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SURGXFWLRQ� LQ� WKH� UXEEHU�EDOORRQ� SODQW� ZDV� �����
P��G��FRPSDUHG�WR������P��G�LQ�WKH�'HHQEDQGKX�
SODQW��� 6LOWLQJ� RFFXUUHQFH� ZDV� FRPPRQ� SUREOHP�
LQ� -2&�IHG�SODQW� IRU�SURSHU�ELRJDV�JHQHUDWLRQ��7R�
DYRLG� VXFK� SUREOHP� VLPSOH� DQG� HIIHFWLYH� VWLUULQJ�
DUUDQJHPHQW�ZDV� GHYHORSHG� LQ� SUHVHQW� VWXG�� IRU��
)OH[LEOH�%DOORRQ�'LJHVWHU�

0DWHULDOV�D�G�0HWKRGV

7KH� EDOORRQ� GLJHVWHU� ZDV� IDEULFDWHG� IURP� VSHFLDO�
WKUHH�OD�HUV�UHLQIRUFHG�IDEULF�QDPHO��KLJK�WHQDFLW��
UXEEHUL]HG� Q�ORQ� IDEULF� FRDWHG� ZLWK� K�SDORQ� RQ�
WKH� RXWHU� DQG�QHRSUHQH�RQ�WKH� LQQHU� VXUIDFH��7KH�
SODQW�FRQVLVWHG�RI�D�ORQJ�F�OLQGHU�PDGH�RI�VSHFLDOO��
UHLQIRUFHG�UXEEHU�IDEULF�ZLWK�LQOHW�DQG�RXWOHW�DW�LWV�
extremities.�The�cylindrical�shaped���exible�balloon�
VWLUULQJ�GLJHVWHU�ZDV�GHVLJQHG� E��FRQVLGHULQJ� WKH�
SUHVVXUH�GHYHORSHG�LQVLGH�DQG�RWKHU�VDIHW��IDFWRUV��
7R� DYRLG� VFXP� IRUPDWLRQ� LQVLGH� WKH� GLJHVWHU�
VWLUULQJ� XQLW� ZDV� LQFRUSRUDWHG� LQ� WKH� PLG�VHFWLRQ�
RI� EDOORRQ� GLJHVWHU�� 7KH� VWLUULQJ� XQLW� FRQVLVWHG�
RI� D� IRRW� RSHUDWHG�%HOORZ�3XPS�DQG�39&�SLSLQJ�
V�VWHP�� ZLWK� WLQ�� SHUIRUDWLRQV�� KDYLQJ� ����� PP�
OHQJWK� DQG� ��� PP� GLDPHWHU� LQVWDOOHG� DW� ERWWRP�
RI�WKH�GLJHVWHU��7KH�ELRJDV�JHQHUDWHG� LQ�WKLV�SODQW�

,�WURG�FWLR�

Biomass� contributes� a� signi�cant� share� of� global�
SULPDU��HQHUJ��FRQVXPSWLRQ�DQG�LWV�LPSRUWDQFH�LV�
OLNHO��WR�LQFUHDVH�LQ� IXWXUH�ZRUOG�HQHUJ��VFHQDULR��
6HDUFK� IRU� HFRORJLFDOO�� VXVWDLQDEOH� DOWHUQDWLYH�
HQHUJ�� IRU� GLHVHO� HQGHG� LQ� ELRGLHVHO� SURGXFWLRQ�
IURP�YHJHWDEOH�RLO��SDUWLFXODUO��QRQ�HGLEOH�RLO�IURP�
-DWURSKD�&XUFDV��7KH�SK�VLF�QXW��LHOGV�DURXQG�����
WR���� WRQQHV�RI�VHHGV�KHFWDUH��HDU�GHSHQGLQJ�RQ�
VRLO�DQG�UDLQIDOO�FRQGLWLRQV�

�IWHU�H[WUDFWLQJ�RLO�IURP�WKH�VHHGV�WKH�UHPDLQLQJ�
PDWWHU�WKDW�LV�OHIW�EHKLQG�DV�E�SURGXFW�LV�-DWURSKD�
2LO�&DNH��,W�FDQ�QRW�EH�GLUHFWO��XVHG�DV�DQLPDO�IHHG�RU�
QRW�XVHG�LQ�DJULFXOWXUH�IDUPLQJ�EHFDXVH�RI�LWV�WR[LF�
QDWXUH�� *HQHUDWLRQ� RI� ELRJDV� IURP� -2&�ZRXOG� EH�
the�best�solution�for�its�ef�cient�utilization.�Biogas�
SURGXFWLRQ�IURP�-DWURSKD�2LO�&DNH�LV�DQ�LQWHUHVWLQJ�
RSWLRQ�IRU�LQFUHDVLQJ�WKH�HQHUJ��LQGHSHQGHQFH�DQG�
ef�cient�waste�management.��

,W� ZDV� REVHUYHG� WKDW� WKH� ELRJDV� SODQW�� LQLWLDOO��
FKDUJHG� ZLWK� SXUH� FDWWOH� GXQJ�� ZKHQ� JUDGXDOO��
UHSODFHG�ZLWK�-DWURSKD�RLO�FDNH�������������LW�LQFUHDVHG�
WKH�ELRJDV�SURGXFWLRQ�XS�WR�DSSUR[LPDWHO������LQ�
UHDVRQDEOH�WLPH�GXUDWLRQ���7KH�GDLO��DYHUDJH�ELRJDV�

�EVWUDFW

�Q�DWWHPSW�KDG�EHHQ�PDGH�WR�GHVLJQ�DQG�GHYHORSH�D�IOH[LEOH�EDOORRQ�VWLUULQJ�GLJHVWHU�IRU�DQDHURELF�GLJHVWLRQ�RI�
-2&��7KH�LQYHVWLJDWLRQ�VKRZHG�WKDW�-DWURSKD�2LO�&DNH�KDG�ELRJDV�JHQHUDWLRQ�SRWHQWLDO�RI��������OLWUH�SHU�NJ�RI�GU��
PDWWHU����VWLUULQJ�GHYLFH�ZDV�XVHG�WR�DJLWDWH�WKH�VOXUU��LQVLGH�WKH�GLJHVWHU��7KH�PHWKDQH�FRQWHQW�RI�ELRJDV�GHULYHG�
IURP�-2&�ZDV�IRXQG�WR�EH�LQ�WKH�UDQJH�RI���������

��WKRU�V��IILOLDWLR�����VVLVWDQW�3URIHVVRU��&ROOHJH�RI��JULFXOWXUH��:DGDOD��6RODSXU��0DKDUDVKWUD���������,QGLD���3URIHVVRU��
'HSDUWPHQW�RI��JULFXOWXUDO�(QJLQHHULQJ��&ROOHJH�RI��JULFXOWXUH��3XQH��0DKDUDVKWUD���������,QGLD�

�RUUHVSR�GH�FH�D�WKRU��5DYL�GUD�%D�VRG�� �3URIHVVRU��'HSDUWPHQW�RI��JULFXOWXUDO�(QJLQHHULQJ��&ROOHJH�RI��JULFXOWXUH��
3XQH��0DKDUDVKWUD���������,QGLD�

(PDLO��UWXOMDSXU�����JPDLO�FRP

2�L�L�DO���WL�O� ,QGLDQ�-RXUQDO�RI�:DVWH�0DQDJHPHQW
9ROXPH���1XPEHU����-XO��'HFHPEHU�����

(IILFDF��RI�)OH�LEOH�%DOORR��%LRJDV�3OD�W�

6�MDWD��KR�J�OH���5DYL�GUD�%D�VRG��

�R��WR�FLWH�WKLV�DUWLFOH�

6XMDWD� &KRXJXOH� DQG� � 5DYLQGUD� %DQVRG�(IILFDF�� RI� )OH[LEOH� %DOORRQ� %LRJDV� 3ODQW�,QGLDQ� -RXUQDO� RI� :DVWH� 0DQDJHPHQW��
����������������
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ZDV�UHGLUHFWHG�WR�WKH�SLSLQJ�V�VWHP�ZLWK�WKH�KHOS�
RI� D� %HOORZ� 3XPS�� 7KH� � %HOORZ� 3XPS� VXFNHG�
WKH� ELRJDV� IURP� WKH� VHFRQGDU�� JDV� RXWOHW� YDOYH�
DQG� H[SHOHG� LW� EDFN� WR� WKH� VWLUULQJ� VHFWLRQ�� 7KH�
UHGLUHFWHG� JDV� HQWHUV� LQWR� WKH� SHUIRUDWHG� VHFWLRQ�
FDXVLQJ�EXEEOHV� LQVLGH� WKH�GLJHVWHU�ZKLOH� OHDYLQJ�
WKURXJK�WKH�WLQ��SHUIRUDWLRQV��7KHVH�UDLVLQJ�ELRJDV�
EXEEOHV�SURYLGHG�D�JHQWOH�PL[LQJ�RI� WKH�VXEVWUDWH�
DQG�FKHFNHG�WKH�IRUPDWLRQ�RI�VFXP�OD�HU�LQVLGH�WKH�
GLJHVWHU�� WKHUHE�� PDLQWDLQHG� D� KHDOWK�� PLFURELDO�
DFWLYLW��LQ�WKH�GLJHVWHU��

7KH�SUH�VRDNLQJ�RI�-DWURSKD�2LO�&DNH�ZDV�GRQH�
EHIRUH�IHHGLQJ�LW�LQ�WKH�SODQW��7KHUH�ZDV�D�WHQGHQF��

RI� GHRLOHG� FDNH� WR� DEVRUE� PRUH� ZDWHU� GXULQJ�
SUHVRDNLQJ��+HQFH� WKHUH�ZDV� D�PRUH� UHTXLUHPHQW�
RI�ZDWHU�IRU�WKH�SODQW�FRPSDUDWLYHO��WKH�FDWWOH�GXQJ�
EDVHG� ELRJDV� SODQWV�� ,QLWLDOO�� GHRLOHG� FDNH� PL[HG�
ZLWK� ZDWHU� LQ� ���� UDWLR� ZDV� NHSW� LQ� SUHVRDNHG�
FRQGLWLRQ� IRU� ��� KRXUV�� 7KLV� ZDV� SHUIRUPHG� E��
NHHSLQJ� WKH� PL[WXUH� RI� GHRLOHG� FDNH� DQG� ZDWHU�
LQ� WKH� PL[LQJ� WDQN� IRU� VDPH� WLPH� DQG� ODWHU� WKH�
SUHVRDNHG� FDNH� ZDV� DJDLQ� PL[HG� LQ� WKH� PL[LQJ�
WDQN�ZLWK� UHPDLQLQJ� DPRXQW� RI�ZDWHU�DW� WKH� WLPH�
RI�IHHGLQJ��7KH�VXEVWUDWH�VXFK�IRUPHG�ZDV�DOORZHG�
to��ow�from�the�mixing�tank�to�the�digester�daily.��

7KH� H[SHULPHQW� ZDV� FRQGXFWHG� DW� DPELHQW�
WHPSHUDWXUH�� 7KH� GDLO�� ELRJDV� SURGXFHG� IURP�

)LJ����6FKHPDWLF�GLDJUDP�RI�)OH[LEOH�%DOORRQ�%LRJDV�'LJHVWHU�RI���FXP�FDSDFLW��

)LJ���� �� � )OH[LEOH�%DOORRQ�6WLUULQJ�'LJHVWHU�DW� ILHOG����&XELF�
PHWUH��

-DWURSKD� 2LO� &DNH� EDVHG� )OH[LEOH� %DOORRQ� %LRJDV�

Plant� in� �eld� experiments� was� estimated� by�

*�//86� ����� �(/����� 'U�� *DV� )ORZ� 0HWHU��

�OVR� GDLO�� PHWKDQH� DQG� FDUERQ� GLR[LGH� FRQWHQWV�

RI� JHQHUDWHG� ELRJDV� ZHUH� DQDO�]HG� XVLQJ� D�

*�6%2�5'������3�SRUWDEOH�%LRJDV��QDO�]HU��

7KH�ELRJDV�SURGXFHG�IURP�WKLV�SODQW�ZDV�VWRUHG�

LQ�VWRUDJH�EDOORRQ��7KDW�VWRUHG�ELRJDV�ZDV�XVHG�IRU�

WHVWLQJ� HQJLQH� SHUIRUPDQFH� IRU� SRZHU� JHQHUDWLRQ�

DQG�IRU�FRRNLQJ�SXUSRVHV��7KH�VFKHPDWLF�LOOXVWUDWLRQ�

RI�)%6'�LV�JLYHQ�LQ�)LJXUH���DQG�)LJXUH���

5HV�OWV�D�G��LVF�VVLR�

FBSD�speci�cations�and�design�parameters�of� the�

SUHVHQW�VWXG��ZDV�VXPPDUL]HG�LQ�7DEOH���

6XMDWD�&KRXJXOH��5DYLQGUD�%DQVRG�(IILFDF��RI�)OH[LEOH�%DOORRQ�%LRJDV�3ODQW
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�DEOH����)%6'�VSHFLILFDWLRQV�DQG�GHVLJQ�SDUDPHWHUV�

�����)%6��6SHFLILFDWLR�V

� 3ODQW�FDSDFLW���P�� �

� 7RWDO�YROXPH�RI�GLJHVWHU��P�� ���

� %LRJDV�VWRUDJH�EDOORRQ�FDSDFLW��P�� �

� 5HWHQWLRQ�SHULRG��GD�V� ��

� 'LDPHWHU�RI�WKH�EDOORRQ�GLJHVWHU��PP� ����

� /HQJWK�RI�WKH�EDOORRQ�GLJHVWHU��PP� ����

� 'LPHQVLRQV�RI�SLW��PP� �����[������
[�����

� 'LPHQVLRQV�RI�PL[LQJ�WDQN��PP� �����[����

� 'LPHQVLRQV�RI�ELRJDV�VWRUDJH�EDOORRQ�
�PP� �����[�����

� &DSDFLW��RI�)RRW�%HOORZ�SXPS��OLWUH� ����

�� (DUWK�SUHVVXUH��3D� ����

�� 7KLFNQHVV�RI�WKH�EDOORRQ�GLJHVWHU��PP� ���

�%��6WUHVV��6WUDL��D�G��LPH�VLR�DO��
YDULDWLR�V�L��%DOORR���LJHVWHU

L +�GURVWDWLF�SUHVVXUH ���������3D

LL +RRS�VWUHVV��σθ� ������03D

LLL /RQJLWXGLQDO�VWUHVV��σL� ������03D

LY &LUFXPIHUHQWLDO�VWUDLQ ������;�����

Y /RQJLWXGLQDO�VWUDLQ��εL� �����;�����

YL &KDQJH�LQ�GLDPHWHU �����PP

YLL &KDQJH�LQ�OHQJWK �����PP

'DLO�� PHWKDQH� DQG� FDUERQ� GLR[LGH� FRQWHQW� RI�
JHQHUDWHG�ELRJDV�ZDV�DQDO�]HG�XVLQJ�D�*�6%2�5'�
�� ����3� SRUWDEOH� %LRJDV� �QDO�]HU�� 7KH� DYHUDJH�
PHWKDQH�FRQWHQW�RI�SURGXFHG�ELRJDV�ZDV�������SHU�
FHQW� ZKHUHDV� WKH� DYHUDJH� FDUERQ� GLR[LGH� FRQWHQW�

)LJ������:HHNO��DYHUDJH�PHWKDQH�DQG�FDUERQ�GLR[LGH�FRQWHQW�LQ���ZHHNV�SHULRG�

ZDV� ������ SHU� FHQW� LQ� �� ZHHNV� SHULRG�� :HHNO��
DYHUDJH�PHWKDQH�DQG�&DUERQ�GLR[LGH�FRQWHQW�IURP�
-2&�ZDV�VKRZQ�LQ�)LJ����

�W�HYHU�����GD�V�LQWHUYDO�WKH�1��3��.�FRQWHQW�RI�WKH�
IUHVK�-2&�VOXUU��DQG�GLJHVWHG�VOXUU��ZDV�REVHUYHG��
Signi�cant�differences�in�N,�P,�K�content�of�biogas�
VSHQW�VOXGJH�DQG�WKH� IUHVK�VOXUU��ZDV�IRXQG��7KH�
DYHUDJH� QLWURJHQ�� SKRVSKRUXV� DQG� SRWDVVLXP�
FRQWHQW�RI�WKH�IUHVK�VOXUU��ZHUH�������������DQG�������
UHVSHFWLYHO��ZKHUHDV� LQ� WKH�GLJHVWHG�VOXUU�� LW�ZDV�
������������DQG������UHVSHFWLYHO���

�R�FO�VLR�V

7KH�DYHUDJH�JDV�SURGXFWLRQ�ZDV� ������� � O�NJ�GP�
ZLWK�DYHUDJH�PHWKDQH�FRQWHQW�RI�������SHU�FHQW��7KH�
VWLUULQJ�XQLW�ZDV�XVHG� IRU� DYRLGLQJ� WKH� IRUPDWLRQ�
RI� VFXP� OD�HU� LQVLGH� WKH� GLJHVWHU� WKURXJKRXW� WKH�
SHULRG�RI�RSHUDWLRQ�

5HIHUH�FHV

��� 'KDQ�D� 0�6��*XSWD� 1��� -RVKL� +�&�� DQG� /DWD��
������ %LRGLHVHO� SURGXFWLRQ� IURP� QRQ�HGLEOH� RLO��
3URFHHGLQJV� � RI� ,QW�� &RQI�� RQ� (QHUJ�� DQG� (QY���
0DUFK�������

��� 1DILVD��OL�� ��� �.�� �.XUFKDQLD� � DQG� � 6ZDWL� � %DEHO��
�������� %LR�PHWKDQLVDWLRQ� � RI� � -DWURSKD� FXUFDV�
GHIDWWHG� ZDVWH�� -RXUQDO� RI� (QJLQHHULQJ� DQG�
7HFKQRORJ��5HVHDUFK��9RO���������������

��� .DQZDU�� 6�6�� DQG� *XOHUL�� 5�/�� ������ 3HUIRUPDQFH�
HYDOXDWLRQ� RI� D� IDPLO��VL]H�� UXEEHU�EDOORRQ� ELRJDV�
SODQW�XQGHU�KLOO��FRQGLWLRQV��%LR�HFK�9RO������������
����

6XMDWD�&KRXJXOH��5DYLQGUD�%DQVRG�(IILFDF��RI�)OH[LEOH�%DOORRQ�%LRJDV�3ODQW


