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PREFACE 

The Learning scenario “Bio-packaging” has been developed as part of the Erasmus + project 

BioComp aiming to provide educational scenarios in the framework of biodased circular 

economy. 

In BioComp, the most relevant competences for professions in the chapter are analysed, 

described and ranked. Please see: https://navigator.biocompetences.eu/  

The Bio-packaging corresponds to the topic food for packaging (in a BBE context) as 

presented and analysed in IO1 and the final ranking list gives the following results: 

 -Cultivation of Tomatoes (in a BBE context) 

Nr Competences Ranking points 
T1 Working in a greenhouse – identifying the instructions of climate 

control (light, heat, humidity) 
Biomass production in BBE 
context (2) 

T2 Cultivation of tomatoes – Identifying the monitor the growing 
process and the quality control of it 

Biomass production in BBE 
context (2) 

T3 Working in a greenhouse – identifying of preparing the soil and 
nutrition/water system and planting 

Biomass production in BBE 
context (2) 

T4 Working in a greenhouse – identifying of the management biological 
pest control 

Biomass production in BBE 
context (2) 

T5 Harvesting tomatoes – Identifying the management of harvesting of 
tomatoes and post harvesting activities 

Biomass production in BBE 
context (2) 

T6 Harvesting tomatoes – Identifying the plant and implement 
harvesting of the tomato plant 

Biomass production in BBE 
context (2) 

 

-Cereal production (in a BBE context) 

This is finalized as “cereal production” that is more general 

Nr Competences Ranking points 

C1 Harvesting rice/cereals – identifying of management of harvest 
methods; the estimation of by-products biomass potential 

Biomass production in BBE 
context (2) 

C2 Energy uses – Identifying by-products for non-energy and energy 
uses 

Biomass production in BBE 
context (2) 

C3 Biomass evaluation – Identifying of biomass as a by-product of food 
production process that can be re-used 

Biomass production in BBE 
context (2) 

C4 Biomass production and management – identifying of plan, organize 
and perform farming operation to grow 

Biomass production in BBE 
context (2) 

 

-Packaging process 

Nr Competences Ranking points 

P1 Control of process – Identifying the monitor manufacturing quality 
standards 

Control of process (4) 

P2 Ecological benefits – Identifying benefits of bio packaging Ecological benefits of bio-
packaging (1) 

P3 Production of bio-packaging material – identifying technological 
and chemistries responses: to know the process of fermentation, 
the processing methods/types  

Production of bio-based (or 
bio-packaging) material (3) 

P4 Biobased material – Identifying physical and mechanic Production of bio-based (or 

https://navigator.biocompetences.eu/
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features/characteristic of biobased material bio-packaging) material (3) 

P5 Production of bio-packaging material – identifying new packaging 
concepts 

Production of bio-based (or 
bio-packaging) material (3) 

P6 Quality control – identifying the testing procedures Control of process (4) 

P7 Control of process – Identifying the Standard Operating Procedures 
(SOP) 

8,04 

P8 Quality control – Identifying the test procedures and the ICT 
systems 

7,99 

P9 Production of bio-packing material – Identifying the technical 
features, benefits and limits of bio packaging 

Control of process (4) 

P10 Logistics – Identifying the manufacturing deadline pressure 7,81 

 

This Learning Scenario is based on these competences, has been developed for EQF-level 3-
4 and has the following 6 modules: 
 

1. Circular economy 

2. Introduction 

3. Ecological benefits of bio-packaging  

4. Biomass production in BBE context 

5. Production of bio-based material  

6. Technical characteristics of bio-packaging 

The Bio-packaging learning scenario includes the production and supply of the initial 

biomass (cases: tomato and cereals), the production of the material suitable for packaging 

and the technical characteristics of the bio-packaging products. The 20 identified 

competences derived from IO1 were evaluated according to the average values and its 

coefficient of variation and were grouped according to similar content, where this was 

possible. 

Module 4 provides the basic background on biomass production, the role of agriculture as 

a sustainable source of biomass, important crops that are suitable for biomass resources 

and the types of residues that can be used in a biobased context. 

Apart from these 6 text documents, the scenario also has a trailer and a WIKI, with 

background information. To support the teacher, didactic guidance is available. It can be 

used for all scenarios and also includes suggestions for learning activities to develop 

personal and transversal competences. See for this guidance, also the Navigator. 

The project is focused on food, so the central objective of this work is food packaging. 
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CONTENT 

 

Module 4 contains the following topics: 

1. Introduction: Agriculture as a biomass source 

2. Crop production in a sustainable way  

3. Appropriate harvest stage and method 

4. Important crops (e.g. corn, tomato) 

5. Biomass origin, potential and different uses in BBE context- Other sources of 

biomass 

6. Practical exercise 

7. Quiz 

8. Sources 
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MODULE 4      BIOMASS PRODUCTION IN BBE CONTEXT 

 

1. INTRODUCTION: AGRICULTURE AS BIOMASS SOURCE 

As it was already mentioned, the bio based economy refers to the economic activity that 

encompasses the production of renewable biological resources (such as crops, forest, fish, 

animals and micro-organisms) and the conversion of these resources, residues and by-

products into value-added products, such as food, feed, biobased products, services and 

bioenergy. (European Commission, DG Research and Innovation 

https://ec.europa.eu/research/bioeconomy/index.cfm; https://www.biobasedeconomy.eu/). 

Introductory video “The value of Agriculture for Bioeconomy” 

Video: Discover the new EU Rural review 

https://www.youtube.com/watch?v=w3KRjnOarnQ  

 

Figure 1. EU underlines the central role of Agriculture in Bio economy. 

 

What is the value of Agriculture as a biomass source in the Biobased economy? 

Although the term “bio based” is relatively new, the concept behind was the basis of 

human society and economies before the discovery and wide use of fossil fuels (Hoff et al. 

2018). At that time the production of food, fuel and fiber, hence biomass, derived mainly 

from agrarian and handicraft economic activities based on renewable resources. Later, the 

industrial revolution and the discovery and wide use of fossil oil, brought a radical change 

in the production process and this was connected with the rapid growth of most modern 

economies. Today, the reliance of the economic prosperity of our society on non-

renewable resources has come under careful examination due to environmental 

degradation, climate change, and the overexploitation of natural resources (Allen et al. 

2019). These new conditions brought challenges in terms of food security assurance, 

https://ec.europa.eu/research/bioeconomy/index.cfm
https://www.biobasedeconomy.eu/
https://www.youtube.com/watch?v=w3KRjnOarnQ
https://www.youtube.com/watch?v=w3KRjnOarnQ
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sustainable management of natural resources and the reduction of dependence on non-

renewable resources. Nowadays, EU recognizes that the transition towards a bio-based 

economy has great potential in terms of economic growth, rural development and 

decreasing fossil dependence, but needs to undertake of many challenges at many levels 

(https://www.biobasedeconomy.eu/ ). This module will outline the role of agriculture as a 

primary biomass resource biobased context. 

Agriculture has the potential to have a central role in biobased economy as a primary 

source of biomass production. It can provide source materials and value-added products 

(chemicals and materials), but at the same time ought to ensure food security and support 

rural development.  

Agriculture occupies half of the European Union’s land area, this is a very large area (Fig. 

2)!  

 

 

Figure 2.  The different lands cover area in Europe. (source: European Environment Agency 

(EEA) (https://www.eea.europa.eu/legal/copyright). Copyright holder: European Environment 

Agency (EEA)). 

 

 

https://www.biobasedeconomy.eu/
https://www.eea.europa.eu/data-and-maps/data-providers-and-partners/european-environment-agency
https://www.eea.europa.eu/data-and-maps/data-providers-and-partners/european-environment-agency
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Agriculture is an important producer of biomass in Europe. For example, it is estimated 

that the average annual total agricultural biomass production, from 2006 to 2015, is at 956 

million tonnes (Mt) of dry matter (García-Condado et al., 2018). This is a very large 

quantity! 

The 54% of this biomass consists of the primary agricultural products used for food, feed 

and other uses and is referred to as economic production. The remaining 46% is referred to 

as residue production and includes all the residues that are practically unused.  

 

 

 

The production and use of biomass in rural areas in a biobased context can create new jobs 

and support farmer’s transformation from food and feed suppliers to biomass processors 

where the minimum waste of natural resources is the central target and at the same time 

the increase of income (EU Rural review No28).  

The estimated current benefits of the bioeconomy to agriculture and forestry is a turnover 

of nearly 200 euro bn in value-added to the economy (Garcia-Condado et al., 2018), so this 

idea could bring a lot of benefits to Europe!  

 

...and a bit of biology! 

If we consider Agriculture in terms of biology, this is the management system of solar 

energy through photosynthesis. The final output of this process is biomass production with 

different end-uses. This biomass is separated into: 1) the products (food, feed, fibres and 

other products) and 2) the residues that practically are unused today.  

 

Video for biomass production (photosynthesis) 

https://www.youtube.com/watch?v=CL9A8YhwUps  

 

Almost half of the biomass production is residues remains unused; these probably could be 

serving as useful primary biomass resource in a biobased context! 

https://www.youtube.com/watch?v=CL9A8YhwUps
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Agriculture’s primary mission is to feed the world, but in parallel Agriculture has great 

potential to have a central role as biomass supplier and processor remains, that are 

practically unused in the biobased economy framework. 

 

In a biobased context farmers are not only biomass producers but biomass processors 

 

 

Yet we have to keep in mind that the first condition is to ensure the sustainable 

management of natural resources for biomass production. So, we need to know how 

biomass production is produced, what are the main factors affecting it, and how we will 

promote and support the optimum and sustainable use of them. 

 

To conclude we have to keep in mind: 

 

 

 

Some principles for the sustainable production of biomass, the most important agricultural 

systems, and examples of crops that can be used in a biobased context are presented 

shortly in the following sections.  

 

2. BIOMASS PRODUCTION IN A SUSTAINABLE WAY  

As it was mentioned, in Biobased economy the initial source of production (the so-called 

feedstock) is renewable resources of biological origin comprising sustainable alternatives to 

non-renewable and fossil-based materials and fuels. However, still, these natural resources 

can be overexploited causing eventually negative effects such as the decrease of the 

productivity and the loss of ecological diversity. 

Consequently, the sustainable production of biomass should be a top priority to be 

ensured when we are discussing about biomass production and its uses in the Biobased 

economy. 

 

We can’t discuss about biomass production in a biobased context without ensuring 

sustainable biomass production 

 

 

 

Sustainable agriculture production is a prerequisite for biomass production in a biobased 

context 

Agriculture’s primary mission is to feed the world but in parallel it has great potential to have 

a central role in the biobased economy as the primary source of biomass. This can serve as 

renewable source for new products and services. 

Educational Videos: Production of biomass from photosynthesis: 

https://www.youtube.com/watch?v=3pD68uxRLkM 

https://www.youtube.com/watch?v=CL9A8YhwUps  

 

https://www.youtube.com/watch?v=3pD68uxRLkM
https://www.youtube.com/watch?v=CL9A8YhwUps
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Sustainable Agriculture and crop production is major resource of sustainable biomass 

production. 

What is Sustainable Agriculture? 

It is important to ensure that biomass is produced in a sustainable way following the 

principles of sustainable Agriculture. 

Sustainable crop and biomass production refer to agricultural production without negative 

effects on the environment, biodiversity, and quality of agricultural crops (Imadi et al. 

2016). 

The 5 key principles of sustainability for agriculture are 

(http://www.fao.org/sustainability/en/): 

• Increase productivity, employment and value addition in agricultural systems 

• Protect and enhance natural resources 

• Improve livelihoods and foster inclusive economic growth 

• Enhance the resilience of people, communities and ecosystems. 

• Adapt governance to new challenges. 

 

The general concept of sustainable agriculture ensures an optimum use of natural 

resources for crop productivity. The stakeholders that are involved in the production of 

biomaterials have a major concern in the sustainably produced biomass that is used a 

primary source in this process (https://sustainablebiomaterials.org/).  

 

 

Figure 2. An illustration of the concept of sustainable crop production as presented by the 

Food and Agriculture Organization (FAO) (source FAO) 

 

 

 

 

http://www.fao.org/sustainability/en/
https://sustainablebiomaterials.org/
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Sustainable Agriculture integrates a renewable cycle in a balanced farming system for 

biomass production. In this process, crops feed animals and, in return, the waste from 

animals serves as fertilizers for crops, using animal manure, compost, and other natural 

fertilizers to improve soil health and ecosystem-based pest controls instead of chemical 

pesticides. This production system contributes toward a zero-waste economy! 

 

The farmers adopting this system may grow in the fields a variety of crops and use a variety 

of agricultural techniques to ensure sustainable crop production, raise their crops using 

rotation with legumes, is focused on building soil and managing an integrated ecosystem, 

encouraging beneficial insect and plant relationships and looking at how the farm functions 

as a whole. Often this also includes consideration of workers, consumers, and the larger 

community and a holistic approach of an agricultural system. 

Even in a sustainable crop production system, until now only the plant parts that were 

suitable for food or feed or other specific uses (fibre, oil etc.) were collected/harvested. 

The emerging concept of biobased economy reveals broad new uses of the produced 

biomass were by-products or residues can serve as feedstock for a wide range of 

biomaterials. Several EU projects are dealing with the optimization of the use of these 

processes (Fig. 3). 

 

Figure 3. An example of an EU research project where agri-waste valorization was a central 

idea. 

Source: H2020 Project AgroCycle – Agri-food Waste Valorisation in a Circular Economy 

 

This is very encouraging, but to achieve this we need first to have a general idea how the 

agricultural biomass is initially produced. 
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What are the main different systems for sustainable biomass production in Agriculture? 

 

According to the surface of land used, the type of crop and the level we can control the 

factors affecting the plant growth, the main Agricultural systems for biomass production 

are: 

1. Open field cultivation: is the traditional method of farming since antiquity, it covers 

a large land area and the main crops cultivated are staple crops (wheat, barley, 

other cereals, legumes and others). (Fig. 4) 

2. Greenhouse cultivation: offers control over the environment where your crops 

grow. Not only does it protect against bugs and birds, but you will also have more 

control over the temperature, humidity, irrigation, and light. You can create the 

right conditions for your plants to prosper, without the use of harmful pesticides, so 

you can be assured of the healthy quality of your vegetables. If you plan on being a 

commercial grower, using a greenhouse, you can actually predict your expected 

yield and analyze the variables of plant growth. (Fig. 5) 

 

 

Useful information 

http://www.fao.org/land-water/overview/covid19/circular/fr/  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.fao.org/land-water/overview/covid19/circular/fr/
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Figure 4. Biomass production in an open field.  

 

Figure 5. Biomass production in a greenhouse. 
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What are the main parameters that affect plant growth and eventually biomass 

production? 

 

The environmental parameters affecting biomass production are always the same no 

matter what the agricultural system is (open field or greenhouse). Some differences are 

focused on whether we can control them up to a certain grade or not.  

The environmental factors affecting plant growth and development and eventually biomass 

production include: light, CO2, temperature and humidity, water and nutrients 

availability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The environmental parameters that affect biomass production, regardless of the 

cultivation system. Biomass production is the final result of the photosynthetic process. 

 

Other parameters involved in plant growth are the pests and disease control and 

protection and the type of crop and variety. These are connected with the good condition 

of the plant and the sufficient growth rate. If the plants of a crop have a good condition will 

produce more!  

The initial product of photosynthesis is called glucose. Glucose is a sugar (the chemical 

term is carbohydrate) and serves as a basis for the synthesis of all other important 

substances of plants: proteins, cellular components of the plant cells (lignin and cellulose) 

which is the main body of the plant, lipids and others. 

 

 

 

 

Source of light 
(energy) 

Nutrients 

CO2 
Photosynthesis: 

Glucose + O2 
production 

O2 

Biomass production 
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The produced biomass consists of the agro-based feedstock; this is a substrate of biological 

origin and according to its initial nature may be rich in carbohydrates (sugars) or lignin and 

cellulose, (ligno-cellulosic feedstock). The feedstock includes plants that are not eligible for 

food or feed production. Examples of crops that are suitable for the production of agro-

based feedstock rich in carbohydrates are: corn and sugar cane and these rich in cellulose 

are: tomato (tomato residues).   

The use of the agro-based feedstock in the industry for the production of a wide range of 

new materials, such as bioplastics, consist of an efficient and profitable option since these 

crops are improved to produce high yields under different conditions. In addition, the new 

technologies provide tools for the use of waste material and their conversion into new 

added values products (e.g bioplastics from food waste).  

According to the European Bioplastics it is important to ensure the sustainability of 

biomass sourcing and to underline the growing importance and implementation of reliable 

and independent sustainability certification schemes such as ISCC plus, RSB, or  BonSucro.  

Also, standards have been developed on CEN level. 

(https://docs.european-bioplastics.org/publications/EUBP_Facts_and_figures.pdf ) 

Also, this new approach to the value of Agriculture as “Biomass producer and processor” 

may affect some traditional agricultural practices regarding harvesting stages and methods. 

 

3. APPROPRIATE HARVEST STAGE AND METHODS 

 

What is the appropriate harvest stage and methods (What – When – How)? 

 

Since the dawn of civilization, Agriculture was the main source of food and feed. The 

initially produced biomass is converted to seeds, fruits, edible roots, fibres and the main 

criteria for the harvest was the characteristics connected with the appropriate time that 

the production and quality of the collected part (seeds, fruit, roots, fibres) was at the 

highest level. This is the economic part of the yield. 

The different final use of a crop product affects the harvest stage and method to optimize 

the yield of the economic part. 

 

What? 

 

The primary products of biomass produced as grains, fruits, roots, tubers, fiber etc. whose 

economic value is the principal motivation for their cultivation is defined as economic 

production. However, the 46% of biomass are secondary products such as dry biomass 

from leaves and stems, stalks defined as residue production (Brief on agricultural biomass 

production) 

https://docs.european-bioplastics.org/publications/EUBP_Facts_and_figures.pdf
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In the biobased economy agriculture is treated as the producer of biomass intended: 1) for 

food, feed, fibres, oil production (traditional role) and 2) as a source of materials and 

services giving new added value, that were considered until now as residues, wastes. So, in 

this new context apart from the products used traditionally for human or animal 

consumption, the by-products are considered also as new products used for non-feed 

purposes. 

 

When? 

 

The selection of the suitable crops in a biobased economic context at the appropriate time 

is still an issue for the by-products. 

Crop residues left in the field and are connected with environmental problems (e.g. 

burning of straw) can be a source of useful materials. The optimization of the time and 

conditions for collecting by-products in the best possible way and conditions to maximize 

the production is also an issue. 

 

How? 

 

Until now the definition of the appropriate stage and methods was connected with the 

characteristics of the economic products. The concept of biobased economy is connected 

with the use of biomass for several other uses. 

Generally, agricultural activity generates a variety of feedstocks for the production of bio-

products. The main feedstocks of agricultural activity are from crop biomass including crop 

residues and livestock waste. 
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4. IMPORTANT CROPS (E.G. CORN, TOMATO) (EXAMPLES) 

In the concept of the Biobased economy, two important traditional crops that can be used 

as a source of biobased materials are corn (Zea mays L.) and tomato (Lycopersicon 

esculentum). These two crops have a central role in Agricultural production and are 

representative examples of cultivations that can serve, apart from the traditional role for 

food production, as sources of biobased material and new products. 

 

What are the characteristics of these crops make them suitable as biomass source in a 

biobased context? 

 

The high productivity and extended cultivation of these crops are connected with high 

biomass production. In addition, each of the abovementioned crops has a high 

concentration of basic chemical components used as a source for the production of new 

biobased products: starch and cellulose. The technological progress and chemical industry 

can exploit similarly many other components, but these are two good representative 

examples showing the usability in biobased and circular economy, so that the student can 

get an overview (Fig. 7).    

The economic value of these two crops is presented shortly below: 

 

I. Corn 

Corn or maize is considered worldwide a dominant and high productive crop cultivated in 

extensive land areas producing seed yield of over 1 billion metric tons and high biomass 

yield. Corn is cultivated traditionally for many uses: animal feed, grain for human 

consumption, ethanol production, as well as for high fructose corn syrup, sweeteners, 

starch. 

It has high contents of starch (carbohydrates) and produces high biomass. 

(https://futureoffood.org/insights/the-global-importance-of-maize-diversity/). 

 

II. Tomato 

Worldwide it is estimated that the annual production of fresh tomatoes, which is the main 

food product, is about 180 million tonnes (FAO, 2019). From the above-produced biomass, 

around 25% is grown for the processing industry making tomatoes the most important 

vegetable crop in the world. In other words; almost 39 million tonnes of tomatoes are 

processed every year in high added value companies in the global food industry. Most of 

this production is located in the Northern hemisphere, while the remaining 10% are 

processed in the Southern hemisphere (http://www.tomatonews.com/en/background_47.html).  

 

 

 

https://futureoffood.org/insights/the-global-importance-of-maize-diversity/
http://www.tomatonews.com/en/background_47.html
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Figure 7. Examples of crops that can provide resources of biological origin for the 

production of new products, (e.g. corn starch for the production of plastic bag, tomato skin for 

bioplastic, cereal straw to produce paper-based packaging materials). 

 

Additionally, an important aspect connected with the production of the biobased material 

is to ensure that this biomass will be produced sustainably. This is a required condition 

whether we are talking about traditional food production or the exploitation of their 

products/by-products in a Biobased context for the production of new materials. 
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What are the main parameters to ensure sustainable biomass crop production? 

 

As it was described above, the factors affecting plant growth and development and 

eventually biomass production include:  

✓ Environmental factors: light, CO2, temperature and humidity, water and nutrients 

availability, and 

✓ Factors involved in the plant growth and good condition: pests and disease control 

and protection and the type of crop and variety. 

Depending on the cultivation system (open-field or greenhouse cultivation) the parameters 

related to climate, nutrients and water availability and crop protection can be controlled in 

a higher or lower grade. Conclusively, soil or growing medium preparation and supply of 

water resources and plant nutrients, appropriate sowing time, crop management (diseases, 

pests) management of harvest methods must adopt sustainable Agricultural practices. 

Some basic principles about the characteristics and main needs of these two crops are 

outlined below to achieve sustainable biomass production and the connection with bio-

packaging solutions. 

 

I. Corn 

How does corn grow? 

Corn is a warm-season crop, not tolerant to cold; growing in open fields mainly in the 

temperate zones and must be planted in the spring, at suitable temperatures for 

germinating and growth (15 to 35°C). It is a crop with high productivity with general 

shallow root system cultivated during the warm period of the season. Therefore corn is 

highly dependent on soil moisture and nutrient supply. 

Since it is cultivated in an open field is not possible to control light and CO2, climatic factors 

affect growth. 

The parameters that can be controlled are a sufficient supply of nutrients and water, pest 

and disease control. In general, corn is a crop with high inputs, however, research is 

devoted to the implementation and adoption of agricultural sustainable practices for maize 

production. 

For example 

• Regarding water and nutrient availability, controlled drainage can reduce the loss of 
nutrients from the soil (mainly nitrogen)  

• Cereal rye cover crops are effective for reducing nitrate and sediment losses from a 
variety of cropland landscapes 

• Use rotation practices with other crops (legumes or other cereals) to achieve a 
better use efficiency of nutrient than what can be achieved solely through improved 
crop management (https://www.pioneer.com/us/agronomy/soil_temp_corn_emergence.html; 

https://www.climatehubs.usda.gov/hubs/midwest/tools/sustainable-corn).  

https://www.pioneer.com/us/agronomy/soil_temp_corn_emergence.html
https://www.climatehubs.usda.gov/hubs/midwest/tools/sustainable-corn
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II. Tomato 

 

How do tomatoes grow? 

The tomato is a warm-season crop that is sensitive to frost at any stage of growth. 

Therefore they can be cultivated in warm areas in fields or areas with coolers seasons in a 

greenhouse. In the open field cultivation, only the control of growing parameters water 

and nutrients availability is possible, while in greenhouse it is feasible to control light, 

temperature and CO2. The plant growing medium used may be soil or any other substrate 

(rockwool, coconut fiber or perlite). This is usually used in high-tech greenhouses with 

hydroponic irrigation systems and automation systems for climate condition regulation. 

All the parameters affecting plant growth must be regulated and affected by adopting 

techniques and methods in alignment with sustainable agricultural practices. 

Tomato has temperature requirements quite high compared with other Solanaceae 

species. So, in temperate or cold climates, their cultivation is feasible only in greenhouses 

are crucial for tomato growing and production. Indicatively, the optimum temperature for 

flower fertilization and fruit set must be between 12 °C and 25 °C.  

Tomatoes need sufficient heat and light to produce fruit. When growing tomatoes inside a 

greenhouse in most regions, a heating unit and grow lights during the winter months is 

necessary. In general, tomato plants need 16-18 hours of sunlight, so when the daylight 

hours short, tomatoes should receive supplementary enough artificial light. 

Concerning nutrient supply for greenhouse tomato plants growth is realized by the use of a 

nitrogen-rich water-soluble fertilizer every one or two weeks. Apart from nitrogen all the 

necessary nutrients should be available and supplied by a carefully designed feeding 

schedule. This is also affected by the stage of growth: for example at the first stage of 

growing tomato needs more nitrogen, while during anthesis high potash and high-

potassium in the nutrient solution is necessary to achieve good fruit set. 

Two other quick feeding facts: first, if you have a sick plant it should not be fed; starve the 

plant until it starts to recover. Second, liquid fertiliser leads to an accumulation of salts in 

the compost. Skip a feeding twice during the plant’s life cycle and give lots of extra water 

instead, to wash out some of the salts. 

Water availability is another crucial factor for tomato growth. A general benchmark is that 

a greenhouse tomato plants needs a little over one litre of water per day, more in hot and 

sunny conditions, less in cool and cloudy conditions. Plants appreciate daily, light watering 

much more than being drenched every once in a while. The latter will lead to cracking or 

splitting in the tomatoes’ skins. The proper estimation of the needs in water best way to 

know if your tomato plants need water is to examine the soil and the plants or using 

automations and suitable sensors in the growing medium. Dry soil and wilted or dark green 

leaves are a clear indication that the plants aren’t getting enough water. On the other 

hand, soggy soil and light (almost yellow) leaves are signs that you need to cut back on 

your watering. 
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Another important factor affecting productivity is tomato diseases and pests. There 

different problem in open field cultivation in comparison with greenhouse cultivation and 

different methods for crop protection. For example in a greenhouse, the crop is less 

susceptible to blight than that growing outdoors. On the other hand, there are two pests 

that are quite common to glasshouses and can cause severe damage to the crop and can 

cope using natural predators. 

Red Spider Mite: It is not easy to see these mites with the naked eye; the problem will be 

recognized if you see mottling, bronzing or speckling on the top of the leaves. At this stage, 

heat must immediately turn down and continually mist the underside of the leaves (where 

the mites nest) with water; then get a predatory mite called Phytoselius persimilis, which 

will eat the red spider mites. Avoid pesticides, because they won’t kill the red spider mites 

but will kill its predators instead. 

Whitefly: Whiteflies show up in the spring and start as tiny (1.5 mm), scaly crawlers before 

becoming small white moths as adults. It’s best to be proactive because whiteflies are quite 

common in glasshouses. There’s a two-step process: in early April introduce the parasitic 

wasp known as Encarsia formosa, which will eat the nymphs, into the greenhouse. Then 

later in the month, hang fly-catching sheets near your plants to catch the adults. Most 

whiteflies are resistant to pesticides; the sprays that do still work can also be absorbed by 

your tomatoes.  

Other issues which affect outdoor tomatoes can be a problem in greenhouses as well. 

Growing marigolds near your tomatoes will help attract hoverflies if you have an issue with 

aphids, but many chemical sprays will also do the job. Viruses, like mosaic virus, are also a 

major issue and are distinguished by leaves that become misshapen and a mottled yellow 

in color. In this case, the leaves from plants and the greenhouse must be removed 

immediately, and give the affected plants plenty of food and water – they should recover 

much of their strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Educational Videos: Time lapse video of growing corn  

https://www.youtube.com/watch?v=V_ZXBSD_7XQ 

Time lapse video of growing tomato 

https://www.youtube.com/watch?v=-rgdcVsF12g  or 

https://www.youtube.com/watch?v=-n8dJrqeL88  

https://www.youtube.com/watch?v=V_ZXBSD_7XQ
https://www.youtube.com/watch?v=-rgdcVsF12g
https://www.youtube.com/watch?v=-n8dJrqeL88
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Different uses of these two important crops 

As described above corn and tomato apart from food production there are several other 

uses 

I. Corn  

Corn is widely used for: 

- Source of starch for the pharmaceutical, paper, mining and construction industries. Starch 
is usually obtained after a refining process and is used in various products such as 
biodegradable plastic bags, recycled paper, corrugated cardboard, detergents, paints, 
diapers, cosmetics, adhesives, surfactants and agrochemicals. 

- Production of bioethanol - ethyl alcohol produced from biomass and/or biodegradable 
waste components and used as biofuel. The production of ethyl alcohol from the first 
generation of cereals - wheat and corn is carried out by fermentation, distillation and 
rectification.  

- Biogas production - maize is widely used as a key raw material for biogas in response to 
the "green energy" criteria. 

- Corn fabrics - corn cloth is called "pique" 

-The production of starch-based plastic films. 

II. Tomato  

 

In the production of concentrated tomato products, the waste raw materials consist of 
skins and seeds. Tomatoes are a valuable waste because they contain (in%): oils 17-29, 
proteins 30-35, ash 5.5 and water 7.5. 

Tomato cake, which is a mixture of tomatoes, seeds, pulp residues and peel, is only 
partially used for the production of: 

- Plant-Based Plastic From Tomatoes:  The skins of tomatoes contain > 80% fiber, that is 

insoluble fiber and formed by hemicelluloses. An example is that Ford and H.J. Heinz 

Company explore the use of tomato fiber to develop a more sustainable bio-plastic 

material (https://www.polymersolutions.com/blog/plant-based-plastic-from-tomatoes/) 

 

- Bird fodder  

- Organic fertilizer, called compost - it is obtained as the waste under the action of enzymes 
that undergo oxidative and biochemical transformations 

- Carotene-based dyes 

- Oil - tomato seeds contain about 28% fat, 30-35 - protein. The oil obtained from the seeds 
is in great demand in the perfume and cosmetics industries. 

https://www.polymersolutions.com/blog/plant-based-plastic-from-tomatoes/
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5. BIOMASS ORIGIN - POTENTIAL AND DIFFERENT USES IN BBE 
CONTEXT –  OTHER SOURCES OF BIOMASS 

 

In this section the possible role of Agriculture as a source for biomass for the production of 

new materials and services in the context of biobased economy. This of course should be 

supplementary to the traditional role that is food production.  The cereals and tomatoes 

are important crops cultivated in large areas and produce high quantities of biomass that is 

the source of starch and cellulose-based products accordingly and also a rich source of 

fibers (e.g. wheat straw or tomato stalks). 

Also, it should be underlined that another source of organic matter suitable for the 

production of biobased materials is food waste. According to the characteristics of the 

mixture of this organic material (e.g. acidity, starch or cellulose) can be used for different 

bioproducts categories. 

 

The main materials derived from renewable resources and can be used for the 

development of biobased products are summarized below (Peelman et al. 2013): 

 

Table 1. The main materials are produced from renewable resources. 

Materials Origin Products Processing 
possibilities 

PLA (polylactide) Corn or other 
rich sources of 
carbohydrates 

The starch is converted into 
dextrose, followed by 

fermentation into lactic acid 
and then into polylactic acid 

Very wide 
potential for 

use for 
packaging 

Starch Corn or other 
sources rich in 

starch 

Starch-based films Successful 
applications in 

the industry 

PHA  
(Polyhydroxyalkanoates 
family) 

Activity of wide 
range of 

microorganisms 
in organic 
material 

More than 100 PHA 
composites are known, PHB 

is the most common 

Potential as a 
substitute for 

many 
conventional 

polymers 

Cellulose Wood pulp, 
cotton linters, 
straw, stalks 

Cellulose-based films Excellent film-
forming 

properties but 
high cost 

 

The production process from the initial origin is described in Module 5. In addition, there 

are simpler applications of the use of the crops by-products rich in fibers like crop residues 

(straw, tomato stalks) that can be used for paper/fiber based packaging materials, where a 

percentage of paper pulp is replaced by the fibers originated by a renewable resource.  
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6.PRACTICAL ACTIVITY: MATCH PRODUCTS AND BY-PRODUCTS TO CROPS AND THE DIFFERENT TYPES OF USES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seed 

Straw 

ENERGY 

FIBRES 

Corn 

Tomato 

Stalks 

NON-ENERGY 

FOOD 

FOOD 

FEED 

Products/by-products Types of uses 

Tomato fruit 

Tomato skin 

ACTIVITY: in the following handout please match to every crop the possible different products/by-products and the different 

uses of each crop 
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Potato 

Rice straw 

Rice husk 

Rice 

Milled rice 

Rice bran 

Starch 

Potato 

Potato skin 

ENERGY 

FIBRES 

NON-ENERGY 

FOOD 

FEED 

Products/by-products Types of uses 
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7. QUIZ 

 

1. Agriculture can be an important source of biomass in biobased context? 

a. Yes 

b. No 

Correct answer: a) 

 

2. The by-products of Agriculture are useless for the production of new materials? 

a. Yes 

b. No 

Correct answer: b) 

 

3. Tomato and cereals are used only for food production? 

a. No 

b. Yes 

Correct answer: a) 

 

4. Corn starch can be used for 

a. Human consumption and feed 

b. Human consumption only 

c. Human consumption, feed and the production of biobased materilas 

Correct answer: c) 

 

5. The parameters affecting photosynthesis and biomass production are: 

a. light, CO2, temperature and humidity, water and nutrients availability 

b. light, CO2, water and nutrients availability, ozone 

c. light, NO2, temperature and humidity, water and nutrients availability 

Correct answer: a) 

6. The production of biomass in a biobased context is important because: 

a. the biomass is produced using sustainable resources 

b. the biomass is produced using lower quantity of fossil oil 

c. the biomass is produced to ensure food safety across the world 

Correct answer: a) 
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