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Abstract

Four different mutant strains &hodobacter capsulatu$R1, IR3, IR4 and JP91), a photosynthetic purple non-sulfur bacterium, were
tested for their ability to produce hydrogen in a 3L volume photobioreactor coupled to a small PEM fuel cell. The four mutants, together
with the wild-type strain, B10, were grown at 30 under illumination with 30 mmol t* pL-lactate and 5 mmolt! L-glutamate as carbon
and nitrogen source, respectively. Bacterial growth was measured by monitoring the increase in absorbance at 660 nm, and hydrogen yield,
and substrate conversion efficiency were measured under the same conditions. The hydrogen production capability of the five strains was
then compared and shown to be in the order: IR3>JP91>IR4>B10>IR1. The most preferment strain, IR3, showed a substrate conversion
efficiency of 84.8% and a hydrogen yield of 3.9 t1of culture. The biogas produced by these photobioreactor cultures was successfully used
as feed for a small PEM fuel cell system, with the mutant IR3 showing the most sustained hydrogen and current production. The maximum
current was similar to that obtained using pure hydrogen produced by a small electrolysis cell (High-Tec Inc.).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of a low-emission energy source for environmental demand
[1,2].

Hydrogen is a clean and efficient fuel, considered as a  To this end, it will be necessary for hydrogen to be pro-
potential and more sustainable energy substitute for fossilduced renewably and on a large scale. The global hydro-
fuels. It has been predicted that the contribution of hydro- gen production system, initially fossil-fuel based, is shifting
gen to global energy consumption will increase dramatically, progressively toward renewable sources. The following tech-
to approximately 50%, by the end of the 21st century due nologies for the conversion of secondary and primary fuels
to the development of efficient end-use technologies, possi-into hydrogen are being investigated extensively: electroly-
bly becoming the main final energy carrier. Also, it is un- sis, coal gasification, steam methane reforming of natural gas,
doubted that hydrogen will play a strategic role in the pursuit partial oxidation of fuel oil, solar thermal cracking, biomass

gasification and photobiological synthefis-5]. Biological
e hydrogen production stands out as an environmentally harm-

* Corresponding author. Tel.: +33 476 82 65 80; fax: +33 476 8267 77. |ags process carried out under mild operating conditions with

E-mail addressyann.bultel@lepmi.inpg.fr (Y. Bultel).

1 Present address: College of Chemistry and Chemical Engineering, Hu- renewable resour_ces. Curr.ently, much research Or.] hydrogen
nan University, Changsha 410082, China. production is carried out with laboratory-scale or pilot-scale

0378-7753/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jpowsour.2004.09.002



20 D. He et al. / Journal of Power Sources 141 (2005) 19-23

reactors using photosynthetic microorganigisl1]. Pho- purification and generated an efficient current response, in-
totrophic purple non-sulfur bacteria, such Reodobacter dicating the potential of this system for future applications.
capsulatusare commonly utilized for hydrogen production

from various carbon sourc¢s2—20] However, the produc-

tion rate and the yield vary greatly depending on the carbon 2. Experimental

source used and the experimental, physiological conditions,

such as light intensity or pHL.5,21]. On the other hand, sev- Five strains ofR. capsulatusB10 (wild-type), IR1, IR3,
eral studies have shown that mutant strains can be isolated an@gR4 and JP91, were tested in this study. The preparation
show improved hydrogen producing capabilities compared to of these mutants has been described befags23] Pre-

the wild-type[22,23] cultures were grown photosynthetically at 30282n a min-

Four different mutants dR. capsulatugiR1, IR3, IR4 and eral salts (RCV) medium supplemented with 30 mnotL
JP91), isolated in previous studies, as well as the wild-type pr-malate and 7.5 mmolt! (NH4)»SO, as described previ-
strain, B10, were checked for photohydrogen production in ously[22,23] The culture for absorbance measurements and
a large culture volume (3L) with 30 mmolt pr-lactate the photohydrogen production contained 30 mnol IprL-
provided as the carbon source and 5 mnot iL-glutamate lactate as carbon source and 5 mmotlL-glutamate as ni-
as the nitrogen source. The growth characteristics of thesetrogen source. The medium was autoclaved (120 min? €20
five strains were determined by monitoring the absorbance 1.2 bar) before use. Rubber-stoppered glass bottles of 10 mL
of the cultures at 660 nm and calculating the cell dry weight. volume were used for cell growth of different strainsRaf
The cultures were incubated at 3D and illuminated by two  capsulatusA water-jacketed glass reactor of 3.5 L liquid vol-
120 W incandescent lamps placed at a distance of 1 m. Theume was used for hydrogen production. The volume of cul-
hydrogen yield and substrate conversion efficiency of each ture was 3 L. The schematic figure of the experimental setup is
strain were measured and used to compare the hydrogen proshown inFig. 1 The temperature of the photobioreactor was
duction capabilities of these four mutants and the wild-type controlled at 30C in a glass-sided water bath. lllumination
B10. was provided by two 120 W incandescent lamps placed at a

We also checked the practicability of coupling the photo- distance of 1 m. To initiate growth of the culture, 20-30 mL
hydrogen produced these bacterial cultures to the operationpre-culture was inoculated into the bioreactor.
of a fuel cell. Itis well known that fuel cells have significant The flow rates of photohydrogen produced by the photo-
potential to become an important element of the portfolio bioreactor were measured with amass flow controller coupled
of options to meet ever-increasing demands for energy ser-to a digital multi-meter, which was connected via RS232C to
vices while responding to more stringentreliability and power a compatible PC. The yields of biogas were determined by
quality standards, mounting environmental constraints, cost-integrating the curves of flow rates against time. The bacterial
effectiveness pressures and other challenges that energy sysell concentration was determined spectrophotometrically, it
tems will face in the futur§4]. In the present work, asmall  was found that an absorbance at 660 nm of 1.0 is equivalent
polymer electrolyte membrane fuel cell (PEMFC) was se- to a cell density of 0.45 g dry weighti} culture under our
lected for further evaluation. Hydrogen was applied without experimental conditions.
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Fig. 1. Schematic diagram of the photohydrogen production and application systentagsulatus
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