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Trend of CO, in air and seawater
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Global CO, breaches 400 ppm— C&EN, May 18, 2015
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The light capture and CO, fixation are tightly coupled and should be decoupled!
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Artificial photosynthetic system
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Electrolyzer Fermenter

CO, + H,0O + hv = CH,O (biomass)
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Solar Electricity & H2 Generation
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Anode: 2H,0 (I) > O, (g) + 4H*(aq) + 4e
Cathode: 4H*(aq) + 4e > 2H, (g)
Overall: 2H,0(l) = O,(g) + 2H, (g)
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CO, Fixation by Autotrophic Bacterium

cH, Q
HO—[OCHCHzé':]EOH
(n=500-10,000)

ADP + Pi TP

Calvin NAD(P

NAD(P)H + H*
3
)+

H,/CO, = 6 mole/mole (energy efficiency 28%)

For biomass synthesis (51 wt% C):

CO, + 6H, + 1.940, + 0.19NH, > CH

For PHB synthsis (56 wt% C):

1.7400.46N0.19 + 542H2C)

CO, + 6H, + 1.8750, > CH, .0, + 5.25H,0
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Cell growth rate (g/L.hr)
CO, fixation rate (g/L.hr)
Cell density (g/L)

PHB (Wt%)

PHB yield (g/g H2)
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Fate of residual biomass?
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Residual biomass as nutrients in CO, fixation

CO, + 6H, + 1.940, + 0.19NH, > CH, .,0, ;N ;, + 5.42H,0

After PHB recovery, the residual cell mass becomes N-rich hydrolysates.
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Bio-based chemicals from PHB platform
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PHB Thermal Degradation & Reaction Mechanism
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High-grade Biofuels from PHB

co,

/‘ Light oil (77 wt%, 40-240 °C)
PHB (C,H,0,) » Ol

240 °C, H* (C6-C16)

Heavy oil (23 wt%, 240-310 °C)

Fuels Gasoline?2 Light-oil Heavy-oil Biodiesel P
BP (°C) 40-240 40-240 240-310 182-338
C (%) 80.40 81.37 79.38 76.96

H (%) 12.30 11.30 9.67 11.85

N (%) 0.15 0.14 0.23 -

O (%) 6.35 7.19 10.72 9.41
HHV (MJ/kg) 41.8 41.4 38.4 39.7

aBlind samples of gasoline, light-oil and heavy-oil analyzed by Hazen Research Inc
b Properties of biodiesel from references
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Aromatics from PHB platform

FHB reaction
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S Kang, J Yu. RSC Advances 2015, 5, 3005-30013.
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Alkenes from PHB plateform

O-containing
_ Alkenes  Benzenes  Naphthalenes
Catalyst Chemicals
(%0)* (%0)* (%0)*
(%0)*
A 19.6 2.6 65.8 11.2
B 9.9 57.0 31.1 2.0

*Based on percentage of peak areas in GCMS chromatograms
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Solar e|eCtriCity  Affordable commercial

PV assembly
17% + High efficiency 20-30%
Water - Industrial electrolyzer

£ electrolysis 75%  60-80%

COZ flxatlon » Low efficiency for high
28-41% e

. A laboratory artificial system’s solar
energy efficiency 3.6 — 5.2%
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Photosynthesis

Species

Chlorophyl (wt%o)

Cell growth rate (g/L.day)

CO, fixation rate (g/L.day) P

Cell density (g/L)

PHB/lipid content (wt%)

Oil productivity (g/L.day)

Scale-up cost

a. Lietal. Appl. Microbiol. Biotechnol. (2008) 81:629-636
b. Based on 0.53 g C/g dry cell mass
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Conclusions

Biopolyester PHB can be directly produced from CO,, sunlight and

water

PHB is a bioplastic that can be processed like conventional

thermoplastics

PHB is also a platform material from which hydrocarbon oll,
alkenes, aromatics and other small chemicals can be conveniently

derived

The overall solar energy efficiency of artificial photosynthesis is 4-
5%

The artificial system has technical and economic merits over

microalgae system
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