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Integration of Solar Panels and Microalgae 
Photobioreactors for Energy Self-Sufficiency 

and Efficient Carbon Capture

SSC-FPR PSC-FPR(Monocrystalline Silicon Solar Panel with Flat Panel Reactor) (Semi-transparent Perovskite Solar Panel with Flat Panel Reactor)

Ctrl Capo PSC-FPR Light-FPR

Biomass (g/L) 1.0 0.8 1.6 1.3

Glycogen (mg/L) 331.9 76.9 445.8 456.1

Protein (mg/L) 99.8 172.4 84.1 123.0

CO2 uptake  (g-CO2 /week) 3.2 2.7 4.4 4.1

Capture efficiency (%) 39.2 32.7 61.9 50.5

Traditional microalgae cultivation is energy-intensive, 
hindering the realization of net-negative carbon emissions. 
This study proposes a self-sustaining outdoor module 
integrating photovoltaic (PV) panels with flat panel 
reactors (FPR) for direct air capture (DAC). Using 
Synechococcus sp. PCC 11901, we evaluated 
monocrystalline silicon (SSC) and semi-transparent 
perovskite solar cells (PSC). 
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Proof of Concept: 
Off-Grid Cultivation

Carbon Footprint Analysis of the SSC-FPR System
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PSC Integration: 
Enhancing Biomass and Carbon Capture Efficiency
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03 Optimization: 
24-Hour Illumination & Energy Management
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Conclusion

Replacing traditional solar panels with semi-transparent 
perovskite modules enables spectral filtering

Photoinhibition
Effect

Microalgae 
Biomass

<<

Net Carbon Emission Reduction

431 ppm  (increase 36 % since 1953)
Global Temperature 1

1.19 °C  (increase above pre-industrial levels)
Sea Level Rise 1

91.4 mm  (increase since 1993)

Carbon Dioxide 1

FP
R

G
ri
d 

E
le

ct
ri
ci

ty

P
V
 E

m
bo

di
ed

 C
ar

bo
n

S
ol

ar
 E

le
ct

ri
ci

ty
 C

re
di

t

P
V
-F

P
R

-50

0

50

100

150

200

k
g

 C
O

2
-e

q

212.45 kg CO2-eq reduction

-193.00

202.78

+20.75

-9.67-40.20

212.45 kg CO2-eq Reduction

Net Carbon Footprint: 
−9.67 kg CO₂-eq

Future Integration:

This micro-scale prototype holds the potential 
to be integrated into Building-Integrated 
Photovoltaics (BIPV) and smart eco-buildings, 
advancing net-zero emission goals.

¹ NASA Earth Science. Earth Indicators. Retrieved from 
https://science.nasa.gov/earth/explore/earth-indicators/

PV integration reduced the net 
carbon footprint from 202.78 to 
−9.67 kg CO₂-eq

✓ 100%
off-grid operation 

✓ 1.6 g/L
Biomass production

✓ 61.9 %
CO₂ Capture Efficiency

✓ 212.45 kg CO₂-eq
Carbon Footprint Reduction
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