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Introduction

Renewable sources are the areas of interest for
researchers of which biomass and biodegradable
organic wastes have shown high potential to be used
in the production of biofuels [1-9].

Nigeria is located between 4°N and 14°N latitude
and hence, the country receives a vast supply of
solar energy all year round. This energy can be
utilized for the development of solar energy systems.
With fossil fuel prices on the increase biofuel
production from microalgae seems like Nigeria’s
way to increase energy production. Due to solar
irradiance, Nigeria is divided into five parts. Daily
satellite global irradiance data obtained from the
archives of the National Aeronautics and Space
Administration (NASA) was used for this study. The
data set which was obtained at a screen resolution of
1° by 1° was validated using surface global
irradiance obtained from the archives of the Nigerian
Meteorological ~Agency (NIMET) for the
corresponding years [10—11].

Analysis of the research and publication

The solar radiation is directly proportional to the
production of microalgae biomass. Fig. 1 shows the
average annual sum of solar radiation in different
regions of Nigeria.

Microalgae are eukaryotic organisms that have
no roots, leaves but with a nucleus and can carry out
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photosynthesis. Their simple unicellular structure
and high photosynthetic efficiency allow for a
potentially higher oil yield per area than that of the
best oil seed crops. Algae can be grown on marginal
land using brackish or salt water and hence do not
compete for resources with conventional agriculture.
They do not require herbicides or pesticides and
their cultivation could be coupled with the uptake of
CO; from industrial waste streams, and the removal
of excess nutrients from wastewater [12—16].They
have been used as food and drugs. The main
components of algae cells are proteins, carbo-
hydrates and lipids [17].This supports the further
production of biodiesel, bioobutanol, bioethanol, hy-
drogen, biogas, vitamins, antioxidants, aminoacids.

Photoautotrophic  cultivation. This form of
cultivation takes place when algae utilize an energy
source (light) and a carbon source (inorganic carbon)
to form carbohydrates through a process termed as
photosynthesis [18].

This is the most general method used for
cultivating algae and results in the formation of algal
cells with lipid content ranging from 5 to 68 %
depending on the algal specie being cultivated. If
algae are cultivated for oil production, then the
prime advantage of using this cultivation technique
is to utilize carbon dioxide to meet the carbon
requirement.
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Fig. 1. Distribution of solar radiation in Nigeria

Heterotrophic cultivation. In this method, the
algal specie is grown on a carbon substrate like
glucose thus eliminating the need of light energy
[19]. This process can be performed in a reactor with
a small surface to volume ratio. A much higher
degree of growth control is achieved and harvesting
budget is lowered due to production of high-density
cells. The set-up cost is negligible but more energy
is used as compared to the process utilizing light
energy because photosynthetic processes are utilized
to form the carbon source on which the algae are
grown. Studies have shown that heterotrophic
method of biomass production has a higher yield and
cells have higher lipid content (55 % as compared to
15 % in autotrophic cells).

Mixotrophic cultivation. Some algae have the
capability to obtain nutrition by both autotrophic and
heterotrophic methods [20]. This means light energy
is not a primary need for mixotrophs as cell growth
can occur by digesting organic material. These
cultures are shown to lessen photo inhibition with
enhanced growth rates as compared to autotrophic
and heterotrophic cultures. This is because
cultivation =~ of  mixotrophs  utilizes  both
photosynthetic and heterotrophic elements, which
decreases loss of biomass and reduces the quantity
of organic substrate consumed.

Photoheterotrophic cultivation. This mode of
cultivation refers to the process in which alga
requires light energy and obtains carbon from an

organic source. Unlike mixotrophs, photo-
organotrophs [21] cannot grow without light energy.
Although this process can enhance the production of
certain useful light-regulated metabolites, this mode
of cultivation is not preferred in case of procedures
like biodiesel production.

The aim of this paper is to model the
productivity of biomass and the accumulation of
lipids in algae, as well as to -calculate the
productivity when cultivated under weather
conditions in different regions of Nigeria.

Modelling the productivity of cultivation

The process by which green plants and algae
form carbohydrates from carbon dioxide and water
through the agency of sunlight acting upon
chlorophyll is called photosynthesis. These
organisms are able to harness the energy contained
in sunlight, and via a series of oxidationreduction
reactions, produce oxygen and carbohydrates, as
well as other compounds, which may be utilized for
energy as well as the synthesis of other compounds.
The chemical equation (1) shows the energy
available for  photosynthesis is called
Photosynthetically Active Radiation (PAR) which
ranges from 400 to 700 nm of the entire solar
spectrum. PAR varies with geographical factor,
latitude, and seasonality, supplies the energy for
photosynthetic conversion of carbon dioxide to
carbohydrates. Not all of the solar energy is suitable
for photosynthesis.

© Boichenko S. V., Shamanskyi S. J., Adeniyi C. O., 2019



46

HaykoemHi TexHonorii Ne 1 (41), 2019

6CO, +12H,0 + photons — )
— C.H,,0, + 60, + 6H,0.
Eight photons are required for complete

photosynthesis to capture or fix one molecule of CO,
into carbohydrate (CH,0,) In equation (1), CH,O
represents the basic form of chemical energy
captured by photosynthesis. Its actual form is
triosephosphate (C;HsO;P), but the energy content is
often calculated from glucose (CsH;,0).

The light energy absorbed by algae is first stored
as intermediate bio-chemical reductants (NAD PH,
and ATP) which are then used by the algal cells to

produce new biomass (CH,O) [3; 22]. Since, the
energy content of one mole CH,O is 468 kJ.

This maximum theoretical photoconversion
efficiency of PAR energy applies to any
photosynthesizing organism (carbohydrates) is 27 %
(more specifically

468 kJ

(8 photons x 218 kJ):26,9 % )-

Table 1 shows the value and coefficient of
variation (COV) of average monthly density of solar
radiation in the main (typical) climatic zones of
Nigeria.

Table 1
The average monthly density of solar radiation
in the main (typical) climatic zones of Nigeria, kWh/m’-day with COV [23]
Region Months
01 02 03 04 05 06 07 08 09 10 11 12
Tropical [kWh/m’-day[19.88 [20.4 [19.98 |18.97 |17.68 [15.89 [14.16 [13.83 [14.73 [16.49 [18.52 [19.37
rainforest Ccov 0.12 | 0.11 | 0.12 | 0.12 | 0.13 | 0.15 | 0.16 | 0.17 | 0.16 | 0.14 | 0.12 | 0.12
Guinea |[kWh/m’-day| 20.81 | 21.6 [21.73[20.67 [ 19.31 [ 17.65 [ 16.05 | 15.12 | 16.44 | 18.26 | 20.35 | 20.55
savannah COoV 0.11 0.1 01 | 011 ] 0.12 ] 0.13 | 0.14 | 0.15 | 0.14 | 0.12 | 0.11 | 0.11
Sahel |kWh/m’-day| 20.32 [ 22.9 | 24.5 | 24.64 | 23.71 | 22.82 [ 20.54 | 19.2 [ 20.66 | 21.22 [ 20.56 [ 19.29
savannah CoV 0.09 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.1 0.1 | 009 | 0.09 | 0.1
Sudan |[kWh/m’-day| 20.31 | 22.6 [ 23.73[23.55[22.55[21.56 [ 19.43 [ 18.16 [ 19.89 [ 20.99 | 20.96 | 19.83
savannah COoV 0.1 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.09 | 0.1 | 0.09 | 0.09 | 0.09 | 0.09
Mangrove [kWh/m”-day| 19.61 | 19.9 [ 18.58 [ 17.59 | 16.26 | 14.14 | 12.54 | 12.84 | 13.23 | 14.64 | 16.88 | 18.7
Sy CovV | 013 | 013 | 0.14 | 015 | 0.16 | 0.2 | 0.21 | 0.21 | 0.19 | 0.18 | 0.16 | 0.14

Microalgae biomass production by cultivating in
open area BM g/m*-day, can be determined by

Igae
the formula
Si[lum x ntransmission X T'Ica ture 2
BMalgae = E - H (g/m .day)’ (2)
algae
where S, solar irradiance falling on a

horizontal surface of photobioreactors (kJ/m*-day);

E, .. — amount of energy stored in the biomass,
(MJ/kg); of  light

transmission to microalgae; 7,,,,,, — efficiency of

efficiency

nmmsm ission

conversion of incident sunlight to biomass in
microalgae.

Lipids production by cultivating in open area
BM,,.4» g/m*-day, can be determined by the formula

_ f;lipia' X BMalgae
ipid —

Plipia

— microalgae lipid fraction usable for
MB

algae

productivity, (g/m*-day); p,, — density of lipids

BM[ s (g/mzdaY)a (3)

where f,

biodiesel

ipid

production; — microalgae

usable for conversion to biodiesel (kg/1).
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Efficiency of conversion of incident sunlight to
biomass in microalgae can be determined by the
formula

4)

— photosynthesis efficiency;

ncapture =N photosynthesis XM photoutilization X (1 - ]") >
Where n photosynthesis

— fraction of captured photons utilized

1”[ photoutilization
by microalgae; » — fraction of energy consumed
by respiration in microalgae.

Efficiency of light transmission to microalgae
can be determined by the formula

ntransmisxion = nlight distributuin x n]and use xax P ARcomponent ’

5
where Mg giswinunin — the optical light distributi(oz
efficiency; Nwa we —  land-use  efficiency;
PAR,,, onens — photo synthetically active radiation
of the sun; o — light absorption coefficient of
microalgae.

Fraction of captured photons utilized by
microalgae can be determined by the formula

1
1/]photoutilization = ]_S|:ln (IL /]S ) + l:l s (6)
L
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where [, — saturation light photosynthetic photon

flux density on microalgae (umol/m*sec), quantum
of energy at which microalgal photosynthesis attains
saturation; /, — incident light photosynthetic photon

flux density incident on microalgae (umol/m?-sec)
quantum of energy available in natural sunlight.

Table 2 shows the monthly biomass productivity
of five regions in Nigeria divided by the area of
cultivation calculate according to the proposed model.

Mangrove swamp forest is found in places near
the coast that is under the influence of brackish
water commonly found in the Niger Delta.

Tropical rainforest area is characterized with a
prolonged rainy season.

Guinea savannah zone has a unimodal rainfall
distribution with the average annual temperature and
rainfall of 27.3 °C and 1051.7 mm respectively
where the wet season lasts for 6-8 months. The
Sudan Savannah zone is found in the Northwest
stretching from the Sokoto plains in the West,
through the Northern sections of the Central
highland. Sahel savannah is the last ecological
zoological zone with proximity to the fringes of the
fast-encroaching Sahara desert. Occupies about
18 130 km* of the extreme Northeast corner of
Nigeria and is the last vegetation zone in the extreme
northern part of the country. Fig. 2 is the graphical
representation of the monthly biomass productivity
of five major regions of Nigeria.

Table 2
Monthly biomass productivity of microalgal cultivation in typical regions of Nigeria, kg/m*
Region Months
01 | 02 | 03 04 05 06 07 08 09 10 11 12
Tropical 0.049 |0.050 | 0.049 | 0.048 | 0.046 | 0.043 | 0.040 | 0.039 | 0.041 | 0.044 | 0.047 | 0.048
rainforest
Guinea
0.050 |0.051| 0.051 | 0.050 | 0.048 | 0.049 | 0.051 | 0.052 | 0.053 | 0.054 | 0.055 | 0.056
savannah
Sahel savannah | 0.049 | 0.052] 0.054 | 0.054 | 0.053 | 0.052 | 0.050 | 0.048 | 0.05 | 0.051 | 0.050 | 0.048
Sudan savannah| 0.049 |0.052 | 0.053 | 0.053 | 0.052 | 0.051 | 0.048 | 0.047 | 0.049 | 0.050 | 0.050 | 0.049
Mangrove 1, 42 10,049 | 0.047 | 0.046 | 0.044 | 0.040 | 0.037 | 0.038 | 0.038 | 0.041 | 0.045 | 0.048
swamp forest
~ 0’06 ""Bproductlon
£
4
£ 0,05 K_\KZ}
2
g 004 ~_ |
50,035
=]
0,03
0 2 4 10 12 14

Tropical rainforest
Sahel savannah

6 8
Months of the year

Guinea savannah
Sudan savannah

Fig. 2. Monthly biomass productivity of microalgal cultivation in typical regions of Nigeria, kg/m”

Conclusion

The result shows the amount of algae biomass
potential in the five regions. Guinea savannah
having the highest amount for biomass potential of
0.052 in December because of the high Irradiance
and the lowest is the mangroove swamp forest at
0.037 in July.

Generally, the month of December have the
highest amount of biomass potential, therefore the
highest amount of biofuel also.

The algal cultivation for biofuel production
would require sustainable conventional algal culture
technologies.

Enormous quantities of freshwater or wastewater,
nitrogen, phosphorus, and potassium comparable to
the current global consumption would be needed to
produce enough algal biofuel to meet 30 % of the
transportation fuel demand. Research shows that
Nigeria has the potential for biofuel production but
would require a vast amount of resource to
accomplish.

© Boichenko S. V., Shamanskyi S.J., Adeniyi C. O., 2019
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Boiiuenko C. B., Illamancbkuii C. fI., Anennii K. O.
OHOIHIOBAHHS ITPOJAYKTUBHOCTI KYJIbTUBYBAHHSA MIKPOAJIBI'
JJIs1 BAPOBHUILITBA BIOITAJIMBA B YMOBAX HITI' EPIi

Mikposodopocmi a6110meb c06010 0CHOBHE 0JiCEPeo MAMePIanis, Ki MOXCYmb Oymu GUKOPUCMAHI 5K CUPOBUHA
o1 6azamvox GUCOKONPOOYKMUBHUX OIONPOOYKMI6, HAUOLIbUL GI0OMUX 3 AKUX Ye Gimaminu, ainiou, xaiopo@in i
xkapomunoiou. Knouem 0o ekonomiunoeo supobrnuymea diomacu ma 6ionpooykmie 3 Mikpo8ooopocmell € OnmMuMizayis
ix ymosu pocmy. Mixposodopocmi umazaioms ONMUMAIbHUX YMOE OCEIMNAEHHS 0N e(heKMUBH020 Pomocunmesy.

Cmamms npuceauena yMo8aM GUPOWLYBAHHA MIKpogodopocmell 30ebinvutoco chlorella sp. @omonepioo,
iHmeHcUugHicmb c8imaa i O008XCUHA X8UNI CEIMNA0esKi 3 8axciueux ¢haxmopis, wo 6nIUAIOMb HA UWBUOKICMb
omocunmesy. Ceimaosi ymosu 6e3nocepeoHbo BNIUBAIOMb HA 3POCMANHS, 6MICM NizMenmy ma KilbKicmv Oiika 6
Mikposodopocmsx. Memor O0anoi pobomu € MOOenosants npoOyKmueHocmi 0iomacu ma HAKONUYEHHs Ninidie y
8000POCMSIX, A MAKONC PO3PAXYHOK NPOOYKMUGHOCMI NPU KYIbIMUBYBAHHI 6 NO2OOHUX YMOBAX Y DI3HUX pelioHax
Hizepii. Inmencusnicms cousunoi padiayii Ha 000y 3a36uyail € OOHIEN 3 3MIHHUX, 3IOPAHUX MemeopoLoSiHHUMU
cmanyiasmu 6 Hicepii. byno ompumanocynymuuxosesunpominenns ¢ 25 mouxax 6 5 wnimamuunux 3onax Hieepii
(mponiunuii nic, casanna Ieines, casanna Caxenv, casanna Cyoan u OonomHuil Jic Maneposux nicig).y cmammi
AHANI3YEMbCL NEPCREeKMUBA BUPOOHUYMSEA OIONAIU6d MPEmbo20 NOKONIHHA 3 BUKOPUCMIAHHAM MIKpPO80OOpOCcmell
biomacu 6 noeoonux ymoeax munosux pecionieé Hizcepii. Bpaxosyrouu cepeOHbOMICAUHY WINbHICMb COHAYHO20
BUNPOMIHIOBAHHA 6 OCHOGHUX pezionax Hicepii kWh / m2.day, moocna oyinumu ModNCIUBICMb OOCACHEHHS
8pooicatinocmi biomacu MIKpo8ooopocmell HA K8AOPAMHUU Memp 00OpoOI08AHUX MEPUMOpPIiti 8 NO20OHUX YMOBAX
Hizepii.

Kpim mozo, obzoeoproromucsa nepesazu ma cyuacHi obmedxceHHs SUPOOHUYMSEA 6ioousens, KilbKiCHA ma AKICHA
OOYINbHICMb BUKOPUCIAHHS 0I00U3eI0 MIKPOBOOOPOCMeEl Ma 1020 eKOHOMIMHA OOYLIbHICTb.

Knto4oBi cnosa: 6ionanvneo; mikpoBogopocTi; 6iomaca MiKpoBOAOPOT; ONPOMIHEHHS; COHSYHE BUMPOMIHIOBAHHS.

Boichenko S. V., Shamanskyi S. J., Adeniyi C. O.
THE ESTIMATION OF MICROALGAE CULTIVATION PRODUCTIVITY FOR BIOFUEL
PRODUCTION IN NIGERIAN CONDITIONS

Microalgae constitute the main source of materials that can be used as raw materials for many high value
bioproducts, the most prominent ones of which are vitamins, lipids, chlorophyll and carotenoids.The key to economic
production of biomass and bioproducts from microalgae is to optimize their growth conditions. Microalgae require
optimal lighting conditions for efficient photosynthesis. This article focuses on the conditions for growing microalgae
mostly chlorella sp. Microalgae require optimal lighting conditions for efficient photosynthesis. Photoperiod, light
intensity and wavelength of light are some of the important factors affecting the rate of photosynthesis. Light conditions
directly affect the growth, pigment content and protein amount in microalgae. The aim of this paper is to model the
productivity of biomass and the accumulation of lipids in algae, as well as to calculate the productivity when cultivated
under weather conditions in different regions of Nigeria.The intensity of solar radiation per day is usually one of the
variables collected by meteorological stations in Nigeria. Satellite derived solar irradiance over 25 locations in the 5
climatic zones of Nigeria (tropical rainforest, Guinea savannah , Sahel savannah , Sudan savannah , and Mangrove
swamp forest ) was analyzed.

This article analysis the prospect of production of biofuel of the third generation using microalgal biomass in the
weather conditions typical regions of Nigeria. Taking into account the average monthly density of solar radiation in the
main regions of Nigeria kWh/m’.day to estimate the possibiity of achieving crop yields of microalgal biomass per
square meter of cultivated areas in the weather conditions of Nigeria.

In addition, advantages and current limitations of biodiesel production, quantitative and qualitative feasibility of
microalgal biodiesel, and its economic feasibility are discussed.

Keywords: Biofuel; Microalgae; Microalgal Biomass; irradiance; solar radiation.

Boiiuenko C. B., Illamancbkuii C. I71., Anenunii K. O.
OLEHKA IMPOAYKTUBHOCTHU KYJbTUBUPOBAHUS MUKPOPAJIT'OB JIJIs1
MNPOU3BOACTBA BUOTOIIVIMBA B HUT'EPCKHUX YCJIOBUSAX

Muxposodopociu A6IAIMCSL OCHOBHBIM UCMOYHUKOM MAMeEPUanos, KOmopblie Mo2ym Oblmb UCNONb306AHLL 8
Kawecmee coipbsi Ol MHOSUX OUONPOOYKIMOE GbICOKO20 KAYecmea, Hauboiee 8bloarujuecs u3 KOmopulx 6UmamuHbl,
JUNUOBL, XAOPOPUAL U KApOMUHOUObl. Knouom K 3KOHOMUYECKOMY Npouzso0cmey ouomaccvl u OUONPOOYKMOS8 u3
MUKPOBOOOPOCEl ABNAEMCs ONMUMU3AYUSL UX YCaosust pocma. Mukposodopociu mpebyiom OnmuMaibHblX YCa068Ull
oceeujerus 05 3¢pghekmusHozo homocunmesa.

Cmampsi nocesujena ycrosusm GblPauueaniss. MUKPOSOOOPOCIel 8 OCHOSHOM Xiaopeillvl Sp. Mukposodopociu
mpedyIom OnmuMAibHbIX YCI08Uli océewenust Oasi dppexmusnoco omocunmesa. Domonepuod, UHMEHCUBHOCTD
c8ema u ONUHA BOTHbL C8EMA HEKOMOPble U3 BUANCHLIX (DAKMOPOS, GIUAIOWUX HA CKOpOCmb homocunmes. Yciosus

© Boichenko S. V., Shamanskyi S.J., Adeniyi C. O., 2019



50 Haykoemni Textonorii Ne 1 (41), 2019

oceeueHUsl HanpsMyr GIUAIOM HA POCM, COOePICaHUe NUSMEHMA U KOAUYeCmeo 6enka 6 Mukpogooopocisx. Llenvio
pabomul a675€MCs MOOTUPOBAHUE NPOOYKMUSHOCIU OUOMACCHl U HAKONIEHUs JURUOO08 8 B000POCIAX, d MAKdiCe
pacuem npOOYKMUSHOCMU NpU  KYIbMUBUPOBAHUU 6 NO200HbIX YCI0GUSAX 6 pasiuyHulx peeuonax Hueepuu.
Humencuenocmos  conHeuno2o usnyueHuss 6 OeHb O0ObIYHO SGISAeMcsl O0OHOU U3  NEePeMEHHbIX, COOUpPaeMblx
Memeoponoaudeckumu cmanyusmu ¢ Huzepuu.

Ipoananuzuposano CHymHuK08oe u3iyyeHue COTHeYH020 U3IYYeHust 6 ceblule 25 mecm 8 5 KIUMAmu4ecKux 30Hax
Huzepuu (mponuueckue neca, casanna I'sunes, casanna Caxenv, Casanna Cydan, u manepogvie b6oroma). B oannou
cmamve  aHAIU3UPYIOMCst NEPCnekmuebl  NpousgooCcmed OUOMONIUGA MPEembe20 HOKOLEHUsI C  UCNONb308AHUEM
buomMaccyl MUKpOBOOOPOCieli 8 NO2OOHbIX YCL0BUSX, XAPAKMEPHbIX O1si paronos Hueepuu. [Ipunumas 6o enumanue
CpeOHeMeCAUHYIO NIOMHOCMb COIHEYHOU paouayuy 6 0CHOGHbIX pecuonax Hueepuu, kBmu /m 2, denv, umobwl oyenumo
B03MONCHOCHb  OOCIMUICCHUS.  YPOICAUHOCMU MUKPOBOOOPOCIe80U OUOMACCHl HA KEAOPAMHBIL MEmp HOCEGHbIX
niowaoeu 8 no2oouwix ycrogusx Huzepuu.

Kpome mozo, obcyscoaromes npeumywecmea u mexkyujue 02panuierus npou3so0cmsea 6uoousens, KoauvecmeeHHds
U KauecmeeHHAs OCYujecmeuMoCcmeb OUoOU3es U3 MUKPOBOOOPOCIEl U €20 IKOHOMUYECKAS Yeneco0OpaA3HOCb.

KnioueBble cnosa: GWOTOMNMBO; MMWKPOBOAOPOCHU; GuUoMacca MuKpoBodopocrien; obrnydyeHue; CornHevHas
paguaums.

Crarrs Hagidwia 10 pegakii 17.01.2019 p.
[pwuitasaTo go npyky 25.02.2019 p.
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