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Abstract   12 

This study examines the potential contribution to biogas national production, by cultivating 13 

sunflower, using modern techniques, in the plains of the prefecture of Karditsa, Greece. The 14 

main purpose of this study is to determine the potential quantity of biogas that could be 15 

eventually produced in the plains, by applying the latest methods to the cultivation, growth 16 

and harvesting of the sunflower. Using regional and national data, this study ranked the 17 

agricultural areas of the prefecture of Karditsa and created a suitability map on the needs of 18 

the sunflower. The illustrated results provide some support for the future investors or the 19 

present farmers in the area. The developed GIS maps may become a useful tool for the 20 

prediction of the income from the calculated quantity and quality of sunflower crops’ seeds 21 

or biogas production. Spatial planning analysis for the determination of the installation of a 22 

biogas’ facility centre, where sunflower’s derivatives will be processed for ethanol 23 

production was also implemented. On the basis of the results of this research, it can be 24 

concluded that Karditsa’s plains have a great potential for producing 3,818 ktoe of biogas 25 

and succeed Greece’s 2020’s goal on biofuel production (10% of total fuel consumption) by 26 

utilizing the maps and the techniques presented on this study. A supplementary study of 27 

converting waste (household bio-waste) to bioethanol and the future potentials of the 28 

process were illustrated and presented, based on the fact that bio-waste production is and 29 

will continue to increase. 30 

Keywords: suitability map; sunflower; biogas; bioethanol 31 

 32 

1. Introduction 33 

Having in mind the finite nature of oil in contrast to the infinite resources that earth can 34 

provide, developing methods of employing renewable energy sources in everyday life, has 35 

become the goal for the energy industry and decision makers (Matthew, 2002). The energy 36 

crisis was the main reason that motivated the Brazilian government to lead the biofuel 37 

revolution and make it obligatory to blend anhydrous ethanol with gasoline on regular 38 

gasoline engines (Puerto Rico, 2008). Since 1976 Brazil has become the second greatest 39 
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ethanol producer and, together with the United States of America (USA), represent 83.4% of 40 

the world’s ethanol production (RFA, 2015). 41 

The main uses of ethanol that could replace mineral oil are: a) industry, b) transport, c) 42 

households, d) agriculture, and e) services. One of the major uses of oil use is in the 43 

transport sector. According to the EU statistical pocketbook for the year 2015, the 44 

percentage of final consumption of mineral oil was 95.4% and biofuels’ percentage was only 45 

4.6% concerning transports for the year 2013. As far as it concerns Greece, mineral oil’s use 46 

percentage is even higher, reaching 97.6% and biofuels’ at 2.4% (Eurostat, 2015). According 47 

to the EU Directive 2009/28/EC the increased mandate of 10% in 2020 can be met either by 48 

imports or domestic production. To meet the 5.75% biofuels target for the years 2014-2019 49 

approximately 148,000 MT of biodiesel need to be produced according to the Greek Ministry 50 

of Environment, Energy and Climate Change (Biofuel Mandates in the EU, 2017) 51 

The best practices for energy crops cultivation and the most modern ways of biofuel 52 

extraction will be evaluated, according to the needs of the Greek society. Karditsa’s plains, 53 

where the study is focused on, are presented if figure 1. 54 

 55 

Figure 1. Karditsa’s Plains 56 

Following modern techniques, Greek farmers could cultivate their land with energy crops 57 

instead of cultivating traditional and conventional crops. The Common Agricultural Policy 58 

(CAP) encourages, through its rural development measures, the supply of bioenergy from 59 

agriculture and forestry and the use of bioenergy on farms and in rural areas, through the 60 

revision of the CAP on May 2008, called "Health Check" (European Commission, 2008), 61 

where CAP has also proposed to abolish the energy crop scheme based on current very 62 

strong demand for bioenergy. The need for bioenergy production is global; in countries 63 

where mineral oil, natural gas and other energy sources are imported in high prices and thus 64 

expensive, a different – bioenergy role should be applied in the national agricultural policy, 65 

to maximise the bio-energy participation in the national fuel mix. The main issue is the 66 

productivity that each land could guarantee to be able to cultivate or not energy crops. 67 
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Luckily, Greece is a country that combines excellent climatic conditions, sunshine and 68 

geomorphology for all kinds of plants’ production. 69 

Biogas production from energy crops technology is not well adapted to the Greek conditions 70 

yet and is still immature. It turns out that the energy use of biogas is accompanied by many 71 

dilemmas which make up a vicious cycle that leads to inaction in Greece. The construction of 72 

a biogas facility is delayed because there is not the necessary amount of raw material and 73 

farmers postpone the cultivation of energy crops, until the construction of the facility that 74 

will absorb their production, has finished. The same applies to all the interest parties 75 

involved in the biomass supply chain, which will have to introduce changes in the way they 76 

work in order to generate, collect, harvest or cultivate biomass for energy use. There is a 77 

large number of studies that propose new viable biogas facilities using different kind of 78 

substrates as input material, however most of these projects have not proceeded to 79 

implementation (Xydis et al, 2013; Sotiropoulos et al., 2015; Kretzschmar et al., 80 

2012).Through this study, one of the most significant benefits that came out was the ability 81 

to use geostatistical methods in the certain area.  82 

 83 

2. Methodology 84 

The main crop which is cultivated in Karditsa’s plain is cotton, followed by soft wheat, maize, 85 

durum wheat, tobacco, barley and other crops. Regarding the cotton cultivation in the 86 

region, irrigation is applied to almost all of the cultivated land using the flooding technique. 87 

An indispensable infrastructure for agricultural development of a region is the creation of a 88 

soil map. Soil is classified in order to better organize its properties and parameters. 89 

Raw data were gathered from the digitalisation of the study and via Geodata.gov.gr and 90 

OPEKEPE’s digital services (Greek Payment Authority of Common Agricultural Policy Aid 91 

Schemes, 2016). Road network, rivers, tourist attractions, NATURA regions, CORINE dataset, 92 

settlements’ limits and mining zones geodatabases were downloaded from 93 

www.geodata.gov.gr, official national geo-repository. The raw data were rated and classified 94 

using ArcGIS, QGIS, and Microsoft Excel tools for the data processing. 95 

 96 

According to Dimogiannis and Tsantilas (2011), a soil map a) is an integral part of any 97 

agricultural research program and agricultural development of a region and enables the 98 

generalisation of research findings, b) solves practical problems of exploitation of soil 99 

resources, such as the choice of proper crops, the application of effective fertilisation, 100 

application of proper irrigation or drainage systems, the selection of suitable cultivation 101 

method and general methods for soil management to achieve the maximum possible 102 

economic benefit and c) determines the measures should be taken for the improvement or 103 

protection of the soil. 104 

During the last decades , the Greek rural economy has experienced substantial changes. 105 

Traditional crops contributed to partial depletion of water resources and increasing 106 

environmental problems, because of high expectations in fertilizers and pesticides, used by 107 

imprudent manner. At the same time, agricultural prices collapsed and agricultural subsidies 108 

decreased, leading to reduced areas of traditional crops . The new energy crops or wild 109 

plants that may produce substantial quantities of lignocellulosic biomass which could be 110 



Page 4 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

used for energy purposes, such as heat and electricity, the production of solid, liquid and 111 

gaseous biofuels etc., could be cultivated. The rapid development of biotechnology and the 112 

introduction of new crops addressed in the energy market open new horizons in the 113 

restructuring and development of Greek agriculture. As part of the potential energy crops, 114 

the existing traditional crops could also be considered for the potential production of energy 115 

and biofuels (e.g., sunflower, wheat, cotton, sugar beet etc.). Some of the energy plants 116 

cultivated on a large scale are the oilseed plants (for biodiesel production) in France, 117 

Germany, Austria and Italy, and willow cultivation (for heat and energy power) in Sweden 118 

(Christou et al., 2006).  119 

In this study, hub location modelling was used. Many logistics systems such as airline 120 

networks and transport networks, employ hub and spoke systems, aviation systems, i.e. in 121 

which the local airports provide air transportation to a central airport where there are long-122 

haul flights. These systems are designed to use higher capacity or faster vehicles to these 123 

long distances. Consequently, the average transport cost per kilometre or the total delivery 124 

time is reduced.  125 

Many models have been cited for the spatial planning of the nodal points and the hub 126 

delivery routes and spoke systems. Most of these models try to minimize the total cost as a 127 

function of distance, based on GIS tools. By using GIS applications, we can create interactive 128 

queries, analyse spatial information, edit data in maps, and present the results of all these 129 

operations. A GIS data-processing and techniques-analysis-based system, in order to 130 

contribute to decision making should be integrated into a Multicriteria - Spatial Decision 131 

Support System, which belongs to the Strategic Decision Systems field. All these spatial 132 

information systems have a common goal, to improve the performance of decision makers 133 

and managers, when they face spatial problems (Malczewski 1999). 134 

The flow chart (figure 2) shows the interaction among the research steps carried out. 135 

 136 
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Figure 2. Research methodology flow chart 137 

The study area in Karditsa consists of 997 Soil Mapping Units (SMU) and the challenge is 138 

assessing the suitability of soils for sunflower cultivation installation, from which biomass 139 

will be produced. SMU is a particular territorial area shown on a soil map, circumscribed by 140 

certain limits which include the soil properties that define it (Table 1). 141 

Table 1. Sunflower's cultivation requirements (Anastasiadis, 2012) 142 

FAO suitability classes & restriction levels - restrictions' grading scale 

S1 S2 S3 N1 Ν2 

0 1 2 3 4   

Soil properties 

100% 95% 85% 60% 40% 20% 

Seed production 
6,000 

kg/acre 

5,700 

kg/acre 

5,100 

kg/acre 

3,600 

kg/acre 

2,400 

kg/acre 

1,200 

kg/acre 

Biogas production 
2,200 

L/acre 

2,090 

L/acre 

1,870 

L/acre 

1,320 

L/acre 

880 

L/acre 

440 

L/acre 

Hydrology Α Β c D Ε F,G 

Particle size 0-25 cm 1 2 3 4 5  

Particles' size 25-75 cm 1  2 3 4  

Particles' size 75-150 cm 1  3.2  0  

CaC03 1 2 3 0   

 143 

Having on hands the polygonal SMU data file and the geographic database, five new 144 

columns were created (for hydrology, particles’ size of depth 0-25cm, 25-75cm and 75-145 

150cm, and carbonates) in order to perform the calibration 100%, 95%, 85%, 60%, 40% and 146 

20% according to sunflower’s cultivation requirements table (table 1). In order to create a 147 

cultivation requirements table, investigating the relevant existing literature was needed as 148 

well as the evaluation of verbal reports and observations, a process that took place in this 149 

work. It should be emphasised that such a kind of process bears a large degree of 150 

subjectivity and that in the context of a real project the researcher should adjust this list 151 

based on Greek conditions.  152 

Sunflower is not cultivated in the prefecture of Karditsa, except for some pilot crops. Figure 153 

3 illustrates the 4 most important attributes (drainage class, erosion, slope and soil group) 154 

that help us evaluate soil. 155 
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 156 

Figure 3. Drainage Class, Erosion, Slope and Soil Groups Classification Maps 157 

The results of soil evaluation have shown that there are regions more suitable and regions 158 

less suitable for sunflower cultivation installation. 159 

2 methods for estimating soil suitability have been used, Square and Storie methods 160 

(Sharififar et al., 2016). Square method has been used instead of Storie, as it creates a more 161 

optimistic scenario for sunflower cultivation installation, since no polygon was considered as 162 

permanently unfit and the percentage of temporarily unfit soils was estimated in 36% of the 163 

total area of the study area. Moreover, the fact that this is a more optimistic scenario is 164 

reinforced by the increased percentage of very suitable areas, which was estimated in 64% 165 

(Table 2). 166 

Table 2. Soil suitability according to Square Method 167 

Square Method 

Suitability Polygons Area (ha) Percentage 

N1 212 40,596 36% 
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S3 444 47,140 42% 

S2 249 18,773 17% 

S1 92 5,755 5% 

Total 997 112,265   

 168 

It should be stressed that in literature, Square method in connection with Storie is 169 

designated as closest to reality and that is best used to determine soil suitability classes 170 

(Figure 4) (Khordebin & Landi 2011). 171 
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 172 

Figure 4. Karditsa’s soil suitability allocation and map, Square method 173 
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This research proposes the possible development and installation of an integrated biogas 174 

production facility. Therefore, the goal is to find the appropriate region for the allocation of 175 

such a facility, which will produce bioenergy but will also have the capability of processing 176 

feedstock. A comparative waste-to-bioproducts alternative was also examined due to the 177 

restrictions regarding time framework in order to achieve the imminent relevant goalsIt 178 

should be stressed here, that the Greek Government has formally committed to comply 179 

toward EU regulations (2001/77/EC) that aim to replace 10% of current conventional fuels 180 

with biofuels by 2020. That implies to significant opportunities for the three years ahead of 181 

this decade. It should be emphasized that biomass for energy production can be used in a 182 

multitude of industrial applications. 183 

 184 

3. Analysis and Constraints 185 

3.1. Restrictions  186 

Privileged areas for biomass or biogas installations’ spatial planning are considered to be 187 

those located close to energy crops agricultural farms or landfills. However, energy 188 

exploitation facilities from biomass or biogas must keep the following minimum distances 189 

(Table 3). 190 

Table 3. Restrictions in facilities distances (Special Framework for Spatial Planning and 191 

Sustainable Development for RES, 2008) 192 

Restrictions Minimum Installation Distance (m) 

Natura Protected Sites 2,500 

Villages-Cities 500 

Traditional Villages 1,500 

Main Roads 400 

Tourist Attractions 500 

Irrigated Crops 500 

Mining Areas 500 

Hydrographic Network 500 

Arable Land Excluded 

 193 

 194 
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Figure 5. Road Network Buffer Zone and Restricted areas for the biogas installation facility 195 

in Karditsa 196 

Having carried out the data processing and analysis, different criteria were used to create 197 

exclusion zones. For each criterion, as defined above, buffer zones according to the 198 

minimum installation distance were created. The Greek roads network was added and the 199 

focus area of Karditsa was selected. Round distance of 400 meters has been chosen and the 200 

roads buffer map was created. The same procedure was followed for excluding NATURA 201 

protected regions, villages, tourist attractions, irrigated crops, arable lands, mining areas 202 

and hydrographic network. The next step was finding appropriate areas for the installation 203 

of the potential facility. Excluded areas were combined and the suitable places for the 204 

facility placement were revealed (Figure 5). 205 

3.2. Sitting 206 

The biomass facility centre should be located close to the agricultural areas in order to 207 

minimize the transportation costs. Karditsa’s plains are located on the north-west of the 208 

prefecture. The area required for a biomass facility centre is about 9 acres, thus, this means 209 

that suitable areas are limited. In combination with the fact that the facility is vertically 210 

integrated, i.e. space for biomass processing machines and storage accumulation of raw 211 

materials and the corresponding equipment for the production of bioenergy will be needed 212 

as well, the requirements in total area increase. The facility centre which is about to be built 213 

in Soufli - Evros by the ELPE Group, will occupy approximately 8.6 acres (ELPE renewables, 214 

2017).  215 

Sunflower can produce (maximum) 380 kg seed / ¼ of an acre. It is assumed that S1 soils 216 

can provide 100% production, S2 soils 80%, meaning 304 kg seed / ¼ of an acre, S3 soils 60 217 

%, meaning 228 kg seed / ¼ of an acre, and N1 40%, (Anastasiades 2012). Taking into 218 

account also that the facility should be close to the sunflower production areas, the most 219 

suitable locations are presented in Figure 6. 220 
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 221 

Figure 6. Most suitable/non restricted areas for the biogas facility installation 222 

Area number 1 is the smallest of all with a beneficial area equal to 7.6 acres, which is 223 

marginally capable of meeting the space demand for the facility and therefore, it should be 224 

excluded from the list of final choices. In order to find the most suitable solution, a multiple 225 

Euclidean distance analysis is done and the relevant maps are created (from each field – 226 

12,806 fields – to the most suitable facility areas) and the output data was processed to 227 

finally choose the best solution/area. 2 new columns were created and the centroid of each 228 

polygon was calculated. By using the Calculate Geometry tool, the X and Y of the centroid of 229 

each polygon is found which represents the arable land, suitable for sunflower cultivation. 230 

4. Methodology of Multiple Euclidean Distance Analysis 231 

 232 

 233 
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In order to get the Euclidean distance between each arable polygon’s centroid and each 234 

facility installation area’s centroid, XY to Line tool (ESRI, 2017) was used as the line type 235 

parameter (used in short globe distances), which most accurately represents the shortest 236 

distance between any two points on the surface of the earth (Figure 7). 237 

 238 
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Figure 7. Geometry and XY to Line tools that compute the Euclidean distance 239 

The new layer that has been created includes the information of suitability as well as the 240 

distance from the selected installation area.  241 

5. Results 242 

 243 

5.1. The Distance Analysis 244 

A truck consumes 40 liters per 100 kilometers (median value – source: Volvo Trucks, 2017). 245 

Assuming that diesel costs about 1.2 € per L, then, by wisely choosing an area, where the 246 

trucks would have to consume much less diesel, the drivers will be benefitted, the biogas 247 

facility, the final consumer and the environment as well. 248 

According to the results of the Euclidean distance analysis (Figure 8), area number 6 249 

provides the shortest traveling distances. Area number 6 is 45,370 acres and by choosing 250 

this area for the facility installation will save 12% of diesel consumption in comparison to the 251 

second best choice (Table 4). 252 

 253 
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Figure 8. Visualization of the Euclidean distance from each field to the possible installation 254 

areas including the optimum area no 6 255 

 256 

 257 

Table 4. Total distance between fields and the possible installation areas accompanied with 258 

approximate diesel consumption 259 

Area 

Number 

Area 

(acres) 

Distances 

Sum (km) 

Distances 

Mean 

(km) 

Distances Mean 

(km) (high 

productivity 

soils) 

Distances Sum 

(km) (high 

productivity 

soils) 

Diesel 

Consumption 

(L) 

6 45,370 492,895 18.9 18.7 410,495 197,158 

4 23,672 561,540 21.5 20.4 446,746 224,616 

5 28,907 583,486 22.3 21.1 461,716 233,394 

3 19,930 615,321 23.5 22.1 483,920 246,128 

7 70,842 604,442 23.1 23.3 510,343 241,777 

2 11,737 617,352 23.6 23.6 517,639 246,941 

 260 

Karditsa’s area is 257,600 ha and has 115,679 ha of cultivated land. Approximately 45% of 261 

the prefecture is covered by cultivated plains. The area that was mapped is located in the 262 

southwestern part of Thessaly and includes the whole plain of Karditsa crossed by the rivers 263 

Kalentzi, Karabali, Sofaditi, Enippea, Pammisou and Farsalitis that are tributaries of Pinios. 264 

The results of the study remark that 90.05% (120,852 ha) of the studied land is arable, which 265 

is close to the 115,679 ha that were declared on 2011 cencus (96% mathematic match). That 266 

also reveals that during the 20 years from the focus period of this study, not much have 267 

changed in the area of Karditsa’s arable land. The spatial analysis followed, shows that 85%, 268 

102,860 ha (spatial match) of the 20-yearlong study area is still declared as arable land. 269 

After a soil classification and suitability assessment, it is concluded that Karditsa can produce 270 

484,513,693 L of biogas, which represents 7.8% of current fuel consumption. Current biogas 271 

production reaches 2.8% of total consumption which represents an increment  272 

Table 5. Total biogas production and sunflower seed production based on soil suitability 273 

Soil 

Suitability 

Total Area 

(acre) 

Seed Production 

(kg/acre) 

Biogas production 

(L/acre) 

Total Seed 

Production (kg) 

Total Biogas Production 

(L) 

S1 106,690 6,000 2,200 640,139,972 234,717,990 

S2 124,550 5,100 1,870 635,203,089 232,907,799 

S3 12,669 3,600 1,320 45,608,634 16,723,166 

N1 187 2,400 880 449,286 164,738 

Total Sum       1,321,400,981 484,513,693 

        Density 0.78 

        
Total Biogas 

production (kg) 
377,920,700 

        
Total Biogas 

production (GJ) 
15,986,000 

 274 

 275 
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The results reveal that Karditsa’s plains biogas productivity potential reaches 3,818 ktoe or 276 

approx. 15,986,000 GJ or 78 % of the total desirable biogas production as illustrated in tables 277 

5-6. The usual sunflower oil mass volume conversion density is 920 kg/m
3
, however a lower 278 

density of 780 kg/ m
3
 was taken into account in this study. Most recent data (2015) on 279 

Greece’s biogas production is 138 ktoe, only 2.82% when compared to the total national fuel 280 

consumption. This work’s hypothesis reaches its goal, as potential biogas production from 281 

the plains of Karditsa exceeds the 2020 Greece’s goals of 10% biogas production in 282 

comparison with national fuel consumption. 109% of biogas production national goals can 283 

be achieved by taking consideration of the methods and the spatial analysis conducted in 284 

this study (Table 7). 285 

Table 6. Karditsa’s potential contribution to total national biogas production 286 

Final Consumption of Motor Gasoline, Diesel 

and Biofuels for Transport (ktoe - 2015) 
4,878 

Final Consumption of Motor Gasoline, Diesel 

and Biofuels for Transport (kJ- 2015) 
204,232,104,000,000 

Current biogas production (ktoe - 2015) 138 

Current biogas production (kJ - 2015) 5,777,784,000,000 

Current biogas production (% - 2015) 2.82% 

Biogas to reach 10% (ktoe) 487.8 

Karditsa's potential contribution to total biogas production (kg) 377,920,700 

Karditsa's potential contribution to total biogas production (GJ) 15,986,045 

Karditsa's potential contribution to total biogas production (%) 78.28% 

 287 

Table 7. Future national biogas production potential by making of Karditsa’s plains. 288 

Biogas 10% (GJ) 20,423,210 

Biogas needed to reach 10% (GJ) 14,645,426 

Biogas can be produced in Karditsa's plains (GJ) 15,986,045 

Difference after future production (GJ) +1,340,619 

Future production vs Goals (%) 109% 

 289 

5.2.  The Waste-to-Bioproducts Additions 290 

Since 2020 is approaching in a few years’ time and Greece’s goals should be met, the 291 

alternative of the waste-to-bioproducts was also examined. Bioethanol production for 292 

commercial use is not currently an option and the technology remains unexploited. Biowaste 293 

has been introduced as a potential feedstock on biowaste to bioethanol production 294 

processes at a European and International level. In the last decade, global bioethanol 295 

production has progressively increased. During the period 2007 - 2011, only 60% of the 296 

available capacity was utilized. Based on annual gasoline consumption in Greece (about 5 297 

million m
3
 in 2010) the maximum quantity of bioethanol Greece has to produce, in order to 298 

comply with the above Greek law was estimated to 0.5-1.0 million m
3
 annually (Sotiropoulos 299 

et al., 2015). At the same time, approximately 36% of the Municipal Solid Wastes (MSW) 300 

managed in the EU was landfilled in 2011, which contained a significant amount of organic 301 

fraction. Therefore, the alternative of exploiting this resource, the organic content of MSW, 302 
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via bioethanol production could have a game changing effect on the transportation and 303 

energy sectors in Greece towards the race in meeting the country’s imminent goals 304 

(Sotiropoulos et al., 2016). 305 

An unequivocal advantage of using ethanol as a vehicle fuel is that it can be immediately 306 

used in conventional vehicles and may blend up to a small percentage (e.g. 10%) without the 307 

requirement of any modification on the fuel pump or the engine (The Royal Society, 2008). 308 

Based on the 8-month experimental study results on household wastes collected by a 309 

collection company (Nwobi et al., 2015) it was found that 74% of the total waste were food 310 

waste, followed by paper (11%). The mixture, under mild treatment, presaccharified using 311 

commercial enzymes, could lead to ethanol productivity as high as 2.14 g/L·h (Matsakas et 312 

al., 2017; Ben-Iwo et al., 2016). According to the EC study on food waste (European 313 

Communities, 2010) the generated food waste per capita is 76 kg, and although significantly 314 

diversifying food waste composition and other processes - such as drying levels - have a 315 

significant impact in ethanol production accuracy, there is a need to take into account 316 

critical assumptions in estimating the quantities in ethanol production. Based on the results 317 

of waste2bio project (waste2bio, 2017) and other researchers (Klinke et al., 2004; Tang, 318 

2008) approximately 10-20% could be the potential for bioethanol production, meaning in 319 

EU approximately 7.6-15.2 lt per capita annually. In order this Waste-to-Bioproducts 320 

approach to be supplementary in the wider area of Karditsa, where this work is focused, few 321 

units were only considered at a large scale – something which has not yet been 322 

implemented in Greece – only lab scale units are tested. In order for the investments to be 323 

viable these few units were considered to be at the cities of Karditsa (44,000 inhabitants), 324 

Palamas (8,900), Mouzaki (2,000), Agnantero (1,750), Proastio (1,700), Itea (1,200), 325 

Mataragka (1,400), and Sofades (6,000). Small scale units is widely known that may have 326 

high operational costs and it was avoided to be examined in this study. Adding up the 327 

population the total ethanol production could be 508,000 – 1,016,000 lt. Based on the 328 

results found above and shown in table 5 (biogas production: 484,513,693 lt), this is only a 329 

supplement and cannot add meaningfully in the overall sum. However, it can produce bio-330 

based products that can be immediately utilised in the transportation sector without 331 

occupying extra land. The waste-to-bio production can be significant only if the urban 332 

population of the country is considered, e.g. approximately 5,300,000 (Hellenic Statistical 333 

Authority, 2017) inhabitants – if we take into account the 25 largest cities in the country – 334 

and such units are built in cities. 40 – 80 million lt of bioethanol could be produced which is a 335 

noticeable amount which can be added to the biogas production.  336 

 337 

6. Discussion 338 

20 or 30 years are not a parameter that can change that much at an area used for thousands 339 

of years for the same reason, for agriculture purposes. The quality of a soil is a combination 340 

of inherent and dynamic soil properties. Inherent properties (soil texture, depth to bedrock, 341 

type of clay, drainage class) change little, if at all, with land use or management practices.  342 

The arable lands of Karditsa’s little have changed over the last 3 decades. Agricultural 343 

technologies have been developed, new cultivated techniques have been discovered, new 344 

crops have replaced the old ones and modern crops have supplanted the conventional ones 345 

but yet, not much have changed under the surface of the earth these last decades.  346 



Page 17 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Spatial and mathematic match confirmed initial assumptions. 85% spatial match is 347 

something more than luck or chance, between an analogue 20-year-old research that lasted 348 

over a decade and a modern agricultural registration, confirmed by LUCAS statistics 349 

(Eurostat, 2014). 350 

The main aim of this study was to investigate if the plains of the prefecture of Karditsa, 351 

Greece, can yield enough biomass, in order to produce a certain amount of biofuels in order 352 

to reach the national transport energy mix percentage from 2.4 to 10% and to present the 353 

waste-to-bioproducts alternative in order to supplementary contribute to the country’s 354 

biomix. It is concluded that 78% of the total requisite quantity could have been produced 355 

just by cultivating sunflower crops at Karditsa’s plains, only if farmers were to use all modern 356 

cultivation methods and techniques.  In all other cases, productivity would be much lower. 357 

We also aimed to spatially plan central facility’s installation in order to minimize the 358 

transportation costs and give incentives to the farmers to gain more with less effort by 359 

protecting the environment at the same time.. It was also noted that Square method in 360 

connection with Storie is designated as closest to reality and that is best used to determine 361 

soil suitability classes. If the facility installation was planned to be in a totally different place, 362 

the transportation costs will climb up and the majority of farmers may not be happy with the 363 

planning decision. 364 

 365 

7. Conclusion 366 

In comparison with previous projects that have been assessed the possibility of installing a 367 

biogas facility centre somewhere across Greece, this study presents solid results on soil 368 

potential of a certain approved cultivation, which looks ideal on the climate conditions of 369 

the chosen area. Potential benefits will occur from local economy if they follow the 370 

techniques to achieve the best results which have been proposed and the selection of the 371 

facility location that was recommended through the location analysis. Greek goal for 10% 372 

contribution of biogas until 2020 may succeed, if leaders and decision makers of this country 373 

choose to use all available data and potentials of this sector. Therefore, a waste-to-374 

bioproducts analysis was additionally done to prove that the overall sum can be increased 375 

via this alternative way.  2020 goals were determined before the economic crisis that started 376 

on 2008, but it should not be neglected that these binding to the EU goals, they are 377 

supposed to be a tool to create a healthier and more independent economy. Studies such as 378 

those may help small communities to develop a future exploitation programme, plan with 379 

safety their investments and develop an organizational structure on which they will manage 380 

their agricultural areas and grow their economy at lower risks. Plains of other prefectures 381 

may be explored (preferably coterminous in order to combine it with the potential of 382 

Karditsa’s plains) and a combination of 2 of even 3 prefectures’ production will finally lead to 383 

a great potential for the biogas productivity in the country. 384 

 385 

 386 
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 467 

Research Highlights 468 

� The quantity of biogas that could be produced in Karditsa plains was estimated 469 

� Spatial planning analysis determined the installation of a biogas facility centre 470 

� Karditsa’s plains could contribute in Greece’s 2020’s goals on biofuel production 471 

� Supplementary bio-products from household bio-waste in the coutry were 472 

presented 473 

 474 
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