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�ʊɮ5ɰΖ�ʯƟʺȿñÃx�ƙ(37±1°C)ɗ̞ǡťį��ǎ個˳ ș*Ƃ˗

Ϙ��4ɭʇ�éÌƷʱë®̌好ʊɮ2@iø2��ǎ個�ǎ��ɰΖťįJf

ρ˷�ʯƟʺȿñ�ǡťį¿ǎ個˳șɰΖ����rƺƫ$�(HRT 2�� 12

�ϴ10 �Ʒ 8 �)�ȟbťįJ個Ƣ˞¹7¸˷(ρ˷)�ɉǹƣ�̗ɑ�éÌ Ã

x£bɗ̞ťį�Ɋ(5	Žĭŀ¹Ƃ�Žɼ好ȟbťįÃ¸ɰΖ�Ò˶Ƕñ

(Total solids, TS)żȠ� 5%個£bťį�ʯƟʺȿñ TSȋżȠ� 4%個ǡťį¿ǎ

�ʱë̗ϙ®(C/N)͍żǌ� 30:1好�ǎ£�ɰΖ�ʯƟʺȿñ�ǡťį個˳ș�

HRT 5��k	lɪ̿$個��ɰΖ(SM)�ʯƟʺȿñ(VW)ʱë®̌(SM:VW2

�� 1:0ϴ4:1ϴ3:1ϴ2:1Ʒ 1:1)�Ƃ�Žɼ5ƷʯƟʺȿñ(̤���Ǘ個�ǎ£

�	Ã¸ȑŅĞɿɰΖƷʯƟʺȿñ� TS͍ʁė� 5%�ˎØ好 

�ǎ���ǎæmǿŹ�Ã¸�ʱÁ 30%fʯƟʺȿñ(ġ HRT 12�)$個(

zǿ«;ĭŀ	lñf,ȉɼ(COD |� 5.5%個TS 7.81%個VS 15.77%)Ʒ�¾Ƃ

ɼ(GPR|� 0.26 L/L/day個MPR 0.12 L CH4/L/day)好�ǎ£æmǿŹ� HRT 5�個

Ƚ5ɰΖ�Ã¸ȑŅ (SM:VW � 1:0) $	4��Ƃ�Žɼ個GPRϴMPR Ʒ˗Ϙ

®̌2�� 1.70 L/L/dayϴ 1.06 L CH4/L/dayƷ 61.90%個CODϴTSϴVS�,ȉɼ

ȋ� 16.27%ϴ14.40%Ʒ 12.14%好ɠ̤�ʯƟʺȿñÃxǡťį個ȋ5ɰΖ:ʯƟ

ʺȿñʱë® 4:1 �4ɭ個GPRϴMPR Ʒ˗Ϙ®̌2�� 1.49 L/L/dayϴ 0.77 L 
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CH4/L/dayƷ 51.33%個CODϴTSϴVS�,ȉɼȋ� 16.95%ϴ13.27%Ʒ 11.73%好

g��ǎÃ¸fʯƟʺȿñ͈®�ǑǗ� 33%個ġɰΖ:ʯƟʱë® 2:1個ā$f

˗ϘƂɼˑ	 0.54 L CH4/L/day個COD,ȉɼȋ� 13.85%ϲÐ)āʱë®$個�

Ʃ@Ƒóͩ�̳ėUǦ個�)��ÁΩ(Sodium bicarbonate)żƌÃ¸ƷƑóͩ pH

ƯJ個(ĭkʯƟ͈®4�ŗ 50%好͚ë5�æm5Ʒ�¹Iǡťį�ʊɮ®ǭ個

�ʊɮ�Ã¸kˎØ�˶Ƕñ5Ʒǭk�	lɪ̿ 個(@ŏ9Ãxǡťį個ǤŸ

�Ǒɭ�Ƃ�Žm好 

 

µ˫Ŭϱɗ̞ǡťįϴɰΖϴʯƟʺȿñϴ˗Ϙϴʺ�ĕ¥ 
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Abstract 

In this study, the experiment of mesophilic (37±1°C) anaerobic co-digestion of 

swine manure (SM) and vegetable wastes (VW) was conducted to investigate the optimal 

operational condition and mixing ratio.  The whole study includes two experiments. The 

first experiment was the co-digestion of digestate (the effluent of the primary digestion 

of swine manure) and vegetable wastes. This experiment was to evaluate if the gas 

production of digestate in the secondary digestion could be improved effectively after the 

supplement of proper carbon source under different hydraulic retention times (HRT) of 8, 

10 and 12 days. The influent of the primary digestion was 5% TS swine manure, while 

the vegetable wastes used in the secondary digestion was controlled at 4% TS. Also, the 

carbon to nitrogen ratio (C/N) of feed mixture of co-digestion was prepared and controlled 

at around 30:1. The second experiment was the co-digestion of swine manure and 

vegetable wastes. This experiment was to evaluate the gas production and the limit of 

adding vegetable wastes at different mixing ratios of 1:0, 4:1, 3:1, 2:1 and 1:1 (SM:VW) 

under a relative high organic loading rate of 5-day HRT. The influent substrates including 

both swine manure and vegetable wastes were prepared at around 5% TS before mixing 

and feeding. 

The results of the first experiment showed that in test of adding 30% of vegetable 

wastes to the primary digestate as feeding mixture (12-day HRT) could improve the COD, 

TS and VS removal efficiencies of 5.5%, 7.81% and 15.77%, respectively, and also 

improve the gas production rate (GPR) and methane production rate (MPR) of 0.26 

L/L/day and 0.12 L CH4/L/day, respectively. The results of the second experiment 

showed, at 5-day HRT, the test of using 100% swine manure (SM:VW is 1:0) had the 

best gas production performance with GPR, MPR and methane content of 1.70 L/L/day, 
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1.06 L CH4/L/day and 61.90%, respectively, and the COD, TS and VS removal 

efficiencies of 16.27%, 14.40% and 12.14%, respectively. In respect of adding vegetable 

wastes for co-digestion, the test of 4:1 (SM:VW) mixing ratio had the best gas production 

performance with GPR, MPR and methane content of 1.49 L/L/day, 0.77 L CH4/L/day 

and 51.33%, respectively, and the COD, TS and VS removal efficiencies of 16.95%, 

13.27% and 11.73%, respectively. 

The results also showed to maintain the system working, the highest proportion of 

the vegetable wastes could be added was 33%, i.e. SM:VW of 2:1.  The MPR of 0.54 L 

CH4/L/day and TS removal efficiency of 10.87% was observed during this testing period.  

Beyond this adding ratio of vegetable waste, imbalance of reactor would be occurred due 

to inhibition.  To suppress the inhibition effect, addition of alkali (Sodium bicarbonate) 

to adjust the pH value of influent and reactor, the proportion of vegetable wastes could 

then lift up to 50%.  In conclusion, the anaerobic co-digestion of swine manure and 

vegetable wastes with high solids concentration influent and organic loading rate was 

successfully proved, and a high gas production could be achieved in this study. 

 

Keywords:  anaerobic co-digestion, swine manure, vegetable wastes, methane, 
wastewater treatment 
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��. �FG`Z<� 

hĜĕ¥ʺȿñ個;ȇ9ŕĄ	Ǘ�Ɔʕ
'個�Ā���ηTȣ·��ƽâ好

Ɔʕ 2014CȅƂ* 479ƄΗʩÿʺȿñ個¹�ʩƂʺȿñ͈ 230ƄΗϴάƂʺȿ

ñȋ	 227ƄΗ在xȓǕvğÒĕ個2015有好ɋ)ɗ̞不ΰĕ¥ʩΒÿ	lʺȿñ個

�Ȫ�ȁÑʺȿñĕ¥�Åâ個+�ƂȠρ���*Ņ�ɑ個ĂC
�Ā��ȓʝ

˃ˀ¤xfǼš好 

�άƂʺȿñ�ĕ¥ø2個Ɔʕš��Ƙ�ĨÐ) 200�ɰfάΒ¼個ǵϨ�

͝˹ǲəÜ了ɘ�Ɨ	͝�ĕ¥ƗƔıǡ 4000 �ž個ʩʥ�� 2016 CĪÕ¢Ȝ

f ĲCȲğ¤]f˯ȓ·LŝĞɿ�¤] 100 žɰ¼Ęǌρ�<�在ƸÜǕ¢

ňĕ個2016有個ǿŹȓˈƾŘ��ƆʕάƂÿ×̢Ū¤Ǳɗ̞不ΰƂȠρ�fȺȐ好 

g�ʩƂʺȿñ�ĕ¥ø2個ɗ̞不ΰˑ	ȺȐ��͓ʹŎśȻ好ǺxȓǕʩ

ÿʥĉ�7đfϨ103 CʩÿǞğ�Ȅ了�Ǟğ個Ɔʕ� 2014 C*Ƃf͌ƟÞ	

270ƄΗ個¹� 90ƄΗ�ʯƟȎ在Leaf vegetable有好gĈ�mƟĢ¼�Ǟğ個ĂC


ƆʕnCŗÑƂ* 14ƄΗ5�fmƟʺȿñ在Ͷ̨Ÿy個2008有個5ιįpŵĕ

¥ȗ[(5ϖěͪͅ¼E9�ɕȘ個[gmƟʺȿñɿ�Þk個ÏƯƿ個Ǥŕɤ�

Ïɑ(ΎÎȚ個2001)個č̈Ṳ́�ΌǛ͡ǧ個ιį@�ǭk個ǭQ�ɑşE�Žɼ好

ɿ�Þk�ę¬��ƣë��Ʃ̛�υɌ�ǧɑ個ǭƣëjêÃx*ñ不ΰ(xȓ

ǕǪȘĝǴΥǪȘ˒ǎ�個2012)好 
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�ā�ʊɮfš��˳șƆʕɗ̞不ΰĕ¥ʯƟʺȿñ��`��(�¬個

�Ɔʕʩÿʺȿñf�şEpŵ>Ή�þǼ個˴¿��<Ǳ@ȵȣ�	¤x@Ž

fɰΖɗ̞ĕ¥��ÁʯƟʺȿñÃxǡťį好 

�ʊɮ2�iǼ�ǎ個�Ǽ�ǎ�˳ș�u)ȟŪɗ̞ĕ¥§ˑɿ	ʓǻϙ

ɿÞ個¹	lñˎØœŸ�¸ǅƴf7¸�個u}£b�ĕ¥$個ɠ̈Ṳ́�ʯƟ

ʺȿñ��ɉǹ̗ɑ�ØÃxɗ̞ĕ¥個�Ɋ(	Žĭŀ	lñ,ȉɼƷ˗ϘƂ

ɼ好 

Ǐ�Ǽ�ǎ˳șɰΖ��rƺƫ$�Ƴϴ	lɪ̿ɼkféÌ 個�Á��®

̌fʯƟʺȿñÃxɗ̞ĕ¥個˾ǈ	lñ,ȉɼƷ˗ϘƂɼfºįƾŘ個Ǥ˳ș

ʯƟʺȿñ(�Á�ǑǗ好 
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2.1cDdX, 

2.1.1?apD�>i] 

ǵʩÿǞğCň¢ȜfĨǺğņ個2014CƆʕ͌Ɵf`̭�ŞÒğ�14.7Ƅ¢

σ個ÒƂÞ282ƄΗ好v�Ƃ9�ǂȸ̏ϴΏį̏ϴ̬Ȋ̏Ʒ̆Ó̏個2�ɪʍ*

ƂÒƂÞf28.7%ϴ12.7%ϴ7.7%ϴ7.5%f͌Ɵ在xȓǕʩʥ�個2015有好ǵ̚Ůʩ

Ƃģɟ¢ƒfģɟǞğCň¢ȜfǞğĨŬğņ個ʽȰƷĞ&½Ɵ�2015Cv�

͌Ɵ@ŒÞ4kf�i�個2�͈�10�@ŒÞf37%ϴ13%在̚ŮʩƂģɟ¢ƒ個

2015有好 

6èʽȰ在dȒkŲƟ個Cabbage有f`̭�Ş	ǫǒ�¢σ個ƂÞ�37.6Ƅ¢

Η個�2005C1ÙCèf`̭�ŞȁÑ�12%個[gƂÞ|�20%好2015Cv�Ƃ

9�ǂȸ̏ϴʠʈ̏ƷΏį̏個2�ΐ̍26.6%ϴ20%ϴ14%fƂÞ好 

Ğ&½Ɵ在dȒæų½Ɵ個Chinese cabbage有f`̭�Şǡiǒ�¢σ個ƂÞ

�8.1Ƅ¢Η個ÙCèȁÑ�43%f`̭�Ş個ƂÞˬȁÑ25%好2015Cv�Ƃ9�

ǂȸ̏ϴΏį̏Ʒʠʈ̏個2�ΐ̍47.9%ϴ25.7%ϴ10.5%fƂÞ在xȓǕʩʥ�個

2015有好 
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2.1.2?a�D5 dX,2�i] 

ƆʕmƟʮ<Ģ¼個nCʺȿñÒÞ� 17ƄΗ個¹�͌ƟϴmƖy	lʺȿ

ñ®̌ȅ͈ 71.5%是89.5%個ȅ� 13ƄΗ個͈ÒŒĸÞfǍ@好 

mƟĢ¼v�ʺȿñ�Ğ&½ƟƷʽȰfÚʯϴ¹bǵɈ�ϕ½Ϊ在ͰΪ有f

Ú;ϴƳðʯƟȎ在h-½ƟϴűƟϴƃǢ½Ɵy有fψʯϴɹȎ在hÆɹ有fm

¾好ʽȰƷĞ&½Ɵ�ʩȓlµ¤]mƟ2īĞĘJɘ�5ʘˌĘģ個D�ĝƫO

�Úʯ5�ģĖ$ĝǴƟ¾個�˓ʮƷ˓ɽĢ¼�DÍ��Úʯķ�ÍÚʯŒĸ個

�āÚʯ��ʮ<Ģ¼,ȉ個gʮ<Ģ¼�ʽȰƷĞ&½Ɵ�v�ŒĸƟ 在̀ˏ個

2008有個ʽȰƷĞ&½Ɵ͈ 2015 C̚ŮĢ}�ϴ£mƟʮ<Ģ¼v�͌ƟŒĸÞ

f 50%在̚ŮʩƂģɟ¢ƒ個2015有個¹Úʯ��ā͈mƟʮ<Ģ¼ʺȿñf� 好͑ 

ʩƂʺȿñ�個59%fʺȿñ�9Ǩ˺ͪͅ個12%5ʤȫĕ¥個7.4%5�ñΞ

˛̩ʭĕ¥個5.4%��Ț̷Ξ˛ˁŅ個3.8��ΕάɎͨǧ個2.9%5ιɌϴͪͅĕ

¥個2.7%��͙ͧͨǧ個2.2%5�ßȠ@δǧĕ¥在xȓǕvğÒĕ個2015有好g

ƆʕmƟʺȿñ�ˢͪͅϴιįƷʤȫyO`pŵĕ¥好 

2000CƆʕ9ƪfmƟʮ<Ģ¼	 638個¹� 35%�ʩ�ķë�Ȉ�ƗƸ個

65%�ř9pȓʝķʩ��@Ƹf¢ƒuȤ個ĮPÿĈã好ʮ<Ģ¼�Ƃ*fʺȿ

ñ個�øł͍ģŗ�9̓̈́ɇ*ͪͅ¼ͪͅ好ř�mƟʺȿñ®·ƿϴ¾ŞΟ�個

ēȼU	ͪͅ¼ĚÞŗϞ個mƟʺȿñ5ͪͅÜĕ¥ŕ�ľfğ好 
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ɠˢιįpŵĕ¥個Ƴðȗ(κěͪͅ¼ɕȘ個§mƟʺȿñɿ�Þk個5�

ɑŽɼ
�個�ˡuʢ好 

gmƟʺȿñɠĀõ5ʤȫĕ¥個¹kɿ�ɼ�ʬƚʉfʱëQÜŸ�ë¥

f¾Şǌ®個s kƙʡ�ˬ͋�Þ�ɑϲs ̑țϴʣțpŵ個ȋɨǏxĕ¥έ7�個

��̗ϙ®ćƿ��ɣʤȫfƣʠʇ�éÌ個h̤�̗ϙ®kfʬƚʉ�5ʱë

żƌ,ʬƚʉ(�ɿ	�ĸsH*ñ2ě@2個̈ ˲�ʤȫ�č$�Ʒ˸ȵØ�ƻ好

[Ă
ř�ͪͅ¼�ιį̣E9»!ɕ±個˨ħʤȫȺȐ�ȂśÃ個¨mƟʺȿñ

˽ÁΕάʤȫ¼ǡ�ʤȫĕ¥��p÷個ȉ(śȻmƟʺȿñĀõʤȫfȺȐƶ

ͼƷĕȯÅâ個d�ǹ2şEΕάʤȫ¼�ŌƚƗƔƷɓȯĆ�(Ύ個2001)好 

 

2.2[v 

tųƌ¾�ƙȝ�¾(GHG)ĩ��個ȅ	 20%�ƙȝ�¾
�άΒÿ(Watson 

et al., 1996)好¹�個nCάΒÿ�Ƃ*�˗ϘÞ˿tų˗Ϙĩ�Þ� 50%好 

Ɔʕv�δƘfΕά�個Ƙɰÿ�ƂƯ4k�Ĉ�Ƃÿ個˿άΒÿƌ¾ƂƯ

46.4%好2015CŻǞğ個Ɔʕ�ƘɰÒ�Ĩ� 549.6Ƅ�個ř�Ǫĝ�ĎAˊʀŠ個

«µĈã�û»π͇ƑǪĝÜɘfƘɰž個�āǭ 2014CȁÑ� 4.9Ƅ�個ȁ̂

� 0.9%好ǾCƆʕ�άƂ�Sɼ個ɰƐf�Sɼ�Ā��4k�個� 2006C5
個

�Sɼ͍œƿ� 89.0%個gŶϴǳϴΕȎ個� 2007Cŗ 2014Cfúʅ2�� 5.8%ϴ
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9.0%ϴ85.5%好2015C�Ǎ�Ƙɰ̏Ƙɰ�ĨƷ¼Ĩh² 2-1�Ź個ǂȸ̏�Ƙ�

Ĩ4�個͈tƆʕf 25.99%好2015CƘɰ¼δƘɘȱh² 2-2�Ź個Ɔʕš��

Ƙɰ�ĨÐ) 200�5�fάΒ¼ǡ	 4,147¼在ɔǸÜ
�̀άƂ�個2015有好 

 

² 2-1 2015C�Ǎ�Ƙɰ̏Ƙɰ�Ĩϴ¼Ĩ在ɔǸÜ
�̀άƂ�個2015有 

9ƪ 
Ƙɰ�Ĩ Ƙɰ¼Ĩ 

在�有 �͈®̌(%) 在¼有 �͈®̌(%) 

ǂȸ̏ 1,425,499 25.99 1,219 15.73 

̆Ó̏ 1,271,666 23.19 1,822 23.51 

Ώį̏ 773,151 9.65 748 9.65 

ƆŜ̏ 569,031 10.38 703 9.07. 

kˋ̏ 292,390 5.33 558 7.20 

̬Ȋ̏ 374,366 6.83 292 3.77 

�Ǎ�̏ëğ 4,706,103 85.81 5,342 68.92 

Ɔʕt6ëğ 5,484,053 100 7,751 100 
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² 2-2 2015CƘɰ¼δƘɘȱ在ɔǸÜ
�̀άƂ�個2015有 

ɘȱ� 

在�Ĩ有 

Ƙɰ¼Ĩ Ƙɰ�Ĩ 

¼Ĩ在¼有 Ľ2®在%有 �Ĩ在�有 Ľ2®在%有 

1-99 2,592 33.97 76,222 1.39 

100-199 892 11.69 132,708 2.42 

200-299 480 6.29 117,772 2.15 

300-499 628 8.23 248,496 4.53 

500-999 1,477 19.36 1,111,737 20.27 

1000-1999 1,081 14.17 1,488,411 27.14 

2000-4999 353 4.63 1,038,871 18.94 

50005� 128 1.68 1,269,836 23.16 

Òğ Total 7,631 100.00 5,484,053 100.00 

 

Ɔʕ 2014C�άƂʺȿñ� 227ƄΗ個͈ʩÿʺȿñf 47%好άƂʺȿñ

�個95%fʺȿñ5ʤȫpŵĕ¥個3.5%��įȠÖǧ個Ǐ	 1.2%fάΒʺȿñ

œ°΋Ȼĕ¥個ȅ	 2.8ƄΗ在xȓǕvğÒĕ個2015有好 

� 1974C̅��͝˹ǲəÜ5
個Ɔʕ�Ā5ʺ͝�pŵŨėάΒΖ̺ʺ�

fĩ�個άΒÿıƗȯOƉŵάΒʺ�ĕ¥ĻǞ個v�ĕ¥ŪΚǵɈ�˶˷2ļϴ

ɗ̞ĕ¥Ʒ_¬̫͝ĕ¥好ū5˶˷2ļl2ļ˶Ƌʺȿñ�˷Ƌʺȿñ好˶Ƌʺ

ȿñuʤȫ不ΰȠ@ʤȫ個˷ƋʺȿñȋƭŖ¸Áɗ̞ͩ:_¬̫ͩ͝ĕ¥好ɗ̞

不ΰ,ȉʺ���	lñ$Ƃ*�ρ�個řɗ̞ͩ�p̩ʭ�Ő̫͏ƖêȆ好 

ǵϨ�͝˹ǲəÜ了ɘ�個ã��
��Ņ�ÞĝǴƪfδƘɰ 10�5�
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ɰ¼ϴŕã��
��Ņ�ÞĝǴƪfδƘɰ 20�5�ɰ¼個͍ɨË�͝˹ǲ

əÜfɘʳ好š��Ƙ�ĨÐ) 200�ɰfάΒ¼個ʺ�Þ 50(¢Η/A)5 ıɨ

ĭƱĸĩ�ů(~Ìϴʺ�Þ 50(¢Η/A)5�ıɨĭĩ�ů(ǩȣuȺďɃǩϴ

ʺ�Þ 100(¢Η/A)5�ıɨƗȯΆīàɳ
ĉϲδƘɰÐ) 2000�5�ıɨ�

Ȥģ�ĭ�͝˹ǲə͢˯ğɚ好άΒÿıɠ�¨ρ˷ĩ��ʩˆΊώ個ɨūuʩ

ʥ��ɷʻƓϴ÷9pǪĝȳ˥ÂºY�͝˹ǲə͢˯ϴÂȺď·�Ƶ̎ƷU¼

νƀyTŖ個)Ǌ̒΀個ħů�ʩŊþǘĀõĕ¥Jĩ�個ɵ˚ȿΖȫΊώfŽ

ˊ個d@��Ŝøɲ˩���͝˹ɑ好 

�͝˹ǲə͢˯Ʒ˒ǈ˥ňŨ¥ƕÜ� 2006C<Ʀ個Ǿu 4bǣ­個¤]

Ɨȯ�Ņ�Þ�]˾ǈƗ˯個ġ$˾ʁ�¸�©Ņ個2015CÙ�Õ�bǣ­<Ʀ

J個¤]άΒΖ̺ƚɑįŨ¥άΒΖ̺ρ΅ϴρ˷(ʦʩˆȫ2ħE個�ĩÁ9

��¾好ǪĝΥf�ǣ你�͝˹ǲə͢˯Ʒ˒ǈ˥ňŨ¥ƕÜϫ個ͦ̅άΒΖ̺

ɗ̞<ΰJ��ʩ9ȫ2ħEàô個ɘ�άΒÿıɠ�¨άΒΖ̺��ʩ9ȫ2

ħE個ɨͤë5 ɘ�ϱ在1有ɰΖ̺uɗ̞不ΰɨŸ 10A5�ϴŶΖ̺ɨŸ 5

A5�個在2有�ðĩ7ρ˷ϴρ΅個在3有ɗ̞<ΰƗ˯ɨƗȯρ�êȆfŐ̫͏

Ɩ個在4有ë�fʩ9¼ÊɨɃ̅ëȅŁķ7ǔ��Ł個在5有ȉ5Ίώ�ʱë̡Ί

�ǯΊÚ個ó�˯Ί 1-$è¯tέÁȇα個ρ˷�(Ϋƫ�ʩ9²�個在6有č

Ɨ	ƨŔ̊ƺ˯Ίð�(˕ǐρ˷fƻƛ̀ɡĚÞ個在7有˥Âρ΅ρ˷��ʩ9
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ȫ2ħEğƠ個uʩȓlµ͔ƀ好在tÞ˯Ί個œĩ��9��¾ı個�č�Ǐ

˥Â�͝˹ǲə͢˯ğƠƷĩ�ů(ǩ好有ǪĝΥ¢Ʀf˯ȓšǅĞɿ 2016C

�˯άΒΖ̺��ʩˆȫ2Ÿ 15¼在xȓǕǪĝΥ個2015有好  

 

2.3Yn{w 

2.3.1HN�
Q 

ɗ̞ĕ¥ȺȐóE�ʺ�ĕ¥�ä˱個�<ǱÐ)�¦ɢ個�	lʺȿñĕ¥

�ä˱�@ŏƼƸ1ɤ��ȺȐĻǞ個K�%�5ƿΈ�@�¨	lʺȿñîƥ

@ρ����*�ɑħE個Ă
�ʊɮ˵÷�¨āȺȐóE�ĳ`	lʺȿñƷ

�ɑ�ñ�好),�C個�	ů�ʊɮȨr�śȻĕ¥Žɼ個v�0·�O��÷: 

在1有2̓�Á��ȑŅǡťį個żƌ̗ϙ®Ʒ;şEŽɼ�ēȼ個在2有不ΰ�;

ȑŅÃx�ĕ¥個5śºñ¥ķįZ¬Ņ個ħ¹Yĸ�sH*ñ2ěşE個5Ʒ在3有

;ɗ̞ĕ¥ǊɈȱͦ�ĨZȱǜƼƸ個5ŝ�Ȳǈǡťį�ĕ¥Žm個̼āżƌȑ

Ņ�4ɭ�ʱ:®̌好š�fʊɮæm͍ǿŹʱë��	lʺȿñ(ħ!ȤƘY

ʅ͂個�ĕ¥�ħ	l˶¾ʺȿñYĸ�sH*ñ2ě個ĨZȱǜ��@ŏ9Ȳǈ

Ĝı�4ɭfȑŅʱëéÌ5ƷČȑŅɨˢ»f4ɭ�ĕ¥pŵ (Esposito et al., 

2012)好 
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2.3.2%� 

 ɗ̞不ΰf)Ǌʵɬ個v�(2��ěϴƹįϴ̜ƹį5Ʒ˗Ϙįü�Ū

Κ(McCarty, 1964 ; Seadi et al., 2008)好ʺ�ūuř�ěͷ�ě個�řƹįͷɛě@

Άƹϴξƹϴʲƹ5ƷÑÞ�ϐ��£̞į̗個Ã�Ūř��`Ȏf˗Ϙ*@ͷť

įƂ7˗Ϙ�£̞į̗�¾個Ƃ*f˗Ϙȅ	 72%
�̜ƹ�îƥ個g 28%
�

ϐ��îƥ(McCarty and Smith, 1986)好 

2.3.3@; 

̽˧ķő©�ß̣�ʺȿñϴ8άĩ͞ñİ �R̫͝y*ñŅʺȿñ個�ɿ

	�Þ�2個ø2ɿͭōȧϴĲͭōȧϴƞŅȧϴǁ½Ņϴ̘ͬy@2個ɠ5͡Ɍ

yȺȐĕ¥āȎˍŵ*ñŅ個čť͋�Þ�ɑ,ȉ�2個ħƂ7f�Þ-�ť͋f

�Þ個�āˍŵʉǧǭƣë5ɗ̞不ΰpŵĕ¥(��y個2013)好ȉ�(���*

�ɑħE�ρ�Ú個ɗ̞不ΰ�˻�ĬƯ+	Ĕ�ʬƂñ你ρ˷ϫ個ρ˷�ȤƘ@

2k個�ā�ƛĀõ˯Ίjʩ9�ȫǧħE個ķ�ßȠ@ʤȫ好(Esposito et al., 2012)好 

 

2.3.4O=8 

ř�ɗ̞ĕ¥��*ñ¬�ǊɈ個ŕĄĚĸË�ǪȘƷʇ�éÌ�ēȼ個̌h

ƙØϴƹΩØϴȤƘ@2ϴ̗ϙ®ϴ̗θ®ϴ�Ɋǐ�̳ė͸ϴȑŅ�¬ŅϴHÞ
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íȧϴɐ̛�-yy好�āĂC
ǽ1ů��$ʱëĕ¥��˶¾ϴ˷¾ʺȿñ�

ʊɮ個�ɣȒ�ǡťį好 

Fujita et al.在1980有�ˤŷή·�ɰΖfɗ̞ǡťįʊɮ�個]ñΖŝfϙɿ

Þ˔k個¹ C/N®Ƥ� 7.4個ćƿ�ɗ̞不ΰf¥�Ư 25-35fʳȀ個�ā�Čʊ

ɮ�̤�ɿ̗Þk�ʩ�ʺȿñhϜϚ在ˤŷêʒJƫ �ʯ:ψ有個¨̗ϙ®ż

ƌŗ¥�ʳȀ個�ā>ă�ǡťį�«µʊɮ在ɫǥĨǺ¡˻Ǉ 1-1有好 

Alvarez and Lidén在2008有5͗şōɆŶɰΛ΢¼ʺȿñϴŶɰΖŝ�mƟʺ

ȿñfɗ̞ǡťįʊɮ�個²Ź�ȎȑŅʱëJÃxǡťįfæm͍Ə�ĈƎÃ

x不ΰĕ¥fĨƯ個�	lɪ̿ɼ在Organic loading rate ,OLR有Ÿ 1.3 g VS/L/day

$個VSf,ȉɼ(Ÿ 50%~65%個˗ϘƂÞ在Methane yield有(Ÿ 0.3 L/g VS added

在ɫǥĨǺÂ¡˻Ǉ 1-2有好 

Kafle et al.在2013有fɩmʺȿñ�ɰΖɗ̞ǡťįʊɮ�ǿŹ個� HRT� 30

��éÌ 個�ɩm�ǡťį�ɿÞř 25%|ŗ 33%在5 VS�ȑƴ有個OLR� 1.6 

g VS/L/day$個ρ�ƂÞ�	­��ēȼ個Methane yield�0.19 L CH4/g COD added個

§ř 33%�|ŗ 50%$個ȋ���̙<ƹ�?ƊĶŞg7Uɪ��˟��E個

Methane yieldɛŗ 0.05 L CH4/g COD added在ɫǥĨǺ¡˻Ǉ 1-3有好 

Mazareli et al.在2016有�ʯƟʺȿñ�ɰΖǡťįf��ʱë®ʊɮ�²Ź個

�ǡťį�ǎ�|�ʯƟʺȿñ®̌Ʒ OLR���ĭŀ�Ƒóͩ�̀ɡ�r個ˉ
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ƈ�̙<ƹĶŞƩ@�̳ė˗Ϙͷ�E個ħ(Ν¬ COD�,ȉɼŸ 85%個̙<¬

͵˦˶¾�,ȉɼŸ 90%個�ɰΖ�ʯƟʺȿñŸ 70:30 fʱë®$	4ɭf˗

ϘƂɼ 1.08 L CH4/L/day個�$ CODf,ȉɼ(Ÿ 70%在ɫǥĨǺ¡˻Ǉ 1-4有好 

ǡťįǊɈ�ƏLĞɿϱ在1有|ÃȤƘł在̌ϱ̗ϴϙy有�ú͂ϲ在2有śȻ

ɐ̛fɍɛϴ͵˦ϴƹįyɱʃϲ在3有(�|�ρ�ƂÞϲ在4有|�(jêĕ¥f

ʺȿñ`Ȏϲ在5有̈ÚfƘ2jê (̌ϱȇαśɤ͸)ϲ在6有|�*ñ(2ěf	l

ñ�®̌ϲ在7有ĭʦ̀ɡfĚÞ5ʼ�ĻǞϲ在8有(żƌ�2ɿÞƷƹΩƯϲ在9有

(5̃ʰ̻��̳ėñŅϴʪ¬ñŅϲ在10有�ûH*ñ��˟��E好gǡťį

fǗėȋĞ̸ϱ在1有|�7¸ρ˷f	lñɿÞϲ在2有(�čüÚ�ĕ¥ϲ在3有

|�ʱë�čĴ��PǼϲ在4有(�|�ρ˷ĕ¥�ʵɬ¬ϲ在5有(�ɛƿρ�Ƃ

ÞƷƂɼϲ在6有ɨ|�ɇ*�ĎƷɘʳϲ在7有ɨ|�ρ˷E�ȇ9şE$fǗė5

ȁÑȇ9͝˹fÉȬϲ在8有ρ˷Ίώȇ9fʨxǥĿč��ë�fʩžʙë(Braun, 

2002; Mata-Alvarez et al., 2000) 好 

 

2.3.5lz� 

ɗ̞不ΰ�個	lñ��̗ϙ®��Ǒ�·��ēȼ�3好�ƣë�̗ϙ®�

̳ė不ΰƑó個��śȻ̗ϙ®個áĄ�ʱë¹I	lñÃxǡťį好¹4��Ə

L��K	lɪ̿ɼ	ǭ��̀ɡĆ�(Khalid et al., 2011)好;ɿ̗Þk�ʩÿʺ
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ȿñgư個ǡťįsń��¹�ǭͤë@�ƬÞ��`pŵ個�ÁɿϙÞk�ñŅ

h]ñΖŝ�ɿ̗Þk�ʩÿʺȿñʱë個ú̗͂ϙ®個	Ǜ�|�Ƃ�ɼ

(Comino et al., 2010)好 

ǁ½ŅɿÞǭk�ʺȿñĹ²ɿϙÞk個�Ȏʺȿñ�	lŅɿÞƷ*įč

̞Þ(BOD)�ǭk個§̗ϙ®(C/N ratio)ȋ˔ƿ好]ñʺȿñ	kˎØ�εϙ個á

Ąsċ�̳ėɗ̞Ƒó���ēȼ�3好̭ñʺȿñ	.k�̗ϙ®個ʳȀ� 173

� 10005��	好�ǡťįǊɈ�個ǻɿǁ½Ņ�ʺȿñ(ĭʦ�ɤ��̀ɡ�

r個Ʒ�a¬�ȤƘ@2個gɿ̗Þk�ʺȿñȋ(ú̗͂ϙ®個ɛƿεϙƂ*̳

ė�E�(�(Esposito et al., 2012)好 

Àðʊɮ̗ϙ®�~̍�²Ź C/N ratio ˁ� 25~35個ó�Ãxɗ̞不ΰf4

ɭɱƋ(Scharer and Moo-Young, 1979)好�Wang (2009)�ʊɮ�ũ7�ɰΖ��Á

46%�̇ϚÃxǡťį個(|� 10%�˗ϘƂÞ好�Wu et al. (2010)�ʊɮ�個ɰ

Ζ��Áɿ̗Þk�ʩÿʺȿñhˤŷύΡϴ̇͘ϚϴΠϚ�zǿ|�ρ�Ƃ�ɼ個

Č�ǎżƌ̗ϙ®ŗ 16ϴ20Ʒ 25個¹�̗ϙ®� 25$(Ÿ�4��ρ�Ƃɼ好

āÚ Hawkes (1980)�ʊɮ�<U̗ϙ®ˁ� 20� 30�$個	4��ĕ¥Žmϲ

g Sievers and Brune (1978)�ʊɮȋ²Ź̗ϙ® 16�4ɭ�ʇ�éÌ好 
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��. _P��' 

3.1`Z�K 

�ʊɮ5ɰΖ�ʯƟʺȿñ個Ãx�ƙɗ̞ǡťį��ǎ個5˳ș*Ƃ˗Ϙ�

�4ɭʇ�éÌƷʱë®̌好 

ʊɮ¸ǊhÛ 3-1�Ź個ƌ�ʊɮ2@iø2��ǎ好�ǎ��ρ˷�ʯƟʺ

ȿñ�ǡťį個˳șɰΖu���rƺƫ$�(HRT2�� 12�ϴ10�Ʒ 8�)ĕ

¥J個¹ɿϙÞˑÙ2ǹί�7¸˷�ɉǹƣ�̗ɑ�éÌ Ãx£bɗ̞不ΰ

ĕ¥個Ƣ˞�Ɋ(5	Žĭŀ¹Ƃ�Žɼ好�ǎ£�ɰΖ�ʯƟʺȿñ�ǡťį個

˳ș��rƺƫ$�ǭƳ�éÌ (HRT 5�)個ɰΖ�ʯƟʺȿñ�Ĝ`ʱë®̌

éÌ Ãxǡťį個�°!4ɭƂ�Žɼ好 

�ǎ�Ʒ�ǎ£fƑó͍ͩˢĲŋŖŵʇ�個n�Ã7¸�b好 
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VW : ʯƟʺȿñ (Vegetable wastes) 

Û 3-1 ʊɮ¸Ǌ 
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3.1.1�L�^�G�0*# 

�ǎ�Ƒóͩʇ�éÌh² 3-1�Ź個ǵ HRT2@Oȡ¿ǎÃx—— Test 1ϴ

Test 2ϴTest 3f HRT2�� 12�ϴ10�ϴ8�好ʇ�ĞɿO�Ƒóͩ R1ϴR2ϴ

R3個¹ß�¾Ş2�� 6 Lϴ2.5 Lϴ2.5 L好R1ƑóͩfÃ¸� TS 5%fɰΖ個�

˳ș¹ĕ¥Jf7¸ʺ�個�ɉǹ̈Ú̗ɑJƂ�Žɼ�śºFǶ個ā¿ǎ¨ R2

Ʒ R3ƑóͩƗğ�;Đȡ——R2fÃ¸� 100% ρ 個˷g R3fÃ¸�ρ˷�ʯ

Ɵʺȿñǵ̗ϙ® 3:1®̌ʱëfʺ�好 

�ǎ�fƑóͩ1ăéÌh² 3-2�Ź個¨ɰΖƷɗ̞̫͝5¾Ş® 3:2f®

̌ʱë1]好 

 

² 3-1�ǎ�fƑóͩʇ�éÌ 

 Working 
Volume (L) Substrate 

HRT (days) 

Test 1 Test 2 Test 3 

R1 6 TS 5% SM 12 10 8 

R2 2.5 R1 digestate 12 10 8 

R3 2.5 R1 digestate + TS 4% 
VW 12 10 8 

SM : ɰΖ (Swine manure) 

VW : ʯƟʺ� (Vegetable wastes) 
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² 3-2�ǎ�fƑóͩ1ăéÌ 

 Working 
Volume (L) 

HRT 
(days) Start - up 

R1 6 12 3.6 L SM + 2.4 L AS 

R2 2.5 12 1.5 L SM + 1 L AS 

R3 2.5 12 1.5 L SM + 1 L AS 

SM : ɰΖ (Swine manure) 

AS : ɗ̞̫͝ (Anaerobic sludge) 

3.1.2�L�^�G�0*# 

�ǎ£�˳ș��rƺƫ$�ǭƳ�éÌ (HRT 5�)個ɰΖ�ʯƟʺȿñ�

Ĝ`ʱë®̌éÌ Ãxǡťį個�°!4ɭƂ�Žɼ好 

�ǎ£ǡʇ� 4�Ƒóͩ個2@ AϴBiȡ�$Ãx個�ǎˢ£·ʵ個Ƒóͩ

ʇ�éÌh² 3-3好AȡĞɿ A1Ʒ A2個Ãx Test 4ϴTest 5ϴTest 7f¿ǎ個¹ɰ

Ζ�ʯƟ¾Ş®2�� 1:0ϴ4:1Ʒ 2:1ϲBȡĞɿ B1Ʒ B2個Ãx Test 4ϴTest 6ϴ

Test 8f¿ǎ個¹ɰΖ�ʯƟ¾Ş®2�� 1:0ϴ3:1Ʒ 1:1好 

nǼ¿ǎ��ĤŖʇ�ŗ˗ϘˎØƷ˗ϘƂɼƾ�ʼ�ǤĝĤʼ�Ÿ 3 �

HRT$q�ÃÁ �Ǽ¿ǎ好Test 4�1]¿ǎ個Ƣ˞ü�ͩf˗ϘƂɼ�Ÿ�ʼ

�ĨƯȣʴāfĨƯõĂ個²ŹĻǞ͍�żƌ¯ːǤ͕Uʼ�ɱƋ$個AȡƷ Bȡ

q>ăÃx Test 5Ʒ Test 6¿ǎ好 

�ǎ£fƑóͩ1ăéÌh² 3-4�Ź個¨ɰΖƷɗ̞̫͝5¾Ş® 3:2f®

̌ʱë1]好 
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² 3-3�ǎ£Ƒóͩʇ�éÌ 

Test Test notation Feed mixing ratio  
SM:VW 

VW 
component (%) 

Test 4 

T4-A1 1:0 0% 

T4-A2 1:0 0% 

T4-B1 1:0 0% 

T4-B2 1:0 0% 

Test 5 
T5-A1 4:1 20% 

T5-A2 4:1 20% 

Test 6 
T6-B1 3:1 25% 

T6-B2 3:1 25% 

Test 7 
T7-A1 2:1 33.3% 

T7-A2 2:1 33.3% 

Test 8 
T8-B1 1:1 50% 

T8-B2 1:1 50% 

SM : ɰΖ (Swine manure) 

VW : ͌Ɵʺȿñ (Vegetable wastes) 
 
 

² 3-4�ǎ£Ƒóͩ1ăéÌ 

Working Volume 
(L) 

HRT 
(days) 

Start - up 

3 5 1.8 L SM + 1.2 L AS 

SM : ɰΖ (Swine manure) 

AS: ɗ̞̫͝ (Anaerobic Sludge) 
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3.2�L_P 

3.2.1Ynqo 

�ǎ��ħE�ɗ̞̫͝�»�̷ΘŊ�ɰ¼èOƉŵʺ�ĕ¥ĻǞ�f͝

̫˕ǐ̲fŻ̫個u)ȑ�@2ǈ�J個E5^�ɗ̞Ƒóͩfͷ`好 

3.2.2 "�U9 

�ǎ��ħEfɰΖ»�5
ßêȆȴɰΖf̷ΘŊ�ɰ¼個��̪͛ʅ̠

JÞǈ¹ TSˎØ個�ǵ�!ĨƯżƌŗ TSˎØ� 5%個2Ę˕ǐ�-20�ɜ̝個

ŎħE��ʖŗ 4�ɜˌʛɜ好 

�ǎ��ħEfʯƟʺȿñ»�̚ŮĢ}�mƟʮ<Ģ¼個5·Þ® 9:1f®

̌ʱëʽȰƟ(Cabbage)Ʒæų½Ɵ(Chinese Cabbage)ʺȿñ個Ǥ��5m̯l�@̫

ɱ個Þǈ¹ TSˎØ個2Ę˕ǐ�-20�ɜ̝個�ǎ��ʖŗ 4�ɜˌʛɜ個Ǥżƌ

@�čˎØ好 

 

3.3�LCB 

 �ǎ�fƌ¾ĻǞǌȯhÛ 3-1�Ź個R1ϴR2ϴR3�Ƒóͩv¾個Ãϴ7¸

5λ]Ƈͽ(System model NO. 7553-80, Masterflex®, Cole-Parmer Instrument Co., IL, 

USA) ʁė個7¸˷ni�ˢa�bÃxĳǼ�Ņ2̓個�¾ƂÞȋni�åǇ�
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b好R1 7¸fρ˷¨»ø2^�a�2̓ħE個ø2^� R2 fÃ¸個ø2�ʯ

Ɵʺȿñǵ̗ϙ® 3:1f®̌ʱë^� R3fÃ¸好 

 

 
 

Û 3-2 �ǎ�ƌ¾ĻǞǌȯÛ 
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�ǎ£Ğɿü�Ƒóͩ A1ϴA2ϴB1ϴB2個¹��ĻǞǌȯhÛ 3-3�Ź個

�Ƒóͩv¾Ú個ǌȯÃ7¸Ƈͽϴ�¾êȆ�ÞǈĘȯ好 

 

 
 

Û 3-3 �ǎ£ĻǞǌȯÛ 

3.3.1A-s�! 

 �ǎ�f R1 Ƒóͩ�Ò¾Ş 7 L fŋŖ̪͛Ƒóͩ(Continuous flow stirred-

tank reactor, CSTR)個�ȭ	Žß�¾Ş(Working volume)� 6 L好ȉ R1Ú個¹˧Ƒ

óͩ R2ϴR3ϴA1ϴA2ϴB1ϴB2͍�Ò¾Ş� 5 Lf CSTR個�ȭ	Žß�¾Ş

2�� 2.5 Lϴ2.5 Lϴ3 Lϴ3 Lϴ3 Lϴ3 L好ͩ¾�ʌ΍ɱ個5öȾțǚrȠ@個�

Ρ�ǌƔO�̪͛ͮʯf�Ψ̥îΡ好ͩ¾Ú͍̋Ǫ͐	�ɸĝƙȾ個ū�̾ƙŵ

�ͩ͜�¨�ƙʁė� 37±1°C個�5ɏ�ơŸ¨ĝƙ�̴ǪĖÁƑóͩĝƙȾ個

ħƑóͩōĤ�̾ƙɱƋ個hÛ 3-4�Ź好 
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Û 3-4 Ƒóͩv¾�ĝƙƗƔŹ�Û 

 

3.3.2�!+T�(J3W 

 Ƒóͩ�Ƃ*��¾5Ȇ�˂(CAT. NO. 232-01, SKC Inc. USA) êȆ個Ȇ�˂

�ˍŵ�¾¸Þğ(W-NK-0.5, Shinagawa Co., Tokyo, Japan)�şEŨÈƷ�÷õ�

ŋõ個�¾á)�¾»aƶƷ³tƶ個�u)�¾¸ÞğåǇĶŞƂ�Þ個4Já

ÁȆ�˂êȆ個ǲȮ�¾ͫą好ni�ɢǇ¸ÞğǬĨ5ğņ�¾Ƃɼ(Gas 

production rate, GPR)個Ǥ5ˢaʧǮ»»aƶ(Gas sampling bulb)è�¾個5�«Ⱦ

̰̓在Gas chromatograph, �6Ⱦ̓-8700T, Taiwan有��¾f@ł2̓個ǈ�˗Ϙ

ˎØ在Methane content有好 
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3.4�k�' 

Ƒóͩ7¸�ĳ`�ŅǼšfǈ�個2̓pÜŦĐ Standard Methods (APHA, 

1992)個ɫǆ�² 3-5好ǈÞǼšĞɿƹΩØ pHϴįZč̞Þ (Chemical oxygen 

demand, COD)ϴÒ˶ǜñ (Total solids, TS)ϴ̙<¬˶ǜñ (Volatile solids, VS)好 

�ǎ��Ã¸éÌf��̗ϙ®個ˢEfǈ�pÜ�Ò΁Αϙ在Total kjeldahl 

nitrogen, TKN有ƷÒ	l̗在Total organic carbon, TOC有�ǎpÜ'z�J好 

² 3-5 �Ņ2̓ǼšƷpÜ 

 

 

 

 

 

 

 

 

 

3.4.1 pHJ� 

Ã7¸5 pH meter (PHB-9901, AI-ON Industrial Corp., USA) ǈÞ¹ pHƯ好Þ

ǈ�ū5 pH 4 : pH 7fǅƴ̀ɡ˷ǵɈÃxƝ­個Ɲ­¯@Jġ(Þǈa��

ƹΩƯ好 

Parameters Method 

COD Standard methods - 5220C 

TS Standard methods - 2540C 

VS Standard methods - 2540E 

TOC Walkley – Black method 

TKN Macro – Kjeldahl method 
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3.4.2 8�1n(J� 

�a̪͛ʱëʅ̠Jǵ��ˮɼ̃ʰJ個» 2.5 mL �Áɧ˝Ũ�個�Á 1.5 

mL COD digestion solution: 3.5 mLˎμƹJɧ˝個��Á COD Reactor (HACH 

Co., USA )�Ï 2-$J個Ɓȯȝƙ Ʋò個52ïïØğ (DR/2000 direct reading 

spectrophotometer, HACH Co., USA)ǈÞ個ħEʑ�� 600 nm個ū5Ć½¿͸^˓

LƝ­個��Áa©ġ(Þǈ CODƯ好��ǎÃxO·ʵ¿ǎ個şEÃ¸:7¸

COD�ȃʐġ(ğņ7 COD,ȉɼ個5˒ǈʺ�ĕ¥Žm好 

 

3.4.3 $gR,J� 

ū¨Ϣ我ƜȢȯÁ 550°Ckƙʿˌ(MF40, Channel, Taiwan)� 302Ƨ個»7

ʖŗȴͱˌ�Ʋòʫ· (Tare, B)個�» 20 mLf�a�ÁϢ我個�ȯ� 103°Cƿ

ƙʿˌ(DCM45, Channel, Taiwan)��Ï個˙A»7�ȯ�ȴͱˌ�ƲòŗȝƙJ

ʫ·( Tare+Dry, A)個[JÃxğņ好 

Ò˶ǶñˎØϱ 

TS, g/L = (A – B) × 1000/20   (3-1)  
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3.4.4 m
�gR,J� 

¨u)ƿƙʿˌ�Ï(103°C)Jfa�個�Á 550°Cʿˌ��Ï個2-$J»

7�ȯ�ȴͱˌ�Ʋòʫ· ( Tare+Dry, C )個[JÃxğņ好 

̙<¬˶ǶñˎØϱ 

VS, g/L = (A– C) × 1000/20   (3-2) 

 

3.4.5 $��l(TOC) 

Ēʫ 0.1 ga©個ȯ� 500 mLϊǶƶ個�Á 10 mLf 1N ·ϑƹτ(K2Cr2O7) 

Ν˷Ʒ 20 mLμƹǤɁͺ 30ȶħ¹ǹ2ʅ̠Ƒó個Ɓȯ 302ƧJ�Á 150 mLͥ

ϗ�ϴ10 mL 85% θƹ(H3PO4)ϴ0.2 g ϓįϋ(NaF)ϴ30ɂ£χφ(C6H5NHC6H5)ũ

Ź͸個4J5 0.5 N fμƹɆɒ的Ν˷(Fe(NH4)2(SO4)2�6H2O)ɂ�好 

 

3.4.6 $tuz(TKN) 

» 1 mLa©個ȯ�ťįŨ�個�Á 10 mLˎμƹ(H2SO4)個ȯ�2ěĘȯ�

�Ï 8 -$5�個Ŏ¹˷¾ʋÇî�ɋzΓÝ$ă�2ě¯t個¨Ν˷̃ʰŗ 60 

mL個» 30 mL̃ʰΝ˷Ʒ 40 mLϔƹɄê͸Ãxͥϗ個�!ϔƹɄê͸�5 0.01N

f˅ƹ(HCl)Ƒɂ�好 

¨�ɅÒ	l̗ɿÞ�Ò΁ΑϙɿÞ«ȉġ!̗ϙ®(C/N ratio)ϱ 

C/N = TOC/TKN  (3-3) 
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3.4.7ey\(J� 

 7¸�Ǯ»»aƶ�f�¾個ǈ�˗Ϙ(Methane, CH4)fȡ@®̌個5�«Ⱦ

̰̓(Gas chromatograph, �6Ⱦ̓-8700T, Taiwan)ǈ� CH4¾ŞĽ2ɼȡ@好ǰǌ

ÏǷØ˒ǈȕ(Thermal conductivity detector, TCD)�2̓Ũ΍ Porapaq Q (Supelco, 

Inc., MO, USA)Ãx�¾2̓個ʇ�$5ϟ�(Helium)�̖Ä�¾(Carrier gas)個¸

Ɗ� 30 mL/min個˒ǈȕƙØ� 120 °C個ĴȏùƷŨ΍ƙØ2�� 110°CƷ 75°C個

�řŞ2ɥ¾��ǬĨ�ř�c@2� CH4ǅƴ�¾®ǭ個ġ(!�ǎ�Ƃ*�

¾�˗Ϙ:£̞į̗f@2®̌ϲǅƴ�¾� 99.9999%f CH4Ʒ 99.999%f CO2

�ȡ@好˗ϘˎØ�Ƃ�ɼ«̖ġ!�˗ϘƂɼ(MPR, methane production rate)好 

3.5M4�' 

�ʊɮħE�Ǟğɥ¾� SAS (9.4 đ)個ħEfǞğpÜ�ºp2̓Ü

在Analysis of variance, ANOVA有ƷΜΑ��º˱ǈǎÜ在Duncan’s new multiple 

range test, DMRT有好 

�ʊɮ5 ANOVA ǈǎÜ®ǭĳĕ¥ʅƯ��Ɋ	ȃʐ個ɠĕ¥Ǽ�ǈ F Ư

œŸ 5%ȃʐǿ0�ƴ個ȋɴ�ǓQǅŹ*Ħ個²ŹŦ¿ĕ¥ʅƯ͍«yϲɠ F Ư

Ÿ�ǿ0�ƴ個ȋ²ŹŦ¿ĕ¥�ŗÑ	�;ĕ¥ʅƯ�«y在§�²ŹtøŦ¿

ĕ¥ʅƯ�͍�y有個ǅŹ��*Ħ²Ź FƯŸ� 5%ǿ0�ƴ個ǅŹi�**Ħ²Ź

FƯŸ� 1%Ǒǿ0�ƴ好 
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ɠ FƯŸǿ0�ƴ個ȋÃ�Ū5 DMRT��º˱ǈǎÜ®ǭ個̶Ȃĵ�ĕ¥

ʅƯŸ�ȃʐǿ0�ƴ好ĕ¥ʅƯ�Qǿ0ȃʐı個�ĨƯfɴ�pǅŹ«��ǅ

ŬȦ好�º˱ǈǎÜ� 1955 C Duncan �ĭͳ個�ǞğZ�4ɯȷE�Ŧ¿ĕ¥

@;ʅƯ�ȃʐ®ǭÜ在ɏz
個2010有好 
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�/. )��V: 

4.1 �L�|xh�cDdX,
O=8 

ɗ̞̫͝ƷÃǧȑŅf¬Ņ2̓h² 4-1�Ź個ɰΖf̗ϙ®(C/N ratio)� 30個

ʯƟʺȿñf̗ϙ®� 60好² 4-2��ǎ��ʇ�ŦĨ個} 0-19��1]ð(Start-

up)個} 20�>ăÃÁ HRT� 12��¿ǎ�(T1)個ŎĨƯʼ�J個ř} 24�1

ņ個ōĤ 3� HRTfʼ�ʇ�好} 60�>ăÃÁ HRT� 10��¿ǎ£(T2)個Ŏ

ĨƯʼ�個ř} 66�1ņ個ōĤ 3� HRTʼ�ʇ�好} 100�>ăÃÁ HRT�

8��¿ǎO(T3)個ŎĨƯʼ�個ř} 104�1ņ個ōĤ 3� HRTfʼ�ʇ�個�

} 130�æɻ�ǎ�好 

R2ͩfÃ¸� R1ͩf7¸ʺ�個¹�¿ǎ�(T1-R2)ϴ¿ǎ£(T2-R2)ϴ¿ǎ

O(T3-R2)f̗ϙ®2�� 17ϴ23ϴ26好�ħ R3ͩfÃ¸̗ϙ®ōĤ� 30個¨ʯ

Ɵʺȿñ�Áρ˷�ʱë個¹�͈¾Ş�¿ǎ�(T1-R3)ϴ¿ǎ£(T2-R3)Ʒ¿ǎO

(T3-R3)�2�� 30%ϴ20%Ʒ 10%好  

² 4-1ɗ̞̫͝ƷȑŅf¬Ņ2̓ 

S< Ynqo 
AS 

[v 
SM 

cDdX, 
VW 

pH 8.5 7.12 4.8 
COD (g/L) 54.4 65.9 49.2 
TS (g/L) 51.1 50.2 40.3 
VS (g/L) 25.2 36.7 41.6 
C/N ratio - 30 60 
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² 4-2�ǎ�Ƒóͩʇ�ŦĨ 

¿ǎ ˜Ħ HRT 
(days) ʇ��Ĩ Working 

Volume(L) 
Ã¸ 

C/N ratio 

VW�͈ 

Ľ2® 

Start-up ST 12 } 0 - 19� - 30 0% 

Test 1 

T1-R1 12 

} 20-59� 

6 30 - 

T1-R2 12 2.5 17 - 

T1-R3 12 2.5 30 30% 

Test 2 

T2-R1 10 

} 60-99� 

6 30 - 

T2-R2 10 2.5 23 - 

T2-R3 10 2.5 30 20% 

Test 3 

T3-R1 8 

} 100 – 130� 

6 30 - 

T3-R2 8 2.5 26 - 

T3-R3 8 2.5 30 10% 
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4.1.1 R1A-s
"	�7EG>��k 

R1Ƒóͩfß�¾Ş� 6 L個Ã¸� TS 5%fɰΖ(SM)好Û 4-1�Ź�Ã7

¸�ŅϦpHƯϴCODϴTSϴVSϴCOD,ȉɼϴTS,ȉɼϴVS,ȉɼƷƂ�Ž

ɼ—ρ�Ƃɼ在Gas production rate, GPR有ϴ̠ ϘƂɼ在Methane production rate, MPR有ϴ

˗ϘˎØ在Methane content有fºį好R1 ͩĳ́Ɖ¿ǎf	lɪ̿ɼh² 4-3 �

Ź個² 4-4是4-6ȋ� R1ͩ���¿ǎʼƋ́Ɖ在Steady state有�úʅ²U好 

¡Û 4-1f1]ð(ST)ø2個ĳǼĨƯ�} 0ŗ} 8��ºį4Ȗ個} 10�

>ăºįƾ�ú̀個Ƣ˞ŗ} 20�個ǿŹƑóͩŸʼ�個(ÃÁ¿ǎ�(T1)好 

�̶�不ΰͩ�Ɋʼ�個pHƯ�ºįáĄ(ċ�ũǅ¬�ĨǺ個ř��ƹ�

ĶŞŸ��Þ$ŝ�̳ė˗Ϙͷ�Ƒó個˾ʁ pHƯŝ��ǎ�Ɋ�ȔşÃx�·

L好řÛ 4-1 (¡個Ã¸f pH ƯŃ0�ǎÃx�$�͊�g	�Hº]個ř T1

� 6.99ɛŗ T3� 6.62個§Ƒóͩ7¸f pHƯȉ1]ð(ST)	�HͲ΂Ú個¹J

f T1ŗ T3͍ōĤ«�ʼ�個ǅƴȃ�� 0.035 個ǿŹƑóͩģ�ɤ�好 

��ǎ�ʇ�éÌ�¨Ã¸ȑŅ� TS ˎØʁė� 5%個řÛ 4-1 �(¡Ã¸

f CODϴTSϴVS͍ĝĤúʼ個² 4-4Ʒ² 4-5��ĳǼǅƴȃ���ĳúʅƯ�

5%5 好 
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Û 4-1 R1ͩÃ7¸f�ŅºįƷƂ�ɼºįÛ 
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Û 4-1�	lñ�,ȉɼŃ0�rƺƫ$�(HRT)�º-g ɛ個 CODϴTSϴ

VS�7¸ĨƯ�Ńf�ŀ好� HRT� 12�� T1ð�個ǈ! CODϴTSϴVS2

�� 46.35 g/Lϴ41.69 g/LƷ 25.43 g/L個HRT� 10�� T2ð�ȋ2�ŀŗ 52.73 

g/Lϴ45.55 g/LƷ 27.40 g/L個HRT� 8�� T3ð�Y�ŀŗ 60.13 g/Lϴ46.87 g/L

Ʒ 27.84 g/L好�ā¹;ó�,ȉɼ�Ńf ɛ個u DMRTÜ˒�個ǿŹ T1ϴT2Ʒ

T3 ��¿ǎf CODϴTSϴVS ,ȉɼ͍	ǿ0ȃʐ個ȣ¹ƾŘ� T1 f,ȉɼ�

� T2f,ȉɼ個�� T3f,ȉɼ — CODf,ȉɼ� T1f 31.43%ɛŗ T2f

20.83%個�ɛŗ T3f 9.32%ϲTS,ȉɼ� T1f 15.59%ɛŗ T2f 8.21%個�ɛ

ŗ T3f 4.50%ϲVS,ȉɼ� T1f 26.43%ɛŗ T2f 15.82%個�ɛŗ T3f 7.11%好 

řā(¡ρ˷f	lñɿÞŃ HRT͉Ƴg�ŀ個ƺƫ$�͊Ƴ個ʹ˧(şE

f̗ɑ͊ʓǻ個ǈ!̗ϙ®͊k個�ā¨fE� R3ƑóͩfÃ¸ħE$個̈Úɉ

ǹf̗ɑčĎ�͊Ñ好 

Ń HRT͉Ƴϴ	lɪ̿ɼ|�g�ŀ�ĨƯ+	ρ�Ƃɼ在GPR有個ř T1�

0.94 L/L/dayŀŗ T2� 1.17 L/L/day個�) T2Ĥŀŗ T3� 1.19 L/L/dayȋQǿ

0ȃʐ好˗ϘˎØƷρ�Ƃɼ��̢ʶ�ŀf{Ř個u DMRT Ü˒�個T1ϴT2ϴ

T3 ð�fúʅƯ͍	ǿ0ȃʐ個2�� 67.73%ϴ70.01%Ʒ 71.53%ϲ˗ϘƂɼ�

T1f 0.64 L CH4/L/dayŗ T2f 0.82 L CH4/L/day個�ŀŗ T3f 0.85 L CH4/L/day好 
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Ǐř² 4-4<U R1�HRT� 10�� T2¿ǎ$	4ɭ�ĈãȑŅ˗ϘƂɼ個

2�� 0.12 L CH4/g COD addedƷ 0.25 L CH4/g VS added好 

 

² 4-3 R1Ƒóͩĳ́Ɖ¿ǎ	lɪ̿ɼ 

Test 
HRT 

(Days) 
COD loading rate 
(g COD/L/day) 

VS loading rate 
(g VS/L/day) 

ST-R1 12 5.95±0.19 2.97±0.13 

T1-R1 12 5.62±0.28 2.87±0.13 
T2-R1 10 6.64±0.18 3.24±0.13 

T3-R1 8 8.30±0.10 3.75±0.09 
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 4-4 R1��/�.��!���� pH4COD 

Test 
HRT 

(Days) 

pH COD (g/L) 

Influent Effluent Influent Effluent 
COD Removal 
Efficiency (%) 

ST-R1 12 6.97±0.11 7.23±0.10 71.35±2.27 54.34±4.93 22.89±9.03 

T1-R1 12 6.99±0.08 7.12±0.02 67.44±3.41 46.35±2.31 31.43±4.14a 

T2-R1 10 6.63±0.15 7.23±0.03 66.37±1.77 52.73±2.98 20.83±3.10 b 

T3-R1 8 6.62±0.07 7.25±0.01 66.39±0.81 60.13±1.26 9.32±1.43 c 

 � DMRT,����'�"�#*$��)��  ��	�&2α = 0.053 
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 4-5 R1��/�.��!���� TS4VS 

Test 
HRT 
(Days) 

TS (g/L) VS (g/L) 

Influent Effluent 
TS Removal 

Efficiency (%) 
Influent Effluent 

VS Removal 
Efficiency (%) 

ST-R1 12 52.12±1.89 43.89±1.20 16.22±4.40 35.67±1.60 26.66±0.68 25.82±3.94 

T1-R1 12 49.15±2.10 41.69±5.73 15.59±4.09
 a

 34.40±1.55 25.43±0.86 26.43±3.28
 a

 

T2-R1 10 49.51±2.20 45.55±2.73 8.21±2.47
 b

 32.40±1.28 27.40±1.75 15.82±2.59
 b

 

T3-R1 8 49.04±1.39 46.87±1.20 4.50±1.79
 c

 30.01±0.70 27.84±0.51 7.11±2.33
 c

 

� DMRT,����'�"�#*$��)��  ��	�&2α = 0.053  
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 4-6 R1��/��!�0
�(4-1+���(4��%�-1�( 

Test 
HRT 

(Days) 

GPR 

(L/L/day) 

Methane content 

(CH4%) 

MPR 

(L CH4/L/day) 

Methane yield - COD 

(L CH4/g COD added) 

Methane yield - VS 

(L CH4/g VS added) 

ST-R1 12 1.07±0.17 60.73±4.82 0.63±0.06 0.11±0.01 0.21±0.01 

T1-R1 12 0.94±0.06 b 67.73±2.69 c 0.64±0.03 c 0.11±0.01
 b 0.22±0.01

 b 

T2-R1 10 1.17±0.08 a 70.01±0.78 b 0.82±0.06 b 0.12±0.01
 a 0.25±0.02

 a 

T3-R1 8 1.19±0.04 a 71.53±0.66 a 0.85±0.03 a 0.10±0.004
 c 0.23±0.01

 b 

GPR: Gas production rate, MPR: Methane production rate 
� DMRT,����'�"�#*$��)��  ��	�&2α = 0.053 
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4.1.2 R2������	
���� 

R2 xY¯#Q3Hq� 2.5L¸KE� 100% # R1 �E²¥¸3� R3 xY

¯¶²¥;�y��X#�rf·#�_�¸g¬wI�#�&�«�$D 4-76

ţ K�E.g�.j�§d}�v7u�#Gf�$N 4-2�D 4-8µ4-106tº 

R2 xY¯	�"- 3 ��]¸]A R1 ²¥3�KEc�¸Gf�*�#d

}� pH �²7v�¸mF+o��¸	- 10 ��k¸lb�8 10 �¸n- 20

�z£xY¯��ª�s�8¸]KJI��(T1)º 

KE²¥# pH}�8¸R2#�E�.¤��*�Gf¸F0 T1 # 7.18n

T3# 7.41��¦�h¸?�Y�xY¯5
/�8��3¸4��{U¢³��

°�5���º 

i�.(�|
/(HRT)­~¸R1¯#�&X�����¸�E�&X�Pi�

,9¸¨´Ce%¸�\3�KE# R2xY¯¸F COD»TS»VSd}®i#

�h¸	 T1� 37.63 g/L»39.47 g/L»22.88 g/Lhn T2� 42.46 g/L»41.96 g/L»

22.91 g/L¸2hn T3� 52.01 g/L»44.54 g/L»23.73 g/Lº 
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N 4-2 R2¯K�E#.jGf�v7�GfN 
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F���#+o��B1¸p T1) T2n T3#Gf¸COD	 18.56%=��

hn 19.13%�¸±�n 13.18%¸) DMRTO¡8¸T1� T2�����¸; T3

������¹TS¤�	 5.69%hn 8.47%a��n 5.01%¸) DMRTO¡8¸T1

� T3�����¸; T2������¹VSZ�p T1Vn T2
) DMRTO¡

8���,9¸p 10.58%h� 16.02%¸n T3 
������¸�=���n

14.49%ºp\?�¸�->¬w#`@�¸HRT 10�Y��{U�©°�a�&

X#`@TLº 

�v7�Z�¸²7v�»¢³ M®��h#+o¸) DMRTO¡8 Ţ1»

T2� T3�I�#S'�\®�����º²7v�p T1# 0.25 L/L/dayhn T2

# 0.44 L/L/day¸2hn T3# 0.56 L/L/dayº¢³ M
��¦�h¸� T1»T2»

T3W/#[�}�<� 43.30%»51.24%»53.80%º:²7v��¢³ M®�ḩ

	!¢³v�
i#�h¸	 T1# 0.11 L CH4/L/dayn T2# 0.22 L CH4/L/day¸

2hn T3# 0.30 L CH4/L/dayº 

p^R COD�^R VS#¢³v�Gf¸pD 4-10� R2� T2� T3
�

����¸; T1 BC®����^R�j¢³v�¸F^R COD #¢³v��

<� 0.042 L CH4/g COD added� 0.040 L CH4/g COD added�^R VS#¢³v�

��<� 0.08 L CH4/g VS added� 0.09 L CH4/g VS addedº 
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� 4-7 R2 �4�3��$��+2, 

Test 
HRT 

(Days) 
COD loading rate 
(g COD/L/day) 

VS loading rate 
(g VS/L/day) 

ST-R2 12 4.53±0.41 2.22±0.06 

T1-R2 12 3.86±0.19 2.12±0.07 
T2-R2 10 5.27±0.30 2.74±0.17 
T3-R2 8 7.52±0.16 3.48±0.06 

� 4-8 R2 �4�3��$������ 

Test 
HRT 
(Days) 

pH COD (g/L) 

Influent Effluent Influent Effluent COD Removal Efficiency (%) 

ST-R2 12 7.23±0.10 7.33±0.07 54.34±4.93 39.09±4.52 30.05±10.9 

T1-R2 12 7.12±0.02 7.18±0.04 46.35±2.31 37.63±2.75 18.56±4.62 a 

T2-R2 10 7.23±0.03 7.26±0.04 52.73±2.98 42.46±2.06 19.13±4.28 a 

T3-R2 8 7.25±0.01 7.41±0.04 60.13±1.26 52.01±1.55 13.18±1.79 b 


 DMRT0���	*�%�&.'��-!�##����)7α = 0.058 
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� 4-9 R2 �4�3��$������ 

Test 
HRT 
(Days) 

TS (g/L) VS (g/L) 

Influent Effluent 
TS Removal 

Efficiency (%) 
Influent Effluent 

VS Removal 
Efficiency (%) 

ST-R2 12 43.89±1.20 41.55±1.63 5.63±2.90 26.66±0.68 24.41±1.24 9.11±3.66 

T1-R2 12 41.69±1.27 39.47±1.07 5.69±2.61 b 25.43±0.86 22.88±0.63 10.58±2.40 b 

T2-R2 10 45.55±2.73 41.96±2.53 8.47±1.82 a 27.40±1.75 22.91±1.31 16.02±3.14 a 

T3-R2 8 46.87±1.20 44.54±0.64 5.01±1.37 b 27.84±0.51 23.73±0.17 14.49±1.83 a 


 DMRT0���	*�%�&.'��-!�##����)7α = 0.058 
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� 4-10 R2 �4�$�5
�,916/�"�,9��(�16�, 

Test 
HRT 

(Days) 

GPR 

(L/L/day) 

Methane content 

(CH4%) 

MPR  

(L CH4/L/day) 

Methane yield - COD 

(L CH4/g COD added) 

Methane yield - VS 

(L CH4/g VS added) 

PT-R2 12 0.40±0.14 49.91±3.23 0.20±0.08 0.04±0.01 0.09±0.03 

T1-R2 12 0.25±0.02 c 43.30±1.90 c 0.11±0.01 c 0.028±0.004 b 0.05±0.01 b 

T2-R2 10 0.44±0.11 b 51.24±0.57 b 0.22±0.06 b 0.042±0.01 a 0.08±0.02 a 

T3-R2 8 0.56±0.01 a 53.80±0.51 a 0.30±0.01 a 0.040±0.001 a 0.09±0.002 a 

GPR: Gas production rate, MPR: Methane production rate 

 DMRT0���	*�%�&.'��-!�##����)7α = 0.058 
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4.1.3 R3������	
���� 

R3 oP« L3Dh9 R2 1� 2.5L°��BGA� R1 �A­�¤7�p

��O3�¢�°[B¢¯=dZ� 30²`¦mE{�%�¥�"@ 4-114j²

BG�A`}.c�¡\twl5k� C^"I 4-3³@ 4-12w@ 4-144j² 

g0 R29 R3oP«�3��X�9�W�°��Y#_ �T�n��°

R3oP«���N(ST) GA9 R2« GA>(<1°¨
��- 3��T°;

­�3�GA°q�B\t9 R2 « \t<S°�dZ�6e- 20 �°&GF

E{�(T1)°R� R3 GAT9 R2GAr:² 

GA­� pHt�6°7F�p��O� pH�T��°g0 T1³T2³T3

 GA	°¤7�p��O = �� 30%³20%³10%°R3GA pHt�:�

e 6.57³6.74³6.75²9 <|°R3�A�. C^��*~°zv�¨� 0.03�

�°g T1  7.14e T3 7.31����a² 

b�.'xs�/(HRT)§u°R1« �%O�����°�A�%O�K,

7°¢¯=]$°R3GA	4V¤7 �p��O= ��°[B COD³TS³VS

\t����a°
 T1 35.63 g/L³35.72 g/L³20.31 g/Lae T2 41.26 g/L³

39.43 g/L³23.27 g/L°2ae T3 46.56. g/L³40.17 g/L³24.22 g/L² 
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I 4-3 R3«G�A .cCwl5�C^I 
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B��� +f��<1°g T1) T2e T3 C^°) DMRTJ�6°T1

 COD ���
 24.06%��e T2 18.55%�~���°T2e T3 18.67%�

�~���±TS�����
 T1 13.50%�e 11.02%�~���°T2e T3 

11.49%��~���±VS ���Q���¬� +f°g T1  26.35%�e T2

 18.11%°e T3�2��e 14.63%°�R/¨�~���² 

�!�i���+�ª°�l5k��Q���©���]a +f²­5l

�� T1�� 0.51 L/L/day°e T2�� 0.50 L/L/day°) DMRTJ�6��~��

�°�e T3~�ae 0.59 L/L/day²�®�H �a��~���°� T1³T2³

T3 N/�:� 46.20%³55.87%w 57.06%²8!�[�®l�?
*~�a°


T1 0.23 L CH4/L/daye T2 0.28 L CH4/L/day°2�ae T3 0.34 L CH4/L/day² 

g@ 4-14�� R3� T1³T2³T3UM COD �®l�¨�~���°��

£���yf°�:� 0.060 L CH4/g COD added³0.054 L CH4/g COD added w

0.047L CH4/g COD added�T1³T2³T3 UM VS �®l��¨� 0.10 L CH4/g 

VS added² 

@ 4-11 R3oP«`¦mE{�%�¥� 

Test 
HRT 

(Days) 
COD loading rate 
(g COD/L/day) 

VS loading rate 
(g VS/L/day) 

ST-R3 12 4.53±0.41 2.22±0.06 

T1-R3 12 3.90±0.20 2.28±0.06 
T2-R3 10 5.08±0.25 2.85±0.15 
T3-R3 8 7.18±0.14 3.55±0.06 
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� 4-12 R3��1�0��#����
� 

Test 
HRT 
(Days) 

pH COD (g/L) 

Influent Effluent Influent Effluent 
COD Removal  
Efficiency (%) 

ST-R3 12 7.23±0.10 7.30±0.05 54.34±4.93 38.75±1.61 31.44±7.93 

T1-R3 12 6.57±0.03 7.14±0.02 46.78±2.35 35.63±2.30 24.06±1.57 a 

T2-R3 10 6.74±0.03 7.20±0.03 50.76±2.51 41.26±2.35 18.55±1.78 b 

T3-R3 8 6.75±0.01 7.31±0.02 57.44±1.11 46.56±0.97 18.67±1.08 b 

	 DMRT.
���)�$�%,&��+ �""����(4α = 0.055 
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� 4-13 R3��1�0��#����
� 

Test 
HRT 
(Days) 

TS (g/L) VS (g/L) 

Influent Effluent 
Removal 

Efficiency (%) 
Influent Effluent 

Removal 
Efficiency (%) 

ST-R3 12 43.89±1.20 40.67±2.05 7.46±4.01 26.66±0.68 23.65±1.18 11.83±3.00 

T1-R3 12 41.11±1.06 35.72±1.51 13.50±3.16 a 27.40±0.73 20.31±1.08 26.35±3.01 a 

T2-R3 10 44.11±2.17 39.43±1.18 11.02±3.32 b 28.52±1.46 23.27±0.95 18.11±3.98 b 

T3-R3 8 45.97±0.97 40.17±1.42 11.49±3.09 b 28.37±0.50 24.22±0.63 14.63±2.80 c 

	 DMRT.
���)�$�%,&��+ �""����(4� = 0.055   
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� 4-14 R3��1�#�2��*6/3-�!�*6��'�/3�* 

Test 
HRT 

(Days) 

GPR 

(L/L/day) 

Methane content 

(CH4%) 

MPR 

(L CH4/L/day) 

Methane yield - COD 

(L CH4/g COD add) 

Methane yield - VS 

(L CH4/g VS add) 

ST-R3 12 0.41±0.12 46.99±5.41 0.19±0.05 0.04±0.01 0.09±0.02 

T1-R3 12 0.51±0.01 b 46.20±2.43 c 0.23±0.01 c 0.060±0.01 a 0.10±0.01 a 

T2-R3 10 0.50±0.03 b 55.87±1.88 b 0.28±0.02 b 0.054±0.01 b 0.10±0.01 a 

T3-R3 8 0.59±0.01 a 57.06±0.53 a 0.34±0.01 a 0.047±0.001 c 0.10±0.003 a 

	 DMRT.
���)�$�%,&��+ �""����(4� = 0.055   

 
 



doi:10.6342/NTU201603299

61 

 

4.1.4 R2�R3������� 

] 4-4 �P 4-15 � R2ÒR3 �fÉ-i­��ª��ª�O�Ñ|] 4-4 A

�Ð� T1d9Ð|: HRT� 12�ÐR1É-¦ÂÊ����9nK�1eÐ��

pq"-�1e�v!ÉT�fÆ?4��nKÐ�Q�¹º-��p4~"-

�1e�ZÐGj T1d9- R2� CODÒTSÒVS��ª'y�H<� T1d9-

R3 É��1e��ªNOÐ��H T2ÒT3 d9 R2 �E-�1��ªNOÆ�

�ÑGj R2� T1d9-BT�ª�¸Í�ª�����Ð/j�,Ð¨	 ?

5¦ÂnK�-�Q*=nKÐM HRT �� 12 �����Èc5±�´-®>

bYÑ. j�*��¤Ë3�Ð�;D� R3ÉWQ-�oÐ�5nK%-�

Q�FV¿\Á¥Ð��RÁÎOÐKy�f�} ��ª��Bª�§-X_Ñ

J] 4-4- T1d9Ð�WQFV 30%²�³¡e- R3�fÉÐR�1eu��

�ªÆ��swÐ¼� VS ��ª-} �6�Ð7F� 15.77%Ð¸Í�ª�x

-7F� 10%Ñ 

z HRTÅ�� 10�- T2d9Ð|:� R1Év!�Q�«��
��p~

"-�1eÐR2���ª�I#�wÐ�GÌ½-ÁÎOs0ÐR3WQ�ÃF�

²�³¡eOÀ§z 20%ÐGj R3u��1e��ª���§-�{ÐgkL¶

0: R2-��ªÐ¸Í�ª�¬0: R2Ñ 
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� T3d9Ð|: HRTÅ�z 8�Ð�1©Äª�¾s0ÐR2u��1e�

�ª!l�§Ð�WQ��FV 10%²�³¡e- R3u��1e��ª»�J7

@ÐR2ÒR3�BT�ª�h��°��Ð�Æ��#¾7@Ñ 

 ��B�P(�Ð�¿\ÃF�¢Á¥� R3Æ6��: R2Ñ¼R� T1�Ð

²�³¡e�ÃFOÀ�0ÐR� R2 ��¯)�6�ÏÏ| DMRT ^·C-a

2�JÐT1-R3 -u�r�� MPR �¸Íµ[\ÐÆ��0:R$U�-a2Ð

. T1-R2-u�r��� R2� R3co��U��a2���Ñ 

R�m` COD � Methane yield -St�{��6�ÐT1-R3 U�-�ª�

0Ð� 0.060 L CH4/g COD addedÐR+� T2-R3- 0.054 L CH4/g COD addedÐ8

&0»�ÃF�²�³¡e���t� R3�fÉÐT3-R3- 0.047 L CH4/g COD 

addedÐg����&�Æ� R2-a2Ð|0
��£� T2-R2- 0.042 L CH4/g 

COD addedÒT3-R2- 0.040 L CH4/g COD added� T1-R2- 0.028 L CH4/g CODaddedÑ 
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] 4-4 R2ÒR3É-�1e��ª��BªÇcO�]
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� 4-15 R2.R3��*��� 

  Test 

 F value T1-R2 T1-R3 T2-R2 T2-R3 T3-R2 T3-R3 

  HRT=12d HRT=12d HRT=10d HRT=10d HRT=8d HRT=8d 

RCOD (%) 21.64** 18.56 b 24.06 a 19.13 b 18.55 b 13.18 c 18.67 b 

RTS (%) 25.90** 5.69 d 13.50 a 8.47 c 11.02 b 5.01 d 11.49 b 

RVS (%) 63.71** 10.58 d 26.35 a 16.02 c 18.11 b 14.49 c 14.63 d 

GPR (L/L/day) 110.2** 0.25 d 0.51 b 0.44 c 0.50 b 0.56 a 0.59 a 

MPR (L CH4/L/day) 166.9** 0.11 e 0.23 d 0.22 d 0.28 c 0.30 b 0.34 a 

Methane content (%) 197.6** 43.30 f 46.20 e 51.24 d 55.87 b 53.80 c 57.06 a 

Methane yield – COD  
(L CH4/g COD added) 

58.02** 0.028 e 0.060 a 0.042 cd 0.054 b 0.040 d 0.047 c 

Methane yield – VS  
(L CH4/g VS added) 

48.14** 0.05 c 0.10 a 0.08 b 0.10 a 0.09 b 0.10 a 

RCOD: COD removal efficiency, RTS: TS removal efficiency, RVS: VS removal efficiency, GPR: Gas production rate, MPR: Methane production rate 
ANOVA���(���+���*)��
! —— * : p<0.05 &�� 5%����, ** : p<0.01 &�� 1%����� 

	 DMRT'
���$��� &"��%��������#,α = 0.05- 
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4.2 ���#�"���������
 

:�>�0,���1��ÈHRT = 5	É±f�)�¹�(�TK�Ê²�

�Ä<¦�ª�W�wk���§UAÌ3:�¯$ÈStart-upÉ�7i�%�µ

¿·��n@n�³&B 4-16Ì 

:�>4�¤5 4 � CSTR �XÀÊ�XÀ''��5>C©——A1 � A2

� A�ÊJ- Test 4ÍTest 5ÍTest 7%H�ÊE¦�ª�W7»GvA�=� 0%Í

20%Í33.3%ËB1� B2� B�ÊJ- Test 4ÍTest 6ÍTest 8%H�ÊE¦�ª�

W7»GvA�=� 0%Í25%Í50%ÊE� Test8u2¦�ª�W��¹ �(�

����}mvÊ¸d­ÇÁ�XÊcgs;I´�ÆÅz��XÀ pH�Ì 

�� Test 8 �NE°*�H��q
­Ç¬MÍ­Ç{ �2�9��eg

j�«9tL 3� HRT+R�bº|H�Ì 

uB 4-17 7yÊ/ 0-30 	� Test 4Ê�r;I¦�ª�W§U%�$H�

(Start-up)Ê/ 16t/ 30	�XÀ½#«9�~Ê\�À%­Ç{ �x�«9j

��¨]%j�Y^Ì/ 31	�_ÊA��_ Test 5H�ÊJD;I 20%¦�ª

�WÊB��_ Test 6H�ÊJD;I 25%¦�ª�WÊA�2/ 37	�_�o

«9VÊB�2/ 39	�_�oÊpg 3� HRT%«9¤5Ì/ 57	�_ÊA

�JI Test 7H�ÊJD;I 33.3%¦�ª�WÊB�JI Test 8H�ÊJD;I

50%¦�ª�WÌ/ 68t/ 80	� Test 7%«9VÊTest 8�rx«9�~Ì 
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B 4-16:�>�$��µ¿·��n@n�³ 

�� ��!  
AS 

�" 
SM 

����� 
VW 

pH 8.5 7.12 4.4 
COD (g/L) 58.4 65.9 59.4 
TS (g/L) 56.1 50.2 50.3 
VS (g/L) 22.2 36.7 41.6 

  AS: �µ¿·ÈAnaerobic sludgeÉ 

  SM: �ÄÈSwine manureÉ 

  VW : ¦�ª�W (Vegetable wastes) 

 

 

B 4-17:�>�XÀ¤5TK 

Test ®h VW¡P ¤5�1 �XV «9V 

Test 4 

T4-A1 0% 

/ 0-30	 / 0-16	 / 17-30	 
T4-A2 0% 

T4-B1 0% 
T4-B2 0% 

Test 5 
T5-A1 20% 

/ 31-56	 / 31-36	 / 37-56	 
T5-A2 20% 

Test 6 
T6-B1 25% 

/ 31-56	 / 31-38	 / 39-56	 
T6-B2 25% 

Test 7 
T7-A1 33.3% 

/ 57-80	 / 57-62	 / 63-80	 
T7-A2 33.3% 

Test 8 
T8-B1 50% 

/ 57-80	 / 66	�M�k -- 
T8-B2 50% 

VW : ¦�ª�W (Vegetable wastes) 
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4.2.1 Test 4 –���������
�	������� 

Test 4 \��XÀ�r¶;¦�ª�W�H�ÊE COD � VS ��)�¹ 

�=� 13.36g COD/L/day� 7.15g VS/L/dayÌB 4-18tB 4-20� Test 4�J�D

0n�{8 ��[£�Ì&O 4-5�O 4-6ÊT4Z�Êu26V%l��)W�

� Í{8 ¼�(Ê«9VF/ 16t/ 30	Ì 

Test 4lÀ��DÍ�� �{8�¢¼Â�?^Ê�D[£ CODÍTS� VS

�=� 55.96~57.49 g/LÍ43.04~44.51 g/L� 31.18~31.75 g/LËCODÍTS� VS�

[£�� ��=� 14.98~17.28%Í13.18~15.94%� 11.45~13.04%ËGPRÍMPRÍ

­Ç¬MÍ̀ Q COD%­Ç{ �`Q VS%­Ç{ ��=� 1.64~1.75 L/L/dayÍ

0.99~1.11 L CH4/L/dayÍ0.07~0.08 L CH4/g COD addedÍ0.14~0.15 L CH4/g VS addedÌ

�G�
Ê� A2À%B#¾�ÊE°!�À%B#�"���¥Ìl��³j�

%�¥��Ê�2/ 16 	t/ 30 	V1S%�X¤5±¼��.�$ÃÊ�a

�«9Ì 
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� 4-18 Test 4������
� 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

VW: vegetable wastes, 
	 DMRT*
���%� �!("��'��������$.α = 0.05/ 

 

  

Test 
VW 

Comtent 
(%) 

pH COD (g/L) 

Influent Effluent Influent Effluent 
COD Removal 
Efficiency (%) 

T4-A1 

0 7.13 

7.10±0.01 

66.81 

56.24±3.87 16.88±1.99 a 

T4-A2 7.11±0.01 57.49±3.19 14.98±1.53 b 

T4-B1 7.11±0.01 55.96±3.75 17.28±2.47 a 

T4-B2 7.11±0.01 56.92±4.89 15.93±3.51 a 

T4-Avg 0 7.13 7.11 66.81 56.65 16.27 
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� 4-19 Test 4������
� 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

VW: vegetable wastes 
	 DMRT*
���%� �!("��'��������$.α = 0.05/ 

 

  

Test 
VW 

Comtent 
(%) 

TS (g/L) VS (g/L) 

Influent Effluent 
TS Removal 

Efficiency (%) 
Influent Effluent 

VS Removal 
Efficiency (%) 

T4-A1 

0 51.34 

43.04±1.62 15.94±3.47 a 

35.76 

31.18±0.93 13.04±1.13 a 

T4-A2 44.51±2.61 13.18±2.22 b 31.64±0.88 11.74±1.01 bc 

T4-B1 43.72±1.54 14.63±2.97 ab 31.44±0.90 12.31±1.57 ab 

T4-B2 44.14±1.97 13.84±2.97 b 31.75±0.79 11.45±0.81 c 

T4-Avg 0 51.34 43.85 14.40 35.76 31.50 12.14 
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� 4-20 Test 4���,��&0+-)���&0��#�+-�& 

Test 
VW Content 

(%) 

GPR 

(L/L/day) 

Methane content 

(CH4%) 

MPR 

(L CH4/L/day) 

Methane yield - COD 

(L CH4/g COD add) 

Methane yield - VS 

(L CH4/g VS add) 

T4-A1 

0 

1.68±0.06 b 62.21±1.08 ab 1.04±0.05 b 0.078±0.002 b 0.15±0.006 b 
T4-A2 1.64±0.07 b 60.54±1.23 c 0.99±0.04 c 0.074±0.004 c 0.14±0.007 c 
T4-B1 1.75±0.09 a 61.63±0.87 bc 1.08±0.05 a 0.081±0.003 a 0.15±0.005 a 
T4-B2 1.75±0.13 a 63.23±0.69 ab 1.11±0.07 a 0.083±0.004 a 0.15±0.008 a 
T4-Avg 0 1.70 61.90 1.06 0.08 0.15 
VW: Vegetable wastes, GPR: Gas production rate, MPR: Methane production rate 
	 DMRT*
���%� �!("��'��������$.� = 0.05/
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3 4-5 A1L A2k2�-��@/=LH"]/=3 
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3 4-6 B1L B2k2�-��@/=LH"]/=3 
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4.2.2 Test 5 – Test 7�����
�	��� 

0N Test 5 – Test 7��[h]�+ 4-21!Gl>V(,c�J6kY�
2

-)��U@l$:.��[h
)�n+ 4-22D+ 4-24T� Test 5 – Test 7�

9_2�-�@LH"��Pn'3 4-5 � T5 8�l>WF�X�� 37 ��2

19dld#5	� 37��AD� 56�4\ T5mT68�l�X�� 39��2

19dld#5	� 39��AD� 56�4\ T6mT78�l�X�� 63��2

19dld#5	� 63��AD� 80�4\ T7n 

 

+ 4-21 T5oT6oT7J6k��[h] 

Test 
VW content 

(%) 

COD loading rate 

(g COD/L/day) 

VS loading rate 

(g VS/L/day) 

T5 20 12.87±0.28 7.17±0.24 

T6 25 12.86±0.22 7.25±0.28 

T7 33.3 13.58±0.08 7.31±0.07 

 

  



doi:10.6342/NTU201603299

74 

 

T5oT6oT7 >iI0N�2�- pHoCOD �+ 4-22 !GnT5 0N�` 

AV� A1oA2�kl2-�bK*gE T4� 0%�� 20%l$:2�-� pHj

^��Zl2-� pHZD 6.64l�-� pH
	 T4� 7.11Z� 6.83nT60N�

` BV� B1oB2�kl2-�bK*g�� 25%l2-� pHZD 6.61l�-

� pH 9_
Z� 6.81nT7 0NT�7C T5 0N� A V�kl2-�bK*g

�� 33.3%l2-� pHZD 6.45l�-� pH9_% T5);lB<� 6.83n 

T50N�2- COD� 64.3 g/Ll�-�9_ COD� 53.41 g/LlA1oA2�

COD�S]�&� 16.65%L 17.24%l� Duncan’s�,e#QG�Q�RamT6

0N�2- COD� 64.41 g/Ll�-�9_ COD� 55.05 g/LlB1oB2� COD�

S]�&� 14.7%L 13.93%lf�Q�Ral��O T5�MmT70N2-� COD

?� 67.97 g/Ll�-9_ COD� 58.46 g/LlA1oA2� COD�S]�&� 13.92%

L 13.77%l�Q�Ral% T6� COD�S]f�Q�Ran 

 

 
 



doi:10.6342/NTU201603299

75 

 

 

� 4-22 T5$T6$T7�!������
 pH$COD 

Test 
VW 

Comtent 
(%) 

pH COD (g/L) 

Influent Effluent Influent Effluent 
Removal Efficiency 

(%) 

T5-A1 
20 6.64 

6.82±0.02 
64.3 

53.60±0.97 16.65±1.07 a 
T5-A2 6.83±0.02 53.22±0.77 17.24±0.88 a 
T5-Avg 20 6.64 6.83 64.3 53.41 16.95 

T6-B1 
25 6.61 

6.81±0.02 
64.41 

54.80±0.58 14.7±0.87 b 
T6-B2 6.80±0.02 55.30±0.82 13.93±0.62 b 

T6-Avg 25 6.61 6.81 64.41 55.05 14.32 

T7-A1 
33.3 6.45 

6.83±0.01 
67.97 

58.41±0.21 13.92±0.52 b 
T7-A2 6.82±0.01 58.51±0.26 13.77±0.67 b 

T7-Avg 33.3 6.45 6.83 67.97 58.46 13.85 
 VW: Vegetable wastes 
 � DMRT 
�������������������	��"α = 0.05#
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T5ST6ST7 +K1�7� �� TSSVS �� 4-23 �0RT4-T7  �� TS

L'A(� 50 g/LPT5�7� � TS� 50.63 g/LP���$B TS� 44.03 g/LP

A1SA2� TS	<@��� 12.35%5 14.19%PA2�	<@M2� A13"NQ

T6�7� � TS� 50.62 g/LP���$B TS� 45.45 g/LPB1SB2� TS	<

@��� 11.64%5 9.77%PG��:
;CP��9 T5�6QT7�7 �� TS

,� 50.29 g/LP��$B TS� 44.74 g/LPA1SA2� TS	<@��� 11.19%5

10.55%P�:
;CP� T6� TS	<@H�:
;CR 

 � VS�-
D4E>!�J*,��I�,P��=/ VS�,P8�D

4O.�� VSF9�%#�)
P�&	<@"-
D4�J�,��?RT5�

7� � VS� 35.65 g/LP���$B VS� 31.72 g/LPA1SA2� VS	<@�

�� 10.56%5 12.9%PA2�	<@M2� A13"NQT6�7� � VS� 35.77 

g/LP���$B VS� 32.97g/LPB1SB2� VS	<@� 9.02%5 8.61%P�:


;CP9 T5�6QT7�7 �� VS,� 36.56 g/LP��$B VS� 33.22 g/LP

A1SA2� VS	<@� 9.08%5 8.86%P�:
;CP� T6� VS	<@H�:


;CR 
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� 4-23 T5$T6$T7�!������
 TS$VS 

Test 
VW 

Comtent 
(%) 

TS (g/L) VS (g/L) 

Influent Effluent 
Removal 

Efficiency (%) 
Influent Effluent 

Removal 
Efficiency (%) 

T5-A1 
20 50.63 

44.49±0.91 12.35±0.47 bc 
35.65 

32.14±1.09 10.56±0.37 b 
T5-A2 43.56±0.84 14.19±0.51 a 31.29±0.97 12.9±0.63 a 

T5-Avg 20 50.63 44.03 13.27 35.65 31.72 11.73 

T6-B1 
25 50.62 

44.98±0.83 11.64±0.61 cd 
35.77 

32.89±1.02 9.02±0.47 c 
T6-B2 45.92±0.65 9.77±0.48 d 33.04±1.03 8.61±0.49 c 

T6-Avg 25 50.62 45.45 10.71 35.77 32.97 8.82 

T7-A1 
33.3 50.29 

44.58±0.44 11.19±0.95 cd 
36.56 

33.18±0.47 9.08±0.63 c 

T7-A2 44.9±0.52 10.55±1.05 cd 33.26±0.39 8.86±0.49 c 

T7-Avg 33.3 50.29 44.74 10.87 36.56 33.22 8.97 

VW: vegetable wastes 
� DMRT 
�������������������	��"α = 0.05# 
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T5@T6@T7�7#�*
;�"0@4<3�("0@��.�4<"0�

� 4-24 �!?�+�&���7#
��) 8�62�/=$��'="��

	 T5%� T6%� T7? 

T5 �*
�+"��5��8� A2 :
�	99%� A1 :=A1 ( A2 


;�"0��� 1.44 L/L day( 1.53 L/L day>4<3���� 50.47%( 52.19 %>

4<"0� 0.73 L CH4/L day( 0.80 L CH4/L day>�� COD
4<"0� 0.06 L CH4/g 

COD added>�� VS
4<"0� 0.11 L CH4/g VS added? 

T6�*
�+"��5��=B1( B2
:
�&8�,�-1=;�"0

��� 1.31 L/L day( 1.30 L/L day>4<3���� 49.48%( 50.46%>4<"0�

0.65 L CH4/L day( 0.66 L CH4/L day>��COD
4<"0� 0.05 L CH4/g COD added>

�� VS
4<"0� 0.09 L CH4/g VS added? 

T7�*
�+"��5��=A1( A2
:
�&8�,�-1=;�"0

��� 1.21 L/L day( 1.20 L/L day>4<3���� 44.39%( 44.73%>4<"0�

0.54 L CH4/L day>�� COD
4<"0� 0.04 L CH4/g COD added>�� VS
4<

"0� 0.07 L CH4/g VS added? 
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� 4-24 T5)T6)T7�%	��)$&"
���)����$&�� 

Test 
VW 

Content (%) 

GPR 

(L/L/day) 

Methane content 

(CH4%) 

MPR  

(L CH4/L/day) 

Methane yield - COD 

(L CH4/g COD added) 

Methane yield - VS 

(L CH4/g VS added) 

T5-A1 
20 

1.44±0.01 b 50.47±1.09 b 0.73±0.02 b 0.06±0.002 b 0.10±0.006 b 
T5-A2 1.53±0.04 a 52.19±0.67 a 0.80±0.03 a 0.06±0.003 a 0.11±0.001 a 
T5-Avg 20 1.49 51.33 0.77 0.06 0.11 
T6-B1 

25 
1.31±0.01 c 49.48±1.21 c 0.65±0.01 c 0.05±0.001 c 0.09±0.004 c 

T6-B2 1.30±0.01 c 50.46±1.05 bc 0.66±0.01 c 0.05±0.002 c 0.09±0.005 c 

T6-Avg 25 1.31 49.97 0.66 0.05 0.09 
T7-A1 

33.3 
1.21±0.02 d 44.39±0.74 d 0.54±0.01 d 0.04±0.002 d 0.07±0.003 d 

T7-A2 1.20±0.02 d 44.73±1.19 d 0.54±0.02 d 0.04±0.002 d 0.07±0.003 d 
T7-Avg 33.3 1.21 44.56 0.54 0.04 0.07 
VW: Vegetable wastes, GPR: Gas production rate, MPR: Methane production rate 
� DMRT#
��������!��� ���������'α = 0.05( 
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4.2.3 Test 4 – Test 7����� 

�6 4-7'P�Test 4 ~ Test 7��S~-G� 0%�20%�25%V 33.3%�Q(

�a�6.����l"J�. 4-25 � T4 ~ T7<2\�Gb�}DT-`�M

� ANOVA 0 �}[\GbpT�k��er�n	^m�ZP*C.P T4 I

T74@ 10i��}DT��c�er�ZP��*C.P FTO� 5%c�#U�

A 10i�}DT�er�ZP��**C.P FTO� 1%]c�#U�. 4-26�

Gb�}bK� FT�O]c�#U�3�L� Duncan��0z[\7-`�	

ZNj,%F�.Pv=�c�er� 

�/� pH 
3/tS~-� 0%�� 7.11 lI 20%tS~-� 6.83 ��$

tS~-� 25%V 33.3%� T6�T7 ��0E�
�HB� 6.81�6.83�I T8 �

pHg�l�.P pH 6.81:�R:��w)q&_h��YW�Tud� 

COD�TS�VS�0EXJ,>�3/�tS~-� 0%V 20%���fo,

>�~-� 25%��fo�l��~-� 33.3%�l|X{�*~-� 25%��D

T
s,>� COD�fo�+� 16.27%�16.95%�14.32%�13.85%�TS�fo

� 14.40%�13.27%�10.71%�10.87%�VS �fo� 12.14%�11.73%�8.82%�

8.97%� 

(1;�l|`!c��(Qo
 T4I T7�+� 1.71 L/L/day�1.49 L/L/day�

1.31 L/L/day�1.21 L/L/day�y�x5�+� 61.90%�51.33%�49.97%�44.56%�
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y�Qo� 1.06 L/L/day�0.77 L/L/day�0.66 L/L/day�0.54 L/L/day�?8 COD�

y�Qo� 0.08�0.06�0.05V 0.04 L CH4/g COD added�?8 VS�y�Qog

� 0.15�0.11�0.09V 0.07 L CH4/g VSadded�  
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6 4-7 T4�T5�T6�T7 ��9-
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� 4-25 T4� T7�� ��#�-���" 

  Test 

 F value T4-A1 T4-A2 T4-B1 T4-B2 T5-A1 T5-A2 T6-B1 T6-B2 T7-A1 T7-A2 

  VW = 0% VW = 20% VW = 25% VW = 33.3% 

RCOD (%) 8.67** 16.9 a 15.0 bc 17.3 a 15.9 ab 16.6 a 17.2 a 14.6 bc 13.8 a 13.9 c 13.8 c 

RTS (%) 11.18** 15.9 a 13.2 bc 14.6 ab 13.8 bc 12.2 cd 14.1 b 11.3 de 9.7 e 11.3 de 10.7 de 

RVS (%) 49.2** 13.0 a 11.7 bc 12.3 ab 11.5 c 10.5 d 12.9 a 9.1 e 8.6 e 9.0 e 8.7 e 

GPR (L/L/day) 123.25** 1.67 b 1.64 b 1.75 a 1.75 a 1.44 d 1.53 c 1.32 e 1.31 e 1.23 f 1.20 f 

MPR  
(L CH4/L/day) 

315.29** 1.04 b 0.99 c 1.08 a 1.11 a 0.73 e 0.80 d 0.65 f 0.65 f 0.55 g 0.54 a 

Methane content 
(CH4%) 

305.7** 62.2 ab 60.5 c 61.6 bc 63.2 a 50.3 e 52.4 d 49.0 f 49.9 ef 44.5 g 45.0 g 

Methane yield – 
COD  

(L CH4/g COD add) 
377.26** 0.078 b 0.075 c 0.081 a 0.083 a 0.051 e 0.056 d 0.050 f 0.051 f 0.040 g 0.040 g 

Methane yield – VS  
(L CH4/g VS add) 

357.42** 0.146 b 0.139 c 0.151 ab 0.155 a 0.101 e 0.112 d 0.089 f 0.09 f 0.075 g 0.074 g 

 
  RCOD: COD removal efficiency, RTS: TS removal efficiency, RVS: VS removal efficiency, GPR: Gas production rate, MPR: Methane production rate 
  ANOVA���-���/���*.��
& —— * : p<0.05%+�� 5%$���, ** : p<0.01%+�� 1%!$��� 

  	 DMRT,
���)�$�%+'��*��������(0α = 0.051 
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4.4�����
���	��
 

!= 4-26/n¿T1-R1ÃT2-R1ÃT3-R1ÃT4-Avg(Avg= A1ÃA2ÃB1ÃB2�R

�)�B>¯� TS� 50 g/L��º¿c� HRTws�+�®tÃ�#�­'4¿

GPRÃu MPR ¯�«�'4�xf¿��VK »o���±kb���xf¿

HRT 10����
�VK VS »o�ÂHRT 5����e\qQµ�;U�.¿

}����MPRÂ 

 

= 4-26 HRT� 12Ã10Ã8Ã5��<� 

 
  

Test 
HRT 

(Days) 

Working 
Volume 

(L) 

OLR 
(g VS/L/day) 

GPR 
(L/L/day) 

Methane 
content 
(CH4%) 

MPR  
(L CH4 /L/day) 

Methane yield  

(L CH4/g VS added) 

T1-R1 12 6 2.28 0.94 67.73 0.64 0.22 

T2-R1 10 6 2.85 1.17 70.01 0.82 0.25 

T3-R1 8 6 3.55 1.19 71.53 0.85 0.23 

T4-Avg 5 3 7.15 1.70 61.90 1.06 0.15 
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4.5 ���
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27/n¿�$/�r��P��O<§��¹^�Â 

<�B��d
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� 4-27 �
�
��	������ 

Material Operational conditions Influent Effluent Biogas 
Ref. 

Co-substrates Ratio 
OLR 

(g COD/L/d) 

OLR 

(g VS/L/d) 
HRT 

COD

(%) 

VS 

(%) 

COD removal 

efficiency(%) 

VS removal 

efficiency(%) 
pH 

GPR  

(L/L/day) 

MPR  

(L CH4/L/day) 

CH4 

(%) 

SM:VW 67:33 13.58 7.31 5 6.8 3.7 13.85 8.97 6.8 1.21 0.54 45 This Study 

SCSSW&SCSM
 : FVW 

67:33 - 0.13 30 - 4 - 52.4 7.4 0.08 0.04 56 App.1-2 

SM:VW 70:30 11.0  - 2 2.2  17.1 - 7.4 1.86 1.08 58 App.1-4 
SM:VW 70:30 4.1 - 4.5 2.2  93.3 - 7.8 0.03 0.01 33 App.1-4 
SM:VW 70:30 0.2 - 6.5 2.2  96.2 - 7.9 0.01 0.01 71 App.1-4 
SM:VW 75:25 12.86 7.25 5 6.4 3.6 14.32 8.82 6.8 1.31 0.66 50 This Study 

SM: CS 75:25 - 3.84 16 - 6.14 - 46.4 7.1 1.17 0.79 67.3 App.1-1 
SM:VW 80:20 12.87 7.17 5 6.4 3.6 16.95 11.73 6.8 1.49 0.77 51 This Study 

SM:VW 80:20 5.2  - 2 1.1  34.4 - 7.3 1.41 0.99 70 App.1-4 
SM:VW 80:20 3.1 - 4.5 1.1  89.6 - 7.5 0.40 0.30 75 App.1-4 
SM:VW 80:20 0.2 - 6.5 1.1  94.1 - 7.3 0.03 0.02 73 App.1-4 
SCSSW&SCSM
 : FVW 

83:17 - 0.13 30 - 4 - 54.2~67.3 7.7 
0.07~ 
0.08 

0.04 51~53 App.1-2 

CS: corn stover 
FVW: fruit and vegetable wastes 
SCSM: solid cattle and swine manure 
SCSSW: solid cattle and swine slaughterhouse wastes 
SM: swine manure 
VW: vegetable wastes 
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Ò¡�`ÌŢ���Ċ0īŝ¬ďŢTKÌ��1�y�b:ŢÒØß`Ìť 

=�y�KÌ09	 �� Ò¡�6¤��ŜĴ0īŝ¬ďŢ=Ry�K

Ì0 ���±ğ»ģõw0cqŢıíOČœÒ¡���La�ğ»ģõwđ

o���¦�gWĸť 

5.1�� 

1. �=�y�KÌŢ ăĿŞŚ6¤�SŜĴ�ŢLağ»ģõwÒ¡�0�S

6¤I�r4Ņ²A�Laķlļÿ0³xŋť[� La 30%ğ»ģõw0Ò

¡��S6¤��0Ķk�2Ţ� HRT� 12�ŦOLR� 3.90 g COD/L/day0t

e�ŢMethane yield �¦ 0.06 L CH4/g CODaddedŢ}2A�ŀLğ»ģõw0³x

ŋ� 0.03 L CH4/g CODaddedť 

2. =Ry�KÌŢ���Ē�bZ�ÇŘÀ0te�Ţğ»ģõw0ŀLWĸ�

��¦ 33.3%Ţ"Z0 pH� 6.83øčŢ|� CODO VS0 OLR�P� 13.58 g 

COD/L/dayÅ 7.31 g VS/L/dayŤ�æď�P� 13.85%Å 8.97ŤMethane yield�P

� 0.04 L CH4/g CODaddedÅ 0.07 L CH4/g VSaddedť 
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5.2
� 

1. �r���/�ŜĴ��S�ŢHRT 12�ÅLa 30%0ğ»ģõw��
�Ċ

r4ŢÉ÷�F�ıíţ 

ş1ŠE�Ē�ğ»ģõwđo� 30% ÅĒ�=�ń®³xŋ0 HRT�@� 10

� ĲJŜĴ0�3wđoŢ�\=Rń® HRT� 10Ŧ8Ŧ5�ť 

ş2ŠĲJ=Rń®0 HRT�@� 12�Ţ<Lğ»ģõwđo� 33%Ŧ45%Ŧ50%Ŧ

67%Ŧ75%ť 

 

2. �r�R�/ğ»ģõw�O�öČœĠuÒ¡��`Ì�Ţ���ŀL

33.3%ŢÉ÷�FıíLŘ§¯bZ0 pH ÀŢ½ĭ�ü�F��ğ»ģõw0ŀ

LWĸť 

 

3. ğ»ģõw8H�S)Ţþľi�Ţ�S¨ďi2Ţ�P� HRTÈ¿�@ÚÁ

�Ţ�S¨ď0ãė
i;àťM|� HRTÚÁ0ĔGte�ŢÉ÷	b:ÔĐ

ğ»ģõw��þľ0H�Sť 
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&� 1-1���%�-)� *��'���!�.Fujita et al., 1980/ 

Material Operational conditions Influent Effluent Biogas 

Co-substrates ratio 
Working 

Volume (L) 
OLR 

(g VS/L/day) 
RT 

(days) 
pH VS (%) C/N 

VS removal 

efficiency (%) 
pH 

Methane yield 

(L CH4/g VS add) 
CH4

(%) 

Pig manure: corn stover 75:25 30 3.84 16 6.6 6.14 10.3 46.4% 7.1 0.205 67.3 

39°C conical, cylinder-type digester with an internal diameter of 23 cm, a circulation pump, a temperature controller 
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&� 1-2 (���� +,
$�
0� *����$�
��'���!�.Alvarez and Lidén, 2008/ 

Material Operational conditions Influent Effluent Biogas 

Co-substrates Ratio (wet weight basis) Reactor OLR(g VS/L/d) HRT VS(%) C/N VS removal efficiency(%) pH 
Methane Yield  

(L CH4/g VS added) 
CH4% 

SCSSW : 
SCSM : 
FVW : 

(Dilution) 

2:2:3:93 

35 °C  2 L 
semi-

continuously 
stirred 

stainless steel 
digesters 

 
V=1.8 L 

0.31 30 0.9 5.1 8.7 7.4 0.25 52 
8:7:11:74 1.31 30 3.9 5.1 52.4 7.4 0.32 56 

15:12:20:54 2.03 30 6.1 5.1 51.8 7.7 0.26 55 
8:7:11:74 3.80 10 3.8 5.2 47.1 6.7 0.12 44 
1:1:1:97 0.14 30 0.4 5.2 9.3 7.4 0.14 59 
8:7:11:74 0.78 50 3.9 5.1 67.6 8.1 0.31 54 
25:0:0:75 0.49 70 3.4 5.1 60.4 7.7 0.34 55 

Ratio (VS basis)         

100:0:0 

0.13 30 4 

3.4 34.5 7.7 0.06 45 
0:100:0 8 38.8 7.4 0.21 56 
0:0:100 9.3 19.2 4.4 0.002 2 
50:50:0 4.8 51.7 7.7 0.26 57 
0:50:50 8.3 56.6 7.4 0.32 50 
50:0:50 4.4 53.8 5.3 0.04 25 
33:33:33 5.1 52.4 7.4 0.32 56 
67:17:17 4 67.3 7.7 0.27 51 
17:67:17 6.3 54.2 7.8 0.32 53 
17:17:67 6.6 67.4 7.8 0.35 51 

SCSSW solid cattle and swine slaughterhouse wastes composed of 57.1% rumen, 33.5% blood, and 9.4% pig's paunch wastes. SCSM solid cattle and swine 
manure, 71% cattle manure, and 29% swine manure. FVW fruit and vegetable wastes. (14% Orange, 9.2% Banana, 8.6% Grapefruit, 7.5% Locoto, 6.4% 
Cucumber, 6.2% Lemon, 5.9% Onion, 5.2% Sweet pepper, 4.8% Tomato, 4.7% Cassava, 3.1% Lime, 2.5% Tangerine, 2.4% Pineapple, 2.3% Radish…) 
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&� 1-3 ����$�
� *��'���!�.Kafle et al, 2013/ 

Material Operational conditions Influent Effluent Biogas 
Co-

substrates 
ratio Reactor 

Substrate loading 
(g VS/L) 

HRT 
(days) 

pH 
VS 

(%) 
C/N 

COD removal 

efficiency(%) 
pH 

Methane yield 
(L CH4/g TCOD added) 

CH4 

(%) 

AW:SM 

100:0 36.5°C Batch test   
1.2 L glass bottles 

WV=0.8L 

2.5 - 8.22 13 28.1 79 7.77 0.25 49 

0:100 2.5 - 8.25 3.85 2.7 84 7.9 0.27 81 

0:100 36.5 Batch test   
2.3 L glass bottles 

WV=1.8L 

5.0 - 8.2 3.85 2.7 81 7.77 0.26 76 

33:67 5.0 - 8.25 6.87 11.1 83 7.8 0.27 67 

  OLR(g VS/L/d)         

25:75 

36-38°C  
Continuous test  

5.5 L CSTR 
WV=4.5 L 

1.0 

30 

- 6.14 9.05 - 7.85 0.24 76 

25:75 1.0 - 6.14 9.05 - 7.76 0.20 76 

25:75 1.4 - 6.14 9.05 - 7.37 NA NA 

25:75 1.6 - 6.14 9.05 - 7.56 0.15 74 

33:67 1.6 - 6.87 11.1 - 7.82 0.14 76 

33:67 1.6 - 6.87 11.1 - 7.81 0.19 79 

50:50 1.7 - 8.43 15.4 - 7.13 0.05 44 

AW : Apple waste   SM : Swine manure 
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&� 1-4 ��"�$�
� *������#�	!�.Mazareli et al., 2016/ 

Material Operational conditions Influent Effluent Biogas 

Co-substrates ratio 
Working 

volume (L) 
OLR 

(g COD/L/day) 
HRT 
(days) 

pH 
COD 

(g/L) 
COD/N 

COD removal 

efficiency (%) 
pH 

MPR 
(L CH4/ g 

CODadded) 

CH4 
(%) 

SW : VW 

100 : 0 
39 5.5  2 

6.8 11 18.1 
62.6 7.4 0.11 80 

86.5 0.9  4.5 95.1 7.2 0.14 83 
128.9 0.1  6.5 96.6 7.4 0.1 81 

90 : 10 
39 4.0  2 

5.7 8 13.9 
16 7.2 0.16 73 

86.5 1.5 4.5 92.7 7.3 0.13 77 
128.9 0.1 6.5 95.3 7.4 0.2 82 

80 : 20 
39 5.2  2 

5.7 11 22.5 
-34.4 7.3 0.19 70 

86.5 3.1 4.5 89.6 7.5 0.098 75 
128.9 0.2 6.5 94.1 7.3 0.1 73 

70 : 30 
39 11.0  2 

5.2 22 27.4 
17.1 7.4 0.098 58 

86.5 4.1 4.5 93.3 7.8 0.024 33 
128.9 0.2 6.5 96.2 7.9 0.05 71 

high-rate horizontal anaerobic reactors with fixed bed (HAFB) : totally filled with bamboo rings as biomass immobilization. The bamboo rings with 75% 
empty space provided the support medium for fixed bed. 
SW: swine wastewater 
VW: vegetable waste (70% tomato and 30% banana) 

 




