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ABSTRACT

The utilization of renewable energy is significantly increasing, together with energy
security concemns, environmental and economical benefits. Recently, energy aops have most
important as a source for the production of bioenergy because they do not compete with food
crops. Algae have numerous advantages such as fast growth rates and biomass yield. Biogas from
anaerobic digestion of algal biomass is a renewable energy resource. From an environmental
and resource-efficiency perspective biogas has several advantages in comparison to other
biofuels. The main components of biogas are methane (CH,) and carbon dioxide (CO,), but
usually biogas also contains hydrogen sulphide (H,S) and other sulphur compounds, water, other
trace gas compounds and other impurities. Purification and upgrading of the gas is necessary.
Reducing CO, and H,S content will significantly improve the quality of biogas. In this study aim
was to systematically evaluate the macroalgal biomass as new substrates for biogas production,
and purification using microalgal involved the use of algae’s photosynthetic ability in the removal
of the impurities present in biogas. The utilization of natural water medium for algal production
without any extra added nutrition, lead to a better understanding of the potential to these use
of algae based on its role in this study. Freshwater alga Spirogyra ellipsospora, filamentous
charophytic characteristics was classified based on morpho-anatomical characters. The algae
were cultivated using the natural water resource to develop the algae growth system by
ecological engineering concept to reduce the production expenses. Based on the trial use of
outdoor photo-reactor to grow macroalgae in natural water as medium, results showed that the
reactor could well be used to grow algae within 6 weeks. After harvesting, the algae were
analyses for chlorophyll, biomass, biogas production and anaerobic fermentation good material.
it was found that algae could be used as good raw material for production of biogas. Macroalgae
are suitable as a source of rich protein, carbohydrate and lipids. In this study, S. elljpsospora
biomass was dried with solar dryer, and the materials were pulverized for chemical composition
analysis. Results showed that macroalgae biomass was suitable as a monosubstrate for with
highest CH, vyield at 64.64 % and CO, along with H,S are 315 % and 578 ppm, respectively,
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without any pretreatment process. This study suggested that it is possible to achieve established
operation using S. ellipsospora, as a substrate for biogas production in pilot or large scale biogas
plant. Curently, renewed interest in producing bioenergy from microalgae has occurred because
they can grow rapidly and convert solar energy into chemical energy via CO, fixation.
Subsequently, microalgae are playing an important role in the biological purification of biogas. In
this study, green microalgae, Chlorella vulgaris which was cultivated under open type cement
pond system to produce biomass. The objective of this study was to evaluate the growth of
green microalga C. wulgaris on low cost artifical medium consisting with rice fertilizer, rice bran,
fish meal, lime and urea. This medium was named as, Rameshprabu medium. The best biomass
in terms of high total carbohydrates, protein and lipid production was obtained through the use
of Rameshprabu medium. For biogas impurity removal, biological processes considered
environmentally friendly and feasible were employed using the photosynthetic ability of the
algae. Photoautotrophic purification process was continued 8 hours. After purification, the CH,
content has improved gigantically, from 64.64 % upgraded to 81.35%. Also CO, and H,S amounts
were reduce a lot. The CO, content was 31.5 % reduced to 16.08 %. Enhanced biogas confirns
that less than 0.01 ppm of H,S was noticed. Reducing CO, and H,S content will significantly
improve the quality of biogas. In addition production of biogas, the digestate could be used as an
environmentally friendly fertilizer, so called “organic fertilizer”. In conclusion, it is possible to
produce biogas from naturally grown macroalgal biomass, also biological purification through
microalgal growth system and this is benefidal from both an environmental and economic

perspective.
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CHAPTER 1
INTRODUCTION

Principles, Theory, Rationale and/or Hypotheses

Due to the energy disis, renewable energy becomes a popular issue in this world today
and there are several altematives such as bioenergy, solar, wind, tide, gecthermal, etc. Bioenergy is
a type of renewable energy made from biological sources including algae, trees, or waste from
agriculture, wood processing, food materials, and municipalities. For bioenergy, algae are the third
generation biofuel (Tsai, 2012). ft provides an excellent biomass as a renewable energy source, so
called “bicenergy”, and tum algae as the most effident bio-component (Ramaraj, 2013).

Macroalgae have recently received considerable attentions as a substrate for
biofuels production, since they have higher growth rates compared to the plants.
Generally, macroalgae (red, brown, and green) are obtained from natural and
cultivated resources. Spirogyra sp. (Tao) is freshwater macroalgae, available in the
north and northeast of Thailand. It contain high amount of chemical components
including carbohydrates, fat, proteins and mineral substances (Peeraporn pisal, 2008).
Regarding biofuel production, algae can provide different types of biofuels, including:
biodiesel (from algal fatty acids); ethanol (produced by fermentation of starch);
hydrogen (produced biologically); and methane (produced by anaerobic digestion of
algal biomass). From an environmental and resource-efficiency perspective biogas
has several advantages in comparison to other biofuels. The production of biogas via
anaerobic digestion (AD) is the most feasible and cost-effective route to an energy
product (Park et al., 2012; Frigon et al., 2013).

Biogas is composed of 40-70% methane (CH,), 60-30% carbon dioxide (CO,), 100-
3000 ppmv hydrogen sulfide (H,S) and water, other trace gas compounds and other
impurities. Since the main components of biogas are CH,, CO, and H,S. Purification and
upgrading of the gas is necessary because purified biogas provides reductions in green

house gas emissions as well as several other environmental benefits when used as a



vehicle fuel. Reducing CO, and H,S content will significantly improve the quality of
biogas.

Various technologies have been developed and available for biogas impurity
removal; and biological processes are environmentally friendly and feasible. Furthermore,
microalgae are abundant and omnipresent. Biogas purification using microalgae involved
photosynthetic ability in the removal of the impurities present in biogas. Therefore, in this
study | will be testing the development in AD techniques for macroalgae as biogas

producer and using microalgae as biogas purification.

Objective

1. To utilize the natural recourses and evaluation of algae growth environment.
2. To investigate the biogas potential from freshwater macroalgae (Spirogyra sp.).

3. To produce the biogas potential of Spirogyra sp.
4. To apply the biogas purification through micoalgal (Chlorella sp.) biological purification method.

Scope

1. Applied sustainable resource, sustainable engineering and valuable bicenergy approach
of Spirogyra sp. Utilization.

2. New innovative approach of utilizing macroalgae for biogas production and biogas
impurity removal used by microalgae for biological purification.

Benefits

In Thailand, there is plenty of freshwater natural resource available. In this study, |
will be utilize the natural recourses and obtain algal biomass from the resource directly for
biogas production. It could be reduce the cultivation and production cost. In the same time
this approach could be helpful to decrease algae degradation and pollution in the water
body. In addition, it could reduce the algal bloom. However, biogas is containing with

impurities. Various technologies have been developed and available for biogas impurity



removal; and biological processes are environmentally friendly and feasible. This is one of
main benefit we can get it from this research because | will use microalgae for impurities
removal from the biogas. It could be save environment effects such as green house gases

and same time it could reduce the chemical cost and other related purification material

cost.



CHAPTER 2
LITERATURE REVIEW

Fundamental of algae

Algae are the most important primary producer in aguatic ecosystem (Ramaraj et al.,
2014). Many species of algae are present such as; green, red and brown algae which belong to
the group of Chlorophyta, Rhodophyta and Phaeophyta, respectively. Algal growth is found in
a wide range of habitats, like fresh water, marine water, in deep oceans, in rocky shores, the
plank-tonic and benthic algae can become important constituents of soil flora and can exist
even in such extreme conditions as in snow, sands/desert or in hot springs, open and closed
ponds, photo bioreactors, sewage and wastewater, desert as well as CO, emitting industries etc
(Ramaraj, 2013). Generally they are found in damp places or water bodies and are common in
terrestrial as well as aquatic environments. Algae, a broad category encompassing eukaryotic
microalgae, cyanobacteria and macroalgae, can be cultivated to produce biomass for a wide

range of applications (Ramargj et al., 2010).

Applied of algal biotechnology and bioengineering aspects

Algae are a very diverse group of predominantly aquatic photosynthetic organisms of
tremendous ecological importance, because they were the beginning of the food chain for
other animals. Algae played an important role in self-purification of contaminated natural
waters and offered an altemative for advance nutrition removal in water or wastewater
(Ramaraj et al,, 2013; Ramaraj et al, 2014). The idea to incorporate microalgae as an agent of
bioremediation was firstly proposed by Oswald and Gotaas in 1957 (Vilchez et al,, 1997); the
biomass recovered was converted to methane, which was a major source of energy (Oswald,
2003). Hence, algae provided the basis of the aquatic food chain and they were fundamental
to keep CO, of carbon cycle via photosynthesis as a substantial role in biogeochemical cycles
(Ramaraj et al, 201db). Most algae were photoautotrophic, converting solar energy into
chemical forms through photosynthesis.



The mechanisms of algal photosynthesis were very similar to photosynthesis in higher
plants and their products are molecularly equivalent to conventional agricultural crops (Graham
and Wilcox, 2000). The main advantages of culturing algae as a source of biomass were as follows:
(1) high photosynthetic yields (up to a maximum of 56% conversion of light cf. 1-2% for the
majority of temestrial plants); (2) the ability to grow in fresh, salt and wastewater; (3) high oil content;
(@) the ability to produce nonrtoxic and biodegradable biofuels; (5) many spedies of algae can be
induced to produce particularty high concentrations of chosen compounds—proteins, carbohydrates,
lipids and pigments - that are of commerdial value; (6) the ability to be used in conjunction with
wastewater treatment (Vilchez et al, 1997; Graham, and Wilcox, 2000; Oswald, 2003; Tsai, 2012;
Ramaraj, 2013).

In addition, algae application is widely accepted in practice as one of the best strategies in
bioengineering. There are several reasons for this approach: (1) the best growth rate among the plants,
(2) low impacts on world’s food supply, (3) spedificity for CO, sequestration without gas separation to
save over 70% of total cost, (4) excellent treatment for combustion gas exhausted with NOx and SOx,
(5) high value of algae biomass induding of feed, food, nutrition, phamaceutical chemicals, fertilizer,
aquaculture, biofuel, etc (Tsai, 2012; Ramaraj, 2013). Algae an important application for the cultivation
of algae is the production of biomass for energy purposes.

Applied of algal bioenergy and renewable energy aspects

Recently, macroalgae is one such source of aguatic biomass and potentially represents
a significant source of renewable energy. The average photosynthetic efficiency of aquatic
biomass is 6-8%, which is much higher than that of temestrial biomass (1.8-2.2%). Macroalgae
are fast growing marine and freshwater plants that can grow to considerable size (up to 60 m
in length). Annual primary production rates (grams am’ yr_l) are higher for the major marine
macroalgae than for most terrestrial biomass (Gellenbeck and Chapman, 1983). Macroalgae
can be subdivided into the blue algae (Cyanophyta), green algae (Chlorophyta), brown algae
(Phaeophyta) and the red algae (Rhodophyta). Either Freshwater macroalgae or marine
macroalgae (kelp or seaweed) could be used for solar energy conversion and biofuel

production (Gellenbeck and Chapman, 1983). Macroalgae received a large amount of attention



as a biofuel feedstock due to its prolific growth in natural habitat of freshwater system,
eutrophic coastal water fouling beaches and coastal waterways.

Freshwater macroalgae, Tao (Spirogyra sp.) available northem part of Thailand, it
contains high amount of nutritional compositions, including basic nutrients, which are
carbohydrates, fat, proteins, multivitamins, and mineral substances (Peerapom pisal, 2008).
Spirogyra sp. is a genus of filamentous freshwater green algae of the Division Chlorophyta order
Zygnematales Family Zygnemataceae, named for the helical or spiral amangement of the
chloroplasts that is diagnostic. It is commonly found in freshwater areas and there are more than
400 spedies of Spirogyra in the world (Naik et al,, 2012). They grow in the standing water of clean
to moderate quality, clear water with the turbidity not exceeding 10 NTU, temperature 15-27°C
and pH 6-7.8.

For bioenergy, algae are the third generation biofuel (Tsai, 2012). For the reasons of the
best energy conversion efficiency of sunlight (Ramargj et al, 2013) and the highest growth rate
(Tsai, 2012; Ramaraj, 2013; Ramaraj et al,, 2013), algae have the best potential among all the
energy crops. Since algae were a key primary producer global-wide, algae biomass was essential
biological natural resources. Algae produce biomass, which can be converted into energy or an
energy carmer through a number of energy conversion processes. They include thermochemical
conversion (gasification, direct combustion and pyrolysis), biochemical conversion (anaerobic
fermentation, anaerobic digestion and photobiological hydrogen production) and esterification of
fatty acids to produce biodiesel (Oswald, 2003; Tsai, 2012; Ramaraj, 2013).

Bioenergy should play an essential part in reaching targets to replace petroleum-based
transportation fuels with a viable altemative, and in reducing longterm CO, emissions, if
environmental and economic sustainability are considered carefully. The world continues to
increase its energy use, brought about by an expanding population and a desire for a greater
standard of living. This energy use coupled with the realization of the impact of CO, on the
climate, has led us to reanalyze the potential of plant-based biofuels (Jones and Mayfield,
2012). The term biofuel is referred to as liquid or gaseous fuels for the transport sector that are
predominantly produced from biomass. A variety of fuels can be produced from biomass
resources including liquid fuels, such as ethanol, methanol, biodiesel, Fischer-Tropsch diesel,

and gaseous fuels, such as biohydrogen and biogas.



Algal biogas

The process of biogas production from algal biomass is an altemative technology that
has larger potential energy output compared to green diesel, biodiesel, bioethanol, and
hydrogen production processes. Moreover, anaerobic digestion can be integrated into other
conversion processes. The organic fraction of almost any form of biomass (from plants, algae and
other microorganisms), including sewage sludge, animal wastes and industrial effluents, can be
broken down through anaerobic digestion (AD) into CH, and CO, mixture called as ““biogas”. The
first methane digester plant was built at Bombay, India in 1859 (Meynell, 1976; Demirbas, 2008).
AD approaches steadily growing role in the renewable energy mix in many countries. AD is the
process by which organic materials are biologically treated in the absence of oxygen by naturally
occuning bacteria to produce ‘biogas” which is a mixture of CH, (40-70%) and CO, (30-60%) with
traces of other gases such as hydrogen, hydrogen sulphide and ammonia (Lastella et al, 2002
Dussadee et al, 2013), the biogas process also produces potentially useful by-products in the
form of a liquid or solid ‘digestate’ (Lastella et al., 2002).

Normally, biogas is comprised of CH,, CO,, and other trace gas compounds gases such as
water vapour, H,S, halogenated hydrocarbons, siloxanes, ammonia, nitrogen, and oxygen
(Dussadee et al,, 2013). Biogas is a valuable fuel which is produced in digesters filled with the
feedstock like dung or sewage. All types of biomass can be used as substrates for biogas
production as long as they contain carbohydrates, proteins, fats, cellulose, and hemicelluloses as
main components. The composition of biogas and the methane yield depends on the feedstock
type, the digestion system, and the retention time. In general, the use of plant biomass for
energy generation today is problematic because of the competition with food or feed
production. This is because most of the plants used for energy generation today (crop plants,
sugar cane, sugar beets, canola, etc.) have to be grown on arable land. Low demand altematives
like switchgrass are only beginning to emerge. Algae have got a number of potential advantages
compared to higher plants because of faster growth rates and the possibility of cultivation on
non-arable land areas or in lakes or the ocean, therefore attenuating food and feed competition
(Rittmann, 2008; Stephens et al, 2010). Of the potential sources of biogas the most efficient

producers of biomass are the photosynthetic algae (micro and macroalgae).



Photosynthetic pigments, including chlorophyll, have an important role since it provides
the oxygen and the source of energy for all living things. Plant and algae growth is affected by
the photosynthesis speed which depends on the availability of CO,. Biological CO, fixation by
algae is another such form; i.e. sunlight being used to reduce CO, to carbon. Capturing CO, from
flue gases is the precautionary principle which needs preventive action, at both national and
intemational levels to minimize this potential action (Mussgnug et al, 2010). A promising
approach therefore seems to be the use of fast-growing algae spedies for anaerobic fermentation
to produce biogas, which then can substitute natural gas resources.

Macroalgae can be converted to biogas by process of AD to biogas (~ 60% CHg) (Ross et
al, 2008). Research conducted in the 1980’s on macroalgae (giant brown kelp i.e. Macrocystis)
(Chynoweth et al,, 1981) still provides a bench mark for biogas yields for a number of macroalgal
spedes, but since this time there have been developments in AD technology and an enormous
increase in its use. In comparison to terrestrial biomass crops, macroalgae contain little cellulose
and no lignin and therefore undergo a more complete hydrolysis. AD has been used to dispose
and process this material for the production of biogas; the AD of macroalgae biomass could
meet two currently important needs, the mitigation of the eutrophication effects and the
production of renewable energy. Because of the abundance of seaweed/ freshwater macroalgae
biomass its conversion can be highly desirable and convenient, mostly for countries with long
coastlines or eutrophic envionments (Hughes et al, 2012). Investigations on the use of
macroalgae of the brown algae division in processes of methane fermentation were conducted
by Vergara-Femandez (2008). He was examining the possibility of applying to this end the
biomass of Macrocystis pyrifera and Durvillea antarctica macroalgae and a substrate based on
the mixture of these spedies. His study proved that for all substrates tested the yield of biogas
production was comparable and reached 1804+1.5 dm3/kg dm.d. Singh and Gu (2010) and
Parmar et al (2011) were also analyzing the vield of biogas production with the use of
microphytobenthos plants as an organic substrate. They achieved the highest technological
effects during fermentation of Laminaria digitata brown algae belonging to the order Laminariales.
In that case, methane production was high and reached 500 dm’ CHykg o.dm. The use of
Macrocystis sp. enabled achieving 390-410 dm’ CHykg o.dm., whereas upon the use of
Gracilaria sp. and Laminaria sp. methane production accounted for 280-400 dm’ CHy/kg o.dm.
and 260-280 dm’ CHy/kg 0.d.m.,, respectively (Debowsk, et al,, 2013).



Pretreatment methods

Algae anaerobic biodegradability is limited by their complex cell wall structure. Thus,
pretreatment techniques are being investigated to improve algal methane yield. Various
pretreatment technologies have been developed in recent years. These pretreatment
technologies aim to make AD faster, potentially increase biogas yield, and make use of new
and/or locally available substrates, and prevent processing problems such as high electricity
requirements for mixing or the formation of floating layers. Pretreatment methods can be divided
into four categories: themmal, mechanical, chemical and biological processes (Figure 1).

Pretreatment methods have been studied in order to disintegrate microalgae cells,
solubilise the organic content, and increase the anaerobic digestion rate and extent. Thermal
pretreatments have been the most widely investigated already in continuous reactors and
leading to net energy production (Markou et al,, 2013; Schwede et al,, 2013).

< Pretreatment principles & techniques )
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Figure 1 Pretreatments for improving algae biogas production
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Mechanical pretreatments have mostly been investigated in batch assays using algae
cultures (Cho et al,, 2013). Thermal pretreatments have been the most widely studied already in
continuous reactors and leading to net energy production (Passos et al, 2013). Mechanical
pretreatments were less dependent on algae spedies, but required a higher energy input if
compared with chemical, thermal and biological methods (Cho et al, 2013). Chemical
pretreatments have been proved successful, particularly when combined with heat (Passos et
al, 2013). Enzymatic pretreatment seem to improve microalgae hydrolysis (Mahdy et al, 2014),
which is promising due to its low energy input.

Pretreatment of the algae is thus needed to aid both mechanical transport (pumping) as
well as microbiological AD. Biogas can be derived via anaerobic fermentation of any oreanic
matter, including the cellulose and hemicellulose within macroalgae, although the biomass must
be subjected to pretreatment processes in order to liberate the sugars needed for fermentation.
The effect of the pretreatment technologies, thermal treatment, thermochemical treatment,
mechanical treatment, wet oxidation, hydrothermal pretreatment, steam explosion, plasma-
assisted pretreatment and ball milling. One option is mechanical pretreatment of the algae;
however a method which can handle the long fibrous material in macroalgae species is needed.
Another method, which is relatively untested but promising, is enzymatic pretreatment which
during recent years has been tested on many substrates to investigate effect on biogas potential
(Zieminski et al., 2012).

The mechanical pretreatment effectively broke up the structure of all macarcalgae into
homogenous slurry. Mechanical pretreatment could increase the soluble COD-concentration of
the tested algae by 1.5 to 3 times compared to raw algae. Enzymatic treatment increased it by
1.3 to 1.7 times. The best results were achieved by combining mechanical and enzymatic
treatment where the concentration could was increased 3.5 times compared to raw algae
(Kjerstadius et al,, 2013). A mechanical pretreatment phase is usually the first step not only for
methane (Tedesco et al, 2013; Jard et al,, 2013). Nielsen and Heiske (2011) was discussed the
effect on methane yield of U. lactuca by various pretreatments including mechanical maceration
and autoclavation. Sodium hydroxide soaking at room temperature prior to AD led to a 18%
increase in methane potential in macroalgae as (Palmaria palmata), possess a high methane
potential (308 + 9 mL gVSJ) (Nielsen and Heiske, 2011). Nielsen and Heiske (2011) studied four

macroalgae species-harvested in Denmark-for their suitability of bioconversion to methane. In
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batch experiments (53°C) methane yields varied from 132 ml ¢ volatile solids(-1) (VS) for
Gracillaria vermiculophylla, 152 ml gvS-1 for Ulva lactuca, 166 ml g VS-1 for Chaetomorpha
linum and 340 ml g VS for Saccharina latissima following 34 days of incubation. With an organic
content of 21.1% (1.5-2.8 times higher than the other algae) S. latissima seems very suitable for
anaerobic digestion. However, the methane vyields of U. lactuca, G. vermiculophylla and C. linum
could be increased with 68%, 119% and 179%, respectively, by pretreatment with maceration.

Biogas purification methods and processes

To utilize biogas as a transport fuel, CO, and H,S must be removed from the
concentration to leave biomethane. Biogas purification is the process where any impurities are
removed such as sulphides and ammonia. Biogas upgrading on the other hand is the process
which removes CO, and the end product is bio-methane. The bio-methane which has been
upgraded is suitable for injection into the national gas grid or vehicle fuel (Dussadee et al,, 2013).
Biogas needs cleaning for two main reasons; the first is to improve the calorific value of the
product gas and the second is to reduce the chance of damaging downstream equipment which
is due to the formation of harmful compounds (Ryckebosch et al, 2011). Thus, biogas has a wide
availability and renewable nature due to the organic materials and microorganisms required for
biogas synthesis. Biogas purification methods can be divided into two generic categories:

Those involving physicochemical phenomena (reactive or non-reactive absorption;
reactive or non-reactive adsorption) and biological processes (contaminant consumption by living
organisms and conversion to less harmful forms).

Biological processes are widely employed for CO, and H,S removal, especially in biogas
applications. For CO, capture from biogas, physical and chemical absorption methods are
generally applied with fewer complications; however, these methods are needed to post treat
the waste materials for regeneration of cycling utilization. The biological methods of CO, capture
from biogas are potentially useful (Kao et al, 2012a). Biological processes are widely employed
for H,S removal, espedally in biogas applications (Abatzoglou et al., 2009).

Miaoalgae are a group of unicellular or simple multicellular photosynthetic microorganisms
that can fix CO, effidently from different sources (Ramargj et al,, 2010; Ramaraj, 2013; Ramargj et al,
2013; Ramargj et al, 201da; Ramargj et al, 201db), induding the atmosphere, industrial exhaust
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gases, and soluble carbonate salts. Furthemnore, combination of CO, fixation, biofuel production,
and wastewater treatment may provide a very promising altemative to current CO, mitigation
strategies. Presence of chlorophyll and other pigments help in carrying out photosynthesis. The
true roots, stems or leaves are absent. Mostly they are photoautotrophic and carry on
photosynthesis, some of these are chemo heterotrophic and obtain energy from chemical
reactions as well as nutrients from preformed organic matter. Beside the plants, since algae had
high potential CO, fixation in the cument knowledge.

Microalgae can fix CO, using solar energy with effidency ten times greater than temestrial
plants (Ramaraj, 2013; Ramaraj et al, 2014b). The issue of greenhouse gas attracts an enommous
attention worldwide recently. When atmospheric CO, concentration increased, it would
gradually disturb the balance of global dimate to cause unusual and astounding phencmena on
earth. Therefore, we require the rapid development of bio-carbon-fixation technology to
eliminate the adverse effects of CO,, to transfer atmospheric CO, through the carbon cydle and
to promote carbon balancing ecologically. At present, algae application of CO, sequestration has
developed as a popular topic and the cument interests are including: species, power plant flue
gas utilization, reactor design, growth condition, growth kinetics and modeling. The most studies
in the literature concemed the maximum CO, uptake rate by the artificial photo-bioreactors (Tsai,
2012; Ramaraj, 2013; Ramaraj et al., 2014a). Among those techs, bio-eco-technology is the most
natural and ecological way to accomplish the designed targets by the utilization of “self-
designed” bio-functions of nature (Ramargj et al, 2010; Ramaraj, 2013; Ramargj et al, 2013;
Ramaraj et al,, 2014a; Ramaraj et al,, 2014b). Accordingly, algae production has a great potential
for CO, bio-fixation process and deserves a close look.

Biogas purification/scrubbing using algae involved the use of algae’s photosynthetic
ability in the removal of the impurities (mainly CO, and H,S) present in biogas, leaving a purified
biogas containing almost pure methane, which could be used for energy generation. Biological
purification technology is worth examining because has double impact. The method about
removing CO, from biogas by microalgal culturing using the biogas effluent as nutrient medium
and effectively upgrade biogas also simultaneously reduce the biogas effluent nutrient (Yan and
Zheng, 2013). Using biogas as a source of carbon dioxide has two main advantages: the biomass
production costs are reduced and the produced biomass does not contain harmful compounds,
which can occur in flue gases. Hendroko et al. (2011) verified exhibit that microalgae (Scenedesmus
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sp.) in laboratory experiments using biogas slumy as growing medium and biogas are given
periodically generate 21% of CO, compared with 24% of controls. They summarized: digestion
slurry with seed cake JatroMas cultivar as raw material is able to increase growth of microalgae
Scenedesmus sp. higher than standard media; microalgae Scenedesmus sp. is able to capture
CO, gas in bio-methane; with integration of slumy and bio-methane intake, there is tendency
Scenedesmus sp. growth is more increasing; Mutualism symbiosis among slurry, bio-methane and
microalgae Scenedesmus sp. will give impact to increasing of CH,; content in bio-methane. In
other word, microalgae can be work as purification biologic from bio-methane (Hendroko et al,
2011).

There are several authors (Rittrann, 2008; Hendroko et al,, 2011; Yan and Zheng, 2013)
reported that Arthrospira sp, Chlorella vulgaris SAG 211-11b, Chlorella sp. MM-2, Chlorella sp.
MB-9, Chlorella vulgaris ARC1, Chlamydomonas sp. dan Scenedesmus sp. was a positive synergy
with biogas. The productivity of the system with Zarmouk media and biogas almost 5 times higher
than that for the same media without biogas when piggery waste was used, the utilization of
biogas brings a productivity gain of about 2-5 times higher (Hendroko et al,, 2011).

Kao et al. (2012b) demonstrates that the microalga Chlorella sp. MB-9 was a potential
strain which was able to utilize CO, for growth when aerated with desulfurized biogas
(H,S<50ppm) produced from the anaerobic digestion of swine wastewater. The demonstrated
system can be continuously used to upgrade biogas by utilizing a double set of photobioreactor
systems and a gas cycle-switching operation. Furthermore, they demonstrated that the efficiency
of CO, capture from biogas could be maintained at 50% on average, and the CH, concentration
in the effluent load could be maintained at 80% on average, i.e., upgrading was accomplished by
increasing the CH, concentration in the biogas produced from the anaerobic digestion of swine
wastewater by 10%.

Some literatures mentioned about the cultivation microalgae using biogas as CO,
provider. Kao et al. (2012a) used biogas that contained 20+2% CO, for Chlorella sp. culture with
variation of light intensity which was at cloudy and at sunny day. Kao et al. (2012a) used biogas
that contained 20+1% CO, for Chlorella sp. culture with variation flow rate of biogas which was
0.05; 0.1; 0.2, 0.3 wm. Douskova et al. (2010) investigated the potential of biogas as CO, provider
for Chlorella vulgaris; and optimization of biogas production from distillery stillage is described.
The growth kinetics of microalgae Chlorella sp. consuming biogas or mixture of air and CO, in the
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concentration range of 2-20% (v/v) (simulating a flue gas from biogas incineration) in laboratory-
scale photo-bioreactors. It was proven that the raw biogas (even without the removal of H,S)
could be used as a source of CO, for growth of microalgae. The growth rate of microalgae
consuming biogas was the same as the growth rate of the culture grown on a mixture of air and
food-grade CO,. Several species of algae can metabolize H,S (Biebl and Pfennig, 1977). Using a
biological system to remove H,S has similar benefits to using one to remove CO,: lower upkeep
costs, more environmentally sustainable and non-hazardous waste.

Furthermnore, Tongprawhan et al (2014) used oleaginous microalgae to capture CO,
from biogas for improving methane content and simultaneously producing lipid. They screened
several microalgae for identify their ability to grow and produce lipid using CO, in biogas. Finally,
they reported a marine Chlorella sp. was the most suitable strain for capturing CO, and
producing lipid using biogas (50% v/v CO, in methane) as well as using 50% vAs CO; in air.
Sumardiono et al. (2014) established to evaluate the design of the photobioreactor system for
purifying biogas through the culturing of microalgae. This system represented a simple promising
way for the cument forthcoming technologies of biogas purification. It helps to decrease the
concentration of CO, in biogas concomitantly producing microalgae biomass. The microalgae
Nannochloropsis is able to use CO, from biogas produced from the anaerobic digestion of
tannery sludge. The results show that cultivation of microalgae under the biogas to scrub out
CO, and promote enrichment of methane in the biogas in this work and obtained scrubbing of
27% from 30%.

The biocapture of CO, by microalgae can be applied to improve the quality of biogas by
reducing the CO, content as this would lead to an increase in the methane content (Mann et al,
2009). The microalgae Chlorella sp. was analyzed in terms of conditioning biogas. As a result the
biogas components CO, and H,S could be reduced up to 97.07% and 100%, respectively. Also
an incease of migoalgee cell count could be documented, which provides interesting
altematives for the production of algae ingredients. Consequently, the algae biological purification
is an altemative to other biogas purification methods.



CHAPTER 3
MATERIALS AND METHODS

The potential of freshwater green macro and micro- algae as substrates for biogas
production and biogas purification was investigated. This research methodology was classified as
two categories. First category focused on macroalgae biogas production including study site
selection, species identification, and lab scale macroalgae production, natural grown algae
utilization, harvesting, along with applied for biogas production. For the macroalgae cultivation,
natural water medium (Ramargj et al,, 2015) was used from slow running fresh water stream

water.
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Figure 2 Flow chart of methodology
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The nearby stream water was screened by 1x1 mm sieve (mesh No. 18) then the water
was filtrated by 0.45 um filter paper as feed macroalgae. Subsequently macroalgae was used
biogas production. Biogas production processes were goes through by biochemical methane
potential (BMP) test, pretreatment, and lab scale up biogas production subsequently the gas was
stored further analysis. Second category was involved biogas purification through microalgae. The
processes were together with microalgae isolation, identification, cultivation and then cultivated

algae for used biogas purification. The study methodology is illustrated in Figure 3.1.

Experiment 1: Study on fresh water macroalgae Spirogyra sp. natural growth

system analysis and biomass harvest

Spirogyra sp. were collected from the slow running fresh water stream at Sobpeng,
MaeTeang, Chiang Mai Province, Thailand and transported to the School of Renewable Energy
and Energy Research Center, Maejo University, Sansai, Chiang Mai-50290, within 2 h for identification
and analysis. Spirogyra sp. was harvest by using the local traditional methods from the natural
water body. Various physicochemical parameters were monitored in situ including temperature,
dissolved oxygen, pH, conductivity, turbidity and water flow rate. Algae biomass was estimated
gravimetrically by total suspended solids (TSS). TSS was measured by Method 209C with
Whatman GF/C filter paper, chemical oxygen demand and dissolved nutrients were measured in
the laboratory; all physico-chemical analyses were carried out whole growth period according to
the standard method (APHA, 2005).

Algal sample collection, cultivation and experiment setup and

Identification of alga

The freshwater macroalgae, Spirogyra was collected from the slow running fresh water
stream at Tumbon Pang Yang (19° 1842.41" N; 98° 48144.11" and elevation 722 m), Mae Taeng
district, Chiang Mai province, Thailand and transport to the Energy Research Laboratory at Maejo
University, Chiang Mai, Thailand. The methodology was illustrated in (Figure 2). This investigation is
to simulate the ecosystem in natural water body with macroalgae growth ecological engineering

concepts. For the macroalgae cultivation, the nearby water was screened by 1x1 mm sieve
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(mesh No. 18) to remove macro particles. According to Ramargj et al. (20153, 2015b) the stream
water was used as medium. Water collected from the same sampling zone afore mentioned
and the water was filtrated by 045 pm filter paper as feed. Spirogyra Sp. were grown in
autotrophic conditions of 10 L open type outdoor jar. The jar containing 5L working volume and
5 L base filled with sterilized white sand and growth system was demonstrated in Figure 2.

Identification of alga

The algal samples were observed under light microscope and were then visualized
with a Nikon Eclipse 80i microscope and photographs were taken with attached digital camera.
Relevant publication of Prescott (1951) was referred for the identification of algal taxa and
taxonomically determined with the help of authentic literature (Randhawa 1959, Transeau
1951, Vidyavati 1995, Kargupta and Jh 2004, Taft 2009). For the taxonomic description of taxa,
dimensions were given in micrometer (um). The measuring scales given for algae photographs
were equal to 20 um. The morphological characters including length, width, number of spiral
chloroplasts, and number of granules were recorded for species confiration. Plant materials
(macroalgae)

Spirogyra elljpsospora biomass was collected from the slow running fresh water stream at
Tumbon Pang Yang (19° 184241" N; 98° 4844.11" and elevation 722 m), Mae Taeng district,
Thailand and transported to the Energy Research Center, Maejo University, Sansai, Chiang Mai-
50290, Thaialnd. Species identification and morphological details were presented in our previous
study (Pantawong et al, 2015; Ramargj et al,, 2015). Figure 3 demonstrated that study site, material
collection, harvesting and drying through solar dryer for biochemical analysis. Samples of
macroalgae biomass were collected by hand (traditional method) directly from the stream. Directly
after acquisition macroalgae biomass was rinsed with tap water to remove sand and other

pollutants.
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Figure 3 Study site and plant material collection: (A) slow running fresh water stream,
(B) tradiitional algae collection, (C), harvested algae, (D) solar dryer for biomass

drying.

Experiment 2: Biogas production from fresh water macroalgae

Spirogyra ellipsospora

Anaerobic biodegradability batch assays were performed according to the directives
defined in Angelidaki et al. (2009). | was constructed with a small-scale anaerobic digester and
maintain a constant flow rate of biogas using a regulator at room temperature. The digester was
be fed with inoculum and designed to produce biogas similar in composition to that produced
from landfills (45-75% methane, 25-55% CO,, and 7-100 ppm H,S). The digester was be kept in
closed system, sealed with an airtight lid, and outfitted ports. Raw biogas was flow out of the
port in the lid while a peristaltic pump was connected the body ports to mix digester contents.
Intermittent stiing could increase interactions between microbes and the feed slunry (Wilkie et
al, 2003). Periodically adding new feedstock ensures that the microbes have a fresh batch of

organic materials to process. Concurrently, a portion of the digested materials were removed to
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prevent overflow. The same volume of added feed could come out through the waste port.
Biogas was accumulating above the waste port.

Lab study aims to optimize a wide range of factors including the flow rate, type of feed,
feeding frequency, composition of biogas, and other logistical problems (including pretreatments).
The flow meter was used to find the maximum biogas production rate and the time it takes to
reach that rate. The pH determination procedure was adopted from Weiland (2010). Biogas
composition in laboratory test (CH,, CO,, H,, H,S, and O,) was measured using an automated gas
analyzer according to Brettschneider et al. (2014). To test the entire system, the anaerobic

digester and allow it to run until the flow rate approaches the maximum.

Anaerobic digestion batch tests

The anaerobic assays were conducted in 500 mL bottles (triplicate reactor) containing 40
mL of inoculum and 200 g of fresh S. elljpsospora and remaining make up with double distilled
water. The total working volume is 400 mL. The biochemical methane potential (BMP) assay was
used to determine the methane productivity of S. ellipsospora. The bottles were closed with a
septum and flushed with N2 to remove oxygen. Triplicate, 500 mL fermenters were incubated in
the room temperature. Production of biogas was monitored by measuring the overpressure in

the bottle headspace at time intervals depending on the production of biogas.

Experimental procedure ‘

The bioreactor system consists of flasks of 5000 ml in capacity. The equipment is
constituted of: valves, quick release tubing connectors, plastic pipes and gas collector, shown in
figure 4. To presenve anaerobic conditions, nitrogen has been flushed for 2 min into the reactors
to clear up any residual trace of oxygen from within the flasks and pipes. Water-baths were used
to keep the reactors at a mesophilic temperature in the laboratory. A biogas analyzer was used
to verify anaerobic conditions were created comectly when preparing the reactors and to analyze
the biogas biochemical composition. The experimental set up and methodologies are followed
our previous studies (Ramargj et al., 2005, 2016). The purpose of the first experiment is to identify
whether a benefit in room temperature system for biogas production. The anaerobic assays were
conducted in 5000 mL duran bottles (triplicate reactor) containing 400 mL of inoculum and 1000 g
of fresh S. ellipsospora and remaining make up with double distilled water. The total working
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volume is 4000 mL. After inoculation, all batch reactors were purged with nitrogen gas to create
an anaerobic condition. Triplicate, 5000 mL fermenters were incubated in the room temperature
(assumed as mesophilic conditions). Production of biogas was monitored by measuring the overpressure
in the bottle headspace at time intervals depending on the production of biogas. Three digesters
have been prepared with the exact amount of inoculums used. The anaerobic inoculum was
obtained from a working anaerobic digester at Energy Research Center, Magjo University. Five liter
batch fermenters were incubated at room temperature conditions for 70 days. The digesters
were shaken two or three times everyday to prevent the formation of surface crust which may

prevent contact between microorganisms and the substrate.

‘A

Figure 4 A) Batch system of macroalgae biogas production B) Schematic view of the
experimental set up during anaerobic digestion 1) water tank 2) protection
wooden box 3) gas transfer tube 4) gas sampling port 5) digester (5000 ml)

6) gas measuring cylinder
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Experiment 3: microalgae cultivation for biogas purification and

methane enrichment.

The growth of microalgae consuming biogas or mixture of air and CO, in the
concentration range of 2-20% (v/v) (simulating a flue gas from biogas incineration) in
laboratory-scale photo-bioreactors. It was proven that the raw biogas (even without
the removal of H,S) could be used as a source of CO, for growth of microalgae. The
growth rate of microalgae consuming biogas was the same as the growth rate of the
culture grown on a mixture of air and food-grade CO,. Several species of algae can
metabolize H,S (Biebl and Pfennig, 1977). Using a biological system to remove H,S
has similar benefits to using one to remove CO,: lower upkeep costs, more
environmentally sustainable and non-hazardous waste. In this study | will use the
different growth kinetics processes of microalgae consuming biogas. That is including
different temperature, light intensities, pH level and different type of biogas aeration.
These methods will be helpful for find out the optimized condition to impurity
removal from the biogas and to enhance the biogas quality. In addition, the biogas
calorific value, flash points, heating value and other related parameters were tested

by standard methods. All treatments were conducted in three replicated treatments.

Isolation and Identification of Microalgae

The methodology of microalgae collection, isolation and identification process were
adopted our previous published papers (Unpaprom et al,, 20153, b; Ramaraj et al,, 20153, b). The
sample was collected by plankton net (20-um pore size) from freshwater fish pond (18° 55 4.2'N,;
99° 0’ 41.1 "E) at a location near Maejo University, Sansai, Thailand. The collected samples were
samples of about 5 ml were inoculated into 5-ml autoclaved Bold Basal Medium (BBM) in 20-
ml test tubes and cultured at room temperature (30£1°C) under 50 pmol-1 m’ sec-l intensity
with 16:8 h photoperiod for 10 days. After incubation, individual colonies were picked and
transferred to the same media for purification in 250 mL conical flask.

The culture broth was shaken manually for five to six times a day. The pre-cultured
samples were streaked on BBM medium-enriched agar plates and cultured for another 10 days

with cool white fluorescent light using the same light intensity. The single colonies on agar were
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picked up and cultured in liquid BBM medium, and the streaking and inoculation procedure was
repeated until pure cultures were obtained. The purity of the culture was monitored by regular
observation under microscope. The isolated microalgae were identified microscopically using

light microscope with standard manual for algae (Bligh and Dyer, 1959; APHA, 2005).

Maintenance of microalgae cultures

Isolated and purified microalgae were inoculated in 250 ml Elenmeyer flasks containing
125 ml BBM medium. Flasks were placed on a reciprocating shaker at 120 rpm for 7 d at room
temperature of 30+1°C. Light was provided by cool white fluorescent lamps at an intensity of 50
pmol-1 m2 sec-1. The algae culture was then transferred to 500-ml Erlenmeyer flasks containing
450 ml. Algae growth were monitored by measuring the optical density of the algal medium with
spectrophotometer (Spectronic Genesys 20, Thermo Fisher Sdentific) at a wavelength of 665 nm.

Measurements were taken daily and three replicates were measured.

Production of microalgae

Figure 5 showed the open type algal cement pond and detailed descriptions
through schematic diagram. Two litters’ cultured microalgae were transferred to open
type cement pond (total volume 200L) for large amount of biomass production through
artificial medium. The medium was prepared with rice fertilizer (100g), rice bran
(400g), fish meal (100g), lime (50¢) and urea (200g). This medium was named as,
Rameshprabu medium. Algal cement pond height was 40 cm and length was 80 cm.
Furthermore, pond was filled 150 liters water and medium. It was reached 25 cm
height in the pond. All ingredients were filled with 10L water subsequently mixed by
stir then transfer to the pond; it associated with air pump. Pond was left for one
night to release ammonia and medium dissolve in the water properly. Next day stock
algae were transfer to the triplicate cement ponds. Algal growth was measured and

stirred the everyday to prevent algae precipitation.



23

Figure 5 (A) Open type algal cement pond; (B) Schematic diagram of algal cement
pond: 1. algae growth, 2. outlet of pond, 3. aeration bubble, 4. tube, 5. air

pump.

The cultured microalgae, C. vulgaris were obtained from Energy Research Center, Maejo
University, Sansai, Chiang Mai 50290, Thailand. The algae were cultivated using open type
cement pond and low cost artificial medium which is named as Rameshprabu medium.
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Analytical methods

Chtorophylls estimation Ten ml of sample was taken and centrifuged at 6000 rpm for 15
minutes. Supematants were discarded and re-suspended in a known volume of methanol, while
pellets extracted with 5 ml of 96% methanol extraction. The tubes were wraped with aluminum
foil and kept in dark. The samples were centrifuged again and the supematant were used for
measuring the optical density at 663 nm and 645 nm against 96% methanol as a blank by
spectrophotometer (Spectronic Genesys 20, Themrmo Fisher Scientific). After extraction chlorophyil
concentration was determined spectrophotometrically and calculated Chlorophyll content
(Chlorophyll a, chlorophyll b and total chlorophyll) were computed using the following

equations:

Chlorophyll-a (ug ¢/ml) = {(15.65xAges — 7.300xAgs5) x V/ 50 x W} x dilution
Chlorophyll-b (ug/ml) = {(27.05xA¢s3 — 11.21xAgg) x V/ 50 x W} x dilution
Total chlorophyll = chlorophyll-a + chlorophyll-b

The solids contents, including total solids (TS) and volatile solids (VS), chemical oxygen
demand (COD), total nitrogen (TN), total phosphorous (TP), further all the indices including cell
count, optical density (OD), pH, alkalinity, biological oxygen demand (BOD), total nitrogen (TN),
total phosphorous (TP), total suspended solids (TSS), volatile suspended solids (VSS) and fixed
suspended solids (FSS) were continuously monitored throughout the study, following the standard
protocols were characterized using the Standard Methods for the Examination of Water and
Wastewater (method # 2540) (APHA-AWWA-WEF, 2005). Metrohm 774 pH-meter was used in all
pH measurements. Fatty add content was performed by GC-MS analysis. Protein, carbohydrates,
lipids determination procedures were adopted from Tipnee et al. (2015). Moisture content of raw
materials was determined following the procedure given in ASTM Standard D 4442-07. The
residual sample in the crucible was heated without lid in a muffle fumace at 700 + 50°C for one
half hour. The audible was then taken out, cooled first in air, then in desiccators and weighed.
Heating, cooling and weighing was repeated, till a constant weight obtained.

Fatty add content was perfomed by GCMS analysis. Protein, carbohydrates, lipids
determination procedures were adopted from Tipnee et al. (2015). Biogas estimation method was
adopted from literature (Pavlostathis and Giraldo-Gomez 1991, von Sperling and Chemicharo 2009).
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Total fat, ash, moisture, fiber contents and volatile fatty adds (VFA) were detemmined using ACAC
offidial method [15]. The entire experiments were done in triplicate. Elemental composition (C, H,
N, O, S) was analyzed using the element analyzer (Perkin—Elmer 2004). Biogas estimation method
was adopted from literature (Paviostathis and Giraldo-Gomez 1991, von Sperling and Chemicharo
2009). The composition of biogas (CHy, CO,, H,S, H, and O;) was measured using a biogas analyzer
(GFM 416 series, UK.

The inoculums characteristics including TS, VS, COD were 296.1 + 0.05 mg/l, 1585 + 1.15
mg/L and 1241.6 + 201 mg/L, respectively; along with alkalinity of 136.4 + 0.04 mg/L as CaCOs, VFA
of 136.4 + 025 megCH.COOH/L and pH was 6.66 + 0.03.

Statistical analyses

All experiments were determined in biological triplicate to ensure the reprodudibility.
Experimental results were obtained as the mean value + SD. Statistical analyses were performed
using Microsoft Excel and SPSS statistical package (SPSS Inc, Chicago, IL, USA). The statistical
significances were achieved when p<0.05.



CHAPTER 4
RESULTS AND DISCUSSION

Algae Cultivation

Macroalgae Cultivation

Morphological study of Spirogyra Spirogyra is a genus of filamentous green algae in the
order Zygnematales. The name indicates the helical or spiral arangement of the chloroplasts,
which is the main diagnostic characteristic of the genus. The Spirogyra spedies typically develops
unbranched filaments and is one cell thick, which grows longer through normal cell division.
There are more than 400 spedies of Spirogyra in the world. Vegetative growth of Spirogyra can be
recognized by three characteristics: (1) type of cross walls (plane, replicate, semireplicate or
colligate), (2) cell length and width and (3) chloroplast numbers.

There are dassical and standard morphological methods that were used in the
identification of the Spirogyra spedmens with help of spedific literatures (Randhawa 1959, Transeau
1951, Vidyavati, 1995, Kargupta and Jh 2004, Taft 2009). The morphological characteristics of each
sample were recorded via cell dimensions, along with the number and amrangement of chloroplast
spirals/pyrencids. The morphological characteristics of biological parameters were also studied and
presented in Table 2. The dassical morphologically based methods are used for the identification
of Spirogyra spedmens. The structure of species from this study demonstrated definitive identity
matches in the range of 99% for the agreement of S. ellipsospora. Light microscopic picture of

macoalgae S. ellipsospora was presented in Figure 6.
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Figure 6 Light microscopic pictures of macroalgae Spirogyra ellipsospora

Table 1 Morphological characteristic of S. ellipsospora.

Type of Equipments and
Parameters Characteristics
parameters methods
Width of cell 120-150
Length of cell 90-280
Chloroplasts per cell 5-8
Vegetative cell width (um) 35-85
Vegetative cell 80-190
Biological Length (um) Light microscope
L/W ratio vegetative cell 2.0-3.4
Number of chloroplasts 2-5
Shape of zoospore Ellipsoid
Zoospore width 60-73
Zoospore length 75-95
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S. ellipsospora growth and biomass measurement

Biomass was a aitical measurement in the algal harvesting process for applications. A
number of methods had been developed to estimate and quantify, which were useful in different
cases (Ramaraj 2013, Ramargj et al. 2015¢). Different methods were available such as dry weight:
Total suspended solids, volatile suspended solids and fixed suspended  solids; wet weight method;
chlorophyll (Chl) method: Chla, Chidb and Chi-a+b), epifluorescence microscopy, bioluminescence,
photometric, turbidity, packed cell volume and cell count etc (Unpaprom et al. 2015). According to
Ramargj et al. (2013), algal biomass measurement and roughly we could dassify into two groups, (1)
direct index such as dry weight and (2) indirect index such as chlorophyll, so-called proxy index

Chlorophyll is the most widely used proxy measurement of algae or phytoplankton and
their determination is relatively simple and straightforward. In this study, we used chlorophylls
measurement to analysis biomass. Chl-a as an algal biomass measurements in natural systems
was very popular. Chl-b is used to calculate pigment concentrations. The total Chi{a + b) is used
to measure algal growth (Ramargj et al. 2010). Growth system was setup outdoor conditions.
Algae biomass measured by Chl-a, Chi-b and total chlorophyll results were average as 9.36
pemL-1, 3.88 pgml-1 and 13.24 ugml-1, respectively. Accordingly, this study presents results to

produce algae biomass using the natural water and result was encouraging.

The potential of natural water medium for S. ellipsospora long-term experiments and stock
maintenance

The utilization of natural water medium which came from water body directly without
any extra nutrition addition, demonstrated the potential to adopt the algal function for natural
growth and long time surveillance. The study confirmed that macroalgae can get essential
nutrition from natural water body (natural water medium). Utilizing this growth uptake function
we could apply the natural medium in controlled environments such as lab (outdoor lab scale)
or field scale growth units or even further applied in natural environment, but nowadays most of
researchers and algae manufactures are using artificial medium which is expensive to produce
algal biomass. Our study could take advantage of nutrients available in natural water to reduce

the total cost, longterm experiments and stock maintenance.
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Figure 7 Macroalgae growth system

The productivity of macroalgae cultured for 6 cycles of 6 days using with outdoor lab
environment to imitate the natural system. The culture that is continuously provided natural
water medium each of cycle ends. Maaoalgae were placed in 10 L cylindrical tanks in an
outdoor system to be cultured for 36 days (Figure 7). Biomass was initially stocked at 2 ¢/L fresh
weight (fw) for S. ellipsospora. The algae were cultivated in a batch culture system, described in
detail previously (in methodology part). Biomass was harvested every 6 days (6 cycles of 6 days
each in total) using a net, spun to a constant fresh weight, weighed and subsequently re-stocked
at initial stocking densities for a new cycle. Stock maintenance, long time experiment and growth
of S. ellipsospora are an essential for its subsequent use in biotechnology. For this purpose, we
tested the suitability of the stock maintenance and growth of algal spedies is essential for their
use in biotechnology. Therefore, natural water medium is the most suitable culture media and
ease of laboratory culture is relevant topics. This environmental friendly process offers a
substantial potential source of algae biomass to provide bioenergy and to reduce the

greenhouse gas, carbon dioxide.
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Microalgae Cultivation

Species Identification

For many years, strains of Chlorella (Chlorophyceae, Chlorococcales) have served as model
organisms in plant physiology and biochemical research. Cumently available information was
positively identifying an environmental strain of the Chlorella genus of freshwater unicellular green
algae. The genus Chlorella encompasses spherical or ellipsoidal non-moatile green cells that produce
autospores, and inhabit freshwater, soil and marine habitats. Its commerdal potential has been
considered since 1960, being the first microalga to be mass cultured for food, feed and as a source
of nutraceuticals. More recently, it has also been suggested that they are good candidates for fuel
production and biogas purification (Castorena-Gonzalez et al., 2013; Ramaraj and Dussadee, 2015).

Since the characteristics traditionally used for taxonomy are suffident and morphological
aiteria for the identification of Chlorella spedes. According to taxonomical grouping based on
morphology and physiological properties, it belongs to genus Chlorella, family Oocystaceae, order
Chlorococcales, dass Chlorophyceae, division Chlorophyta of the kingdom Plantae. C wulgaris is a
spherical miaoscopic cell with 2-10 um diameter and has many structural elements similar to plants
(Blair et al, 2014). The individual cells of the colonies were in the range of 10 pm. Cells are green
color, unicellular, spherical in shape; figure 8 shows the morphology of C wulgaris cbserved under a
light microscope. The cell wall contains hemicelluloses, which accounts for the stability and rigidity of
the cells. It has an asexual reproductive cyde, with the production of autospores from the mature
large cell, by dividing the cell into smaller units. One mature cell divides into four new ones every 16-
20 hours. The algal cells utilize sunlight for photosynthesis. The photosynthetic rate exceeds the
respiration rate of Chlorella cells by 10-100 times.
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Figure 8 Chlorella vulgaris.

Determination of algae growth and biomass production

Algae growth in this study would be presented by optical density (OD 685) condition
and cell densities were determined through cell counts under optical microscope using an
improved bright lined haemocytometer. Optical density and cell count clearly indicated that the
best growth of C wulgaris was through Rameshprabu medium using open type cement ponds
shown in figure 9 and 10. Their growth increased rapidly in the first six days, then slowed down
in the next six days, and again from thirteen days growing up, which could be due to the gradual
consumption of certain nutrient elements like nitrogen and phosphorus in the medium. C.
wulgaris have been widely used in numerous field applications for their strong survival abilities
and effidient utilization of nitrogen and phosphorus (Pantawong et al.,, 2015; Ramargj et al,, 2015;
Unpaprom et al,, 2015; Ramaraj and Unpaprom, 2016).
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Figure 10 C. vulgaris growth estimated through cell densities.

While CO, is available abundantly in the atmosphere as well as from anthropogenic
sources, the availability of light is very important for the algae growth (Blair et al, 2014). it is
known that environmental factors such as light intensity, temperature and nutrients can
significantly affect the composition of microalgae (Guschina et al., 2015). Furthermore, Ramaraj et
al. (2015) demonstrated that algae’s ability to uptake CO, from the atmosphere and much
greater biomass productivity compared to land plants. This study also proved that the microalga
C. vulgaris could grow well in open type cement pond utilization atmospheric CO, and might be
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a good candidate microalga for the biogas purification if could apply in the closed system utilizing
biogas as a carbon source. Algal biomass by direct measurement of total suspended solids and

volatile suspended solids resulted as 474.12+0.15 mg/L. and 396.25+0.03 mg/L, respectively.

Chlorella vulgaris cultural conditions

The values of measured physicochemical and biological parameters in the microalgal
growth conditions of this study are summarized in table 1 and figure 5. The most important
parameters are nutrient quantity/quality, lisht, temperature and pH (Guschina and Harwood,
2004; Ramaraj et al., 2015a). Growth system was setup in the open pond system for utilize solar
energy directly. This study was aimed to find a strategy to reduce the costs and environmental
impacts of Chlorella biomass production under autotrophic conditions used open type cement
ponds. Ramaraj et al. (2015b) confimed that photoautotrophic microalgae require several things
to grow. Because they are photosynthetic, they need a light source, CO, as energy and carbon
sources, water, and inorganic salts (Ramaraj, 2013).

The biomass produced absorption of atmospheric CO,, possibly driven by a decline in the
CO; partial pressure resulted from photosynthesis. Carbon, phosphorus and nitrogen are considered
to be the most important nutrients for algae growth; the results are shown in Table 1. COD
measured the nutrition carbon on natural water medium and reactor effluent; the medium was
998+1.16 mg/L, while the reactor was 802.5+0.71 mg/L. After algae growth, the concentration of
COD increased significantly. In the medium, nitrogen was 105.5+0.22 mg/L, while in it ponds were
50.59+70.71 mg/L. For alkalinity, the content was reduced medium to ponds. Alkalinity was an
important buffering to maintain a fairlly optimal growth range in the water body and the changes
were consumed by algae growth from its role as one of possible carbon sources. Chlorophyil a
production by phytoplankton cells is known to vary with growth conditions; in our experiments, the
maximum production of chlorophyll a content of C vulgaris was 28.89+1.33 (mg/g).



Table 2 Physiochemical parameter
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Rameshprabu medium

Alga cement pond

Parameters Mean Mean
Range Range
(+ S.D.) (x S.D.)
Teb3 8.38
pH 7.4-8.2 8.2-8.6
(+£0.15) (+0.22)
Temperature 32.56 31.4-33.7
) (+0.78)
Light intensity 32.56
: N - - 31.4-33.7
(umol m ) (£0.11)
8.5 13.5
DO (mg/L) 7-10 10-17
(+1.25) (+0.05)
105.5 50.59
TN (mg/L) 94-117 24.6-84.6
(+0.22) (£70.71)
42 31.9
TP (mg/L) 36-48 20.7-42.5
(+£0.43) (+0.35)
Alkalinity 29.03 9.51
25-33 1.5-20.7
(mgCaCO4/L) (£1.52) (£2.5)
998 802.5
COD (mg/L) 1006-1013 560-987
(+1.16) (+0.71)
600 a27
BOD (mg/L) 615-630 190-640
(£2.01) (+0.66)
sl ?
TSS (me/L) - - 319-737
(+0.15)
396.25
VSS (mg/L) - - 266-537
(+0.03)
77.63
FSS (mg/L) - - 60-199

(+0.02)
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Chlorella vulgaris chemical compositions

Photoautotrophic microalgae can effectively transform the inorganic nutrients, CO,, H,O
and other substances into organic compounds such as protein, carbohydrate, lipid and other
ingredients through photosynthesis. Micoalgal biomass, containing lipids, starch, cellulose,
proteins, and so on, is considered a promising feedstock for producing a variety of renewable
fuels, such as biodiesel, bioethanol, bichydrogen and biogas (Ramargj et al,, 2015; Unpaprom et
al, 2015; Ramaraj and Unpaprom, 2016). The proximate and ultimate analysis of C wulgaris
ilustrated in table 2. The major fatty acid composition was detemmined using GC- MS system
(table 3). Green algae have the bulk of their fatty acids as saturated and unsaturated C18 s, a
composition similar to that of vegetable oils (Benemann and Oswald, 1996; Ramaraj, 2013). In
this study, C. wulgaris, palmitic acdd (C16:0), physetoleic acid (C16:1), and oleic add (C18:1) were
commonly dominant. In particular, lipids with high content of unsaturated fatty acids had been
reasonable balance of fuel properties.
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Figure 11 Culture conditions of Chlorella vulgaris.



Table 3 Fatty acids analysis of C. vulgaris
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Parameters C. vulgaris
Moisture 9.87
Ash 14.87
Carbohydrate 29.85
Proximate Analysis (%)
Protein 48.88
Lipid 13.60
Fiber 17.06
Carbon 48.56
Hydrogen 6.40
Ultimate Analysis (%) Oxygen 33.71
Nitrogen 6.26
Sulphur 0.79

Table 4 Fatty acids analysis of C. vulgaris

Fatty acids Value
C14:0 3.0+ 0.2
C16:0 36.2+ 1.5
C16:1 1.8+ 0.1
C16:2 1.1+ 0.2
C16:3 1.3+ 0.1
C18:0 546+ 0.3
C18:1 18.33+ 1.2
C18:2 16.7+ 0.6
C18:3 19.8+ 0.7

MUFA * 20.1% 1.2

PUFA ° 36.4+ 2.2

UFA © 57.2+ 2.7

DUS © 1.16 + 0.03
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Note: a percentage of total fatty acids (%); b MUFA= monounsaturated fatty acids, c
PUFA= polyunsaturated fatty acids, d UFA= unsaturated fatty acid, e DUS = degree of

fatty acid unsaturation.

Biogas Production form Macroalgae

Biomethane Potential Analysis

The well known use of the microbiological process of anaerobic digestion (AD) to
generate biogas (mixture of methane and carbon dioxide) is now widely implemented for the
production of renewable energy worldwide; bio-methane potential (BMP) tests are commonly
used in studies conceming the AD of organic solids (Ramaraj et al., 2015¢). Macroalgae can be
converted to biofuels by various processes including thermal processes and fermentation. The
most direct route to obtaining biofuel from macroalgae is via AD to biogas (Hughes et al., 2012,
Montingelli et al, 2015). Algal biomass contains considerable amount of biodegradable
components such as carbohydrates, lipids and proteins. This makes it a favorable substrate for
anaerobic microbial flora and can be converted into methane rich biogas (Sialve et al,, 2009). In
spite of the fact that macroalgae have high potential for biogas production, there are some
studies on anaerobic digestion of macroalgal biomass utilizing Chaetomorpha linum, Saccharina
latissima, Gracillaria vermiculophylla and Ulva lactuca biomass.

Apparently, the BMP of algae depends mainly on its composition, which itself depends
on the growth conditions and and is spedific spedies. The concentration of substrate in the BMP
assay also impacts on the final biodegradability and methane productivity (Sialve et al. 2009).
When the C, H, O and N composition of a wastewater or substrate is known, the stoichiometric
relationship reported by Buswell and Boruff (1932) and Angelidaki and Sanders (2004), and can
be used to estimate the theoretical gas composition on a percentage molar basis. In this
equation, the organic matter is stoichiometrically converted to methane, carbon dioxide and
ammonia. The specific methane yield expressed in liters of CH, per gram of volatile solids (VS)
can thus be calculated as:
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da-b-2c+3d fa+b-2c-3d A4a-b+2c+3d
CaHbocNd e ( ) HZO =¥ ( ) CH4 + ( T) C02 o e dNH3 .............. Eq (1)
q

Eq (1) is a theoretical approach that allows estimation of the maximum potential yields.
Using Eq. (1), it is possible to compute a theoretical spedfic methane yield. Composition of
methane and biogas production from S. elljpsospora details were presented in Table 3 (by dry
weight basis). The biogas composition of carbon dioxide (4496), methane (48%) (less than 1~)
and hydrogen sulphide of was estimated from the biogas. The carbon, hydrogen, nitrogen,
oxygen and hydrogen sulphide content tested in this study. The algae showed distinct
differences in their chemical composition. The carbon, hydrogen, nitrogen, oxygen and sulphur
contents of were in S. ellipsospora, 41.87%, 6%, 35.77%, 4.27% and 0.43%, respectively.
Consequently S. ellipsospora has plenty of nutrients for biogas production process; it is suitable
to be used as energy crops for biogas production.

Gross composition of several algae species were presented by Becker (2007). As
expected, the species that can reach higher lipid content have a higher methane yield. COD is
commonly used in the water and wastewater industry to measure the organic strength of liquid
effluents. It is a chemical procedure using strong acid oxidation. The strength is expressed in
‘oxygen equivalents’ i.e. the mg O2 required to oxidize the C to CO,. However, the COD concept
could be estimate the methane vield (Paviostathis and Giraldogomez 1991, von Sperling and
Oliveira 2009, Than et al. 2014). One mole of methane requires 2 moles of oxygen to oxidise it to
(O, and water, so each gram of methane produced comesponds to the removal of 4 grams of

COD.

CHy+ 20, = CO,+H,0
16 64 . Bt

or
1 kg COD is equivalent to 250 g of methane.
1 kg COD = 250¢ of CH,4
250 g of CHy is equivalent to 250/16 moles of gas = 15.62 moles

1 mole of gas at
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standard temperature and pressure (STP) = 22.4 liters

Therefore 15.62 x 22.4 = 349.8 liters = 0.35 m3.

In our study, the sample content of total solids (TS) and volatile solids (VS) was measured;
the results were average as 16622 mg/kg and 13959 mg/kg, respectively. The average pH was 7.4
and average COD 14236 mg/L. Methane formation takes place within a relatively narrow pH
interval, from about 6.5 to 8.5 with an optimum interval between 7.0 and 80. The process is
severely inhibited if the pH decreases below 6.0 or rises above 85. The pH value increases by
ammonia accumulation during degradation of proteins, while the accumulation of VFA decreases
the pH value. The accumulation of VFA will often not always result in a pH drop, due to the buffer
capacity of the substrate (Mdsche and Jérdening 1999, Wang et al. 1999, Weiland 2010). According
to the COD estimation, our study shows the mixed culture microalgal biomass is a potentially
valuable fermentation substrate, and produce 1.9930 L (0. 002 m3) of methane gas.

In conclusions, production of biofuels is undoubtedly one of the best solutions for
declining the crude oll reserves and global waming due to excessive greenhouse gasses emissions.
As fossil fuel prices increase and environmental concems gain prominence, the development of
altemative fuels from biomass has become more important. Biogas is considered a renewable
energy carer. As demonstrated here, macroalgal biogas is technically feasible. Macroalgae have
several advantages over temestrial plants such as higher photosynthetic effidencies, lower need for
cultivation area, higher growth rates, more continuous biomass production, no direct competition
with food production, and possibility to use artfidcal medium, natural water medium
(freshwater/marine water) and wastewater for biomass production. The algae biomass thus
produced constitute an additional source of organic substrate in the installation for biogas
production. The biogas production was 910.10 L/kg. Therefore, fast growing, high-yielding and rich in
organic matter of S. ellipsospora was promising energy crops for biogas production. This suggested
that it is possible to achieve stable operation using S. ellipsospora, as a substrate for biogas
production in pilot or large scale biogas plant in the future.
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Table 5 Composition of methane and biogas production from S. ellipsospora

a b

Elements Percent Mol CHy CO, NH; Biogas (L/kg)
C 41.87 3.49
H 6.00 6.00
O 35.77 224  48.00 (%) 43.96 (%) 8.04 (%) 910.10
N 4.27 0.31

S <1

: Mol=g/Mw ; ® Volume content of CH, calculated from

Laboratory Scale Macroalgae Biogas Production

Macroalgae, Spirogyra ellipsospora to biogas: anaerobic digestion Macroalgae
can be converted to biofuels by various processes including thermal treatment
(Zhou et al., 2010) and fermentation (Adams et al., 2009; Goh and Lee, 2010) but the
most direct route to obtaining biofuel from macroalgae is via its anaerobic digestion
to biogas (~60% methane). Methane can be used to produce heat and electricity or
compressed for use as a transport fuel. Since this time there have been developments in AD
technology and an enormous increase in its use Hughes et al. (2009). The study results of biogas
and methane production from macroalgae, S. ellipsospora presented in figure 3 and 4. Without
any pretreatment methane content was achieved 64.67 %. Our studies agreed with Hughes et al.
(2009) and also confirmed better results; on 70th day day CO, level was 31.5 % and H,S was 578
ppm (ie. 0.0578%). For the comparison of freshwater macroalgae biogas production and
methane content from S. ellipsospora was much higher than Spirogyra neglecta, Chara fragilis
and Cladophora glomerata, which was reported by Baltrenas and Misevicius (2012).
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Figure 13 biogas composition of macroalgae, S. ellipsospora during

anaerobic digestions.

Effect of pre-treatment on solubilization and biogas yield
Beside pure mechanical comminuting by chopping, milling or shredding various other
forms of physical and chemical or biological pre-treatment are known (Hendriks and Zeeman,

2009), leading not only to particle size reduction, but to as the rate-limiting step in anaerobic
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digestion of solid materials such as energy crops and crop residues is hydrolysis of complex
polymeric substances (Mata-Alvarez et al, 2000). Since, cellulose, hemicellulose and lignin
comprise up to 75% of dry matter of biomass (van der Weiide er al, 2013). Macroalage was
lignocellulose rich materials and lignocellulose is in most cases extremely resistant to anaerobic
digestion (de Araljo et al, 2013). Macroalgae contains lignin, cellulose and hemicelluloses (de
Aratijo et al, 2013). Hence, pretreatment can enhance the bio-digestibility of the wastes for biogas
production and increase accessibility of the enzymes to the materials. It results in enrichment of
the difficutt biodegradable materials, and improves the yield of biogas from the biomass. Therefore,
pretreatment process was needed to be able to get a high biogas yield. The study results showed
in figure 3 and 4.

Two different pretreatment methods for macroalage were investisated. In order to
determine how each method affects on the composition of the grass, the digestibility of the grass in
biogas production. In addition pretreatment methods also compared with untreated grass (ie.
control), the effect of pre-treatment characteristics and biogas yield. The pre-treatments were
performed in batch mode with TS, VS, COD and pH, and all pre-treatment conditions. The biogas
yield was calculated from VS and composition of biogas was measured using a biogas analyzer
(GFM 416 series, UK).

The study results were dearly exhibited that NaOH pretreated sample produced high yield
of biogas than untreated (raw) and hot water pretreated samples. Furthemmore, the results show
that alkali pre-treatment resulted in higher at 1% of NaOH reacted with 48 h biogas result was 490
mg/L /S, moreover 1% of NaOH and 48 h reaction time could be better for cost and time saving.
The VY/TS ratio is very important for biogas production. The range of VS/TS was 0.60.8 was
produced higher amount methane (Lbken, et al, 2010; Deublein and Steinhauser, 2008). This
study results also demonstrated similar range with literature. Also, alkali pretreatment opened the
bonds between cellulose, hemicelluloses and lignin. Pretreatment most likely dissolved a portion
of the lignin and hemicelluloses components, produding a soluble substance and allowing more
access for the hydrolysis process. The substrate porosity for pretreated material increase after alkali
pretreatment, which could improve contact between micoorganism, and thus fadlitate the
hydrolysis which is the first phase of biogas fermentation.
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Figure 14 biogas productions with different pretreatments.

Ward et al. (2008) declared that a higher concentration of alkali might result in a decline
in biogas yield. Extra induction of sodium (Na+) would inhibit the activity of anaerobic microbes
and thus cause a decline in biogas yield. Na+ could be increased with increasing of NaOH
concentration; that reason may be 2% and 3% of NaOH inhibited the microbial function in the
system and 1% of NaOH concentration on pretreatment process was suitable for biogas
production of macroalgae as monosubstrate. Consequently, this study was selected 1% of NaOH
with 48 h reaction time for further scale up study.
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Biogas Purification

Biogas Purification Through Biological Process

The main components of biogas are CHy and CO,, but usually biogas also contains H,5
other sulphur compounds, water, other trace gas compounds and other impurities. Purification
and upgrading of the gas is necessary because purified biogas provides reductions in green house
gas emissions as well as several other environmental benefits when used as a vehicle fuel [7].
Redudng CO, and H,S content will significantly improve the quality of biogas. For biogas impurity
removal, biological processes are environmentally friendly and feasible. Biogas purification using
algae involved the use of algae’s photosynthetic ability in the removal of the impurities present
in biogas.

Ramaraj and Dussadee (2015) stated that algae application of CO, sequestration has
developed as a popular topic and the current interests are including: spedies, power plant flue gas
utilization, reactor design, growth condition, growth kinetics and modeling. The most studies in the
literature concemed the maximum CO, uptake rate by the artificial photo-bioreactors (Ramaraj et
al, 2014a). Among those techs, bioeco- technology is the most natural and ecological way to
accomplish the designed targets by the utilization of “self-designed” bio-functions of nature (Frigon
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et al, 2003; Tsai et al, 2015, 2016). Further our establishment study, C vulgaris applicable for biogas
purification.

CO, Micoalgae can fix CO, using solar energy with effidency ten times greater than
temestrial plants (Ramaraj, 2013; Ramaraj et al, 2013). Therefore, we reguire the rapid development
of bio-carbon-fixation technology to eliminate the adverse effects of CO,, to transfer atmospheric
(O, through the carbon cydle and to promote carbon balanding ecologically. The most studies in
the literature concemed the maximum CO, uptake rate by the artificial photo-bioreactors (Ramargj
et al,, 2014a; b). Among those techs, bio-eco-technology is the most natural and ecological way to
accomplish the designed targets by the utilization of “self-designed” bio-functions of nature (Tsai et
al, 2015, 2016). Accordingly, algae production has a great potential for CO, biofixation process and
deserves a close look.

Biogas purificatiorv'sarubbing using algae involved the use of algae’s photosynthetic ability
in the removal of the impurities (mainly CO, and H,S) present in biogas, leaving a purified biogas
containing almost pure methane, which could be used for energy generation. Biological purification
technology is worth examining because has double impact. The method about removing CO, from
biogas by microalgal culturing using the biogas effluent as nutrient medium and effectively upgrade
biogas also simultaneously reduce the biogas effluent nutrient (Yan and Zheng, 2013 ). Using biogas
as a source of carbon dioxide has two main advantages: the biomass production costs are reduced
and the produced biomass does not contain hamful compounds, which can occur in flue gases.
Hendroko et al. (2011) verified exhibit that microalgae (Scenedesmus sp.) in laboratory experiments
using biogas sluny as growing medium and biogas are given periodically generate 21% of CO,
compared with 24% of controls. There are several authors (Rittmann (2008), Hendroko et al (2011)
and Yan and Zheng (2013) reported that Arthrospira sp, Chololera wulgaris SAG 211-11b, Chlorella
sp. MM-2, Chlorella sp. MB-9, Chlorella vulgaris ARC1, Chlamydomonas sp. and Scenedesmus sp.
was a positive synergy with biogas. The productivity of the system with Zamouk media and biogas
almost 5 times higher than that for the same media without biogas when piggery waste was used,
the utilization of biogas brings a productivity gain of about 2-5 times higher (Hendroko et al,, 2011).

Kao et al. (2012) demonstrates that the microalga Chlorella sp. MB-9 was a potential strain
which was able to utilize CO, for gromth when aerated with desulfurized biogas (H,S<50ppm)
produced from the anaerobic digestion of swine wastewater. The demonstrated system can be
continuously used to upgrade biogas by utilizing a double set of photobioreactor systems and a
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gas cycle-switching operation. Furthermore, they demonstrated that the effidency of CO, capture
from biogas could be maintained at 50% on average, and the CH, concentration in the effluent
load could be maintained at 80% on average, i.e., upgrading was accomplished by increasing the
CH,4 concentration in the biogas produced from the anaerobic digestion of swine wastewater by
10%.

Some literatures mentioned about the cultivation microalgae using biogas as CO, provider.
Kao et al. (2012a) used biogas that contained 20+2% CO, for Chlorella sp. culture with variation of
light intensity which was at dloudy and at sunny day. Kao et al (2012) used biogas that contained
20+1% CO, for Chlorella sp. culture with variation flow rate of biogas which was 0.05; 0.1; 0.2, 0.3
wm. Douskova et al. (2010) investigated the potential of biogas as CO, provider for Chlorella
vulgaris, and optimization of biogas production from distillery stillage is described. The growth
kinetics of microalgae Chlorella sp. consuming biogas or mixture of air and CO, in the concentration
range of 2-20% (vAv) (simulating a flue gas from biogas indneration) in laboratory-scale photo-
bioreactors. It was proven that the raw biogas (even without the removal of H,S) could be used as
a source of CO, for growth of miaoalgae. The growth rate of microalgae consuming biogas was the
same as the growth rate of the culture grown on a mixture of air and food-grade CO,. Several
species of algae can metabolize H,S. Using a biological system to remove H,S has similar benefits
to using one to remove CO,: lower upkeep costs, more environmentally sustainable and non-
hazardous waste.

Furthermore, Tongprawhan et al. (2014) used oleaginous microalgae to capture CO, from
biogas for improving methane content and simultaneously produdng lipid. They screened several
microalgae for identify their ability to grow and produce lipid using CO, in biogas. Finally, they
reported a marine Chlorella sp. was the most suitable strain for capturing CO, and producing lipid
using biogas (50% vAs CO, in methane) as well as using 50% vAs CO,in air. Sumardiono et al. (2014)
established to evaluate the design of the photobioreactor system for purifying biogas through the
culturing of micoalgae. This system represented a simple promising way for the cument
forthcoming technologies of biogas purification. It helps to decrease the concentration of CO; in
biogas concomitantly producing microalgae biomass. The microalgae Nannochloropsis is able to
use CO, from biogas produced from the anaerobic digestion of tannery sludge. The results show
that cultivation of microalgae under the biogas to saub out CO, and promote enrichment of
methane in the biogas in this work and obtained sarubbing of 27% from 30%.
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The biocapture of CO, by microalgae can be applied to improve the quality of biogas by
redudng the CO, content as this would lead to an increase in the methane content [33] The
microalgae Chlorella sp. was analyzed in termns of conditioning biogas. As a result the biogas
components CO, and H,S could be reduced up to 97.07% and100%, respectively. Also an increase
of microalgae cell count could be documented, which provides interesting altematives for the
production of algae ingredients. Consequently, the algae biological purification is an altemative to
other biogas purification methods.

Biogas Purification Through Biological Process Microalgae

The entire unit of biogas purification through microalgae C wulgaris system and schematic
view of the experimental set up during biogas upgrading processes were shown in figure 5. The
microalgal culture obtained directly from the open pond system which was grown near this
experimental zone. Ten liter of C. vulgaris cultures was used through 10 L duran bottles. The biogas
obtained from macroalgae fermenter which is involved in the study. The maaoalgae, S. ellipsospora
biogas production processes are above mentioned.
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Figure 16 A) biogas purification system through microalgae, C wulgaris B) schematic diagram of set
up during biogas upgrading 1) biogas storage container 2) air pump 3) air flow meter 4)
biogas pumping direction and 5) microalgae unit.

Table 6 Test and evaluation of the system performance through biological upgrading.

Biogas production analysis

Component After the system
Before the system improve
improvement
CH,4 64.67% 81.35%
CO, 31.5% 16.08%
0, 0% 1.11%

H,S 578 ppm Less than 0.01 ppm




Table 7 algae cells concentration, biogas composition performance through

biological upgrading.
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Time Algae cell
(hour) (cells/ml)*
0 1167 64.67 835 0 578
1 1200 66.04 32.36 0.08 511
2 1287 66.86 32.02 0.17 463
3 1313 68.02 29.83 0.45 377
4 1398 70.43 27.29 0.62 302
5 1432 73 24.85 0.79 224
6 1505 76 21.73 0.94 145
7 1586 79.33 18.38 101 82
8 1654 81.35 16.08 1414 0.01
an 1800
80 1600 £
70 1400 &
< 60 1200 g
~ 50 1000 g
: 40 - CH; (%) 500 %
a0 600 T
-
¥ 20
‘l'g ‘ = Algae cell count (cells/ml)<106 :gg é
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Figure 17 methane enrichment and algal cells concentrations
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Photoautotrophic purification process was continued 8 hours. The results were presented
in table 1. After purification, the CH, content has improved gigantically. Also CO, and H,S
amounts were reduce a lot. Due to algal photosynthesis process O, was slightly increased.
Reducing CO, and H,S content will significantly improve the quality of biogas. However this study
suggested that long time purification process needed. For biogas impurity removal, biological
processes are environmentally friendly and feasible. Consequently biogas purification using algae
involved the use of algae’s photosynthetic ability in the removal of the impurities present in
biogas. Further our establishment study, C. vulgaris applicable for biogas purification.



CHAPTER 5
SUMMARY

In conclusions, production of biofuels is undoubtedly one of the best solutions for
dedlining the crude oil reserves and global warming due to excessive greenhouse gasses emissions.
As fossil fuel prices increase and environmental concems gain prominence, the development of
altemative fuels from biomass has become more important. Biogas is considered a renewable
energy camier. As demonstrated here, maaoalgal biogas is technically feasible. Macroalgae have
several advantages over temestrial plants such as higher photosynthetic effidendies, lower need for
cultivation area, higher growth rates, more continuous biomass production, no direct competition
with food production, and possibility to use artificial medium, natural water medium (freshwater/marine
water) and wastewater for biomass production. The algae biomass thus produced constitute an
additional source of organic substrate in the installation for biogas production. The biogas production
was 910.10 L/kg. Therefore, fast growing, high~yielding and rich in organic matter of S. ellipsospora
was promising energy aops for biogas production. This suggested that it is possible to achieve
stable operation using S. elljpsospora, as a substrate for biogas production in pilot or large scale
biogas plant in the future.

The cultivation of the microalga, C wulgaris utilized low cost artifidal medium which
named as Rameshprabu medium. The medium was prepared through rice fertilizer, rice bran, fish
meal, ime and urea. This medium was named as, Rameshprabu medium. The aim of the cument
work was to evaluate the potential of the green alga C wulgaris as a cheap renewable energy
source in term of biofuels. The algae grew faster, providing higher productivities of biomass, lipids,
carbohydrates and proteins. Furthermore, C. wulgaris biomass production and carbohydrate
consumption were enhanced by supplementing the inorganic culture. Photoautotrophic conditions
cultivation of C wulgaris can be considered as a feasible strategy to reduce the costs of micoalgal
biomass production, while also contributing to solve the environmental problem. The cultivation of
the microalga, C wulgaris utilized low cost artifidal medium which named as Rameshprabu
medium. The medium was prepared through rice fertilizer, rice bran, fish meal, lime and urea. This
medium was named as, Rameshprabu medium. The aim of the current work was to evaluate the

potential of the green alga C wulgaris as a cheap renewable energy source in term of biofuels. The
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algae grew faster, providing hisher productivities of biomass, lipids, carbohydrates and proteins.
Furthermore, C wulgaris biomass production and carbohydrate consumption were enhanced by
supplementing the inorganic culture. Photoautotrophic conditions cultivation of C vulgaris can be
considered as a feasible strategy to reduce the costs of microalgal biomass production, while also
contributing to solve the environmental problem. Furthemmore, biogases upgraded through biological
processes considered environmentally friendly and feasible were employed using the photosynthetic
ability of the algae; the purification process was continued 8 hours. Before entering the improve
system biogas containing CHy, CO,, O, are 64.64 %, 31.5 % and 0% with H,S 578 ppm. After the
enhancement process the biogas having CHy, CO,, O, are 81.35%, 16.08%, 1.11 and less than

0.01 ppm with H,S. Consequently, H,S was removed to below the detection limit and methane
content was reached about 81%. The results were demonstrated the amount of CO,, H,S gas was

reduced along with CH, was improved efficiently. Biogas will lead to reduced use of fuel wood and
diesel generators hence an innovative techndlogy to the reduction of greenhouse gas emissions.
Beside of energy production, other valuable products, such as high quality biofertilizer are obtained
flom the anaerobic digestion of macoalgae and this will minimize the use of expensive mineral
fertilizer. The option of biogas production as a way of energy exploration using maaoalgae could be
improve environmental sustainability by improving the sodal, economic and physical well being of

the environment.
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Abstract

The freshwater alga Spirogyra ellipsospora, a
filamentous charophyte, collected from the stream,
was identified on the basis of morpho-anatomical
characters. In this study, we tried to utilize the
natural water resource to develop the algae growth
system by ecological engineering concept 1o
develop a low cost medium for macroalgae growth.
The outdoor photo-reactor was used o grow
macroalgae through using natural water as medium.
The results showed that the reactor had good
performance on algae growth. Culture media for
growth of this study species have not yet been
tested for long-term  experiments,  stock
maintenance and biogas production. Here we tested
the S. ellipsospora growth with natural water
medium in a 6-weeks laboratory experiment.
Consequently, the study consists of laboratory tests
showing S. ellipsospora growth, harvesting,
chlorophyll extraction, biomass analysis and
anaerobic fermentation for biogas production.
Keywords Bio-methane, Biogas,
Stream, Spirogyra culture

Macroalgae,

Introduction

Algae are the dominant primary producers in
aquatic ecosystems. Since algae are highly varied
group organisms, which have important functions in
ecosystem; they are widely distributed around the
world and closely connected with human life

(Ramaraj et al. 2015a; 2015b). Furthermore algae
biomass is an essential biological resource. Algal
biomass has been recently investigated as a possible
and complementary alternative to lignocellulosic
substrates to produce biofuels/biotechnological
products, due to several advantages, such as (1) a
higher productivity yields, (2) they do not require
arable lands for growth and therefore do not
outcompete food resources, (3) they can grow in a
variety of environments including fresh water, salt
water and municipal wastewaters, (4) many species
of algae can be induced to produce particularly high
concentrations of chosen compounds — proteins,
carbohydrates, lipids and pigments - that are of
commercial value, and (5) the ability to produce
non-toxic and biodegradable biofuels (Ramaraj
2013; Ramaraj et al. 2014a; 2014b).

Recently, macroalgac are receiving a
considerable attention due to their ability to
synthesize valuable compounds, accumulate high
energy compounds and sequester carbon (Lawton et
al. 2013). They are therefore considered as a third
generation feedstock for biofuel production and
have a great potential as renewable feedstock
(Hughes et al. 2012). The genus Spirogyra has
recently drawn attention to researchers due to its
various biotechnological and industrial applications.
Spirogyra, one of the commonest green filamentous
freshwater macroalgae, is named because of the
helical or spiral arrangement of the chloroplasts
(Krupek et al. 2014). There are more than 400
species of Spirogyra in the world. This genus is
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photosynthetic, with long bright grass-green medium also long-term experiments, stock
filaments having spiral-shaped chloroplasts. It is maintenance.
bright green in the spring, when it is most abundant,
but deteriorates to yellow. In nature, Spirogyra Methodology
grows in running streams of cool fresh water, and Al : o

; . pgal sample collection, culfivation and
secretes a coating of mucous that makes it feel experiment gefup

slippery. This freshwater alga is found in shallow
ponds, ditches amongst vegetation at the edges of
large lakes, small stagnant water bodies, rivers, and
streams. Under favorable conditions, Spirogyra
forms dense mats that float on or just beneath the
surface of the water. Blooms cause a grassy odour
and clog filters, especially at water treatment
facilities.

Spirogyra sp. contains about 11-21% of
lipids and a high content of sugar, about 33-64%
(Becker 2007). Spirogyra sp. contains Chlorophyll-
a and Chlorophyll-b which are responsible for its
green color. However, in some culture/stress
conditions the macroalga appears yellow or orange
due to the presence of secondary pigments
(carotenoids). Spirogyra sp. are promising source of
novel biochemically active compounds like fatty
acids, steroids, carotenoids, polysaccharides,
lectins, vitamins and phyco-proteins, amino acids,
dietary minerals, halogenated compounds,
polyketides, diverse antioxidants, antibiotic,
antiviral, anti-inflammatory and other positive
biological activities (Kumar et al. 2015). The high
productivity of the macroalga Spirogyra and its
capacity to accumulate high amounts of sugar,
make this biomass also attractive as substrate for
bioenergy production. Biofuel is a renewable
energy, which may be instead of the fossil fuel
resources in the future with decreasing of the fossil
fuel on a daily basis (Unpaprom et al. 2015). The
application of anaerobic digestion (AD) technology
is growing worldwide because of its economic and
environmental benefits (Dussadee et al. 2014). As a
consequence, a number of studies and research
activities dealing with the determination of the
biogas potential of solid organic substrates have
been carrying out in the recent years.

The biogas production by this macroalga is
still in development and so far, there are no
references in the literature related to biomethane
gas production from Spirogyra using natural water
medium. Consequently, this study was to examine
the Spirogyra ellipsospora growth conditions,
biomass and biogas potential through natural water

The freshwater macroalgae, Spirogyra was
collected from the slow running fresh water stream
at Tumbon Pang Yang (19° 1842.41" N; 98°
48'44.11" and elevation 722 m), Mae Taeng district,
Chiang Mai province, Thailand and transport to the
Energy Research Laboratory at Maejo University,
Chiang Mai, Thailand. The methodology was
illustrated in (Figure 1). This investigation is to
simulate the ecosystem in natural water body with
macroalgae  growth ecological engineering
concepts. For the macroalgae cultivation, the nearby
water was screened by 1x1 mm sieve (mesh No. 18)
to remove macro particles.

| el et sirein & iacroalene prooah costern

Figure 1. A flow chart of study methodology

According to Ramaraj et al. (2015a; 2015b) the
stream water was used as medium. Water collected
from the same sampling zone afore mentioned and
the water was filtrated by 0.45 pm filter paper as
feed. Spirogyra Sp. were grown in autotrophic
conditions of 10 L open type outdoor jar, The jar
containing 5 L working volume and 5 L base filled
with sterilized white sand and growth system was
demonstrated in Figure 2.

Identification of alga

The algal samples were observed under light
microscope and were then visualized with a Nikon
Eclipse 80i microscope and photographs were taken
with attached digital camera.
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Figure 2. Macroalgae growth system

Relevant publication of Prescott (1951) was
referred for the identification of algal taxa and
taxonomically determined with the help of
authentic literature (Randhawa 1959; Transeau
1951; Vidyavati 1995; Kargupta and Jh 2004, Taft
2009). For the taxonomic description of taxa,
dimensions were given in micrometer (um). The
measuring scales given for algae photographs were
cqual to 20 pm. The morphological characters
including length, width, number of spiral
chloroplasts, and number of granules were recorded
for species confirmation.

Chlorophylls estimation

Ten ml of sample was taken and centrifuged at
6000 rpm for 15 minutes. Supernatants were
discarded and re-suspended in a known volume of
methanol, while pellets extracted with 5 ml of 96%
methanol extraction. The tubes were wraped with
aluminum foil and kept in dark. The samples were
centrifuged again and the supernatants were used
for measuring the optical density at 663 nm and 645
nm against 96% methanol as a blank by
spectrophotometer (Spectronic Genesys 20, Thermo
Fisher Scientific). After extraction chlorophyll
concentration was determined
spectrophotometrically and calculated Chlorophyll
content (Chlorophyll a, chlorophyll b and total
chlorophyll) were computed using the following
equations:

Chlorophyll-a  (ug/ml) =  {(15.65xAss —
7.340xAgs3) X V/ 50 x W} x dilution

Chlorophyll-b (pg/ml) ={(27.05xAgs3 — 11.21xAgg6)
x V/ 50 x W} x dilution
Total chlorophyll = chlorophyll-a + chlorophyll-b

Inoculum

Anaerobic sludge was obtained from a leachate
recirculation digester (Napier grass biogas
fermenter), located in the Energy Research Center
at Maejo University, Chiang Mai, Thailand, was
used as inoculum in all biodegradability assays.

Anaerobic digestion batch tests

The anaerobic assays were conducted in 500 mL
bottles (triplicate reactor) containing 40 mL of
inoculum and 200 g of fresh S. ellipsospora and
remaining make up with double distilled water. The
total working volume is 400 mL. The biochemical
methane potential (BMP) assay was used to
determine the methane productivity of 8.
ellipsospora. The bottles were closed with a
septum and flushed with N, to remove oxygen.
Triplicate, 500 mL fermenters were incubated in the
room temperature. Production of biogas was
monitored by measuring the overpressure in the
bottle headspace at time intervals depending on the
production of biogas.

Analytical methods

Table 1 Methods employed for determination of
physico-chemical parameters. The solids contents,
including total solids (TS) and volatile solids (VS),
chemical oxygen demand (COD) were
characterized using the Standard Methods for the
Examination of Water and Wastewater (method #
2540) (APHA-AWWA-WEF, 2005). Metrohm 774
pH-meter was used in all pH measurements. The
entire experiments were done in triplicate. Biogas
estimation method was adopted from literature
(Pavlostathis and Giraldo-Gomez 1991; von
Sperling and Chernicharo 2009).

Statistical analysis

All analytical results were conducted at least in
triplicate. Values of different parameters were
expressed as the mean + standard deviation. The
standard deviations were analyzed by using
Microsoft Excel 2003 for Windows.
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Results and Discussion

Morphological study of Spirogyra

Spirogyra is a genus of filamentous green algae in
the order Zygnematales. The name indicates the
helical or spiral arrangement of the chloroplasts,
which is the main diagnostic characteristic of the
genus, The Spirogyra species typically develops
unbranched filaments and is one cell thick, which
grows longer through normal cell division. There
are more than 400 species of Spirogyra in the
world. Vegetative growth of Spirogyra can be
recognized by three characteristics: (1) type of

Table 1. Physicochemical parameters

Parameter Method Reference
TS Method 2540 C
APHA-
VS Method 2540 E AWWA-
WEF, 2005
COD Method 5220
spectrophotometric
Chlorophylls Aathod
- Metrchm 774
P pH-meter
Bl(_)methane via COD Pavlostathis
estimation and
Giraldo-
Percentage of
; Gomez, 1991;
CH,, CO; and  BMP analysis Ramars; et al.
=5 2014

cross walls (plane, replicate, semi-replicate or
colligate), (2) cell length and width and (3)
chloroplast numbers.

There are classical and standard
morphological methods that were used in the
identification of the Spirogyra specimens with help
of specific literatores (Randhawa 1959; Transeau
1951; Vidyavati 1995; Kargupta and Jh 2004; Taft
2009). The morphological characteristics of each
sample were recorded via cell dimensions, along
with the number and arrangement of chloroplast
spirals/pyrenoids. The morphological
characteristics of biological parameters were also
studied and presented in Table 2. The classical
morphologically based methods are used for the
identification of Spirogyra specimens. The structure
of species from this study demonstrated definitive
identity matches in the range of 99% for the
agreement of S. ellipsospora. Light microscopic

pictures of Spirogyra ellipsospora is presented in
Figure 3.

S.  ellipsospora biomass
measurement
Biomass was a critical measurement in the algal
harvesting process for applications. A number of
methods had been developed to estimate and
quantify, which were useful in different cases
(Ramargj 2013; Ramargj et al. 2015c).

growth and

Figure 3. Light microscopic pictures of macroalgae
Spirogyra ellipsospora

Different methods were available such as dry
weight: Total suspended solids, volatile suspended
solids and fixed suspended solids; wet weight
method; chlorophyll (Chl) method: Chl-a, Chl-b
and Chl-atb), epifluorescence microscopy,
bioluminescence, photometric, turbidity, packed
cell volume and cell count etc (Unpaprom et al.
2015). According to Ramaraj et al. (2013), algal
biomass measurement and roughly we could
classify into two groups, (1) direct index such as
dry weight and (2) indirect index such as
chlorophyll, so-called proxy index.

Chlorophyll is the most widely used proxy
measurement of algae or phytoplankton and their
determination  is  relatively  simple  and
straightforward. In this study, we used chlorophylls
measurement to analysis biomass. Chl-a as an algal
biomass measurements in natural systems was very
popular. Chl-b is used to calculate pigment
concentrations. The total Chl-(a+b) is used to
measure algal growth (Ramaraj et al. 2010).
Growth system was setup outdoor conditions. Algae
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biomass measured by Chl-a, Chl-b and total
chlorophyll results were average as 9.36 ugmL”,

388 pgmL' and 13.24 pgmL”, respectively.
Accordingly, this study presents results to produce
algae biomass using the natural water and result

was encouraging,

Table 2. Morphological characteristic of S. ellipsospora

Type of Parameters Equipments Charac
parameters and teristics
methods

Width of cell 120-150
Length of cell 90-280
Chloroplasts 5-8
per cell
Vegetative cell 35-85
width
Vegetative cell 80-190
length(pm) )
LW  rmatio Light 2.0-34

Biological vegetative cell microscope
Number of 2-5
chloroplasts
Shape of Ellipsoid
Z00Spore
Zoospore 60-73
width
Zoospore 7595
length

The pofential of natural water medium for S.
ellipsospora long-term experiments and stock
maintenance
The utilization of natural water medium which
came from water body directly without any extra
nutrition addition, demonstrated the potential to
adopt the algal function for natural growth and long
time surveillance. The study confirmed that
macroalgae can get essential nutrition from natural
water body (natural water medium). Utilizing this
growth uptake function we could apply the natural
medium in controlled environments such as lab
(outdoor lab scale) or field scale growth units or
even further applied in natural environment, but
nowadays most of researchers and algae
manufactures are using artificial medium which is
expensive to produce algal biomass. Our study
could take advantage of nutrients available in
natural water to reduce the total cost, long-term
experiments and stock maintenance.

The productivity of macroalgae cultured for
6cycles of 6days using with outdoor lab
environment to imitate the natural system. The

culture that is continuously provided natural water
medium each of cycle ends. Macroalgae were
placed in 10L cylindrical tanks in an outdoor
system to be cultured for 36 days. Biomass was
initially stocked at 2 g/L. fresh weight (fw) for S.
ellipsospora. The algae were cultivated in a batch
culture system, described in detail previously (in
methodology part). Biomass was harvested every
6 days (6 cycles of 6 days each in total) using a net ,
spun to a constant fresh weight, weighed and
subsequently re-stocked at initial stocking densities
for a mew cycle. Stock maintenance, long time
experiment and growth of S. ellipsospora are an
essential for its subsequent use in biotechnology.
For this purpose, we tested the suitability of the
stock maintenance and growth of algal species is
essential for their use in biotechnology. Therefore,
natural water medium is the most suitable culture
media and ease of laboratory culture is relevant
topics. This environmental friendly process offers a
substantial potential source of algae biomass to
provide bioenergy and to reduce the greenhouse
gas, carbon dioxide.

Theoretical analysis of S. ellipsospora hiogas
production and biochemical methane potential
The well known use of the microbiological process
of anaerobic digestion (AD) to generate biogas
(mixture of methane and carbon dioxide) is now
widely implemented for the production of
renewable energy worldwide; bio-methane potential
(BMP) tests are commonly used in studies
concerning the AD of organic solids (Ramaraj et al.
2015c). Macroalgae can be converted to biofuels by
various processes including thermal processes and
fermentation. The most direct route to obtaining
biofuel from macroalgae is via AD to biogas
{Hughes et al. 2012; Montingelli et al. 2015). Algal
biomass contains considerable amount of
biodegradable components such as carbohydrates,
lipids and proteins. This makes it a favorable
substrate for anaerobic microbial flora and can be
converted into methane rich biogas (Sialve et al.
2009). In spite of the fact that macroalgae have high
potential for biogas production, there are some
studies on anaerobic digestion of macroalgal
biomass utilizing Chaetomorpha linum, Saccharina
latissima, Gracillaria vermiculophylla and Ulva
lactuca biomass.

Apparently, the BMP of algae depends
mainly on its composition, which itself depends on
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the growth conditions and and is specific species.
The concentration of substrate in the BMP assay
also impacts on the final biodegradability and
methane productivity (Sialve et al. 2009). When the
C, H, O and N composition of a wastewater or
substrate is known, the stoichiometric relationship
repo ried by Buswell and Boruff (1932) and
Angelidaki and Sanders (2004), and can be used to
estimate the theoretical gas composition on a
percentage molar basis.

Flements Percent MoP CH} CO, NH, Diog2S

(L/kg)
C 4187 349
H 600  6.00
0 3577 2% ?;;;’0 ‘(‘;')96 ?‘;g‘ 910.10
N 427 031
s 0.43

Table 3. Composition of methane and biogas production
from §. ellipsospora

In this equation, the organic matter is
stoichiometrically converted to methane, carbon
dioxide and ammonia. The specific methane yield
expressed in liters of CH, per gram of volatile
solids (VS) can thus be calculated as:

4a-b-2c+3d

CHON, + (22222 B0

( 4a+bt-321:-3d) CH, + ( 4a-h+:t:+3d) C02+ dNHg

Eq. (1) is a theoretical approach that allows
estimation of the maximum potential yields. Using
Eq. (1), it is possible to compute a theoretical
specific methane yield. Composition of methane
and biogas production from S. ellipsospora details
were presented in Table 3 (by dry weight basis).
The biogas composition of carbon dioxide (44%)
and methane (48%) of was estimated from the
biogas. The carbon, hydrogen, nitrogen, oxygen
and sulphur contents of were in S. ellipsospora,
41.87%, 6%, 35.77%, 4.27% and 0.43 respectively.
Consequently S. ellipsospora has plenty of nutrients
for biogas production process; it is suitable to be
uvsed as energy crops for biogas production.

Laboratory analysis of S. ellipsospora biogas
production and biochemical methane potential

Gross composition of several algae species were
presented by Becker (2007). As expected, the

species that can reach higher lipid content have a
higher methane yield. COD is commonly used in
the water and wastewater industry to measure the
organic strength of liquid effluents. It is a chemical
procedure using strong acid oxidation. The strength
is expressed in ‘oxygen equivalents’ i.c. the mg O,
required to oxidise the C to CO,. However, the
COD concept could be estimate the methane yield
(Pavlostathis and Giraldogomez 1991; von Sperling
and Oliveira 2009; Than et al. 2014). One mole of
methane requires 2 moles of oxygen to oxidise it to
CO, and water, so each gram of methane produced
corresponds to the removal of 4 grams of COD.

CH4+ 202 % C02+2H20

16 64 ..Eq.2
Or

1kg COD is equivalent to 250g of methane.

1kg COD = 250g of CH,

250g of CH, is equivalent to 250/16 moles of gas

=15.62 moles

1 mole of gas at STP =224 liters

Therefore 15.62 x 22.4 = 349.8 liters = 0.35 m’.

In our study, the sample content of total
solids (TS) and volatile solids (VS) was measured;
the results were average as 16622 mg/kg and 13959
mg/kg, respectively. The average pH was 7.4 and
average COD 14236 mg/L. Methane formation
takes place within a relatively narrow pH interval,
from about 6.5 to 8.5 with an optimum interval
between 7.0 and 8.0. The process is severely
inhibited if the pH decreases below 6.0 or rises
above 8.5. The pH value increases by ammonia
accumulation during degradation of proteins, while
the accumulation of VFA decreases the pH value.
The accumulation of VFA will often not always
result in a pH drop, due to the buffer capacity of the
substrate (Mdsche and Jordening 1999; Wang et al.
1999; Weiland 2010). According to the COD
estimation, our study shows the mixed culture
microalgal biomass is a potentially valuable
fermentation substrate, and produce 1.9930 L
(0.002 m") of methane gas.

In conclusions, production of biofuels is
undoubtedly one of the best solutions for declining
the crude oil reserves and global warming due to
excessive greenhouse gasses emissions. As fossil
fuel prices increase and environmental concerns
gain prominence, the development of alternative
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fuels from biomass has become more important.
Biogas is considered a renewable energy carrier. As
demonstrated here, macroalgal biogas is technically
feasible. Macroalgae have several advantages over
terrestrial plants such as higher photosynthetic
efficiencies, lower need for cultivation area, higher
growth rates, more continuous biomass production,
no direct competition with food production, and
possibility to use artificial medium, natural water
medium (freshwater/marine water) and wastewater
for biomass production. The algae biomass thus
produced constitute an additional source of organic
substrate in the installation for biogas production.
The biogas production was 910.10 L/kg. Therefore,
fast growing, high-yielding and rich in organic
matter of S. ellipsospora was promising energy
crops for biogas production. This suggested that it
is possible to achieve stable operation using S.
ellipsospora, as a substrate for biogas production in
pilot or large scale biogas plant in the future.
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Cultivation of Green Microalga, Chlorella vulgaris
for Biogas Purification

Rameshprabu Ramaraj, Yuwalee Unpaprom ,Natthawud Dussadee®

Abstract— Algal biomass can be utilized for renewable
energy sources, such as hvdrogen, biodiesel and biogas.
Currently, renewed interest in producing bioenergy from
microalgae has arisen because they can grow rapidly and
convert solar energy into chemical energy via CO; fixation and,
thus, are now considered one of the most promising energy
sources. Subsequently, microalgae are playing important role in
the biological purification of biogas. In this study, samples were
collected from fish pond water and samples were enriched and
isolated. The strain was identified as species of green microalgae
Chlorella vulgaris. It was cullivated under open type cement
pond systems to produce biomass. The ohjective of this study
was 1o evaluate the growth of green microalga C. vulgaris on low
cost artificial medium. The medium was prepared with rice
fertilizer, rice bran, fish meal, lime and urea. This medium was
named as, Rameshprabu medium. In this research, we
investigated the growth, biomass production and biochemical
composition of C. vulgaris using batch culture. The best biomass
in terms of high total carbohydrates, protein and lipid
production was obtained through using Rameshprabu medium.
Furthermore, algal growth removed nitrogen, phosphorus, and
chemical oxygen demand (COD) from the medium.

Index Terms— Microalgae, Chlorella vulgaris, Cultivation,
Biomass production.

I. INTRODUCTION

The global demand for biomass for food, feed. biofuels,
and chemical production is expected to increase in the
coming decades. Microalgae are a promising new source of
biomass that may complement agricultural crops [1] — [4].
Biofuels productions from microalgae received wide
attention recently and have high potential to replace fossil
fuels. Although there is much excitement about the potential
of algac biofuels such as bioethanol. biediesel and biogas,
much work is still required in the field [5]. The production of
biogas via anaerobic digestion (AD) is the most feasible and
cost-effective route to an energy product [6]. From an
environmental and resource-cfficiency perspective biogas has
several advantages in comparisen to other biofuels.

Biogas is composed of 40-70% methane (CH,), 20-30%
carbon dioxide (COy), 100-3000ppmv hydrogen sulfide
(H.S) and water. other trace gas compounds and other
impurities. Since the main components of biogas are CH,,
COs; and H,S. To utilize biogas as a transport fuel. CO, and
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H,S must be removed from the concentration to leave
biomethane. Biogas purification is the process where any
impurities are removed such as sulphides and ammonia.
Biological processes are widely employed for CO, and H,S
removal, especially in biogas applications [7]. According to
Ramaraj et al. [8] confirmed that microalgae is the best
candidate to uptake CO; efficiently. In addition, biological
methods of COs capture from biogas are potentially useful
[9].

Since algae are easy to grow and cultivate anywhere with
less energy requirements and using very few of the nutrients.
It can be cultivated all year round under autotrophic,
mixotrophic or heterotrophic conditions. Mixotrophic and
heterotrophic cultures have a place as alternative modes of
producing algae biomass. The ideal growth conditions for
microalgal cultures are strain specific and the biomass
productivity depends upon many factors [5]. These include
abiotic factors for example temperature, minerals, CO,, pH,
water quality, light cycle and intensity; biotic factors include
cell fragility and cell density. Mechanical factors include
continuous mixing, gas bubble size and distribution and mass
transfer, all these are of particular concern in
photo-bioreactors [5], {6]. Light and temperature are the two
most important factors that affect algac biomass productivity.
The energy for growing algae is provided by light via
photosynthesis. Sufficient light energy must be effectively
utilized to achieve higher biomass productivity.

Algae cultivation also depends on pH levels and optimum
pH influences the carbon availability, metabolism and
biochemical composition of cells [7], [8]. For efficient use of
algae as a source of bioenergy, it is very important to focus on
the native algal species and to select that algal species which
not only has a high growth rate but has greater lipid content.
Identification of local algal specics. optimization of
conditions for native algal species was preferable for further
studies. Hence, present study is a significant step forward in
utilization and cultivation technique applied as an algae as a
source of renewable energy and biological process of biogas
purification.

The coccoid green microalgae genus Chlorella is one of the
most important commercial microalgae |[10]. Chlorella
(Chlorophyta,  Trebouxiophyceae), is  commercially
cultivated by many countrics in the world. The annual
production of Chlorella biomass exceeds 2,000 tonnes,
mostly used for dietary supplements and nutraceuticals, with
a minor share destined to the cosmetic market and
aquaculture. C. wulgaris is a robust and fast growing
microalgae species commonly cultivated and interesting
regarding the production of secondary metabolites with
health beneficial properties. The main purpose in this lopic is
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to minimize the production costs as low possible. That is
main reason in this study open type cement ponds were
employed. In this paper. we aim to cultivate the isolated and
an identified strain C. vulgaris for further establishment of
biogas purification.

1. MATERIALS AND METHODS

A. Isolation and Identification of Microalgae

The methodology of microalgae collection, isolation and
identification process were adopted our previous published
papers [2]. {3]. [5]). [6]. The sample was collected by
plankton net (20-um pore size) from freshwater fish pond
(18° 55" 4.2"N: 99° 0' 41.1"E) at a location near Maejo
University, Sansai, Thailand. The collected samples were
samples of about 5 ml were inoculated into 5-ml autoclaved
Bold Basal Medium (BBM) in 20-ml test tubes and
cultured at room temperature (30£1°C) under 50 ymol™" m*
see” intensity with 16:8 h photoperiod for 10 days. After
incubation, individual colonies were picked and transferred
to the same media for purification in 250 mL conical flask.

The culture broth was shaken manually for five to six times
a day. The pre-cultured samples were streaked on BBM
medium-cnriched agar plates and cultured for another 10 days
with cool white fluorescent light using the same light
intensity. The single colonies on agar were picked up and
cultured in liquid BBM medium. and the streaking and
inoculation procedure was repeated until pure cultures were
obtained. The purity of the culture was monitored by regular
observation under microscope. The isolated microalgae were
identified microscopically using light microscope with
standard manual for algae [11]. [12].

B. Maintenance of microalgae cultures

Isolated and purified microalgae were inoculated in 250-ml
Erlenmeyer flasks containing 125 ml BBM medium. Flasks
were placed on a reciprocating shaker at 120 rpm for 7 d at
room temperature of 30+1°C. Light was provided by cool
white fluorescent lamps at an intensity of 50 pmol™ m’ sec”.
The algae culture was then transferred to 500-ml Erlenmeyer
flasks containing 450 ml. Algae growth were monitored by
measuring the optical density of the algal medium with
spectrophotometer (Spectronic Genesys 20, Thermo Fisher
Scientific) at a wavelength of 665 nm. Measurements were
taken daily and three replicates were measured. .

C. Production of microalgae

Figure | showed the open type algal cement pond and
detailed descriptions through schematic diagram. Two
litters” cultured microalgae were transferred to open tvpe
cement pond (total volume 200L) for large amount of
biomass production through artificial medium. The medium
was prepared with rice fertilizer (100g), rice bran (400g),
fish meal (100g). lime (50g) and urea (200g). This medium
was named as, Rameshprabu medium. Algal cement pond
height was 40 cm and length was 80 cm. Furthermore, pond
was filled 150 liters water and medium. It was reached 25
cm height in the pond. All ingredients were filled with 10L
walter subsequently mixed by stir then transfer to the pond; it
associated with air pump. Pond was left for one night to
release ammonia and medium dissolve in the water properly.

;.
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Next day stock algae were transfer to the triplicate cement
ponds. Algal growth was measured and stirred the everyday
to prevent algae precipitation.

Figure 1 - (A) Open type algal cement pond:; (B) -
Schematic diagram of algal cement pond: 1. algae growth, 2.
outlet of pond. 3. acration bubble. 4. tube. 5. air pump.

D. Analytical Methods

All the indices including cell count, optical density (OD),
pH. alkalinity, chemical oxygen demand (COD), biological
oxygen demand (BOD). total nitrogen (TN}, total
phosphorous (TP), Total suspended solids (TSS), volatile
suspended solids (VSS) and fixed suspended solids (FSS)
were continuously monitored throughout the study. following
the standard protocols of APHA [11]. Fatty acid content was
performed by GC-MS analysis. Chlorophylls, protein,
carbohydrates, lipids determination procedures were adopted
from Tipnee et al. [13]. Elemental composition (C, H, N, O.
S) was analyzed using the element analyzer (Perkin—Elmer
2004). Moisture content of raw materials was determined
following the procedure given in ASTM Standard D 4442-07.
The residual sample in the crucible was heated without lid in
a muffle furnace at 700 £ 50 °C for one half hour. The
crucible was then taken out, cooled first in air, then in
desiceators and weighed. Heating, cooling and weighing was
repeated. till a constant weight obtained.
E. Statistical analyses

All experiments were determined in biological triplicate to
ensure the reproducibility. Experimental results  were
obtained as the mean value + SD. Statistical analyses were
performed using the SPSS statistical package (SPSS Inc.,
Chicago, 1L, USA). The statistical significances were
achieved when p<0.05.
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1. RESULTS AND DISCUSSION

Species Identification

For many years, strains of Chlorella (Chlorophyceae,
Chlorococcales) have served as maodel organisms in plant
physiology and biochemical rescarch. Currently available
information was positively identifving an environmental
strain of the Chlorella genus of freshwater unicellular green
algac. The genus Chlorella encompasses spherical or
cllipsoidal non-motile green cells that produce autospores,
and inhabit freshwater. soil and marine habitats. Its
commercial potential has been considered since 1960, being
the first microalga to be mass cultured for food, feed and as a
source of nutraceuticals. More recently, it has also been
suggested that they are good candidates for fuel production
and biogas purification [7], [ 14].

Since the characteristics traditionally used for taxonomy
are sufficient and morphological criteria for the identification
of Chlorella species. According to taxonomical grouping
based on morphology and physiological properties. it
belongs 1o genus Chlorella, family Oocystaceae, order
Chlorococcales, Chlorophyceae. division
Chlorophyta of the kingdom Plantac. C. vulgaris is a
spherical microscopic cell with 2-10 pm diameter and has
many structural elements  similar to  plants [15]. The
individual cells of the colonies were in the range of 10 pm.
Cells are green color, unicellular, spherical in shape; figure 2
shows the morphology of C. vulgaris observed under a light
microscope. The cell wall contains hemicelluloses, which
accounts for the stability and rigidity of the cells. It has an
asexual reproductive cycle, with the production of autospores
from the mature large cell. by dividing the cell into smaller
units. One mature cell divides inte four new ones every 16-20
hours. The algal cells utilize sunlight for photosynthesis. The
photosynthetic rate exceeds the respiration rate of Chlorella
cells by 10-100 times.

class

Figure 2 — Chlorella vulgaris.

Determination of algae growth and biomass production
Algae growth in this study would be presented by optical

density (OD  685) condition and cell densities were

determined through cell counts under optical microscope

#

Nu'-h'n

using an improved bright lined haemocytometer. Optical
density and cell count clearly indicated that the best growth of
C. vulgaris was through Rameshprabu medium using open
type cement ponds shown in figure 3 and 4. Their growth
increased rapidly in the first six days. then slowed down in
the next six days, and again from thirteen days growing up.
which could be due to the gradual consumption of certain
nutrient elements like nitrogen and phosphorus in the
medium. C. vulgaris have been widely used in numerous
field applications for their strong survival abilities and
efficient utilization of nitrogen and phosphorus [ 1]-]4].

Cell yrnmsioy BB ol )

Thase i

Figure 3 — C. vulgaris growth determined through
cell count.

e fekan 1

Figure 4 - C. vulgaris growth estimated through cell
densities.

While CO, is available abundantly in the atmosphere as
well as from anthropogenic sources, the availability of light is
very important for the algae growth [16]. It is known that
environmental factors such as light intensity, temperature and
nutrients can significantly affect the composition of
microalgae [17]. Furthermore, Ramaraj et al. [I18]
demonstrated that algae’s ability 1o uptake CO, from the
atmosphere and much greater biomass productivity compared
to land plants. This study also proved that the microalga C.
vulgaris could grow well in open type cement pond
utilization atmospheric CO, and might be a good candidate
microalga for the biogas purification if could apply in the
closed system utilizing biogas as a carbon source. Algal
biomass by direct measurement of total suspended solids and
volatile suspended solids resulted as 474.1240.15 mg/l. and
396.25+0.03 mg/L respectively.

Chlorella vulgaris cultural conditions

The values of measured physicochemical and biological
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parameters in the microalgal growth conditions of this study
are summarized in table 1 and figure 5. The most important
parameters are nutrient quantity/quality, light, temperature
and pH [8]. [18]. Growth system was setup in the open pond
system for utilize solar energy directly. This study was aimed
to find a strategy to reduce the costs and environmental
impacts of Chlorella biomass production under autotrophic
conditions used open type cement ponds. Ramaraj et al. [19]
confirmed that photoautotrophic microalgae require several
things to grow. Because they are photosynthetic. they need a
light source. COs as energy and carbon sources, water, and
inorganic salts [19].

The biomass produced absorption of atmospheric CO,,
possibly driven by a decline in the CO, partial pressure
resulted from photosynthesis.  Carbon, phosphorus and
nitrogen are considered to be the most important nutrients for
algac growth: the results are shown in Table 1. COD
measured the nutrition carbon on natural water medium and
reactor effluent; the medium was 998+1.16 mg/L. while the
reactor was 802.5£0.71 mg/L. After algac growth. the
concentration of COD increased significantly. In the medium.
nitrogen was 105.5+0.22 mg/L. while in it ponds were
50.59+70.71 mg/L. For alkalinity, the content was reduced
medium to ponds. Alkalinity was an important buffering to
maintain a fairly optimal growth range in the water body and
the changes were consumed by algae growth from its role as
one of possible carbon sources. Chlorophyll a production by
phytoplankton cells is known to vary with growth conditions;
in our experiments. the maximum production of chlorophyll a

biomass, containing lipids, starch, cellulose, proteins, and so
on, i1s considered a promising feedstock for producing a
variety of renewable fuels, such as biodiesel. biocthanol,
biohydrogen and biogas [ I |-[7]. The proximate and ultimate
analysis of C. vulgaris illustrated in table 2. The major fatty
acid composition was determined using GC- MS system
(table 3). Green algae have the bulk of their fatty acids as
saturated and unsaturated C18 s, a composition similar to that
of vegetable oils [19], [20]. In this study, C. vulgaris, palmitic
acid (C16:0), physetoleic acid (C16:1), and oleic acid (C18:1)
were commonly dominant. Tn particular, lipids with high
content of unsaturated fatty acids had been reasonable
balance of fuel properties.
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Figure 5 — Culture conditions of Chlorella vulgaris.

Table 2 — The proximate and ultimate analysis of C. vulgaris

content of C. vulgaris was 28.89 £+ 1.33 (mg/g). Parameter C. vulgaris
Moisture 9.87
Table 1- Physiochemical parameter Ash 14. 87
- ;Rﬁ&m'ﬂlﬂlﬂm_m ;\‘!se centhent oo Proximate Carbohydrate 20.85
rameters ean can Oy o
(= SD) Range (= SD) Range Analysis (%) iﬂ')t% ;n 7233:8
1:5% 8.38 Ap1d s
pH (20.15) 7482 | dsauiie Tiber 17.06
Temperature 32.56 314-337
- - Carbon 48.56
C) (+).78)
= : Hyd 6.40
Mt 3256 Ultimate el
ntensity - = (2011} 314-33.7 Analvside Oxygen 3.7
(umol 'm 7} i ngiysisge) Nitrogen 6.26
8.3 13.5 ;
DO (mg/l) (+1.25) 7-10 (+0.05) 10-17 Sulphur (.79
S 1055 . 050 | .0
T (20.22) Sy gy | e Table 3 — Fatty acids analysis of C. vulgaris
TP (mg/L) ; ﬂﬁﬂ) 36-48 {;: ‘?ﬂ 20.7-42.5 Fatty acids Value
Akl S Cl14:0 3.0+ 0.2
alinity 29.03 15.23 9.51 15.207
(mgCaCO/1} (£1.52) s (£2.5) el C16:0 362+ 1.5
i . 998 802.5 % Cl6:1 1.8+ 0.1
COD (mg/L) (£1.16) 1006-1013 (*0.71) 560-987 e 11202
BOD gLy | | ig(.)t?n oisein | BT 19060 Cl16:3 1.3 0.1
49412 C18:0 5.46+ 0.3
TSS (mg/L) = z @oasy | 31977 C18:1 18.33+ 1.2
VS5 (me/L) - - :ﬂf’[f:’ 266-537 Cl18:2 16.7+ 0.6
: 63 Cl18:3 198 0.7
FSS (mg/l) - : w002y | S99 MUFA * 201 1.2
FA b +22
Chlorella vulgaris chemical compositions I;EJFT“ :;hi: ;;
Photoautotrophic microalgae can effectively transform the DUS ¢ 1‘ 1{: (.;.03

inorganic nutrients, CO», H.O and other substances into
organic compounds such as protein. carbohydrate, lipid and
other ingredients  through  photosynthesis.  Microalgal
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Note: * percentage of total fatty acids (%). " MUFA=
monounsaturated fatty acids, © PUFA= polyunsaturated fatty
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acids. ! UFA= unsaturated fatty acid. © DUS = degree of fatty
acid unsaturation.

Biological purification processes for biogas

The main components of biogas are CH, and CO,. but
usually biogas also contains H,S other sulphur compounds,
water, other trace gas compounds and other impurities.
Purification and upgrading of the gas is necessary because
purificd biogas provides reductions in green house gas
emissions as well as several other environmental benefits
when used as a vehicle fuel [7]. Reducing CO- and H-S
content will significantly improve the quality of biogas. For
biogas impurity removal. biological processes are
environmentally friendly and feasible. Biogas purification
using algac involved the use of algae’s photosynthetic ability
in the removal of the impurities present in biogas.

Ramaraj and Dussadee [7] stated that algae application of
CO> sequestration has developed as a popular topic and
the current interests are including: species, power plant flue
gas utilization, reactor design. growth condition, growth
kinetics and modeling. The most studies in the literature
concerned the maximum CO, uptake rate by the artificial
photo-bioreactors  [20]. Among those techs. bio-eco-
technology is the most natural and ccological way to
accomplish the designed rtargets by the utilization of
“sclf-designed™ bio-functions of nature [8]. [18], [19].
Further our establishment study, C. vulgaris applicable for
biogas purification.

IV. CONCLUSIONS

The cultivation of the microalga, C. vulgaris utilized low
cost artificial medium  which named as Rameshprabu
medium, The medium was prepared through rice fertilizer,
rice bran, fish meal, lime and urea. This medium was named
as, Rameshprabu medium. The aim of the current work was
to evaluate the potential of the green alga C. vulgaris as a
cheap renewable energy source in term of biofuels. The algae
grew faster, providing higher productivities ol biomass,
lipids. carbohydrates and proteins. Furthermore, C. vulgaris
biomass production and carbohydrate consumption were
enhanced by supplementing the inorganic culture.
Photoautotrophic conditions cultivation of C. vulgaris can be
considered as a feasible strategy to reduce the costs of
microalgal biomass production, while also contributing to
solve the environmental problem.
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Potential Evaluation of Biogas Production and
Upgrading Through Algae

Rameshprabu Ramaraj, Yuwalee Unpaprom ,Natthawud Dussadee™

Abstract— Algae are known to be a potential feedstock in the
production of biogas. Many studies has been focused on
microalgal species, macroalgae are also suitable as a source of
rich protein, carbohydrate and lipids. In this study, a locally
abundant (Chiang Mai Province, Thailand) and naturally
grown filamentous algae, Spirogyra ellipsospora has been
harvested from a slow running freshwater stream: subsequently
biomass was dried with solar dryer, and the materials were
pulverized for chemical composition analysis. The feasibility of
utilizing macrealgae bi asa bstrate for the biogas
production was investigated. Results showed that the highest
methane yield was reached 65 % without any pretreatment
process. This study suggested that it is possible to achieve stable
operation using S. ellipsospora, as a substrate for hiogas
production in pilot or large scale biogas plant. Therefore, S.
ellipsospora as energy crop can be an alternative energy
resource.

Index Terms— Algae, Freshwater stream,
ellipsospora, Chlorella vulgaris, Biogas.

Spirogyra

. INTRODUCTION

Duc to the energy crisis, renewable energy becomes a
popular issue in this world today and there are several
alternatives such as bioenergy. solar, wind, tide, geothermal,
ctc. Bioenergy is a type of renewable energy made from
biological sources including algae, trees, or waste from
agriculture, wood  processing.  food  materials, and
municipalitics. For bioenergy, algae are the third generation
biofuel [1]. It provides an excellent biomass as a renewable
cnergy source, so called ~“bioencrgy™. and turn algac as the
most efficient bio-component [2].  Recently, macroalgae
have recently received considerable attentions as a substrate
for biofuels production, since they have higher growth rates
compared to the plants, The photosynthetic
efficiency of aquatic biomass is 6—8%. which is much higher
than that of terrestrial biomass (1.8-2.2%).

Macroalgae are fast growing marine and freshwater plants
that can grow to considerable size (up to 60 m in length).
Annual primary production rates (grams cm-2 yr-1) are
higher for the major marine macroalgac than for most
terrestrial biomass [3]. Macroalgae can be subdivided into the
blue algae (Cyanophyta), green algae (Chlorophyta). brown
algae (Phacophyta) and the red algae (Rhodophyta). Either
Freshwater macroalgae or marine macroalgae (kelp or
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seaweed) could be used for solar energy conversion and
biofuel production [3]. Macroalgae received a large amount
of attention as a biofuel feedstock due to its prolific growth in
natural habitat of freshwater system, eutrophic coastal water
fouling beaches and coastal  waterways. Generally,
macroalgae (red, brown, and green) are obtained from natural
and cultivated resources.

Spirogyra sp. (Tao) is freshwater macroalgae. available in
the north and northeast of Thailand. It contain high amount of
chemical components including carbohydrates, fat, proteins
and mineral substances [4]. It is a genus of filamentous
freshwater green algae of the Division Chlorophyta order
Zygnematales Family Zygnemataceae.. named for the helical
or spiral arrangement of the chloroplasts that is diagnostic. It
is commonly found in freshwater arcas and there are more
than 400 species of Spirogyra in the world [5]. They grow in
the standing water of clean to moderate quality, clear water
with the trbidity not exceeding 10 NTU, temperature
15-27°C and pH 6-7.8. Regarding biofuel production, algae
can provide different types of biofuels, including: biodiesel
(from algal fatty acids): ethanol (produced by fermentation of
starch); hydrogen (produced biologically); and methane
(produced by anaerobic digestion of algal biomass). From an
environmental and resource-efticiency perspective biogas has
several advantages in comparison to other biofuels. Hughes et
al. 6] suggested that energy conversion via anaerobic
digestion was successful as the biochemical composition of
macroalgae makes it an ideal feedstock. The production of
biogas via anaerobic digestion (AD) is the most feasible and
cost-effective route to an energy product [ 7], [8].

Biogas is composed of 40-70% methane (CH,), 60-30%
carbon dioxide (CO,), 100-3000 ppmv hydrogen sulfide
(H.S) and water, other trace gas compounds and other
impurities. Since the main components of biogas are CH,,
CO, and H,S. Purification and upgrading of the gas is
necessary because purified biogas provides reductions in
grcen house gas emissions as well as several other
environmental benefits when used as a vehicle fuel. Reducing
CO; and H-S content will significantly improve the quality of
biogas. Various technologies have been developed and
available for biogas impurity removal; and biological
processes are environmentally friendly and feasible.
Furthermore, microalgae are abundant and omnipresent.
Biogas purification using microalgae involved photosynthetic
ability in the removal of the impurities present in biogas. In
Thailand, there is plenty of freshwater natural resource
available. In this study. we utilized the natural recourses and
obtain algal biomass from the resource directly for biogas
production. It could be reduce the cultivation and production

cost. In the same time, this approach could be helpful o
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decrease algae degradation and pollution in the water body. In
addition. it could reduce the algal bloom. However. biogas is
containing  with impurities. Biogas impurity removals
through microalgal system are beneficial for environment and
cconomical aspects [9]. It could be save environment effects
such as green house gases and same time it could reduce the
chemical cost and other related purification material cost.
Therefore, this study focused on the development in AD
techniques for macroalgae as biogas producer and using
microalgae as biogas purification. The main objectives are (1)
to utilize the natural recourses and evaluation of algac growth
environment, (2) to investigate the biogas production
potential  from  freshwater  macroalgac  (Spirogyra
ellipsospora) and (3) to apply the biogas purification through
microalgal (Chlorella vulgaris) biological purification
process.

Il. MATERIALS AND METHODS

A Plant materials (macroalgae)

Spirogyra cllipsospora biomass was collected from the
slow running fresh water stream at Tumbon Pang Yang (19°
1842.41" N; 982 4844.11" and elevation 722 m). Mae
Taeng district, Thailand and transported to the Energy
Research  Center.  Maejo  University, Sansai, Chiang
Mai-50290, Thaialnd. Species identification and
morphological details were presented in our previous study
[10], [11]. Figure 1 demonstrated that study site, material
collection, harvesting and drying through solar dryer for
biochemical analysis. Samples of macroalgae biomass were
collected by hand (traditional method) directly from the
stream. Directly after acquisition macroalgae biomass was
rinsed with tap water to remove sand and other pollutants.

g
R

S |

Figure 1 — Study site and plant material collection: (A)
slow running fresh water stream, (B) traditional algae
collection, (C), harvested algae, (D) solar dryer for biomass
drying.

B. Microalgae collection for biogas purification

The cultured microalgae. C. vulgaris were obtained from
Energy Rescarch Center, Maejo University, Sansai, Chiang
Mai-50290, Thailand. The algae were cultivated using open
type cement pond and low cost artificial medium which is
named as Rameshprabu medium.

N.
i raiBen

C. Experimental procedure

The bioreactor system consists of flasks of 5000 ml in
capacity. The equipment is constituted of: valves, quick
release tubing connectors. plastic pipes and gas collector,
shown in figure 2. To preserve anaerabic conditions. nitrogen
has been flushed for 2 min into the reactors to clear up any
residual trace of oxygen from within the flasks and pipes.
Water-baths were used to keep the reactors at a mesophilic
temperature in the laboratory. A biogas analyzer was used to
verify anacrobic conditions were created correctly when
preparing the reactors and to analyze the biogas biochemical
composition. The experimental set up and methodologies are
followed our previous studies [10]. [11]. The purpose of the
first experiment is to identify whether a benefit in room
temperature system for biogas production. The anaerobic
assays were conducted in 5000 mL duran bottles (triplicate
reactor) containing 400 mL of inoculum and 1000 g of fresh
S. ellipsospora and remaining make up with double distilled
water. The total working volume is 4000 mL. After
inoculation, all batch reactors were purged with nitrogen gas
to create an anacrobic condition. Triplicate, 5000 mL
fermenters were incubated in the room temperature (assumed
as mesophilic conditions). Production of biogas was
monitored by measuring the overpressure in the bottle
headspace at time intervals depending on the production of
biogas. Three digesters have been prepared with the exact
amount of inoculums used. The anacrobic inoculum was
obtained from a working anaecrobic digester at Energy
Resecarch Center, Macjo University.

Figure 2 - A) Batch system of macroalgac biogas
production B) Schematic view of the experimental set up
during anaerobic digestion (1) water tank 2) protection
wooden box 3) gas transfer tube 4) gas sampling port 5)
digester (5000ml) 6) gas measuring cylinder

The inoculums characteristics including TS, VS, COD
were 296.1 = 0.05 mg/L, 1585 £ 1.15 mg/L and 1241.6 +
2.01 mg/L., respectively: along with alkalinity of 136.4 £ 0.04
mg/L as CaCO,, VFA of 136.4 £ 0.25 mgCH;COOH/L and
pH was 6.66 £ 0.03 [12]. Five liter batch fermenters were
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incubated at room temperature conditions for 70 days. The
digesters were shaken two or three times everyday to prevent
the formation of surface crust which may prevent contact
between microorganisms and the substrate.

D. Analytical Methods

All the indices including chemical oxygen demand (COD),
total nitrogen (TN), total phosphorous (TP), Total solids (TS)
and volatile solids were continuously monitored throughout
the study. following the standard protocols of APHA [13].
Metrohm 774 pH-meter was used in all pH measurements.
Fatty acid content was performed by GC-MS analysis.
Protein, carbohydrates, lipids determination procedures were
adopted from Tipnee et al. [14]. Elemental composition (C,
H, N, O, §) was analyzed using the eclement analyzer
(Perkin—-Elmer 2004). Moisture content of raw materials was
determined following the procedure given in ASTM Standard
D 4442-07. The residual sample in the crucible was heated
without lid in a muffle furnace at 700 £ 50°C for one half
hour. The crucible was then taken out, cooled first in air, then
in desiccators and weighed. Heating. cooling and weighing
was repeated, till a constant weight obtained. Total fat, ash,
moisture, fiber contents and volatile fatty acids (VFA) were
determined wusing AOAC official method [15]. The
composition of biogas (CH,, CO. H-S, H> and O) was
measured using a biogas analyzer (GFM 416 series, UK). All
the values or readings are the result of mean of three
replicates. Data was reported as mean + standard deviation
(SD). Statistical analyses were performed using Microsoft
Excel. The statistical significances were achieved when
p<0.05.

[II. RESULTS AND DISCUSSION

Feedstock characteristics

Results of physical and chemical composition of the S.
ellipsospora after harvested and biomass showed distinct
differences in their chemical composition. The fixed carbon,
volatile matter, moisture. ash, pH. carbon. hydrogen, oxygen
and nitrogen contents were in S, ellipsospora, 13.38%,
66.16%. 8.27%, 15.02%, 7.4. 41.87%. 6.00%. 35.77% and
0.43 %, respectively. The macromolecules of carbohydrate,
protein, lipid and fiber contents were 56.43%, 21.60%,
9.819%, and 6.50%. respectively. In this study. the sample
content of total solids (TS) and volatile solids (VS) was
measured; the results were average as 16622 mg/kg and
13959 mg/kg, respectively. The average was COD 14236
mg/l.. Consequently S. ellipsospora has plenty of nutrients
for biogas production process: this macroalgae is suitable 1o
be used as energy crops for biogas production. .
Macroalgae, Spirogyra ellipsospora to biogas: anaerobic
digestion

Macroalgae can be converted to biofuels by various
processes including thermal treatment [ 16] and fermentation
[17], [18] but the most direct route to obtaining biofuel from
macroalgae is via its anaerobic digestion to biogas (~ 60%
methane). Methane can be used to produce heat and
electricity or compressed for use as a transport fuel. Since this
time there have been developments in AD technology and an

7
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enormous increase in its use Hughes et al. [18]. The study
results of biogas and methane production from macroalgae, S.
ellipsospora presented in figure 3 and 4. Without any
pretreatment methane content was achieved 64.67 %. Our
studies agreed with Hughes et al. [18] and also conlirmed
better results; on 70™ day day CO, level was 31.5 % and H,S
was 578 ppm (ie. 0.0578%). For the comparison of
freshwater macroalgae biogas production and methane
content from S. ellipsospora was much higher than Spirogyra
neglecta, Chara fragilis and Cladophora glomerata, which
was reported by Baltrénas and Misevicius | 19].
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Figure 3 — biogas and methane production from
macroalgae, S. ellipsospora.

Them ez

Figure 4 - biogas composition of macroalgae, S.
cllipsospora during anacrobic digestions.

Biogas purification through biological process

CO, Microalgae can fix CO, using solar energy with
efficiency ten times greater than terrestrial plants {20]. [21].
Therefore, we require the rapid development of
bio-carbon-fixation technology to eliminate the adverse
effects of CO-, to transfer atmospheric CO, through the
carbon cycle and to promote carbon balancing ecologically.
The most studies in the literature concerned the maximum
CO; uptake rate by the artificial photo-bioreactors [22].]23].
Among those techs, bio-eco-technology is the most natural
and ecological way to accomplish the designed targets by the
utilization of “self-designed™ bio-functions of nature
[24].125]. Accordingly, algae production has a great potential
for CO; bio-fixation process and deserves a close look.

Biogas purification/scrubbing using algae involved the use
of algac’s photosyvnthetic ability in the removal of the
impurities (mainly CO, and H,S) present in biogas. leaving a
purified biogas containing almost pure methane, which could
be used for energy generation. Biological purification
technology is worth examining because has double impact.

130 www.ijntr.org



82

Potential Evaluation of Biogas Proeduction and Upgrading Through Algae

The method about removing CO; from biogas by microalgal
culturing using the biogas effluent as nutrient medium and
effectively upgrade biogas also simultaneously reduce the
biogas effluent nutrient {26]. Using biogas as a source of
carbon dioxide has two main advantages: the biomass
production costs are reduced and the produced biomass does
not contain harmful compounds, which can occur in (lue
gases. Hendroko et al. [27] verified exhibit that microalgae
(Scenedesmus sp.) in laboratory experiments using biogas
slurry as growing medium and biogas are given periodically
generate 21% of CO, compared with 24% of controls. There
are several authors [26], {27], [28] reported that Arthrospira
sp. Chololera vulgaris SAG 211-11b, Chlorella sp. MM-2,
Chlorella  sp. MB-9, Chlorella  wulgaris  ARCI.
Chlamydomonas sp. dan Scenedesmus sp. was a positive
synergy with biogas. The productivity of the system with
Zarrouk media and biogas almost 5 times higher than that for
the same media without biogas when piggery waste was used.
the utilization of biogas brings a productivity gain of about
2-5 times higher [27].

Kao et al. [29] demonstrates that the microalga Chlorella
sp. MB-9 was a potential strain which was able to utilize CO»
for growth when aerated with desulfurized biogas
(H.S<50ppm) produced from the anaerobic digestion of
swine wastewater. The demonstrated system can be
continuously used to upgrade biogas by utilizing a double set
of photobioreactor systems and a gas cycle-switching
operation. Furthermore, they demonstrated that the efficiency
of CO, capture from biogas could be maintained at 50% on
average, and the CH,; concentration in the effluent load could
be maintained at 80% on average, i.e., upgrading was
accomplished by increasing the CH, concentration in the
biogas produced from the anaerobic digestion of swine
wastewater by 10%.

Some literatures  mentioned about the cultivation
microalgae using biogas as CO- provider. Kao et al. (2012a)
used biogas that contained 20+2% CO, for Chlorella sp.
culture with variation of light intensity which was at cloudy
and at sunny day. Kao et al. [30] used biogas that contained
204£1% CO, for Chlorella sp. culture with variation flow rate
of biogas which was 0.05; 0.1: 0.2: 0.3 vwm. Douskova ct al.
(2010) investigated the potential of biogas as CO, provider
for Chlorella vulgaris; and optimization of biogas production
from distillery stillage is described. The growth kinetics of
microalgae Chlorella sp. consuming biogas or mixture of air
and CO2 in the concentration range of 2-20% ( v/v)
(simulating a flue gas from biogas incineration) in
laboratory-scale photo-bioreactors, It was proven that the raw
biogas (even without the removal of HyS) could be used as a
source of CO; for growth of microalgae. The growth rate of
microalgae consuming biogas was the same as the growth
rate of the culture grown on a mixture of air and food-grade
CO,. Several species of algae can metabolize H,S. Using a
biological system to remove H,S has similar benefits to using
one to remove CO»: lower upkeep costs, more
environmentally sustainable and non-hazardous waste.

Furthermore, Tongprawhan et al. [31] used oleaginous
microalgae to capture CO; from biogas for improving
methane content and simultaneously producing lipid. They
screened several microalgae for identify their ability to grow
and produce lipid using CO, in biogas. Finally, they reported
a marine Chlorella sp. was the most suitable strain for

h«-ﬂ_&*n

capturing CO» and producing lipid using biogas (50% v/v
CO» in methane) as well as using 50% v/v CO> in air.
Sumardiono et al. [32] established to evaluate the design of
the photobioreactor system for purifying biogas through the
culturing of microalgae. This system represented a simple
promising way for the current forthcoming technologies of
biogas purification. It helps to decrease the concentration of
CO; in biogas concomitantly producing microalgae biomass,
The microalgae Nannochloropsis is able to use CO» from
biogas produced from the anaerobic digestion of tannery
sludge. The results show that cultivation of microalgae under
the biogas to scrub out CO. and promote enrichment of
methane in the biogas in this work and obtained scrubbing of
27% from 30%.

The biocapture of CO, by microalgae can be applied to
improve the quality of biogas by reducing the CO, content as
this would lead to an increase in the methane content [33].
The microalgae Chlorella sp. was analyzed in terms of
conditioning biogas. As a result the biogas components CO,
and H-S could be reduced up to 97.07% and100%.
respectively. Also an increase of microalgae cell count could
be documented, which provides interesting alternatives for
the production of algac ingredients. Consequently, the algac
biological purification is an alternative to other biogas
purification methods.

Biogas purification through microalgae Chlorella vulgaris

The entire unit of biogas purification through microalgae
C. vulgaris system and schematic view of the experimental
set up during biogas upgrading processes were shown in
figure 5. The microalgal culture obtained directly from the
open pond system which was grown near this experimental
zone. Ten liter of C. vulgaris cultures was used through 10 L
duran bottles. The biogas obtained from macroalgae

fermenter which is involved in the study. The macroalgae, S.
production

ellipsospora  biogas above

mentioned.

processes  are

£

Figure 5— A) biogas purification system through microalgae,
C. vulgaris B) schematic diagram of sct up during biogas
upgrading 1) biogas storage container 2) air pump 3) air flow
meter 4) biogas pumping direction and 5) microalgae unit.

131 www.ijntr.org



83

International Journal of New Technology and Research (LINTR)
ISSN:2454-4116, Volume-2, Issue-3, March 2016 Pages 128-133

Table [— Test and evaluation of the system performance
through biological upgrading.

Component Biogas production analysis
Before the system After the system
improve improvement
CH, 64.67% 82.05%
COy 31.5% 17.08%
0, 0% L11%
HS 578 ppm Less than 0.01 ppm

Photoautotrophic The purification process was continued 8
hours. The results were presented in table 1. After
purification, the CH4 content has improved gigantically. Also
CO; and H.S amounts were reduce a lot. Due to algal
photosynthesis process O, was slightly increased. Reducing
CO; and H,S content will significantly improve the quality of
biogas. However this study suggested that long time
purification process needed. For biogas impurity removal,
biological processes are environmentally friendly and
feasible. Consequently biogas purification using algae
involved the use of algae’s photosynthetic ability in the
removal of the impuritics present in biogas. Further our
establishment study. C. wulgaris applicable for biogas
purification.

IV. CONCLUSIONS

The cultivation of the microalga, C. vulgaris utilized low
cost artificial medium which named as Rameshprabu
medium. The medium was prepared through rice fertilizer,
rice bran, fish meal, lime and urea. This medium was named
as, Rameshprabu medium. The aim of the current work was
to evaluate the potential of the green alga C. vulgaris as a
cheap renewable energy source in term of biofuels. The algae
grew faster, providing higher productivities of biomass.
lipids. carbohydrates and proteins. Furthermore. C. vulgaris
biomass production and carbohydrate consumption were
enhanced by supplementing the inorganic culture.
Photoautotrophic conditions cultivation of C. vulgaris can be
considered as a feasible strategy to reduce the costs of
microalgal biomass production, while also contributing to
solve the environmental problem.
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