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1. Introduction 
Nowadays, rural economies are at risk. Rising energy prices and the abandonment of rural areas 
are putting farmers and the agricultural cooperatives they belong to in a situation of financial 
insecurity. The disappearance of these cooperatives would have an even more devastating 
effect on the rural economy, because cooperatives serve as an important uniting factor both 
social and economically for farmers and their communities. 

Renewable energy development is vital for combating climate change and limiting its most 
devastating effects. Renewable energy sources are sources of clean and inexhaustible energy 
having a great competiveness. They differ from fossil fuels in their abundance, diversity and the 
eventual use anywhere on earth. Despite that differences, they produce neither greenhouse 
gases, nor polluting emissions. In the case of agricultural association, the combination of 
renewable energy and farming is becoming more and more a common practice. This 
combination, as a state of the art in agricultural sector for energy use, is proved to be profitable. 

Use of renewable energy in farming systems can have interventions in many domains. For 
example, fossil fuels such as oil are non-renewable, so finding alternative ways of fertilizing the 
land and controlling pests that do not depend on chemicals, will normally involve the use of 
renewable resources. Renewable energy also includes generation of power to do a number of 
farm tasks: pumping water for irrigation, for livestock or for domestic use, lighting farm 
buildings, powering processing operations and others. These forms of renewable energy include 
solar energy, wind and water power, oil from plants, wood from sustainable sources, other 
forms of biomass (plant material), and biogas (gas produced from fermentation of manure and 
crop residues). Wind, solar and biomass energy can be used on the agricultural associations to 
replace other fuels needed for covering the energy demands. [1] 

Farms have long used wind power to pump water and generate electricity. Each turbine uses 
little space of the field, so farmers can plant crops and graze livestock right to the turbine's base. 
Some farmers have also purchased wind turbines, others are starting to form wind power 
associations. Farmers can lease land to wind developers, use the wind to generate power for 
their farms, or become wind power producers themselves. [1] Farmers and ranchers can 
generate and utilize their own power from the wind energy.   

Agricultural activities generate large amounts of biomass residues. While most crop residues are 
left in the field to reduce erosion and recycle nutrients back into the soil, some could be used to 
produce energy without harming the soil. Most biomass is converted to energy the same way it 
always has been, by burning it. The heat can be used directly for heating buildings of the 
association, crop drying, dairy operations, and industrial processes. It can also be used to 
produce steam and generate electricity for covering their energy demands. Except for heat, a 
variety of fuels can be produced from agricultural biomass resources including liquid fuels, such 
as ethanol, methanol, biodiesel and gaseous fuels, such as biogas, methane, hydrogen and 
methane. The agricultural resources include animal manure and crop residues derived primarily 
from maize, corn and small grains. A variety of regionally significant crops, such as cotton, 
sugarcane, rice, and fruit and nut orchards can also be a source of crop residues. The biomass 
produced from associations, can give an extra income to farmers by selling all these forms of 
biomass instead of burn it on their own. [2] 
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Solar energy can be used in agriculture in a number of ways, saving money and reducing 
pollution. Agricultural association and farms in the Mediterranean region can use PV systems for 
domestic as well as commercial power generation. In some distant areas with no connection to 
a power source, a PV system can provide a reliable solution. In addition, there are a handful of 
applications in agricultural sector such as water pumping and irrigation. Using the sun to dry 
crops and grain is one of the oldest applications of solar energy. Solar drying equipment can dry 
crops faster and more evenly than leaving them in the field after harvest, with the added 
advantage of avoiding damage by birds, pests, and weather. Commercial greenhouses often rely 
on the sun for lighting, but on gas or oil heaters to maintain constant temperatures. A solar 
greenhouse uses building materials to collect and store solar energy as heat. Insulation retains 
the heat for use during the night and on cloudy days. [3] 

LIFE COOP2020 aimed to demonstrate the economic and environmental viability of a new 
business model for agricultural cooperative, integrating energy savings, the generation of 
renewable energies and biomass production. 

The scope of this deliverable is to present the final technical solutions implemented at 
Cooperativa Cambrils, in order to prove the sustainability of the Coop Cambrils and local 
farmers.  In specific the problems targeted at the rural areas are dealing with a range of 
environmental problems, LIFE COOP2020 focuses on the following: 

 Organic waste 
The Cooperativa de Cambrils produces around 3500 tons a year of olives. Processing them into 
olive generates around 200-230 tons of useful crushed olive pits which were given away of sold 
for a low, symbolic price. The project aims to valorize this agricultural biomass waste by using it 
as a raw material in Energy Generation Equipment.  

Resource and energy efficiency 
In Catalonia only 13% energy used comes from renewable sources. An important part of 
COOP2020 was focused on increasing energy efficiency through the optimization of irrigation 
practices and substitution of electricity powered water irrigation pumps by hybrid mini 
windmills 

Development and use of abandoned land  
Soil degradation as a consequence of climate change and inadequate agricultural practices has 
increased land abandonment and desertification. This project proposed to restore these lands 
by planting energy crops.  

The project was implemented at the facilities of Coop Cambrils and in the surrounding rural area 
in the province of Tarragona Catalonia  

For renewable energy generation, three farms were selected as demonstration farms covering a 
total of 19.5 ha. For recovering abandoned land, Coop Cambrils provided 7.5 ha of land, which 
was abandoned, arid and without vegetation. In this pilot, different energy crops were planted. 
More details are given below in the paragraphs.  
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2. Action plan  

3.1 Wind mills installation for irrigation 
 

Concerning the demo farms regarding the installation of wind mills, the main activities taken 
place are described below: 

Demo Farm 1 
A modern, smart irrigation system with sensors for rain, wind, humidity and solar radiation that 
automatically controls itself was implemented at the 1st demo farm. 

Demo Farm 2 
 An electrical system for the renewable sources was set up parallel to the grid. Due to high 
electricity use at the farm the owner was able to use 100% of the renewable energy produced. 

Demo Farm 3 
The irrigation system was replaced for a more efficient one. At this demo area, installed and 
electrical system isolated from the grid with additional inverters in order to take the maximum 
advantage of the renewable energy produced. 

 

2.2 Agricultural biomass waste-Energy utilization of biomass-Pelletizing of energy crops 
The olive oil production process creates 4 main by-products: crushed pits, kernels, leaves and 
vegetable water. An analysis was done to quantify their individual water content and heating 
value. This analysis determined that the olive pits were the most viable fuel source (82% 
efficiency - gross amount of olive pits transformed into heating energy) to be used in the boiler.  

Hence, a biomass boiler was chosen and installed replacing the old diesel boiler. This new 
biomass boiler converts the olive pits into energy, reducing diesel consumption and valorizing 
waste.  At this point, it is mentioned that at the initial proposal, cogeneration and a drum-dryer 
to generate energy using bio-fuels was carried out. The biofuels would be mainly agricultural 
biomass and energy crops. However, following a techno-economic study carried out, it was 
proved that the installation was economically not sustainable. As an alternative, an absorption 
chiller was installed at the facilities of the Cooperativa Cambrils. Moreover, CERTH investigated 
the treatment of energy crops through the pelletizing method, in order to produce pellets for 
further use at the installed biomass boiler. Emphasis was given on the characterization of the 
pellets and especially on their durability.  

 

2.3 Energy efficiency and generation of renewable energy is made effective through the 
use of Micro Smart grids. 

The Micro Smart Grids implemented in this project are used to balance and optimize the 
electricity used and better manage the energy generated from different sources: grid, solar, 
wind. It automatically controls which energy source will be used and makes the switch, taking 
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into consideration factors such as energy demand, availability and costs. The ultimate objective 
of these systems is the reduction of power peaks, generating a so-called “peak shaving” effect, 
reducing demands on the system and obtaining savings in the electricity bill. 

 

2.3.1 Recovering abandoned land - Production of energy crops 
During the LIFE COOP2020 activities, demo activities concerning the cultivation of energy crops 
were carried out. The main scope of this set of activities was the recovery of the abandoned 
land located at Coop Cambrils facilities. The scope of the reclamation activities was to improve 
soil quality, increase biodiversity and reduce soil loss due to erosion. In parallel, the energy 
crops cultivated in the area can be harvested and then though the pelletizing process to 
produced solid biofuel in order to cover the energy demands of the Coop Cambrils facilities.  In 
order to accomplish this procedure, the main steps taken are the following: 

First of all the characterization of the area was carries out. In specific, data of soil condition and 
their potential to cultivate energy crops, present vegetation, historical land use practices and 
rainfall was collected and analysed.  Then the energy crops were selected depending on the 
conditions of the respective plot. The following criteria were considered:  irrigation 
requirements, growth conditions, yield and energy content, market value and 
fertilizers/pesticides requirements. The energy crops were classified according to these criteria. 
The most appropriate were selected in order to be investigated. Main emphasis was given to the 
irrigation requirements, since it was considered as the most important weight factor, as well to 
the market criteria, since the seeds should be available in Spain, in order the activities to 
continue successfully after the end of the project. According to the technical criteria, the most 
appropriate crops were the following: triticale, guinea grass, sorghum and cardoon. However, 
the guinea grass was not easily to be found in Spanish market. Hence is was substituted by 
barley. In addition, since the cardoon did not perform sufficient results during the first year (due 
to lack of rainfalls), the involved partners decided to cultivation the crop of sunflower additional. 
During the second year, cardoon was grown sufficiently and it was possible to be tested as an 
energy crop option. During the seed sowing, the harvesting, and the treatment of land, all the 
necessary activities were carried out. The activities were presented in a handbook for further 
use by interested stakeholders. The characterization of the energy crops, as well as the lab-scale 
activities concerning the pelletizing process were carried out the certified lab of CERTH (ISO 
17025). 

 

Electric van 

Finally an electric van was used in order to replace a conventional diesel car.  
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3. Results 

4.1 Approach methodology: Life Cycle Methodology  
In this section, the results of the overall activities in LIFE COOP2020 project are summarized. 
Since the main aim of the project is the reduction of the environmental footprint of the Coop 
Cambrils, main emphasis is given to the estimation of the environmental benefits obtained by 
the area.  The LCA methodology is applied for the environmental assessment. 

The LCA study consists of four stages according to the ISO 14044:2006. The stages are: a) Goal 
and scope definition; b) Life cycle inventory (LCI) analysis, incorporating data for energy and 
material flows and for emissions, throughout the life cycle of the case study c) Assessment of 
the potential impacts (Life Cycle Impact Analysis, LCIA) associated with the identified forms of 
resource use and environmental emissions d) Interpretation of the results from the previous 
phases of the study in relation to the objectives of the study. The interconnection of the LCA 
stages is shown in Figure 1. 

The scope of the LCA study should be defined clearly, in order to proceed to the other stages. 
More specifically, within the scope of the LCA study, the boundaries of the investigated concept 
are defined, in order to take into consideration all the processes (direct and indirect) included in 
these boundaries. 

Next step is to define the functional unit. The functional unit is the common reference in order 
to express the data, as well as the results in the same output. The most common functional unit 
in the LCA models corresponding to biomass is the 1tn. In case the project correspond to 
biomass-to-energy concepts, the most appropriate functional unit is the 1 kWhel. The Life Cycle 
inventory is the most crucial stage in the LCA study. It corresponds to the finding and selecting 
of the input data, in order to express the examined scenarios in quantified terms.  More 
specifically, at this stage, all emissions are reported on a volume or mass basis (e.g., kg of CO2, 
Kg of cadmium, cubic meter of solid waste). During the Life Cycle Impact Assessment (LCIA), an 
appropriate calculation method is running in order to find the environmental footprint.  

The impact assessment methods, which are applied for the implementation of an LCA model, 
can be divided into two main categories: those that focus on the amount of resources used per 
unit of product (upstream methods), and those which estimate the emissions of the system 
(downstream methods). 
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• Public policy 
making
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• Other

 
Figure 1. Stages of an LCA study. 

 

Since the project concerns mainly the estimation of the CO2eq reduction, the LCA study focuses 
on the estimation of the global warming impact.  In specific Global warming refers to the 
increase in the average temperature of the Earth's surface, due to an increase in the global 
warming potential, caused by anthropogenic emissions of global warming gases. The main gases 
relative to the global warming effect are the carbon dioxide, methane, nitrous oxide, 
fluorocarbons (e.g. CFCs and HCFCs), and others. Depending on the calculation method used, 
the gases are converted to the CO2 equivalent emission. Some researchers take into 
consideration the carbon c sequestration in the waste management scenarios. Carbon is 
removed from the carbon cycle (or from the atmosphere) and added to a carbon sink. A carbon 
sink is a point in the carbon cycle where carbon is stored for a long period of time. While carbon 
is stored, it is not in the atmosphere contributing to the greenhouse effect. Examples of carbon 
sinks include soils, forests and oceans. 

The algorithm applied for the estimation of the environmental footprint is the IPCC 2013 
methodology (100 year) 

IPCC 2013 is an update of the method IPCC 2007 developed by the International Panel on 
Climate Change. This method lists the climate change factors of IPCC with a timeframe of 20 and 
100 years.  

IPCC characterization factors for the direct (except CH4) global warming potential of air 
emissions. They are:  

• not including indirect formation of dinitrogen monoxide from nitrogen emissions.  
• not accounting for radiative forcing due to emissions of NOx, water, sulphate, etc. in the 

lower stratosphere + upper troposphere.  
• not considering the range of indirect effects given by IPCC.  
• not including CO2 formation from CO emissions.  

 

It is mentioned that the normalization and weighting are not a part of this method 

 



LIFE 13 ENV/ES/1513Coop 2020: Final Technical Evaluation 
 

 

3.2 Demo activities on the restoration of the abandoned lands 
The emissions of the demo activities on the restoration of the abandoned lands are 
distinguished in two main categories: the first corresponding to the avoided emissions and the 
second to the emitted emissions. In the first category, the emissions corresponding to the 
production of fertilizers and the irrigation application are included, while for the second 
category, the harvesting process and the sowing process are included. It is mentioned that the 
emissions corresponding to the pre-treatment of the land area are included in the module given 
for the overall treatment of the crop.  

3.3 Production of fertilizers 
The avoidance of two fertilizers NPK 15-15-15 and NPK 21-0-0 was investigated.  The 
environmental footprint of those fertilizers are: 0.886 kg CO2eq/kg fertilizer NPK15-15-15 and 
0.581 kg CO2eq/kg fertilizer NPK 21-0-0.  The respective trees are depicted in the following 
figures (Figure 2, Figure 3). The production of the fertilizers are linked to the energy consumed 
for their production. The production of the fertilizer with higher content of phosphorus and 
potassium presents higher environmental footprint concerning the global warming impact.  

Regarding the production of the fertilizer of NPK 21-0-0, the system boundaries are from 
receiving ammonia and sulfuric acid to delivery of ammonium sulphate. Included activities are 
inputs of ammonia and sulfuric acid and heat from natural gas. Capital goods and catalysts are 
not included. It is mentioned that the ammonium sulphate is produced by reacting ammonia 
with sulfuric acid. The heat of reaction and additional heat from natural gas is used to evaporate 
any water that is present.   

Regarding the production of NPK 15-15-15, the system boundaries are from receiving potassium 
chloride, ammonium nitrate, di ammonium phosphate to delivery of NPK compound. Included 
activities are inputs of potassium chloride, ammonium nitrate, di ammonium phosphate and 
crushed rock (as filler). Capital goods are not included. In specific, in the NPK compound 
production process, potassium chloride, ammonium nitrate and di ammonium phosphate are 
mixed to form the NPK compound.  

 Taking into consideration an average value of about 500 kg fertilizer/ha, the environmental 
benefit by the avoidance of NPK 15-15-15 reaches to 443 kg CO2eq/ ha, while the relevant value 
corresponding to the avoidance of the application of NPK 21-0-00 is estimated at 290.5 kg 
CO2/ha. 

As it is obvious in upscale applications (over 100 ha), this environmental benefit is quite 
significant. 
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Figure 2: Environmental footprint of the production of fertilizer NPK 15-15-15 (IPCC 2013). 

 

 

 

 

Figure 3: 21-0-0: Environmental footprint of the production of fertilizer NPK 21-0-0 (IPCC 2013). 
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3.4 Irrigation application 
In what concerns the conventional irrigation, the environmental footprint is presented in the 
Figure 4.  The environmental footprint concerning the global warming impact is about 0.181 kg 
CO2eq/ m3 water required for the irrigation. This environmental footprint is linked to the energy 
consumed, as well as to the manufacturing of the required infrastructure (e.g. pipes from 
polyethylene). It is mentioned that the irrigation application present a significant water 
footprint. However, the estimation of the water footprint is not estimated, since there is no 
relevance to the other investigated processes. 

 

Figure 4: Environmental footprint of the irrigation application concerning the CO2eq emissions (IPCC 2013). 
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3.5 Harvesting process 
In what concerns the harvesting process, the environmental footprint is presented in the 
following figure (Figure 5). The environmental footprint concerning the global warming impact is 
about 0.012 kgCO2eq/m2 area. The environmental footprint is linked to the harvesters used for 
the process and especially to the relevant diesel consumption.   

 

 

Figure 5: Environmental footprint of the harvesting concerning the CO2eq emissions (IPCC 2013). 
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3.6 Modules for the overall processes concerning the cultivation of the energy crops 
(pretreatment of land-sowing-irrigation-harvesting) 

The module for the overall processes concerning the cultivation of the energy crops is given in 
this paragraph. As it is presented in the following figures (Figure 6, Figure 7, Figure 8), different 
crops are examined. In specific straw (same to sorghum), barley (same to triticale and cardoon) 
and sunflower are investigated.  The results are: 0.412 kg CΟ2eq/kg sorghum seed, 0.321 kg 
CO2eq/kg barley seed (triticale and cardoon) and 1.19 kg CO2eq/ kg sunflower seed. 

 

Figure 6: Environmental footprint of the overall processes concerning the wheat-sorghum crops (IPCC 2013). 
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Figure 7: Environmental footprint of the overall processes concerning barley-triticale (IPCC 2013). 
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Figure 8: Environmental footprint of the overall processes concerning the sunflower (IPCC 2013). 
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The cost allocation for the established energy crops were given in the B2 deliverable. A summary 
of the results is given below for each of the tested crops.  

3.7 Cost estimation for the barley plantation 
The plantation cost for the barley is given below. Two trials of barley were tested. As it can be 
found in the next table (Table 1) and graphs (Graph 1, Graph 2) the avoidance of the fertilization 
cost can reduce the plantation cost about 38%. The sowing and the harvesting processes ranged 
between 150 – 350 €/ha and 185 – 220 €/ha respectively. These costs depend on the biomass 
production.    

Table 1: Plantation cost for barley.  

 Operation Type of cost Cost 
of 1st 
trial 

(€/ha) 

Cost of 
2nd  
trial  

(€/ha) 

typical cost values 
(€/ha) 

land preparation  mechanical equipment; fuel; 
personnel  

300 300 170-250 

sowing  seeds purchasing; mechanical 
equipment; fuel; personnel 

150 350 150-200 

fertilization  Fertilizer purchasing; mechanical 
equipment; fuel; personnel  

425 0 350-400 

weed control  herbicide purchasing; mechanical 
equipment; fuel; personnel  

50 0 50-60 

Harvesting  mechanical equipment; fuel; 
personnel 

185 220 130 

Total cost 1110 870 850-1040 

 

 
Graph 1: Breakdown of operation costs for barley (1st trial). 
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Graph 2: Breakdown of operation costs for barley (2nd trial). 

 

3.8 Cost estimation for the cardoon plantation 
The plantation cost for the barley is given below (Table 2, Graph 3). Two trials of barley were 
tested. The avoidance of the fertilization cost can reduce the plantation cost about 20% by 
taking into consideration same biomass production yields. 

 

Table 2: Cardoon plantation cost. 

Operation Type of cost Cost 
(€/ha) 

typical cost 
values (€/ha) 

land preparation  mechanical equipment; fuel; 
personnel  

240 250 

sowing  seeds purchasing; mechanical 
equipment; fuel; personnel 

270 200 

fertilization  Fertilizer purchasing; mechanical 
equipment; fuel; personnel 

140 50-150 

weed control  herbicide purchasing; mechanical 
equipment; fuel; personnel  

200 150 

Harvesting  mechanical equipment; fuel; 
personnel 

250 150 

Total cost 1100 800-900 
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Graph 3: Breakdown of operation costs for cardoon. 
 

 

3.9 Cost estimation for the Sorghum plantation 
The plantation cost for sorghum is given in the below table (Table 4) and graph (Graph 4). The 
avoidance of the fertilization can reduce the overall cost about 15.5%, by taking into 
consideration same biomass production yields 

 

Table 3: Plantation cost of Sorghum. 

 Operation Type of cost Cost of  
1st trial 
(€/ha) 

Cost of 
2nd trial 
(€/ha) 

typical cost 
values(€/ha) 

land preparation  mechanical equipment; fuel; 
personnel  

700 900 150-200 

sowing  seeds purchasing; mechanical 
equipment; fuel; personnel 

280 380 100-150 

fertilization  Fertilizer purchasing; mechanical 
equipment; fuel; personnel 

300 0 150-200 

Harvesting  mechanical equipment; fuel; 
personnel 

650 500 250 

Total cost 1930 1780 650-800 
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Graph 4: Breakdown of operation costs for sorghum. 

 

3.10 Cost estimation for the sunflower plantation 
The plantation cost for sunflower is given in the below table (Table 5) and graph (Graph 5). The 
avoidance of the fertilization can reduce the overall cost about 27% by taking into consideration 
same biomass production yields. 

 

Table 4: Plantation cost of sunflower. 

 Operation Type of cost Cost 
(€/ha) 

typical 
cost values 

(€/ha) 
land preparation  mechanical equipment; fuel; 

personnel  
350 150-200 

sowing  seeds purchasing; mechanical 
equipment; fuel; personnel  

220 150 

fertilization  Fertilizer purchasing; mechanical 
equipment; fuel; personnel  

400 200-250 

weed control  herbicide purchasing; mechanical 
equipment; fuel; personnel  

145 50-150 

Harvesting  mechanical equipment; fuel; 
personnel 

250 200-250 

Total cost  1365 750-1000 
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Graph 5: Breakdown of operation costs for sunflower. 

 

3.11 Cost estimation for the triticale plantation 
The plantation cost for triticale is given in the below table (Table 6) and graphs (Graph 6, Graph 
7, Graph 8). The avoidance of the fertilization can reduce the overall cost about 20% by taking 
into consideration same biomass production yields. 

 

Table 5: Plantation cost of triticale. 

 Operation Type of cost 1st 
trial 

2nd 
trial 

3rd  
trial 

typical cost values 

land preparation  mechanical equipment; fuel; 
personnel  

1350 335 320 150-200 

sowing  seeds purchasing; mechanical 
equipment; fuel; personnel 

200 185 370 150-200 

fertilization  Fertilizer purchasing; mechanical 
equipment; fuel; personnel  

500 385 0 200-250 

Harvesting  mechanical equipment; fuel; 
personnel 

550 185 220 150-200 

Total cost 2600 1090 910 650-850 
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Graph 6: Breakdown of operation costs for triticale (1st trial). 

 

 

 

 
 

Graph 7: Breakdown of operation costs for triticale (2nd trial). 
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Graph 8: Breakdown of operation costs for triticale (3rd trial). 

 

The following graph (Graph 9) presents summary of the plantation cost for all of the 
investigated species. The cost is given in €/ha. The land preparation seem to have a high 
contribution to the overall plantation cost. In specific, regarding the plantation cost of the 
energy crops, the energy crop with the highest cost (>2,500€) was the 1st trial of the triticale 
cultivation establishment. This can be explained by the high cost of the cleaning processes which 
took place in the study area in order to clean the land (old trees, shrubs, brushes and weeds) 
before the soil preparation. During the 2nd trial of triticale, no cleaning processes are required, 
since the land had been already prepared. On the other hand, the energy crops with the lowest 
plantation costs were barley, the 2nd trial of triticale and cardoon, which costs amounted to 
925€, 1090€ and 1100€ respectively.  The sowing cost ranged between 150€/ha (barley) and 
280€/ha (sorghum), which is common for these types of crops. Taking into account that the 
mechanical equipment used for sowing operation was the same for all the studied energy crops; 
it can be assumed that the factors that affect the sowing cost per crop was the land area and the 
seed density. The fertilization cost ranged between 140€/ha (cardoon) and 500€/ha (triticale, 
1st trial). This range can be explained by the different sizes of the land areas and the fertilization 
doses. Pesticides were applied in three crops and the relative weed control cost amounted to 
50€/ha, 145€ και 200€ for barley, sunflower and cardoon respectively.  However, the most 
successful crops were tested without the use of fertilizer. The results mentioned above, proved 
the success of the concept. Hence, in future cultivations, it is recommended to not use fertilizer 
for those crop cultivations. Taking into consideration this, the foreseen income of farmer is 
expected to be increased significantly. The harvesting cost, ranged between 185/ha (barley) and 
650€/ha (sorghum) depending on the biomass production.  
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Graph 9: Plantation costs of energy crops. 

 

An additional parameter that needs to be considered when selecting the mixture of energy 
crops to be planted is the need to ensure a steady biomass supply through the year. This 
strategy allows for the reduction of storage time and thus the avoidance of losses, as well as the 
optimal utilization of agricultural machines. Figure 9 presents the crop plan of the suggested 
energy crops. As it is shown, barley and triticale can be cultivated during autumn (September-
October) and then they can be harvested the following summer (June-August). Sorghum can be 
cultivated during spring (March-May) and it can be harvested after 4-5 months (September-
November) depending on the moisture content of the biomass material. Cardoon as perennial 
crop can be established during spring and can be harvested the following summer.  
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Figure 9: Crop plan of the suggested energy crops. 

 

The harvested biomass should be stored in closed facilities for feedstock material prevention 
from climatic conditions. Storage is generally required for securing the procurement of fuel to 
the energy conversion plants, for improving the biomass quality (e.g. allowing natural drying and 
needles loss) and for optimizing the logistic system. 

In conclusion, the exploitation of marginal land for the establishment of alternative crops for 
energy purposes, can contribute to the development of circular economy in industrial sector. 
(Figure 11) 

 
                              Figure 10: Role of energy crops in circular economy 
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3.12 Pelletizing process and boiler installation  
Lab scale pelletizing tests were carried out at CERTH.  Different mixtures (0/50; 50/50; 67/33; 
75/25) of two biomass types (olive kernel and sorghum) were made into pellets and tested for 
use in a biomass boiler. These materials were selected since olive kernel is produced in large 
amounts (by-product), while sorghum is considered one of the most successful energy crops 
cultivated at Coop Cambrils. The increased ratios of olive kernel seemed to improve the pellets’ 
physical characteristics and produce favorable durability and length. Theoretically these pellets 
would be suitable for use in the installed boiler. 

The main processes included in this block are the electricity consumptions and the heat 
demands. The electricity consumption is linked to the Spanish electricity grid, while the heat 
demands linked with a diesel boiler of 10 kW. 

More specifically, the pelletizing process includes electricity consumption of 200 kWh/t of 
pellets as well as 216 MJ/t of pellets (data for an upscale scenario). The amount of electricity 
used in simulations describes the electricity available on the medium voltage in Russia and for 
the production of 1 tonne of pellets 200 kWh of Russia electricity mix is necessary. The activity 
of the simulation process starts with 1 kWh of electricity fed into the medium voltage 
transmission network and ends with the transport of 1 kWh of medium voltage electricity in the 
transmission network over aerial lines and cables. 

Regarding the heat demand simulations, a light fuel oil boiler of 10 kW was used in order to 
meet the target of 216 MJ/t of pellets. The boiler used in the simulations includes a 3000 lt tank 
for storage oil made from steel, iron and copper. 

The environmental footprint is estimated 0.109 kg CO2eq/kg produced pellet. The relevant 
estimations is presented in the following figure. (Figure 12) 



LIFE 13 ENV/ES/1513Coop 2020: Final Technical Evaluation 
 

 

Figure 11: Environmental footprint of the pelletizing (IPCC 2013) 

 

Regarding the diesel boiler, this was replaced by a biomass boiler. The emissions from the 
biomass boilers are considered neutral. Hence, the saving emissions correspond to those 
emissions avoided by the use of the diesel boiler.  

In specific the diesel consumption dropped from 10000 L to 3000 L annually (70% savings) in 
2017. During the project implementation, there was a reduction of about 17.000l diesel. This 
reduction correspond to the 40tons CO2eq saving emissions, (2.3 kg CO2eq/kg fuel). 

In case that the emissions corresponding to the production of diesel at a refinery taken into 
account, the saving emissions are increasing to 8.5tn CO2eq  (0.508 kg CO2 eq/kg fuel). (Figure 
13) 
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Figure 12: Environmental footprint of the diesel production at a refinery (IPCC 2013) 

 

At this point, it is mentioned that the organic waste (olive pits) was used at fuel. Hence the 
volume of waste to be managed was reduced. 145and 230 tons of usable olive pits were 
produced in 2016 and 2017 (respectively) as raw material, around 10% was used for energy.  

 

3.13 Installation of chiller at Coop Cambrils facilities  
By the installation of the chiller, the biomass boiler will now also be used to generate the cold 
energy necessary to air condition the Agrobotiga and cool the refrigerators in the months that 
the olive harvest is not taking place. During the summer months (May-Sep), the saving electricity 
consumption is expected to be 18000kWhel.  
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In the following figure (Figure 14), the environmental footprint estimation for the electricity mix 
of Spain is provided.    

 

 

Figure 13: Environmental footprint of the electricity mix grid in Spain (IPCC 2013) 

However, the chiller achieved to reduce peak energy demands and the cost for Coop Cambrils 
during the olive oil production season (October-December). The biomass boiler produces hot 
water which power the machined used in the olive oil production process and it used to clean 
the ware house   

 

Demo farms  
Demo farms  2 &3 saw a 10% and 50% reduction (respectively) in energy consumption thanks to 
the measures implemented there. Taking into consideration the environmental footprint 
corresponding to the irrigation (0.181 kg CO2eq/m3). The  scale of the irrigation depends on the 
period the crops to be irrigated and the weather conditions  
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Overall reduction in energy consumptions 
Taking into consideration the overall electricity consumption reduction of about 20.32% 
(measured during the project and presented in the deliverable of B action), the estimated saving 
emissions are 163.7 tn CO2 eq.  In addition according to the measurements, the electricity bill 
for the farmers reduced by 20.06%. 

 

Electric van 
During the project, more than 10.000 km were driven by the electric delivery van. This means 
about 860 litres of diesel (consumption: 0.086 l/km). Taking into account the aforementioned 
distance, the saving emissions correspond to 2,3 tons of CO2eq 

 

4. Conclusions 
LIFE COOP2020 has shown that a new economic model, including energy savings and the 
introduction of renewable energy sources for agricultural cooperatives, is both environmentally 
sustainable and economically viable. A positive socioeconomic impact is achieved, both on the 
population of Gambrils and on the whole of the Baix Camp region. In addition, perceptions have 
been changed. Organic biomass traditionally seen as waste has been converted into a valuable 
input for energy generation, working towards a circular, stable and rural economy. It has also 
reduced the quantity of waste to be managed. 

Renewable energy has been produced through the installation of hybrid solar and Eolic power 
devices and the biomass boiler. Green technologies have been implemented in rural areas of 
Cataluña, Spain, bringing the communities one step closer to economic stability and jobs’ 
maintenance. Electricity costs were analysed in the facilities of Coop Cambrils and a series of 
measures were implemented, resulting in significant energy savings. 
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