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Abstract: Increasing biogas production through the use of Dried Capsule Husk - Jatropha curcas
Linn. (DH-JcL) as raw materials study was conducted at PT Bumimas Ekapersada experiment field, in 
Bekasi, West Java, Indonesia from September 2013 to March 2014. Four HDPE pipes with 5 L volume 
used as first stage-hydrolysis digester, while an HDPE (high-density polyethylene) drum with working 
volume 80 L was used as second phase - methanogenesis digester. DH-JcL at the first stage was 
pressed by a 1 800 g ballast, which was to be compared to a 900 g ballast pressed, diluted in water 
with volume ratio of 1:8. One third of the second stage digester was filled by immobilized growth of 
random packing system on special plastic design. Organic Loading Rate was predetermied at 3 000 cc 
· d–1 with Hydrolic Retention Time of 4 wk. This study was repeated three times and conclusion was 
made using t test as inferential statistics. The test concluded that 900 g ballast produced the best result. 
DH-JcL biogas productivity is increased, by two phase system, as much as  163 % when compared to 
semi continuous single phase system. Furthermore, the set up produces methane content higher (90 % 
to 91 %) than semi continuous single phase system (83.15 %). VFA average decrease of 16 %, and
average alkalinity decreased by 11 %.  Average ratio of VFA/ alkalinity is 0.5 similar with semi 
continuous single phase system.
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digestion
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1. INTRODUCTION
Praptiningsih et. al. [1] stated that DH-JcL (Dried Husk 
Jatropha curcas Linn.) used as raw material for 
methane fermentation of biogas digester produced 
unsatisfactory result. This statement was supported also 
by several other studies [2, 3]. However, it must be
understood that those unsatisfatory results of  DH-JcL 
biogas was conducted due to zero waste principle 
reason. A reference [4] stated that DH-JcL produced 
biogas quantity similar with rice husk on semi-
continuous single phase digester. Moreover, it produced 
higher methane content than others biogas raw 
materials, such as cowdung, solid waste of tapioca 
production process, cassava skin, fruits and vegetables 
wastes. However, Praptiningsih et al. concerned about 
VA/Alk ratio showing 0.5 value [4]. This ratio 
exceeded or approached the threshold which was 
recommended by some researchers [5–10].

Several researchers suggested to apply two 
phase digester, particularly for solid form feeding, 
which is not easily degraded, having high carbohydrate 
content, highly toxic, unbalanced C:N:P content, having 
hydrolysis and liquefaction problems, and unstable 
process [11–16]. Some study of DH-JcL as raw 
material concluded that two phase digester was better 
than single phase digester [17–22]. This research was 
conducted to review comparison results between 
laboratory scale and pilot plant scale on two phase 
biogas digester of DH-JcL as raw material. The 
research also studies improvement of DH-JcL biogas 
productivity and VA/Alk ratio on two phase digester

2. MATERIALS AND METHOD

The study was conducted at PT Bumimas 
Ekapersada’s experiment field, in Bekasi, West 
Java, Indonesia, from September 2013 to March 
2014. JcL husk was collected from JatroMas toxic 
cultivar which was sun dried, to reduce moisture 
content up to 5 %. An HDPE (high-density 
polyethylene) drum with a total volume of 90 L 
and working volume of 80 L was used as 
methanogenesis digester/ second digester (Fig. 1).
There are three holes on methanogenesis digester. 
Two holes were closed by drum, the first was used 
for flowing biogas into the holder and the second 
hole was used for feeding slurry DH-JCL from 
hydrolysis digester. The feeding pipe’s end was 
submerged into slurry at about 10 cm to prevent 
O2 from entering into digester. The third hole was 
located under the drum for slurry dispensing and
for analysis sample taking. One third volume of 
methanogenesis digester was filled by organic 
artificial immobilized growth of random packing 

system on special plastic design. Methanogenesis 
digester was filled by rain water and 10 % v/v [23]
of semi-artificial starter from DB-JcL digester. 
From 1 d until 10 d operation, methanogenesis 
digester was provided by synthetic feeding of 25 g
· L–1 brown sugar for 3 000 cc [4]. At the 11 d, if 
biogas bubbles are produced in the water holder,
then synthetic feeding was replaced by slurry from 
hydrolysis digester. Organic Loading Rate (OLR) 
was calclated at 3 000 cc · d–1 with Hydrolic 
Retention Time (HRT) of 4 wk [4].

Fig. 1. The first and second digester.

Hydrolysis digester/ first digester used 5 L 
volume of HDPE pipe which was closed tightly
(Fig. 1). On the bottom part, there is a slurry 
discharge hole to move the slurry to 
methanogenesis digester periodically. On the top 
part, there was another discharge hole to release
gas production and a covered hole to pour the 
water diluent consisting of 375 g sun-dried added 
with 4 000 cc of rain water as diluent. The DH-JcL 
was pressed by ballast, so it submerged in water 
diluent [18]. There were four hydrolysis digesters 
for feeding a methanogenesis digester, because the 
slurry was harvested every 4 d based on the 
previous studies [17, 19, 22]. 3 000 cc d–1 of slurry 
from hydrolysis digester was transferred to 
methanogenesis digester. Hereafter, 3 000 cc of
1:8 concentration rain water [21] was filled to soak 
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DH-Jcl d–1. The soaking was conducted in
hydrolysis digester for 4 wk [19].

pH and temperature reading was conducted 
every day during experiment by digital 
measurement tools. Biogas volume of hydrolysis 
and methanogenesis digester was determined by 
water displacement method on the holder [25], and 
methane determination was conducted using orsat 
apparatus. Volatile fatty acid (VFA) content and 
alkalinity was analyzed by distillation and titration 
based on APHA 2320 [25]. This study was 
repeated three times and conclusion was obtained 
by using test as inferential statistics

3.  RESULTS AND DISCUSSION

This paper is written to elaborate a study on the
ballast weight on DH-JcL in hydrolysis digester. 
As reported by reference [18], the ballast 
application on DH-JcL bundle increased biogas 
productivity because the bundle did not flow. 
However, it can be seen that DH-JcL did not 
degrade perfectly, particularly on the inside part of 
bundle. It was so happened because the ballast
weight was too heavy, so diluent water could not 
enter into the bundle. This study compared 
between maximum (1800 g) and minimum (900 g) 
ballast.

3.1  Review on Temperature and pH 

This research was conducted on the temperature
ranges which shown on Fig. 2 and 3. Fig. 2 shows 
that research condition in hydrolysis digester 
which is conducted at average temperature of 
29.71 °C  (27.0 °C to 32.3 °C range) for maximum 
ballast, and average temperature of 29.2 °C (26.6
°C to  31.50 °C range) for minimum ballast. This 
research was conducted at ideal temperature of 30 
°C to 35 °C [26] and/or 30 °C to 38 °C [27]. The 
average temperature was relatively similar for two 
treatments, but the minimum ballast has lower 
temperature because of the lower temperature 
effect on the 1 d to 11 d. Fig. 3 shows research 
condition in methanogenesis digester which is 
conducted at average temperature of 29.89 °C
(27.8 °C to 32.1 °C range) for maximum ballast 
and average temperature of 29.95 °C (27.7 °C to
31.9 °C range) for minimum ballast. 
Methanogenesis digester temperature on this study 
was conducted at ideal temperature of 30 °C to 35 
°C [26] and/or 30 °C to 38 °C [27]. The average 
temperature was relatively similar for the two 

treatments, although the maximum ballast has 
lower temperature.

Based on the varied temperature results, the
minimum ballast was more suitable, which was 
shown by lower relative temperature on the 1 d to 
11 d. Hereafter, the temperature increased until the 
end of study period. This increasing temperature 
had positive impact to arachea methanogen [28].
pH observation of this research is shown on Fig. 4
and Fig. 5.

Fig. 4 shown that this study was conducted 
on average pH of 6.26 (range pH 5.60 to pH 6.80) 
for maximum ballast and average pH of 5.93 
(range pH 5.00 to pH 7.00) for minimum ballast. 
This research was conducted on ideal pH because 
some references reported the ideal pH value of 
5.00 to 7.00 [20]. The average pH of the minimum 
ballast was lower, which mean it produced more 
acid. The lower pH was expected to increase 
biogas production. pH curve of hydrolysis digester 
decreased from day to day, particularly on the 
minimum ballast which was reported also by 
reference [29, 30]. The decreasing pH will have 
negative impact to arachea methanogen. To 
minimize this impact, Lopez [30] on his research 
of single phase digester, conducted NaOH 
addition. However, Fig. 4 shows that pH of two 
phase digester is still have a normal pH range. The 
lower pH of the minimum ballast was happened
because water diluent and DH-JcL was 
functioning well, therefore acidity process 
conducted optimally.

Fig. 5 shows that this study was conducted 
on average pH of 6.79 (pH range 6.0 to 7.3) for 
maximum ballast and average pH of 7.13 (pH 
range 6.80 to 7.50) for minimum ballast. This 
study was conducted on ideal pH because some 
references reported the ideal pH value of pH 6.0 to 
pH 8.5 for methanogenesis digester [20]. The 
average pH of the minimum ballast was higher 
than the maximum ballast. Because of arachea 
methanogen is appropriate with neutral-base pH
[32], so this condition showed that the minimum 
ballast treatment is better producing biogas. 
However, the maximum ballast also shows the 
possibility of optimum biogas production. This 
possibility is shown by low pH on the early and 
then it’s likelihood to increase. Increasing pH 
value happened because of better the balancing 
process between acetogen microbe growth and 
methanogen. Acid compounds, produced by acid-
producing bacteria, were consumed by arachea 

 Jatropha curcas Acid Fermentation 49



Fig. 2. Slurry outlet temperature of two phase DH-JcL hydrolysis digester system with maximum and minimum 
ballasts.

Fig. 3. Slurry outlet temperature of two phase DH-JcL methanogenesis digester system with maximum and 
minimum ballasts.

Fig. 4. Slurry outlet pH of two phase DH-JcL hydrolysis digester system with maximum and minimum ballasts

Fig. 5. Slurry outlet pH of two phase DH-JcL hydrolysis digester system with maximum and minimum ballasts.
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methanogen quickly, so it produced much CO2
which dissolved in water. It produced more 
bicarbonate ion (HCO3

–) which caused solvent 
more alkaline and system changed from neutral to 
base [33, 34].

3.2  Review on Biogas Production 

Fig. 6 and Fig. 7 show biogas production from 
hydrolysis and methanogenesis digester. Fig. 6
showed biogas production of hydrolysis digester 
on the minimum ballast is lower than the 
maximum ballast. This data, showing that the 
minimum ballast produce lower biogas, indicated 
that degradation occured slowly. This condition 
was expected to optimize hydrolysis process 
because DH-JcL contain carbohydrate particularly 
high cellulose which degrade slowly [12, 35]. This 
condition is one of benefits resulted from two
phase system. Increasing HRT on hydrolysis 

process of single phase system was hard to apply
[36] because acidity process impacted negatively 
to arachea methanogen [37]. Whereas, increasing 
HRT was able to enhance degradation efficiency
[38].

The maximum ballast on hydrolysis digester 
produced more biogas because degradation 
process was conducted only on solid feeding 
partially. On this treatment, there was small part of 
solid feeding which contacted with diluent water, 
so degradation process was conducted faster [39]
and biogas production was produced also faster. 
Whereas, Fig. 7 shows that methanogenesis 
digester of the minimum ballast produces biogas 
higher of 157.14 %. This data elucidated that 
methanogenesis digester is better for arachea 
methanogen growth which is shown by Fig. 3
about temperature observation and Fig. 5 about pH 
observation.

Fig. 6. DH-JcL biogas production in hydrolysis 
digester with HRT of 40 d for two type ballasts.

Fig. 7. DH-JcL biogas production in methanogenesis 
digester with HRT of 40 d for two type ballast.

Fig. 8. Total biogas production of DH-JcL as raw 
material with HRT of 40 d.

Fig. 9. Total biogas production of DH-JcL as raw material 
with HRT of 40 d on separation of hydrolysis and 
methanogenesis productions.
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Fig. 8 and Fig. 9 show total production of 
hydrolysis and methanogenesis digester with HRT 
of 40 d. Fig. 7 shows total biogas production of 
hydrolysis and methanogenesis digester. 
Furthermore, Fig. 9 is separation biogas
production of Fig. 8 which shows biogas 
production of hydrolysis and methanogenesis 
digester as shown by Fig. 6 and Fig. 7. Fig. 8
shows that production of two treatments is similar 
relatively of 0.026 m3 · kg–1 DH-JcL. This 
production data represents an increase of 163 %
than DH-JcL in single phase digester which 
produce of 0.016 m3 · kg–1 DH-JcL [4]. The 
production data of DH-JcL biogas on this research
shows cow dung biogas productivity range of 
(0.023 to 0.04) m3 · kg–1 [40, 41], which is higher 
compared to rice husk biogas production (0.014 to 
0.018) m3 · kg–1 DM [42].

The increased biogas production of 163 % 
was relevant because some of previous researches 
reported the increasing productivity of two phase 
digester than single phase digester. Demirer and 
Chen [43] noted the increase of 150 % to 167 %; 
Hagesawa et al. [44] reported increasing of 150 %; 
Sarada and Joseph [45] stated 124 % to 144 %. 
However, this result was lower than the results of 
Sirirote et al. [46].

Statistical inference by t test on biogas 
production at methanogenesis digester and total 
biogas production of hydrolysis and 
methanogenesis digester was shown by Table 1. 
Table 1 supports Fig. 7 that biogas production of 
methanogenesis digester on minimum ballast 
produces biogas more than maximum ballast and it 
is very significant different of statistical. It also 
supports Fig. 8 that every treatment of ballasts 
produces similar total biogas relatively and it is 
not significant different of statistical. 
Determination of methane content with   orsat 
apparatus is shown by Table 2.

Table 2 shows that biogas content average 
of minimum ballast is higher than maximum 
ballast. Table 2 also shows that methane content of 
two phase digester is higher than single phase 
digester [4] which supports Parawira [11] and 
Paranjpe et al. [47]. Table 2 shows that “the 
weakness” of this study because Deublein and 
Steinhauser [28]; Quang [48] said that hydrolysis 
digester produced CO2 and H2 only. Whereas, 
Table 2 shows that there is high methane content. 
Moreover, Fig. 9 shows that biogas production 
percentage of hydrolysis digester is higher than 

methanogenesis digester which is showed also by 
Table 3. This was related with the delay time of 
hydrolysis digester which was suspected too long. 
This was suspected also that this research was 
conducted on rain season, so DH-JcL had been 
degraded on harvesting which was different with
previous references [17, 19, 22].

However, this study was stated “wrong”, if 
it referred to system of Hutnan et al. only [49]
which suggested capturing and flowing biogas 
from methanogenesis digester only. Some other 
researchers [50, 51] suggested about collaboration 
system of biogas production from hydrolysis and 
methanogenesis digester. Furthermore, there was 
also another system, namely capturing and flowing 
biogas production separately between hydrolysis 
and methanogenesis digester [12, 52].

3.3  Review on VFA/ Alk. Ratio 

Table 4 VFA average, Alkalinity, and 
VFA/alkalinity data in two phase digester of 
methanogenensis was compared to single phase 
digester with DH-JcL as raw material

Total volatile acid (acetic acid) ratio to 
total alkali (calcium carbonate) – VFA/Alk is an 
important indicator to check acid and base 
balancing or process stability of digester [23, 53, 
54]. This data is shown by Table 4. Table 4 shows 
average of VFA/Alk on two phase digester of 0.50 
which is similar with previous research on single 
phase digester [4]. This average ratio is higher 
than recommendation of reference [9] of < 0.25 or 
ratio recommendation reference [35] of 0.1 to 
0.25. However, Bolzonella [55] said that high 
carbohydrate material, such as DH-JcL which 
shown by reference [1], was recommended by 
ratio of > 0.3. Drosg [56] supported that ratio 
parameter of VFA/Alk was not generalized 
because every type of digester has different ratio 
standar value which was affected by processed 
raw material.

The review shows that there were some 
researches who reported ratio of > 0.5. Kaosol and 
Sohgrathok [57] said that ideal ratio was 0.4 to 
0.8; Powar et al. [58] stated that ideal ratio was 0.5 
to 0.8; Schon [59] and Acton [60] stated that ideal 
ratio was > 0.9 to < 1.0. Therefore, based on 
reference [56–60], ratio average of 0.5 which was 
resulted by this research and previous research [4]
was able to deem as “fair”. Moreover, average 
ratio on two phase digester with minimum ballast 
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Table 1. t test for biogas production d–1 in two phase digester of DH-JcL with two ballast treatments.

Treatment
Biogas Production

Methanogenensis 
Digester

Total

Average Sig Average Sig
Maximum 
ballast

0.1768 0.6436

Minimum ballast 0.2739* 0.000 0.6464** 0.962

*) Significant different
**) Not significant different on trust level of 95 %

Table 2. Methane content of hydrolysis and methanogenesis digester.

Table 3. Biogas production percentage of hydrolysis and methanogenesis digester compared to total.

Treatment Hydrolysis Methanogenesis Total
Maximum ballast 73.08 % 26.92 % 100 %
Minimum ballast 57.69 % 42.31 % 100 %

Table 4. VFA average, Alkalinity, and VFA/alkalinity data in two phase digester of methanogenensis
was compared to single phase digester with DH-JcL as raw material.

No. Content
Two phase metanogenesis digester One phase 

*)
+/- One/

Two Phase1st wk 2nd wk 3th wk 4th wk Average
1 VFA**)

a Maximum ballast 1 239 1 293 1 486 1 297 1 329 -13 %
b Minimum ballast 1 521 1 253 1 213 1 015 1 251 -18 %

Average 1 290 1 532 -16 %
2 Alkalinity***)

a Maximum ballast 3 572 4 408 3 420 3 534 3 734 +16 %
b Minimum ballast 1 860 1 820 2 064 2 290 2009 -37 %

Average 2 872 3 211 -11 %
3 VFA/Alk Ratio
a Maximum ballast 0.35 0.30 0.40 0.40 0.40 -20 %
b Minimum ballast 0.80 0.70 0.60 0.40 0.60 + 20 %

Average 0.50 0.50 0 %

*) Praptiningsih et al, [4]. (one phase = single phase digester)
**) mg Acetic Acid L–1

***) mg CaCO3 L–1

Treatments
Biogas Content

Hydrolysis Methanogenesis
Maximum ballast 79.73 89.55
Minimum ballast 81.81 91.13
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of 0.6 was not able to conclude that minimum 
ballast was worse than maximum ballast. Table 4 
shows that ratio value of minimum ballast 
decrease from 1 wk to 4 wk (0.80 to 0.40). It
indicated that performance of hydrolysis and 
methanogenesis digester on minimum ballast 
works optimally. Table 4 also shows that two 
phase digester is better than single phase because 
decreasing VFA average of 16 % with minimum 
ballast treatment of 18 %. For alkalinity average, it 
is decreased of 11 % for minimum ballast of 37 %.

4.  CONCLUSIONS

DH-JcL biogas productivity is increased in two 
phase system, with resulted increment of 163 % 
compared to semi continuous single phase system. 
Furthermore, it produces methane content (90 % to 
91 %), higher than semi continuous single phase 
system (83.15 %). VFA average decrease of 16 %, 
alkalinity average decrease of 11 %, and average 
ratio of VFA/ alk is 0.5.

The two-phase treatment is hydrolysis 
digester with DH-Jcl and diluent water of 1:8 as 
feeding. Ballast pressure placed on the DH-JcL 
bundle with 50 % weight of original one produced
the best result. Methanogenesis digester is 
attached to growth system with immobilized 
growth which is produced by special plastic design 
and placed on random packing.

5. ACKNOWLEDGEMENTS

The authors would like to thank PT Sinar Mas Agro 
Resources and Technology (PT SMART Tbk.), Jakarta, 
Indonesia for supporting this study. Special thanks to 
Agus Setyo Yudhanto, and also to the research 
technicians, Ata Atmaja WKD, Acam Are Hikman, and 
Dewi Tiara Sagita for their assistance.

6. REFERENCES

1. Praptiningsih, G.A., R.S. Hendroko, A. Nindita,
S.K. Wahono, M. Mel, A. Sasmito, et al.  
Charaterization of Jatropha curcas Linn. capsule 
husk as feedstock for anaerobic digestion. In: The 
3rd Indo EBTKE-ConEx 2014. Energy Procedia
volume 65. Praptiningsih G.A., A. Nindita, M. 
Mel, H. Outhred, C. Elcome, Z.V. Gaile, et al. 
(Ed.). p. 264–273 (2015).

2. Bhattacharjee, S., S. Haldar, A, Reddy, N. Ghose,
S. Gautam, A. Bhattacharjee, et al. Byproducts of 

biodiesel manufacture.  As Part of Status Reports 
on Themes Related to Technical and Scientific 
Utilization of Biofuel Utilization. Department of 
Science and Technology, Government of India
(2012).

3. Makkar, H.P.S. & K. Becker.  Jatropha curcas, a 
promising crop for the generation of biodiesel and 
value-added coproducts. European Journal of 
Lipid Science and Technology 111: 773–787
(2009).

4. Praptiningsih, G.A., R.S. Hendroko, S.K. Wahono,
A. Nindita, M. Mel, A. Sasmito, et al.  The 
performance of Jatropha curcas Linn. capsule husk 
as feedstocks biogas in one phase anaerobic 
digestion. In: 2nd Humboldt Kolleg in Conjunction 
with International Conference on Natural Science, 
HK-ICONS 2014. Procedia Chemistry 14.
Hendroko R.S., H. Scheer, L. Limantara, Y. Shioi,
L. Fiedor, T.H.P. Brotosudarmo, et al. (Ed.).  p.
316–325 (2015).

5. Juanga, J.P. Optimizing dry anaerobic digestion of 
organic fraction of municipal solid waste. [Thesis]. 
Asian Institute of Technology. Thailand (2005).

6. Melnyk, P.B., B.K. Andrade & W.A. Guirguis.
Honouliuli WWTP start up and operation of the 
new anaerobic digesters. HWEA 33rd Annual 
Conference; Honolulu, February 14–16 (2011).

7. Kurian, R., J. Slade, M. Holliday, S. Liver & W. 
Derjugin. Avoiding indigestion start-up anaerobic 
digesters. WEAO 2012 Technical Conference;
Ottawa, Ontario, April 22–24, 2012 (2012).

8. Schnaars, K.  What Every Operator Should Know 
About Anaerobic Digesters. Operator Essentials.
Nashville, USA (2012).

9. Bulcher, T. Digestion best practices and digester 
optimization. Seminar Aerobic & Anaerobic 
Digestion - Operations and Maintenance. Indiana 
Water Environment Association. June 5, 2013
(2013).

10. Durkin, B.  Digester process objectives. [Online]
from: 
http://www.lewwtp.org/home/showdocument?id=7
984 (2013). Accessed on April 5, 2015.

11. Parawira, W.  Anaerobic treatment of agricultural 
residues and wastewater application of high-rate 
reactors. [Doctoral Dissertation]. Lund University 
Sweden (2004).

12 Zupancic, G.D. & V. Grilc.  Anaerobic treatment 
and biogas production from organic waste. In:
Management of Organic Waste – Chapter 1. Sunil,
K. (Ed). INTECH, Rijeka, Croatia – European 
Union. p. 1–28 (2012).

13. Colussi, I., A. Cortesi, C.D. Piccolo, V. Gallo,
A.S.R. Fernandez & R. Vitanza. Improvement of 
methane yield from maize silage by a two-stage 

54 P. G. Adinurani et al



anaerobic process. Chemical Engineering 
Transactions 32: 151–156 (2013).

14. Hernandez. H.E. & R.G.J. Edyvean. Comparison 
between a two-stage and single-stage digesters 
when treating a synthetic wastewater contaminated 
with phenol. Water SA 37(1): 27–32 (2011).

15. Ward, A., P.J. Hobbs, P.J. Holliman & D.L. Jones.
Optimization of the anaerobic digestion of 
agricultural resources. Bioresource Technology 99:
7928–7940 (2008).

16. Aslanzadeh, S., K. Rajendran, A. Jeihanipour & J. 
Taherzadeh Moh. The effect of effluent 
recirculation in a semi-continuous two-stage 
anaerobic digestion system. Energies 6: 2966–2981
(2013).

17. Hendroko, R., A. Wahyudi, S.K. Wahono, G.A. 
Praptiningsih, Salafudin, Salundik, et al.  
Biorefinery study in the crude Jatropha oil process:
Co-digestion sludge of crude Jatropha oil and 
capsule husk Jatropha curcas Linn. as biogas 
feedstocks. International Journal of Technology
2: 1–11 (2013).

18. Hendroko, R., T. Liwang, Salafudin, G.A. 
Praptiningsih, L.O. Nelwan, Y. Sakri, et al. The 
modification for increasing productivity at 
hydrolysis reactor with Jatropha curcas Linn.  
capsule husk as biomethane feedstocks at two stage 
digestion.  In: International Conference on 
Sustainable Energy Engineering and Application 
(ICSEEA) 2012. Energy Procedia, Volume 32.
Craig F, Rosli bin Abu Bakar & H. Sunit (Ed.). p. 
47–54 (2013).

19. Hendroko, R., S.K. Wahono, G.A. Praptiningsih, 
Salafudin, A.S. Yudhanto, A. Wahyudi, et al.  The 
study of optimization hydrolysis substrate retention 
time and augmentation as an effort to increasing 
biogas productivity from Jatropha curcas Linn.
capsule husk at two stage digestion. In: The 2nd 
Indo EBTKE-ConEx 2013. Energy Procedia,
Volume 47. Praptiningsih, G.A., A. Nindita, S. 
Yudhanto, A. Sasmito. (Ed.), p. 255–262 (2014).

20. Hendroko, R., A. Sasmito, G.A. Praptiningsih, A. 
Nindita, A.S. Yudhanto, Y.A. Nugroho, et al. The 
study of slurry recirculation to increase biogas 
productivity from Jatropha curcas Linn. capsule 
husk in two phase digestion. In: The 3rd Indo 
EBTKE-ConEx 2014. Energy Procedia volume 65.
Praptiningsih G.A., A. Nindita, M. Maizirwan, H. 
Outhred, C. Elcome, Z.V. Gaile, et al. (Ed.), p. 
300–308 (2015).

21. Praptiningsih, G.A., T. Liwang, Salafudin, L. O. 
Nelwan, Y. Sakri, S. K. Wahono, et al. The study of 
two stages anaerobic digestion application and 
suitable bio-film as an effort to improve bio-gas 
productivity from Jatropha Curcas Linn capsule 
husk. In: International Conference on Sustainable 

Energy Engineering and Application (ICSEEA) 2012. 
Energy Procedia volume 32. Craig, F., Rosli bin Abu 
Bakar, H. Sunit (Ed.), p. 84–89. (2013).

22. Praptiningsih, G.A., R. Hendroko, S.K. Wahono,
A. Sasmito, L.O. Nelwan, A. Nindita, et al. 
Optimization of concentration and EM4 
augmentation for improving bio-gas productivity 
from Jatropha curcas Linn capsule husk. 
International Journal of Renewable Energy 
Development 3(1): 73–78 (2014).

23. Anunputtikul, W. Biogas Production from Cassava 
Tubers. PhD dissertation, Suranaree University of 
Technology, Thailand (2004).

24. Kumar, J.A., L. Jianzheng, Z. Liguo, B. Qiaoying
& J. Yu. Comparison between wet and dry 
anaerobic digestions of cow dung under mesophilic 
and thermophilic conditions. Advances in Water 
Resource and Protection 2: 28–38 (2012).

25. American Public Health Association, American 
Water Works Association 18 th Edition. Standard 
Methods for the Examination of Water and 
Wastewater 2320. Alkalinity, p. 2–28 (1992).

26. Wahidah. Pengaruh variasi baffel, jumlah baffel 
dan waktu detensi terhadap kinerja Anaerobic 
Baffled Reactor (ABR) dalam pengolahan limbah 
domestik khusus Grey Water. [Effect of Bafflel
Variation, Bafflel Amount and Detention Time for 
Anaerobic Baffled Reactor (ABR) Performance on 
Specific Domestic Waste Treatment of Grey 
Water]. MS thesis, Teknik Lingkungan, Institut 
Teknologi Bandung (2004). [in Bahasa Indonesia].

27. Putri, D.A., R.R. Saputro & Budiyono. Biogas 
production from cow manure. International
Journal of Renewable Energy Development 1(2):
61–64 (2012).

28. Deublin, D. & A. Steinhauser. Biogas from Waste 
and Renewable Resources: An Intoduction. Wiley-
VCH Verlag GmbH & Co., KGaA, Weinheim, 
Federal Republic of Germany (2008).

29. Salafudin, G., A. Praptiningsih, T. Liwang, L.O. 
Nelwan, Y. Sakri & R. Hendroko. Study 
biorefinery capsule husk from Jatropha curcas L. 
waste crude Jatropha oil as source for biogas. 
World Renewable Energy Congress Indonesia, 
International Conference and Exhibition on 
Renewable Energy and Energy Efficiency. Nusa 
Dua Bali, Indonesia, October 17–19, 2011 (2011).

30. Lopez, O., G. Foidl & N. Foidl. Production of 
biogas from J. curcas fruitshells. In: Biofuels and 
industrial products from J. curcas. Gübitz, G.M.,
M. Mittelbach & M. Trabi. (Ed.). Dbv-Verlag,
Nicaragua/Austria, p. 118–122 (1997).

31. Angelidaki, I. & W. Sanders. Assessment of the 
anaerobic biodegradability of macro pollutants
reviews. Environmental Science and Biotechnology
3: 117–129 (2004).

 Jatropha curcas Acid Fermentation 55



32. Pind, P.F., I. Angelidaki, B.K. Ahring, K. 
Stamatelatou & G. Lyberatos. Monitoring and 
control of anaerobic reactors. In: Biomethanation 
II. Nicaragua/Austria. Springer, Berlin. p.135–182
(2003).

33. Ratnaningsih, H. Widyatmoko & T. Yananto.
Potensi pembentukan biogas pada proses 
biodegradasi campuran sampah organik segar dan 
kotoran sapi dalam batch reaktor anaerob [Biogas 
production potent of fresh organic waste and cow 
dung mixture biodegradation process in anaerobic 
batch reactor]. Jurnal Teknologi Lingkungan 5(1):
20–26 (2009). [in Bahasa Indonesia]

34. Ogejo, J.A., Z. Wen, J. Ignosh, E. Bendfeldt &
E.R. Jr. Collins. Biomethane Technology,
Publication 442–881. Communications and 
Marketing, College of Agriculture and Life 
Sciences, Virginia Polytechnic, Institute and State 
University, Petersburg, Virginia, USA (2009)

35. Gerardi, M.H. The Microbiology of Anaerobic 
Digesters. Wastewater Microbiology Series. John 
Wiley & Sons, New Jersey, USA (2003).

36. Krich, K., D. Augenstein, J.P. Batmale, J. 
Benemann, B. Rutledge & D. Salour. Biomethane 
from Dairy Waste. A Sourcebook for the
Production and Use of Renewable Natural Gas in 
California. Appendix A: Stoichiometry of the 
Anaerobic Digestion Process. Western United 
Dairymen, Sacramento, California (2005).

37. Dennis, A. & P.E. Burke. Dairy Waste Anaerobic 
Digestion Handbook. Environmental Energy 
Company, Washington, USA (2001).

38. Li, Chenxi. Using anaerobic co-digestion with 
addition of municipal organic wastes and pre-
treatment plant sludge. PhD dissertation, Queen’s 
University, Kingston, Ontario, Canada (2012).

39. Manurung, R. Proses anaerobik sebagai alternatif 
untuk mengolah limbah sawit [Anaerobic process 
as alternative of palm oil waste treatment] e-USU 
Repository. [Online http://library.usu.ac.id/
download/ft/tkimia-renita.pdf. [Accessed on 24 
November 2013] (2004).

40. Bajgain, S. A small investment but a big impact the 
prospects of biogas in Indonesia. Respects, 26 Sept 
2012. [Online] from http://www.respectsmagazine. 
net/a-small-investment-but-a-big-impact-the-
prospects-of-biogas-in-indonesia. [Accessed on 5
April, 2015] (2012)

41. Munasinghe, M.M.P.M. Biogas and organic 
fertilizer production. [Online] from http://www. 
slideshare.net/mmpmm/biogas-and-organic-
fertilizer. [Acessed on 6 April 2015] (2012).

42. Bond, T. & M.R. Templeton. History and future of 
domestic biogas plants in the developing world.
Energy for Sustainable Development 15: 347–354
(2011).

43. Demirer, G.N. & S. Chen. Two-phase anaerobic 
digestion of unscreened dairy manure. Process 
Biochemistry 40: 3542–3549 (2005).

44. Hagesawa, S., N. Shiota, K. Katsura & A. Akashi.
Solubilization of organic sludge by thermophlic 
aerobic bacteria as a pre-treatment for anaerobic 
digestion. Water Science Technology 41: 163–169
(2000).

45. Sarada, R. & R. Joseph. A comparative study of 
single and two stage processes for methane 
production from tomato processing waste. Process
Biochemistry 1(4): 337–340 (1996).

46. Sirirote, P., D. Thanaboripat, N. Klinkroon & S. 
Tripak. The production of biogas from cassava 
tubers. KMITL Science Technology Journal 10(1):
30–36 (2010).

47. Paranjpe, A., A.K. Sharma, R.K. Ranjan, V.K. 
Bajpai & V. Paranjape. MSW a potential energy 
resources: A two-stage anaerobic digestion. 
International Journal of Engineering and 
Advanced Technology 1(5): 508–512 (2012).

48. Quang, L.H. Making use of tannery chromium 
containing sludge as feed for biogas plant.  [Thesis] 
Central Ostrobothnia University of Applied 
Sciences. Findland (2011).

49. Hutnan, M., M. Drtil, J. Derco, L. Mrafkova, L. 
Hornak & S. Mico. Two-step pilot-scale anaerobic 
treatment of sugar beet pulp. Polish Journal of 
Environmental Studies 10(4): 237–243 (2001).

50. Zainol, N. Kinetics of biogas production from 
banana stem waste. Chapter 19. In: Biogas,
Kumar, S. (Ed.).  INTECH, Rijeka, Croatia –
European Union, P. 395–408 (2012).

51. Van Haandel, A. & J. van der Lubbe. Handbook 
Biological Waste Water Treatment. Quist 
Publishing, Leidschendam - The Netherlands
(2007).

52. Kayhanian, M., G. Tchobanoglous & R.C. Brown.
Handbook of Energy Efficiency and Renewable 
Energy. Taylor and Francis Group (2007).

53. Shakya, S. Two stage anaerobic digestion for the 
treatment of dissolved organic fraction of 
municipal solid waste. MS thesis, Asian Institute of 
Technology, Thailand (2010).

54. Wilawan, W., P. Pholchan & P. Aggarangsi.
Biogas production from co-digestion of 
Pennisetum pururem cv. pakchong 1 grass and 
layer chicken manure using completely stirred 
tank. In: 2013 International Conference on 
Alternative Energy in Developing Countries and 
Emerging Economies. Energy Procedia volume 52.
Sompong O-Thong J. Waewsak (Ed.), p. 216–222.
(2013).

55. Bolzonella, D. Monitoring parameters in anaerobic 
digestion processes. Jyvaskyla Summer School 
2011. [Online: http://www.valorgas.soton.ac.uk/ 

56 P. G. Adinurani et al



Pub_docs/JyU%20SS %202011/DB%201.pdf.
[Accessed on 20 May 2015] (2011).

56. Drosg, B. Process monitoring in biogas plants.
Technical brochure IEA bioenergy. [Online] from
http://www.ieabiogas.net/files/datenredaktion/dow
nload/Technical%20Brochures/Technical% 
20Brochure%20process_montoring.pdf. [Acessed 
on 20 May 2015] (2013).

57. Kaosol, T. & N. Sohgrathok. Energy production 
potential from co-digestion between frozen seafood 
wastewater and decanter cake in Thailand. World 
Academy of Science, Engineering and Technology

7: 7–20 (2013).
58. Powar, M.M., S.K. Vijay, V.K. Sunanda & G.S. 

Kulkarni. Review on applications of UASB
technology for waste water treatment. International 
Journal of Advanced Science, Engineering and 
Technology 2(2): 125–133 (2013).

59. Schön, M. Numerical Modeling of Anaerobic 
Digestion Processes in Agricultural Biogas Plants.
Innsbruck University Press (2010).

60. Acton, A. Aminobenzoic Acids – Advances in 
Research and Application. Scholarly Editions,
Atlanta (2013).

 Jatropha curcas Acid Fermentation 57


