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Case of Greece_ The region/prefecture of Chania in the island of Crete. 

1. The region of Chania in the island of Crete 

Crete is one of the 13 regions (peripheries) of Greece.  It is also the largest of the Greek islands and the fifth largest 
island in the Mediterranean Sea at 8,336 km² (3,219 square miles). Chania prefecture is one of the four prefectures 
(administrative provinces) of Crete (Chania, Rethymno, Heraklion, Lasithi); it covers the westernmost quarter of the 
island. Its capital is the city of Chania. The prefecture is divided into 5 sub-provinces: Apokoronas, Kissamos, 
Kydonia, Selino, and Sfakia. The population of the Chania prefecture is 156.371 inhabitants (estimation for the year 
2005). 
 

 
Figure 1: Map of Greece 

 

 
Figure 2: Map of the Island of Crete 

 
The official population of the municipal area of Chania is 55.838 but around 70.000 people live in the greater area of 
Chania. With 4.248 inhabitants/km², the municipality is the most densely populated one, outside the metropolitan 
areas of Athens and Thessaloniki. 
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The two main sources of economic activities in Chania are agriculture and tourism. A big portion of the city's residents 
(not necessarily farmers) are owners of agricultural land where several plant variations are being cultivated, the most 
popular ones being olive trees and citrus. 

2. The “Should Be” (SB) scenario of expected trends to 2020 for the region of Chania 

In the prefecture of Chania according to the data of the General Secretariat of the National Statistical Service of 
Greece (ESYE) there are cultivated about 7.000.000 olive trees (only for olive oil production) each year. In the area 
there are 112 active mills and three pomace oil refineries. In the Figure below the olive mills are shown with the red 
spots and the refineries with the green. 

 
Figure 3: Map of the prefecture/region of Chania 

The majority of the olive mills (94.4%) use the 3-phase olive oil extraction system and the remaining 5-6% uses 
traditional pressing and the 2-phase extraction system (3.2% and 2.4% correspondingly). The olive residues chain in 
the region is shown in the Figure below. The virgin pomace derived after the olive oil extraction is delivered to the 
pomace oil refineries usually as exchange of the exhausted pomace that they use in their boilers for heating process 
water. In the market, the price of virgin pomace is approx. 15€/tn and the price of the exhausted pomace is approx. 
50-60€/tn. In this sense the olive millers get 1kg of exhausted pomace for each 3.5 kg of virgin pomace that they give. 
Olive millers in Greece do not extract pits from the virgin pomace as most of the Spanish millers do because of the 
high cost of the technology required for this process. Moreover, in old times olive pulp was used as animal feed and 
for this reason pomace oil refineries were separating the pit from the pulp after the pomace oil extraction. Nowadays 
pulp which isn’t used as animal feed, is burned together with the pit as exhausted pomace.  
 
Pomace oil refineries collect most of the virgin pomace produced in the region approx. 95-99% and they dry it in order 
to extract the pomace oil using a solvent (usually hexane). The final product contains humidity around 13%, pits and 
pulp and is called exhausted pomace or depleted pomace or olive kernel wood. Pomace oil in Greece is used as an 
animal feed but it can also be found at the super markets for human consumption. The wholesale price of the pomace 
oil is currently 650€/kg. 
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Figure 4: The olive residues chain in the region of Chania. 

 
In the following table and figures is presented the situation regarding the olive trees cultivated, the olives treated and 
the olive oil produced in the region of Chania. 
 

 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

olive 
oil 
(tn) 

27.056 23.944 33.094 28.794 40.902 34.446 38.676 36.493 38.993 36.574 28.959 29.323 39.203 

olive 
trees 6.680.947 6.827.817 6.969.752 7.050.592 7.089.197 7.171.083 7.168.383 7.208.740 7.153.282 7.230.080 7.243.181 7.194.863 7.185.143 

olives 
(tn) 141.895 148.808 197.559 182.806 194.725 204.723 181.820 175.990 180.082 179.994 163.452 190.442 188.244 

Table 1: Production of olive oil and olives for the years 1994-2006 in the region of Chania 

 

 

Figure 5: Actual production of olive oil in tons between 1994 and 2006. 
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Figure 6: Actual production of olives in tons between 1994 and 2006 

 
For the virgin and exhausted pomace produced in the region of Chania the actual data was not possible to be found 
due to the fact that neither the ESYE nor a regional authority keep in file this kind of figures For the estimation it was 
used the assumption given by the local olive millers that from 1kg of olives 0,4 kg virgin pomace is produced and from 
this amount 0,205Kg is the final product to be used as a fuel and is called exhausted pomace.  
 

Solid pomace residues (tn) 

(tn) 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

virgin 
pomace 56.758 59.523 79.024 73.122 77.890 81.889 72.728 70.396 72.033 71.998 65.381 76.177 75.298 

exhausted 
pomace 28.379 29.762 39.512 36.561 38.945 40.945 36.364 35.198 36.016 35.999 32.690 38.088 37.649 

Table 2: Estimated Olive solid pomace residues produced between the years 1994-2006 in the region of Chania 

 

 
Figure 7: Estimated virgin pomace produced between the years 1994-2006 in the region of Chania 

 

 
Figure 8: Estimated exhausted pomace produced between the years 1994-2006 in the region of Chania 

 
For the forecast of the virgin and exhausted pomace production in the area was used the regression statistics model 
as shown in the tables 4 and 5 correspondingly. 
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Forecast for the Solid Residues (tn) 

(tn) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

virgin 
pomace 76.069 76.692 77.315 77.938 78.560 79.183 79.806 80.429 81.052 81.675 82.297 82.920 83.543 

exhausted 
pomace 38.017 38.331 38.645 38.958 39.272 39.586 39.900 40.214 40.528 40.841 41.155 41.469 41.783 

Table 3: Forecast of the virgin and exhausted pomace production for the years 2007-2019 in the region of Chania 

 
Regression Statistics 

r2 0,1094 
MSE 52236952 

    
Slope 622,8516 

Intercept 67349,04 
Table 4: Regression Statistics model for the virgin pomace production in the region of Chania 

 

 
Figure 9: Diagram for projected virgin pomace production in the region of Chania (t: time in years) 

 
Regression Statistics 

r2 0,1143 
MSE 12634615 

    
Slope 313,8516 

Intercept 33622,88 
Table 5: Regression Statistics model for the exhausted pomace production in the region of Chania 

 

 
Figure 10: Diagram for projected exhausted pomace production in the region of Chania (t: time in years) 
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3. The energy content of the exhausted pomace produced in the area 

The energy content of the exhausted pomace produced in the area is approx. 3.500-4.000 kcal/kg, (16 MJ/kg), (4,4 
kWh/kg). The table and the figure below present the equal energy content of the projected exhausted pomace 
production in Kcal and in GWh for the years 2007-2019. 
 

The energy content of the exhausted pomace in 106 Kcal 

(106 Kcal) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 142.563 143.740 144.917 146.094 147.271 148.448 149.625 150.802 151.979 153.156 154.332 155.509 156.686 

Table 6: The energy content of the projected exhausted pomace produced in the region of Chania 

 

 
 

Figure 11: The energy content of the projected exhausted pomace produced in the region of Chania 

 

The energy content of the exhausted pomace in GWh 

(GWh) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 169,650 171,051 172,451 173,852 175,252 176,653 178,053 179,454 180,855 182,255 183,656 185,056 186,457 

Table 7: The energy content of the projected exhausted pomace produced in the region of Chania 

 

 
Figure 12: The energy content of the projected exhausted pomace produced in the region of Chania 
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4. Comparing Fossil fuels to exhausted pomace 

Comparing the energy content of fossil fuels to exhausted pomace 
 

1tn exhausted pomace "=" 0,375 toe 

1tn Natural Gas  "=" 1,3865 toe 
1tn Heating Oil "=" 1 toe 
1tn Coal "=" 0,3328 to max of 0,8319 toe  

Table 8: Equivalent energy content in Toe, “Handbook of Mechanical Engineering”  

For the projected amounts of the exhausted pomace (in toe and in MWh), the equivalent quantities of natural gas, 
heating oil and coal are given in the tables and figure below.  
 

Energy content of exhausted pomace (in toe) 

(toe) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 14.256 14.374 14.492 14.609 14.727 14.845 14.962 15.080 15.198 15.316 15.433 15.551 15.669 

Table 9: Energy content of exhausted pomace in toe 

 

Energy content of exhausted pomace (in MWh) 

(MWh) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 169.650 171.051 172.451 173.852 175.252 176.653 178.053 179.454 180.855 182.255 183.656 185.056 186.457 

Table 10: Energy Content of exhausted pomace in MWh 

 

Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 

(tn) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 38.017 38.331 38.645 38.958 39.272 39.586 39.900 40.214 40.528 40.841 41.155 41.469 41.783 

Natural 
Gas  10.282 10.367 10.452 10.537 10.622 10.707 10.792 10.876 10.961 11.046 11.131 11.216 11.301 

Heating Oil 14.256 14.374 14.492 14.609 14.727 14.845 14.962 15.080 15.198 15.316 15.433 15.551 15.669 

Coal 17.137 17.279 17.420 17.561 17.703 17.844 17.986 18.127 18.269 18.410 18.552 18.693 18.835 

Table 11: Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 

 

 
Figure 13: Amounts of fossil fuels with the same energy content as the projected exhausted pomace production  
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5. Potential production of Electrical Power, Related Costs & Lifecycle GHG Emissions 

The energy available from exhausted pomace is calculated at an average value for the period 2007-2020  
 

Average Energy Content  
(in MWh/year) 

exhausted 
pomace 178.754 

Table 12: Yearly average Energy Content in MWh of exhausted pomace for the years 2007-2020 (from data in Table 10) 

According to the: “Commission staff working document, accompanying the Communication from the commission to 
the European parliament, the council, the European economic and social committee and the committee of the regions. 
Second strategic energy review. An EU energy security and solidarity action plan. Energy sources, production costs 
and performance of technologies for power generation, heating and transport. {COM(2008) 781 final}, {SEC(2008) 
2870}, {SEC(2008) 2871} 
 
The net efficiency of several Power generation technologies is given at the following table: 
 

Energy source Power generation technology Net efficiency 
2007 

Natural gas Open Cycle Gas Turbine (GT) - 38% 
Combined Cycle Gas Turbine 
(CCGT) 

- 58% 
CCS 49%  

Oil Internal Combustion Diesel Engine - 45% 
Combined Cycle Oil-fired Turbine 
(CC)  

- 53% 

Coal Pulverized Coal Combustion (PCC) - 47% 
CCS 35% 

Circulating Fluidised Bed 
Combustion (CFBC) 

- 40% 

Integrated Gasification Combined 
Cycle (IGCC)  

- 45% 
CCS 35%  

Nuclear Nuclear fission - 35% 
Biomass Solid biomass - 24% ÷ 29% 

Table 13: Energy Technologies for Power Generation (SEC (2008) 2872) 

The net electrical power that can be produced from an input source of 178.754 MWh/year (corresponding to the 
average exhausted pomace energy content) is shown below, comparing different energy sources 
 

Energy input 
source Power generation technology 

Net Electrical 
Energy produced 

(MWh) 

Natural gas 
Open Cycle Gas Turbine (GT)  67.926 

Combined Cycle Gas Turbine 
(CCGT) 

- 103.677 
CCS 87.589 

Oil 
Internal Combustion Diesel Engine - 80.439 
Combined Cycle Oil-fired Turbine 

(CC) - 94.739 

Coal 

Pulverised Coal Combustion (PCC) 
- 84.014 

CCS 62.564 
Circulating Fluidised Bed 

Combustion (CFBC) - 71.501 

Integrated Gasification Combined 
Cycle (IGCC) 

- 80.439 
CCS 62.564 

Biomass Solid biomass  - 47.370 

Table 14: Net Electrical Energy produced from an input of 178.754MWh/year (in MWh) 
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Figure 14: Net Electrical Energy produced from an input of 178.754 MWh/year (in MWh) 

Using the production cost of electricity (shown in Table 15 below) by each fuel source examined, the total cost for the 
production of electricity in the quantities of Table 14 is presented in turn. 
 

Energy 
source 

Power generation 
technology 

Production Cost of 
Electricity (COE) 

Total Production Cost of 
Electricity for quantities in  

Table 14 
State-of-

the-art 2007 
Projection for 

2020 
State-of-the-

art 2007 
Projection for 

2020 
€2005/MWh €2005/MWh €2005 €2005 

Natural 
gas 

Open Cycle Gas 
Turbine (GT) - 65 ÷ 75 90 ÷ 95 4.754.847 € 6.283.191 € 

Combined Cycle Gas 
Turbine (CCGT) 

- 50 ÷ 60 65 ÷ 75 5.702.242 € 7.257.399 € 
CC
S n/a 85 ÷ 95 n/a 7.883.037 € 

Oil 

Internal Combustion 
Diesel Engine - 100 ÷ 125 140 ÷ 165 9.049.404 € 12.266.970 € 

Combined Cycle Oil-
fired Turbine (CC) - 95 ÷ 105 125 ÷ 135 9.473.944 € 12.316.127 € 

Coal 

Pulverised Coal 
Combustion (PCC) 

- 40 ÷ 50 65 ÷ 80 3.780.640 € 6.091.031 € 
CC
S n/a 80 ÷ 105 n/a 5.787.150 € 

Circulating Fluidised 
Bed Combustion 
(CFBC) 

- 45 ÷ 55 75 ÷ 85 3.575.073 € 5.720.117 € 

Integrated Gasification 
Combined Cycle 
(IGCC) 

- 45 ÷ 55 70 ÷ 80 4.021.957 € 6.032.936 € 
CC
S n/a 75 ÷ 90 n/a 5.161.512 € 

Biomass Solid biomass  - 80 ÷ 195 85 ÷ 200 6.513.337 € 6.750.185 € 

Table 15: Production Cost of Electricity of various fuels from an energy input of 178.754 MWh/year 

The corresponding GHG Emissions to produce the net electrical energy of Table 14 are shown below 
 

Energy 
source Power generation technology 

Lifecycle 
GHG 

emissions 

Lifecycle 
GHG 

emissions 
kg CO2(eq)/ 

MWh kg CO2(eq) 

Natural gas 

Open Cycle Gas Turbine (GT) - 640 114.402.345 

Combined Cycle Gas Turbine 
(CCGT) 

- 420 75.076.539 
CC
S 145 25.919.281 

Oil 
Internal Combustion Diesel Engine - 690 123.340.028 
Combined Cycle Oil-fired Turbine - 585 104.570.893 
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(CC) 

Coal 

Pulverised Coal Combustion (PCC) 
- 820 146.578.004 

CC
S 270 48.263.489 

Circulating Fluidised Bed 
Combustion (CFBC) - 960 171.603.517 

Integrated Gasification Combined 
Cycle (IGCC) 

- 855 152.834.382 
CC
S 270 48.263.489 

Biomass Solid biomass - 21 ÷ 42 5.630.740 

Table 16: Corresponding GHG Emissions to produce the net electrical energy of Table 14 

 

 
Figure 15: Corresponding GHG Emissions to produce the net electrical energy of Table 14 
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6. Potential production of Heating, Related Costs & Lifecycle GHG Emissions 

The energy available from exhausted pomace is calculated at an average value for the period 2007-2020  
 

Average Energy Content  
(in toe/year) 

exhausted 
pomace 15.021 

Table 17: Yearly average Energy Content in toe of exhausted pomace for the years 2007-2020 (from data in Table 9) 

For a net efficiency of 90% of 15.021 toe as input (corresponding to 13.519 toe) for direct combustion using the 
energy sources below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production Cost of Heat 

 €2005/toe €2005/toe €2005 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 14.195.144 - 17.574.940 

Heating oil 640 1325 ÷ 2025 17.912.920 - 27.376.349 

Coal 375 1500 ÷ 1825 20.278.777 - 24.672.512 

Biomass Pellets 580 1675 ÷ 4125 22.644.634 - 55.766.637 

Table 18: Total Production Cost of Heat produced from a net input of 13.519 toe 

 
The corresponding GHG Emissions resulting from combustion of 15.021 toe 
 

Energy source 
Lifecycle 

GHG 
emissions 

tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 48.067 

Heating oil 4.1 61.586 

Coal 6.1 91.628 
Biomass Pellets 0.7 10.515 

Table 19: Corresponding GHG Emissions resulting from combustion of 15.021 toe (COM(2008) 781) 

 

 
Figure 16: Corresponding GHG Emissions resulting from combustion of 15.021 toe 
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7. The Business as usual (BAU) scenario of expected trends to 2020 for the region of Chania  

The Business as usual scenario examines the consequences of continuing current trends in the energy use of the 
olive pomace residues in each region. In the region of Chania the estimation of the current use of the olive pomace 
residues (exhausted pomace) for energy purposes is 60% and also according to the Greek RSC members of MORE 
project the energy use of the olive wastes has increased around 5% during the last 15 years. Following we compare 
the energy, environmental and economic benefits arising from the SB in comparison to BAU scenario. 
 

Olive pomace solid residues used as an energy source(tn) 

(tn) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 22.810 22.999 23.187 23.375 23.563 23.752 23.940 24.128 24.317 24.505 24.693 24.881 25.070 

Table 20: Olive pomace solid residues quantities used as an energy source 

 
Figure 17: Olive pomace solid residues quantities used as an energy source 

 

BAU scenario with an increasing trend of 5%(tn) 

(tn) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 23.951 24.149 24.346 24.544 24.741 24.939 25.137 25.335 25.533 25.730 25.928 26.125 26.323 

Table 21: BAU scenario with an increasing trend of 5% 

 
Figure 18: BAU scenario with an increasing trend of 5% 

The table and the figure below present the equal energy content of the projected exhausted pomace production for the 
BAU scenario in Kcal and toe for the years 2007-2019. 
 

The energy content of the exhausted pomace of the BAU scenario(in 106 Kcal) 

(106 Kcal) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 89.815 90.557 91.299 92.038 92.780 93.522 94.264 95.006 95.747 96.487 97.229 97.971 98.712 

Table 22: The energy content of the exhausted pomace of the BAU scenario 
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Figure 19: The energy content of the exhausted pomace of the BAU scenario (in 106 Kcal) 

 

Energy content of exhausted pomace of the BAU scenario (in toe) 

(toe) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 8.982 9.056 9.130 9.204 9.278 9.352 9.426 9.501 9.575 9.649 9.723 9.797 9.871 

Table 23: Energy content of exhausted pomace of the BAU scenario (in toe) 

 
For the projected amounts of the exhausted pomace (in toe), the equivalent quantities of natural gas, heating oil and 
coal are given in the table and figure below 
 

Fossil fuel quantities corresponding to the energy content of exhausted pomace of the BAU scenario (in tonnes) 

(tn) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 23.951 24.149 24.346 24.544 24.741 24.939 25.137 25.335 25.533 25.730 25.928 26.125 26.323 

Natural 
Gas  6.478 6.531 6.585 6.638 6.692 6.745 6.799 6.852 6.906 6.959 7.013 7.066 7.120 

Heating Oil 8.982 9.056 9.130 9.204 9.278 9.352 9.426 9.501 9.575 9.649 9.723 9.797 9.871 

Coal 10.796 10.886 10.975 11.064 11.153 11.242 11.331 11.420 11.509 11.598 11.688 11.777 11.866 

Table 24: Fossil fuel quantities corresponding to the energy content of exhausted pomace of the BAU scenario (in tonnes) 

 

 
Figure 20: Fossil fuel quantities corresponding to the energy content of exhausted pomace of the BAU scenario (in tonnes) 
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The energy available from exhausted pomace is calculated at an average value for the period 2007-2020  
 

Average Energy Content  
(in toe/year) 

exhausted 
pomace 9.426 

Table 25: Yearly average Energy Content in toe of exhausted pomace for the years 2007-2020 (from data in Table 23) 

 
The corresponding GHG Emissions resulting from combustion of 9.426 toe 
 

Energy source 

Lifecycle 
GHG 

emissions 
tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 30.164 

Heating oil 4.1 38.648 

Coal 6.1 57.501 
Biomass Pellets 0.7 6.598 

Table 26: Corresponding GHG Emissions resulting from combustion of 9.426 toe (COM(2008) 781) 

 

 
Figure 21: Corresponding GHG Emissions resulting from combustion of 9.426 toe 

 
For a net efficiency of 90% of 9.426 toe as input (corresponding to 8.484 toe) for direct combustion using the energy 
sources below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production 
Cost of Heat 

 €2005/toe €2005/toe €2005 ( 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 5.302.326-11.028.837 

Heating oil 640 1325 ÷ 2025 5.429.582-17.179.535 

Coal 375 1500 ÷ 1825 3.181.395-15.482.791 

Biomass Pellets 580 1675 ÷ 4125 4.920.558-34.995.350 

Table 27: Total Production Cost of Heat produced from an input of 8.484 toe 
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8. The “Should Be” scenario in comparison to “Business as Usual” scenario  

Table 28 presents the quantities of the exhausted pomace which are potential exploited under the Should be scenario, 
since there are not currently used. 
 

Energy content of the projected exhausted pomace of the SB scenario (in toe) 

(toe) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 14.256 14.374 14.492 14.609 14.727 14.845 14.962 15.080 15.198 15.316 15.433 15.551 15.669 

Table 9: Energy content of the projected exhausted pomace of the SB scenario (in toe) 

Energy content of exhausted pomace of the BAU scenario (in toe) 

(toe) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 8.982 9.056 9.130 9.204 9.278 9.352 9.426 9.501 9.575 9.649 9.723 9.797 9.871 

Table 23: Energy content of the projected exhausted pomace of the BAU scenario (in toe) 

 

Energy content of the non exploited exhausted pomace comparing the SB and the BAU scenario (in toe) 

(toe) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

exhausted 
pomace 5.275 5.318 5.362 5.406 5.449 5.493 5.536 5.580 5.623 5.667 5.710 5.754 5.797 

Table 28: Energy content of the non exploited exhausted pomace comparing the SB and the BAU scenario (in toe) 

 
The corresponding GHG Emissions resulting from the difference between the SB and BAU scenario (tables 19,26) 
 

tCO2 Total Lifecycle GHG emissions 

Energy source 

SB scenario 
Corresponding GHG 

Emissions resulting from 
combustion of 15.021 toe 

BAU scenario 
Corresponding GHG 

Emissions resulting from 
combustion of 9.426 toe 

Difference between 
the BAU and SB 

scenario 

Fossil 
fuels 

Natural 
gas 48.067 30.164 17.903 

Heating 
oil 61.586 38.648 22.938 

Coal 91.628 57.501 34.127 
Biomass Pellets 10.515 6.598 3.916 

Table 29: The corresponding GHG Emissions resulting from the difference between the BAU and SB scenario for the fuels shown 

The difference between the two scenarios is shown in the figure below. Since exhausted pomace is a biomass source 
it is clearly evident that its use is a far friendlier source of CO2 emissions when it replaces other fossil fuels for heating 
purposes.  
Exhausted pomace can be used as a fuel source in free form or transformed into pellets. Up to now, it is mainly used 
in free form in local applications. However, there is technology readily available to transform it into pellet form and by 
that, extend its use to other locations and further applications. 
The potential of generating electricity from pomace in the region of Chania is considered not feasible presently, due to 
the limited quantities and their current use as heating source. However, in the region of Chania the quantities of the 
exhausted pomace not used at the present time could be used for distant heating. For the realization of this 
application, more biomass sources would be needed such as other forest and agricultural residues. For this to be 
made possible further elaboration is necessary, taking into consideration potential investors and government 
subsidies. 
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Figure 22: The corresponding GHG Emissions resulting from the comparison between the BAU and SB scenario 
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Case of Spain_ The region/prefecture of Jaén. 

1. The region of Jaén 

Jaén is a region/province of southern Spain, in the eastern part of the autonomous community of Andalusia. It is 
bordered by the provinces of Ciudad Real, Albacete, Granada and Córdoba. Its capital is Jaén city. Its area is 13.484 
km². Its population is 657,387 (2003), of whom just about one-sixth live in the capital. It contains 97 municipalities. 
Jaén is one of the larger producers of olive oil in the world. It produces around 60% of all Spanish production. 
 

 
Figure 1: Map of Spain (Region of Jaen is indicating with the green area) 
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2. The “Should Be” (SB) scenario of expected trends to 2020 for the region of Jaén 

In the following table and figures is presented the situation regarding the olive trees cultivated, the olives treated and 
the olive oil produced in the region of Jaén. 
 

 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

olive oil 
(103lt) 715.378 871.400 880.602 673.522 479.687 854.976 1.171.713 710.793 1.171.713 836.216 638.428 941.491 990.391 

olive 
trees(x103) 119.137 126.014 128.086 133.459 133.389 139.648 139.980 144.070 144.917 141.024 146.518 147.655 165.299 

olives 
(103tn) 3.577 4.357 4.403 3.368 2.398 4.275 5.851 3.554 5.859 4.181 3.192 4.707 4.952 

Table 1: Production of olive oil and olives for the years 1995-2007 in the region of Jaén 

 

 
Figure 2: Actual production of olive oil in lt. between 1995 and 2007. 

 

 
Figure 3: Actual production of olives in tonnes between 1995 and 2007. 

 
For the virgin and pomace produced in the region of Jaén the actual data was not possible to be found due to the fact 
that there isn’t a regional authority to keep in file this kind of figures. The data were estimated by “Agener. 
 

Solid pomace residues (tn) 

(tn) 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

virgin 
pomace 2.861.512 3.485.600 3.522.407 2.694.089 3.419.902 3.419.902 4.680.542 2.843.173 4.686.853 3.344.862 2.553.713 3.765.965 3.961.565 

exhausted 
pomace 429.227 522.840 563.585 431.054 547.184 547.184 748.887 454.908 749.896 535.178 408.594 602.554 633.850 

Table 2: Estimated Olive solid pomace residues produced between the years 1995-2007 in the region of Jaén 
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Figure 4: Virgin pomace produced between the years 1995-2007 in the region of Jaén 

 

 
Figure 5: Exhausted pomace produced between the years 1995-2007 in the region of Jaén 

 

For the forecast of the virgin and exhausted pomace production in the area was used the regression statistics model 
as shown in the tables 4 and 5 correspondingly. 
 

Forecast for the Solid Residues (tn) 

(tn) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

virgin 
pomace 3.789.116 3.833.275 3.877.433 3.921.592 3.965.751 4.009.909 4.054.068 4.098.226 4.142.385 4.186.543 4.230.702 4.274.860 4.319.019 

exhausted 
pomace 614.682 623.649 632.615 641.581 650.548 659.514 668.480 677.446 686.413 695.379 704.345 713.311 722.278 

Table 3: Forecast of the virgin and exhausted pomace production for the years 2008-2020 in the region of Jaén 

 
Regression 
Statistics 

r2 0,0645 
MSE 4,68E+11 

    
Slope 44158,55 

Intercept 3170897 
Table 4: Regression Statistics model for the virgin pomace production in the region of Jaén 
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Figure 6: Diagram for projected virgin pomace production in the region of Jaén (t: time in years) 

 
Regression 
Statistics 

r2 0,0987 
MSE 1,21E+10 

    
Slope 8966,272 

Intercept 489154,7 
Table 5: Regression Statistics model for the exhausted pomace production in the region of Jaén 

 

 
Figure 7: Diagram for projected exhausted pomace production in the region of Jaén (t: time in years) 
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3. The energy content of the exhausted pomace produced in the area 

The energy content of the exhausted pomace produced in the area is approx. 4.000-4.500 kcal/kg. The table and the 
figure below present the equal energy content of the projected exhausted pomace production in Kcal and in GWh for 
the years 2007-2019. 
 

The energy content of the exhausted pomace in 106 Kcal 

(106 Kcal) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 2.612.401 2.650.507 2.688.614 2.726.720 2.764.827 2.802.934 2.841.040 2.879.147 2.917.254 2.955.360 2.993.467 3.031.574 3.069.680 

Table 6: The energy content of the projected exhausted pomace produced in the region of Jaén 

 

 
Figure 8: The energy content of the projected exhausted pomace produced in the region of Jaén 

 

The energy content of the exhausted pomace in GWh 

(GWh) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 3.109 3.154 3.199 3.245 3.290 3.335 3.381 3.426 3.472 3.517 3.562 3.608 3.569 

Table 7: The energy content of the projected exhausted pomace produced in the region of Jaén 

 

 
Figure 9: The energy content of the projected exhausted pomace produced in the region of Jaén 
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4. Comparing Fossil fuels to exhausted pomace 

Comparing the energy content of fossil fuels to exhausted pomace 

1tn exhausted pomace "=" 0,425 toe 

1tn Natural Gas  "=" 1,3865 toe 
1tn Heating Oil "=" 1 toe 
1tn Coal "=" 0,3328 to max of 0,8319 toe  

Table 8: Equivalent energy content in Toe, “Handbook of Mechanical Engineering”  

For the projected amounts of the exhausted pomace (in toe and in MWh), the equivalent quantities of natural gas, 
heating oil and coal are given in the tables and figure below.  
 

Energy content of exhausted pomace (in toe) 

(toe) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 261.240 265.051 268.861 272.672 276.483 280.293 284.104 287.915 291.725 295.536 299.347 303.157 306.968 

Table 9: Energy content of exhausted pomace in toe 

 

Energy content of exhausted pomace (in MWh) 

(MWh) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 3.108.757 3.154.104 3.199.450 3.244.797 3.290.144 3.335.491 3.380.838 3.426.185 3.471.532 3.516.879 3.562.226 3.607.573 3.652.920 

Table 10: Energy Content of exhausted pomace in MWh 

 

Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 

(tn) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 614.682 623.649 632.615 641.581 650.548 659.514 668.480 677.446 686.413 695.379 704.345 713.311 722.278 

Natural 
Gas  188.417 191.165 193.914 196.662 199.411 202.159 204.907 207.656 210.404 213.153 215.901 218.649 221.398 

Heating Oil 261.240 265.051 268.861 272.672 276.483 280.293 284.104 287.915 291.725 295.536 299.347 303.157 306.968 

Coal 314.028 318.609 323.190 327.770 332.351 336.932 341.512 346.093 350.674 355.254 359.835 364.416 368.996 

Table 11: Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 

 

 
Figure 10: Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 
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5. Potential production of Electrical Power, Related Costs & Lifecycle GHG Emissions 

The energy available from exhausted pomace is calculated at an average value for the period 2008-2020  
 

Average Energy Content  
(in MWh/year) 

exhausted 
pomace 3.380.838 

Table 12: Yearly average Energy Content in MWh of exhausted pomace for the years 2007-2020 (from data in Table 10) 

According to the: “Commission staff working document, accompanying the Communication from the commission to 
the European parliament, the council, the European economic and social committee and the committee of the regions. 
Second strategic energy review. An EU energy security and solidarity action plan. Energy sources, production costs 
and performance of technologies for power generation, heating and transport. {COM(2008) 781 final}, {SEC(2008) 
2870}, {SEC(2008) 2871} 
 
The net efficiency of several Power generation technologies is given at the following table: 
 

Energy source Power generation technology Net efficiency 
2007 

Natural gas Open Cycle Gas Turbine (GT) - 38% 
Combined Cycle Gas Turbine 
(CCGT) 

- 58% 
CCS 49%  

Oil Internal Combustion Diesel Engine - 45% 
Combined Cycle Oil-fired Turbine 
(CC)  

- 53% 

Coal Pulverized Coal Combustion (PCC) - 47% 
CCS 35% 

Circulating Fluidised Bed 
Combustion (CFBC) 

- 40% 

Integrated Gasification Combined 
Cycle (IGCC)  

- 45% 
CCS 35%  

Nuclear Nuclear fission - 35% 
Biomass Solid biomass - 24% ÷ 29% 

Table 13: Energy Technologies for Power Generation (SEC (2008) 2872) 

The net electrical power that can be produced from an input source of 3.380.838 MWh/year (corresponding to the 
average exhausted pomace energy content) is shown below, comparing different energy sources 
 

Energy input 
source Power generation technology 

Net Electrical 
Energy produced 

(MWh) 

Natural gas 
Open Cycle Gas Turbine (GT)  1.284.718 

Combined Cycle Gas Turbine 
(CCGT) 

- 1.960.886 
CCS 1.656.611 

Oil 
Internal Combustion Diesel Engine - 1.521.377 
Combined Cycle Oil-fired Turbine 

(CC) - 1.791.844 

Coal 

Pulverised Coal Combustion (PCC) 
- 1.588.994 

CCS 1.183.293 
Circulating Fluidised Bed 

Combustion (CFBC) - 1.352.335 

Integrated Gasification Combined 
Cycle (IGCC) 

- 1.521.377 
CCS 1.183.293 

Biomass Solid biomass  - 895.922 

Table 14: Net Electrical Energy produced from an input of 3.380.838 MWh/year (in MWh) 
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Figure 11: Net Electrical Energy produced from an input of 3.380.838 MWh/year (in MWh) 

 
Using the production cost of electricity (shown in Table 15 below) by each fuel source examined, the total cost for the 
production of electricity in the quantities of Table 14 is presented in turn. 
 

Energy 
source 

Power generation 
technology 

Production Cost of 
Electricity (COE) 

Total Production Cost of 
Electricity for quantities in  

Table 14 
State-of-

the-art 2007 
Projection for 

2020 
State-of-the-

art 2007 
Projection for 

2020 
€2005/MWh €2005/MWh €2005 €2005 

Natural 
gas 

Open Cycle Gas 
Turbine (GT) - 65 ÷ 75 90 ÷ 95 89.930.294 € 118.836.461 € 

Combined Cycle Gas 
Turbine (CCGT) 

- 50 ÷ 60 65 ÷ 75 107.848.737 € 137.262.028 € 
CC
S n/a 85 ÷ 95 n/a 149.094.962 € 

Oil 

Internal Combustion 
Diesel Engine - 100 ÷ 125 140 ÷ 165 171.154.931 € 232.010.017 € 

Combined Cycle Oil-
fired Turbine (CC) - 95 ÷ 105 125 ÷ 135 179.184.421 € 232.939.748 € 

Coal 

Pulverised Coal 
Combustion (PCC) 

- 40 ÷ 50 65 ÷ 80 71.504.727 € 115.202.060 € 
CC
S n/a 80 ÷ 105 n/a 109.454.635 € 

Circulating Fluidised 
Bed Combustion 
(CFBC) 

- 45 ÷ 55 75 ÷ 85 67.616.763 € 108.186.820 € 

Integrated Gasification 
Combined Cycle 
(IGCC) 

- 45 ÷ 55 70 ÷ 80 76.068.858 € 114.103.287 € 
CC
S n/a 75 ÷ 90 n/a 97.621.701 € 

Biomass Solid biomass  - 80 ÷ 195 85 ÷ 200 123.189.290 € 127.668.900 € 

Table15: Production Cost of Electricity of various fuels from an energy input of 3.380.838 MWh/year 

The corresponding GHG Emissions to produce the net electrical energy of Table 14 are shown below 
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Energy 
source Power generation technology 

Lifecycle 
GHG 

emissions 
Lifecycle GHG 

emissions 

kg CO2(eq)/ 
MWh kg CO2(eq) 

Natural gas 

Open Cycle Gas Turbine (GT) - 640 2.163.736.408 

Combined Cycle Gas Turbine 
(CCGT) 

- 420 1.419.952.018 
CC
S 145 490.221.530 

Oil 
Internal Combustion Diesel Engine - 690 2.332.778.315 
Combined Cycle Oil-fired Turbine 

(CC) - 585 1.977.790.311 

Coal 

Pulverised Coal Combustion (PCC) 
- 820 2.772.287.273 

CC
S 270 912.826.297 

Circulating Fluidised Bed 
Combustion (CFBC) - 960 3.245.604.612 

Integrated Gasification Combined 
Cycle (IGCC) 

- 855 2.890.616.608 
CC
S 270 912.826.297 

Biomass Solid biomass - 21 ÷ 42 106.496.401 
Table 16: Corresponding GHG Emissions to produce the net electrical energy of Table 14 

 
 

 
Figure 12: Corresponding GHG Emissions to produce the net electrical energy of Table 14 
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6. Potential production of Heating, Related Costs & Lifecycle GHG Emissions 

The energy available from exhausted pomace is calculated at an average value for the period 2008-2020  
 

Average Energy Content  
(in toe/year) 

exhausted 
pomace 284.104 

Table 30: Yearly average Energy Content in toe of exhausted pomace for the years 2007-2020 (from data in Table 9) 

For a net efficiency of 90% of 284.104 toe as input (corresponding to 255.694 toe) for direct combustion using the 
energy sources below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production Cost of Heat 

 €2005/toe €2005/toe €2005( 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 268.478.323-332.401.733 

Heating oil 640 1325 ÷ 2025 338.794.074-517.779.622 

Coal 375 1500 ÷ 1825 383.540.461-466.640.894 

Biomass Pellets 580 1675 ÷ 4125 428.286.848-1.054.736.268 

Table 17: Total Production Cost of Heat produced from a net input of 255.694 toe 

 
The corresponding GHG Emissions resulting from combustion of 284.104 toe 
 

Energy source 
Lifecycle 

GHG 
emissions 

tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 909.133 

Heating oil 4.1 1.164.827 

Coal 6.1 1.733.035 
Biomass Pellets 0.7 198.873 

Table 18: Corresponding GHG Emissions resulting from combustion of 284.104 toe  

 

 
Figure 13: Corresponding GHG Emissions resulting from combustion of 284.104 toe 
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7. The Business as usual (BAU) scenario of expected trends to 2020 for the region of Jaén 

The Business as usual scenario examines the consequences of continuing current trends in the energy use of the 
olive pomace residues. In the region of Jaén the current trends show that 100% of the olive pomace solid residues 
(exhausted pomace) is used for energy purposes. In this case the SB scenario of the region coincides with the BAU 
scenario. 
 
Further more the following applications are implemented: 

• District Heating & Cooling to a science technology park from biomass (pomace and other biomass sources) 
(Geolit Climatizacion) 

• Combustion of exhausted pomace for CHP generation (Energia LA Loma). 
• Power Generation from olive pomace (Biomassa Fuente Genil) 
• Water heating in a hotel & spa from olive pits 

 
It is clearly evident that in the region of Jaen important and big installations are already operating using almost all of 
the available pomace in the area. 
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Case of Italy_ The region of Liguria 

1. The region of Liguria 

Liguria is a coastal region of north-western Italy, the third smallest of the Italian regions. Its capital is Genoa. Liguria 
borders France to the west, Piedmont to the north, and Emilia-Romagna and Tuscany to the east. It lies on the 
Ligurian Sea. 
The ring of hills, lying immediately beyond the coast, together with the beneficial influence of the sea, account for the 
mild climate the whole year round (with average winter temperatures of 7-10° and summer temperatures of 23°-24°) 
 
 

 
Figure 1: Map of Italy 

Population density in Liguria is high (almost 300 inhabitants per km2 in 2008), and in the province of Genoa, it reaches 
almost 500 inhabitants per km2 

Liguria is divided into four provinces: Province of Genoa, Province of Imperia, Province of La Spezia and Province of 
Savona. 
 

Province Area (km²) Population Density (inh./km²) 
Province of Genoa 1,838 884,945 481.5 
Province of Imperia 1,156 220,217 190.5 
Province of La Spezia 881 222,602 252.7 
Province of Savona 1,545 265,194 185.2 

Figure 2:Provinces of Liguria 
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Figure 3: Map of Liguria region  

 
Ligurian agriculture has increased its specialisation pattern in high-quality products (flowers, wine, olive oil) and has 
thus managed to maintain the gross value-added per worker at a level much higher than the national average (the 
difference was about 42% in 1999 
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2. The “Should Be” (SB) scenario of expected trends to 2020 for the region of Liguria 

In the following table and figures is presented the situation regarding the olive trees cultivated, the olives treated and 
the olive oil produced in the region of Liguria according to the data of the ISTAT 
 

 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

olive 
oil 
(tn) 

4.019 5.915 2.370 7.974 2.570 4.765 2.103 7.284 3.590 5.527 4.062 3.357 2.379 3.116 

olive 
trees na na na na 14.614 14.610 14.544 14.621 12.837 12.767 12.767 12.765 12.760 16.260 

olives 
(tn) 20.427 28.107 11.779 38.699 14.032 28.671 10.553 41.886 21.582 30.234 23.601 21.720 15.890 21.307 

Table 1: Production of olive oil and olives for the years 1994-2008 in the region of Liguria  

 

 

Figure 4: Actual production of olive oil in tons between 1995 and 2007. 

 

 
Figure 5: Actual production of olives in tons between 1995 and 2007 

For the virgin and pomace produced in the region of Liguria the actual data was not possible to be found due to the 
fact that there isn’t a regional authority to keep in file this kind of figures. The data were estimated by ARE Liguria. For 
the estimation it was used the assumption given by the local olive millers that from 1kg of olives 0.450 kg virgin 
pomace is produced and from this amount 0.100kg is the final product to be used as a fuel and is called exhausted 
pomace.  
 

Solid pomace residues (tn) 

(tn) 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

virgin 
pomace 14.411 10.055 13.871 5.415 6.314 12.902 4.749 18.849 9.712 13.605 10.620 9.774 7.151 

exhausted 
pomace 1.441 1.006 1.387 542 631 1.290 475 1.885 971 1.361 1.062 977 715 

Table 2: Estimated Olive solid pomace residues produced between the years 1995-2007 in the region of Liguria 
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Figure 6: Estimated virgin pomace produced between the years 1994-2006 in the region of Liguria 

 

 
Figure 7: Estimated exhausted pomace produced between the years 1994-2006 in the region of Liguria 

 
For the forecast of the virgin and exhausted pomace production in the area was used the regression statistics model 
as shown in the tables 4 and 5 correspondingly. 
 

Forecast for the Solid Residues (tn) 

(tn) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

virgin 
pomace 11.615 11.689 11.762 11.836 11.909 11.982 12.056 12.129 12.203 12.276 12.349 12.423 

exhausted 
pomace 1.213 1.225 1.237 1.249 1.261 1.273 1.285 1.297 1.309 1.321 1.333 1.345 

Table 3: Forecast of the virgin and exhausted pomace production for the years 2009-2020 in the region of Liguria 

Regression Statistics 
r2 0,0005 

MSE 17170736 
    

Slope -21,7849 
Intercept 10907,32 

Table 4: Regression Statistics model for the virgin pomace production in the region of Liguria 
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Figure 8: Diagram for projected virgin pomace production in the region of Liguria (t: time in years) 

 
 

 

 

 

 

Table 5: Regression Statistics model for the exhausted pomace production in the region of Liguria 

 

 
Figure 9: Diagram for projected exhausted pomace production in the region of Liguria (t: time in years) 

 
 
 
 
 
 
 

Regression 
Statistics 

r2 0,0005 
MSE 171707,4 

    
Slope -2,17849 

Intercept 1090,732 
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3. The energy content of the exhausted pomace produced in the area 

The energy content of the exhausted pomace produced in the area is approx. 4.000-4.500 kcal/kg. The table and the 
figure below present the equal energy content of the projected exhausted pomace production in Kcal and in GWh for 
the years 2009-2020. 
 

The energy content of the exhausted pomace in 106 Kcal 

(106 Kcal) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 5.155 5.206 5.257 5.308 5.359 5.410 5.462 5.513 5.564 5.615 5.666 5.717 

Table 6: The energy content of the projected exhausted pomace produced in the region of Liguria 

 

 
Figure 10: The energy content of the projected exhausted pomace produced in the region of Liguria 

 

The energy content of the exhausted pomace in GWh 

(GWh) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 6,135 6,195 6,256 6,317 6,378 6,438 6,499 6,560 6,621 6,681 6,742 6,803 

Table 7: The energy content of the projected exhausted pomace produced in the region of Liguria 

 

 
Figure 11: The energy content of the projected exhausted pomace produced in the region of Liguria 
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4. Comparing Fossil fuels to exhausted pomace 

Comparing the energy content of fossil fuels to exhausted pomace 
 

1tn exhausted pomace "=" 0,425 toe 

1tn Natural Gas  "=" 1,3865 toe 
1tn Heating Oil "=" 1 toe 

1tn Coal "=" 
0,3328 to 
max of 
0,8319 toe  

Table 8: Equivalent energy content in Toe, “Handbook of Mechanical Engineering”  

For the projected amounts of the exhausted pomace (in toe and in MWh), the equivalent quantities of natural gas, 
heating oil and coal are given in the tables and figure below.  
 

Energy content of exhausted pomace (in toe) 

(toe) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 516 521 526 531 536 541 546 551 556 561 567 572 

Table 9: Energy content of exhausted pomace in toe 

 

Energy content of exhausted pomace (in MWh) 

(MWh) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 6.135 6.195 6.256 6.317 6.378 6.438 6.499 6.560 6.621 6.681 6.742 6.803 

Table 10: Energy Content of exhausted pomace in MWh 

 

Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 

(tn) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 1.213 1.225 1.237 1.249 1.261 1.273 1.285 1.297 1.309 1.321 1.333 1.345 

Natural 
Gas  372 375 379 383 387 390 394 398 401 405 409 412 

Heating Oil 516 521 526 531 536 541 546 551 556 561 567 572 

Coal 620 626 632 638 644 650 657 663 669 675 681 687 

Table 11: Fossil fuel quantities corresponding to the energy content of exhausted pomace (in tonnes) 

 



 

38 

 

 
Figure 12: Amounts of fossil fuels with the same energy content as the projected exhausted pomace production 
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5. Potential production of Electrical Power, Related Costs & Lifecycle GHG Emissions 

The energy available from exhausted pomace is calculated at an average value for the period 2009-2020  
 

Average Energy Content  
(in MWh/year) 

exhausted 
pomace 6.469 

Table 12: Yearly average Energy Content in MWh of exhausted pomace for the years 2007-2020 (from data in Table 10) 

According to the: “Commission staff working document, accompanying the Communication from the commission to 
the European parliament, the council, the European economic and social committee and the committee of the regions. 
Second strategic energy review. An EU energy security and solidarity action plan. Energy sources, production costs 
and performance of technologies for power generation, heating and transport. {COM(2008) 781 final}, {SEC(2008) 
2870}, {SEC(2008) 2871} 
 
The net efficiency of several Power generation technologies is given at the following table: 
 

Energy source Power generation technology Net efficiency 
2007 

Natural gas Open Cycle Gas Turbine (GT) - 38% 
Combined Cycle Gas Turbine 
(CCGT) 

- 58% 
CCS 49%  

Oil Internal Combustion Diesel Engine - 45% 
Combined Cycle Oil-fired Turbine 
(CC)  

- 53% 

Coal Pulverized Coal Combustion (PCC) - 47% 
CCS 35% 

Circulating Fluidised Bed 
Combustion (CFBC) 

- 40% 

Integrated Gasification Combined 
Cycle (IGCC)  

- 45% 
CCS 35%  

Nuclear Nuclear fission - 35% 
Biomass Solid biomass - 24% ÷ 29% 

Table 13: Energy Technologies for Power Generation (SEC (2008) 2872) 

The net electrical power that can be produced from an input source of 6.469 MWh/year (corresponding to the average 
exhausted pomace energy content) is shown below, comparing different energy sources 
 

Energy input 
source Power generation technology 

Net Electrical 
Energy produced 

(MWh) 

Natural gas 
Open Cycle Gas Turbine (GT)  2.458 

Combined Cycle Gas Turbine 
(CCGT) 

- 3.752 
CCS 3.170 

Oil 
Internal Combustion Diesel Engine - 2.911 
Combined Cycle Oil-fired Turbine 

(CC) - 3.428 

Coal 

Pulverised Coal Combustion (PCC) 
- 3.040 

CCS 2.264 
Circulating Fluidised Bed 

Combustion (CFBC) - 2.588 

Integrated Gasification Combined 
Cycle (IGCC) 

- 2.911 
CCS 2.264 

Biomass Solid biomass  - 1.714 

Table 14: Net Electrical Energy produced from an input of 6.469 MWh/year (in MWh) 
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Figure 13: Net Electrical Energy produced from an input of 6.469 MWh/year (in MWh) 

Using the production cost of electricity (shown in Table 15 below) by each fuel source examined, the total cost for the 
production of electricity in the quantities of Table 14 is presented in turn. 
 

Energy 
source 

Power generation 
technology 

Production Cost of 
Electricity (COE) 

Total Production Cost of 
Electricity for quantities in  

Table 14 
State-of-

the-art 2007 
Projection for 

2020 
State-of-the-

art 2007 
Projection for 

2020 
€2005/MWh €2005/MWh €2005 €2005 

Natural 
gas 

Open Cycle Gas 
Turbine (GT) - 65 ÷ 75 90 ÷ 95 172.071 € 227.379 € 

Combined Cycle Gas 
Turbine (CCGT) 

- 50 ÷ 60 65 ÷ 75 206.355 € 262.634 € 
CC
S n/a 85 ÷ 95 n/a 285.275 € 

Oil 

Internal Combustion 
Diesel Engine - 100 ÷ 125 140 ÷ 165 327.484 € 443.923 € 

Combined Cycle Oil-
fired Turbine (CC) - 95 ÷ 105 125 ÷ 135 342.847 € 445.702 € 

Coal 

Pulverised Coal 
Combustion (PCC) 

- 40 ÷ 50 65 ÷ 80 136.816 € 220.425 € 
CC
S n/a 80 ÷ 105 n/a 209.428 € 

Circulating Fluidised 
Bed Combustion 
(CFBC) 

- 45 ÷ 55 75 ÷ 85 129.376 € 207.002 € 

Integrated Gasification 
Combined Cycle 
(IGCC) 

- 45 ÷ 55 70 ÷ 80 145.548 € 218.323 € 
CC
S n/a 75 ÷ 90 n/a 186.787 € 

Biomass Solid biomass  - 80 ÷ 195 85 ÷ 200 235.708 € 244.279 € 

Table 15: Production Cost of Electricity of various fuels from an energy input of 6.469 MWh/year 

The corresponding GHG Emissions to produce the net electrical energy of Table 14 are shown below 
 

Energy 
source Power generation technology 

Lifecycle 
GHG 

emissions 

Lifecycle 
GHG 

emissions 
kg CO2(eq)/ 

MWh kg CO2(eq) 

Natural gas 

Open Cycle Gas Turbine (GT) - 640 4.140.044 

Combined Cycle Gas Turbine 
(CCGT) 

- 420 2.716.904 
CC
S 145 937.979 

Oil 
Internal Combustion Diesel Engine - 690 4.463.485 
Combined Cycle Oil-fired Turbine - 585 3.784.259 
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(CC) 

Coal 

Pulverised Coal Combustion (PCC) 
- 820 5.304.431 

CC
S 270 1.746.581 

Circulating Fluidised Bed 
Combustion (CFBC) - 960 6.210.066 

Integrated Gasification Combined 
Cycle (IGCC) 

- 855 5.530.840 
CC
S 270 1.746.581 

Biomass Solid biomass - 21 ÷ 42 203.768 
Table 16: Corresponding GHG Emissions to produce the net electrical energy of Table 14 

 

 
Figure 14: Corresponding GHG Emissions to produce the net electrical energy of Table 14 
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6. Potential production of Heating, Related Costs & Lifecycle GHG Emissions 

The energy available from exhausted pomace is calculated at an average value for the period 2007-2020  
 

Average Energy Content  
(in toe/year) 

exhausted 
pomace 544 

Table 17: Yearly average Energy Content in toe of exhausted pomace for the years 2009-2020 (from data in Table 9) 

For a net efficiency of 90% of 544 toe as input (corresponding to 489 toe) for direct combustion using the energy 
sources below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production Cost of 
Heat 

 €2005/toe €2005/toe €2005 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 513.700-636.010 

Heating oil 640 1325 ÷ 2025 648.241-990.708 

Coal 375 1500 ÷ 1825 733.858-892.860 

Biomass Pellets 580 1675 ÷ 4125 819.474-2.018.108 

Table 18: Total Production Cost of Heat produced from a net input of 489 toe 

 
The corresponding GHG Emissions resulting from combustion of 544 toe 
 

Energy source 
Lifecycle 

GHG 
emissions 

tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 1.740 

Heating oil 4.1 2.229 

Coal 6.1 3.316 
Biomass Pellets 0.7 381 

Table 19: Corresponding GHG Emissions resulting from combustion of 544 toe 

 

 
Figure 15: Corresponding GHG Emissions resulting from combustion of 544 toe 
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7. The Business as usual (BAU) scenario of expected trends to 2020 for the region of Liguria  

The Business as usual scenario examines the consequences of continuing current trends in the energy use of the 
olive pomace residues in each region. In the region of Liguria the estimation of the current use of the olive pomace 
residues (exhausted pomace) for energy purposes is 5% and also the energy use of the olive wastes has increased 
around 5% during the last 15 years. Following we compare the energy, environmental and economic benefits arising 
from the SB in comparison to BAU scenario. 
 

Olive pomace solid residues used as an energy source(tn) 

(tn) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 61 61 62 62 63 64 64 65 65 66 67 67 

Table 20: Olive pomace solid residues quantities used as an energy source 

 

 
Figure 16: Olive pomace solid residues quantities used as an energy source 

 

BAU scenario with an increasing trend of 5%(tn) 

(tn) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 64 64 65 66 66 67 67 68 69 69 70 71 

Table 21: BAU scenario with an increasing trend of 5% 

 

 
Figure 17: BAU scenario with an increasing trend of 5% 

 
The table and the figure below present the equal energy content of the projected exhausted pomace production for the 
BAU scenario in Kcal and toe for the years 2008-2020. 

The energy content of the exhausted pomace of the BAU scenario(in 106 Kcal) 

(106 Kcal) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 271 273 276 279 281 284 287 289 292 295 297 300 

Table 22: The energy content of the exhausted pomace of the BAU scenario 
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Figure 18: The energy content of the exhausted pomace of the BAU scenario (in 106 Kcal) 

 

Energy content of exhausted pomace of the BAU scenario (in toe) 

(toe) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 27 27 28 28 28 28 29 29 29 29 30 30 

Table 23: Energy content of exhausted pomace of the BAU scenario (in toe) 

 
For the projected amounts of the exhausted pomace (in toe), the equivalent quantities of natural gas, heating oil and 
coal are given in the table and figure below 
 

Fossil fuel quantities corresponding to the energy content of exhausted pomace of the BAU scenario (in tonnes) 

(tn) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 64 64 65 66 66 67 67 68 69 69 70 71 

Natural 
Gas  20 20 20 20 20 20 21 21 21 21 21 22 

Heating Oil 27 27 28 28 28 28 29 29 29 29 30 30 

Coal 33 33 33 34 34 34 34 35 35 35 36 36 

Table 24: Fossil fuel quantities corresponding to the energy content of exhausted pomace of the BAU scenario (in tonnes) 

 

 
Figure 19: Fossil fuel quantities corresponding to the energy content of exhausted pomace of the BAU scenario (in tonnes) 
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The energy available from exhausted pomace is calculated at an average value for the period 2007-2020  
 

Average Energy Content  
(in toe/year) 

exhausted 
pomace 29 

Table 25: Yearly average Energy Content in toe of exhausted pomace for the years 2009-2020 (from data in Table 23) 

 
The corresponding GHG Emissions resulting from combustion of 29 toe 
 

Energy source 

Lifecycle 
GHG 

emissions 
tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 91 

Heating oil 4.1 117 

Coal 6.1 174 
Biomass Pellets 0.7 20 

Table 26: Corresponding GHG Emissions resulting from combustion of 29 toe 

 

 
Figure 20: Corresponding GHG Emissions resulting from combustion of 29 toe 

 
For a net efficiency of 90% of 29 toe as input (corresponding to 26 toe) for direct combustion using the energy sources 
below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production 
Cost of Heat 

 €2005/toe €2005/toe €2005 ( 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 16.053-33.391 

Heating oil 640 1325 ÷ 2025 16.438-52.012 

Coal 375 1500 ÷ 1825 9.632-46.875 

Biomass Pellets 580 1675 ÷ 4125 14.897-105.951 

Table 27: Total Production Cost of Heat produced from a net  input of 26 toe 
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8. The “Should Be” scenario in comparison to “Business as Usual” scenario  

Table 28 presents the quantities of the exhausted pomace which are potential exploited under the Should be scenario, 
since there are not currently used. 
 

Energy content of the projected exhausted pomace of the SB scenario (in toe) 

(toe) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 516 521 526 531 536 541 546 551 556 561 567 572 

Table 9: Energy content of the projected exhausted pomace of the SB scenario (in toe) 

Energy content of exhausted pomace of the BAU scenario (in toe) 

(toe) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 27 27 28 28 28 28 29 29 29 29 30 30 

Table 23: Energy content of the projected exhausted pomace of the BAU scenario (in toe) 

 

Energy content of the non exploited exhausted pomace comparing the SB and the BAU scenario (in toe) 

(toe) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

exhausted 
pomace 488 493 498 503 508 513 517 522 527 532 537 542 

Table 28: Energy content of the non exploited exhausted pomace comparing the SB and the BAU scenario (in toe) 

 
The corresponding GHG Emissions resulting from the difference between the SB and BAU scenario (tables 19,26) 
 

tCO2 Total Lifecycle GHG emissions 

Energy source 

SB scenario 
Corresponding GHG 

Emissions resulting from 
combustion of 544 toe 

BAU scenario 
Corresponding GHG 

Emissions resulting from 
combustion of 29 toe 

Difference between 
the BAU and SB 

scenario 

Fossil 
fuels 

Natural 
gas 1.740 91 1.648 

Heating 
oil 2.229 117 2.112 

Coal 3.316 174 3.142 
Biomass Pellets 381 20 361 

Table 29: The corresponding GHG Emissions resulting from the difference between the BAU and SB scenario for the fuels shown 
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Figure 21: The corresponding GHG Emissions resulting from the comparison between the SB and BAU scenario (figures 15,20) 

 
In the case of Liguria only a small quantity of pomace (approx. 5%) is currently used inside the region for energy 
purposes. In Liguria there is a unique in its kind district heating system running with olive pits separated at source by 
the local cooperative olive mill. The Should be scenario would increase this quantity and in doing so significant 
amounts of CO2 emitted from fossil fuels (shown in figure above) could be replaced. Since the quantities produced in 
the Liguria region are relatively small and given the lack of a pomace oil refinery in the region, pomace would have to 
be transported to other regions where it can be used as an energy source.  
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Case of Croatia_ The region of Istria 

1. The region of Istria 

Istria is the largest peninsula in the Adriatic Sea. The peninsula is located at the head of the Adriatic between the Gulf 
of Trieste and the Bay of Kvarner. On this peninsula (figure 1) there are three countries Croatia (the biggest part of it), 
Slovenia and Italy (very small part, only one city – Muggia). 
 
 

 
Figure 1: Istria peninsula 
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2. The “Should Be” (SB) scenario of expected trends to 2020 for the region of Istria 

In the following table and figures is presented the situation regarding the olive trees cultivated, the olives treated and 
the olive oil produced in the region of Istria according to the Republic of Croatia - Central Bureau of Statistics. 
 

 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

olive 
oil (tn) 5.447 2.293 1.572 3.172 5.285 2.354 3.049 4.482 1.257 3.535 4.919 3.949 4.640 

olive 
trees 3.314.000 3.392.000 3.338.000 3.331.000 3.550.000 3.365.000 3.413.000 3.460.000 3.524.000 n.d. 2.935.000 3.216.000 n.d. 

Table 1: Production of olive oil and olives for the years 1995-2007 in the region of Istria 

 

 

Figure 2: Actual production of olive oil in tons between 1995 and 2006. 

 
Since in the region of Istria exhausted pomace is not produced and according to their regional situation it won’t be 
possible to be produced in the near future due to the small quantities of the olives treated in the area. 
For the virgin pomace produced in the region of Istria the actual data was not possible to be found due to the fact that 
there isn’t a regional authority to keep in file this kind of figures. For the estimation it was used the assumption given 
by the local olive millers that from 1kg of olives 0,5 kg virgin pomace is produced.  
 

Solid pomace residues (tn) 

(tn) 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

virgin 
pomace 22.613 10.655 6.899 13.630 23.338 10.751 12.871 21.849 6.287 n.d. 24.267 18.252 22.891 

Table 2: Estimated Olive solid pomace residues produced between the years 1995-2007 in the region of Istria 

 

 
Figure 3: Estimated virgin pomace produced between the years 1995-2006 in the region of Istria 

 
For the forecast of the virgin pomace production in the area was used the regression statistics model as shown in the 
tables 4. 
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Forecast for the Solid Residues (tn) 

(tn) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

virgin 
pomace 19.800 20.315 20.831 21.346 21.862 22.377 22.892 23.408 23.923 24.439 24.954 25.470 25.985 

dried 
pomace 10.484 10.768 11.052 11.336 11.620 11.904 12.188 12.472 12.756 13.040 13.324 13.608 13.892 

Table 3: Forecast of the virgin and exhausted pomace production for the years 2008-2020 in the region of Istria 

Regression Statistics 
r2 0,0965 

MSE 41145146 
    

Slope 515,4217 
Intercept 12583,96 

Table 4: Regression Statistics model for the virgin pomace production in the region of Istria 

 
 

Figure 4: Diagram for projected virgin pomace production in the region of Istria (t: time in years) 

 
Regression Statistics 

r2 0,1077 
MSE 11061602 

    
Slope 284,0601 

Intercept 6506,911 
Table 5: Regression Statistics model for the dried pomace production in the region of Istria 

 

 
Figure 5: Diagram for projected dried pomace production in the region of Istria (t: time in years) 
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3. The energy content of the dried pomace produced in the area 

The energy content of the dried pomace to be produced in the area is approx. 3.500-4.000 kcal/kg. The table and the 
figure below present the equal energy content of the projected dried pomace production in Kcal and in GWh for the 
years 2008-2020. 
 

The energy content of the dried pomace in 106 Kcal 

(106 Kcal) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 39.314 40.379 41.445 42.510 43.575 44.640 45.705 46.771 47.836 48.901 49.966 51.032 52.097 

Table 6: The energy content of the projected dried pomace produced in the region of Istrian 

 

 
Figure 6: The energy content of the projected dried pomace produced in the region of Istrian 

 

The energy content of the dried pomace in GWh 

(GWh) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 46,784 48,051 49,319 50,587 51,854 53,122 54,389 55,657 56,925 58,192 59,460 60,728 61,995 

Table 7: The energy content of the projected dried pomace produced in the region of Istrian 

 

 
Figure 7: The energy content of the projected dried pomace produced in the region of Istrian 
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4. Comparing Fossil fuels to dried pomace 

Comparing the energy content of fossil fuels to dried pomace 
 

1tn dried pomace "=" 0,375 toe 
1tn Natural Gas  "=" 1,3865 toe 
1tn Heating Oil "=" 1 toe 
1tn Coal "=" 0,3328 to max of 0,8319 toe  

Table 8: Equivalent energy content in Toe, “Handbook of Mechanical Engineering”  

For the projected amounts of the dried pomace (in toe and in MWh), the equivalent quantities of natural gas, heating 
oil and coal are given in the tables and figure below.  
 

Energy content of dried pomace (in toe) 

(toe) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 3.931 4.038 4.144 4.251 4.357 4.464 4.571 4.677 4.784 4.890 4.997 5.103 5.210 

Table 9: Energy content of dried pomace in toe 

 

Energy content of dried pomace (in MWh) 

(MWh) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 46.784 48.051 49.319 50.587 51.854 53.122 54.389 55.657 56.925 58.192 59.460 60.728 61.995 

Table 10: Energy Content of dried pomace in MWh 

 

Fossil fuel quantities corresponding to the energy content of dried pomace (in tonnes) 

(tn) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 10.484 10.768 11.052 11.336 11.620 11.904 12.188 12.472 12.756 13.040 13.324 13.608 13.892 

Natural 
Gas  2.835 2.912 2.989 3.066 3.143 3.220 3.296 3.373 3.450 3.527 3.604 3.681 3.757 

Heating Oil 3.931 4.038 4.144 4.251 4.357 4.464 4.571 4.677 4.784 4.890 4.997 5.103 5.210 

Coal 4.726 4.854 4.982 5.110 5.238 5.366 5.494 5.622 5.750 5.878 6.006 6.134 6.262 

Table 11: Fossil fuel quantities corresponding to the energy content of dried pomace (in tonnes) 

 

 
Figure 8: Amounts of fossil fuels with the same energy content as the projected dried pomace production  
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5. Potential production of Electrical Power, Related Costs & Lifecycle GHG Emissions 

In Croatia, the limited quantities may be not suitable for power generation but they could be used as a heating source. 

6. Potential production of Heating, Related Costs & Lifecycle GHG Emissions 

The energy available from dried pomace is calculated at an average value for the period 2008-2020  
 

Average Energy Content  
(in toe/year) 

dried pomace 4.571 

Table 12: Yearly average Energy Content in toe of dried pomace for the years 2008-2020 (from data in Table 9) 

For a net efficiency of 90% of 4.571 toe as input (corresponding to 4.113 toe) for direct combustion using the energy 
sources below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production Cost of Heat 

 €2005/toe €2005/toe €2005 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 4.319.162-5.347.534 

Heating oil 640 1325 ÷ 2025 5.450.372-8.329.813 

Coal 375 1500 ÷ 1825 6.170.232-7.507.116 

Biomass Pellets 580 1675 ÷ 4125 6.890.092-16.968.138 

Table 13: Total Production Cost of Heat produced from a net input of 4.113 toe 

The corresponding GHG Emissions resulting from combustion of 4.571 toe 
 

Energy source 
Lifecycle 

GHG 
emissions 

tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 14.626 

Heating oil 4.1 18.739 

Coal 6.1 27.880 
Biomass Pellets 0.7 3.199 

Table 14: Corresponding GHG Emissions resulting from combustion of 4.571 toe 

 

 
Figure 9: Corresponding GHG Emissions resulting from combustion of 4.571 toe 
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The SB scenario clearly demonstrates the potential use of pomace as a heating source either in free form or 
transformed into pellets, especially if it can be combined with other biomass sources (wood chips etc).  

7. The Business as usual (BAU) scenario of expected trends to 2020 for the region of Istria  

According to the survey taking place in Croatia, only two olive mills were found to use the olive pomace residues as an 
energy source (approx. 470 tn/year) for space and water heating. For this reason for the case of Croatia the BAU 
scenario is not applicable. 
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Case of Slovenia_ The region of Istrian 

1. The region of Istrian 

The Slovenian Littoral is a historical region of Slovenia. The region comprises two traditional provinces: Goriška and 
Slovenian Istria 
 

 
Figure 1: Istria Penisula 

 
In Slovenia olive tree grow in two regions. One is Slovenian part of Istria (Istra – Figure 2) end the second is region of 
Goriška Brda (Figure 2) and is not part of Istria. 
 
 

 
Figure 2: Goriška Brda & Slovenian part of  Istria 

 

Goriška Brda 

Slovenian Istria 
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2. The “Should Be” (SB) scenario of expected trends to 2020 for the region of Istrian 

In the following table and figures is presented the situation regarding the olive trees cultivated, the olives treated and 
the olive oil produced in the region of Istria. 
 

 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

olive 
oil 
(tn) 

235 239 43 192 271 224 158 450 155 386 523 341 - 

olive 
trees 219.380 241.990 255.090 280.110 303.260 325.590 345.720 360.400 374.840 388.120 399.820 410.070 416.070 

olives 
(tn) 1.307 1.328 2.41 1.067 1.507 1.244 8.78 2.502 861 2.145 2.907 1.893  

Table 1: Production of olive oil and olives for the years 1995-2007 in the region of Istria 

 

 

Figure 3: Actual production of olive oil in tons between 1995 and 2006. 

 

 
Figure 4: Actual production of olives in tons between 1995 and 2006 

 
Since in the region of Istria exhausted pomace is not produced and according to their regional situation it won’t be 
possible to be produced in the near future due to the small quantities of the olives treated in the area. 
For the virgin pomace produced in the region of Istria the actual data was not possible to be found due to the fact that 
there isn’t a regional authority to keep in file this kind of figures For the estimation it was used the assumption given by 
the local olive millers that from 1kg of olives 0,7 kg virgin pomace is produced.  
 

Solid pomace residues (tn) 

(tn) 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

virgin 
pomace 915 930 169 747 1.055 871 615 1.751 603 1.502 718 815 739 

Table 2: Estimated Olive solid pomace residues produced between the years 1994-2006 in the region of Istria 
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Figure 5: Estimated virgin pomace produced between the years 1995-2006 in the region of Istria 

 
For the forecast of the virgin pomace production in the area was used the regression statistics model as shown in the 
tables 4 and 5. 
 

Forecast for the Solid Residues (tn) 

(tn) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

virgin 
pomace 987 1.002 1.018 1.033 1.048 1.064 1.079 1.095 1.110 1.126 1.141 1.156 1.172 

Dried 
pomace 493 501 509 517 524 532 540 547 555 563 570 578 586 

Table 3: Forecast of the virgin and exhausted pomace production for the years 2007-2019 in the region of Istria 

Regression 
Statistics 

r2 0,0227 
MSE 168941 

    
Slope 15,40769 

Intercept 771,1538 
Table 4: Regression Statistics model for the virgin pomace production in the region of Istria 

 

 
Figure 6: Diagram for projected virgin pomace production in the region of Istria (t: time in years) 

 
Regression 
Statistics 

r2 0,0227 
MSE 42235,24 

    
Slope 7,703846 

Intercept 385,5769 
Table 5: Regression Statistics model for the dried pomace production in the region of Istria 
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Figure 7: Diagram for projected dried pomace production in the region of Istria (t: time in years) 
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3. The energy content of the dried pomace produced in the area 

The energy content of the dried pomace produced in the area is approx. 4.000-4.500 kcal/kg. The table and the figure 
below present the equal energy content of the projected dried pomace production in Kcal and in GWh for the years 
2008-2020. 
 

The energy content of the dried pomace in 106 Kcal 

(106 Kcal) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 1.850 1.879 1.908 1.937 1.966 1.995 2.024 2.053 2.081 2.110 2.139 2.168 2.197 

Table 6: The energy content of the projected dried pomace produced in the region of Istrian 

 

 
Figure 8: The energy content of the projected dried pomace produced in the region of Istrian 

 

The energy content of the dried pomace in GWh 

(GWh) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 0,826 0,839 0,852 0,864 0,877 0,890 0,903 0,916 0,929 0,942 0,955 0,968 0,980 

Table 7: The energy content of the projected dried pomace produced in the region of Istrian 

 

 
Figure 9: The energy content of the projected dried pomace produced in the region of Istrian 
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4. Comparing Fossil fuels to dried pomace 

Comparing the energy content of fossil fuels to dried pomace 
 

1tn dried pomace "=" 0,375 toe 

1tn Natural Gas  "=" 1,3865 toe 
1tn Heating Oil "=" 1 toe 
1tn Coal "=" 0,3328 to max of 0,8319 toe  

Table 8: Equivalent energy content in Toe, “Handbook of Mechanical Engineering”  

For the projected amounts of the dried pomace (in toe and in MWh), the equivalent quantities of natural gas, heating 
oil and coal are given in the tables and figure below.  
 

Energy content of dried pomace (in toe) 

(toe) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 185 188 191 194 197 199 202 205 208 211 214 217 220 

Table 9: Energy content of dried pomace in toe 

 

Energy content of dried pomace (in MWh) 

(MWh) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 826 839 852 864 877 890 903 916 929 942 955 968 980 

Table 10: Energy Content of dried pomace in MWh 

 

Fossil fuel quantities corresponding to the energy content of dried pomace (in tonnes) 

(tn) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

dried 
pomace 493 501 509 517 524 532 540 547 555 563 570 578 586 

Natural 
Gas  133 136 138 140 142 144 146 148 150 152 154 156 158 

Heating Oil 185 188 191 194 197 199 202 205 208 211 214 217 220 

Coal 222 226 229 233 236 240 243 247 250 254 257 261 264 

Table 11: Fossil fuel quantities corresponding to the energy content of dried pomace (in tonnes) 

 

 
Figure 10: Amounts of fossil fuels with the same energy content as the projected dried pomace production  
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5. Potential production of Electrical Power, Related Costs & Lifecycle GHG Emissions 

 
In Slovenia, currently the olive pomace residues are not exploited due to the legislation restrictions. Such kind of 
residues are considered as waste and are not allowed to be burnt. However, as the legislation is about to change, it 
would be an opportunity to use these residues as an energy source. The limited quantities may be not suitable for 
power generation but they could be used as a heating source. 
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6. Potential production of Heating, Related Costs & Lifecycle GHG Emissions 

The energy available from dried pomace is calculated at an average value for the period 2008-2020  
 

Average Energy Content  
(in toe/year) 

dried pomace 202 

Table 31: Yearly average Energy Content in toe of dried pomace for the years 2007-2020 (from data in Table 9) 

For a net efficiency of 90% of 202 toe as input (corresponding to 182 toe) for direct combustion using the energy 
sources below, the total production cost of Heat is shown below. 
 

Energy source 
Fuel retail 
price (inc. 

taxes) 

Production 
Cost of Heat 
(inc. taxes) 

Total Production Cost of Heat 

 €2005/toe €2005/toe €2005 

Fossil fuels 

Natural gas 625 1050 ÷ 1300 191.240-236.773 

Heating oil 640 1325 ÷ 2025 241.326-368.820 

Coal 375 1500 ÷ 1825 273.200-332.393 

Biomass Pellets 580 1675 ÷ 4125 305.073-751.299 

Table 12: Total Production Cost of Heat produced from a net input of 182 toe 

 
The corresponding GHG Emissions resulting from combustion of 202 toe 
 

Energy source 

Lifecycle 
GHG 

emissions 
tCO2(eq)/toe 

Total 
Lifecycle 

GHG 
emissions 

Fossil fuels 
Natural gas 3.2 648 

Heating oil 4.1 830 

Coal 6.1 1.234 
Biomass Pellets 0.7 142 

Table 13: Corresponding GHG Emissions resulting from combustion of 202 toe 

 

 
Figure 11: Corresponding GHG Emissions resulting from combustion of 202 toe 
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7. The Business as usual (BAU) scenario of expected trends to 2020 for the region of Istrian  

According to the survey taking place in the Slovenia, only two olive mills were found to use the olive pomace residues 
as an energy source (approx. 12 tn/year) for space and water heating. For this reason for the case of Slovenia the 
BAU scenario is not applicable. 
 
Olive residues chain 
In Slovene Istria, olive residues are usually returned to the olive groves. The composting of olive residues is integrated 
in the processing cycle of each oil mill. After the 3-6 month composting period, the olive residues are spared on the 
surface as fertilizer, returning nutrients to the soil. Only 4.6 % of olive residues are used for energy purposes, to 
generate heat. This amount of residues produces enough green energy for heating two households. 
 
Until now there is no supply chains existing in Slovene Istria region. The end users of olive residues are now mainly 
olive millers which use olive residues for composting. Two of them use olive residues for their private energy purposes 
(heating). Both of them have produced around 60 tons of residues per ye and together consume approximately 30m3 
or app. 12 tn/year of olive residue (virgin pomace dried on the open space ). 
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