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ABSTRACT 

The biomasses of microalgae are rich in different types of polysaccharides like pigments, 

antioxidants, fatty acids, and anticancer chemicals. They are used as additives for the production 

in various food industries, pharmaceutical, cosmetics and nutraceuticals. These beneficial 

usagesenforce thelarge-scale production of microalgae in photobioreactors. Photobioreactor 

provides a controlled environment of all the parameters helping the efficient growth within small 

period of time. It uses different light sources such as sunlight, fluorescent lampand incandescent 

lamp. Nowaday light emitting diodes (LEDs) are capturing more attention as one of the light 

sources in the photobioreactors due to their narrowbandwidth spectrum. The advantages, such as 

small size, lightweight, durable and efficient in terms of longer operating life, make the LEDs 

more compatible as the source of light in the photobioreactors. The amount of light given off is 

much higher compared to their power consumption.This review summarizes the knowledge on 

the use of different LEDs in photobioreactorsfor the microalgae growth. 
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INTRODUCTION 

Microalgae are microscopic unicellular or multicellular eukaryotic organisms, capable of 

producing carbohydrate through photosynthesis and releasing oxygen as byproduct. They are 

mostly found in different marine or fresh waterhabitat. They are primitive plants, i.e. lacking true 

roots, stems, leaves, a sterile covering of cells around the reproductive organ, and a vascular 

system for circulation of water and nutrient [1-3]. They have significant amount 

ofdietarysupplement as their biomass are rich in protein, vitamin B12, β-carotene, unsaturated 

fatty acids and various minerals. They are rich in oil content which make them a potential biofuel 

producer. Furthermore, the easily decomposable biomass of microalgae make them suitable raw 

material for the biofertilizer. They are also used in the production of medicine, cosmetics and 

other product [4]. Microalgae (fat choy) were used for the first time in China about 2000 years 

ago during famine [5]. 
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Microalgae grow photoautotrophically in the aqueous environment. With the help of 

light, CO2 gas and water, microalgae produce its own energy through the standard 

photosynthesis process similar to the terrestrial plants. The oxygen (O2) gas evolved in the 

process has a major role in restoring the dissolved oxygen content in the water. The nutrients and 

CO2 for their growth are compensated by different macro- and micro- nutrients present in the 

water. For thecultivation of photoautotrophic microalgae, light is one of the major energy 

sources for the growth. It is one of the most important factors that affects the autotrophic growth 

of microalgae. The properties of light source, such as wavelength and intensity, are definitely 

critical for the growth of photoautotrophic microalgae [6,7]. The specific growth rate of 

microalgae is influenced by the specific properties of light sources [8,9]. Conventionally 

microalgae are grown in photobioreactors (PBRs) with the help of direct sunlight orexternal 

white lights[10].It is estimated that more than 50% of the light energy from the conventional 

illumination is not utilized during the microalgae growth[11]. But LED array, whichhas a useful 

wavelength spectrum for the microalgae growth, is considered as the best source of light for the 

purpose.LEDs have a narrow spectral output that overlaps the photosynthetic absorption 

spectrum. The emission of unusable wavelengths spectrum can be eliminated in the LEDs by 

regulating the power supply, which enables the minimization of power consumption [12]. 

Additionally, LEDs require less than half the electric energy used by the fluorescent lights to 

produce the same light intensity[13].Therefore, overall energy consumption by the LEDs can be 

minimized in a multi-folded scale in comparison to different fluorescent lights. 

MICROALGAE 

The term microalgae coverthe entire unicellular and simple multicellular oxygenic 

photosynthetic organism with chlorophyll as common photosynthetic pigment [14].Among the 

microalgae, the most important groups of microalgae in terms of abundance are diatoms, green 

algae, blue-green algae and golden algae [1,15]. Green algae contain chlorophyll-a&b which 

provide a complete green colour. Along with chlorophylls, carotenoids are synthesized and 

accumulated in the chloroplasts [15]. Microalgae are particularly attractive as natural sources of 

bioactive molecules as they have the potential to produce structurally complex compounds 

[16,17]. A number of microalgae are found in brackish water due to the nutritional composition 

and warmer temperature that results from the mixture of seawater and fresh water [18]. This 

condition usually occurs at the river mouth on the coastline, and the microalgae always remain 

suspended due to rapid water movement [19]. 

MICROALGAL CULTIVATION 

Microalgae are photoautotrophic in nature thus, it require light (as energy source), carbon 

dioxide (as carbon source), water and inorganic salt to grow. Microalgae are mainly cultivated by 

following two methods.Open Pond (Raceway): This is the oldest and simplest method where 

algae are grown in open ponds, lakes or raceways, receives plenty of sunlight. These are the most 

widespread growth systems for microalgae as these systems are easier and less expensive to 
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build, operate more durable and have a larger production capacity than most closed system 

[15].They use sunlight and nutrients provided through runoff water from nearby land areas or by 

channeling the sewage water/water treatment plants thus making it the cheapest method of large-

scale algal production[20]  As it is an open system water loss by evaporation and contamination 

with unwanted algal species limits the growth. Figure1 shows a typical raceway pond set up at 

CSIR-IMMT, Bhubaneswar. 

 

Figure1.Mass cultivation ofmicroalgaeusing raceway pond at CSIR-IMMT, 

Bhubaneswar(Capacity 30000 L) [50]. 

Photobioreactor (PBR): This is a closed system developed to overcome the contamination 

and evaporation problem in open pond method [21]. This system is used for both indoor and 

outdoor cultivation of algae. PBRs give control on nearly all the biotechnologically important 

parameters[15]. They provide reduced contamination risk and CO2 losses, reproducible 

cultivation conditions, controllable hydrodynamics and temperature and flexible technical design 

[22]. Control of all elements is requiredfor proper growth of microalgae [23].In optimization of 

different PBR system for microalgae cultivation a lot of work has been carried out [24-29]. 

CSIR-IMMT has a PBR set up for their algal research project as shown in figure 2. 
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Figure2.Photobioreactorfor microalgae cultivation at CSIR IMMT, Bhubaneswar 

MICROALGAL GROWTH REQUIREMENTS 

Optimal parameters as well as tolerated range are specific, and each of them must be 

determined individually for the efficient microalgae growth [30]. Generally theparameters have 

significant effect on the photosynthesis, productivity of cell biomass and the pattern, pathway, 

and activity of cellular metabolism leading to change in cellular composition [31]. Most 

important parameters regulating algae growth are as follow: 

o Nutrient quality and quantity 

o Light 

o Carbon dioxide 

o Temperature 

o pH 

o Turbulence and salinity 

Illumination is considered as the most critical parameter because it is the most effective 

factor for the algal growth in the PBRs and must be operated 10 to 24 h per day depending on the 

algal species.LEDs are the most promising light source in the PBR as it consume less electric 

energy, produce more light, do not waste energy by producing necessary wavelength of light, 

and are low cost. 
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INFLUENCE OF LIGHT ON GROWTH OF ALGAE 

Microalgae require light as source of energy to convert CO2 and water into carbohydrate 

and O2in the photosynthesis process. Three important variables of light for proper photosynthesis 

are intensity, spectral quality and photoperiod [30]. Low light intensity causes photo-limitation 

and higher light intensity causes photo-inhibition [15]. Photosynthesis took place under PAR 

(photosynthetically active radiation) which consists of photon between 400–700nm wavelength 

and accounts for 43% of the solar radiation [32]. From PAR algae can absorb different 

wavelengths of light based upon the types of pigments that they exhibit. Green algae contain 

chlorophyll-a and chlorophyll-b in the ratio of 3:1.Chlorophyll-a has two absorption peaks, i.e. 

one at 430nm(blue/violet light) and another at 660nm (deep red light). Chlorophyll-b has one 

absorption peak at 460nm blue light and the other at 630nm red light [33-36].Depending upon 

the pigmentspossessed by algae, light of the correct wavelength should be chosen. Although the 

photoperiod varies from organism to organism, 12-15 h of illumination is considered as the 

optimal period [37]. 

SOURCES OF LIGHT FOR ALGAL GROWTH IN PBR 

I. Sunlight: Sunlight is the natural source of light having the perfect spectrum (visible 

spectrum) for the growth of algae. 

II. Fluorescent Lamp: Fluorescent lamps emitting either in blue or the red light spectrum 

are used in PBRs. 

III. Light Emitting Diode (LED): LED emits monochromatic light with highly saturated 

colours. It efficiently coverts electric energy to light without wasting much energy as 

heat. It only supplies the wavelengths of light that are most useful for growing algae 

[10]. 

 

Figure3. Batch scale bioreactor for the microalgae cultivation at Biofuels and Bioprocessing 

Research Center, SOA University, Bhubaneswar. 
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MICROALGAL GROWTH UNDER LED 

Lightemitting diodes (LEDs) have been used for many years and found in all kinds of 

devices for the illumination purpose. LED was first developed in 1962 by Nick Holonyak Jr., 

while working at General Electric Company, and was introduced as a practical electronic 

component which emits visible low-intensity red light [38]. LED is the solid state semiconductor 

device that allows electric current to flow through in only one direction and emits light when 

sufficient current flows through the object. In recent years, LED devices have become widely 

used in many types of equipments and systems. Their field of applications range from popular 

consumer electronic equipments to LED based photobioreactor. LEDs are cold light sources in 

contrast to incandescent lamps. LEDs are small, lightweight, durable and efficient in terms of 

longer operating life. LEDs are designed to give of light when electrons pass through them. The 

amount of light given off is very high compared to the amount of power used. The concept of 

using LEDs to grow algae has been an ongoing process for many years as LEDs are so efficient. 

Compared to the conventional tubular discharge lamps and light bulbs, LEDs with the 

characteristics of narrow band wavelength and low power consumption are considered the 

optimal light sources for algae growth [39].Algal growth is directly proportional to intensity of 

light [40,41]. 

In 2012, W. Fu et al. [42] enhanced the biological production and cell density of 

Chlorella by utilizing an LED photobioreactor. Hai-Linh Tran et al. [43] studied the effect of 

LED irradiation on the growth and astaxanthinproduction by Heamococccuslacustris. The ratio 

of red to blue light was found to affect the astaxanthin production. The maximum astaxanthin 

produced were 55.1, 50.3 and 36.3mg/L for the red-blue light ratio of 1:3,2:2 and 3:1, 

respectively.The maximum biomass obtained with mixed red-blue (1:3 ratio) illumination was 

1.48g/L, followed by blue, red and fluorescent light at 1.36g/L, 1.06g/L, and 0.96g/L, 

respectively.The mixed red-blue LED setup is found to be the effective one when compared to 

different monochromatic lights. In another study, Chlorella vulgaris was grown in fresh water 

using 80L batch PBR equipped with coloured LEDs [44]. Biomass production was compared 

with daylight fluorescence PBR of equivalent intensity. Different growth stages of algae have 

different lighting requirements due to changes in cell population, age, and turbidity within the 

PBR [45]. The ratio of 3:1::red:blue LED light combination was found to produce the highest 

biomass (i.e. 178 mg dry algae per liter per day)in comparison to versus 88 mg dry algae per liter 

per day in case of fluorescent light.. Similarly, the lipid content was 7glipids per 100 g dry 

biomass in case of red-blue LED, which was found to be much higher than that of fluorescent 

light, i.e. 1 g lipids per 100 g dry biomass. 

Koc et al. [46]cultured Chlorellakessleri in PBR with red-blue LED and compared the 

data with that of fluorescent light. The growth of microalgae for seven days was observedand the 

effect of the three illuminations on cell count, cell weight and cell size were determined. The 

highest number of cells with highest weight was producedin the red LED while largest cells were 
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produced in blue LED [46]. Figueroa et al. [47] cultivated Porphyraumbilicalisfor four weeks in 

either red or blue at 50μmol
.
m

-2.
s

-1
 and 12 h light per day. The growth rate, carbon content and 

dimension of intercellular matrix were found to be higher in case of red light while blue light 

stimulated the accumulation of photosynthetic pigments and soluble protein [47]. 

Deveraja et al. [10] studied the growth of Chlorella vulgaris in the presence of LEDs, i.e. 

red, blue and white,and compared the data with the same microalgal species grown in the 

influence of normal tube light. The growth rate of C. vulgaris increased by 5.31% in red LED, 

3.72% in blue LED, and 6.31% in white LED when compared with the normal tube light 

condition at varying effluent concentration. Wong  et al. [48] studied the effects of wavelengths, 

intensities and cultivation medium on the growth as well as lipid content of Chlorella vulgaris in 

an internal LEDs-illuminated photobioreactor. The C. vulgaris was grown for 10 days under 18:6 

h light/dark cycles with different light colors (e.g. cool white, blue and red) and intensities (e.g. 

50, 70, 90 and 110 μmol
.
m

-2.
s

-1
) at 25°C culture temperature. The maximum dry biomass of 

1353.33 mg/L was obtained at cool white light of 110 μmol
.
m

-2.
s

-1
 in 7 days, with the highest 

overall dry biomass production (i.e. 117.23 mg.L
-1.

d
-1

). The highest lipid content of 34.06 % was 

obtained with the blue color due to light efficiency and deep penetration. Moreover, the highest 

lipid productivity, i.e. 31.86 mg.L
-1.

d
-1

,) was observed in 50 μmol
.
m

-2.
s

-1
 with cool white 

lights.Themaximum amount of 658.99 mg/Llipid was produced at 110 μmol
.
m

-2.
s

-1
 light intensity 

during the 10
th

 culture day [48].Another group of researcher found that the red LED was best for 

the microalgae growth[49]. 

CONCLUSION 

LEDs have several advantages that help them to be used as the light source in the 

photobioreactors for the purpose of microalgae growth. Different colours of LED lights have 

affected the growth of microalgae as well as the lipid contents in the photobioreactor, however, 

the red colour rich LEDs are more effective over blue colour LEDs.Secondly, variation of the 

ratio of red to blue colour light intensity is an effective parameter for the evaluation of the LEDs-

illuminated photobioreactors. Similarly, intensity of LEDs of specific colour has impact on the 

microalgae growth. . In most of the study the growth rate was reported to be higher in red LED 

while blue light enhance the accumulation of photosynthetic pigments. In some studies the mixed 

red-blue LED is found to perform better than monochromatic light. 
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