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1 INTRODUCTION 

This work is a part of the project called “Puutarhatuotannon uusi kiertotalous – uutta arvoa ja 
liiketoimintaa – ArvoBio” (Circular economy in horticulture – new value and business 
opportunities). The project’s main objective is to find new innovative solutions to utilize by-
products of horticulture and reduce its production losses. ArvoBio-project started in 
December 2015 and will end in November 2018. The partners involved in the project are 
Häme University of Applied Sciences (HAMK), Natural Resources Institute Finland (Luke) 
and ProAgria Österbottens Svenska Lantbrukssällskap (ProAgria ÖSL). The project is funded 
by the Rural Development Programme for Mainland Finland 2014-2020.  

This work is a literature survey focusing on the possibilities to valorise tomato plants and 
cucumber plants. The survey was done by Jorrit Dortland from Netherlands (Van Hall 
Larenstein, University of Applied Sciences) as a part of his exchange student studies at 
HAMK in 2017.  

 

2 BACKGROUND 
 
As shown in Figure 1, based on the 
value pyramid it would be preferable 
to extract the substances with the 
highest value from tomatoes and 
cucumbers. These substances are 
however typically present only in 
small quantities. This means that the 
gains should weight up to the costs in 
order to make it economically viable. 
They remain however a point of 
interest in the transition to a circular 
economy. (Initiatiefgroep Bioraffi-
nage De Peel, 2014) 
 
 
 

Figure 1. The value pyramid of biomass 
(Initiatiefgroep Bioraffinage De Peel, 2014) 
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3 CUCUMBER BIOREFINERY 
 
Biorefinery is a facility that integrates biomass conversion processes. In the Netherlands an 
initiative has started to biorefine grass (Initiatiefgroep Bioraffinage De Peel, 2014). This 
initiative, called GRASSA, has in recent years focused in the valorisatioin of grass and other 
biomasses. In this case cucumber could be used as one of the biomass and mixed with other 
biomass. 
 
As shown in Figure 2, in the first step 
of the biorefinery biomass is grinded 
into small particles. If needed the 
biomass can be washed before 
grinding. This can be preferable if the 
biomass stream has a lot of sand in it 
and this needs to be separated. After 
the biomass is grinded into small 
particles the second step can start in 
which the biomass is pressed to 
separate the fibres and a liquid 
fraction. The liquid fraction is treated 
again to produce other products.  

Figure 2. The main process steps and products of 
the grass biorefinery (Initiatiefgroep Bioraffinage 
De Peel, 2014). 
 

The liquid fraction contains proteins, phosphorous, sugars and amino acids. The liquid 
fraction is first heated to 50 °C before it is centrifuged in order to separate the proteins from 
the other substances. This process is repeated one more time but this time the liquid is 
heated to 70 to 80 °C. After the proteins are separated from the liquid that still contains 
phosphate, sugars and amino acids. The phosphate can be separated by increasing the pH 
value. In addition ultra-filtration will enable to remove the last sugars. 
 
The fibres from the pressing process can be used as: 

- Animal feed 
- Raw material for insulation material 
- Raw material for production of packaging material 
- Feedstock for fermentation 

 
The biorefinery is an investment that requires collaboration between farmers and typically 
also governmental support. This is the only way to make this economically viable. Farmers 
themselves will find it still difficult or even impossible to make this economically viable. 
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4 VALORISATION OF TOMATO PLANTS 
 

The first idea from the studies on the tomato plant was that they contain a substance called 
tomatine. This substance is a natural pesticide. Earlier studies, however, reveal that it is not 
possible yet to produce/separate this pesticide from tomato plants. The extracts that were 
separated had the anti fungi properties but it remained unclear which particular active 
substance was responsible for those properties. This is why further research is needed to 
optimize the process, discover the active substance in the extracts and search for possibilities 
to produce pesticides (Schuurbiers, C. et al., 2013). 
 
A more feasible option is to separate fibres from the tomato plants for the production of 
packaging or building materials. Tomato plants and cucumber plants contain both a large 
amount of fibres.  
 

4.1  Fibres 

 
The fibres from the biorefining and fibres in general can be used in the production of 
cardboard for packaging materials. The tomato plants can be used here, because the toxic 
properties does not influence the paper production. In the Netherlands there is one company 
that does this “Schut Papier”. In this process it is possible to use the fibres from the cucumbers 
as well (van der Hoeven, Diedrik, 2017). 
 
The fibres of both tomato and cucumber plants can also be used in the production ecoboards. 
These can be used as building materials. The panels are manufactured from agricultural fibres 
(agricultural residue) that is milled to form flakes. The flakes are then mixed with a specially 
designed formaldehyde-free resin and compressed under high temperature to form a stable 
homogeneous panel. 
 
Panels can be used in virtually all applications where conventional boards are used like in 
following applications: 

- Furniture Industry 
- Interior Decoration Industry 
- Building Industry 
- Construction Industry 
- Industrial Packaging 

Due to the use of formaldehyde-free resin it is possible to use the material in sensitive areas, 
like in hospitals. (van Dam, J.E.G. et al., 2014; ECO-BOARDS). 
 

4.2 Other possibilities 

 

Tomato plants can go through a similar process as shown for the cucumber plants in Figure 
2.  In case of tomato plants, the liquid fraction contains lycopene which can be used as a 
natural dye (Arkesteijn M., 2014). Information about these techniques were however difficult 
to find. 
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5 DISCUSSION 
 

5.1 Production amounts of tomato and cucumber in Finland and 

Netherlands 

 
Here is a comparison of the production amounts of tomato and cucumber in the Netherlands 
and Finland. 
 
Finland (2016) 
 Number of production sites Production, kg/year 
Tomatoes 334 40.621.000  
Cucumbers 213 39.140.000  

 
The Netherlands (2016) 
 Number of prod.sites Production, kg/year 
Tomatoes Not clear 900.000.000  
Cucumbers Not clear 370.000.000 

 
Production of tomatoes is more than 22 times higher while the production of cucumbers is 
about 9 time higher in the Netherlands compared to Finland.  
 

5.2 Information for agricultural business 

 

The attitude towards climate change and the environment is quickly changing with an 
increasing political will to make a change for the better. The climate treaty signed in Paris in 
2015 has been a conformation of this political will. The Paris has far reaching consequences 
for all countries in with the aim to limit the effects of climate change. This will be done by 
efforts to reduce greenhouse emissions but also by coping better with the already present 
thread of climate change. Although the United States have recently announced to withdraw 
from the climate agreement Europe will most certainly be in for a change. Even more China 
and Europe have, as s response on the dissention of the United States, announced to step up 
the effort in the fight against climate change. This transition to a more sustainable and 
ultimately a sustainable society will require an effort of everybody. As farmers are at the heart 
to provide food and other biomass products they can play an important part in the transition 
to the use of renewable raw materials. 
 
This new position of farmers will need time to establish itself in the society but although it 
requires an investment from farmers there are also new opportunities to provide new revenue 
or limit waste disposal costs. This is why this paper will in the first place explain what the 
new position of a farmer would ideally be and what kind of opportunities there are for tomato 
and cucumber famers. 
 
In the transition to a sustainable society people will need to turn away from fossil and non-
renewable raw materials as much as possible. This means that the public should turn more 
towards renewable sources like biomass. Farmers have the prime role to provide food for the 
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public but do also produce large amounts of biomass that are not suitable for consumptions. 
The new role will therefore not only include a role in food production but also a role in 
providing biomass for the so called bio based economy. This biomass can be provided by the 
waste of food crops but some farmers may also completely turn away from food production 
focussing on providing biomass alone. 
 
In a biobased economy biomass is used to replace unrenewable sources like fossil fuels. 
Different sources of biomass have a variety of properties that can be used in order to replace 
unrenewable raw materials. By approaching biomass with the value pyramid it is the aim to 
create as much value out of the biomass as economically viable possible. In this value pyramid 
the value of heath products is high but also low in quantity. On the other site energy is 
abounded but generates less revenue for each kilo. The difficult situation until now is still that 
not all possibilities are yet economically viable. There are however plenty of opportunities for 
farmers in the biobased economy. 
 
For tomato and cucumber there are a number of opportunities. These opportunities are up till 
this moment mainly based on using the fibres. Fibres of both tomato and cucumber plant can 
be used in the production of packing material and paper. The other possibility is to produce 
eco-boards. At the same time there are possibilities that remain are economically viable but 
that could become so in the nearby future. 
 

5.3  Current possibilities 

  
The two current possibilities are the production of packing material and eco-boards. By the 
production of packing material or paper the cucumber and tomato plants are used in a similar 
production process as conventional paper. The cucumber and tomato plants are grinded to 
small particles and the fibres provide the paper the strength. The most successful way of using 
this paper or packing material is by using it as a packing material for the tomato’s or 
cucumbers themselves. In this way costumers in the supermarkets can bay a product entirely 
made form tomatoes or cucumbers. 
 
The other possibility is to use the fibres in the production of eco-boards. The eco-board panels 
are manufactured from agricultural fibres (agricultural residue) that is milled to form flakes. 
The flakes are then mixed with a specially designed formaldehyde-free resin and compressed 
under high temperature to form a stable homogeneous panel. Panels can be used in virtually 
all applications where conventional boards are used like in following applications: 

- Furniture industry 
- Interior decoration industry 
- Building industry 
- Construction industry 
- Industrial packaging 

Due to the use of formaldehyde-free resin it is possible to use the material in sensitive areas 
as hospitals. This means that the safety of the product in generally higher than some 
conventional materials where formaldehyde resin are used. 
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It remains however important to note that both opportunities requires collaboration between 
different farmers and or the industry. Without collaboration it would not be economically 
viable as making an investment together would be lower the costs. This collaboration could 
include collaboration with other farmers to produce larger amount and share the investment 
but could also include a collaboration with the industry. The industry might be interested in 
the biomass allowing the farmer to sell there biomass to the industry. 
 

5.4 Future possibilities – production of pesticides and dyes 

 
Focussing closer on the tomato plant studies make it clear that tomato plants contain a 
substance called tomatine. This substance is a natural pesticide. First tests on the production 
of tomatine reveal that it is not possible yet to produce a pesticide from tomato plants. The 
extractions that can be made had however anti fungi properties but it us yet unclear which 
particular active substance is responsible for this property. This is why further research is 
needed to optimize the process, discover the active substance in the extractions and search for 
possibilities to produce pesticides. This research may enable the production in the future. 
 
Tomatoes contain also dyes but production details are still missing or unclear. It is something 
that might be possible in the nearby future. 
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