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DEVELOPMENT OF ALTERNATIVE WAYS OF OBTAINING
BIOMASS OF ARTHROSPIRA PLATENSIS SUITABLE
FOR LARGE-SCALE PRODUCTION

Abstract. Comparative data on the determination of quantitative indicators for the
process accumulation biomass of Arthrospira platensis depending on the nature of the
used nutrient medium is considered. It is shown that using the alternative resources such
as carbonat the source of the main nutrient element in the nutrient medium (raw natural
soda and raw soda by absorbed flue gas CO,) and geothermal hydrocarbonate water lead
to increase on yield and decrease the cost of biomass produced, and at the same time to
decrease greenhouse gas concentrations of CO, in the atmosphere. It is noted, that ob-
taining biomass at lower production costs is associated by decrease in the cost of mineral
salts in the nutrient medium (about 23%), which makes the proposed method favorable for
obtaining biomass on enlarge scale.

Keywords: microalgae, biomass, Arthrospira platensis, nutrient medium, cultiva-
tion, amassing, yield.

Due to the effects of global warming, special attention is now being paid to
stabilizing or reducing the concentration of greenhouse gases in the atmosphere.
Due to the increase in global overall emission level, deforestation and the
intensive use of thermal energy, where the product of combustion of fuels carbon
dioxide is one of the main greenhouse gases. Therefore, in recent years, great
interest has been shown in the fixation of CO, by biological agents using micro-
algae to minimize the effect of this sequestration on the environment. In addition,
microalgae are widely used both in laboratory and on an industrial scale for the
production of high value-added molecules in pharmaceuticals, cosmetics, animal
feed and food products, i.e. the main aspect of biofixation of CO, by microalgae
is associated with the production of added-value molecules. One of them are
natural biodegradable surface-active substances (surfactants). Interest in the
production of biodegradable surfactants is caused not only by their ability to
biodegrade, but also with biological compatibility with living organisms and low
toxicity. Due to this, they have found wide application in pharmaceuticals, bio-
medicine, cosmetics and the food industry, and in most cases do no harm after
use, both in relation to the object of exposure, and in relation to the environment.
Of great interest are biodegradable surfactants consisting of complex natural
molecules of plant matter, which have excellent surface-active properties.
Although the use of traditional natural compounds is associated with problems
caused by the competition with food products, the surfactants obtained from
vegetable oils (rapeseed, olive and flax) are already available to consumers.
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Therefore, developments aimed to create non-toxic and biodegradable surfactants
which are not competing by production of food products are of great scientific
interest [1-4].

Therefore, the search for new types of alternative raw materials for biodegra-
dable surfactants is becoming extremely important. However, the progress
achieved in the field of synthesis of natural biodegradable surfactants (based on
sugars, sterols and fatty acids) does not yet allow their widespread use on a
commercial scale. The main limiting factors are the high cost and the presence, as
noted above, of the competitive struggle with food products. The use of alterna-
tive renewable resources, such as microalgae, which do not compete with the food
supply chain, is relevant and practically in demand. Among the available raw
materials for the production of biodegradable surfactants, microalgae biomass has
good potential for the following reasons: higher growth rates than terrestrial
biomass sources; the ability to capture gaseous CO, when growing microalgae in
a wide variety of climates and lands, converting it to organic matter using solar
energy; the ability to store solar energy in energy-rich compounds such as lipids;
lack of direct competition with agriculture and the ability to use salt water
sources. That is why this approach to solving the problem should be considered as
a promising method to counteract global warming and the energy crisis.

It should be particularly noted that with autotrophic photosynthesis of a
microalgae culture using alternative methods, three tasks can be solved simul-
taneously: obtaining raw materials for the production of products with high added
value, including biodegradable surfactants [4]; carbon sequestration (CO,
biofixation) [5-7]; wastewater treatment [8].

Therefore, in order to create a raw material base for the synthesis of new
biodegradable surfactants, work was started on obtaining biomass of Arthrospira
platensis (the scientific name of Spirulina) in Kazakhstan using various alter-
native sources of nutrient medium and energy [9]. For the study, Arthrospira
platensis biomass, produced by the method of its autotrophic cultivation, was
used [10]. Since the use of distilled water in the production of Arthrospira
platensis on a large scale is economically unjustified, distilled water was replaced
by more affordable natural water, that does not contain impurities [9]. Consi-
dering that the standard nutrient medium for Arthrospira platensis is alkaline in
nature, geothermal water from underground well No. 20a was used (Shauyelder
group of geothermal waters located in the northwestern part of the Arys artesian
basin in the district center of Shauyelder, Otyrar region of the Turkestan region,
Kazakhstan). The study of the chemical composition and some characteristics of
this water showed that underground water has a hydrocarbonate nature, and it
may well be suitable for use as the basis of a nutrient medium for cultivation of
Arthrospira platensis in industrial conditions.

It is known, that the nature of the nutrient medium is the main factor deter-
mining the process of forming the component composition of the resulting bio-
mass and, as a result, its surface-active properties, which allows to purposefully
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carry out the biosynthesis of raw materials for the production of surfactants. The
authors of [11] showed the ability to control the surface-active properties of the
biomass extract of the microalgae Arthrospira platensis: complete exclusion of
phosphorus and increased nitrogen content in the nutrient medium resulted in a
biomass extract, which corresponds to a low level of surface tension (31.2 mN-m™).
In addition, as shown in [12], the biomass yield of microalgae depends on the
composition of the nutrient medium. At the same time, as a result of the repla-
cement of a part of Zarrouk nutrient medium with an organic extract of chicken
manure (rich in nitrogen and phosphorus), productivity was increased and the cost
of biomass was reduced.

There are known studies that aimed to increase the biomass yield and, con-
sequently, reduce its cost by changing the composition of the nutrient medium
using an integrated carbon capture system and algae production (Bicarbonate-
based Integrated Carbon Capture and Algae Production System - BICCAPS),
proposed by the authors [6] and successfully tested in [7]. It is shown that the
absorption solution (the basis of a liquid nutrient medium) based on sodium
carbonate can be recycled up to 7 times without reducing the productivity of
microalgae.

In the present work, instead of pure sodium carbonate, natural raw soda was
used (component composition,%: sodium carbonate hydrate Na,CO3x7H,0, 39.9;
throne NazH(CO3)2(H,0),, 23.5; thermonatrite Na,CO3;H,0, 24.4; burkeit
Nag(CO3)(SOy),, 12.3%), as it is a cheaper natural carbon raw material for
growing microalgae, since its industrial production was introduced by quarrying.
In addition, raw soda has high solubility in water. By absorbing carbon dioxide
with a solution of this system, the raw soda is enriched with sodium bicarbonate
due to the transfer of carbonate to bicarbonate. Further, its solution, enriched with
bicarbonate, can be used in the process of cultivation of microalgae, which con-
vert solubilized CO; into biomass [5-7]. At the end of this process, the biomass is
removed by filtration from a solution of the nutrient medium, and the spent
nutrient solution of soda, having a higher content of carbonate component, due to
the extracted CO,, is recycled to absorb CO,. As a source of CO, a mixture of flue
gas of power plants can be used.

EXPERIMENTAL PART

Production of microalgae biomass: Arthrospira platensis biomass was
obtained by the method of autotrophic photosynthesis in a pilot photobioreactor,
which is a laboratory test-accumulative tubular installation (figure 1) in various
nutrient media, which are based on the liquid nutrient medium, which are distilled
water and underground mineral water of hydrocarbonate nature extracted from a
depth of 1800 m with a temperature at the wellhead of 75°C, located in the
settlement of Shauelder, Otyrar region, Turkestan region of Kazakhstan. Zarrouk
solution was used as nutrient medium, minerals: macronutrients (g-l'l) - NaHCO;,
8.0; KNOs3, 2.0; (NH4),HPQ,4, 0.12; NaCl, 1.0; carbamide, 0.02; Na,EDTA, 0.08;
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Figure 1 — Laboratory installation of tubular photobioreactor

+ distilled or geothermal hydrocarbonate water, as well as trace elements (g-1™) -
Na,EDTA, 0.5; H3BO3, 2.86; MnCl, - 4H,0, 1.81; ZnSO, - 7H,0, 0.222; CuSO, -
5H,0, 0.079; Mo00O;, 0.015; NH,VO;, 0.02296; Co (NO3), - 6H,0, 0.04398;
K,Cry(SOy)4 - 24H,0, 0.0960; NiSO,4 x 7H,0, 0.04398; Na,WOQO, - 2H,0, 0.01794;
Ti(SOy)s, 0.040). The growth time of the microalgae was 17 days under natural
light conditions at an ambient air temperature of 20-30 °C, the medium was
aerated with the help of fresh air or a mixture of CO, and air. Biomass was
separated by filtering the suspension. Then it was washed with fresh water, dried
and then subjected to grinding.

In our nutrient medium, commercial NaHCO; in Zarruk’s environment was
replaced with an equivalent amount of a solution of natural raw soda, and in ano-
ther case, raw soda that previously subjected to CO, absorption (raw soda/CO,) of
the flue gas of a coal-fired power plant (Ekibastuz GRES-1, Kazakhstan). When
carrying out cultivation on an enlarged scale, the temperature of the nutrient
medium (25-30°C) is provided by an alternative source of energy — geothermal
waters of underground wells.

Component composition of raw soda, %: sodium carbonate hydrate
Na,CO3-7H,0, 39.9; NagH(CO3)2(H20)2, 23.5; thermonatrite NA,CO;H,0, 24.4;
Burkeite Nag(CO3)(SQy)2, 12.3%).

Quantitative indicators of growth and accumulation of Arthrospira platensis
biomass in Zarruk medium and experimental medium based on bicarbonate water
and raw soda were determined by measuring the optical density of culture media
on a Perkin Elmer lambda-35 UV spectrometer in the wavelength range from 420
to 650 nm the peaks of the components of the biomass components, based on the
absolute values of which were judged on the nature of growth and accumulation
of biomass in suspension, the final concentration was determined by the gravi-
metric method after collecting b omassy.

Flue gas CO, absorption was performed with a solution of natural raw soda
in the flue gas flow of Ekibastuz GRES-1. The process was monitored by measu-
ring the concentration of CO, on the Polar gas analyzer at the inlet and outlet of
the absorber (figure 2). The insert into the operating ducts of unit No. 5 was
carried out directly on the site immediately after the electrostatic precipitator.
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Figure 2 — Diagram of absorption of flue gas CO, by raw soda:
1 - buffer solution, 2 - absorber soda solutions, 3 - electrostatic precipitator, 4 - filter,
5 - gas / air flow meter, 6 - gas measuring point, 7 - computer, 8 - compressors (exhausters),
9 - rotameter, 10 - line of connection with the factory exhaust pipe

X-ray phase analysis of raw soda after absorption of flue gas CO, was
conducted on D8 Advance (Bruker), a-Cu, pipe voltage of 40 kV, current of
40 mA. The processing of the obtained diffractogram data and the calculation of
the interplanar distances were carried out using the EVA software. Sample
decoding and phase search were performed using the Search/match program using
the PDF-2 Powder Diffractometric Database.

RESULTS AND DISCUSSION

The potential of applicability of microalgae biomass for use as a raw material
for the production of any valuable substances is determined by its effective
productivity, which is ensured by optimizing the process of cultivation of
microalgae cells [12]. One of the main parameters of this process is the nutrient
medium; therefore, we carried out work to change its composition and its effect
on the biomass yield. We have studied the nutrient medium in which commercial
NaHCO; in the Zarrouk medium was replaced by natural raw soda, in the other
case, raw soda/CO,. It has been established that their use, with all other biogenic
elements of Zarrouk medium composition unchanged in the nutrient medium both
on the basis of distilled water and on the basis of geothermal bicarbonate water, is
quite applicable, since such a replacement has a positive effect on the processes of
biomass growth and formation of Arthrospira platensis (table 1).

As follows from this table, the growth characteristics of the samples studied
by 2 times or more (taking into account the initial concentrations) exceed similar
parameters in comparison with the case when baking soda is the main nutrient
element, while the best results are obtained using raw soda and raw soda/CQO; in
distilled water.
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Table 1 — Arthrospira platensis biomass cultivation conditions and yield

Nutrient medium Biomass | P
Tomecium: | CONteNt, g-L | NCTEASE | medium
in biogenic oC in biomass
main biog liquid base | barbotage start | end | content |start| final
element
Raw natural soda | Distilled water Air 0.202 | 3.99 |~20times| 9.5 | 10.5
Raw natural soda | Distilled water | air + CO, 0.202 | 2.77 |~14times| 9.5 | 9.2
Subterranean
Raw natural soda |hydrocarbonate air 0.241 | 3.79 |~16times| 9.2 | 10.4
water
Subterranean 255
Raw natural soda |hydrocarbonate | air + CO, 0.241 | 3.65 |~15times| 9.2 | 9.4
water
Raw soda/CO, Distilled water |air+CO,| 23.4 |0.191| 3.63 |~19times| 9.4 | 10
Sodium . . .
hydrocarbonate* Distilled water | air + CO, 0.208 | 1.62 8times | 86| 9.1
Sodium Subterranean 215
. |hydrocarbonate | air + CO, 0.208| 1.6 |~8times |86 | 8.8
hydrocarbonate water
*Previously acquired data [9].

It can also be seen that in the case of enriched soda (raw soda/CO,), the
increase in biomass from the initial soda is larger compared to raw soda (19 and
14 times, respectively), which is apparently due to an increase in sodium bicar-
bonate content in raw soda as a result of its absorption of flue gas CO,. An X-ray
analysis obtained by X-ray phase analysis (figure 3) revealed that sodium bicar-
bonate in the raw soda/CO. is in the form of a trona — Na,CO3;NaHCOs, and its
content is 52 %. This is due to the transformation of sodium carbonate (Na,COs)

1ouy I
-

3.0736

d
26460

d=4.8890
d=2.7713
d=!
2.3756

d=:

6700

2.2539

T
d=:

d=2.4463

2.0548

=536 145 2534
d

3.1995
17780
1.8618

d=3.9887

18854

d

e =743

d=3.5113
d:

T e
d=:

d=

@
2
3

N T A T A A

d=1 5182
d=14340
d=13983
d=1 3699
¢ d=1.3146
d=12743
d=1.2459
d=1 2135
d=11676

Y, —— N

0 I|II\I|\'\\II‘\-\I!I“\II

o]

.

A
i vl ek
TTT I oT]

e EEEEE A

T
8 10 20 30 40 50 60 70 80

2 Theta

|5 SY6 Sk el kSl
TprTr T

Figure 3 — X-ray pattern of natural raw soda after flue gas CO, absorption
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raw soda after carbon dioxide absorption into sodium bicarbonate (NaHCOj3)
according to the well-known equation: Na,CO3; + H,O + CO, <> 2NaHCOs. The
proposed integrated carbon sequestration and algae production system
(BICCAPS) based on sodium bicarbonate details the mechanism of transforma-
tion of sodium carbonate to bicarbonate when CO, is absorbed [5, 6].

From the data of table 1 it also follows that during the cultivation of micro-
algae using sodium bicarbonate as a source of nutrient, the pH gradually in-
creases. This, according to [5], is due to the biological fixation of CO; in the form
of carbon, biomass and the release of hydroxide ions [OH]-, which occurs as a
result of photosynthesis. They further interact with unreacted sodium bicarbonate
to form carbonate. The carbonate solution obtained in this way can be re-directed
to the process of CO, absorption of flue gas (recycle), which leads to the forma-
tion of a technologically closed biomass cultivation cycle. As shown [7], such a
nutrient medium can be recycled up to 7 times without reducing the productivity
of microalgae.

Based on the above data, we can say that the developed nutrient medium for
growing biomass Arthrospira platensis, in which natural soda or raw soda/CO, is
taken as the main nutrient, can be used to cultivate microalgae biomass. At the
same time, it can be obtained with lower costs, since the calculations made show
that replacing marketable sodium bicarbonate in a nutrient medium by an alter-
native source, natural raw soda, will reduce the cost of mineral salts by 23%
(table 2). In the case of raw soda/CO,, the issue of environmental protection is
also being addressed — the capture of CO, from the flue gas of a coal-fired power
plant emitted into the atmosphere. As is known, at present, special attention is
directed at stabilizing or reducing the concentration of greenhouse gases in the
atmosphere, one of the main ones being carbon dioxide. In addition, additional
savings in production costs will be obtained from the use of underground
bicarbonate water instead of distilled water. Therefore, the proposed method of
cultivation of biomass Arthrospira platensis can be considered suitable for release
on an aggregate scale and the development on its basis of biodegradable
surfactants.

Table 2 — Comparison of costs of mineral salts of traditional cultivation mode
and alternative cultivation mode

Main salts used Price Consumption Cost, Total cost
Modes in the nutrient medium of salts, norm p/L per liter, of per liter,
KZT/g 9 KZT KZT
Sodium bicarbonate
. NaHCO, 0,15 8 1,2
Traditional "5 oo ium nitrate KNO; | 0,67 2 1,34 2,71
cultivation o _ —
iammonium phosphate
(NH,),- 2HPO, 0,85 0,2 0,17
Alternative Raw natural soda (KNO3 2,086
o and (NHg),- 2HPO, no 0,036 16 0,576 (decrease in
cultivation
changes) cost 23%)

59



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Thus, the growth characteristics of the biomass of Arthrospira platensis in
various nutrient media were determined. The source of the main nutrient element
carbon in the nutrient medium was varied. It was proposed to replace commercial
sodium bicarbonate (NaHCO3) in Zarruk’s standard medium with an equivalent
amount of a solution of natural raw soda, raw soda with absorbed CO, of the flue
gas of a coal-fired power plant, and use geothermal hydrocarbonate water as a
liquid nutrient medium to produce microalgae biomass. Such a replacement
significantly affects the yield of biomass and allows you to get it with lower cost,
suitable for release on an aggregate scale and the development of biodegradable
surfactants. It was found that the replacement of sodium bicarbonate with raw
soda will reduce the cost of mineral salts by 23 %. If we also take into account the
additional contribution from compensation for reducing CO, emissions into the
environment, as well as the use of underground hydrocarbonate water instead of
distilled water, the savings increase. Due to that, there is both an economic and
social effect.

For work on an enlarged scale, a pilot photobioreactor located in the imme-
diate vicinity of the geothermal water well and operating on the basis of alter-
native resources is to be used. Those are, in addition to geothermal hydrocar-
bonate water - the liquid base of the nutrient medium, natural raw soda or raw
soda/CO, — the main sources of nutrient, and the thermal energy of geothermal
water used to ensure the temperature regime of the biotechnological process.
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Pe3rome
JK. H. Katinapbaesa, A. M. Kapmaii, P. b. Capuesa, b. K. [lonenos, M. 5. Omip3axosa

KEH KOJIEMI ARTHROSPIRA PLATENSIS ©HAIPICIHE )KAPAM/IbI
BMOMACCAIJIAP AJTYIbIH BAJTAMAJIbI OAICTEPIH )KACAY

Kopekrik opTaHbIH TaburaThiHA OainaHbIcThl Arthrospira platensis GnomaccacsiHbIH
JKUHTBIK TIPOIIECiHIH CAaHABIK KOPCETKIIITEPiH aHbIKTay OOWBIHIIA CaTBICTHIPMABI JepEeK-
Tep KenTipinared. bamamainsr pecypcrapapl naiganany KOpeKTiK opTajga KeMipTeK dJIeMeH-
TiHIH HETi3ri OMOTeHII K3l JKoHe reoTepMalIsl THAPOKApOOHATTHI Cy, OHIIPIIETIH OHo-
MacCCaHbIH IbIFBIMBIHBIH, apPTYbIHA KOHC OSiHlIiK KYHBIHBIH TeMeH}IeyiHe, COHBIMEH KaTtap,
atMochepana napHukTi ra3asie CO, KOHIIEHTPAIMSICHIHBIH TOMEHICYIHE oKeseai. A3 Iibl-
FBIHMEH OHOMAacCaHbl ally, KOPEKTIK OpTaHBIH MHHEpalgbl TY3[apblHa >KyMCalaThIH
LIBIFBIHAAP/BIH a3al0bIMEH OaiyIaHBICTBI, OYJI YCHIHBUIBII OTBIPFAH SfiC ipi ayKbIMza
OGroMaccaHbl ajlyFa KOJalIbl eTe/l.

Tyiiin ce3mep: mukpobaimbip, 6momacca, Arthrospira platensis, kopekrik opra,
ecipy, )KHHAKTay, IIBIFbIM.

Pe3iome
K. H. Kaiinapbaesa, A. M. Kapmaii, P. b. Capuesa, b. K. /lonenos, M. b. Ymepsaxosa

PA3PABOTKA AJIbBTEPHATHUBHBIX CITOCOBOB ITOJIYUEHHW A
BUIOMACCBI ARTHROSPIRA PLATENSIS, ITPUT'OAHBIX
JJI NX KPYITHOMACIOTABHOI'O ITPOM3BOJACTBA

[TpuBeneHbI CpaBHUTENBHBIC JAHHBIC M0 ONPEICICHHI0 KOJMYSCTBEHHBIX MOKa3aTe-
JIei Tporecca HakoruleHus: 6uomaccsl Arthrospira platensis B 3aBUCMMOCTH OT IPHPOJIBI
HCIOJIb30BAHHON MUTATEIbHOM cpembl. [10ka3aHo, YTO MCIOJIb30BAHHE aIbTEPHATUBHBIX
PECYPCOB: MCTOYHHKA OCHOBHOTO OHOTEHHOTO 3JIEMEHTA YIJIEpo/a B MUTATEIBHOU Ccpese
(coma-ceiper; u coma-ceipent ¢ abcopoupoBantsiM CO, ABIMOBOTO Ta3a) M reOTEPMAaTbHON
rUAPOKapOOHATHOM BOJIBI, MPUBOIUT K YBEIMYEHHIO BBIX0JA U CHIKEHHUIO ceOeCTOMMOC-
TH TPOU3BOAUMON OMOMACCHI U OJJHOBPEMEHHO K CHUYKEHHIO KOHIICHTPAIIU MapHUKOBO-
ro raza CO, B atMmocdepe. OTMEUCHO, UTO MOTyYeHHEe OMOMACCHl ¢ MCHBIITUMHE 3aTpaTaMu
CBSI3aHO C YMEHBIICHHEM pACXOJOB HAa MHHEpPAIbHBIC COJM IMUTATEIBHON cpeabl (Ha
23%), uTo Jenaet TpeyIaraeMblii Crioco0 OGIATOTPHATHBIM JUIS TIONYIEHHsT OHOMACCHl B
YKPYIMHEHHBIX MaclITabax.

KuaroueBbie cioBa: MHKpOBOIOpPOCHE, 6uomacca, Arthrospira platensis, murarens-
Hasl cpefia, KyJIbTHBUPOBAHUE, HAKOIUICHNE, BBIXOI.
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