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ABSTRACT: Marginal and abandoned lands could suppose an opportunity for local biomass production for 

bioenergy purposes, without competing with food and feed crops. Cynara cardunculus L. is a suitable crop to be 

grown in marginal lands, because of its perennial character, low requirements of agricultural inputs and its good 

adaption to Mediterranean agro-ecological conditions in rainfed regime. The main objective of this study was to 

assess the environmental and economic performance of several productive scenarios of cardoon cultivation in 

agricultural land potentially suitable for the sustainable production of biomass for non-food purposes. The end-uses 

of the biomass analysed in this study were the production of heat in domestic boilers and power in combustion plants, 

both form pelletized cardoon biomass. Results show significant greenhouse gas (GHG) emission savings, both for the 

production of electricity (81-87%) and for the heat drive (87-89%). However, under the unrestricted management 

practices analysed, growers do not make a profit on their farms. Cardoon cultivation is, therefore, a good option to 

climate change mitigation, but still needs subsidies and revenues to get profitability in marginal and abandoned lands 

with low crop yields. Whether it is possible to achieve economic profitability under a low agricultural-input scenario 

would be the next step to investigate. 

Keywords: Cynara cardunculus L., local bioenergy production, environmental assessment, economic performance, 

climate change.  

 

 

1 INTRODUCTION 

 

The IPCC Special Report Global Warming of 1.5ºC 

states that current emission reduction commitments at 

global level are insufficient to limit global warming to 

1.5°C. Among the possible measures to avoid it, the 

substitution of fossil fuels by renewable energies is 

proposed and the outstanding contribution of biomass 

technologies. Most climate change scenarios consider the 

Mediterranean region as one of the most vulnerable 

region in the world with expected higher temperatures 

and lower rainfall trends. Local production of energy 

crops in marginal conditions could contribute to improve 

local development and prevent rural depopulation, as 

long as the biomass production entails lower 

environmental impacts and is produced at a reasonable 

cost.  

This study assesses the environmental and economic 

impact of biomass production from cardoon (Cynara 

cardunculus L.) under rainfed conditions in abandoned 

farmland or marginal lands (which do not compete with 

food crops) for heat generation in domestic boilers as 

well as electricity production in a combustion plant. The 

agricultural land potentially available for the suitable and 

sustainable production of cardoon biomass has been 

previously assessed [1].  

Results from this research could support future policy 

decisions, based on the expected GHG emissions savings 

and economic profitability of biomass production for 

electricity and domestic heat purposes at local level. 

 

 

2 ENVIRONMENTAL METHODOLOGY 

 

2.1 Agronomic scenarios 

 Literature on the agronomy of the energy crop of 

cardoon in Mediterranean environments has been 

recently reviewed [2]. Similarly to other perennial crops, 

the first year of cultivation is for the establishment of the 

crop, while the following years are the productive years. 

 As a perennial herb, the lifetime of the crop relies on 

farmers’ criteria, often dependent on the potential income 

from this crop and alternative crops. In this work it was 

assumed that the lifetime of cardoon was 10 years (1 year 

for crop establishment plus 9 productive years). The 

cardoon cultivation diagram can be seen in Figure 1. 

 

 
 

Figure 1: Cardoon cultivation cycle 

 

 Yields in whole biomass reported in the literature for 

the energy crop of cardoon are usually in the range of 10-

20 t/ha/year when grown in drylands of Mediterranean 

environments. Most important factors affecting cardoon 

yield are low water availability, rock outcrops, shallow 

soil, and land slope [2], factors that, alone or in 

combination, are associated with marginal lands. Hence, 

yields of the cardoon crop grown in marginal lands would 

be expected to be in the low end of that range.  

In order to cover different levels of marginality the 

performance assumed for cardoon in this study was ‘low 

production’ or ‘low-average production’, following the 

categories proposed by Fernández [3]; within each 

category, three levels of yield, i.e. agronomic scenarios, 

were studied for the sensitivity analysis (see Table I). It 
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was assumed the limit proposed by Fritsche et al. for land 

efficiency (> 100 GJ/ha) [4]; in practice, it meant to this 

study that marginal lands with a potential production 

lower than 6.4 t dm ha-1 y-1 should not be exploited for 

biomass production.  

 

Table I: Range of values expected for the yield of 

cardoon aboveground biomass when grown in marginal 

lands and proportion of basal leaves over whole biomass 

(% on dry weight basis) 

 

Yield 

Range of values  

 (t dm ha-1 y-1)  Basal 

leaves 

(%) Lower 

limit  

Upper 

limit  

Mean 

Low  6.4 9.4 8.5 48.8% 

Low-average  9.4 12.3 10.7 36.1% 

 

2.2 Agronomic inputs 

Agricultural inputs include materials (namely 

fertilizers, seeds, plant-protection products, fuels) and 

agricultural operations (machinery working time) 

required for cultivation. In this study, it was assumed that 

the agricultural practices required by the cardoon crop 

would be the standard ones [2, 3]. In essence, the 

practices needed for the establishment of cardoon are soil 

preparation, base fertilization, sowing, and weed and pest 

control. The agricultural inputs during the productive 

years are top dressing (restitution fertilization), pest 

control and harvesting (mowing + packing).  

Since the range of yields expected for marginal lands 

was narrow, most agricultural inputs of the agronomic 

scenarios considered in this work were the same, except 

for the concepts of restitution fertilization and working 

time of harvesting operations, which had to be in line 

with soil nutrients balance and the amount of biomass to 

collect, respectively.  

The restitution fertilization was calculated from the 

difference between the amount of nutrients removed by 

the harvest and the amount of nutrients incorporated to 

the soil in the form of crop residues (mechanical 

harvesters were not expected to collect the basal leaves of 

cardoon). Data on the nutrients content of cardoon 

biomass fractions were taken from [3].  

All agricultural operations were assumed to be 

carried out by using conventional machinery; the 

database of the Ministry of Agriculture of Spain was used 

for the calculation of fuel consumptions and working 

times, assuming average conditions (average soil 

resistance, working load and efficiency) [5].  

The inventory for the first year is shown in Figure 2 

and the inputs for the following nine years of the cycle 

are presented in Figure 3. 

 

 
Figure 2: Cardoon cultivation inventory in the first year. 

  

 
 

Figure 3: Cardoon cultivation inventory in the 

productive years 

 

2.3 Methodology to calculate GHG emissions from the 

 production and use of biomass fuels 

The methodology used to calculate GHG emissions 

from the agricultural phase of the cardoon cultivation is 

the one detailed in the RED II Directive [6], related to 

biomass fuels. This methodology is a simplified LCA 

where the scope of the analysis is restricted to the 

inventory of GHG emissions.   

According to Directive, GHG emissions from the 

production and use of biomass fuels before conversion 

into electricity, heating and cooling must be calculated 

as:  

E = eec + el + ep + etd + eu – esca – eccs – eccr        

 

Where: 

E = total emissions from the production of the fuel 

before energy conversion; 

eec = emissions from the extraction or cultivation of 

raw materials; 

el = annualized emissions from carbon stock changes 

caused by land-use change; 

ep= emissions from processing; 

etd = emissions from transport and distribution; 

eu = emissions from the fuel in use; 

esca = emission saving from soil carbon accumulation 

via improved agricultural management; 

eccs = emission saving from carbon capture and 

geological storage; 

eccr = emission saving from carbon capture and 

replacement. 

 

According to the characteristics of this study, the 

emissions calculated were:  

eec = emissions from the extraction or cultivation of 

raw materials; 

ep= emissions from processing; 

etd = emissions from transport and distribution; 

eu = emissions from the fuel in use. 
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2.4 Emissions from the cultivation (eec) 

GHG emissions from raw material production are 

quantified taking into account emissions released from: 

fertilizers and biocides production on factories, fuel 

consumption on agricultural works and N2O emissions 

from nitrogen fertilizer application on field.  

Spanish fertilizers consumption pattern were taken 

into account to calculate their specific emission factors 

[7]. Biocides production emissions came from Biograce 

project (https://www.biograce.net/biograce2/) and fuel 

consumption emissions factors from Ecoinvent database 

(https://www.ecoinvent.org/database/database.html) have 

been taken into account. Direct emissions of dinitrogen 

monoxide from fertilizer application were those 

calculated for Spanish rainfed conditions [8]. IPCC 

methodology was followed to calculate N2O emissions 

from crop residues [9]. 

The greenhouse gases taken into account were CO2, 

N2O and CH4. Characterization factors used to calculate 

CO2 equivalents of those gases [6] were the following: 

• CO2: 1 

• N2O: 298 

• CH4: 25 

 

2.5. Emissions from processing 

Typical GHG emission value from pelletizing process 

(referred to straw pellets with a transport distance 

between 0 - 500 km) from the JRC was used [10].  

 

2.6. Emissions from transport and distribution  

The framework in which the cardoon cultivation on 

marginal lands was considered in this study was for local 

consumption, consequently, a transport distance of 50 km 

was considered. ELCD emission factor was applied [11].  

 

2.7 Emissions from the fuel in use 

Typical CH4 and N2O emissions from straw pellet use 

by JRC were used [10].  

 

2.8 Methodology to calculate emission saving from soil 

 carbon accumulation via improved agricultural 

 management (esca) 

Cardoon is a perennial crop covering 10 years life 

cycle. In absence of tillage during 9 years, the organic 

carbon is accumulated in soil, thanks to this improved 

management practice.  

However, the carbon sequestration along the 10 years 

cycle has not been considered due to the uncertainty of 

the fraction of sequestered carbon that is released again to 

the atmosphere, in the most common rotation cycle 

cardoon-legume. According to the experience gathered in 

the cultivation of cardoon in Spain, it could not be 

assumed a direct-seeding practice of the next crop, which 

would improve the environmental performance of the 

value chain in terms of soil carbon sequestration. 

 

2.9 Reference scenario 

The reference scenario was the RED II fossil fuel 

comparators. The fossil fuel comparator for electricity 

production was 183 g CO2eq/MJ and 80 g CO2eq/MJ for 

heat production [6]. The efficiency considered for 

Spanish electricity and thermal plants was 25% and 85% 

respectively [12].   

 

 

 

 

3 ECONOMIC METHODOLOGY 

 

3.1 Methodology to calculate economic costs 

This paper provides an assessment of the associated 

economic costs of cardoon cultivation. The calculation of 

the cost of agricultural work was carried out in 

accordance with the basic principles of economic analysis 

for the allocation of costs and depreciation of equipment.  

The calculation of the cost of multiannual crops such 

as cardoon requires the application of a discount rate as 

the flow of expenditure and income will occur in 

different years. The discount rate is a financial measure 

applied to determine the present value of a future 

payment or income. 

 The allocation of costs has been carried out by 

distinguishing production factors: inputs; machinery; 

labour and land.  

 

3.2 Cost of inputs 

Inputs cost included are: seed, fertilizers, pesticides 

(market price) and fuel. 

Inputs in this study included:  

(a) Seeds. There are not seed costs updated, therefore 

it was used the average of IDAE [13] and Fernández 

studies [14]. The figure was 6.75 €/kg. 

(b) Fertilizers. Cost of fertilizers in the current market 

are 0.41€/kg for NPK 9-18-27, 0.23 €/kg for potassium 

nitrate (13%) and 0.26 for NAC (265) [15]. 

(c) Plant protection products.  Costs in the current 

market are 26.40 €/kg for aclonifen (60%), 7.25 €/kg for 

pendimethalin (33%) and 7.98 €/kg for dimethoate (40%) 

[16, 17]. 

 

3.3 Cost of machinery, distinguishing between: (i) driven 

machinery and (ii) self-propelled tractors and 

machines 

 The main components of the costs associated with 

agricultural machinery are: depreciation, financial cost 

associated with the application for credit, insurance and 

safekeeping, fuel (0.782 €/l [18] and maintenance and 

repairs. Data sheets for machinery costs were used to 

calculate these costs [5] 

 

3.4 Costs of labor 

Calculations were based on data from agricultural 

price and wage indicators by the Ministry of Agriculture, 

Fisheries and Food of Spain [19]. 

 

3.5 Cost of land 

 Cost of land was estimated through "opportunity 

cost", i.e. the value of the alternative use of the good 

analyzed. In the case of own land, the farmer may choose 

to lease the land instead of cultivating it and thus 

obtaining an income. The land cost considered was 116 

€/ha which represents the updated (2017) average land 

rent in the Spanish regions where cardoon cultivation in 

rainfed conditions is adequate [20].  

 

3.6 Discount rate  

The calculation of the cost of multiannual crops such 

as cardoon requires the application of a discount rate 

since the flow of expenditure and income will occur in 

different years. The discount rate is a financial measure 

applied to determine the present value of a future 

payment or income. Discount rate applied was 4% [21, 

22]. 

To calculate the present value discounted from the 
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annual sequence of Ct costs over the life of the crop, the 

following formula was used: 

 

 
  

Where T is the total lifetime of cardoon, t is each year 

and d is the discount rate.  

Finally, the break-even price method for cellulosic 

energy crops was followed [23]. The present value of the 

yields (Y) was calculated using the annual sequence of 

productivities over the lifetime of the multiannual crop, 

using the same discount rate (4%), applying the following 

formula: 

 
 

3.7 Biomass transport cost  

 It was assumed 10.368 €/t, the average data for 

switchgrass in Soldatos study [24]. 

 

3.8 Economic profit 

Economic profits were calculated according different 

selling prices using the following formula [25]: 

 

 
 

 

4 RESULTS AND DISCUSSION 

 

4.1 Environmental assessment 

The environmental performance of cardoon 

cultivation in marginal lands shows the typical 

environmental profile of energy crops, where the 

fertilization phase generates the greatest impact followed 

by the fuel consumption during the farming practices in 

the five scenarios assessed (Figure 4) 

 

  

Figure 4: Climate change contribution in the agricultural 

phase 

 

 Similar results were obtained for the energy 

consumption in the agricultural phase (Figure 5). 

 

 
 

Figure 5: Fossil energy consumption in the agricultural 

phase 

 

  GHG emissions from biomass transport to market or 

conversion plant (50 km), pelleting process and non CO2 

emissions from combustion related to fuel use was also 

included in the bioenergy pathway (Figure 6).   

 

 
 

Figure 6: Climate change contribution by cardoon stages 

 

 GHG emission savings went from 80% to 83% for 

electricity purposes and from 87% to 88% for heat 

production, according to different scenarios (Figure 7). 

Emission savings were compared to those generate by the 

use of herbaceous biomass residues such as straw pellets, 

whose default values for the GHG savings are 78% for 

electricity and 85% for heat production. In view of these 

values, Cynara cardunculus cultivation in these marginal 

lands could clearly contribute to mitigate climate change.  

  

 
 

Figure 7: Cardoon GHG emission savings for electricity 

and heat production 

 

4.2 Economic assessment 

 The costs of the different stages of the agricultural 

production phase are showed in Figure 8. Machinery 

costs are clearly the highest costs followed by fertilizer 
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costs. Fuel consumption was close to 40-54 € per ha, 

while the rest of the stages: pesticides, labour and seed 

were significantly lower (Figure 8).  

  

 
 

Figure 8: Production costs (€/ha/year) 

 

 Harvesting costs included the operations of mowing 

and packing; costs went from 222 to 215 €/ha according 

to scenarios (Figure 9).  

 

 
 

Figure 9: Harvesting costs (€/ha/year) 

 

 Assuming 65 €/t DM as selling price (common price 

used for biomass crops), cardoon is not profitable for 

farmers. For this reason, higher selling prices were taken 

into account in this analysis (Figure 10). 

  

 
Figure 10: Profitability (€/t) 

 

 In the study by Soldatos [24] it was shown that half 

of the studies of switchgrass analyzed were not profitable 

at 65 €/t selling price. Cardoon cultivation in Spain on 

marginal lands presented worse economic expectations 

under the unrestricted management practices applied in 

this study. 

 Transport costs went from 59.7 €/t in the highest 

yield scenario to 114.7 €/t in the lowest yield scenario.  

 Total costs including overall stages ranged from 561 

to 808 €/t.  

 

 
Figure 11: Total costs (€/t) 

 

 

5 CONCLUSIONS 

 

Cardoon, as a dedicated energy crop adapted to 

Mediterranean conditions to produce local and 

sustainable biomass resources for heat and power 

purposes, could play an important role in reducing GHG 

emissions.  

There is a lack of data on the fate of the carbon 

sequestered throughout the cardoon cultivation cycle in 

the next crop rotation.  Experimental and field data on the 

potential of carbon sequestration by cardoon cultivation 

should be a priority research topic to analyze the 

possibility of best practices to mitigate climate change. 

 Cardoon cultivation (unrestricted management 

practices), without subsidies or carbon sequestration 

revenues, is not profitable under marginal conditions, 

even at high biomass-selling prices. The new CAP could 

represent an opportunity for the implementation of 

perennial crops to reduce soil erosion and contribute to 

carbon sequestration. 

 The cultivation of cardoon remains to be explored 

under a low inputs regime; this option has not been 

considered in this study since it is still uncertain how 

low-input management would affect cardoon 

productivity. 
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