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Abstract 

               Global energy rising leads to the availability of fossil fuels depleting 

because it cannot be renewed and the burning of fossil fuels can  cause a climate 

change due to the release of CO2 into the air. Therefore, we need to replace 

fossil fuels with renewable and sustainable alternative energy such as biogas. 

Microalgae hype of recent years has revived fuel production research, because 

microalgae has a fast growth rate and contain high organic matters, so it has 

potential to be used as substrate especially for biogas.Traditionally, biogas was 

produced from animal manure. However microalgae , has a potential application 

to be fermented and converted into biogas.Tofu wastewater and whey substrate 

contain a lot of organic materials and naturally become a habitat of methanogen 

bacteria. This work describes the design of bioreactor to produce biogas from 

tofu and whey substrates using microalgae (Dunaliella salina). The bioreactor 

was made of stainless steel tube with size 250 ml also with a thickness of 2 mm, 

and surrounded by a water jacket with the height of 10 cm, diameter of 8 cm. The 

temperature was controlled using thermocouple and data logger, to be 

maintained at 38 o C as the highest temperature degree. The bioreactor contains 

stirring system to maintain good mixing. On the top side, a hose is used as 

biogas outlet and the gas pressure was measure.This research was conducted in 

7, 14, and 21 days of anaerobic fermentation with different temperature degree to 

get the affect of fermentation time toward biogas volume and methane content. 

             The produce of biogas was performed inside 250 ml strirring reactor 

where the substrate was mixed from 1 gram dry mass of Dunaliella salina, 100 ml 

tofu wastewater and 100 ml from whey substrate in different bioreactor on 

another side, and 20 ml activated sludge as inoculum supplies. The 

determination of methane content was used FID-Gas Chromatography, while the 

determination of biogas volume was calculated from the decrease of Chemical 

Oxygen Demand (COD) value. The analysis method used descriptive analysis 

with parameters were temperature, pressure, pH, COD, biogas volume, and 

methane content. The result showed that the methane content and biogas 

volume had a direct correlation with fermentation time.Methane gas was obtained 

at the tofu substrate at varying rates during fermentation days 14 and 21 under 

different temperatures below 38 o C. Methane gas was not obtained from this 

substrate during the fermentation period of 7 days until the temperature was 

raised to 38 o C. On the other hand, methane gas was not obtained from the whey 

substrate, although the test was conducted under different temperatures and set 

it to 38 o C. 

Keywords: Biogas, Dunaliella salina, Tofu wastewater, Whey substrate, 
Microalgae. 
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CHAPTER 1 INTRODUCTION 

1.1. Background 

Nowadays most of the countries in the world have complicated problems about 

energy, although some of them are among the richest oil exporters, but this does not 

prevent the growing demand for energy, these problems lead to increased demand for 

energy, which in turn leads to higher energy prices. Hence, these difficult problems and 

challenges for energy access have obliged many countries, especially the industrial ones, 

to get solutions to assure resume access and supply of energy, combustion of fossil energy 

carriers such as gasoline, natural gas or coal leads to the release of carbon dioxide the 

environmental problems that are expected to appear in climate change (Barker, 2007). With 

different sources of energy, the sources that can be exploited include wind energy, 

geothermal temperature differences, kinetic energy stored in water (e.g. wave and tidal 

movements of the oceans or river dams) and the irradiation of the sun. With multiple 

sources of energy, the sun remains the largest source of energy, solar techniques directly 

benefit in the endless power of the sun and its use energy for the production of heat, light, 

energy.    

There are also energy sources such as geothermal energy from the heart of the 

Earth, 4000 miles underground, can reach temperatures of 9000 degrees Fahrenheit. 

Groundwater heat flows from the heart, and warms the embracing area, which can form 

aquifers and steam. These embankments can be used for a variety of uses, such as 

generating electricity or thermal buildings. Using geothermal pumps (GHP), we can even 

take advantage of the cursory earth temperature of the heating and cooling buildings. 

Geothermal potential in the top 6 miles from the earth's layer reaches 50,000 times of 

energy for all oil and gas in the world (Tromly, 2001). The growing request of energy has 

made the industrialized countries look at the most productive sources of energy. Recently, 

energy production operations from biomass have started as the most productive sources of 

energy, especially biofuels and biogas. Biomass can be converted into a huge number of 

different products bio-ethanol, biodiesel, or biogas, in recent years, research and scientific 

evidence has shown that the "first generation" of biofuels such as the production of ethanol 

from plant polysaccharides or the production of biodiesel from vegetable fats has obtained 

somewhat bad energy balances and therefore cannot provide any role for the world. On the 

other hand “second generation” biofuels, which convert the whole plant (e.g. biomass-to-

liquid or biogas fermentation) offer far greater potentials (Eisentraut, 2010). 
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The high content of biogas produced from microalgae, together with the abundant 

properties of algae relative to other biomass, has made researchers of bioenergy and 

biogas concentrate on the production of biogas from microalgae, also the high fat content of 

the algae makes it so it is an alternative to ground energy crops for biodiesel production. 

However, the culture of small algae and energy production in the beginning research phase. 

According to literature, cultivation microalgae to produce biofuels have a number of 

requirements that reducing their current industrial-scale implementation (Rawat et al., 

2013). Microalgae have many advantages that highlight their use as sources of biogas and 

alternative energy; they grow 5-10 times faster in social conditions making the production 

rate higher compared to terrestrial biomass (Kröger et al., 2012), moreover, microalgae can 

be grown in arid zones such as deserts or coastal lands (Saharan et al., 2013). Through 

another perspective which states that use of fast-growing algae species for anaerobic 

fermentation for the production of biogas, which then allows the replacement of natural gas 

resources. The search for anaerobic fermentation of algae biomass dates back more than 

50 years ago (Golueke et al., 1957). 

A number of research blueprints have been rolled out and intensified; early research 

efforts culminated in the late 1970th and 1980th as a result of the first oil crises, species 

included investigation which took many macroalgae such as Macrocystis, Gracilaria, 

Hebonia, Olva, Laminaria and Sargassum (Chynoweth, 2002). Recently, attention has been 

highlighted in the use of algae to generate energy and obtain biogas by identifying micro 

algal strains with striking properties (Eroglu et al., 2010) ; also advancing and deepening in 

micro-algae cultivation (Posten, 2009). Experiments revealed that the amount of biogas 

produced from biomass depends heavily on the selected strain type where different strains 

were selected in equal volumes and the amount of biogas produced different values, where 

green algae were identified as fresh water C. reinhardtii as the most biogenic gas substrate 

followed directly  the halophilic green alga Dunaliella salina ( Mussgnug et al., 2010). 

In this research, we will study how to produce methane from the microalgae 

Dunaliella salina species, where it is appraised to be one of the algae strains that produce a 

high quantity of methane. In this research, the amount of gas produced from this strain will 

also be determined the factors that determine cultivation, will also be studied how to design 

the bioreactor to complete the anaerobic fermentation process of the Dunaliella salina and 

the steps followed to complete the process of producing biogas.  
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1.2. Statement of the problem 

 The formulation of the problem in this research is as follows: 

1. Find the proper way to produce methane from marine microalgae Dunaliella salina 

using different wastewater substrates. 

2. How to design a bioreactor to complete anaerobic digestion process and how to choose 

the microbial algae breed producing biogas in large quantity and how to determine the 

size of the produced gas. 

1.3. Aims  

               The objectives to be achieved from the implementation of this research are: 

1. Detailed explanation and clarification of steps to produce biogas from microalgae. 

2. Conduct the anaerobic fermentation process at different temperatures and the medium. 

3. Enhance the amount of biogas produced from microalgae and highlight the steps taken 

to produce biogas from design of the bioreactor to anaerobic fermentation process. 

 1.4. Benefits 

             The expected benefits of this research are as follows: 

• For Authors: 

- The author defines the process of producing methane from microalgae and exploiting 

it in finding alternatives to energy. 

- The author can exert the knowledge obtained during the lecture and also the    author 

can add insight and knowledge in the field of relevant research. 

• For Further Researchers: 

- The benefits of future research and research on alternative energy production and 

working on the support and promotion of methane produced from biomass, 

particularly microalgae, to deal with this biosphere can serve as a reference for 

further development. 

• For Society: 

-  Provides an insight into the exploitation and development of alternative energy and 

the alleviation of the difficulties that prevent the generation of energy from biomass, 

especially microalgae and rationalization of society to shift and exploit biomass 

sources to obtain alternative energy. 
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1.5. Scope and limitation 

          In this study, there are limits to the problem so that the discussion of this research is 

focused. The limitations of the problems given in this study are as follows: 

1. Research is conducted on a laboratory scale. 

2. The study focused on how to produce methane from microalgae (Dunaliella salina) 

and determine the amount of gas produced. 

3. This study used anaerobic digestion to produce biogas and is based on the 

fermentation of the anaerobic substrate. 

4. This study does not discuss the production of biogas chemically but rather 

summarizes some of the reactions that occur as a result of anaerobic fermentation of 

the organic mass and precisely the microalgae. 

5. This study is appraised a process preferable than a quantitative product, so a small 

sample has been taken for clarification. 
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CHAPTER 2 LITERATURE REVIEW 

 

2.1. Microalgae 

Microalgae is the most important sources of power generation and substrates for the 

generation of biogas because of the high advantages in the speed of growth and high 

content of methane compared to other plants and the most important characteristic of algae 

is that it is able to grow and spread in areas unsuitable for agriculture, ponds and seas and 

even oceans and swamps and the rivers (Rittmann, 2008).  

Algae are single-cell microorganisms with photosynthesis ability, characterized by 

rapid growth rate, there are two categories of algae microalgae and macroalgae. 

Microalgae are mono-cell, organic organisms, which are heavily dependent on sunlight, 

water and CO2 casing for growth (Kröger et al., 2012). During the duration of the operation 

CO2 absorbed from the atmosphere is converted into value products - lipids, which can also 

be used as source of useful energy sources, the microalgae also have a wide range of 

different sizes from nano to millimeters, they may be in the form of a group of independent 

objects or in the form of groups or strings (Saharan et al., 2013). Moreover, the structure of 

microalgae is not cohesive and has no roots, leaves or legs , these types of species have 

been estimated and appreciated 100 000 (Kröger et al., 2012). From all, only approximately 

35000 species have been characterized so far (Cardozo et al., 2007). Where the population 

was classified into other categories, including diatoms, green, blue-green and golden algae 

(Znad et al., 2005). 

On the other hand, the macroalgae multicellular and have more prominent 

properties containing branches, squares and leaves, this distinguishes it from other algae 

(Coelho et al., 2010). Some research has found that microalgae biomass constitutes at high 

amount of lipids estimated at approx. (7–23%), while proteins were estimated (6–71%) and 

carbohydrates (5–64%).As the species of algae and its growth conditions determine the 

previous proportions (Becker, 2007).  

There are many microalgae species, each one of them has characteristic, the 

properties of algae that make them different from plants. There are more than twenty 

thousand species of algae, but share several characteristics, including no roots, no legs, no 

flowers, no leaves, most of them live in water, fresh or saline, and are rarely found in soil. It 

is one of the most prominent eukaryotic species and the most famous C. reinhardtii, 
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Dunaliella salina and Scenedesmus obliquus from the class Chlorophyceae and Chlorella 

kessleri from the class Trebouxiophyceae. 

In this research the microalgae species used to produce biogas is Dunaliella salina, 

this species was first discovered in vaporization ponds in 1838 by Michael Felix Dunal, in 

1905 named by Teodoresco. After the discovery, Dunaliella salina became a model for the 

study of salt adaptation, create a consistent membership concept was replaced to provide a 

largely osmotic balance based on the Dunaliella study species. More than the accumulation 

of massive β-carotene by some species under appropriate growth conditions led to 

interesting implementation (Oren, 2005). 

Taxonomy of Dunaliella salina, is a genus of single-celled algae belonging to the 

family Polyblepharidaceae, its cells lack a solid cell wall. It was described into two species 

in 1905 by Teodoresco: 

1.  D. viridis is smaller than D. salina, and remains green. 

2. D. salina cells are larger and under the right conditions they collect huge amounts of 

carotenoid pigments. 

Dunaliella salina classification according to (Sakthivel et al., 2011) is as follows: 

Kingdom : Plantae 

Phylum : Chlorophyta 

Class : Chlorophyceae 

Order : Volvocales 

Family : Dunaliellaceae 

Genus : Dunaliella 

Species : Dunaliella salina 

 

2.1.1. Cultivation of microalgae 

The process of extracting algae depends entirely on the type of moss to be 

cultured; freshwater algae should be selected and prepared in appropriate environments 

where fresh water is an essential element in the composition of the environment, as well 

as algae living in salt water. Selection and preparation of suitable environments where 

saline water is an essential element in the installation of the environment, there are two of 

the most widely used systems for the cultivation of microalgae: 

• Open systems: as round pounds, racetrack-type ponds. 

• Closed systems: such as photo- bioreactors column (vertical), photo- bioreactors plate 

and horizontal tubular photo- bioreactors. 
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Each system has advantages and disadvantages (Dudek et al., 2012). Can be 
summarized in Table 2.1. 

Table 2.1. The advantages and disadvantages for each system of bioreactor (Dudek et al., 
2012) 

Types of System Advantages Disadvantages 

• Open 
system 

Round pounds, 
racetrack type 
pounds 

1. Its most important 
feature is that it is 
economy system. 

2. It is easy to use and 
clean after finishing the 
culture. 

3. Finally, they are good for 
growing algae on a large 
scale. 

1. Decreased remarkable 
ability to control culture 
conditions. 

2. There is difficulty in 
growing long-term 
algae. 

3. Limited number of 
items, cultivation prone 
to external factors 
(predators, disease, 
and pollution). 

4. Limited number of 
culture species also it 
is also of large size. 

 Photo-bioreactors 
column (vertical) 

1. One of the most 
distinguishing features is 
that good mixing and low 
strees. 

2. High scalability potential 
and low energy 
consumption. 

3. Good for freezing algae 
also easy to ensure 
infertility. 

1. It is small area of 
exposure. 

2. Its contruction requires 
the use of 
sophisticated 
materials. 

3. Exposure to 
hydrodynamic strees. 

4. There is a decrease in 
surface exprosure with 
increased column 
diameter. 

• Close 
Systems 

Photo-bioreactors 
plate 

1. Of the most significant 
characteristic of large 
surface area exposure. 

2. Have the ability to 
immobilization of algae; 
it is also suitable for 
outdoor culture. 

3. It is easy to clean, as it 
has a low concentration 
of oxygen. 

4. Its productivity is good 
as well it is considered 
relatively cheap. 

1. The most prominent 
defects are the 
problems of controlling 
the temperature of 
culture. 

2. Increasing the size of 
the reactor requires 
the use of multiple 
rooms and supporting 
structures. 

3. The possibility of 
hydrodynamic stress in 
some types of algae, 
also danger of dirt 
walls. 
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2.1.2. Factors determining the microalgae cultivation 

There are major factors that determine the growths of microalgae are: 

• Temperature is the main factor that microalgae need to grow, ranging from (16-27 ° C) in 

addition exposure to light (1 000-10 000 lx). While pH levels  (4−11) according to the 

medium (Mata et al., 2010).  

• The concentration and quality of nutrients, also the concentration of carbon dioxide is 

determining factors for growth of microalgae. 

• Density of culture and salinity, ranging from (12-40 g / l). 

• Disturbance, biological factors, the presence of toxic compounds, heavy metals and 

synthetic organisms, as well as a bioreactor operating conditions (Kumar et al., 2010). 

2.1.3. Microalgae harvesting 

After the microalgae cultivation process and growth as required, the process 

following the cultivation process is the harvesting process, which is the process of 

separating the micro algae from the reactor. Choosing the proper harvesting method 

depends on microalgae species, cell density and culture condition (Carlson, 2007). Methods 

of harvesting basic microalgae before anaerobic digestion in laboratory scale processes are 

sedimentation (González et al., 2012) , centrifugation and manual techniques. 

Not all harvesting methods are suitable for all types of algae. For example, filtration 

is only for large algae. On the other hand, the centrifuge method can be used for all types of 

algae, as well as easy cleaning of centrifuges and easily sterilized as well (Richmond et al., 

2004). To achieve optimal parameters, harvesting methods should be combined for 

example. Pre-concentration (mechanical dewatering-centrifugation), then after focusing 

(centrifuge or thermal centrifuge drying). However, choose the appropriate method or 

methods biomass harvesting should also be adjusted according to economic requirements.  

2.2. Biogas 

Biogas is generated by bacteria through the biodegradation of organic material 

under anaerobic conditions; naturalist generation of biogas is a fundamental and necessary 

portion of the biochemical cycle. It can also be used in both urban and rural areas to meet 

their energy needs; biogas consists of some chemical compounds and can be summarized 

composition of biogas in Table 2.2.  
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Table 2.2. Composition of biogas (Vij, 2011). 

Component Concentration (by volume) 

Methane (CH4) 55-60 % 
Carbon dioxide (CO2) 35-40 % 

Ammonia (NH3) 0-0.05 % 

Oxygen (O2) 0-2 % 

Water (H2O) 2-7 % 

Hydrogen (H) 0-1 % 

Hydrogen suphide (H2S) 2% 

Nitrogen 0-2% 

 

Biogas is a flammable mixture of gases, mainly composed of methane CH4 and 

carbon dioxide CO2, and consists of the decomposition of anaerobic bacteria to the org 

compounds, oxygen. The gases formed are anaerobic digestion of the respiration for these 

microorganisms is analyzed and the composition of the gases depends on the existing 

material is being decomposed. The most important part of the biogas is methane; it is the 

energy carrier of the biogas and has a caloric value of around 10 kWh/Nm³. 

Biogas is a renewable fuel of high quality and can be produced from various organic 

materials (Zhang, 2012). Biogas composition also depends on nutrients; it is a colorless and 

odorless gas and is considered to be about 20% lighter than flammable air and firing with a 

blue torch similar to liquefied petroleum gas and its thermal value  is 20 Mega Joules (MJ) 

/m3, burns are typically 60% efficient in a traditional biogas stove (Vij, 2011). 

2.2.1. Biogas from microalgae 

Over the past decade, growing demand for energy and research on biomass-rich, 

there has also been growing interest in and verification of bioenergy potential obtained from 

microalgae ( González et al., 2012). The rapid growth of algae and the high fat content of 

microalgae make it an alternative to other ground energy crops to produce biogas, however, 

the culture of microalgae and energy production in the beginning research phase. 

Determining the composition of microalgae is a way to apprehend their digestion potential, 

the metal composition of microalgae meets all the requirements of aerobic digestion 

microalgae are a large source of lipids that can be converted biofuel. In addition to 

phosphorus, nitrogen and carbon, which are the main components of microalgae, there are 

other elements whose proportions are very small, such as zinc, cobalt and iron (Richmond 

and others, 2004). These organisms have different percentages of proteins (about 6-52%) 

and lipids (7-23%) as well as carbohydrates (5-23%). These percentages are based on the 

selected microalgae species (Brown et al., 1997). 
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Methane is obtained from microalgae by anaerobic digestion in this process, which 

is fermented in the absence of oxygen, anaerobic digestion is a biochemical process 

through which anaerobic bacteria and organic matter are decomposed for the production of 

biogas at a rate of (55-75%) in addition to the carbon dioxide produced by this process by 

(25-45%) depending on the type selected (Harun et al., 2010). Anaerobic digestion consists 

of several different steps such as hydrolysis, fermentation, acetogenesis and 

methanogenesis (Diltz et al., 2013).  

2.3. Bioreactor 

A vessel that provides the facility of carrying out a chemical process involving the 

organisms or biochemically active substances which are derived from such organisms is 

called a bioreactor. Also, the bioreactor is considered to be a large scale operation in which 

volume or capacity can be accessible to several liters. The term of bioreactor is referred to 

any manufactured or engineered device or system the main target of which is to support a 

biologically active environment easily and effectively.  

Where the anaerobic fermentation process takes place within the bioreactor, the 

designs and sizes of the bio-reactor vary depending on the fermentation processes 

required, it is required to be suitable for the fermentation process. Organic loading rate, 

temperature, time, pH, carbon to nitrogen ratio are important factors to be operated in the 

bioreactors and still are challenges in this process to increase biogas production. 

The research has differed in ways of producing biogas from microalgae, although 

one goal is to obtain energy. On the other hand, some research aims to compare the 

different strains of confirmed microalgae to prove and measure their biogas production 

compared to the other.  

Previous research involving the production of methane from microalgae can be mentioned 

and summarized some of them as follows: 

The first study was done ( Mussgnug et al., 2010), this research about the suitability 

of six species of dominant microalgae has been investigated as alternative substrates for 

biogas production. Where the results of each strain were compared in terms of the amount 

of biogas production, this research proved that the amount of gas produced from 

microalgae is strongly dependent on the choice of strain, Chlamydomonas reinhardtii was 

the first strain and efficient with a production of 587 ml. In this research the focus was also 

on C. reinhardtii strain for the production of biogas, this was done on successive processes 

from the process of cultivation and growth of this strain to the process of fermentation and 

anaerobic digestion. The research concluded the following results: 
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     After a variety of different microalgae strains were selected which includes five 

eukaryotic microalgal species, four green algae (C. reinhardtii, Dunaliella salina and 

Scenedesmus obliquus from the class Chlorophyceae and Chlorella kessleri from the class 

Trebouxiophyceae) and one euglenoid species (Euglena gracilis from the class 

Euglenoidea) as well as the prokaryotic cyanobacterium Arthrospira platensis (class 

Cyanophyceae). D. salina and A. platensis are halophilic species; all other species tested 

are fresh water microalgae. For 32 days, biogas production was evaluated in anaerobic 

fermentation batch; equal amounts of dry biomass were loaded. Experiments have shown 

that the amount of gas produced depends heavily on the selected microalgae species, C. 

reinhardtii was identified as the first pillar in terms of the amount of biogas production about 

587 ml. As shown in Table 2.3. 

Table 2.3. Summary of the microalgal species used and the fermentative biogas production 
characteristics. The biogas yield is calculated relative to the control substrate maize silage 
(Jan H Mussgnug et al., 2010). 

(P)ro – or (E)ukaryotic species Fresh(F) 

or salt (S) 

water 

Biogas 

production 

(ml g VS-1) 

CH4 

content 

Methane 

yield (% 

control) 

Arthrospira platensis (P) S 481 ± 13.8 61% 83% 

Chlamydomonas reinhardtii (E) F 587 ± 8.8 66% 111% 

Chorella kessleri (E) F 335 ± 7.8 65% 62% 

Dunaliella salina (E) F 505 ± 24.8 64% 93% 

Euglena gracilis (E) F 485 ± 3 67% 93% 

Scenedesmus obliquus (E) F 287 ± 10.1 62% 51% 

Zea mays (E) F 653 ± 37.7 54% 100% 

 

The degree of cell degradation is critical to the efficient conversion of biomass algae 

to biogas. As a result, this research investigated the cellular breakdown of the algal 

substrate of light microscope. Dissipate fresh algae and add to the fermented batch and 

kinetic cell dissociation determined by counting the cells. Interestingly, saline species 

disintegrated very quickly after adding to the fermented sludge. In general, low cell 

degradation is well correlated with the amount of biogas produced. It should be noted that 

all biodegradable species easy to investigate in this study did not get on the cell wall. 

The large-scale industrial growth of microalgae is still in its infancy, so algae 

biomass is rather expensive. It seems that the general consensus today is that 

environmental concepts must be adopted to achieve economic feasibility, where algae are 

used to produce valuable material before being fermented (Chisti, 2007). Through 
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experiments it became clear that C. reinhardtii  has the ability to produce hydrogen under 

anaerobic conditions (Doebbe et al., 2007). 

After collecting and comparing the results, some research found that microalgae 

grow in the middle of a liquid to mass cultivation, and usually the content of the dry mass is 

less than 15 g/L culture, although up to 84 g/L have been reported (Hu et al., 1998). 

Therefore, insufficient biogas production requires a concentration step, for example filtered 

or centrifuge, the biomass of fresh algae still contains a high degree of water despite the 

dependence on the centrifuge method, for example in this study the case of 

Chlamydomonas pellet after centrifugation ca. 6% VS and 94% water. The most likely 

causes of low biogas production are the loss of volatile organic compounds with high 

fermentation potential and / or low access to dried organic compounds for biosynthesis of 

bacteria within fermented sludge. 

However, the results show that drying is harmful in terms of biogas production and 

should be avoided. Since biomass drying requires energy of some kind it can be concluded 

that most energy is an effective way to use biomass for fermentation is the use of fresh 

biomass and transport avoidance if possible. 

Further study was done(Jankowska et al., 2017). The objective of this study was to 

give a comprehensive review of the production of biogas from biomass microalgae. This 

study showed the definition of algae and its characteristics, it also showed the process of 

cultivation of microalgae and harvesting methods, the study also showed the anaerobic 

digestion of microalgae that occur within the bioreactor. In addition, the literature included 

limiting the applications of microalgae to energy production. Finally, examples of joint 

digestion of microscopic algae are described with different waste streams as well as the 

suggestion of microalgae AD based biorefineries were described. Figure 2.1 shows a 

production series of microalgae biomass value.  
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Figure 2.1. Microalgae process value chain (Jankowska, Sahu and Oleskowicz-Popiel, 2017). 
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Also further study was done (Uggetti et al., 2017), described the main tests in this 

area, highlighting the options available increase the production of methane from microalgae 

(i.e. pre-treatment and diagnostics) and technology bottlenecks. Finally, it looks at the 

aspects of energy, economy and the environment. This study also showed the anaerobic 

digestion processes occurring within the bioreactor and the resulting processes such as 

biogas and other chemical compounds.  

 In point of fact, operating (i.e. hydraulic retention time, bioreactor design and 

temperature) and farming conditions, responsible for changes in cellular proteins, 

carbohydrates and fats, may lead to a significant change in methane conversion. Because 

of the cell wall structure of various algae species, the performance of anaerobic digestion is 

a highly specific strain. Table 2.4. shows methane yields from different microalgae strains. 

Table 2.4. Methane production from different microalgae species (Uggetti et al., 2017). 

Microalgae Methane yield (L CH4/g VS) 

Spirulina sp. 0.26 – 0.32 
Chorella vulgaris 0.15 – 0.35 
Scenedesmus residue after lipid extraction 0.1 – 0.14 
Microalgal biomass 0.10 – 0.18 
Chlamydomonas reinhaedtii 0.39 
Dunaliella sp. 0.32 – 0.44 
Scenedesmus oliquus 0.18 
Spirulina maxima 0.09 – 0.15 
Chorella and Scenedesmus biomass 0.09 – 0.16 

 

The study also looked at some ways to improve the performance of anaerobic 

digestion, where it proved that anaerobic biodegradation is limited by cell walls of micro 

algae, consisted of slowly biodegradable molecules such as hemicellulose and cellulose. 

There is therefore an urgent need for HRT or some pre-treatment techniques to enhance 

the rate of anaerobic degradation. 

 In fact, methane yields of common chlorine were improved from 0.11 to 0.18 L 

CH4/g VS by increasing the HRT from 16 to 28 days  (Ras et al., 2011). In the case of 

microbiomass from wastewater treatment systems, methane yields improve from 0.10 to 

0.18 L CH4/g VS by increasing HRT from 15 to 20 days (Passos and Ferrer, 2014). Primary 

treatment methods have proven successful in enhancing methane revenue from complex 

biomass and / or cell structures, such as lignocellulosic biomass, several strains of 

microalgae and sewage sludge. Recent studies have proved through its findings that 

microalgae pretreatment is effective at improving anaerobic digestion performance. 
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The growing interest in the production of biogas in microalgae requires a detailed 

assessment of the energy, costs and potential environmental impacts of the entire chain of 

operations, from biomass production and biogas utilization, experimental data on a pilot 

scale would contribute to a more environmental aspects and realistic assessment of 

economic. 

Also within previous studies conducted (Passos et al., 2013). The aim of this study 

was to assess effect of microbiological treatment on the degradation and anaerobic 

digestion of algal bacteria grown in high- modified algae ponds for wastewater treatment. 

This study also evaluated the effect of pre-treatment of microwaves on anaerobic solubility 

and anaerobic digestion of microbial microorganisms grown in high rate algal pond (HRAP). 

The key parameter influencing biomass thawing was the applied energy; a similar 

increase in solubility was obtained for the same qualitative energy, regardless of production 

capacity also the time of exposure (280-350% for 21,800 kJ/ kg TS, 580-610% for 43,600 

kJ/ kg TS and 730-800% for 65,400 kJ/ kg TS). This pretreatment resulted in an increase in 

the production of biogas (27-75%) and final biogas production (12-78%) in the BMP tests. 

Therefore, this study has demonstrated that, microwave irradiation promotes microalgae 

Solubilization, increases methane production potential and accelerates anaerobic digestion 

rate. 

      Previous studies mentioned in one table can be summarized as in the table 2.5. 
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Table 2.5. Summary of previous research on the production of biogas from microalgae. 

Research Year Author Type of 

micro algae 

Method Result 

1. Microalgae as 

substrates for 

fermentative 

biogas production 

in a combined 

biorefinery 

concept 

2010 J.H. Mussgnug 

, V. Klassen, 

A. Schlüter, O. 

Kruse 

C. reinhardtii  1. Growth and 

culture conditions 

of C. reinhardtii  

 

2. Hydrogen 

production in C. 

reinhardtii. 

 

3. Anaerobic 

substrate 

fermentation and 

biogas analysis. 

1.Microalgal 

biogas 

production 

dependent on 

the selected 

strain. 

 

2.Biogas 

production 

from (C. 

reinhardtii) 

about 587 ml. 

 

3. Methane 

yield (% 

control) for (C. 

reinhardtii) is 

111%. 

 

2. Biogas from 

microalgae: Review 

on microalgae's 

cultivation, 

harvesting and 

pretreatment for 

anaerobic digestion 

 
 

2016 Jankowska, 

Ewelina 

Sahu, Ashish 

K 

Oleskowicz-

Popiel, Piotr 

Different 

strains of 

microalgae  

Review on 

microalgae's 

cultivation, 

harvesting and 

pretreatment for 

anaerobic 

This research 

proved that the 

amount of gas 

produced 

depends on 

the quality of 

the selected 

microalgae 

strain 

3. Recent 

Achievements in 

the Production of 

Biogas from 

Microalgae 

2016 Uggetti, Enrica 

Passos, 

Fabiana 

Solé, Maria 

Garf, Marianna 

Ferrer, Ivet 

different 

microalgae 

species 

Anaerobic 

biodegradabilit-y 

Pre-treated 

algae improve 

anaerobic 

digestion and 

increase 

methane 

yields 

4. Biogas production 

from microalgae 

grown in 

wastewater: 

Effect of 

microwave 

pretreatment 

2013 Fabiana 

Passos, Maria 

Solé, Joan 

García, Ivet 

Ferrer 

 

microalgae–

bacterial 

biomass 

cultivated in 

high rate 

algal ponds 

for 

wastewater 

 

 

Effect of 

microwave 

pretreatment on 

microalgae 

The 

pretreatment 

of 

concentrated 

biomass 

seemed 

imperative to 

obtain a 

positive 

energy 
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2.4. Wastewater substrates 

2.4.1. Whey 

     Whey is a byproduct of processing dairy products like cheese in the form of liquid 

organic matter and is contributing large amounts of pollutants to water cheese 

production waste that can damage the environment because not used properly. But 

whey still has content of organic ingredients such as lactose, vitamins, minerals, 

protein and lipids (Azizah et al., 2012). With womb organic material that is 

biodegradable, whey has large enough potential to be processed into biogas. Study 

previously added whey in Madura cattle feces to increase gas production methane with 

a control variable adding water to feces cattle show results that whey has the potential 

to optimize methane production, (Krisdiyanty et al., 2014). Where methane production 

1465 vs 613 ml / l active digester volume. 

2.4.2. Liquid waste tofu 

      Tofu waste is a by-product of the process making tofu that has not been used 

where waste tofu contains organic ingredients that naturally become Methanogen 

bacteria habitat so that it has the potential to be used substrate for biogas production 

(Chotimah, 2010). Addition to contains high organic matter, availability of waste tofu in 

Indonesia is very abundant and can cause water pollution when directly discharged into 

the environment. Waste knows divided into 2 namely solid waste in the form of tofu, 

and tofu liquid waste. Solid waste comes from the process filtering while liquid waste is 

the result of the process of immersion, washing, clumping, and printing (Trianti et al., 

2017). In making tofu, around 90% the water used is wasted into waste where it is 

inside the liquid waste still contains organic matter high. Therefore, liquid waste knows 

very potential for used as a substrate for making biogas. 

Tofu liquid waste can be treated biologically because still contains organic ingredients 

that can be overhauled by microorganisms. Characteristics of tofu wastewater 

containing organic matter is high and has a degree of acidity low is 4-5, with this 

condition the liquid waste knows can pollute the environment when immediately 

discharged to body of water (Angraeni, 2014) Organic matter in waste tofu include 

protein, calories, fat, and carbohydrates. The ingredients consist of 40-60% protein, 20-

50% carbohydrates, and 10% fat (Trianti et al., 2017).  

Fresh tofu liquid waste usually has a temperature higher than raw water, which ranges 

from 40-46 C° which obtained from the process of cooking soybeans (Disyamto et al., 
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2014). Generally, tofu liquid waste has a C / N ratio as big as 15-25. This figure is still 

fairly low because according to the C / N ratio needed for anaerobic fermentation 

ranges from 20-30 (Kaswinarni, 2007). 

      However, several experiments conducted by the Initial Surface Absorption Test 

(ISAT) showed that the metabolic activity of methanogenic bacteria can be optimized at 

a C / N ratio of around 8-20, the factor that causes low C / N ratio in tofu liquid waste is 

the amount of nitrogen because the tofu liquid waste contains high protein, which is 

around 40-60%. 

Proteins are functional molecules formed from one or more polypeptides consisting of 

amino acids where amino acids are composed of carboxyl groups (-COOH) and 

amines (usually –NH2) (Mishra et al., 2017). The amine group contains N elements so 

that it causes a high amount of nitrogen in tofu liquid waste. However, the C / N ratio of 

tofu liquid waste has different values depending on the source of waste obtained. 

2.4.3 Activated sludge 

     Activated sludge is a process of suspended microbial growth. Active sludge 

contains biological suspensions which actively degrade organic matter by breaking 

down pollutants in waste through metabolism. The activated sludge process in 

wastewater treatment depends on the formation of activated sludge floc formed by 

microorganisms (Herlambang, 2011). 

Active sludge is made by mixing wastewater with biomass into an aeration tank where 

biomass develops by utilizing the substrate in waste water biologically. Then 

sedimentation is carried out to separate the biomass that has formed the floc. 

       According (Von Sperling, 2017), floc formation occurs because of the production of 

agar matrix which allows bacteria to degrade the organic content in waste so that it 

becomes a macroblock. 
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CHAPTER 3 RESEARCH OUTLINE 

 

3.1. Theoretical background  

In this research, production of biogas from Dunaliella salina in steps starting from 

design of bioreactor and ending with the process of anaerobic fermentation and gas 

extraction from the bioreactor. In this research, Dunaliella salina was selected because it is 

a second strain in amount of producing suitable yield of biogas and its availability in 

Indonesia compared to other strains. The next is an abstract of the most important steps 

that will follow the above processes: 

• Bioreactor:  

The bioreactor is designed in a small size to match the samples taken to complete 

anaerobic digestion. The bioreactor is designed in the appropriate size within the 

laboratory, also the exterior structure is also designed from a strong corrosion resistant 

material. This study is appraised a process preferable than a quantitative product, so a 

small sample has been taken for clarification  

• Anaerobic digestion: 

Bioreactor suitable for the required fermentation process is designed with all 

necessary conditions. Dry biomass (Dunaliella salina) is placed inside the bioreactor, mixed 

with activated sludge and different substrates such as tofu and whey of cheese 

corresponding by percentages and quantities which will be explained later in the exact 

methods and materials. The fermentation period is carried out for different days, so that is 

suitable for living organisms within the bioreactor to produce biogas under different 

temperatures. 

3.2. Hypothesis 

We assume that the amount of biogas produced from microalgae (Dunaliella salina) 

will be more yield by increase the temperature which around bioreactor until 38oC. To test 

our hypothesis, we will collect and compare data when the peripheral temperature is 

increased by the bioreactor which prepared for fermentation of the Dunaliella salina. The 

observations should be focused on whether the amount of biogas produced has reached 

the appropriate yield. If successful, our study will provide the required data for the 

appropriate temperature for small algae in anaerobic digestion, which helps to increase 

yields of methane produced from anaerobic digestion of microalgae, in particular the 

Dunaliella salina as one of the most productive for biogas. 
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In specific, we will concentrate on the design of bioreactor, which we also assume is 

designed in size commensurate with the amount of substrates entering the anaerobic 

digestion to production of biogas from tofu and whey of cheese also activated sludge using 

microalgae, specifically the Dunaliella salina, which already produces adequate amounts of 

biogas from this strain.      
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CHAPTER 4 MATERIALS AND METHODS 

4.1. Time and place 

This research was conducted in December 2017 until November 2018 in Post-

Harvest and Food Process Engineering Laboratory, Department of Agricultural Engineering 

Faculty of Agriculture University of Brawijaya Malang. 

4.2. Materials and tools 

The tools and materials used vary according to the work to be done, and can be 

classified accordingly as follows:  

4.2.1. Tools and materials used in anaerobic digestion 

The most important tools and equipment used in anaerobic digestion are: 

1. Bioreactor:  

It is the most important and the largest tool through which the process of fermentation 

and anaerobic digestion is carried out. 

2. Design of bioreactor:  

The design of the bioreactor can be classified into two main parts: 

 

• Structure design 

     The structure of the bioreactor is made of stainless-steel tube with a thickness of 2 

mm surrounded by a jacket. The bioreactor tube has a volume capacity of 250 ml with a 

diameter of 5 cm and a height of 12.5 cm. The jacket surrounding the bioreactor is made 

of stainless steel and through it is passed water is increased temperature through the 

heater when the need to increase the temperature inside the bioreactor. Double jacket 

has a height of 10 cm diameter 8 cm so that the distance between the reactor tube and 

double jacket is 1.5 cm. There is a thermocouple on the inside of the bioreactor to 

measure the temperature of the substrate where the thermocouple will be connected to 

the data logger. The temperature control system is performed using a double jacket with 

a heat conducting medium of water that is circulated from the heater. The bioreactor also 

contains stirring system using a magnetic stirrer. At the tube cap, there is a hose as the 

biogas output passing through the manometer to measure gas pressure, to include gas 

collection tubes. The bioreactor design can be seen in Figure 4.1, Figure 4.2, and 

Figure 4.3. 
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Figure 4.1 Bioreactor Design 

 

A. Reactor tube.                  B. Double jacket 

C. Heater.                            D. DC Fan. 

E. Manometer.                    F. Thermocouples. 

G. Thermostat.                    H. Hose. 

I. Measure Glass.                J. Buffer. 

K. Magnetic stirrer bar. 

 

 

 

 

 

  

                                                                                 Figure 4.3 Top view of the bioreactor 

 

Figure 4.2 Front view of the bioreactor  
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• Functional design 

Each part of the bioreactor is designed to perform a function where a jacket is 

placed around the bioreactor to pass a liquid inside to raise the temperature of the 

bioreactor if necessary. A shaft is also designed in the middle of the bioreactor which is 

controlled by a stirring device placed outside the bioreactor at the top and its function is 

to move the inner shaft to mix the biomass found inside bioreactor, while the biomass 

sample is passed into the bioreactor via the feed hole located at the top of the 

bioreactor. On the other hand, the slurry is removed from the exit hole that is designed 

under the bioreactor; the temperature of the bioreactor is measured by the heat sensor 

while pH is measured by pH sensor. Biogas pressure is measured by pressure gauge 

which on the gas tube outside bioreactor. 

3. Thermostat: 

The temperature is controlled by thermo regulation. 

4. Manometer: 

It is a pressure gauge where we will need to measure the gas pressure produced by the 

anaerobic fermentation process by a manometer. 

5. Data logger:  

To display values and show recorded temperatures. 

 

4.2.2. Materials 

In this research, the following materials were used in the process of 

fermentation and anaerobic digestion: 

1. Dry biomass of microalgae (D.salina) about 1g. 

2. Activated sludge from local sewage plant 20 ml 

3. Whey of cheese water (100 ml).  

4. Tofu waste water (100 ml). 

 

4.3. Research variables 

 The variables in this study consisted of 2 types, namely: 

a. The independent variable includes the fermentation time in making biogas which is 7 

days, 14 days and 21 days. 

b. The dependent variable includes the volume of biogas and methane content produced 

for 7 days, 14 days and 21 days. 
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4.4. Research methods 

     The method used in this study is descriptive method. Descriptive method aims to 

determine the value of a variable without making comparisons and to test the 

predetermined hypothesis. The results of observations are presented in the form of tables 

or graphs which are then analyzed descriptively. This study was conducted to determine 

the effect of fermentation time on the volume of biogas and methane content produced for 7 

days, 14 days and 21 days. Biogas production is carried out using microalgae, tofu liquid 

waste or whey of cheese water and activated sludge with their respective compositions of 1 

gram: 100 ml: 20 ml. The results of observations are displayed in graphical form as a profile 

of the increase or decrease in the volume of biogas and methane levels.  

4.5. Anaerobic digestion processes within the bioreactor 

 1 g of dry biomass of microalgae (D.salina) is mixed with 20 mL activated sludge 

from local sewage plant with: 

1. Whey of cheese water 100 ml (In case of production of bio-gas from whey of cheese 

water). 

2. Tofu waste water 100 ml (In case of production of bio-gas from tofu waste water).  

 

 The anaerobic digestion was done in 4 different bioreactors in case production of 

biogas using tofu substrate, 3 bioreactors in the same temperature average. Bioreactor 1 

within 7 days, bioreactor 2 within 14 days and bioreactor 3 within 21 days, but 4th one in 

set temperature 38 ° C bioreactor within 7 days. On the other hand, in case using whey of 

cheese substrate the anaerobic digestion was done in 6 different bioreactors, 3 of them in 

the same temperature average. Bioreactor 1 within 7 days, bioreactor 2 within 14 days 

and bioreactor 4 within 21 days, but bioreactors 4, 5 and 6 in set temperature 38 ° C 

within 7 days for bioreactor 4, also within 14 days for bioreactor 5 and 21 days for 

bioreactor 6. 

 

Each bioreactor has capacity 250 mL and stirred by stirring magnetic device 1500 

rpm until the sample is well mixed for 2 minutes one time every 2 days. 

The temperature is raised to 38 ° C by passing a liquid has 38 ° C inside the jacket 

which around the bioreactor, where fermentation occurs in the absence of complete 
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oxygen. The anaerobic digestion and fermentation process of the biomass lasts about 21 

days as maximum, the fermentation period is fragmented into intervals 7, 14 and 21 The 

steps by steps for making biogas from microalgae can show in Figure 4.4. 

 

4.6. The measurements 

There are some important measurements made in this research on the samples of 

anaerobic digestion, some of them were conducted before the anaerobic digestion, some 

during it and other measurements after the anaerobic digestion. 

4.6.1. Measurement of pH 

pH measurement is carried out to determine the acidity of the substrate, both at the 

beginning before fermentation and after fermentation. pH measurement was carried out 

using a pH meter by inserting the electrode into a 120 ml sample in a beaker and then the 

pH meter was read. The pH of the substrate was measured before and after fermentation, 

namely on days 0, 7, 14 and 21. In the measurement of day 0, pH was measured in order 

to condition the pH of the substrate so that the substrate has an optimal pH, because very 

acidic conditions can inhibit the process biogas formation due to the imbalance of the 

population of methane bacteria and acid bacteria. the acidity of the substrate for biogas is 

recommended to be in the pH range 6.5 to 8. 

4.6.2. Measurement of temperature 

The temperature of the substrate is controlled by using a double jacket containing 

water as an intermediate medium where water is heated inside the heater and maintained 

at 38oC using a thermostat then circulated into a double jacket using a pump. 

Biogas temperature measurements were carried out to determine the temperature of 

the gas inside the bioreactor using a sensor (thermocouple) located inside the bioreactor. 

Thermocouples connected to a data logger will then be displayed on the display. The 

temperature of the biogas is observed every day in order to determine the temperature 

profile of the biogas during fermentation. 
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4.6.3. Measurement of biogas pressure 

The gas that has accumulated in the bioreactor is measured by using a manometer 

with a maximum pressure of 1 bar. Biogas pressure measurement is done by looking at 

the needle on the manometer located at the top of the bioreactor. Biogas pressure is 

observed and recorded every 24 hours to determine the amount of pressure generated by 

biogas every day as an indication of the gas formed. 

4.6.4. Analyze the volume of biogas 

Analysis of the volume of biogas produced from the anaerobic digester process is 

done by measuring the value of substrate COD (Chemical Oxygen Demand) on days 0, 7, 

14, and 21. From the data, a decrease in the COD value is generated where the 

calculation is done at 3 times, namely from days 0 to 7, 0 to 14, and 0 to 21. From the 

results of the decrease in COD can be calculated how many volumes of gas are produced 

using the formula: 

 

 

Information: 

Vg  : Gas volume (L) 

VS  : Substrate volume (L) 

COD0 : COD on day 0 (mg / L) 

CODn : COD on day n (7,14 and 21) (mg / L) 

0.44 m3 : Volume of biogas for every 1 kg COD decrease 

 

4.6.5. Determination of methane levels (CH4) 

Determination of CH4 gas levels can be done using Flame Ionization Detector Gas 

Chromatography (GC-FID). Measurement of CH4 levels was carried out on the 7th, 14th 

and 21st days in a way drain the gas through a hose that is connected to the reactor and 

Vg = [(COD0-CODn) x Vs] x 0.44 m3  
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then the gas enters the gas cylinder. Analysis of CH4 gas using FID GC is done by taking 

a gas sample that is located in a gas storage tube using a syringe, then the sample is 

injected into the septum and enters the sampling valve, the gas sample then goes into gas 

chromatography and the data is analyzed in peak form and interpreted in shape of the 

area.  
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Figure 4.4. Flow diagram of biogas production from microalgae 
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CHAPTER 5 RESULTS AND DISCUSSION 

 

5.1. Characteristics of Raw Materials 

       The materials used in this study are mixture of Dunaliella salina, whey waste, tofu 

waste water and activated sludge as a starter. Before being used in making biogas, each 

ingredient is analyzed for the C / N ratio. 

     C / N ratio or the ratio of carbon to nitrogen is the ratio of mass carbon to the mass of 

nitrogen in a substance. All the materials used in this research were analyzed for the 

production of biogas in terms of C / N ratio, the following results have been reached: 

Table 5.1 C / N ratio data 

Material C. organic  

% 

N. Total  

% 

C/N organic 

material 

% 

Tofu 0.320 0.040 8 0.554 

Whey of 

cheese 

3.040 0.114 27 5.259 

Activated 

sludge 

0.400 0.032 12 0.692 

Microalgae 21.15 1.72 12 36.58 

 

      Comparative characteristics of carbon and nitrogen (C / N ratio) in Dunaliella salina in 

Table 5.1 which is 21.15: 1.72, which shows that the amount of carbon is more compared 

amount of nitrogen. The carbon contained in the material works as an energy source for 

microorganisms and becomes wrong one constituent in the anaerobic degradation process. 

Carbon this will be respected 2/3 parts to CO2 and the rest will be combined with nitrogen in 

the cell. 

The carbon that is not used in cell microorganisms will then be released for the production 

of methane gas (CH4). Nitrogen plays a role in providing important elements in amino acid 

synthesis, neutralize volatile acids and also help achieve neutral pH. C / N ratio value too 

low causes nitrogen to be released and accumulates in the form of ammonia (NH4), this is 

toxic for the digester environment.  

      But if the value is a C / N ratio too high, nitrogen will be quickly consumed by bacteria 

so the gas produced is low (Herawati et al., 2010). Dunaliella salina also contains organic 

ingredients amounting to 36.58%. In the presence of organic matter which is high enough to 
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make Dunaliella salina worthy of being made as raw material for producing biogas. 

Dunaliella salina acts as a provider of nutritional intake for good bacteria acidic bacteria and 

methane bacteria during the fermentation process take place. This shows that Dunaliella 

salina has a large carbon content, in this study has an organic carbon content of 21.15% as 

well can affect the value of C / N ratio. Carbon content high in Dunaliella salina can 

increase potency Dunaliella salina to be used as a substrate for microorganisms in biogas 

formation. 

       Dunaliella salina dry biomass has an 18% water content calculated by the gravimetric 

method, calculation of the water content of Dunaliella salina can be seen in Appendix 1. 

 

5.2. Production and analysis of biogas results from tofu using microalgae (Dunaliella 

salina) 

      The tofu liquid waste used is tofu liquid waste fresh which has clear yellow and cloudy 

physical characteristics because it contains suspended solids left over from the printing 

results tofu, has a smell like soybean cooking water, and has a pH 5.3 which means acidic. 

Too acidic pH or too alkaline can inhibit the process of anaerobic digestion, therefore 

mixing with Dunaliella salina is done and activated sludge to optimize pH values. Activated 

sludge used has physical characteristics with form liquid and rather thick because it 

contains lumps called macro floc. Activated sludge is formed due to the production of agar 

matrix caused by clumping of several types of bacteria, active sludge has a brown color and 

smells slightly fishy, has a pH value of 8.3 and a C / N ratio of 12 with organic matter 

content 0.692% (Von Sperling, 2017). 

 In this study, substrate making was carried out by mixing the three ingredients above with 

comparison of 1 gram of microalgae, 100 ml of tofu liquid waste, and 20 ml of activated 

sludge until pH becomes 7.3 which is a value optimal for anaerobic fermentation. 

 

5.2.1. Effect of temperature on biogas production 

        The reaction rate of the biogas formation is influenced by temperature because the 

temperature plays an important role in regulating the course of the reaction bacterial 

metabolism in anaerobic digester / bioreactor. Temperature environment that exceeds the 

tolerance limit of microorganisms will causing the essential proteins and cells to break down 

so that the cell will die. Similarly, if the temperature is less than the limit tolerated it will 

cause nutrient transportation hampered. The temperature observed is the temperature 

inside reactor tube as the place where gas is formed with using a thermocouple that is 
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connected with data logger. While the temperature used to condition the substrate is 

controlled using a thermostat 44°C. 

       Purpose of this observation is to find out the temperature of the gas every 24 hours for 

7 days, 14 days and 21 days. Temperature profile for fermentation is presented in Figure 

5.1 

 

Figure 5.1. Profile of biogas temperature during fermentation time 

 

       In this study using mesophilic temperature conditions because Dunaliella salina can 

live at a temperature range of 25-40°C. Therefore, the substrate is conditioned on a 

temperature susceptibility of 30-35°C, during the fermentation process, the gas temperature 

profile is obtained fluctuating with a value of 27°C to 30.5°C. Overall, at the beginning of 

fermentation from the first day until day 5, the temperature continues to increase in 

bioreactor 1, bioreactor 2, or bioreactor 3. After that temperature fluctuated until the last day 

of fermentation. In this study, the gas temperature in bioreactor 1 averaged around 28°C in 

bioreactor 2 the temperature value is around 30°C and at the bioreactor 3 ranges at 28°C. 

The temperature does not show significant differences in the research of (Darmanto et al., 

2012). which uses mesophilic (substrate temperatures conditioned on 35°C) for 15 days of 

fermentation, and produced a fluctuating gas temperature which also has a temperature 

gas average around 31°C.  

       On the other hand, after the samples were analyzed in this study, a positive result was 

obtained during the fermentation period of 14 days and 21 days while the result was 
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negative in the fermentation period of 7 days, where the fermentation period was repeated 

for 7 days as the temperature changed the temperature was raised to 38°C. Positive results 

were achieved within the bioreactor 4. 

 

5.2.2. Biogas pressure 

        Pressure is one indication that gas is present formed. The gas formed will accumulate 

inside bioreactor during the fermentation process. In making biogas, usually the pressure 

gets bigger along with the length of time fermentation. The reactor used has a fixed volume 

so that when more gas is produced and fill the room, it will cause pressure from in the 

reactor so that the pressure is measured by manometer. Therefore, the fermentation time 

can be affecting the pressure produced. In this research pressure is observed every 24 

hours to determine the presence of gas formed or not. The following is Figure 5.2 which 

shows the relationship between time and biogas pressure. 

 

Figure 5.2. Biogas pressure during fermentation time 

 

       Figure 5.2 shows that each bioreactor has different pressures where bioreactor 2 has the 

highest-pressure profile with a range of 0.05 to 0.2 bar, equivalent to 5000-20,000 N / m2. In 

contrast, bioreactor 3 for 21 days fermentation has the smallest pressure profile with a value 

range of 0-0.03 bar, equivalent to 3000 N / m2 where the pressure starts to be measured on day 

9. In bioreactor 1 the measured pressure ranges from 0.025- 0.06 bar. The existence of a 

significant pressure difference shown by reactor 3 is influenced by differences in the conditions 

of the measuring instrument used. With the same brand and specifications, the manometer in 

bioreactor 3 has a lower sensitivity which causes the resulting performance is not as good as 
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the manometer in bioreactors 1 and 2. Despite the difference between the condition of the 

manometer used, in bioreactor 1, bioreactor 2, and bioreactor 3 is not has a leak so that it still 

produces an anaerobic condition and no gas is lost during fermentation. Increasing pressure 

can be interpreted that the volume of gas formed is greater because the reactor used has a 

fixed volume, different temperatures for each bioreactor make a difference in pressure, this 

confirms the effect of temperature on pressure. 

       On the other hand, the results of reactor number 4 for the 7 days of the fermentation period, 

which differs from the previous three reactors, were monitored by increasing the temperature to 

38 Co, where the gas pressure was higher than the pressure produced in the first three reactors, 

where pressure ranged from 0.1 to 0.43. From the three reactors showed a linear relationship 

between fermentation time and biogas pressure because in the three reactors the pressure 

increases with increasing fermentation time. The relationship between pressure and 

fermentation time is explained in the study (Kim et al., 2006)  which states that fermentation 

time directly proportional to the pressure produced both in actual measurements and theoretical 

calculations using ideal gas equations where the results are not significantly different. 

Therefore, the relationship of time and pressure in making biogas with the volume of the 

digester that is still able to produce a straight relationship between time and pressure, namely 

the more time used for fermentation, the greater the pressure because the gas formed is 

increasing. 

 

5.2.3. Chemical Oxygen Demand (COD) 

           Chemical Oxygen Demand or chemical oxygen demand is the amount of oxygen needed 

to chemically oxidize pollutants in wastewater. According to (Jirka et al., 1975) , the number of 

COD is a measure of water pollution by organic substances that can be oxidized through 

microbiological processes resulting in reduced oxygen dissolved in water. The value of COD in 

this study is an indication that there is degradation of organic matter by bacteria which can then 

produce a certain amount of gas. COD testing was carried out on the substrate before 

fermentation, after fermentation for 7 days, 14 days and 21 days which are presented in Figure 

5.3. 
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Figure 5.3. Relationship between fermentation time and Chemical Oxygen Demand 

 

        Figure 5.3 shows that different fermentation times produce different COD values. Before 

fermentation, the substrate still has a high COD value of 6200 mg / L, in 7 days fermentation 

decreased to 4380 mg / L with% COD reduction of 29.35%. On the other hand, in 7 days of 

fermentation time the temperature of the fourth bioreactor was set at 38°C where the result was 

completely different as COD was reduced by 40.3% which was 3700 mg / L. Then the COD 

value of 14 days fermentation decreased to 3400 mg / L with% reduction of 45.16%, and 

decreased again after 21 days to 2600 mg / L with% reduction of 58.06%. From these data 

indicate that the relationship between the value of COD and the time of fermentation is inversely 

proportional because the longer time is used, the more chemicals are degraded, so the 

dissolved oxygen content in the substrate decreases because bacteria use dissolved oxygen in 

the solution to degrade organic matter.  

        According to (Ma et al., 2006) dissolved oxygen is used by bacteria for the process 

metabolism in order to produce energy, besides oxygen also needed for oxidation of organic 

matter as well inorganic. Therefore, the longer the fermentation time cause the pollutant load 

value in the substrate increasingly down. In addition, the relationship between% COD reduction 

and the fermentation time is directly proportional, the COD number decreases indicates that the 

level of reduction of large organic matter coincides with longer time. Calculation of% reduction 

can be seen in appendix 2. Decrease in COD value is caused because of the degradation of 

organic matter which is increasingly days increasingly decomposes into simpler compounds. 
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5.2.4. Biogas volume 

      The volume of biogas is calculated by decreasing the value of the COD can be seen in 

Appendix 3. In the study of (Thanwised et al., 2012) , explained that the greater the% COD 

reduction, indicates that degraded organic matter becomes organic acids are also getting 

bigger, then acids the organic is converted into methane gas. Therefore thus, a decrease in 

COD indicates biogas production which can produce the volume of gas by the amount certain. 

Apart from being influenced by the COD value, the gas volume is produced also depends on the 

length of fermentation time because the longer time is used, the more there are also many 

organic ingredients that can be consumed by bacteria and converted into gas in the digester. 

Relationship between biogas volume of fermentation time in this study presented in Figure 5.4. 

 

Figure 5.4. Relationship between fermentation time and volume of biogas 

 

       Figure 5.4 shows that the time is longer which is used for fermentation, the volume of 

the biogas the bigger the result. In this study obtained the smallest volume is 7 days 

fermentation with COD value which is greater than day 14 and day 21. Conversely, on the 

21st day the largest volume of biogas was obtained where on the 21st day has the smallest 

COD value. This shows that the volume of biogas is comparable inversely with the COD 

value and is proportional to time fermentation. The declining COD indicates that organic 

material has been degraded to organic acids, the organic is then converted by methanogenic 

bacteria into methane, CO2 and other gases (Desi et al., 2011). The gases will then increase 

during fermentation takes place thereby increasing the volume biogas. In bioreactor 1 
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produces the smallest volume of biogas namely 0.096 L or equivalent to 0.96 x 10-4 m3 ,also 

in bioreactor 4 after temperature was setting 38oC volume of biogas 0.132 L or equivalent to 

1.3 x 10-4 m3  ,then on bioreactor 2 volume of biogas obtained is greater, which is 0.14 L or 

equivalent to 1.4 x 10-4 m3 and on bioreactor 3 shows the highest volume of biogas which is 

equal to 0.19 L or equivalent to 1.9 x 10-4 m3   that indicates that 21 days of fermentation can 

produce gas most compared to fermentation for 7 days and 14 days. 

        From the calculation results, the volume of biogas is relatively small because the 

substrate volume used is also small with a relatively short residence time. But it can conclude 

that very long fermentation time affect the volume of biogas because it's getting longer time 

used, then the substrate to be consumed by decomposers, the more bacteria you can 

produce larger volumes of biogas. 

5.2.5. Methane content 

       Methane is an important component in biogas because methane has a high calorific 

value which one acts as fuel. This compound is produced from methanogenesis stage where 

organic acids are converted by methanogenic bacteria into methane and a number of 

compounds others like carbon dioxide, ammonia, hydrogen sulfide, oxygen, hydrogen and 

nitrogen. In this study the composition gases obtained include CH4, CO2, and air are other 

gases which can be seen in Table 5.2. 

 

Table 5.2 The composition gases obtained include CH4, CO2 and air other gases 

Time (day) Name of component Area Concentration (%) 

7 (before increase 
the temperature)  

CH4 
CO2 

Air (other gas) 
 
 

- 
1,815 

1,613,801 

0 
- 
- 

7 (After increase the 
temperature 38 o C) 

CH4 
CO2 

Air (other gas) 

33,017 
- 
- 

0.03 
- 
- 

14 CH4 
CO2 

Air (other gas) 

93,783 
1,608,348 

- 

0.056 
- 
- 

21 CH4 
CO2 

Air (other gas) 

2,064 
72,316 

1,552,037 

4.57 
95.43 

- 

 

         As is known that the main content of biogas is methane and carbon dioxide. Amount of 

methane content produced depends on the substrate and time fermentation. In this study, the 
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substrate was used has a pH of 7.3 with a fermentation time of 7, 14 and 21 days. The 

relationship between methane levels and fermentation time shown in Figure 5.5 

 

Figure 5.5. Relationship between fermentation time and methane content 

 

         Based on Figure 5.5, reactor 1 shows methane content 0% or methane gas has not 

been obtained for 7 days of fermentation, the bacteria have not reached the stage methane 

or methanogenetic formation, but it has through the stages of hydrolysis, acidogenesis, and 

acetogenesis because gas has been produced such as CO2 and air has an area of 1,815 

and 1,613,801. CO2 and air then it causes pressure inside the reactor increase. The degree 

of acidity (pH) of the substrate at time 7 day rose to 6.8. Changes in pH values are caused 

because fermentation has reached the acidogenesis stage where there is a simple reshuffle 

of the results from hydrolysis into organic acids so acids, the organic increases the pH of the 

substrate.  

     On the other hand, methane was formed during fermentation for the seventh day at a 

temperature increase of 38 ° C in bioreactor 4. Methane began to form on fermentation for 7 

days with value which is very small at 0.03% with an area of 33,017. 

Also, methane began to form on fermentation for 14 days with value which is small at 

0.056% with an area of 93,783. The presence of methane gas indicates that the reaction 

methanogenesis can be achieved within 14 days. In reactor 2 the greatest pressure is 

obtained, this is due to the presence of CO2 and other gases formed causing pressure inside 

the reactor increase to 0.2 bar where the CO2 area is at 14 days sample that is equal to 
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1,608,348. Degree of acidity (pH) obtained on the substrate 14 days more increased with a 

pH value of 6.6.  

        That is because the process of acidogenesis and acetogenesis in reactor 2 last longer 

so that organic acids are produced more until finally entering the stage methanogenesis. At 

21 days fermentation increases significant levels of methane which is 4.57% is the highest 

methane level compared to fermentation for 7 days and 14 days with a pH value to 6.8. 

Decline in acidity occurs due to more and more organic acids are converted to gas methane 

by methanogenic bacteria so that it reduces acidity level on the substrate. Although it 

produces highest methane content, but in reactor 3 obtained very small pressure profile 

where new pressure is visible on the 9th day. This was due to an internal error observation 

due to less sensitive manometer conditions on reactor 3 so that the pressure is not measured 

maximally. 

        Besides that, it can be due to the slow pace initial reaction formation at the stage of 

compound degradation organic so the pressure formed is also slower than reactors 1 and 2. 

Overall, the amount of methane obtained influenced by the time of fermentation which is 

getting longer time used shows the methane content more and more with higher volumes of 

biogas. 

This is consistent with the research of (Mussgnug et al., 2010) one of which uses several 

microalgae Dunaliella salina, in getting a linear relationship between biogas production with 

fermentation time where fermentation carried out for 30 days and produce the womb 

methane up to 64%. Data on deep methane content analysis this research can be seen in 

Appendix 7. Content methane and the volume of biogas produced in the study this is 

relatively small because of the volume of the substrate also used a little which is 120 ml with 

time relatively short fermentation so it has not been obtained biogas with maximum methane 

content. Factor another that makes the low production of methane is value C / N ratio in 

materials that are not optimal for anaerobic fermentation. But it can be seen that microalgae 

especially Dunaliella salina and liquid waste know potentially to produce biogas as the 3rd 

generation in development of renewable energy. 

 

5.3. Production and analysis of biogas results from whey using microalgae (Dunaliella 

salina) 

     Whey waste water has a C / N ratio of 27 and fulfills requirements as raw material for 

producing biogas which is the recommended C / N ratio for making biogas, namely by 20-
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30 (Sitompul et al., 2012). 27 is the result of the analysis obtained from the laboratory of the 

University of Brawijaya based on the content of C / N ratio as in appendix 1. 

Addition of waste Whey is intended to increase the volume of the biogas produced, 

because more organic material is in n the digester the higher the volume of biogas 

produced. 

Various experiments were conducted in terms of controlling the temperature of bioreactors 

after achieving negative results in terms of methane content, these experiments were 

conducted at different stages in terms of fermentation time. 

5.3.1. pH (acidity degree) 

      The degree of acidity or pH is a parameter important that affects biogas production 

because of its pH not suitable will affect growth microorganisms during the fermentation 

process or during anaerobic degradation. (Sreekrishnan et al., 2004) stated the condition of 

the pH on the digester must be maintained in the range of 6.8-7.2 or neutral pH. In this study 

6 bioreactors were used, the first bioreactor and fourth one is used for the fermentation 

process for 7 days but both are under different temperature settings, the second and fifth 

bioreactor is used for the fermentation process during 14 days. While the third and sixth is 

used for the fermentation process anaerobic are presented 21 days also all of them have 

different temperature as in Figure 5.6 and pH data can be seen in appendix 8. 

 

Figure 5.6 The alteration of pH during fermentation process 
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substrate of 7 days after set the temperature 38°C decreased pH from 6.8 to 4.9 in 4th 

bioreactor. This indicates that at that time period it has been the hydrolysis process occurs 

followed by the stage acidogenesis which is the product of the hydrolysis process converted 

to methanogen substrate by bacteria acidogenic which produces volatile fatty acids (acid 

acetate, butyric acid and propionate), acetic acid, CO2, H2, and alcohol (Al Seadi et al., 

2008). During the trial 14 and 21 days the substrate has a pH decrease of 6.8 to 4,6 and 4,2 

which is too acidic. But after set temperature on 38C for the substrates of 14 and 21 days for 

5th and 6th bioreactors pH become 4.2 and 4.1. 

      Increased acid concentration indicates that bacteria acid forming with no methane 

forming bacteria in balance. In acidic bacterial conditions methane is disturbed, these 

methane bacteria multiply more long compared to other dominant bacteria, namely forming 

bacteria acid. The pH value is relatively decreased at the end observations caused by 

acidogenesis bacteria producing acetic acid, hydrogen, carbon dioxide, and Volatile Fatty 

Acid (VFA) which is not all converted into biogas but some become parts or components 

inhibitor (Sreekrishnan et al., 2004). 

 

5.3.2. Temperature 

       Temperature is one of the influential factors towards the formation of biogas. The 

temperature referred to in this research is the temperature inside the bioreactor tube (where 

gas is formed) and the tools used for measuring the temperature in this study is the 

thermocouple connected to the data logger so that it can be directly read how much 

temperature is in the tube reactor, if the temperature is too low it will be conditioned by 

heating the heater which is flowed to double jacket on the outside of the reactor through a 

water hose. In this study, the temperature was also raised to 38 o C after the methane 

content was not obtained in the first bioreactors in which the temperature ranged between 26 

– 34. o C. Temperature data presented in Figure 5.7 temperature observation data can be 

seen in Appendix 9. 
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Figure 5.7 Temperature controlled during fermentation process 

 

From Figure 5.7 it can be seen that the temperature fluctuating moves, this is because 

of temperature research the substrate is not conditioned at a stable temperature but rather 

conditioned in a temperature range of 25-35 o C because on the range is the optimum 

temperature recommended for biogas formation. 

 

5.3.3. Pressure 

      Pressure can be used as a determining parameter the presence or absence of a gas in 

the digester, because if it is inside the anaerobic digester has gas, there will be pressure 

which pushed out. In this study pressure was measured directly by looking at the movement 

of the needle a manometer mounted on a bioreactor with a scale the smallest is 1 bar. So 

that it can be known how much a lot of gas is produced during the fermentation process. 

From analysis that has been carried out the pressure has increased and decline. The amount 

of pressure produced is presented in Figure 5.8 and complete pressure data can be seen in 

Appendix 10. 
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Figure 5.8 Development of biogas pressure during fermentation time 

 

     Based on research that has been carried out pressure, where fermentation was carried 

out six substrates for whey, the fermentation period was different from 7 days, 14 days and 

21 days, the first tests were conducted for bioreactors, the temperature was 26 to 34.3 o C, 

while the other three reactors were controlled by temperature 38 o C. at the time of 7 days 

fermentation begins to form gas on 3rd day  and stable until 7th day . Whereas at the 14-day 

fermentation period begins to form gas on the 2nd day and pressure values tend to increase 

with increasing increase in time. At the time of fermentation 21 day which value of fluctuating 

moving pressure is new biogas is formed on 2nd day and the pressure rises to 16th day then 

the pressure drops to 21st day. 

      Changes in pressure values are quite volatile for a long time 21 days fermentation time is 

caused by temperature changes. When the temperature is high, the pressure produced is 

also high, because gas-producing bacteria work well. Bacteria biogas producers are very 

sensitive to temperature changes, if the temperature drops, biogas production will stop (Jaya 

et al., 2015).  

 

5.3.4. Chemical Oxygen Demand (COD) 

       COD or Chemical Oxygen Demand is used for determine the oxygen requirements 

needed for oxidize the amount of organic material contained in substrate. The COD value 

can also determine the volume of biogas which can be produced from anaerobic degradation 
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activities substrate. COD values are measured at the beginning and end of the process 

fermentation to determine the amount of gas volume formed. Figure 5.9 shows the results of 

the COD value analysis substrate during fermentation with time. 

 

Figure 5.9 COD value in substrate during the fermentation process 

 

       The results of the analysis for set temperature of bioreactors between 26-34.3 o C show 

that there was a decline COD value at the beginning to the end of the fermentation process 

(which is presented in Figure 5.9), when viewed from a graphical form above, it can be said 

that the COD value is not linear or inversely proportional to time, which is longer fermentation 

time, the lower the COD value produced. Before experiencing the substrate, fermentation 

process has a high COD value of 51,600 mg / L. After the substrate undergoes fermentation 

for 7 days the COD value drops to 45,800 mg / L with% COD reduction of 11%. Then after 

fermentation for 14 days the COD value drops to 41,000 mg / L with% reduction of 21%, and 

COD value decreases again after fermentation for 21 days of 36,000 mg / L with% reduction 

of 30%. 

      On the other hand, there was a bigger reduction in COD for bioreactors that was setting 

temperature 38°C than in the case of previous reactors whose temperature was setting from 

26 to 34.3°C. The substrate undergoes fermentation for 7 days the COD value drops to 

41,600 mg / L with% COD reduction of 19.3%. Then after fermentation for 14 days the COD 

value drop to 35,200 mg / L with% reduction of 31.7%. And COD value decreases again after 

fermentation for 21 days of 34,800 mg / L with% reduction of 32.5%. (COD value data and 

complete COD reduction% data can be seen in Appendix 13and Appendix 14). 
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On day 0 until the 7th day the hydrolysis process has begun and anaerobic acid 

formation, then the acid formed from the hydrolysis process will be utilized by microorganism 

to produce biogas or called with the process of methanogenesis that occurs on day 14 and 

21 which is indicated by the lower COD value. The decrease in COD value is followed by an 

increase in% COD reduction which is quite significant, this indicates that the substrate has 

been degraded by microorganisms dissolved material. The greater the% COD reduction 

value, indicates degraded organic matter to be organic acids are also getting bigger. At the 

stage acidogenesis, organic acids (amino acids and acids) fat produced from the hydrolysis 

stage) this is what then converted to methane and CO2 or ones commonly referred to as the 

methanogenesis stage (Thanwised et al., 2012). 

 

5.3.5. Biogas volume 

      The volume of biogas is one of the main parameters in this study that was calculated 

based on decline COD value, which is a decrease of 1 kg of COD equal with 0.44 m biogas 

(Desi et al., 2011). Volume data biogas is presented in Figure 5.10 and calculation data the 

complete volume of biogas can be seen in the Appendix 12. 

 

Figure 5.10 Relationship between fermentation time and volume of biogas 

 

Based on figure 5.10, it is known the volume of biogas proportional to time which is the 

longer time only the greater the volume of biogas produced. This matter because the longer 

the residence time is lower COD value and if the COD value is smaller than the volume the 

bigger the biogas produced. Before the process fermentation takes place (day 0) volume of 
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biogas yet formed, after a 7-day fermentation period the volume of biogas rises to 0.306 L 

with% COD value reduction of 11%. After fermentation for 14 days the volume of biogas rises 

return by 0.506 L with% COD reduction of 21%, and reached the highest value at the time of 

fermentation 21 days which is 0.824 L with% COD reduction of 30%. 

         The volume of biogas produced signifies it the process of degrading organic matter into 

methane gas, CO2 and other gases by bacteria. From the calculation of volume, the biogas 

produced is relatively small. This matter because the relatively high COD value indicates the 

presence of chemicals, which chemicals are toxic to methane gas producing bacteria and 

can inhibits the formation of biogas. Use of activated sludge relatively few also a factor 

affects the least volume of biogas produced because in activated sludge there are 

methanogenic bacteria which can break down organic matter on the substrate into biogas. At 

least the volume of biogas produced is also affected by the residence time of the substrate 

on the digester it causes the short time of fermentation to convert ingredients organic on the 

substrate into biogas so that time optimum to produce biogas is not achieved. 

       On the other hand, after set the temperature of the last three of bioreactors 38°C also 

before the process fermentation takes place (day 0) volume of biogas yet formed, after a 7-

day fermentation period the volume of biogas rises to 0.528 L with% COD value reduction of 

19%. After fermentation for 14 days the volume of biogas rises return by 0.866 L with% COD 

reduction of 31.7%, and reached the highest value at the time of fermentation 21 days which 

is 0.898 with% COD reduction of 32.5%. 

 

5.3.6. Methane content 

        Methane is also one of the parameters main in this study. After the substrate undergoes 

7, 14 and 21 days in different bioreactors 1,2 and 3, fermentation process was analyzed 

concentration of methane by using a method analysis of the separation of chemical 

components in physics with gas chromatography tool - flame ionization detector. In research 

and analysis of gas concentration methane has not formed well at 7, 14 days’ time 

fermentation and 21 days of fermentation time (data analysis the concentration of methane 

gas can be seen in Appendix 15). For 7 days the fermentation time has not been found 

methane gas is caused due to the residence time of the substrate relatively short digester so 

that the time needed bacterial decomposers to convert organic matter into methane gas is 

also relatively short. Biogas production has been formed inside 10 days of fermentation and 

additional fermentation time from 10 to 30 days will increase biogas production around 50%. 

At 14 and 21 days fermentation time too, no concentration of methane gas has been found. 



46 
 

       In this study, the fermentation of the substrate was also carried out with the temperature 

of the bioreactors 38 o C for the fermentation periods of 14, 7 and 21 days in different 

bioreactors 4,5 and 6. However, methane was not obtained in most reactors and in all 

periods, despite the fact that the rate of C/N ratio for whey is higher than that of tofu, from 

which methane was produced in previous tests. The formation of methane gas is influenced 

by its fermentation time is also influenced by the pH of the substrate. From the study was 

carried out at the final substrate pH of only 4.6 and this condition is too acidic despite the 

theoretical process fermentation will reduce pH to acid, but bacteria methanogens cannot 

work well if conditions too sour. Growth of methane gas producing bacteria will be good if the 

pH of the material is in a state (alkaline) that is 6.5 to 7. If the pH value is below 6.5, then the 

activity methanogen bacteria will decrease and if the pH value is at under 5.0, then 

fermentation will stop (Khaerunnisa et al., 2013). 

Thing you can done to get the concentration of methane gas which is quite high, namely 

by conditioning the pH of the agar substrate still in the pH range 6.5 - 7, by adding lime 

solution or can also add mixture between cow dung and MSG waste (Madarina et al., 2016). 

Although the pH in the research results below 4 is not meaningful methane bacteria do not 

produce biogas. Still available some methane bacteria that can survive at pH below 4. 

Duration 14 and 21days fermentation is still in the phase of acidogenesis unfinished is 

characterized by a low pH value. Besides the pH factor, there are several factors cause 

methane gas has not been detected as such high C / N ratio of ingredients. Because of these 

factors causes the material degradation process to slow down organic namely hydrolysis 

stage, acidogenesis, acetogenesis and methanogenesis. The high value of the C / N ratio 

results methane bacteria takes a long time to can degrade all organic matter. 

       The presence of pressure and volume of biogas in the digester indicates the presence of 

methane gas, CO2 gas and other gases like H2S, H2 and a little nitrogen. Estimated pressure 

the gas is the accumulation of gas that occupies digester empty space. However, levels are 

not detected methane in this study was caused by limitations on the instrument for testing 

methane levels. The instrument used has a minimum detection limit of gas levels methane in 

the sample is equal to 0.039%. So, if methane levels produced in this study below limit of 

detection, the methane level cannot detect on the testing instrument, concentration of 

methane gas for bioreactors 4,5 and 6 can be seen in Appendix 16. 
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5.4. Comparison between the volume of biogas in the case of tofu and whey 

    The volume of biogas is one of the main features in this study, which was calculated based 

on the low COD value, there is a relationship between the volume of gas and the days of the 

fermentation period. In other words, if the time of fermentation period is long will be the value 

of biogas great but during that time the temperature is one of the most important factors 

influencing the volume of biogas. This has been proven in practice when biogas was 

produced using tofu during the fermentation period of 7 days. The temperature greatly 

affected on the production and the volume of biogas, Where the volume of gas at the 

temperature average 28.1oC during the period of fermentation 7 days about 0.096 L. In 

contrast when the temperature was set at 38 oC during the same period, the volume of 

biogas was about 0.132 L, the difference was 0.036 L. 

      On the other hand, in the case of the production of biogas from whey at a temperature 

average 26.2, the volume of biogas during the fermentation period of 7 days is about 0.306 L, 

while when the temperature was set at 38 oC at the same time the volume of biogas reached 

about 0.528 L, the difference between them was 0.222 L. 

       Also, when comparing the volume of biogas produced within 7 days at the temperature 

average 28.1oC using tofu with the volume of biogas produced also during 7 days at the 

temperature average 26.2 oC using whey, will find result the volume of biogas for whey is 

greater than the volume of biogas produced from tofu, the difference between them is 0.21 L. 

       On the other side, the volume of biogas produced from tofu and whey during the 

fermentation period was compared for 7 days each. When the temperature was set at 38 oC, 

it was found that the volume of the biogas in the case of whey was greater than tofu, the 

difference between them is 0.396 L. As shown in Figure 5.11. 
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                 Figure 5.11. Comparison between the volume of biogas in the case of tofu and whey 

 

 

5.5. Effect of temperature and time on the production of biogas 

     Temperature is one of the most important factors affecting the production of biogas since 

it is known that the rate of chemical reactions and the rate of nutrition and growth of 

microorganisms depends on the temperature, increasing this rate by increasing the 

temperature in the possible range necessary for the life of those microbes also affect the 

temperature negatively on the enzymes During the process of anaerobic fermentation and 

reduce the rate of feeding. Methane production occurs in a wide range of temperatures, as 

methane-producing bacteria are the most affected by temperature (Angelidaki et al., 1994). 

     The temperature has a very effective effect on the amount of methane production. This is 

proved in this study when methane was not produced from tofu substrate during the 

fermentation period of 7 days at a temperature of less than 38 oC, but after raising the 

temperature to 38 oC in the same period of fermentation was obtained methane gas. 

       On the other hand, the time of fermentation also has an effective effect on the production 

of methane. The longer the fermentation period, the greater the chance of obtaining a larger 

amount of methane. This is also proved by this study when methane gas was not obtained 

from whey at all fermentation periods 7, 14 and 21 days in spite of raising the temperature to 

38 oC, and this is also mentioned in some research, where some indicated that the 

production of biogas needs to have a fermentation period of more than 30 days and this 
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period is longer than the period in this study, this also proves that methane production of 

whey needs longer (Mussgnug et al., 2010). 
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CHAPTER 6 CONCLUSION 

 

6.1. Conclusions 

     In this research, the steps to produce biogas from microalgae (Dunaliella salina) are 

explained, starting from the design of the bioreactor to the anaerobic fermentation process, 

the anaerobic fermentation process was conducted at different temperature setting, also the 

most important factors affecting the production of biogas during the anaerobic fermentation 

process were highlighted to enhance the amount of gas produced. 

Based on the results of the study, conclusions can be note as following: 

1. Dunaliella salina dried microalgae with tofu liquid waste and whey substrate can be used as 

substrates in making biogas as a development of renewable energy. Gas formation occurs 

during the fermentation process with using a substrate with a ratio of 1 gram Dunaliella 

salina, 100 ml of whey waste and 20 ml of activity sludge, also with the same values and 

quantities occurs during the fermentation process with using a substrate with a ratio of 1 

gram Dunaliella salina, 100 ml of tofu waste water and 20 ml of activity sludge which is 

indicated by a change in pressure and volume during the fermentation process and changes 

in pH due to the process of hydrolysis and acidogenesis. 

2. The volume of biogas is straight proportional to the length of time fermentation, the longer the 

fermentation time will be the greater the gas produced. On the comparison of the substrate 

used, there is linear relationship between fermentation time and the volume of biogas where 

the fermentation time is longer, the volume of biogas produced is greater with value. A linear 

relationship between fermentation time is obtained with methane levels, in other words, the 

longer the fermentation period, the greater the volume of gas, the highest methane level is 

obtained at 21 days fermentation time is 4.57%. 

3. Methane content was obtained from the tofu substrate although it contained a lower C/N ratio 

than whey, as this study proved that temperature is an important and fundamental factor 

affecting the volume and quantity of gas produced. This was demonstrated when the 

methane content of the tofu substrate was reached in the fermentation period 14 days about 

0.056% and 4.57% during fermentation time 21 days. While the biogas content was not 

reached in the fermentation period for the seventh day until the temperature was increased 

and adjusted at 38°C, methane was obtained by 0.03%. 

4. In whey substrate methane levels have not been found during the time fermentation 7, 14 and 

21 days by setting temperature between 26-34.3 oC in bioreactors 1,2,3. also in bioreactors 

4,5,6 methane levels have not been found during fermentation time 7, 14 and 21 days by 
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setting temperature 38 o C, due to lack of time fermentation so that the acidogenesis process 

is not optimal. Also because of the limitations of the level testing instruments methane used 

has a minimum detection limit. 

 

6.2. Suggestions 

1. The need for replacing organic materials that have value the C / N ratio is lower than whey 

waste but still has sufficient nutritional content and the need replacement of starter for 

biogas volume and methane content resulting in greater time fermentation 7, 14 and 21 

days.  

2. With the total volume of the gas formation reactor not yet optimal, so that you can increase 

the volume of the starter used.  

3. Further research is needed to obtain higher volume of biogas and methane levels use 

Dunaliella salina microalgae with using fermentation media which has a C / N ratio higher. 

4. It is requisite to orderly the conditions of the inner reactor making biogas to minimize errors 

at the time of data gathering. 
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Appendix 1. Characteristics of raw materials for making substrates 

► C/N ratio 

Material C. organic  

% 

N. Total  

% 

C/N organic material 

% 

Tofu 0.320 0.040 8 0.554 

Whey 3.040 0.114 27 5.259 

Activated 

sludge 

0.400 0.032 12 0.692 

Microalgae 21.15 1.72 12 36.58 

 

►Water content of Dunaliella salina 

Water content (%) = 
(𝑊1−𝑊2)

(𝑊1−𝑊0)
 × 100          

W0 = Weight of empty cup 

W1 = Weight of cup + initial sample (before oven) 

W2 = Weight of cup + sample (after oven) 

Known: Empty cup weight = 47.08 grams                               Initial sample weight = 3 grams 

                                                                                                  Final sample weight = 2.46 grams 

So, the water content (%) = 
(50.08−4954)𝑔𝑟𝑎𝑚

(50.08−47.08)𝑔𝑟𝑎𝑚
 × 100  

                                          = 18% 

►Degree of acidity (pH) of materials 

materials pH 

Dunaliella salina 9 

Liquid waste of tofu 5.3 

Activated sludge 8.3 
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Appendix 2. COD value and calculation of percent reduction in Chemical Oxygen 

Demand for tofu 

► COD value of substrate 

Time COD Unit 

Before fermentation 6200 mg/L 

7 days (mean; 28.1oC) 4380 mg/L 

7 days (38 oC) 3700 mg/L 

14 days 3400 mg/L 

21 days 2600 mg/L 

 

► Calculation of% COD Reduction: 

 

 

• Fermentation for 7 days (26-34.3Co): 

COD = 
(6200−4380)𝑚𝑔/𝐿

6200 𝑚𝑔/𝐿
 𝑥 100% =29.35%  

• Fermentation for 7 days (38Co): 

            COD = 
(6200−3700)𝑚𝑔/𝐿

6200 𝑚𝑔/𝐿
 𝑥 100% =43.3% 

• Fermentation for 14 days: 

COD = 
(6200−3400)𝑚𝑔/𝐿

6200 𝑚𝑔/𝐿
 𝑥 100% =45.16%  

• Fermentation for 21 days: 

COD = 
(6200−2600)𝑚𝑔/𝐿

6200 𝑚𝑔/𝐿
 x 100% = 58.06%  

 

 

 

COD = 
(𝐶𝑂𝐷 𝐼𝑛𝑖𝑡𝑖𝑎𝑙−𝐶𝑂𝐷 𝐹𝑖𝑛𝑎𝑙)

𝐶𝑂𝐷 𝐼𝑛𝑖𝑡𝑖𝑎𝑙
 𝑥 100% 
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Appendix 3. Calculation of the volume of biogas for tofu 

► Gas volume calculation formula: 

 

 

Information: 

Vg: Gas volume (L) 

Vs: Substrate volume = 120 ml = 0.12 L 

COD0: COD on day 0 

CODn: COD on nth day 

A decrease of 1 kg of COD is proportional to 0.44 m3 of biogas 

• Fermentation for 7 days (26-34.3Co): 

COD0 - COD7 = 6200 mg / L - 4380 mg / L 

                         = 1820 mg / L x 0.12 L 

                         = 218.4 mg = 218.4 x 10-6 kg 

Gas volume     = 218.4 x 10-6 kg x 0.44 m3 

                        = 9.60 x 10-5 m3 = 0.096 L biogas 

• Fermentation for 7 days (38Co): 

COD0 - COD7 = 6200 mg / L - 3700mg / L 

                        = 2500 mg / L x 0.12 L 

                        = 300 mg = 300 x 10-6 kg 

Gas volume     = 300 x 10-6 kg x 0.44 m3 

                        = 300 x 10-5 m3 = 0.132 L biogas 

• Fermentation for 14 days: 

COD0 – COD14 = 6200 mg / L - 3400mg / L 

                        = 336 mg / L x 0.12 L 

                        = 336 mg = 336x 10-6 kg 

Gas volume     = 336 x 10-6 kg x 0.44 m3 

                        = 1.48 x 10-4 m3 = 0.14 L biogas 

Vg = [(COD0-CODn) x Vs] x 0.44 m3 
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• Fermentation for 21 days: 

COD0 – COD21 = 6200 mg / L - 2600mg / L 

                        = 3600 mg / L x 0.12 L 

                        = 432 mg = 300 x 10-6 kg 

Gas volume     = 432 x 10-6 kg x 0.44 m3 

                        = 1.9 x 10-4 m3 = 0.19 L biogas 
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Appendix 4. Observation data of tofu 

►Observation of temperature and pressure during fermentation 

 

► Observation of the acidity (pH) of the substrate 

Substrate pH 

Before fermentation 7,3 

Fermentation 7 days 6,8 

Fermentation 14 days 6,6 

Fermentation 21 days 6,8 

  

Time 
(Days) 

Temperature (oC) Pressure (Bar) 

bioreactor 
1 

bioreactor 2 
bioreactor       

3 
Bioreactor 

4 
bioreactor 

1 
bioreactor 

2 
bioreactor 

3 
Bioreactor4 

1 27.7 28.3 27.5 38 0 0 0 0 

2 27.7 28.6 27.5 38 0 0.025 0 0.05 

3 27.8 28.6 27.7 38 0.005 0.025 0 0.1 

4 28.2 29 28.1 37 0.025 0.05 0 0.15 

5 28.5 30 28.2 37 0.025 0.07 0 0.18 

 6 28.4 30.1 28.1 38 0.035 0.075 0 0.18 

7 28.5 30.1 28 38 0.035 0.075 0 0.2 

8   30.3 28   0.09 0  

9   30.2 27.7   0.11 0.002  

10   30.5 27.7   0.13 0.003  

11   30.4 27.7   0.135 0.003  

12   30.2 27.7   0.14 0.005  

13   30.1 27.5   0.15 0.005  

14   30.2 27.8   0.15 0.007  

15     27.5     0.01  

16     27.8     0.015  

17     27.7     0.02  

18     28.1     0.025  

19     28     0.03  

20     28.1     0.03  

21     28.1     0.03  
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Appendix 5. Results test of C / N ratio 
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Appendix 6. Data on the results of testing the value of Chemical Oxygen Demand for tofu 
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Appendix 7. Data on the results of testing methane content for tofu 
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►Data on the results of testing methane content for 7 Days of fermentation After set 

temperature 38Co 
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Appendix 8  

► pH Value before and after anaerobic degradation process 

Days pH (Before) pH (After) 

7 6.8 5.2 

14 6.8 4.6 

21 6.8 4.2 

 After increasing the 

temperature to 38 ° C 

 

Days pH (Before) pH (After) 

7 6.8 5.8 

14 6.8 4.3 

21 6.8 4.1 
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Appendix 9. Temperature data of bioreactors for whey 

 

 

 

 

 

 

 

 

Time 
(Days) 

Temperature (26-34.3Co) Temperature (38Co) 

Bioreactor 
1 

Bioreeactor 
2 

bioreactor 
3 

Bioreactor 
4 

Bioreactor 
5 

Bioreactor 
6 

1 26 27.6 27.2 38 38 38 

2 26.9 27.6 29 37 38 38 

3 26.5 30.5 34.2 38 37 38 

4 26.2 31.4 33.5 38 38 37 

5 25 31.4 32.8 38 38 38 

 6 25.6 32.2 34.3 37 38 38 

7 27.3 30.5 29.8 38 37 37 

8   30.7 30.1  38 37 

9   33.6 31.7  38 38 

10   31.7 29.8  38 38 

11   31.1 32.6  37 38 

12   30.9 33.8  38 38 

13   32.2 34.1  38 37 

14   30.6 30.1  37 38 

15     32.1    37 

16     32.3    38 

17     30.5    37 

18     30.1    38 

19     32.4    38 

20     31.7    38 

21     32.3    38 
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Appendix 10. Pressure data of bioreactors for whey 

 

 

 

 

 

 

 

 

 

Time 
(Days) 

Pressure (26-34.3Co) Pressure (38Co) 

Bioreactor 
1 

Bioreeactor 
2 

bioreactor 
3 

Bioreactor 
4 

Bioreactor 
5 

Bioreactor 
6 

1 0 0 0 0 0 0 

2 0 0.02 0.025 0.1 0.1 0.1 

3 0.01 0.1 0.125 0.125 0.1 0.2 

4 0.01 0.1 0.125 0.125 0.125 0.2 

5 0.01 0.1 0.15 0.2 0.125 0.2 

 6 0.01 0.1 0.15 0.2 0.25 0.2 

7 0.01 0.12 0.25 0.2 0.25 0.25 

8   0.12 0.25  0.3 0.25 

9   0.125 0.45  0.3 0.3 

10   0.125 0.65  0.3 0.35 

11   0.125 0.65  0.4 0.35 

12   0.125 0.65  0.4 0.4 

13   0.14 0.65  0.45 0.4 

14   0.14 0.65  0.45 0.45 

15     0.7    0.4 

16     0.7    0.4 

17     0.5    0.5 

18     0.45    0.5 

19     0.45    0.5 

20     0.14    0.55 

21     0.14    0.55 
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Appendix 11. pH value before and after anaerobic degradation process for whey 

Substrate pH 

Before fermentation 6.8 

After fermentation 7 days 5.2 

After fermentation 7 days (38Co) 4.9 

After fermentation 14 days 4.6 

After fermentation 14 days (38Co) 4.4 

After fermentation 21 days 4.2 

After fermentation 21 days (38Co) 4.1 
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Appendix 12. Calculation of Biogas Volume for whey 

1. Calculation of Biogas Volume for Fermentation 7 days (Bioreactor 1) 

 

         

COD0 – COD7        = (51.600 – 45.800)  

                               = 5.800 mg/L x Vs 

                                = 5.800 mg/L x 0,12 L 

                                = 696 mg 

                                 = 696.10-6kg 

Biogas volume:  

A decrease of 1 kg of COD is proportional to 0.44 m of biogas, then  

Biogas volume = 696.10-6 x 0,44 

                         = 306,24.10-6 m3   

                         = 0,306 L 

 

 

2. Calculation of Biogas Volume for Fermentation 7 days (Bioreactor4 – 38Co) 

 

 

COD0 – COD7(38C
o

)     =  (51.600 – 41.600)  

                                      = 10.000 mg/L x Vs 

                                      = 10.000 mg/L x 0,12 L 

                                      = 1200 mg 

                                     = 1200.10-6kg  

Vg = [(COD0-CODn) x Vs] x 0.44 m3 

Vg = [(COD0-CODn) x Vs] x 0.44 m3 
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Biogas volume:  

A decrease of 1 kg of COD is proportional to 0.44 m of biogas, then 

Biogas volume = 1200.10-6 x 0,44 

                        = 525. 10-6 m3   

                        = 0.525 L 

3. Calculation of Biogas Volume for Fermentation 14 days (Bioreactor 2) 

 

  

COD0 – COD14 = 51.600 – 41.000 

                          = 10.600 mg/L x Vs 

                          = 10.600 mg/L x 0,12 L 

                          = 1272 mg 

                          = 1272.10-6kg 

Biogas volume:  

A decrease of 1 kg of COD is proportional to 0.44 m of biogas, then 

Biogas volume = 1272.10-6kg x 0.44 

                        = 559,68. 10-6m3 = 0,506 L 

4. Calculation of Biogas Volume for Fermentation 14 days (Bioreactor 5 – 38Co) 

 

 

COD0 – COD14(38
o

 )= 51.600 – 35.200 

                               = 16400 mg/L x Vs 

                              = 16400 mg/L x 0,12 L 

                              = 1968 mg 

                              = 1968. 10-6kg 

 

Vg = [(COD0-CODn) x Vs] x 0.44 m3 

Vg = [(COD0-CODn) x Vs] x 0.44 m3 
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Biogas volume:  

A decrease of 1 kg of COD is proportional to 0.44 m of biogas, then 

Biogas volume = 1968.10-6kg x 0.44 

                        = 865.92. 10-6m3 = 0,866 L 

5. Calculation of Biogas Volume for Fermentation 21 days (Bioreactor 3) 

 

 

COD0 – COD21 = 51.600 – 36.000 

                         = 15600 mg/L x Vs 

                        = 15.600 mg/L x 0,12 L  

                         = 1872 mg 

                         = 1872. 10-6kg 

Biogas volume:  

A decrease of 1 kg of COD is proportional to 0.44 m of biogas, then 

Biogas volume = 1872.10-6kg x 0.44 

                           = 1872.10-6m3 

                           = 0,824 L 

6. Calculation of Biogas Volume for Fermentation 21 days (Bioreactor 6)  (38Co) 

 

  

COD0 – COD21(38
o

 )= 51.600 – 34.800 

                               = 16800 mg/L x Vs 

                              = 16800 mg/L x 0,12 L 

                              = 2016 mg 

                              = 2016. 10-6kg 

 

Vg = [(COD0-CODn) x Vs] x 0.44 m3 

Vg = [(COD0-CODn) x Vs] x 0.44 m3 
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Biogas volume:  

A decrease of 1 kg of COD is proportional to 0.44 m of biogas, then 

Biogas volume = 2016.10-6kg x 0.44 

                        = 887.04. 10-6m3 

                        = 0,887 L 
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Appendix 13. Data on the results of testing the value of Chemical Oxygen Demand 

(Whey substrate for Bioreactors 1,2,3) 
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Appendix 14. Data on the results of testing the value of Chemical Oxygen Demand 

(Whey substrate for Bioreactors 4,5,6 (38Co)).  
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Appendix 15. Concentration of methane gas (Bioreactors 1,2,3) 

 



88 
 

 



89 
 

 



90 
 

Appendix 16. Concentration of methane gas (Bioreactors 6,7,8) 
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Appendix 17. Research documentation 

► Research activities 
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