
Photonics for Greenhouses & Cold Stores  
The Netherlands has a large infrastructure for food production, including ca. 10.000 ha of greenhouses and 
15,000,000 m2 of cold stores. A large high-tech agrifood industry has emerged around food and flower 
production, which has led to one the highest crop yield per m2 and lowest water consumption per kg 
product of any country in the world. However, there are still huge opportunities to improve the use of one 
natural resource: solar energy. 

Solar energy is a natural resource that comes free of charge. We believe 
that solar energy can help the agrifood sector in improving 
temperature control, lighting and energy distribution of 
greenhouses and cold stores and thereby reducing energy inpout 
while increasing quality control of the agrifood product. We aim for 
optimally using solar radiation both in the growth and in the post-harvest 
moment of the agrifood chain.  

In order to optimally use the radiation of the sun, we will combine new ideas from the field of  photonics 
and apply these in agrifood practice. 

This proposal puts two ideas in the spotlight:  

(1) Optimally use energy from solar radiation and convert it to light, heat or electricity in a 
dynamic way, such that it suits the needs of the agrifood product at each specific moment 
in time. 

By ‘capturing’ the energy of solar radiation, and emitting it as light, heat 
or electricity according to need, the daytime solar energy can be used to 
provide crops in a greenhouse with the right amount and wavelengths of 
light, to provide comfortable light in the operating spaces in a cold store, 
to provide heating or cooling of the environment when necessary be it in 
the daytime or at night, and to generate electricity to power all kind of 
appliances. This way, the amount of energy needed in the agrifood chain 
around the farm will be highly reduced. At the same time, optimal light 
conditions can be finely tuned to the crop’s needs at any growth stage.  

(2) Apply special coverings on existing surfaces (like racks, walls, crates) and provide these 
with light of certain wavelengths to do non-destructive monitoring of the agrifood product 
without needing separate imaging systems. 

The need for non-destructive measurements of food 
products is increasing in the agrifood domain. Up to 
now, specific spectroscopy setups with cameras and 
light sources were needed for this goal. This proposal 
aims at developing and applying nanostructure 
coverings on racks, walls, crates and other 
structures in the environment of where the product 
is kept, and use these as both spectral light source 
and as sensor network. In combination with machine 
learning, the signals captured by these unobtrusive 
sensor networks can be translated into quality 
measurements of the product under inspection. 
These smart spectroscopy covers will be powered by 
the energy and light generated in idea (1). 



Both ideas can be realised by looking at the possibilities of 
developing and applying spectral coverings consisting of 
photonic structures. These novel materials have the properties 
that they absorb light and can reemit at those wavelengths that 
are needed. Ideas for these coverings range from transparent 
coverings, where only some wavelengths are filtered out to be 
used for heat or electricity generation, to completely opaque 
coverings, where no natural light comes through at all and all 
wavelengths that are emitted are generated by the photonic 
designs. For both types of coverings a similar application can be 
envisioned. If, for example, greenhouses are ‘dressed’ in a black 
covering that absorbs all sunlight from UV to infrared (IR), the operator needs to understand the crop’s 
light needs very well. More than 80% of the absorbed visible light will be re-emitted towards the plants 
matching or exceeding visible light levels in transparent greenhouses. Since visible light cannot escape 
with the opaque covering, energy efficiency will increase and light pollution at night will be eliminated in 
this design. The non-visible light that is captured can be transformed to heat and electricity to be used in 
the building.  

The aim of this proposal is to give the domain of agrifood photonics a huge boost, and thereby to make 
the agrifood chain even more sustainable by exploiting the sun’s power; a natural resources that is 
available every day. From a scientific point of view, fundamental knowledge from the fields of photonics, 
nanophotonic materials, and nanoscale solar cells will join forces with applied knowledge from 
spectroscopy, greenhouse technology and cold store technology. 

For this proposal to be successful, we need your input. You, the agrifood businesses, the energy providers, 
the coating & painting industry, the seed companies and plant growers are essential to make sure that the 
fundamental research is grounded in future applications. We are looking for companies with a vision, with 
a passion for using sustainable resources, with a love for multidisciplinary cooperation and with an 
innovative streak in their business plans.  

If these ideas appeal to you and you want to contribute to a scientific breakthrough that is of interest for 
your business, please let us know. We will have an online meeting with all parties interested to join the 
proposal on December 2nd, 10:00. Please register and join us! 

 


