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a b s t r a c t

Coupling algal biomass production and anaerobic digestion is one of the most promising

bioprocesses for economically viable algal production. This study assesses the production

rates of some native microalgae growing in media supplemented with algal digestate,

urban wastewater or digested sludge. Native microalgal populations isolated from

temperate freshwaters (Scenedesmus spp.) and marine ecosystems (Nannochloris spp.) had

the highest potential production rates (about 100 mg DW L�1 d�1) with algal digestate at

about 20% loading ratio. However, no growth was measured for Nannochloris spp., when the

ammonium concentration exceeded 100 mg L�1 although Scenedesmus spp. appeared to be

tolerant to higher NH4
þ concentrations. Very low production rates, or no growth, were

measured when microalgae isolated from high salinity waters (Dunaliella salina, Lyngbya

aestuarii) were used, suggesting that populations well adapted to extreme environmental

conditions are not suitable candidates for growing on wastewater or anaerobic digestate.
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1. Introduction

Since thepublicationof thepaperbyOswaldandGotaas [1], the

combination ofwastewater treatment andmicroalgal biomass

productionhasbeen tested successfully inmanycountries and

shown to be an efficient means of removing nitrogen (N),

phosphorus (P) and toxic metallic or organic micropollutants

[2]. Processing wastewater grown algal biomass by lipid

transesterification, carbohydrate fermentation or anaerobic

digestion was recently proposed for sustainable production of

biofuels [3e5]. Coupling algal biomass production and anaer-

obic digestion could be the most promising bioprocess as

anaerobic digestion of a wide variety of microalgae seems

achievable [6,7]. Anaerobic digestion can convert the whole of

themicroalgae biomass or organic residue into energy (biogas)

and fertilizer (digestate). This process can, therefore, provide a

sustainable source for the energy required from the cultivation

step through to extraction as well as the nutrients required for

growth [8]. At lab and pilot scales, the amount of microalgal

biomass used to feed the digester (loading rate) has been re-

ported from 0.28 to 22 g VS per liter and awide range of species

and operating conditions has been used successfully for

anaerobic digestionwithmethane yields from70 to 587mlCH4

g VS�1 [9]. The methane produced can be used directly for en-

ergy production or indirectly for innovative chemical applica-

tions (e.g. graphene synthesis, [10]).

A range of valuable microalgae (e.g. Scenedesmus sp.,

Botryococcus sp., Spirulina sp.) has been reported to growwell in

urban, industrial and agricultural wastewaters [4,5]. The use

of native species from both freshwater and marine ecosys-

tems has recently been tested for local bioresource production

[11], including the production of lipids [12,13], basedmainly on

the adaptation of indigenous organisms to local biotic and

abiotic conditions to limit potential invasive or noxious

behavior. It can reasonably be assumed that native species,

selected from highly productive natural systems, would also

be good candidates for developing a bioprocess requiring a

high biomass production rate with nutrient loading from

treated or untreated wastewater. This is supported by the

production rates of mixtures of isolated native microalgae,

being higher than the rates measured for commonly culti-

vated microalgae species [4] in open ponds (Fig. 1).

In order to validate this assumption, we tested several

consortia from temperate and tropical systems considered to

be naturally very productive (up to 0.6 g L�1 of biomass in dry

weight). Each consortiumwas dominated by a population of a

single microalgal species or genus. These microalgae were all

supplied with wastewater and digestate containing different

concentrations of ammonium (NH4
þ) and phosphate (PO4

3�).
The growth rate, biomass production and production rate

were measured in batch lab cultures for different loading ra-

tios for each of the wastewater and digestate sources.

2. Methods

2.1. Selection of microalgal populations

The microalgal populations studied were obtained from

samples from diverse ecosystems and were acclimated to

laboratory culture conditions. The acclimation process led to

the dominance of a single homogeneous population. We refer

to i) a group of species (spp.) when no microscopic discrimi-

nation between species within one genus was possible, and ii)

a true species when only one taxon was identified in the

acclimated cultures.

The population of the freshwater microalgae Scenedesmus

spp. (Fig. 2A) was originally isolated from a wastewater

treatment lagoon system near M�eze, southern France

(43�2503400N, 3�3602700E). Prior to the experiment, Scenedesmus

spp. was cultivated at 20 �C under an average photosynthetic

photon flux density (PPFD) of 261 ± 20 mE m�2 s�1 with a 12:12

light:dark cycle in batch cultures using a modified Z8 medium

where ammonia (supplied asNH4Cl) replaced nitrate (supplied

as NaNO3) as the sole source of nitrogen and NaH2PO4 was

added as a source of phosphorus.

The population of the marine microalgae Nannochloris spp.

(Fig. 2B) was isolated from Thau Lagoon, southern France

(43�2405300N, 3�4101600E), one of the most intensive oyster

farming sites in France. Prior to the experiment, Nannochloris

spp. was cultivated under the same temperature and light

conditions as those for Scenedesmus spp. in batch cultures in

enriched seawater using a modified Conway medium where

ammonia (supplied as NH4Cl) replaced nitrate (supplied as

NaNO3) as the sole source of nitrogen and NaH2PO4 was added

as a source of phosphorus.

The population of halophile microalgae Dunaliella salina

(Fig. 2C) was isolated from temperate salterns in Gruissan,

southern France (43�0602700N, 3�0501100E). Prior to the experi-

ment, D. salina was cultivated using the same modified Con-

way medium and conditions as for Nannochloris spp.

The saline cyanobacteria Lyngbya aestuarii (Fig. 2D) was

cultivated from a tropical saline lake (Dziani Dzaha, Mayotte,

France) in the Indian Ocean (12�500 S, 45�100 E) where primary

Fig. 1 e Production rates of microalgae growing on urban,

industrial or agricultural wastewaters in raceways

reported in the literature.
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