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,Q� WKLV� VWXG\�� ZH� WHVWHG� D� QDWXUDO� GUDIW� JDVLILHU�� FXUUHQWO\� LPSOHPHQWHG� LQ�
6HQHJDO�DQG�WKH�WUDGLWLRQDO�WKUHH�VWRQHV�ILUH��76)��LQ�WKH�ODERUDWRU\��XVLQJ�WKH�
SURWRFRO�RI�ZDWHU�ERLOLQJ�WHVW��:%7���3ROOXWDQWV�HPLVVLRQV�IURP�WKUHH�W\SHV�RI�
ELRPDVV�IXOO�ZHUH�LQYHVWLJDWHG�LQ�WKLV�ZRUN��2XU�UHVXOWV�VKRZ�WKDW��EXUQLQJ�WKH�
VDPH�ZRRG��Cordyla Pinnata��GLPE���WKH�JDVLILHU�KDG�D�IXHO�FRQVXPSWLRQ�����
ORZHU�WKDQ�WKH�WUDGLWLRQDO�WKUHH�VWRQHV��DQG�GHFUHDVH�HPLVVLRQV�IDFWRUV�RI�ILQH�
SDUWLFXODWH�PDWWHU��30��E\������RUJDQLF�FDUERQ��2&��E\������DQG�HOHPHQWDO�
FDUERQ� �(&�� E\� ����� 7KH� JDVLILHU� KDV� DOVR� VKRZQ� WR� UHGXFH� IXHO� XVHG� DQG�
HPLVVLRQV�FRPSDUHG�ZLWK�WKH�WKUHH�VWRQHV�XVLQJ�Casuarina Equisetifolia (Filao)�
WKRXJK�WR�D�PLQRU�H[WHQW�������LQ�IXHO�FRQVXPSWLRQ�DQG�HPLVVLRQV�UHGXFWLRQ�RI�
����RI�30������RI�2&�DQG�����(&��7KH�PLFUR�JDVLILHU�XVLQJ�W\SKD�SHOOHWV�LV�
WKH�FRRNLQJ�V\VWHP�WKH�PRVW�HIILFLHQW�ZLWK�D�UHGXFWLRQ�����RI�IXHO�DQG�PRUH�
WKDQ�����RI�HPLVVLRQV�FRPSDULQJ�WR�WKH���VWRQHV�GLPE�FRPELQDWLRQ����

2XU�UHVXOWV�DJUHH�ZLWK�RWKHU�VWXGLHV�DQG�FRQILUP�WKDW�JDVLILHU�KDYH�D�YHU\�ORZ�
IXHO�FRQVXPSWLRQ�DQG�ORZ�HPLVVLRQV�RI�FOLPDWH�IRUFLQJ�SDUWLFOHV��)XUWKHU�ILHOG�
VWXGLHV�DUH�QHHGHG�WR�HYDOXDWH�WKH�DGRSWLRQ�RI�WKHVH�QHZ�VWRYHV�DQG�IXHOV�DQG�WR�
DQDO\]H�IXHO�FRQVXPSWLRQ�DQG�HPLVVLRQV�XQGHU�UHDO�ZRUOG�FRRNLQJ�SUDFWLFHV��

�
,��,1752'8&7,21�

,Q� VXE�6DKDUDQ� $IULFD� �66$��� IRXU� RXW� RI� ILYH� SHRSOH�
UHVRUW� WR� WKH� WUDGLWLRQDO� XVH� RI� VROLG� ELRPDVV�� PDLQO\�
ILUHZRRG�� IRU� FRRNLQJ� >,($�� ������ $IULFD� (QHUJ\�
2XWORRN������@��$V�D�FRQVHTXHQFH��VRPH�RI�WKH�HDUWK¶V�
QDWXUDO� IRUHVWV� DUH� EHLQJ� GHSOHWHG�� ZKLFK� LQ� WXUQ��
FRQWULEXWHV� WR� FOLPDWH� FKDQJH�� � 0DQ\� ZRPHQ� DQG�
FKLOGUHQ� DUH� IRUFHG� WR� VSHQG� ORQJ� KRXUV� HYHU\� GD\�
FROOHFWLQJ�FRRNLQJ�IXHO���

7KH� PRVW� FRPPRQ� FRRNLQJ� WHFKQRORJLHV� XVHG� DUH�
WUDGLWLRQDO� ELRPDVV� VWRYHV�� ZKLFK� HPLW� D� VLJQLILFDQW�
DPRXQW� RI� JDVHV� �FDUERQ� GLR[LGH�� PHWKDQH��
K\GURFDUERQV��FDUERQ�PRQR[LGH�DQG�R[LGHV�RI�QLWURJHQ��
DQG�SDUWLFXODWH�PDWWHU��30���ZKLFK�DUH�D�WKUHDW�WR�KHDOWK�
DQG� KDYH� VWURQJ� HIIHFWV� RQ� WKH� FOLPDWH� >%RQG��� ������
9HQNDWDUDPDQ�HW�DO���������&KDIH�HW�DO�������@��,Q�VXE�
6DKDUDQ�$IULFD�� LQGRRU�DLU�SROOXWLRQ��,$3��H[SRVXUH� LV�
WKH� VLQJOH� JUHDWHVW� KHDOWK� ULVN� IRU� ZRPHQ� DQG� JLUOV�
>:+2��������:+2��(G��������@��FDXVLQJ�DURXQG�KDOI�D�
PLOOLRQ� SUHPDWXUH� GHDWKV� DQQXDOO\�� KDOI� RI� WKHP� RI�
FKLOGUHQ� XQGHU� ILYH�� ,I� QR� DFWLRQ� LV� WDNHQ�� E\� ������
��������SHRSOH�ZLOO�GLH�DQQXDOO\�IURP�GLVHDVHV�OLQNHG�WR�
VROLG�IXHO�FRRNLQJ���(OHPHQWDO�&DUERQ��(&��LV�D�SDUW�RI�
SDUWLFXODWH�PDWWHU�� LW� LV� D� VKRUW�OLYHG� FOLPDWH� SROOXWDQW�

DQG� WKH� VHFRQG� ODUJHVW� FRQWULEXWRU� WR� JOREDO� ZDUPLQJ�
>-DFREVRQ�HW�DO�������@��,W�LV�HVWLPDWHG�WKDW�WKH�UHVLGHQWLDO�
VROLG�IXHO�EXUQLQJ�DFFRXQWV�IRU�����RI�JOREDO�HOHPHQWDO�
FDUERQ�HPLVVLRQV�>*$&&������@��(&�LV�DOZD\V�HPLWWHG�
ZLWK�FR�SROOXWDQW�SDUWLFOHV��VXFK�DV�RUJDQLF�FDUERQ�DQG�
VXOSKDWHV�� ZKLFK� FDQ� KDYH� D� QHXWUDO� RU� HYHQ� FRROLQJ�
HIIHFW�RQ�WKH�FOLPDWH�>&KXQJ�HW�DO�������@��7KH�UDWLR�RI�
(&�WR�LWV�FR�SROOXWDQWV�YDULHV�GHSHQGLQJ�RQ�WKH�HPLVVLRQ�
VRXUFH� DQG� IXHO�W\SH�� DQG� LPSDFWV� ZKHWKHU� WKH� VRXUFH�
KDV� D� QHW�SRVLWLYH� RU� �QHJDWLYH� ZDUPLQJ� HIIHFW� >(3$��
����@��6HYHUDO�KHDOWK�VWXGLHV�KDYH�IRXQG�WKDW�HOHPHQWDO�
FDUERQ� LV�DVVRFLDWHG�ZLWK�D� ULVN������ WLPHV�KLJKHU�SHU�
PLFURJUDP�SHU�FXELF�PHWHU�WKDQ�30����>:+2������@���

,W�LV�LQ�WKLV�OLJKW�WKDW�PDQ\�FRXQWULHV�LQ�WKH�6DKHO�UHJLRQ�
DGRSWHG�D�³'RPHVWLF�(QHUJ\�6WUDWHJ\´��IRFXVHG�RQ�WKH�
UHOLDEOH� PDQDJHPHQW� RI� IRUHVW� UHVRXUFHV� DQG� WKH�
SURPRWLRQ� RI� LPSURYHG� FRRNLQJ� VROXWLRQV�� SULPDULO\�
EDVHG�RQ�WKH�URFNHW�VWRYH�WHFKQRORJLHV�>&,//6������@��

$FFRUGLQJ� WR� VRPH� ODERUDWRU\� VWXGLHV�� WKH� URFNHW�W\SH�
VWRYHV�FDQ�UHGXFH� IXHO�XVH�&2�DQG�30����HPLVVLRQV� LQ�
FRPSDULVRQ�WR�WKH�WKUHH�VWRQH�ILUH�>1RUGLFD�HW�DO�������@��
%XW��LQ�VSLWH�RI�WKHVH�EHQHILWV��WKH\�DUH�VWLOO�IDU�IURP��
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FOHDQ�FRPEXVWLRQ��GHILQHG�E\� WKH�:+2�*XLGHOLQHV� IRU�
LQGRRU� DLU� TXDOLW\�� KRXVHKROG� IXHO� FRPEXVWLRQ� DQG� WKH�
,62� ,:$� �������� *XLGHOLQHV� >,62�� ����@��0RUHRYHU��
VRPH� URFNHW� VWRYHV� W\SHV� VKRZHG� KLJKHU�(&�HPLVVLRQV�
ZKHQ�FRPSDUHG� WR� WKH� WUDGLWLRQDO� VWRYHV� >�%RQG�� ������
&DFKLHU�HW�DO���������GH�OD�6RWD�HW�DO���������0DF&DUW\�HW�
DO�������D���5DX������@��

7KHUHIRUH��WHFKQRORJLHV�DQG�IXHOV�ZLWK�KLJKHU�HPLVVLRQV�
UHGXFWLRQV�DUH�QHHGHG�WR�VXEVWDQWLDOO\�UHGXFH�KHDOWK�DQG�
FOLPDWH�ULVN�>6PLWK������@��WRJHWKHU�ZLWK�WKH�SURPRWLRQ�
RI� DGHTXDWH� YHQWLODWLRQ� SUDFWLFHV� �FKLPQH\V�� NLWFKHQ�
PDWHULDOV�� ZLQGRZV�� HWF��� DQG� HQVXULQJ� D� FRUUHFW� DQG�
VXVWDLQHG�XVHG�RI�WKH�WHFKQRORJLHV���

7KHUHE\�� WKH� JDVLILHUV� RIIHU� WKH� RSSRUWXQLW\� RI� SURYLGH�
VLJQLILFDQW� HPLVVLRQ� UHGXFWLRQV� >-HWWHU� HW� DO��� ������
0DF&DUW\�� ����E�� � 5RWK�� ����@�� 0RVW� RI� WKH� PLFUR�
JDVLILHU� FRRNVWRYHV� XVH� WKH� WRS�OLW� XS� GUDIW� �7/8'��
GHVLJQ� >$QGHUVRQ� HW� DO��� ����@�� ZKLFK� DOORZV� IRU� DLU�
FRQWURO� DQG� UHVSHFW� WKH� WKUHH� 7¶V� RI� FOHDQ� FRPEXVWLRQ�
�WLPH��WHPSHUDWXUH�DQG�WXUEXOHQFH���

5HFHQW� FRRNVWRYH� WHVWLQJ� E\� WKH� 8�6�� (QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��86�(3$��KDV�SURYLGHG�HYLGHQFH�WKDW�
JDVLILHU� FRRNVWRYHV� DUH� FXUUHQWO\� WKH� FOHDQHVW� DQG�PRVW�
HIILFLHQW� RSWLRQV� IRU� XWLOL]LQJ� VROLG� ELRPDVV� IXHOV� IRU�
FRRNLQJ�� 7KH\� FDQ� UHGXFH� SDUWLFXODWH� PDWWHU�
VXEVWDQWLDOO\�� DYHUDJLQJ� ���� LPSURYHPHQW� RYHU� WKH�
WKUHH�VWRQH� ILUH� >0DF&DUW\� HW� DO��� ������ -HWWHU� HW� DO���
����@�� %XW� WKH� SHUIRUPDQFH� DQG� HPLVVLRQ� GXULQJ� IXHO�
FRPEXVWLRQ� GHSHQG� RQ� PDQ\� IDFWRUV�� LQFOXGLQJ� IODPH�
WHPSHUDWXUH�� FRPSRVLWLRQ� DQG� FRQFHQWUDWLRQ� RI�
FRPEXVWLRQ� UHDFWDQWV�� DQG� UHVLGHQFH� WLPH� ZLWKLQ� WKH�
UHDFWLRQ� ]RQH� >6KXUXSRY��������&KULVWLDQ� HW� DO��� ����@��
7KXV�� HDFK� RI� WKHVH� IDFWRUV� FDQ� YDU\� DFFRUGLQJ� WR� WKH�
VSHFLILF�GHVLJQ�RI�WKH�VWRYH�DQG�W\SH�RI�IXHO�XVHG���

'HVSLWH� WKH�RQJRLQJ�HIIRUWV� WR� LQFUHDVH� WKH�FDSDFLW\�IRU�
WHVWLQJ��D�ORW�RI�DGYDQFHG�ELRPDVV� WHFKQRORJLHV�XVHG�LQ�
VXE�6DKDUDQ� $IULFD� KDYH� QRW� EHHQ� DOUHDG\� WHVWHG� DQG�
WKHUH� LV� QR� TXDQWLWDWLYH� GDWD� UHJDUGLQJ� WKH� HPLVVLRQ�
UHGXFWLRQV� DFKLHYHG� WKH� IXHO� HIILFLHQF\�� HWF�� 7KH� GDWD�
VFDUFLW\�DUH�HVSHFLDOO\�KLJK�UHJDUGLQJ�HOHPHQWDO��EODFN��
FDUERQ�� RUJDQLF� FDUERQ�� DQG� RWKHU� VKRUW� OLYHG� FOLPDWH�
SROOXWDQWV��

,Q�WKLV�VWXG\��WKH�WKHUPDO�HIILFLHQF\�DQG�HPLVVLRQV�RI�WKH�
WUDGLWLRQDO� VWRYH� ���VWRQH� ILUH��� ZLGHO\� XVHG� LQ� VXE�
6DKDUDQ�$IULFD��ZHUH�FRPSDUHG�ZLWK�WKRVH�RI�WKH�3ULPH�
6TXDUH�&RRNVWRYH�ZKLFK�LV�D�QDWXUDO�GUDIW�JDVLILHU��ZLWK�
D� 7/8'� GHVLJQ�� 7KH� VWXG\� ZDV� FRQGXFWHG� XQGHU�
ODERUDWRU\� FRQGLWLRQV� DW� WKH� &HQWUH� G¶(WXGHV� HW� GH�
5HFKHUFKHV�VXU�OHV�(QHUJLHV�5HQRXYHODEOHV��&(5(5������
,Q�6HQHJDO��WKH�Social and Ecological Management Fund 
(SEM-FUND)�SURJUDP�DLPV�WR�UHSODFH��������LQHIILFLHQW�
VWRYHV�ZLWK�WKLV�VWRYH�PRGHO�LQ�KRXVHKROGV�LQ�XUEDQ�DQG�
SHUL�XUEDQ� DUHDV� WKURXJKRXW� WKH� FRXQWU\�� ZLWK� IXQGLQJ�
IURP� WKH� :RUOG� %DQN� >6(0�)81'@�� 7KHVH� FRRNLQJ�
WHFKQRORJLHV� ZHUH� WHVWHG� ZKHQ� EXUQLQJ� WKUHH� W\SHV� RI�

ZRRG� IXHO� VSHFLHV�� &DVXDULQD� (TXLVHWLIROLD� �)LODR���
&RUG\OD�3LQQDWD��'LPE��DQG�7\SKD�GRPLQJHQVLV (�W\SKD�
SHOOHWV���

,,��0$7(5,$/6�$1'�0(7+2'6�

����6WRYHV�WHVWHG��

Prime Square Stove:�7KH�VWRYH�LV�PDGH�LQ�,QGRQHVLD�DQG�
SURGXFHG�E\�3ULPH�&RRNVWRYHV��ILJ�����7KH�3ULPH�6TXDUH�
%LRPDVV�&RRNVWRYH�GHVLJQ�LV�EDVHG�RQ�D�NHURVHQH�VWRYH�
GHVLJQ�FRPPRQO\�XVHG�LQ�,QGRQHVLD��,W�KDV�D�SULPDU\�DQG�
D�VHFRQGDU\�DLU�UHJXODWRU��LQ�DGGLWLRQ�WR�D�ODUJH�VWRYH�WDEOH�
DQG�IRXU�OHJV�IRU�VWDELOLW\��7KH�VWRYH�GRHVQ¶W�KDYH�D�IDQ��
DQG� WKH� IODPH� LQWHQVLW\� FDQ�EH� FRQWUROOHG�ZLWK� D� URWDU\�
NQREV��7KH�FRPEXVWLRQ�FKDPEHU�LV�PDGH�RI�KHDW�UHVLVWDQW�
SDUWV� DQG� LWV� PD[LPXP� FDSDFLW\� LV� DERXW� ���� NJ� RI�
ELRPDVV�SHOOHWV��ZKLFK�FDQ�JLYH�D� IODPH�XS� WR���KRXUV��
>3ULPH�,QGRQHVLD@��

�
Fig.1. Prime Square Stove  

7KH�OHJV�DUH�FRPPRQO\�DOVR�XVHG�DV�KDQGOHV�WR�PRYH�WKH�
VWRYH�RU�WR�HPSW\�LW�IRU�DVK�RU�ELRFKDU�DIWHU�FRRNLQJ��7KH�
PDLQ� IXHO� IRU� WKH� VWRYH� DUH� ELRPDVV� SHOOHWV� �F\OLQGHU�
VKDSHG�ZLWK�GLDPHWHU����PP���EXW�WKH�VWRYH�DOVR�FDQ�XVH�
DJULFXOWXUDO� DQG� SODQWDWLRQ� ZDVWH�� VXFK� DV� FRDUVH� SDOP�
NHUQHO� VKHOOV� FDQGOHQXW� VKHOOV�� SHDQXW� VKHOOV�� RU� HYHQ�
VPDOO� SLHFHV� RI� ZRRG�� 7KH� VWRYH� FDQ� EH� XVHG� ZLWK� DOO�
W\SHV�RI�DOXPLQXP�SRWV�ZLWK�D�PLQLPXP�GLDPHWHU�RI����
FP� DQG� PD[LPXP� ��� FP�� 7KHVH� FKDUDFWHULVWLFV�
GHPRQVWUDWH�WKH�YHUVDWLOLW\�RI�WKH�VWRYH��

Three Stones or Traditional stove���7KH�WUDGLWLRQDO�WKUHH�
VWRQHV� RU� RSHQ� ILUH� VWLOO� UHPDLQV� WKH� PRVW� FRPPRQ�
PHWKRG� RI� FRRNLQJ� LQ� UXUDO� DUHDV� LQ� 6HQHJDO�� DQG� WKH�
PDMRULW\�RI�UXUDO�DUHDV�RI�VXE�6DKDUDQ�$IULFD���

����)XHOV�WHVWHG�

Cordyla Pinnata EHORQJV�WR�WKH IDPLO\�RI�OHJXPLQRVDH��,W�
PD\�EH�IRXQG�LQ�GU\�IRUHVW�DQG�ZRRGHG�VDYDQQDK�]RQHV�
IURP� 6HQHJDO� HDVW� WR� 1LJHU�� QRUWKHUQ� 1LJHULD� DQG�
QRUWKHUQ�&DPHURRQ��,Q�VDYDQQD�SDUNODQGV�LQ�6HQHJDO��LW�
LV�WKH�GRPLQDQW�ZRRG\�VSHFLH��7KH�WUHH�UHDFKHV�D�KHLJKW�
RI����WR����P��ZLWK�VKRUW�EROHV��,W�LV�D�WUXH�PXOWLSXUSRVH�
WUHH�� QRW� RQO\� \LHOGLQJ�ZRRG� EXW� DOVR� HGLEOH� IUXLWV� DQG�
WUDGLWLRQDO� PHGLFLQHV�� &RUG\OD� SLQQDWD� KDV� EHHQ�
VXJJHVWHG�IRU�SODQWLQJ�LQ�WKH�6DKHO�DQG�6DKHOR�6RXGDQLDQ�
UHJLRQV�IRU�UHIRUHVWDWLRQ��7KH�FRPPRQ�QDPH�LQ�6HQHJDO�
LV�'LPE�>3527$@��
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Casuarina Equisetifolia :� ,W� LV� D� VKH�RDN� VSHFLH� RI� WKH�
JHQXV�Casuarina��7KH�QDWLYH�UDQJH�H[WHQGV�IURP�%XUPD�
DQG� 9LHWQDP� WKURXJKRXW� HDVW� 0DOD\VLD� � WR� )UHQFK�
3RO\QHVLD�� 1HZ� &DOHGRQLD�� 9DQXDWX�� DQG� VRXWK� WR�
$XVWUDOLD�  Casuarina equisetifolia� LV� DQ� HYHUJUHHQ� WUHH�
JURZLQJ� WR� �±��� P� LQ� KHLJKW�� 7KH� IROLDJH� FRQVLVWV� RI�
VOHQGHU��PXFK�EUDQFKHG�JUHHQ�WR�JUH\�JUHHQ�WZLJV����±��
PP� GLDPHWHU�� 7KH� FRPPRQ� QDPH� LQ� 6HQHJDO� LV� )LODR�
>:LNLSHGLD@��

Typha pellets: 6DOYLQLD�7\SKD��RU�7\SKD�$XVWUDOLV��LV�DQ�
LQYDVLYH�DTXDWLF�SODQW�LQ�6HQHJDO�WKDW�SUHYHQWV�OLYHVWRFN�
IURP�GULQNLQJ�DQG�ILVKHUPHQ�IURP�ZRUNLQJ�SURSHUO\��$OO�
WKLV�FRQWULEXWHV�WR�WKH�GHJUDGDWLRQ�RI�WKH�ZDWHU�TXDOLW\�RI�
WKH� ULYHU� DQG� WR� WKH� EORFNDJH� RI� WKH� VRLO� DQG� GUDLQLQJ�
V\VWHPV� >$PDGRX� HW� DO��� ������&DUR� HW� DO��� ����@�� 7KH�
7\SKD� $XVWUDOLV� JURZV� DJJUHVVLYHO\� DQG� FRYHUV� ODUJH�
SDUWV� RI� WKH� 6HQHJDO� 5LYHU�� OHDGLQJ� WR�PDQ\� SUREOHPV��
VXFK�DV�EORFNLQJ�LUULJDWLRQ�FDQDOV��PDNLQJ�DFFHVV�WR�WKH�
ULYHU� DQG� ILVKLQJ� GLIILFXOW� IRU� WKH� ORFDO� SRSXODWLRQ��
DWWUDFWLQJ�ELUG�SHVWV�WKDW�LQYDGH�ULFH�SORWV�DQG�LQFUHDVLQJ�

KHDOWK�SUREOHPV�WKDW�UHVXOW�IURP�VWDJQDQW�ZDWHU�>$PDGRX�
HW�DO�������@���

$W� WKH� VDPH� WLPH�� 6HQHJDO� LV� IDFLQJ� D� FRQVLGHUDEOH�
GHIRUHVWDWLRQ� SUREOHP�� FKDUDFWHUL]HG� E\� D� GHFUHDVLQJ�
YHJHWDWLRQ�FRYHU��VRLO�HURVLRQ�DQG�GLPLQLVKHG�IHUWLOLW\��LQ�
D� FRXQWU\� ZKHUH� PRUH� RI� ���� RI� WKH� WRWDO� SRSXODWLRQ�
GHSHQGV�RQ� WKH�DJULFXOWXUDO� VHFWRU� >$16'@��7KH�XVH�RI�
ZRRG� DQG� FKDUFRDO� FRQWULEXWHV� WR� GHVHUWLILFDWLRQ� LQ� WKH�
FRXQWU\� DQG� VRXWKHUQ� H[SDQVLRQ� RI� WKH� 6DKHO� UHJLRQ�
>$PDGRX�HW�DO�������@���

,Q�RUGHU�WR�HQFRXUDJH�WKH�UHPRYDO�RI�7\SKD��6HQHJDOHVH�
SXEOLF� RIILFLDOV� DQG� DFDGHPLFV� KDYH� FRQVLGHUHG� WKH�
SURPRWLRQ� RI� 7\SKD� DV� FRPPHUFLDO� ELRPDVV� PDWHULDO��
FRQWULEXWLQJ�DW�WKH�VDPH�WLPH�WR�GHFUHDVH�WKH�SUHVVXUH�RQ�
WKH�IRUHVWV��2QH�RI�WKHVH�RSWLRQV�LV�LWV�XVH�DV�D�IHHGVWRFN�
IRU�IXHO�SHOOHWV�>&DUR�HW�DO�������@��

7KH�SUR[LPDWH�DQDO\VLV�RI�WKH�IXHOV�XVHG�LV�JLYHQ�LQ�WDEOH�
���0HDVXUHG�PRLVWXUH�FRQWHQW�DQG�FDORULILF�YDOXHV�IRU�WKH�
IXHOV�DUH�XVHG� WR�FDOFXODWH� WKH�HPLVVLRQ� IDFWRUV�DQG� WKH�
VSHFLILF�IXHO�FRQVXPSWLRQ��

Table 1: Fuel characteristics 

)XHO� 0RLVWXUH�
FRQWHQW�����

FDORULILF�YDOXH����
�0-�.*����� $VK����� 9RODWLOH�

PDWWHU�����
)L[HG�

FDUERQ�����
'LPE��FRUG\OD�SLQQDWD�� ����� ������ ����� ����� �����
)LODR��FDVXDULQD�HTXLVHWLIROLD�� ����� ������ ����� ������ �����
7\SKD�3HOOHW� ����� ������ ������ ������ �����

����7HVW�V\VWHP�

7KH�/DERUDWRU\�(PLVVLRQ�0RQLWRULQJ�6\VWHP���/(06���
GHYHORSHG�E\�$SURYHFKR�5HVHDUFK�&HQWHU�ZDV�XVHG�IRU�
ODERUDWRU\� HPLVVLRQV� FROOHFWLRQ� DQG� PHDVXUHPHQW�
>$5&@��7KH�/(06�FRQVLVWV�RI�D�KRRG�VWUXFWXUH��D�EORZHU��
D� IORZ�PHDVXUHPHQW� V\VWHP� DQG� D� VDPSOLQJ� HPLVVLRQV�
V\VWHP�� 7KH� /(06� PHDVXUHV� WKH� WRWDO� HPLVVLRQV�
SURGXFHG�GXULQJ�VWRYH�FRPEXVWLRQ��7KH�VWRYH� LV�SODFHG�
XQGHU�D�KRRG�ZKLFK�FROOHFWV�WKH�HPLVVLRQV�DQG�DLU�IURP�
WKH�ODERUDWRU\��7KH�IORZ�UDWH�DQG�H[KDXVW�WHPSHUDWXUH�DUH�
PHDVXUHG� LQ� WKH� H[KDXVW� WXEH�� $� IUDFWLRQ� RI� WKH� IORZ�
WKURXJK�WKH�V\VWHP�LV�GUDZQ�E\�D�VXFWLRQ�SXPS�WKURXJK�
D�VDPSOH�OLQH�WR�WKH�VHQVRUV��6HSDUDWHO\��D�WKHUPRFRXSOH�
PHDVXUHPHQW� ORJV� WKH� �ZDWHU�� SRW� WHPSHUDWXUH�� $�
FRPSXWHU�GLVSOD\V�DQG�UHFRUGV�WKH�WHPSHUDWXUHV��IORZ�DQG�
FRQFHQWUDWLRQV�LQ�UHDO�WLPH�(Figure 2). 

7KH� WHVWHU� WKHQ� SURFHVVHV� WKH� UHFRUGHG� GDWD� ��FVY� ILOH��
XVLQJ�D�VRIWZDUH�WR�UHSRUW�WKH�SHUIRUPDQFH�RI� WKH�VWRYH�
EDVHG� RQ� WKH� PDVV� RI� HPLVVLRQV� PHDVXUHG�� 7KH�
JUDYLPHWULF� V\VWHP�JLYHV�D�GLUHFW�PHDVXUHPHQW�RI� WRWDO�
30�XVLQJ�ILOWHU�EDVHG�VDPSOLQJ��$�YDFXXP�SXPS�SXOOV�D�
VDPSOH� WKURXJK� WKH� VDPSOH� OLQH�DQG� WKH�FULWLFDO�RULILFH��
ZKLFK�KROGV�WKH�IORZ�DW�D�VWHDG\������/�PLQ��$�F\FORQH�
SDUWLFOH�VHSDUDWRU�LV�XVHG�VR�WKDW�DOO�30����LV�FROOHFWHG�RQ�
D� ILOWHU� ZKLOH� WKH� SXPS� LV� RQ� >$SURYHFKR� 5HVHDUFK�
&HQWHU������@� 

�
Fig 2: LEMS hood,Ducting, and Gravimetric Assembly.[�

$5&@ 

$�PRGLILFDWLRQ�RI�WKH�JUDYLPHWULF�V\VWHP�ZDV�GHVLJQHG�
E\�WKH�$5&�WR�FDUU\�RXW�WKH�DQDO\VLV�RI�(&��7KH�(&�SDUW�
DGGV�DW�WKH�/(06�V\VWHP�D�VHFRQG�VDPSOH�WUDLQ�WKDW�UXQV�
LQ� SDUDOOHO� ZLWK� WKH� JUDYLPHWULF� VDPSOH� WUDLQ�� 7KH� (&�
VDPSOH�WUDLQ�VKDUHV�WKH�VDPSOH�SXPS�RI�WKH�JUDYLPHWULF�
VDPSOH�WUDLQ��$�VHSDUDWH�FULWLFDO�RULILFH�ZLWK�D�ORZHU�IORZ�
UDWLQJ����/30��LV�XVHG�DV�ZHOO�DV�D�VHSDUDWH�ILOWHU�KROGHU��
VDPSOH� SRUW�� DQG� F\FORQLF� SDUWLFOH� VHSDUDWRU�� +DYLQJ� D�
VHSDUDWH� (&� VDPSOH� WUDLQ� DOORZV� IRU� 30���� DQG� (&�
VDPSOHV� RI� GLIIHUHQW� PDVVHV� WR� EH� FROOHFWHG�
VLPXOWDQHRXVO\��DQG�IRU�GLIIHUHQW�W\SHV�RI�ILOWHU�PHGLD�WR�
EH�XVHG��

�
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����7HVWLQJ�3URFHGXUH�

)RU�WKH�FROOHFWLRQ�VDPSOHV��ZH�XVHG�WKH�SURWRFRO�RI�:DWHU�
%RLOLQJ� 7HVW� �:%7��� 7R� WHVW� WKH� JDVLILHU�� ZH� XVHG� D�
PRGLILHG�RI�WKH�³KLJK�SRZHU�EXUQ�RXW´�YHUVLRQ�RI�:%7�
������ �:%7� �������� GHILQHG� LQ� WKH� IUDPHZRUN� RI�
FRPSDUDWLYH� WHVWV� RUJDQL]HG� E\� WKH� *OREDO� $OOLDQFHIRU�
&OHDQ�&RRNVWRYHV��*$&&��EHWZHHQ����5HJLRQDO�7HVWLQJ�
DQG�.QRZOHGJH�&HQWUHV��57.&��LQ�WKH�ZRUOG�� LQ�������
'XULQJ�WKH�WHVW��D�FHUWDLQ�DPRXQW�RI�ZDWHU�LV�EURXJKW�WR�
ERLO�DQG�NHSW�VLPPHULQJ�MXVW�EHORZ�WKH�UROOLQJ�ERLO�XQWLO�
WKH�WHPSHUDWXUH�GHFUHDVHV�OHDVW���GHJUHHV�ZLWK�UHJDUG�WR�
WKH�ERLOLQJ�WHPSHUDWXUH��)RU�WKH���VWRQHV��ZH�XVHG�WKH�WKH�
:%7� YHUVLRQ� ������ ZLWK� WZR� SKDVHV�� FROG� VWDUW� DQG�
VLPPHU�SKDVH�RI����PLQXWHV�RI�GXUDWLRQ��

)LOWHU�EDVHG�WHFKQLTXH�XVHG�WR�GHWHUPLQH�(&�FRQWHQW��

7KH�SDUWLFOHV�FROOHFWHG�RQ�TXDUW]�PHPEUDQH�ILOWHUV�RI����
FP�GLDPHWHU�GXULQJ� WKH� WHVWV�E\� WKH�JUDYLPHWULF�V\VWHP�
ZHUH� DQDO\]HG� XVLQJ� D� WKHUPR�RSWLFDO� EDVHG� WHFKQLTXH��
7KH� 6XQVHW� /DERUDWRU\� 'XDO� 2SWLFV� &DUERQ� $QDO\]HU�
GHWHUPLQHV�WKH�HOHPHQWDO�FDUERQ��(&��DQG�2&�FRQWHQW�E\�
XVLQJ� D� WKHUPDO� RSWLFDO� PHWKRG� �EUSAAR Protocol 2��
>&DYDOOL� HW� DO��� ����@� EDVHG� RQ� WUDQVPLVVLRQ�� +HUHDIWHU�
WKLV�PHWKRG�ZLOO�EH�UHIHUUHG� WR�DV�727��WKHUPR�RSWLFDO�
WUDQVPLWWDQFH���

,,,��5(68/76�$1'�',6&866,21�

7LPH� WR� ERLO�� WKHUPDO� HIILFLHQF\� DQG� VSHFLILF� IXHO�
FRQVXPSWLRQ� WR� FRPSOHWH� WKH�:%7� DUH� UHSUHVHQWHG� LQ�
7DEOH� ��� 7KHVH� SDUDPHWHUV� ZHUH� XVHG� DV� WKH� EDVLV� WR�
FRPSDUH� WKH� HQHUJ\� HIILFLHQF\� RI� WKH� VWRYH�IXHO�
FRPELQDWLRQ� WHVWHG�� )RU� FRPSDULVRQ� RI� HPLVVLRQV��
HPLVVLRQ�IDFWRUV�RI�30�����()�30������2&��()�2&��DQG�
(&��()�(&��ZHUH�XVHG��7KHVH�()V�DUH�UHSUHVHQWHG�E\�WKH�
ILJXUHV������DQG����

�

�

�

����6WRYHV�SHUIRUPDQFH�

5HVXOWV�RQ�WDEOH���VKRZ�WKDW�WKH�JDVLILHU�UHGXFHV�WKH�WLPH�
WR�ERLO�DQG�WKH�IXHO�FRQVXPSWLRQ�ZKHQ�FRPSDUHG�WR�WKH�
WKUHH� VWRQHV��0RUHYRYHU�� WKLV� UHGXFWLRQ�GHSHQGV�RQ� WKH�
W\SH�RI�IXHO�XVHG��7KH�WLPH�WR�ERLO�RI�WKH�JDVLILHU�ZKHQ�
EXUQLQJ�GLPE�DQG�ILODR�IXHOV�ZHUH�WKH�VDPH�����PLQXWHV��
ZKLOH�IRU�WKH���VWRQHV�LW�ZDV����PLQXWHV�ZLWK� WKH�GLPE�
DQG����PLQXWHV�ZLWK�WKH�ILODR��7KHUHIRUH��VDYLQJ�WLPH�ZDV�
HTXDO�WR����PLQXWHV�ZLWK�GLPE�DQG����PLQXWHV�ZLWK�ILODR��
7KH�JDVLILHU�VKRZHG�DOVR�D�KLJKHU�WKHUPDO�HIILFLHQF\�WKDQ�
WKH�WKUHH�VWRQHV��DQG�LW�ZDV�DOVR�GHSHQGHQW�RQ�WKH�W\SH�RI�
IXHO�XVHG�� �*DVLILHU�KDG�D�WKHUPDO�HIILFLHQF\�RI��������
ZLWK�GLPE�DQG��������ZLWK�ILODR��ZKLOH�WKH���VWRQHV�ILUH�
KDG��������ZLWK�GLPE�DQG��������ZLWK�ILODR��7KH�VDPH�
WKLQJ� KDSSHQV� IRU� WKH� VSHFLILF� FRQVXPSWLRQ�� ZLWK� D�
�������UHGXFWLRQ�RI�IXHO�ZLWK�GLPE�DQG�������ZLWK�ILODR�
WKDQNV�WR�WKH�XVH�RI�WKH�JDVLILHU�LQ�FRPSDULVRQ�ZLWK�WKH�
WUDGLWLRQDO�VWRYH�
:KHQ�JDVLILHU�EXUQHG�W\SKD�SHOOHWV��WLPH�WR�ERLO�ZDV������
PLQXWHV��KLJKHU�WKDQ�EXUQLQJ�GLPE�DQG�ILODR�������DQG�
�����PLQXWHV�� UHVSHFWLYHO\�� VLPLODU� WR� YDOXHV� IRXQG�E\�
1RUGLFD� >0DF&DUW\�HW�DO�������@��ZKHUHDV�KRZHYHU�� WKH�
WKHUPDO� HIILFLHQF\� ZDV� PXFK� KLJKHU� ZLWK� SHOOHWV� WKDQ�
ZLWK� WKH� VPDOO� SLHFHV� RI� ZRRG� GLPE� DQG� ILODR��
������������ZLWK�WKH�WK\SD�SHOOHWV��LQ�FRPSDULVRQ�ZLWK�
������������ ZLWK� GLPE� DQG� ������������ ZLWK� ILODR��
0RUHRYHU�� W\SKD� SHOOHWV� FRQGXFWHG� WR� D� ORZHU� VSHFLILF�
IXHO�FRQVXPSWLRQ��������������J�O�����LQ�FRPSDULVRQ�ZLWK�
GLPE���������������J�O����DQG�ILODR��������������J�O����
7KLV�SURYHV�WKDW�SHOOHWV�DUH�PRUH�VXLWDEOH�IXHO�IRU�FRRNLQJ�
ZLWK�WKH�JDVLILHU�WKDQ�VPDOO�SLHFHV�RI�ZRRG��&RPSDUHG�WR�
WKH�HQHUJ\�SHUIRUPDQFH�UHVXOWV�IRXQG�LQ�WKH�OLWHUDWXUH��WKH�
WLPH� WR�ERLO� DQG� WKH� VSHFLILF� FRQVXPSWLRQ�REWDLQHG� DUH�
PXFK� KLJKHU� IRU� ERWK� VWRYHV� >���� ��@� DV� ZHOO� DV� WKHLU�
WKHUPDO� HIILFLHQF\� LV� ORZHU� WKDQ� WKRVH� IRXQG� LQ� WKH�
OLWHUDWXUH�>-HWWHU�HW�DO���������5DPDQ�HW�DO���������&DUWHU�
HW�DO������@��

 

Table 2: Stoves performance 

6WRYH� )XHO� 7LPH�WR�ERLO�
�PLQXWHV��

7KHUPDO�HIILFLHQF\�
����

6SHFLILF�IXHO�FRQVXPSWLRQ���
�J�O����

��VWRQHV�
'LPE� ����� ��������� ������������
)LODR� ����� ����������� ������������

*DVLILHU�
'LPE� ����� ����������� �������������
)LODR� ����� ����������� ������������
3HOOHW� ����� ����������� ������������
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����(PLVVLRQ�IDFWRUV�RI�30�����(&�DQG�2&��J�0-���

7R�GHWHUPLQH�WKH�UHDO�LPSDFW�RI�WKH�W\SH�RI�VWRYH�DQG�IXHO�
RQ�WRWDO�(&��2&�DQG�30�HPLVVLRQV��LW�LV�QHFHVVDU\�WR�WDNH�
LQWR�DFFRXQW�WKH�IXHO�FRQVXPHG�E\�HDFK�FRRNLQJ�V\VWHP��
)LJXUHV� ��� �� DQG� �� SUHVHQW� 30�� (&� DQG�2&� HPLVVLRQV�
IDFWRUV�� UHVSHFWLYHO\�� WR� FRPSOHWH� D� VWDQGDUGL]HG�:%7�
ZLWK� �� OLWHUV� RI� ZDWHU� DQG� WZR� SKDVHV�� FROG� VWDUW� DQG�
VLPPHU�SKDVH��RI����PLQXWHV�RI�GXUDWLRQ���

7KH� W\SH�RI�VWRYH� VKRZV�D�VLJQLILFDQW�HIIHFW�RQ� WKH�()��
ZKLFK�LV�UHODWHG�WR�WKH�QDWXUH�RI�FRPEXVWLRQ�(combustion 
occurred in the gasifier explained in previous section���
7KH� WKUHH�VWRQH� ILUH� SURGXFHV� D� ODUJHU� EHG� RI� FKDUFRDO�
XQGHU�WKH�IODPLQJ�IXHO�DQG�WKH�JDVLILHU�VWRYH�FUHDWHV�OLWWOH�
IODPH� EXW� PRUH� FKDUFRDO� >0DF&DUW\� HW� DO��� ����E@�� � ��
SURGXFLQJ�ORZHU�HPLVVLRQV�WKDQ�WKH�WUDGLWLRQDO�VWRYH�IRU�
DOO�WKH�SROOXWDQW�WHVWHG���

Fig 3: Emission factors  of PM  (mg/MJ) 

Fig 4: Emission factors  of EC  (mg/MJ-) 

Fig 5: Emission factors  of OC (mg/MJ) 

()V� YDOXH� RI� 30�� 2&� DQG� (&� XVLQJ� GLPE� ZLWK� WKH� ��
VWRQHV� ILUH� ZHUH� UHVSHFWLYHO\� �������� PJ� 30� 0-����
�������PJ�2&�0-���DQG��������PJ�0-���DQG��������PJ�
30�0-����������PJ�2&�0-�����������PJ�0-���ZLWK� WKH�
JDVLILHU��7KLV�PHDQV�D�UHGXFWLRQ�RI�����IRU�30������IRU�
2&�DQG�����IRU�(&��%XUQLQJ�ILODR�ZDV�IRXQG�WR�JHQHUDWH�
����RI�30������RI�2&�DQG�����(&�KLJKHU�HPLVVLRQV�
ZLWK�WKH�WUDGLWLRQDO�VWRYH�WKDQ�ZLWK�WKH�JDVLILHU��+RZHYHU��
WKH\�DUH�DOO�PRUH�LPSRUWDQW�WKDQ�WKH�HPLVVLRQV�REWDLQHG�
ZLWK�WKH�SKLOLSV�LQ�WKH�ODERUDWRU\�>$URUD�HW�DO���������-HWWHU�
HW�DO�������@�

5HJDUGLQJ� WKH� IXHO� HIIHFW� RQ� HPLVVLRQV�� WKH� ()� IURP�
EXUQLQJ�GLPE�ZDV�KLJKHU�WKDQ�XVLQJ�ILODR�LQ�ERWK�VWRYHV��
7KLV� FRQILUPV� WKDW� ZRRG� VSHFLHV� DUH� LPSRUWDQW� IDFWRU�
LQIOXHQFLQJ� HPLVVLRQV�� VRPHWLPHV� HYHQ� KLJKHU� WKDQ� WKH�
W\SH�RI� VWRYH�XVHG�� ,QGHHG�� WKH�JDVLILHU� XVLQJ�GLPE� KDV�
KLJKHU�HPLVVLRQ�IDFWRU�WKDQ�WKH�WKUHH�VWRQHV�XVLQJ�ILODR����

+RZHYHU��QRW�DOO�WKH�W\SHV�RI�VWRYHV�DUH�LQIOXHQFHG�E\�WKLV�
HPLVVLRQV�IDFWRU�LQ�WKH�VDPH�RUGHU�RI�PDJQLWXGH�DQG�LW�LV�

QHFHVVDU\�WR�FRPSDUH�RXU�UHVXOWV�ZLWK�RWKHU�UHVXOWV�IRXQG�
LQ�RWKHU�VWXGLHV�FRQGXFWHG�LQ�VLPLODU�FRQGLWLRQV��

7KH�W\SKD�SHOOHWV�ZHUH�RQO\�XVHG�LQ�WKH�JDVLILHU��VKRZLQJ�
WKH� ORZHVW� HPLVVLRQ� IDFWRUV� RI� DOO� WKH� FRRNLQJ� V\VWHPV�
�FRPELQDWLRQ�RI�IXHO�DQG�VWRYH��WHVWHG�ZLWK�YDOXH�RI�(&�
DQG�2&�VLPLODU�HPLVVLRQ�IDFWRU�IRXQG�E\�*XRIHQJ�6KHQ�
>6KHQ� HW� DO��� ����@� ZLWK� FRUQ� VWUDZ� SHOOHW� DV� IXHO����
&RPSDUHG� ZLWK� WKH� �� VWRQHV�GLPE� �WKH� VWRYH�IXHO�
FRPELQDWLRQ�ZLWK�WKH�KLJKHVW�HPLVVLRQV���WKH�JDVLILHU�ZLWK�
W\SKD�SHOOHWV�KDG�()V�ORZHU�RI�����IRU�WKH�30������IRU�
2&�DQG�����IRU�(&��

����(IIHFW�RI�IXHO�W\SH�RQ�HPLVVLRQ�IDFWRUV�E\�VWRYH��

)LJXUH� �� VKRZV� WKH� LPSDFW� RI� WKH�ZRRG� VSHFLHV�ZLWK� D�
FRRNVWRYH� RQ� WKH� SURGXFWLRQ� RI� GLIIHUHQW� W\SHV� RI�
SROOXWDQWV�� $QG� WKDW� WKH� XVH� RI� 'LPE� ZRRG� OHDGV� WR� D�
VLJQLILFDQW� SURGXFWLRQ� RI� 30�� (&� DQG� 2&� HPLVVLRQV�
FRPSDUHG� WR� WKH� XVH� RI� ILODR� ZRRG� DV� IXHO� ZLWK� WKH� ��
VWRQHV� ILUH�� :KLOH� ZLWK� WKH� JDVLILHU�� ZH� KDYH� D� VOLJKW�
YDULDWLRQ�RI�WKH�(&�DQG�2&�HPLVVLRQV�SURGXFHG�E\�ERWK�
W\SHV�RI�ZRRG�ZKLOH�WKH�HPLVVLRQV�RI�30�DUH�PXFK�KLJKHU�
ZLWK�WKH�ILODR�ZRRG��

)RU� SHOOHWV� WKDW� DUH� RQO\� XVHG� ZLWK� JDVLILHU� EHFDXVH� RI�
WKHLU� VL]H�� WKH� UHVXOWV� REWDLQHG� VKRZ� D� VLJQLILFDQW�
UHGXFWLRQ� LQ� HPLVVLRQV� RI�PRUH� WKDQ� ���� FRPSDUHG� WR�
WKRVH�REWDLQHG�ZLWK�ZRRG��7KLV�YDULDWLRQ�LQ�HPLVVLRQV�E\�
IXHO� W\SH�KDV�EHHQ�IRXQG� LQ�SUHYLRXV� VWXGLHV�>-HVVLFD�HW�
DO�������@��

2YHUDOO�� RXU� UHVXOWV� DJUHH� ZLWK� SUHYLRXV� H[SHULPHQWDO�
ZRUNV�>5RGHQ�HW�DO���������&DUWHU�HW�DO���������6KHQ�HW�DO���
����@��FRQILUPLQJ�WKDW� WKH�JDVLILHU��DQG�WKH�SHOOHWV�� LV�D�
ELRPDVV� FRRNVWRYH�ZLWK� YHU\� ORZ� HPLVVLRQV� RI� FOLPDWH�
IRUFLQJ�SDUWLFOHV��

�

�

Figure 6: Emission factors by type of fuel for each stove 
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,9��&21&/86,216�

7KLV�VWXG\�LV�WKH�ILUVW�RQH�GRQH�ZLWK�JDVLILHUV�EXUQLQJ�
WKH�VSHFLILF�W\SHV�RI�ZRRG�XVHG�LQ�6HQHJDO��VR�WKH�GDWD�
SURYLGHG�LV�YHU\�UHOHYDQW���

+RZHYHU��ORW�RI�VWXGLHV�KDYH�VKRZQ�WKDW�ODERUDWRU\�WHVWV�
DUH�YHU\�GLIIHUHQW�IURP�ILHOG�VWXGLHV��DQG��ZKLOH�ODERUDWRU\�
UHVXOWV�PD\� EH� XVHIXO� WR� LQWHUFRPSDUH� FRRNLQJ� V\VWHPV�
XQGHU� VWDQGDUGL]HG� FRQGLWLRQV�� ILHOG� VWXGLHV� QHHG� WR� EH�
FRQGXFWHG� WR� TXDQWLI\� HPLVVLRQV� WDNLQJ� LQWR� DFFRXQW�
DFWXDO�FRRNLQJ�SUDFWLFHV��

5HVXOWV�RI�RXU�WHVWV�DJUHH�ZLWK�RWKHU�VWXGLHV�DQG�FRQILUP�
WKDW�JDVLILHUV�DUH�D�W\SH�RI�ELRPDVV�FRRNVWRYHV�ZLWK�YHU\�
ORZ� IXHO� FRQVXPSWLRQ� DQG� ORZ� HPLVVLRQV� RI� FOLPDWH�
IRUFLQJ�SDUWLFOHV��7KXV��WKH\�FDQ�EH�D�VXLWDEOH�VROXWLRQ�IRU�
PDQ\� SODFHV� ZKHUH� ELRPDVV� IXHO� LV� H[SHFWHG� WR� EH� WKH�
PDLQ�IXHO�UHVRXUFH�LQ�WKH�QH[W����\HDUV��DV�6HQHJDO�DQG�
PDQ\�RWKHU�$IULFDQ� FRXQWULHV� >,($������@��+RZHYHU�� D�
VXVWDLQDEOH� DGRSWLRQ� RI� PLFUR�JDVLILHUV� WR� UHSODFH� WKH�
WUDGLWLRQDO�VWRYHV�IDFHV�VRPH�LPSRUWDQW�FKDOOHQJHV���

)RU�H[DPSOH��JDVLILHUV�PD\�IDLO�WR�FRYHU�WKH�KRXVHKROG¶V�
SUHIHUHQFHV�DQG�QHHGV�DV�WKH\�DUH�RIWHQ�WRS�ORDGLQJ�RQO\��
PHDQLQJ�WKDW�WKH�IXHO�PXVW�EH�IHG�LQWR�WKH�FKDPEHU�IURP�
DERYH�� WKH\� UHTXLUH� PXFK� PRUH� IUHTXHQW� UH�ORDGLQJ� RI�
IXHO� GXULQJ� FRRNLQJ� VHVVLRQV�� IDQ� JDVLILHUV� PD\� QHHG�
HOHFWULFLW\��ZKLFK� LV�QRW�DYDLODEOH� LQ�PDQ\� UHJLRQV��DQG�
IXHOZRRG�SLHFHV�QHHG�WR�EH�TXLWH�VPDOO��DGGLQJ�H[WUD�ZRUN�
WR�WKH�FRRNLQJ�UHODWHG�DFWLYLWLHV���0RUHRYHU��JDVLILHUV�DUH�
XVXDOO\�VLJQLILFDQWO\�PRUH�H[SHQVLYH�ZKHQ�FRPSDUHG�WR�
RWKHU�EDVLF�ELRPDVV�LPSURYHG�VWRYHV��

+DUGZDUH�DORQH�LV�QRW�HQRXJK�ZKHQ�GLVVHPLQDWLQJ�D�QHZ�
WHFKQRORJ\�DQG�WKH�VNLOOV�QHHGHG�WR�RSHUDWH�WKH�KDUGZDUH�
SURSHUO\�DUH�FUXFLDO�>5RWK������@��$OVR��WKHUH�DUH�IDFWRUV�
OLNH� WKH�RSHUDWLRQ�FRQYHQLHQFH�DQG�FRVW�RI� IXHO�DQG� WKH�
VWRYH��SXEOLF�NQRZOHGJH�DQG�DZDUHQHVV�RI�HQYLURQPHQWDO�
DQG� KHDOWK� SURWHFWLRQ� DQG� HQHUJ\� VDYLQJ�� ORFDWLRQ��
KRXVHKROG� VHWWLQJ� DQG� VWUXFWXUH�� IDPLO\� VL]H�� DJH� DQG�
JHQGHU�� WKH� ILQDQFLDO� VXSSRUW� DQG� PDUNHW� GHYHORSPHQW�
DQG� WKH� H[LVWHQFH� RI� IDYRUDEOH� SROLFLHV� LQFOXGLQJ� ODZV��
UHJXODWLRQV�DQG�VWDQGDUGV�>6KHQ�HW�DO�������@��

7KH�XVH�RI�W\SKD�SHOOHWV�KDV�VKRZQ�WKH�ORZHVW�()�DQG�IXHO�
FRQVXPSWLRQ� FRPSDUHG� ZLWK� RWKHU� WZR� W\SHV� RI� ZRRG�
VSHFLHV� ZLGHO\� XVHG� LQ� 6HQHJDO� �FRUG\OD� SLQQDWD� DQG�
FDVXDULQD�HTXLVHWLIROLD���7\SKD�LV�DQ�LQYDVLYH�ZDWHU�SODQW�
ZKLFK�LV�D�PDMRU�HQYLURQPHQWDO�FKDOOHQJH�LQ�WKH�UHJLRQ��
EXW� ZKLFK� SUHVHQWV� DOVR� WKH� RSSRUWXQLW\� WR� EH� XVHG� DV�
IHHGVWRFN�IRU�IXHO�SHOOHWV�LQ�6HQHJDO��KHOSLQJ�WR�FKDQJH�D�
QDWLRQDO�SUREOHP�LQWR�GXUDEOH�ZHDOWK��

2YHUDOO��WKH�SURJUDP�RI�GLVVHPLQDWLRQ�RI��������JDVLILHUV�
LQ�6HQHJDO�E\�6(0�)81'�FRXOG�EULQJ�JUHDW�EHQHILWV�ZLWK�
UHJDUG� WR� KXPDQ� KHDOWK� DQG� FOLPDWH�� :H� VWURQJO\�
UHFRPPHQG� LPSOHPHQWLQJ� ILHOG� VWXGLHV� WR� HYDOXDWH� WKH�
DGRSWLRQ�RI�WKHVH�QHZ�VWRYHV�DQG�IXHOV�DQG�WR�DQDO\]H�IXHO�
FRQVXPSWLRQ� DQG� HPLVVLRQV� XQGHU� UHDO�ZRUOG� FRRNLQJ�
SUDFWLFHV��

$&.12:/('*0(176�

7KH�DXWKRUV�DFNQRZOHGJH�WKH�ILQDQFLDO�DQG�WHFKQLFDO�
VXSSRUW�IURP�WKH�Global Alliance for Clean Cookstoves��

Nexleaf Analytics,�Fundación Iberdrola España, and the 
Spanish National Research Council (CSIC, I-COOP 
programme through project COOPB20122)��

5()(5(1&(6�

$IULFD�(QHUJ\�2XWORRN�������,QWHUQDWLRQDO�(QHUJ\�
$JHQF\�$YDLODEOH�IURP�

KWWSV���ZZZ�LHD�RUJ�SXEOLFDWLRQV�IUHHSXEOLFDWLRQV�SXEOLF
DWLRQ�:(2B$IULFDB)UHQFK�SGI�

$PDGRX�2%�HW�DO��7UDQVIRUPLQJ�LQYDGLQJ�SODQWV�LQWR�
IXHO�SHOOHWV�LQ�5RVV�%HWKLR��6HQHJDO���6�,&�-$'(�
3URMHFW�5HSRUW�6�,&��1R�6�,&�����������0RQWUHDO��
)HEUXDU\������

$QGHUVRQ�36�DQG�5HHG�7%��0LFUR�JDVLILFDWLRQ��ZKDW�LW�
LV�DQG�ZK\�LW�ZRUNV��%RLOLQJ�3RLQW��������������±���

$16'��$JHQFH�1DWLRQDOH�GH�OD�6WDWLVWLTXH�HW�GH�OD�
'pPRJUDSKLH���6HSWHPEUH�������5HFHQVHPHQW�*pQpUDO�
GH�OD�3RSXODWLRQ�HW�GH�O¶+DELWDW��GH�O¶$JULFXOWXUH�HW�GH�
O¶(OHYDJH��$YDLODEOH�IURP�
KWWS���ZZZ�DQVG�VQ�UHVVRXUFHV�5*3+$(�
�����UHVVRXUFHV�GRF�SGI����SGI�

$5&��$SURYHFKR�5HVHDUFK�&HQWHU���,QVWUXFWLRQV�IRU�8VH�
RI�WKH�/DERUDWRU\�(PLVVLRQV�0RQLWRULQJ�6\VWHP�
�/(06���8SGDWHG�)HEUXDU\������

$URUD��3��DQG�-DLQ��6����������(VWLPDWLRQ�RI�RUJDQLF�DQG�
HOHPHQWDO�FDUERQ�HPLWWHG�IURP�ZRRG�EXUQLQJ�LQ�
WUDGLWLRQDO�DQG�LPSURYHG�FRRNVWRYHV�XVLQJ�FRQWUROOHG�
FRRNLQJ�WHVW��(QYLURQ��6FL��7HFKQRO����������±������

%RQG��7�&���������$�WHFKQRORJ\�EDVHG�JOREDO�LQYHQWRU\�
RI�EODFN�DQG�RUJDQLF�FDUERQ�HPLVVLRQV�IURP�
FRPEXVWLRQ��-�*HRSK\V��
5HV�����KWWSV���GRL�RUJ�������������-'�������

&DFKLHU��+���/LRXVVH��&���3HUWXLVRW��0�+���*DXGLFKHW��$���
(FKDODU��)���/DFDX[��-�3���������$IULFDQ�ILUH�SDUWLFXODWH�
HPLVVLRQV�DQG�DWPRVSKHULF�LQIOXHQFH��%LRPDVV�%XUQ��
*ORE��&KDQJH�������±�����

&DUR�5���)UXWRV�+���.LWZDQD�$�1��6KHQ�$�������7\SKD�
&KDUFRDO�LQ�6HQHJDO��&KDQJLQJ�D�1DWLRQDO�7KUHDW�LQWR�
'XUDEOH�:HDOWK��0DVVDFKXVHWWV�,QVWLWXWH�RI�
7HFKQRORJ\��

&DYDOOL�HW�DO��7RZDUG�D�VWDQGDUGLVHG�WKHUPDO�RSWLFDO�
SURWRFRO�IRU�PHDVXULQJ�DWPRVSKHULF�RUJDQLF�DQG�
HOHPHQWDO�FDUERQ��WKH�(86$$5�SURWRFRO��$WPRV��
0HDV��7HFK��������±����������ZZZ�DWPRV�PHDV�
WHFK�QHW������������

&DUWHU�(�0�HW�DO��3ROOXWDQW�(PLVVLRQV�DQG�(QHUJ\�
(IILFLHQF\�RI�&KLQHVH�*DVLILHU�&RRNLQJ�6WRYHV�DQG�
,PSOLFDWLRQV�IRU�)XWXUH�,QWHUYHQWLRQ�6WXGLHV��(QYLURQ��
6FL��7HFKQRO����������������í������

&,//6���������3URJUDPPH�5HJLRQDO�GH�SURPRWLRQ�GHV�
(QHUJLHV�'RPHVWLTXHV�HW�$OWHUQDWLYHV�DX�6DKHO�
�SUHGDV���

�&KDIH��=�$���%UDXHU��0���.OLPRQW��=���9DQ�'LQJHQHQ��
5���0HKWD��6���5DR��6���5LDKL��.���'HQWHQHU��)��DQG�
6PLWK��.�5����������+RXVHKROG�FRRNLQJ�ZLWK�VROLG�
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IXHOV�FRQWULEXWHV�WR�DPELHQW�30����DLU�SROOXWLRQ�DQG�
WKH�EXUGHQ�RI�GLVHDVH��(QYLURQ��+HDOWK�3HUVSHFW�������
����±������

&KXQJ��6�+��DQG�6HLQIHOG��-�+����������*OREDO�
GLVWULEXWLRQ�DQG�FOLPDWH�IRUFLQJ�RI�FDUERQDFHRXV�
DHURVROV��-��*HRSK\V��5HV������������

&KULVWLDQ�/
2UDQJH��-RKQ�9ROFNHQV���0RUJDQ�'H)RRUW��
,QIOXHQFH�RI�VWRYH�W\SH�DQG�FRRNLQJ�SRW�WHPSHUDWXUH�
RQ�SDUWLFXODWH�PDWWHU�HPLVVLRQV�IURP�ELRPDVV�FRRN�
VWRYHV��(QHUJ\�IRU�6XVWDLQDEOH�'HYHORSPHQW�����������
���±����

'H�OD�6RWD��&���9LDQD��0���.DQH��0���<RXP��,���0DVHUD��
2���/XPEUHUDV��-���������4XDQWLILFDWLRQ�RI�
&DUERQDFHRXV�$HURVRO�(PLVVLRQV�IURP�&RRNVWRYHV�LQ�
6HQHJDO��$HURVRO�$LU�4XDO��5HV��������±����
KWWSV���GRL�RUJ���������DDTU��������������

(3$��3&,$��*$&&���������7KH�ZDWHU�ERLOLQJ�WHVW��
9HUVLRQ��������&RRNVWRYH�(PLVVLRQV�DQG�(IILFLHQF\�LQ�
D�&RQWUROOHG�/DERUDWRU\�6HWWLQJ��8�6��(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��3DUWQHUVKLS�IRU�&OHDQ�,QGRRU�$LU��
*OREDO�$OOLDQFH�IRU�&OHDQ�&RRNVWRYHV��

*$&&��*OREDO�$OOLDQFH�IRU�&OHDQ�&RRNVWRYHV���������
$QiOLVLV�GHO�0HUFDGR�GH�(VWXIDV�\�&RPEXVWLEOHV�GH�
*XDWHPDOD��6LWXDFLyQ�GHO�VHFWRU�

,($��������:RUOG�(QHUJ\�2XWORRN�6SHFLDO�5HSRUW�������
(QHUJ\�DQG�$LU�3ROOXWLRQ��,QWHUQDWLRQDO�(QHUJ\�
$JHQF\��3DULV��)UDQFH��

,62��������*XLGHOLQHV�IRU�HYDOXDWLQJ�FRRNVWRYH�
SHUIRUPDQFH��$YDLODEOH�IURP�
KWWSV���ZZZ�LVR�RUJ�VWDQGDUG�������KWPO�

�-DFREVRQ��0���=��6WURQJ�UDGLDFWLYH�KHDWLQJ�GXH�WR�WKH�
PL[LQJ�VWDWH�RI�EODFN�FDUERQ�LQ�DWPRVSKHULF�DHURVROV��
1DWXUH�����������������������������

-HVVLFD�7U\QHU��%U\DQ�'��:LOOVRQ��$QWKRQ\�-��0DUFKHVH��
7KH�HIIHFWV�RI�IXHO�W\SH�DQG�VWRYH�GHVLJQ�RQ�HPLVVLRQV�
DQG�HIILFLHQF\�RI�QDWXUDO�GUDIW�VHPL�JDVLILHU�ELRPDVV�
FRRNVWRYHV��(QHUJ\�IRU�6XVWDLQDEOH�'HYHORSPHQW����
��������������

-HWWHU�-��.DULKHU�3��6ROLG�)XHO�+RXVHKROG�&RRN�6WRYHV��
&KDUDFWHUL]DWLRQ�RI�3HUIRUPDQFH�DQG�(PLVVLRQV��
%LRPDVV�DQG�%LRHQHUJ\��������������±����

1RUGLFD�0DF&DUW\��'HDQ�6WLOO��'DPRQ�2JOH��)XHO�XVH�
DQG�HPLVVLRQV�SHUIRUPDQFH�RI�ILIW\�FRRNLQJ�VWRYHV�LQ�
WKH�ODERUDWRU\�DQG�UHODWHG�EHQFKPDUNV�RI�SHUIRUPDQFH��
(QHUJ\�IRU�6XVWDLQDEOH�'HYHORSPHQW��������������±
����

0DF&DUW\��'HDQ�6WLOO��'DPRQ�2JOH��)XHO�XVH�DQG�
HPLVVLRQV�SHUIRUPDQFH�RI�ILIW\�FRRNLQJ�VWRYHV�LQ�WKH�
ODERUDWRU\�DQG�UHODWHG�EHQFKPDUNV�RI�SHUIRUPDQFH��
(QHUJ\�IRU�6XVWDLQDEOH�'HYHORSPHQW��������������±
����

0DF&DUW\��1���2JOH��'���6WLOO��'���%RQG��7�������D��$�
ODERUDWRU\�FRPSDULVRQ�RI�WKH�JOREDO�ZDUPLQJ�LPSDFW�
RI�ILYH�PDMRU�W\SHV�RI�ELRPDVV�FRRNLQJ�VWRYHV��(QHUJ\�
6XVWDLQ��'HY��������±����

0DF&DUW\��1���2JOH��'���6WLOO��'���%RQG��7���5RGHQ��&���
����E��$�ODERUDWRU\�FRPSDULVRQ�RI�WKH�JOREDO�
ZDUPLQJ�LPSDFW�RI�ILYH�PDMRU�W\SHV�RI�ELRPDVV�
FRRNLQJ�VWRYHV��(QHUJ\�6XVWDLQ��'HY��������±����
KWWSV���GRL�RUJ���������6���������������������

3ULPH�,QGRQHVLD��$YDLODEOH�IURP�
KWWSV���SULPHLQGRQHVLD�LG��

3527$��3ODQW�5HVRXUFHV�RI�7URSLFDO�$IULFD����*XLGH�WR�
WKH�XVH�RI�$IULFDQ�SODQWV��
KWWS���ZZZ�SURWD�X�RUJ�SURWDY��DVS"S &RUG\OD�SLQQD
WD�

5DPDQ��-��0XUDOL��'��6DNWKLYDGLYHO��9�6��9LJQHVZDUDQ��
3HUIRUPDQFH�HYDOXDWLRQ�RI�WKUHH�W\SHV�RI�IRUFHG�GUDIW�
FRRN�VWRYHV�XVLQJ�IXHO�ZRRG�DQG�FRFRQXW�VKHOO��
%LRPDVV�DQG�%LRHQHUJ\�������������������

5DX��-�$���������&RPSRVLWLRQ�DQG�6L]H�'LVWULEXWLRQ�RI�
5HVLGHQWLDO�:RRG�6PRNH�3DUWLFOHV��$HURVRO�6FL��
7HFKQRO���������±�����
KWWSV���GRL�RUJ���������������������������

5RGHQ��&��$��%RQG��7�&��&RQDZD\��6���3LQHO��$�%�2��
(PLVVLRQ�IDFWRUV�DQG�UHDO�WLPH�RSWLFDO�SURSHUWLHV�RI�
SDUWLFOHV�HPLWWHG�IURP�WUDGLWLRQDO�ZRRG�EXUQLQJ�VWRYHV��
(QYLURQ��6FL��7HFKQRO���������������������������

5RWK��&���������0LFUR�JDVLILFDWLRQ��FRRNLQJ�ZLWK�JDV�
IURP�GU\�ELRPDVV��$Q�LQWURGXFWLRQ�WR�FRQFHSWV�DQG�
DSSOLFDWLRQV�RI�ZRRG�JDV�EXUQLQJ�WHFKQRORJLHV�IRU�
FRRNLQJ��*,=��

6(0�)81'���6RFLDO�DQG�(FRORJLFDO�0DQDJHPHQW�
)81'����KWWS���VHP�IXQG�RUJ�RXU�DSSURDFK��

6PLWK�.5�DQG�3HHO�-/��0LQG�WKH�JDS��(QYLURQ�+HDOWK�
3HUVSHFW���������������

6KHQ��*���:HQ��:���<DQ\DQ��=���<XMLD��0���%LQ��:���
5RQJ��:���:HL��/���+XL]KRQJ��6���<H��+���<LIHQJ��<���
:HL��:���;LORQJ��:���;XHMXQ��:��DQG�6KX��7����������
(PLVVLRQ�IDFWRUV��VL]H�GLVWULEXWLRQV��DQG�HPLVVLRQ�
LQYHQWRULHV�RI�FDUERQDFHRXV�SDUWLFXODWH�PDWWHU�IURP�
UHVLGHQWLDO�ZRRG�FRPEXVWLRQ�LQ�UXUDO�&KLQD��(QYLURQ��
6FL��7HFKQRO����������±������

6KHQ�HW�DO��)DFWRUV�LQIOXHQFLQJ�WKH�DGRSWLRQ�DQG�
VXVWDLQDEOH�XVH�RI�FOHDQ�IXHOV�DQG�FRRNVWRYHV�LQ�&KLQD��
$�&KLQHVH�OLWHUDWXUH�UHYLHZ��5HQHZDEOH�DQG�
6XVWDLQDEOH�(QHUJ\�5HYLHZV���������������������

6KXUXSRY�6��6RPH�IDFWRUV�WKDW�JRYHUQ�SDUWLFXODWH�FDUERQ�
IRUPDWLRQ�GXULQJ�S\URO\VLV�RI�K\GURFDUERQV��
3LWWVEXUJK��&RPEXVWLRQ�,QVWLWXWH��������S������±���

9HQNDWDUDPDQ��&���+DELE��*���(LJXUHQ�)HUQDQGH]��$���
0LJXHO��$�+��DQG�)ULHGODQGHU��6�.����������5HVLGHQWLDO�
ELRIXHOV�LQ�6RXWK�$VLD��&DUERQDFHRXV�DHURVRO�
HPLVVLRQV�DQG�FOLPDWH�LPSDFWV��6FLHQFH����������±
������

:LNLSHGLD��
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�&DVXDULQDBHTXLVHWLIROLD�

:+2��������%XUQLQJ�RSSRUWXQLW\��FOHDQ�KRXVHKROG�
HQHUJ\�IRU�KHDOWK��VXVWDLQDEOH�GHYHORSPHQW��DQG�
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ZHOOEHLQJ�RI�ZRPHQ�DQG�FKLOGUHQ��:RUOG�+HDOWK�
2UJDQL]DWLRQ��*HQHYD��6ZLW]HUODQG��

:+2��(G����������:+2�JXLGHOLQHV�IRU�LQGRRU�DLU�
TXDOLW\��KRXVHKROG�IXHO�FRPEXVWLRQ��*HQHYD��
6ZLW]HUODQG��

:+2�5HJLRQDO�2IILFH�IRU�(XURSH���������+HDOWK�HIIHFWV�
RI�EODFN�FDUERQ��$YDLODEOH�IURP�
KWWS���ZZZ�XQHFH�RUJ�ILOHDGPLQ�'$0�HQY�OUWDS�FRQY�
+HDOWKB(IIHFWVBRIB%ODFNB&DUERQBUHSRUW�SGI�

�
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