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Executive summary 

 

In the line of Action 7, an integrated study in terms of techno-economic efficiency and 
environmental performance is carried out for the main processes considered in Italy and Spain 
(Actions 3-6) in order to:  

a) define techno-economic and environmental feasibility of using agricultural waste (AW) 
for crop cultivation in both open field and protected cultivations (greenhouse) in 
Mediterranean countries,  

b) assess and improve the current agricultural practices (conventional), equipment and 
techniques concerning their energy consumption and the associated impacts on the 
surrounding ecosphere and natural resources and 

c) identify the best available cultivation practices with respect to productivity and economic 
profit without any loss of marketable product yield.  
 

In the present study, agricultural waste management practices using both treated AW (organic) 
and conventional (chemical) fertilizers were analyzed and compared with conventional (only 
using chemical fertilizers) cultivation systems. The practices implemented in two demonstration 
areas located in Spain (Murcia and Albacete) and one in Italy (Albenga) between April 2013 and 
June 2015.  

As a follow-up of an assessment study conducted in terms of sustainability and described earlier 
in the Deliverable for Action 7 “LCA study” prepared by TUC (2014), this deliverable presents an 
integrated methodology that combines different assessment methods suitable to evaluate a 
wide range of different cultivation practices and agricultural products. In total, 18 sustainability 
(techno-economic and environmental) indicators for 8 different open-field and greenhouse 
cultivations of lettuce or barley were assessed in order to fully evaluate the cultivation processes 
involved in this study. 
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First, after careful screening of the literature for available techno-economic and environmental 
assessment methods widely used in agriculture, Energy Balance (EB) and Cost-Benefit 
Analysis (CBA) were selected for assessing the environmental/technical and the economic 
sustainability of the main processes considered in the present study, respectively. 

EB was carried out by using equivalent values that quantify the energy required for the 
production of lettuce or barley enabling the entire evaluation of their organic-based and 
conventional cultivations systems in terms of energy performance. The energy inputs included 
fossil fuels for farm machinery, human labor, electricity, irrigation water, organic and chemical 
fertilizers, pesticides, seeds and plantlets and greenhouse structure where appropriate. Ten 
environmental/technical indicators were assessed in the present study: input and output energy, 
net energy, direct and indirect energy, renewable and non-renewable energy specific energy, 
energy efficiency and energy productivity.  

EB results revealed higher input requirements for all organic cultivations studied compared to 
conventional ones. However, the significantly higher use of renewable energy in organic 
cultivation systems results from the application of greater amounts of organic fertilizers 
(compost) and human labor/machinery than in conventional systems. This indicates that 
mitigating greenhouse gas emissions through replacement of chemical fertilizer with organic 
ones is feasible. In terms of energy efficiency and productivity, organic cultivations score better 
in all cases studied.  

Additionally, CBA was conducted to enhance economic contribution of the main processes 
considered for the development of sustainable and economically sound systems. The economic 
inputs included fixed costs (land value and greenhouse structure) and variable costs, namely, 
chemical and organic fertilizers, pesticides, electricity and agricultural operations (hired labor for 
tillage, sowing or transplanting, agrochemicals and organic fertilizers applications, harvesting 
and the associated consumption of diesel fuel). Eight economic indicators were assessed in the 
present study: gross value, fixed and variable costs, total production per area or kg of product, 
gross and net returns, benefit to cost ratio and productivity. 

CBA results clearly showed an advantage of profitability to the organic cultivation systems in 
terms of gross and net return, total production cost per kg, benefit to cost ratio and productivity. 
The importance of including fixed costs in the economic assessment of protected cultivation 
systems was demonstrated as they significantly contributed to the overall cost of production. 
Furthermore, the higher gross value achieved in the organic systems outweighed the additional 
cost of compost for purchase and application compared to conventional cultivations.  

Overall, the present study showed the need of the application of an integrated methodology to 
evaluate both the environmental impacts caused by an agricultural practice as well as its 
economic viability. Results obtained in this integrated techno-economic and environmental 
assessment study can be extended to horticultural/cereal cultivations in the open-field and in 
greenhouse in other Mediterranean countries. 
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1. Introduction 
 

The worldwide concern over the emissions of greenhouse gases and their effects on the climate 

demand a deeper evaluation of possible changes in the management of agricultural systems 

(Guzmán and Alonso, 2008). Currently, irregular use of agro-intensive inputs (e.g fertilizers, 

biocides, energy) in agriculture to access higher crop yield, have rapidly resulted in decreasing 

the natural resources and considerably increasing the amount of contaminants on the 

surrounding ecosphere. However, looking at the future of eco-efficient farming, there is clearly a 

need for more research and investment directed into exploring potential use of sustainable 

practices, equipment and techniques for reducing the environmental impacts of current 

agricultural practices. In addition, the great challenge is to successfully perform the design of 

sustainable cultivations which can be economically competitive compared to conventional ones 

(Cerutti et al., 2011). To this context, the application of organic fertilizers which are made of 

animal manure or other agricultural wastes can significantly contribute to sustainability, also in 

terms of productivity and profitability. Organic fertilizers such as composts and manure can 

successfully provide the essential plant nutrients and enhance crop productivity, but also leave 

a beneficial residual effect on succeeding crops (Ghosh et al., 2004). 

However, in order to develop more sustainable crop production systems, researchers and 

decision-makers need now more information about the strengths and weaknesses of different 

fertilization systems with respect to productivity and environmental impacts within the 

ecosystems' carrying capacity. Another important issue that needs to be taken into account is 

the efficient use of energy resources in agriculture, which results in financial savings, fossil 

resources preservation and air pollution reduction. Therefore, assessment tools are required 

that allow for comprehensive techno-economic and environmental impact assessments of 

different crop management systems to enable their further development. 

2. Techno-economic and environmental assessment methods in agriculture 
 
The widely accepted definition of sustainable development was firstly formulated in 1987 as “the 

development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs” (Brundtland Report, 1987). According to this definition, 

sustainability is achieved through the integration of three inter-related features, namely social 

equity, economic viability and environmental protection (Santoyo-Castelago and Azapagic, 
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2014). To date, several techno-economic and environmental assessment methods have been 

developed for assessing the level of sustainability and identifying more friendly and sustainable 

options in several sectors, including solid waste management (Zurbrügg et al., 2014), 

construction industry (Whitehead et al., 2015) and energy (Dalton et al., 2015). However, 

applying techno-economic and environmental theory to agriculture is challenging due to different 

goals and mindsets of farmers and related experts/decision makers. Although many aspects of 

techno-economic and environmental accounting methodologies in crop production have already 

been investigated, the combined application of techno-economic and environmental indicators 

in the agricultural sector is still rare and is only found on limited studies concerning cultivations 

that are potentially used to generate bioenergy (Cerutti et al., 2011; Pereira et al., 2015). The 

main methodological approaches that have been recognized in the related literature are 

provided in brief below. 

 

2.1 Techno-economic assessment methods 
 

I. Techno-Economic Assessment (TEA) is a method to analyse both the technical and 

economic viability of a process (Chiaramonti et al., 2000; Sun et al., 2011). TEA is a very 

important and direction-steering tool when combining with process simulation and modelling in 

order to evaluate the feasibility economically. This method visualizes and analyzes the relations 

and interactions between technical and economic variables of a process, by connecting the 

technologies with their functions, performances and areas of application, and finally its utilities 

within the application areas and the potential markets (Quin and Davis, 2015). In some cases, 

TEA is used to identify what kind of additional technologies may be needed to support a 

technology/processing route for a certain application, by moving backwards the whole 

production process (from application to technology). The main disadvantages of TEA methods 

relate to worries about their subjectivity, arbitrariness and to worries about double-counting 

effects. While there is an ample catalogue of literature on using TEA methods in agro-energy 

cultivations (Chiaramonti et al., 2000; Jonker and Faaij, 2013; Taylor et al., 2013) there are so 

far only few studies on the cultivation of commercially available agricultural products (Cerutti et 

al., 2011; Perreira et al., 2015).  

II. Data Envelope Analysis (DEA) is an established and well-known methodology for non-

parametrically estimating the relative efficiency of a number of homogeneous units, commonly 

designated as Decision Making Units (DMUs) and target values for their improvement (Garcia 



7 

 

and Shively, 2011). Non-parametric estimation defines a method that it does not rely on 

assumptions and uses data that come from any specific production function. Using DEA, allows 

the decision makers to simultaneously consider several different inputs and outputs by 

comparing the efficiency of each DMU with that of an ideal operating unit (rather than to the 

average performance). So far, DEA methods have been used for benchmarking several 

different issues such as power production (Lee, 2015), transportation (Chen and Han, 2012) 

and decision making (Veni et al., 2012). Due to the advantages of the DEA approach, there is a 

large number of applications in evaluating the performance of DMUs in different issues 

However, it was only recently that DEA has been applied in agriculture, especially in evaluating 

new crop management options that are closely related to economic and environmental issues. 

Most DEA studies in the agricultural sector deal with efficiency from different points of view and 

they focus on various subject areas. Some subject areas of interest that commonly appear 

include environment, irrigation, productivity change, regional level evaluations and subsidies.  

III. Cost-Benefit analysis (CBA), sometimes called benefit-cost analysis (BCA), is a 

quantitative method used to ‘assess the relative desirability of competing alternatives in terms of 

the economic worth to society’ (Sinden and Thampapillai, 1995). It is widely used by 

governments and other organizations, such as private sector businesses, to appraise the 

desirability of a given policy. CBA helps to predict whether the benefits of technology (or policy) 

application outweigh its costs, and how much they are relative to other alternatives in terms of 

economic efficiency. It only considers the flow of real resource costs and the associated 

benefits, and excludes, for example, taxes and subsidies, which are regarded as transfer 

payments from one part of the economy to another (Commonwealth of Australia, 2006). Such 

an analysis can be performed when a project is being considered (prospective analysis), during 

operation of the project (a snapshot in time) or after the project end as a way of evaluating 

performance (retrospective analysis) (Zurbrügg et al., 2014). One of the main advantages of 

CBA is that this method is able to incorporate criteria/factors which cannot be easily expressed 

as a monetary value, or criteria which are inherently qualitative and therefore cannot be 

quantified such as environmental impacts. In the agriculture sector, CBA attempts to measure 

the value of all costs and benefits that are expected to result from the commercial crop yield.  

2.2 Environmental assessment methods 

 
I. Life Cycle Assessment (LCA) defined by ISO standard (ISO14040, 2006) as the compilation 

and evaluation of the inputs, outputs and potential environmental impacts of a product system 



8 

 

throughout its life cycle. The origin of LCA can be found in the late 1960s within an American 

industrial context (Hunt and Franklin, 1996) and numerous studies have been carried out in 

order to adapt this method to the agricultural sector (Audsley et al., 1997). Nowadays, LCA is 

considered a useful tool in order to compare alternative food products, processes or services, 

and as background for environmental product declaration (Hoogmartens et al., 2014; Bartzas et 

al., 2015a). The results of an LCA are commonly presented as impacts in a range of different 

impact categories such as global warming potential (GWP), acidification potential (AP), 

eutrophication potential (EP), ozone depletion potential (ODP), eco-toxicity potential (ETP), etc. 

(Pennington et al., 2004). However, as an optional step of the analysis these categories can be 

weighed against each other to produce an indicator of the total impact of a given amount of 

product.  

II. Ecological Footprint Analysis (EFA) was firstly introduced by Rees (1992) and further 

developed by Wackernagel and Rees (1996). This method results in an aggregated indicator 

which quantifies the total area of the terrestrial and aquatic ecosystems, is necessary to supply 

all resources utilised and can absorb all resulting emissions involved in the production of 

particular products. The indicator is considered an ecosystem-based index (Singh et al., 2009) 

because it is a composite index of different ecological parameters. Due to the reason that EFA 

results can be both scientifically robust and easy to understand by non-experts, this method 

acts as a useful pedagogic instrument that makes human dependence on ecosystems visible 

(Cuadra and Bjorklund, 2007). 

III. Emergy Analysis (EM) was formalised by Odum (1984) and it represents all the effort which 

has to be carried out by the environment and human labor to sustain a certain 

system/processing route and finally produce a given unit of product. This method is also called 

as Emergy Accounting and it uses the thermodynamic basis of all forms of energy inputs and 

materials used, converting them into equivalents of one form of energy, usually sunlight (Odum, 

1996). The result of this analysis quantifies how much a certain activity affects a system in 

terms of energy (Cuadra and Bjorklund, 2007) and indicates the sustainability of a production 

system from a thermodynamic point of view. Thus, EM is considered one of the most 

appropriate approaches for analysing the systems that are at the interface between natural and 

human systems (Bastianoni et al., 2001). However, EM has a serious limitation coming from the 

fact that the due to its extensive and ambitious scope, the emergy value of a process is usually 

estimated with a certain numerical uncertainty, which arises in all steps and from all emergy 

inputs used in the overall evaluation process (Ingwersen, 2010). 
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IV. Energy Balance (EB) produces several indicators from an energy input-output analysis of a 

system that quantify and evaluate its energy efficiency. The main principle of this method is that 

efficient use of energy is one of the main requirements of sustainable agriculture and eco-

efficiency (e.g. Strapatsa et al., 2006; Moreno et al., 2011). The EB is commonly used in 

agriculture for both financial and environmental reasons. From a financial perspective, energy 

expenditure in agricultural systems usually costs a lot of money and therefore high priority 

should be given for savings, especially in commercial/intensive agriculture. From an 

environmental perspective, energy use is associated with GHG (mainly carbon dioxide) 

emissions which have serious impacts to global climate change. Hence, energy efficiency is 

frequently used in combination with other environmental or economic indicators in order to 

define the best management strategies. The main advantage of EB in comparison with other 

environmental methods comes from its high level of flexibility in incorporating a large amount of 

detail in process representation and input data. While LCA also requires a large quantity of 

information (in particular for the input-output tables), this information is mainly based on related 

databases and calculations on several different impacts, which eliminates the need for lengthy 

and full rebalancing of the dataset in terms of only one parameter. This allows a detailed 

representation of processes and relevant economic mechanisms for EB analysis.  

3. Research Methodology  
 
The present study aims to conduct an integrated sustainability assessment of agricultural 

systems where techno-economic and environmental aspects are considered in parallel, 

enabling decision makers to incorporate different preferences for sustainability criteria and 

identify most sustainable options. The methodology uses as background the system and 

boundaries which has been described earlier in the Deliverable for Action 7 “LCA study”. By 

benchmarking the advantages and disadvantages of the methods provided in Section 2, EB and 

CBA were selected for assessing the environmental/technical and the economic sustainability of 

the main processes considered in this project, respectively. All cultivation cases considered 

were assessed for their techno-economic and environmental sustainability using the related 

indicators of the aforementioned methods. As a result, in total 18 sustainability (techno-

economic and environmental) indicators for each cultivation case were assessed in order to fully 

evaluate the processes involved in this project. 
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3.1 Objectives – Cultivations 

In the line of WasteReuse, an integrated study was carried out to evaluate both i) the techno-

economic performance and ii) the environmental profile of the main processes considered for 

demonstration activities related to Actions 3-6 of the project. To this context, the agronomic 

value of different treated and untreated organic wastes, regarding their suitability to improve 

crop production and quality was evaluated for crops widely cultivated in Spain and Italy such as 

vegetables and cereal. 

More specifically, a techno-economic and environmental assessment of crop production in 

Spain and Italy using agricultural wastes such as compost in both open field (OF) and standard 

greenhouse (GH) cultivations was performed in order to: 

i) evaluate new and more sustainable cultivation practices (organic) that have been 

applied and compared with conventional ones, 

ii) assess and improve the current agricultural practices (conventional), equipment and 

techniques concerning their energy consumption and the associated impacts on the 

ecosphere and natural resources. 

iii) identify critical processes for each crop system studied, from a techno-economic 

and environmental point of view 

In addition, the main processes affecting both techno-economic and environmental 

performance were identified with respect to productivity and the best cultivation practices were 

recognized without loss of product yield.  

 
As a result, the present study focused on eight cultivation cases representative of the actual 

crop/horticulture production in three different sites in Italy and Spain: 

  
Cultivation case 1: implementation of organic-based cultivation practices in open field 

production of lettuce in Italy (Albenga) (OF_IT_org) 

Cultivation case 2: implementation of chemical cultivation practices in open field production of 

lettuce in Italy (Albenga) (OF_IT_chem) 

Cultivation case 3: implementation of organic-based cultivation practices in greenhouse 

production of lettuce in Italy (Albenga) (GH_IT_org)  

Cultivation case 4: implementation of chemical cultivation practices in greenhouse production 

of lettuce in Italy (Albenga) (GH_IT_chem)  
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Cultivation case 5: implementation of organic-based cultivation practices in open field 

production of barley in Spain (Albacete) (OF_ES_org) 

Cultivation case 6: implementation of chemical cultivation practices in open field production of 

barley in Spain (Albacete) (OF_ES_chem) 

Cultivation case 7: implementation of organic-based cultivation practices in greenhouse 

production of lettuce in Spain (Murcia) (GH_ES_org)  

Cultivation case 8: implementation of chemical cultivation practices in greenhouse production 

of lettuce in Spain (Murcia) (GH_ES_chem)  

 

Agricultural waste management practices using both treated AW (organic) and conventional 

(chemical) fertilizers were analyzed and compared with conventional/traditional (only using 

chemical fertilizers) ones implemented in all cultivation cases studied. For simplicity reasons, 

the organic-based cultivation is called organic on the text followed. This comparison provides 

further information concerning techno-economic and environmental viability of the approaches 

involving the use of compost on widely cultivated crops in both open field and greenhouse 

production in the Mediterranean area (Spain and Italy).  

 

3.2 Data Acquisition – Status of Demonstration areas 

The present two-fold approach requires an in-depth data-collection process of both 

experimental and bibliographic data. In order to obtain the data required for this study, different 

data sources were used. Most of the data are raw/experimental data derived from the 

demonstration cultivations carried out in the experimental fields located in 

CERSAA/Albenga/Italy/IT (44°04'05.54''N - 8°12'45.51''E), Finca las Tiesas/Santomera/ 

Murcia/Spain/ES (39º 3´ 4,68" N- 2º 4´46,54" W) and Finca Tres Caminos/Barrax/Albacete/ 

Spain: (38º 06´ 34.3" N - 1º 02´16.7" W) using AW (compost) for sustainable agricultural 

production (Figure 2).  
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Figure 2. Map of demonstration areas of the WasteReuse project  

 

The main characteristics of the three demonstration areas and the cultivations studied in 

WasteReuse are provided in Table 1 (Bartzas et al., 2015b,c). Different yields were obtained 

from each cultivation case studied (see paragraph 3.1), as shown in Table 2. Wastage (Total 

yield – Marketable), which is the loss from handling and decay, varied from 3 to 9.1%, while no 

wastage was observed for barley production in open-field production (Spain). Previous studies 

reported that a crop yield reduction of 20% due to wastage is accepted as normal (Davis et al., 

2011; Strid and Eriksson, 2014), thus indicating that high quality of lettuce production was 

achieved in the present study for both fertilization options. 
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Table 1. Main characteristics of demonstration areas and associated cultivations studied 

Characteristics 
Demonstration areas 

Albenga (Italy) Barrax (Spain) Santomera (Spain) 

Geology Alluvial Marly limestones Alluvial and silty-
loamy clays 

Elevation (m a.s.l) * 0–25 700 50-100 

Climate Sub-humid 
Mediterranean 

Semi-arid 
Mediterranean 

Semi-arid 
Mediterranean 

Rainfall (mm/year) ~ 660 350-400 320-340 

Soil Sandy loam Sandy loam Sandy loam 

Agricultural 
production 

Fruit orchards, olive 
groves, horticultural 
crops, vineyards, 
maize and wheat 

Barley/sunflower, 
alfalfa, onions and 
vegetables 

Olive and citrus  

Cultivations under study 

Species Lettuce Barley Lettuce 

Experimental trials 
Open 
field/Greenhouse 

Open field Greenhouse 

Type of cultivation 
Transplanting (OF) / 

Sowing (GH) 
Sowing Transplanting 

Soil Silt loam Sandy-loam Sandy-loam 

Land use/arable (m2) 125 (OF)/ 180 (GH) 700 500 

Total experimental 
trials/Replicates 

2/2 (OF) / 3/4 (GH) 2 2 

Dimension of each 
block (m × m) 

2×1.5 (OF)/ 
2.5×1(GH) 

11×16 11×5.5 

Duration of each trial 
(days) 

35 (OF)/ 30 (GH) 186 71 

*a.s.l: above sea level, OF: open-field, GΗ: greenhouse 

 

Open-field and greenhouse yield values varied significantly in all cultivations considered, with 

the only exception the production yield of barley cultivation in Spain which was the same (~5.5 t 

ha-1) for both fertilization systems. However, a noticeable decrease than that of Italy) of yield for 

greenhouse cultivation of lettuce was observed in Spain for both cultivation practices.  
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Table 2. Production yield and wastage of the different cultivation cases studied in both 
demonstration areas. 

*Lettuce, **Barley 

 

Overall, product yield showed typical values for the production of barley in Spain (FAOSTAT, 

2015). With regard to lettuce, the same FAO statistical data reveal that open field lettuce yields 

obtained in this study (OF_IT_org) were almost two times higher compared to average values 

obtained in Italy for the period 2010-2112 (Figure 2), thus indicating the noticeable potential of 

the use of organic fertilization in lettuce production in terms of yield. 

 

Figure 2. Average lettuce production yields obtained in Italy, Spain, Greece, Europe (EU-27) 
and World covering the period 2010-2012 (FAOSTAT, 2015).  

 

Parameter Unit 
Cultivation demonstration areas 

Italy (IT) Spain (ES) 

Open-field  OF_IT_org* OF_IT_chem* OF_ES_org** OF_ES_chem** 

Total yield t ha-1 44 37.9 5.47 5.54 

Marketable yield t ha-1 40 34.5 5.47 5.54 

Greenhouse 
 

GH_IT_org* GH_IT_chem* GH_ES_org* GH_ES_chem* 

Total yield t ha-1 29.7 17 14.81 7.36 

Marketable yield t ha-1 27 15.5 14.37 7.14 
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However, quite the opposite conclusion can be drawn for the greenhouse lettuce cultivation 

using organic fertilizers (GH_ES_org) compared to average values achieved in Spain for the 

period 2010-2012. This disparity between lettuce yields organically produced in Italy and Spain 

clearly demonstrates the need to carefully consider and evaluate several other cultivation 

parameters such as amount of biocides and compost used, type of greenhouse etc. Finally, 

almost three times lower was the conventional greenhouse lettuce yield obtained in this study 

compared to the latest FAO statistical production data for Spain.  

 

3.3 Outline of methods 

This section looks at key aspects that need to be considered for the methods selected, namely 

EB and CBA, in the frame of an integrated sustainability assessment. The connections of the 

common input data that are of key importance to integrate these methods are also discussed in 

detail.  

3.3.1 Energy balance (EB) 
 
An energy balance study comparing 8 management cases of lettuce or barley grown in Italy and 

Spain was carried out in order to identify the most energy efficient system with regard to 

productivity. Energy inputs of the crop production included human labor, diesel fuel, machinery, 

chemicals fertilizers, chemical herbicide and water for irrigation; while output energy sources 

were lettuce heads and barley grains. It is important to note that solar energy, either in the form 

of radiation or heat, may be considered as an additional input energy source in the studied 

cases. However, previous studies have shown that solar energy is not normally taken into 

account, as it is a free subsidy in the techno-economic or environmental analysis of agricultural 

systems which in some cases could mask variations observed in the input of fossil energy 

(Rathke, 2007; Moreno et al., 2011). Τherefore, this source of energy was not included in the 

present study.  

Agricultural energy consumption in any cropping system can be categorized as either direct or 

indirect depending on the origin of their sources. Direct energy consumption refers to the energy 

used from primary or secondary fuel sources such as diesel and electricity, water for irrigation or 

human labor, while indirect energy, on the other hand, consists of the energy indirectly used on 

the farm. Major sources for indirect energy are agrochemicals (fertilizers and pesticides), seeds, 

machinery and water irrigation.  
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By using equivalent values (energy coefficients) that quantify the energy required for the 

production of output materials, energy inputs were estimated by converting material flows into 

energy flows. Some of the energy equivalents were obtained from the related literature, while 

some others were estimated using experimental data collected during the present study. The 

most important data sources used for the EB analysis of the cultivations studied as well as their 

origin and quality are provided in Table 3 and discussed in further detail below.  

 

I. Direct energy inputs 

1. Human Labor. The energy equivalent associated with labor may vary considerably, 

depending on the crop produced; and therefore it should be adapted to the actual cultivating 

and climate conditions of the study area (Moore, 2010). Therefore, in this study the energy 

coefficient of 1.96 MJ h-1 was selected, expressed in manpower per hour requirements for each 

field activity included (Canakci and Akinci, 2006). The labor-related energy input (MJ ha-1) at 

every stage of the crop production process was estimated by the following equation (Moore, 

2010): 

𝑳𝒂𝒃𝒐𝒓 𝑬𝒏𝒆𝒓𝒈𝒚 =
(𝑊 × 𝑇𝑖𝑚𝑒)

𝐴𝑟𝑒𝑎
 ×  𝐸𝐶 𝑙𝑎𝑏𝑜𝑟                                                             (1) 

where: 

Labor Energy = Manual Labor Energy (MJ ha-1) 

W = Number of Workers 

Time = Operating time (h) 

Area = Operating cultivated area (ha) 

EC labor = Energy Coefficient of labor (MJ h-1) 

2. Diesel fuel. The energy equivalent of diesel fuel adopted in this study (39.6 MJ L-1) included 

the heating value (enthalpy) of the fuel as well as the energy needed for mining, refining and 

transporting in order to be available at the farm (to farm gate) (Schramski et al., 2013).  
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Table 3. Energy equivalent values of inputs and outputs used in the present study 

Energy source Units MJ Source of data 

I. Direct energy inputs 

(1) Human labor h 1.96 
Canakci and Akinci, 2006; Reineke et al., 
2012; Kuswardhani et al., 2013; Schramski et 
al., 2013  

(2) Diesel fuel L 39.60 Reineke et al., 2012; Schramski et al., 2013 

(3) Electricity kWh 11.93 Mobtaker et al., 2010; Taki et al., 2012  

(4) Water for irrigation m3 1.02 Namdari 2011; AghaAlikhani et al., 2012 

II. Indirect energy inputs 

(5) Chemical fertilizers:    

- Nitrogen (N) kg 47.10 Canakci and  Akinci, 2006 

- Phosphorus (P2O5) kg 15.80 Canakci and  Akinci, 2006;Diepenbrock, 2012 

- Potassium (K2O) kg 9.28 Canakci and  Akinci, 2006; Diepenbrock, 2012 

- Magnesium Sulfate kg 2 Canakci and  Akinci, 2006 

- Microelements kg 120 
Canakci and  Akinci, 2006; Mobtaker et al., 
2010 

(6) Pesticides:    

- Herbicides kg 238 
Erdal et al., 2007; Namdari, 2011;Taki et al., 
2012 Diepenbrock, 2012 

- Fungicides Kg or L 216 or 168 Erdal et al., 2007; Taki et al., 2012 

- Insecticides kg 101.20 Erdal et al., 2007; Taki et al., 2012  

(7) Organic fertilizers    

- Compost kg 0.30 
Kuswardhani et al., 2013; Martin-Gorriz et al., 
2014 

(8) Soil Conditioners    

- Zeolite  0.84 Gantenbein et al., 2001 

(9) Machinery  62.70 Sahabi et al., 2013; Asetub, 2015 

(10) Greenhouse 
structure 

  
Calculated based on Canakci and  Akinci, 
2006 approach.  

(11) Seeds:    

- Lettuce kg 1 Bojaca and Schrevens, 2010 

- Barley kg 14.70 
Ozkan et al., 2004a,b; Sahabi et al., 2012; 
Zahedi et al., 2015 

(12) Plantlets    

- Lettuce kg 0.20 Martin-Gorriz et al., 2014 

III. Outputs    

(13) Lettuce heads kg 0.46 
Hatirli et al., 2006; Djevic and Dimitrijevic, 
2009; Kuswardhani et al., 2013 

(14) Barley grains kg 14.7 
Giampietro et al., 1992; Mobtaker et al., 2010; 
Zahedi et al., 2015 
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3. Electricity. Electricity is mainly consumed in open field cultivation for irrigation and pumping 

purposes. Water for irrigation was pumped from nearby wells by electric pumps. For this 

purpose, the power required for pumping water for a hectare of arable land in 1 h was quantified 

and then multiplied with the energy equivalent of 11.93 MJ kWh-1. (Mobtaker et al., 2010) in 

order to obtain the total consumption of electricity used. Energy for pumping water was 

calculated as follows: 

 

𝑬𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒊𝒕𝒚 (𝑬𝒑) =
(𝐻 × 𝑄 × 𝐸 × 𝑇 × 𝐿 × 𝐺)

3600 × 𝜀𝜌
                                                         (2) 

 

where Ep is the electricity consumed for pumping water for irrigation (MJ ha-1), g is the 

gravitational acceleration (m s-2), Q is the water flow rate (m3 ha-1), H is the well head, T is the 

irrigation time (h), L is the number of irrigation operations in one production cycle, E is the 

energy equivalent of electricity (11.93 MJ kWh-1) and ερ is the pumping efficiency depending on 

the pump unit (~0.8). 

 

4. Water for irrigation. The energy equivalent of water used for irrigation consists of the energy 

consumed for manufacturing the pumping units including pipes, valves, canal etc., as well as 

the energy for constructing ancillary equipment and on-farm buildings (AghaAlikhani et al., 

2012).   

II. Indirect energy inputs 

5. Chemical fertilizers. The energy equivalents of 47.10, 15.80, 9.28, 2 and 120 MJ kg-1 were 

selected in this study for Nitrogen (N), Phosphorus (P2O5) Potassium (K2O) fertilizers as well as 

for magnesium sulfate and other microelements, respectively (Canakci and Akinci, 2006). These 

values reflect the total energy required for production; infrastructure, transport of prime and 

intermediate materials to the plant and synthesis of the chemical components required. 

6. Pesticides. As in the case of fertilizers production, the energy equivalents of 238, 168 and 

101.2 (MJ ha-1) adopted in this study for herbicides, fungicides and insecticides, respectively 

(Erdal et al., 2007), included the energy required for production; infrastructure, transport of 

prime and intermediate materials to the plant and synthesis of the chemical components 

required.  
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7. Organic fertilizer (Compost). According to literature, the embodied energy of compost is a 

widely uncertain value. The main reason is to identify analytical assumptions such as feedstock 

types (inputs of animal manure, agricultural waste etc), or identify what processes, such as 

collection, processing, and delivery, that are included in the respective analyses. In the present 

study, the composting operation refers to agricultural waste with low inherent caloric content, 

thus the energy equivalent 0.3 MJ kg-1 proposed by Kuswardhani et al., (2013) and Martin-

Gorriz et al., (2014) was used as a reasonable estimate for the embodied energy of commercial 

compost applied in the organic cultivations studied. 

8. Soil Conditioner (Zeolite). The application rate of zeolite per hectare was relatively large 

(17.2 t ha-1 in Italy), but the energy required to produce a kilogram of zeolite is relatively small, 

0.84 MJ kg-1 according to literature (Gantenbein et al., 2001). 

9. Machinery. The embodied energy in agricultural machinery was calculated based on the 

energy consumed for the production of the tractors and agricultural machinery during their 

economic life-time. Therefore, the machinery energy input was calculated using the following 

Equation (Gezer et al., 2003): 

 

𝑴𝒂𝒄𝒉𝒊𝒏𝒆𝒓𝒚 (𝑴𝑬) =
(𝐺 × 𝑀𝑝 × 𝑡)

𝑇
                                                                              (3) 

 

where ME is the machinery energy per unit area (MJ ha-1); G is the machinery mass (kg); Mp the 

production energy of machinery (MJ kg-1); t is the time that the machinery used per unit area (h 

ha-1) and T is the economic life time of machine.  

10. Greenhouse structure. The embodied energy of the Italian and Spanish greenhouses was 

estimated based on the method proposed by Canacki and Akinci, (2003). Since in greenhouse 

cultivations there is great variability in the kinds of materials used (glass cover, plastic cover, 

etc.), as well as in geometry (single span, multi-span, arched roof, flat roof, etc.), the specific 

dimensions and operating parameters for the greenhouses considered in this study, were 

provided by the Spanish and the Italian partners. Greenhouses of 180 m2 (0.018 hectares) and 

500 m2 (0.05 hectares) were used for the experimental plots conducted in Italy and Spain, 

respectively, equipped with the necessary structures. The embodied energy for Italian and 

Spanish greenhouses was estimated at 278,535 and 201,870 MJ ha-1 respectively, over a 

lifetime of 15 years.   
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11. Seeds. Consumed energy for the amount of applied seed was based upon the total energy 

of barley grain compounds (14.70 kg MJ-1) and lettuce heads (1.00 kg MJ-1) as reported by 

Ozkan et al., 2004a,b and Bojaca and Schrevens, 2010, respectively.  

12. Plantlets. In the case of crops propagated by transplants, like lettuce, an additional amount 

of energy was included in order to consider the nursery stage. This value was obtained from 

Martin-Gorriz et al., (2014) for little gem plantlets (0.2 MJ kg -1).  

III. Energy ouputs 

13. Lettuce heads and 14. Barley grains. The energy output of the 8 different cultivation cases 

was calculated as a function of the marketable production, lettuce or barley, respectively. The 

energy outputs are simply the caloric content of the two crops harvested. Barley grains provide 

the highest conversion of weight to energy at 14.70 MJ kg-1 (Mobtaker et al., 2010), while 

lettuce heads contain only 0.46 MJ per kg produced (Kuswardhani et al., 2013). It is important 

to note here that energy output originated from agricultural residues (crop residues/wastage, 

organic waste etc.) was not included in the present study. 

Following the calculation of energy input and output equivalents, four techno-economic 

indicators, namely energy efficiency (also known as energy ratio), energy productivity, specific 

energy (energy intensity) and net energy were calculated based on the following equations (4)-

(7) (Mobtaker et al., 2010): 

𝑬𝒏𝒆𝒓𝒈𝒚 𝒖𝒔𝒆 𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑀𝐽 ℎ𝑎−1)

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑀𝐽 ℎ𝑎−1)
                           (4) 

The energy use efficiency is the ratio between the caloric content of the output products and the 

total sequestered energy in the production factors. This indicator calculates the influence of 

inputs expressed in energy units for obtaining output energy. To improve energy efficiency in a 

cultivation process, it is possible either to reduce the energy consumed in the inputs through 

optimization of energy use or to increase the product yield by reducing the losses due to 

wastage (Martin-Gorriz et al., 2014). 

𝑬𝒏𝒆𝒓𝒈𝒚 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒗𝒊𝒕𝒚 =
𝐶𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 (𝑘𝑔 ℎ𝑎−1)

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑀𝐽 ℎ𝑎−1)
                                  (5) 

Energy productivity calculates the amount of a product obtained per unit of input energy. The 

energy associated with inputs comes from different sources which can be classified as 
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renewable and non-renewable energy forms. Renewable energy consists of water for irrigation, 

human labor and seeds; whereas non-renewable energy includes machinery, diesel fuel, 

electricity, fertilizers and chemicals energy inputs (Mobtaker et al., 2010). 

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝑬𝒏𝒆𝒓𝒈𝒚 =
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑀𝐽 ℎ𝑎−1)

𝐶𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑  (𝑘𝑔 ℎ𝑎−1)
                                            (6) 

𝑵𝒆𝒕 𝑬𝒏𝒆𝒓𝒈𝒚 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑀𝐽 ℎ𝑎−1) −   𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡 (𝑀𝐽 ℎ𝑎−1)        (7) 

The net energy value displays the difference between the gross energy output produced and the 

total energy required. By carefully evaluating all previous indicators, it is possible to determine 

the direction of changes in the energy efficiency/productivity during agricultural production and 

in turn to explain these tendencies by attributing each change to various occurrences within 

each cultivation case. Energy use in all studied cases was calculated on a hectare (ha) basis. 

3.3.2 Cost benefit analysis (CBA) 
 

In order to conduct a techno/economic analysis of organic and conventional crop production for 

the 8 different cultivation cases described in Paragraph 3.1, a cost-benefit decision model was 

built using Microsoft Office Excel 2013. The basic unit was 1 ha of cultivated product (lettuce or 

barley). Primary data for CBA were collected via an excel template developed and provided to 

all partners involved in the open-field and greenhouse cultivations in WasteReuse (Spain and 

Italy), including both fixed and variable costs. More specifically, fixed costs of production 

included the value of arable land (own land) and properties (e.g greenhouse structure, pumping 

system etc.) over a lifetime of 15 years, while variable costs of production included current costs 

such as chemical fertilizers and pesticides, compost, zeolite, electricity and costs of agricultural 

operations. In this study, agricultural operations included hired labor for tillage, sowing or 

transplanting, agrochemicals and organic fertilizers applications, harvesting and the associated 

consumption of diesel fuel. Benefits were calculated from prices paid for marketable barley 

grains and lettuce units after harvest. Since the organic cultivations studied in this project used 

organic fertilizers along with chemical ones (in most cases), market price remained the same for 

both crop products (without price premium). Moreover, the economic outputs of lettuce and 

barley did not include the green residues (wastage) and straw yields, respectively. Table 4 

provides the main economic characteristics analyzed in the present CBA study as well as their 
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origin for all cultivations considered in both Italy and Spain. In this study taxes have been 

excluded. 

 

Table 4. Summary of all input (expenses) and output (income) used in the present CBA study 

 Units Italy 
Source of 
data 

Spain 
Source of 
data 

Fixed costs   

(1) Land value €/ha-1 7,000 DP 10,000*/7,000** DP 

(2) Greenhouse 
structure*** 

€/ha-1 46,000 CV 31,000 CV 

Variable costs   

(3) Chemical fertilizers:      

- KNO3 € kg-1   1.11 DP 

- Ca(NO3)2*4H2O € kg-1   0.525 DP 

- Complex N/P/K 
(19/9/12) 

€ kg-1 4 DP   

- Complex N/P/K 
(8/24/8) 

€ kg-1   0.35 DP 

- NAC 27 € kg-1   0.33 DP 

- KH2PO4 € kg-1   1.42 DP 

- Magnesium Sulfate € kg-1   0.55 DP 

- Fe € kg-1   13.67 DP 

(4) Pesticides:      

- Herbicides € kg-1 60 DP 25.01 DP 

- Fungicides € kg-1 65 DP 55*/12.3** DP 

- Insecticides € kg-1 40 DP N.A  

(5) Organic fertilizers      

- Compost € t-1 17 DP 25 DP 

(6) Soil Conditioners      

- Zeolite € t-1 1000 DP N.A  

(7) Electricity € kWh-1 0.23 
Eurostat 
(2014) 

0.21 
Eurostat 
(2014) 

(8) Diesel fuel € L-1 1.36 
European 
oil Bulletin 
(2015) 

1.07 
European 
oil Bulletin 
(2015) 

Outputs      

(9) Lettuce heads € kg-1 1.00 DP 1.00 DP 

(10) Barley grains € t-1 -  170 DP 

DP: Data sent from partners, N.A: Not applied; CV: Calculated Value, *Santomera (GH), **Barrax (OF), 
*** lifetime of 15 years. 
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In order to evaluate the financial performance of the 8 considered cultivation cases, the gross 

value of production, gross and net returns, total cost of production, benefit to cost ratio, and 

productivity were calculated using the following Equations: 

 

𝑮𝒓𝒐𝒔𝒔 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏 𝒗𝒂𝒍𝒖𝒆 =  𝐶𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 (𝑘𝑔 ℎ𝑎−1) ×  𝑃𝑟𝑖𝑐𝑒 (€ 𝑘𝑔−1)          (8) 

𝑮𝒓𝒐𝒔𝒔 𝒓𝒆𝒕𝒖𝒓𝒏 (𝒐𝒓 𝒈𝒓𝒐𝒔𝒔 𝒎𝒂𝒓𝒈𝒊𝒏) = 

𝐺𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 (€ ℎ𝑎−1) −  𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 (€ ℎ𝑎−1)      (9) 

𝑵𝒆𝒕 𝒓𝒆𝒕𝒖𝒓𝒏 = 

𝐺𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 (€ ℎ𝑎−1) −  𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 (€ ℎ𝑎−1)           (10) 

𝑩𝒆𝒏𝒆𝒇𝒊𝒕 𝒕𝒐 𝒄𝒐𝒔𝒕 − 𝒓𝒂𝒕𝒊𝒐 =
𝐺𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 (€ ℎ𝑎−1)

 𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 (€ ℎ𝑎−1)
                        (11) 

𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒗𝒊𝒕𝒚 =
𝐶𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 (𝑘𝑔 ℎ𝑎−1)

 𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 (€ ℎ𝑎−1)
                                                (12) 

 

Gross production value refers to all farm production that has been sold to market, while gross 

return (or gross margin) refers to the total income of the farmers earned by subtracting the 

variable costs. On the other hand, net return is the difference between gross return and total 

farm expenses (variable and fixed). The cost to benefit ratio compares the total production cost 

to the gross production value, whereas productivity weighs crop yield against total farm 

expenditures. 

These five techno-economic indicators usually provide different information on the overall 

profitability of the investment and might be traded off one against the other. For instance, an 

investor/farmer might prefer a cultivation project that has a low net return and a high gross value 

over a project with a very low gross value and high net return. This analysis helps to direct 

research and development efforts by identifying process parameters that have the greatest 

impact on overall economics. 

4. Results and discussion 
 

The main results of the two different methods (EB and CBA) used in the present study are 

discussed individually. Both techno-economic and agro-environmental indicators were used to 
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evaluate energy consumption, technical efficiency, environmental performance and economic 

viability, depending on the specific aim of each analysis carried out at each time. The results of 

this integrated study are based on real field and protected (greenhouse) conditions and are 

obtained from 8 experimental plots covering 3 demonstration areas in Italy and Spain.  

 

4.1 Energy Balance 
 
In order to understand the origin of the energy sources, where they are concentrated and how 

they affect energy balance, contribution analyses were carried out and are presented below for 

a) open-field and b) greenhouse cultivations. The energy performance results are expressed on 

per hectare basis (Tables 5 and 6) for the organic and conventional cropping systems studied, 

which include the energy inputs and outputs for lettuce and barley production.  

 

4.1.1 Contribution analysis of the energy input-output parameters for open-field 
cultivation in both demonstration areas (Albenga/Barrax) 
 

The inputs used in open-field cultivation of lettuce and barley in both demonstration areas and 

their energy equivalents, together with the energy equivalent of the yield are illustrated in Table 

5 and described below in more detail. In this Table, the last column provides the percentage of 

each input from the total energy inputs (100% corresponds to the values reported for the total 

energy input).  

 

4.1.1.1 Open field cultivations in Albenga/Italy (OF_IT) 
 

Based on the results of EB, the cultivation case of OF_IT_org exhibited the highest energy 

input, 75,362 MJ ha−1, among all cultivations studied (Table 5). The main reason was the high 

energy consumption for transplanting (34.50%), associated with its higher electricity and 

machinery requirements. This is in accordance with results given by Bojaca and Schrevens 

(2010), where transplants represented a share of 46% of the input requirements for the open-

field lettuce grown in Colombia. Transplanting was followed by the contribution of zeolite 

(23.18%) and compost (15.92%) production energy. It is noteworthy to mention that lettuce 

production under greenhouse in Italy used 20.8 t of zeolite and 40 t of compost per hectare. The 

total energy equivalent of chemical fertilizers consumption was placed fourth among the energy 

inputs; nitrogen input (12.49%) was ranked first followed by phosphate (2.26%) and potassium 
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(1.77%). In the OF_IT_chem lettuce cultivation, transplanting required almost two times higher 

(68.79% of the total) energy input compared to OF_IT_org, followed by nitrogen fertilizer 

(14.21%) and machinery (4.94%). Pesticides were the fourth input in terms of energy (1,438.8 

MJ ha−1), and represented 3.8% of the total energy requirements as a result of adding the 

indirect energy of herbicides (2.83%), fungicides (0.57%) and insecticides (0.40%). Results 

showed that energy embodied in the direct energy of human labor, diesel fuel, electricity and 

water for irrigation did not exceed 2% in any open-field cultivation in Italy. 

 

4.1.1.2 Open field cultivations in Barrax/Spain (OF_ES) 
 

The percentage distribution of the energy associated with the inputs of OF_ES cultivations is 

given in Table 5. It is evident that the greatest part of total energy input for OF_ES_org was 

consumed by diesel fuel (36.05%), followed by total pesticides (32.57%) and compost (11.73%). 

In the case of OF_ES_chem, total pesticides had the highest share in the energy input (39.31% 

of the total) followed by diesel fuel consumption (29.72%). The total energy equivalent of 

chemical fertilizers consumption was third among the energy inputs for OF_ES_chem and 

accounted for 16.05% of the total energy input, followed by nitrogen (12.49%), phosphate 

(2.98%) and potassium (0.58%). Previous studies have also reported that diesel fuel, pesticides 

and fertilizers were the most intensive energy inputs during barley production. In particular, 

Sahabi et al. (2013) found that for Iranian barley farms chemical fertilizers had the highest 

contribution in energy inputs (32.47%) followed by diesel fuel (24.74%), while Moreno et al. 

2011 reported that chemical fertilizers dominated the total energy consumption (62.74%) in 

Spanish rainfed barley production. Energy for electricity is ranked fourth, accounting for 7.73% 

and 6.46% for organic (OF_ES_org) and conventional cultivations (OF_ES_chem), respectively. 

The electrical energy is mainly utilized by electrical pumps for pumping groundwater from the 

extremely low depth of 87 m in Barrax/Spain. Similar trends for electricity and water for irrigation 

energy consumption have been reported in literature for irrigated barley cultivations in arid or 

semi-arid locations where deep aquifers exist (Azizi and Heidari, 2013; Ziaei et al., 2015).  

Finally, the seed energy consumed in both cultivations was 235.2 MJ ha-1. In a general view, 

this type of indirect energy input accounted for only 0.44 and 0.53% of the total energy inputs, 

for organic and conventional barley production. This result could be attributed to the low seed 

number used per unit area. Of all the inputs, machinery consumed almost 2.5% energy 

therefore indicating that the contribution of this energy source was negligible.  
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Table 5. Energy balance for open field production in Italy and Spain 

Energy sources 
Total energy equivalents (MJ ha−1) 

OF_IT_org*  (%) OF_IT_chem* (%) OF_ES_org** (%) OF_ES_chem** (%) 

Input         

Human labor 882 1.17 588 1.56 78 0.15 38.08 0.09 

Diesel fuel 538.56 0.71 388.08 1.03 19,364.4 36.05 13,226.4 29.72 

Electricity 453.34 0.60 262.46 0.69 4,151.64 7.73 2,875.13 6.46 

Water for irrigation 357 0.47 357 0.94 2,499 4.65 2,499 5.62 

Chemical fertilizers:         

- Nitrogen (N) 10,739 14.25 5,369.4 14.21 2,120 3.95 5,558 12.49 

- Phosphorus (P2O5) 1,706 2.26 853.2 2.26   1,327 2.98 

- Potassium (K2O) 1,336 1.77 668.16 1.77   260 0.58 

- Magnesium Sulfate         

- Microelements         

Pesticides:         

- Herbicides 1,071 1.42 1,071 2.83 17,326.4 32.26 17,326.4 38.93 

- Fungicides 216 0.29 216 0.57 168 0.31 168 0.38 

- Insecticides 151.8 0.20 151.8 0.40       

Organic fertilizers:         

- Compost 12,000 15.92   6,300 11.73   

Soil Conditioner:         

- Zeolite 17,472 23.18        

Machinery 2,439.03 3.24 1,868.46 4.94 1,467.18 2.73 990.66 2.23 

Greenhouse structure         

Seeds:         

- Lettuce         

- Barley     235.2 0.44 235.2 0.53 

Plantlets 26,000 34.50 26,000 68.79     

Total input 75,362 100 37,794 100 53,710 100 44,504 100 

Output 18,400 15,870 80,365 81,453 

*Lettuce, **Barley 
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Table 6. Energy balance for greenhouse production in Italy and Spain 

Energy sources 
Total energy equivalents (MJ ha−1) 

GH_IT_org*  (%) GH_IT_chem* (%) GH_ES_org* (%) GH_ES_chem* (%) 

Input         

Human labor 99.96 0.19 62.72 0.19 133.28 0.25 84.28 0.19 

Diesel fuel 114.444 0.21 49.5 0.15 118.8 0.22 99 0.22 

Electricity 453.34 0.84 453.34 1.39 1,455.46 2.69 1,455.46 2.99 

Water for irrigation 255 0.47 255 0.78 2,550 4.72 2,550 5.62 

Chemical fertilizers:         

- Nitrogen (N) 4,474.5 8.30 8,949 27.36 643 1.19 643 1.42 

- Phosphorus (P2O5) 711 1.32 1,422 4.35 79 0.15 79 0.17 

- Potassium (K2O) 556.8 1.03 1,136 3.40 292 0.54 292 0.64 

- Magnesium Sulfate     160.8 0.30 160.8 0.35 

- Microelements     35.44 0.07 35.44 0.08 

Pesticides:         

- Herbicides 1,071 1.99 1,071 3.27     

- Fungicides 216 0.40 216 0.66 168 0.31 168 0.37 

- Insecticides 151.8 0.28 151.8 0.46     

Organic fertilizers:         

- Compost 12,000 22.27   7,800 14.44   

Soil Conditioner:         

- Zeolite 14,448 26.81       

Machinery 771.21 1.43 395.01 1.21 1,141.14 2.11 583.11 1.29 

Greenhouse structure 18,569 34.46 18,569 56.77 13,458 24.91 13,458 29.67 

Seeds:         

- Lettuce 0.36 0.00 0.36 0.00     

- Barley         

Plantlets     26,000 48.12 26,000 57.32 

Total input 53,892 100 32,708 100 54,035 100 45,359 100 

Output 12,420 7,130 6,610 3,284 

*Lettuce
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4.1.2 Contribution analysis of the energy input-output parameters for greenhouse 
cultivation in both demonstration areas (Albenga/Santomera) 
 

The inputs used in the greenhouse cultivation of lettuce in both demonstration areas and their 

energy equivalents, together with the energy equivalent of the yield are illustrated in Table 6 and 

are described below in more detail. In this Table, the last column provides the percentage of 

each input from the total energy inputs (100% corresponds to the values reported for the total 

energy input).  

4.1.2.1 Greenhouse cultivations in Albenga/Italy (GH_IT) 
 
As can be seen from Table 6, among all energy sources analyzed, the highest energy 

consuming input was greenhouse structure, with 56.77% and 34.46% for conventional and 

organic greenhouse production of lettuce in Italy, respectively. In fact, Italian greenhouses, 

which are covered with glass instead of polyethylene as in the experimental cultivations 

conducted in Spain, presented higher energy input value (18,569 MJ ha-1) than Spanish ones 

(13,458 MJ ha-1). This material significantly increased the structure energy of the Italian 

greenhouses along with the energy requirements for their operation and maintenance. It is 

noteworthy to mention that chemical fertilizers represented 35.11% of the total energy input for 

the conventional treatment and only 10.35% of the total for the organic treatment. The three 

times lower chemical energy requirements for GH_IT_org compared to GH_IT_chem input 

treatments largely reflect the substitution of chemical fertilizers with the use of the organic 

mixture produced from compost and zeolite. The share of pesticides presented only 2.27% of 

the total energy input in the organic cultivation, while it was almost two times higher, 4.39%, in 

the conventional one. This suggests that organic cultivation required less weed control for 

obtaining maximum productivity (174%) compared to that that of GH_IT_chem. The 

contributions of the remaining direct energy inputs (diesel fuel, electricity, water for irrigation) 

were below 4%. In particular, due to low mechanization level in greenhouse production, human 

labor accounted for only 0.19% of total input energy for both cultivation cases. 

 

4.1.2.2 Greenhouse cultivations in Santomera/Spain (GH_ES) 
 

Contribution analysis showed that the greatest share of total energy input accounted for 

transplanting (48.12% and 57.32%), followed by greenhouse structure (24.91% and 29.67%), 

for GH_ES_org and GH_ES_chem, respectively (Table 6). Similar studies have also reported 
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that transplanting was the most intensive energy input in greenhouse systems (Kuswardhani et 

al. (2013); Neira et al., 2013). The total energy consumption of compost ranked third (14.4%) 

among the energy inputs of GH_ES_org cultivations, while the contributions of electricity, 

chemical fertilizers and machinery remained at low levels, namely 2.69%, 2.25% and 2.11%, 

respectively. With the same amount of irrigation water (2500 m3) applied in both fertilization 

systems, associated energy consumption varied proportionally, 4.72% and 5.62% for 

GH_ES_org and GH_ES_chem, respectively. Finally, of all the inputs, pesticides in the form of 

fungicides consumed around 0.3-0.4% energy in both crop management options with an 

average application rate of 1L ha-1, thus indicating that Spanish greenhouses did not rely on 

biocides compared to Italian ones. However, this difference may reflect the higher (almost twice) 

production yield of lettuce in Italy compared to the respective protected cultivation systems in 

Spain.  

 

4.1.3 Analysis of the energy balance for both open-field and greenhouse cultivation 
 
The energy input and output, output of yield, direct and indirect energy, net energy, non-

renewable and renewable energy, energy use efficiency, specific energy and energy 

productivity of both open-field and greenhouse production in Italy and Spain were calculated 

using Eqs. (4)–(7), are summarized in Table 7 and described below. Overall, there is a high 

heterogeneity between agronomical practices and input application in all cultivation cases 

studied, which is reflected in the large variation of their energy-related parameters. 

Energy input-output: In general, the energy requirements for the open-field cultivations were 

slightly greater than the greenhouse ones for both crop products (lettuce or barley). More 

specifically, the total energy input in open-field cultivations ranged from 37,794 to 75,362 MJha-1 

while that of greenhouse cultivations from 32,708 to 54,035 MJ ha-1. This is mainly the result of 

the greater application rates of energy-intensive chemical fertilizers applied in the open-field 

(almost twice) than under greenhouse conditions.  

With respect to fertilization options, the highest energy outputs were recorded for barley in all 

cases (both higher yields and yield energy). Out of the 6 cultivation cases analyzed for lettuce 

production, higher input requirements were reported for all organic cultivations compared to 

conventional ones. Organic cultivations consume more energy because greater quantities of 

compost are incorporated into the soil.   
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Table 7. Summary of the main energy indicators calculated in the present EB study 

Parameters Units 
Italy Spain 

Organic Chemical Organic Chemical 

Open field  OF_IT_org* OF_IT_chem* OF_IT_org** OF_ES_chem** 

Input energy MJ ha-1 75,362 37,794 53,710 44,504 

Output energy MJ ha-1 18,400 15,870 80,365 81,453 

Yield of output t ha-1 40,000 34,500 5,467 5,541 

Direct energy MJ ha-1 28,231 27,596 26,328 18,875 

Indirect energy MJ ha-1 47,131 10,198 27,381 25,630 

Net energy MJ ha-1 - 56,962 - 21,924 26,655 36,948 

Renewable 
energy 

MJ ha-1 39,239 26,945 9,112 2,773 

Non-renewable 
energy 

MJ ha-1 36,123 10,849 44,597 41,731 

Energy use 
efficiency 

- 0.42 0.24 1.83 1.50 

Specific energy MJ kg-1 1.10 1.88 8.03 9.82 

Energy 
productivity  

kg MJ-1 0.91 0.53 0.12 0.10 

Greenhouse 
 GH_IT_org

* 
GH_IT_chem* GH_ES_org* GH_ES_chem* 

Input energy MJ ha-1 53,892 32,708 54,035 45,359 

Output energy MJ ha-1 12,420 7,130 6,610 3,284 

Yield of output t ha-1 27,000 15,500 14,370 7,140 

Direct energy MJ ha-1 923 821 4,258 3,938 

Indirect energy MJ ha-1 52,969 31,887 49,778 41,421 

Net energy MJ ha-1 - 41,472 - 25,578 - 47,425 - 42,075 

Renewable 
energy MJ ha-1 12,355 318 36,483 28,634 

Non-renewable 
energy MJ ha-1 41,537 32,390 17,552 16,725 

Energy use 
efficiency 

- 0.23 0.22 0.12 0.07 

Specific energy MJ kg-1 2.00 2.11 3.76 6.35 

Energy 
productivity  

kg MJ-1 0.50 0.47 0.27 0.16 

 Lettuce, ** Barley  
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With regard to barley production in Spain, both cultivations presented very similar energy 

outputs: 80,365 MJ ha−1 and 81,453 MJ ha−1 for organic and conventional, respectively. 

Previous studies showed that the amount of energy output in the production of one hectare of 

rainfed barley was 24,000 MJ ha-1 for conventional cultivation in a semi-arid region of Castilla-La 

Mancha in Spain (Moreno et al., 2011) and 71,525 MJ ha-1 in mountain weather conditions in 

Iran (Mobtaker et al., 2010) which are, respectively 70% and 11% less than the energy output 

calculated in this study. As it is probable, the use of 2500 m3 ha-1 irrigation water in the open 

field production of barley in a semi-arid region of Central Spain (Barrax) significantly improved 

output productivity, as resulted from this study. Nevertheless, higher energy was consumed for 

diesel fuel. 

Overall, even though it seems that organic cultivations required higher amount of input energy 

than conventional, in this study, they produced higher rate of output energy. This is of particular 

interest where the difference between the two systems is only the result of a switch from 

chemical to organic fertilizers, and where there is greater potential to obtain high productivity 

from that change, while at the same reducing the use of non-renewable energy. 

Direct and Indirect Energy: In this study, direct energy included human labor, diesel fuel, 

water for irrigation while indirect energy included seeds/transplants chemical/organic fertilizers, 

pesticides, machinery and greenhouse structure (if available). Under the two different 

fertilization options investigated, direct energy was reported in a range between a minimum of 

821 MJ ha−1 for GH_IT_chem to a maximum of 28,231 MJ ha−1 for OF_IT_org.. Direct energy 

inputs were relatively small in open-field systems, whereas by far more energy for diesel fuel 

and labor was used compared with greenhouse cultivations. Direct energy consumption in the 

form of irrigation water and energy required for the operation of machinery were almost similar 

for OF and GH systems. In particular, obtained results confirmed those reported by 

Kuswardhani et al. (2013) where machinery did not affect direct energy consumption in 

greenhouse and open field lettuce production in West Java, Indonesia. 

In relation to direct inputs of barley production, diesel fuel was the main energy input, 

accounting for 29.72% and 36.05% of the total energy requirements in OF_ES_chem and 

OF_ES_org, respectively. This was followed by electricity, representing about 7% in both 

fertilization options contemplated. These results are in good agreement with Sahabi et al. (2013) 

that reported similar direct input share for diesel fuel (24.74%) and electricity (10.71%) in 

irrigated barley production probably due to the same crop management followed, especially N 

fertilization, and to the applied energy equivalents used.  
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On the other hand, the maximum use of the indirect energy was 52,969 MJ ha−1 in the organic 

production of greenhouse-grown lettuce in Italy followed by the relevant cultivation in Spain 

(49,778 MJ ha−1) due to high energy consumption for greenhouse structure and the production 

and application of organic fertilizers. For example, indirect energy use was up to 5 times higher 

in OF_IT_org than in OF_IT_chem mainly due to the large amount of compost (40 t/ha) and 

zeolite (20.8 t ha−1) applied. With respect to conventional systems, chemical fertilizers made the 

highest contribution to total indirect energy inputs (up to 67.6% in OF_IT), wherein nitrogen was 

the most important energy contributor (55-86%). Indirect energy input in OF_IT_chem was the 

lowest (10,198 MJ ha-1) owing to the low proportion of chemical fertilizers applied in the form of 

nitrogen (114 kg ha-1).  

Net Energy: Net energy (Output–Input) ratio is one of the essential productivity indicators that 

provides an understanding of the efficiency of crop cultivations. In fact, only barley production in 

the open field yielded positive net energy (26,656 and 36,948 MJ ha-1), that is, its energy 

outputs were greater than the energy inputs considered. This is due to their territorial 

importance and the high energy content of their output. All of the other cultivation cases 

investigated in the present study, involving only lettuce, produced negative net energy values 

varied from – 21,924 to – 56,962 MJ ha-1, thus indicating that lettuce production is energy 

intensive and imbalanced. These results are consistent with those reported in the literature for 

open-field and greenhouse lettuce production (Neira et al., 2013; Kuswardhani et al. 2013) 

Renewable and Non-Renewable Energy: Results revealed that the total energy inputs used in 

both greenhouse and open field lettuce production were mostly depended on the non renewable 

form of energy. Renewable energy for conventional cultivation systems ranged from 318 MJ 

ha−1 for lettuce grown under greenhouse in Italy to 28,634 MJ ha−1 for the respective lettuce 

cultivation in Spain. On the other hand, renewable energy consumed on organic cultivation 

systems varied from 12,355 MJ ha−1 for lettuce grown under greenhouse in Italy to 39,239 MJ 

ha−1 for lettuce grown open-field in Spain. In general, the significantly higher use of renewable 

energy (up to 62% in GH_ES_org) in organic cultivation systems results from the application of 

greater amounts of human labor, compost and zeolite compared to conventional systems. This 

is also confirmed by other studies, showing that organics systems consumed more renewable 

energy than conventional systems for the production of horticultural crops (Neira et al., 2013; 

Razavinia et al., 2015). In particular, Kuswardhani et al. (2013) reported that renewable energy 

accounted for 54% of the total energy consumption in greenhouse lettuce production. Results 

obtained in this study showed that there is significant potential for energy savings for all organic 
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cultivations systems investigated when compared to their related conventional systems. In fact, 

organic production saves much more energy on pesticides (mainly herbicides) and chemical 

fertilizers (especially nitrogen, which contributes the most and seriously threatens the 

environment due to its several transformation pathways and inherent embodied energy). 

Consumption of non-renewable energy in barley production systems was very high for both 

fertilization options, indicating that these systems rely mainly on the extensive use of fossil fuels 

and chemical fertilizers. In these production systems, high consumption of fossil resources and 

chemicals results in higher yields but also threatens fertility of soil and weakens the economic 

independence of cultivators.  

Energy use efficiency: The energy use efficiency defines the amount of product produced 

when one unit of energy is used. According to eco-efficiency principle, energy use efficiency 

should be more than one; thus, producing more (output) from less (input). To this context, 

results obtained in this EB study showed that the energy use efficiency of all cultivation cases 

(organic and conventional) of lettuce considered was less than one; this means that energy 

input is greater than energy output of the yield. For barley production in Spain, energy use 

efficiency was calculated as 1.83 and 1.50 for organic and chemical/conventional systems, 

respectively. The values of energy use efficiency indicated that the cultivations using compost 

were more efficient in the use of energy for both lettuce and barley production in Italy and Spain.  

While organic cultivations score better than conventional ones in terms of energy use efficiency, 

the case is not so clear regarding lettuce cultivation under greenhouse in Italy. In that case, both 

fertilization options showed quite similar energy use efficiency values (0.22-0.23) as a result of 

the very low energy consumed (32,708 MJ ha−1) in the GH_IT_chem. In all cultivation cases 

studied, lettuce production in the greenhouse exhibited lower values (0.07-0.23) than open-field 

ones (0.24 - 0.42). This result could be attributed to the high structure and human labor 

energies used in greenhouse cultivations.  

Energy use efficiency was calculated with its lowest values 0.12 and 0.07 in the organic and 

conventional greenhouse cultivations in Spain, respectively, indicating the inefficient use of 

energy under these cultivation options. Saving electricity consumption by changing agronomic 

operations and irrigation techniques (close-loop instead of open-loop) could help to improve 

field energy efficiency and therefore to reduce the associated GHG emissions. This is quite 

feasible since greenhouse cultivations in Spain consumed four times more non-renewable 

energy than in Italy. On the contrary, the highest efficient use of energy (0.42) for lettuce 

production was calculated in the open-field cultivation in Italy using compost and zeolite. In that 

case, energy output of lettuce yield was 40,000 MJ ha-1, suggesting more than 74% increase 
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compared to conventional GH_ES system. These findings are in general in agreement with 

those obtained by Neira et al. (2013) for the case of lettuce in the Mediterranean region. 

Specific energy: Specific energy consumption is defined as the energy required for producing 

one kg of a product and therefore it is usually used when comparing different agricultural 

products. Generally, the lower the value of specific energy, the more energy efficient is the 

cultivation studied. For greenhouse cultivations, the specific energy was below 0.25 in seven 

seasons under conventional management, in eight seasons under conservation management, 

and in five under the organic farming system. With respect to fertilization options, the specific 

energy in MJ per kg of lettuce product was 2.29 for organic and 3.45 for conventional 

cultivations, thus indicating clearly that organic fertilizers efficiently .consumed energy input and 

produced adequate yield. Total specific energy consumption was 8.03 and 9.82 for the organic 

and conventional barley cultivations, respectively. 

Energy Productivity: Energy productivity is a measure of the environmental effects associated 

with the production of crops (Moreno et al., 2011). Concerning energy productivity, in the 

present study there were significant differences between organic and conventional systems. 

More specifically, the average energy productivity of lettuce production was 0.91 and 0.39 in 

open-field and greenhouse organic cultivation, respectively. By comparison, in an organic 

farming in Andalusia, southern region of Spain, Neira et al. (2013) investigated the energy 

balance of 18 different horticultural crops (garlic, artichoke, aubergine, courgette, pumpkin, 

cabbage, cucumber, melon, celery, broccoli, onion, beans, lettuce, pepper, tomato, potato, and 

carrot) and reported that their average energy productivity was 0.18 under greenhouse 

cultivation. Similarly, in an irrigated open-field cultivation of lettuce at the semi-arid Segura River 

Basin (Southeast Spain), Martin-Gorriz et al. (2014) reported its energy use efficiency as 0.16. 

Hence, higher energy productivity of both open-field and greenhouse lettuce grown was 

achieved in the present study compared to previous studies indicating that optimum productivity 

conditions prevailed when organic fertilizers used. On the contrary, the lowest energy 

productivity values were achieved in the OF_ES_org (0.12) and OF_ES_chem (0.10) 

cultivations of barley in Spain. This means that only 0.12 kg of barley grains are produced under 

organic fertilization per unit of energy (MJ) consumed. These values are higher/or equal to 

those reported by Moreno et al. (2011) for organic (0.02) and conventional (0.10) barley growing 

in the semi-arid region of Castilla-La Mancha, central Spain. 

Overall, the obtained results can be helpful in suggesting farmers what kind of fertilizers 

(chemical, organic or mixed) should they use in order to have a better energy efficiency, energy 
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productivity and lower energy input per kg of product. However, it is clear that a complete EB 

analysis for sustainability efficiency and optimum environmental performance should also take 

into account financial information, as that is likely to be of more direct importance to farmers, 

agripreneurs and related experts in their decision making. 

 

4.2 Cost Benefit Analysis 
 

Total cost of lettuce and barley production in open-field and greenhouse systems and their 

gross value, net return, benefit to cost ratio and productivity were calculated using Eqs (8)-(12) 

(paragraph 3.1) and are shown in Table 8. Additionally, the costs of all inputs, fixed and variable 

cost values calculated in the present study are given in Table 9. 

The comparative analysis of the results obtained from the CBA conducted for the two cultivation 

systems, conventional and organic-based, clearly showed an advantage of profitability to the 

organic cultivation system in terms of gross and net return, total production cost per kg, benefit 

to cost ratio and productivity. As shown in Table 8, total cost of lettuce production under 

greenhouse ranged from 6,672 € ha-1 in GH_ES_chem to 14,123 € ha-1 in GH_IT_org while the 

gross value of production found to be 7,140 € ha-1 and 27,000 € ha-1, respectively. 

The primary reason for this pattern was the low gross value achieved in the GH_ES_chem 

cultivation along with the higher consumption of electricity (that accounted for 46.28% of the 

total variable costs), even though the fixed and variable costs of GH_IT_org were two and three 

times greater than in GH_ES_chem, respectively. On the other hand, the greenhouse system 

examined in Italy used a much higher level of costly technology (greater plant density, advanced 

drip irrigation system, higher organic and inorganic fertilizer rates) and resulted in higher yield 

over space (27,000 € ha-1 in Italy versus 7,140 € ha-1 in Spain).  

In relation to variable costs, agricultural operations were the main input in greenhouse 

cultivations (except for GH_IT_chem), accounting for 51.74%, 58.20% and 46.76% of the total 

variable requirements in GH_IT_org, G_ES_org and GH_ES_chem, respectively. Especially for 

the GH_IT_chem, the chemical fertilizers were responsible for approximately 59% of the 

variable costs due to the higher application rates (i.e 190 kg ha−1 of N in Italy versus 60 kg ha−1 

of N in Spain) and fertilization cost per kg product (i.e 4 € kg−1 in Italy versus 0.35 € kg−1 in 

Spain as shown in Table 6). It is therefore obvious that a balanced relationship between fertilizer 

rates and prices should be taken into account for cost saving and maximum productivity.   
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Table 8. Summary of the CBA results obtained in the present study for the open-field and 
greenhouse production of lettuce and barley in Italy and Spain 

Parameters Units 
Italy Spain 

Organic Chemical Organic Chemical 

Open field  OF_IT_org* OF_IT_chem* OF_IT_org** OF_ES_chem** 

Crop yield t ha−1 40,000 34,500 5,467 5,541 

Sale price € kg−1 1 1 0.17 0.17 

Gross value € ha−1 40,000 34,500 929 942 

Fixed costs € ha−1 1,023 1,023 368 368 

Variable costs € ha−1 28,192 24,573 1,850 1,199 

Total production 
cost per area € ha−1 

29,215 25,596 4,301 3,165 

Total production 
cost per kg € kg−1 

0.73 0.74 0.41 0.28 

Gross return € ha−1 11,808 9,927 -1,288 -625 

Net return € ha−1 10,785 8,904 -1,656 -993 

Benefit to cost 
ratio 

- 1.4 1.3 0.4 0.6 

Productivity kg €−1 1.4 1.3 2.5 3.5 

Greenhouse  GH_IT_org* GH_IT_chem* GH_ES_org* GH_ES_chem* 

Crop yield t ha−1 27,000 15,500 14,370 7,140 

Sale price € kg−1 1 1 1 1 

Gross value € ha−1 27,000 15,500 14,370 7,140 

Fixed costs € ha−1 6,589 6,589 3,986 3,986 

Variable costs € ha−1 7,534 6,818 4,976 2,686 

Total production 
cost per area € ha−1 

14,123 13,407 8,962 6,672 

Total production 
cost per kg € kg−1 

0.52 0.86 0.62 0.93 

Gross return € ha−1 19,466 8,682 5,408 468 

Net return € ha−1 12,877 2,093 1,422 -3,518 

Benefit to cost 
ratio 

- 1.9 1.2 1.6 1.1 

Productivity kg €−1 1.9 1.2 1.6 1.1 

* Lettuce, ** Barley 
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Table 9. Summary of all input, variable and fixed costs of open field and greenhouse lettuce or barley production in Italy and Spain. 

Inputs 
Total cost (€ ha−1) 

OF_IT_org*  (%) OF_IT_chem* (%) OF_ES_org** (%) OF_ES_chem** (%) 

Chemical fertilizers: 2,400 8.51 1,200 4.88 55 2.97 233 19.43 

Pesticides: 395 1.40 395 1.61 445 24.05 445 37.11 

Electricity 389 1.38 389 1.58 444 24.00 323 26.94 

Organic fertilizers:         

- Compost 680 2.43   650 35.14   

Soil Conditioner:         

- Zeolite 172 0.61       

Agricultural operations 24,156 85.68 22,589 91.93 256 13.84 198 16.52 

Variable costs (€ ha−1) 28,192 96.50 24,573 96.00 1,850 83.41 1,199 76.52 

Fixed costs (€ ha−1) 1,023 3.50 1,023 4.00 368 16.59 368 23.48 

Total costs (€ ha−1) 29,215 100 25,596 100 2,218 100 1,567 100 

Inputs 
Total cost (€ ha−1) 

GH_IT_org*  (%) GH_IT_chem* (%) GH_ES_org** (%) GH_ES_chem** (%) 

Chemical fertilizers: 2,000 26.55 4,000 58.67 132 2.65 132 4.91 

Pesticides: 395 5.24 395 5.79 55 1,11 55 2.05 

Electricity 389 5.16 389 5.71 1,243 24.98 1,243 46.28 

Organic fertilizers:         

- Compost 680 9.03   650 13.06   

Soil Conditioner:         

- Zeolite 172 2.28       

Agricultural operations 3,898 51.74 2,034 29.83 2,896 58.20 1,256 46.76 

Variable costs (€ ha−1) 7,534 53.35 6,818 50.85 4,976 55.52 2,686 40.26 

Fixed costs (€ ha−1) 6,589 46.65 6,589 49.15 3,986 44.48 3,986 59.74 

Total costs (€ ha−1) 14,123 100 13,407 100 8,962 100 6,672 100 
*Lettuce, **Barley 
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In the open field, the net return of lettuce production was higher, 10,787 € per hectare, when 

organic fertilizers were used, while the rate of return on gross value was 27%. On the contrary, 

the net return value for conventional open-field production of lettuce in Italy was 17.5% lower 

(8.904 € per hectare), with a rate of return on gross value of 26%, thus indicating that both 

systems exhibited quite similar benefits per total cost. However, with respect to fertilization 

options, the total production cost per kg of lettuce cultivated under greenhouse was almost 35% 

lower in organic systems compared to inorganic ones. In other words, the CBA results for 

lettuce GH production in Italy and Spain showed that the mean gross margin or profit per kg 

produced was 0.35 € higher when organic fertilizers were used. Overall, the net return for the 

conventional production of lettuce was more variable and therefore more risky.  

It is noteworthy to mention that according to the CBA results obtained in the present study, the 

open field cultivations of barley in Italy were unprofitable as both presented negative gross and 

net return values. The reason behind this non-profit investment were the low gross value of 

barley production (average 935 € ha-1 without taking into account barley straw profit) achieved in 

both fertilization options as well as the extremely high cost of pesticides applied which 

accounted for 24.05% and 37.11% of the total variable costs, for OF_ES_org and 

OF_ES_chem, respectively. Besides, the long-term economic evaluation for barley is 

complicated by the fact that barley is a perennial crop and therefore, there are differences in 

stand establishment and production lifetime. Previous studies conducted in the Mediterranean 

region (Italy and Spain) have shown that economic benefits arise when barley is rotated with 

other crops since the previous crop provides residual soil fertility and pressure for chemical 

fertilizers and pesticides (Bechini and Castoldi, 2009; Moreno et al., 2011). In particular, Bechini 

and Castoldi, (2009) reported that gross values of 1598 € ha-1 could be achieved when barley 

was rotated with maize and wheat. In any case, certain costs may not affect the final decision-

making process for investment if alternative options are applied. For example, machinery can be 

shared between producers and cultivated land can be rented, thereby reducing the total 

cultivation cost per hectare. 

Moreover, CBA results showed that about 96% of the total expenditure in the open-field 

cultivation of lettuce in Italy were variable costs, whereas about 4% were fixed costs. In the 

greenhouse systems, fixed costs accounted for 45-50% of the total cost of production, as a 

result of the costs involved in the initial investment depending on the type of greenhouse and 

the construction materials used (i.e. glasshouse, multi-tunnel, screenhouse) as well as the 

technology applied (i.e. heating, roof ventilated). These results are coherent with those reported 
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in a study conducted by Engindeniz and Tuzel (2006), wherein fixed costs represented about 

46% of the total cost for Turkish lettuce production in greenhouse systems.  

One of the most interesting findings of the present CBA study was the higher average benefit to 

cost ratio value of organic fertilized systems (1.6) for lettuce production compared to inorganic 

ones (1.2). In particular, the higher benefit to cost ratio (1.9) was recorded for the OF_IT_org 

while it was only 1.2 for the corresponding chemical treatment, suggesting that organic systems 

are more economically sound compared to conventional ones, even though when cost for 

organic fertilization is added in the total production cost. Nevertheless, the higher productivity 

(almost twice) of organic cultivations achieved in this study versus conventional, far outweighed 

the higher total production cost. Overall results denote lower risk management and higher 

income for farmers during organic farming in comparison with the conventional one. In any 

case, CBA is a key tool that needs to be considered in fertilization option planning along with the 

energy requirements in agricultural farms to fully determine the economic viability of production. 

5. Conclusion 
 

In the present study, in the frame of WasteReuse project, an integrated techno-economic and 

environmental assessment of 8 cultivation cases implemented in the demonstration areas in 

Italy and Spain has been performed. To this context, the methods of Energy Balance (EB) and 

Cost-Benefit Analysis (CBA) were used for assessing the environmental/technical and the 

economic sustainability of the main processes considered, respectively. 

 

The results of both energy-related and economic indicators, 18 in total, show a clear advantage 

of organic systems in terms of productivity, energy efficiency, and economic benefit. The main 

outcomes of this integrated study were as follows: 

 

 There were significant differences in yield in favor of organic compared to conventional 

cultivation. Average organic lettuce yield per ha was 64% higher versus conventional 

indicating that replacement of a fraction of chemical fertilizers with compost appears to 

be a good agronomical solution for lettuce crops, in both open-field and greenhouse 

systems. 

 The average energy inputs for the organic open-field and greenhouse cultivation 

systems were 60% and 40% higher than those of the conventional ones, respectively, 
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mainly due to the higher consumed energy for compost production and 

machinery/labor/operations required for its application.  

 Conventional systems had the highest net energy production (up to 36,948 MJ ha-1 in the 

OF_ES_chem), whereas organic production had the highest energy productivity (up to 

0.91 in the OF_IT_org).  

 Although organic lettuce production was energy imbalanced with significantly higher 

negative obtained net energy values (up to -56,962 MJ ha-1 in the OF_IT-org) compared 

to conventional systems, in all cases it was 50% (on average) more energy efficient.  

 Organic production consumed more renewable energy (about 40% of the total on 

average) for both lettuce and barley cultivations. This sustainable benefit of the organic 

systems was the result of the replacement of the fossil-based chemical fertilizers used 

for conventional farming with organic-based fertilizers (compost) and the reduced use of 

fossil energy-based pesticides (herbicides, fungicides, insecticides). 

 Consumption of non-renewable energy in conventional barley production was very high 

(up to 95% in the OF_ES_chem), indicating that it relied mainly on the extensive use of 

fossil fuels and chemical fertilizers. 

 Average gross returns from organic lettuce production in open-field and greenhouse 

systems lettuce cultivations were 20 and 120% higher compared to conventional fields, 

respectively, due to 6% and 40% lower total production costs per kg harvested product 

(without credits of production residues, such as barley straw and lettuce biomass, 

management) 

 Organic lettuce (without price premiums) was 21% more profitable than the respective 

conventional product in the open-field (net returns up to $10,785 € ha-1 versus 8,904 € 

ha-1, respectively). 

 Barley production was non-profitable due to its low gross value (average 935 € ha-1 

without taking into account profits from barley straw) resulted in both fertilization options 

as well as the extremely high cost of pesticides applied, which accounted for 24.05% 

and 37.11% of the total variable costs, for OF_ES_org and OF_ES_chem, respectively.  

 Greenhouse structure, agricultural operations and chemical fertilizers were three of the 

cultivation phases with the highest economic impacts in the 8 cultivation cases studied. 

Based on the results obtained, it can be concluded that the implementation of organic farming 

entailed a more sustainable and environmentally friendly vegetable production that may grant 

higher income for farmers and lower GHG emissions compared to conventional farming. 

Nevertheless, there is room for further improvement in the sustainability of organic farming 
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through lower use of pesticides for weed control by adopting crop rotation production, 

maintenance of high levels of soil organic matter by applying high-quality organic-based 

fertilizers and higher capital investment in energy efficient greenhouses (such as the Italians 

ones used in this study). To this context, more comprehensive assessment methods are needed 

to reliably evaluate and compare techno-economic and environmental impacts of different 

agricultural practices in order to improve sustainable high yielding agricultural production 

systems with minimal impacts on the environment. 
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