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	Proponent(s) and Overview
	ERGA S.p.A. - Pisa, Italy

Carbon dioxide emission reductions due to the operation of geothermal electrical generation facilities which displace fossil-fired generation.
	2-3
	

	  2
	Applicable Dates
	Piancastagnaio 4:  Nov. 21/91 – Oct 31/00

Cornia 2:                Feb. 16/94 – Oct 31/00  
	
	

	  3
	Date of submission of the Action to PERT
	Submitted: December 20, 2000

Revised:      September 17, 2001 
	
	

	  4
	Project Description
	 ERGA S.p.A. of Italy is a renewable energy generation company with over 1,700 MW of renewable energy generation.  ERGA is a significant developer of geothermal projects in Italy.  The two units under consideration, Piancastagnaio 4 and Cornia 2, provide energy to the Italian system, thereby displacing fossil-fired generation. 


	3
	

	  5
	Pollutant Type

And Quantity
	Carbon dioxide emission reductions of

 1,317,407 tonnes.
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	Other Pollutants
	Other pollutant reductions have occurred, including NOx reductions of 2,900 tonnes and SO2 reductions of 6,583 tonnes.
	8
	

	  7 
	 Source
	Source of emissions is the fossil-fired electrical generation system in Italy.
	5
	

	  8
	Duration
	The reductions are permanent and irreversible.
	
	

	  9
	Baseline
	In the absence of the geothermal generation outlined in the protocol; more fossil-fired electricity production would have been required by Italy’s electrical system. See Appendix A.
	5
	

	 10
	Real
	Electrical production is from an existing and metered geothermal station.
	8
	

	 11
	Quantifiable
	Electrical production is continuously metered,   based on standard utility data management and accepted industry practices.
	7
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	Surplus
	There are no voluntary commitments or regulatory requirements regarding carbon dioxide emission reductions created.
	7
	

	 13 
	Verifiable
	All energy data used in calculations is based on metered outputs, actual project installation and generally accepted utility industry practices.
	6-7
	

	 14
	Unique
	The emission reductions claimed by the Piancastagnaio 4 and Cornia 2 projects have not been claimed by any other entities.  The emission reductions have been quantified in a manner consistent with US DOE 1605b, but the emission reductions will not be posted with this program.  The emission reductions do not appear on any Italian or European registries.
	3-4
	

	 15
	Risks/ Certainties
	The data integrity associated with this protocol has a high degree of certainty.  All calculation formulas are based on accepted utility industry standards.
	6
	

	 16
	Ownership
	Ownership of the Piancastagnaio 4 and Cornia 2 emission reductions is not being contested by any third parties.
	3-4
	

	 17
	Economic Data
	Financial aspects of projects undertaken by ERGA S.p.A. are proprietary to the corporation.
	
	

	 18 
	Proponent’s Experience
	
	
	


Background

This protocol covers the creation of carbon dioxide ERCs due to the operation of several geothermal electrical generation facilities located in Italy.

The Piancastagnaio 4 is a 20 MW geothermal station that entered service on November 21, 1991.  The Cornia 2 is a 20 MW geothermal station that entered service on February 16, 1994.  Both of these geothermal electrical generating stations supply energy to the Italian electrical system.  As outlined in this protocol, the Italian electrical system is predominately fossil based, (see Figure 1).  The Piancastagnaio 4 and Cornia 2 geothermal electrical generation stations are owned by ERGA S.p.A..

ERGA S.p.A. is a company specializing in the development and operation of renewable energy projects, with over 1,700 MW of renewable energy in-service.   The electrical generation from ERGA’s geothermal stations covered in this protocol, is displacing fossil-fired generation on the Italian electrical system.

The Geothermal Process

Creating ERCs from renewable energy sources such as geothermal facilities encourages the continued operation and future development of these types of non-emitting sources of electricity, thereby enhancing long-term air quality and reducing environmental damage.

Geothermal energy is heat energy from the depths of the earth.  Heat is brought near the surface by thermal conduction, by intrusion into the earth’s crust of molten magma originating from the mantle and by circulation of groundwater to great depth. (see Figure 2)

For electricity generation purposes, hot water or steam is brought from the underground  reservoirs to the surface through production wells.

Depending on the type of recovered fluid, the approaches to the use of high enthalpy geothermal resources fall into two categories:

· Steam-dominated resource, in which the fluid is chiefly composed of saturated steam or superheated steam and a very small percentage of non-condensable gases. 

· Water-dominated resource, in which the fluid is a liquor or a two-phase mixture of liquid and aeriforms (composed of steam and non-condensable gases) at temperatures over 150 – 170 degrees Celsius.

The type of exploitation employed differs according to the type of reservoir available.  The two geothermal plants addressed in this protocol are steam-dominated resource recovery plants. (See Figures 3 and 4 for general plant layout)

These geothermoelectric installations are comprised of the reservoir from which the endogenous fluid is extracted, the wellhead facilities, the steam pipeline, the power plant and the re-injection system.  The turbo-generator set is composed of the turbine, the compressor/gas extractor and the generator, arranged along the same shaft.

The production cycle is of the condensing type.

After expansion in the turbine, the endogenous fluid is cooled and condensed by mixing it with the cooling cycle water from the cooling towers.  The condensed fluid collected in the bottom of the condenser, where it is extracted by pump and sent to the top of the cooling towers.  The non-condensable gases are collected by means of a compressor/gas extractor that maintains the pressure inside the condenser at a set value.

The pressure at the turbine outlet, and therefore in the condenser, is kept lower that atmospheric pressure to better exploit the enthalpy drop of the feed fluid of the turbine.  The value that the pressure assumes is determined by the temperature of the cooling water and the characteristics of the gas extractor.  Inside the condensor, the condensing water is taken up by suction pressure from the cooling tower collecting basin.

The level of the condensate is kept constant by means of an extracting pump which sends the extracted fluid to the top of the cooling towers, and a control valve.  The induced-draft cooling tower is composed of a hot water distribution and fractionation apparatus, fans that create an ascending airflow cool the both the water and the cold water collecting basin.

The surplus water, resulting from the difference between the amount of water obtained by condensation of the steam and the amount of water that evaporates from the cooling towers, is sent to the re-injection wells.

The generator is connected to a set-up transformer that puts the produced energy into the High Voltage power transmission network.  The power plants can run unattended, equipped with a monitoring and control system capable of securing the plant in case of a service fault.

 This submission covers the period from November, 1991 to the end of October, 2000.

2.0 Ownership

The greenhouse gas (GHG) emission reduction credits that are quantified in this report have been created by ERGA S.p.A. 

 The GHG ERCs are the result of investments and actions taken solely by ERGA S.pA.. 

ERGA S.p.A. is the creator and owner of the emission reductions quantified in this protocol.  No other entity has in the past or present claimed or attempted to claim the emission reduction credits from the Cornia and Piancastagnaio geothermal facilities.

2.1 Emissions Source

The actions undertaken by ERGA S.p.A. have caused emission reductions to occur at fossil-fired generation facilities on the Italian electrical system.

Source Address:

Fossil-fired facilities on the Italian High Voltage power transmission network.

2.2 Emission Reduction Credit Source

The actions undertaken at facilities and infrastructure of ERGA S.p.A. created the emission reductions.  ERGA  S.p.A. is represented by its wholly-owned affiliate, CHI Energy, Inc., of Stamford, Connecticut.

Contact:

Mr. Edward M. Stern

President and CEO

CHI Energy, Inc.

680 Washington Blvd., Fifth Floor

Stamford, Connecticut

06901

Ph (203) 425-8862

Fx:(203) 425-8880

Geothermal facility locations:

Piancastagnaio 4

Municipality of Piancastagnaio

Siena, Italy

Cornia 2

Municipality of Castelnuovo Val di Cecina,

Pisa, Italy

This report was prepared by North American Carbon Inc..

Contact:

Robert M. Elms  (with special support from Mr. Martino Pasti, ERGA S.p.A.)

President

North American Carbon Inc.

300 Pearl Street, Suite 200

Buffalo, NY 14202

Ph: (716) 842-6073

Fx: (716) 842-6049

e-mail:  rmelms@compuserve.com

2.3 Ownership Issues

Ownership of the ERCs presented resides with the proponent, ERGA S.p.A..  In this case, the investment is has made by the facility proponents, ERGA S.p.A., which in turn causes an emission reduction at another site.  Without the investment to build the facility, no reduction would occur.  

From an environmental perspective, a cleaner renewable energy source, such as geothermal, should be recognized for its contribution to a cleaner environment and rewarded accordingly. 

3.1  Quantification of Emission Reductions/Baseline Emissions Determination 

The Italian electrical system has a total installed generating capacity of about 74,000 MW (1999 data) generating about 248,000 GWh.  This generation consists of essentially three types of resources: hydroelectric (20,444 MW), thermal comprised mostly of conventional fossil (53,169 MW), and small other renewables including geothermal (823 MW).

As would be expected, the conventional fossil resources provide most of the annual electricity production and act as the marginal resource.  The factors that contribute to fossil generation being the marginal resource are outlined in the section below, with supporting data provide in Appendices A and C.

The emissions reductions which result from the operation of Piancastagnaio 4 and Cornia 2 are the result of displacing electricity production that would otherwise have been produced by the marginal fossil resource for each hour of operation.

However, attempting to identify the specific fossil-fired resource is impractical, given the size of the oil and coal-fired fleet and the fact that system resources on-line are changing hourly.  Based on the National Inventory of Italian Greenhouse Gas Emissions; consistent with IPCC criteria, annual average emission rates for the Italian fossil-fired generating station fleet are available. The values for 1991-99 are based on actual data submissions.  The year 2000 value is an estimate.  These average emission rates form the basis for annual calculations of greenhouse gas emission reductions achieved by the geothermal stations.  Shown below in Section 3.2 are the average system fossil emission rates for each year and the annual energy production and corresponding carbon dioxide emission reductions for the Piancastagnaio 4 and Cornia 2 geothermal facilities.  

It should be noted that in using the Italian fossil-system average rate, that the proponent is taking a conservative approach to the creation of emission reduction credits. As discussed below in Section 3.1.1 and in Appendices A and C, oil-fired generation is the marginal resource for most hours of the year.  Basing the emission reductions strictly on the oil-fired emission rates would produce a larger volume of greenhouse gas ERCs. (See Appendix B)
3.1.1 Marginal Emission Rate

The use of the fossil system average emission rate as a conservative proxy for the actual marginal emission rate for the Italian power system has been based on a number of considerations. The primary consideration is that geothermal electricity, like other renewable generation, has essentially no fuelling cost and therefore are operating for all hours of the year that the plants are available. This implies that the appropriate average marginal emission rate reflects the change in emissions that would have occurred for each hour of the year if the geothermal electricity had not been produced. What types of generation are likely to contribute to a change in system emissions if they are displaced at the margin?

First, not all types of generation are likely to be dispatched as marginal resources. These include all renewables that have essentially zero fuelling cost, with the exception of peaking hydroelectric. However, displacement of marginal peaking hydroelectric in a given hour should not change the average marginal emission rate as the displaced hydroelectric energy would be used during other hours. Other generation that is unlikely to be displaced includes cogenerators and waste fuel projects, either because of low fuelling costs and/or must run contractual conditions.

Because of the above considerations, the only types of generation on the Italian system that would be used as marginal resources are the conventional fossil resources, which are comprised of; imported coal, natural gas and fuel oil (see Appendix A). Of these resources, a number of factors would determine which type of resource is the marginal generator in any given hour. The most important of these factors is fuelling cost (including plant net efficiency). The lowest cost resource normally gets dispatched first, with the result that the higher fuelling cost generator is more likely the marginal resource, particularly during high demand periods. Other factors influencing hourly dispatch are plant availability and startup time, remaining plant life, transmission constraints, fuel supply contract provisions, plant emission rates and local air quality. 

As indicated above, the annual generation data in Appendix A indicates that oil fuelled generation appears to be the most frequent marginal resource. Annual coal generation is relatively constant indicating that although it has a lower fuelling cost than oil or natural gas the output is resource constrained because new plants are not being built, existing plants are older and the resource is somewhat emission constrained. Natural gas generation is also less likely to be the marginal resource even though its annual energy contribution has increased considerably since the early 1990’s. Most natural gas plants are new high efficiency plants so that the fuelling cost, after counting for this high efficiency, is lower than oil fuelled plants and would therefore be dispatched ahead of oil. The dramatic shift from oil to natural gas generation shown in Appendix A, testifies to new natural gas plants replacing higher cost oil as the mid range energy generation in Italy. Oil generation is not resource constrained, but is obviously being displaced by lower cost new gas generation.

All the above factors indicate that oil generation is the predominant marginal resource in the Italian power system and that it would contribute significantly to the actual average marginal emission rate. Using the system average fossil emission rate is equivalent to assuming the amount of time that each fossil generation resource is the marginal generator in proportional to its annual energy contribution to the total annual fossil energy output. This implies that natural gas generation in 1999 was on the margin more hours than oil generation. This appears unlikely when the above factors are considered. Its more likely that the actual average marginal emissions rate would reflect a higher contribution from oil and therefore the average fossil emissions rate is a conservative proxy.

A final consideration which points to the average fossil emission rate being a conservative proxy for these geothermal plants relates to the other types of generation plants located on the same portion of the national transmission grid as Piancastagnaio 4 and Cornia 2. These consist of three larger fossil plants; Piombino with four 320 MW oil fuelled units, Livorno with two 150 MW units also oil fuelled and S. Barbara two 125MW units lignite fuelled until 1995 then converted to oil fuel. Similar to other large plants on the Italian power grid these plants operate with automatic generation control. This control automatically adjusts plant output to compensate for variations in system load or the output of other generators in the same control region. Given the small size of the two geothermal plants, any variation in their output would most likely have been compensated on the system by the automatic control response of these nearby plants rather than a specific system dispatch. This indicates that for most hours the displaced emissions would be from these nearby  oil-fuelled plants, with the exception of S. Barbara which was lignite fuelled prior to 1995.

3.2. Average Fossil Emission Rate 

The fossil emission rate is a simple arithmetic average for the Italian electrical system  based on the input of the total annual emissions of all fossil sources on the system.  Total MWh of energy production for each fossil source is compiled, and multiplied by the sources’ applicable emission factor.  This calculation produces the entire emissions of all fossil sources in Italy as a group.  The total energy output of the entire fossil group is also complied.  A final total system emission rate is then generated by dividing the total emissions of the fossil-fired sources by the total energy generated by these sources.

As an example:  (Total annual carbon dioxide emissions of all fossil plants in Italy –kilograms) divided by (total energy generated by all fossil plants in Italy – MWh) = annual system emission rate of:  kg carbon dioxide per MWh

As outlined in Section 3.1.1, the average fossil emission rate is not the average marginal emission rate as the proportion of annual energy contribution from fossil resources differs from the proportion of time each resource would be the marginal generator.

Italian Fossil-Fired Electrical System – Annual Carbon Dioxide emission rate

	    Year
	   CO2 emission rate

        Kg/MWh

	1991
	            743  

	1992
	            732

	1993
	            719

	1994
	            726

	1995
	            725

	1996
	            721

	1997
	            710

	1998
	            706

	1999
	            707

	2000
	            660*


* Year 2000 emission rate estimated, based on U.S. Dept. of Energy default value for carbon dioxide emissions from a new conventional oil-fired station.  This is a conservative emission rate assumption, based on the historical record from 1991-99.

Shown below are the net annual energy production (less station service) values and corresponding CO2 emission reductions for the Piancastagnaio 4 and Cornia 2 geothermal facilities. 

   Piancastagnaio 4: Energy Production and CO2 ERCs

	                                 Year
	     Energy Generation

                MWh
	       CO2 ERCs

           Tonnes

	1991
	                6,252
	            4,645

	1992
	              86,325
	          63,190

	1993
	             135,796
	          97,637

	1994
	             126,399
	          91,765

	1995
	             111,136
	          80,574

	1996
	             115,960
	          83,607

	1997
	             134,160
	          95,254

	1998
	             144,624
	        102,105

	1999
	             147,261
	        104,113

	2000
	             106,199
	          70,092

	Totals
	          1,124,112
	        792,982


Cornia 2: Energy Production and CO2 ERCs

	Year
	     Energy Generation

               MWh
	         CO2 ERCs

              Tonnes

	1994
	              73,366
	             53,264

	1995
	              96,236
	             69,771

	1996
	            101,655
	             73,293

	1997
	            110,658
	             78,567

	1998
	            117,602
	             83,027

	1999
	            131,018
	             92,630

	2000
	            111,929
	             73,873

	Totals
	            742,464
	           524,425


3.3 Data Integrity and Uncertainty

From a qualitative perspective, a high degree of certainty can be placed on the integrity of the data that has been used to calculate the emission reductions.

All data used to calculate the increased energy production due to the operation of Piancastagnaio 4 and Cornia 2 are metered on a continuous basis.  

Metering equipment used at the geothermal stations is of a quality consistent with utility standards, with a margin of metering error of +/- 0.1 %.

The uncertainty associated with the assumption that fossil is the marginal resource could produce uncertainty ranging from 0% to 5% of the reported tones.  This estimate is derived from the fact that non-fossil rated capacity (about 20,000 MW) only exceeds the system load for approximately 5% of the total creation period, placing a maximum on the possible time without fossil on margin.  With typically not more than about 60% of non-fossil generation capacity actually being available (12,000 MW), the non-fossil generation is typically never more than the lowest system load in the creation period.  Using this typical scenario, the period of no fossil operation is closer to 0%.  The true data is unknown but significantly closer to 0% than 5%.  The overall uncertainty created by the assumption is estimated to be +0%-1%. 

3.4 Sample Calculations

Shown below are calculations for 1999 for Piancastagnaio 4:

Annual electricity production at Piancastagnaio 4, 1999: 147,261 MWh

CO2 emission rate: 707 kg/MWh

CO2 emission reductions created: 147,261 MWh x 707 kg/MWh/1000 = 104,113 tonnes

The emission reduction calculations are done on an annual basis and utilize the annual calculated energy values from Piancastagnaio 4 and Cornia 2.


3.5  Emission Reductions Created

The following emission reductions in tonnes were created over the period November, 1991 to October, 2000 inclusive by Piancastagnaio 4 and Cornia 2 facilities:

	Year
	Piancastagnaio 4

CO2 ERCs tonnes
	Cornia 2

CO2 ERCs tonnes
	 Totals

CO2 ERCs tonnes

	1991
	          4,645
	            -
	        4,645

	1992
	        63,190
	            -
	      63,190

	1993
	        97,637
	            -
	      97,637

	1994
	        91,765
	       53,264
	    145,029

	1995
	        80,574
	       69,771
	    150,345

	1996
	        83,607
	       73,293
	    156,900

	1997
	        95,254
	       78,567
	    173,821

	1998
	      102,105
	       83,027
	    185,132

	1999
	      104,113
	       92,630
	    196,743

	2000
	        70,092
	       73,873
	    143,965

	Totals
	      792,982
	     524,425
	 1,317,407


4.0  Demonstration of Surplus

The emission reductions are quantified consistent with the criteria specified under the United States Department of Energy’s Voluntary Reporting Program, developed pursuant to Section 1605(b) of the Energy Policy Act of 1992, an Act of the Congress of the United States.  However, the emission reductions will not be posted with the 1605b program.  The emission reductions do not appear in any other registries of Italian or European origin.

The emission reductions calculated in this protocol are not part of any formal requirement of the Italian government regarding the regulation of greenhouse gases. ERGA S.p.A. acted independently in constructing and operating the Piancastagnaio 4 and Cornia 2 geothermal facilities.  ERGA S.p.A. was not required by Italian law to construct and operate these geothermal stations.

With regard to the emission reductions due to the operation of Cornia 2 and Piancastagnaio 4:

· no requests nor claims have been made in the past concerning emission reductions associated with the plants

· the emission reduction credits associated to the above plants are not required to meet any government commitment or regulation for carbon dioxide

· the emission reduction credits have not been claimed by another entity or used by ERGA or any other entity

Environmental benefits have occurred, but were not mandated by the Italian government.

5.0  Demonstration of Real

The emission reductions claimed by Piancastagnaio 4 and Cornia 2 are real and verifiable.

Electrical generation production from the geothermal facilities is metered and continuously monitored.

In the absence of the geothermal projects there would have been an increased requirement for fossil-fired generation from Italy’s electrical generating system.

5.1 Operational Effects

The actions documented in this protocol have provided 40 MW of geothermal electrical generating capacity to Italy’s national electricity grid. 

5.2  Impact on Other Pollutants and Other Potential Environmental Impacts

A.  Other Pollutant reductions

The existence and operation of Piancastagnaio 4 and Cornia 2 have resulted in environmental benefits from reductions in emissions of nitrogen oxides, sulfur dioxide, volatile organic compounds, heavy metals and particulate attributed to fossil electricity generation.

Based on IPCC submission data, it is estimated that the Piancastagnaio 4 and Cornia 2 geothermal plants have reduced NOx and SO2 emissions by the following amounts, since entering service to the end of year 2000:

NOx:  2,900 tonnes emission reductions

SO2:   6,583 tonnes emission reductions
B. Steam Treatment Effects

Currently, two types of chemicals are used to treat the steam extracted from the geothermal wells, sodium hydroxide and organic phosphates.

Steam extracted from the geothermal wells is acidic in nature.  To counter the potential corrosive effects of the untreated steam, bases such as sodium hydroxide (NaOH) are added to the steam to form an essentially neutral compound.  Once the steam has been treated, the resulting neutral mixture is returned to the re-injection wells.

Organic phosphates are added in cases where some wells produce a bi-phase fluid with high calcium content, which can produce scaling problems.  As with the NaOH treatment, the separated water and condensed steam are reinjected through reinjection wells localized at the edge of the reservoirs.

The reinjection activity has led to the following benefits:

· reservoir feeding with an increase in reservoir lifespan

· decrease in steam CO2 content  

The geothermal wells are well below groundwater flows, at depths of two (2) to three (3) thousand metres.  Nevertheless, local groundwater is continuously monitored to ensure that no contamination occurs.

C. Carbon-cycle emissions / non-condensable gases

The steam that is conveyed to the power plants, out from the geothermal reservoir, contains a low quantity of non-condensable gas of natural origin.

The typical chemical composition is the following:

90%  CO2

2-4% H2S

2%    CH4

balance: hydrogen and nitrogen

These natural gases are vented to the atmosphere during operation of the geothermal facilities.  

Although an emission occurs, it can’t be considered as an “industrial” emission because of its natural origin and of the absolute absence of further emissions due to the power cycle.

As a confirmation of  this statement, comparison between natural specific emissions of unexploited geothermal areas and those one of geothermal areas under industrial exploitation shows values of the same level.

It is also sustained by the International Geothermal Association (IGA), which has proposed to the UN Commission on Sustainable Development that these emissions must be treated as part of the natural carbon cycle.  The basic tenant being that the geothermal facility serves as a collector for carbon dioxide that would otherwise be part of the local natural flux emissions of carbon dioxide through fissures in the earth’s surface.

D. Government Regulations

The Cornia 2 and Piancastagnaio 4 facilities are within government regulated requirements for emissions of all vented gases.

APPENDIX A  

Fossil Electricity Displacement in Italy from Geothermal Electric Plants

Electricity production from geothermal electric plants plays a small but important role in Italy’s electricity supply. In 1999 geothermal plant capacity totaled 621 MW and generated 4,403 GWh of electricity. This compares to a total electric system capacity of 74,000. MW generating about 248,000. GWh in 1999.

These geothermal plants, like other renewable based electricity resources, play an important role in reducing Italy’s reliance on imported oil fuel. This is illustrated in the table shown below which lists the sources of Italy’s electricity supply from 1991 through 1999. As illustrated, electricity supply is from three main sources; thermal plants using fossil fuels (predominately coal, natural gas and fuel oil), renewable resources including hydroelectric and from imports. During the 1990’s there has been some consistent trends.

· The use of natural gas has increased steadily from the late 1970’s reflecting both the increased availability of this fuel and the use of advanced gas turbine technology in the development of new power plants, including cogeneration plants. In 1999 natural gas fuelled electric generation exceeded oil fuelled generation for the first time reflecting the lower cost of natural gas generation relative to oil fuel generation.

· Oil fueled generation is decreasing since the early 1990’s even as total electricity demand continues to increase. This reflects the high relative cost of imported oil fuel and the emergence of increased generation from natural gas fuelled plants and from renewable and other fuel sources.

· There is a steady increase in electricity production from non-hydroelectric renewable resources and other fuels. This reflects the liberalization of Italy’s electric system and investment in renewable and smaller plant technologies. This investment reflects the increasing role of independent power companies and industrial and even municipal generators in Italy’s power supply.

· Supply of imported power continues to increase as it has from the early 1980’s. This largely reflects the cost of imports from neighboring countries being lower than marginal generation costs in Italy. The rise in imports over this period coincides with the increase cost of oil fuel since the 1970’s.

· Supply from imported coal and hydroelectric resources are relatively flat. This reflects the lack of investment in these sectors. As in other countries, new coal generation is difficult to permit and most of the domestic hydroelectric resources are already being used. New investment in very small hydroelectric plants is ongoing and is included in the renewable resource data.

Overall, geothermal generation although a small part of Italy’s electricity supply is an important contributor, along with other renewable sources, to reducing the country’s reliance on oil fuelled generation. 

Annual Electricity Supply in Italy – GWH net*

Generation Source

1991

1992

1993

1994
               1995  

Thermal

- Imported Coal

25,521

18,876

14,681

18,088

 22,237 - Natural gas


33,734

33,734

37,444

38,332
             44,139

- Fuel Oil

            94,962
          105,757
          104,057
          106,277
           110,134

- All Other Fuels**

  8,193

  8,247

  7,775
              7,095
               8,090 Total Thermal

          162,410
          165,956
          163,957
          169,792
           184,600

Renewable

- Hydroelectric

45,051

45,233

43,941

47,171

41,375

- Geothermal


  3,003

  3,254

  3,459

  3,198

  3,219

- All Other Renewable***
         0

         0

         1

         1

       14

Total Renewable

48,054

48,477

47,401

50,370

 44,608

Net Imports (Exports)
35,082

  35,300 
39,432

37,599

 37,427

Total Electricity Supplied         245,546

249,733            250,790             257,761

261,009

Generation Source

1996

1997

1998

1999
       Change 99/91  

Thermal

- Imported Coal

20,321

18,856

21,132

21,471

(4,050) - Natural gas


47,255

57,927

67,211

82,498
             48,764

- Fuel Oil

          106,684
          103,095
          
95,082

75,752
           
(19,210)

- All Other Fuels**

  7,755

  9,024

11,907
            16,704
               8,511 Total Thermal

          182,015
          188,902
          195,332
          196,425
             34,015

Renewable

- Hydroelectric

42,036

41,600

41,214

45,358

     307

- Geothermal


  3,762

  3,905

  4,214

  4,403

  1,400 

- All Other Renewable***
     642

     944

  1,465

  2,231

  2,231

Total Renewable

46,440

46,449

46,893

51,992

  3,938

Net Imports (Exports)
37,389

  38,832 
40,732

42,010

  6,928

Total Electricity Supplied         265,844

274,183            282,957             290,427

44,881

   * - GWH net of station loads, except for renewable sources where data is GWH gross

      - includes energy used for pumping in pumped storage plants, approx.. 8,000 GWH per year

 ** - mostly industrial byproduct fuels and fuel mixes used in industrial generators

*** - includes wind, PV and biomass and waste fuels

source of data:   http://www.grtn.it

  APPENDIX B

Shown below is the calculation of GHG ERCs using oil-based fossil emission rates as the emission reduction factors.  This chart is shown only for illustrative purposes, to demonstrate the more conservative nature of the average fossil emission rate used in this protocol.

	year
	Emissio
	Cornia
	CO2
	PC4
	CO2
	TOT
	Tot CO2

	-
	kg/MWh
	MWh
	t
	MWh
	t
	MWh
	t

	1991
	733
	
	            - 
	       6.252 
	         4.583 
	       6.252 
	       4.583 

	1992
	729
	
	            - 
	      86.325 
	       62.931 
	      86.325 
	      62.931 

	1993
	728
	
	            - 
	    135.796 
	       98.859 
	    135.796 
	      98.859 

	1994
	725
	    73.366 
	    53.190 
	    126.399 
	       91.639 
	    199.765 
	    144.830 

	1995
	723
	    96.236 
	    69.579 
	    111.136 
	       80.351 
	    207.372 
	    149.930 

	1996
	723
	  101.655 
	    73.497 
	    115.960 
	       83.839 
	    217.615 
	    157.336 

	1997
	722
	  110.658 
	    79.895 
	    134.160 
	       96.864 
	    244.818 
	    176.759 

	1998
	720
	  117.602 
	    84.673 
	    144.624 
	      104.129 
	    262.226 
	    188.803 

	(*)1999
	720
	  131.018 
	    94.333 
	    147.261 
	      106.028 
	    278.279 
	    200.361 

	(**)2000
	660
	  111.929 
	    73.873 
	    106.199 
	       70.091 
	    218.128 
	    143.964 

	
	
	
	
	
	
	
	

	
	
	TOTALS
	  529.040 
	
	      799.315 
	 1.856.576 
	 1.328.355 


                                                                  APPENDIX C

Generating Capacity – Italy (MW)

This appendix contains an illustration of the scope and typical operating characteristics of the Italian electrical system.  The figures shown below demonstrate that the system is a predominately fossil-based system, where renewable resources are small in capacity relative to the overall system, but do nevertheless generate emission reductions. 

The Series of  Figures C-1 below shows the hourly load profile for the system in MW.  Note that for 1999 this graph illustrates a system that never has below 23,500 MW of load, which exceeds the capacity of all non-fossil resources (approximately 20,000 MW) on the system, and thereby indicates that fossil resources have to be operating at all times to meet system load. The Load duration curves are shown for the entire creation period from 1991 to 1999 in this Appendix.
Figure C-2 shows the operating pattern of the Italian system on a 24-hour basis for two typical system days, December 15, 1998 and December 16, 1999.    The green line at the bottom of the graphs indicates geothermal resources.   The blue line represents hydroelectric resources, and the orange line represents fossil-fired thermal resources.  A data table follows the two graphs which outline the on-line capacity in MW, on an hourly basis for the two days in question.  Note that conventional thermal system resources never fall below approximately 21,000 MW throughout the 24 period.  Further, note that hydroelectric system resources peak at about 12,000 MW of capacity, indicating that: water levels, outages, and system operational considerations would rarely, if ever, allow the entire hydraulic system-rated capacity of approximately 20,000 to be all operating at the same time. Therefore, fossil-fired thermal resources are always online at any given hour on the Italian electricity system.

Italian Electrical System - Installed Capacity   (MW)

Generation Source

1996

1997

1998

1999
       

Thermal

           48,361
            50,344
            52,288
            53,169
             

Renewable

- Hydroelectric

19,876

19,946

20,058

20,444



- Geothermal


     485

     529

     547

    585

 

- Wind                         
       39

     124

     167

    238



Total                              
68,761  
70,943 
73,060

74,436

  

Figure C-1 -99    1999 System load duration - annual 8760 hours (MW)
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Figure C-1-98    1998 system load duration – 8760 hours (MW)
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  Figure C-1-97  1997 system load duration – 8760 hours (MW) [image: image3.jpg]50,000
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Figure C-1-96    1996 Load duration curve – MW  [image: image4.jpg]Curva di durata della potenza
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Figure C-1-93  1993 Load duration 8760 hours (MW)
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Figure C-2   Operating Capacity over 24 hour period [image: image10.jpg]50,000
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5 897 270 59 1,226 22,349 498 24,073 5368 29,441
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