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PROSPECTS OF USING CYANOBACTERIA FOR BIODIESEL PRODUCTION

Increasing growth of world costs on petroleum and growing deficiency of petroleum products lead
to necessity of using alternative motor fuels. Thus, technology of using cyanobacteria as raw material for
fuel production has one of the central place among tools of modern alternative energetics, because they
are considered as more effective biological producers of natural hydrocarbons in the form of fatty acids.
This allows observing it as a unique renewable biomass source, which is suitable for rapid conversion
to biodiesel.

Nowadays, creation of such technology is actual and prospective; additionally it presents a great
interest for development of alternative energetics. This article generalize literature data about problems
of introducing the alternative “green” technologies and development on new field of industry — bioen-
ergetics, about perspectives and possibilities of biofuel from photosynthetic microorganisms and their
preference among conventional sources of raw material. There are also data of experimental works on
screening of potential producers, optimization of cultivation of cyanobacteria for increasing the yield of
end product. In addition, possible ways of increasing efficiency of their energetical using with the help of
genetic engineering methods are reviewed. The main stages of technology of biodiesel fuel production
from phototrophic microorganisms are described and results of scientific investigations in this area, con-
ducted in the framework of scientific-research projects on the basis al-Farabi Kazakh National University
are presented.
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BUOAM3EAbAI XKaHapMaK aAy YiliH LMaHobaKTepHuaAapAb! naWAaAaHyAbiH, 6oAalLaFbl

MyHaitAbIH dAEMAIK GaraCbiHbiH OCyi XOHEe MyHail OHIMAEPIHIH TarnWbIAbIFbIHbIH ocyi 6arama
MOTOPAbI KaHapManAapAbl NManAaAaHyAbIH KaXeTTIAIriHe aAbin KeAeai. LinanobakTepusiaapAbl Wn-
Ki3aT peTiHAe nanAaAaHy TeXHOAOTMSICbI 3amaHaym Garama SHepreT1Kara KoLyAiH MaHbI3Abl Typi 60-
AbIN Tabbiraabl, ce6ebi oAap Main KbIlKbIAAAPBI (POPMACBIHAAFbI Taburn kemipcyTeriHiv 3 hexTmBTi
GUOAOrMSIABIK, POAYLIEHTTEPI GOABIN TabblAaAbI. BYA OAApAbI XKbIAAGM 6MOAM3EAL BHAIPYTE XXapaMAbl,
YHWUBEPCaAAb!, KaATbIHA KeAyLwi 6uomacca Ke3i peTiHAe caHayFa MyMKIHAIK Gepeai.

Kasipri yakbiTTa OCbIHAQN TEXHOAOT MsiHbI AabIHAQY 03eKTi, nepcnekTMBTi 60AbIN TabblAaAbl XoHe
Garama dHepreTMKaHbiH Aamybl YLIiH YAKEH KbI3bIFYLUIbIABIK, TYFbi3bill OTbIP. BepiAareH makaraaa 6anama
OKACBIA» TEXHOAOTMSIHbI EHI3y MOCEAEAEPi XKanAbl 9Ae0M MaFaymaTTap GepiAreH XoHe OHAIPICTIH XXaHa
AamblFaH 6arbiTbl — GUOBHEPreTMKa >KanAbl, hoToCHHTE3 ALY MUKPOOPraHM3MAEPAEH 6uoxkaHapman
AAYAbIH MYMKIHAIKTEpI MeH nepcrnexTsaAapbl XoHe OAapAbIH AOCTYPAI WIMKI3aT KO3AEPIHEH apTbiK-
WbIAbIKTapbl KepceTiAreH. [MoTeHunaAAbl NPOAYLIeHTTEPAIH CKPUHUHT GoWbIHLIA TOXIpUOEAIK XKY-
MbICTapAbIH MaFAYMATTapbl, COHFbl OHIMHIH LWbIFYbIH aPTTbIPY MaKCaTbIHAQ, LMaHOOaKTEPUSIAAPAbI Ofl-
TUMaAAbI AAKbIAAAY XKaFAaiAapbl kopceTiared. CoHbIMeH KaTtap reHAIK MHXXEHEPAIK DAICTI nanAasaHa
OTbIPbIN, OAAPAbIH SHEPreTUKaChiH NanAaAaHyAbIH 3(HEKTUBTIAITIH apTTLIPYAbIH bIKTUMAA KOAAAPDI
KapacTbipblAaAbl, XaHe Ae (hoTOTPO(TbI MUKPOOPraHU3MAEPAEH 6GUOAN3EAL aAy TEXHOAOIMSCHIHbIH
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Heri3ri keseHaepi >xoHe oA-Dapabu atbiHaarbl Ka3YY-AbiH Heri3iHAEri FbiAbIMM-3epTTey >Xo6aAapbl-
HbIH LWeHOepiHAE OTKI3IAETIH FbIAbIMU 3€PTTEYAEPAIH HOTUXKEAEPI KOPCETIAreH. -
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KbIAAQpPbI, AUTIUATEP.
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lMepcnekTuBbl UCMIOAb30BaHUS LIMAHOOAKTEPUH AASI TOAYHEeHUSI OUOAM3EABHOIO TONAMBA

[poAOAXKaIOLIMICS POCT MUPOBBIX LIEH HAa HE(Tb U pacTywmin AeULMT HeTENPOAYKTOB NPUBO-
AST K HEOOXOAMMOCTM MCMOABb30BAHUS AABTEPHATUBHBIX MOTOPHBIX TOMAMB. TakK, TEXHOAOrMS UCMOAb-
30BaHMS LMAHOGAKTEPUIA B KAYECTBE TOMAMBHOIO Cbipbsl 3aHUMAET OAHO M3 LIEHTPAAbHbIX MECT CPEAM
NMOAXOAOB COBPEMEHHOWM aALTEPHATUBHOM 3HEPreTUKMU, NMOCKOAbKY OHM SBASIOTCS Hanboaee 3dhdek-
TUBHbIMU GMOAOTMYECKMMM NPOAYLIEHTAMM €CTECTBEHHbIX YIAEBOAOPOAOB B (hOPME XKMPHbIX KMCAOT.
ITO MO3BOASIET PACCMATPUBATL MX KaK YHUBEPCAAbHbIN BO30OHOBASIEMbI MCTOUHMK BMOMACChI, Npu-
rOAHOM AAsi ObICTpON NnepepaboTkn B GUOAM3EAD.

B HacTosiiee Bpems CO3AaHME TaKOM TEXHOAOTMM aKTYaAbHO, NEPCTIEKTUBHO M NMPEACTaBASIET OOABLLON
MHTEPEC AASI Pa3BUTUS AABTEPHATUBHOM 3HEPreTuku. B AaHHOM cTatbe 060611eHbl AUTEpATYpPHbIE AaHHbIE
0 npobAeme BHEAPEHUS AABTEPHATUBHDBIX «3€AEHbIX» TEXHOAOIMI U Pa3BUTUS HOBOI OTPACAM NMPOMBILLAEH-
HOCTN — GMO3HEPreTUKM, BO3MOXKHOCTSIX U MEepCrieKkTMBe MOAyueHus GMOTONAMBa U3 (DOTOCUHTE3UPYIOLLIMX
MUKPOOPraHU3MOB U UX NMPEUMYLLIECTBE NMEePeA TPAAULIMOHHBIMU MCTOUYHUKAMM Cbipbs. [1pUBEAeHbI AQHHbIE
9KCMEePUMEHTaAbHbIX PaboT MO CKPUHWMHIY MOTEHLMAAbHBIX MPOAYLIEHTOB, ONTUMM3ALIMM YCAOBMIA KYAb-
TUBMPOBaHMUS LIMAHOOAKTEPUIA C LIEABIO YBEAMUEHMS BbIXOAA KOHEUHOrO MPOAyKTa. Takke pacCMOTPEeHbI
BO3MOXHble MyTH MNoBbileHUst 3(HEKTUBHOCTU UX IHEPIETUUECKOrO MUCMOAb30BaHMSi METOAAQMU FE€HHOM
MHXeHepun. PaccMOTpeHbl OCHOBHBIE 3Tarbl TEXHOAOTMM MOAyUeHUs GUoAM3eAst M3 (hoTOTPODHBLIX MUK-
POOPraHM3mMOB U NPUBEAEHbI PE3YAbTaTbl HayUHbIX MCCAEAOBaHWIA B 3TOM 06AACTH, NPOBOAMMBIX B paMKax

HAyUHO-MCCAEAOBATEALCKMX NMPOEKTOB Ha HGaze KazHY um. aab-Dapabu.
KAtoueBbie cAoBa: 61OTONAMBO, GMOAN3EAL, MUKPOBOAOPOCAM, LIMAHOGAKTEPUM, KMPHbIE KMCAOTHI,

AVMUABI.

The modern civilization require fuel in constant-
ly increasing volume and today world supply of lig-
uid fuel is almost fully dependent from petroleum
(Posten 2009: 64-69). However, according to fore-
casts of specialists in the coming decades, further
reduce of production of traditional energy sources,
including oil production is expected (Cirocapenko
2010: 36-40). In this regard, there is growing inter-
est in alternative renewable energy sources that can
provide stable energy production for an indefinite
period. According to forecasts of the International
Energy Agency in 2030, oil consumption will reach
106 million barrels per day. At the same time, the
cost of a barrel will grow to about $ 133 by 2035.

In this regard, the continued increase in world
oil prices and the growing shortage of petroleum
products lead to the need for alternative motor fuels
(OECD/IEA 2011).

The last decade is characterized by a stable
tendency to reduce the share of fossil hydrocarbon
raw materials in the production of liquid motor fu-
els by replacing them with alternative raw materi-
als of plant origin. The reason for this is a decrease
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in the explored reserves of high-quality «light» oil,
the complexity of developing new oil fields and
the depletion of old ones, which causes instability
in the prices of carbon raw materials for the grow-
ing demand for oil and products of its processing.
In addition, the burning of fossil fuels leads to the
release of carbon dioxide (CO,), the accumulation
of which leads to global warming (Mapxos 2009:
83-90). According to the Organization for Econom-
ic Cooperation and Development, the International
Energy Agency and the BCC Research agency, the
projected level of biofuel consumption will reduce
greenhouse gas emissions by approximately 2.1 gi-
gatons (BCC research 2010). All this stimulates the
introduction of alternative “green” technologies and
the development of a new industry - bioenergy.
Depending on the type of raw materials used for
production, biofuel is divided into four generations.
The most widespread is biofuel of the first genera-
tion, for which agricultural crops are used as raw
materials. In particular, sugarcane, corn, wheat are
used for the production of bioethanol, while oil
crops such as soybean, rape, oil palm, sunflower and
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others are used for the production of biodiesel. In
the production of second-generation biofuels, the
main part of the raw material base is non-food bio-
mass, namely wood pulp (cellulose, lignin), wood
processing waste and non-food residues of cultivat-
ed agriculture plants, and less valuable raw materi-
als - straw (Naik 2010:578-597, Pahl 2010). Biofuel
of the third generation, are obtained from microal-
gae, which can be cultivated in open water bodies
or in closed photobioreactors. Compared with the
production of biofuel of the first and second gen-
erations, the cultivation of microalgae is less ener-
gy-intensive, and also does not involve the use of
agricultural land (Pribyl 2014, Chisti 2007, Schenk
2008). The fourth generation combines the proper-
ties of third generation biofuels primarily with the
genetic optimization of their producers (Al-Thani
2012:427-440). To date, we are on the verge of cre-
ating and using fourth generation biofuels, which
are based on rapidly growing, rapidly renewed and
genetically modified sources - prokaryotic photo-
synthetic cells of cyanobacteria (Nozzi 201 3). At the

same time, it should be noted that biofuel research is
not just a matter of finding the right type of biomass
and converting it into fuel, but also finding environ-
mentally and economically sound options for using
by-products from biofuel production.

One of the most common types of biofuel is
biodiesel, perspective for diesel engines of tractors
and other agricultural machinery, trucks and cars
(Erdrich2014:128). Biodiesel has become widespread
in many countries of the world, such as Germany,
Austria, Czech Republic, France, Italy, Sweden,
USA, as well as other countries (fig. 1). The world*s
leading manufacturers of biodiesel fuel are companies
such as ADM, Direct fuels, lowa Renewable Energy,
Canadian Bioenergy Corporation, Algal Biomass
Organization (http://www.ebb_eu.org/stats.php). In
a number of Russian regions, such as the Krasnodar
Territory, the Lipetsk Region, the Altai Territory, the
own programs have been developed - RusbioDiesel,
the Association of Rapeseed Oil Producers, and
Rapes Biodiesel, which promote the introduction of
biofuel technologies (McKendry P 2002:37-46).

Middle East &

_ Africa
¥ 5

Asia-Pacific

Figure 1 — Global biodiesel demand by region (http://www.ebb_eu.org/stats.php)

The active introduction of biodiesel fuel in the
consumer market led to the need of introducing
regulatory documents for this type of fuel — the
national standards with requirements for the
properties of biodiesel and its content in diesel
fuel or biodiesel percentage of total diesel fuel
consumption. Currently, the European Organization

6

for Standards has developed standard EN14214,
which regulates such parameters of biodiesel quality
as density, viscosity, sulfur content, water, glycerin,
sulphate ash, acid number, iodine number, etc. This
standard allows the content of 5% biodiesel in an
oil diesel. In addition, there are standards EN590
(or EN590: 2000) and DIN 51606. DIN 51606 is
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a German standard designed to be compatible with
the engines of almost all leading automakers, so itis
the most stringent. Most types of biodiesel produced
for commercial purposes in the West correspond to it
or even surpass it. So in the USA there is a standard
- ASTM 6751, adopted in 2002, in Austria - ON
C1191-1997, in Australia - FS (B) D -2003, in Sweden
-SS155436-1996 g. (http://www.ren21.net/).

Such an established production is realized due
1o the significant advantages of biodiesel, unlike
2 conventional diesel: biodiesel in combustion is
non-toxic and safe, because it has a high ignition
temperature, itdoes not containsulfurand carcinogenic
benzene, and also reduces carbon dioxide emissions
1o the atmosphere. It has good lubricating properties,
which significantly increases the life of the engine.
Because raw materials for biodiesel production are
renewable resources, the fuel spilled on the ground
is decomposed by 90% by microorganisms in three
weeks. So, for example, the production of biodiesel
is easy to organize, for example, on the basis of a
small farm (Knothe G (2010: 364-373). Rape is
used mainly for raw materials in Europe, soybean
in the USA, canola in Canada (canola variety), in
Indonesia - palm, coconut, in Brazil - castor oil.
Also waste vegetable oil, animal fats, fish oil, etc.
are used (Bezergianni 2013:110-116). The existing
technology for the production of diesel fuel based
on vegetable oil, is concentrated mainly on biodiesel
FAME (rapeseed oil).

There are several processes for producing
biodiesel. The most common is the process of
wransesterification, representing the reaction of oil or
fat with a monobasic fatty acid alcohol, in most cases -
methanol. Triacylglycerides are compounds of trivalent

glycerol with three fatty acids. As a result, the reaction
of transesterification of triacylglycerides with methyl
alcohol (methanol) CH,OH in the presence of a catalyst
(NaOH) produces fatty acid esters (biodiesel), and a
by-product — glycerin. In this case, for the production
of raw materials for biodiesel from oilseed crops, large
land areas are allocated, often using increased doses
of chemical plant protection products, which leads to
biodegradation of soils and a decrease in the quality of
soils (Knothe 1999: 795-800).

In this regard, in recent years, the increasing
interest of biofuel producers has attracted
the bioenergetic potential of photosynthetic
microorganisms, with funding for research and
development in this area steadily growing (Greenwell
2010: 703-726). Moreover, in addition to obtaining
fuel, they can serve as a means for removing carbon
dioxide from the atmosphere. Algac have been
cultivated in significant quantities since the 1950s
for the needs of the pharmaceutical industry. The
technology of using phototrophic microorganisms as
fuel raw materials occupies one of the central places
among the approaches of modern alternative energy
(table 1). Studies have shown that phototrophic
microorganisms outperform in the potential energy
output of typical representatives of vegetable oil
crops. Thus, the comparison of the yield of biodiesel
from phototrophic microorganisms with the best
oil crops of higher plants (Singh 2010:2596-2610)
showed that the yield of biodiesel from it contain
only 30% oil (m/m) and made up 58700 I/hectare,
while for rapeseed and canola— 1190 Vhectare (Singh
2011:26-34); jatroph — 1892 l/hectare (Tamagnini
2007:692—720); For palm trees Pongamia — 2590 I/
hectare (Brennan 2010: 557-577).

Table 1 — Comparison of some sources of biodiesel (mt-metric tons, ha-hectare, boe-barrel of oil equivalents)

Oil source Biomass (mt/ha/yr) | Oil content (% dry mass) Biodics;rl)(mt/ha/ (&3%82232;)
Soya 1-2,5 20% 0,2-0,5 3-8
Rapeseed 3 40% 12 22
Palmoil 19 20% 54 63
Jatropha 7,5-10 30-50% 2,2-53 40-100
mfl’chr"o‘(‘)’r‘;‘;z:‘s‘;s 140-255 35-65% 50-100 1,150-2,000

The production of biodiesel from phototrophic
microorganisms is of increasing interest due to the
fact that the content of lipids in some of them under
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(Chisti 2007, Richmond 2004). There are several
aspects related to the production of biofuels from
phototrophic microorganisms that are of interest to
researchers and entrepreneurs around the world:

These organisms are able to use water as an
clectron donor for oxygenic photosynthesis.

They grow to a high density and have a high
productivity compared to conventional terrestrial
oil crops. Consequently, mass cultivation of
photosynthesizing microorganisms for commercial
production can be effective.

They are non-food raw materials and can be
grown in areas that are unsuitable for agricultural use.

They can use a wide range of water sources
(fresh, brackish, sewage, and seawater) and have
simple requirements for growth: light, carbon
dioxide, inorganic nutrients.

Their biomass can be used for the production of
both biofuel and valuable by-products (Sarsekeyeva
2015: 329-340).

From photosynthetic microorganisms for the
production of biodiesel fuel, microalgae and cyano-
bacteria are actively used. Among microalgae char-
acterized by high bioenergetics potential the Chlo-
rella sp. (20-50 % lipids), Neochloris oleoabundans
(35-54 %), Nannochloropsis sp. (31-68 %), Bot-
ryococcus braunii (25-85 %) etc. are the best ones
(bacosa 2005, Sharma 2012). However, in practice,
such high lipid yields are not achievable under real
production conditions, in which cultivation is car-
ried out in photobioreactors of various designs. The
oil content, as a rule, increases when algae grow un-
der stress, for example, if nitrogen or other nutrients
are not sufficient, while algae use oil as a storage
material (Wang 2009). However, most microalgae
strains have a high content of unsaturated fatty ac-
ids, that does not allow to receive without additional
processing on the basis of their lipids fuel with low
cetane numbers and good resistance to oxidation.
Too high cetane numbers increase the viscosity of
the fuel at low temperatures. In principle, fatty acids
with a chain length of 14-18 carbon atoms with one
double chain are considered ideal for the production
of biodiesel (Jlocs 2014).

Cyanobacteria, unlike microalgae, have a
more suitable fatty acid composition, which makes
them potential candidates for obtaining biodiesel
fuel. Fatty acids, found in cyanobacteria, are rep-
resented by the following types: 14:0, 14:1A°,
16:0. "16:14°, 16:2A%= "18:0, '18:1A% 18:1A",
18:2A%'%, 18:3A%215(@%)"3, 18:3A%%12 g 18:4A5%1215
(Sarsekeyeva 2015:329-340, Jlocs 2014). So there
is evidence that the strain isolated from Kharg Is-
land, Synechococcus sp. ISC 106, was character-

ized by the highest accumulation of lipids in the
cell, which reached up to 204.91 mg /I per day. At
the same time, analysis of fatty acid composition of
lipids of strain ISC 106 showed that the amount of
myristic acid was 41.44%, palmitic acid -15.53%,
stearic acid - 5.28%, and palmitoleic acid - 30.74%.
According to their data, the strain Synechococcus
sp. ISC 106 can be recommended as a raw mate-
rial for biodiesel production (Kiaei 2015:236-245).
The composition of the oils depends very much on
the type and growth conditions of the cyanobacte-
ria. When cells grow actively, their metabolism is
accentuated by photosynthesis and biomass produc-
tion. Fatty acids are synthesized, most often in polar
lipids, such as phospho- and glycolipids, which are
necessary for photosynthesis. Unfortunately, only
30 to 50 percent of polar lipids can be converted to
fuel. But when cells experience metabolic stress,
like lack of essential nutrients, including nitrogen,
the metabolism reduces the rate of growth and is re-
directed primarily to the synthesis of carbohydrates
and triacylglycerides. Thus, it is very important not
only to select the right producer, but also to create
the optimal conditions necessary for the synthesis of

‘the producers we need.

To date, significant experimental material has
been accumulated to optimize the conditions of
cultivation and extraction of lipids to increase the
bioenergetic potential of cyanobacteria. At Anna
University-BIT Campus (India), cultures of Lyng-
bya sp. and Synechococcus sp. were studied for pos-
sible biodiesel production, cultivating on various
media such ASNIII, medium enriched by scawater
and BG-11. An increase in the growth rates of these
algae was observed in a medium enriched with sea
water. Nitrogen depletion has less effect on the total
chlorophyll content, while the lipid content of cul-
tures Lyngbya sp. and Synechococcus sp. increased
on 1,4 and 1,2% correspondingly. Increase in salin-
ity from 0.5-1.0 M, increases the lipid content by
2.0% for the strain Lyngbya sp. and on 0,8% in Syn-
echococcus sp. The results convincingly show that
cyanobacteria can be used as a renewable energy
source for the production of biodiesel (Selvan 2013:
262-268). In India, a study of lipids of freshwater cy-
anobacteria Oscillatoria annae BDU6, for the pro-
duction of biodiesel. Effective extraction of lipids
from O. annae was achieved by ultrasound in com-
bination with organic solvents (50.9%). Effective
transformation of triglycerides of the strain O. an-
nae in biodiesel fuel was obtained by transesterifica-
tion, mediated by alkali, with the release of biomass
0. annae, 5,3 g/l dry weight/inoculate (Anbuselvan
2011: 959-967). There are reports on the study of
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accumulation of lipids in cells of Synechococcus
sp., Cyanobacterium aponinum and Phormidium sp.
On BG-11 medium. For Synechococcus sp. The con-
tent of C16 and C18 fatty acids made up 42,8% and
46,9%, respectively. For C. aponinum — 45,0% and
67,7%, and for Phormidium sp. — 38,2% and 90,6%
respectively. The content of saturated fatty acids for
Synechococcus sp., C. aponinum and for Phormidium
sp. made up 74,5%, 77,9% and 84,7%, respectively.
These fatty acids can be a promising raw material for
the production of biodiesel (Karatay 2011).

At the same time, cyanobacteria are attractive
as producers of biodiesel because they can easily be
used as a suitable platform for genetic modification
of their metabolic pathways. Cyanobacteria differ
from microalgae and plants in that they are relatively
casy to perform genetic manipulations. One of
the ultimate goals of the genetic modification of
cyanobacteria can be the production of such strains
that are able not only to effectively assimilate
atmospheric carbon and produce a large amount
of raw biomass at the outlet, but also to store the
desired end products within it that are most suitable
for biofuel production. In addition, the genetic
modification of cyanobacteria theoretically allows
the production of strains capable of secreting
metabolic products suitable for the production of
biofuels (alkanes or free fatty acids) into the culture
medium. Thus, the expensive stages of collecting
and destroying the cells to extract the target products
can be omitted, which seems economically more
advantageous. It is these types of biofuels, whose
production costs can be reduced by simplifying
production technology, are currently considered to

-

-

be the most attractive (Quintana 2011: 471-490).
In Cho and Cronan’s works, thioesterase I (encoded
by the TesA gene) is a periplasmic enzyme at the
C-terminus of the E. coli fatty acid synthase. As a
result of the deletion, the TesA gene was modified
in such a way that the mature enzyme was localized
in the cytoplasm. The synthesis of thioesterase I
(named as * TesA) in the cytoplasm leads to striking
changes in the structure of the synthesis of fatty
acids in E. coli. Compared to normal E. coli cells, the
mutant strain synthesizes a huge amount of free fatty
acids at all stages of growth. Moreover, the mutant
protein * TesA redirects the synthesis of fatty acids
into the culture medium (Cho 1995). This concept
is implemented by the bioenergy company LS9 for
biofuel production, using E. coli strain (Steen 2010).
It will be more beneficial if we apply this concept to
cyanobacteria, because cyanobacteria do not require
an additional source of carbon, since the precursor
for the synthesis of fatty acids, acetyl-CoA, comes
directly from the Calvin’s cycle. In addition, there is
evidence that the genetic engineering strain E. coli,
lacking the gene acyl CoA fatty acid synthase fadD,
the amount of free fatty acids in the medium can
reach 2.5 g per liter per day (Peralta-ahya 2012: 320-
328). In case of Synechocystis or Synechococcus
(fig.2), Mutant by the same gene, the concentration
of free fatty acids in the culture medium reached
-6.4 nmol and 8.4 nmol in ml (Kaczmarzyk 2010).
Editing metabolic pathways of biosynthesis of fatty
acids in cyanobacteria allows to increase the yield
of free secreted fatty acids to 130 mg per liter of
culture per day at a cell density of 0.23 g dry weight
per liter (Liu 2011).
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Figure 2 — Estimated scheme of metabolic pathways in genetically engineered cyanobacterial strains of allowing to accumulate
free fatty acids inside of the cell with further escape into cultural (Anne 2012)
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The creation of a new technology for obtaining
biodiesel from the biomass of cyanobacteria, which
actively produces fatty acids, is currently relevant,
promising and of great interest for the development
of alternative energy in the Republic of Kazakhstan.
President of Kazakhstan Nursultan Nazarbayev
signed the law “On state regulation of production
and turnover of biofuel”. The main objective of the
law is to ensure environmental protection by re-
ducing emissions of pollutants into the atmosphere
through the use of biofuels, taking into account the
country’s food security issues (Yka3 Ilpesunenra
PK ot 29.09.14 r).

According to some reports, in Kazakhstan, oil
emissions into the environment made up several
million tons per year. In this connection, the issue
of developing ecologically safe and economically
justified measures aimed at intensifying the
processes of biodegradation of hydrocarbons,
cleaning and restoration of soil fertility is acute.
The development of biotechnologies in the country
is one of the priority directions, which is reflected
in the strategy of Kazakhstan’s entry into the list
of the 50 most competitive countries in the world.
For this purpose, namely, for an innovative and
technological breakthrough, we need to accelerate
the mobilization of scientific and technical potential,
create conditions for the active introduction of
scientific achievements in industry. It is the scientific
and technological resources that should become the
main factor of innovative development. According
to the Kyoto Protocols, by 2020 Kazakhstan
should transfer 20 percent of the energy sector
to eco-friendly type (http://www.zakon.kz/). At
present, 48 countries of the world have normatively
consolidated and actively develop the production
of “clean” energy of a biological type. Renewable
energy sources are actively used from agricultural
raw materials in the USA, Brazil, Japan, China,
India, Canada, EU countries.

Mass cultivation of cyanobacteria in Kazakhstan
can be carried out in special photobioreactors, or
organized in open ponds and pools located near
power plants. As you know, a typical coal-fired
power plant emits up to 13% of carbon dioxide into
the atmosphere, which is one of the main sources of
air pollution. Cultivation of cyanobacteria in such
ponds makes it possible to remove carbon dioxide
from exhaust gases of thermal power plants and other
industries due to its active absorption by cells (Wang
2008). For example, algae in the oceans absorb
annually up to 2 gigatonnes of carbon dioxide, while
terrestrial ecosystems absorb up to 1.5 gigatonons
(Huntley 2007). In addition, the waste heat of a

thermal power plant can cover up to 77% of the
heat requirements necessary for the cultivation of
cyanobacteria. This technology can be realized both
in the northern regions of Kazakhstan with a sharply
continental climate, and in the southern parts of the
country.

Production of biodiesel is one of the most
promising and profitable directions of bioenergy,
it allows receive high profits, while maintaining
a favorable ecological environment. Biodiesel
production from cyanobacteria provides the highest,
clean energy, because conversion of oil to biodiesel
is much less energy-intensive than conversion to
other fuels. The production cycle is practically non-
waste, raw materials can be grown on the used land.
After the production of biofuel, the oilcake remains,
it can be used as animal feed and the glycerin phase
remains, which after purification turns into pure
glycerin. The profitability of this production is very
high, the profit is the difference between the cost of
raw materials and the amount received from the sale
of fuel. Rentability of this type of business is very
high, because the demand for biofuel increases day
by day.

The economy of biodiesel production can be
improved by advances in production technology.
Different mutually complementary approaches to
genetic and metabolic engineering will increase the
productivity of cyanobacteria (Quintana 2011).

For the use of cyanobacteria for energy
purposes, screening of oil-producing strains and
the development of technology for their mass
cultivation with an increase in the productivity of
their biomass are required. Such works are actively
conducted in the biotechnology laboratory of the
Faculty of Biology and Biotechnology of al-Farabi
Kazakh National University in the framework of
scientific project “ Obtaining of biodiesel fuel
based on cyanobacteria — fatty acid producers”
started in 2010. As a result of several studies,
a highly productive strain of cyanobacterium
was obtained on the basis of the biotechnology
laboratory - Cyanobacterium sp. IPPAS
B-1200 (Tarent PK 2016), characterized by
its ability to actively grow over a wide range
of temperatures, and a high content of C14
myristic and myristoleic acids (30% and 10%,
respectively) and C16 palmitic and palmitoleic
acids (20% and 40%, respectively). Which
allows us to recommend this strain as a
potential producer of biodiesel. Technologies
of mass cultivation of this strain have been
developed (fig. 3) (Sarsekeyeva 2015, IlatenT
2016, Usserbaeva 2015, Sarsekeyeva 2014).
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Figure 3 - Fatty acid composition of Cyanobacterium sp. IPPAS B-1200 by gas chromatography (Sarsekeyeva 2014)

In addition, the possibility of using a strain
Cyvanobacterium sp. IPPAS B-1200 In the
purification of municipal wastewater with further
use of the biomass for bioenergy purposes The
biofuel technology developed within the framework
of the project includes the growth of cyanobacterial
culture, collection of biomass, extraction of lipid
fatty acids from the strain Cyanobacterium sp.
IPPAS B-1200, the process of transesterification,
separation, recovery of alcohol and purification
of the finished product. The resulting by-product,
glycerine can be used in the food industry, in the

production of soap and cosmetic products, thereby
making biodiesel production waste-free technology.

Thus, ensuring the high efficiency of converting
light energy into cyanobacterial biomass and
achieving a high content of lipids, reducing the
cost of additional energy to ensure their cultivation,
optimizing the designs of bioreactors and a
transesterification system to create a continuous
production of biodiesel fuel, increases the
possibility of producing renewable biofuels , which
is environmentally and economically profitable for
Kazakhstan.
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