






































































































































































































































































































































Table 4.2. Ambient climatic conditions during experimental period.

MONTH AVERAGE HOURS AVE. MAXIMUM AVE. MINIMUM
SUNSHINE TEMPERATURE TEMPERATURE
(°C) (°C)
DECEMBER
JANUARY
FEBRUARY
MARCH! : |
- averages refer only to first half of March.

The climatic conditions over the experimental period are summarised in Table 4.2. Generally, pond

temperatures were 0.5 °C lower than ambient temperatures. The average hours of sunshine and the

average maximum temperature were greatest during January, whereas the lowest average hours of

sunshine and average maximum temperatures were experienced during February (Table 4.2)

Correspondingly, the highest average biomass productivity was recorded in January and the lowest

average biomass productivity in February (Table 4.3).

Table 4.3. D. salina biomass productivities.

MONTH AVE. BIOMASS MAX. BIOMASS MIN, BIOMASS
PRODUCTIVITY PRODUCTIVITY PRODUCTIVITY
(g.m?.day™) (g.m?.day™)
DECEMBER
JANUARY
FEBRUARY
MARCH

* _average productivity over experimental period
16.6 g dry wt.m?.day.
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Table 6.1. Minimum flocculant dosages required for flocculation efficiencies greater than 98 %,
showing effective pH range and time taken for complete sedimentation.

Flocculant type | Effective pH range Minimum dosage Sedimentation time

(min.)
AlCl,;.6H,0 6-8 250 mg.1" 45
AlSO,.18H,0 6-8 250 mg.I"* 42
“FeCl, 5.56.5 450 mg.I"! 49
“PAC (K300) 6.5-7.5 100 pl.I? 5

“PAC (K19P) -~ 63513 100 pl.1? 4:30
Chitosan > 8 80 mg.1" 44

¥ maximum flocculation efficiency obtained for ferric chloride was 83 % over a dosage range of
50-500 mg.1".

**_ flotation of the flocculated biomass occurs.

Poor D. salina separation was obtained with the polyvalent metal ion, ferric chloride over the dosage
range tested (Table 6.1). A maximum flocculation efficiency of 83 % was obtained at a dosage of 450
mg.l". An orange-yellow discolouration of the clarified portion of the medium, similar to that

obtained with aluminium sulphate, was also observed with ferric chloride flocculation.

Two commercially available Polyaluminium chloride (PAC) flocculants were tested, K19P and K300
(Floccotan, Ltd). The PAC flocculants consist of aluminium ions cross-linked with hydroxychloride
dimethyl alylamine chloride polymers of varying chain length. The extended polymer network enables
relatively smaller dosages of the flocculants to be used in comparison to conventional polyvalent metal

ion flocculants.

It is evident from Table 6.1 that a minimum dosages of 100 ul.I" was required to obtain high
flocculation efficiencies for both PAC flocculants. Their effective pH range of 6.5-7.5 was marginally
lower than the effective pH range of aluminium chloride and aluminium sulphate, pH 6-8. However,

what distinguishes these flocculants from the others is firstly, that flotation of the flocculated biomass
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16.6 %. However, at an extraction pressure of less than half that used for pure carbon dioxide (215
bar), an extraction efficiency of 95.54 % was obtained with the 40:60 propane:carbon dioxide
mixture (Table 7.4). This translates into an increase in solvent loading and extraction efficiency of

60.57 %.

Table 7.4 Extraction efficiency and solvent loading of propane:carbon dioxide co-solvent mixture
at different extraction pressures.

Propane:CO, Extraction efficiency Solvent loading ‘
mixture (mol.mol™?) |

Pure CO,

"
(70 °C, 450 bar) ok ang
35:65 Propane:CO, .
(70 °C, 336 bar) ey

40:60 propane:CO,
281 x 107

(70 °C, 215 bar)

7.4.2 Development of a hydrophobic membrane assisted hot oil B-carotene extraction process
from D, salina.

7.4.2.1 B-carotene solubility in vegetable oil.

Table 7.5 Solubility of natural B-carotene and synthetic all-frans B-carotene in oil at various
temperatures after 15 min extraction.

TEMPERATURE NATURAL 3-CAROTENE SYNTHETIC 8-CAROTENE
(2.100 ml or % w/v) (2.100 ml or % w/v)
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the starting culture density becomes greater (Table 8.1). The reason for this is that as the starting
culture density of the stress ponds increases, B-carotene accumulation is impaired, therefore, greater
biomass production is required to compensate for the reduced B-carotene accumulation. Consequently,

larger growth pond areas are necessary for increased biomass production.

The reason that the 0.1 g dry wt.I" stress pond requires a relatively large stress pond area (Figure
8.1) is related to the massive dilution necessary to obtain a starting culture density of 0.1 g dry wt.1"
and also because B-carotene production at this starting culture density does not achieve the 23 mg.I"

ceiling in B-carotene production described in Chapter 5.

Table 8.1 Effect of stress pond starting culture density on the pond area required to produce 5 tons
of B-carotene per annum. Pond areas are corrected to the nearest thousand m?, Calculations are based
on a 5 day retention time.

START. CULTURE || GROWTHPOND | STRESS POND | TOTAL AREA \
| DENsITY @.1) AREA (i) AREA (m?) @?)
0.1 64000
0.2 50000
0.3 54000
3 0.4 61000 Jl
0.8 80000
1.2 99000
16 84000 36000 120000 _
i |r 83000 |L | 83000 ﬂ

An examination of the total production area required for 5 tons of B-carotene per annum indicates that
the optimal stress pond starting culture density is 0.2 g dry wt.I" (Table 8.1). The total production
area at 0.2 g dry wt.I'! (50000 m?) is also substantially lower than the total production area required

for the averaging process (83000 m*)(Table 8.1). The smaller production area necessary for the dual-
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Table 8.4 A summary of the economic evaluations of the single and dual-stage B-carotene production
processes, based on a B-carotene sales price of R5000.kg™

SINGLE-STAGE DUAL-STAGE
SYSTEM SYSTEM

Total pond area required
to produce 5 tons.annum™
Total capital cost
estimate (R million) 3 21.5
Total operating costs
(R million) 8.866 3.692
Cash cost to produce 1 kg
B-carotene (R.kg™) 171 738
Net Present Value (NPV) ‘
at 15 % (R million) 10.51 30.49
Return on Investment (ROI) 40 77
before tax (%)
Internal Rate of Return

20.9 36.35
(IRR) (%)

It is evident from Table 8.4 that the economic aspects of the dual-stage B-carotene production process
are far superior to those of the single-stage system and provide a clear competitive advantage. The
total capital costs of the single-stage system is R 9.5 million more than that of the dual-stage process
due to the larger size of the production plant. In addition, the total operating costs of the single-stage
system are R 5.174 million higher due to the larger process volumes. Consequently, irrespective of
the capital budgeting technique employed, the NPV, ROI and IRR all indicate that the dual-stage

system is a economically more attractive and provides a greater return on investment.

Borowitzka (1992) provides an inflation adjusted summary of the biomass production costs reported
over the last decade for a variety of microalgal species. The biomass production costs vary between
A$ 0.30 to A$ 60.00 kg dry wt., however, Borowitzka (1992) maintains that a biomass production
cost of A$ 15-25 kg is more appropriate. A direct comparison with these figures is not possible since

the production costs reported here are per kg B-carotene. The only cost estimate for B-carotene
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