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Microalgae production in Greenhouse
Horticulture

WUR Algae symposium 18 February 2016, Wageningen

Silke Hemming, Wageningen UR Greenhouse Horticulture

Why microalgae production in 
Dutch horticulture?

§ Innovative sector

§ New business model

§ Greenhouse is solar collector

§ Growth factors highly controlable

§ Available infrastructure in greenhouses

§ Entrepreneurship of growers, 
experience with food supply chains

Focus on high-quality and high-value, 
reproducibly end-product

Microalgae and horticultural crops
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Control of light

source: Dermoun et al., 1992

Fotos: WUR 
Bleiswijk, 2012
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Control of temperature

source: Dauta et al., 1990

Control of CO2, O2, pH, nutrients

Source: measurements bioreactors WUR, Bleiswijk, 2013

N

Production facility in greenhouse Bleiswijk Gem-tube® photobioreactors

6 Gem-tube á 450l
Two-phase PBR
In fully controlled 
greenhouse
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Production facility in greenhouse Bleiswijk Climate chamber in Bleiswijk –
Starting material cultivation

Climate chamber in Bleiswijk Expertise @WUR Greenhouse Horticulture

§ Multidisciplinary

§ Fundamental research à Applied research

§ Breeding à starting material à production à market

§ Expertise: crop physiology, plant nutrition, 
water technology, sustainable molecular science, 
phytopathology, entomology, (micro)biology…
à Systems engineering, physics, mathematics, 
electronics, mechatronics,
artificial intelligence, 
economics…
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Activities @WUR Greenhouse Horticulture

§ Physical modelling
● Light raytracing
● Dynamic climate

§ Economic modelling

§ Biosystems engineering

§ Collection key figures algae production

§ Monitor algae systems at growers

§ Knowledge exchange growers

§ Set up new business cases for high-value 
products e.g. astaxanthin

PPS Astaxanthine 2.0 Project goal

§Realisation of a proof-of-principle chain for the
production of astaxanthin as oleoresin from
microalgae (Haematococcus pluvialis strains) in 
photobioreactors in Dutch greenhouses.

PPS Astaxanthine 2.0 workpackages

WP 2: Optimisastion production
process

Cultivation starting material, 
optimisation green and red 

phase, growing period, amount
of astaxanthine, sucesrate, 

hygenic protocol

WP 1: Starting material
Selection Haematococcus strains incl. strain

mutagenesis for production in Dutch 
greenhouses

WP 3: End product
Harvesting, stabilisation, end formulation

following market demands, new markets in  
food products
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Team

Team @Wageningen UR Greenhouse Horticulture:
Wim Voogt, Marta Streminska, Aat van Winkel, 
Jim van Ruijven, Piet Koorneef, Kees Scheffers
etc.
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Collaboration @WUR
Several MSc students 
Farm Technology 
Group

Large-scale algae production in greenhouses -
Modelling, technical design and economic 
analysis 
Eldert J. van Hentena*, Silke Hemmingb

Background

As shown in Fig. 2, the one-phase systems (designs 1 to 4) produced 
microalgae at a cost price between 16 and € 35 kg-1 DM. The size of 
the production systems was limited due to oxygen accumulation, 
yielding a relatively low production volume compared to pump, tank 
and sensor equipment costs. The two-phase systems (scenarios 5 – 8) 
are larger and produce algae with a cost price between 11 and € 19 
kg-1 DM. Depreciation of the PBR and greenhouse equipment, labour 
and maintenance and running cost of the greenhouse account for 
most of the total production costs.

Goals
Development of an integrated model that can predict algae production 
in tubular PBR in greenhouses. Extension of earlier model with a sub-
model to predict light interception by the PBR and a sub-model to 
predict gas exchange in a one- and two-phase reactor. Evaluation of 
various tubular algae PBR configurations in view of cost price.

Fig. 1. Integral model and sub-models as design tool for algae PBR in greenhouses

Results

Furthermore simulation with the different designs showed that 
configurations with multiple double tube PBR layers have an 
advantage over one layer systems, because of more efficient use of 
the greenhouse ground surface. For the same reason it is 
economically interesting to place the modules close to each other to 
balance light interception and area use efficiency. Investment costs of 
1 ha large-scale modules are lower than for 1 ha small-scale modules. 
Therefore, two-phase systems are more favourable than one-phase 
systems. Besides, in two-phase systems there is less risk of too high 
oxygen levels in the suspension. 

Materials and methods

High-value microalgae and their products are potentially an 
interesting “new crop” for Dutch greenhouse producers. In 
greenhouses, the indoor climate conditions can be controlled. This 
offers the opportunity to produce high quality microalgae year-round. 
The advantage of algae production in a greenhouse facility is that 
available infrastructure and resources can be shared. To prevent 
competition for light with the traditional horticultural crop, the algae 
production system should be located in a separate greenhouse 
compartment. Analyses of literature revealed that with large-scale 
photobioreactor (PBR) plants a reduction in the microalgae cost price 
can be achieved due to reduced PBR equipment costs, reduced energy 
use in the harvesting process and improved algal productivity. A major 
drawback in scaling up tubular PBR, however, is the accumulation of 
oxygen produced by photosynthesis in the system. A two-phase type 
of tubular PBR has been proposed in literature as well as in practice to 
resolve this drawback.

A model for algae production in greenhouses (Slager, 2011) was 
adapted and extended with light ray-tracing simulations and an oxygen 
balance. Yearly algae production in a 1 ha Dutch greenhouse equipped 
with a PBR was calculated. The model contained sub-models for:
1. calculation of hourly values of the greenhouse indoor climate 

depending on the outdoor climate (KASPRO, de Zwart, 1996)
2. calculation of light inside PBR using a raytracing model (RAYPRO, 

Swinkels, 2001)
3. calculation of the algae production in the PBR with an algae growth 

model (Dermoun et al., 1992)
4. calculation of fixed and variable costs and annual fixed costs and the 

total cost per unit algae dry matter produced (Slager et al., 2014).
A first validation of the algae growth model using data obtained in an 
experimental reactor at Bleiswijk provided promising results.

a Wageningen University and Research Centre, Farm Technology Group
b Wageningen University and Research Centre, Greenhouse Horticulture
• corresponding author: eldert.vanhenten@wur.nl

Henja Besuijen (2014). Large-scale algae production in greenhouses Modelling, technical 
design and economic analysis. MSc thesis Wageningen University, Farm Technology Group. We	thank theMinistry of	Economic Affairsand the Product	Board	for Horticulture for their financial	 support	of	

this research.
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Design scenarios

Design Configuration Reactor type
1 20 layers, 10m long, 0.3m dist., Ø 0.06m One phase

2 8 layers, 20m long, 0.3m dist., Ø 0.06m One phase

3 5 layers, 30m long, 0.3m dist., Ø 0.06m One phase

4 5 layers, 30m long, 0.3m dist., Ø 0.15m One phase

5 12 layers, 50m long, 0.4m dist., Ø 0.08m, 70% fill Two phase

6 6 layers, 300m long, 0.4m dist., Ø 0.08m, 70% fill Two phase

7 3 layers, 300m long, 0.4m dist., Ø 0.08m, 70% fill Two phase

8 6 layers, 300m long, 0.4m dist., Ø 0.15m, 70% fill Two phase

Table 1. Eight design scenarios consisting of different reactor configurations

A wide range of PBR designs was screened. Designs included one-
phase and two-phase reactors, number of PBR layers, diameter and 
distance between PBR tubes, use of diffuse cover in the greenhouse 
and additional artificial lighting. Eight of the design scenarios 
addressing different reactor configurations are listed in Table 1.

Fig. 2. Cost price of 8 different reactor designs

An integrated model was developed to simulate a horizontal tubular 
algae PBR in a 1 ha greenhouse with and without a tomato crop (Fig. 
1). The model consisted of the following sub-models:
1. A greenhouse climate model to calculate light intensity and 

temperature in the greenhouse.
2. A tomato production model to calculate the productivity of the 

tomato crop.
3. A light transmission model to calculate the average light intensity 

over the algae PBR tubes in the different configurations.
4. A general growth model for algae Porphyridium cruentum.
5. An economic model accounting for investment and running costs.

Modelling and evaluation of productivity and 
economic feasibility of combined production of 
tomato and algae in Dutch greenhouses 
Eldert J. van Hentena*, Silke Hemmingb

Summary

Goal
The goal of this study was to assess the productivity and the 
economic feasibility of the combined production of tomato and 
microalgae in a Dutch greenhouse.

Conclusions

PBR configuration and scenario calculations

The combined production of algae and tomato in a Dutch greenhouse is 
potentially economically feasible, if the PBR tubes (Ø 11 cm) are placed 
in a separate compartment. The required minimum cost price of algae is 
then €11 kg-1 dry matter algae. Algae production in a PBR integrated 
with tomato production in the same compartment is economically more 
challenging. For economic feasibility a cost price of €70 kg-1 dry matter 
algae is needed. This novel model approach and the scenario results 
provide a better understanding of the potential productivity and related 
costs and returns of algae production in greenhouses.

Materials and methods

Combined production of algae and tomato improves efficient use of 
available resources of greenhouse enterprises, such as controlled 
environment, water and nutrients, carbon dioxide, greenhouse space 
and infrastructure and knowledge. Currently, no information is 
available about the potential productivity and related costs of a 
combined tomato and microalgae production in Dutch greenhouses. A 
model was developed to predict algae biomass production and to 
assess the economic feasibility. Two systems were simulated: 1) 
integrated production of tomato and algae in the same compartment, 
and 2) separated production in different greenhouse compartments. 
Three locations for the photobioreactors (PBR) were evaluated: 1) 
algae under the tomato growing gutters, 2) algae on the path 
between the tomato gutters, and 3) algae in a separate compartment 
next to the tomato compartment. Three PBR tube diameters were 
considered: 6 cm, 11 cm and 16 cm. The economic viability of algae 
production under tomato cultivation was low, a minimum cost price of 
€70 / kg dry matter algae was calculated. The economic viability of 
algae production in a separate compartment was evaluated positively, 
a minimum cost price of €11 / kg dry matter algae was calculated.

Fig. 1. Design of a greenhouse with: (a) integrated production of a tomato crop and microalgae  
in a PBR below the tomato crop gutters or on the path between the tomato gutters in the same 
greenhouse compartment, and (b) with separated production of a tomato crop and algae in 
different greenhouse compartments.

α bba

Results economic model

Integrated production algae and tomato 
in same compartment Under crop gutter On path

Diameter tubes 6 cm 11 cm 16 cm 6 cm 11 cm 16 cm

Number tubes total 195 130 65 130 130 65

Number tubes per crop gutter/path 6 4 2 2 2 1

Lengths tubes [m] 2 x 96 2 x 96 2 x 96 96 96 96

PBR volume [m3] 106 237 251 35 119 125

PBR volume per greenhouse area [l m-2] 10.6 23.7 25.1 3.5 11.9 12.5

Separated production algae and tomato 
in different greenhouse compartments

Small scale PBR 
system

Large scale PBR 
system

Diameter tubes 6 cm 11 cm 16 cm 6 cm 11 cm 16 cm

Number tubes total 37 22 11 520 390 195

Lengths tubes [m] 96 96 96 96 96 96

PBR volume [m3] 10 20 21 141 356 376

PBR volume per greenhouse area [l m-2] 40 60 90 40 60 90

Greenhouse area algae production [m2] 250 333 233 3525 5933 4178

PBR 
location

PBR 
diameter

Cost price 
algae 
[€ m-2 y-1]

Income 
algae                           
[€ m-2 y-1]

Profit 
algae
[€ m-2 y-1]

Profit total 
tomato and 
algae
[€ m-2 y-1]
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6 cm 10.44 7.44 -3.00 -10.81

11 cm 17.23 9.51 -7.72 -15.53

16 cm 18.38 7.55 - 10.38 -18.64

On path

6 cm 4.69 7.45 2.76 -5.05

11 cm 9.78 14.29 4.51 -3.30

16 cm 10.13 10.08 -0.05 -7.86
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Small scale 
algae

system

6 cm 118.00 259.00 141.00 -3.65

11 cm 152.00 308.00 156.00 -2.60

16 cm 198.00 323.00 125.00 -4.76

Large scale 
algae 

system

6 cm 59.00 259.00 200.00 54.58

11 cm 77.00 308.00 231.00 79.66

16 cm 97.00 323.00 226.00 54.61

a Wageningen University and Research Centre, Farm Technology Group
b Wageningen University and Research Centre, Greenhouse Horticulture
* corresponding author: eldert.vanhenten@wur.nl

Published as: Slager, Bart; Sapounas, Athanasios A.; Henten, Eldert J. van; Hemming, Silke
2014. Modelling and evaluation of productivity and economic feasibility of a combined production 
of tomato and algae in Dutch greenhouses. Biosystems Engineering 122: 149-162.

We thank the Ministry of Economic Affairs and the Product Board for Horticulture for their financial 
support of this research.

Collaboration @WUR

§ MSc students other chair groups?
● Bioprocess technology
● Biomass refinery
● Environmental technology
● Aquaculture 
● Etc. etc.

§ Joint phd students?

§ Joint future projects?


