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Motivation
• CO2 supply can be major cost factor in production of algal biomass 

(~$90 out of ~$420 per ton, Davis, R., et al. (2016) NREL/TP-5100-
64772)

• Not always simultaneous availability of land, proper climate (light, 
temperature), and CO2 resources. 

• CCS and CCU are being considered to manage CO2 emissions into the 
atmosphere.

• Culturing and carbon accumulation strategies based on high alkalinity 
have been researched and developed by us and others. 

• Soda ash (Na2CO3) can be used for CO2 capture

Na2CO3 + CO2 + H2O ↔ 2 NaHCO3 ↓

(NB: SOx can react with Na2CO3 to produce sodium sulfite (Na2SO3) and 
sodium bisulphite (NaHSO3))

• Industrially amine-based compounds (e.g. ethanolamines [MEA, MDEA], 
etc.) used more commonly because of faster CO2 mass transfer kinetics 
and lower regeneration temperatures



Phase 1 – Biomass Productivity Increase of 27%
Phase 2 – Increase Convertible Lipid Content 

(Biodiesel Potential) 8%
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 69% increase in specific growth rate
 27% increase in biomass productivity 
 8% increase in total biodiesel potential
 5% increase in triglyceride (TAG) content 

Bicarbonate-Accelerated Algal Growth and 
Induced Lipid Accumulation Boost

Optimized scenario: 5 
mM NaHCO3, 5% CO2
for pH control, 50 mM
NaHCO3 near 
nitrogen depletion 

C. reinhardtii

Air

5% CO2

HCO3
-

0

10

20

30

40

7 15 20 40 60 10* 20* 30*

B
io

m
a

s
s
 p

r
o

d
u

c
ti

v
it

y
 

(g
/m

2
/d

a
y

)

Inorganic carbon in culture media (mM)

Average productivity Maximum productivity

Cultivation on atmospheric 

CO2 and without pH control

With external CO2

Input for pH control

30L outdoor 
raceway ponds

9.5

9.6

9.7

9.8

9.9

10

10.1

10.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 2 4 6 8 10

p
H

B
io

m
as

s 
co

n
c.

 (
g

/L
)

Time (d)

Biomass

pH

750 L raceway



Chemically Enhanced Mass Transfer 
of CO2 at high pH values

High pH and alkalinity 
cultivation media
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