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Development of Economic Culture System Using
Wastewater for Microalgae in Winter Season
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Abstract - The outdoor mass cultivation is not possible for microalgae in Korea all year round,
due to cold winter season. It is not easy to maintain proper level of productivity of microalgae even
in winter. To prevent a drastic decrease of temperature in a greenhouse, two layers were covered
additionally, inside the original plastic layer of the greenhouse. The middle layer was made up of
plastic and the inner layer, of non-woven fabric. Acrylic transparent bioreactors were constructed
to get more sunlight, not only from the upper side but also from the lateral and bottom directions.
In winter at freezing temperatures, six different culture conditions were compared in the triply
covered, insulated greenhouse. Wastewater after anaerobic digestion was used for the cultivation
of microalgae to minimize the production cost. Water temperature in the bioreactors remained
above 10°C on average, even without any external heating system, proving that the triple-layered
greenhouse is effective in keeping heat. Algal biomass reached to 0.37g L™! with the highest tempera-
ture, in the experimental group of light-reflection board at the bottom, with nitrogen and phospho-
rus removal rate of 92% and 99 %, respectively. When fatty acid composition was analyzed using
gas-chromatography, linoleate (C18 :3n3) occupied the highest proportion up to 61%, in the all
experiment groups. Chemical oxygen demand (COD), however, did not decrease during the cultivat-
ion, but rather increased. Although the algal biomass productivity was not comparable to warm
seasons, it was possible to maintain water temperature for algae cultivation even in the coldest
season, at the minimum cost.
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Fig. 1. Acrylic transparent bioreactor system.
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Table 1. Comparison of experimental group conditions

HL1 HL2 HO H1 H2 HC
Highest light intensity 170~1150 250~1691 58~390 58 ~390 58~390 58 ~390
(cloudy-sunny, umol m 2 s™")
Reflection film — # — — _ _
Number of heaters 1 1 0 1 2 1
1% CO, - — - _ _ *

*: treatment, —: non-treatment
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Table 2. FAME extraction solvent component

R#1 R#2

R#3 R#4

sodium hydroxide (45 g)
methanol (150 mL)
deionized distilled water (150 mL)

methanol (275 mL)

6.00 N hydrochloric acid (325 mL)

hexane (200 mL) sodium hydroxide (10.8 g)

methyl rert-butyl ether (200mL) deionized distilled water (900 mL)

Table 3. Maximum and minimum average temperatures for each experimental group

HL1 HL2 HO H1 H2 HC Outside temp.
Minimum temp. (°C) 11.4 15.5 6.0 10.8 12.1 8.6 =50
Maximum temp. (°C) 19.7 25.9 12.7 16.4 21.1 18.2 35

6

3456 7 8 91011121314 151617 1819 20
Time (day)

Fig. 2. pH change for each experimental group during the cultiva-
tion period.
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Fig. 3. Chlorophyll-a concentration change for each experimental
group during the cultivation period.
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Fig. 4. Dry cell weight change for each experimental group during
the cultivation period.
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mental group during the cultivation period.
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Fig. 6. Daily change of SCOD for each experimental group during
the cultivation period.

o] 53} (Fig. 5b).
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Fig. 7. Comparison of fatty acid composition between experimental
groups.
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Fig. 8. (a) Scenedesmus sp. at the all experimental group except for HO. (b) Chlamydomonas sp. at the HO experimental group.
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Table 4. Comparison of FAME productivity under various wastewater conditions

Microalgal species

FAME productivity

Wastewater type References

(gmday)
Rhizoclonium hieroglyphicum 0.21 Agricultural wastewater Mulbry et al. 2008
Mixed culture 1 Domestic wastewater Christenson and Sims 2012
Mixed culture 2.2 Domestic wastewater Christenson and Sims 2012
Mixed culture 1.1 Domestic wastewater Lee et al. 2013
Scenedesmus sp. 2.4 Domestic wastewater This study

(highest biomass productivity group, HL2)
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