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Abstract. Biogas is a renewable energy which can be used as an alternative source to replace fossil fuels. 
Recently, the use of  energy has become an important issue because the oil sources and natural gas are 
depleting. Utilization of carica waste to produce biogas can reduce the consumption of commercial energy 
sources such as kerosene as well as the use of firewood. Biogas is produced by the process of organic 
material digestion by certain anaerobic bacterial activity in anaerobic digester. In this study we studied the 
influence of LS-AD and SS-AD methods, the effect of C / N ratio on biogas yield obtained and kinetics of 
biogas production reaction. The study was conducted by making a total solid variation of 7%, 9%, 11%, 13%, 
19%, 21%, 23% and C/N ratio 25 and 30. The study started with carica waste collection process and 
examination of the total composition of solids and water content. Thereafter, calculation and determination of 
variation of C / N ratio by mixing the substrate with inoculum and urea into the reactor. Observe the volume 
of biogas produced every two-day intervals. The highest biogas production rate of 1.7825  ml/g TS day was 
obtained from carica solid waste variable by liquid state anaerobic disgestion and C/N 25.

1 Introduction
Energy is a fundamental need for human survival. World 
oil prices and fuel requirements are increasing while 
crude oil reserves are depleting, so that sustainable 
energy supply has become one of the main challenges 
that humans will face in the future [26]. This moves the 
current economy towards alternative energy sources [4].
One of the alternatives is the utilization of renewable 
energy or that can be renewed energy [21]. Renewable 
energy source is one of environmentally friendly energy.

One of the sustainable biomass utilizations as a 
renewable energy source is biogas. Flexible renewable 
energy sources are derived from anaerobic digestion of 
manure, waste, residue, energy crops, water weeds [26,
38]. Biogas is a carbon-neutral source One of renewable 
energy, generated from the anaerobic digestion process 
of biodegradable waste, plant biomass, crop residues and 
manure. The main compositions of biogas are CH4 (60-
70%) and CO2 (28-38%) and various gas products such 
as H2S and N2. Biogas production raw materials 
generally come from agricultural waste such as rice 
husks [31], rice straw [8,33], wheat straw [15] and 
livestock waste such as cow dung [24], sugar cane [32], 
Eichhornia crassipes [35], horse manure, pig manure 
and poultry manure [14]. There are also biogas raw 
materials derived from industrial waste alcohol [9-12],
slaughterhouse wastes [6], fish industry waste [28],
cassava starch [5], and tapioca industrial liquid waste [2,
20]. One of the industrial waste that can be processed 
into biogas is carica waste.

The carica fruit is commonly used for raw materials 
for making jams, sweets, cold drinks and cocktails 
[22,29]. From the remain of the production process it 

also produce another  that are considered still can be 
utilized. One of the byproducts from the processing of 
candied of carica fruit is carica peels.

Carica fruit peels produced by many industries is still 
not utilized and become the burden of the industry. In a 
day, it can be produced as much as 860 kg of carica fruit 
that will produce carica peels waste as much as 200 kg 
per day. This means that within a year the peels of carica 
fruit obtained reaches 73,000 kg [16]. Therefore, these 
carica peels byproducts need further processing so as to 
have a positive impact on the industry. To produce 
biogas with anaerobic digestion, the decomposition of 
organic waste occurs in four processes simultaneously: 
hydrolysis, acidogenesis, acetogenesis, and 
methanogenesis [7, 38-39]. The purpose of this research 
is to know the effect of total solid and C/N ratio toward 
biogas yield obtained and to analyze the kinetics of 
biogas production reaction [34, 39] .

2 Experimental
The materials used in this research are carica waste 
obtained from carica making industry in Wonosobo area, 
while rumen cow fluid as inoculum obtained from 
slaughter house in Pedurungan, Semarang. The tools 
used are batch digester in the form of 1 liter bottle, 
rubber cover, hose and clamp, measuring cup, oven, 
scales, and statif. The independent variables in this study 
were C / N ratio 25, 30, and total solids 7%, 9%, 11%, 
13%, 19%, 21%, 23%. The series of research tools can 
be seen in Figure 1. 
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Fig 1. Research Tool Series 

The implementation of this research started from the 
process of making carica waste (biowaste), then 
examined the total composition of solids and water 
content [37]. After that, calculation and determination of 
variation of C/N ratio and also preparation of anaerobic 
batch reactor. Subsequently, the substrate is mixed with 
technical inoculum and urea to adjust the C / N ratio. 
Samples that have been prepared can be put into the 
reactor, tightly closed to obtain anaerobic conditions, 
and ready to operate. During the process of processing, 
the volume of biogas produced each time interval of 2 
(two) days is observed. The biogas volume is calculated 
by passing the gas into a water-filled measuring cup by 
utilizing the gas characteristic that is by pressing in all 
directions from the reactor (Boyle's Law), so that when 
the reactor valve is opened, the gas directly moves into 
the measuring cup and then being observed the volume 
of differences. Observation stopped after no more biogas 
was formed. 

To determine the kinetics constant of biogas 
production was used Gompertz equation [30,36]. the 
Gompertz equation recently was found to be the most 
suitable model for describing the growth data of 
Lactobacillus plantarum and Lactobacillus acidophilus, 
which is written as 

 

     (1) 
 
The relationship between the bacterial growth rate and 
the substrate utilization rate can be defined by the 
following equation: 
 

     (2) 
 
On the other hand, the relationship between the substrate 
utilization rate and the methane production rate is 
 

      (3) 
According to (2) and (3) the methane production rate can 
be defined as follows: 
 

      (4) 
 

Thus, the cumulative methane production M can be 
defined as 
 

  (5) 
 

If   is replaced in (1), the resulting expression for 
the cumulative methane production is 
 

 (6) 

The term  can be replaced by the term P, defined as 
the methane production potential, while  can 
be defined as the maximum methane production rate. 
Therefore, the resulting final expression is 
 

  (7) 
 

P  = Production of biogas cumulative, liter 
A  = Production of biogas maximum, liter 
U =Constant rate of production biogas 

maximum (liter/day) 
λ = lag phase time (time minimum to produce      

biogas), day 
t  = Time cumulative to produce biogas , day 
e  = Euler (e = 2.71828...) 
 
The equation above illustrates the equation of the biogas 
production rate at various observation times. Constants 
U, A, and λ can be determined by non-linear regression 
method toward data obtained from experimental studies 
using Polymath 6.0 Program. 

3 Results and Discussion 

3.1 Effect of Total Solid on C/N ratio 25 by LS-
AD method  

Daily biogas production volume varies depending on the 
total solid condition. This can be seen in Figure 2 which 
shows the daily biogas production rate at C / N ratio 25. 

 

Fig 2. Daily biogas production rate C / N ratio 25 

Figure 2 shows the daily biogas yield on carica waste 
with a C / N ratio of 25. In carica waste with a solid total 
of 7% fluctuating biogas production tends to increase 
until day 12. On the 22nd and 34th, days the biogas 
production went up drastically, but on the next day until 
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the 60th day the fluctuating biogas production tended to 
decline but still produced biogas. In carica waste with a 
solid total of 9% biogas production tends to rise until day 
10. However on the 12th day the fluctuations tend to 
decrease until the 60th day still produce biogas. In carica 
waste with a solid total of 11% biogas production tends 
to rise until day 12. However, on day 16, fluctuations 
tend to decrease until day 60 and still producing biogas. 
In carica waste with a solid total of 13% biogas 
production tends to rise until the 14th day. However, on 
day 16, fluctuations tend to decrease until day 60 and 
still producing biogas. 

3.2 Effect of Total Solid on C/N ratio 25 by SS-
AD method 

Daily biogas production volume varies depending on the 
total solid condition. This can be seen in Figure 3 which 
shows the daily biogas production rate at C / N ratio 25. 
 

 
Fig 3. Daily biogas production rate C/N ratio 25 

 
Figure 3 shows the daily biogas yield on carica waste 

with a C/N ratio of 25. In carica waste with a solid total 
of 19% biogas production tends to rise until the 16th day. 
However on the 18th, day the fluctuations tend to 
decrease until the 60th day and still produces biogas. In 
carica waste with a solid total of  21% biogas production 
tends to increase until the 6th day. However, on day 1,6 
fluctuations tend to decrease until day 60 and still 
producing biogas. In carica waste with a solid total of 
23% biogas production tends to stagnate or  no 
significant change until day 60. Where the bacteria 
undergo the last phase, the phase of death (death phase) 
began to decrease the number of bacteria, until the 
bacteria die completely until the biogas is not 
reproduced. Biogas production is most common occured 
in the total solid 21%. This is evident where on the 12th 
and 14th day of production biogas reaches 780 ml 
volume. 

3.3 Effect of C/N ratio on Carica Wastes on 
Biogas Production by SS-AD Method 

Daily biogas production volume varies depending on the 
total solid condition. This can be seen in Figure 4 which 
shows the daily biogas production rate at C/N ratio 25 
and 30. 

 

 
Fig 4. Daily biogas production rate 

 
 Figure 4 shows the daily biogas yield in carica solid 
wastes with C / N ratio 25 and 30. In carica waste with a 
C/N ratio of 25 fluctuating biogas production tends to 
increase until the 14th day. On the 16th day the 
fluctuating biogas production tends to decrease. 
However, biogas never rises again in harike 46. And 
then fluctuate down to day 60 still produce biogas. In 
carica waste the ratio of C/N 30 biogas production 
increased volatile until day 10. On the 18th day, biogas 
production fluctuates tends to decline until the 60th day 
and still produce biogas. 

3.4 Kinetics of Biogas Production  

By using non-linear regression method, data obtained 
from experiments can be obtained kinetic constants as 
presented in Table 4.1 as follows. 

From table 1, it can be seen that the lowest Rm 
(biogas production rate) is a variable with a solid total of 
23% C/N 25 ratio with a value of 0.044348 ml / g TS 
days. Where the highest value of Rm is found in carica 
waste with a total 9% solid state liquid condition and 
C/N 25 ratio which value is 1.78 ml / g TS day. Thus the 
total solid and C/N ratio affects the of biogas production, 
the time of biogas is formed also influenced by the 
nutrition factor given to substrates that are used as raw 
materials because the nutrients are toxic which can 
increase the pH and can influence the activity of bacteria 
to remodel the organic compound into biogas [23]. 
Brown, et al. (2013) also mentioned that significantly 
lower methane production was generated in SS-AD 
compared to L-AD [13]. Because a solid total value 
higher than 15-20% will increase the mass diffusion 
resistance, it will cause inhibition of hydrolysis and 
methanogenesis. The lower water content also causes the 
rapid accumulation of volatile fatty acids (VFAs) that 
inhibit microbial methanogens [1, 18-19]. 
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Table 1. Kinetics data of biogas production reaction according 
to calculation of Gompretz equation 

Variable P Rm M M 
calculation 

TS 7 with 
C/N 25 23.9 1.707 171.2 23.9 

TS 9 with 
C/N 25 21.39 1.782 175.5 21.39 

TS 11 with 
C/N 25 6.13 0.438 61.5 6.13 

TS 13 with 
C/N 25 8.5 0.472 65.7 8.5 

TS 19 with 
C/N 25 5.26 0.292 41.6 5.26 

TS 21 with 
C/N 25 18 1.125 181.45 18. 

TS 23 with 
C/N 25 2.04 0.044 14.4 2.04 

TS 7 with 
C/N 30 2.86 0.11 45.5 2.86 

TS 9 with 
C/N 30 8.6 0.478 75.39 8.6 

TS 11 with 
C/N 30 8.9 0.178 64.59 8.899 

TS 13 with 
C/N 30 6.15 0.181 46.5 6.15 

TS 19 with 
C/N 30 4.21 0.301 40 4.21 

TS 21 with 
C/N 30 6.7 0.67 39.97 6.7 

TS 23 with 
C/N 30 8.04 1.005 48.95 8.04 

 
 From table 1 it can be seen that the value of M 
(cumulative biogas production) between C/N ratio 25 
and C/N ratio 30 is greater with C/N ratio 25. Because 
according to Yani and Darwis (1990), microbes that play 
an anaerobic need nutrients to grow and develop, in the 
form of carbon sources and nitrogen sources [3]. The 
equilibrium of carbon and nitrogen in substrates used as 
substrates needs attention [27]. Therefore, if too much 
nitrogen the growth of bacteria will be inhibited, in this 
case especially the material which ammonian content is 
very high [25], whereas the substrate is only a few 
nitrogen, bacteria will not be able to produce the 
enzymes needed to synthesize the compound (substrate) 
containing carbon, the most optimum substrate is C:N 25 
because the optimum ratio C:N ranges from 20:1 to 30:1 
[17]. 

4 Conclusions 
Biogas production rate of carica solid waste is better in 
LS-AD condition than SS-AD. Optimum biogas 
production was obtained at C/N ratio 25 compared to 
C/N ratio 30. Kinetics constant of biogas production 
from carica waste has the highest production rate (Rm) 
constant of 1.7825 ml gr TS day with TS 9%. 

Authors thank to Department of Chemical Engineering, 
Diponegoro University for all facilities to do this research. 
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