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Who are we?

We are part of an international group of stakeholders interested on Biorigenerative Life 

Support Systems (BLSS) for Space 
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Why are we here?

We are not here to provide an immediate solution for food sustainability for the 

Mediterranean area

but to discuss our 

conceptual exercise 

A BLSS for space is the most challenging system that we can imagine in terms of 

food security

and

sustainable use of resources

Our aim is to transfer on earth agriculture lessons learned with work on BLSS 
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Functional integration of renewable energy and food production systems

for the Mediterranean countries.
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Energy enables. The historic energy transitions – first from human power to animal power, and then from animal

power to mechanical power – were major shifts in the human journey toward greater productivity, prosperity, and

comfort. It is unimaginable that today’s economies could function without electricity and other modern energy services.

From job creation to economic development, from security concerns to the status of women, energy lies at the heart of

all countries’ core interests.

Scientists warn that if the world continues on the current path, global temperatures could rise by more than four

degrees Celsius by the end of this century. That will affect everything from the world economy to the health of our

citizens and the health of the ecosystems that sustain life on Earth, from energy ,food, and water security to

international security. We know now that we cannot continue to burn our way to prosperity.

Sustainable development is the imperative of the 21st century. Protecting our planet, lifting people out of poverty,

advancing economic growth – these are different aspects of the same fight. We endeavor to create new business and

market opportunities, new jobs, and new possibilities for human advancement. We will not achieve any of these

goals without energy – sustainable energy for all.

Thhree linked objectives underpin the goal of achieving sustainable energy for all by 2030:

•• Ensuring universal access to modern energy services.

•• Doubling the rate of improvement in energy efficiency.

•• Doubling the share of renewable energy in the global energy mix.
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Energy enters the agenda



FAO argues that to mitigate such risks (the risk that production of bioenergy reduces food security) and to harness the

potential benefits of bioenergy production, one is well advised to apply good practices of bioenergy production in the first

place. The production of bioenergy in Integrated Food-Energy Systems (IFES) is one of such good practices as

IFES by their very nature allow one to meet both food and energy demand.

An IFES is defined as a diversified farming system that incorporates agrobiodiversity and builds on the principles of

sustainable production intensification, which aims to maximize primary production per unit area without compromising the

ability of the system to sustain its productive capacity. More particularly, the concept of IFES combines the sustainable

production of food and other biomass across different ecological, spatial, and temporal scales, through multiple-cropping

systems, or systems mixing annual crop species with perennial plants, i.e. agroforestry systems.

Energy is vital for food security and resilient livelihoods; nevertheless, the linkages between energy and food security

and the importance of energy for food security are often overlooked.

FAO only consider bio-energy in this Guidance Document 

BUT

We can think to integrate any type of renewable energy to obtain the same goal, 

Many different systems can be planned from very simple to very complex.
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Functional integration of food and renewable energy production became a focus



What does a plant do with the sun light?

Plants use light to produce electron transport

What does a photovoltaic cell do with the sun light?

Photovoltaic cells use light to produce electron transport
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Photosynthesis VS photovoltaic



The similarity between plants and photovoltaic cell have inspired artistic 

visions of technology 

Figure 3. GROW: by Samuel Cabot Cochran and Benjamin Wheeler Howes SMIT

Sustainable Minded Interactive Technology (USA – 2005) - Inspired by ivy, its “leaves”

are flexible photovoltaic panels that generate solar power. MoMA, New York - USA
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Plants and photovoltaic cells use the same renewable energy, the sun light. 

With current technology plants and photovoltaic cells cannot coexist on the same land to 

share the sun light.

This highlight the potential competition among the production of food and the production 

of renewable energies. 

The aim of our work is to test the hypothesis that a fraction of the incident radiation on a 

crop can be used by a new concept photovoltaic (NCPV) module with limited direct effects 

on quantity and quality of the product.

Furthermore the renewable energy produced can be used to increase the productivity and 

the efficiency of the production system 

The Mediterranean Area receive an intense solar radiation during large part of the year 

Mediterranean greenhouses need to be shaded for a relevant fraction of the year to avoid 

excess temperature 

Our working hypothesis is that NCPV modules can be used to partially shade 

Mediterranean greenhouses meanwhile producing renewable energy for the greenhouse 

environmental control and for the grid.  
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Conflict or synergies?



Pardossi et al. 2004 Mediterranean greenhouse technology Chronica Horticulturae, 

44:28-34.

Pardossi et al. 2004 Mediterranean greenhouse technology Chronica Horticulturae, 44:28-34.

International Conference " Building Sustainable Agriculture for Food Security in the Euro-Mediterranean Area: Challenges and Policy Options ", 20-21 November 2014, Rabat, Morocco

Mediterranean greenhouse



Is it possible to use a fraction of the incident light in a sunny area, with minor 

direct effects on crop yield, meanwhile contributing to reduce the water loss? 

T. Hattori et al. 2007 Env. Exp Bot. X-G. Zhu, et al. 2012 Curr. Op. Plant Biol.2012.

Leaf

Canopy
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Basic knowledge

http://www.google.it/url?sa=i&rct=j&q=photosynthetic+activity+light+spectrum&source=images&cd=&docid=xg9bZu7DOtFIeM&tbnid=UWmVs40JlzHf4M:&ved=0CAUQjRw&url=https://www.boundless.com/biology/response-to-external-stimuli-in-plants/plant-responses-to-light/plants-and-light/&ei=5FCSUbqmOsjsOsajgKgL&bvm=bv.46471029,d.Yms&psig=AFQjCNG2q6IlHGGl-I999YsVJuOokQz7EA&ust=1368629425688760
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New concept photovoltaic modules (NCPM) can be built with variable absorbance rate 

Different types of NCPM with 

different sun light 

absorbance rate can 

differentially affect the leaf 

gas exchange and water use 

efficiency

(E/A)
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Ecoflecs

Energy and food demanding world 

Shading plants to avoid damages

Photovoltaic Modules (PM) capable of:

• 50% shading

• Producing electrical power (2% efficiency)

• Being flexible

20 cm
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Tested species
Rocket

(Eruca sativa Mill. )

Spinach 

(Spinacia oleracea L.)

Tomato (var. Micro Tom)

(Solanum lycopersicum L.)
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Material and methods

Growth chamber

Control

Net

Dummy

800 PAR

400 PAR

400 PAR

Temperature = 

UR = 

Light =

CO2 =

25°C 

70%  

12 h      

400ppm

1.2 m
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Gas exchange
Spinach

y = 0,0857x - 4,0086
R² = 0,9794

y = 0,0649x - 3,4317
R² = 0,9688

y = 0,0652x - 3,8911
R² = 0,969

-5

0

5

10

15

20

25

0 200 400

A
ss

im
ila

ti
o

n
 (

µ
m

o
lC

O
2

m
-2

s-1
)

Sub-stomata CO2 Concentration (ppm)

Rubisco activity

-5

0

5

10

15

20

25

30

35

40

0 200 400 600 800 1000 1200 1400 1600 1800 2000

A
ss

im
ila

ti
o

n
 (µ

m
o

lC
O

2
m

-2
s-

1
)

Sub-stomata CO2 Concentration (ppm)

Assimilation vs Sub-stomatal CO2 partial 
pressure in spinach

Control

Dummy

Net

International Conference " Building Sustainable Agriculture for Food Security in the Euro-Mediterranean Area: Challenges and Policy Options ", 20-21 November 2014, Rabat, Morocco



Gas exchange

Tomato
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In a closed controlled environment, with high CO2 high relative humidity and optima temperature, the 

transpiration can be strongly reduced. More crucially, water vapor released by plants, can be condensed 

back to be used again for cultivation, thereby working in a closed loop. 

Agricultural systems in all hot and arid areas of the world are struggling with the need to provide water to 

crops, an issue that can be exacerbated by climate change 



  Control Dummy 

Rocket     

      

Fresh leaves (g/plant) 5.5 4.2 

Leaf area  (cm
2

/plant) 124 118 

Chlorophylls + Carotenoids (mg/m
2

 of leaves) 208 185 

      

Spinach     

      

Fresh leaves (g/plant) 9.3 5.0 

Leaf area  (cm
2

 /plant) 136 86 

Chlorophylls + Carotenoids (mg/m
2

 of leaves) 470 444 

      

Tomato     

      

Edible fruit (g fresh weight/plant) 28 29 

Dry matter content ( %) 10.5 10.5 

Soluble sugars (% of fresh weight)   4.8 3.8 

Sucrose/starch 2.1 5.1 

Lycopene (% of fresh weight)   0.95 0.92 

      

      

Table 1   Effect of growth of rocket, spinach and tomato plants under NCPV 

dummies on quantity and quality parameter of the products. 
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Even in our stringent growing conditions

(relatively low light, similar CO2 partial

pressure, relative humidity and

temperature for both treatments) the

there was a limited loss of productivity

and quality for leafy vegetables and none

for tomato



Quality in Tomato pulp
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Conclusion
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Controlled environment agriculture can increase sustainable food production 

and food safety by: 

a) reducing the use of natural resources to produce food, like land and water; 

b) allowing cultivation in unsuitable land and environments (e.g.: arid and 

salinized land, cities, high elevation areas, polluted land) 

c) increasing food nutritional quality of vegetables; d) stabilizing seasonal 

productivity and reducing risks due to extreme events and climate change; 

d) increasing the income per unit land, rising the monetary revenue of family 

farmers with small size farm. 

To achieve this, we need 

a) new knowledge; 

b) new, efficient, easy and affordable technology, 

c) new efficient, easy and affordable ways to produce renewable energy; 

d) new, efficient, easy, tailor made and coordinated policies favoring science, 

technology transfer, education, renewable energy production, incentives to 

farmers. 

Coordinated policies between EU and the non-EU Mediterranean Countries can 

help to build synergies, which would benefit all stakeholders.  

Science and technology can rapidly change the future perspectives of human 

activities, this is true also for agriculture, and food safety.  



Perspectives

EDEN –ISS

H2020 Project Just signed
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Thank you for your attention
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