPBNJOH�JO�EJHFTUFS

• .POJUPS�UPUBM�TPMJET�

Reliability
3FMJBCMF�JG�PQFSBUFE�BOE�NBJOUBJOFE�QSPQFSMZ��3FTJTUBOU�BHBJOTU�
TIPDL�MPBET�

<[PSP[`�
�,MÄJPLUJ`

6UJMJ[BUJPO�PG�NFUIBOF�HBT��#0%�$0%�SFEVDUJPO�UISPVHI
BOBFSPCJD�EJHFTUJPO�JT���������

Operating Principles
"OBFSPCJD�EJHFTUJPO�PQFSBUFT�JO�B�GPVS�TUBHF�QSPDFTT��J
�)ZESPMZTJT��JJ
�'FSNFOUBUJPO�	DPOWFSTJPO�PG�OPO�TPMVCMF�PSHBOJD�CJPNBTT�UP�
TPMVCMF�PSHBOJD�DPNQPVOET
��JJJ
�"DJEJmDBUJPO�	DPOWFSTJPO�PG�TPMVCMF�PSHBOJD�DPNQPVOET�UP�WPMBUJMF�GBUUZ�BDJET�BOE�$0�
�GPMMPXFE�CZ�
UIF�DPOWFSTJPO�PG�WPMBUJMF�GBUUZ�BDJET�UP�BDFUBUF�BOE�)�
��BOE�JW
�.FUIBOF�GPSNBUJPO��5IF�mOBM�QSPEVDU
�CJPHBT
�JT�B�NJYUVSF�PG�NFUIBOF�
	$)�

�DBSCPO�EJPYJEF�	$0�
�BOE�PUIFS�USBDF�HBTFT��

5IFSF�BSF�NBOZ�XBZT�JO�XIJDI�BOBFSPCJD�EJHFTUJPO�DBO�PDDVS��5IF�TJNQMFTU�SFBDUPST�BSF�DPWFSFE�XBTUF�EVNQT
�XIFSF�BOBFSPCJD�
EJHFTUJPO�DBO�PDDVS�OBUVSBMMZ�JO�VODPOUSPMMFE�TZTUFNT��

%VSJOH�UIF�PQFSBUJPO
�IVNBO�XBTUF�JT�NJYFE�XJUI�BOJNBM�NBOVSF�BOE�DSPQ�SFTJEVFT�JO�BO�BOBFSPCJD�EJHFTUFS
�XIFSF�JU�JT�EFDPNQPTFE�
XJUIPVU�PYZHFO�BU�SFMBUJWFMZ�IJHI�NPJTUVSF�DPOUFOU�	��������
��8BTUFT�BSF�EFDPNQPTFE�JOUP�WPMBUJMF�BDJET�BOE�CJPHBT��0UIFS�CZ�
QSPEVDUT�BSF�"NJOFT
�/JUSBUFT�BOE�"NNPOJB�	GFSUJMJ[FS
�CZ�UIF�CSFBLEPXO�PG�QSPUFJOBDFPVT�NBUFSJBMT��1VSF�TMVEHF�JOUSPEVDFE�
DPOUJOVPVTMZ�PS�JOUFSNJUUFOUMZ
�DBO�BMTP�CF�SFUBJOFE�JO�B�SFBDUPS�GPS�WBSZJOH�QFSJPET�PG�UJNF�UP�QSPEVDF�CJPHBT�

"OBFSPCJD�EJHFTUJPO�QSJODJQMF�PG�PSHBOJD�XBTUF



Sources
��� "VTUJO
�(�
���.PSSJT
�(��	����
��#JPHBT�QSPEVDUJPO�JO�"GSJDB�JO�#JPFOFSHZ�GPS�4VTUBJOBCMF�%FWFMPQNFOU�JO�"GSJDB�	QQ���������
��

4QSJOHFS�

��� #POE
�5�
���5FNQMFUPO
�.��3��	����
��)JTUPSZ�BOE�GVUVSF�PG�EPNFTUJD�CJPHBT�QMBOUT�JO�UIF�EFWFMPQJOH�XPSME��&OFSHZ�GPS�4VTUBJOBCMF�
%FWFMPQNFOU
���	�

����������

��� (IJNJSF
�1��$��	����
��4/7�TVQQPSUFE�EPNFTUJD�CJPHBT�QSPHSBNNFT�JO�"TJB�BOE�"GSJDB��3FOFXBCMF�&OFSHZ
���
��������

��� .D$BSUZ�FU�BM��	����
��%PNFTUJD�XBTUFXBUFS�USFBUNFOU�BT�B�OFU�FOFSHZ�QSPEVDFS��DBO�UIJT�CF�BDIJFWFE �&OWJSPONFOUBM�TDJFODF�
BOE�5FDIOPMPHZ
���
�����������

��� /%#13	����
��$POTUSVDUJPO�.BOVBM
�/BUJPOBM�%PNFTUJD�#JPHBT��1SPHSBNNF�	/%#1

�3XBOEB
��UIF�.PEJmFE�(($�.PEFM�PG�
#JPHBT�1MBOU��������IUUQ���XXX�TOWXPSME�PSH�TJUFT�XXX�TOWXPSME�PSH�mMFT�QVCMJDBUJPOT�NPEJmFE@HHD@NPEFM@DPOTUSVDUJPO@
NBOVBM@SXBOEB@�����QEG

��� 1F}SF[�(PO[B}MF[
�"�
�6SUJBHB
�"�.�
�*CB}O�F[
�3��BOE��0SUJ[�*��	����
��4UBUF�PG�UIF�BSU�BOE�SFWJFX�PO�UIF�USFBUNFOU�UFDIOPMPHJFT�PG�
XBUFS�SFWFSTF�PTNPTJT�DPODFOUSBUFT��8BUFS�3FTFBSDI
���
���������� � � � �

��� 4,(�4BOHIB�	����
��#JPHBT�1MBOU�$POTUSVDUJPO�.BOVBM
�'JYFEѧEPNF�%FFOCBOEIV�NPEFM�EJHFTUFS����UP���DVCJD�NFUFS�CJPHBT�
HFOFSBUJPO�QFS�EBZ��4,(�4BOHIB
�&HZQU�����IUUQ���XXX�FHZQUCJPNBTT�DPN�$POTUSVUJPO���NBOVBM�QEG

��� 5ZBHJ�BOE�-P�	����
��4MVEHF��"�XBTUF�GPS�SFOFXBCMF�TPVSDF�GPS�FOFSHZ�BOE�SFTPVSDFT�SFDPWFSZ �3FOFXBCMF�BOE�TVTUBJOBCMF�
FOFSHZ�3FWJFXT
�7PM���
�QQ��	�������
�� � � � � �

��� 3BKFOESBO
�,�
�"TMBO[BEFI
�4�
���5BIFS[BEFI
�.��+��	����
��)PVTFIPME�CJPHBT�EJHFTUFST�B�SFWJFX��&OFSHJFT
��	�

������������

���� 4VEIBLBS
�,��BOE�1SFNBMBUIB
�.��	����
�.JDSP�BMHBM�5FDIOPMPHZ�GPS�4VTUBJOBCMF�&OFSHZ�1SPEVDUJPO��4UBUF�PG�UIF�"SU���4VTUBJOBCMF�
&OFSHZ���&OWJSPONFOU
��
��������

���

��� (FOFSBUJPO�PG�CJPHBT�BOE�GFSUJMJ[FS�	/
�1
�BOE�,


��� 3FEVDUJPO�PG�HSFFOIPVTF�HBT�FNJTTJPOT�UISPVHI�
NFUIBOF�SFDPWFSZ�XIJDI�FGGFDUT�FRVJWBMFOU�UP����
UJNFT�PG�$0��FNJTTJPO��

��� $PNCJOFE�USFBUNFOU�PG�EJGGFSFOU�PSHBOJD�XBTUF�BOE�
XBTUFXBUFST���

��� 3FEVDUJPO�PG�TMVEHF�WPMVNF�UP�CF�GVSUIFS�IBOEMFE��

��� (PPE�QBUIPHFO�SFNPWBM�EFQFOEJOH�PO�UFNQFSBUVSF�

��� 1SPDFTT�TUBCJMJUZ�	IJHI�MPBET�DBO�CF�USFBUFE�CVU�
BOBFSPCJD�TMVEHF�DBO�BMTP�CF�QSFTFSWFE�GPS�
QSPMPOHFE�QFSJPET�XJUIPVU�BOZ�GFFEJOH
�

D
Advantages

��� 6TVBMMZ�OFFET�PUIFS�TPVSDF�PG�PSHBOJD�XBTUF�	TPMJE�
XBTUF
�JO�BEEJUJPO�UP�XBTUFXBUFS


��� 6TFST�OFFE�UP�CF�USBJOFE�JO�UIF�VTF�BOE�NBJOUFOBODF�
PG�UIF�TZTUFN��FYQFSU�TVQFSWJTJPO�JT�SFRVJSFE

��� 3FRVJSFT�TLJMM�NBOQPXFS�JO�DPOTUSVDUJPO

��� )JHI�TFOTJUJWJUZ�PG�NFUIBOPHFOJD�CBDUFSJB�UP�B�MBSHF�
OVNCFS�PG�DIFNJDBM�DPNQPVOET�

��� )JHI�SJTL�PG�DPSSPTJPO�QSPCMFN�BOE�TFQUJD�PEPS��

U
Disadvantages
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Description
-BSHF�TDBMF�BOBFSPCJD�CJPHBT�SFBDUPST�VTFE�GPS�UIF�DPOWFSTJPO�
PG�UIF�PSHBOJD�GSBDUJPO�PG�MBSHF�WPMVNFT�PG�TMVSSJFT�BOE�TMVEHF�
JOUP�CJPHBT�CZ�BOBFSPCJD�EJHFTUJPO��#JPHBT�JT�SFDPWFSFE�BOE�
VTFE�FJUIFS�EJSFDUMZ�GPS�IFBUJOH�UIF�SFBDUPST�PS�USBOTGPSNFE�JOUP�
DPNCJOFE�QPXFS�BOE�IFBU�BOE�GFE�JOUP�UIF�HSJE��*U�DBO�BMTP�CF�
VQHSBEFE�UP�OBUVSBM�HBT�RVBMJUZ��5ZQJDBM�TVCTUSBUFT�BSF�FYDFTT�
TMVEHF�GSPN�XBTUFXBUFS�USFBUNFOU�QMBOUT�PS�XBTUF�TMVSSJFT�GSPN�
BHSJDVMUVSF�	NBOVSF
�PS�	EJBSZ
�JOEVTUSZ��&OFSHZ�DSPQT�NBZ�
BMTP�CF�BEEFE�JO�PSEFS�UP�JODSFBTF�UIF�HBT�ZJFME��#JPHBT�JT�B�
HSFFO�FOFSHZ�BOE�IBT�UIF�QPUFOUJBM�UP�SFEVDF�HSFFOIPVTF�HBT�
FNJTTJPO��

Design Criteria
-BSHF�TDBMF�BOBFSPCJD�EJHFTUFST�IBWF�CFFO�NBJOMZ�EFWFMPQFE�
JO�JOEVTUSJBMJ[FE�DPVOUSJFT��.PTU�PG�UIFN�BSF�IJHI�UFDI��%JGGFSFOU�
QMBOUT�WBSZ�TUSPOHMZ�JO�EFTJHO�BOE�DPNQMFYJUJFT
�CVU�BMM�SFRVJSF�
FYQFSU�TUBGG�GPS�QMBOOJOH
�EFTJHO
�PQFSBUJPO�BOE�NBJOUFOBODF��

5IF�EFTJHO�PG�UIF�EJHFTUFS�XJMM�CF�HPWFSOFE�CZ�TFWFSBM�GBDUPST�
JODMVEJOH�JOnVFOU�BOE�FGnVFOU�nPX�SBUFT
�UPUBM�BOE�WPMBUJMF�TPMJET�
DPOUFOU�PG�JOnVFOU�BOE�FGnVFOU
�EJHFTUFS�WPMVNF
�SFUFOUJPO�UJNF
�
IFBUJOH�TZTUFN
�DPOUSPM
�BOE�NPOJUPSJOH
�NFUIBOF�ZJFME
�BOE�
QSPDFTT�DPOUSPM�BOE�NPOJUPSJOH�

"OBFSPCJD�EJHFTUFST�BSF�CBUDI�PS�DPOUJOVPVT�GFE�SFBDUPST
�XIJDI�
SVO�XJUIJO�UIF�NFTPQIJMJD�SBOHF�	J�F�
�UZQJDBMMZ�CFUXFFO����BOE�
��¡$
��5IF�TMVEHF�SFUFOUJPO�UJNF�JO�UIF�SFBDUPST�JT�BQQSPYJNBUFMZ�
�������EBZT�

5IF�PQFSBUJOH�UFNQFSBUVSF�JT�OPSNBMMZ�BDIJFWFE�CZ�IFBUJOH��
(FOFSBUFE�CJPHBT�PGUFO�HJWFT�FOPVHI�QPXFS�BOE�IFBU�UP�SVO�
UIF�QMBOU��&YDFTT�QPXFS�	BOE�IFBU
�JT�GFE�JOUP�UIF�QVCMJD�HSJE�JG�
QPTTJCMF�

*O�&VSPQF
�FOFSHZ�DSPQT�	F�H��NBJ[F�BOE�HSBTT
�BSF�TPNFUJNFT�
GFE�JOUP�UIF�SFBDUPST�UP�FOIBODF�CJPHBT�ZJFMET��)PXFWFS
�UIF�
DVMUJWBUJPO�PG�FOFSHZ�SJDI�QMBOUT�TQFDJmDBMMZ�GPS�UIF�QSPEVDUJPO�PG�
CJP�GVFMT�JT�PGUFO�OPU�TVTUBJOBCMF
�EVF�UP�UIF�IJHI�JOQVUT�	XBUFS
�
OVUSJFOUT
�MBOE
��GVSUIFSNPSF
�UIFJS�QSPEVDUJPO�DPNQFUFT�XJUI�UIF�
QSPEVDUJPO�PG�GPPE�DSPQT�

Energy Recovery System

Semi-centralized and CentralizedAnaerobic Digestion
T E C H N O L O G Y SOURCE

SCALE

Applications
-BSHF�TDBMF�BOBFSPCJD�EJHFTUFST�BSF�EFTJHOFE�GPS�UIF�
USFBUNFOU�PG�MBSHF�WPMVNFT�PG�IJHI�TUSFOHUI�XBTUF�TMVSSJFT�GPSN�
BHSJDVMUVSF�BOE�JOEVTUSZ�	F�H��NBOVSF
�TMBVHIUFSIPVTFT
�QBQFS�
NBOVGBDUVSJOH
�PS�UP�USFBU�UIF�FYDFTT�TMVEHF�GSPN�MBSHF�TDBMF�
XBTUFXBUFS�USFBUNFOU�QMBOUT�	BDUJWBUFE�TMVEHF�TZTUFNT
��

Components
7BSJFT�BDDPSEJOH�UP�UIF�UZQFT�PG�QMBOUT�BOE�JOQVUT�BOE�PVUQVUT�
VTFE�JO�UIF�QMBOU�

Capacity
7BSJFT�GSPN�TNBMMFS�DPNNVOJUZ�UP�B�DJUZ�TDBMF�

Costs
5IJT�SFRVJSFT�IJHI�DBQJUBM�BOE�PQFSBUJPO�DPTUT�

#JPHBT�QSPEVDUJPO�GPSN�BHSJDVMUVSF�BOE�GPPE�JOEVTUSZ�XBTUF�
TMVSSZ��1SPEVDUT�BSF�FMFDUSJDJUZ
�DMFBO�GVFM
�DBSCPO�DSFEJUT�BOE�

MJRVJE�BOE�TPMJE�GFSUJMJ[FS�

Operating Principles
)JHI�TUSFOHUI�TMVSSJFT�GSPN�XBTUFXBUFS�USFBUNFOU�QMBOUT
�
BHSJDVMUVSF�PS�JOEVTUSZ�BSF�GFE�JO�BO�BJSUJHIU�SFBDUPS�XIFSF�
UIF�PSHBOJD�GSBDUJPO�JT�USBOTGPSNFE�JOUP�CJPHBT�CZ�BOBFSPCJD�
EJHFTUJPO��#JPHBT�JT�USBOTGPSNFE�JOUP�IFBU�BOE�QPXFS�BOE�
VTFE�BT�HSFFO�FOFSHZ�TPVSDF��5IF�SFNBJOJOH�TMVEHF�JT�SJDI�JO�
OVUSJFOUT�BOE�DPVME�CF�VTFE�JO�BHSJDVMUVSF��4FXBHF�PS�NVOJDJQBM�
XBTUFXBUFS�DBO�CF�USFBUFE�CZ�BOBFSPCJD�EJHFTUJPO
�CVU�EVF�UP�
UIF�MJRVJE�OBUVSF�PG�TVDI�XBTUFT
�UIF�QSPDFTT�SFRVJSFT�IJHI�SBUF�
BOBFSPCJD�EJHFTUJPO�SFBDUPST�	F�H��VQ�nPX�BOBFSPCJD�TMVEHF�
CMBOLFU�SFBDUPST
�

'PVS�LFZ�CJPMPHJDBM�BOE�DIFNJDBM�TUBHFT�PG�BOBFSPCJD�
EJHFTUJPO�BSF�)ZESPMZTJT
�"DJEPHFOFTJT
�"DFUPHFOFTJT�BOE�
.FUIBOPHFOFTJT�	XIJDI�BSF�TJNJMBS�UP�UIF�IPVTFIPME�MFWFM
�

5IF�BOBFSPCJD�EJHFTUJPO�JT�FJUIFS�DBSSJFE�PVU�JO�UIF�NFTPQIJMJD�
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Operation and Maintenance
0QFSBUJPO�BOE�.BJOUFOBODF�QMBO�TIBMM�CF�EFWFMPQFE�UIBU�JT�
DPOTJTUFOU�XJUI�UIF�QVSQPTFT�PG�UIF�QSBDUJDF
�JUT�JOUFOEFE�MJGF
�
TBGFUZ�SFRVJSFNFOUT
�BOE�UIF�DSJUFSJB�GPS�JUT�EFTJHO�

5IF�QMBO�TIBMM�DPOUBJO�0QFSBUJPO�BOE�.BJOUFOBODF�SFRVJSFNFOUT�
JODMVEJOH�CVU�OPU�MJNJUFE�UP�

• 1SPQFS�MPBEJOH�SBUF�PG�UIF�EJHFTUFS�BOE�UPUBM�TPMJET�DPOUFOU�
PG�UIF�JOnVFOU�

• 0QFSBUJOH�QSPDFEVSFT�GPS�UIF�EJHFTUFS�

• &TUJNBUFT�PG�CJPHBT�QSPEVDUJPO
�NFUIBOF�DPOUFOU
�BOE�
QPUFOUJBM�FOFSHZ�SFDPWFSZ�

• %FTDSJQUJPO�PG�UIF�QMBOOFE�TUBSUVQ�QSPDFEVSFT
�OPSNBM�
PQFSBUJPO
�TBGFUZ�JTTVFT
�BOE�OPSNBM�NBJOUFOBODF�JUFNT�

• "MUFSOBUJWF�PQFSBUJPO�QSPDFEVSFT�JO�UIF�FWFOU�PG�FRVJQNFOU�
GBJMVSF�

• *OTUSVDUJPOT�GPS�TBGF�VTF�PS�nBSJOH�PG�CJPHBT�

• %JHFTUFS�BOE�PUIFS�DPNQPOFOU�NBJOUFOBODF�

• 5SPVCMFTIPPUJOH�HVJEF�

• .POJUPSJOH�QMBO�XJUI�GSFRVFODZ�PG�NFBTVSJOH�BOE�SFDPSEJOH�
EJHFTUFS�JOnPX
�PQFSBUJOH�UFNQFSBUVSFT
�CJPHBT�ZJFME
�BOE�
PS�PUIFS�JOGPSNBUJPO�BT�BQQSPQSJBUF�

	���UP����¡$
�PS�UIF�UIFSNPQIJMJD�SBOHF�	���UP����¡$
��
5IFSNPQIJMJD�QSPDFTTFT�QSPEVDF�NPSF�CJPHBT�JO�TIPSUFS�UJNF��
)PXFWFS
�NFTPQIJMJD�QSPDFTTFT�BSF�PGUFO�QSFGFSSFE�BT�IJHI�
UFNQFSBUVSFT�SFRVJSF�IJHIFS�JOQVU�FOFSHZ�UP�PCUBJO�PQFSBUJPO�
UFNQFSBUVSFT�BOE�UIF�QSPEVDUJPO�PG�BNNPOJB
�XIJDI�JT�UPYJD�GPS�
UIF�BOBFSPCJD�NJDSPPSHBOJTN�QSPEVDJOH�UIF�CJPHBT��

*O�PSEFS�GPS�UIF�CBDUFSJB�JO�BOBFSPCJD�EJHFTUFST�UP�BDDFTT�
UIF�FOFSHZ�QPUFOUJBM�PG�UIF�NBUFSJBM
�DIBJOT�PG�MBSHF�PSHBOJD�
QPMZNFST�NVTU�mSTU�CF�CSPLFO�EPXO�JOUP�UIFJS�TNBMMFS�DPOTUJUVFOU�
QBSUT��5IF�QSPDFTT�PG�EJTTPMWJOH�UIF�TNBMMFS�NPMFDVMFT�JOUP�
TPMVUJPO�JT�DBMMFE�)ZESPMZTJT��5IJT�JT�UIF�OFDFTTBSZ�mSTU�TUFQ�JO�
BOBFSPCJD�EJHFTUJPO��5ISPVHI�IZESPMZTJT�UIF�DPNQMFY�PSHBOJD�
NPMFDVMFT�BSF�CSPLFO�EPXO�JOUP�TJNQMF�TVHBST
�BNJOP�BDJET
�
BOE�GBUUZ�BDJET�

"DFUBUF�BOE�IZESPHFO�QSPEVDFE�JO�UIF�mSTU�TUBHFT�DBO�CF�VTFE�
EJSFDUMZ�CZ�NFUIBOPHFOT��0UIFS�NPMFDVMFT�TVDI�BT�WPMBUJMF�GBUUZ�
BDJET�	7'"�T
�NVTU�mSTU�CF�DBUBCPMJ[FE�JOUP�DPNQPVOET�UIBU�DBO�
CF�EJSFDUMZ�VUJMJ[FE�CZ�NFUIBOPHFOT�

5IF�CJPMPHJDBM�QSPDFTT�PG�"DJEPHFOFTJT�JT�XIFSF�UIFSF�JT�
GVSUIFS�CSFBLEPXO�PG�UIF�SFNBJOJOH�DPNQPOFOUT�CZ�BDJEPHFOJD�
	GFSNFOUBUJWF
�CBDUFSJB��)FSF�7'"T�BSF�DSFBUFE�BMPOH�XJUI�
BNNPOJB
�DBSCPO�EJPYJEF�BOE�IZESPHFO�TVMmEF�BT�XFMM�BT�PUIFS�
CZ�QSPEVDUT��5IF�QSPDFTT�PG�BDJEPHFOFTJT�JT�TJNJMBS�UP�UIF�XBZ�
UIBU�NJML�TPVST�

5IF�UIJSE�TUBHF�PG�BOBFSPCJD�EJHFTUJPO�JT�"DFUPHFOFTJT��)FSF�
TJNQMF�NPMFDVMFT�DSFBUFE�UISPVHI�UIF�BDJEPHFOFTJT�QIBTF�BSF�
GVSUIFS�EJHFTUFE�CZ�BDFUPHFOT�UP�QSPEVDF�MBSHFMZ�BDFUJD�BDJE�BT�
XFMM�BT�DBSCPO�EJPYJEF�BOE�IZESPHFO�

5IF�MBTU�TUBHF�PG�BOBFSPCJD�EJHFTUJPO�JT�UIF�CJPMPHJDBM�QSPDFTT�
PG�.FUIBOPHFOFTJT�XIFSF�NFUIBOPHFOT�VTF�UIF�JOUFSNFEJBUF�
QSPEVDUT�PG�UIF�QSFDFEJOH�TUBHFT�BOE�DPOWFSU�UIFN�JOUP�
NFUIBOF
�DBSCPO�EJPYJEF�BOE�XBUFS��.FUIBOPHFOFTJT�JT�
TFOTJUJWF�UP�CPUI�IJHI�BOE�MPX�Q)T�BOE�PDDVST�CFUXFFO�Q)�
����BOE����5IF�SFNBJOJOH
�OPO�EJHFTUBCMF�NBUFSJBM�XIJDI�UIF�
NJDSPCFT�DBOOPU�GFFE�VQPO
�BMPOH�XJUI�BOZ�EFBE�CBDUFSJBM�
SFNBJOT�DPOTUJUVUFT�UIF�EJHFTUBUF�

0OF�XBZ�UP�PQUJNJ[F�MBSHF�TDBMF�BOBFSPCJD�EJHFTUFST�JT�UP�
VTF�NVMUJ�TUBHF�EJHFTUJPO
�XIJDI�BMMPXT�UP�NPSF�BDDVSBUFMZ�
DPOUSPMMJOH�Q)�BOE�UFNQFSBUVSF��*O�TVDI�TZTUFNT
�UIF�GPVS�
TUBHFT�PG�BOBFSPCJD�EJHFTUJPO�BSF�TFQBSBUFE�JO�EJGGFSFOU�

Replication Potential 
4UBOEBSE�EFTJHOT�BOE�CFTU�QSBDUJDFT�BSF�BWBJMBCMF�UIBU�DBO�CF�
SFQMJDBUFE�JO�UIF�TJNJMBS�BSFBT�BOE�FOWJSPONFOUT�

Regulatory/Institutional Issues
3FRVJSFT�TLJMMFE�QFSTPOOFM�UP�NBJOUBJO�UIF�GBDJMJUZ��"MTP
�JU�IBT�UP�
CF�SFHVMBUFE�XJUI�TUBOEBSE�HVJEFMJOFT�BOE�CZF�MBXT�UP�QSFWFOU�
GSPN�QPUFOUJBM�OFHBUJWF�JNQBDUT

Reliability
*U�EFQFOET�PO�UIF�UZQFT�PG�UFDIOPMPHJFT
�EFTJHO�TUBOEBSET
�BOE�
NBJOUFOBODF�BOE�PQFSBUJPO��.PTUMZ�UIFZ�BSF�SFTJTUBOU�UP�TIPDL�
MPBEJOH�BOE�SFMJBCMF�JG�PQFSBUFE�BOE�NBJOUBJOFE�XFMM�

<[PSP[`�
�,MÄJPLUJ`
)BWF�IJHI�WPMVNF�SFEVDUJPO�PG�XBTUFT��SFMBUJWFMZ�IJHI�QBUIPHFO�
SFNPWBM��OVUSJFOUT�SFNBJO�JO�UIF�TMVEHF�

#JPHBT�DPOTJTUT�PG��������NFUIBOF
��������DBSCPO�EJPYJEF
�
USBDF�BNPVOUT�PG�PUIFS�HBTFT�MJLF�IZESPHFO�TVMmEF�BOE�
BNNPOJB
�BMPOH�XJUI�B�WFSZ�TNBMM�QFSDFOUBHF�PG�XBUFS�WBQPS

"OBFSPCJD�EJHFTUJPO�QSPDFTT

DPOTFDVUJWF�DPNQBSUNFOUT��$POTFRVFOUMZ
�UIF�PQUJNVN�
DPOEJUJPOT�GPS�FBDI�UZQF�PG�CBDUFSJB�NVTU�CF�NBJOUBJOFE�JO�B�
TNBMMFS�WPMVNF�	F�H��IJHI�UFNQFSBUVSFT�GPS�NFUIBOPHFOFTJT

�
SFTVMUJOH�JO�B�TJNQMJmFE�NBJOUFOBODF�BOE�JO�FOFSHZ�TBWJOHT�



���

��� $PNCJOFE�USFBUNFOU�PG�EJGGFSFOU�PSHBOJD�XBTUF�BOE�XBTUFXBUFS

��� )JHI�SFEVDUJPO�PG�UIF�WPMVNF�PG�XBTUF�

��� (FOFSBUJPO�PG�B�SFOFXBCMF�FOFSHZ�	CJPHBT
�

��� 1PUFOUJBM�GPS�HSFFOIPVTF�HBT�FNJTTJPO�SFEVDUJPO�

��� 3FNBJOJOH�TMVEHF�DPVME�CF�VTFE�BT�GFSUJMJ[FS�

��� -PX�TQBDF�SFRVJSFNFOUT�

��� "OBFSPCJD�EJHFTUJPO�JT�BO�FGmDJFOU�UFDIOPMPHZ�DPNQBSFE�UP�PUIFS��'PS�FYBNQMF
�BCPVU�UXJDF�BT�FGmDJFOU�BT�MBOEmMM�HBT�
QSPEVDUJPO
�CVU�POMZ�B�UIJSE�BT�FGmDJFOU�BT�JODJOFSBUJPO�	XIFSF�B�GVSOBDF�CVSOT�UIF�PSHBOJD�XBTUFT

�BOE�POMZ�B�mGUI�BT�
FGmDJFOU�BT�HBTJmDBUJPO�

D
Advantages

��� &YQFSUT�BSF�SFRVJSFE�GPS�UIF�EFTJHO
�DPOTUSVDUJPO
�PQFSBUJPO�BOE�NBJOUFOBODF�

��� )JHI�TFOTJUJWJUZ�PG�NFUIBOPHFOJD�CBDUFSJB�UP�B�MBSHF�OVNCFS�PG�DIFNJDBM�DPNQPVOET�JODMVEJOH�UFNQFSBUVSF�DIBOHFT
��
Q)
�BMLBMJOJUZ
�WPMBUJMJUZ�GBUUZ�BDJE


��� 3FRVJSFT�TFFEJOH�BOE�TUBSU�VQ�DBO�CF�MPOH�EVF�UP�UIF�MPX�HSPXUI�ZJFME�PG�BOBFSPCJD�CBDUFSJB�

��� 5IJT�QSPDFTT�EPFT�OPU�DPOWFSU������PG�UIF�XBTUF�JOUP�VTBCMF�QSPEVDUT�BOE�QPTU�EJHFTUFE�TPMJET�SFRVJSF�GVSUIFS�
USFBUNFOU
�MJLF�DPNQPTUJOH��"OBFSPCJD�EJHFTUJPO�PG�PSHBOJDT�XJUI�PS�XJUIPVU�PUIFS�PSHBOJDT�PO�JUT�PXO�JT�OPU�B�DPNQMFUFMZ�
TVTUBJOBCMF�XBTUF�NBOBHFNFOU�TPMVUJPO�

��� &YQFSUT�BSF�SFRVJSFE�GPS�UIF�EFTJHO
�DPOTUSVDUJPO
�PQFSBUJPO�BOE�NBJOUFOBODF�

��� )JHI�TFOTJUJWJUZ�PG�NFUIBOPHFOJD�CBDUFSJB�UP�B�MBSHF�OVNCFS�PG�DIFNJDBM�DPNQPVOET�JODMVEJOH�UFNQFSBUVSF�DIBOHFT
��
Q)
�BMLBMJOJUZ
�WPMBUJMJUZ�GBUUZ�BDJE


��� 3FRVJSFT�TFFEJOH�BOE�TUBSU�VQ�DBO�CF�MPOH�EVF�UP�UIF�MPX�HSPXUI�ZJFME�PG�BOBFSPCJD�CBDUFSJB�

��� 5IJT�QSPDFTT�EPFT�OPU�DPOWFSU������PG�UIF�XBTUF�JOUP�VTBCMF�QSPEVDUT�BOE�QPTU�EJHFTUFE�TPMJET�SFRVJSF�GVSUIFS�
USFBUNFOU
�MJLF�DPNQPTUJOH��

��� "OBFSPCJD�EJHFTUJPO�PG�PSHBOJDT�XJUI�PS�XJUIPVU�PUIFS�PSHBOJDT�PO�JUT�PXO�JT�OPU�B�DPNQMFUFMZ�TVTUBJOBCMF�XBTUF�
NBOBHFNFOU�TPMVUJPO�

U
Disadvantages
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Description
5IF�TMVEHF�JODJOFSBUJPO�NFUIPET�BSF�VTFE�GPS�FOFSHZ�SFDPWFSZ�
TMVEHF�JO�UIF�GPSN�PG�IFBU�PS�FMFDUSJDJUZ��4MVEHF�JODJOFSBUJPO�
EPFT�B�DPNQMFUF�PYJEBUJPO�PG�UIF�PSHBOJD�DPNQPVOET�BU�IJHI�
UFNQFSBUVSF��5IF�CJPTPMJET�BSF�CVSOFE�JO�B�DPNCVTUJPO�DIBNCFS�
TVQQMJFE�XJUI�FYDFTT�BJS�	PYZHFO
�UP�GPSN�NBJOMZ�DBSCPO�EJPYJEF�
BOE�XBUFS�BOE�MFBWJOH�POMZ�JOFSU�NBUFSJBM�	BTI
��5IF�BTI�DBO�
CF�VTFE�BT�B�TPVSDF�PG�CVJMEJOH�NBUFSJBMT��5IF�DP�JODJOFSBUJPO�
UFDIOJRVF�BJNT�UP�JNQSPWF�UIF�FOFSHZ�SFDPWFSZ�GSPN�UIF�
JODJOFSBUJPO�PG�UIF�TMVEHF�CZ���J
�JNQSPWJOH�UIF�EFXBUFSJOH�BOE�
ESZJOH�QSPDFTTFT�PG�UIF�TMVEHF��JJ
�6TF�PG�UIF�MPX�DBMPSJD�XBTUF�
IFBU�GSPN�UIF�FYIBVTU�HBTFT�PG�UIF�QPXFS�QMBOU�

Design Criteria
4PNF�*ODJOFSBUPST�HFOFSBUF�FOFSHZ�GSPN�UIF�CVSOJOH�PG�XBTUF��
DBMMFE�XBTUF�UP�FOFSHZ�QMBOUT��

*ODJOFSBUPST�SFEVDF�UIF�WPMVNF�PG�XBTUF�CZ�BCPVU����QFSDFOU�
BOE�XFJHIU�CZ����QFSDFOU��5IFSF�BSF�FJHIU�UZQFT�PG�JODJOFSBUPST��
mYFE�IFBSUI�JODJOFSBUPST
�SPUBSZ�LJMO
�QMBTNB�BSD
�MJRVJE�JOKFDUJPO
�
nVJEJ[FE�CFE
�NVMUJQMF�IFBSUI
�DBUBMZUJD�DPNCVTUPST
�BOE�TUBUJD�
IFBSU�JODJOFSBUPS�

4QFDJmD�TMVEHF�JODJOFSBUJPO�GBDJMJUJFT�IBWF�CFFO�PQFSBUJOH�
GPS�NBOZ�ZFBST���3PUBSZ�LJMO�GVSOBDFT�BOE�UIF�NVMUJQMF�IFBSUI�
GVSOBDF�PG�UIF�DMBTTJD�PS�QZSPMZUJD�UZQF�BSF�UPEBZ�NPSF�BOE�NPSF�
GSFRVFOUMZ�CFJOH�SFQMBDFE�CZ�nVJEJ[FE�CFE�TZTUFNT
�XIJDI�UFOE�
UP�CF�FBTJFS�UP�PQFSBUF�

4NBMM�TDBMF�JODJOFSBUPS�BSF�BMTP�BWBJMBCMF
�IPXFWFS
�VTFT�BSF�
MJNJUFE�POMZ�GPS�TQFDJmD�QVSQPTFT
�TVDI�BT�IPTQJUBM�PS�BOZ�PUIFS�
JOEVTUSJBM�XBTUF�NBOBHFNFOU�

5IF�JODJOFSBUPST�BSF�CBTFE�PO�DPNQMFY�BOE�BEWBODFE�
UFDIOPMPHZ��)PXFWFS
�TUBOEBSE�EFTJHOT�GPS�FBDI�PG�UIF�UZQF�BSF�
BWBJMBCMF�JO�UIF�MJUFSBUVSF�UIBU�JT�BQQMJDBCMF�GPS�B�MPDBM�DPOEJUJPO�

4FWFSBM�PUIFS�UIFSNBM�QSPDFTTFT
�TVDI�BT�(BTJmDBUJPO�BOE�
1ZSPMZTJT�IBWF�CFFO�EJTDVTTFE�JO�UIF�FBSMJFS�TFDUJPOT�	TFF�
TFDUJPO�/VUSJFOUT�SFDPWFSZ
�

Energy Recovery System

Semi-centralized and Centralized
Incineration and Co-Incineration 
of Sewage Sludge

T E C H N O L O G Y

SOURCE

SCALE

Applications
5IJT�JT�POF�PG�UIF�BEWBODFE�UFDIOPMPHJFT�UIBU�SFRVJSF�B�IJHIFS�
MFWFM�PG�UFDIOJDBM�JOQVUT�GPS�EFTJHO
�PQFSBUJPO
�BOE�NBJOUFOBODF��
*O�BEEJUJPO
�JU�JT�DPTUMJFS�GPS�UIF�JOWFTUNFOU��*U�JT�POMZ�DPTU�
FGGFDUJWF�JO�SFHJPOT�XIFSF�MBOE�TVJUBCMF�GPS�MBOEmMMJOH�JT�TDBSDF�
EVF�UP�HFPHSBQIJDBM�DPOTUSBJOUT�	J�F��JO�VSCBOJ[FE�SFHJPOT�PS�
JTMBOET
�PS�JO�SFHJPOT�XIFSF�UIF�XBUFS�UBCMF�JT�IJHI��

Components
7BSJFT�BDDPSEJOH�UP�UIF�UZQFT�PG�QMBOUT�BOE�JOnVFOUT�
DIBSBDUFSJTUJDT
�BOE�TDBMF�BOE�VTFT�PG�UIF�FOFSHZ�

Capacity
7BSJFT�GSPN�TNBMMFS�UP�HSFBUFS�DJUZ�TDBMF��.PTUMZ�DPTU�FGGFDUJWF�JG�
VTFE�GPS�UIF�DFOUSBMJ[FE�TZTUFNT�

Costs
5IJT�SFRVJSFT�IJHI�DBQJUBM�DPTU�BOE�PQFSBUJOH�DPTU��XIJDI�WBSZ�
BDDPSEJOH�UP�UIF�TDBMF�BOE�PCKFDUJWF�PG�BQQMJDBUJPO�

*ODJOFSBUJPO�PG�TMVEHF�UP�FOFSHZ�TZTUFNT�

Operating Principles
*U�JT�UIF�QSPDFTT�PG�DPNCVTUJOH�TPMJE�XBTUF�	PS�ESJFE�TMVEHF�
GSPN�XBTUFXBUFS�USFBUNFOU�QMBOUT
�VOEFS�DPOUSPMMFE�DPOEJUJPOT�
UP�SFEVDF�JUT�XFJHIU�BOE�WPMVNF
�BOE�PGUFO�UP�QSPEVDF�FOFSHZ�
	FMFDUSJDJUZ
�IFBU
�

5IF�NBJO�TUBHFT�PG�JODJOFSBUJPO�QSPDFTT�BSF��XBTUF�TUPSBHF�BOE�
GFFE�QSFQBSBUJPO�

*ODJOFSBUJPO�PG�TFXBHF�TMVEHF�JT�BJNFE�BU�B�DPNQMFUF�PYJEBUJPO�
BU�IJHI�UFNQFSBUVSF�PG�UIF�PSHBOJD�TMVEHF�DPNQPVOET
�BMTP�
JODMVEJOH�UIF�UPYJD�PSHBOJD�DPNQPVOET��5IF�QSPDFTT�DBO�FJUIFS�
CF�BQQMJFE�UP�NFDIBOJDBMMZ�EFXBUFSFE�TMVEHF�PS�ESJFE�TMVEHF�
	F�H��ESZJOH�CFET
��1PUFOUJBM�FOWJSPONFOUBM�QSPCMFNT�SFMBUFE�
UP�TMVEHF�JODJOFSBUJPO�BSF�UIF�FNJTTJPOT�PG�QPMMVUBOUT�XJUI�UIF�
FYIBVTU�HBTFT�UP�UIF�BUNPTQIFSF�BT�XFMM�BT�XJUI�UIF�RVBMJUZ�PG�
UIF�BTIFT�

4UBDL

4DSVCCFS8IJUF�TNPLF�
QSFWFOUJPO�GBO

%VTU�
DPMMFDUPS

"JS�
QSFIFBUFS

5VSCPDIBSHFS

8IJUF�TNPLF�QSFWFOUJPO�
IFBU�FYDIBOHFS

1SFTTVSJ[FE�nVJEJ[FE
CFE�JODJOFSBUPS

4MVEHF
GFFEFS
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Operation and Maintenance
5IF�QMBOU�TIPVME�CF�PQFSBUFE�BOE�NBJOUBJOFE�CZ�IJHIMZ�
TQFDJBMJ[FE�QFSTPOOFM����.POJUPSJOH�FRVJQNFOU�JT�DPTUMZ�BOE�
SFRVJSFT�BHHSFTTJWF�NBJOUFOBODF�BOE�TFSWJDJOH�CZ�USBJOFE�
UFDIOJDJBOT��4PNF�PG�UIF�QPJOUT�UP�CF�DPOTJEFSFE�JODMVEF�

• $PNCVTUJPO�JO�B�GVSOBDF
�QSPEVDJOH�IPU�HBTFT�BOE�B�
CPUUPN�BTI�SFTJEVF�GPS�EJTQPTBM�

• (BT�UFNQFSBUVSF�SFEVDUJPO
�GSFRVFOUMZ�JOWPMWJOH�IFBU�
SFDPWFSZ�WJB�TUFBN�HFOFSBUJPO�

• 5SFBUNFOU�PG�UIF�DPPMFE�HBT�UP�SFNPWF�BJS�QPMMVUBOUT
�BOE�
EJTQPTBM�PG�SFTJEVBMT�GSPN�UIJT�USFBUNFOU�QSPDFTT�

• %JTQFSTJPO�PG�UIF�USFBUFE�HBT�UP�UIF�BUNPTQIFSF�UISPVHI�BO�
JOEVDFE�ESBGU�GBO�BOE�TUBDL�

Replication Potential 
4UBOEBSE�EFTJHOT�BOE�CFTU�QSBDUJDFT�BSF�BWBJMBCMF�UIBU�DBO�CF�
SFQMJDBUFE�JO�TJNJMBS�BSFBT�BOE�FOWJSPONFOUT�

Regulatory/Institutional Issues
*U�IBT�UP�CF�SFHVMBUFE�XJUI�TUBOEBSE�HVJEFMJOFT�BOE�CZF�MBXT�UP�
QSFWFOU�GSPN�QPUFOUJBM�OFHBUJWF�JNQBDUT�

5IF�NPWF�UP�TMVEHF�JODJOFSBUJPO�IBT�CFFO�JOnVFODFE�CZ�
FOWJSPONFOUBM�MBX�BOE�SFTUSJDUJPOT�UP�PUIFS�SPVUFT�PG�EJTQPTBM�

Reliability
.PTUMZ�SFMJBCMF
�CVU�UIFSF�JT�B�SJTL�PG�NBMGVODUJPO�JG�OPU�QSPQFSMZ�
NBJOUBJOFE�BOE�PQFSBUFE�BT�UIFZ�BSF�IJHIMZ�TPQIJTUJDBUFE�XJUI�
UIF�BEWBODFE�UFDIOPMPHZ�

<[PSP[`�
�,MÄJPLUJ`
0OF�PG�UIF�FGmDJFOU�UFDIOPMPHJFT�GPS�SFDPWFSJOH�FOFSHZ�BOE�
DPOUSPMMJOH�HSFFOIPVTF�HBT�FNJTTJPOT

5IF�FOFSHZ�QSPEVDFE�JO�UIF�JODJOFSBUJPO�QSPDFTT�DBO�CF�VTFE�GPS�ESZJOH�PG�NFDIBOJDBMMZ�EFXBUFSFE�TMVEHF�DBLF�QSJPS�UP�UIF�
JODJOFSBUJPO�QSPDFTT�PS�DBO�CF�VTFE�GPS�UIF�QSPEVDUJPO�PG�FMFDUSJDJUZ��$VSSFOUMZ
�TMVEHF�JODJOFSBUJPO�QSPDFTTFT�BSF�JODSFBTJOHMZ�
GPDVTFE�PO�UIF�SFDPWFSZ�PG�FOFSHZ�GSPN�UIF�TMVEHF�JO�UIF�GPSN�PG�IFBU�	TUFBN
�PS�FMFDUSJDJUZ��*ODJOFSBUJPO�PG�TMVEHF�JT�DVSSFOUMZ�BQQMJFE�
XPSMEXJEF�NPSF�BOE�NPSF�JO�DPNCJOBUJPO�XJUI�FOFSHZ�SFDPWFSZ
�NBJOMZ�PO�B�MBSHF�TDBMF�

&R�LQFLQHUDWLRQ��$P�JODJOFSBUJPO�PG�TMVEHF�DPOTJTUT�PG�JODJOFSBUJPO�PG�ESJFE�TMVEHF�JO�B�DPBM�mSFE�QPXFS�QMBOU�PS�JO�DPNCJOBUJPO�
XJUI�NVOJDJQBM�TPMJE�XBTUF��*U�DBO�CF�DP�mSJOH�JO�SPUBSZ�LJMOT�GPS�UIF�QZSPQSPDFTTJOH�PG�DFNFOU��TFXBHF�TMVEHF�JT�DP�DPNCVTUJPO�JO�
EVTU�CPJMFST��TFXBHF�TMVEHF�DP�DPNCVTUJPO�XJUI�DPBM�XBT�JO�B�UIFSNBM�FMFDUSJD�QPXFS�TUBUJPO��DP�DPNCVTUFE�XJUI�MJHOJUF
�XPPE
�PS�
NVOJDJQBM�XBTUF��

3FTVMUT�IBWF�QSPWFO�UIBU�CZ�BEEJOH�POMZ�TNBMM�RVBOUJUJFT�PG�TFXBHF�TMVEHF�JO�SFMBUJPO�UP�UIF�UPUBM�NBTT�PG�CVSOFE�GVFM
�UIFTF�NFUIPET�
EP�OPU�SFRVJSF�BOZ�BEEJUJPOBM�JOWFTUNFOU�PS�BOZ�TUSVDUVSBM�DIBOHF�PG�CPJMFS���"T�B�SFTVMU
�UIF�IJHI�DPTUT�PG�B�TUBOEBMPOF�JODJOFSBUJPO�
QMBOU�GPS�TMVEHF�DBO�CF�SFEVDFE��#FOFmDJBM�VTF�DBO�CF�NBEF�GSPN�FYJTUJOH�DPBM�DPNCVTUJPO�JOTUBMMBUJPOT�BOE�FYJTUJOH�FYIBVTU�HBT�
USFBUNFOU�TZTUFNT�
&RPELQHG�SURFHVV��$PNCJOFE�QSPDFTTFT�GPS�UIF�UIFSNBM�VUJMJ[BUJPO�PG�TFXBHF�TMVEHF�BSF�VTVBMMZ�B�DPNCJOBUJPO�PG�QZSPMZTJT�BOE�
HBTJmDBUJPO�PS�DPNCVTUJPO�BOE�HBTJmDBUJPO��5IFJS�BEWBOUBHFT
�JO�BEEJUJPO�UP�UIF�EJTQPTBM�PG�TMVEHF
�BSF�UIBU�JU�CFDPNFT�QPTTJCMF�UP�
SFDPWFS�SFTPVSDFT�BOE�FOFSHZ�
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��� $PNCJOFE�USFBUNFOU�PG�EJGGFSFOU�PSHBOJD�XBTUF
�
XBTUFXBUFST�BOE�UIF�UPYJD�PSHBOJD�DPNQPVOET�

��� )JHI�SFEVDUJPO�PG�UIF�WPMVNF�PG�XBTUF�

��� (FOFSBUJPO�PG�B�SFOFXBCMF�FOFSHZ�	CJPHBT
�

��� 1PUFOUJBM�SFEVDUJPO�GPS�HSFFOIPVTF�HBT�FNJTTJPO�
	DPMMFDUJPO�PG�NFUIBOF��HSFFO�FOFSHZ�QSPEVDUJPO
�

��� 3FNBJOJOH�TMVEHF�DPVME�CF�VTFE�BT�GFSUJMJ[FS�

��� -PX�TQBDF�SFRVJSFNFOUT�

D
Advantages

��� &YQFSUT�BSF�SFRVJSFE�GPS�UIF�EFTJHO
�DPOTUSVDUJPO
�
PQFSBUJPO�BOE�NBJOUFOBODF�

��� 3FRVJSFT�B�IJHI�JOJUJBM�JOWFTUNFOU�DPTUT�

��� 1PUFOUJBM�SFMFBTF�JG�IFBWZ�NFUBMT�

��� 3JTL�GSPN�IBOEMJOH�PG�TPMJE�SFTJEVFT�F�H��CFE�BOE�
mMUFS�BTI

��� 1PUFOUJBM�FNJTTJPO�PG�UPYJD�TVCTUBODFT�BOE�HSFFO�
IPVTF�HBTTFT�

U
Disadvantages
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Description
5IFSNBM�EJTUJMMBUJPO�JT�B�QSPDFTT�UIBU�JOWPMWFT�DIBOHJOH�TBMJOF�
XBUFS�JOUP�WBQPS��5IJT�WBQPS�PS�TUFBN�JT�HFOFSBMMZ�GSFF�PG�TBMU
�
NJOFSBMT�BOE�PUIFS�DPOUBNJOBOU�5IFSF�BSF��EJGGFSFOU�NFUIPET�PG�
BDIJFWJOH�UIJT�UIFSNBM�EJTUJMMBUJPO���5IF�UISFF�NBKPS
�MBSHF�TDBMF�
UIFSNBM�QSPDFTTFT�BSF�NVMUJTUBHF�nBTI�	.4'
�EJTUJMMBUJPO
�NVMUJ�
FGGFDU�FWBQPSBUJPO�	.&&
�EJTUJMMBUJPO
�BOE�WBQPS�DPNQSFTTJPO�
EJTUJMMBUJPO��"OPUIFS�UIFSNBM�NFUIPE
�TPMBS�EJTUJMMBUJPO
�JT�UZQJDBMMZ�
VTFE�GPS�WFSZ�TNBMM�QSPEVDUJPO�SBUFT��5IFTF�UFDIOPMPHJFT�BSF�
XJEFMZ�VTFE�JO�UIF�.JEEMF�&BTU
�QSJNBSJMZ�CFDBVTF�PG�UIF�MPX�
FOFSHZ�DPTU�GSPN�QFUSPMFVN�SFTFSWFT��*O�UIF�.JEEMF�&BTU�BOE�
PUIFS�TJNJMBS�SFHJPOT�XJUI�XBUFS�PG�IJHI�TBMJOJUZ�	UPUBM�EJTTPMWFE�
TPMJE�PG�BCPVU�������H�LH�BOE�IJHI�UFNQFSBUVSF�	BCPVU����UP�
��¡$�EVSJOH�TVNNFS
�UIFSNBM�EFTBMJOBUJPO�NFUIPET�JO�QBSUJDVMBS�
.4'�IBWF�IJTUPSJDBMMZ�CFFO�GBWPSFE�

Design Criteria
5IF�.4'�UFDIOPMPHZ�IBT�IJHI�QSPDFTT�SFMJBCJMJUZ�BOE�BCJMJUZ�
UP�DPOUJOVPVTMZ�PQFSBUF�GPS�EVSBUJPO�NPSF�UIBO�UXP�ZFBST��*U�
SFRVJSFT�NJOJNBM�GFFE�XBUFS�QSFUSFBUNFOU�BOE�IBT�MPX�QPUFOUJBM�
PG�CJP�GPVMJOH�BOE�TDBMJOH��)PXFWFS
�.4'�JT�IJHIMZ�FOFSHZ�
JOUFOTJWF�BOE�IBT�MBSHF�JOWFTUNFOU�DPTU�

5IF�.&&�PS�NVMUJ�FGGFDU�CPJMJOH�IBT�CFFO�VTFE�JO�MBSHF�TDBMF�
QSPEVDUJPO��)PXFWFS
�EVF�UP�TFWFSF�TDBMJOH�BOE�GPVMJOH�
QSPCMFNT�UIF�QMBOUT�FYQFSJFODFE�GSFRVFOU�TIVUEPXOT�

DesalinationThermal Distillation
T E C H N O L O G Y

SOURCE

Applications
5IFSNBM�EFTBMJOBUJPO�UFDIOPMPHJFT�BSF�SFRVJSFE�UP�QSPEVDF�
ESJOLJOH�XBUFS�JO�BSFBT�XIFSF�POMZ�TFBXBUFS�PS�CSBDLJTI�XBUFS�
JT�BWBJMBCMF��%JGGFSFOU�UZQFT�PG�UFDIOPMPHJFT�BSF�BWBJMBCMF�GPS�
EFTBMJOBUJPO�UIBU�DBO�CF�VTFE�BU�EJGGFSFOU�TDBMFT�GSPN�TNBMM�
DPNNVOJUZ�XBUFS�TVQQMZ�	F�H�
�TPMBS�EJTUJMMBUJPO
�UP�MBSHF�QMBOUT�
GPS�DJUJFT�

Components
7BSJFT�BDDPSEJOH�UP�UIF�UZQF�PG�UFDIOPMPHZ�

Capacity
7BSJFT�BDDPSEJOH�UP�UIF�UZQF�PG�UFDIOPMPHZ�

Costs
5IF�DPTU�PG�UIFSNBM�EFTBMJOBUJPO�WBSZ�TJHOJmDBOUMZ�EFQFOEJOH�
PO�UIF�TJ[F�BOE�UZQF�PG�UIF�EFTBMJOBUJPO�QMBOU
�UIF�TPVSDF�
BOE�RVBMJUZ�PG�JODPNJOH�GFFE�XBUFS
�UIF�QMBOU�MPDBUJPO
�TJUF�

%FTBMJOBUJPO�CZ�UIFSNBM�EJTUJMMBUJPO�UFDIOPMPHZ

Operating Principles
0XOWL�6WDJH�)ODVK�'LVWLOODWLRQ��JT�B�QSPDFTT�UIBU�TFOET�
UIF�TBMJOF�GFFE�XBUFS�UISPVHI�NVMUJQMF�DIBNCFST��*O�UIFTF�
DIBNCFST
�UIF�XBUFS�JT�IFBUFE�BOE�DPNQSFTTFE�UP�B�IJHI�
UFNQFSBUVSF�BOE�IJHI�QSFTTVSF��"T�UIF�XBUFS�QSPHSFTTJWFMZ�
QBTTFT�UISPVHI�UIF�DIBNCFST
�UIF�QSFTTVSF�JT�SFEVDFE
�DBVTJOH�
UIF�XBUFS�UP�SBQJEMZ�CPJM��5IJT�CPJMJOH�DBVTFT�WBQPS�UP�CF�
QSPEVDFE�JO�FBDI�DIBNCFS��5IF�WBQPS
�XIJDI�JT�DPNQPTFE�PG�
GSFTIXBUFS
�JT�UIFO�JT�DPOEFOTFE�BOE�DPMMFDUFE�

DPOEJUJPOT
�RVBMJmFE�MBCPS
�FOFSHZ�DPTUT�BOE�QMBOU�MJGFUJNF�
"T�XJUI�BMM�OFX�UFDIOPMPHJFT
�QSPHSFTT�JO�EFTBMJOBUJOH�XBUFS�
IBT�CFFO�SBQJE��8IFSFBT�JU�DPTU�BCPVU������N��UP�EFTBMJOBUF�
TFBXBUFS�BSPVOE�����
�UIF�DPTUT�BSF�OPX�BSPVOE������N��GPS�UIF�
NVMUJ�TUBHF�nBTI�EJTUJMMBUJPO�QSPDFTT��5IJT�USFOE�JT�FYQFDUFE�UP�
DPOUJOVF�JO�UIF�GVUVSF�

)PXFWFS
�JU�TIPVME�CF�OPUFE�UIBU�UIF�DPTUT�PG�EFTBMJOBUJPO�TUJMM�
SFNBJO�IJHIFS�UIBO�PUIFS�BMUFSOBUJWFT�GPS�NPTU�SFHJPOT�PG�UIF�
XPSME�
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0XOWL�(IIHFW�'LVWLOODWLRQ��FNQMPZT�UIF�TBNF�QSJODJQBMT�BT�UIF�NVMUJ�TUBHF�nBTI�EJTUJMMBUJPO�QSPDFTT�FYDFQU�UIBU�JOTUFBE�PG�VTJOH�
NVMUJQMF�DIBNCFST�PG�B�TJOHMF�WFTTFM�	BMTP�LOPXO�BT�BO�iFGGFDUw

�NVMUJ�FGGFDU�EJTUJMMBUJPO�VTFT�TVDDFTTJWF�WFTTFMT��"�TFSJFT�PG�
FWBQPSBUPS�WFTTFMT�QSPEVDFT�XBUFS�BU�QSPHSFTTJWFMZ�MPXFS�QSFTTVSFT��8BUFS�CPJMT�BU�MPXFS�UFNQFSBUVSFT�BT�QSFTTVSF�EFDSFBTFT
�TP�
UIF�XBUFS�WBQPS�PG�UIF�mSTU�WFTTFM�TFSWFT�BT�UIF�IFBUJOH�NFEJVN�GPS�UIF�TFDPOE
�BOE�TP�PO��5IF�NPSF�WFTTFMT�UIFSF�BSF
�UIF�IJHIFS�UIF�
QFSGPSNBODF�SBUJP�XJMM�CF��5IF�XBUFS�WBQPS�UIBU�JT�GPSNFE�XIFO�UIF�XBUFS�CPJMT�JT�DPOEFOTFE�BOE�DPMMFDUFE��5IF�VTF�PG�NVMUJQMF�WFTTFMT�
NBLFT�UIF�NVMUJ�FGGFDU�EJTUJMMBUJPO�QSPDFTT�NPSF�FGmDJFOU�

9DSRU�&RPSUHVVLRQ�'LVWLOODWLRQ��DBO�GVODUJPO�JOEFQFOEFOUMZ�PS�CF�VTFE�JO�DPNCJOBUJPO�XJUI�BOPUIFS�UIFSNBM�EJTUJMMBUJPO�QSPDFTT��
7BQPS�DPNQSFTTJPO�EJTUJMMBUJPO�VTFT�IFBU�GSPN�UIF�DPNQSFTTJPO�PG�WBQPS�UP�FWBQPSBUF�UIF�GFFE�XBUFS��7BQPS�DPNQSFTTJPO�EJTUJMMBUJPO�
VOJUT�BSF�DPNNPOMZ�VTFE�UP�QSPEVDF�GSFTIXBUFS�GPS�TNBMM�UP�NFEJVN�TDBMF�QVSQPTFT�TVDI�BT�SFTPSUT
�JOEVTUSJFT
�BOE�QFUSPMFVN�ESJMMJOH�
TJUFT�

6RODU�'LVWLOODWLRQ��JT�HFOFSBMMZ�VTFE�GPS�TNBMM�TDBMF�PQFSBUJPOT��"MUIPVHI�UIF�EFTJHOT�PG�TPMBS�EJTUJMMBUJPO�VOJUT�WBSZ�HSFBUMZ
�UIF�CBTJD�
QSJODJQMF�JT�UIF�TBNF��UIBU�UIF�TVO�QSPWJEFT�FOFSHZ�UP�FWBQPSBUF�GSFTIXBUFS�GSPN�TBMJOF�XBUFS��

*O�TPMBS�EJTUJMMBUJPO
�UIF�XBUFS�WBQPS�GPSNFE�GSPN�UIF�FWBQPSBUJPO�QSPDFTT�DPOEFOTFT�PO�B�DMFBS�HMBTT�PS�QMBTUJD�DPWFSJOH�BOE�JT�
DPMMFDUFE�BT�GSFTIXBUFS�JO�B�DPOEFOTBUF�USPVHI��

5IF�DPWFSJOH�JT�VTFE�UP�CPUI�USBOTNJU�SBEJBOU�FOFSHZ�BOE�BMMPX�XBUFS�WBQPS�UP�DPOEFOTF�PO�JUT�JOUFSJPS�TVSGBDF��5IF�TBMU�BOE�VO�
FWBQPSBUFE�XBUFS�MFGU�CFIJOE�JO�UIF�TUJMM�CBTJO�GPSN�UIF�CSJOF�TPMVUJPO�UIBU�NVTU�CF�EJTDBSEFE�BQQSPQSJBUFMZ��4PMBS�EJTUJMMBUJPO�JT�PGUFO�
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�SF�NJOFSBMJ[BUJPO�
	F�H��MJNFTUPOF�EJTTPMVUJPO
�JT�SFRVJSFE�CFGPSF�EJTUSJCVUJPO�BOE�
DPOTVNQUJPO�

Reliability
)JHIMZ�SFMJBCMF�JG�QMBOU�JT�QSPQFSMZ�NBJOUBJOFE�

Replication Potential 
5FDIOPMPHJFT�BWBJMBCMF�BSF�BEBQUFE�UP�NBOZ�TDBMFT�GSPN�TNBMM�
UP�MBSHF�DPNNVOJUJFT�

Operation and Maintenance
%FTBMJOBUJPO�QMBOUT��0QFSBUJPO�BOE�.BJOUFOBODF�EFQFOET�PO�
UIF�UFDIOPMPHZ�VTFE��'PS�JOTUBODF
�NVMUJ�TUBHF�nBTI�EJTUJMMBUJPOT�
SFRVJSF�USBJOFE�UFDIOJDJBOT�UP�PQFSBUF�BOE�NBJOUBJO�UIF�QMBOUT�

5IF�.4'�UFDIOPMPHZ�IBT�FYDFMMFOU�QSPDFTT�SFMJBCJMJUZ�BOE�
UIF�BCJMJUZ�UP�DPOUJOVPVTMZ�PQFSBUF�GPS�EVSBUJPO�NPSF�UIBO�UXP�
ZFBST��*U�SFRVJSFT�NJOJNBM�GFFE�XBUFS�QSFUSFBUNFOU�BOE�IBT�MPX�
QPUFOUJBM�PG�CJP�GPVMJOH�BOE�TDBMJOH��)PXFWFS
�.4'�JT�IJHIMZ�
FOFSHZ�JOUFOTJWF�BOE�MBSHF�JOWFTUNFOU�DPTUT�

%ULQH�0DQDJHPHQW��5IFSNBM�EFTBMJOBUJPO�QSPDFTTFT�QSPEVDF�B�
TUSFBN�PG�CSJOF�XBUFS��5IF�CSJOF�XBUFS�IBT�B�IJHI�DPODFOUSBUJPO�
PG�TBMU�BOE�PUIFS�NJOFSBMT�PS�DIFNJDBMT�UIBU�XFSF�FJUIFS�SFNPWFE�
EVSJOH�UIF�EFTBMJOBUJPO�QSPDFTT
�PS�BEEFE�UP�QSF�USFBU�UIF�GFFE�
XBUFS��'PS�BMM�PG�UIF�QSPDFTTFT
�UIF�CSJOF�NVTU�CF�EJTQPTFE�PG�JO�
BO�FDPOPNJDBM�BOE�FOWJSPONFOUBMMZ�GSJFOEMZ�XBZ�

0QUJPOT�GPS�EJTDIBSHJOH�UIF�CSJOF�JODMVEF�EJTDIBSHF�JOUP�
UIF�PDFBO
�JOKFDUJPO�UISPVHI�B�XFMM�JOUP�B�TBMJOF�BRVJGFS
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FWBQPSBUJPO��*O�BMM�DBTFT
�UIF�CSJOF�XBUFS�TIPVME�IBWF�B�NJOJNBM�
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BOE�GPS�SF�JOUSPEVDJOH�TPNF�FTTFOUJBM�JPOT�SFRVJSFE�GPS�IFBMUI�
DPOTJEFSBUJPOT�	4VDI�BT�DBSEJPWBTDVMBS�IFBMUI
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Description
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NFNCSBOF�UFDIOPMPHZ��"�OVNCFS�PG�NFNCSBOF�UFDIOPMPHJFT�
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Operation and Maintenance
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UFOET�UP�CF�IJHIMZ�SFBDUJWF�BOE
�VOMFTT�USFBUFE
�JU�DBO�DSFBUF�
TFWFSF�DPSSPTJPO�EJGmDVMUJFT�EVSJOH�JUT�USBOTQPSU�JO�DPOWFOUJPOBM�
QJQFMJOFT��"MTP
�VOUSFBUFE�EFTBMJOBUFE�XBUFS�DBOOPU�CF�VTFE�
EJSFDUMZ�BT�B�TPVSDF�PG�ESJOLJOH�XBUFS��"�DFSUBJO�EFHSFF�PG�
SFNJOFSBMJ[BUJPO�JT�OFDFTTBSZ�JO�PSEFS�UP�NBLF�UIF�XBUFS�
QBMBUBCMF�BOE�GPS�SF�JOUSPEVDJOH�TPNF�FTTFOUJBM�JPOT�SFRVJSFE�GPS�
IFBMUI�DPOTJEFSBUJPOT

���

��� 6TFT�BO�BCVOEBOU�XBUFS�TPVSDF�	TFBXBUFS�PS�CSJOF�
XBUFS
�

��� "MMPXT�ESJOLJOH�XBUFS�QSPEVDUJPO�JO�BSJE
�DPBTUBM�
SFHJPOT�

��� .BOZ�QSPDFTTFT�BWBJMBCMF�DBO�CF�BEBQUFE�UP�
EJGGFSFOU�MPDBM�DPOUFYUT�

��� $IFBQFS�UIBO�UIFSNBM�EJTUJMMBUJPO�QSPDFTT�

��� .PEVMBS�DPOTUSVDUJPO�BOE�TNBMMFS�GPPUQSJOU�

D
Advantages

��� )JHI�FOFSHZ�DPOTVNQUJPO�PS�JOWFTUNFOU�DPTUT�

��� 1SPEVDUJPO�PG�IJHIMZ�DPODFOUSBUFE�TBMUZ�XBUFS�JT�B�CZ�
QSPEVDU�UIBU�IBT�UP�CF�EJTDIBSHFE�QSPQFSMZ�

��� %FTBMJOBUFE�XBUFS�IBT�UP�CF�SFNJOFSBMJ[FE�CFGPSF�JU�
CFDPNFT�ESJOLJOH�XBUFS�

��� .FNCSBOF�GPVMJOH�JT�NPTU�DIBMMFOHJOH�

U
Disadvantages



Sources
��� "MLIVEIJSJ
�"�
�%BSXJTI
�/�
�BOE�)JMBM
�/��	����
��.FNCSBOF�EJTUJMMBUJPO��"�DPNQSFIFOTJWF�SFWJFX��%FTBMJOBUJPO
����
������

��� $BNBDIP
�-��.�
�%VNÏF
�-�
�;IBOH
�+�
�-J
�+��E�
�%VLF
�.�
�(PNF[
�+�
�BOE�(SBZ
�4��	����
��"EWBODFT�JO�NFNCSBOF�EJTUJMMBUJPO�GPS�
XBUFS�EFTBMJOBUJPO�BOE�QVSJmDBUJPO�BQQMJDBUJPOT��8BUFS
��	�

���������

��� $BUI
�5��:�
�$IJMESFTT
�"��&�
���&MJNFMFDI
�.��	����
��'PSXBSE�PTNPTJT��1SJODJQMFT
�BQQMJDBUJPOT
�BOE�SFDFOU�EFWFMPQNFOUT��+PVSOBM�
PG�.FNCSBOF�4DJFODF
����	�

��������

��� $PPMFZ
�)�
�BOE��"KBNJ
�/��	����
��,FZ�*TTVFT�GPS�4FBXBUFS�%FTBMJOBUJPO�JO�$BMJGPSOJB��$PTU�BOE�'JOBODJOH�

��� $IVOH
�5��4�
�;IBOH
�4�
�8BOH
�,��:�
�4V
�+�
�BOE�-JOH
�.��.��	����
��'PSXBSE�PTNPTJT�QSPDFTTFT��ZFTUFSEBZ
�UPEBZ�BOE�UPNPSSPX��
%FTBMJOBUJPO
����
��������

��� (IBGGPVS
�/�
�.JTTJNFS
�5��.�
�BOE�"NZ
�(��-��	����
��5FDIOJDBM�SFWJFX�BOE�FWBMVBUJPO�PG�UIF�FDPOPNJDT�PG�XBUFS�EFTBMJOBUJPO��
$VSSFOU�BOE�GVUVSF�DIBMMFOHFT�GPS�CFUUFS�XBUFS�TVQQMZ�TVTUBJOBCJMJUZ��%FTBMJOBUJPO
����
���������

��� -FF
�,��1�
�"SOPU
�5��$�
�BOE�.BUUJB
�%��	����
��"�SFWJFX�PG�SFWFSTF�PTNPTJT�NFNCSBOF�NBUFSJBMT�GPS�EFTBMJOBUJPO�EFWFMPQNFOU�UP�
EBUF�BOE�GVUVSF�QPUFOUJBM��+PVSOBM�PG�.FNCSBOF�4DJFODF
����	�

�������

��� .BUIJPVMBLJT
�&�
�#FMFTTJPUJT
�7�
�BOE�%FMZBOOJT
�&��	����
��%FTBMJOBUJPO�CZ�VTJOH�BMUFSOBUJWF�FOFSHZ��3FWJFX�BOE�TUBUF�PG�UIF�BSU��
%FTBMJOBUJPO
����	�

����������

��� /BUJPOBM�$FOUSF�PG�&YDFMMFODF�JO�%FTBMJOBUJPO�	����
��"VTUSBMJBO�%FTBMJOBUJPO�3FTFBSDI�3PBENBQ
�/BUJPOBM�$FOUSF�PG�&YDFMMFODF�
JO�%FTBMJOBUJPO��

���� /34�	����
��(VJEBODF�.BOVBM�GPS�#SBDLJTI�(SPVOEXBUFS�EFTBMJOBUJPO�JO�5FYBT��5FYBT�XBUFS�EFWFMPQNFOU�CPBSE�

���� 2UBJTIBU
�.��3�
�BOE�#BOBU
�'��	����
��%FTBMJOBUJPO�CZ�TPMBS�QPXFSFE�NFNCSBOF�EJTUJMMBUJPO�TZTUFNT��%FTBMJOBUJPO
����
����������

���� 4BJEVS
�3�
�&MDFWWBEJ
�&�
�.FLIJMFG
�4�
�4BGBSJ
�"�
�BOE�.PIBNNFE
�)��	����
��"O�PWFSWJFX�PG�EJGGFSFOU�EJTUJMMBUJPO�NFUIPET�GPS�TNBMM�
TDBMF�BQQMJDBUJPOT��3FOFXBCMF�BOE�4VTUBJOBCMF�&OFSHZ�3FWJFXT
���	�

������������

���� 4BOEJB�/BUJPOBM�-BC�	����
��%FTBMJOBUJPO�BOE�8BUFS�1VSJmDBUJPO�5FDIOPMPHZ�3PBENBQ��%FTBMJOBUJPO���8BUFS�1VSJmDBUJPO�
3FTFBSDI��BOE�%FWFMPQNFOU�1SPHSBN�3FQPSU�����

���� 4VTBOUP
�)��	����
��5PXBSET�QSBDUJDBM�JNQMFNFOUBUJPOT�PG�NFNCSBOF�EJTUJMMBUJPO��$IFNJDBM�&OHJOFFSJOH�BOE�1SPDFTTJOH��1SPDFTT�
*OUFOTJmDBUJPO
���	�

���������

���� 5POOFS
�+��	����
��#BSSJFST�UP�5IFSNBM�%FTBMJOBUJPO�JO�UIF�6OJUFE�4UBUFT��8BUFS�$POTVMUBOUT�*OUFSOBUJPOBM�.FRVPO
�8JTDPOTJO
�
%FTBMJOBUJPO�BOE�8BUFS�1VSJmDBUJPO�3FTFBSDI�BOE�%FWFMPQNFOU�1SPHSBN�3FQPSU�/P�������

���



Description
(SPVOEXBUFS�JT�POF�PG�UIF�NBKPS�TPVSDFT�PG�XBUFS�TVQQMZ�GPS�
DFOUSBMJ[FE�BOE�IPVTFIPME�MFWFM��#PUI�EFFQ�BOE�TIBMMPX�XBUFS�
XFMMT�BSF�VTFE�GPS�UIF�IPVTFIPME�MFWFM�ESJOLJOH�XBUFS�EFQFOEJOH�
PO�UIF�MPDBUJPO�PG�UIF�JNQFSWJPVT�TUSBUB�GSPN�XIJDI�UIF�XBUFS�
JT�PCUBJOFE��5IF�RVBMJUZ�PG�HSPVOEXBUFS�WBSJFT�BDDPSEJOH�UP�
UIF�TPJM�DIBSBDUFSJTUJDT
�DBUDINFOU�HFPMPHZ
�IZESPMPHZ�BOE�
IZESPHFPMPHZ��(FOFSBMMZ
�UIF�EFFQFS�UIF�XFMM
�UIF�IJHIFS�RVBMJUZ�
HSPVOEXBUFS�

Design Criteria
%JGGFSFOU�UZQFT�PG�XFMMT�BSF�DPNNPOMZ�VTFE�UP�FYUSBDU�
HSPVOEXBUFS�GPS�IPVTFIPME�TDBMFT�JODMVEJOH�EVH�XFMMT
�ESJWFO�
XFMMT
�BOE�ESJMMFE�XFMMT�

%FTJHO�QSJODJQMFT�PG�B�XFMM�JODMVEF�JOJUJBM�XBUFS�EFNBOE�BOE�
TBGF�ZJFME�BTTFTTNFOU
�JEFOUJmDBUJPO�PG�MPDBUJPO
�TFMFDUJPO�PG�XFMM�
ESJMMJOH�UFDIOJRVF
�BOE�XFMM�EFWFMPQNFOU�BOE�UFTUJOH��

5IF�BTTFTTNFOU�PG�UIF�XBUFS�CBMBODF�FTUJNBUJPO�SFRVJSFT�UIF�
DPMMFDUJPO�PG�IZESPMPHJDBM�EBUB
�TPJM�EBUB
�XBUFS�BWBJMBCJMJUZ�
QSFEJDUJPO
�BOE�XBUFS�EFNBOE�BOBMZTJT��5IF�EFTJHO�QSPDFTT�
DPOTJTUT�PG�BOBMZ[JOH�UIF�XBUFS�BRVJGFS
�RVBOUJUZ�BOE�RVBMJUZ�
PG�XBUFS
�BOE�GVUVSF�SFDIBSHF�QPUFOUJBM��5IF�EFUBJMFE�EFTJHO�
BOE�TUBOEBSET�PG�B�TQFDJmD�XFMM�WBSJFT�BDDPSEJOH�UP�UIF�MPDBM�
DPOEJUJPO�

"�EVH�XFMM�DPOTJTUT�PG�UISFF�NBKPS�DPNQPOFOUT��UIF�XFMM�IFBE
�
UIF�XFMM�TIBGU
�BOE�UIF�JOUBLF��5IF�XFMM�IFBE�JT�WJTJCMF�BCPWF�UIF�
HSPVOE�BOE�HFOFSBMMZ�IBT�B�XFMM�DPWFS�PS�BQSPO
�B�DPODSFUF�TFBM
�
B�NBOIPMF
�B�ESBJOBHF�DIBOOFM
�BOE�B�QVNQ��5IF�XFMM�TIBGU�JT�
UIF�TFDUJPO�PG�UIF�XFMM�CFUXFFO�UIF�IFBE�BOE�UIF�JOUBLF��5IF�
JOUBLF�JT�HFOFSBMMZ�MJOFE�	DBTFE
�XJUI�TUPOFT
�CSJDL
�UJMF
�PS�PUIFS�
NBUFSJBM�UP�QSFWFOU�DPMMBQTF��%FTJHO�QSJODJQMFT�PG�EVH�XFMMT�
JODMVEF�JOJUJBM�BTTFTTNFOU
�QSFSFRVJTJUFT
�BOE�DPOTUSVDUJPO�

Operating Principles
"�IPMF�JT�EVH�VOUJM�UIF�HSPVOEXBUFS�MFWFM�JT�SFBDIFE��"�EVH�
XFMM�HJWFT�BDDFTT�UP�BO�BRVJGFS�BOE�GBDJMJUBUFT�JUT�BCTUSBDUJPO��
*OnPXJOH�HSPVOEXBUFS�JT�DPMMFDUFE�BOE�DBO�CF�FYUSBDUFE�XJUI�
UIF�IFMQ�PG�QVNQT�PS�CVDLFUT���%FQUIT�PG�IBOE�EVH�XFMMT�SBOHF�
GSPN�TIBMMPX�EVH�XFMMT�	BCPVU���NFUFS�JO�EFQUI
�UP�EFFQ�EVH�
XFMMT�	PWFS����GFFU�JO�EFQUI
���%VH�XFMMT�BDU�BT�DJTUFSOT�BT�
HSPVOEXBUFS�TFFQT�TMPXMZ�JOUP�UIF�DPMMFDUJPO�BSFB�UP�UIF�TBNF�
MFWFM�BT�UIF�TVSSPVOEJOH�XBUFS�UBCMF��

5IF�QFSGPSNBODF�PG�UIF�XFMM�JO�UFSNT�PG�RVBOUJUZ�JT�MBSHFMZ�
EFUFSNJOFE�CZ�TPJM�UZQF
�MBOE�VTFT
�BOE�EFQUI�PG�UIF�XFMM��8FMMT�
XJUI�B�MBSHF�EJBNFUFS�BOE�EFQUI�FYQPTF�B�HSFBUFS�BSFB�GPS�
JOmMUSBUJPO
�BOE�UIFSFGPSF�QSPWJEF�GBTU�SFDIBSHF��'MVDUVBUJPOT
�
JO�UIF�MFWFM�PG�UIF�XBUFS�UBCMF�NBZ�DBVTF�UIFN�UP�HP�ESZ�BOE
�
VOMFTT�UIFZ�BSF�BEFRVBUFMZ�TFBMFE�UP�QSFWFOU�JOmMUSBUJPO�PG�
TVSGBDF�XBUFS
�UIFZ�BSF�BMTP�WVMOFSBCMF�UP�DPOUBNJOBUJPO�
QSPCMFNT�BTTPDJBUFE�XJUI�UIF�MBSHF�BOOVMBS�TQBDF�UIBU�UZQJmFT�
EVH�XFMM�DPOTUSVDUJPO�

Applications
%VH�XFMMT�BSF�HFOFSBMMZ�DPOTUSVDUFE�JO�BSFBT�XIFSF�UIF�
HSPVOEXBUFS�UBCMF�JT�DMPTF�UP�UIF�MBOE�TVSGBDF
�UIF�HFPMPHJD�
EFQPTJUT�BSF�UJHIU�BOE�TUBCMF
�BOE�XBUFS�RVBMJUZ�JT�HPPE��
5IF�EVH�XFMM�UIBU�BSF�EVH�CZ�IBOE�BSF�SFTUSJDUFE�UP�TVJUBCMF�
UZQFT�PG�HSPVOE�TVDI�BT�DMBZT
�TBOET
�HSBWFMT�BOE�NJYFE�TPJMT�
XIFSF�POMZ�TNBMM�CPVMEFST�BSF�FODPVOUFSFE�

Components
5IF�UZQJDBM�DPNQPOFOUT�PG�B�XFMM�JODMVEF�UIF�TBOJUBSZ�TFBM
�
DBTJOH
�DBTJOH�TFBM
�XFMM�TDSFFO
�BOE�UIF�QVNQ�

"�EVH�XFMM�DPOTJTUT�PG�UISFF�NBKPS�DPNQPOFOUT��UIF�XFMM�IFBE
�
UIF�XFMM�TIBGU
�BOE�UIF�JOUBLF�

%VH�XFMM

Capacity
.PTUMZ�JOTUBMMFE�UP�NFFU�B�IPVTFIPME�TDBMF�XBUFS�EFNBOE��

Costs
%FQFOET�PO�UIF�HSPVOEXBUFS�MFWFM�VOEFS�UIF�XFMM�BOE�MPDBUJPO��

Freshwater

HouseholdHousehold Well
T E C H N O L O G Y SOURCE

SCALE

���



<[PSP[`�
�,MÄJPLUJ`
.PTU�FGGFDUJWF�GPS�FYUSBDUJOH�XBUFS�BU�UIF�IPVTFIPME�TDBMF��5IF�
FGmDJFODZ�EFQFOET�PO�UIF�UZQFT�PG�XFMM
�NFUIPET�PG�FYUSBDUJPO�
BOE�BRVJGFS�UZQFT��

��� /P�TLJMMFE�XPSLFST�BSF�SFRVJSFE�GPS�UIF�
JOTUBMMBUJPO�BOE�PQFSBUJPO�

��� -PX�DPTU�GPS�DPOTUSVDUJPO�BOE�VTF�PG�MPDBMMZ�
BWBJMBCMF�NBUFSJBM

��� :JFME�DBO�CF�JODSFBTFE�BGUFS�DPOTUSVDUJPO

��� /P�TVCTUBOUJBM�DIBOHF�PG�CFIBWJPS�SFRVJSFE�

��� $IFBQ�TPVSDF�UP�BVHNFOUT��DJUZ�XBUFS�TVQQMZ

��� .PTUMZ�HPPE�RVBMJUZ�XBUFS�JT�BWBJMBCMF

��� .PUPSJ[FE�QVNQ�	QPXFS�TPVSDF
�PGUFO�SFRVJSFE�
UP�FYUSBDU�NPSF�XBUFS�GSPN�UIF�EFFQ�XBUFS�UBCMF

��� 4IBMMPX�BRVJGFST�BSF�TVTDFQUJCMF�UP�QPMMVUBOUT�
JOmMUSBUJOH�GSPN�UIF�TVSGBDF�	F�H��MFBDIBUF�GSPN�
QJU�MBUSJOFT
�

��� "MUFSBUJPO�PG�UIF�HSPVOEXBUFS�MFWFM�DBO�
BEWFSTFMZ�BGGFDU�UIF�TVSSPVOEJOH�FOWJSPONFOU

��� 1PUFOUJBM�PG�XBUFS�DPOUBNJOBOUT�GSPN�UIF�
OFJHICPSJOH�FOWJSPONFOU

��� 5IF�XBUFS�NBZ�DPOUBJO�IBSNGVM�DPOUBNJOBOUT�
JODMVEJOH�JSPO
�NBOHBOFTF�BOE�BSTFOJD�BOE�NBZ�
OFFE�BEWBODFE��XBUFS�USFBUNFOU�

Reliability
5FDIOPMPHZ�JT�WFSZ�TJNQMF�BOE�SFMJBCMF�

Replication Potential 
*U�DBO�CF�EFWFMPQFE�XIFSF�HSPVOEXBUFS�JT�BWBJMBCMF�

Regulatory/Institutional Issues
%FWFMPQNFOU�JT�SFRVJSFE�UP�GPMMPX�UIF�TUBOEBSE�CVJMEJOH�
HVJEFMJOFT�BOE�EPFT�OPU�SFRVJSF�BOZ�JOTUJUVUJPO�

Operation and Maintenance
• 0QFSBUJPO�BOE�NBJOUFOBODF�XJMM�EFQFOE�PO�UIF�UZQF�PG�

XFMM��'PS�FYBNQMF
�JO�UIF�DBTF�PG�EVH�XFMMT
�JU�XJMM�SFRVJSF�
DPOTJEFSBUJPO�PG�TUSVDUVSBM�NBJOUFOBODF�BOE�IZHJFOF�JTTVFT��

• 4USVDUVSBM�NBJOUFOBODF�JT�SFRVJSFE�UP�FOTVSF�UIBU�B�XFMM�JT�JO�
HPPE�TUSVDUVSBM�DPOEJUJPO��(FOFSBMMZ
�UIBU�JODMVEFT�DIFDLJOH�
GPS�BOZ�DSBDLT
�JOTQFDUJOH�DPWFS
�JNQSPWJOH�UIF�ZJFME�CZ�
EFFQFOJOH�PS�SFNPWJOH�JOmMUSBUFE�TBOE�QBSUJDMFT�BOE�UIF�
NBJOUFOBODF�PG�UIF�MJGUJOH�EFWJDF�

• )ZHJFOJD�PQFSBUJPO�JOWPMWFT�UIF�QSPUFDUJPO�BOE�DMFBOJOH�
PG�UIF�BSFB�	F�H��GFODJOH�BOE�DPWFSJOH

�DIFDLJOH�XBUFS�
RVBMJUZ�BOE�EJTJOGFDUJOH�JG�OFDFTTBSZ
�NPOJUPSJOH�UIF�FGGFDUT�
PG�XJUIESBXBM�PO�FOWJSPONFOU�BOE�TVSSPVOEJOH�BSFBT
�BOE�
DPOTUBOUMZ�FEVDBUJOH�XBUFS�VTFST�JO�QSPQFS�PQFSBUJPO�PG�UIF�
XFMM�BOE�JO�UIF�MJOLT�PG�XBUFS�TBOJUBUJPO�BOE�IFBMUI�

• 5IF�QVNQJOH�UFTU�TIBMM�CF�DPOEVDUFE�BU�B�DPOTUBOU�SBUF�
GPS�B�QFSJPE�PG�BU�MFBTU�OPSNBM�PQFSBUJPO�FJUIFS�BU�UIF�QFBL�
IPVSMZ�EFNBOE
�PS�BU�MFBTU�����UJNFT�UIF�QVNQ�EFTJHO�SBUF�JG�
UIF�XFMM�DBOOPU�TVTUBJO�QFBL�IPVSMZ�nPX�

• 5IF�HSPVOEXBUFS�DBO�CFDPNF�DPOUBNJOBUFE
�FJUIFS�
EJSFDUMZ�WJB�UIF�XFMM
�PS�CZ�QPMMVUBOUT�TFFQJOH�JOUP�UIF�
BRVJGFS�UISPVHI�UIF�TPJM��5IFSFGPSF
�XBUFS�RVBMJUZ�UFTUT�	CPUI�
QIZTJDBM�BOE�NJDSPCJPMPHJDBM�UFTUT
�TIPVME�VOEFSUBLF�UP�
FOTVSF�UIF�TFBTPOBM�XBUFS�RVBMJUZ�WBSJBCJMJUZ�

D U
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Sources
��� #SJLLÏ
�'��BOE�.��#SFEFSP�	����
��-JOLJOH�UFDIOPMPHZ�DIPJDF�XJUI�PQFSBUJPO�BOE�NBJOUFOBODF�JO�UIF�DPOUFYU�PG�DPNNVOJUZ�XBUFS�

TVQQMZ�BOE�TBOJUBUJPO��3FGFSFODF�EPDVNFOU�GPS�QMBOOFST�BOE�QSPKFDU�TUBGG��(FOFWB��8)0�BOE�*3$�

��� $PMMJOT
�4��	����
��)BOE�EVH�4IBMMPX�8FMMT��4XJTT�$FOUSF�GPS�%FWFMPQNFOU�$PPQFSBUJPO�JO�5FDIOPMPHZ�BOE�.BOBHFNFOU�	4,"5
�

��� &1"��%VHXFMM� 
IUUQ���XBUFS�FQB�HPW�ESJOL�JOGP�XFMM�VQMPBE�����@��@��@QSJWBUFXFMMT@QEGT@CBTJDJOGPSNBUJPO@EVHXFMM�QEG�

��� (SPFOXBMM
�+���.VMFOHB
�.���.DHSBOBIBO
�(��	����
��(SPVOEXBUFS
�TFMG�TVQQMZ�BOE�QPPS�VSCBO�EXFMMFST��"�SFWJFX�XJUI�DBTF�
TUVEJFT�PG�#BOHBMPSF�BOE�-VTBLB��-POEPO��*OUFSOBUJPOBM�*OTUJUVUF�GPS�&OWJSPONFOU�BOE�%FWFMPQNFOU�	**&%
�

��� .*83�BOE�6/*$&'�	����
��5FDIOJDBM�HVJEFMJOFT�GPS�UIF�DPOTUSVDUJPO�BOE�NBOBHFNFOU�PG�IBOE�EVH�XFMM�IBOE�QVNQT��

��� 1PXFMM
�(��.�
�%��)��3PHFST
�BOE�+��.��8JMMJOHIBN�	����
��1SJWBUF�XFMM�NBJOUFOBODF�BOE�QSPUFDUJPO��IUUQ���XXX�LTSF�LTV�FEV�
CPPLTUPSF�QVCT�.'�����QEG�

��� 4NFU
�+���8JKL
�$��WBO�	����
��4NBMM�$PNNVOJUZ�8BUFS�4VQQMJFT��5FDIOPMPHZ
�1FPQMF�BOE�1BSUOFSTIJQ��(SPVOEXBUFS�8JUIESBXBM���
$IBQUFS�����5IF�)BHVF��*OUFSOBUJPOBM�8BUFS�BOE�4BOJUBUJPO�$FOUSF�	*3$
��

��� 4LJQUPO
�4��0�
�+��3��)ZHOTUSPN�
�8��8PMEU��1SJWBUF�ESJOLJOH�XBUFS�XFMMT��PQFSBUJPO�BOE�NBJOUFOBODF�GPS�B�TBGF�XFMM��IUUQ���XXX�
JBOSQVCT�VOM�FEV�QBHFT�QVCMJDBUJPO%�KTQ QVCMJDBUJPO*E������

��� 5PNMJOTPO
�$��	����
��1SJWBUF�8FMM�(VJEFMJOFT��$PNNPOXFBMUI�PG�.BTTBDIVTFUUT
�%FQBSUNFOU�PG�&OWJSPONFOUBM�1SPUFDUJPO
�#VSFBV�
PG�3FTPVSDF�1SPUFDUJPO�

���� 6/*$&'�	����
��8BUFS
�&OWJSPONFOU�BOE�4BOJUBUJPO�5FDIOJDBM�(VJEFMJOFT��/FX�:PSL��6OJUFE�/BUJPOT�$IJMESFO�T�'VOE�	6/*$&'
��

���



Description
1MBJO�TFEJNFOUBUJPO
�PGUFO�SFGFSSFE�UP�BT�QSF�TFEJNFOUBUJPO
�
JT�VTFE�UP�SFNPWF�FBTJMZ�TFUUBCMF�TBOE�BOE�TJMU�JO�USFBUNFOU�
QMBOUT��*O�HFOFSBM
�QMBJO�TFEJNFOUBUJPO�PDDVST�JO�XBUFS�QMBOUT�
CFGPSF�PUIFS�BEWBODFE�USFBUNFOU�QSPDFTTFT����5IF�PCKFDUJWF�JT�
UP�SFEVDF�UIF�USFBUNFOU�MPBET�JO�ESJOLJOH�XBUFS�PS�XBTUFXBUFS�
QSPDFTTFT��

Design Criteria
5IF�EFTJHO�DSJUFSJPO�PG�B�QMBJO�TFEJNFOUBUJPO�UBOL�EFQFOET�PO�
UIF�TIBQF�PG�UIF�USFBUNFOU�VOJU
�XBUFS�RVBMJUZ�	J�F�
�UVSCJEJUZ�BOE�
UPUBM�TPMJE�QBSUJDMFT

�XBUFS�RVBOUJUZ
�BOE�UPQPHSBQIZ�

*O�HFOFSBM
�UIF�TJ[F�PG�B�CBTJO�PS�UBOL�XJMM�CF���������N�JO�EFQUI�
XIFO�UIF�UBOL�JT�JOTUBMMFE�XJUIPVU�BVUPNBUFE�TFEJNFOU�SFNPWBM
�
BOE���o���N�JO�EFQUI�XIFO�UIF�UBOL�JT�JOTUBMMFE�XJUI�BVUPNBUFE�
TFEJNFOU�SFNPWBM��5IF�EFUFOUJPO�UJNF�JO�BO�FBSUIFO�CBTJO�WBSJFT�
PO�UIF�PSEFS�PG���UP���IPVST�PS�NPSF
�EFQFOEJOH�PO�BWBJMBCMF�
TQBDF��)PSJ[POUBM�NFBO�nPX�WFMPDJUZ�JT������N�T�UP����N�T�EVSJOH�
NBYJNVN�EBJMZ��

Freshwater

Semi-centralized and CentralizedPlain Sedimentation
T E C H N O L O G Y SOURCE

SCALE

���

Applications
1MBJO�TFEJNFOUBUJPO�JT�B�QSFUSFBUNFOU�QSPDFTT�UP�SFNPWF�IJHI�
UVSCJEJUZ�BOE�UIF�UPUBM�TVTQFOEFE�TPMJET�JO�UIF�XBUFS�USFBUNFOU�
QSPDFTT�

Components
4FEJNFOUBUJPO�CBTJO�BOE�TMVEHF�SFNPWBM�FRVJQNFOU

Capacity
$BQBDJUZ�SBOHFT�GSPN�TNBMM�UP�MBSHF�EFQFOEJOH�PO�UIF�TDBMF�PG�
USFBUNFOU�BOE�OVNCFS�PG�QMBOUT�

Costs
$BQJUBM�DPTUT�WBSZ�EFQFOEJOH�PO�UIF�DBQBDJUZ�PG�B�QMBOU�BOE�
MPDBM�DPOEJUJPOT���$PTUT�GPS�DPOTUSVDUJPO�JT�WFSZ�IJHI�DPNQBSFE�
UP�UIF�BMNPTU�OFHMJHJCMF�PQFSBUJOH�DPTU�

Operating Principles
4VTQFOEFE�QBSUJDMFT�BSF�TFQBSBUFE�VOEFS�EJGGFSFOU�TFUUMJOH�
UIFPSJFT�EVF�UP�UIF�JOnVFODF�PG�UISFF�GPSDFT�BDUJOH�PO�UIF�
QBSUJDMFT�JO�B�nVJE��HSBWJUZ
�CVPZBODZ
�BOE�ESBH��5IF�JNCBMBODF�
PG�UIFTF�GPSDFT�DSFBUFT�NPNFOUVN��5IF�QBSUJDMFT�TFUUMF�UP�
CPUUPN�BT�TPPO�BT�HSBWJUZ�T�GPSDF�JT�CJH�FOPVHI�BOE�UIF�MFOHUI�
PG�CBTJO�JT�MPOH�FOPVHI��

5IFSF�BSF�UXP�DPNQPOFOUT�UP�QBSUJDMF�USBKFDUPSJFT�JO�UIF�
TFUUMJOH�[POF��UIF�TFUUMJOH�WFMPDJUZ�BOE�UIF�nVJE�WFMPDJUZ��'PS�B�
SFDUBOHVMBS�TFEJNFOUBUJPO�CBTJO�UIF�nVJE�WFMPDJUZ�JT�DPOTUBOU��
5IF�TFUUMJOH�WFMPDJUZ�GPS�EJTDSFUF�QBSUJDMFT�JT�BMTP�DPOTUBOU�JO�B�
SFDUBOHVMBS�CBTJO�CFDBVTF�UIF�QBSUJDMFT�EP�OPU�nPDDVMBUF�PS�
JOUFSGFSF�XJUI�POF�BOPUIFS�BOE�UIF�QBSUJDMF�USBKFDUPSJFT�BSF�MJOFBS��
*U�JT�BTTVNFE�UIBU�FWFSZ�QBSUJDMF�UIBU�FOUFST�UIF�TMVEHF�[POF�XJMM�
CF�SFNPWFE��

"�TFUUMJOH�UBOL�JT�EJWJEFE�JOUP�GPVS�[POFT��JOMFU
�TFUUMJOH
�TMVEHF
�
BOE�PVUMFU�	TFF�'JHVSF
��"�QBSUJDMF�GSPN�UIF�JOMFU�[POF�XJMM�FOUFS�
BU�UIF�UPQ�PG�UIF�CBTJO�BOE�TFUUMF�JO�UIF�TMVEHF�[POF�KVTU�CFGPSF�
UIF�PVUMFU��"OZ�QBSUJDMFT�JO�UIF�JOMFU�[POF�XJUI�B�TFUUMJOH�WFMPDJUZ�
HSFBUFS�UIBO�PS�FRVBM�UP�UIF�DSJUJDBM�TFUUMJOH�WFMPDJUZ�XJMM�CF�
SFNPWFE�SFHBSEMFTT�PG�UIF�TUBSUJOH�QPTJUJPO��1BSUJDMFT�XJUI�MFTT�
TFUUMJOH�WFMPDJUZ�NBZ�BMTP�CF�SFNPWFE
�EFQFOEJOH�PO�UIFJS�
QPTJUJPO�BU�UIF�JOMFU��1BSUJDMFT�BU�UIF�UPQ�PG�UIF�CBTJO�XJMM�QBTT�
UISPVHI�UIF�TFUUMJOH�[POF�BOE�FYJU�JO�UIF�PVUMFU�[POF�BOE�XJMM�OPU�
CF�SFNPWFE��)PXFWFS
�QBSUJDMFT�FOUFSJOH�UIF�TMVEHF�[POF�CFGPSF�
FYJUJOH�UIF�CBTJO�XJMM�CF�SFNPWFE�
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5IF�QVSQPTF�PG�QSF�TFEJNFOUBUJPO�JT�UP�SFEVDF�UIF�MPBE�PG�
TVCTFRVFOU�USFBUNFOU�QSPDFTTFT��8IFO�UIF�SBX�XBUFS�IBT�
FYDFQUJPOBMMZ�IJHI�UVSCJEJUZ
�QMBJO�TFEJNFOUBUJPO�UBOLT�BSF�
QSFGFSSFE�

5IF�FGmDJFODZ�EFQFOET�PO�GBDUPST�TVDI�BT�nPX�WFMPDJUZ
�
DIBSBDUFSJTUJDT�PG�UIF�TVTQFOEFE�TPMJET�JO�UIF�SBX�XBUFS
�BOE�
IZESBVMJD�EFUFOUJPO�UJNFT�	HFOFSBMMZ�HSFBUFS�UIBO����IPVST
��
5IF�TFEJNFOUBUJPO�QSPDFTT�DBO�SFNPWF�TVTQFOEFE�TPMJET�BOE�
SFEVDF�UVSCJEJUZ�CZ�BCPVU����UP����QFSDFOU�

Reliability
1SPWFO�UFDIOPMPHZ�BOE�GPVOE�SFMJBCMF�BT�QFS�UIF�EFTJHO�

Replication Potential 
5IF�UFDIOPMPHZ�JT�WFSZ�TJNQMF�UP�DPOTUSVDU�BOE�BMXBZT�
SFQMJDBCMF�

Regulatory/Institutional Issues
5IJT�JT�B�DPNQPOFOU�PG�QSPDFTT�UFDIOPMPHZ�BOE�XJMM�CF�SVO�CZ�
UIF�PQFSBUPST�PG�XBUFS�VUJMJUJFT��)PXFWFS
��JU�JT�B�CBTJD�VOJU�BOE�
XJMM�OPU�SFRVJSF�TLJMMFE�UFDIOJDBM�LOPXMFEHF�

Operation and Maintenance
5IJT��JT�B�CBTJD�BOE�TJNQMF�UFDIOPMPHZ��5IF�CBTJD�PQFSBUJPO�
DPOTJTUT�PG�NPOJUPSJOH�UIF�TMVEHF�SFNPWBM�SBUF�UISPVHIPVU�UIF�
PQFSBUJPO�QFSJPE�

���

��� 4JNQMF�BOE�MPX�DPTU�UFDIOPMPHZ�UIBU�SFEVDFT�UIF�
USFBUNFOU�MPBET�PG�UIF�TVCTFRVFOU�USFBUNFOU�VOJUT�

��� /P�DIFNJDBM�EPTBHF�SFRVJSFE�

��� .PTU�PG�UIF�UJNF�JU�EPFT�OPU�SFRVJSF�FMFDUSJDJUZ�
TVQQMZ�BOE�BEWBODFE�NFDIBOJDBM�PQFSBUJPO�BOE�
DPOUSPM�

��� .PSF�FGGFDUJWF�GPS�TFUUBCMF�TPMJET�TVDI�BT�TBOET
�
TJMUT�CVU�OPU�GPS�DMBZT�BOE�TNBMMFS�NJDSPCFT��

��� *U�SFRVJSFT�DPOTJEFSBCMF�MBOE�TQBDF�

��� *U�DPVME�IBWF�SJTL�PG�NBMJDJPVT�JOnVFODF�EVF�UP�JUT�
FYQPTVSF�UP�UIF�FOWJSPONFOU�

D U
Advantages Disadvantages

Sources
��� "SNZ�BOE�UIF�"JS�'PSDF�	����
��8BUFS�TVQQMZ
�XBUFS�USFBUNFOU�� 

IUUQ���FD�FVSPQB�FV�FDIP�mMFT�FWBMVBUJPO�XBUTBO�����BOOFY@mMFT�64"$&�64"$&��������8BUFS���5SFBUNFOU�QEG�

��� $SJUUFOEFO
�+��$�
�3��3��5SVTTFMM
�%��8��)BOE
�,��+��)PXF�BOE�(��5DIPCBOPHMPVT�	����
��.8)�T�8BUFS�5SFBUNFOU��1SJODJQMFT�BOE�
%FTJHO
�8JMFZ�

��� 1MBJO�TFEJNFOUBUJPO��IUUQ���XXX�XBUFSTVQQPSU�DP�[B�NJTD�(VJEFMJOFT���@#PPL����@1MBJO@4FEJNFOUBUJPO�QEG

��� 4FEJNFOUBUJPO��IUUQ���XXX�TBNTBNXBUFS�DPN�MJCSBSZ�51��@��@4FEJNFOUBUJPO�QEG�<"DDFTT��

��� 8)0�	����
��(VJEFMJOFT�GPS�%SJOLJOH�8BUFS�2VBMJUZ��7PM���

��� &OHJOFFSJOH
�)��	����
��)BOECPPL�PG�QVCMJD�XBUFS�TZTUFNT
�+PIO�8JMFZ���4POT�*OD�

��� ,XBL
�%��)�
�4��+��:PP�BOE�#��:��4PIO�	����
��i1FSGPSNBODF�PG�1SFTFEJNFOUBUJPO�BOE�%JTTPMWFE�"JS�'MPUBUJPO�UP�0WFSDPNF�)JHIMZ�
5VSCJE�3BX�8BUFS�w�&OWJSPONFOUBM�&OHJOFFSJOH�4DJFODF���	�
����������
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Description
"FSBUJPO�JT�BO�FBSMZ�TUFQ�PG�UIF�HSPVOEXBUFS�BOE�XBTUFXBUFS�
USFBUNFOU�QSPDFTT�UIBU�SFNPWFT�EJTTPMWFE�HBTFT�TVDI�BT�
DBSCPO�EJPYJEF�BOE�NFUIBOF
�BT�XFMM�BT�PYJEJ[FT�EJTTPMWFE�
NFUBMT�TVDI�BT�JSPO�BOE�NBOHBOFTF��*U�DBO�BMTP�CF�VTFE�UP�
SFNPWF�WPMBUJMF�PSHBOJD�DIFNJDBMT�	70$
�JO�UIF�XBUFS��(FOFSBMMZ
�
BFSBUJPO�QSPDFTTFT�BSF�VTFE�JO�UXP�UZQFT�PG�XBUFS�USFBUNFOU�
BQQMJDBUJPOT��5IF�mSTU�JT�UIF�SFNPWBM�PG�B�HBT�GSPN�XBUFS�BOE�
JT�DMBTTJmFE�BT�EFTPSQUJPO
�PS�BJS�TUSJQQJOH��5IF�TFDPOE�JT�UIF�
USBOTGFS�PG�B�HBT�UP�XBUFS�BOE�JT�DBMMFE�HBT�BCTPSQUJPO
�PS�
BFSBUJPO�

Design Criteria
"FSBUJPO�DBO�CF�BDDPNQMJTIFE�B�WBSJFUZ�PG�XBZT�VTJOH�EJGGFSFOU�
UZQFT�PG�FRVJQNFOU�JODMVEJOH�TVSGBDF�BFSBUJPO
�TVCNFSHFE�
BFSBUJPO
�BOE�GBMMJOH�XBUFS�VOJU��5IF�EFTJHO�DSJUFSJB�GPS�FBDI�UZQF�
BMTP�WBSZ�XJUI�FRVJQNFOU�VTFE��

'PS�FYBNQMF
�GPS�XBUFS�USFBUNFOU��J
�4QSBZ�BFSBUPST�XBUFS�
TQSBZFE�JOUP�UIF�BJS��JJ
�$BTDBEF�BFSBUPST�BOE�IZESBVMJD�KVNQT�
UIFTF�PQFSBUF�VTJOH�XBUFSGBMMT�PWFS�B�TUSVDUVSF��JJJ
��'PVOUBJO�
BFSBUPST�PS�TQSBZ�XBUFS�DBTDBEFE�PS�TQSBZFE�PWFS�SPDLT�PS�
PUIFS�UZQFT�PG�NBUFSJBM��JW
�.VMUJQMF�USBZ�BFSBUPST�XJUI�BOE�XJUIPVU�
DPLF�	PGUFO�VTFE�GPS�JSPO�BOE�NBOHBOFTF�SFNPWBM
�XBUFS�
DBTDBEFE�PWFS�NBOVGBDUVSFE�USBZ�DPOTUSVDUFE�GSPN�TMBUT�BOE�
DPLF��W
�1BDLFE�DPMVNO�BFSBUJPO�BJS�nPXT�VQ
�XBUFS�JT�TQSBZFE�
EPXO�

1BDLFE�DPMVNO�BFSBUJPO�JT�UIF�NPTU�DPNNPOMZ�VTFE�UZQF�PG�
BFSBUJPO�JO�XBUFS�USFBUNFOU�TZTUFN�	TFF�'JHVSF
��5IJT�TZTUFN�
IBT�B�UPXFS�UIBU�NBZ�CF�BT�UBMM�BT����GFFU
�mMMFE�XJUI�QBDLJOH�
NBUFSJBM��5IJT�QBDLJOH�NBUFSJBM�DBO�SBOHF�GSPN���JODI�UP���
JODIFT�JO�TJ[F�BOE�NBZ�CF�QJFDFT�PG�DFSBNJD�PS�QMBTUJD��*O�
HFOFSBM
�UIF�SFNPWBM�FGmDJFODZ�BOE�UIF�FOFSHZ�DPTUT�GPS�BJS�
QVNQJOH�XJMM�EFQFOE�PO�UIF�JOEJWJEVBM�QJFDFT�PG�B�QBSUJDVMBS�
UZQF�

'PS�UIF�XBTUFXBUFS��J
�.FDIBOJDBM�TVSGBDF�BFSBUPST�XBUFS�JT�
NFDIBOJDBMMZ�NJYFE�UP�JODSFBTF�XBUFS�UP�BJS�JOUFSGBDF��*U�DBO�
CF�BDIJFWFE�CZ�FJUIFS�SPUBUJOH�B�TFSJFT�PG�QBSUJBMMZ�TVCNFSHFE�
DJSDVMBS�CSVTIFT�UISPVHI�UIF�XBUFS�TVSGBDF�UP�DBVTF�UVSCVMFODF�
PS�CZ�VTJOH�B�nPBUJOH�BFSBUPS�UP�QVNQ�UIF�XBUFS�GSPN�CFOFBUI�
JU�VQ�UISPVHI�B�ESBGU�UVCF�UP�UIF�TVSGBDF
�XIJDI�EJTQFSTFT�XBUFS�
JOUP�UIF�BJS��JJ
��4VCNFSHFE�"FSBUPST
�DPNNPOMZ�VTFE�JO�UIF�
XBTUFXBUFS�BOE�XBUFS�JOEVTUSJFT
�DBO�JOKFDU�BJS�XJUI�CMPXFST�CZ�
TUBUJD�UVCF�PS�EJGGVTFS�	mOF�CVCCMF�BOE�DPBSTF�CVCCMF
�PS�CZ�KFU�
BFSBUJPO�	UIF�JOKFDUJPO�PG�BJS�JOUP�QVNQFE�XBUFS
�

'JOF�#VCCMF�"FSBUJPO�JT�DPNNPOMZ�VTFE�JO�XBTUFXBUFS�USFBUNFOU�
	TFF�'JHVSF
��5IF�NBJO�EFTJHO�DPOTJEFSBUJPO�GPS�mOF�CVCCMF�
BFSBUJPO�JT�TFMFDUJOH�B�EJGGVTFS��5IFSF�BSF�NBOZ�UZQFT�PG�EJGGVTFST�
JODMVEJOH�QPSPVT
�OPOQPSPVT
�BOE�KFU�JOKFDUPST�XIJDI�DBO�mU�JOUP�
EJGGFSFOU�MPDBM�DPOEJUJPOT��'PS�mOF�CVCCMF�BFSBUJPO�UIF�mOF�QPSF�
EJGGVTFS�JT�DIPTFO
�XIJDI�JT�VTVBMMZ�NBEF�GSPN�DFSBNJDT�BOE�
SFTVMUT�JO�NPSF�CVCCMF�TVSGBDF�BSFB�QFS�VOJU�WPMVNF�HFOFSBUFE�

Freshwater

Semi-centralized and CentralizedAeration
T E C H N O L O G Y SOURCE

SCALE

Applications
3FRVJSFE�GPS�TVSGBDF�XBUFS
�HSPVOEXBUFS
�BOE�XBTUFXBUFS�
USFBUNFOU�UP�SFNPWF�HBTFT�TVDI�BT�)�4�BOE�$0�
�BOE�
QSPNPUJOH�PYJEBUJPO�PG�JSPO�BOE�NBOHBOFTF�

"FSBUJPO�JT�B�WFSZ�FOFSHZ�JOUFOTJWF�USFBUNFOU�QSPDFTT�BOE�NBZ�
OPU�CF�TVJUBCMF�JO�DBTFT�XIFSF�FOFSHZ�TVQQMZ�JT�OPU�QPTTJCMF�	JG�
JU�JT�OPU�HSBWJUZ�CBTFE
�

Components
1BDLFE�UPXFS�BFSBUPST�GPS�ESJOLJOH�XBUFS�BSF�DPNQPTFE�PG�B�
UPXFS
�TVQQMZ�QVNQT
�BJS�CMPXFS
�BOE�JOnVFOU�BOE�EJTDIBSHF�
QJQFT�

'JOF�CVCCMF�BFSBUPST�GPS�XBTUFXBUFS�DPOTJTUT�PG�BO�BFSBUJPO�UBOL
�
TVQQMZ�QVNQT
�BJS�CMPXFS
�BOE�JOnVFOU�BOE�EJTDIBSHF�QJQFT��

Capacity
5IF�TJ[F�DBO�CF�nFYJCMF�CBTFE�PO�RVBOUJUZ�PG�XBUFS�UP�CF�
USFBUFE�

Costs
5IF�DPTUT�PG�DPOTUSVDUJPO�BOE�PQFSBUJPO�BSF�TJUF�TQFDJmD��

1BDLFE�UPXFS�BFSBUPS�GPS�ESJOLJOH�XBUFS�TZTUFN
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8BUFS�BFSBUJPO�IBT�CFFO�MPOH�VTFE�JO�XBUFS�USFBUNFOU�GPS�UIF�
SFNPWBM�PG�PEPS�BOE�UBTUF�DBVTJOH�DPNQPVOET
�UIF�PYJEBUJPO�
PG�JSPO�BOE�NBOHBOFTF
�BT�XFMM�BT�DPSSPTJPO�DPOUSPM�BOE�
BFTUIFUJDT��"FSBUJPO�IBT�CFFO�TIPXO�UP�CF�DBQBCMF�PG�SFNPWJOH�
VQ�UP����QFSDFOU�PG�UIF�NPTU�IJHIMZ�WPMBUJMF�70$T�

Reliability
3FMJBCMF�VOEFS�XFMM�PQFSBUJPO�BOE�NBJOUFOBODF�DPOEJUJPO�

Replication Potential 
5IF�UFDIOPMPHZ�IBT�CFFO�XJEFMZ�BQQMJFE�XPSMEXJEF�BOE�JT�
SFQMJDBCMF�

Regulatory/Institutional Issues
5IJT�JT�DPNNPOMZ�VTFE�USFBUNFOU�VOJU��)PXFWFS�TLJMMFE�XPSLFST�
BSF�SFRVJSFE�UP�PQFSBUF�UIF�TZTUFN�BMPOH�XJUI�UIF�USFBUNFOU�
QSPDFTT�

Operation and Maintenance
"FSBUJPO�SBJTFT�UIF�EJTTPMWFE�PYZHFO�DPOUFOU�PG�UIF�XBUFS��*G�
UPP�NVDI�PYZHFO�JT�JOKFDUFE�JOUP�UIF�XBUFS
�UIF�XBUFS�CFDPNFT�
TVQFSTBUVSBUFE
�XIJDI�NBZ�DBVTF�DPSSPTJPO�PS�BJS�CJOEJOH�JO�
mMUFST��0UIFS�QSPCMFNT�XJUI�BFSBUJPO�BSF�TMPX�SFNPWBM�PG�UIF�
IZESPHFO�TVMmEF�GSPN�UIF�UPXFST
�BMHBF�QSPEVDUJPO
�DMPHHFE�
mMUFST
�BOE�PWFSVTF�PG�FOFSHZ��5IF�BNPVOU�PG�BFSBUJPO�OFFEFE�
XJMM�WBSZ�GSPN�QMBOU�UP�QMBOU�BOE�XJMM�BMTP�WBSZ�XJUI�UIF�TFBTPO�

5IF�QBDLFE�DPMVNOT�BFSBUPST
�JO�UIF�DBTF�PG�XBUFS�USFBUNFOU
�
BSF�PQFSBUFE�BVUPNBUJDBMMZ��0OMZ�EBJMZ�TVQFSWJTJPO�TIPVME�
FOTVSF�UIBU�BMM�FRVJQNFOU�JT�SVOOJOH�TBUJTGBDUPSJMZ��.BJOUFOBODF�
SFRVJSFNFOUT�HFOFSBMMZ�JOWPMWF�UP�TFSWJDF�QVNQ�BOE�CMPXFS�
NPUPST�BOE�UP�SFQMBDF�BJS�mMUFS�PO�UIF�CMPXFST
�JG�OFDFTTBSZ��

���

'JOF�CVCCMF�BFSBUJPO�UBOL�GPS�XBTUFXBUFS�TZTUFN

Operating Principles
8IFO�HBT�GSFF�XBUFS�JT�FYQPTFE�UP�BJS
�DPNQPVOET�TVDI�BT�
PYZHFO�BOE�OJUSPHFO�XJMM�EJGGVTF�GSPN�UIF�BJS�JOUP�UIF�XBUFS�
VOUJM�UIF�DPODFOUSBUJPO�PG�UIFTF�HBTFT�JO�UIF�XBUFS�SFBDIFT�
FRVJMJCSJVN�XJUI�UIF�HBTFT�JO�UIF�BJS��$POWFSTFMZ
�JG�XBUFS�JO�
EFFQ�XFMMT�JT�ESBXO�UP�UIF�TVSGBDF
�EJTTPMWFE�HBTFT�TVDI�BT�
NFUIBOF�PS�DBSCPO�EJPYJEF�XJMM�CF�SFMFBTFE�UP�UIF�BJS�CFDBVTF�
UIF�HSPVOEXBUFS�DPODFOUSBUJPOT�UZQJDBMMZ�FYDFFE�FRVJMJCSJVN�
DPOEJUJPOT�XJUI�BJS��*O�UIF�DBTF�PG�JSPO�BOE�NBOHBOFTF
�UIF�BJS�
DBVTFT�UIFTF�NJOFSBMT�UP�QSFDJQJUBUF�PVU�PG�TPMVUJPO��5IF�XBUFS�
DBO�UIFO�QBTT�UISPVHI�B�mMUFS�UP�USBQ�UIF�JSPO�BOE�NBOHBOFTF�
QBSUJDMFT��5IF�FGmDJFODZ�PG�BFSBUJPO�EFQFOET�BMNPTU�FOUJSFMZ�PO�
UIF�BNPVOU�PG�TVSGBDF�DPOUBDU�CFUXFFO�UIF�BJS�BOE�XBUFS�

"FSBUJPO�USFBUNFOU�DPOTJTUT�PG�QBTTJOH�MBSHF�BNPVOUT�PG�BJS�
UISPVHI�XBUFS�BOE�UIFO�WFOUJOH�UIF�BJS�UP�UIF�BUNPTQIFSF��5IF�
BJS�DBVTFT�EJTTPMWFE�HBTFT�PS�WPMBUJMF�DPNQPVOET�UP�SFMFBTF�
GSPN�UIF�XBUFS��5IF�HPBM�JT�UP�BMMPX�UIF�DPOUBNJOBOUT�UP�WPMBUJMJ[F�
JOUP�UIF�BJS��

*O�B�QBDLFE�UPXFS�BFSBUPS�TZTUFN
�XBUFS�GBMMT�GSPN�UIF�UPQ�PG�UIF�
UPXFS�XIJMF�BJS�JT�CMPXO�GSPN�UIF�CPUUPN�PG�UIF�VOJU�JO�B�EJSFDUJPO�
PQQPTJUF�UP�UIF�XBUFS�nPX��7PMBUJMF�DPOUBNJOBOUT�BSF�USBOTGFSSFE�
UP�UIF�BJS�CZ�SJTJOH�UP�UIF�UPQ�PG�UIF�UPXFS�BOE�WFOUJOH�UP�UIF�
PVUTJEF�

*O�UIF�mOF�CVCCMF�BFSBUJPO�XBTUFXBUFS�USFBUNFOU�QSPDFTT
�
BFSBUJPO�JOUSPEVDFT�BJS�JOUP�B�MJRVJE
�QSPWJEJOH�BO�BFSPCJD�
FOWJSPONFOU�GPS�NJDSPCJBM�EFHSBEBUJPO�PG�PSHBOJD�NBUUFS��
5IF�BFSBUJPO�XJMM�NFUBCPMJ[F�NJDSPPSHBOJTNT�TP�UIBU�UIF�
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5IF�FGGFDUJWF�PG�BFSBUJPO�EFQFOET�VQPO�UIF�BFSBUJPO�NFUIPE�
TFMFDUFE��.BJO�GBDUPST�TVDI�BT�BJS�UP�XBUFS�SBUJP
�nPX�BOE�
MPBEJOH�SBUF
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�QSFWFOUJWF�NBJOUFOBODF�XJMM�SFEVDF�UIF�OVNCFS�PG�JOUFSSVQUJPOT�JO�UIF�BJS�
TVQQMZ
�UIVT�QSFWFOUJOH�TPMJET�GSPN�FOUFSJOH�UIF�BJS�EJTUSJCVUJPO�TZTUFN�
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Description
3PVHIJOH�mMUSBUJPO�	3'
�JT�B�QSFUSFBUNFOU�QSPDFTT�QSJPS�UP�
TMPX�TBOE�mMUSBUJPO�UP�SFEVDF�UIF�UVSCJEJUZ�BOE�TVTQFOEFE�
TPMJET�NBUUFS�JO�SBX�XBUFS��*O�UIJT�QSPDFTT�UVSCJE�XBUFS�nPXT�
UISPVHI�B�CFE�PG�DPBSTF�NFEJB�TVDI�BT�HSBWFM�PS�CVSOU�DMBZ�
QPUUFSZ�QJFDFT��5IF�HSBWFM�GSBDUJPOT�PG�SPVHIJOH�mMUFST�BSF�
FJUIFS�JOTUBMMFE�JO�TFQBSBUF�DPNQBSUNFOUT�BOE�PQFSBUFE�JO�
TFSJFT
�PS�QMBDFE�JO�MBZFST�PG�EJGGFSFOU�TJ[FE�HSBWFM�JO�UIF�TBNF�
DPNQBSUNFOU��

Design Criteria
3PVHIJOH�mMUFST�VTVBMMZ�DPOTJTU�PG�EJGGFSFOUMZ�TJ[FE�mMUFS�NBUFSJBM�
EFDSFBTJOH�TVDDFTTJWFMZ�JO�TJ[F�JO�UIF�EJSFDUJPO�PG�nPX���5IF�
EFTJHO�DSJUFSJB�BSF�CBTFE�PO�UIF�mMUSBUJPO�SBUF
�TJ[FT�PG�UIF�
HSBWFMT
�UVSCJEJUZ�PG�XBUFS�BOE�UZQFT�PG�UIF�nPX��3PVHIJOH�mMUFST�
BSF�VTVBMMZ�DPNQPTFE�PG�UISFF�HSBWFM�GSBDUJPOT��5IF�TJ[F�PG�UIF�
mMUFS�NBUFSJBM�VTVBMMZ�SBOHFT�CFUXFFO���BOE����NN��5IF�CVML�
PG�UIF�TPMJE�NBUUFS�JT�SFNPWFE�CZ�UIF�DPBSTF�mMUFS�GSBDUJPO
�UIF�
NFEJVN�TJ[FE�HSBWFM�IBT�B�QPMJTIJOH�FGGFDU
�BOE�UIF�mOFTU�HSBWFM�
PVHIU�UP�SFNPWF�POMZ�UIF�SFNBJOJOH�USBDFT�PG�TPMJE�NBUUFS�

3PVHIJOH�mMUFST�BSF�PQFSBUFE�BU�TNBMM�IZESBVMJD�MPBET���mMUSBUJPO�
WFMPDJUZ�JT�VTVBMMZ�JO�UIF�PSEFS�PG�����������N�I��5IF�BQQMJFE�
mMUSBUJPO�SBUF�TJHOJmDBOUMZ�JOnVFODFT�mMUFS�QFSGPSNBODF
�BMUIPVHI�
SFNPWBM�FGmDJFODZ�JT�OPU�BGGFDUFE�JO�CFUXFFO�WBSZJOH�mMUSBUJPO�
SBUFT�PG�����BOE�����N�I�

3PVHIFOJOH�mMUFST�DBO�CF�PQFSBUFE�BT�VQ�nPX
�EPXO�nPX�
PS�IPSJ[POUBM�nPX�UZQFT��5IF�EFQUI�PG�VQ�nPX�BOE�EPXO�nPX�
SPVHIJOH�mMUFST�JT�MJNJUFE�CZ�TUSVDUVSBM�DPOTUSBJOUT��IPXFWFS
�JU�
JT�HFOFSBMMZ�CFUXFFO����������DN��5IF�IPSJ[POUBM�nPX�SPVHIJOH�
mMUFST�JT
�JO�UIJT�SFTQFDU
�OPU�MJNJUFE��)PXFWFS
�MFOHUI�PG�UIF�mMUFS�
NBUFSJBM�JT�EFQFOEFOU�PO�UIF�mMUFS�UZQF���0WFSBMM�MFOHUI�OPSNBMMZ�
MJFT�XJUIJO���BOE���N�

Freshwater

Semi-centralized and CentralizedRoughing Filter
T E C H N O L O G Y SOURCE

SCALE

Applications
5IFTF�BSF�BQQSPQSJBUF�QSFUSFBUNFOU�UFDIOPMPHZ�GPS�SVSBM�BOE�
VSCBO�XBUFS�TVQQMZ�TDIFNFT�XIFSF�UIF�UVSCJEJUZ�MFWFM�PG�XBUFS�JT�
UPP�IJHI�GPS�UIF�TBOE�mMUSBUJPO�QSPDFTT�

Components
$PNQSJTFT�JOMFU�nPX�DPOUSPM
�SBX�XBUFS�EJTUSJCVUJPO
�BDUVBM�
mMUFS
�USFBUFE�XBUFS�DPMMFDUJPO
�PVUMFU�nPX�DPOUSPM
�BOE�ESBJOBHF�
TZTUFN�

Capacity
'MFYJCMF�BOE�DBO�CF�BQQMJDBCMF�GSPN�TNBMMFS�VOJUT�UP�UIF�MBSHFTU�
USFBUNFOU�QMBOUT�

Costs
5IF�DPTU�PG�B�SPVHIJOH�mMUFS�JT�RVJUF�DIFBQ��VQ�nPX�SPVHIJOH�
mMUFST�BSF�SFMBUJWFMZ�DIFBQFS�BOE�FBTJFS�UP�DMFBO�UIBO�EPXO�nPX�
PS�IPSJ[POUBM�nPX�mMUFST�

Operating Principles
3FNPWBM�PG�TVTQFOEFE�TPMJET�CZ�SPVHIJOH�mMUFST�JT�BDIJFWFE�CZ�
TFEJNFOUBUJPO
�BETPSQUJPO�BOE�CJPMPHJDBM�BT�XFMM�BT�CJP�DIFNJDBM�
BDUJWJUJFT��#BTJDBMMZ
�TPMJE�QBSUJDMFT�IBWF�UP�CF�USBOTQPSUFE�UP�
B�TVSGBDF�BOE�SFNBJO�BUUBDIFE�UP�UIBU�TVSGBDF�CFGPSF�UIFZ�BSF�
USBOTGPSNFE�CZ�CJPMPHJDBM�BOE�CJPDIFNJDBM�QSPDFTTFT��5IF�NBJO�
NFDIBOJTNT�PG�UIFTF�UISFF�QSPDFTTFT�JODMVEF�

%JGGFSFOU�UZQFT�PG�SPVHIJOH�mMUFST
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*U�JT�PGUFO�VTFE�UP�QSFUSFBU�XBUFS�CZ�SFNPWJOH�TVTQFOEFE�TPMJET�
GSPN�JODPNJOH�XBUFS�QSJPS�UP�B�TMPX�TBOE�mMUFS��*U�BMTP�QBSUMZ�
JNQSPWFT�UIF�CBDUFSJPMPHJDBM�XBUFS�RVBMJUZ�BOE�UP�B�NJOPS�FYUFOU
�
DIBOHFT�PUIFS�XBUFS�RVBMJUZ�QBSBNFUFST
�TVDI�BT�DPMPS�PS�
BNPVOU�PG�EJTTPMWFE�PSHBOJD�NBUUFS�

Reliability
3FMJBCMF�JG�UIF�QMBOU�JT�EFTJHOFE�BOE�PQFSBUFE�

Replication Potential 
*U�JT�QSFEPNJOBOUMZ�EFTJHOFE�GPS�TVCVSCBO�BOE�SVSBM�XBUFS�
TVQQMZ�TZTUFNT��

Regulatory/Institutional Issues
5IF�USFBUNFOU�JT�WFSZ�TJNQMF�BOE�XJMM�CF�PQFSBUFE�BT�POF�PG�UIF�
VOJUT�PG�UIF�USFBUNFOU�TZTUFN�

Operation and Maintenance
5IJT�JT�B�TJNQMF�UFDIOPMPHZ�UIBU�SFRVJSFT�MFTT�TLJMMFE�PQFSBUPST�
GPS�JUT�PQFSBUJPO�BOE�NBJOUFOBODF��.BJO�0�.�BDUJWJUJFT�XJMM�CF�
SFMBUFE�UP�NPOJUPSJOH�UIF�UVSCJEJUZ�MFWFM
�SFHVMBUJOH�UIF�nPXT�BOE�
DIFDLJOH�UIF�mMUFS�NFEJB���'PS�FYBNQMF��

• 3FHVMBUJOH�UIF�XBUFS�nPX�BOE�DIFDLJOH�UIF�UVSCJEJUZ�PG�UIF�
FGnVFOU

• 1FSJPEJD�mMUFS�DMFBOJOH�JT�SFRVJSFE�SPVHIJOH�mMUFST�

• 0DDBTJPOBMMZ
�SFQBJS�PS�SFQMBDF�PG�UIF��GBVMUZ�WBMWFT�

���

0QFSBUJOH�QSJODJQMFT�PG�SPVHIFOJOH�mMUFS

Transportation mechanisms 

• 4DSFFOJOH�SFNPWFT�QBSUJDMFT�MBSHFS�UIBO�UIF�QPSFT�PG�UIF�
mMUFS�CFE��5IF�TNBMMFTU�QPSF�TJ[FT�BSF�SPVHIMZ�POF�TJYUI�PG�
UIF�HSBWFM�TJ[F��

• 5IF�TFEJNFOUBUJPO�QSPDFTT�TFQBSBUFT�TFUUBCMF�TPMJET�CZ�
HSBWJUZ��5IF�TFUUMJOH�WFMPDJUZ�EFQFOET�PO�NBTT�EFOTJUZ
�
TJ[F�BOE�TIBQF�PG�UIF�QBSUJDMF
�WJTDPTJUZ
�BOE�IZESBVMJD�
DPOEJUJPOT�PG�UIF�XBUFS�

• 5IF�JODFQUJPO�QSPDFTT�FOIBODFT�QBSUJDMF�SFNPWBM�UISPVHI�
HSBEVBM�SFEVDUJPO�PG�UIF�QPSF�TJ[F�DBVTFE�CZ�BDDVNVMBUFE�
NBUFSJBM�

Attachment mechanisms

• "ETPSQUJPO�QSPDFTT�CZ�NBTT�BUUSBDUJPO�BOE�FMFDUSPTUBUJD�
GPSDF�FOBCMF�UIF�QBSUJDMFT�UP�LFFQ�JO�DPOUBDU�XJUI�PUIFS�
TPMJET�BOE�UIF�mMUFS�NBUFSJBM�

• #BDUFSJB�BOE�PUIFS�NJDSPPSHBOJTNT�XJMM�GPSN�B�TUJDLZ�BOE�
TMJNZ�MBZFS�BSPVOE�UIF�HSBWFM�PS�NBZ�CVJME�B�MBSHF�DIBJO�PG�
PSHBOJD�NBUFSJBM�nPBUJOH�JO�UIF�QPSFT�PG�UIF�mMUFS�NBUFSJBM�

Transformation mechanisms

• #JPDIFNJDBM�PYJEBUJPO�TUBSUT�UP�DPOWFSU�PSHBOJD�NBUUFS�JOUP�
TNBMMFS�BHHSFHBUFT�BOE�mOBMMZ�JOUP�XBUFS
�DBSCPO�EJPYJEF
�
BOE�JOPSHBOJD�TBMUT��

• 1BSU�PG�UIF�EJTTPMWFE�NBUUFS�JT�TVCKFDUFE�UP�DIFNJDBM�BOE�
CJPDIFNJDBM�SFBDUJPOT��

• 5VSCJEJUZ�BOE�DPMPS�BMTP�VOEFSHPFT�DIBOHF�BT�JSPO�BOE�
NBOHBOFTF�USBDFT�BSF�QSFDJQJUBUFE�BOE�SFNPWFE�

5IF�USFBUNFOU�FGmDJFODZ�EFQFOET�PO�UIF�SBX�XBUFS�
DIBSBDUFSJTUJDT
�MBZPVU�BOE�PQFSBUJPO�PG�SPVHIFOJOH�mMUFST��
4FWFSBM�GBDUPST�JODMVEJOH
�TJ[F
�DPODFOUSBUJPO
�UZQF�PG�QBSUJDMFT�
BOE�TVTQFOTJPO�TUBCJMJUZ�JOnVFODF�UIF�mMUFS�FGmDJFODZ��
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��� 4MVEHF�NBOBHFNFOU�BOE�mMUFS�DMFBOJOH�OFFET�
SFHVMBS�BUUFOUJPO�

��� $PMPS�SFNPWBM�JT�GBJS�UP�QPPS�

��� *U�DBO�IBOEMF�POMZ�SFMBUJWFMZ�MPX�PSHBOJD�MPBET�

U
Disadvantages

��� 5IF�QSPDFTT�EPFT�OPU�SFRVJSF�BOZ�DIFNJDBM�BOE�
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Description
4FEJNFOUBUJPO�JT�B�QIZTJDBM�QSFUSFBUNFOU�PG�XBUFS�QSJPS�UP�
BQQMJDBUJPO�PG�PUIFS�QVSJmDBUJPO�USFBUNFOUT�TVDI�BT�mMUSBUJPO�BOE�
EJTJOGFDUJPO��5IF�TFEJNFOUBUJPO�QSPDFTT�SFNPWFT�VOEFTJSBCMF�
TNBMM�QBSUJDVMBUF�TVTQFOEFE�NBUUFS�	TBOE
�TJMU�BOE�DMBZ
�BOE�
TPNF�CJPMPHJDBM�DPOUBNJOBOUT�GSPN�XBUFS�VOEFS�UIF�JOnVFODF�
PG�HSBWJUZ��4FEJNFOUBUJPO�GPMMPXJOH�DIFNJDBM�DPBHVMBUJPO�BOE�
nPDDVMBUJPO�JT�VTFE�UP�SFNPWF�TFUUBCMF�TPMJET�UIBU�IBWF�CFFO�
SFOEFSFE�NPSF�TFUUBCMF�CZ�DIFNJDBM�USFBUNFOU
�TVDI�BT�UIF�
BEEJUJPO�PG�DPBHVMBOUT�UP�SFNPWF�DPMPS�BOE�UVSCJEJUZ�BOE�UIF�
BEEJUJPO�PG�MJNF�BOE�TPEB�BTI�UP�SFNPWF�IBSEOFTT��

Design Criteria
$FOUSBMJ[FE�TFEJNFOUBUJPO�UBOLT�GPSN�BO�JOUFHSBM�QBSU�PG�B�
USFBUNFOU�DZDMF�DPNCJOJOH�QVSF�TFEJNFOUBUJPO�XJUI�DPBHVMBUJPO�
nPDDVMBUJPO
�mMUSBUJPO
�EJTJOGFDUJPO
�BOE�TUPSBHF�GBDJMJUJFT��

4FMFDUJPO�PG�QIZTJDBM�TJ[F�BOE�DBQBDJUZ�PG�UIF�TFEJNFOUBUJPO�
UBOLT�XJMM�CF�CBTFE�PO�UIF�XBUFS�RVBMJUZ�BOE�RVBOUJUZ�UP�CF�
USFBUFE�JO�B�TZTUFN�BT�XFMM�BT�DPBHVMBOUT�BOE�nPDDVMBOUT�VTFE�
JO�UIF�XBUFS�USFBUNFOU�QSPDFTT��5IF�TIBQF�PG�TFEJNFOUBUJPO�
UBOLT�DPVME�CF�FJUIFS�SFDUBOHVMBS
�TRVBSF
�PS�DJSDVMBS��
3FDUBOHVMBS�BOE�DJSDVMBS�TFEJNFOUBUJPO�BSF�UIF�NPTU�DPNNPOMZ�
VTFE�TIBQFT��

Freshwater

Semi-centralized and Centralized
Sedimentation after the 
Coagulation & Flocculation

T E C H N O L O G Y

SOURCE

SCALE

Applications
4FEJNFOUBUJPO�JT�BMXBZT�SFDPNNFOEFE�QSJPS�UP�BQQMJDBUJPO�PG�
PUIFS�QVSJmDBUJPO�USFBUNFOUT�TVDI�BT�mMUSBUJPO�BOE�EJTJOGFDUJPO�
NFUIPET�

4FEJNFOUBUJPO�XJUI�DPBHVMBUJPO�BOE�nPDDVMBUJPO�JT�POF�PG�UIF�
JNQPSUBOU�QSPDFTTFT�JO�NPTU�PG�UIF�DPOWFOUJPOBM�XBUFS�USFBUNFOU�
UFDIOPMPHJFT�

Refer to Conventional Surface Water Treatment section for Coagulation and Flocculation Process

%JGGFSFOU�UZQFT�PG�SPVHIJOH�mMUFST

5IF�JOMFU�UP�B�SFDUBOHVMBS�TFEJNFOUBUJPO�CBTJO�TIPVME�CF�
EFTJHOFE�UP�EJTUSJCVUF�UIF�nPDDVMBUFE�XBUFS�VOJGPSNMZ�PWFS�
UIF�FOUJSF�DSPTT�TFDUJPO�PG�UIF�CBTJO�BU�MPX�WFMPDJUZ
�HFOFSBMMZ�
SBOHJOH�GSPN������UP�����N�T�

5IF�CBTJD�EFTJHO�DSJUFSJB�UP�CF�DPOTJEFSFE�GPS�UIF�IPSJ[POUBM�nPX�
TFUUMJOH�[POF�BSF�TVSGBDF�MPBEJOH�SBUF
�FGGFDUJWF�XBUFS�EFQUI
�
IPSJ[POUBM�nPX�WFMPDJUZ
�BOE�NJOJNVN�MFOHUI�UP�XJEUI�SBUJP��
(FOFSBMMZ
�JU�DPOTJTUT�PG�UZQJDBM�TVSGBDF�MPBEJOH�SBUF�PG����������
N�I��IPSJ[POUBM�nPX�WFMPDJUZ�PG���������N�NJO��FGGFDUJWF�XBUFS�
EFQUI�BSPVOE����N��BOE�NJOJNVN�MFOHUI�UP�XJEUI�SBUJP�JT������

8BUFS�MFBWJOH�UIF�TFEJNFOUBUJPO�CBTJO�TIPVME�CF�DPMMFDUFE�
VOJGPSNMZ�BDSPTT�UIF�XJEUI�PG�UIF�CBTJO��5IF�CPUUPN�PG�UIF�CBTJO�
JT�UZQJDBMMZ�TMPQFE�UPXBSET�B�TMVEHF�IPQQFS�UP�GBDJMJUBUF�TMVEHF�
SFNPWBM��

$JSDVMBS�UBOLT�XJMM�IBWF�DFOUFS�GFFE�XJUI�SBEJBM�nPX
�QFSJQIFSBM�
GFFE�XJUI�SBEJBM�nPX
�PS�QFSJQIFSBM�GFFE�XJUI�TQJSBM�nPX��5IF�JOMFU�
TUSVDUVSF�VTFE�GPS�DFOUFS�GFFE�DPOmHVSBUJPOT�JT�B�DJSDVMBS�XFJS�
BSPVOE�UIF�JOnVFOU�WFSUJDBM�SJTF�QJQF��'PS�QFSJQIFSBM�GFFE�UBOLT
�
UIF�XFJS�JT�MPDBUFE�BSPVOE�UIF�QFSJNFUFS�PG�UIF�UBOL��
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�,MÄJPLUJ`
*U�IBT�CFFO�VTFE�GPS�SFEVDJOH�UIF�TPMJET�MPBE�BGUFS�DPBHVMBUJPO�
BOE�nPDDVMBUJPO��

4FEJNFOUBUJPO�NBZ�SFNPWF�TVTQFOEFE�TPMJET�BOE�SFEVDF�
UVSCJEJUZ�CZ�BCPVU����UP����QFSDFOU
�EFQFOEJOH�PO�UIF�OBUVSF�PG�
UIF�TPMJET
�UIF�MFWFM�PG�QSFUSFBUNFOU�QSPWJEFE
�BOE�UIF�EFTJHO�PG�
UIF�DMBSJmFST��

Reliability
3FMJBCMF�JG�UIF�DPBHVMBUJPOT�BOE�nPDDVMBUJPO�TZTUFNT�BSF�
EFTJHOFE�BOE�PQFSBUFE�QSPQFSMZ�

Replication Potential 
*U�JT�B�QSPWFO�UFDIOPMPHZ�UIBU�JT�SFQMJDBCMF�BOZXIFSF�

Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO�BOE�TVQFSWJTJPO���

���

$JSDVMBS�TFEJNFOUBUJPO�UBOL

4FEJNFOUBUJPO��QSPDFTT�BGUFS�DPBHVMBUJPO�BOE�nPDDVMBUJPO�

Components
1SJNBSJMZ�UIF�TFEJNFOUBUJPO�CBTJO�BOE�TMVEHF�SFNPWBM�
FRVJQNFOU�

Capacity
7FSZ�nFYJCMF�BOE�DBO�CF�BQQMJDBCMF�GPS�TNBMMFS�VOJUT�UP�UIF�
MBSHFTU�USFBUNFOU�QMBOUT�

Costs
5IF�NBJO�DPTU�JT�BTTPDJBUFE�XJUI�UIF�DPOTUSVDUJPO��0QFSBUJPO�
BOE�NBJOUFOBODF�DPTU�JT�WFSZ�MPX�

Operating Principles
8JUI�PS�XJUIPVU�BEEJOH�DPBHVMBOUT
�SBX�XBUFS�JT�BMMPXFE�UP�TUBOE�
TUJMM�JO�B�TFEJNFOUBUJPO�UBOL�PS�CBTJO�VOUJM�TPMJE�QBSUJDMFT�IBWF�
TFUUMFE�UP�UIF�CPUUPN��0OF�PG�UIF�GPSDFT�QMBZJOH�B�EPNJOBOU�SPMF�
JO�TUBCJMJ[BUJPO�SFTVMUT�GSPN�UIF�TVSGBDF�DIBSHF�QSFTFOU�PO�UIF�
QBSUJDMFT��.PTU�TPMJET�TVTQFOEFE�JO�XBUFS�QPTTFTT�B�OFHBUJWF�
DIBSHF�BOE�TJODF�UIFZ�IBWF�UIF�TBNF�DIBSHF�TJHO
�SFQFM�FBDI�
PUIFS�XIFO�UIFZ�DPNF�DMPTF�UPHFUIFS��5IFSFGPSF
�UIFZ�XJMM�SFNBJO�
JO�TVTQFOTJPO�SBUIFS�UIBO�DMVNQ�UPHFUIFS�BOE�TFUUMF��"EEJOH�

DIFNJDBM�PS�OBUVSBM�DPBHVMBOUT�TVDI�BT�BMVNJOVN�TVMQIBUF
�
QPMZBMVNJOJVN�DIMPSJEF
�BOE�GFSSJD�TVMQIBUF
�EFTUBCJMJ[FT�UIF�
QBSUJDMFT��DIBSHFT��0ODF�UIF�DIBSHF�JT�OFVUSBMJ[FE
�UIF�TNBMM�
TVTQFOEFE�QBSUJDMFT�TUJDL�UPHFUIFS�BT�B�nPD���"T�UIF�XBUFS�
NPWFT�WFSZ�TMPXMZ�UISPVHI�UIFTF�CBTJOT�UIF�nPDT�TFUUMF�UP�UIF�
CPUUPN�PG�UIF�CBTJO��5IF�nPD�UIBU�GBMMT�UP�UIF�CPUUPN�PG�UIF�CBTJOT�
JT�DPMMFDUFE�JOUP�B�IPQQFS�CZ�MBSHF�SPUBUJOH�TDSBQFST�XIFSF�JU�JT�
SFNPWFE�TFWFSBM�UJNFT�EBJMZ�CZ�UIF�QMBOU�PQFSBUPST�	TFF�'JHVSF�
UIF�QSPDFTT
�
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"NFSJDBO�4PDJFUZ�PG�$JWJM�&OHJOFFST�

��� )VETPO
�)�&��+S��������8BUFS�$MBSJmDBUJPO�1SPDFTTFT
�1SBDUJDBM�%FTJHO�BOE�&WBMVBUJPO��7BO�/PTUSBOE�3FJOIPME�&OWJSPONFOUBM�
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��� -JO
�1�
�9��;IBOH
�)��:BOH
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��� 4VUIFSMBOE
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��%SJOLJOH���PUIFS�QVSF�XBUFS�QSPEVDUJPO��'JMUSBUJPO�BOE�TFEJNFOUBUJPO�JO�DMFBO�XBUFS�QSPEVDUJPO��'JMUSBUJPO��
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��4FEJNFOUBUJPO�BOE�nPUBUJPO��#FTU�1SBDUJDF�(VJEF�����

��� 64&1"��������-POH�5FSN���&OIBODFE�4VSGBDF�8BUFS�5SFBUNFOU�3VMF�5VSCJEJUZ�1SPWJTJPOT�5FDIOJDBM�(VJEBODF�.BOVBM��&1"�����
3��������

��� 8)0�	����
��(VJEFMJOFT�GPS�%SJOLJOHѧXBUFS�2VBMJUZ
�5IJSE�&EJUJPO��5IJSE�&EJUJPO�JODPSQPSBUJOH�UIF�'JSTU�BOE�4FDPOE�"EEFOEB��
(FOFWB��8PSME�)FBMUI�0SHBOJ[BUJPO�	8)0
�

��� .BYJNVN�FGGFDUJWFOFTT�SFRVJSFT�B�DBSFGVM�DPOUSPM�
PG�DPBHVMBOU�EPTF�BOE�Q)
�BOE�DPOTJEFSBUJPO�PG�
UIF�RVBMJUZ�PG�UIF�XBUFS�CFJOH�USFBUFE�

��� 4PNF�DPBHVMBOUT�	F�H��QPMZFMFDUSPMZUFT
�BSF�
FYQFOTJWF�

��� $PBHVMBOUT�NBZ�CF�UPYJD�JG�VTFE�JNQSPQFSMZ�

��� 5SBJOFE�PQFSBUPST�BSF�SFRVJSFE�GPS�EPTJOH�
DPBHVMBOU�BOE�VOEFSUBLJOH��KBS�UFTUJOH��

��� 4FEJNFOUBUJPO�JTO�U�BO�FGGFDUJWF�QSPDFTT�GPS�
SFNPWJOH�EJTTPMWFE�DIFNJDBMT��

U
Disadvantages

��� 5IJT�JT�B�WFSZ�TJNQMF�BOE�MPX�DPTU�XBUFS�
QSFUSFBUNFOU�UFDIOPMPHZ�

��� $PBHVMBOUT�SFEVDF�UIF�UJNF�SFRVJSFE�UP�TFUUMF�PVU�
TVTQFOEFE�TPMJET�

��� /BUVSBM�DPBHVMBOUT�DBO�TPNFUJNFT�CF�PCUBJOFE�GPS�
GSFF�PS�BU�B�MPX�DPTU�

��� $PBHVMBUJPO�DBO�BMTP�CF�FGGFDUJWF�JO�SFNPWJOH�
QSPUP[PB
�CBDUFSJB�BOE�WJSVTFT
�QBSUJDVMBSMZ�XIFO�
QPMZFMFDUSPMZUF�JT�VTFE�

��� $FSUBJO�DPOUBNJOBOUT�TVDI�BT�MFBE�BOE�CBSJVN�
DBO�CF�BMTP�FGGFDUJWFMZ�SFNPWFE�CZ�DPBHVMBUJPO�

D
Advantages

���

Operation and Maintenance
5IF�PQFSBUJPO�BOE�NBJOUFOBODF�QSPDFTT�EFQFOET�PO�UIF�TJ[FT�PG�UIF�XBUFS�USFBUNFOU�QMBOUT
�UVSCJEJUZ�JO�UIF�XBUFS
�BOE�UZQFT�PG�
DPBHVMBOUT�VTFE�GPS�UIF�USFBUNFOU�QSPDFTT�

5IF�DPBHVMBOUT�VTFE�GPS�UIF�USFBUNFOU�QSPDFTT�SFRVJSFT�BDDVSBUF�EPTJOH�FRVJQNFOU�UP�GVODUJPO�FGmDJFOUMZ��0QFSBUJPOBM�TUBGG�NVTU�CF�
BEFRVBUFMZ�USBJOFE�UP�DBSSZ�PVU�KBS�UFTUT��

3FHVMBS�TMVEHF�SFNPWBM�JT�SFRVJSFE�FJUIFS�NBOVBMMZ�PS�CZ�NFDIBOJDBM�TMVEHF�SFNPWBM�FRVJQNFOU��'PS�NBOVBM�TMVEHF�SFNPWBM�
TZTUFNT
�XBUFS�JT�ESBJOFE�GSPN�UIF�CBTJO�BOE�QSFTTVSJ[FE�XBUFS�JT�VTFE�GPS�TPMJE�nVTIJOH�TMVEHF��*G�UIF�NFDIBOJDBM�TMVEHF�TDSBQFS�
FRVJQNFOU�JT�VTFE
�JU�IBT�UP�CF�QFSJPEJDBMMZ�JOTQFDUFE�GPS�JUT�EFTJHOFE�QFSGPSNBODFT�

5IF�TFEJNFOUBUJPO�DIBNCFS�OFFET�UP�CF�FNQUJFE�BOE�DMFBOFE�PO�B�SFHVMBS�CBTJT�UP�BWPJE�PWFSmMMJOH�BOE�NJDSPCJBM�DPOUBNJOBUJPO�
SFHBSEMFTT�PG�UIF�UVSCJEJUZ�MFWFM�
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Description
5IF�EJTJOGFDUJPO�QSPDFTT�JT�FTTFOUJBM�UP�FOTVSF�UIF�NJDSPCJBM�
TBGFUZ�PG�UIF�USFBUFE�XBUFS���5IF�UXP�NPTU�DPNNPO�NFUIPET�UP�
FMJNJOBUF�NJDSPPSHBOJTNT�JO�UIF�XBUFS�TVQQMZ�BSF�PYJEBUJPO�XJUI�
DIFNJDBMT�TVDI�BT�DIMPSJOF�PS�P[POF�PS�JSSBEJBUJPO�XJUI�VMUSBWJPMFU�
	67
�SBEJBUJPO��5IF�NPTU�XJEFMZ�VTFE�DIFNJDBM�EJTJOGFDUJPO�
TZTUFNT�BSF�DIMPSJOBUJPO
�DIMPSBNJOBUJPO�BOE�P[POBUJPO�

Design Criteria
&KORULQDWLRQ

$IMPSJOBUJPO�DBO�CF�BDIJFWFE�CZ�VTJOH�MJRVFmFE�DIMPSJOF�HBT
�
TPEJVN�IZQPDIMPSJUF�TPMVUJPO�PS�DBMDJVN�IZQPDIMPSJUF�HSBOVMFT�
BOE�PO�TJUF�DIMPSJOF�HFOFSBUPST��

$IMPSJOF�EPTF�JT�UIF�BNPVOU�PG�DIMPSJOF�OFFEFE�UP�TBUJTGZ�UIF�
DIMPSJOF�EFNBOE�BOE�UIF�BNPVOU�PG�DIMPSJOF�SFTJEVBM�OFFEFE�
GPS�EJTJOGFDUJPO��5IF�DIMPSJOBUPS�DBQBDJUZ�NVTU�NBJOUBJO�BU�MFBTU���
NH�-�PG�GSFF�DIMPSJOF�SFTJEVF�JO�UIF�XBUFS�GPS�BO�FGGFDUJWF�DPOUBDU�
UJNF�PODF�BMM�EFNBOET�BSF�NFU�

%JGGFSFOU�UFDIOJRVFT�PG�DIMPSJOBUJPO�DPNNPOMZ�VTFE�
JODMVEF�CSFBLQPJOU�DIMPSJOBUJPO
�NBSHJOBM�DIMPSJOBUJPO�BOE�
TVQFSDIMPSJOBUJPO�EFDIMPSJOBUJPO��

#SFBLQPJOU�DIMPSJOBUJPO�JT�B�NFUIPE�JO�XIJDI�UIF�DIMPSJOF�EPTF�
JT�TVGmDJFOU�UP�SBQJEMZ�PYJEJ[F�BMM�UIF�BNNPOJB�OJUSPHFO�JO�UIF�
XBUFS
�MFBWJOH�FOPVHI�GSFF�SFTJEVBM�DIMPSJOF�BWBJMBCMF�UP�QSPUFDU�
UIF�XBUFS�BHBJOTU�SFJOGFDUJPO�GSPN�UIF�QPJOU�PG�DIMPSJOBUJPO�UP�UIF�
QPJOU�PG�VTF�

4VQFSDIMPSJOBUJPO�EFDIMPSJOBUJPO�JT�UIF�BEEJUJPO�PG�B�MBSHF�EPTF�
PG�DIMPSJOF�UP�FGGFDU�SBQJE�EJTJOGFDUJPO�BOE�DIFNJDBM�SFBDUJPO
�
GPMMPXFE�CZ�SFEVDUJPO�PG�FYDFTT�GSFF�DIMPSJOF�SFTJEVBM���*U�JT�VTFE�
NBJOMZ�XIFO�UIF�CBDUFSJBM�MPBE�JT�WBSJBCMF�PS�UIF�EFUFOUJPO�UJNF�
JO�B�UBOL�JT�OPU�FOPVHI�

.BSHJOBM�DIMPSJOBUJPO
�VTFE�XIFO�UP�USFBU�IJHI�RVBMJUZ�XBUFS�
TVQQMJFT
�JT�UIF�TJNQMF�EPTJOH�PG�DIMPSJOF�UP�QSPEVDF�UIF�EFTJSFE�
MFWFM�PG�GSFF�SFTJEVBM�DIMPSJOF��5IF�DIMPSJOF�EFNBOE�JO�UIFTF�
TVQQMJFT�JT�WFSZ�MPX
�BOE�B�CSFBLQPJOU�NBZ�OPU�PDDVS��

2]RQH��DOVR�GLVFXVVHG�LQ�DGYDQFHG�R[LGDWLRQ�SURFHVV�
VHFWLRQ�

0[POF�HBT�	0�

�GPSNFE�CZ�QBTTJOH�ESZ�BJS�PS�PYZHFO�UISPVHI�
B�IJHI�WPMUBHF�FMFDUSJD�mFME�BOE�FNJUUFE�EJSFDUMZ�JOUP�UIF�XBUFS�
UISPVHI�QPSPVT�EJGGVTFST�BU�UIF�CBTF�PG�CBGnFE�DPOUBDUPS�UBOLT��
5IF�DPOUBDUPS�UBOLT
�UZQJDBMMZ�BCPVU���N�EFFQ
�QSPWJEF����o�
���NJOVUFT�PG�DPOUBDU�UJNF��%JTTPMVUJPO�PG�BU�MFBTU�����PG�UIF�
BQQMJFE�P[POF�TIPVME�CF�QPTTJCMF
�XJUI�UIF�SFNBJOEFS�DPOUBJOFE�
JO�UIF�PGG�HBT
�XIJDI�JT�QBTTFE�UISPVHI�BO�P[POF�EFTUSVDUPS�BOE�
WFOUFE�UP�UIF�BUNPTQIFSF��

Freshwater

Semi-centralized and CentralizedDisinfection
T E C H N O L O G Y SOURCE

SCALE

$IMPSJOBUJPO

0[POBUJPO

UV

67�EJTJOGFDUJPO�JT�UP�QSPEVDF�67�SBEJBUJPO�CZ�QPXFSJOH�67�
MBNQT��5IF�MBNQT�UZQJDBMMZ�VTFE�JO�67�EJTJOGFDUJPO�DPOTJTU�PG�
B�RVBSU[�UVCF�mMMFE�XJUI�BO�JOFSU�HBT
�TVDI�BT�BSHPO
�BOE�TNBMM�
RVBOUJUJFT�PG�NFSDVSZ��67�SBEJBUJPO�JT�FNJUUFE�CZ�B�MPX�QSFTTVSF�
PS�NFEJVN�QSFTTVSF�NFSDVSZ�BSD�MBNQ�XJUI�XBWFMFOHUIT�PG�����
BOE�����ON��67�SBEJBUJPO�RVJDLMZ�EJTTJQBUFT�JOUP�XBUFS�UP�CF�
BCTPSCFE�PS�SFnFDUFE�PGG�NBUFSJBM�XJUIJO�UIF�XBUFS��
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6MUSBWJPMFU�3BEJBUJPO

Operating Principles
&KORULQDWLRQ�JT�BDIJFWFE�UISPVHI�UIF�VUJMJ[BUJPO�PG�DIMPSJOF�
HBT
�TPEJVN�IZQPDIMPSJUF
�PS�DBMDJVN�IZQPDIMPSJUF��$IMPSJOF�
EJPYJEF�EJTJOGFDUT�ESJOLJOH�XBUFS�UIBU�MFBE�UP�UIF�EFBDUJWBUJPO�
PG�NJDSPPSHBOJTNT�EFUFSNJOJOH�TQFDJmD�DIFNJDBM�SFBDUJPOT�
CFUXFFO�DIMPSJOF�EJPYJEF�BOE�CJPNPMFDVMFT��$IMPSJOF�EJPYJEF�
EFBDUJWBUFT�WJSVTFT�CZ�BMUFSJOH�UIF�WJSBM�DBQTJE�QSPUFJOT�BOE�
EJTSVQUJOH�PG�QSPUFJO�TZOUIFTJT���

$IMPSJOF�HBT�IZESPMZ[FT�SBQJEMZ�JO�XBUFS�UP�GPSN�IZQPDIMPSPVT�
BDJE�	)0$M
�BOE�EJTTPDJBUFT�TMJHIUMZ�JOUP�B�IZESPHFO�JPO��
4PEJVN�IZQPDIMPSJUF�JT�QSPEVDFE�XIFO�DIMPSJOF�HBT�JT�
EJTTPMWFE�JO�B�TPEJVN�IZESPYJEF�TPMVUJPO��4PEJVN�IZQPDIMPSJUF�
TPMVUJPO�UZQJDBMMZ�DPOUBJOT������QFSDFOU�PG�BWBJMBCMF�DIMPSJOF��
5IF�BQQMJDBUJPO�PG�TPEJVN�IZQPDIMPSJUF�UP�XBUFS�QSPEVDFT�
IZQPDIMPSPVT�BDJE
�TJNJMBS�UP�DIMPSJOF�HBT�IZESPMZTJT��)PXFWFS
�
VOMJLF�DIMPSJOF�IZESPMZTJT
�UIF�BEEJUJPO�PG�TPEJVN�IZQPDIMPSJUF�UP�
XBUFS�ZJFMET�B�IZESPYZM�JPO�UIBU�XJMM�JODSFBTF�UIF�Q)�PG�UIF�XBUFS��
*O�BEEJUJPO
�FYDFTT�TPEJVN�IZESPYJEF�JT�VTFE�UP�NBOVGBDUVSF�
TPEJVN�IZQPDIMPSJUF
�XIJDI�XJMM�GVSUIFS�JODSFBTF�UIF�Q)�PG�UIF�
XBUFS�

$BMDJVN�IZQPDIMPSJUF�JT�GPSNFE�GSPN�UIF�QSFDJQJUBUF�UIBU�SFTVMUT�
GSPN�EJTTPMWJOH�DIMPSJOF�HBT�JO�B�TPMVUJPO�PG�DBMDJVN�PYJEF�	MJNF
�
BOE�TPEJVN�IZESPYJEF��5IF�HSBOVMBS�DBMDJVN�IZQPDIMPSJUF�
DPNNFSDJBMMZ�BWBJMBCMF�UZQJDBMMZ�DPOUBJOT����QFSDFOU�BWBJMBCMF�
DIMPSJOF�

2]RQH�ZDWHU�WUHDWPHQW�TZTUFNT�IBWF�GPVS�CBTJD�DPNQPOFOUT��
B�HBT�GFFE�TZTUFN
�BO�P[POF�HFOFSBUPS
�BO�P[POF�DPOUBDUPS
�
BOE�BO�PGG�HBT�EFTUSVDUJPO�TZTUFN��5IF�HBT�GFFE�TZTUFN�
QSPWJEFT�B�DMFBO
�ESZ�TPVSDF�PG�PYZHFO�UP�UIF�HFOFSBUPS��5IF�
P[POF�DPOUBDUPS�USBOTGFST�UIF�P[POF�SJDI�HBT�JOUP�UIF�XBUFS�
UP�CF�USFBUFE
�BOE�QSPWJEFT�DPOUBDU�UJNF�GPS�EJTJOGFDUJPO�	PS�
PUIFS�SFBDUJPOT
��5IF�mOBM�QSPDFTT�TUFQ
�PGG�HBT�EFTUSVDUJPO
�JT�
SFRVJSFE�BT�P[POF�JT�UPYJD�JO�UIF�DPODFOUSBUJPOT�QSFTFOU�JO�UIF�
PGG�HBT��4PNF�QMBOUT�JODMVEF�BO�PGG�HBT�SFDZDMF�TZTUFN�UIBU�
SFUVSOT�UIF�P[POF�SJDI�PGG�HBT�UP�UIF�mSTU�DPOUBDU�DIBNCFS�UP�
SFEVDF�UIF�P[POF�EFNBOE�JO�UIF�TVCTFRVFOU�DIBNCFST��4PNF�
TZTUFNT�BMTP�JODMVEF�B�RVFODI�DIBNCFS�UP�SFNPWF�P[POF�
SFTJEVF�JO�TPMVUJPO�

Applications
$IMPSJOF�JT�B�XJEFMZ�VTFE�EJTJOGFDUBOU�GPS�XBUFS�BOE�XBTUFXBUFS�
USFBUNFOU��)PXFWFS
�BMUFSOBUJWF�EJTJOGFDUBOUT�BSF�SFDPNNFOEFE�
GPS�XBUFS�XJUI�IJHI�DPODFOUSBUJPOT�PG�PSHBOJD�NBUUFS�BT�DIMPSJOF�
NBZ�HFOFSBUF�IJHI�SJTL�CZ�QSPEVDUT�

0[POF�JT�OPSNBMMZ�BQQMJFE�JO�ESJOLJOH�XBUFS�JO�DPNCJOBUJPO�
XJUI�DIMPSJOF��0[POF�EJTJOGFDUJPO�JT�BMTP�BQQMJFE�JO�XBTUFXBUFS�
USFBUNFOU�BGUFS�BU�MFBTU�TFDPOEBSZ�USFBUNFOU��*O�BEEJUJPO�UP�
EJTJOGFDUJPO
�BOPUIFS�DPNNPO�VTF�GPS�P[POF�JO�XBTUFXBUFS�
USFBUNFOU�JT�PEPS�DPOUSPM�

5IF�67�QSPDFTT�JT�BGGPSEBCMF�BOE�QPQVMBS�XJUI�TNBMM�TDBMF�
GBDJMJUJFT�CVU�JT�OPU�BT�FGGFDUJWF�BT�PUIFS�EJTJOGFDUBOUT�PO�TVSGBDF�
XBUFS�TVQQMJFT�XJUI�B�IJHI�DPODFOUSBUJPO�PG�TVTQFOEFE�QBSUJDMFT��
5VSCJEJUZ�DBO�JOIJCJU�67�EJTJOGFDUJPO�

Components
$IMPSJOBUJPO��$POUBDU�SFBDUPS
�EJTJOGFDUBOU�TUPSBHF�PS�HFOFSBUJPO�
FRVJQNFOU
�BOE�EJTJOGFDUBOU�TVQQMZ�TZTUFN�
0[POBUJPO��(BT�GFFE�TZTUFN
�P[POF�HFOFSBUPS
�P[POF�DPOUBDUPS
�
BOE�PGG�HBT�EFTUSVDUJPO�TZTUFN�
67��67�MBNQ�BOE�67�DPOUBDUPS�

Capacity
"MM�UIF�PQUJPOT�BSF�WFSZ�nFYJCMF�BOE�DBO�CF�BQQMJDBCMF�GSPN�
TNBMMFS�VOJUT�UP�UIF�MBSHFTU�USFBUNFOU�QMBOUT�

Costs
5IF�DPTU�EFQFOET�PO�SBX�XBUFS�RVBMJUZ�BOE�UZQF�PG�EJTJOGFDUBOU�
UFDIOPMPHZ�



#FDBVTF�PG�JUT�IJHI�PYJEBUJPO�QPUFOUJBM
�P[POF�PYJEJ[FT�DFMM�
DPNQPOFOUT�PG�UIF�CBDUFSJBM�DFMM�XBMM��5IJT�JT�B�DPOTFRVFODF�
PG�DFMM�XBMM�QFOFUSBUJPO��0ODF�P[POF�IBT�FOUFSFE�UIF�DFMM
�JU�
PYJEJ[FT�BMM�FTTFOUJBM�DPNQPOFOUT�	FO[ZNFT
�QSPUFJOT
�%/"
�
3/"
��8IFO�UIF�DFMMVMBS�NFNCSBOF�JT�EBNBHFE�EVSJOH�UIJT�
QSPDFTT
�UIF�DFMM�XJMM�GBMM�BQBSU�

UV radiation�JT�FGmDJFOU�UP�EFBDUJWBUF�QSPUP[PB
�CBDUFSJB
�
CBDUFSJPQIBHF
�ZFBTU
�WJSVTFT
�GVOHJ�BOE�BMHBF�UISPVHI�
FMFDUSPNBHOFUJD�SBEJBUJPO��5IF�NPTU�QPUFOU�XBWFMFOHUI�GPS�
EBNBHJOH�EFPYZSJCPOVDMFJD�BDJE�	%/"
�JT�BQQSPYJNBUFMZ�����
ON��0UIFS�67�XBWFMFOHUIT
�TVDI�BT�����ON
�IBWF�CFFO�TIPXO�
UP�FYIJCJU�QFBL�BCTPSCBODF�JO�BRVFPVT�TPMVUJPOT�PG�%/"�

5IF�HFSNJDJEBM�FGGFDUT�PG�67�MJHIU�JOWPMWF�QIPUPDIFNJDBM�
EBNBHF�UP�UIF�3/"�BOE�%/"�XJUIJO�UIF�NJDSPPSHBOJTNT��
.JDSPPSHBOJTN�OVDMFJD�BDJET�BSF�UIF�NPTU�JNQPSUBOU�BCTPSCFST�
PG�MJHIU�FOFSHZ�JO�UIF�XBWFMFOHUI�PG�����UP�����ON��%/"�BOE�
3/"�DBSSZ�HFOFUJD�JOGPSNBUJPO�OFDFTTBSZ�GPS�SFQSPEVDUJPO��
UIFSFGPSF
�EBNBHF�UP�FJUIFS�PG�UIFTF�TVCTUBODFT�DBO�FGGFDUJWFMZ�
TUFSJMJ[F�UIF�PSHBOJTN��%BNBHF�PGUFO�SFTVMUT�GSPN�UIF�
EJNFSJ[BUJPO�PG�QZSJNJEJOF�NPMFDVMFT�

<[PSP[`�
�,MÄJPLUJ`
$IMPSJOBUJPO�JT�FNQMPZFE�QSJNBSJMZ�GPS�NJDSPCJBM�EJTJOGFDUJPO��
)PXFWFS
�DIMPSJOF�BMTP�BDUT�BT�BO�PYJEBOU�BOE�DBO�SFNPWF�PS�
BTTJTU�JO�UIF�SFNPWBM�PS�DIFNJDBM�DPOWFSTJPO�PG�TPNF�DIFNJDBMT�
��GPS�FYBNQMF
��EFDPNQPTJUJPO�PG�FBTJMZ�PYJEJ[FE�QFTUJDJEFT��
PYJEBUJPO�PG�EJTTPMWFE�TQFDJFT�	F�H��NBOHBOFTF�UP�GPSN�
JOTPMVCMF�QSPEVDUT�UIBU�DBO�CF�SFNPWFE�CZ�TVCTFRVFOU�mMUSBUJPO
�
BOE�PYJEBUJPO�PG�EJTTPMWFE�TQFDJFT�UP�NPSF�FBTJMZ�SFNPWBCMF�
GPSNT�	F�H��BSTFOJUF�UP�BSTFOBUF
�

0[POF�JT�WFSZ�FGGFDUJWF�BHBJOTU�CBDUFSJB��)PXFWFS
�QSPUP[PBO�
DZTUT�BSF�NVDI�NPSF�SFTJTUBOU�UP�P[POF�UIBO�WFHFUBUJWF�GPSNT�
PG�CBDUFSJB�BOE�WJSVTFT��5ZQJDBMMZ
�WJSVTFT�BSF�NPSF�SFTJTUBOU�UP�
P[POF�UIBO�WFHFUBUJWF�CBDUFSJB�

67�EJTJOGFDUJPO�IBT�CFFO�EFUFSNJOFE�UP�CF�BEFRVBUF�GPS�
EFBDUJWBUJOH�CBDUFSJB�BOE�WJSVTFT��.PTU�CBDUFSJB�BOE�WJSVTFT�
SFRVJSF�SFMBUJWFMZ�MPX�67�EPTBHFT�GPS�EFBDUJWBUJPO��1SPUP[PBO
�JO�
QBSUJDVMBS�(JBSEJB�BOE�$SZQUPTQPSJEJVN
�BSF�DPOTJEFSBCMZ�NPSF�
SFTJTUBOU�UP�67�EFBDUJWBUJPO�UIBO�PUIFS�NJDSPPSHBOJTNT�

Reliability
3FMJBCMF�JG�QSPQFS�EPTBHF�BOE�DPOUBDU�UJNF�BSF�NBJOUBJOFE�

Replication Potential 
$IMPSJOF�JT�POF�PG�UIF�NPTU�QPQVMBS�EJTJOGFDUBOUT�XPSMEXJEF
�
QBSUJDVMBSMZ�JO�EFWFMPQJOH�DPVOUSJFT��0[POF�BOE�67�BSF�BMTP�
DPNNPO�JO�XBTUFXBUFS�SFDZDMF�BOE�BEWBODFE�USFBUNFOU�
UFDIOPMPHZ�BOE�BQQMJFE�JO�OVNFSPVT�USFBUNFOU�QMBOUT�

Regulatory/Institutional Issues
5IF�QSPDFTT�PG�DSFBUJOH�DIMPSJOF�EJPYJEF�JT�DPNQMJDBUFE��JU�
SFRVJSFT�TLJMMFE�UFDIOJDJBOT�BOE�DBSFGVM�NPOJUPSJOH�

Operation and Maintenance
5IF�PQFSBUJPO�BOE�NBJOUFOBODF�QSPDFTT�EFQFOET�PO�UIF�UZQF�PG�
EJTJOGFDUJPO�QSPDFTT��'PS�FYBNQMF
�UIFSF�DPVME�CF�EJGGFSFOU�GPSNT�
PG�DIMPSJOBUJPO�VTFE�TVDI�BT�MJRVFmFE�DIMPSJOF�HBT
�TPEJVN�
IZQPDIMPSJUF�TPMVUJPO�PS�DBMDJVN�IZQPDIMPSJUF�HSBOVMFT�BOE�PO�
TJUF�DIMPSJOF�HFOFSBUPST�

$IMPSJOF�HBT�JT�B�TUSPOH�PYJEJ[FS�BOE�mSF�DPEFT�UZQJDBMMZ�
SFHVMBUF�UIF�TUPSBHF�BOE�VTBHF�PG�DIMPSJOF��-PDBM�TBGFUZ�
NBOBHFNFOU�TUBOEBSET�BOE�SFHVMBUJPOT�NVTU�CF�DPOTJEFSFE�
EVSJOH�UIF�EFTJHO�BOE�PQFSBUJPO�PG�DIMPSJOBUJPO�GBDJMJUJFT�BU�B�
XBUFS�USFBUNFOU�QMBOU�

4PEJVN�IZQPDIMPSJUF�TPMVUJPO�JT�B�DPSSPTJWF�MJRVJE�XJUI�BO�
BQQSPYJNBUF�Q)�PG�����5IFSFGPSF
�UZQJDBM�QSFDBVUJPOT�GPS�
IBOEMJOH�DPSSPTJWF�NBUFSJBMT�TVDI�BT�BWPJEJOH�DPOUBDU�XJUI�
NFUBMT
�JODMVEJOH�TUBJOMFTT�TUFFM
�TIPVME�CF�VTFE��

$BMDJVN�IZQPDIMPSJUF�JT�BO�PYJEBOU�BOE�BT�TVDI�TIPVME�CF�
TUPSFE�TFQBSBUFMZ�GSPN�PSHBOJD�NBUFSJBMT�UIBU�DBO�CF�SFBEJMZ�
PYJEJ[FE��*U�TIPVME�BMTP�CF�TUPSFE�BXBZ�GSPN�TPVSDFT�PG�IFBU��
*NQSPQFSMZ�TUPSFE�DBMDJVN�IZQPDIMPSJUF�DBO�DBVTF�TQPOUBOFPVT�
DPNCVTUJPO�mSFT�

0[POF�JT�BO�VOTUBCMF�NPMFDVMF��JU�TIPVME�CF�HFOFSBUFE�BU�UIF�
QPJOU�PG�BQQMJDBUJPO�GPS�VTF�JO�XBUFS�USFBUNFOU��#BDLVQ�VOJUT�BSF�
VTVBMMZ�JOTUBMMFE��(FOFSBUPST�TIPVME�CF�DIFDLFE�EBJMZ�XIFO�JO�
PQFSBUJPO��"GUFS�B�TIVUEPXO
�ESZ�BJS�PS�PYZHFO�TIPVME�CF�BMMPXFE�
UP�nPX�UISPVHI�UIF�HFOFSBUPS�UP�FOTVSF�UIBU�BMM�NPJTUVSF�IBT�
CFFO�QVSHFE�QSJPS�UP�FOFSHJ[JOH�UIF�FMFDUSPEFT��

0O�TJUF�QJMPU�QMBOU�UFTUJOH�JT�SFDPNNFOEFE�UP�EFUFSNJOF�UIF�
FGmDJFODZ�BOE�BEFRVBDZ�PG�67�EJTJOGFDUJPO�GPS�B�TQFDJmD�
RVBMJUZ�PG�XBUFS��5IF�FGmDJFODZ�UFTU�JOWPMWFT�JOKFDUJOH�TFMFDU�
NJDSPPSHBOJTNT�JOUP�JOnVFOU�XBUFS�BOE�TBNQMJOH�FGnVFOU�XBUFS�
UP�EFUFSNJOF�TVSWJWBM�SBUFT��

5IF�PQFSBUJPO�PG�P[POF�BOE�67�TZTUFNT�SFRVJSFT�TLJMMFE�
QFSTPOOFM�

5IF�USFBUNFOU�QSPDFTT�XJMM�SFRVJSF�TFU�SFHVMBUJPOT�BOE�TUBOEBSET�
GPS�UIF�RVBMJUZ�DPOUSPM��

���



Sources
��� &1"��$IFNJDBM�EJTJOGFDUJPO�� 

IUUQ���XXX�ESJOLJOH�XBUFS�PSH�IUNM�FO�5SFBUNFOU�$IFNJDBM�%JTJOGFDUJPO�0YJEBOUT�IUNM

��� 8BUFS�RVBMJUZ�DPOUSPM�EJWJTJPO�	����
��4UBUF�PG�$PMPSBEP�EFTJHO�DSJUFSJB�GPS�QPUBCMF�XBUFS�TZTUFNT��IUUQT���XXX�DPMPSBEP�HPW�
QBDJmD�TJUFT�EFGBVMU�mMFT�82�&/(�10-���%FTJHO���$SJUFSJB���GPS���1PUBCMF���8BUFS���4ZTUFNT�QEG

��� .BOVBM
�&��(��	����
��i"MUFSOBUJWF�EJTJOGFDUBOUT�BOE�PYJEBOUT�w�%JTJOGFDUBOU�6TF�JO�8BUFS�5SFBUNFOU
�8BTIJOHUPO
�%$�

��� 64&1"�	����
��6MUSBWJPMFU�EJTJOGFDUJPO�HVJEBODF�NBOVBM�GPS�UIF�mOBM�MPOH�UFSN���FOIBODFE�TVSGBDF�XBUFS�USFBUNFOU�SVMF
�64�
&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�8BTIJOHUPO
�%$�

��� -FOOUFDI�#7��0[POF�EJTJOGFDUJPO�NFDIBOJTN��IUUQ���XXX�MFOOUFDI�DPN�MJCSBSZ�P[POF�EJTJOGFDUJPO�P[POF�EJTJOGFDUJPO�NFDIBOJTN�
IUN

��� "4$&�BOE�"XXB��������8BUFS�5SFBUNFOU�1MBOU�%FTJHO
��UI�FE��.D(SBX�)JMM
�/FX�:PSL�

��� &1"��8BUFS�5SFBUNFOU�NBOVBM��%JTJOGFDUJPO�	����
� 
IUUQ���XXX�FQB�JF�QVCT�BEWJDF�ESJOLJOHXBUFS�EJTJOGFDUJPO�@XFC�QEG

��� 4IBI
�"��%�
�"��%��%PUTPO
�,��(��-JOEFO�BOE�8��"��.JUDI�	����
��i*NQBDU�PG�67�EJTJOGFDUJPO�DPNCJOFE�XJUI�DIMPSJOBUJPO�
DIMPSBNJOBUJPO�PO�UIF�GPSNBUJPO�PG�IBMPOJUSPNFUIBOFT�BOE�IBMPBDFUPOJUSJMFT�JO�ESJOLJOH�XBUFS�w�&OWJSPONFOUBM�TDJFODF���
UFDIOPMPHZ���	�
������������

��� WBO�EFS�)PFL
�+�
�$��#FSUFMLBNQ
�"��7FSMJFGEF�BOE�/��4JOHIBM�	����
��i%SJOLJOH�XBUFS�USFBUNFOU�UFDIOPMPHJFT�JO�&VSPQF��TUBUF�PG�
UIF�BSUoDIBMMFOHFToSFTFBSDI�OFFET�w�+PVSOBM�PG�8BUFS�4VQQMZ��3FTFBSDI�BOE�5FDIOPMPHZ�"26"���	�
����������

��� (JBSEJB�BOE�$SZQUPTQPSJEJVN�BSF�HFOFSBMMZ�
SFTJTUBOU�UP�DIMPSJOF�VOMFTT�JU�JT�VTFE�JO�IJHIFS�
EPTFT�UIBO�UIPTF�HFOFSBMMZ�QSFGFSSFE�GPS�
USFBUNFOU��

��� 5PP�NVDI�SFTJEVBM�DIMPSJOF�NBZ�BMTP�QSPEVDF�
DIFNJDBM�CZQSPEVDUT
�TPNF�PG�XIJDI�NBZ�CF�
DBSDJOPHFOJD��

��� 5IF�QSPDFTT�PG�DSFBUJOH�DIMPSJOF�EJPYJEF�JT�
DPNQMJDBUFE��*U�SFRVJSFT�TLJMMFE�UFDIOJDJBOT�BOE�
DBSFGVM�NPOJUPSJOH�

��� 0[POF�DBOOPU�QSPWJEF�MBTUJOH�SFTJEVBM�QSPUFDUJPO�

��� 0[POF�IBT�CFFO�LOPXO�UP�QSPEVDF�VOXBOUFE�
CZQSPEVDUT
�TVDI�BT�CSPNBUF
�XIJDI�NBZ�CF�
IBSNGVM�UP�IVNBO�IFBMUI�

��� 67�EJTJOGFDUJPO�IBT�MJNJUFE�QSPUFDUJPO�UJNF��
&YQPTVSF�UP�67�SBZT�JT�B�POF�UJNF�QSPDFTT�UIBU�
LJMMT�NJDSPPSHBOJTNT
�CVU�EPFT�OPU�QSFWFOU�UIFN�
GSPN�SFUVSOJOH�BHBJO�

U
Disadvantages

��� $IMPSJOF�JT�BO�JOFYQFOTJWF�USFBUNFOU�PQUJPO�VTFE�
UP�JNQSPWF�XBUFS�T�UBTUF�BOE�DMBSJUZ�XIJMF�LJMMJOH�
NBOZ�NJDSPPSHBOJTNT�MJLF�CBDUFSJB�BOE�WJSVTFT�

��� 3FTJEVBM�BNPVOUT�PG�DIMPSJOF�SFNBJO�JO�USFBUFE�
XBUFS�TVQQMJFT��5IJT�DIFNJDBM�DPOUFOU�DPOUJOVFT�UP�
QSPUFDU�USFBUFE�XBUFS�GSPN�SFJOGFDUJPO
�BOE�DBO�CF�
CFOFmDJBM�GPS�XBUFS�TVCKFDUFE�UP�MPOH�QFSJPET�PG�
TUPSBHF�PS�UJNF�DPOTVNJOH�EJTUSJCVUJPO�PWFS�MBSHF�
BSFBT�

��� $IMPSJOF�EJPYJEF�JT�FGGFDUJWF�BHBJOTU�(JBSEJB
�
CBDUFSJB
�WJSVTFT
�BOE�UP�TPNF�FYUFOU
�
$SZQUPTQPSJEJVN

��� 0[POF�DBO�FGGFDUJWFMZ�FMJNJOBUF�CJPMPHJDBM�
DPOUBNJOBOUT�MJLF�CBDUFSJB
�WJSVTFT
�(JBSEJB
�
$SZQUPTQPSJEJVN�BOE�PSHBOJD�DIFNJDBMT�

��� 67�EJTJOGFDUJPO�JT�DIFNJDBM�GSFF�BOE�SFRVJSFT�POMZ�
B�TJNQMF�BOE�BGGPSEBCMF�JOGSBTUSVDUVSF�JOWFTUNFOU�

D
Advantages

���



Description
3BJOXBUFS�IBSWFTUJOH�SFGFST�UP�UIF�DPMMFDUJPO�PG�SBJOGBMM�GSPN�
UIF�SPPG�PG�B�CVJMEJOH��*UT�NBJO�PCKFDUJWF�JT�UP�SFEVDF�XBUFS�
EFNBOE�GSPN�NVOJDJQBM�XBUFS�TVQQMZ�UISPVHI�JUT�TVCTFRVFOU�
VTF�GPS�OPO�QPUBCMF�BQQMJDBUJPOT
�TVDI�BT�XBUFS�DMPTFU�nVTIJOH
�
HBSEFO�XBUFSJOH
�DBS�XBTIJOH
�FUD��3BJOXBUFS�IBSWFTUJOH�JT�BMTP�
VTFGVM�JO�BSFBT�IBWJOH�TJHOJmDBOU�SBJOGBMM�CVU�MBDLJOH�BOZ�LJOE�
PG�DPOWFOUJPOBM
�DFOUSBMJ[FE�TVQQMZ�TZTUFN
�BOE�BMTP�JO�BSFBT�
XIFSF�HPPE�RVBMJUZ�PG�GSFTI�TVSGBDF�XBUFS�PS�HSPVOEXBUFS�JT�OPU�
BWBJMBCMF�

Design Criteria
3BJOXBUFS�IBSWFTUJOH�	38)
�JT�DPOTJEFSFE�GFBTJCMF�JG�BOOVBM�
BWFSBHF�SBJOGBMM�JO�BO�BSFB�JT�NPSF�UIBO�����NN��'JFME�SFTFBSDI�
TIPXT�UIBU�FGmDJFODJFT�PG�SPPGUPQT�SBOHF�GSPN�����UP�����PG�
SBJOGBMM�CBTFE�PO�UIF�TMPQF�PG�UIF�SPPG�BOE�SPPmOH�NBUFSJBMT��

3BJOXBUFS�UBOL�EFTJHOT�SFRVJSF�B�TPMJE�TFDVSF�DPWFS
�B�DPBSTF�
JOMFU�mMUFS
�BO�PWFSnPX�QJQF
�B�NBOIPMF
�TVNQ
�BOE�ESBJO�UP�
GBDJMJUBUF�DMFBOJOH��5ISFF�CBTJD�UZQFT�PG�TZTUFNT�GPS�TVQQMZJOH�
OPO�QPUBCMF�XBUFS�UP�CVJMEJOHT�GPS�JOUFSOBM�BOE�FYUFSOBM�VTFT�
JODMVEF�EJSFDUMZ�QVNQFE
�JOEJSFDUMZ�QVNQFE
�BOE�HSBWJUZ�GFE��

&ROOHFWLRQ�DUHD��"�DIFNJDBMMZ�JOFSU�SPPG�TVSGBDF�BSFB�TVDI�BT�
TMBUFT�JT�QSFGFSSFE��.FUBM�SPPG�DPWFSJOHT�BSF�BDDFQUBCMF�CVU�UIF�
TMJHIUMZ�BDJEJD�OBUVSF�PG�SBJOXBUFS�DBO�QSPEVDF�TPNF�EJTTPMVUJPO�
PG�NFUBM�JPOT�GSPN�UIF�TVSGBDF��

(SFFO�PS�QMBOUFE�SPPGT�DBO�BMTP�CF�VTFE�BT�B�DBUDINFOU�BSFB�
GPS�SBJOXBUFS�TZTUFNT��5IJT�UZQF�PG�SPPmOH�TZTUFN�DBO�SFUBJO�JO�
FYDFTT�PG�����PG�UIF�JODJEFOUBM�SBJOGBMM�BOE�JT�DBQBCMF�PG�mMUFSJOH�
UIF�SBJOXBUFS�EFQFOEJOH�VQPO�UIF�DPNQPTJUJPO�PG�JUT�TVCTUSBUB�

)LUVW�ÁXVK�GLYHUWHUV��5IF�mSTU�nVTI�PG�SBJOXBUFS�GSPN�UIF�SPPG�
JT�VTVBMMZ�NPSF�QPMMVUFE�UIBO�TVCTFRVFOU�SVOPGG��$PMMFDUJOH�BOE�
EJTDIBSHJOH�PG�UIF�mSTU�nVTI�CFGPSF�JU�FOUFST�UIF�SBJOXBUFS�UBOL�
JNQSPWFT�XBUFS�RVBMJUZ�TJHOJmDBOUMZ��7BSJPVT�EFTJHOT�GPS�mSTU�
nVTI�EJWFSUFST�FYJTU�GPS�JOJUJBM�TFQBSBUJPO�PG�SBJOXBUFS�

7UHDWPHQW��'PS�OPO�QPUBCMF�BQQMJDBUJPOT�SBJOXBUFS�VTVBMMZ�POMZ�
OFFET�mMUSBUJPO�QSJPS�UP�FOUSZ�JOUP�UIF�TUPSBHF�UBOL��"�SBOHF�PG�
EJGGFSFOU�mMUFS�UZQFT�JODMVEJOH�TDSFFO
�DSPTT�nPX
�DBSUSJEHF
�TMPX�
TBOE
�SBQJE�TBOE
�NFNCSBOF�BOE�BDUJWBUFE�DBSCPO�mMUFST�BSF�
DPNNPOMZ�JOTUBMMFE��

6WRUDJH��5IF�TUPSBHF�UBOL�JT�BO�FTTFOUJBM�DPNQPOFOU�PG�38)�
TZTUFN
�XIJDI�DBO�CF�DPOTUSVDUFE�GSPN�B�WBSJFUZ�PG�NBUFSJBMT�
TVDI�BT�QMBTUJD
�DPODSFUF�PS�TUFFM��5IF�QSFGFSSFE�MPDBUJPO�JT�
CFMPX�HSPVOE�TIFMUFSFE�GSPN�EBZMJHIU
�XIJDI�NJOJNJ[FT�BMHBM�
HSPXUI�JO�UIF�DPMMFDUFE�XBUFS��*O�BEEJUJPO�UP�UIF�JOJUJBM�mMUSBUJPO
�
GVSUIFS�USFBUNFOU�PDDVST�XJUIJO�UIF�TUPSBHF�UBOL�WJB�nPUBUJPO�BOE�
TFUUMFNFOU��5IF�TUPSBHF�UBOL�TIPVME�CF�EFTJHOFE�UP�nVTI�PVU�BU�
MFBTU�UXJDF�B�ZFBS�UP�GBDJMJUBUF�UIF�SFNPWBM�PG�UIFTF�QBSUJDMFT��

Rainwater/Stormwater Use

HouseholdRainwater Tank
T E C H N O L O G Y SOURCE

SCALE

���

3BJO�XBUFS�IBSWFTUJOH�TZTUFNT�

3BJO�XBUFS�IBSWFTUJOH�TZTUFN



���

<[PSP[`�
�,MÄJPLUJ`
5IF�QFSGPSNBODF�XJMM�EFQFOE�PO�UIF�QVSQPTF�PG�UIF�SBJOXBUFS�
DPMMFDUJPO�BOE�JOTUBMMFE�USFBUNFOU�TZTUFNT�

Reliability
3FMJBCJMJUZ�EFQFOET�PO�UIF�EFTJHO
�UZQF�PG�DPOTUSVDUJPO�BOE�
PQFSBUJPO��.PTU�PG�UIF�UJNF�UIF�TZTUFN�JT�WFSZ�SFMJBCMF�

Applications
5IJT�UFDIOPMPHZ�JT�TVJUBCMF�GPS�VTF�JO�BMM�BSFBT�BT�B�NFBOT�PG�
BVHNFOUJOH�XBUFS�BWBJMBCJMJUZ��*O�HFOFSBM�38)�JT�TVJUBCMF�GPS�BO�
BSFB�XJUI�BOOVBM�BWFSBHF�SBJOGBMM�PG�NPSF�UIBO�����NN��IBWJOH�
TVJUBCMF�SPPGT�BOE�PS�PUIFS�DBUDINFOU�TVSGBDFT��BOE�TLJMMFE�
NBOQPXFS�UP�NBJOUBJO�UIF�TZTUFN�QFSJPEJDBMMZ�JG�B�USFBUNFOU�
TZTUFN�JT�JODMVEFE�

Components
38)�TZTUFNT�SFRVJSF�B�QJQF�OFUXPSL�GPS�UIF�DPMMFDUJPO
�TUPSBHF�
TZTUFNT
�B�TFU�PG�USFBUNFOU�TZTUFNT�JODMVEJOH�mSTU�nVTI�

Capacity
*U�WBSJFT�GSPN�TNBMM�UP�MBSHF�TJ[F�CBTFE�PO�UIF�SBJOGBMM�QBUUFSOT
�
TJ[F�PG�UIF�SPPG
�BOE�QVSQPTF�PG�UIF�DPMMFDUFE�XBUFS�

Costs
5IF�DPTU�PG�UIJT�UFDIOPMPHZ�WBSJFT�DPOTJEFSBCMZ�EFQFOEJOH�PO�
MPDBUJPO
�UZQF�PG�NBUFSJBMT�VTFE
�QVNQJOH�SFRVJSFNFOUT
�BOE�
XIFUIFS�UIFSF�JT�B�OFFE�GPS�USFBUNFOU�PS�OPU�

5IF�DPTU�PG�B����N��DJTUFSO�JO�SVSBM�BSFBT�PG�UIF�/PSUIFBTU�#SB[JM
�
JT�BSPVOE�64�������������
�EFQFOEJOH�PO�UIF�NBUFSJBM�VTFE��*O�
UIF�6�4��7JSHJO�*TMBOET
�DPTUT�BT�MPX�BT����UP����QFS������-JUFST�
BSF�SFQPSUFE��

$POTUSVDUJPO�DPTUT�GPS�VOEFSHSPVOE�DJTUFSOT�DBO�WBSZ�
USFNFOEPVTMZ
�CBTFE�PO�UIF�TJ[F�BOE�UIF�BNPVOU�PG�FYDBWBUJPO�
SFRVJSFE��*O�4BJOU�-VDJB
�UIF�BWFSBHF�DPTU�PG�B������-�QMBTUJD�
UBOL�JT�������

Operating Principles
"�SBJOXBUFS�IBSWFTUJOH�TZTUFN�DPOTJTUT�PG�UISFF�CBTJD�FMFNFOUT��
B�DPMMFDUJPO�BSFB
�B�DPOWFZBODF�TZTUFN
�BOE�TUPSBHF�GBDJMJUJFT��
5IF�DPMMFDUJPO�BSFB�JO�NPTU�DBTFT�JT�UIF�SPPG�PG�B�IPVTF�PS��
CVJMEJOH��5IF�FGGFDUJWF�SPPG�BSFB�BOE�UIF�NBUFSJBM�VTFE�JO�
DPOTUSVDUJOH�UIF�SPPG�JOnVFODF�UIF�FGmDJFODZ�PG�DPMMFDUJPO�BOE�
UIF�XBUFS�RVBMJUZ��

"�DPOWFZBODF�TZTUFN�VTVBMMZ�DPOTJTUT�PG�HVUUFST�PS�QJQFT�
UIBU�EFMJWFS�SBJOXBUFS�GBMMJOH�PO�UIF�SPPGUPQ�UP�DJTUFSOT�PS�PUIFS�
TUPSBHF�WFTTFMT��#PUI�ESBJOQJQFT�BOE�SPPG�TVSGBDFT�TIPVME�CF�
DPOTUSVDUFE�PG�DIFNJDBMMZ�JOFSU�NBUFSJBMT�TVDI�BT�XPPE
�QMBTUJD
�
BMVNJOVN
�PS�mCFSHMBTT
�JO�PSEFS�UP�BWPJE�BEWFSTF�FGGFDUT�PO�
XBUFS�RVBMJUZ��

5IF�XBUFS�VMUJNBUFMZ�JT�TUPSFE�JO�B�UBOL�PS�DJTUFSO
�XIJDI�TIPVME�
BMTP�CF�DPOTUSVDUFE�PG�BO�JOFSU�NBUFSJBM��4VJUBCMF�NBUFSJBMT�
JODMVEF�SFJOGPSDFE�DPODSFUF
�mCFSHMBTT
�PS�TUBJOMFTT�TUFFM��
4UPSBHF�UBOLT�NBZ�CF�DPOTUSVDUFE�BT�QBSU�PG�UIF�CVJMEJOH
�PS�
NBZ�CF�CVJMU�BT�B�TFQBSBUF�VOJU�MPDBUFE�TPNF�EJTUBODF�BXBZ�
GSPN�UIF�CVJMEJOH�



Regulatory/Institutional Issues
3FRVJSFT�FYQFSU�EFTJHO
�CVU�DBO�CF�DPOTUSVDUFE�XJUI�MPDBMMZ�
BWBJMBCMF�NBUFSJBM��*U�BMTP�SFRVJSFT�TUBOEBSE�CZMBXT�BOE�
SFHVMBUJPO�GPS�UIF�CVJMEJOH�BOE�NPOJUPSJOH��

Operation and Maintenance
• "�QSPDFEVSF�GPS�FMJNJOBUJOH�UIF�iGPVM�nVTIw�BGUFS�B�MPOH�ESZ�

TQFMM�SFRVJSFT�QBSUJDVMBS�BUUFOUJPO��5IF�mSTU�QBSU�PG�FBDI�
SBJOGBMM�TIPVME�CF�EJWFSUFE�GSPN�UIF�TUPSBHF�UBOL�TJODF�
UIJT�JT�NPTU�MJLFMZ�UP�DPOUBJO�VOEFTJSBCMF�NBUFSJBMT�XIJDI�
IBWF�BDDVNVMBUFE�PO�UIF�SPPG�BOE�PUIFS�TVSGBDFT�CFUXFFO�
SBJOGBMMT��

��� 3BJOXBUFS�IBSWFTUJOH�QSPWJEFT�B�TPVSDF�PG�XBUFS�BU�
UIF�QPJOU�XIFSF�JU�JT�OFFEFE��*U�JT�PXOFS�PQFSBUFE�
BOE�NBOBHFE��

��� *U�QSPWJEFT�BO�FTTFOUJBM�TFSWJDF�JO�UJNFT�PG�
FNFSHFODZ�BOE�PS�CSFBLEPXO�PG�QVCMJD�XBUFS�
TVQQMZ�TZTUFNT
�QBSUJDVMBSMZ�EVSJOH�OBUVSBM�
EJTBTUFST��

��� 5IF�DPOTUSVDUJPO�PG�B�SPPGUPQ�SBJOXBUFS�DBUDINFOU�
TZTUFN�JT�TJNQMF
�BOE�MPDBM�QFPQMF�DBO�FBTJMZ�CF�
USBJOFE�UP�CVJME�POF
�NJOJNJ[JOH�JUT�DPTU��

��� 5IF�UFDIOPMPHZ�JT�nFYJCMF��5IF�TZTUFNT�DBO�
CF�CVJMU�UP�NFFU�BMNPTU�BOZ�SFRVJSFNFOUT��1PPS�
IPVTFIPMET�DBO�TUBSU�XJUI�B�TJOHMF�TNBMM�UBOL�BOE�
BEE�NPSF�MBUFS��

��� 5IF�QIZTJDBM�BOE�DIFNJDBM�QSPQFSUJFT�PG�SBJOXBUFS�
NBZ�CF�TVQFSJPS�UP�UIPTF�PG�HSPVOEXBUFS�PS�TVSGBDF�
XBUFST�UIBU�NBZ�IBWF�CFFO�TVCKFDUFE�UP�QPMMVUJPO
�
TPNFUJNFT�GSPN�VOLOPXO�TPVSDFT��

��� 0QFSBUJOH�BOE�NBJOUFOBODF��DPTUT�BSF�VTVBMMZ�MPX��

��� $POTUSVDUJPO
�PQFSBUJPO
�BOE�NBJOUFOBODF�BSF�OPU�
MBCPS�JOUFOTJWF�

��� 5IF�TVDDFTT�PG�SBJOXBUFS�IBSWFTUJOH�EFQFOET�VQPO�
UIF�GSFRVFODZ�BOE�BNPVOU�PG�SBJOGBMM��UIFSFGPSF
�JU�
JT�OPU�B�EFQFOEBCMF�XBUFS�TPVSDF�JO�UJNFT�PG�ESZ�
XFBUIFS�PS�QSPMPOHFE�ESPVHIU��

��� -PX�TUPSBHF�DBQBDJUJFT�XJMM�MJNJU�SBJOXBUFS�
IBSWFTUJOH�TP�UIBU�UIF�TZTUFN�NBZ�OPU�CF�BCMF�UP�
QSPWJEF�XBUFS�EVSJOH�MPX�SBJOGBMM�QFSJPE��

��� -FBLBHF�GSPN�DJTUFSOT�DBO�DBVTF�UIF�EFUFSJPSBUJPO�
PG�MPBE�CFBSJOH�TMPQFT��

��� $JTUFSOT�BOE�TUPSBHF�UBOLT�DBO�CF�VOTBGF�GPS�
TNBMM�DIJMESFO�JG�QSPQFS�BDDFTT�QSPUFDUJPO�JT�OPU�
QSPWJEFE��

��� 1PTTJCMF�DPOUBNJOBUJPO�PG�XBUFS�NBZ�SFTVMU�GSPN�
BOJNBM�XBTUFT�BOE�WFHFUBCMF�NBUUFS��

��� 8IFSF�USFBUNFOU�PG�UIF�XBUFS�QSJPS�UP�QPUBCMF�VTF�
JT�JOGSFRVFOU�EVF�UP�B�MBDL�PG�BEFRVBUF�SFTPVSDFT�
PS�LOPXMFEHF
�IFBMUI�SJTLT�NBZ�SFTVMU��'VSUIFSNPSF�
DJTUFSOT�DBO�CF�B�CSFFEJOH�HSPVOE�GPS�NPTRVJUPFT��

��� 3BJOXBUFS�IBSWFTUJOH�TZTUFNT�JODSFBTF�
DPOTUSVDUJPO�DPTUT�BOE�NBZ�IBWF�BO�BEWFSTF�FGGFDU�
PO�IPNF�PXOFSTIJQ��4ZTUFNT�NBZ�BEE�����UP�
����UP�UIF�DPTU�PG�B�CVJMEJOH��

D U
Advantages Disadvantages

• 5IF�TUPSBHF�UBOL�TIPVME�CF�DIFDLFE�BOE�DMFBOFE�
QFSJPEJDBMMZ��"MM�UBOLT�OFFE�DMFBOJOH��UIFJS�EFTJHOT�TIPVME�
BMMPX�GPS�UIJT��$MFBOJOH�QSPDFEVSFT�DPOTJTU�PG�B�UIPSPVHI�
TDSVCCJOH�PG�UIF�JOOFS�XBMMT�BOE�nPPST��6TF�PG�B�DIMPSJOF�
TPMVUJPO�JT�SFDPNNFOEFE�GPS�DMFBOJOH
�GPMMPXFE�CZ�UIPSPVHI�
SJOTJOH��

• $BSF�TIPVME�CF�UBLFO�UP�LFFQ�SBJOGBMM�DPMMFDUJPO�TVSGBDFT�
DPWFSFE
�UP�SFEVDF�UIF�CSFFEJOH�PG�GSPHT
�MJ[BSET
�
NPTRVJUPFT
�BOE�PUIFS�QFTUT��

• $IMPSJOBUJPO�PG�UIF�DJTUFSOT�PS�TUPSBHF�UBOLT�JT�OFDFTTBSZ�JG�
UIF�XBUFS�JT�UP�CF�VTFE�GPS�ESJOLJOH�BOE�EPNFTUJD�VTFT��

• (VUUFST�BOE�EPXOQJQFT�OFFE�UP�CF�QFSJPEJDBMMZ�JOTQFDUFE�
BOE�DMFBOFE�DBSFGVMMZ�

• 1FSJPEJD�NBJOUFOBODF�NVTU�BMTP�CF�DBSSJFE�PVU�PO�BOZ�
QVNQT�VTFE�UP�MJGU�XBUFS�UP�TFMFDUFE�BSFBT�JO�UIF�IPVTF�PS�
CVJMEJOH��.PSF�PGUFO�UIBO�OPU
�NBJOUFOBODF�JT�EPOF�POMZ�
XIFO�FRVJQNFOU�CSFBLT�EPXO�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�DBO�CF�SFQMJDBCMF�
XIFSFWFS�SFRVJSFE�

���



���

Sources
��� "CEVMMB
�'��"��BOE�"��"M�4IBSFFG�	����
��3PPG�SBJOXBUFS�IBSWFTUJOH�TZTUFNT�GPS�IPVTFIPME�XBUFS�TVQQMZ�JO�+PSEBO��%FTBMJOBUJPO�

���	�

���������

��� "UMBOUJT�	����
�.PEVMBS�6OEFSHSPVOE�5BOLT�4ZTUFN��4JEOFZ��"UMBOUJT��IUUQ���XXX�SBJOIBSWFTU�DPN�BUMBOUJT�E�SBJOUBOL�NPEVMBS�
SBJOXBUFS�TUPSBHF�TZTUFN�BTQ

��� "VDLMBOE�$JUZ�$PVODJM�	����
��4UPSNXBUFS��"VDLMBOE�	/FX�;FBMBOE
��"VDLMBOE�$JUZ�$PVODJM��IUUQ���XXX�BVDLMBOEDPVODJM�HPWU�O[�
&/�FOWJSPONFOUXBTUF�TUPSNXBUFS�1BHFT�IPNF�BTQY

��� &SPLTV[
�&��BOE�"��3BINBO�	����
��3BJOXBUFS�UBOLT�JO�NVMUJ�VOJU�CVJMEJOHT��"�DBTF�TUVEZ�GPS�UISFF�"VTUSBMJBO�DJUJFT��3FTPVSDFT
�
$POTFSWBUJPO�BOE�SFDZDMJOH���	��

����������

��� 'FXLFT
�"��	����
��"�SFWJFX�PG�SBJOXBUFS�IBSWFTUJOH�JO�UIF�6,
�4USVDUVSBM�4VSWFZ
�7PM����	�

�QQ�����o�����

��� +POFT
�.��1��BOE�8��'��)VOU�	����
��1FSGPSNBODF�PG�SBJOXBUFS�IBSWFTUJOH�TZTUFNT�JO�UIF�TPVUIFBTUFSO�6OJUFE�4UBUFT��3FTPVSDFT
�
$POTFSWBUJPO�BOE�SFDZDMJOH���	��

���������

��� ,VT
�#�
�,BOEBTBNZ
�+�
�4IPO
�7�4
�),�
�BOE�.PPEZ
�(�	����
��)PVTFIPME�SBJOXBUFS�IBSWFTUJOH�TZTUFNoQJMPU�TDBMF�HSBWJUZ�ESJWFO�
NFNCSBOF�CBTFE�mMUSBUJPO�TZTUFN��8BUFS�4DJFODF���5FDIOPMPHZ��8BUFS�4VQQMZ���	�

���������

��� /+%&1�	����
��/FX�+FSTFZ�4UPSNXBUFS�#FTU�.BOBHFNFOU�1SBDUJDFT�.BOVBM��$IBQUFS�������4UBOEBSE�GPS�&YUFOEFE�%FUFOUJPO�
#BTJOT��/FX�+FSTFZ��%FQBSUNFOU�PG�&OWJSPONFOUBM�1SPUFDUJPO��IUUQ���XXX�OKTUPSNXBUFS�PSH�UJFS@C�CNQ@NBOVBM�IUN3BJOXBUFS�
IBSWFTUJOH�GSPN�SPPGUPQ�DBUDINFOUT 
IUUQ���XXX�PBT�PSH�ETE�QVCMJDBUJPOT�6OJU�PFB��F�DI���IUN

��� 3BJOXBUFS�)BSWFTUJOH�4ZTUFN�.BOVBM�	����
��3JDF�6OJWFSTJUZ�-FTPUIP�4VTUBJOBCJMJUZ�"TTFTTNFOU�1SPKFDU

���� 8FCTJUFT��#SJUBOOJB�SBJO�XBUFS�IBSWFTUJOH�TZTUFN

IUUQ���XXX�CSJUBOOJBSBJOXBUFS�DP�VL�TZTUFNT�IUNM

$PNQPOFOUT�PG�B�SBJOXBUFS�IBSWFTUJOH�TZTUFN

IUUQ���XXX�SBJOXBUFSIBSWFTUJOH�PSH�6SCBO�$PNQPOFOUT�IUN



Description
-PX�JNQBDU�EFWFMPQNFOU�	-*%
�JT�BO�BQQSPBDI�GPS�B�MBOE�
EFWFMPQNFOU�BOE�SFUSPmU�TUSBUFHZ�UIBU�FNQIBTJ[FT�UIF�QSPUFDUJPO�
BOE�VTF�PG�EJTUSJCVUFE�JOUFSWFOUJPOT�UP�SFEVDF�UIF�WPMVNF�BOE�
SBUF�PG�TUPSNXBUFS�SVOPGG�GSPN�B�EFWFMPQFE�MBOETDBQF��*U�JT�
BDIJFWFE�UISPVHI�UIF�BEPQUJPO�PG�TJUF�BOE�JOGSBTUSVDUVSF�EFTJHOT�
UIBU�TVTUBJO
�PS�BUUFNQU�UP�SFQMJDBUF�QSF�EFWFMPQNFOU�TJUF�
IZESPMPHZ�JO�UIF�QPTU�EFWFMPQNFOU�DPOEJUJPO��5IF�DBMDVMBUJPO�
PG�QSFEFWFMPQNFOU�IZESPMPHZ�JT�CBTFE�PO�OBUJWF�TPJM�BOE�
WFHFUBUJPO��-*%�TZTUFNT�JODMVEF�SFEJSFDUFE�SPPG�MFBEFST
�
TUPSNXBUFS�JOmMUSBUJPO�TZTUFNT
�SBJO�HBSEFOT
�TUPSNXBUFS�
XFUMBOET
�SBJOXBUFS�IBSWFTUJOH
�BOE�SFVTF�TZTUFNT
�BOE�SPPGUPQ�
EFUFOUJPO�TZTUFNT
�EJTUSJCVUFE�UISPVHIPVU�UIF�MBOETDBQF��5IF�
UFSNT�MPX�JNQBDU�EFWFMPQNFOU�BOE�HSFFO�JOGSBTUSVDUVSF�BSF�
VTFE�JOUFSDIBOHFBCMZ�

Design Criteria
5IFSF�BSF�WBSJPVT�UZQFT�BOE�NFBTVSFT�PG�-*%�BQQSPBDI��4PNF�
PG�UIF�LFZ�FYBNQMFT�PG�LFZ�-*%�NFBTVSFT�JODMVEF��J
�7FHFUBUFE�
mMUFS�TUSJQT�BU�UIF�FEHFT�PG�QBWFE�TVSGBDFT��JJ
��3FTJEFOUJBM�PS�
DPNNFSDJBM�SBJO�HBSEFOT�EFTJHOFE�UP�DBQUVSF�BOE�TPBL�JO�
TUPSNXBUFS��JJJ
�1PSPVT�QBWFST
�QPSPVT�DPODSFUF
�BOE�QPSPVT�
BTQIBMU��JW
�/BSSPXFS�TUSFFUT
�W
�3BJO�CBSSFMT�BOE�DJTUFSOT��WJ
�����
(SFFO�SPPGT��BOE�SFUFOUJPO�CBTJO��4PNF�PG�UIPTF�LFZ�UFDIOJRVFT�
BSF�QSFTFOUFE�JO�QSPDFFEJOH�TFDUJPOT�

.BOZ�GBDUPST�SFMBUFE�UP�IZESPMPHJDBM�BOE�IZESPNFUSPMPHZ�
HPWFSOT�UIF�UZQF�BOE�QFSGPSNBODF�PG�B�QBSUJDVMBS�UZQF�PG�-*%��
'PS�FYBNQMF
�QSFDJQJUBUJPO�QBUUFSOT
�XJOE�WFMPDJUZ
�TVOTIJOF�
IPVST
�UPQPHSBQIZ�PG�MBOE
�TPJM�QPSPTJUZ
�TPJM�TUSVDUVSF
�QMBOU�
UZQFT�FUD�

Rainwater/Stormwater Use

Semi-centralized and CentralizedLow Impact Development 
T E C H N O L O G Y SOURCE

SCALE

���

1BSLJOH�MPU�#JPSFUFOUJPO�XJUI�SBJO�HBSEFO

Operating Principles
Green roofs

(SFFO�SPPGT�TZTUFNT�DPNQSJTFE�PG�WBSJPVT�UZQFT�BOE�GPSNT�PG�
WFHFUBUJPO�UIBU�BSF�QMBDFE�PO�USBEJUJPOBM�SPPGUPQT��5IF�UFSNT�
MJWJOH�SPPG�BOE�WFHFUBUJWF�SPPG�BSF�BMTP�VTFE�UP�EFTDSJCF�UIF�
TBNF�TZTUFN��(SFFO�SPPGT�UZQJDBMMZ�DPOTJTU�PG�B�OVNCFS�PG�
MBZFST��B�XBUFSQSPPmOH�NFNCSBOF
�B�ESBJOBHF�TZTUFN
�SPPU�
QSPUFDUJPO
�HSPXJOH�NFEJB�BOE�WFHFUBUJPO��

Applications
-*%�DBO�CF�BQQMJDBCMF�UP�OFX�EFWFMPQNFOU
�SFEFWFMPQNFOU
�
PS�BT�SFUSPmUT�UP�FYJTUJOH�EFWFMPQNFOU��-*%�IBT�CFFO�BEBQUFE�
UP�B�SBOHF�PG�MBOE�VTFT�GSPN�IJHI�EFOTJUZ�VMUSB�VSCBO�TFUUJOHT�
UP�MPX�EFOTJUZ�EFWFMPQNFOU�UP�QSPUFDU�IVNBO�IFBMUI
�QSFWFOU�
XBUFS�QPMMVUJPO
�VTF�QSFDJQJUBUJPO�XBUFS�BOE�QSFWFOU�EBNBHFT�UP�
JOGSBTUSVDUVSF��*U�JT�FTTFOUJBM�JO�VSCBO�BSFBT�XIFSF�DPOTUSVDUFE�
TVSGBDFT�DIBOHF�UIF�IZESBVMJD�QSPQFSUJFT�BOE�QSFWFOU�JOmMUSBUJPO��

5IFTF�BQQSPBDIFT�DBO�CF�VTFE�UP�LFFQ�SBJOXBUFS�PVU�PG�UIF�
TFXFS�TZTUFN�TP�UIBU�JU�EPFT�OPU�DPOUSJCVUF�UP�B�TFXFS�PWFSnPX�
BOE�BMTP�UP�SFEVDF�UIF�BNPVOU�PG�VOUSFBUFE�TUPSNXBUFS�
EJTDIBSHJOH�UP�TVSGBDF�XBUFST��(SFFO�JOGSBTUSVDUVSF�BMTP�BMMPXT�
TUPSNXBUFS�UP�CF�BCTPSCFE�BOE�DMFBOTFE�CZ�TPJM�BOE�WFHFUBUJPO�
BOE�FJUIFS�SF�VTFE�PS�BMMPXFE�UP�nPX�CBDL�JOUP�HSPVOEXBUFS�PS�
TVSGBDF�XBUFS�SFTPVSDFT�

Components
*U�XJMM�EFQFOE�PO�UIF�UZQF�PG�-*%�PQUJPOT�BOE�TUBOEBSE�EFTJHO�
UZQFT�

Capacity
%JGGFSFOU�TJ[FT�DPOTJEFSJOH�UIF�UZQFT�PG�-*%T�TPMVUJPOT�BOE�
DBUDINFOU�BSFB�

Costs
$PTUT�WBSZ�BDDPSEJOH�UP�UIF�UZQFT�PG�-*%T��%VF�UP�IJHIFS�DPTUT�
PG�MBOE
�JU�JT�VTVBMMZ�NPSF�FYQFOTJWF�UP�SFUSPmU�SFUFOUJPO�CBTJOT�
UP�BMSFBEZ�EFWFMPQFE�BSFBT�DPNQBSFE�UP�DPOTUSVDUJOH�POF�JO�
BO�VOEFWFMPQFE�SFHJPO��5IF�DIFBQFTU�46%4�PQUJPOT�BSF�TJNQMF�
EFUFOUJPO�CBTJOT
�*OmMUSBUJPO�TXBMFT�CJPTXBMFT�FUD�XIFSFBT�UIF�
NPSF�DPTUMZ�46%4�PQUJPOT�BSF�XFU�SFUFOUJPO�CBTJTO
�HSFFO�SPPGT
�
DPOTUSVDUFE�XFUMBOET�FUD��

6�4��&1"�TUVEZ�PG����-*%�DBTF�TUVEJFT�BSPVOE�UIF�DPVOUSZ�GPVOE�
UIBU
�JO�UIF�NBKPSJUZ�PG�DBTFT
�UPUBM�DBQJUBM�DPTU�TBWJOHT�SBOHFE�
GSPN����UP����QFSDFOU�XIFO�-*%�NFUIPET�XFSF�VTFE�DPNQBSFE�
UP�DPOWFOUJPOBM�TZTUFN��



(SFFO�SPPGT�mMUFS
�BCTPSC
�BOE�EFUBJO�SBJOGBMM��5IF�TQFDJBMJ[FE�TPJM�BOE�QMBOUT�SFEVDF�SVOPGG�CZ�IPMEJOH�CBDL�BOE�TMPXJOH�EPXO�
XBUFS�UIBU�XPVME�PUIFSXJTF�nPX�JOUP�UIF�TUPSN�ESBJOT��'PS�MBSHFS�TUPSNT
�UIF�SVOPGG�WPMVNF�BOE�QFBL�nPX�SBUF�JT�SFEVDFE�CFDBVTF�PG�
QFSDPMBUJPO�BOE�UFNQPSBSZ�TUPSBHF�JO�UIF�TPJM��

4UVEJFT�PO�HSFFO�SPPGT�TIPX�UIBU�(SFFO�SPPGT�DBO�SFEVDF�BOOVBM�TUPSNXBUFS�SVOPGG�CZ��������XIJMF�QSFWFOUJOH�BUNPTQIFSJD�
QPMMVUBOUT�GSPN�FOUFSJOH�UIF�TUPSNXBUFS�TZTUFN��5IFTF�WFHFUBUJWF�SPPG�TZTUFNT�JOUFSDFQU�TPMBS�SBEJBUJPO�BOE�BDU�UP�DPPM�UIF�CVJMEJOH�
EVSJOH�TVNNFS
�SFEVDJOH�UIF�BJS�DPOEJUJPOJOH�DPTUT�CZ���������

5DLQ�JDUGHQV�	�%LRUHWHQWLRQ�FHOOV

3BJO�HBSEFOT�	3(
�DBO�CF�VTFE�JO�TVCVSCBO�PS�VSCBO�BSFBT��5IF�HBSEFO�JT�EFWFMPQFE�OFBS�UIF�TUSFFU�PS�JO�B�TIBMMPX�EFQSFTTJPO�
XIFSF�SVOPGG�DBO�CF�EJWFSUFE��3(�DBQUVSF�SVOPGG�GSPN�JNQFSWJPVT�BSFBT�TVDI�BT�SPPGT�BOE�ESJWFXBZT�BOE�BMMPX�JU�UP�TFFQ�TMPXMZ�JOUP�
UIF�HSPVOE��3(�IFMQ�UP�QSPUFDU�OFBSCZ�XBUFS�CPEJFT�	TUSFBNT�BOE�MBLFT
�CZ�SFEVDJOH�UIF�BNPVOU�PG�SVOPGG�BOE�mMUFSJOH�QPMMVUBOUT��

3BJO�HBSEFOT�QSPWJEF�UIF�OBUVSBM�JOmMUSBUJPO�PG�SBJOXBUFS�JOUP�UIF�TPJM��/BUJWF�QFSFOOJBM�QMBOUT�XJUI�IBSEXPPE�BSF�DPNNPOMZ�VTFE�JO�SBJO�
HBSEFOT�UP�SFEVDF�XFFET��5IJT�IFMQT�UP�mMUFS�PVU�QPMMVUBOUT�JODMVEJOH�GFSUJMJ[FS
�QFTUJDJEFT
�PJM
�IFBWZ�NFUBMT
�BOE�PUIFS�DIFNJDBMT�UIBU�
BSF�DBSSJFE�XJUI�UIF�SBJOXBUFS�

#JPSFUFOUJPO�DFMMT�BSF�WFSZ�TJNJMBS�UP�SBJO�HBSEFOT��5IFZ�BSF�VTFE�PO�B�MBSHFS�TDBMF�BOE�IBWF�VOEFS�ESBJOT�UP�IBOEMF�MBSHFS�RVBOUJUJFT�
PG�XBUFS��5IF�SBJO�HBSEFOT�BSF�HFOFSBMMZ�VTFE�JO�B�SFTJEFOUJBM�TFUUJOH
�XIFSFBT�CJPSFUFOUJPO�DFMMT�BSF�VTFE�JO�CPUI�QBSLJOH�MPUT
�
DPNNFSDJBM�BOE�SFTJEFOUJBM�EFWFMPQNFOUT�

-PU��3BJO�(BSEFO #JPSFUFOUJPO�$FMM�JO�1BSLJOH���

7FHFUBUFE�	HSBTTFE
�TXBMF

%LRVZDOH�RU�YHJHWDWHG�VZDOH�

#JPTXBMFT�BSF�WFHFUBUFE
�NVMDIFE
�PS�YFSJTDBQFE�DIBOOFMT�UIBU�QSPWJEF�USFBUNFOU�BOE�SFUFOUJPO�BT�UIFZ�NPWF�TUPSNXBUFS�GSPN�POF�
QMBDF�UP�BOPUIFS��5IJT�JT�B�GPSN�PG�CJPSFUOFJUPO�VTFE�UP�QBSUJBMMZ�USFBU�XBUFS�RVBMJUZ
�BUUFOVBUF�nPPEJOH�QPUFOUJBM�BOE�DPOWFZ�TUPNSXBUFS�
BXBZ�GSPN�DSJUJDBM�JOGSBTUSVDUVSF���7FHFUBUFE�TXBMFT�TMPX
�JOmMUSBUF
�BOE�mMUFS�TUPSNXBUFS�nPXT��*U�JT�BQQMJFE�BU�QBSLJOH�MPUT�BOE�NFEJBO
�
SFTJEFOUJBM�SPBETJEF�TXBMFT
�IJHIXBZ�NFEJBO�BOE�MBOETDBQF�CVGG��"T�MJOFBS�GFBUVSFT
�WFHFUBUFE�TXBMFT�BSF�QBSUJDVMBSMZ�TVJUBCMF�BMPOH�
TUSFFUT�BOE�QBSLJOH�MPUT�

���



���

1FSWJPVT�QBWFNFOU�JO�B�QBSLJOH�MPU

Porous pavement

1FSNFBCMF�QBWFNFOUT�BMMPX�SFDIBSHF�UIF�HSPVOE�XBUFS�
UBCMF
�SFNPWF�QPMMVUBOUT
�BOE�SFEVDF�SVOPGG��4FWFSBM�UZQFT�
PG�QFSNFBCMF�QBWFNFOUT�BSF�BWBJMBCMF
�JODMVEJOH�QFSWJPVT�
DPODSFUF
�QFSWJPVT�BTQIBMU
�QFSNFBCMF�QBWFST
�DPODSFUF�
HSJE�QBWFST
�BOE�QMBTUJD�SFJOGPSDFE�HSBTT�QBWFNFOU��5IFTF�
QFSNFBCMF�QBWFNFOUT�BSF�BQQSPQSJBUF�GPS�B�WBSJFUZ�PG�VTFT
�
TVDI�BT�ESJWFXBZT
�QFEFTUSJBO�XBMLXBZT
�PWFSnPX�QBSLJOH�
BSFBT
�QBSLJOH�MPUT
�BOE�SFTJEFOUJBM�SPBET��

Riparian buffers 

"�SJQBSJBO�PS�GPSFTUFE�CVGGFS�JT�B�WFHFUBUFE�BSFB�BMPOH�B�
TIPSFMJOF
�XFUMBOE
�PS�TUSFBN�XIFSF�EFWFMPQNFOU�JT�SFTUSJDUFE��
5IF�QSJNBSZ�GVODUJPO�PG�BRVBUJD�CVGGFST�JT�UP�QSPUFDU�BOE�
TFQBSBUF�B�TUSFBN
�MBLF
�PS�XFUMBOE�GSPN�GVUVSF�EJTUVSCBODF�
PS�FODSPBDINFOU��"�QSPQFSMZ�EFTJHOFE�CVGGFS�DBO�QSPWJEF�
TUPSNXBUFS�NBOBHFNFOU
�BOE�BDU�BT�B�SJHIU�PG�XBZ�EVSJOH�
nPPET�BOE�TVTUBJOT�UIF�JOUFHSJUZ�PG�TUSFBN�FDPTZTUFNT�BOE�
IBCJUBUT�

"T�DPOTFSWBUJPO�BSFBT�XJUI�BRVBUJD�CVGGFST�BSF�QBSU�PG�
BRVBUJD�FDPTZTUFN�BOE�VSCBO�GPSFTU��5P�NBJOUBJO�NBYJNVN�
FGGFDUJWFOFTT
�CVGGFS�JOUFHSJUZ�TIPVME�CF�QSPUFDUFE�BHBJOTU�TPJM�
DPNQBDUJPO
�MPTT�PG�WFHFUBUJPO
�BOE�TUSFBN�JODJTJPO��

.BJOUBJOJOH�CVGGFST�BSPVOE�TUSFBN�IFBEXBUFST�XJMM�MJLFMZ�CF�NPTU�
FGGFDUJWF�BU�NBJOUBJOJOH�PWFSBMM�XBUFSTIFE�XBUFS�RVBMJUZ��64&1"�
IBT�TIPXO�UIBU�DSFBUJOH�PSEJOBODFT�BOE�[POJOH�UP�QSPUFDU�
FYJTUJOH�CVGGFST�XJMM�MJLFMZ�CF�DIFBQFS�UIBO�DSFBUJOH�OFX�CVGGFST�
PS�SFTUPSJOH�EFHSBEFE�POFT�

3JQBSJBO�CVGGFST

Retention Basin

3FUFOUJPO�CBTJOT�BSF�BNPOH�UIF�NPTU�GSFRVFOUMZ�JNQMFNFOUFE�
TUPSN�XBUFS�NBOBHFNFOU�TZTUFNT��5IFZ�BSF�VTFE�UP�DPMMFDU�
TVSGBDF�SVOPGG�BOE�UP�JNQSPWF�UIF�RVBMJUZ�PG�XBUFS�CZ�OBUVSBM�
QSPDFTTFT�TVDI�BT�TFEJNFOUBUJPO
�EFDPNQPTJUJPO
�TPMBS�
EJTJOGFDUJPO
�BOE�TPJM�mMUSBUJPO��3FUFOUJPO�CBTJOT�DPOTUBOUMZ�LFFQ�
TUBOEJOH�XBUFS�BOE�BMMPX�UIF�EFWFMPQNFOU�PG�B�OFX�IBCJUBU��
5IJT�BMTP�BMMPXT�TFUUMFE�QBSUJDMFT�UP�CF�USFBUFE�CJPMPHJDBMMZ��
8BUFS�GSPN�SFUFOUJPO�QPOET�DBO�UIFO�CF�SFVTFE�GPS�HSPVOEXBUFS�
SFDIBSHF
�JSSJHBUJPO�PS�BOZ�PUIFS�QVSQPTF
�PQUJPOBMMZ�SFRVJSJOH�
GVSUIFS�USFBUNFOU�

5IF�TJ[F�PG�B�SFUFOUJPO�CBTJO�JT�EFQFOEFOU�PO�TFWFSBM�GBDUPST�
TVDI�BT�UPQPHSBQIZ
�UIF�FGGFDUJWF�DPOUSJCVUJOH�BSFB
�BOE�UIF�
SFMBUJPOTIJQ�CFUXFFO�UIF�BNPVOUT�PG�JODPNJOH�BOE�EJTDIBSHFE�
XBUFS��3FUFOUJPO�CBTJOT�BSF�CFTU�CVJMU�XIFSF�TUPSNXBUFS�OBUVSBMMZ�
nPXT�BOE�DPMMFDUT��&OPVHI�TQBDF�TIPVME�CF�BWBJMBCMF
�BT�UIF�
QPOET�SFRVJSF�B�NJOJNVN�DPOUSJCVUJOH�BSFB�PG������IFDUBSFT��
5IF�BSFB�SFRVJSFE�JT�HFOFSBMMZ���UP���QFSDFOU�PG�JUT�ESBJOBHF�
BSFB�

"�TNBMM�QPPM�	DBMMFE�TFEJNFOU�GPSFCBZ
�PG�BCPVU����QFSDFOU�
PG�UIF�NBJO�QPOE�T�TJ[F�DBO�GVSUIFS�IFMQ�UP�QSF�USFBU�JODPNJOH�
XBUFS�CZ�LFFQJOH�CBDL�SPVHI�QBSUJDMFT��*O�BEEJUJPO
�UIF�
EFTJHO�TIPVME�DPOTJEFS�PUIFS�QPJOUT�JODMVEJOH
�UIF�OBUVSBM�
IJHI�HSPVOEXBUFS�UBCMF��TIPVME�IBWF���UP���MFOHUI�UP�XJEUI�
SBUJP��SPCVTU�BOE�EJWFSTF�WFHFUBUJPO�TVSSPVOEJOH�XFU�QPOET��
SFMBUJWFMZ�JNQFSNFBCMF�TPJMT
�%FXBUFSJOH�NFDIBOJTN��GPSFCBZ�
GPS�TFEJNFOU�DPMMFDUJPO�BOE�SFNPWBM��B�QFSFOOJBM�CBTFnPX�UIBU�
FYDFFET�MPTTFT�NVTU�CF�QIZTJDBMMZ�BOE�MFHBMMZ�BWBJMBCMF�

1MBOUJOH�OBUJWF�BRVBUJD�WFHFUBUJPO�GVSUIFS�IFMQT�UP�JNQSPWF�
UIF�GVODUJPO�PG�SFUFOUJPO�CBTJOT��/VUSJFOUT�BSF�SFNPWFE�NPSF�
FGGFDUJWFMZ�CFDBVTF�PG�UIF�QIPUPTZOUIFUJD�BDUJWJUJFT�BOE�CBDUFSJB�
BUUBDIFE�UP�UIF�QMBOUT�

#Z�TUPSJOH�XBUFS�JO�UIF�CBTJO
�SFUFOUJPO�QPOET�IFMQ�UP�JNQFEF�UIF�
OFHBUJWF�FGGFDUT�PG�FYDFTT�TUPSN�XBUFS
�QSFWFOUJOH�TVDDFTTJPOBM�
nPPEJOH
�BOE�DBO�GVSUIFS�CF�VTFE�UP�SFDIBSHF�HSPVOEXBUFS��
"MTP
�XBUFS�RVBMJUZ�JODSFBTFT�JNNFOTFMZ
�CFDBVTF�UIF�TUBOEJOH�
XBUFS�JT�mMUFSFE�GSPN�TPMJE�BOE�TPMVCMF�QPMMVUBOUT�BT�XFMM�BT�
FYDFTT�OVUSJFOUT��*G�OPU�SFVTFE�GPS�HSPVOEXBUFS�SFDIBSHF
�JU�NBZ�
CF�SFVTFE�JO�BHSJDVMUVSF�	F�H�
�JSSJHBUJPO�PS�BRVBDVMUVSF

�JOEVTUSZ�
PS�BU�IPVTFIPME�MFWFM�BGUFS�BO�BQQSPQSJBUF�TFDPOEBSZ�USFBUNFOU
�
JG�SFRVJSFE�	F�H��GSFF�TVSGBDF
�WFSUJDBM�nPX�DPOTUSVDUFE�XFUMBOET�
PS�OPO�QMBOUFE�mMUFS
�

0OF�NBJO�QSFSFRVJTJUF�GPS�UIF�DPOTUSVDUJPO�PG�SFUFOUJPO�CBTJOT�
JT�TQBDF��"�NJOJNVN�DPOUSJCVUJOH�BSFB�PG�mWF�IFDUBSFT�JT�
OFDFTTBSZ�GPS�B�TVDDFTTGVM�JNQMFNFOUBUJPO��3FUFOUJPO�QPOET�BSF�
OPU�TVJUFE�GPS�BSFBT�XJUI�MPX�QSFDJQJUBUJPO�CFDBVTF�UIF�CBTJOT�
NVTU�CF�BCMF�UP�DPOTUBOUMZ�IPME�XBUFS��5IJT�DBO�BMTP�CF�IJOEFSFE�
JG�UIF�TPJM�JT�IJHIMZ�QFSNFBCMF�

3FUFOUJPO�CBTJO�SFRVJSFT�IJHI�JOWFTUNFOUT�GPS�DPOTUSVDUJPO��
IPXFWFS�UIF�PWFSBMM�NBSHJOBM�DPTUT�BSF�MPX��5IJT�JT�EVF�UP���B�
MPOH��MJGF�NPTUMZ�PWFS����ZFBST�BOE�SFRVJSJOH�POMZ�NJOJNBM�
NBJOUFOBODF�BOE�PQFSBUJPO�DPTUT��5IF�&1"�TUBUFT�UIBU�CFUXFFO�
�������BOE�����64%�OFFE�UP�CF�JOWFTUFE�QFS�DVCJD�NFUFS�PG�
XBUFS�USFBUFE�



���

3FUFOUJPO�#BTJO

Detention Basin

%FUFOUJPO�CBTJOT�UFNQPSBSJMZ�TUPSF�TUPSNXBUFS�SVOPGG
�UIFSFCZ�
SFEVDJOH�UIF�QFBL�SBUF�PG�SVOPGG�UP�B�TUSFBN�PS�TUPSN�TFXFS��
5IFZ�IFMQ�UP�QSFWFOU�MPDBMJ[FE�nPPEJOH�BOE
�JG�EFTJHOFE�UP�EP�
TP
�QSPWJEF�TPNF�XBUFS�RVBMJUZ�CFOFmUT�BOE�SFEVDF�TUSFBN�
CBOL�FSPTJPO�EPXOTUSFBN��5IFZ�QSPWJEF�UFNQPSBSZ�TUPSBHF�PG�
TUPSNXBUFS�SVOPGG�BUUFOVBUJPO�GPS�CPUI�TUPSNXBUFS�RVBMJUZ�BOE�
RVBOUJUZ�NBOBHFNFOU��5P�SFNPWF�UIF�QPMMVUJPO
�QPOET�NVTU�CF�
EFTJHOFE�UP�BMMPX�TUPSNXBUFS�UP�TJU�MPOH�FOPVHI�UP�TFUUMF�PVU�

%FUFOUJPO�QPOET�BSF�EFTJHOFE�UP�SFMFBTF�BMM�DBQUVSFE�SVOPGG�
PWFS�UJNF
�BOE�EP�OPU�BMMPX�GPS�QFSNBOFOU�QPPMJOH�PG�XBUFS��
$BQUVSFE�SVOPGG�JT�SFMFBTFE�UISPVHI�NVMUJ�MFWFM�PVUMFU�TUSVDUVSFT�
DPOTJTUJOH�PG�XFJST
�SJTFST
�PSJmDFT�PS�QJQFT
�XIJDI�QSPWJEF�GPS�
JODSFBTFE�EJTDIBSHF�BT�XBUFS�MFWFMT�JO�UIF�CBTJO�JODSFBTF��5IF�
QPOET�HFOFSBMMZ�BSF�FBSUIFO�TUSVDUVSFT�DPOTUSVDUFE�FJUIFS�CZ�
JNQPVOENFOU�PG�B�OBUVSBM�EFQSFTTJPO�PS�FYDBWBUJPO�PG�FYJTUJOH�
TPJM�

.BJO�GBDUPST�UP�CF�DPOTJEFSFE�XIJMF�EFTJHOJOH�UIF�EFUFOUJPO�
CBTJO�JODMVEF��J
�4VJUBCMF�GPS�DBQUVSJOH�SVOPGG�GSPN�B�ESBJOBHF�
BSFB�PG�BU�MFBTU�mWF�BDSFT
��JJ
��JOnPX�BOE�EJTDIBSHF�IZESPHSBQIT�

TIPVME�CF�DBMDVMBUFE�GPS�FBDI�TFMFDUFE�EFTJHO�TUPSN
�JJJ
�
-PDBUJPO�PG�CBTJO�TIPVME�CF�EPXO�HSBEJFOU�PG�EJTUVSCFE�
EFWFMPQFE�BSFBT�PO�TJUF
�JW
�$POTUSVDUJPO�PO�PS�OFBS�TUFFQ�
TMPQFT�PS�NPEJGZJOH�FYJTUJOH�TMPQF�JT�OPU�SFDPNNFOEFE
�W
�
1MBOUJOH�PG�OBUJWF�WFHFUBUJPO�PO�nPPS�PG�CBTJO�BOE�FNCBOLNFOUT�
JT�SFDPNNFOEFE
�WJ
�'MPPS�PG�CBTJO�TIPVME�CF�BU�MFBTU�UXP�GFFU�
BCPWF�IJHI�XBUFS�UBCMF
�WJJ
��%FTJHO�GPS�NBYJNVN�XBUFS�EFQUI�
PG����GFFU
�MFOHUI�UP�XJEUI�SBUJP�PG����
�NJOJNVN
�WJJJ
�%FTJHO�GPS�
XJEUI�PG����GFFU��TJEF�TMPQF�SBUJP�OP�HSFBUFS�UIBO����
�NBYJNVN�
IFJHIU�PG�TJEF�FNCBOLNFOUT�MFTT�UIBO����GFFU
�JY
�'PSFCBZ�GPS�
TIPVME�DPOUBJO�����UP�����PG�UPUBM�QPPM�WPMVNF
�BOE�Y
�0VUMFU�
TUSVDUVSFT�NVTU�CF�SFTJTUBOU�UP�DPSSPTJPO�BOE�DMPHHJOH�CZ�
EFCSJT
�TFEJNFOU�BOE�QMBOU�NBUFSJBM�

%FUFOUJPO�QPOET�BSF�HFOFSBMMZ�JOFGGFDUJWF�BU�SFNPWJOH�QPMMVUBOUT�
JO�SVOPGG�CFDBVTF�UIFZ�EP�OPU�QSPWJEF�BEFRVBUF�IPMEJOH�UJNF�
GPS�TPMJET�UP�TFUUMF�CFGPSF�XBUFS�JT�SFMFBTFE�JOUP�B�TUSFBN�PS�
TUPSN�TFXFS�TZTUFN��)PXFWFS
�FYUFOEJOH�UIF�EFUFOUJPO�UJNF�
PG�UIF�CBTJO�BOE�PS�JODMVEJOH�B�GPSFCBZ�UP�UIF�CBTJO�JO�UIF�
EFTJHO
�XIFO�TQBDF�BMMPXT
�XJMM�FOIBODF�XBUFS�RVBMJUZ�BOE�
RVBOUJUZ�CFOFmUT��&YUFOEFE�EFUFOUJPO�XJMM�SFRVJSF�B�MBSHFS�CBTJO��
'PSFCBZT�USBQ�TFEJNFOU�UP�QSFUSFBU�SVOPGG�QSJPS�UP�SFMFBTF�UP�UIF�
NBJO�QPOE
�BOE�BMTP�QSPWJEF�BEEJUJPOBM�UFNQPSBSZ�TUPSBHF�PG�
SVOPGG�

%FUFOUJPO�#BTJO



���

<[PSP[`�
�,MÄJPLUJ`
.BJO�PCKFDUJWFT�BSF�UP�DPOUSPM�UIF�SVOPGG�WPMVNF
�SFEVDF�UIF�
QFBL�nPX
�BOE�QSFWFOU�XBUFS�QPMMVUJPO�JO�TFXFSBHF�TZTUFNT��
&YBDU�QFSGPSNBODFT�PG�UIF�-*%�BSF�SFQPSUFE�FMTFXIFSF�
BDDPSEJOH�UP�UIF�UZQFT�

Reliability
5IF�SFMJBCJMJUZ�EFQFOET�PO�UIF�UZQF�PG�-*%�TPMVUJPO�BT�XFMM�BT�
MFWFM�PG�NBJOUFOBODF�BOE�PQFSBUJPO�PG�-*%�TZTUFNT�

Regulatory/Institutional Issues
%FTJHO�BOE�DPOTUSVDUJPO�SFRVJSFT�FYQFSU�TFSWJDFT��0QFSBUJPO
�
NPOJUPSJOH�BOE�NBJOUFOBODF�XJMM�BMTP�SFRVJSF�TLJMMFE�TUBGG��*U�XJMM�
SFRVJSF�DMFBS�QPMJDZ�GPS�UIF�NBJOUFOBODF�BOE�PQFSBUJPO�BU�UIF�
EJGGFSFOU�MFWFM�PG�UIF�-*%�BQQMJDBUJPO�

Operation and Maintenance
• 0OF�PG�UIF�DSJUJDBM�CBSSJFST�GPS�UIF�TVDDFTT�PG�-*%�JO�

TUPSNXBUFS�NBOBHFNFOU�OFFE�PG�SFHVMBS�JOTQFDUJPO�BOE�
NBJOUFOBODF��

• 5IF�-*%�TZTUFNT�IBWF�UP�CF�DMFBSFE�GSPN�FYDFTT�TFEJNFOU�
BOE�USBTI��"MTP
�SFHVMBS�JOTQFDUJPOT�PG�XBUFS�JO�BOE�PVUMFUT�
BSF�OFFEFE�

Replication Potential 
4UBOEBSEJ[FE�EFTJHOT�BSF�BWBJMBCMF�BOE�DBO�CF�EFWFMPQFE�JO�
BOZ�MPDBUJPO�QSPWJEFE�FYQFSUT��TVQQPSU�JT�BWBJMBCMF�

��� *U�SFRVJSFT�TVQQPSU�PG�FYQFSUT�GPS�EFTJHOJOH
�
JNQMFNFOUBUJPO
�PQFSBUJPO
�BOE�NBJOUFOBODF��

��� 5IJT�JT�B�MBCPS�JOUFOTJWF�VOEFSUBLJOH�BOE�OFFET�
GSFRVFOU�0QFSBUJPO�BOE�.BJOUFOBODF�

��� *U�IBT�WFSZ�IJHI�SJTL�PG�DMPHHJOH�JOmMUSBUJPO�TZTUFN�
DBVTFE�CZ�IJHI�TFEJNFOUBUJPO�SBUFT�

U
Disadvantages

��� .PTU�PG�UIF�NFBTVSFT�BSF�CBTFE�PO�UIF�OBUVSBM�
TZTUFN�BOE�CBTFE�PO�B�TJNQMF�UFDIOPMPHZ��

��� 5IFZ�IBWF�B�IJHIFS�QPUFOUJBM�UP�SFDIBSHF�
HSPVOEXBUFS
�SFVTF�PG�SBJOXBUFS
�BOE�TVSGBDF�SVO�
PGG�GPS�JSSJHBUJPO
�IPVTFIPME�XBUFS
�BOE�PUIFS�VTFT��

��� *U�IFMQT�UP�BWPJE�QFBL�nPPEJOH�BOE�QPUFOUJBM�
EBNBHFT�PO�JOGSBTUSVDUVSF��

��� *U�DBO�CF�JOUFHSBUFE�JOUP�UIF�VSCBO�MBOETDBQF�BOE�
QSPWJEF�HSFFO�BOE�SFDSFBUJPOBM�BSFBT�

��� .BOZ�-*%�QSBDUJDFT�QSPWF�UP�CF�BUUSBDUJWF�
BNFOJUJFT�UP�B�OFJHICPSIPPE
�VTJOH�UIFN�NBZ�
JODSFBTF�QSPQFSUZ�WBMVFT
�SFEVDFT�IFBU�JTMBOE�
FGGFDUT�FUD�

D
Advantages
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Sources
��� "3$�	����
��5IF�$PVOUSZTJEF�-JWJOH�5PPMCPY��"�(VJEF�GPS�UIF�.BOBHFNFOU�PG�4UPSNXBUFS�%JTDIBSHFT�JO�$PVOUSZTJEF�-JWJOH�"SFBT�

JO�UIF�"VDLMBOE�3FHJPO��"VDLMBOE��"VDLMBOE�3FHJPOBM�$PVODJM�	"3$
��

��� #BSS�&OHJOFFSJOH�$PNQBOZ�	����
��6SCBO�4NBMM�4JUFT�#FTU�.BOBHFNFOU�1SBDUJDF�.BOVBM��'JMUFS�4USJQFT��4U��1BVM��.FUSPQPMJUBO�
$PVODJM�&OWJSPONFOUBM�4FSWJDFT��

��� $JUZ�0G�1PSUMBOE�	����
��0QFSBUJPO�BOE�.BJOUFOBODF�GPS�1SJWBUF�1SPQFSUZ�0XOFST��1PSUMBOE��&OWJSPONFOUBM�4FSWJDFT��

��� %$3�	����
��3FUFOUJPO�#BTJO
�7JSHJOJB�4UPSNXBUFS�.BOBHFNFOU�)BOECPPL���$IBQUFS����7JSHJOJB�%FQBSUNFOU�PG�$POTFSWBUJPO�BOE�
3FDSFBUJPO�	%$3
��3JDINPOE
�7"��IUUQ���XXX�TTXN�JOGP�TJUFT�EFGBVMU�mMFT�SFGFSFODF@BUUBDINFOUT�%$3����������3FUFOUJPO���
#BTJO�QEG

��� (%4%4�	����
��3FUFOUJPO�1POE��4JUF�$POUSPM��%VCMJO��(SFBUFS�%VCMJO�4USBUFHJD�%SBJOBHF�4UVEZ�	(%4%4
��IUUQ���XXX�
HSFBUFSEVCMJOESBJOBHF�JF��

��� )BNFM
�1�
�%BMZ
�&��BOE�'MFUDIFS
�5%��	����
��4PVSDF�DPOUSPM�TUPSNXBUFS�NBOBHFNFOU�GPS�NJUJHBUJOH�UIF�JNQBDUT�PG�VSCBOJ[BUJPO�PO�
CBTF�nPX��"�SFWJFX��+PVSOBM�PG�)ZESPMPHZ
����
����o����

��� )PHBO
�%��.��BOE�.��3��8BMCSJEHF�	����
��#FTU�NBOBHFNFOU�QSBDUJDFT�GPS�OVUSJFOU�BOE�TFEJNFOU�SFUFOUJPO�JO�VSCBO�TUPSNXBUFS�
SVOPGG��+PVSOBM�PG�&OWJSPONFOUBM�2VBMJUZ
���	�

���������

��� )VOH
�:�5�
�"[J[
�)�"��BOE�.VSTIFE
�.��'��	����
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�)�
�:BP
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�BOE�4IBX
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�+�/�
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��5IF�4UPSNXBUFS�.BOBHFS�T�3FTPVSDF�$FOUFS
�IUUQ���XXX�TUPSNXBUFSDFOUFS�OFU�

���� 4VTUBJOBCMF�4UPSNXBUFS�.BOBHFNFOU�	����
��*OmMUSBUJPO�5SFODIFT�44.��4VTUBJOBCMF�4UPSNXBUFS�.BOBHFNFOU��

���� 4UFGGFO
�+�
�+FOTFO
�.�
�1PNFSPZ
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���� 4UPNXBUFS�	����
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��-PX�*NQBDU�%FWFMPQNFOU�	-*%
�#BSSJFS�#VTUFST
�'BDU�4IFFU�4FSJFT��IUUQ���XBUFS�FQB�HPW�QPMXBTUF�HSFFO�CCGT�DGN

���� 64&1"�	����
��"�CFTU�QSBDUJDF�TVNNBSZ�CZ�UIF�4DPUUJTI�&OWJSPONFOU�1SPUFDUJPO�"HFODZ	4&1"
�IUUQ���XXX�TFQB�PSH�VL�XBUFS�
XBUFS@SFHVMBUJPO�SFHJNFT�QPMMVUJPO@DPOUSPM�EJGGVTF@QPMMVUJPO�BTQY

���� 64&1"�	����
��1FSGPSNBODF�PG�4UPSNXBUFS�3FUFOUJPO�1POET�BOE�$POTUSVDUFE�8FUMBOET�JO�3FEVDJOH�.JDSPCJBM�$PODFOUSBUJPOT��
8BTIJOHUPO
�%�$���6OJUFE�4UBUFT�&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�	&1"
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Description
5IF�QVSQPTF�PG�QSFMJNJOBSZ�USFBUNFOU�JT�UP�SFNPWF
�SFEVDF
�PS�
NPEJGZ�XBTUFXBUFS�DPOTUJUVFOUT�UIF�SBX�JOnVFOU�UIBU�DBO�DBVTF�
PQFSBUJPOBM�QSPCMFNT�XJUI�EPXOTUSFBN�QSPDFTTFT�PG�XBTUFXBUFS�
USFBUNFOU��5IF�QSPDFTT�DPOTJTUT�PG�TDSFFOJOH�VTVBMMZ�CZ�CBS�
TDSFFOT
�HSJU�SFNPWBM�UISPVHI�DPOTUBOU�WFMPDJUZ�DIBOOFMT�UP�
SFNPWF�UIF�HSPTT�TPMJE�QPMMVUJPO
�BOE�SFNPWBM�PG�HSFBTF�PS�PJM�
mMNT�PS�GBU�BDDVNVMBUJPOT��

Design Criteria
%FTJHO�DPOTJEFSBUJPOT�PG�UIF�QSFMJNJOBSZ�USFBUNFOU�VOJU�DPOTJTU�
PG�EFTJHO�PG�TDSFFOJOH
�HSJU�SFNPWBM
�BOE�GBU�HSFBTF�SFNPWBM�

4DSFFOT�UZQJDBMMZ�BSF�MPDBUFE�VQTUSFBN�GSPN�HSJU�SFNPWBM��
4DSFFO�PQFOJOHT�SBOHFT�GSPN���UP����NN��'JOFS�TDSFFOT
�XJUI�
PQFOJOHT�GSPN���UP���NN
�BSF�VTFE�GPS�UIF�BEWBODFE�USFBUNFOU�
QSPDFTT�TVDI�BT�NFNCSBOF��*O�NPTU�DBTFT�NJME�TUFFM�JT�
TBUJTGBDUPSZ�GPS�NBLJOH�TDSFFOT�CVU�PUIFS�NBUFSJBMT�NBZ�OFFE�UP�
CF�DPOTJEFSFE�JO�BCOPSNBMMZ�DPSSPTJWF�FOWJSPONFOUT��

(SJU�SFNPWBM���5IF�RVBOUJUZ�BOE�DIBSBDUFSJTUJDT�PG�HSJU�BOE�
JUT�QPUFOUJBM�BEWFSTF�FGGFDUT�PO�EPXOTUSFBN�QSPDFTTFT�BSF�
JNQPSUBOU�DPOTJEFSBUJPOT�JO�TFMFDUJOH�B�HSJU�SFNPWBM�QSPDFTT��
0UIFS�DPOTJEFSBUJPOT�JODMVEF�IFBE�MPTT
�TQBDF�SFRVJSFNFOUT
�
SFNPWBM�FGmDJFODZ
�BOE�PSHBOJD�DPOUFOU�

(SJU�SFNPWBM�FRVJQNFOU�UZQJDBMMZ�JT�EFTJHOFE�UP�SFNPWF�����PG�
QBSUJDMFT�MBSHFS�UIBO������NN��(FOFSBMMZ�B�TJOHMF�HSJU�SFNPWBM�
VOJU�XJUI�B�CZQBTT�DIBOOFM�XJMM�CF�FOPVHI�GPS�TNBMM�JOTUBMMBUJPOT�
	BWFSBHF�nPX��������N��E
��'PS�MBSHFS�QMBOUT
�NVMUJQMF�HSJU�
SFNPWBM�VOJUT�BSF�OFDFTTBSZ�

0JM
�HSFBTF�BOE�GBU�BSF�SFNPWBM�CZ�TLJNNJOH��5IJT�JT�SFRVJSFE�
UP�QSFWFOU�CMPDLBHFT
�TDVN�GPSNBUJPO�BOE�UIF�BDDVNVMBUJPO�PG�
GBU�PO�DPOWFZPST�BOE�PUIFS�FMFNFOUT�PG�UIF�XPSLT�SFTVMUJOH�JO�
SFEVDFE�FGmDJFODZ�BOE�FYDFTTJWF�NBJOUFOBODF�SFRVJSFNFOUT�

5IF�NBJO�EFTJHO�GBDUPST�UP�CF�DPOTJEFSFE�BSF�NBYJNVN�nPX�
WFMPDJUZ�UISPVHI�UIF�TDSFFO�BQFSUVSFT
�NJOJNVN�WFMPDJUZ�JO�UIF�
BQQSPBDI�DIBOOFM
�TUSFOHUI�BOE�EVSBCJMJUZ�PG�UIF�TDSFFOJOH�
NFEJVN�BOE�XBTUFXBUFS�DIBSBDUFSJTUJDT��"�NJOJNVN�WFMPDJUZ�
PG�����UP�����N�T�JT�VTVBMMZ�QSPWJEFE�UP�QSFWFOU�FYDFTTJWF�
BDDVNVMBUJPO�PG�TFUUMFE�NBUFSJBMT�JO�BQQSPBDI�DIBOOFMT��

Blackwater

Semi-centralized and CentralizedPreliminary Treatment
T E C H N O L O G Y SOURCE

SCALE

Applications
"�QSFMJNJOBSZ�USFBUNFOU�QSPDFTT�JT�BMXBZT�SFRVJSFE�GPS�TDSFFOJOH�
BOE�SFNPWJOH�MBSHF�PCKFDUT�UIBU�DPVME�EBNBHF�JOnVFOU�QVNQT�
PS�CMPDL�nPX�JO�SBX�TFXBHF�DIBOOFMT�BOE�QJQJOH�TZTUFN��
5IF�HSJU�SFNPWBM�SFEVDFT�FYDFTTJWF�XFBS�PG�QVNQT�BOE�PUIFS�
FRVJQNFOU
�DMPHHJOH�PG�BFSBUJPO�EFWJDFT
�PS�UBLJOH�VQ�DBQBDJUZ�
JO�UBOLT�UIBU�JT�OFFEFE�GPS�USFBUNFOU�

1SJNBSZ�USFBUNFOU�VOJU�JO�XBTUFXBUFS�USFBUNFOU�TZTUFN

$PBSTF�TDSFFO�

(SJU�SFNPWBM�DIBNCFS�JO�1SJNBSZ�USFBUNFOU



���

Components
.BJO�DPNQPOFOUT�JODMVEF�TDSFFO
�HSJU�SFNPWBM
�BOE�TMVEHF�
SFNPWBM�JO�HFOFSBM�

Capacity
$BQBDJUZ�WBSJFT�XJUI�UIF�TJ[FT�PG�UIF�XBTUFXBUFS�USFBUNFOU�
QMBOUT��

Costs
5IF�DPTU�PG�TDSFFOT�BOE�HSJU�SFNPWBM�TZTUFNT�WBSZ�XJUI�UIF�UZQF�
PG�UFDIOPMPHZ�VTFE�BOE�BODJMMBSZ�FRVJQNFOU��.PTU�PG�UIF�UJNF�
UIFZ�BSF�MPX�DPTU�

Operating Principles
"T�XBTUFXBUFS�FOUFST�QSFMJNJOBSZ�USFBUNFOU
�B�TDSFFO�SFNPWFT�
MBSHF�nPBUJOH�PCKFDUT�TVDI�BT�SBHT
�DBOT
�CPUUMFT�BOE�TUJDLT�
UIBU�NBZ�DMPH�QVNQT
�TNBMM�QJQFT
�BOE�EPXOTUSFBN�QSPDFTTFT��
5IF�TDSFFOT�TJ[FT�WBSZ�GSPN�DPBSTF�UP�mOF
�BOE�BSF�DPOTUSVDUFE�
XJUI�QBSBMMFM�TUFFM�PS�JSPO�CBST�XJUI�PQFOJOHT�PG�BCPVU�IBMG�BO�
JODI
�XIJMF�PUIFST�NBZ�CF�NBEF�GSPN�NFTI�TDSFFOT�XJUI�NVDI�
TNBMMFS�PQFOJOHT�

"GUFS�UIF�XBTUFXBUFS�IBT�CFFO�TDSFFOFE
�JU�NBZ�nPX�JOUP�
B�HSJU�DIBNCFS�XIFSF�TBOE
�HSJU
�DJOEFST
�BOE�TNBMM�TUPOFT�
TFUUMF�UP�UIF�CPUUPN���.BOZ�UZQFT�PG�HSJU�SFNPWBM�TZTUFNT�FYJTU�
JODMVEJOH�BFSBUFE�HSJU�DIBNCFST
�WPSUFY�UZQF�	QBEEMF�PS�KFU�
JOEVDFE�WPSUFY
�HSJU�SFNPWBM�TZTUFNT
�EFUSJUVT�UBOLT�	TIPSU�
UFSN�TFEJNFOUBUJPO�CBTJOT

�IPSJ[POUBM�nPX�HSJU�DIBNCFST�
	WFMPDJUZ�DPOUSPMMFE�DIBOOFM

�BOE�IZESPDZDMPOFT�	DZDMPOJD�
JOFSUJBM�TFQBSBUJPO
��5IF�PQFSBUJPO�QSJODJQMF�XJMM�CF�TZTUFN�
EFQFOEFOU��'PS�FYBNQMF
�JO�BFSBUFE�HSJU�DIBNCFST
�HSJU�JT�
SFNPWFE�CZ�DBVTJOH�UIF�XBTUFXBUFS�UP�nPX�JO�B�TQJSBM�QBUUFSO��
"JS�JT�JOUSPEVDFE�JO�UIF�HSJU�DIBNCFS�BMPOH�POF�TJEF
�DBVTJOH�
B�QFSQFOEJDVMBS�TQJSBM�WFMPDJUZ�QBUUFSO�UP�nPX�UISPVHI�UIF�
UBOL��)FBWJFS�QBSUJDMFT�BSF�BDDFMFSBUFE�BOE�EJWFSHF�GSPN�UIF�
TUSFBNMJOFT
�ESPQQJOH�UP�UIF�CPUUPN�PG�UIF�UBOL
�XIJMF�MJHIUFS�
PSHBOJD�QBSUJDMFT�BSF�TVTQFOEFE�BOE�FWFOUVBMMZ�DBSSJFE�PVU�PG�
UIF�UBOL�

*O�TPNF�QMBOUT
�B�mOFS�TDSFFO�JT�QMBDFE�BGUFS�UIF�HSJU�DIBNCFS�UP�
SFNPWF�BOZ�BEEJUJPOBM�NBUFSJBM�UIBU�NJHIU�EBNBHF�FRVJQNFOU�PS�
JOUFSGFSF�XJUI�MBUFS�QSPDFTTFT��5IF�HSJU�BOE�TDSFFOJOHT�SFNPWFE�
	FJUIFS�NBOVBMMZ�PS�NFDIBOJDBMMZ
�CZ�UIFTF�QSPDFTTFT�NVTU�CF�
QFSJPEJDBMMZ�DPMMFDUFE�BOE�JODJOFSBUFE�PS�USVDLFE�UP�B�MBOEmMM�GPS�
EJTQPTBM�

<[PSP[`�
�,MÄJPLUJ`
1SFMJNJOBSZ�USFBUNFOU�SFEVDFT�UIF�IFBWZ�TPMJE�BOE�nPBUJOH�
NBUUFST�JO�XBTUFXBUFS�UIBU�DBO�DBVTF�PQFSBUJPOBM�QSPCMFNT�XJUI�
EPXOTUSFBN�USFBUNFOU��

Reliability
*U�T�B�TJNQMF�BOE�SFMJBCMF�QSPDFTT�UFDIOPMPHZ�JO�XBTUFXBUFS�
USFBUNFOU�

Replication Potential 
5IF�UFDIOPMPHZ�IBT�CFFO�TVDDFTTGVMMZ�BQQMJFE�JO�NBOZ�QMBDFT�
BOE�DBO�CF�SFQMJDBCMF�JO�BOZ�QMBDF�

Regulatory/Institutional Issues
$FOUSBMJ[FE�TZTUFNT�SFRVJSF�TUBOEBSET
�SFHVMBUJPOT
�BOE�
JOTUJUVUJPOT�GPS�PQFSBUJPO��

Operation and Maintenance
.BJO�PQFSBUJPO�BOE�NBJOUFOBODF�BDUJWJUJFT�JODMVEF�DMFBOJOH�
TDSFFOT�BOE�EJTQPTJOH�PG�UIF�HSJU�TBGFMZ��

$MFBOJOH�GSFRVFODZ�EFQFOET�PO�UIF�DIBSBDUFSJTUJDT�PG�UIF�
XBTUFXBUFS�FOUFSJOH�JOUP�UIF�QMBOU��.BOVBMMZ�DMFBOFE�TDSFFOT�
SFRVJSF�GSFRVFOU�SBLJOH�UP�QSFWFOU�DMPHHJOH��4PNF�QMBOUT�IBWF�
JODPSQPSBUFE�TDSFFOJOH�EFWJDFT
�TVDI�BT�CBTLFU�UZQF�USBTI�
SBDLT
�UIBU�BSF�NBOVBMMZ�IPJTUFE�BOE�DMFBOFE��.FDIBOJDBMMZ�
DMFBOFE�TDSFFOT�NVTU�CF�SPVUJOFMZ�JOTQFDUFE�CFDBVTF�PG�UIFJS�
TVTDFQUJCJMJUZ�UP�CSFBLBHF�BOE�CFOEJOH�PG�UIF�SBLF�UFFUI��

$PMMFDUFE�HSJU�NVTU�CF�SFNPWFE�GSPN�UIF�DIBNCFS��JU�TIPVME�CF�
ESBJOFE
�XBTIFE
�BOE�DPOWFZFE�UP�B�EJTQPTBM�TJUF��4PNF�TNBMMFS�
QMBOUT�VTF�NBOVBM�NFUIPET�UP�SFNPWF�HSJU
�CVU�HSJU�SFNPWBM�JT�
VTVBMMZ�BDDPNQMJTIFE�CZ�BO�BVUPNBUJD�NFUIPE���'PVS�DPNNPOMZ�
VTFE�NFUIPET�PG�BVUPNBUJD�HSJU�SFNPWBM�JODMVEF�JODMJOFE�TDSFX�
PS�UVCVMBS�DPOWFZPST
�DIBJO�BOE�CVDLFU�FMFWBUPST
�DMBNTIFMM�
CVDLFUT
�BOE�QVNQJOH��

5IF�GSFRVFODZ�PG�NBJOUFOBODF�XJMM�EFQFOE�PO�UIF�UZQFT�PG�
UFDIOPMPHZ�BOE�BTTPDJBUFE�QSPDFTTJOH�VOJUT�XJUIJO�UIF�TZTUFN�



��� 3FEVDFT�USFBUNFOU�MPBET�JO�UIF�XBTUFXBUFS�
USFBUNFOU�QSPDFTT�

��� 5IF�QSPDFTT�JT�TJNQMF�BOE�FBTZ�UP�PQFSBUF�

��� .PTU�PG�UIF�UJNF
��JU�EPFT�OPU�SFRVJSF�FOFSHZ�
TVQQMZ

��� .BOVBMMZ�DMFBOFE�TDSFFOT�SFRVJSF�MJUUMF�PS�
OP�FRVJQNFOU�NBJOUFOBODF�BOE�QSPWJEF�B�
HPPE�BMUFSOBUJWF�GPS�TNBMMFS�QMBOUT�XJUI�GFX�
TDSFFOJOHT��

��� .FDIBOJDBMMZ�DMFBOFE�TDSFFOT�PGGFS�UIF�
BEWBOUBHFT�PG�JNQSPWFE�nPX�DPOEJUJPOT�BOE�
TDSFFOJOH�DBQUVSF�PWFS�NBOVBMMZ�DMFBOFE�
TDSFFOT�

��� .BOVBMMZ�DMFBOFE�TDSFFOT�SFRVJSF�GSFRVFOU�
SBLJOH�SFTVMUJOH�JO�JODSFBTFE�MBCPS�DPTUT�

��� .FDIBOJDBMMZ�DMFBOFE�TDSFFOT�IBWF�IJHI�
FRVJQNFOU�NBJOUFOBODF�DPTUT�

��� 3JTL�PG�IBSNGVM
�WPMBUJMF�PSHBOJDT�BOE�PEPST�
SFMFBTFE�GSPN�UIF�BFSBUFE�HSJU�DIBNCFS�

D U
Advantages Disadvantages
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������������

��� .BUBNPSPT
�7�
�$��"SJBT
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��������

��� 3PUINBO
�.���/PSSLÚQJOH
�7��	����
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'FEFSBUJPO�5FDIOJDBM�&YQPTJUJPO�BOE�$POGFSFODF�<$%�30.>��8BTIJOHUPO
�%�$�
�0DU���o�/PW����8BUFS�&OWJSPONFOU�'FEFSBUJPO��
"MFYBOESJB
�7JSHJOJB�

��� 6�4��&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�	����
��1SFMJNJOBSZ�5SFBUNFOU�'BDJMJUJFT�%FTJHO�BOE�0QFSBUJPOBM�$POTJEFSBUJPOT
�&1"�
���������������6�4��&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ��8BTIJOHUPO
�%�$�

��� 8&'�BOE�"4$&�	����
��%FTJHO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT��8&'�.BOVBM�PG�1SBDUJDF�/P����"4$&�.BOVBMT�BOE�
3FQPSUT�PO�&OHJOFFSJOH�1SBDUJDF�/P����
�'JGUI�&EJUJPO�

��� 8&'�BOE�"4$&�	����
��0QFSBUJPO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT��8&'�.BOVBM�PG�1SBDUJDF�/P����
�4JYUI�&EJUJPO�

��� 8&%$��1SFMJNJOBSZ�BOE�QSJNBSZ�USFBUNFOU�� 
IUUQ���XFED�MCPSP�BD�VL�SFTPVSDFT�VOJUT�885@6OJU@�@1SFMJNJOBSZ@BOE@1SJNBSZ@5SFBUNFOU�QEG

��� 8BUFS�&OWJSPONFOU�'FEFSBUJPO�	����
��1SFMJNJOBSZ�5SFBUNFOU�GPS�8BTUFXBUFS�'BDJMJUJFT��.BOVBM�PG�1SBDUJDF�/P��0.����8BUFS�
&OWJSPONFOU�'FEFSBUJPO��"MFYBOESJB
�7JSHJOJB�

���
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Description
1SJNBSZ�USFBUNFOU�JOWPMWFT�UIF�TFQBSBUJPO�BOE�SFNPWBM�PG�
TVTQFOEFE�TPMJET�BOE�nPBUBCMFT�JODMVEJOH�HSFBTF
�PJMT
�
QMBTUJDT
�BOE�TPBQ�GSPN�XBTUFXBUFS�CZ�QIZTJDBM�DIFNJDBM�
NFUIPET��5IFTF�NFUIPET�JOWPMWF�TFUUMJOH�PG�TVTQFOEFE�TPMJET�
PS�PUIFS�QSPDFTTFT�JO�XIJDI�UIF�UPUBM�TVTQFOEFE�TPMJET�	544
�
BOE�DIFNJDBM�PYZHFO�EFNBOE�	$0%
�PS�CJPDIFNJDBM�PYZHFO�
EFNBOE�	#0%
�MPBEJOH�PG�UIF�JODPNJOH�XBTUFXBUFS�BSF�
SFEVDFE��

Design Criteria
%JGGFSFOU�UZQFT�PG�TFEJNFOUBUJPO�UBOLT�BSF�BWBJMBCMF�GPS�UIF�
QSJNBSZ�USFBUNFOU�PG�XBTUFXBUFS
�TVDI�BT�SFDUBOHVMBS�DMBSJmFST
�
DJSDVMBS�DMBSJmFST
�TUBDLFE�TFEJNFOUBUJPO�UBOLT
�BOE�QMBUF�BOE�
UVCF�DMBSJmFST�

%FTJHO�GBDUPST�UP�CF�DPOTJEFSFE�GPS�DPOWFOUJPOBM�TFEJNFOUBUJPO�
UBOLT�BSF�TVSGBDF�PWFSnPX�SBUF
�IZESBVMJD�EFUFOUJPO�UJNF
�XBUFS�
EFQUI
�TVSGBDF�HFPNFUSZ
�BOE�XFJS�MPBEJOH�SBUF�

"�IZESBVMJD�EFUFOUJPO�UJNF�PG���������NJOVUFT�JT�OFDFTTBSZ�GPS�
nPD�GPSNBUJPO�BOE�JNQSPWFE�544
�$0%
�BOE�#0%�SFNPWBM��5IF�
FYBDU�RVBOUJUZ�PG�BJS�SFRVJSFE�JT�B�GVODUJPO�PG�UIF�XBTUFXBUFS�
DIBSBDUFSJTUJDT�BOE�UBOL�HFPNFUSZ��$PBHVMBOU�TFMFDUJPO�GPS�
FOIBODFE�TFEJNFOUBUJPO�TIPVME�CF�CBTFE�PO�QFSGPSNBODF
�
SFMJBCJMJUZ
�BOE�DPTU��+BS�UFTUT�PG�UIF�BDUVBM�XBTUFXBUFS�JT�SFRVJSFE�
UP�EFTJHO�EPTBHFT�BOE�FGGFDUJWFOFTT�

3FDUBOHVMBS�DMBSJmFST�SBOHF�GSPN����UP����N�JO�MFOHUI�BOE���
UP����N�JO�XJEUI��%FQUIT�UZQJDBMMZ�SBOHF�GSPN���UP�����N��.PTU�
UBOLT�BSF�CFUXFFO���BOE�����N��3FDUBOHVMBS�UBOLT�XJUI�DPNNPO�
XBMM�DPOTUSVDUJPO�BSF�BEWBOUBHFPVT�GPS�TJUFT�XJUI�TQBDF�
DPOTUSBJOUT��

%JBNFUFST�PG�DJSDVMBS�DMBSJmFST�WBSZ�GSPN�TNBMM
���N
�UP�NPSF�UIBO�
���N��%FQUIT�UZQJDBMMZ�SBOHF�CFUXFFO���BOE�����N��$JSDVMBS�
UBOLT�PGUFO�IBWF�B�MPXFS�DBQJUBM�DPTU�QFS�VOJU�TVSGBDF�BSFB�UIBO�
UIBU�GPS�SFDUBOHVMBS�UBOLT��

)JTUPSJDBMMZ
�QSJNBSZ�DMBSJmFST�IBWF�CFFO�EFTJHOFE�PO�UIF�CBTJT�
PG�UIF�TVSGBDF�PWFSnPX�SBUF�	403
��5ZQJDBM�403�WBMVFT�GPS�
DPOWFOUJPOBM�TFEJNFOUBUJPO�SBOHF�CFUXFFO���������N��N2�E�BU�
BWFSBHF�nPX�DPOEJUJPO�BOE�EFQUI�SBOHF�GSPN���������N�

*OMFUT�BSF�EFTJHOFE�UP�EJTTJQBUF�UIF�JOMFU�QPSU�WFMPDJUZ
�EJTUSJCVUF�
nPX�BOE�TPMJET�FRVBMMZ�BDSPTT�UIF�DSPTT�TFDUJPOBM�BSFB�PG�UIF�
UBOL
�QSFWFOU�TIPSU�DJSDVJUJOH�JO�UIF�TFUUMJOH�UBOL
�BOE�QSPNPUF�
nPDDVMBUJPO�CFGPSF�RVJFTDFOU�TFUUMJOH��

Blackwater

Semi-centralized and CentralizedPrimary Treatment
T E C H N O L O G Y SOURCE

SCALE

Applications
5IF�QSJNBSZ�USFBUNFOU�JT�UIF�QSFUSFBUNFOU�QSPDFTT��*U�JT�SFRVJSFE�
GPS�BMM�UIF�TFDPOEBSZ�BOE�UFSUJBSZ�QIZTP�DIFNJDBM�BOE�CJPMPHJDBM�
XBTUFXBUFS�USFBUNFOU�QMBOUT�

1SJNBSZ�UBOL�JO�B��XBTUFXBUFS�USFBUNFOU�QMBOU

$JSDVMBS�QSJNBSZ�TFEJNFOUBUJPO�UBOL

&OIBODFE�TFEJNFOUBUJPO�NFUIPET�TVDI�BT�DIFNJDBMMZ�FOIBODFE�
QSJNBSZ�USFBUNFOU�BOE�IJHI�SBUF�DMBSJmDBUJPO�BSF�VTFE�JO�UIF�
MBSHF�TDBMF�USFBUNFOU�XIJDI�IBT�IJHI�TFBTPOBM�IZESBVMJD�MPBEJOH�
WBSJBUJPOT�BOE�MJNJUFE�MBOE�BWBJMBCJMJUZ��

$IFNJDBMMZ�FOIBODFE�QSJNBSZ�USFBUNFOU�IBT�CFFO�VTFE�UP�
JODSFBTF�FYJTUJOH�USFBUNFOU�DBQBDJUJFT�BOE�SFEVDF�JOnVFOU�MPBET�
UP�CJPMPHJDBM�USFBUNFOU��

Components
%FQFOET�PO�UIF�TQFDJmD�QSPDFTT�DIPTFO��(FOFSBMMZ
�NBJO�
DPNQPOFOUT�JODMVEF�TFEJNFOUBUJPO�CBTJO�BOE�TMVEHF�SFNPWBM�
FRVJQNFOU�	TFF�'JHVSF
�

Capacity
5IF�QMBOU�TJ[FT�BSF�nFYJCMF��BQQMJDBCMF�GSPN�B�TNBMM�UP�MBSHF�
TDBMF�QMBOU�

Costs
7BSJFT�BDDPSEJOH�UP�UIF�UZQFT�BOE�NPTU�PG�UIF�DPTUT�JT�GPS�UIF�
DPOTUSVDUJPO�PG�UIF�QMBOU��



���

Operating Principles
4FEJNFOUBUJPO
�DMBSJmDBUJPO
�TFUUMJOH
�BOE�UIJDLFOJOH�BSF�UFSNT�VTFE�UP�EFTDSJCF�HSBWJUZ�TFQBSBUJPO�PG�XBTUFXBUFS�TPMJET�GSPN�MJRVJET�
EFQFOEJOH�PO�XIFUIFS�UIF�GPDVT�JT�DMBSJmFE�MJRVJE�PS�UIJDLFOFE�TPMJET��4FEJNFOUBUJPO�BOE�DMBSJmDBUJPO�BSF�VTFE�JOUFSDIBOHFBCMZ�BMPOH�
XJUI�UFSNT�TVDI�BT�TFEJNFOUBUJPO�UBOL
�TFUUMJOH�UBOL
�DMBSJmFS
�BOE�TFUUMFS��(SBWJUZ�TFQBSBUJPO�SFNPWFT�NPSF�TVTQFOEFE�TPMJET�BOE�
$0%�PS�#0%�BU�MFTT�PQFSBUJPOBM�DPTU�UIBO�BOZ�PUIFS�NFUIPE��$MBSJmFST�	TFEJNFOUBUJPO�UBOLT
�FRVBMJ[F�SBX�XBTUFXBUFS�RVBMJUZ�BOE�nPX�
UP�B�MJNJUFE�EFHSFF��UIFSFCZ�QSPUFDUJOH�EPXOTUSFBN�VOJU�QSPDFTTFT�	TFF�'JHVSF
��

8IFO�UIF�XBTUFXBUFS�FOUFST�B�TFEJNFOUBUJPO�UBOL
�JU�TMPXT�EPXO�BOE�UIF�TVTQFOEFE�TPMJET�HSBEVBMMZ�TJOL�UP�UIF�CPUUPN��4VTQFOEFE�
QBSUJDMFT�JO�XBTUFXBUFS�NBZ�CF�DMBTTJmFE�BT�HSBOVMBS�PS�nPDDVMFOU��"T�UIF�XBTUFXBUFS�FOUFST�JOUP�UIF�UBOL
�HSBOVMBS�QBSUJDMFT�	TBOE�
BOE�TJMU
�TFUUMF�BU�B�DPOTUBOU�WFMPDJUZ
�XJUI�OP�DIBOHF�JO�TJ[F
�TIBQF
�PS�XFJHIU��*EFBMMZ
�NPTU�HSBOVMBS�QBSUJDMFT�BSF�SFNPWFE�VQTUSFBN�
JO�UIF�HSJU�DIBNCFST��'MPDDVMFOU�QBSUJDMFT�	PSHBOJD�NBUUFS
�nPDT�GPSNFE�CZ�DPBHVMBOUT
�PS�CJPMPHJDBM�HSPXUIT
�UFOE�UP�nPDDVMBUF�EVSJOH�
TFUUMJOH
�XJUI�DIBOHFT�JO�TJ[F
�TIBQF
�BOE�SFMBUJWF�EFOTJUZ��5IF�DMVTUFST�PSEJOBSJMZ�TFUUMF�NPSF�SBQJEMZ�UIBO�JOEJWJEVBM�QBSUJDMFT��4FUUBCMF�
TPMJET
�JODMVEJOH�QPSUJPOT�PG�UIF�HSBOVMBS�BOE�nPDDVMFOU�NBUFSJBM
�TFUUMF�VOEFS�RVJFTDFOU�	DBMN
�DPOEJUJPOT�XJUIJO�B�SFBTPOBCMF�UJNF��
/PO�TFUUBCMF�TPMJET
�mOFMZ�EJWJEFE�BOE�DPMMPJEBM�NBUFSJBMT
�BSF�UPP�mOF�UP�TFUUMF�XJUIJO�VTVBM�TFUUMJOH�UJNFT��$IFNJDBMT�BSF�VTFE�UP�
SFNPWF�NPSF�mOFMZ�EJWJEFE�TVTQFOEFE�BOE�DPMMPJEBM�NBUFSJBM��5IF�TFUUMJOH�QSFDJQJUBUF�USBQT�UIF�TVTQFOEFE�BOE�DPMMPJEBM�QBSUJDMFT�
BOE�BETPSCT�UIFN�PO�UIF�nPD�TVSGBDF��6OEFS�RVJFTDFOU�DPOEJUJPOT
�QBSU�PG�UIF�HSFBTF�BOE�TDVN�TFUUMFT�XJUI�UIF�TMVEHF
�XIFSFBT�UIF�
SFNBJOEFS�nPBUT�UP�UIF�TVSGBDF�GPS�SFNPWBM�CZ�B�TVJUBCMF�TLJNNJOH�EFWJDF�

<[PSP[`�
�,MÄJPLUJ`
3FNPWBM�PG�TVTQFOEFE�TPMJET�BOE�nPBUBCMFT�JODMVEJOH�HSFBTF
�
PJMT
�QMBTUJDT
�BOE�TPBQ�GSPN�XBTUFXBUFS�IFMQT�UP�JNQSPWF�UIF�
FGGFDUJWFOFTT�PG�UIF�USFBUNFOU�QSPDFTT�

(FOFSBMMZ
�544�SFNPWBM
�$0%�PS�#0%��SFNPWBM
�QIPTQIPSVT�
SFNPWBM
�BOE�CBDUFSJB�SFNPWBM�CZ�DIFNJDBMMZ�FOIBODFE�QSJNBSZ�
USFBUNFOU�	$&15
�BSF�������
�������
�������
�BOE�������
�
SFTQFDUJWFMZ�

Reliability
3FMJBCMF�JO�B�DPOUSPMMFE�PQFSBUJPO�BOE�TVQFSWJTJPO�TZTUFN�

Operation and Maintenance
'MPXT�TIPVME�CF�BEKVTUFE�OPU�UP�FYDFFE�UIF�EFTJHO�SBUF
�JG�
QPTTJCMF��5IF�FOUSBODF�WFMPDJUZ�PG�UIF�JOnVFOU�TIPVME�CF�TNBMM�
BOE�UIFSF�TIPVME�OPU�CF�BOZ�UVSCVMFODF�JO�UIF�UBOL��5IF�XBUFS�
UFNQFSBUVSF�JO�UIF�UBOL�TIPVME�CF�VOJGPSN�

8FJS�BOE�TDVN�CBGnF�DPOEJUJPOT�TIPVME�CF�JOTQFDUFE�SFHVMBSMZ��
/P�CVJMEVQ�PG�BMHBF�PS�EFCSJT�TIPVME�CF�BMMPXFE�UP�JOUFSGFSF�XJUI�
UIFJS�PQFSBUJPO��5IF�DPMMFDUPS�BOE�TLJNNFS�BSNT�TIPVME�PQFSBUF�
TNPPUIMZ��OP�WJCSBUJPOT�PS�TUPQQBHFT�TIPVME�CF�QSFTFOU��

5IF�ESJWF�NFDIBOJTN�TIPVME�PQFSBUF�GSFFMZ�XJUI�OP�VOVTVBM�
OPJTF�PS�WJCSBUJPO��5IF�FGnVFOU�TIPVME�nPX�TNPPUIMZ�PWFS�UIF�
XFJST
�JOUP�UIF�MBVOEFS
�BOE�PVU�UISPVHI�UIF�HVMMFU��/P�EFCSJT�
TIPVME�CF�QSFTFOU�JO�UIF�FGnVFOU�MBVOEFS��"OZ�nPBUJOH�TMVEHF�PS�
PUIFS�BCOPSNBM�DPOEJUJPOT�TIPVME�CF�JOWFTUJHBUFE�BOE�SFTPMWFE��

5IF�NBJOUFOBODF�QSPHSBN�TIPVME�JODMVEF�B�HPPE�QSFWFOUJWF�
NBJOUFOBODF�QSPHSBN
�FTUBCMJTIFE�XSJUUFO�QSPDFEVSFT�GPS�
FNFSHFODZ�NBJOUFOBODF
�BOE�B�TZTUFN�UP�FOTVSF�BO�BEFRVBUF�
TVQQMZ�PG�FTTFOUJBM�TQBSF�QBSUT�

1SJNBSZ�USFBUNFOU�QSPDFTT

Replication Potential 
5IFZ�BSF�QSPWFO�UFDIOPMPHJFT�BOE�SFQMJDBCMF�FMTFXIFSF�

Regulatory/Institutional Issues
4LJMMFE�XPSLFST�BSF�SFRVJSFE�GPS�PQFSBUJPO�BOE�NBJOUFOBODF�



��� 3FNPWFT�nPBUJOH�NBUFSJBMT�	PJM�BOE�HFFTF
�
BOE�SFEVDFT�TVTQFOTJPO�TPMJET�MPBET�JO�UIF�
TVCTFRVFOU�USFBUNFOU�VOJUT�

��� 3FEVDUJPO�JO�#0%�BOE�MPBE�GPS�UIF�XBTUF�
BDUJWBUFE�TMVEHF�JO�UIF�BDUJWBUFE�TMVEHF�QMBOU�

��� )FMQT�GPS�UIF�QBSUJBM�FRVBMJ[BUJPO�PG�nPX�SBUFT�
BOE�PSHBOJD�MPBE�

��� $JSDVMBS�UBOLT�IBWF�UIJOOFS�XBMMT�UIBO�UIPTF�GPS�
SFDUBOHVMBS�UBOLT��"T�B�SFTVMU
�UIFZ�PGUFO�IBWF�B�
MPXFS�DBQJUBM�DPTU�QFS�VOJU�TVSGBDF�BSFB�UIBO�UIBU�
PG�SFDUBOHVMBS�UBOLT�

��� 4UBDLFE�TFEJNFOUBUJPO�UBOLT�JODSFBTF�UIF�
BWBJMBCMF�DMBSJmFS�BSFB�XJUIPVU�JODSFBTJOH�UIF�
DMBSJmFS�GPPUQSJOU�

��� &OIBODFE�TFEJNFOUBUJPO�CZ�QSF�BFSBUJPO�PS�
DIFNJDBM�DPBHVMBUJPO�BOE�nPDDVMBUJPO�DBO�
JODSFBTF�TVTQFOEFE�TPMJET�BOE�#0%�SFNPWBM�
FGmDJFODZ�

��� 5IF�VTF�PG�TDSFFOT�JOTUFBE�PG�QSJNBSZ�DMBSJmFST�
DBO�TJHOJmDBOUMZ�SFEVDF�TQBDF�SFRVJSFNFOUT�
BOE�JOWFTUNFOU�DPTUT�

��� 5IF�TMVEHF�SFNPWBM�FRVJQNFOU�SFRVJSFT�HSFBUFS�
NBJOUFOBODF�SFRVJSFNFOUT��

��� 'JOF�TDSFFOT�DBO�CF�VTFE�JO�MJFV�PG�
TFEJNFOUBUJPO�GPS�QSJNBSZ�USFBUNFOU�CVU�NBZ�OPU�
BDIJFWF�SFNPWBM�FGmDJFODJFT�PG�TFEJNFOUBUJPO�

��� $JSDVMBS�UBOLT�SFRVJSF�NPSF�ZBSE�QJQJOH�
UIBO�SFDUBOHVMBS�UBOLT�BOE�SFRVJSF�TFQBSBUF�
TUSVDUVSFT�GPS�nPX�EJTUSJCVUJPO�BOE�TMVEHF�
QVNQJOH�

��� &OIBODFE�TFEJNFOUBUJPO�NBZ�JODSFBTF�NBTT�
PG�QSJNBSZ�TMVEHF��QSPEVDUJPO�PG�TPMJET�NBZ�CF�
NPSF�EJGmDVMU�UP�UIJDLFO�BOE�ESBJO�

��� 4LJMMFE�PQFSBUPST�BOE�NPOJUPSJOH�TZTUFNT�XJMM�CF�
SFRVJSFE�

D U
Advantages Disadvantages

Sources
��� 8&'�BOE�"4$&�	����
��%FTJHO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT��8&'�.BOVBM�PG�1SBDUJDF�/P����"4$&�.BOVBMT�BOE�

3FQPSUT�PO�&OHJOFFSJOH�1SBDUJDF�/P����
�'JGUI�&EJUJPO�

��� 8&'�BOE�"4$&�	����
��0QFSBUJPO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT��8&'�.BOVBM�PG�1SBDUJDF�/P����
�4JYUI�&EJUJPO�

��� .FUDBMG�BOE�&EEZ
�*OD��	����
�8BTUFXBUFS�&OHJOFFSJOH��5SFBUNFOU
�%JTQPTBM
�3FVTF
��UI�FE���.D(SBX�)JMM��/FX�:PSL�

��� +JNFOF[
�#���$IBWF[
�"���-FZWB
�"���5DIPCBHPHMPVT
�(��	����
��4BOE�BOE�4ZOUIFUJD�.FEJVN�'JMUSBUJPO�PG�"EWBODFE�1SJNBSZ�
5SFBUNFOU�&GnVFOU�GPS�.FYJDP�$JUZ��8BUFS�3FT�
����	�

����o�����

��� 0EFHBBSE�)��	����
�$PNCJOJOH�$&15�BOE�#JPmMN�4ZTUFNT��1SPDFFEJOHT�PG�UIF�*OUFSOBUJPOBM�8BUFS�"HFODZ�4QFDJBMJTFE�
$POGFSFODF�PO�#/3��,SBLPX
�1PMBOE
�4FQU�������*8"�1VCMJTIJOH��-POEPO
�&OHMBOE�

��� 4UFFM
�8��&��	����
�8BUFS�4VQQMZ�BOE�4FXFSBHF��.D(SBX�)JMM��/FX�:PSL�

��� 4UFWFOTPO
�3���/JU[
�%���.JEEMFCSPVHI
�$���%ZTPO
�+��	����
�0QFSBUJPO�PG�UIF�-BSHFTU�)JHI�3BUF�$MBSJmDBUJPO�4ZTUFN�GPS�$40�
$POUSPM�JO�/PSUI�"NFSJDB��1SPDFFEJOHT�PG�UIF���TU�"OOVBM�8BUFS�&OWJSPONFOU�'FEFSBUJPO�5FDIOJDBM�&YQPTJUJPO�BOE�$POGFSFODF�
<$%�30.>��$IJDBHP
�*MMJOPJT
�0DU���o����8BUFS�&OWJSPONFOU�'FEFSBUJPO��"MFYBOESJB
�7JSHJOJB�

��� 6�4��&OWJSPONFOUBM�1SPUFDUJPO�"HFODZ�	����
�%FTJHO�.BOVBM�GPS�1IPTQIPSVT�3FNPWBM
�&1"���������������6�4��&OWJSPONFOUBM�
1SPUFDUJPO�"HFODZ��$JODJOOBUJ
�0IJP�

��� +PIOTPO
�,��"��	����
��0QFSBUJPO�BOE�NBJOUFOBODF�NBOVBM�GPS�4QSJOHWJMMF�XBTUFXBUFS�USFBUNFOU�GBDJMJUJFT��5IFTJT��#SJHIBN�:PVOH�
6OJWFSTJUZ�

���
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Description
/JUSPHFO�BOE�QIPTQIPSPVT�BSF�SFNPWFE�CZ�UFSUJBSZ�PS�BEWBODFE�
XBTUFXBUFS�USFBUNFOU�QSPDFTTFT��"O�FYDFTTJWF�QSFTFODF�PG�
OVUSJFOUT�	J�F�
�OJUSPHFO�BOE�QIPTQIPSVT
�TUJNVMBUFT�UIF�HSPXUI�PG�
NJDSPPSHBOJTNT�	JODMVEJOH�BMHBF
�BOE�PUIFS�BRVBUJD�WFHFUBUJPO�
JO�SFDFJWJOH�XBUFST
�MFBEJOH�UP�EFDSFBTFE�PYZHFO�MFWFMT��5IFSF�
BSF�B�XJEF�SBOHF�PG�UFDIOPMPHJFT�BWBJMBCMF�UP�SFNPWF�	BOE�
SFDPWFS
�OJUSPHFO�BOE�QIPTQIPSVT�GSPN�XBTUFXBUFS�CBTFE�PO�
QIZTJDBM�BOE�CJPMPHJDBM�QSPDFTTFT
�BOE�DIFNJDBM�QSFDJQJUBUJPO��
5IF�TDPQF�PG�UIJT�TFDUJPO�JT�POMZ�UP�QSPWJEF�BO�PWFSWJFX�PO�UIF�
SFDFOU�UFDIOPMPHJDBM�EFWFMPQNFOUT�JO�UIJT�BSFB�

Design Criteria
/JUSPHFO�BOE�QIPTQIPSPVT�BSF�SFNPWFE�GSPN�XBTUFXBUFS�CZ�
QIZTJDBM�QSPDFTTFT�	&Y�
�NFNCSBOF�mMUSBUJPO�GPS�QBSUJDVMBUF�
QIPTQIPSVT

�DIFNJDBM�QSPDFTTFT�	J�F�
�QSFDJQJUBUJPO�PS�
QIZTJDBM�DIFNJDBM�BETPSQUJPO
�PS�CJPMPHJDBM�QSPDFTTFT�	CJP�
BDDVNVMBUJPO
��3FDFOU�EFWFMPQNFOU�JOEJDBUFT�UIBU�QIZTJDBM�
DIFNJDBM�QSPDFTTFT�BSF�OPU�VTVBMMZ�GFBTJCMF�GPS�NVOJDJQBMJUJFT�
CFDBVTF�PG�UFDIOJDBM
�SFHVMBUPSZ
�BOE�DPTU�DPOTJEFSBUJPOT�

5IF�EFTJHO�DSJUFSJB�PG�BOZ�UFDIOPMPHZ�PS�QSPDFTT�EFQFOE�PO�
LFZ�GBDUPST�JODMVEJOH�XBTUFXBUFS�DIBSBDUFSJTUJDT
�QSPDFTT�
QBSBNFUFST
�FOWJSPONFOUBM�QBSBNFUFST�TVDI�BT�UFNQFSBUVSF
�
DIFNJTUSZ
�BOE�CJPMPHZ
�BOE�PQFSBUJOH�QBSBNFUFST�

1LWURJHQ�UHPRYDO��$PNNPOMZ�VTFE�OJUSPHFO�SFNPWBM�QSPDFTTFT�
DPOTJTU�PG�QIZTJDBM�DIFNJDBM�QSPDFTTFT�	F�H�
�BNNPOJB�
TUSJQQJOH
�TFMFDUJWF�JPO�FYDIBOHF
�BOE�CSFBLQPJOU�DIMPSJOBUJPO
�
BOE�CJPMPHJDBM�QSPDFTTFT��

Blackwater

Semi-centralized and CentralizedNutrient Removal 
T E C H N O L O G Y SOURCE

SCALE

"NNPOJB�TUSJQQJOH�QMBOU

"FSBUFE�BDUJWBUFE�TMVEHF�QSPDFTT�GPS�/JUSPHFO�SFNPWBM

4PNF�PG�UIF�DPNNPOMZ�VTFE�UFDIOPMPHJFT�BSF�4JNVMUBOFPVT�
/JUSJmDBUJPO�BOE�%FOJUSJmDBUJPO��"OBFSPCJD�"NNPOJVN�0YJEBUJPO��
"FSPCJD�%FBNNPOJUSJmDBUJPO��0YZHFO�-JNJUFE�"VUPUSPQIJD�
/JUSJmDBUJPO�%FOJUSJmDBUJPO�

5IF�CJPMPHJDBM�SFNPWBM�PG�OJUSPHFO�EFQFOET�PO�LFZ�GBDUPST�TVDI�
BT�BEFRVBUF�TVQQMZ�PG�DBSCPO�GSPN�JOUFSOBM�PS�FYUFSOBM�TPVSDFT
�
UIF�OVNCFS�PG�BOPYJD�[POFT
�GBWPSBCMF�UFNQFSBUVSF
�TVGmDJFOU�
BMLBMJOJUZ
�UIF�TMVEHF�BHF�BOE�NBJOUFOBODF�PG�B�EFFQ�TMVEHF�
CMBOLFU�JO�UIF�TFDPOEBSZ�DMBSJmFS
�BOE�QSPQFS�NBOBHFNFOU�PG�
UIF�SFDZDMF�nPXT�



���

3KRVSKRUXV�UHPRYDO��5SFBUNFOU�UFDIOPMPHJFT�QSFTFOUMZ�
BWBJMBCMF�GPS�QIPTQIPSVT�SFNPWBM�BMTP�JODMVEF�QIZTJDBM
�
DIFNJDBM
�BOE�CJPMPHJDBM�CBTFE�UFDIOPMPHJFT��%FQFOEJOH�PO�
UIF�UBSHFU�DPODFOUSBUJPO
�B�QMBOU�NJHIU�FNQMPZ�DPNCJOBUJPOT�PG�
UFDIOPMPHJFT��4VDI�B�DPNCJOFE�BQQSPBDI�NJHIU�CF�PG�QBSUJDVMBS�
CFOFmU�JG�UIF�UBSHFU�DPODFOUSBUJPO�JT�WFSZ�MPX�BOE�UIF�TUBSUJOH�
DPODFOUSBUJPO�JT�IJHI��*O�TVDI�B�DBTF
�CJPMPHJDBM�SFNPWBM�JT�VTFE�
UP�SFNPWF�UIF�CVML�PG�UIF�QIPTQIPSVT
�BOE�DIFNJDBM�QPMJTIJOH�
GPMMPXT�UP�BDIJFWF�UIF�mOBM�DPODFOUSBUJPO��TVDI�BO�BQQSPBDI�
UFOET�UP�SFEVDF�TMVEHF�GPSNBUJPO�

&YBNQMFT�PG�DPNNPOMZ�VTFE�UFDIOPMPHJFT�BSF�mMUSBUJPO�GPS�
QBSUJDVMBUF�QIPTQIPSPVT
�CJPMPHJDBM�BTTJNJMBUJPO
�GFSNFOUBUJPO
�
BOBFSPCJD�PYJD�QSPDFTT
�BOE�PYJEBUJPO�EJUDI
�UP�MJTU�B�GFX�

5IF�CJPMPHJDBM�QIPTQIPSVT�SFNPWBM�JT�EFQFOEFOU�VQPO�UIF�
VQUBLF�PG�QIPTQIPSVT�JO�FYDFTT�PG�OPSNBM�CBDUFSJBM�NFUBCPMJD�
SFRVJSFNFOUT��5IF�LFZ�GBDUPST�GPS�CJPMPHJDBM�SFNPWBM�BSF�UIF�TJ[F�
PG�UIF�BOBFSPCJD�BOE�BFSPCJD�[POFT
�UIF�OVNCFS�PG�TXJOH�[POFT
�
UIF�TMVEHF�BHF
�UIF�DPOUSPM�PG�TFDPOEBSZ�SFMFBTF
�BOE�UIF�EFQUI�
PG�UIF�TMVEHF�CMBOLFU�JO�UIF�TFDPOEBSZ�DMBSJmFS��

$IFNJDBM�SFNPWBM�PG�QIPTQIPSVT�JOWPMWFT�UIF�BEEJUJPO�PG�
DBMDJVN
�JSPO�BOE�BMVNJOVN�TBMUT�UP�BDIJFWF�QIPTQIPSVT�
QSFDJQJUBUJPO�CZ�WBSJPVT�NFDIBOJTNT��'PS�DIFNJDBM�SFNPWBM
�UIF�
LFZ�GBDUPST�BSF�UIF�OVNCFS�PG�DIFNJDBM�BQQMJDBUJPO�QPJOUT�GPS�
EPTBHF
�UIF�OFFE�GPS�B�UFSUJBSZ�DMBSJmFS
�BOE�UIF�UZQF�PG�mMUFS�GPS�
mOBM�QPMJTIJOH�

5IFSF�BSF�OVNFSPVT�UFDIOPMPHJDBM�QSPDFTTFT�UP�SFNPWF�OJUSPHFO�
BOE�QIPTQIPSPVT�TJNVMUBOFPVTMZ
�TVDI�BT�BOBFSPCJD�BOPYJD�
QSPDFTT
�mWF�TUBHF�#BSEFOQIP�QSPDFTT
�VOJWFSTJUZ�PG�$BQF�
5PXO�QSPDFTT
�BOE�7JSHJOJB�*OJUJBUJWF�QSPDFTT�

Applications
1IZTJDBM
�DIFNJDBM
�BOE�CJPMPHJDBM�QSPDFTTFT�BSF�DPNNPOMZ�
VTFE�GPS�SFNPWBM�PG�OJUSPHFO
�QIPTQIPSPVT�BOE�DPNCJOFE�
OJUSPHFO�BOE�QIPTQIPSPVT�SFNPWBM�GSPN�UIF�XBTUFXBUFS�

5IJT�JT�BO�BEWBODFE�UFDIOPMPHZ�BOE�JT�BQQMJDBCMF�JO�QMBDFT�
XIFSF�BEWBODFE�UFDIOPMPHZ�BOE�TLJMMFE�PQFSBUPST�BSF�BWBJMBCMF�

Components
5IJT�JT�BO�BEWBODFE�QSPDFTT�BOE�BMXBZT�BTTPDJBUFE�XJUI�PUIFS�
XBTUFXBUFS�USFBUNFOU�UFDIOPMPHJFT�

Capacity
*U�DBO�CF�BQQMJDBCMF�GSPN�TNBMMFS�VOJUT�UP�UIF�MBSHFTU�USFBUNFOU�
QMBOUT�

Costs
7FSZ�FYQFOTJWF�QSPDFTT�BOE�VOJU�DPTU�WBSJFT�BDDPSEJOH�UP�UIF�
UFDIOPMPHZ�TFMFDUFE�

Operating Principles
5HPRYDO�RI�1LWURJHQ��#JPMPHJDBM�SFNPWBM�PG�OJUSPHFO�JT�DBSSJFE�
PVU�UISPVHI�B�UISFF�TUFQ�QSPDFTT��J
�BNNPOJmDBUJPO��UIF�
DPOWFSTJPO�PG�BNNPOJB�GSPN�PSHBOJD�OJUSPHFO�CZ�IZESPMZTJT�
BOE�NJDSPCJBM�BDUJWJUJFT��JJ
�OJUSJmDBUJPO��UIF�BFSPCJD�DPOWFSTJPO�
PG�BNNPOJB�UP�OJUSBUF�CZ�SFBDUJOH�UIF�BNNPOJB�XJUI�PYZHFO�JO�
B�QSPDFTT��BOE�JJJ
�EFOJUSJmDBUJPO��UIF�DPOWFSTJPO�PG�OJUSBUF�UP�
OJUSPHFO�HBT�CZ�SFBDUJOH�UIF�OJUSBUF�XJUI�PSHBOJD�DBSCPO�VOEFS�
BOPYJD�DPOEJUJPOT��

5IF�OJUSPHFO�SFNPWBM�QSPDFTTFT�EFQFOET�PO�TFWFSBM�JOUFSOBM�
GBDUPST��'PS�FYBNQMF��J
�RVBOUJUZ�PG�DBSCPO
�JO�QSPQPSUJPO�UP�UIF�
OJUSPHFO�QSFTFOU�JO�UIF�XBTUFXBUFS
�OFDFTTBSZ�UP�SFEVDF�UIF�
BNPVOU�PG�OJUSPHFO��JJ
�)ZESBVMJD�SFUFOUJPO�UJNF�	)35
�BGGFDUT�
CPUI�OJUSJmDBUJPO�BOE�EFOJUSJmDBUJPO��JJJ
�)BWJOH�UXP�BOPYJD�
[POFT�BMMPXT�MPXFS�5PUBM�/JUSPHFO�	5/
�FGnVFOU�DPODFOUSBUJPOT�
UP�CF�BDIJFWFE�CFDBVTF�NPSF�PG�UIF�OJUSBUFT�QSPEVDFE�BGUFS�
OJUSJmDBUJPO�JO�UIF�BFSBUJPO�CBTJO�DBO�CF�USFBUFE�CZ�BO�JOUFSOBM�
SFDZDMF�UP�UIF�mSTU�BOPYJD�[POF�PS�CZ�nPXJOH�UISPVHI�UIF�
TFDPOE�BOPYJD�[POF��JW
�"MLBMJOJUZ�JT�DPOTVNFE�BT�QBSU�PG�UIF�
OJUSJmDBUJPO�QSPDFTT�CFDBVTF�IZESPHFO�JPOT�BSF�DSFBUFE�XIFO�
BNNPOJB�OJUSPHFO�JT�DPOWFSUFE�UP�OJUSBUF�OJUSPHFO��%FOJUSJmDBUJPO�
SFTUPSFT�B�QPSUJPO�PG�UIF�BMLBMJOJUZ�EVSJOH�UIF�DPOWFSTJPO�PG�
OJUSBUF�OJUSPHFO�UP�OJUSPHFO�HBT��W
�"U�MPXFS�UFNQFSBUVSFT
�UIF�
OJUSJmDBUJPO�BOE�EFOJUSJmDBUJPO�SBUFT�EFDSFBTF
�MFBEJOH�UP�QPPSFS�
QFSGPSNBODF�JO�UIF�XJOUFS�JG�PQFSBUJPOBM�DIBOHFT�BSF�OPU�NBEF�
UP�DPNQFOTBUF�GPS�UIF�EFDSFBTFE�LJOFUJD�SBUFT��/JUSJmDBUJPO�DBO�
PDDVS�JO�XBTUFXBUFS�UFNQFSBUVSFT�PG���UP����EFHSFFT�$FMTJVT��
WJ
�4PNF�GBDJMJUJFT�BSF�SFRVJSFE�UP�SFNPWF�POMZ�BNNPOJB�/�PS�
5PUBM�,KFMEIBM�/JUSPHFO�	5,/

�XJUI�OP�DVSSFOU�SFRVJSFNFOUT�UP�
SFNPWF�OJUSBUF�PS�OJUSJUF��*O�TVDI�DBTFT
�UIF�CJPMPHJDBM�DPOWFSTJPO�
PG�BNNPOJB�	PS�5,/
�UP�OJUSBUF�JT�SFBEJMZ�BDDPNQMJTIFE�CZ�
JODSFBTJOH�UIF�TPMJET�SFUFOUJPO�UJNF�	435
�JO�UIF�CJPMPHJDBM�
TZTUFN��

4ZTUFN�EFTJHOT�JO�UIF�QBTU�JODPSQPSBUFE�B�UXP�TMVEHF�TUSBUFHZ��
'JSTU
�#0%�XBT�SFNPWFE�JO�BO�BDUJWBUFE�TMVEHF�SFBDUPS�XJUI�B�
DMBSJmFS
�BOE�UIFO�B�TFDPOE�BDUJWBUFE�TMVEHF�TZTUFN�XBT�SVO�
JO�TFSJFT�UP�BDDPNQMJTI�OJUSJmDBUJPO��$VSSFOU�QSBDUJDF�JT�UP�EP�
CPUI�#0%�SFNPWBM�BOE�OJUSJmDBUJPO�JO�B�TJOHMF�TMVEHF�TZTUFN
�
FTQFDJBMMZ�JO�SFUSPmU�TJUVBUJPOT
�UIFSFCZ�TBWJOH�MBOE�SFRVJSFNFOUT�
CZ�BWPJEJOH�B�OFX�TFU�PG�DMBSJmFST�BOE�NBLJOH�UIF�PQFSBUJPO�
TJNQMFS��4JHOJmDBOU�FOFSHZ�TBWJOHT�JT�BMTP�BOUJDJQBUFE�JO�B�TJOHMF�
TMVEHF�TZTUFN�EVF�UP�B�SFEVDFE�WPMVNF�SFRVJSJOH�BFSBUJPO��

&\FOLFDOO\�$HUDWHG�$FWLYDWHG�6OXGJH�6\VWHP���*O�B�DZDMJDBMMZ�
BFSBUFE�BDUJWBUFE�TMVEHF�TZTUFN
�UIF�BFSBUJPO�TZTUFN�JT�
QSPHSBNNFE�UP�UVSO�PGG�QFSJPEJDBMMZ
�BMMPXJOH�EFOJUSJmDBUJPO�BOE�
OJUSJmDBUJPO�UP�PDDVS�JO�UIF�TBNF�UBOL��5IF�DZDMJDBMMZ�BFSBUFE�
BDUJWBUFE�TMVEHF�TZTUFN�DBO�CF�VTFE�UP�SFUSPmU�FYJTUJOH�QMBOUT�JG�
TVGmDJFOU�435T�DBO�CF�NBJOUBJOFE�UP�BMMPX�OJUSJmDBUJPO�UP�PDDVS��
5IF�MFOHUI�PG�UIF�DZDMF�UJNF�EFQFOET�PO�UIF�MPBEJOH�SBUF�BOE�
UBSHFU�MJNJU
�XJUI�UIF�)35�CFJOH���UP���UJNFT�UIF�DZDMF�UJNF��*G�
UIF�BFSPCJD�435�JT�TVGmDJFOU�UP�BDIJFWF�OJUSJmDBUJPO
�UIF�DZDMJD�
QSPDFTT�DBO�SFEVDF�5/�JO�UIF�FGnVFOU�

4FRVFODJOH�CBUDI�SFBDUPST�	4#3T
�BOE�PYJEBUJPO�EJUDIFT�DBO�
CF�EFTJHOFE�UP�PQFSBUF�BT�DZDMJDBMMZ�BFSBUFE�BDUJWBUFE�TMVEHF�
TZTUFNT��5IF�SBOHF�PG�5/�FGnVFOU�DPODFOUSBUJPOT�GPVOE�BU�UIF�
DBTF�TUVEZ�GBDJMJUJFT�GPS�UIJT�TUVEZ�XBT�����NH�-�UP������NH�-�

5HPRYDO�RI�3KRVSKRURXV��#JPMPHJDBM�QIPTQIPSVT�SFNPWBM�
XPSLT�CZ�FODPVSBHJOH�UIF�HSPXUI�PG�QIPTQIBUF�BDDVNVMBUJOH�
PSHBOJTNT�	1"0T

�XIJDI�BSF�UIFO�TVCKFDUFE�mSTU�UP�BOBFSPCJD�
DPOEJUJPOT�BOE�UIFO�UP�BFSPCJD�DPOEJUJPOT��6OEFS�BOBFSPCJD�
DPOEJUJPOT
�UIF�NJDSPCFT�CSFBL�UIF�IJHI�FOFSHZ�CPOET�JO�



JOUFSOBMMZ�BDDVNVMBUFE�QPMZQIPTQIBUF
�SFTVMUJOH�JO�UIF�SFMFBTF�PG�QIPTQIBUF�BOE�UIF�DPOTVNQUJPO�PG�PSHBOJD�NBUUFS�JO�UIF�GPSN�
PG�WPMBUJMF�GBUUZ�BDJET�	7'"T
�PS�PUIFS�FBTJMZ�CJPEFHSBEFE�PSHBOJD�DPNQPVOET��8IFO�UIF�NJDSPCFT�BSF�UIFO�QVU�VOEFS�BFSPCJD�
DPOEJUJPOT
�UIFZ�UBLF�VQ�QIPTQIBUF
�GPSNJOH�JOUFSOBM�QPMZQIPTQIBUF�NPMFDVMFT��5IJT�VQUBLF�SFTVMUT�JO�NPSF�QIPTQIBUF�CFJOH�JODMVEFE�
JO�UIF�DFMMT�UIBO�XBT�SFMFBTFE�JO�UIF�BOBFSPCJD�[POF
�TP�UIF�UPUBM�QIPTQIBUF�DPODFOUSBUJPO�JO�TPMVUJPO�JT�SFEVDFE��8IFO�UIF�FYDFTT�
NJDSPPSHBOJTNT�BSF�XBTUFE
�UIF�DPOUBJOFE�QIPTQIBUF�JT�BMTP�SFNPWFE��"�TVGmDJFOU�TVQQMZ�PG�7'"T�JT�UIF�LFZ�UP�SFNPWJOH�QIPTQIPSVT�
CJPMPHJDBMMZ��

5IF�QIPTQIPSVT�SFNPWBM�QSPDFTTFT�EFQFOET�PO�TFWFSBM�JOUFSOBM�GBDUPST��'PS�FYBNQMF��J
�-PXFS�QIPTQIPSVT�SFNPWBM�NJHIU�PDDVS�
JO�UIF�XJOUFS�CFDBVTF�PG�SFEVDFE�7'"�QSPEVDUJPO�JO�UIF�QMBOUT�UIBU�VTF�GFSNFOUFST��JJ
�7FSZ�HPPE�CJPMPHJDBM�QIPTQIPSVT�SFNPWBM�
QFSGPSNBODF�XBT�SFQPSUFE�XIFO�435�WBMVFT�PG����BOE����EBZT�XFSF�QSPWJEFE�GPS�XBTUFXBUFS�BU���¡$�BOE����¡$
�SFTQFDUJWFMZ��JJJ
�
#JPMPHJDBM�QIPTQIPSVT�SFNPWBM�PDDVST�JO�B�UXP�TUFQ�QSPDFTT
�JO�XIJDI�QIPTQIPSVT�JT�SFMFBTFE�JO�UIF�BOBFSPCJD�[POF�CZ�1"0T�BOE�
UIFO�UBLFO�VQ�CZ�UIF�TBNF�1"0T�JO�UIF�BFSPCJD�[POF��JW
�/JUSBUFT�JO�UIF�SFUVSO�TUSFBNT�DBO�OFHBUJWFMZ�BGGFDU�CJPMPHJDBM�QIPTQIPSVT�
SFNPWBM��W
�%0�FOUFSJOH�UIF�BOBFSPCJD�[POF�OFHBUJWFMZ�BGGFDUT�CJPMPHJDBM�QIPTQIPSVT�SFNPWBM�

$QDHURELF�2[LF��$�2���RU�3KRUHGR[�3URFHVV���5IJT�QSPDFTT�	TFF�'JHVSF
�JT�DPNQSJTFE�PG�BO�BOBFSPCJD�[POF�VQTUSFBN�PG�BO�BFSPCJD�
[POF��5IF�SFUVSO�BDUJWBUFE�TMVEHF�	3"4
�FOUFST�UIF�IFBE�PG�UIF�BOBFSPCJD�[POF�XJUI�UIF�JOnVFOU��*O�UIF�BOBFSPCJD�[POF�1"0T�SFMFBTF�
QIPTQIPSVT
�XIJDI�JT�TVCTFRVFOUMZ�UBLFO�VQ�JO�UIF�BFSPCJD�[POF���0OF�QPUFOUJBM�QSPCMFN�GPS�"�0�PQFSBUJPO�JT�UIBU�BOZ�OJUSBUFT�
SFDZDMFE�GSPN�UIF�BFSPCJD�[POF�PG�TJEF�TUSFBNT�DBO�JOIJCJU�BOBFSPCJD�HSPXUI�PG�1"0T��5P�SFEVDF�UIJT�FGGFDU
�UIF�BOBFSPCJD�[POF�JT�
PGUFO�TQMJU�JOUP�BO�BOPYJD�DIBNCFS�GPS�OJUSBUF�EFOJUSJmDBUJPO�BOE�B�TFSJFT�PG�BOBFSPCJD�[POFT�GPS�QIPTQIPSVT�SFMFBTF��

5IF�QSPDFTT�IBT�B�NFEJVN�TJ[FE�GPPUQSJOU�BOE�JT�SFMBUJWFMZ�FBTZ�UP�SFUSPmU�JOUP�BO�FYJTUJOH�CBTJO�CZ�JOTUBMMJOH�CBGnF�XBMMT�BOE�NJYFST�
UP�QSPEVDF�BO�BOBFSPCJD�[POF��*G�TVGmDJFOU�7'"T�BSF�BWBJMBCMF
�BO�BEEJUJPOBM�DBSCPO�TPVSDF�JT�OPU�OFFEFE��#FDBVTF�UIFSF�JT�TPNF�
BEEJUJPOBM�QVNQJOH�BOE�BEEJUJPOBM�FMFDUSJDBM�DPTUT��IPXFWFS
�MFTT�TMVEHF�JT�HFOFSBUFE�VOEFS�BOBFSPCJD�DPOEJUJPOT��5P�PCUBJO�
FYUSFNFMZ�MPX�QIPTQIPSVT�	MFTT�UIBO�����NH�-

�DIFNJDBM�BEEJUJPO�TIPVME�CF�FYBNJOFE��

1IZTJDPoDIFNJDBM�QIPTQIPSVT�SFNPWBM�QSPDFTT�JO�FTTFODF�DPNQSJTFT�PG�UIF�BEEJUJPO�PG�B�EJWBMFOU�PS�USJWBMFOU�NFUBM�TBMU�UP�
XBTUFXBUFS
�DBVTJOH�QSFDJQJUBUJPO�PG�BO�JOTPMVCMF�NFUBM�QIPTQIBUF�UIBU�JT�TFUUMFE�PVU�CZ�TFEJNFOUBUJPO��5IF�NPTU�TVJUBCMF�NFUBMT�BSF�
JSPO�BOE�BMVNJOVN
�BEEFE�BT�DIMPSJEFT�PS�TVMQIBUFT��-JNF�NBZ�BMTP�CF�VTFE�UP�QSFDJQJUBUF�DBMDJVN�QIPTQIBUF��"OJPOJD�QPMZNFST�NBZ�
CF�VTFE�UP�BTTJTU�TPMJE�TFQBSBUJPO�

$IFNJDBM�QSFDJQJUBUJPO�PG�QIPTQIPSVT�SFNPWBM�DBO�CF�BQQMJFE�BU�TFWFSBM�TUBHFT�EVSJOH�XBTUFXBUFS�USFBUNFOU��1SJNBSZ�QSFDJQJUBUJPO�JT�
XIFSF�UIF�DIFNJDBM�JT�EPTFE�CFGPSF�QSJNBSZ�TFEJNFOUBUJPO�BOE�QIPTQIPSVT�SFNPWFE�JO�QSJNBSZ�TMVEHF��4FDPOEBSZ�	PS�TJNVMUBOFPVT
�
QSFDJQJUBUJPO�JT�XIFSF�UIF�DIFNJDBM�JT�EPTFE�EJSFDUMZ�UP�UIF�BFSBUJPO�UBOL�PG�BO�BDUJWBUFE�TMVEHF�QSPDFTT�BOE�QIPTQIBUF�SFNPWFE�
JO�TFDPOEBSZ�TMVEHF��5FSUJBSZ�USFBUNFOU�JT�XIFSF�EPTJOH�GPMMPXT�TFDPOEBSZ�USFBUNFOU�BOE�BMUIPVHI�B�IJHI�RVBMJUZ�FGnVFOU�DBO�CF�
QSPEVDFE
�UIJT�BQQSPBDI�JT�OPU�HFOFSBMMZ�GBWPSFE�CFDBVTF�PG�IJHI�DIFNJDBM�DPTUT�BOE�UIF�DSFBUJPO�PG�BEEJUJPOBM�DIFNJDBM�UFSUJBSZ�
TMVEHF�

"OBFSPCJD�0YJD�	"�0

�PS�1IPSFEPY�1SPDFTT

���
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<[PSP[`�
�,MÄJPLUJ`
)JHI�SFNPWBM�SBUF�DBO�CF�BDIJFWFE�VOEFS�QSPQFS�EFTJHO
�
PQFSBUJPO
�BOE�TVQFSWJTJPO�

Reliability
5IF�QSPDFTT�VOJUT�BSF�WFSZ�DPNQMFY�BOE�BEWBODFE��IPXFWFS
�
UIFZ�IBWF�B�WFSZ�IJHI�MFWFM�PG�SFMJBCJMJUZ�

Replication Potential 
5IFZ�BSF�QSPWFO�UFDIOPMPHJFT�BOE�DBO�CF�SFQMJDBCMF�FMTFXIFSF�
JG�BEWBODFE�UFDIOPMPHZ�BOE�TLJMMFE�PQFSBUPST�BSF�BWBJMBCMF�

Regulatory/Institutional Issues
3FRVJSFT�SFHVMBUJPOT�BOE�CZMBXT�GPS�DPOUSPMMJOH�UIF�PWFSBMM�
QFSGPSNBODF�PG�UIF�FGnVFOUT���

Operation and Maintenance
5IF�UFDIOPMPHJFT�BOE�QSPDFTT�BSF�WFSZ�BEWBODFE�BOE�SFRVJSF�
TLJMMFE�PQFSBUPST�BOE�NPOJUPSJOH�GBDJMJUJFT��5IF�EFUBJMT�PG�
PQFSBUJPOT�BOE�NBJOUFOBODF�WBSZ�BDDPSEJOH�UP�UIF�QSPDFTTFT�
TFMFDUFE�BOE�PUIFS�FYJUJOH�QSPDFTT�UFDIOPMPHJFT��'PS�FYBNQMF��
UFTUJOH�BOE�DBMJCSBUJOH�FRVJQNFOU
�NBJOUBJOJOH�QVNQT�
BOE�CMPXFST
�JOTQFDUJOH�UIF�UPXFS�QFSJPEJDBMMZ�GPS�GPVMJOH
�
NBJOUBJOJOH�QSPQFS�BJS�BOE�XBUFS�nPXT
�Q)�BEKVTUNFOU�XJUI�MJNF�
SFRVJSFT�TBGF�IBOEMJOH
�DMBSJGZJOH�UIF�JOnVFOU�CFGPSF�TUSJQQJOH
�
NPOJUPSJOH�BOE�DPOUSPMMJOH�OPJTF�GSPN�UIF�TUSJQQJOH�FRVJQNFOU��

��� 3FNPWBM�CZ�CJPMPHJDBM�QSPDFTT�SFRVJSFT�NPSF�
FOFSHZ�JO�UFSNT�PG�DBQBDJUZ�PG�UIF�BFSBUJPO�EFWJDF�
UIBO�DIFNJDBM�QIPTQIPSVT�SFNPWBM�

��� 'PS�4#3
�EJTBEWBOUBHFT�JODMVEF�B�MBSHFS�UBOL�
WPMVNF�UP�JODPSQPSBUF�BOBFSPCJD�DPOEJUJPOT
�NPSF�
DPNQMFY�EFTJHO
�BOE�NPSF�TVJUBCMF�GPS�TNBMMFS�
nPXT�

��� "NNPOJB�TUSJQQJOH�QSPDFTT�IBT�UIF�EJTBEWBOUBHFT�
PG�QPPS�FGmDJFODZ�JO�DPME�XFBUIFS�BOE�UIF�QPUFOUJBM�
GPS�TDBMJOH�QSPCMFNT�UIBU�NBZ�SFEVDF�JUT�FGmDJFODZ
�
BOE�JU�SBJTF�DPODFSOT�PWFS�BNNPOJB�HBT�EJTDIBSHF�

��� 8IJMF�BNNPOJB�JT�VTVBMMZ�EJTDIBSHFE�UP�UIF�
BUNPTQIFSF�BU�MPX�MFWFMT�	��NH�N�

�UIJT�NBZ�CF�
VOBDDFQUBCMF�JO�DFSUBJO�MPDBUJPOT�EVF�UP�BJS�RVBMJUZ�
DPODFSOT�PS�SFHVMBUJPOT��

��� 4DBMF�GPSNBUJPO�DBO�CF�SFNPWFE�IZESBVMJDBMMZ�JO�
NPTU�DBTFT�CVU�OPU�BMM
�SFTVMUJOH�JO�B�OFFE�UP�QJMPU�
UFTU�BU�NPTU�MPDBUJPOT��

��� 8BUFS�NVTU�CF�SF�QVNQFE�UP�UIF�TUSJQQJOH�UPXFS��
1VNQJOH�SFRVJSFT�IJHIFS�NBJOUFOBODF�BOE�QPXFS�
SFRVJSFNFOUT��

��� "JS�TUSJQQJOH�PGUFO�SFRVJSFT�UIF�BEEJUJPO�PG�MJNF�
UP�DPOUSPM�Q)
�XIJDI�NBZ�DSFBUF�PQFSBUJPO�BOE�
NBJOUFOBODF�DPODFSOT��

��� 4FMFDUJWF�JPO�FYDIBOHF�IBT�UIF�EJTBEWBOUBHF�
PG�SFMBUJWFMZ�IJHI�DPTU
�BOE�QSPDFTT�DPOUSPM�BOE�
PQFSBUJPO�BSF�SFMBUJWFMZ�DPNQMFY�

U
Disadvantages

��� #JPMPHJDBM�QSPDFTTFT�BSF�QSPWFO�UP�CF�B�NPSF�
DPTU�FGGFDUJWF�BOE�FGmDJFOU�BQQSPBDI�GPS�SFNPWBM�
PG�OJUSPHFO�BOE�QIPTQIPSPVT�GSPN�NVOJDJQBM�
XBTUFXBUFS�TZTUFNT�DPNQBSFE�UP�PUIFS�NFUIPET�

��� #JPMPHJDBM�QSPDFTT�JT�SFMBUJWFMZ�TJNQMF�GPS�UIF�
PQFSBUJPO
�QSPEVDFT�HPPE�TFUUMJOH�TMVEHF
�BOE�
HPPE�QIPTQIPSVT�SFNPWBM�

��� "NNPOJB�TUSJQQJOH�QSPDFTT�JT�MPX�DPTU
�SFNPWFT�
BNNPOJB�XJUI�NJOJNBM�BEEJUJPO�PG�EJTTPMWFE�TPMJET
�
TJNQMJDJUZ
�BOE�SFMJBCJMJUZ�

��� 4FMFDUJWF�JPO�FYDIBOHF�QSPDFTT�IBT�IJHI�
FGmDJFODZ
�JOTFOTJUJWJUZ�UP�UFNQFSBUVSF�nVDUVBUJPOT
�
SFNPWFT�BNNPOJB�XJUI�NJOJNBM�BEEJUJPO�PG�
EJTTPMWFE�TPMJET
�BOE�FMJNJOBUFT�BOZ�EJTDIBSHFT�PG�
OJUSPHFO�UP�UIF�BUNPTQIFSF�PUIFS�UIBO�OJUSPHFO�HBT�

��� #SFBLQPJOU�DIMPSJOBUJPO�QSPDFTT�GPS�OJUSPHFO�
SFNPWBM�IBT�UIF�BEWBOUBHFT�PG�MPX�DBQJUBM�DPTU
�B�
IJHI�EFHSFF�PG�FGmDJFODZ�BOE�SFMJBCJMJUZ
�JOTFOTJUJWJUZ�
UP�DPME�XFBUIFS
�BOE�UIF�SFMFBTF�PG�OJUSPHFO�BT�
OJUSPHFO�HBT�

��� $IFNJDBM�QSFDJQJUBUJPO
�FTQFDJBMMZ�MJNF
�BSF�WFSZ�
JOFYQFOTJWF�

D
Advantages



���

Sources
��� &1"�	����
��8BTUFXBUFS�UFDIOPMPHZ�GBDU�TIFFU��"NNPOJB�TUSJQQJOH��&1"�����'�������

��� &1"�	����
��8BTUFXBUFS�BNNPOJB�SFNPWBM�CZ�JPO�FYDIBOHF��8BUFS�QPMMVUJPO�DPOUSPM�SFTFBSDI�TFSJFT�������&$;�������

��� &1"�	����
��1IZTJDBM�DIFNJDBM�OJUSPHFO�SFNPWBM��&1"�UFDIOPMPHZ�USBOTGFS�TFNJOBS�QVCMJDBUJPO�

��� &1"�	����
��8BTUFXBUFS�UFDIOPMPHZ�GBDU�TIFFU��$IFNJDBM�QSFDJQJUBUJPO��&1"�����'��������

��� &1"�	����
��.VOJDJQBM�OVUSJFOU�SFNPWBM�UFDIOPMPHJFT�SFGFSFODF�EPDVNFOU��5FDIOJDBM�SFQPSU��&1"�����3��������

��� ,FMMZ
�1��5��BOE�;��)F�	����
��/VUSJFOUT�SFNPWBM�BOE�SFDPWFSZ�JO�CJPFMFDUSPDIFNJDBM�TZTUFNT��B�SFWJFX��#JPSFTPVSDF�UFDIOPMPHZ�
�������������

��� .JOOFTPUB�QPMMVUJPO�DPOUSPM�BHFODZ�	����
��1IPTQIPSVT�USFBUNFOU�BOE�SFNPWBM�UFDIOPMPHJFT��82�8851�����

��� .PPL
�8�
�.��$IBLSBCBSUJ
�.��"SPVB
�(��,IBO
�#��"MJ
�.��*TMBN�BOE�.��"CV�)BTTBO�	����
��3FNPWBM�PG�UPUBM�BNNPOJB�OJUSPHFO�
	5"/

�OJUSBUF�BOE�UPUBM�PSHBOJD�DBSCPO�	50$
�GSPN�BRVBDVMUVSF�XBTUFXBUFS�VTJOH�FMFDUSPDIFNJDBM�UFDIOPMPHZ��"�SFWJFX��
%FTBMJOBUJPO�����������

��� 1SBUU
�$�
�4��"��1BSTPOT
�"��4PBSFT�BOE�#��%��.BSUJO�	����
��#JPMPHJDBMMZ�BOE�DIFNJDBMMZ�NFEJBUFE�BETPSQUJPO�BOE�QSFDJQJUBUJPO�PG�
QIPTQIPSVT�GSPN�XBTUFXBUFS��$VSSFOU�PQJOJPO�JO�CJPUFDIOPMPHZ���	�
����������

���� 4NJUI
�"��-�
�-��#��4UBEMFS
�/��(��-PWF
�4��+��4LFSMPT�BOE�-��3BTLJO�	����
��1FSTQFDUJWFT�PO�BOBFSPCJD�NFNCSBOF�CJPSFBDUPS�
USFBUNFOU�PG�EPNFTUJD�XBTUFXBUFS��B�DSJUJDBM�SFWJFX��#JPSFTPVSDF�UFDIOPMPHZ��������������

���� 8&'�BOE�"4$&�	����
��%FTJHO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT��8&'�.BOVBM�PG�1SBDUJDF�/P����"4$&�.BOVBMT�BOE�
3FQPSUT�PO�&OHJOFFSJOH�1SBDUJDF�/P����
�'JGUI�&EJUJPO�

���� 8&'�BOE�"4$&�	����
��0QFSBUJPO�PG�.VOJDJQBM�8BTUFXBUFS�5SFBUNFOU�1MBOUT��8&'�.BOVBM�PG�1SBDUJDF�/P����
�4JYUI�&EJUJPO�

���� ;BOFUUJ
�-�
�/��'SJTPO
�&��/PUB
�.��5PNJ[JPMJ
�%��#PM[POFMMB�BOE�'��'BUPOF�	����
��1SPHSFTT�JO�SFBM�UJNF�DPOUSPM�BQQMJFE�UP�CJPMPHJDBM�
OJUSPHFO�SFNPWBM�GSPN�XBTUFXBUFS��"�TIPSU�SFWJFX��%FTBMJOBUJPO����������

���� ;IFOH
�9�
�3��8V�BOE�:��$IFO�	����
��&GGFDUT�PG�;O0�OBOPQBSUJDMFT�PO�XBTUFXBUFS�CJPMPHJDBM�OJUSPHFO�BOE�QIPTQIPSVT�SFNPWBM��
&OWJSPONFOUBM�TDJFODF���UFDIOPMPHZ���	�
������������

���� ;IV
�(�
�:��1FOH
�#��-J
�+��(VP
�2��:BOH�BOE�4��8BOH�	����
��#JPMPHJDBM�SFNPWBM�PG�OJUSPHFO�GSPN�XBTUFXBUFS��3FWJFXT�PG�
FOWJSPONFOUBM�DPOUBNJOBUJPO�BOE�UPYJDPMPHZ
�4QSJOHFS����������



���

Description
"ETPSQUJPO�JT�BO�BEWBODFE�XBUFS�USFBUNFOU�QSPDFTT�GPS�UIF�
SFNPWBM�PG�UBTUF�BOE�PEPS�DBVTJOH�DPNQPVOET
�TZOUIFUJD�
PSHBOJD�DIFNJDBMT�	40$T

�DPMPS�GPSNJOH�PSHBOJDT
�BOE�
EJTJOGFDUJPO�CZQSPEVDUT�	%#1
��*OPSHBOJD�DPOTUJUVFOUT�JODMVEJOH�
IFBWZ�NFUBMT�BOE�IFBMUI�IB[BSET�TVDI�BT�QFSDIMPSBUF�BOE�
BSTFOJD�BSF�BMTP�SFNPWFE�CZ�BETPSQUJPO��4ZOUIFUJD�QPMZNFSJD�
SFTJOT
�[FPMJUFT�BOE�BDUJWBUFE�BMVNJOB�IBWF�CFFO�VTFE�JO�
XBUFS�USFBUNFOU�BQQMJDBUJPOT
�CVU�BDUJWBUFE�DBSCPO�JT�UIF�NPTU�
DPNNPOMZ�VTFE�BOE�DPTU�FGGFDUJWF�BETPSQUJPO�QSPDFTT�

Design Criteria
(SBOVMBS�BDUJWBUFE�DBSCPO�	("$
�PS�QPXEFSFE�BDUJWBUFE�
BETPSCFOUT�BSF�XJEFMZ�VTFE�JO�UIF�SFNPWBM�PG�JOPSHBOJD�
DPOTUJUVFOUT
�IFBWZ�NFUBMT�BOE�PUIFS�DPOUBNJOBOUT�TVDI�BT�
PSHBOJD�DIFNJDBMT��.PSF�JOGPSNBUJPO�PO�BDUJWBUFE�DBSCPO�JT�
JODMVEFE�JO�UIF�PUIFS�TFDUJPO�PG�UIF�DBUBMPHVF��5IJT�TFDUJPO�
QSFTFOUT�EJTDVTTJPO�PO�BETPSQUJPO�UFDIOPMPHZ�VTFE�GPS�UIF�
SFNPWBM�GPS�UIF�IFBWZ�NFUBMT�BOE�JOPSHBOJD�QPMMVUBOUT�JODMVEJOH�
BSTFOJD�GSPN�HSPVOEXBUFS�BOE�XBTUFXBUFS�

"DUJWBUFE�BMVNJOB�	""
�JT�B�DPNNPOMZ�VTFE�QIZTJDBM�DIFNJDBM�
QSPDFTT�CZ�XIJDI�JPOT�JO�UIF�GFFE�XBUFS�BSF�TPSCFE�UP�UIF�
PYJEJ[FE�BDUJWBUFE�BMVNJOB�TVSGBDF��"MUIPVHI�BDUJWBUFE�BMVNJOB�
JT�HFOFSBMMZ�DPOTJEFSFE�BO�BETPSQUJPO�QSPDFTT
�UIF�DIFNJDBM�
SFBDUJPOT�JOWPMWFE�BSF�BDUVBMMZ�BO�FYDIBOHF�PG�JPOT�

4JNJMBSMZ
�IFBWZ�NFUBMT�BSF�BMTP�SFNPWFE�EVSJOH�BETPSQUJPO�
CZ�BDUJWBUFE�DBSCPO�[FPMJUF
�DMJOPQUJMPMJUF
�DBMDJOFE�QIPTQIBUF
�
BDUJWBUFE�QIPTQIBUF
�BOE�[JSDPOJVN�QIPTQIBUF�
3FDFOUMZ�WBSJPVT�MPX�DPTU�BETPSCFOUT
�EFSJWFE�GSPN�BHSJDVMUVSBM�
XBTUF
�JOEVTUSJBM�CZ�QSPEVDU
�OBUVSBM�NBUFSJBM
�PS�NPEJmFE�

Freshwater

Semi-centralized and CentralizedAdsorption Process
T E C H N O L O G Y SOURCE

SCALE

CJPQPMZNFST
�IBWF�CFFO�SFDFOUMZ�EFWFMPQFE�BOE�BQQMJFE�GPS�UIF�
SFNPWBM�PG�IFBWZ�NFUBMT�GSPN�NFUBM�DPOUBNJOBUFE�XBTUFXBUFS��
#JPTPSQUJPO�QSPDFTTFT�BSF�QBSUJDVMBSMZ�TVJUBCMF�UP�SFNPWF�IFBWZ�
NFUBM�GSPN�XBTUFXBUFS��5ZQJDBM�CJPTPSCFOUT�DBO�CF�EFSJWFE�GSPN�
J
�OPO�MJWJOH�CJPNBTT�TVDI�BT�CBSL
�MJHOJO
�TISJNQ
�LSJMM
�TRVJE
�
DSBC�TIFMM
�FUD���JJ
�BMHBM�CJPNBTT��JJJ
�NJDSPCJBM�CJPNBTT
�F�H��
CBDUFSJB
�GVOHJ�BOE�ZFBTU��

5IF�EFTJHO�QSPDFEVSFT�PG�BOZ�BETPSCFOUT�XJMM�EFQFOE�PO�UIF�
UZQFT�PG�BETPSCFOU�VTFE�BOE�UIF�QPMMVUBOUT�UP�CF�SFNPWFE��
(FOFSBMMZ
�BETPSQUJPO�JT�BGGFDUFE�CZ�UFNQFSBUVSF
�UIF�OBUVSF�PG�
UIF�BETPSCBUF�BOE�BETPSCFOU
�UIF�QSFTFODF�PG�PUIFS�QPMMVUBOUT�
BOE�BUNPTQIFSJD�BOE�FYQFSJNFOUBM�DPOEJUJPOT�TVDI�BT�Q)
�
DPODFOUSBUJPO�PG�QPMMVUBOUT
�DPOUBDU�UJNF
�QBSUJDMF�TJ[F�BOE�
TQFDJmD�TVSGBDF�BSFBT�PG�UIF�BETPSCFOU��

See Activated Carbon Filters in other section



<[PSP[`�
�,MÄJPLUJ`
5IF�QFSGPSNBODFT�PG�UIF�QSPDFTT�EFQFOET�PO�UIF�UZQF�PG�
BETPSCFOU
�JUT�EPTBHF
�DPOUBDU�UJNF
�BOE�UIF�QSFTFODF�PG�
DPNQFUJOH�DPNQPVOET�BOE�PYJEBOUT��*G�QFSGPSNFE�VOEFS�
DPOUSPMMFE�DPOEJUJPOT
�BETPSQUJPO�DBO�SFNPWF�IFBWZ�NFUBMT
�
PSHBOJD�BOE�JOPSHBOJD�DPOUBNJOBOUT��

Reliability
3FMJBCMF�JG�TUBOEBSE�EFTJHO�QSPDFEVSFT�BSF�GPMMPXFE�EVSJOH�UIF�
JOTUBMMBUJPO�BOE�PQFSBUJPOT�

Capacity
$BO�CF�BQQMJDBCMF�XJUI�BOZ�TJ[F�USFBUNFOU�QMBOU�UIBU�SBOHF�GSPN�
IPVTFIPME�UP�MBSHF�TDBMF�QMBOUT�

Costs
5IF�DPTU�EFQFOET�PO�XBUFS�RVBMJUZ�BOE�BCTPSCFOU�VTFE��
(FOFSBMMZ
�BDUJWBUFE�DBSCPO�JT�MFTT�FYQFOTJWF�UIBO�PUIFS�
BCTPSCFOUT���

Operating Principles
"ETPSQUJPO�JT�B�NBTT�USBOTGFS�QSPDFTT�CZ�XIJDI�B�TVCTUBODF�
JT�USBOTGFSSFE�GSPN�UIF�MJRVJE�QIBTF�UP�UIF�TVSGBDF�PG�B�TPMJE
�
BOE�CFDPNFT�CPVOE�CZ�QIZTJDBM�BOE�PS�DIFNJDBM�JOUFSBDUJPOT��
*U�JT�CBTFE�PO�UIF�QSJODJQMF�PG�TPSQUJPO
�XIJDI�JT�USBOTGFS�PG�
JPOT�GSPN�TPMVUJPO�QIBTF�UP�UIF�TPMJE�QIBTF��4PSQUJPO�BDUVBMMZ�
EFTDSJCFT�B�HSPVQ�PG�QSPDFTTFT
�XIJDI�JODMVEFT�BETPSQUJPO�
BOE�QSFDJQJUBUJPO�SFBDUJPOT��"ETPSQUJPO�IBT�CFDPNF�POF�PG�UIF�
BMUFSOBUJWF�USFBUNFOU�UFDIOJRVFT�GPS�XBUFS�BOE�XBTUFXBUFS�MBEFO�
XJUI�PSHBOJDT�BOE�IFBWZ�NFUBMT��

Components
5IF�BETPSCFOUT�DBO�CF�QBSU�PG�PUIFS�QSPDFTTFT�TVDI�BT�mMUSBUJPO�
PS�PO�UIFJS�PXO��5IFZ�DBO�CF�JOTUBMMFE�JO�B�mYFE�CFE�PS�nVJEJ[FE�
CFE�SFBDUPST�

���

Applications
"ETPSQUJPO�QSPDFTTFT�JT�BQQMJDBCMF�JO�BOZ�QMBDF�XIFSF�
BEWBODFE�UFDIOPMPHZ�JT�TVJUBCMF
�QBSUJDVMBSMZ�GPS�ESJOLJOH�XBUFS�
BOE�XBTUFXBUFS�USFBUNFOU��5IF�BQQMJDBCJMJUZ�PG�UIJT�UFDIOPMPHZ�JO�
UIF�GVUVSF�XJMM�CF�CSFPBEFS�EVF�UP�DPOUJOVPVT�EJTDPWFSJFT�PG�OFX�
NJDSP�QPMMVUBOUT�TVDI�BT�QIBSNBDFVUJDBMT�BOE�USBDF�PSHBOJD�
QPMMVUBOUT�

*O�HFOFSBM
�UIFSF�BSF�UISFF�NBJO�TUFQT�JOWPMWFE�JO�QPMMVUBOU�
TPSQUJPO�POUP�TPMJE�TPSCFOU��	J
�UIF�USBOTQPSU�PG�UIF�QPMMVUBOU�GSPN�
UIF�CVML�TPMVUJPO�UP�UIF�TPSCFOU�TVSGBDF��	JJ
�BETPSQUJPO�PO�UIF�
QBSUJDMF�TVSGBDF��BOE�	JJJ
�USBOTQPSU�XJUIJO�UIF�TPSCFOU�QBSUJDMF��

*O�UIF�DBTF�PG�""�JPOT�JO�UIF�GFFE�XBUFS�BSF�TPSCFE�UP�UIF�
PYJEJ[FE�""�TVSGBDF�	TFF�'JHVSF
��""�JT�QSFQBSFE�UISPVHI�
EFIZESBUJPO�PG�"M	0)
��BU�IJHI�UFNQFSBUVSFT
�BOE�DPOTJTUT�PG�
BNPSQIPVT�BOE�HBNNB�BMVNJOB�PYJEF��*U�JT�VTFE�JO�QBDLFE�
CFET�UP�SFNPWF�DPOUBNJOBOUT�TVDI�BT�nVPSJEF
�BSTFOJD
�
TFMFOJVN
�TJMJDB
�BOE�/0.��'FFE�XBUFS�JT�DPOUJOVPVTMZ�QBTTFE�
UISPVHI�UIF�CFE�UP�SFNPWF�DPOUBNJOBOUT��5IF�DPOUBNJOBOU�JPOT�
BSF�FYDIBOHFE�XJUI�UIF�TVSGBDF�IZESPYJEFT�PO�UIF�BMVNJOB��
8IFO�BETPSQUJPO�TJUFT�PO�UIF�""�TVSGBDF�CFDPNF�TBUVSBUFE
�
UIF�CFE�NVTU�CF�SFHFOFSBUFE��3FHFOFSBUJPO�JT�BDDPNQMJTIFE�
UISPVHI�B�TFRVFODF�PG�SJOTJOH�XJUI�SFHFOFSBOU
�nVTIJOH�XJUI�
XBUFS
�BOE�OFVUSBMJ[JOH�XJUI�BDJE��5IF�SFHFOFSBOU�JT�B�TUSPOH�
CBTF
�UZQJDBMMZ�TPEJVN�IZESPYJEF��UIF�OFVUSBMJ[FS�JT�B�TUSPOH�
BDJE
�UZQJDBMMZ�TVMGVSJD�BDJE�

"DUJWBUFE�DBSCPO�BETPSCFOUT�BSF�XJEFMZ�VTFE�JO�UIF�SFNPWBM�
PG�IFBWZ�NFUBMT��*UT�VTFGVMOFTT�EFSJWFT�NBJOMZ�GSPN�JUT�MBSHF�
NJDSPQPSF�BOE�NFTPQPSF�WPMVNFT�BOE�UIF�SFTVMUJOH�IJHI�
TQFDJmD�TVSGBDF�BSFB��5IF�PQFSBUJOH�QSJODJQMFT�GPS�NPTU�PG�UIF�
BETPSCFOU�CBTFE�UFDIOPMPHZ�GPS�UIF�SFNPWBM�PG�IFBWZ�NFUBMT�
TVDI�BT�MFBE
�DBENJVN
�DISPNJVN
�DPQQFS
�BOE�OJDLFM�GSPN�UIF�
XBUFS�BOE�XBTUFXBUFS�USFBUNFOU�QSPDFTT
�BSF�TJNJMBS�UP�UIBU�PG�
BSTFOJD�SFNPWBM�	BMTP�TFF�BDUJWBUFE�DBSCPO�TFDUJPO
�

"ETPQUJPO�1SPDFTT�GPS�"STFOJD�3FNPWBM�CZ�"DUJWBUFE�"MVNJOB�



���

��� &BTZ�UP�JOTUBMM�BOE�NBJOUBJO

��� *U�DBO�CF�BQQMJDBCMF�GPS�BOZ�MFWFM�	J�F�
�QPJOU�PG�
VTF�BU�IPVTFIPME�UP�DFOUSBMJ[FE�TZTUFNT


��� &GGFDUJWF�NFUIPE�GPS�SFNPWBM�PG�IFBWZ�NFUBMT
�
PSHBOJD�BOE�JOPSHBOJD�QPMMVUBOUT

��� "ETPSCFOUT�DBO�CF�SFHFOFSBUFE�

��� -PX�DPTU�BOE�MPDBMMZ�BWBJMBCMF�BETPSCFOUT�BSF�
CFDPNJOH�NPSF�BWBJMBCMF�

��� 3FRVJSFT�TLJMMFE�PQFSBUPST�BOE�DPOUSPMMFE�
NPOJUPSJOH�QSPDFTTFT�

��� 5IF�BCTPSCFOUT�OFFE�SFHFOFSBUJPO

��� "ETPSCFOUT
�TVDI�BT�""�BSF�FYQFOTJWF

��� *U�T�OPU�BMXBZT�UIF�CFTU�PQUJPO�GPS�IBSEOFTT�BOE�
BSTFOJD�SFNPWBM

D U
Advantages Disadvantages

Replication Potential 
*U�DBO�CF�BQQMJDBCMF�GPS�BOZ�XBUFS�USFBUNFOU�QMBOUT�XIFSF�
BEWBODFE�UFDIOPMPHZ�JT�GFBTJCMF��

Regulatory/Institutional Issues
4LJMM�XPSLFS�JT�SFRVJSFE�UP�NPOJUPS�USFBUNFOU�TZTUFNAT�
QFSGPSNBODF�

Operation and Maintenance
5IF�BETPSQUJPO�QSPDFTT�JT�BO�BEWBODFE�USFBUNFOU�QSPDFTT��
*U�SFRVJSFT�DPOUSPMMFE�PQFSBUJPO�CZ�TLJMMFE�PQFSBUPST��5IF�
QFSGPSNBODFT�PG�UIF�QSPDFTT�EFQFOET�VQPO�TFWFSBM�GBDUPST�
JODMVEJOH�Q)
�BSTFOJD�PYJEBUJPO�TUBUF
�DPNQFUJOH�JPOT
�FNQUZ�

CFE�DPOUBDU�UJNF
�BOE�SFHFOFSBUJPO��'PS�FYBNQMF
�BDJEJD�Q)�
MFWFMT�BSF�HFOFSBMMZ�DPOTJEFSFE�PQUJNVN�GPS�BSTFOJD�SFNPWBM�
XJUI�BDUJWBUFE�BMVNJOB��UIF�PYJEBUJPO�TUBUF�PG�BSTFOJD�QMBZT�
B�MBSHF�SPMF�JO�JUT�SFNPWBM�BT�BSTFOJD�	"T��7
�JT�NVDI�NPSF�
FBTJMZ�BETPSCFE�UIBO�BSTFOJD�	"T��***
��4JNJMBSMZ
�TPSQUJPO�POUP�
BDUJWBUFE�BMVNJOB�JT�SFMBUJWFMZ�SBQJE�EVSJOH�UIF�mSTU�GFX�IPVST�PG�
FYQPTVSF�BOE�TMPXFS�UIFSFBGUFS��*ODSFBTJOH�TVMGBUF�IBT�POMZ�B�
TNBMM�JNQBDU�PO�UIF�TPSQUJPO�PG�"T�7��)PXFWFS
�UIF�BEEJUJPO�PG�
PSHBOJDT�IBT�B�NVDI�HSFBUFS�FGGFDU���5IVT
�JU�JT�FTTFOUJBM�UP�IBWF�
DPOUSPMMFE�NPOJUPSJOH�BOE�DPMVNO�UFTUT�UP�BDIJFWF�UIF�JOUFOEFE�
QFSGPSNBODF�

8IFO�UIF�BETPSQUJPO�DBQBDJUZ�JT�FYIBVTUFE
�USFBUNFOU�FGmDJFODZ�
ESPQT�BOE�JU�OFFET�UP�CF�SFHFOFSBUFE�CZ�SFMFBTJOH�UIF�
DPOUBNJOBOUT�BOE�SFTUPSJOH�BETPSQUJPO�DBQBDJUZ��%FQFOEJOH�PO�
UIF�BETPSCFOU�BOE�BETPSCBUF�EJGGFSFOU�NFUIPET�PG�SFHFOFSBUJPO�
PS�DIFNJDBM�BEEJUJPOT�BSF�FNQMPZFE��



Sources
��� "MJ
�*��BOE�7��(VQUB�	����
��"EWBODFT�JO�XBUFS�USFBUNFOU�CZ�BETPSQUJPO�UFDIOPMPHZ��/BUVSF�1SPUPDPMT��	�
������������

��� #BSBLBU
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%FTJHO
�8JMFZ�
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��� &1"�	����
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��� )VNCFSU
�)�
�)��(BMMBSE
�)��4VUZ�BOE�+��1��$SPVÏ�	����
��i/BUVSBM�PSHBOJD�NBUUFS�	/0.
�BOE�QFTUJDJEFT�SFNPWBM�VTJOH�B�
DPNCJOBUJPO�PG�JPO�FYDIBOHF�SFTJO�BOE�QPXEFSFE�BDUJWBUFE�DBSCPO�	1"$
�w�8BUFS�3FTFBSDI���	�
������������

��� .PIBO
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�(�
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Description
4PGUFOJOH�JT�QSJNBSJMZ�VTFE�UP�SFNPWF�DBMDJVN�BOE�NBHOFTJVN�
NJOFSBM�TBMUT�UIBU�DBVTF�IBSEOFTT��4PGUFOJOH�BMTP�SFNPWFT�
IBSNGVM�UPYJOT�MJLF�SBEPO�BOE�BSTFOJD��'SPN�B�IFBMUI�TUBOEQPJOU
�
DBMDJVN�BOE�NBHOFTJVN�IBWF�OP�BEWFSTF�FGGFDUT��)PXFWFS
�
UIFZ�CVJMEVQ�PO�DPOUBDU�TVSGBDFT
�QPTTJCMZ�QMVH�QJQFT�BOE�
EBNBHF�XBUFS�IFBUFST
�BOE�EFDSFBTF�UIF�FGGFDUJWFOFTT�PG�TPBQT�
BOE�EFUFSHFOUT�

Design Criteria
5IF�DPNNPOMZ�BWBJMBCMF�NFUIPET�GPS�XBUFS�TPGUFOJOH�BSF��J
�*PO�
FYDIBOHF
�JJ
�QFMMFU�SFBDUPS�BOE�JJJ
�DIFNJDBM�QSFDJQJUBUJPO�BOE�JW
�
NFNCSBOF�mMUSBUJPO�	TFF�PUIFS�TFDUJPO�GPS�NFNCSBOF�mMUSBUJPO
��
5IJT�EJTDVTTJPO�JT�MJNJUFE�UP�UIF�JPO�FYDIBOHF�BOE�QFMMFU�SFBDUPS�
QSPDFTT�

In Ion exchange�TPGUFOJOH�POF�PS�NPSF�VOEFTJSBCMF�JPOJD�
DPOUBNJOBOUT�BSF�SFNPWFE�GSPN�XBUFS�BOE�FYDIBOHFE�XJUI�
B�OPO�PCKFDUJPOBCMF
�PS�MFTT�PCKFDUJPOBCMF�JPOJD�TVCTUBODF��
#PUI�UIF�DPOUBNJOBOU�BOE�UIF�FYDIBOHFE�TVCTUBODF�NVTU�CF�
TPMVCMF�BOE�IBWF�UIF�TBNF�UZQF�PG�FMFDUSJDBM�DIBSHF�	QPTJUJWF�PS�
OFHBUJWF
�

5IF�NBJO�DPNQPOFOU�PG�JPO�FYDIBOHF�FRVJQNFOU�JT�B�
NJDSPQPSPVT�FYDIBOHF�SFTJO
�XIJDI�JT�TVQFSTBUVSBUFE�XJUI�
B�MPPTFMZ�IFME�FYDIBOHF�JPOT�TPMVUJPO��'PS�XBUFS�TPGUFOJOH
�
UIJT�JT�VTVBMMZ�EPOF�XJUI�TVMGPOBUFE�QPMZTUZSFOF�CFET�UIBU�BSF�
TVQFSTBUVSBUFE�XJUI�TPEJVN�UP�DPWFS�UIF�CFE�TVSGBDF�

5IF�OFYU�DPNNPOMZ�VTFE�UFDIOJRVF�JT�TPGUFOJOH�JO�B�pellet 
reactor��*O�UIJT�QSPDFTT
�CZ�EPTJOH�UIF�CBTF�JO�B�SFBDUPS�XJUI�
TFFEJOH�HSBJOT
�DSZTUBMMJ[BUJPO�XJMM�PDDVS�PO�UIF�TVSGBDF�PG�UIF�
TFFEJOH�HSBJOT
�GPSNJOH�MJNFTUPOF�QFMMFUT���5IF�QFMMFU�SFBDUPS�
DPOTJTUT�PG�B�DZMJOESJDBM�WFTTFM�QBSUJBMMZ�mMMFE�XJUI�TFFEJOH�
NBUFSJBM��5IF�EJBNFUFS�PG�UIF�TFFEJOH�NBUFSJBM�JT�BQQSPYJNBUF�
����������NN�BOE�IBT�B�MBSHF�DSZTUBMMJ[FE�TVSGBDF��8BUFS�JT�
QVNQFE�JO�BO�VQXBSE�EJSFDUJPO�UISPVHI�UIF�SFBDUPS�BU�B�WFMPDJUZ�
WBSZJOH�CFUXFFO����BOE�����N�I��"U�UIFTF�WFMPDJUJFT�UIF�TBOE�
CFE�JT�JO�B�nVJEJ[FE�DPOEJUJPO�	TFF�'JHVSF


.PTUMZ�UIF�EFTJHO�PG�TPGUFOJOH�QSPDFTTFT�JT�CBTFE�PO�TFWFSBM�
DSJUFSJB�JODMVEJOH�RVBMJUZ�PG�GFFE�XBUFS
�QSPEVDUJPO�nPX�SBUF
�
DZDMF�MFOHUI
�SFRVJSFE�RVBMJUZ�PG�UIF�USFBUFE�XBUFS
�SFHFOFSBUJPO�
UFDIOPMPHZ
�EJNFOTJPO�PG�UIF�WFTTFMT�BOE�TFMFDUJPO�PG�SFTJO�
UZQFT�

Freshwater

Semi-centralized and Centralized
Softening Process 
(Ion Exchange and Pellet Reactor)

T E C H N O L O G Y

SOURCE

SCALE

Applications
4PGUFOJOH�JT�VTFE�UP�SFNPWF�IFBWZ�NFUBMT
�/0.
�UVSCJEJUZ
�BOE�
QBUIPHFOT�BT�XFMM�BT�JU�JNQSPWFT�XBUFS�RVBMJUZ�XIJDI�SFEVDFT�
DPTUT�GPS�EJTUSJCVUJPO�TZTUFN�DPSSPTJPO
�CPJMFS�BOE�DPPMJOH�XBUFS�
GFFE
�BOE�IPNF�XBUFS�IFBUFS�TZTUFNT�

4DIFNBUJD�SFQSFTFOUBUJPO�PG�B�QFMMFU�SFBDUPS

4DIFNBUJD�SFQSFTFOUBUJPO�PG�BO�*PO�FYDIBOHF�QSPDFTT



Capacity
"WBJMBCMF�JO�BOZ�TJ[FT�GSPN�TNBMMFS�VOJUT�UP�DFOUSBMJ[FE�TZTUFNT�

Costs
5IF�UFDIOPMPHZ�JT�DPTUMJFS�EVF�UP�IJHI�PQFSBUJPOBM�DPTUT�

Operating Principles
*PO�FYDIBOHF�JOWPMWFT�SFNPWJOH�UIF�IBSEOFTT�JPOT�PG�DBMDJVN�BOE�NBHOFTJVN�BOE�SFQMBDJOH�UIFN�XJUI�OPO�IBSEOFTT�JPOT
�UZQJDBMMZ�
TPEJVN�TVQQMJFE�CZ�EJTTPMWFE�TPEJVN�DIMPSJEF�TBMU
�PS�CSJOF��5IF�TPGUFOFS�DPOUBJOT�B�NJDSPQPSPVT�FYDIBOHF�SFTJO
�VTVBMMZ�TVMGPOBUFE�
QPMZTUZSFOF�CFBET�UIBU�BSF�TVQFSTBUVSBUFE�XJUI�TPEJVN�UP�DPWFS�UIF�CFBE�TVSGBDFT��"T�XBUFS�QBTTFT�UISPVHI�UIJT�SFTJO�CFE
�DBMDJVN�
BOE�NBHOFTJVN�JPOT�BUUBDI�UP�UIF�SFTJO�CFBET�BOE�MPPTFMZ�IFME�TPEJVN�JT�SFMFBTFE�GSPN�UIF�SFTJO�JOUP�UIF�XBUFS��"GUFS�USFBUJOH�B�MBSHF�
WPMVNF�PG�IBSE�XBUFS
�UIF�CFBET�CFDPNF�TBUVSBUFE�XJUI�DBMDJVN�BOE�NBHOFTJVN�JPOT��8IFO�UIJT�PDDVST
�UIF�FYDIBOHF�SFTJO�NVTU�CF�
SFHFOFSBUFE
�PS�SFDIBSHFE��5IF�SFHFOFSBUFE�JPO�FYDIBOHF�SFTJO�JT�nVTIFE�XJUI�B�TBMU�CSJOF�TPMVUJPO��5IF�TPEJVN�JPOT�JO�UIF�TBMU�CSJOF�
TPMVUJPO�BSF�FYDIBOHFE�XJUI�UIF�DBMDJVN�BOE�NBHOFTJVN�JPOT�PO�UIF�SFTJO�BOE�FYDFTT�DBMDJVN�BOE�NBHOFTJVN�JT�nVTIFE�PVU�XJUI�
XBTUFXBUFS�	TFF�'JHVSF
�

'SFRVFODZ�PG�UIF�SFHFOFSBUJPO�PS�SFDIBSHF�DZDMF�EFQFOET�PO�UIF�IBSEOFTT�PG�UIF�XBUFS
�BNPVOU�PG�XBUFS�VTFE
�TJ[F�PG�UIF�TPGUFOFS
�
BOE�DBQBDJUZ�PG�UIF�SFTJOT��

Components
"�XBUFS�TPGUFOFS�DBO�CF�BT�TJNQMF�BT�B�UBOL�UP�IPME�UIF�
FYDIBOHF�SFTJO
�UPHFUIFS�XJUI�BQQSPQSJBUF�QJQJOH�GPS�SBX�BOE�
USFBUFE�XBUFS��.PEFSO�XBUFS�TPGUFOFST�JODMVEF�B�TFQBSBUF�UBOL�
GPS�UIF�CSJOF�TPMVUJPOT�VTFE�UP�SFHFOFSBUF�UIF�SFTJO
�BEEJUJPOBM�
WBMWFT�UP�CBDL�XBTI�UIF�SFTJO
�BOE�TXJUDIFT�GPS�BVUPNBUJD�
PQFSBUJPO�

���

5IF�DPODVSSFOU�SFNPWBM�PG�BSTFOJD
�DISPNJVN
�JSPO
�MFBE
�
NBOHBOFTF
�BOE�NFSDVSZ�QSPWJEFT�BO�BEEJUJPOBM�CFOFmU�UP�UIF�
SFNPWBM�PG�IBSEOFTT�BOE
�JO�TPNF�DBTFT
�NBZ�CF�UIF�PWFSSJEJOH�
SFBTPO�GPS�TFMFDUJPO�PG�UIF�UFDIOPMPHZ��

"�QFMMFU�SFBDUPS�DPOTJTUT�PG�BO�FRVBMJ[BUJPO�UBOL
�TPGUFOJOH�
SFBDUPS
�QPMJTIJOH�mMUFS
�JOmMUSBUJPO�CBTJO�GPS�CBDLXBTI�EJTQPTBM
�
BOE�DIFNJDBM�GFFE�BOE�TUPSBHF�

*PO�FYDIBOHF�TPGUFOJOH�QSPDFTT



���

*O�QFMMFU�SFBDUPST
�SBX�XBUFS�BOE�DIFNJDBM�	CBTF
�BSF�JOKFDUFE�JOUP�UIF�CPUUPN�PG�UIF�SFBDUPS�CZ�TFQBSBUF�OP[[MFT��8BUFS�BOE�DIFNJDBMT�
BSF�XFMM�EJTUSJCVUFE�PWFS�UIF�DSPTT�TFDUJPO�PG�UIF�SFBDUPS�	QMVH�nPX
�PODF�TVGmDJFOU�nPX�SFTJTUBODF�JT�SFBMJ[FE�PWFS�UIF�OP[[MFT��5IF�
QSPDFTT�DPOEJUJPOT�	TVDI�BT�DIFNJDBM�EPTFT�BOE�nPX�WFMPDJUZ
�OFFE�UP�CF�TFMFDUFE�TP�UIBU�UIF�TPMVCJMJUZ�QSPEVDU�PG�DBMDJVN�DBSCPOBUF�
JT�FYDFFEFE��"T�B�SFTVMU
�DBMDJVN�DBSCPOBUF�XJMM�CF�GPSNFE�BOE�QSFDJQJUBUF�POUP�UIF�TFFEJOH�NBUFSJBM��5IF�TFFEJOH�HSBJOT��EJBNFUFS�
XJMM�JODSFBTF�BT�B�SFTVMU�PG�UIF�DBMDJVN�DBSCPOBUF�EFQPTJU
�GPSNJOH�QFMMFUT��5IF�QFMMFUT�XJMM�CFDPNF�IFBWJFS�BOE�TFUUMF�UP�UIF�CPUUPN�PG�
UIF�SFBDUPS��'JOBMMZ
�UIF�QFMMFUT�	BU�B�EJBNFUFS�PG�����������NN
�XJMM�CF�SFNPWFE�GSPN�UIF�SFBDUPS�BOE�OFX�TFFEJOH�HSBJOT�XJMM�CF�CSPVHIU�
JO�

1FMMFU�SFBDUPS�TPGUFOJOH�QSPDFTT

4PGUFOJOH�VOJU�DBO�CF�JOTUBMMFE�BU�BO�FYJTUJOH�HSPVOEXBUFS�USFBUNFOU�QMBOU�UP�EJSFDUMZ�TPGUFO�SBX�XBUFS
�BGUFS�BFSBUJPO�PS�BGUFS�SBQJE�
mMUSBUJPO�

8IFO�TPGUFOJOH�PG�SBX�XBUFS�EJSFDUMZ
�JG�JSPO�BOE�NBOHBOFTF�BSF�QSFTFOU�JO�EJTTPMWFE�GPSNT�JO�UIF�XBUFS�	BOBFSPCJD�XBUFS

�UIFTF�
TVCTUBODFT�XJMM�CF�USBQQFE�JO�UIF�$B$0��HSBJOT��5IJT�BSSBOHFNFOU�IBT�UIF�BEWBOUBHF�PG�SFEVDJOH�MPBEJOH�PO�UIF�TBOE�mMUFST���

8IFO�TPGUFOJOH�UBLFT�QMBDF�BGUFS�BO�BFSBUJPO�QIBTF
�B�MPXFS�DIFNJDBM�EPTF�XJMM�CF�SFRVJSFE
�CFDBVTF�TPNF�PG�UIF�DBSCPO�EJPYJEF�
JT�SFNPWFE�EVSJOH�BFSBUJPO��"O�BEEJUJPOBM�DPTU�BEWBOUBHF�PG�TPGUFOJOH�	BFSBUFE
�SBX�XBUFS�JT�UIBU
�JO�NBOZ�DBTFT
�FYJTUJOH�mMUFST�UIBU�
IBWF�CFFO�VTFE�GPS�JSPO�BOE�NBOHBOFTF�SFNPWBM�DBO�BMTP�CF�BQQMJFE�BT�ADBSSZ�PWFS��mMUFST�

8IFO�TPGUFOJOH�BGUFS�mMUSBUJPO�JT�BQQMJFE
�UIF�QVSFTU�QFMMFUT�BSF�GPSNFE�BT�JSPO�BOE�NBOHBOFTF�BSF�SFNPWFE�CZ�UIF�mMUFST�



<[PSP[`�
�,MÄJPLUJ`
5IF�QFSGPSNBODF�PG�TPGUFOJOH�EFQFOET�PO�TFWFSBM�WBSJBCMFT�
JODMVEJOH�SBX�XBUFS�DIBSBDUFSJTUJDT
�UIF�PQFSBUJPO�PG�UIF�
TPGUFOFS
�SFTJO
�nPX
�BOE�DMFBOJOH�

0QFSBUJPO�PG�UIF�TPGUFOFS�EVSJOH�UIF�TPGUFOJOH�QIBTF�DBO�BMTP�
JOnVFODF�FGmDJFODZ��4QFDJmDBMMZ
�UIF�nPX�SBUF�PG�UIF�XBUFS�
UISPVHI�UIF�TPGUFOFS�JOnVFODFT�IPX�NVDI�IBSEOFTT�JT�SFNPWFE�

5IF�JPO�FYDIBOHF�XBUFS�TPGUFOJOH�QSPDFTT�DBO�SFNPWF�OFBSMZ�BMM�
DBMDJVN�BOE�NBHOFTJVN�GSPN�TPVSDF�XBUFS��4PGUFOFST�NBZ�BMTP�
SFNPWF�BT�NVDI�BT��������QQN�PG�JSPO�BOE�NBOHBOFTF�

5IF�FGmDJFODZ�PG�SFHFOFSBUJPO�BGGFDUT�PQFSBUJPO�PG�UIF�
TPGUFOFS�EVSJOH�UIF�TPGUFOJOH�QIBTF��5IF�TBMU�EPTBHF�EVSJOH�
SFHFOFSBUJPO
�UIF�CSJOF�DPODFOUSBUJPO
�BOE�CSJOF�DPOUBDU�UJNF
�BMM�
JOnVFODF�IPX�XFMM�TPEJVN�JT�SFHFOFSBUFE�PO�UIF�SFTJO�TVSGBDF��*G�
SFHFOFSBUJPO�JT�OPU�DPNQMFUF
�UIFO�UIF�TPGUFOFS�XJMM�OPU�PQFSBUF�
BT�MPOH�CFGPSF�JU�SFRVJSFT�BOPUIFS�SPVOE�PG�SFHFOFSBUJPO�

Reliability
)JHIMZ�SFMJBCMF
�QSPWJEFE�B�IJHI�MFWFM�PG�DPOUSPM�QSPDFTT�BOE�
TLJMMFE�PQFSBUPST�BSF�BWBJMBCMF�

Replication Potential 
5IF�UFDIOPMPHJFT�BSF�XFMM�UFTUFE�BOE�SFQMJDBCMF�JO�BOZ�QMBDF�

Regulatory/Institutional Issues
"�DFOUSBMJ[FE�TZTUFN�SFRVJSFT�B�DMFBS�HVJEBODF�BOE�SFHVMBUJPO�
GPS�UIF�PQFSBUPST���

Operation and Maintenance
)RU�LRQ�H[FKDQJH��NBJOUFOBODF�JT�EFQFOEFOU�PO�UIF�UZQF�PG�
TPGUFOFS��(FOFSBMMZ
�B�IJHI�EFHSFF�PG�NPOJUPSJOH�PS�NBOBHJOH�
UIF�SFHFOFSBUJPO�QSPDFTT�JT�SFRVJSFE��5IF�TPGUFOFS�NVTU�CF�
LFQU�SFHFOFSBUFE�UP�BWPJE�IBSE�XBUFS�nPXJOH�JOUP�QJQFT�BOE�
BQQMJBODFT��5IF�CSJOF�UBOL�SFRVJSFT�QFSJPEJD�DIFDLJOH�BOE�
DMFBOJOH��5IF�GSFRVFODZ�PG�DMFBOJOH�EFQFOET�PO�UIF�UZQF�
BOE�BNPVOU�PG�TBMU�BOE�DIBSBDUFSJTUJDT�PG�UIF�XBUFS�CFJOH�
USFBUFE��5IF�CSJOF�WBMWF�BOE�nPBU�BTTFNCMZ
�JG�VTFE
�TIPVME�
BMTP�CF�DMFBOFE�BOE�JOTQFDUFE�BU�MFBTU�PODF�B�ZFBS��"EFRVBUF�
CBDLXBTIJOH�PG�UIF�SFTJO�CFE�JT�JNQPSUBOU�UP�FOTVSF�FGmDJFOU�
SFHFOFSBUJPO�PG�UIF�VOJU��*G�CBDLXBTIJOH�JT�UP�CF�EPOF�NBOVBMMZ�
PS�JT�TFNJBVUPNBUJD
�UIF�CBDLXBTI�TIPVME�CF�DPOUJOVFE�VOUJM�UIF�
XBUFS�SVOT�DMFBS��*G�UIF�VOJU�JT�GVMMZ�BVUPNBUJD�BOE�CBDLXBTI�UJNF�
JT�BEKVTUBCMF
�BEKVTU�UIF�UJNF�TP�UIF�CBDLXBTI�JT�MPOH�FOPVHI�UP�
QSPEVDF�DMFBS�XBUFS�JO�UIF�ESBJO�

)RU�SHOOHW�UHDFWRUV��UIF�NPTU�JNQPSUBOU�PQFSBUJPO�BOE�
NBJOUFOBODF�UBTL�JO�TPGUFOJOH�JT�UIF�TFMFDUJPO�PG�UIF�BQQSPQSJBUF�
DIFNJDBMT�BOE�BEKVTUNFOU�PG�UIF�EPTF�UP�DIBOHJOH�SBX�XBUFS�
RVBMJUZ�BOE�nPX�SBUF��3FHVMBS�NPOJUPSJOH�PG�UIF�DIFNJDBM�GFFE�
TZTUFN�UP�EFUFDU�DMPHHJOH�PG�UIF�MJOFT�BOE�NBJOUFOBODF�PG�UIF�
NJYFST�SBOLT�JT�FTTFOUJBM��"OOVBM�SFNPWBM�PG�DBMDJVN�DBSCPOBUF�
CVJME�VQ�EVSJOH�TFBTPOBM�MPX�EFNBOE�QFSJPET�JT�DVTUPNBSZ�

$��,RQ�H[FKDQJH

��� 0OF�PG�UIF�NPTU�BQQSPQSJBUF�UFDIOPMPHJFT�UP�
SFNPWFT�EJTTPMWFE�JOPSHBOJD�JPOT�FGGFDUJWFMZ

��� 1PTTJCJMJUZ�UP�SFHFOFSBUF�SFTJO

��� 3FMBUJWFMZ�JOFYQFOTJWF�JOJUJBM�DBQJUBM�JOWFTUNFOU

��� 0SEJOBSZ�WBSJBUJPOT�PG�IBSEOFTT�JO�UIF�SBX�XBUFS�PS�
JO�nPX�SBUF�EP�OPU�BGGFDU�DPNQMFUFOFTT�PG�TPGUFOJOH

��� $PNQBDU�TJ[F�BOE�TNBMM�GPPUQSJOU

%��3HOOHW

��� 1SJPS�DMBSJmDBUJPO�PG�UIF�XBUFS�JT�OPU�VTVBMMZ�
OFDFTTBSZ�TJODF�TVTQFOEFE�NBUUFS�BOE�UVSCJEJUZ�
BSF�BMTP�SFNPWFE�JO�UIF�QSPDFTT�

��� &BTJMZ�NBOBHFE�XBTUF�TUSFBN��XBUFS�BOE�TBOE
�
NJOJNVN�FOWJSPONFOUBM�JNQBDUT�

��� /P�IJHI�TUSFOHUI�MJRVJE�XBTUF�TUSFBN�HFOFSBUFE

��� &OWJSPONFOUBMMZ�CFOJHO�TPMJE���FTTFOUJBMMZ�EBNQ�
TBOE
�BOE�QPUFOUJBM�TPMJET�SFVTF�PQQPSUVOJUJFT

D
Advantages

$��,RQ�H[FKDQJH

��� )JHI�PQFSBUJPO�DPTUT�PWFS�MPOH�UFSN

��� 5IF�QSPDFTT�PG�SFHFOFSBUJOH�UIF�JPO�FYDIBOHF�
CFET�EVNQT�TBMU�XBUFS�JOUP�UIF�FOWJSPONFOU�
	SFHFOFSBUJPO


%��3HOOHW

��� *OJUJBM�DBQJUBM�DPTU�JT�IJHIFS

��� 5IF�QSPDFTT�SFRVJSFT�B�MPU�PG�PQFSBUPS�DPOUSPM�UP�HFU�
BO�FGmDJFOU�SFTVMU
�XIJDI�NBZ�NBLF�MJNF�TPGUFOJOH�
UPP�PQFSBUPS�JOUFOTJWF�GPS�TNBMM�USFBUNFOU�QMBOUT

��� 5IF�IJHI�Q)�VTFE�JO�MJNF�TPGUFOJOH�DBO�TFU�DPMPST�
JO�XBUFS�BOE�NBLF�UIFN�EJGmDVMU�UP�SFNPWF

��� -JNF�TPGUFOJOH�QSPEVDFT�MBSHF�RVBOUJUJFT�PG�TMVEHF�
XIJDI�DBO�DSFBUF�EJTQPTBM�QSPCMFNT

U
Disadvantages

���



Sources
��� $SJUUFOEFO
�+��$�
�3��3��5SVTTFMM
�%��8��)BOE
�,��+��)PXF�BOE�(��5DIPCBOPHMPVT�	����
��.8)�T�8BUFS�5SFBUNFOU��1SJODJQMFT�BOE�

%FTJHO
�8JMFZ�

��� $MJGGPSE
�%�
�5��4PSH�BOE�(��(IVSZF�	����
��i*PO�FYDIBOHF�BOE�BETPSQUJPO�PG�JOPSHBOJD�DPOUBNJOBOUT�w�8BUFS�2VBMJUZ�BOE�
5SFBUNFOU��"�)BOECPPL�PO�%SJOLJOH�8BUFS�

��� &1"��-JNF�TPGUFOJOH�� 
IUUQ���XXX�ESJOLJOH�XBUFS�PSH�IUNM�FO�5SFBUNFOU�$PBHVMBUJPO�'MPDDVMBUJPO�UFDIOPMPHJFT�IUNM�UFDI�

��� (SBWFMBOE
�"�
�+��7BO�%JKL
�1��%F�.PFM�BOE�+��0PNFO�	����
��i%FWFMPQNFOUT�JO�XBUFS�TPGUFOJOH�CZ�NFBOT�PG�QFMMFU�SFBDUPST�w�
+PVSOBM�	"NFSJDBO�8BUFS�8PSLT�"TTPDJBUJPO
����������

��� /BDIPE
�'��$��	����
��*PO�FYDIBOHF��UIFPSZ�BOE�BQQMJDBUJPO
�&MTFWJFS�/BODSFEF�&OHJOFFSJOH�$PNQBOZ�	����
��"OBMZTJT�PG�XBUFS�
TPGUFOJOH��JPO�FYDIBOHF�XBUFS�TPGUFOJOH�WT�MJNF�TPGUFOJOH�� 
IUUQ���XXX�OFDPJOEVTUSJBMXBUFS�DPN�BOBMZTJT�JPO�FYDIBOHF�WT�MJNF�TPGUFOJOH��

��� 4LJQUPO�4�0�
�#�*��%WPSBL�	����
��%SJOLJOH�XBUFS�USFBUNFOU��XBUFS�TPGUFOJOH�	JPO�FYDIBOHF
��IUUQ���JBOSQVCT�VOM�FEV�MJWF�H�����
CVJME�H�����QEG

��� 56�%FMGU�PQFO�DPVSTF��4PGUFOJOH� 
IUUQ���PDX�UVEFMGU�OM�mMFBENJO�PDX�DPVSTFT�%SJOLJOH8BUFS5SFBUNFOU��SFT������
FNCFEEFE�þ���G�����G�������F���F�����������QEG

��� 7BO�4DIBHFO
�,�
�-��3JFUWFME
�3��#BCVÝLB�BOE�&��#BBST�	����
��i$POUSPM�PG�UIF�nVJEJTFE�CFE�JO�UIF�QFMMFU�TPGUFOJOH�QSPDFTT�w�
$IFNJDBM�&OHJOFFSJOH�4DJFODF���	�
������������

��� 8BOH
�-��,�
�%��"��7BDDBSJ
�:��-J�BOE�/��,��4IBNNBT�	����
��$IFNJDBM�QSFDJQJUBUJPO��1IZTJDPDIFNJDBM�USFBUNFOU�QSPDFTTFT
�
4QSJOHFS����������

���



���

Description
4MVEHF�JT�QSPEVDFE�GSPN�UIF�USFBUNFOU�PG�XBTUFXBUFS�JO�PO�TJUF�
	F�H��TFQUJD�UBOL
�BOE�PGG�TJUF�	F�H��BDUJWBUFE�TMVEHF
�TZTUFNT��
5IJT�JT�BO�JOIFSFOUMZ�JNQPSUBOU�QSPDFTT�TJODF�UIF�QSJNBSZ�BJN�PG�
XBTUFXBUFS�USFBUNFOU�JT�SFNPWJOH�TPMJET�GSPN�UIF�XBTUFXBUFS��
4MVEHF�DBO�CF�DPMMFDUFE�GSPN�UIF�QSFMJNJOBSZ�UBOL
�QSJNBSZ�UBOL�
PS�GSPN�UIF�TFDPOEBSZ�BOE�UFSUJBSZ�USFBUNFOU�QSPDFTT��"MM�DPBSTF�
QSJNBSZ�TPMJET�BOE�TFDPOEBSZ�CJPTPMJET�BDDVNVMBUFE�JO�UIF�
XBTUFXBUFS�USFBUNFOU�QSPDFTT�NVTU�CF�USFBUFE�BOE�EJTQPTFE�
PG�JO�B�TBGF�BOE�FGGFDUJWF�NBOOFS��4JODF�TVDI�NBUFSJBMT�NBZ�CF�
JOBEWFSUFOUMZ�DPOUBNJOBUFE�XJUI�UPYJD�PSHBOJD�BOE�JOPSHBOJD�
DPNQPVOET�	F�H��IFBWZ�NFUBMT
��'BFDBM�TMVEHF�DPOUBJOT�
FTTFOUJBM�OVUSJFOUT�	OJUSPHFO�BOE�QIPTQIPSVT
�BOE�JT�QPUFOUJBMMZ�
CFOFmDJBM�BT�GFSUJMJ[FST�GPS�QMBOUT��*U�BMTP�DPOUBJOT�PSHBOJD�DBSCPO�
UIBU�PODF�TUBCJMJ[FE
�JT�EFTJSBCMF�BT�B�TPJM�DPOEJUJPOFS�BT�JU�
QSPWJEFT�JNQSPWFE�TPJM�TUSVDUVSF�GPS�QMBOU�SPPUT�

Design Criteria
(FOFSBMMZ
�UIF�TMVEHF�EJTQPTBM�QSPDFTT�DPOTJTUT�PG�GPVS�NBJO�
TUFQT��TMVEHF�UIJDLFOJOH
�TUBCJMJ[BUJPO
�EFXBUFSJOH
�BOE�TMVEHF�
SFVTF�BOE�EJTQPTBM��5IJT�QSPDFTT�JT�WFSZ�DPNQMFY��UIFSF�BSF�
OVNFSPVT�CFTU�QSBDUJDFT�BOE�UFDIOPMPHJFT�BWBJMBCMF�JO�UIF�
QVCMJTIFE�MJUFSBUVSF��5IJT�VOJU�CSJFnZ�UPVDIFT�VQPO�FBDI�PG�UIF�
QSPDFTTFT�BOE�DPSSFTQPOEJOH�UFDIOPMPHJFT�

6OXGJH�7KLFNHQLQJ��5IF�TMVEHF�UIBU�DPNFT�PVU�PG�XBTUFXBUFS�
USFBUNFOU�IBT�B�XBUFS�DPOUFOU�PG�CFUXFFO����BOE������QFSDFOU��
5IF�PCKFDUJWF�PG�UIF�UIJDLFOJOH�QSPDFTTFT�JT�UP�NBLF�QSJNBSZ�
TPMJET�PS�UIF�DPNCJOBUJPO�PG�QSJNBSZ�BOE�XBTUF�BDUJWBUFE�TPMJET�
	DPNCJOFE�TPMJET
�NPSF�DPODFOUSBUFE��5IJDLFOJOH�SFEVDFT�UIF�
WPMVNFUSJD�MPBEJOH�BOE�JODSFBTFT�UIF�FGmDJFODZ�PG�TVCTFRVFOU�
TPMJET�QSPDFTTJOH�TUFQT��

%JGGFSFOU�NFUIPET�GPS�UIJDLFOJOH�QSPDFTTFT�JODMVEF�HSBWJUZ�
CBTFE�UIJDLFOJOH��TPMJET�nPUBUJPO
�DFOUSJGVHBM
�HSBWJUZ�CFMU
�
BOE�SPUBSZ�ESVN��5IFTF�NFUIPET�EJGGFS�TJHOJmDBOUMZ�JO�QSPDFTT�
DPOmHVSBUJPO
�EFHSFF�PG�UIJDLFOJOH�QSPWJEFE
�BOE�DIFNJDBM
�
FOFSHZ
�BOE�MBCPS�SFRVJSFNFOUT��*O�TMVEHF�UIJDLFOJOH�o�MJLF�
JO�TMVEHF�EFXBUFSJOH�o�JOPSHBOJD�PS�PSHBOJD�nPDDVMBOU�BJE�
DIFNJDBMT�	VTVBMMZ�QPMZNFST
�BSF�VTFE��

(SBWJUZ�UIJDLFOFST�GVODUJPO�NVDI�MJLF�TFUUMJOH�UBOLT��TPMJET�
TFUUMF�WJB�HSBWJUZ�BOE�DPNQBDU�PO�UIF�CPUUPN
�XIJMF�XBUFS�nPXT�
VQ�PWFS�XFJST��5IF�NPTU�DPNNPO�HSBWJUZ�UIJDLFOFS�EFTJHO�JT�
B�DJSDVMBS�UBOL�XJUI�B�TJEF�XBUFS�EFQUI�PG���UP���N��4VDI�UBOLT�
UZQJDBMMZ�SBOHF�GSPN����������N�JO�EJBNFUFS��-BSHFS�EJBNFUFS�
UBOLT�JODSFBTF�TPMJET�EFUFOUJPO�UJNF
�XIJDI�DBO�DBVTF�BOPYJD�
BOE�BOBFSPCJD�BDUJWJUZ�UIBU�MFBET�UP�HBTJmDBUJPO�BOE�nPUBUJPO�
QSPCMFNT��5IF�UBOL�nPPS�UZQJDBMMZ�IBT�B�TUFFQ�TMPQF�BMMPXJOH�GPS�
NJOJNVN�TPMJET�EFUFOUJPO�XIJMF�NBYJNJ[JOH�TPMJET�EFQUI�PWFS�
UIF�XJUIESBXBM�QJQF�JO�UIF�DFOUFS�PG�UIF�nPPS��*U�BMTP�SFEVDFT�
SBLJOH�USBOTQPSU�QSPCMFNT�

6OXGJH�6WDELOL]DWLRQ���5IF�BJN�PG�TUBCJMJ[BUJPO�JT�UP�SFEVDF�
CJPMPHJDBM�BOE�DIFNJDBM�SFBDUJPOT��"OBFSPCJD�EJHFTUJPO�JT�

Resources Recovery (Nutrients 
and Other Resources/Materials)
Semi-centralized and CentralizedSludge Disposal Process 

T E C H N O L O G Y SOURCE

SCALE

POF�PG�UIF�PMEFTU�BOE�TUJMM�NPTU�DPNNPOMZ�VTFE�QSPDFTTFT�GPS�
TMVEHF�TUBCJMJ[BUJPO��$PODFOUSBUFE�PSHBOJD�BOE�JOPSHBOJD�TMVEHF�
NBUUFS�EFDPNQPTFT�NJDSPCJPMPHJDBMMZ�JO�UIF�BCTFODF�PG�PYZHFO�
BOE�DPOWFSUT�UP�NFUIBOF�BOE�JOPSHBOJD�FOE�QSPEVDUT��5IF�
NBJO�CFOFmUT�GSPN�EJHFTUJPO�BSF�TFXBHF�TMVEHF�TUBCJMJ[BUJPO
�
WPMVNF�SFEVDUJPO�BOE�CJPHBT�QSPEVDUJPO��5IJT�QSPDFTT�BMTP�
SFEVDFT�QBUIPHFOT�BOE�PEPST�QSPWJEFE�UIF�TPMJET�BSF�QSPQFSMZ�
TUBCJMJ[FE�BOE�SFNBJO�TUBCMF�PWFS�UJNF�NBLJOH�UIF�SFTVMUJOH�
CJPTPMJET�BQQFBMJOH�GPS�CFOFmDJBM�VTF��5IF�GPVS�NPTU�DPNNPO�
TUBCJMJ[BUJPO�QSPDFTTFT�VTFE�JO�UIF�6OJUFE�4UBUFT�UPEBZ�BSF�
BOBFSPCJD�EJHFTUJPO
�BFSPCJD�EJHFTUJPO
�DPNQPTUJOH
�BOE�
BMLBMJOF�TUBCJMJ[BUJPO��'VSUIFS�JOGPSNBUJPO�PO�BOBFSPCJD�EJHFTUFST�
BOE�PUIFS�QSPDFTTFT�BSF�QSFTFOUFE�JO�XBTUFXBUFS�USFBUNFOU�
TFDUJPO�PG�UIJT�DBUBMPH�

6OXGJH�'HZDWHULQJ��%FXBUFSJOH�JT�UIF�QSPDFTT�PG�SFNPWJOH�
XBUFS�GSPN�TPMJET�UP�SFEVDF�JUT�WPMVNF�BOE�QSPEVDF�B�NBUFSJBM�
TVJUBCMF�GPS�GVSUIFS�QSPDFTTJOH
�CFOFmDJBM�VTF
�PS�EJTQPTBM��
%FXBUFSJOH�DBO�CF�EPOF�OBUVSBMMZ�	ESZ�CFET
�TPMBS�ESZJOH
�PWFS�
B�MPOH�QFSJPE�PG�UJNF��.BDIJOF�QSPDFTTFT�TVDI�BT�QSFTTJOH�
TVDI�BT�mMUFS�QSFTT�BOE�DFOUSJGVHBUJPO�BSF�RVJDLFS�BOE�TNBMMFS
�
CVU�BMTP�NPSF�DPTU�JOUFOTJWF�

%JGGFSFOU�UZQFT�PG�FRVJQNFOU�VTFE�GPS�UIF�EFXBUFSJOH�TMVEHF�
JODMVEF�DFOUSJGVHFT
�CFMU�QSFTTFT
�SFDFTTFE�QMBUF�mMUFS�QSFTTFT
�
ESZJOH�CFET�BOE�MBHPPOT
�SPUBSZ�QSFTTFT
�BOE�TDSFX�QSFTTFT��
'PS�FYBNQMF
�DFOUSJGVHFT�BOE�CFMU�mMUFS�QSFTTFT�BSF�DVSSFOUMZ�
UIF�NPTU�QPQVMBS�EFXBUFSJOH�NFUIPET�JO�NVOJDJQBM�XBTUFXBUFS�
USFBUNFOU�QMBOUT�EVF�UP�UIFJS�HPPE�QFSGPSNBODF��BOE�DPTU�
FGmDJFODZ��$FOUSJGVHFT�XPSL�PO�UIF�CBTJT�PG�TFEJNFOUBUJPO
�NVDI�
MJLF�DMBSJmFST�BOE�UIJDLFOFST��5IF�DFOUSJGVHF�UZQJDBMMZ�JT�EFTJHOFE�
UP�WJCSBUF�EVSJOH�PQFSBUJPO�	J�F�
�SPUBUFT�UP�DSFBUF�B�DFOUSJGVHBM�
GPSDF
��BMM�XFUUFE�QBSUT�BSF�NBEF�PG�TUBJOMFTT�TUFFM�

6OXGJH�5HXVH�DQG�'LVSRVDO��5IF�NFUIPET�GPS�SFVTJOH�BOE�
EJTQPTJOH�PG�XBTUFXBUFS�TPMJET�WBSZ�DPOTJEFSBCMZ�CBTFE�PO�UIF�
UZQF�PG�TPMJET�JOWPMWFE�BOE�UIF�BQQSPBDIFT�UP�NBOBHF�UIFN��
'JOBM�PS�VMUJNBUF�EJTQPTBM�PG�TMVEHF�UIBU�DBOOPU�CF�SFVTFE�JT�
EFTUJOFE�GPS�MBOEmMMJOH�PS�JODJOFSBUJPO��4JODF�TMVEHF�GPS�MBOEmMMJOH�
VTVBMMZ�DPOUBJOT�IFBWZ�NFUBMT�PS�UPYJD�DIFNJDBMT
�JU�JT�OFDFTTBSZ�
UP�MJOF�UIF�MBOEmMM�XJUI�DMBZ�PS�QMBTUJD�UP�QSFWFOU�DPOUBNJOBUJPO�
PG�HSPVOEXBUFS��4MVEHF�JT�JODJOFSBUFE�CZ�B�NVMUJQMF�IFBSUI�
GVSOBDFT�PS�nVJEJTFE�CFE�GVSOBDF��$PNCVTUJPO�nVF�HBTFT�
VTVBMMZ�OFFE�USFBUNFOU�UP�NFFU�BJS�QPMMVUJPO�DPOUSPM�TUBOEBSET��
*OWFTUNFOU�BOE�PQFSBUJOH�DPTUT�BSF�IJHI��

• 4MVEHF��3BX
�QSJNBSZ
�BOE�TFDPOEBSZ�TPMJET�DBO�CF�
MBOEmMMFE�PS�JODJOFSBUFE
�JG�EFXBUFSFE��.PTU�PUIFS�VTF�BOE�
EJTQPTBM�PQUJPOT�SFRVJSF�UIBU�TPMJET�mSTU�CF�USFBUFE�UP�NFFU�
UIF�MPDBM�TUBOEBSET��

• #JPTPMJET�BSF�BOZ�TPMJET�UIBU�IBWF�CFFO�TUBCJMJ[FE�UP�NFFU�
UIF�MPDBM�TUBOEBSET�BOE�DBO�CF�CFOFmDJBMMZ�VTFE��5IFSF�BSF�
B�XJEF�WBSJFUZ�PG�TUBCJMJ[BUJPO�QSPDFTTFT
�XIJDI�QSPEVDF�
EJGGFSJOH�UZQFT�PG�CJPTPMJET�	F�H�
�MJRVJE�PS�EFXBUFSFE�
CJPTPMJET
�DPNQPTU
�IFBU�ESJFE�CJPTPMJET
�BOE�BMLBMJOF�
TUBCJMJ[FE�CJPTPMJET
��.PTU�PG�UIFTF�QSPEVDUT�DBO�CF�MBOE�
BQQMJFE��TPNF�BSF�TVJUBCMF�GPS�DPNNFSDJBM�NBSLFUJOH�BOE�
EJTUSJCVUJPO�



���

• "TI�QSPEVDFE�CZ�JODJOFSBUJPO�DBO�CF�VTFE�GPS�MBOEmMM�DPWFS
�B�TPJM�BNFOENFOU
�BO�JOHSFEJFOU�JO�DPODSFUF
�B�mOF�BHHSFHBUF�JO�
BTQIBMU
�B�nPXBCMF�mMM�NBUFSJBM
�BOE�BO�BEEJUJWF�JO�CSJDL�NBOVGBDUVSJOH�

-BOE�BQQMJDBUJPO�JT�UIF�QSBDUJDF�PG�BEEJOH�CJPTPMJET�UP�MBOE�GPS�CFOFmDJBM�QVSQPTFT�	F�H�
�UP�QSPNPUF�DSPQ�PS�GPSFTU�HSPXUI
�UP�SFDMBJN�
GPSNFS�NJOJOH�TJUFT�BOE�PUIFS�EJTUVSCFE�MBOE
��*O�UIFTF�BQQMJDBUJPOT
�CPUI�UIF�QMBOUT�BOE�TPJM�CFOFmU�GSPN�UIF�OVUSJFOUT�BOE�PSHBOJD�
NBUUFS�JO�CJPTPMJET��5IF�QPQVMBSJUZ�PG�MBOE�BQQMJDBUJPO�IBT�HSPXO�ESBNBUJDBMMZ�PWFS�UIF�MBTU����ZFBST��3JTJOH�EJTQPTBM�DPTUT�IBT�
TVCTUBOUJBMMZ�JODSFBTFE�UIF�OVNCFS�PG�GBDJMJUJFT�VOEFSUBLJOH�MBOE�BQQMJDBUJPO�QSPHSBNT�

4MVEHF�EJTQPTBM�JO�UIF�XBTUFXBUFS�USFBUNFOU�QSPDFTT

Applications
5IF�DPTUT�PG�TMVEHF�NBOBHFNFOU�NBZ�CF�VQ�UP������PG�UIF�
UPUBM�DPTUT�PG�SVOOJOH�B�XBTUFXBUFS�USFBUNFOU�QMBOU��5IJT�JT�POF�
PG�UIF�NPTU�JNQPSUBOU�QSPDFTTFT�BOE�IBT�OVNFSPVT�PQUJPOT
�
UFDIOPMPHJFT
�BOE�WBSJBODF�EFQFOEJOH�PO�UIF�MPDBM�DPOEJUJPO��

5IF�BHSJDVMUVSBM�VTF�PG�TMVEHF�PS�JODJOFSBUJPO�BOE�UIF�EJTQPTBM�
PG�BTIFT�BMMPX�UIF�VUJMJ[BUJPO�PG�TMVEHF�BT�B�NBUFSJBM�PS�FOFSHZ�
SFTPVSDF��)PXFWFS
�DPOUBNJOBOUT�QSFTFOU�JO�UIF�TMVEHF�TVDI�BT�
IFBWZ�NFUBMT�SFTUSJDU�JUT�VTF�GPS�BHSJDVMUVSBM�QVSQPTFT�

-BOE�BQQMJDBUJPO�JT�XFMM�TVJUFE�GPS�NBOBHJOH�TPMJET�GSPN�BOZ�TJ[F�
XBTUFXBUFS�USFBUNFOU�GBDJMJUZ��"T�UIF�NFUIPE�PG�DIPJDF�GPS�TNBMM�
GBDJMJUJFT
�JU�PGGFST�DPTU�BEWBOUBHFT
�CFOFmUT�UP�UIF�FOWJSPONFOU
�
BOE�WBMVF�UP�UIF�BHSJDVMUVSBM�DPNNVOJUZ��

Components
7BSZ�BDDPSEJOH�UP�UIF�TQFDJmD�QSPDFTT�DIPTFO�GPS�TMVEHF�
NBOBHFNFOU�

Capacity
7FSZ�nFYJCMF�BOE�DBO�CF�BQQMJDBCMF�GSPN�TNBMMFS�VOJUT�UP�UIF�
MBSHFTU�USFBUNFOU�QMBOUT��

Operating Principles
6OXGJH�WKLFNHQLQJ��"U�MBSHFS�USFBUNFOU�QMBOUT
�TFQBSBUF�
UIJDLFOJOH�CBTJOT�BSF�VTFE�GPS�UIF�TMVEHF�UIJDLFOJOH��5IFTF�
CBTJOT�BSF�FRVJQQFE�XJUI�TMPX�SPUBUJOH�WFSUJDBM�SPET
�XIJDI�
DSFBUF�NJDSP�DBOBMT�JO�UIF�TMVEHF�GPS�B�CFUUFS�EFXBUFSJOH��"MTP�
QVSF�NBDIJOF�UIJDLFOJOH�JT�HBJOJOH�NPSF�TJHOJmDBODF�XJUI�F�H��
OPO�TUBCJMJ[FE�TMVEHF�UIBU�DPVME�SPU�EVSJOH�TUPSBHF��"U�TNBMMFS�
XBTUFXBUFS�USFBUNFOU�QMBOUT
�XIFSF�UIF�TMVEHF�JT�ESJWFO�PGG�
SFHVMBSMZ
�UIJDLFOJOH�VTVBMMZ�UBLFT�QMBDF�EJSFDUMZ�JO�UIF�TMVEHF�
TUPSBHF�UBOL��5IF�TMVEHF�JT�DPNQSFTTFE�BU�UIF�UBOL�CPUUPN�POMZ�
CZ�UIF�GPSDF�PG�HSBWJUZ
�XIJMF�BCPWF�UIF�TMVEHF�B�DMPVEZ�XBUFS�
MBZFS�JT�GPSNFE
�XIJDI�JT�TLJNNFE�PGG�BOE�MFE�CBDL�JOUP�UIF�JOMFU��
"�WPMVNF�SFEVDUJPO�PG�BQQSPYJNBUFMZ����o������DBO�CF�SFBDIFE�
XJUI�TMVEHF�UIJDLFOJOH�CFGPSF�B�GVSUIFS�USFBUNFOU��

(SBWJUZ�UIJDLFOFS



���

6OXGJH�VWDELOL]DWLRQ��4MVEHF�TUBCJMJ[BUJPO�DBO�CF�BDIJFWFE�
CZ�BFSPCJD�PS�BOBFSPCJD�QSPDFTTFT��"FSPCJD�TUBCJMJ[BUJPO�JT�
QFSGPSNFE�JO�BO�BDUJWBUFE�TMVEHF�QMBOU�XIFSFCZ�QSJNBSZ�BOE�
TFDPOEBSZ�TMVEHF�BSF�DPOUJOVPVTMZ�BFSBUFE�GPS�MPOH�QFSJPET�
PG�UJNF��*O�BFSPCJD�EJHFTUJPO
�UIF�NJDSPPSHBOJTNT�FYUFOE�JOUP�
B�SFTQJSBUJPO�QIBTF�XIFSF�NBUFSJBMT�QSFWJPVTMZ�TUPSFE�CZ�UIF�
DFMM�BSF�PYJEJ[FE
�SFTVMUJOH�JO�B�SFEVDUJPO�PG�UIF�CJPMPHJDBMMZ�
EFHSBEBCMF�PSHBOJD�NBUUFS��5IVT
�BFSPCJD�TUBCJMJ[BUJPO�JT�FOFSHZ�
DPOTVNJOH�

*O�BO�BOBFSPCJD�QSPDFTT
�UIF�GBDVMUBUJWF�BOE�BOBFSPCJD�
PSHBOJTNT�CSFBL�EPXO�UIF�DPNQMFY�NPMFDVMBS�TUSVDUVSF�PG�
UIFTF�TPMJET��"OBFSPCJD�TUBCJMJ[BUJPO�QSPDFTTFT�XPSL�BU�OPSNBM�
UFNQFSBUVSFT�	����¡$
�PS�XJUIJO�UIF�SBOHF�PG�UIFSNPQIJMF�
CBDUFSJB
�XIFSF��������¡$�BSF�SFBDIFE�CZ�UIF�IFBU�EFWFMPQNFOU�
PG�UIF�CJPDIFNJDBM�QSPDFTTFT�BMPOF��5IF�DIFNJDBM�TUBCJMJ[BUJPO�
PG�TMVEHF�CZ�NFBOT�PG�XFU�PYJEBUJPO
�PS�BEEJUJPO�PG�RVJDLMJNF�
BOE�UIFSNBM�TUBCJMJ[BUJPO�VOEFS�IJHI�UFNQFSBUVSF�BOE�QSFTTVSF
�
BSF�BQQMJFE�MFTT�PGUFO��0GUFO
�UIF�BOBFSPCJD�TMVEHF�EJHFTUJPO�
UBLFT�QMBDF�JO�B�EJHFTUFS�

6OXGJH�GHZDWHULQJ���"�GVSUIFS�SFEVDUJPO�PG�UIF�TMVEHF�BNPVOU�
JT�VTVBMMZ�OFDFTTBSZ�BGUFS�UIF�UIJDLFOJOH��5IF�MJRVJE�TMVEHF�IBT�
UP�CF�EFXBUFSFE�BOE�DPOGPSNFE�UP�B�ESZ�BOE�QPSPVT�GPSN��5IF�
USFBUNFOU�QSPDFTT�EFQFOET�PO�UIF�UZQF�PG�EFXBUFSJOH�	J�F�
�
OBUVSBM�PS�NFDIBOJDBM
��

%SZJOH�CFET�BSF�TJNQMF�TFBMFE�TIBMMPX�QPOET�mMMFE�XJUI�TFWFSBM�
ESBJOBHF�MBZFST��4MVEHF�JT�BQQMJFE�PO�UIF�UPQ�BOE�ESJFE�CZ�
QFSDPMBUJPO�BOE�FWBQPSBUJPO��5IF�TMVEHF�JT�BQQMJFE�JO�B�CBUDI�
NPEF�JO�POF�XFFL�JOUFSWBMT�XJUI�MBZFST�PG�OP�NPSF�UIBO����UP�
���DN��"CPVU����UP�����PG�UIF�JOJUJBM�WPMVNF�JT�SFNPWFE�CZ�
QFSDPMBUJPO
�SFTVMUJOH�JO�UPUBM�TPMJE�	54
�DPOUFOU�PG����UP�����
EFQFOEJOH�PO�UIF�MPDBM�XFBUIFS�DPOEJUJPOT�BOE�DMJNBUF��*O�
SFHJPOT�XJUI�GSFRVFOU�SBJOGBMM
�DPOUPVS�CPVOET�DBO�QSFWFOU�
TVSGBDF�SVOPGG�GSPN�FOUFSJOH�UIF�QPOET��$PWFSJOH�UIF�ESZJOH�
CFET�XJUI�B�SPPG�NBZ�BMTP�CF�DPOTJEFSFE�
%SZJOH�JOEVDFT�QBSUJBM�QBUIPHFO�SFNPWBM��)PXFWFS
�UIF�ESJFE�
TMVEHF�TUJMM�NBZ�DPOUBJO�QBUIPHFOT
�QBSUJDVMBSMZ�)FMNJOUI�FHHT
�
BOE�TIPVME�UIFSFGPSF�CF�IBOEMFE�DBSFGVMMZ��'VSUIFS�USFBUNFOU�
TVDI�BT�DPNQPTUJOH�PS�QSPMPOHFE�TUPSBHF�JT�SFRVJSFE�CFGPSF�
VTF�JO�BHSJDVMUVSF��5IF�QFSDPMBUF�GSPN�EFXBUFSJOH�BMTP�DPOUBJOT�
QBUIPHFOT
�NBJOMZ�CBDUFSJB�BOE�WJSVTFT�BOE�IBT�UP�CF�GVSUIFS�
USFBUFE�BT�XFMM��*O�UIF�DBTF�PG�GSFRVFOU�BQQMJDBUJPO�PG�TMVEHF�
BOE�UP�FOIBODF�SFUFOUJPO�UJNFT
�UXP�PS�NPSF�ESZJOH�CFET�DBO�CF�
DPOTUSVDUFE�JO�QBSBMMFM�BOE�VTFE�BMUFSOBUFMZ�

5IF�NFDIBOJDBM�QSPDFTT�SFRVJSFT�UIF�VTF�PG�BU�MFBTU�TPNF�
nPDDVMBOUT�BJE�UP�LFFQ�UIF�FYDFTT�TMVEHF�nPDDVMBUFE�JO�UIF�
EFXBUFSJOH�VOJU��4PNFUJNFT
�DPBHVMBUJPO�DIFNJDBMT�TVDI�BT�JSPO�
PS�BMVNJOVN�TBMUT�BSF�BEEFE�JO�PSEFS�UP�FOIBODF�UIF�FGmDJFODZ�
PG�nPDDVMBOUT�BJET�	QPMZNFST
�BOE�SFEVDF�UIF��UIFJS�DPOTVNQUJPO�
JO�TMVEHF�EFXBUFSJOH��4PNF�SFTFBSDI�QSPKFDUT�BSF�EFWFMPQJOH�
EFXBUFSJOH�NFUIPET�XJUIPVU�BOZ�DIFNJDBMT��IPXFWFS
�UIF�
TFQBSBUJPO�FGGFDU�BOE�SFMJBCJMJUZ�BSF�OPU�ZFU�TVGmDJFOU�

6OXGJH�UHXVH�DQG�GLVSRVDO���3BX�TMVEHF�GSPN�BDUJWBUFE�TMVEHF�
USFBUNFOU�QMBOUT�DBO�CF�BQQMJFE�EJSFDUMZ�POUP�BHSJDVMUVSBM�MBOE�
BOE�GPS�BRVBDVMUVSF�VTFT��5IF�BHSJDVMUVSBM�SFVTF�PG�TMVEHF�PS�
JODJOFSBUJPO�BOE�UIF�EJTQPTBM�PG�BTIFT�BMMPX�UIF�VUJMJ[BUJPO�PG�
TMVEHF�BT�B�NBUFSJBM�PS�FOFSHZ�SFTPVSDF��5IF�OVUSJFOU�DPOUFOU
�
IFBWZ�NFUBMT
�BOE�PSHBOJD�NJDSP�QPMMVUBOUT�JO�TMVEHF�BOE�TPJM�
BGGFDU�BQQMJDBUJPO�SBUFT��)ZHJFOJD�SJTLT�BSF�BTTPDJBUFE�XJUI�UIF�
QSFTFODF�PG�QBUIPHFOT�

5IF�TMVEHF�JT�EJTQPTFE�PG�TBGFMZ�FJUIFS�CZ�MBOE�BQQMJDBUJPO�PS�
JODJOFSBUJPO��5IF�PQFSBUJOH�QSJODJQMFT�EFQFOE�PO�UIF�UFDIOPMPHZ�
TFMFDUFE�BOE�MPDBM�DPOEJUJPOT��.PSF�JOGPSNBUJPO�PO�TMVEHF�
JODJOFSBUJPO�BOE�BEWBODFE�USFBUNFOU�UFDIOJRVFT�BSF�EJTDVTTFE�
JO�UIF�FOFSHZ�BOE�OVUSJFOU�SFDPWFSZ�TFDUJPOT�

%FXBUFSJOH�CZ�%SZJOH�CFET

Replication Potential 
5IF�QSPDFTT�BOE�UFDIOPMPHJFT�BSF�FBTJMZ�SFQMJDBCMF�

Regulatory/Institutional Issues
4PNF�PG�UIF�QSPDFTTFT�BSF�WFSZ�TJNQMF�UP�PQFSBUF
�XIJMF�PUIFST�
SFRVJSF�IJHI�TLJMMFE�XPSLFST��)PXFWFS
�TUBOEBSE�HVJEFMJOFT�BOE�
SFHVMBUJPOT�BSF�SFRVJSFE�GPS�UIF�FGGFDUJWF�NBOBHFNFOU�

Reliability
3FMJBCMF�JG�UIF�QSPDFTT�JT�XFMM�EFTJHOFE�BOE�PQFSBUFE�

<[PSP[`�
�,MÄJPLUJ`
.BOBHJOH�PG�UIF�XBTUF�GSPN�UIF�XBTUFXBUFS�JT�POF�PG�NBJO�
PCKFDUJWFT�PG�UIF�XBTUFXBUFS�USFBUNFOU��

5IF�FGmDJFODZ�PG�UIF�QSPDFTT�EFQFOET�PO�UIF�UZQFT�PG�XBTUF�
BOE�USFBUNFOU�VOJUT�TFMFDUFE��



Operation and Maintenance
"MM�UIF�QSPDFTTFT�BSF�EJSFDUMZ�EFQFOEFOU�PO�UIF�PUIFS�USFBUNFOU�QSPDFTTFT�BOE�UFDIOPMPHJFT��5IFSFGPSF
�UIF�PQFSBUJPOT�BOE�
NBJOUFOBODF�TIPVME�CF�JO�DPOKVODUJPO�XJUI�UIF�PUIFS�UFDIOJRVFT�

'PS�FYBNQMF
�JO�UIJDLFOJOH�BOE�EFXBUFSJOH�QSPDFTT
�KBS�UFTUT�BSF�SFRVJSFE�UP�BOBMZ[F�UIF�DPOEJUJPOT�PG�CJPTPMJET���$FOUSJGVHF�
PQFSBUJPOT�DBO�CF�GVMMZ�BVUPNBUFE
�CVU�TUBSUJOH�UIF�CPXM�BOE�QVUUJOH�GFFE�JOUP�UIF�NBDIJOF�BSF�VTVBMMZ�QFSGPSNFE�NBOVBMMZ��"�HPPE�
HSJU�SFNPWBM�TZTUFN�TIPVME�CF�JODPSQPSBUFE�JOUP�UIF�QMBOU�EFTJHO�JO�PSEFS�UP�SFEVDF�BCSBTJWF�XFBS��*U�JT�JNQPSUBOU�UP�LFFQ�SFDPSET�PG�
BMM�QFSGPSNBODF�QBSBNFUFST�JODMVEJOH�WPMVNF�PG�CJPTPMJET�GFE�UP�UIF�DFOUSJGVHF�BOE�DIFNJDBMT�VTFE��"�TBNQMF�PG�UIF�GFFE�CJPTPMJET�
UP�UIF�DFOUSJGVHF
�DBLF�EJTDIBSHF
�BOE�DPODFOUSBUF�TIPVME�CF�UBLFO�FBDI�TIJGU�BOE�BOBMZ[FE�GPS�UPUBM�TPMJET��1SJPS�UP�TIVU�EPXO
�UIF�
DFOUSJGVHFT�TIPVME�CF�FNQUJFE�BOE�UIF�TQFFE�HSBEVBMMZ�SFEVDFE�

5IF�0�BOE�.�SFRVJSFE�GPS�BFSPCJD�BOE�BOBFSPCJD�QSPDFTTFT�JT�BQQMJDBCMF�GPS�UIF�TMVEHF�TUBCJMJ[BUJPO�QSPDFTT��'PS�FYBNQMF
�
NBJOUBJOJOH�B�TUBCMF�PQFSBUJOH�UFNQFSBUVSF�BOE�Q)�XJUIJO�UIF�EJHFTUFST�JT�DSJUJDBM
�QBSUJDVMBSMZ�GPS�UIF�NFUIBOF�GPSNFST
�XIJDI�BSF�
TFOTJUJWF�UP�DIBOHFT�JO�UFNQFSBUVSF�BOE�1)�

-BOE�BQQMJDBUJPO�TZTUFNT�HFOFSBMMZ�VTF�VODPNQMJDBUFE
�SFMJBCMF�FRVJQNFOU��0QFSBUJPOT�JODMVEF�QBUIPHFO�SFEVDUJPO�QSPDFTTJOH
�
EFXBUFSJOH
�MPBEJOH�PG�USBOTQPSU�WFIJDMFT
�USBOTGFS�UP�BQQMJDBUJPO�FRVJQNFOU
�BOE�UIF�BDUVBM�BQQMJDBUJPO��5IF�PUIFS�PQFSBUJPOT�SFRVJSF�
MBCPS�TLJMMT�PG�IFBWZ�FRVJQNFOU�PQFSBUPST
�FRVJQNFOU�NBJOUFOBODF�QFSTPOOFM
�BOE�mFME�UFDIOJDJBOT�GPS�TBNQMJOH����BMM�OPSNBMMZ�
BTTPDJBUFE�XJUI�XBTUFXBUFS�USFBUNFOU�GBDJMJUJFT��$POUSPM�PG�PEPST
�BMPOH�XJUI�B�WJBCMF�NPOJUPSJOH�QSPHSBN
�JT�NPTU�JNQPSUBOU�GPS�QVCMJD�
BDDFQUBODF�

��� (SBWJUZ�UIJDLFOFST�BSF�WFSZ�TJNQMF��IBWF�B�MPX�PQFSBUJOH�DPTU��*EFBM�GPS�EFOTF�SBQJEMZ�TFUUMJOH�TMVEHF�TVDI�BT�QSJNBSZ�BOE�
MJNF
�1SPWJEFT�B�EFHSFF�PG�TUPSBHF�BT�XFMM�BT�UIJDLFOJOH
�$POEJUJPOJOH�DIFNJDBMT�OPU�UZQJDBMMZ�SFRVJSFE
�.JOJNBM�QPXFS�
DPOTVNQUJPO�

��� %JTTPMWFE�BJS�nPUBUJPO�UIJDLFOFST�BSF�FGGFDUJWF�GPS�8"4
�XJMM�XPSL�XJUIPVU�DPOEJUJPOJOH�DIFNJDBMT�BU�SFEVDFE�MPBEJOHT
�
SFMBUJWFMZ�TJNQMF�FRVJQNFOU�DPNQPOFOUT�

��� $FOUSJGVHF�UIJDLFOFST�DPOUSPM�DBQBCJMJUZ�GPS�QSPDFTT�QFSGPSNBODF
�FGGFDUJWF�GPS�8"4
�DPOUBJOFE�QSPDFTT�NJOJNJ[FT�
IPVTFLFFQJOH�BOE�PEPS�DPOTJEFSBUJPOT
�XJMM�XPSL�XJUIPVU�DPOEJUJPOJOH�DIFNJDBMT
�IJHI�UIJDLFOFE�DPODFOUSBUJPOT�BWBJMBCMF�

��� (SBWJUZ�CFMU�UIJDLFOFST�BSF�TQBDF�SFRVJSFNFOUT
�DPOUSPM�DBQBCJMJUZ�GPS�QSPDFTT�QFSGPSNBODF
�SFMBUJWFMZ�MPX�DBQJUBM�DPTU
�
SFMBUJWFMZ�MPX�QPXFS�DPOTVNQUJPO
�IJHI�TPMJET�DBQUVSF�XJUI�NJOJNVN�QPMZNFS
�IJHI�UIJDLFOFE�DPODFOUSBUJPOT�BWBJMBCMF�

��� 3PUBSZ�ESVN�UIJDLFOFST�BSF�TQBDF�SFRVJSFNFOUT
�MPX�DBQJUBM�DPTU
�SFMBUJWFMZ�MPX�QPXFS�DPOTVNQUJPO
�IJHI�TPMJET�DBQUVSF�
DBO�CF�FBTJMZ�FODMPTFE�

��� $PNQBSFE�UP�PUIFS�NFDIBOJDBM�EFXBUFSJOH�EFWJDFT
�CFMU�QSFTTFT�TUJMM�IBWF�UIF�MPXFTU�FOFSHZ�DPOTVNQUJPO�QFS�WPMVNF�PG�
TPMJET�EFXBUFSFE�

��� "�QSFTTVSF�mMUFS�QSFTT�TZTUFN�UZQJDBMMZ�QSPEVDFT�DBLFT�UIBU�BSF�ESJFS�UIBO�UIPTF�QSPEVDFE�CZ�PUIFS�EFXBUFSJOH�
FRVJQNFOU�

��� 8IFSF�FMBCPSBUF�MJOJOH�BOE�MFBDIBUF�DPOUSPM�JT�OPU�OFDFTTBSZ�BOE�XIFSF�MBOE�JT�BWBJMBCMF
�DBQJUBM�DPTU�PG�ESZJOH�CFE�JT�
MPX�GPS�TNBMM�QMBOUT��"MTP�UIFZ�BSF�MPX�SFRVJSFNFOU�GPS�PQFSBUPS�BUUFOUJPO�BOE�TLJMM
�MPX�FMFDUSJD�QPXFS�DPOTVNQUJPO
�MPX�
TFOTJUJWJUZ�UP�TMVEHF�WBSJBCJMJUZ
�MPX�DIFNJDBM�DPOTVNQUJPO
�BOE�IJHI�ESZ�DBLF�TPMJET�DPOUFOU�

��� 3PUBSZ�QSFTTFT�BOE�SPUBSZ�GBO�QSFTTFT�VTFT�MFTT�FOFSHZ�UIBO�DFOUSJGVHFT�PS�CFMU�mMUFS�QSFTTFT
�TNBMM�GPPUQSJOU
�PEPST�
DPOUBJOFE
�MPX�TIFBS
�NJOJNBM�NPWJOH�QBSUT
�NJOJNBM�CVJMEJOH�SFRVJSFNFOUT
�NJOJNBM�TUBSU�VQ�BOE�TIVUEPXO�UJNF
�VTFT�
MFTT�XBTI�XBUFS�UIBO�CFMU�mMUFS�QSFTTFT
�MPX�WJCSBUJPO
�MPX�OPJTF
�BOE�NPEVMBS�EFTJHO�

���� 4DSFX�QSFTTFT�BSF�MPX�SPUBUJPOBM�TQFFE�SFTVMUJOH�MPX�NBJOUFOBODF�BOE�OPJTF
�MPX�PQFSBUJOH�FOFSHZ�DPOTVNQUJPO
�
DPOUBJONFOU�PG�PEPST�BOE�BFSPTPM
�MPX�CVJMEJOH�DPSSPTJPO�QPUFOUJBM
�TJNQMF�PQFSBUJPO�XJUI�MPX�PQFSBUPS�BUUFOUJPO
�MPXFS�
UIBO�CFMU�QSFTTFT�XBTI�XBUFS�EFNBOE�BOE�XBTI�XBUFS�QSFTTVSF�SFRVJSFNFOUT�

���� "OBFSPCJD�EJHFTUJPO�BSF�HPPE�WPMBUJMF�TVTQFOEFE�TPMJET�EFTUSVDUJPO
�OFU�PQFSBUJPOBM�DPTU�DBO�CF�MPX�JG�HBT�JT�VTFE
�CSPBE�
BQQMJDBCJMJUZ
�CJP�TPMJET�TVJUBCMF�GPS�BHSJDVMUVSBM�VTF
�SFEVDFT�UPUBM�TMVEHF�NBTT
�MPX�OFU�FOFSHZ�SFRVJSFNFOUT�
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���



��� (SBWJUZ�UIJDLFOFST�NBZ�DBVTF�PEPST
�FSSBUJD�GPS�8"4
�UIJDLFOFE�TPMJE�DPODFOUSBUJPO�MJNJUFE�GPS�8"4
�IJHI�TQBDF�
SFRVJSFNFOUT�GPS�8"4
�nPBUJOH�TPMJE�

��� %JTTPMWFE�BJS�nPUBUJPO�UIJDLFOFST�IBWF�SFMBUJWFMZ�IJHI�QPXFS�DPOTVNQUJPO
�UIJDLFOJOH�TPMJET�DPODFOUSBUJPO�MJNJUFE
�PEPS�
QPUFOUJBM
�IJHI�TQBDF�SFRVJSFNFOUT�DPNQBSFE�UP�PUIFS�NFDIBOJDBM�NFUIPET
�NPEFSBUF�PQFSBUPS�BUUFOUJPO�SFRVJSFNFOUT
�
CVJMEJOH�DPSSPTJPO�QPUFOUJBM
�JG�FODMPTFE
�SFRVJSFT�QPMZNFS�GPS�IJHI�TPMJET�DBQUVSF�PS�JODSFBTFE�MPBEJOH�

��� $FOUSJGVHF�UIJDLFOFST�BSF�SFMBUJWFMZ�IJHI�DBQJUBM�DPTU�BOE�QPXFS�DPOTVNQUJPO
�TPQIJTUJDBUFE�NBJOUFOBODF�SFRVJSFNFOUT
�
CFTU�TVJUFE�GPS�DPOUJOVPVT�PQFSBUJPO
�NPEFSBUF�PQFSBUPS�BUUFOUJPO�SFRVJSFNFOUT�

��� (SBWJUZ�CFMU�UIJDLFOFST�BSF�IPVTFLFFQJOH
�QPMZNFS�EFQFOEFOU
�NPEFSBUF�PQFSBUPS�BUUFOUJPO�SFRVJSFNFOUT
�PEPS�QPUFOUJBM
�
BOE�CVJMEJOH�DPSSPTJPO�QPUFOUJBM
�JG�FODMPTFE�

��� 3PUBSZ�ESVN�UIJDLFOFST�BSF�QPMZNFS�EFQFOEFOU
�TFOTJUJWJUZ�UP�QPMZNFS�UZQF
�NPEFSBUF�PQFSBUPS�BUUFOUJPO�SFRVJSFNFOUT
�
BOE�PEPS�QPUFOUJBM�JG�OPU�FODMPTFE�

��� 'JMUFS�QSFTTFT�BSF�IJHI�DBQJUBM�DPTU
�SFMBUJWFMZ�IJHI�0�.�DPTUT
�UIF�TVCTUBOUJBM�RVBOUJUJFT�PG�USFBUNFOU�DIFNJDBMT�SFRVJSFE
�
BOE�UIF�QFSJPEJD�BEIFSFODF�PG�DBLF�UP�UIF�mMUFS�NFEJVN
�XIJDI�NVTU�CF�NBOVBMMZ�SFNPWFE��*U�BMTP�SFRVJSFT�TJHOJmDBOU�
BNPVOUT�PG�FOFSHZ�UP�QSFTTVSJ[F�UIF�VOJUT�

��� %SZJOH�CFET�MBDLT�SBUJPOBM�EFTJHO�BQQSPBDI�GPS�TPVOE�FDPOPNJD�BOBMZTJT
�MBSHF�MBOE�SFRVJSFNFOU
�TUBCJMJ[FE�TMVEHF�
SFRVJSFNFOU
�JNQBDU�PG�DMJNBUJD�FGGFDUT�PO�EFTJHO
�IJHI�WJTJCJMJUZ�UP�HFOFSBM�QVCMJD
�MBCPS�JOUFOTJWF�TMVEHF�SFNPWBM
�
QFSNJUUJOH�BOE�HSPVOEXBUFS�DPOUBNJOBUJPO�DPODFSOT
�GVFM�BOE�FRVJQNFOU�DPTUT�GPS�CFE�DMFBOJOH�TZTUFNT
�SFBM�PS�
QFSDFJWFE�PEPS�BOE�WJTVBM�OVJTBODFT�

��� 3PUBSZ�QSFTTFT�BOE�SPUBSZ�GBO�QSFTTFT�NBZ�CF�NPSF�EFQFOEFOU�PO�QPMZNFS�QFSGPSNBODF�UIBO�DFOUSJGVHFT�PS�CFMU�mMUFS�
QSFTTFT
�MPX�UISPVHIQVU�DPNQBSFE�UP�PUIFS�NFDIBOJDBM�EFXBUFSJOH�QSPDFTTFT
�TDSFFO�DMPHHJOH�QPUFOUJBM
�OFFE�GPS�IFBWZ�
SBUFE�PWFSIFBE�DSBOF�UP�MJGU�BOE�NBJOUBJO�DIBOOFMT
�BOE�IJHI�DBQJUBM�DPTU�

��� $BLF�DPODFOUSBUJPO�GSPN�TDSFX�QSFTTFT�NBZ�CF�SFMBUJWFMZ�MPX
�JO�QBSUJDVMBS�XIFO�UIFSF�BSF�OP�QSJNBSZ�DMBSJmFST��4DSFX�
QSFTTFT�IBWF�B�MBSHFS�GPPUQSJOU
�GFX�NBOVGBDUVSFST�BWBJMBCMF�BOE�FRVJQNFOU�DBOOPU�CF�TQFDJmFE�iBT�FRVBM�w�*U�NVTU�CF�
TPMF�TPVSDFE�PS�QSF�QVSDIBTFE
�SFRVJSFT�XBTI�XBUFS��-PXFS�TPMJET�DBQUVSF�UIBO�PUIFS�EFXBUFSJOH�QSPDFTTFT�JO�TPNF�
DBTFT�

���� "OBFSPCJD�EJHFTUJPO�SFRVJSFT�TLJMMFE�PQFSBUPST
�NBZ�FYQFSJFODF�GPBNJOH
�NFUIBOF�GPSNFST�BSF�TMPX�HSPXJOH
�IFODF
�iBDJE�
EJHFTUFSw�TPNFUJNFT�PDDVST
�SFDPWFST�TMPXMZ�GSPN�VQTFU
�TVQFSOBUBOU�TUSPOH�JO�BNNPOJB�BOE�QIPTQIPSVT
�DMFBOJOH�JT�
EJGmDVMU
�DBO�HFOFSBUF�OVJTBODF�PEPST�SFTVMUJOH�GSPN�BOBFSPCJD�OBUVSF�PG�QSPDFTT
�IJHI�JOJUJBM�DPTU
�QPUFOUJBM�GPS�TUSVWJUF
�
TBGFUZ�JTTVFT�DPODFSOFE�XJUI�nBNNBCMF�HBT�

U
Disadvantages

���



Sources
��� &1"�	����
��#JPTPMJET�UFDIOPMPHZ�GBDU�TIFFU��"MLBMJOF�TUBCJMJ[BUJPO��&1"�����'��������

��� &1"�	����
��#JPTPMJET�UFDIOPMPHZ�GBDU�TIFFU��#FMU�mMUFS�QSFTT��&1"�����'��������

��� &1"�	����
��#JPTPMJET�UFDIOPMPHZ�GBDU�TIFFU��$FOUSJGVHF�UIJDLFOJOH�BOE�EFXBUFSJOH��&1"�����'��������

��� &1"��#JPTPMJET�UFDIOPMPHZ�GBDU�TIFFU��(SBWJUZ�UIJDLFOJOH�� 
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Description
1SFUSFBUNFOU�JO�EFTBMJOBUJPO�TZTUFNT�JT�B�QSFMJNJOBSZ�TUFQ�UP�USFBU�UIF�SBX�XBUFS�UP�UIF�SFRVJSFE�RVBMJUZ�TP�UIBU�JU�XJMM�OPU�IBWF�BOZ�
BEWFSTF�FGGFDUT�PO�UIF�QFSGPSNBODFT�PG�UIF�EFTBMJOBUJPO�TZTUFN�BT�UIF�XBUFS�QBTTBHF�UISPVHI�EFTBMJOBUJPO�VOJUT��5IF�MFWFMT�PG�
QSFUSFBUNFOUT�WBSZ�BDDPSEJOH�UP�EFTBMJOBUJPO�UFDIOPMPHJFT�TVDI�BT�NFNCSBOFT
�UIFSNBM�BOE�PUIFST��.PTUMZ
�UIF�QSFUSFBUNFOU�QSPDFTT�
JODMVEFT�FJUIFS�DPOWFOUJPOBM�mMUSBUJPO�QMBOUT�PS�B�NFNCSBOF�mMUSBUJPO�TZTUFN��5IF�QSFUSFBUNFOU�QSFWFOUT�NFNCSBOF�GPVMJOH�BOE�IFMQT�
UP�FYUFOE�UIF�MJGFUJNF�PG�UIF�NFNCSBOF�

Design Criteria
%FUBJMFE�QIZTJDBM
�DIFNJDBM�BOE�CJPMPHJDBM�BOBMZTFT�PG�SBX�XBUFS�BU�JOUBLF�BSF�GVOEBNFOUBM�GPS�UIF�TFMFDUJPO�BOE�EFTJHO�EFUFSNJOBUJPO�
PG�UIF�QSFUSFBUNFOU�QSPDFTT��'PS�FYBNQMF
�XBUFS�PSJHJOBUJOH�GSPN�B�QSPQFSMZ�EFTJHOFE�BOE�PQFSBUFE�XFMM�mFME�IBT�B�WFSZ�MPX�
DPODFOUSBUJPO�PG�TVTQFOEFE�TPMJET�BOE�UIF�USFBUNFOU�QSPDFTT�JODMVEFT�POMZ�DBSUSJEHF�mMUFST�CZ�PNJUUJOH�BOZ�NFEJB�mMUSBUJPO��*O�
DPOUSBSZ
�B�GVMM�QSFUSFBUNFOU�QSPDFTT�XJMM�CF�SFRVJSFE�GPS�XBUFS�GSPN�PQFO�TFBXBUFS�JOUBLFT�

%FTJHO�DSJUFSJB�XJMM�CF�CBTFE�PO�UIF�UZQF�PG�XBUFS�RVBMJUZ�	J�F�
�UVSCJEJUZ
�PSHBOJD�BOE�JOPSHBOJD�NBUUFST�BOE�NJDSPCJBM
�FUD�
�BOE�UZQFT�
PG�NFNCSBOF�UFDIOPMPHJFT�TFMFDUFE�GPS�UIF�EFTBMJOBUJPO��"T�JOEJDBUFE�JO�UIF�'JHVSF�BOE�5BCMF�CFMPX
�UIFSF�DPVME�CF�BOZ�QPUFOUJBM�
BSSBOHFNFOU�GPS�UIF�QSFUSFBUNFOU�QSPDFTT�QSJPS�UP�UIF�EFTBMJOBUJPO��5IF�NBJO�PCKFDUJWFT�BSF�UP�BWPJE�TDBMJOH�BOE�PS�GPVMJOH�PG�
NFNCSBOFT�BOE�FWBQPSBUPST�

DesalinationDesalination Pretreatment
T E C H N O L O G Y

SOURCE

1SFUSFBUNFOU�PQUJPOT�GPS�TFB�XBUFS�30�TZTUFN

%VSJOH�UIF�JOJUJBM�TUBHF�PG�QSFUSFBUNFOU
�MBSHF�QJFDFT�PG�SPDLT�BOE�MJWJOH�PSHBOJTNT�TVDI�BT�CBSOBDMFT�BSF�mSTU�SFNPWFE�CZ�UIF�DPBSTF�
TDSFFOT��4VCTFRVFOUMZ
�TNBMMFS�QBSUJDMFT�BOE�DPMMPJET�BSF�SFNPWFE�CZ�UIF�TBOE�mMUFST��*O�PSEFS�UP�TBGFHVBSE�BHBJOTU�BOZ�MFBLBHF�PG�
TVTQFOEFE�QBSUJDMFT�GSPN�UIF�TBOE�mMUFS
�UIF�mMUSBUF�JT�QBTTFE�UISPVHI�B�mOBM�TUBHF�PG�NJDSPO�DBSUSJEHF�mMUSBUJPO��5IF�DBSUSJEHF�mMUSBUJPO�
TZTUFN�TFSWFT�BT�B�QPMJTIJOH�mMUFS�UP�FOTVSF�DPOTUBOU�mMUSBUF�RVBMJUZ�CFGPSF�UIF�mMUSBUF�JT�DIBOOFMFE�UP�UIF�30�NFNCSBOFT��*O�BEEJUJPO�
UP�UIF�BCPWF
�DPBHVMBOU�JT�BMTP�EPTFE�QSJPS�UP�UIF�TBOE�mMUFST�UP�FOIBODF�UIF�SFNPWBM�PG�DPMMPJEBM�BOE�TVTQFOEFE�QBSUJDMFT��

"T�TIPXO�JO�UIF�5BCMF
�UIF�QSPDFTT�VOJU�GPS�UIF�QSFUSFBUNFOU�DPVME�CF�JO�BOZ�PSEFS�CBTFE�PO�UIF�MPDBM�DPOEJUJPO��1SFUSFBUNFOU�
UFDIOPMPHJFT�BSF�DPOUJOVPVTMZ�FWPMWJOH�UP�NPSF�GVMMZ�BEESFTT�CJPGPVMJOH�QSFWFOUJPO�BOE�DIBMMFOHFT�TVDI�BT�BMHBM�CMPPNT�BOE�VOJRVF�
OFFET�PG�OFX�XBUFS�TPVSDFT�TVDI�BT�UIPTF�QSFTFOUFE�CZ�UIF�PJM�BOE�HBT�JOEVTUSZ��3FBEFST�BSF�TVHHFTUFE�UP�DPOTVMU�PUIFS�TFDUJPOT�
PG�UIJT�DBUBMPHVF�UP�HFU�NPSF�JOGPSNBUJPO�PO�UIF�TQFDJmD�QSFUSFBUNFOU�TZTUFNT�UIBU�BSF�EJTDVTTFE�PO�XBUFS�BOE�XBTUFXBUFS�USFBUNFOU�
TFDUJPO�

'PS�FYBNQMF
�B�QSFUSFBUNFOU�QMBOU�JT�DPNQSJTFT�B�DPBSTF�TDSFFO�CFGPSF�UIF�TFBXBUFS�TVQQMZ�QVNQT
�HSBWJUZ�ESJWFO�TJOHMF�NFEJVN�
TBOE�mMUFST�BOE�B�UISFF�TUBHF�	�����M�QN
�QPMJTIJOH�DBSUSJEHF�mMUSBUJPO�TZTUFN�
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3RWHQWLDO�3UHWUHDWPHQW�2SWLRQ�IRU�'HVDOLQDWLRQ�6\VWHP

$OWHUQDWLYH�2SWLRQ Pretreatment Process

" 0QFO�JOUBLF�→�TDSFFO�→�DPBHVMBUJPO�nPDDVMBUJPO�→�TFEJNFOUBUJPO�→�HSBOVMBS�NFEJB�mMUSBUJPO�→ 
VMUSBmMUSBUJPO�→�DBSUSJEHF�mMUSBUJPO�→�%FTBMJOBUJPO�	�F�H�
�30
�OBOPmMUFSBUJPO�FUD�


# 0QFO�JOUBLF�→ NJDSPTUSBJOJOH�→�DPBHVMBUJPO�nPDDVMBUJPO�→ TFEJNFOUBUJPO�→ HSBOVMBS�NFEJB�mMUSBUJPO�
→�VMUSBmMUSBUJPO�→ DBSUSJEHF�mMUSBUJPO�→ %FTBMJOBUJPO�	�F�H�
�30
�OBOPmMUFSBUJPO�FUD�


C 0QFO�JOUBLF�→ NJDSPTUSBJOJOH�→ DPBHVMBUJPO�nPDDVMBUJPO�→ EJTTPMWFE�BJS�nPUBUJPO�→ HSBOVMBS�NFEJB�
mMUSBUJPO�→ VMUSBmMUSBUJPO�→ DBSUSJEHF�mMUSBUJPO�→ %FTBMJOBUJPO�	F�H�
�30
�OBOPmMUFSBUJPO�FUD�


D 0QFO�JOUBLF�→ NJDSPTUSBJOJOH�→ DPBHVMBUJPO�nPDDVMBUJPO�→ EJTTPMWFE�BJS�nPUBUJPO�→ VMUSBmMUSBUJPO�→ 
DBSUSJEHF�mMUSBUJPO�→ %FTBMJOBUJPO�	F�H�
�30
�OBOPmMUFSBUJPO�FUD�


E 0QFO�JOUBLF�→ NJDSPTUSBJOJOH�→ JOMJOF�DPBHVMBUJPO�→ VMUSBmMUSBUJPO�→ DBSUSJEHF�mMUSBUJPO�→ %FTBMJOBUJPO�
	F�H�
�30
�OBOPmMUFSBUJPO�FUD�


' 4VCTVSGBDF�JOUBLF�→ NJDSPTUSBJOJOH�→ JOMJOF�DPBHVMBUJPO�→ VMUSBmMUSBUJPO�→ DBSUSJEHF�mMUSBUJPO�→ 
%FTBMJOBUJPO�	F�H�
�30
�OBOPmMUFSBUJPO�FUD�


G 4VCTVSGBDF�JOUBLF�→ VMUSBmMUSBUJPO�→ DBSUSJEHF�mMUSBUJPO�→ %FTBMJOBUJPO�	F�H�
�30
�OBOPmMUFSBUJPO�FUD�
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