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1 Introduction

With increase in global energy demand due to change in lifestyle, heavy industrial
development and increase in population, the dependence on fossil fuels is rising
exponentially. Fossil fuels are unsustainable energy sources and the widescale use of
fossils might exhaust world fossil oil reserves [1, 2]. Also as per European Environ-
mental Agency (EEA), the energy and transport sectors are responsible for around
80% of the greenhouse gas emission in the European continent [2]. And as per Inter-
national Energy Agency (IEA) in the future, the countries with the fastest-growing
major economy such as India and China will further raise energy consumption which
may lead to major release of greenhouse gases [3]. Greenhouse gas contributes to
climate changes, global warming, respiratory diseases and changes in pH level of
ocean, affecting the safety of both environment and human life [4]. Therefore, due
to energy crisis coupled with environmental pollution has forced several nations to
consider alternate source of energy which is clean and renewable [5].

1.1 Energy Demand of India

India is highly dependent on imports of crude oil, the country imported an estimated
80.6, 81.7, 82.69 and 83.3% of oil it consumes in year 2015–16, 2016–17, 2017–18
and 2018–2019, respectively [6]. As per IEA 2007, India’s crude oil consumption
may rise to 6 million barrels/day (2.2 billion barrels/year) [3]. Apart from energy
insecurity, India has to deal with environmental safety which is caused by pollution
generated by fossil fuels. Therefore, the need of sustainable fuel supplies and rise of
crude oil prices have led the Indian government and other economic experts to search
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for an alternative source of fuel supply. Presently, the Government of India found
their interest in biofuel as an alternative source of energy and issued a comprehensive
national policy on biofuels created by the Ministry of New and Renewable Energy
(MNRE). In 2003, The National Policy on Biofuels encouraged the blending of 5%
ethanol with petrol in 9 states of India and later included 20 states in year 2006. And
by year 2017, they called for blending at least 20% of biofuels as an additive with
petrol and diesel fuel [6].

1.2 Biofuel Feedstock

Biofuel is derived from biomass which can be replenished readily like plant, animal
waste and algae material. It is considered to be the largest source of renewable
energy and has potential to replace petroleum-based oil. The most common biofuel
is bio-ethanol, biodiesel,methane, biogas, etc.Dependingupon feedstock fromwhich
biofuel is obtained, they are divided into four generations (Fig. 1). First-generation
biofuels are derived from food-based feedstock like corn, sugarcane, soybean, and
animal fat. Second-generation biofuels are obtained from non-edible oil-based feed-
stock, agricultural waste, forest residue and plant waste biomass like Jatropha, Nahar,
rubber seed, castor, and waste cooking oils. Third-generation biofuels are produced
from algae (popular algae species like Chlorella vulgaris, Botryococcus Braunii,
etc.). And fourth-generation biofuels are just extensions of third-generation biofuels
where algae are genetically modified to alter its cellular metabolism for higher CO2

capture ability and higher lipid production rate [7]. Currently,most of biofuel produc-
tion comes from first-generation feedstock except for Jatropha. However, extensive
use of first-generation feedstock may raise a scarcity of food for human beings,

Fig. 1 Biofuel classifications
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and it will be very expensive compared to conventional diesel fuel. First-generation
feedstock may dominate biofuel production in the future, since industrial produc-
tion is well-established for them but for developing countries like India, Indonesia
and Malaysia producing biofuel from edible crops are not economically feasible [8].
To avoid competition with food, biofuel policy of India (2018) has encouraged the
production of biofuel from second-generation feedstock [9]. Nevertheless, the avail-
able quantities of second-generation feedstock are not enough to meet the demand of
biofuel and growth of plant-based crops needs large amount of land which can lead
competition with land and has bad impact on biodiversity [10]. Therefore, recently
many researchers have shown interest in third-generation feedstock, algae, because
of their ability to remove heavy metals and harness nutrients from the wastewater,
ability to capture CO2 from atmosphere, can be grown in wastelands, high oil content
and required less land [7].

1.3 Algae: As Potential Source for Biofuel Production

The use of algae for wastewater treatment using solar energy through photosynthesis
subside harmful heavy metal and nutrients, also entrap CO2 emissions of fossil fuels
that have powered machineries like IC engine and power plant. The algae have
higher oil yield per acre of land than most terrestrial crop plants, i.e. around 500
to 1000 times more that crop-based plants. Some of algae have high oil content
which is around 25–50% of dry weight, and most of them have high triglycerides
which is currently thought to be feasible and the higher values for projecting a
possibility in the future as a potential source of biofuel production [11]. However,
there are severable shortcoming, production of biofuel from algae is not cheap and its
production cost surpasses the price of conventional fuel price by vast margin. Use of
fertilizers and harvesting accounts for 60% of total production cost, and microalgae
cultivation is a water-intensive process which required around 11–13 million litre of
water per hectare of land for cultivation in open ponds [12]. The loss of freshwater
is a huge economical drawback, also the excess unfiltered fertilizer in a wastewater
production from algae cultivation leads to bioaccumulation in the ecosystem harming
the surviving flora and fauna. Considering the scope and issue related to microalgae
biodiesel production, this review focuses its attention on biodiesel production from
naturally available wild algae strains and stresses out its importance [13].

Present study also focuses on scope of freshwater microalgae growth in North-
eastern region of India, including their biomass growth, biomass productivity, lipid
content, and compared with other microalgae species which are common and not
detected in Arunachal Pradesh. The review also discuss performance, emission and
combustion characteristics of diesel engine fuelled with microalgae species which
were isolated from local water bodies.
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2 Biodiesel Productions from Microalgae

Many studies have found that triglycerides have potential to replace conventional
diesel fuel in diesel engine and vegetable oils primarily consist of triglycerides.
However, the direct use of vegetable oils or its blends can lead to injector choking,
plugging and gumming of filter and fuel lines because of unfavourable properties
like high viscosity, free fatty acid, density and acid composition of such oils. To
overcome the hindrance caused by direct use of vegetable oils in diesel engine, a
considerable amount of effort has been made by researchers to develop a technology
that could bring properties and performance of vegetable oils similar to conventional
diesel fuel. Till now four main processes have been investigated to overcome the
drawbacks of vegetable oils, and they are micro-emulsification, pyrolysis, dilution
and transesterification [14]. As per Murugesan et al. 2009 and Fukuda et al. 14,
transesterification is the most promising technology available right now for biodiesel
production and biodiesel derived from third-generation feedstock is one of the best
possible options because of its high yield productivity per hectare, CO2 absorbing
capability and act as wastewater purifier [15].

2.1 Recent Development on Microalgae Biofuel

With increase in popularity ofmicroalgae as a source of renewable energy, researchers
have underwent several studies, and recently, they have shown their interest towards
algae which can grow in dark. Algae which can be cultivated under heterotrophic
and mixotrophic modes have higher lipid content than in a photoautotrophic mode
of cultivation; though they have lower biomass productivity than latter one, the
overall energy consumption of heterotrophic andmixotrophicwas observed to be less
than phototrophic [16]. Lately, microalgae–microbial fuel cell technology (MMFC)
piques the interest of scientist as they can be utilized for bioelectricity production
without damaging environment unlike lithium-based battery [17]. There are many
studies where cultivation algae in a wastewater were carried, and it was observed that
a very few algae species were able to thrive on it. Chlorella sp.was able to survive in
biochar which was derived from residue of hematite and produce perceptible amount
of biomass which can be used for biofuel production [18]. Rasouli et al. cultivated
co-culture of green microalgae and methanotrophs in an industrial wastewater and
were able to recover nutrient and heavy metal, which aided the cleaning of wastew-
ater [19]. Zainan et al. studied the quality of bio-oil of microalgae C. vulgaris which
underwent catalytic pyrolysis process and found that the quality was significantly
improved compared to other extraction processes [20]. Karthikeyan et al. improved
the diesel engine emission by adding Ni-doped ZnO and ZrO2 nanoparticles in a B.
braunii [21].
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2.2 Prospects of Biodiesel Production from Algae in India

India’s dependency on imported crude oil is country’s greatest economic vulnera-
bility but despite being energy deficit, many researchers have claim that India has
potential to develop promising sustainable energy sources. Researchers claimed that
southern part of Asia mainly India is suitable for mass algae cultivation due to its
tropical climate which naturally serves as advantages over other countries and vast
availability of usable wasteland in India can be utilized for algae biomass production
with reasonable effort [22]. Developing countries like India lack proper technique
to treat wastewater, and at the same time, there is a growing disquietude on the
depravity of wastewater generation. Study showed that the concentration of nutrient
level in both municipal and agriculture wastewater was high, and algae grow rapidly
in nutrient-rich environment which makes it most suitable for low-cost wastewater
treatment [23]. Raceway open pond algae cultivation is considered as satisfactory
for tropical countries like India due to its cost-effectiveness and superior flexibility
[24]. Back on days India has been mass cultivating Spirulina algae in a raceway
pond for food and other medical supplements now several institutions and organi-
zation have carried work on various aspects of algae [25]. University of Madras,
Chennai, cultivated Sargassum, B.Braunii microalgae species in an open raceway
pond for biogas production, C. Vulgaris were extensively studied and cultivated to
estimate its biomass production and its resilience in Indian tropical condition by
Central Rice Research Institute (CCRI), Cuttack [26]. Life cycle analysis (LCA)
of several diatoms species and its potential as an additional biofuel sources were
research by Vivekananda Institute of Algal Technology (VIAT), Chennai [27]. VIAT
is also developing a technology to treat industrial wastewater using microalgae [28].
Alternate hydro-energy centre, IIT Roorke, successfully converted microalgae oil
into biodiesel using several conversion methods [29].

3 Feasibility of Growing Freshwater Microalgae
in North-Eastern Region of India

Factors which are associated to selection of site for mass microalgae cultivation are:

(a) Availability of land for algae cultivation
With growing population and high demand of fertilized land, it has become
impractical to use fertilized land for algae biomass cultivation. Though algae
have high oil yield per area as compared to terrestrial crops, still it is not
economically viable to compete for fertilized land with food crops especially
for developing countries like India. Therefore, wasteland is considered to be
attractive options for algae cultivation. The GOI classifies 90 million hectares
aswastelandwhich can be utilized for commercial production of algae biomass.
Arunachal Pradesh accounts for total 21.7% of land as wasteland (18,175.95
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km2) which if taken advantage of than it can help out reduce CO2 from the
atmosphere, reduces current diesel consumption and creates job for native [30].

(b) Availability of water
The main obstacle for cultivating freshwater microalgae is vast usage of fresh-
water, as per study 12million litre of water is used for cultivation of one hectare
of land which and around 80% of water are wasted during microalgae culti-
vation [12]. It is a hefty price to cultivate microalgae when usage of water is
considered. Nevertheless, the average rainfall recorded for Arunachal Pradesh
is 450 cm, ranging from 100 to 990 cm. The vast majority of rainfall is at
mid altitude to low altitude. Arunachal Pradesh has large freshwater sources
for mass cultivation and usage of freshwater won’t be foremost problem for
domestic consumption [31].

(c) Nutrient sources and supply
Arunachal Pradesh is filled with vast amount of biomass where animals
and birds excreta and fallen leaves can be used as a bio-fertilizer for algae
cultivation.Using biologicalwastageswill also help cleaning of environmental.

(d) Wastewater composition

Wastewater has lot of nutrients, and few of them can thrive on wastewater.
According to Debnath, composition of waste found in Arunachal Pradesh is mostly
organic whichwas 53% in average and can be used for heterotrophic andmixotrophic
cultivation as those mode of cultivation tend to deliver higher lipid productivity than
photoautotrophic mode [32].

3.1 List of Indigenous Algae Strains Detected in Arunachal
Pradesh

Selecting suitable microalgae species as an ideal source of biodiesel is one of the
most crucial steps. The important characteristics of selected microalgae species are
to have high biomass growth rate, high lipid content with desirable fatty acids, robust
in nature, ability to compete against other microorganisms. A very few researchers
have studied the diversity of algae in natural habitats of north-eastern region of
India, Das and Adhikary documented total of 86 freshwater species which includes
8 Cyanophyta, 30 Chlorophyta, 8 Euglenophyta, 39 diatoms and 1Xanthophyta from
different locations of Arunachal Pradesh [33]. Out of 86 freshwater species which
were documented by Das and Adhikary only 13 of them were found to be studied
by researchers for their cell growth, lipid content and their potential as a feedstock
for biofuel (Table 1).
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Table 1 List of Indigenous
algae reported in the literature

Freshwater algae species Ref

Cynophyta (Blue-green algae)

Oedogonium sp [34]

Spirogyra sp [34]

Botryococcus Braunii [12,35–39]

Scenedesmus Bijugatus [40 41]

Scenedesmus quadricauda [42–45]

Euglenophyta

Euglena sanguinea [46]

Diatoms (Bacillariophyta)

Tabellaria fenestrate [47]

Fragilaria capucina [48]

Synedra ulna [49, 50]

Diadesmis confervacea [51]

Navicula sphaerophora [52]

Nitzschia species [47]

Navicula sp [47]

4 An Overview of Growth Dynamics and Lipid Content
of Freshwater Microalgae Found in Arunachal Pradesh

The biomass productivity, specific growth rate, oil content and culture medium used
for the growth of same algae species found in local water bodies are collected from
several literatures and placed in Tables 2 and 3. From this study, we will get the
general idea of growth behaviour, nature and biofuel potential of locally available
algae strains. Since every algae is different and using fourth-generation algae is
presently not practical; therefore, opting for naturally available biomass is econom-
ical viable for now. Oedogonium as a genus of filamentous green algae are generally
found in freshwater pond and lakes. Lawton et al. (2013) studied three types of fresh-
water macroalgae of genus Oedogonium, Spirogyra and Cladophora. The biomass
productivity of Oedogoniumwas at least 20% higher than Spirogyra andCladophora
when they are treated with low air supply and no external CO2 supply. Oedogonium
was able to dominate in mixed species culture and grew exponentially within a week
[53].Oedogoniumwere able to withstand varying range on environmental conditions
and demonstrated that natural occurring species ofOedogonium can be domesticated
which provides first crucial steps to determine suitability of algae as an energy source
[54].

B. braunii strain is a green, pyramid-shaped planktonic microalgae which grow
in cluster and can be found in tropical and temperate lakes and estuaries [55]. It
was claimed by many researchers as one of the most promising feedstock out of
all microalgae and macroalgae because of their high lipid content and high biomass
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Table 2 Biomass productivity of freshwater algae [12, 34–51]

Algae species Nutrient Biomass productivity/
Biomass yield*

Mycrocystis sp Modified Murashige and Skoog Basal
Medium

20.30 ± 1.79 mg/L*

Oedogonium species BB medium 0.478 g/L*

Botryococcus braunii Chu13 0.026 mg/L/d

na 0.035 mg/L/d

Modified Chu13 0.026 mg/L/d

BG11 0.037 mg/L/d

Secondary domestic wastewater 0.034 mg/L/d

na 0.19 mg/L/d

na 0.26 mg/L/d

na 0.345 mg/L/d

BG11 0.03 mg/L/d

Modified Chu13 0.114 mg/L/d

Scenedesmus bijugatus BG11 medium 28.67 mg/L/d

BBM 0.26 g/L/d

Scenedesmus quadricauda Aquaculture wastewater 4.85 ± 0.02 mg/L/h
10.44 ± 0.14 mg/L/h

BG11medium 68.92 mg/L/d

na 0.19 g/L/d

BG11 medium 81.79 mg/L/d

Sewage wastewater 79.17 mg/L/d

BBM 0.19 g/L/d

Euglena sanguinea 0.5 mL seaweed + 0.25 mL poultry extract
+ 19 NPK fertilizer

0.927 g/L/d

Tabellaria sp Modified Murashige and Skoog Basal
Medium

16.90 ± 0.80 mg/L

Fragilaria capucina Modified WC medium (NaCL & Si added) 0.61/ d

Synedra crystalline

Synedra species Modified Murashige and Skoog Basal
Medium

21.30 ± 1.53 mg/L

Synedra ulna na 0.75/ d

sD11 medium with 540 µg NaSiO3 0.64/d
(6.4 g lipid/ml)

Modified Csi medium 0.245/ d

Diadesmis confervacea modified f/2 media

Navicula sphaerophora Chu13 medium 0.508 g/L

(continued)
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Table 2 (continued)

Algae species Nutrient Biomass productivity/
Biomass yield*

Navicula species Modified Murashige and Skoog Basal
Medium

38.20 ± 1.13* mg/L

CSi medium 0.17–0.221/ d

Nitzschia species Modified Murashige and Skoog Basal
Medium

20.50 ± 0.36* mg/L

Spirogyra species BG medium 0.469 g/L

productivity. Somealgae strain ofB.brauniiwere able to produce about 86%ofhydro-
carbons [40, 42, 43, 56]. B.braunii is lipid composed of saturated and polysaturated
fatty acids and also triacylglycerols (TAGs) which makes it suitable for biodiesel
production [56].

Scenedesmus is a genus of green algae which grow into colony and can exist in
unicells. Many researchers have studied the species of Scenedesmus for wastewater
treatment, biomass estimation and their potential as a feedstock for biodiesel. Among
several species of genus Scenedesmus, Scenedesmus quadricauda and Scenedesmus
bijugatus were reported in Arunachal Pradesh, India [33]. Han et al. were able to
obtain 28.67mg/L/d of algae biomass productivity when S. bijugatuswere cultivated
with BG11 culture medium; he also reported that S. bijugatus content 24.3% of
total lipid dry weight basis (DWB) which makes it good competitor as a biodiesel
feedstock [40]. Ashok et al. reported that they were able to obtain 0.26 g/L/d of S.
bijugatus biomass productivity. Halfhide et al. cultivated S. quadricauda freshwater
algae in a filtered wastewater. He used two different culture environment, axenic
culture and non-axenic culture. They obtained maximum biomass productivity of
4.85 ± 0.02 mg/L/h for axenic culture and 10.44 ± 0.14 mg/L/h for non-axenic
culture [42]. Ahmad et al. reported 0.19 g/L/d biomass productivity with 18.4% of
total lipid content on DWB [43]. Han et al. (2015) studied the survivability and
change in chemical composition of S. quadricauda in different environments. They
cultivated S. quadricauda in twomedia: sewage water and BG culture medium. They
reported that by using sewage water as a nutrient medium, they were able to obtain
79.17 mg/L/d biomass productivity with total lipid content 27.36% DWB, and by
using BG culture medium, they obtained 81.79 mg/L/d biomass productivity with
total lipid content 31.31% DWB [44].

Euglena Sanguinea is unicellular species which belongs to family ofEuglenaceae
and order ofEuglenales. They aremotile in nature and their shape changes depending
upon motion. They are extremely robust in nature and can survive in sewage wastew-
ater. They are also good in breaking down the nutrient and can be used to minimizing
the harmful chemicals in wastewater. They have biomass productivity of 0.927 g/L/d
and can store 25% DWB lipid on their cell [45].

Tabellaria is a genus of freshwater diatoms or Bacillariophyta. They have cuboid
shape and siliceous cell walls are attached at the corners due to which colonies are
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Table 3 Freshwater algae
lipid content

Algae species Lipid content
(% DWB)

Ref

First-generation biodiesel feedstock

Soyabean 18 [60]

Sunflower 40 [60]

peanut 45–52 [60]

Rapeseed 41 [60]

Oil palm 40–52 [60]

groundnut 66 [60]

Second-generation biodiesel feedstock

Jatropha curcas 20–60 [61]

Rubber 40–60 [61]

Cotton 17–25 [61]

Neem 25–45 [61]

Mahua 35–50 [61]

Pongamia Pinnata 27–39 [61]

Castor 45–50 [61]

Tung 35–40 [61]

Mesua ferra L 58–75 [61]

Soapnut 51.8 [61]

Third-generation biodiesel feedstock

Mycrocystis sp 16.5 [47]

Oedogonium species 9.2 [62]

11.4 [34]

Botryococcus
braunii

25.7 [35]

13.5 [12]

36.14 [37]

18.4 [38]

21.1 [38]

17 [38]

40 [39]

19 [63]

Scenedesmus bijugatus 24.3 [40]

Scenedesmus quadricauda 18.4 [43]

31.31 [44]

27.36 [44]

Tabellaria sp 10.90 ± 1.71 [47]

Fragilaria capucina 14 (30 Low N) [48]

(continued)
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Table 3 (continued) Algae species Lipid content
(% DWB)

Ref

Synedra crystalline na

Synedra species 20.30 ± 2.01 [47]

Synedra ulna 6.4 *
(g lipid/mL)

[50]

29 [50]

Diadesmis confervacea 14.6 [51]

Navicula sphaerophora 13.8 [52]

Navicula species 27.20 ± 1.37 [47]

24 [50]

Nitzschia species 16.50 ± 1.24 [47]

Spirogyra species 7.3 [62]

4.93 [34]

Euglena sanguinea 25 [46]

shaped in zig-zag order [57]. Saputro et al. isolated total 8 freshwater microalgae
from Wonorejo River and Surabaya River of Indonesia. They cultivated Tabellaria
sp using modified Murashige and Skoog Basal culture medium and obtained 16.90
± 0.80 mg/L total biomass yield. They also reported that Tabellaria sp content 10.90
± 1.71% of total lipid on dry weight basis [47].

Fragilaria capucina is filamentous freshwater diatoms/ Bacillariophyta. F.
capucina can accumulate lipid even at high concentration level of N and Si. Justin
et al. reported that the maximum specific growth rate of F. capucina was 0.61 per
day, and total lipid content at low N level was more than 30% DWB [48]. Synedra
ulna comes under family of Fragilariaceae. Specific growth rate of S. ulna is reported
to be 0.245 per day to 0.75 per day and has oil content around 29% DWB [34, 58,
59]. Saputro et al. studied the specific growth rate and lipid content of 8 isolated
algae using modified Murashige and Skoog Basal culture medium and reported that
Synedra species have total biomass growth 21.30 ± 1.53 mg/L and content 20.30 ±
2.01% of oil in its cell on DWB [47].

Navicula is a genus of boat-like diatoms, and they have been identified as high
lipid-producing algae. They have biomass productivity of around 38.2 mg/L/d and
specific growth rate around 0.17–0.22 per day. As per report, they are able to produce
27.2–24% of lipid [47]. Vinayak reported that they have discovered a strain of diatom
Diadesmis confervaceawhich can accumulate lipid in its cell up to 14.6% DWB and
also extract oil naturally when cells attain maturity in 31st day of culturing in vivo
[51].
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5 Performance and Emission Analysis of Diesel Engine
Fuelled with Algae Biodiesel

There are various physicochemical properties of biodiesel which contribute to any
changes in performance and emission characteristics of a diesel engine. Biodiesel is
an oxygenated fuel, and it often contains extra oxygen atoms which influence perfor-
mance, emission and combustion significantly. Most of the cases, use of biodiesel
in diesel engine results in reduction of unburned hydrocarbons (UHC), Carbon
monoxide (CO) and particulate matter (PM) as shown in Table 5. Brake-specific
fuel consumption (BSFC) and brake thermal efficiency (BTE) are two important
parameters to study the performance characteristics of an engine. BTE is a measure
of % of chemical energy in a fuel which transform into useful work. There are
numerous publications on engine analysis using biodiesel and its blend as shown
in Table 4. For most of the crop-based biodiesel, the BTE decrease with increase
in volume percentage of biodiesel in a blend which is due to low energy density
of biodiesel fuel as compared to diesel fuel [64]. BSFC and BTE have an inversely
relationship as because mathematical formula of BTE is almost reciprocal of BSFC
mathematical formula. Therefore, brake-specific fuel consumption (BSFC) is gener-
ally higher for biodiesel and its blends than conventional diesel fuel as the quality of
biodiesel depends upon the composition of oil. C. vulgaris biodiesel and its blends
increase the BTE of diesel engine and similar reports were found for B. Braunii and
Scenedesmus Obliquus biodiesel [65, 58]. This may be due to higher cetane number
of algae biodiesel which improves the ignition delay and enhance the combustion
process, thus lowering the fuel consumption or due to higher oxygen molecules in
biodiesel which help burning the fuel efficiently. The result ofC. vulgaris, B. Braunii
and ScenedesmusObliquus displayed the potential of algae biodiesel as an alternative
fuel which even improves the engine performance.

NOx is formed due to ignition delay, oxygen content in the fuel and temperature
of combustion chamber. Unsaturated fatty acids and longer hydrocarbon chain in
biodiesel are correlated to the formation of NOx. Except for Scenedesmus Obliquus,
all other algae biodiesel tested in diesel engine increase the NOx emissions which
could be result of extra oxygen atoms which improves combustion and thus increases
the in cylinder temperature. Subsequently, it enhances The NOx formation [59] and
CO are formed due to incomplete combustion of air and fuel mixture, this happens
due to insufficient oxygen supply to complete the combustion reaction. The ability to
provide extra oxygen atoms helps in peroxidising the air-fuel mixture and biodiesel
being an oxygenated fuel reduces the harmful emission of HC and CO. Patel et al.
also reported the reduce in particulate matter (PM) when using C. vulgaris biodiesel
in a diesel engine [65]
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Table 4 Performance of diesel engine using crop-based and algae biodiesel [12, 52, 58, 59, 61, 64,
65]

Biodiesel Testing unit Engine performance

BTE BSFC

Crop-based biodiesel

Soyabean na ↓ ↑
Sunflower na ↓ ↑
Waste cooking oil na ↓ ↑
Mesua ferra L Single cylinder, water cooled

(6.5 hp)
↓ ↑

Algae biodiesel

Chlorella Vulgaris Single cylinder, water cooled
(5 hp)

↑ ↓

Crypthecodinium cohnii Four cylinder, turbocharged, intercooled,
(134 hp)

↓ ↑

B.braunii* Single cylinder, air cooled ↑ ↓
Scendesmus Obliqus* Single cylinder, water cooled

(6.5 hp)
↑ ↓

Navicula sphaerophora * Single cylinder, water cooled
(4.69 hp)

↓ ↑

Euglena sanguinea* Single cylinder, water cooled
(4.69 hp)

↓ ↑

*Algae species found in Arunachal Pradesh

6 Combustion Analysis of Diesel Engine Fuelled with Algae
Biodiesel

In Table 6, all the report on combustion analysis of microalgae biodiesel in diesel
engine stated and compared with each other. Islam et al. reported that cylinder pres-
sure (CP) of Crypthecodinium cohnii biodiesel was slightly less than diesel fuel at
25% engine load and after further increase in load there was no significant differ-
ence between blends and diesel fuel. The decrease in cylinder presser (CP) at lower
engine load may be because of high viscosity of biodiesel [59]. Heaik et al. tested
Ankistrodesmus braunii andNannochloropsis sp biodiesel in single cylinder Ricardo
engine and observed that slight in-cylinder pressure, Rate of pressure rise (RPR) and
net heat release rate NHRR [35] and reported just opposite result of Islma et al.
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Table 5 Emission of diesel engine while running using crop-based biodiesel and algae biodiesel
[52, 58, 59, 64, 65]

Biodiesel Testing unit Emissions

NOx HC CO PM EGT

B.braunii 1-cylinder, air cooled ↑ ↓ ↓ na na

Scendesmus
Obliqus*

1-cylinder, water
cooled
(6.5 hp)

↓ ↓ ↓ na na

Navicula
sphaerophora*

1-cylinder, water
cooled
(4.69 hp)

↑ ↓ ↓ na na

Euglena
sanguinea*

1-cylinder, water
cooled
(4.69 hp)

↑ ↓ ↓ na ↑

Chlorella
Vulgaris

1-cylinder, water
cooled
(5 hp)

↑ ↓ ↓ (↑at max load) ↓ na

Crypthecodinium
cohnii

1-cylinder,
turbocharged,
intercooled, (134 hp)

↑ ↓ na na na

*Algae species found in Arunachal Pradesh

Table 6 Combustion characteristic of diesel engine fuelled with algae biodiesel [35, 59]

Biodiesel Test unit Combustion

CP RPR NHRR

Ankistrodesmus
braunii

Single cylinder
Ricardo-E6 engine
(12 hp)

↑ ↑ ↑

Nannochloropsis
sp

Single cylinder
Ricardo-E6 engine
(12 hp)

↑ ↑ ↑

Crypthecodinium
cohnii

Four cylinder,
turbocharged,
intercooled, (134
hp)

↓ (same after 25%
load)

↑ (↓ after 50% load) na

*Algae species found in Arunachal Pradesh

7 Conclusions

To find an ideal sustainable source for biodiesel production, the feedstock should
have sufficient amount of oil content, high productivity and suitable fatty acid chains
for having good biodiesel properties. Most of recent researches on algae species
were onC. vulgaris andChlamydomonas reinhardtii, now recently many researchers
have shifted their attention towards locally available wild algae species. This review
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described the potential of 13 indigenous algae specieswhichwere found inArunachal
Pradesh and all algae species have found to yield biomass productivity and content
high % of oil (DCW). Four wild freshwater algae species B. braunii, Scenedesmus
obliquus, C. vulgaris and E. sanguinea found to be most favourable among other
species, these have ability to utilize for wastewater treatment and carry out nutrient
breakdown as well as aid the production of algae biodiesel. By using sewage wastew-
ater for algae biomass production is not only advantageous for environmental safety
and CO2 reduction from atmosphere but also lower the cost of biodiesel production
by avoiding fertilizers.

7.1 Scope for Future Research Work

1. Chemical and physical composition changes for algae depending upon their
environment. Therefore, lipid content for the same species differs as per report
because researcher has used different environment for algae cultivation and
lipid content generally varies with several different parameters like temperature,
culture medium, pH value, nutrient level of N, K, Ni, P, CO2 concentration level
and air turbulence. Thus, there is a scope to further study the suitability of algae
species for more biomass growth rate and higher lipid productivity.

2. Microalgae biodiesel generally depends upon TAGs and free fatty acids of lipid.
Not many reports have been found on fatty acid composition of microalgae and
the report varies for same species depending upon extraction method, culture
medium and cultivating environment. Therefore, there is a scope to further study
the range of fatty acid compositions of algae lipid

3. Many publications have reported the potential of algae biodiesel as a replace-
ment of conventional diesel fuel in a diesel engine but a very few report
have been found studying the actual engine characteristics when fuelled with
algae biodiesel due to the limited amount of fuel. A complete mapping of
engine performance, emission, and combustion characteristics with microalgae
biodiesel needs to be done.
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