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Glossary of Terms

AAU

Assigned amount units

BAU

Business as usual

CCGT

Combined cycle gas turbine

CHP

Combined heat and power plant

CO2

Carbon dioxide

CPI

Consumer Price Index

ER

Emission reductions in metric tons of CO2

ERPA
The emissions reduction purchase agreement between PCF and project sponsor

EU

European Union

ERUPT
Emissions Reduction Unit Purchase Tender from the Netherlands

GWh

Measure of energy equal to 1,000 megawatt hours

GWh/a

GWh per year

HCA

Host Country Agreement between PCF and Hungary

HEO

Hungarian Energy Office

HOBS

Heat only boilers

IEA

International Energy Agency

IRR
Internal rate of return or that discount rate which equates the present value of project outflows and inflows

Km

kilometer

kWe

kilowatt of electric capacity

M3

Cubic meters

MHUF

Million Hungarian Forint

MT

Metric tons or tonnes

MUSD

Million U. S. Dollars

MWe

Megawatts of electric capacity

MWh

Measure of energy equal to 1,000 kilowatt hours

MWth

Megawatts of thermal capacity

O&M

Operation and maintenance

PCF

The Prototype Carbon Fund

PPA

Power Purchase Agreement

PPI

Producer price index

PV
Present value – an amount of money which, if invested at discount rate, r, in the base year would be of equal value to a prespecified future set of monetary flows.

ROE

Return on equity

ROI

Return on investment

SO2

Sulfur dioxide

THUF

Thousand Hungarian Forint

TJ

Terajoules = 1,000 GJ

TJ/a

Terajoules per year

TUSD

Thousand U.S.Doallars

USD

U. S. Dollar

1 Executive Summary

1.1 Background and Purpose

The Prototype Carbon Fund (PCF) aims to sign a Host Country Agreement (HCA) and an Emissions Purchase Agreement (ERPA) with Hungary in 2003 to formalize the terms under which carbon emission reductions from this project will be purchased.  The purpose of this report is to present an independent baseline study which determines the emission reductions which would qualify for PCF purchase.

PANNONPOWER is a holding company, owned by Crossroads Investments.  PANNONPOWER and its predecessors  have operated a coal-fired power station at Pecs in southwestern Hungary since 1962.  This power plant also supplies all heat requirements to the City district heating system.  This plant can no longer continue operation using coal without a scrubber and still meet the tightening limits on SO2 emissions.  PANNONPOWER faces major investment requirements at Pecs to be able to meet their contractual obligation to supply about 2,225 TJ of heat per year to Pecs and to position themselves in the best strategic position vis a vis the increasingly competitive Hungarian electric power market.

PANNONPOWER evaluated a wide range of alternatives including different mixes of fuels and technologies in search of the best strategic combination that offers reasonable economic returns without excessive risk.  The proposed project includes conversion of two CHP blocks to gas-firing, conversion of a third block to biomass firing in a new fluidized bed boiler, and retirement of the fourth block which is no longer needed to cover the Pecs heat demands.  CO2 emissions from this proposed project must be compared to the most likely alternative future emissions to measure the carbon credits that qualify for sale.  This study seeks to identify the most probable future comparative baseline for the proposed project.

1.2 Baseline Selection Methodology

Baselines represent the most probable future scenario if the proposed project were not implemented.  For this project, PANNONPOWER has been clearly identified as the relevant decision agent in determining what will be done with the considerable and strategically critical cogeneration assets at Pecs.  PANNONPOWER investments of the magnitude considered here will certainly reflect careful balancing of risk and economic return.  Therefore, investment analysis has been chosen as the relevant methodology for identifying the baseline.  The chosen baseline is that alternative with the lowest life cycle costs using a discount rate of 15.0%.

The following steps have been followed in the baseline analysis:

1. A broad range of technology and fuel combinations was explored to assure that the most attractive option will be discovered.  All alternatives were screened to assure technical viability and compliance with all applicable environmental regulations.

2. Technical and economic analyses were combined to optimize the proposed operation of each alternative.  Each of the alternatives could be operated to produce very different mixes of electricity and heat.  This step assured that the operating mode chosen for comparison reasonably represented the most probable mode of operation.

3. Life cycle costs and risks were assessed for each of the alternatives and used to provide the initial rank-ordering of the options.

4. Sensitivity analyses were then prepared to reveal the stability of the rankings under various perturbations of key input parameters.

5. The principle of conservatism was used to retest the least-cost rankings and to assure that the selected baseline would yield high quality carbon reductions.

1.3 The Selected Baseline

The continued use of the four CHP blocks at Pecs based on firing of coal from the surrounding region is not possible due to environmental restrictions on allowable emissions.  Future operation based on coal would require a scrubber and use of imported coal.  Fuel alternatives include use of gas or fuel oil with the economic and environmental preference belonging to natural gas.  In lieu of refurbishing existing units, total efficiency could be increased by adding a gas-fired combined cycle unit.  The choice matrix is completed by consideration of the cleanest project with greatest fuel diversity.  That project includes gas-firing of two refurbished CHP blocks and biomass firing of the third block with a new fluidized bed boiler.  

The selected baseline based on cost and risk minimization and conservative bias is to refurbish three of the CHPS and to convert them to natural gas firing.  The biomass project is both more costly and higher risk than gas conversion and was therefore rejected as the baseline scenario.  The biomass alternative is the proposed project.

1.4 Emission Reductions

Emission reductions are defined as the difference between CO2 emissions for the proposed project and the baseline scenario.  Meaningful differences in emissions can only be developed if the proposed and baseline projects provide equivalent services.  Heat and power production at Pecs for the baseline and proposed projects are:

Table 1

Baseline vs Proposed Project Outputs

	Outputs
	Baseline
	Proposed
	Difference

	Heat (TJ)
	2,225.3
	2,225.3

	0.0

	Net Electricity (GWh)

	211.0
	531.3
	320.3

	Total (GWh)
	829.1
	1,149.4
	320.3


The differences in electric output are substantial and must be compensated in calculation of emissions.  The difference of 320.3 GWh would come from grid power plants in the baseline scenario.  Baseline emissions derive from the combustion of natural gas and some fuel oil at Pecs plus the combustion of a mix of fuels in grid power plants to produce 320.3 GWh per year of electricity.  The grid mix is based on the marginal plants operating in the hours when the proposed project is expected to produce electricity.  Marginal plants include gas, oil and coal-fired plants but exclude nuclear, hydro and most cogeneration facilities.  The grid mix changes over time to reflect increased gas-fired generation as projected in the 2003 Review of the Hungarian Energy Sector by the International Energy Agency.

Proposed project emissions derive from the combustion of gas at Pecs since biomass is considered to be carbon neutral.  Emissions related to the collection and transport of 300,000 tonnes per year of wood have also been considered as part of the proposed project.

Table 2 summarizes the emission reductions for select years and periods.

Table 2

Emission Reduction Summary
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2005 - 2012
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2,094

                           

 

1,992

              

 

2008 - 2012

(64)

                             

 

1,300

                           

 

1,236

              

 


A total of 1,236,000 tonnes of CO2 would qualify for purchase in the 2008-2012 period when the entire gas conversion and biomass projects are considered together.

However, to simplify and improve the accuracy of the monitoring and verification effort, PANNONPOWER proposes to restrict their sale of emission reductions to those that derive directly from the Unit VI biomass block.  Units III and IV would then operate identically in the baseline and with the proposed project.  They can thus be excluded from the monitoring effort.  Unit VI would produce 162 TJ of heat in either scenario with the sole difference being the production of 14.0 GWh of electricity in the baseline and 338.4 GWh of electricity with the proposed project.  Allowing for incremental local electric use of 4.1 GWh per year for wood chipping, the net difference in delivery to the grid is 320.3 GWh per year.  Although Unit VI could technically produce more than 14.0 GWh of electricity in the baseline, it would not be economic to do so in condensing mode. Operating this unit on gas would not qualify for green premia and would not meet the efficiency criteria necessary for cogeneration premia.  The emission reductions from the biomass project alone are presented in Table 3.

Table 3

Biomass Project Emission Reductions
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Baseline Emissions (000 MT)

Year

Combustion @ Pecs*

Grid Plant Combustion

Total 

2005

272

                            

 

272

               

 

2008

268

                            

 

268

               

 

2012

265

                            

 

265

               

 

2005 - 2012

2,144

                         

 

2,144

            

 

2008 - 2012

1,331

                         

 

1,331

            

 

Proposed Emissions (000 MT)

Year

Combustion @ Pecs

Biomass Coll/Trans

Total 

2005
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2005 - 2012
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2,094
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2008 - 2012

(106)

                          

 

1,300

                         

 

1,194

            

 

* The gas use in Unit VI in the baseline is difficult to estimate because the 

efficiency would depend on the pattern of peak heating demands.  This 

consumption has been ignored as a conservative assumption


While this baseline study has considered the entire gas and biomass conversion project, the final proposed sale relates exclusively to the biomass project and is conservatively estimated to total 1,194,000 tonnes for 2008 – 2012.  

1.5 Project Boundaries

Two project boundaries are important for this study.  The first was designed to include all of the relevant heat and power production sources at issue and was drawn to include the CHP units at Pecs, the marginal grid plants that are displaced by proposed project electric production and the biomass collection and transport activities.  Fuel production and transport for the grid plants were not included because of the difficulty in measuring and monitoring and to lend conservatism to the emission reduction estimates.

Based on the results of the baseline selection process, a narrower project boundary has been defined for monitoring.  This boundary includes only the proposed biomass block VI at Pecs and the marginal grid plants that will be impacted by the operation of Unit VI.

1.6 Leakage

The immediate influences of combustion at Pecs and at marginal grid power plants are the dominant impacts of the project on carbon emissions.  Collection and transport of 300,000 tonnes per year of wood represents a substantial logistical effort for which CO2 emissions can be reasonably estimated.  The wood used by the proposed project will either displace current manufacturing uses or will come from new production that is on a sustainable basis.  There are no biomass energy plants within the economic radius of the sources of the wood that will be used at Pecs.  Therefore, the proposed project is not expected to displace other energy production from biomass.  Some increases in transmission losses in the Hungarian gas delivery network may occur due to the increased used of gas at Pecs.  However, this impact is expected to be much smaller than impacts associated with decreased operation of marginal grid power plants.  On balance, full consideration of leakage would be expected to increase rather than decrease the emission reductions estimated in this study. 

1.7 Additionality

The baseline project will reduce carbon emissions substantially compared to the status quo because gas is being substituted for coal at similar combustion efficiencies.  The proposed project then replaces gas with biomass in one of the three CHP blocks with the other two blocks operating identically in both the baseline and proposed project scenarios.  The proposed project relies on both cheaper and cleaner fuel and thus produces much more electricity at costs that are competitive with market prices.  However, in producing far more electricity, the proposed project is much more risky and also has a much higher life cycle cost.  Thus the proposed project is additional both in environmental and economic terms.

1.8 Conservatism of Emission Reductions

Life cycle cost analysis showed that refurbishment of three CHP units to burn gas or coal with a scrubber did not differ decisively in terms of the present value of costs.  A conservative bias was used to push the baseline selection toward gas which lowered the emission reduction (ER) estimates.  Fuel production and transport emissions have been considered for the biomass component but not for fossil fuels used at Pecs or at marginal grid plants.  This also makes the emission reduction estimates conservative.  PANNONPOWER has chosen to claim only those credits tied to the biomass portion of the project which again lowers claimed ERs below the full amount that could be claimed and enhances the quality of the ERs proposed for purchase.  Finally, the gas use by Unit VI in the baseline scenario has been ignored in the ER calculations due to the difficulty of accurately estimating the efficiency of a CHP that is dispatched to cover peak heating requirements.

2 Background and Purpose

The Prototype Carbon Fund (PCF) aims to sign a Host Country Agreement (HCA) and an Emissions Purchase Agreement (ERPA) with Hungary in 2003 to formalize the terms under which carbon emission reductions from this project will be purchased.  ERUPT is also evaluating this project to determine if they would be willing to purchase the emission reductions.  The project sponsor retained Vertis Environmental Finance to provide support for baseline development for the ERUPT application.  The purpose of this study is to provide an independent baseline study to determine the emission reductions which would qualify for PCF purchase.  

2.1 Project Sponsor

The PANNON Group includes a holding company, PANNONPOWER Rt and the following major subsidiaries:  PANNONENERGIA Kft, PANNONTRADING Kft and PANNONGREEN Kft.  Each of these subsidiaries will have a central role in this project. PANNONPOWER Rt and its legal predecessors  have owned and operated the Pecs Power Plant since 1962 and  intends to  continue to supply heat and electricity to the City and to the electric grid.   Primary decision making authority for the project is vested in PANNONPOWER Rt which is the project sponsor.
 PANNONPOWER Rt would also be the principal agent in deciding on a baseline project.  PANNONGREEN Kft, the proposed owner and the operator of the biomass project, will act as the contracting party and owner of any carbon emission reductions attributable to the project.  

The owner of the PANNONPOWER Group is the Crossroads financial investment group. Crossroads has made a number of large successful investments in Central and Eastern Europe. For example, Crossroads partnered with DeutscheBank in financing the privatization of the Czeske Radiokommunikace. 
2.2 The PANNONPOWER Project

The Pecs power plant now includes four pulverized coal CHP blocks with combined capacities of 570 MWth and 190 MWe.  This plant has been operated on locally mined coal since 1962 to provide the total district heat supply for the second largest district heating system in Hungary.  Annual heat supply is about 2,200 TJ while annual electric supply to the regional grid is about 550 GWh.  PANNONPOWER has a long-term heat supply contract with the Municipality of Pecs until 2015.  Certain electricity outputs can be sold under existing contractual arrangements and legislative provisions through 2010.  Currently Hungarian regulation also requires grid purchase of cogenerated electricity if efficiency criteria can be met.  Following 2010, electricity will almost certainly be sold into a competitive market although the detailed market rules are not yet completely defined and future market conditions cannot be easily foreseen. 

The combination of stricter limits on SO2 emissions and the need for life extension investments in the plant is now driving PANNONPOWER to consider a variety of possible investment options to enable them to meet their contract requirements in a way which assures long term sustainability and minimizes current risk exposure. 

The proposed project includes conversion of two CHP blocks to gas-firing; conversion of one block to biomass firing, and retirement of the fourth block.  The biomass CHP unit will provide peaking and reserve heat supply but will be used primarily for electric generation since it can produce electricity at competitive prices in condensing mode due to the relatively low fuel prices.

2.3 Baseline Study Purpose

The commodity of commercial interest in all PCF projects is a certifiable reduction in emissions of greenhouse gasses.  A proposed project will generally have future emissions that can be readily calculated from observable data that are continually accumulated as part of the project monitoring and verification process.  To calculate emission reductions, however, one must estimate the emissions that would occur in the most likely alternative development scenario.  The purpose of the baseline study is to develop persuasive definition of the baseline that should be used to measure and compensate emission reductions over an agreed purchase period.  A validated baseline is a critical component of all PCF carbon purchase agreements.

2.4 Baseline Study Outline

Baselining begins with identification of a service need that can be met in a variety of ways.  A baseline is specific to a proposed project that defines one way of meeting that service need over a particular future period.  The baseline is defined as the most probable future way of meeting that service need.  To keep assessment manageable, project boundaries must be established to limit the chain of causality to first order effects that are measurable with acceptable degrees of certainty.  Section 3 provides a more complete description of the proposed PANNONPOWER project and defines services provided and the project boundaries.

Robust baselines are discovered by consideration of several means of providing the defined service and then by identifying the constraints and criteria that will define the most probable future project absent any carbon interventions.  Baseline alternatives and constraints are the topics of Section 4.

There is a risk that invalid emission reductions can be created by baseline manipulation.  Safeguards against such gaming have been provided in this study by provision of fully transparent baseline selection methodology applied to a range of alternatives within a broadly constructed project boundary.  This allows validators to retrace the logic and measurements used in baseline selection.  Section 5 presents the alternative baseline selection methods and the method chosen for the Pecs project.  Section 6 then applies the selected method and identifies the PANNONPOWER project baseline that flows from that methodology.

When both the baseline and proposed project scenarios are fully characterized, CO2 emissions for each can be projected over the lifetime of the project and over the proposed PCF purchase period.  That flow of emission reductions is what PCF offers to purchase.  Section 7 provides the forecasts of emissions for each scenario and the reductions calculated as the differences between the selected baseline and the proposed project emissions.

Tradable carbon credits that accrue over long-term future periods require tracking mechanisms of key indicators to assure the continuing relevance of the initial estimates.  The monitoring and verification process for PANNONPOWER is briefly discussed in Section 8 but more fully developed in a separate document.

3 Project Description

3.1 Service Definition

All alternatives considered by PANNONPOWER must provide a highly reliable heat supply with annual peak demands of about 225 MWth and annual supply of about 2,225 TJ.
  Approximately 17% of the heat supply is steam for industrial customers while the majority is in the form of hot water for the district-heating network.  

Electric supply from the project will vary across alternatives in a way that maximizes the return against applicable electric prices.  PANNONPOWER has a contract through 2010 which allows them to sell some capacity (20.1 MW) and energy (77 GWh) to the grid based on prices that are expected to remain fixed through 2010.  PANNONPOWER can also sell any CHP power production that is produced with an efficiency greater than or equal to 65.0%. This limit has to be met on an annual basis and the supportive legislation is expected to remain in force through 2010.   Additional electricity can be sold to the grid but it must compete with free market prices.  For calculation of emission reductions, grid supply is assumed to provide the balance between the proposed project and any baseline alternative.  

3.2 The Existing System

At present the Pecs plant consists of four coal-fired units with the following capacities:

Table 4

Existing System Capacities

	Block
	Boiler Heat Capacity, MWth
	Steam Turbine Electric Capacity, MWe

	III
	114
	35

	IV
	114
	35

	V
	171
	60

	VI
	171
	60

	Total
	570
	190


Annual electric supply to the grid is 547 GWh with annual heat supply to Pecs of 2,225 TJ in a normal weather year.  The existing units were built in 1959-1962, and went through overall refurbishment by 1990.  Present operation does not comply with all emission limits.  Full compliance will be required following any major reconstruction of the plant.  

Coal for the plant now comes from local mines. Following conversion and refurbishment of the plant, local mines are expected to close.  Any future coal use at the plant would most likely be based on imported coal.

3.3 The Proposed Project

The proposed project consists of conversion of blocks III and IV from coal to gas plus the addition of a fluidized-bed biomass boiler as part of block VI.  Block V will be mothballed and future use is not currently planned.  Following refurbishment, all project components are expected to function efficiently for a period of at least another 15 years without major additional investment.  The predominant fuels used will be natural gas and woodchips from forests located at an average distance of 65 km from the plant.  Wood will be chipped and stored at the plant site.  Total annual fuel use will be about 3,745 TJ of gas plus 300,000 tonnes (3,441 TJ) of wood. This will be one of the largest renewable facilities in Central Europe.  The total efficiency of the combined CHP units will be nearly 61%.

Key technical data for the proposed project are summarized in the Table 5.

Table 5

Proposed Project Parameters

	Block
	MWth
	MWe
	TJ/a
	GWh/a
	Investment (MHUF)

	III, IV Gas
	180
	70
	2,063.3
	197.0
	5,963.8

	VI Bio
	65
	49
	162.0
	338.4
	8,132.3

	Reserves Gas
	45
	0
	
	
	

	Total
	290.0
	120.0
	2,225.3
	535.4
	14,096.1


The total investment cost is about 61.3 million USD at recent exchange rates of 230 HUF/USD.  

3.4 Project Boundaries

Two project boundaries are important for this study.  The first is drawn broadly to encompass all of the key components related to heat and power production at Pecs and by grid electric generating plants that are impacted by Pecs electric production.  This boundary is intended to guide the search for the least cost alternative method of providing the services that would be provided by the proposed project.  Once the baseline has been identified, a narrower focus is appropriate to guide the monitioring efforts.  That boundary includes only the biomass component of the total project because the least cost analysis shows that the gas CHPs will operate identically with or without the proposed project.  

Regardless of the baseline which is selected, this project will involve new or different combustion technologies at Pecs using different fuel mixes.  Since alternatives rely to a varying extent on grid supply of electricity, marginal grid plants must also be included within the project boundaries.  By including both the grid electric plants and the local CHPs in the project boundary, all alternatives can be compared based on provision of equivalent heat and electric services at the project boundaries. 

The supply chains that are being considered then run from fuel supply through combustion at Pecs to local delivery of heat and electricity.  The terminal points for delivery of heat and electricity are clear but the relevant beginning of the fuel supply chain is commonly a matter for debate.  In theory, one should add the fuels used for transport of fuels to the Pecs plant and to the grid electric plants.  The next step could be to add fuels used for gathering biomass or mining coal.  Extreme diligence would then look to gas exploration and pipeline construction effects.  In practice, the preponderance of impact will be identifiable in changed combustion at Pecs and in the grid power plants that provide the balancing electricity across alternatives.  

In addition, the proposed project would use large volumes of wood fuels from regional sources that are easily identified.  Thus, it is both possible and useful to include calculations of the emissions related to collection and transport of this fuel rather than to leave this as a significant source of leakage.  For this reason, biomass fuel supply has been included within the project boundary.  Other fuels have less well-defined sources and/or the emissions associated with collection or delivery are more difficult to properly estimate. They are treated as outside the project boundary and will be addressed in the discussion of leakage.    For this study, the approach is to evaluate the primary effects at the Pecs site and at the grid power plants plus the effects from biomass supply.  Secondary and tertiary effects can be addressed as positive or negative leakage but they cannot be forecast with useful precision.  Figure 1 depicts the initial project boundary used for this study by the dashed line. 

Figure 1

Total Project Boundaries
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Figure 2 shows the changes in project boundaries that apply when the proposed project is limited to the biomass unit at Pecs.  

Figure 2

Biomass Project Only Boundaries
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4 Baseline Alternatives 

4.1 PANNONPOWER Decision Environment

All baseline studies must develop reasonable argument to support an assertion about the most probable future development absent any carbon support interventions.  This kind of “backcasting” must carefully consider the decision agents, the criteria that would be given the most weight in selecting among alternatives and the vision of the agents in identifying alternatives that would be considered.  Fortunately, for this project many of these baseline determinants are clearer than they are in many other projects.

PANNONPOWER Group and their financial investor-owners are best characterized by the following set of motivations: 

. 

· To provide a highly secure, long-term heat supply in accord with the contract

· Desire to maximize electric production flexibility in light of the highly uncertain future market prices.

· Limited ability and willingness to make large, risky investments

· Preference for conservative investments with relatively certain returns.

PANNONPOWER is clearly the relevant decision maker in this project. The fuel supply contracts for the proposed project have been negotiated to offer both assured supply and competitive pricing with flexibility to adjust to new circumstances which demonstrates the desire and ability to limit risk in major investments..  PANNONPOWER also has strong engineering staff which is very familiar with the condition and potential of existing plant assets and fully capable of formulating alternatives that are responsive to economic opportunities.  They have provided valuable technical input to this study by defining and costing many alternatives that have supported the least cost analysis.

Beyond these commercial motivations, PANNONPOWER owns and operates a major power plant at Pecs that has both contractual and historical ties to the City and the region.  PANNONPOWER has cooperated fully with all environmental requirements for continuing operation and for development of new facilities at this location.  Given the institutional linkages to the area, it is highly unlikely that all facilities would be closed or that functions will be dramatically reduced unless there are no reasonable ways to earn adequate returns on investment.  For example, the rich tradition of electric generation at this plant makes it unlikely that the existing staff would easily decide to produce only heat at this plant.  This would not be impossible but it also would not be likely.

The current status of the Hungarian electricity market heavily influences the decision criteria applicable to new generation investments at Pecs. After decades of regulation, the market was opened partially in January 2003. Liberalization introduced new market segments which possess different risk profiles and future price tendencies.  Current free-market prices are below long term average costs and thus do not allow adequate investment cost coverage. In this market situation, no new market entries are found, existing players are waiting, and some players may be forced to leave the market. In general, open European markets are in an embryonic stage that makes it extremely difficult to anticipate future prices beyond the short term.  

Existing contracts and legislative preferences also have a central role in shaping the alternatives that will be considered.  In the PANNONPOWER case, the heat contract with the City of Pecs is a binding constraint that must be recognized in all alternatives.  PANNONPOWER also has a contract for some electric sales through 2010. Current Hungarian regulations also assure that PANNONPOWER can sell CHP production if fuel efficiency is equal to or greater than 65% on an annual basis. This legislation is also in place through 2010. The thrust of Hungarian power procurement is now increasingly focused on market liberalization to prepare for EU accession.  In the future, PANNONPOWER electric production will almost certainly be sold in open competition in a liberalized power market.  Both the existing power purchase agreements (PPA) and the legislation are expected to remain in place through 2010 but this would only cover the first five operating years of the alternatives being considered. Prices and the market structure for future power sales in competitive markets remain speculative and constitute a major risk factor in PANNONPOWER’S assessment of alternatives.

The decision environment that PANNONPOWER faced in deciding on major new investments at Pecs can best be characterized in the following way.  All alternatives must provide all requirements heat supply to the City district heating system since this obligation is governed by a contract that covers the next 15 years. Heat price increases are not expected to exceed Consumer Price Index (CPI) increases annually. Beyond that obligation PANNONPOWER is free to adopt a wide range of conservative to aggressive positions in an evolving electric market.  Selecting the most attractive investment requires careful balancing of the rewards and risks with strong emphasis on the current risk exposure in an extremely uncertain market environment. 

4.2 Baseline Alternatives Considered

Business as usual (BAU) is, perhaps, the most commonly considered baseline alternative since it is often the path of least resistance which requires minimal investment or change in established operating procedures and staff.  Systems are proven and the technology is familiar to those operating them.  In the present case, BAU is really not possible.  The existing coal-fired CHPS have no scrubbers and cannot meet the environmental regulations on SO2 emissions.  The CHP units require significant life extension investment to allow them to continue to perform efficiently over the next 15 to 20 years.  Fuel conversion may or may not be part of the life extension investment program.  If coal would continue as the primary fuel for this plant, it will likely be imported, since the quality from regional Hungarian mines does not meet required standards.

The alternatives which are possible will reflect different mixes of fuels, technologies and timing of investments.  They also rely on different market segments and different time horizons as the primary source of return of investment. Possible primary fuels will be natural gas or imported coal with some oil used for emergency and start-up purposes.  The existing CHP blocks provide opportunities to refurbish selected assets in lieu of new installations with trade-offs between investment costs and efficiency.  Refurbished CHPS could burn either coal or natural gas although the use of coal would require addition of a scrubber.  If new CHPs were considered, the most likely option would be gas-fired combined cycle technology.  Heat only boilers (HOBS) burning either gas or coal could be used for peaking in combination with CHPS covering the baseload heat demand and profitable electric sales.  It would be technically possible to cover the entire heat load with new HOBS although it is considered unlikely that PANNONPOWER would convert completely to a pure heat supply company.  Within each of these technology-fuel combinations, different levels of electric production may be possible.

Given all of these possibilities, PANNONPOWER engineers have defined many possible alternatives as baseline candidates to be evaluated in a full feasibility study.  For the baseline study, a sufficient range of possible alternatives has been considered to provide confidence that the most attractive options have been considered and that the dimensions of choice have been revealed.  The most critical dimensions of the economic choice problem facing PANNONPOWER include the following:

1. Is refurbishment of existing units economically preferred to construction of new units?  Specifically, do the investment cost savings for refurbishment justify the lower efficiency and higher operation and maintenance costs compared to new?

2. Do the fuel cost savings with coal compared to gas justify the higher investment and operation and maintenance costs for coal including the scrubber?

3. What level of electric production places PANNONPOWER in the most advantageous market position over the life of the assets being considered?

4. Would a combination of refurbished CHPS and a new combined cycle gas turbine (CCGT) be preferred to three refurbished existing units?

5. What level of electric market exposure offers PANNONPOWER the most attractive combination of risk and potential reward?

4.3 Baseline Alternative Summary

An initial comparison of current hear demands with the capacities of the four existing CHPs demonstrated that only three blocks will be required to provide sufficient heat to cover the City’s demands.  Based on the comparative condition and refurbishment potential and cost, Block V was selected for retirement.

The following alternative possibilities for Blocks III, IV and VI have been defined by PANNONPOWER in an attempt to answer the questions listed above:


Alternative 3XG 211 converts CHP Blocks III, IV and VI to gas with electric sales of set at 211 GWh per year 2019.  The 211 GWh represents maximum cogeneration and therefore the highest efficiency of operation for this alternative.  Also, this production addresses only regulated market segments. More electricity could be produced in condensation mode and sold on the open market, but the competitive sale of this amount is purely subject to favorable market price developments. 


Alternative 3XC 600 refurbishes Blocks III, IV and VI to continue operation on imported coal with addition of a scrubber.  Electric sales would be 600 GWh per year through 2010.  Although efficiency for this alternative would be lower, the fuel cost is substantially lower than for gas.  It is anticipated that the incremental cost of generation for this alternative would be able to compete in an open market so electric production is expanded to the technical capacity.


Alternative 2xG CC50 528 converts Blocks III and IV to gas and adds a new 50 MW CCGT. Block VI is then retired. Total annual electric sales for this alternative would be 528 GWh through 2019.  Electric production is greater than for 3XG 211 because the greater efficiency of the combined cycle unit makes additional electric generation competitive.


Alternative 2XC CC50 708 adds a scrubber and refurbishment of Blocks III and IV to continue operation on imported coal.  A new 50 MW CCGT operating on gas is also added.  Annual electric sales would be 708 GWH through 2019.  PANNONPOWER has again roughly optimized the electric production based on equipment capacities, efficiencies, and comparison of incremental costs against expected market prices.


The proposed project, 2XG BIO 531, consists of conversion of two CHPS to gas-firing and addition of a fluidized bed biomass boiler that will primarily produce electricity but will also provide peaking and reserve heat supply.  The annual electric production of the two gas CHPs would be 197.0 GWh while the biomass system would produce 338.4 GWh for a total electric output of 535.4 GWh.  Heat supply from biomass would be 162 TJ or about 7.0 % of the total annual requirement.  This allows the gas-fired CHPS to operate primarily in cogeneration mode.

For each of the five alternatives above, the annual electric sales have been estimated by considering  the technical capabilities of the installed equipment, the marginal costs and marginal revenues as electric output is increased, and the impact of current contracts and regulations governing CHP sales to the grid.  Logically, electric production from gas-based alternatives using the same technology would be less than from coal-based alternatives because marginal costs from coal are lower than from gas even though gas alternatives may be more efficient.  Likewise, the alternatives that include new gas-fired combined cycle generation will have higher electric output than pure refurbishment alternatives because the combined cycle has higher operating efficiency than the refurbished existing units.   The intent has been to find the least cost operating profile from any given installed combination of technologies and fuels.  In each case, the same heat demand is covered and electric production is set at the level which is expected to yield the most economic operation.  Refined analyses would certainly be possible but it is anticipated that this approach is sufficient to identify the rank-ordering of options and that refinements can be made, if necessary, to choose between the closest competitors.

Many more alternatives could be identified but these five have been chosen to explore limiting cases both in terms of technology and fuel.  Refurbishment of the best units (III, IV, and VI) plus retirement of Unit V must clearly be considered since this would have the lowest investment requirements consistent with PANNONPOWER’s ability to meet its heat supply obligation.  Fuel oil could be considered but it will nearly always be dominated by natural gas on both economic and environmental grounds.  Biomass is the other fuel that makes sense to consider.  The proposed project uses the maximum amount of wood fuel that can reasonably be expected from resources within an economic radius.

Beyond fuel variations, the other major parameter to perturb is the technology to consider if a refurbished unit were to be replaced by a new unit.  Combined cycle units operating on gas offer the most efficient opportunity in this size range.  Thus, combined cycles have been considered in conjunction with Units III and IV operating on either coal or gas.  

In summary, the five alternatives considered here cover a wide range of possibilities that is expected to include the least cost alternative.

The following table summarizes selected technical and economic parameters for each of the primary alternatives.  Demand and production in each case have been assumed fixed over the 15 year life cycle used for the analysis.  Actually, economic optimization will probably dictate that both demands and production will change over time as prices vary but this simplification is nearly universal in feasibility studies since prices are so difficult to forecast.  The wide variation in amounts and mix of fuels used suggests a very wide range of carbon emissions across these alternatives.  



Table 6

Baseline Alternatives
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3,745

            

 

  Oil

TJ

30

200

               

 

950

               

 

245

               

 

-

                

 

  Wood

TJ

-

                

 

-

                

 

-

                

 

-

                

 

3,441

            

 

Total Efficiency

%

85.2%

48.8%

70.4%

56.3%
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* Minor differences in heat production relates to the technologies and fuels being used.  The delivery to the City is identical in all cases


5 Method Used to Select Baseline

5.1 General Methods

5.1.1 Standard-Based Methods

There are two basic classes of baseline selection methods.  Standard-oriented methods are a common long-term goal of carbon analysts because of the ease of use and low transaction costs.  In the absence of clearly applicable standards, prevailing practice can be an effective guide to what may have been chosen in the absence of the proposed project.  It is well-known that through the 1990’s many district heating systems in Hungary and elsewhere in Eastern Europe were converted from coal to gas when boilers needed to be replaced.  However, many of those conversions took place when gas prices were still heavily subsidized which made relatively inexpensive and relatively clean gas boilers an easy choice.  The Pecs case is also unique because of the major CHP assets that already exist and the strong link to electric generation at this site.  Prevailing practice provides some guidance but the economic choice facing PANNONPOWER is clearly much different than the choices facing much simpler and smaller heating systems.

5.1.2 Project-Based Methods
The second class of methods is referred to as project-oriented and includes investment analysis, control groups, and scenario analyses.  Pure investment approaches can clearly rank baseline alternatives based on life cycle costs, on rates of return on investment (ROI), rates of return on equity (ROE), or in terms of levelized costs per MWh if adequate data and projections are available for all of the alternatives of interest.  This method of baseline identification is persuasive if adequate and symmetric data are available for all alternatives and if risks are similar across all alternatives.  All alternatives must comply with all applicable environmental requirements.  When risks vary widely across alternatives, either quantitative or qualitative adjustments must be made to the rankings based solely on economic comparisons.  Given those caveats, this method provides significant evidence to support the selection of a likely course of action.

Control groups are appropriate when otherwise equal segments of a market choose alternative ways to meet a comparable need.  If we could identify other district heating systems that recently faced a need to upgrade their CHPs and with similar risk tolerances to PANNONPOWER, their revealed preferences would provide useful guidance regarding what PANNONPOWER would most likely have chosen.  In practice, truly comparable control groups are extremely difficult to find.  That is especially true given the unique portfolio of existing assets and decision environment in which PANNONPOWER is now operating. 

Scenario approaches focus on risks and barriers to substantially narrow the range of plausible baselines until the differences among surviving candidates are arguably small.  Then the choice among survivors has limited impact.  An alternate must be chosen to allow monitoring and emission reduction calculations but there is reasonable certainty that the choice will not involve egregious error.  The wide range of plausible baselines that has been identified above and the dramatic differences in carbon emissions that they imply suggests that this approach is not applicable for Pecs.

Since PANNONPOWER is the clear decision agent in this project and the PANNONPOWER decision process is clearly tied to economic and risk analyses, investment analysis is the most appropriate approach to baseline identification for this project.

5.2 The Pecs Baseline Selection Process

Privately held companies such as PANNONPOWER often use a variety of criteria to evaluate major investment decisions.  These include internal rates of return on investment (IRR on ROI), IRR on equity (ROE), simple or discounted payback, present value of life cycle costs, levelized cost of product, first year cost of product, value at risk, etc.  The IRR figures are normally calculated based on after tax cash flow which means that financing plans must be available for each of the alternatives so that interest can be calculated to derive income tax payments.  In many cases, financing plans are reasonably well developed for the proposed project but much less clearly defined for the alternatives.  Feasibility studies are typically used to narrow the options and only one or two final candidates are further developed in terms of implementation and financing.  Comparable financing terms could be assumed for all alternatives unless risks vary substantially because that risk differential will certainly influence the terms on which a project can be financed.  For PANNONPOWER, it is clear that financing terms for the wide range of plans considered have not been determined.  For this reason IRR for ROE is not considered a sound basis for comparison.

ROI avoids the need to know the financing plans since all alternatives are considered as if they were financed through 100% equity investment.  In considering ROI, for these projects, one immediately confronts the need to forecast revenue streams.  For heat, this can be done with reasonable accuracy.  However, the major distinction across plans is the extent to which they rely on electric sales as the dominant part of their revenue stream.  Despite extended discussions of the possible futures for open market electric prices in Hungary, the possible range of results for different alternatives remains extremely broad.  Adjustments of plus or minus 10% in the prices that might apply to given alternatives can easily reorder the rankings.  On this basis, ROI is not considered a sufficiently reliable indicator to provide clear evidence of a preferred option.  Payback measures also depend inherently on good revenue forecasts and are not considered to be useful for this setting.

PANNONPOWER is clearly more comfortable with its ability to project costs rather than revenues.  They have proven expertise in contractual purchase of gas, coal and now biomass under long term contracts.  Their fuel procurement staff knows these markets and how to operate in them.  This is in stark contrast to their ability to speculate on future electric prices.  They also have engineering staff that has cost estimating capability and awareness of how the existing assets would be best utilized in new configurations.  Often decision-making is a two-stage process.  Feasibility studies are used to compare a broad range of alternatives using life cycle costs as the primary selection criterion.  Once the range of options is narrowed, detailed implementation and financing plans are developed for one or a few preferred alternates.  This is the process which PANNONPOWER has applied in considering this project.  On this basis, life cycle costs have been calculated here to provide an important ranking of alternatives.

Discussions with PANNONPOWER reveal that risk was at least equal to return in their evaluation of these projects.  However, they do not have established methods of measuring and mitigating risk.  The focus on life cycle costs rather than IRRs is one way that they reduce the impact of the riskiest revenue streams in their evaluations.  Beyond that, if two alternatives have equal life cycle costs, the option with the lower upfront investment would be favored to minimize the value at risk.

Based on these observations regarding the PANNONPOWER decision-making process, the baseline selection methodology used for the Pecs project can be summarized as follows:

· A broad range of technology and fuel combinations was explored to assure that the most attractive options were discovered.

· All alternatives were screened to assure that they comply with all existing and anticipated environmental regulations.

· For each alternative, technical and economic analyses were combined in a rough optimization process to find the least cost version of that alternative.

· Life cycle costs were calculated for each of the alternatives and used to provide the initial rank-ordering of the options.

· Sensitivity analyses were then prepared to reveal the stability of the rankings under various perturbations of key input parameters.

· Comparative risks of the alternatives were assessed to determine the impact on the initial rankings.

· The baseline is identified as the alternative offering the most favorable combination of low cost and low risk.  Conservatism regarding the emission reductions that would result is used to remove or insulate against any ambiguities in the rankings based on costs and risks.

This process is summarized in Figure 3:

Figure 3

Baseline Selection Methodology
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6 Selected Baseline Justification

6.1 Key Inputs To Life Cycle Cost Calculations

Life cycle costs for the alternatives considered in this study depend most critically on investment costs, fuel costs, non-fuel O&M costs, electric costs, and discount rates.  The methods, sources, and cost parameters used for all key variables in the life cycle cost analysis are documented in Annex A. 

6.2 Economic Comparisons of Baseline Alternatives

Calculations of the present value
 of life cycle costs for each of the five possible baseline alternatives are detailed in Annexes B through F and summarized here.

The reference case life cycle costs are most easily compared in the following graph which supports the following conclusions
:

· The least-cost alternative is conversion of the three existing CHPS to gas-firing with electric production limited to maximize cogeneration and total efficiency of production.  That efficiency allows this alternative to offset the fuel price advantage of coal compared to gas.  This alternative also benefits from having the lowest investment cost of all options that were considered and thus the smallest value-at-risk at the time of the investment decision.  Of course, this alternative includes the maximum cost for purchase of electricity at market prices.  If market prices would be higher than have been forecast by PANNONPOWER, this alternative would fall in the rankings. 

· Continued operation of the three existing CHPs on coal with a scrubber is a close competitor with a 3.5% difference in total life-cycle costs.  The fuel price advantage was not sufficient to offset the additional investment and O&M costs which are required for operation of the coal plant.  

· The two 50 MW combined cycle alternatives were intended to increase the efficiency of gas use through combined cycle technology which allows substantially greater local electric production at Pecs.  However, the gains were again not sufficient to justify the necessary incremental investments that are required.  There are also rather large economies of scale in combined cycle units so that a 50 MW unit would normally have trouble competing with the market scale units which will likely be in the 250 MW or larger range.  The cost premium for the combined cycle alternatives is 8.0% when combined with gas and 13.8% when combined with coal.

· The proposed project is also substantially more costly than the least cost option with a 13.0% cost premium.  The disadvantages compared to 3XG are in the investment and O&M costs.

· Based exclusively on least-cost calculations, the baseline is 3XG 211 although the 3XC 600 option is a close competitor.

Figure 4

Base Life Cycle Cost Comparison
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6.3 Sensitivity Analyses

It is useful to test the robustness of any ranking of alternatives under changes in key parameters to reveal the kinds of changes that can reasonably occur.  The analysis of electric market prices showed that the PANNONPOWER forecast used in the above calculations differs from the benchmark forecast.  To isolate the impact of these differences in market price forecasts, the life cycle costs were recalculated using the benchmark electric price forecast.  The results presented in the following graph indicate that 3XG and 3XC are still the least cost solutions but now 3XG is about 0.7 % higher cost than 3XC.  

Figure 5

Life Cycle Costs Using the Benchmark Electric Price Forecast
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Discount rates often have dramatic impact on life cycle costs especially when the time pattern of cost outlays varies significantly across alternatives.  Lower discount rates tend to emphasize future costs while higher discount rates emphasize the near term outlays.  The two graphs below show the life cycle costs for all alternatives based on 12.0% and 18.0% discount rates.  

For the 12.0% case, the rank-ordering is nearly the same as for the 15.0% base comparison except that the proposed project is now the most expensive.  The combined cycle options now come closer to the simple refurbishment options but are still higher cost.  The difference between 3XC and 3XG is now only 1.1%.  For the 18.0% case, the rank-ordering is again the same as for the base case and the advantage of 3XG is more decisive.

Figure 6

Life Cycle Costs at 12% Discount Rate
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Figure 7

Life Cycle Costs at 18% Discount Rate
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6.4 The Selected Baseline

The baseline for this project must reflect both economic expectations and the risks associated with those expectations.  The economic comparisons have shown clear and robust preference for the 3XG and 3XC refurbishment options with a slight preference for 3XG.  The economic differences between these two alternatives could easily be reversed within the range of uncertainties about future gas and coal prices.  Thus, other factors should be considered in choosing between these two options.

The relative risks of 3XG and 3XC can easily be seen in the first chart of life cycle cost comparisons.  The critical differences lie in the investment costs and in the exposure to uncertain electric markets.  The 3XC option requires 74% more investment (on a present value basis) and provides 389 GWh more electricity to the grid.  The total efficiency of 3XG is 85.2 % compared to 48.8 % for 3XC and first year total costs per combined MWh of output is 37% higher for the coal option.  Certainly on a risk-adjusted basis, the advantage of 3XG over 3XC appears even greater than is apparent from the life cycle cost comparisons.  Based on new installations, coal would likely be very competitive but the refurbished units are not efficient enough to make up for the investment cost premium compared to gas conversion.

The final consideration reduces to the preference of carbon purchasers for conservative baselines.  Obviously, 3XC would have much larger carbon emissions than 3XG.  Thus, 3XG is the conservative preference.

Based on consideration of all of these factors, this study has selected the 3XG alternative as the conservative baseline for comparison with the proposed project.

6.5 Additionality

The analysis above demonstrates that the proposed project requires 76% more investment (expressed in 2003 present value) than the baseline project and has a total life cycle cost which is nearly 15% above the baseline.  The proposed project life cycle cost is also higher than for all but one of the alternatives which have been evaluated.  It should also be emphasized that the proposed project involves PANNONPOWER much more heavily in the highly speculative electric market than the baseline project since electric sales are 2.5 times as high.  Finally, practical considerations regarding the storage and handling difficulties with biomass compared to just-in-time delivery of gas suggest that the proposed project will likely involve costs that have not been quantified here.  Both cost and risk analysis provide strong argument that the proposed project is additional.

7 Projected Emission Reductions

7.1 Baseline Emission Projections

To compare emissions from the baseline project with the proposed project, adjustments must be made to account for the large difference in electric production at Pecs between these two alternatives.  The baseline project produces 211.0 GWh per year at Pecs compared to the proposed project net electrical output of 531.3 GWh for the proposed project.  The difference of 320.3 GWh would come from the Hungarian grid if the baseline project were implemented.  Therefore, the baseline project emissions must include both emissions at Pecs and at the grid plants that would be used in lieu of the proposed project production.  

The local carbon emissions are easily calculated based on the fuel consumption that is necessary to cover the heat demands and to produce 211.0 GWh of electricity.  The following table shows that local annual use of 3,473 TJ of gas and 30 TJ of fuel oil would result in local CO2 emissions of 195,293 metric tons.  The emissions factors used for this calculation are consistent with International Panel on Climate Change (IPCC) standard figures of 0.2 MT CO2 per MWh of gas fuel input and 0.28 MT of CO2 per MWh of fuel oil input.
  

Table 7

Local CO2 Emissions From Baseline Project
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2019
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2,333
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Total

52,099

      

 

14,471,956

   

 

2,894,391

       

 

450

         

 

125,000

     

 

35,000

            

 

2,929,391

        

 


To estimate the grid plant emissions, the most precise method is to look at the power production schedule for the proposed project and for the baseline project.  The difference between these schedules is the amount that the grid would have to supply if the baseline project were built instead of the proposed project.  In this project that difference is nearly identical to the output of the proposed biomass block since the other two gas CHPs operate in the same way for both the baseline and the proposed project.  The biomass block will produce electricity year around except for periods of scheduled maintenance or forced outages.  The International Energy Agency published its review of the Hungarian energy sector in June 2003 which provides the following data on the historic and projected fuel mix for electricity production in Hungary.

Table 8

IEA Forecast of Hungarian Grid Mix
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Fuel

2000

2005

2010

2020

Coal

27.7%

22.2%

20.9%

18.4%

Oil 

12.6%

16.4%

16.1%

19.6%

Gas

18.9%

21.9%

25.8%

27.7%

Nuclear

40.0%

38.3%

36.0%

33.2%

Other

0.8%

1.2%

1.2%

1.1%

Total

100.0%

100.0%

100.0%

100.0%


Source:  IEA 2003 Review of Hungarian Energy Sector, Pages 111, 143.

A very simple, but transparent approach to estimating the grid emission factors is to use the fuel mix for all but nuclear and other sources as a proxy for the marginal units that will be displaced.  The logic is that the nuclear will never be displaced because it is the least cost source.  Other is a very small portion of the total but often represents run of river hydro plants that will also be used whenever they are available.  A precise analysis would use the marginal rather than the average fuel mix but that requires more detailed data that are not readily available.  The expected mix of fuels for the production above nuclear and other output is presented in the following table.  The 2005 to 2020 projections have been interpolated to obtain the intervening years.

Table 9

Hungarian Grid Mix Excluding Nuclear
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Fuel

2000

2005

2010

2020

Coal

46.8%

36.7%

33.3%

28.0%

Oil 

21.3%

27.1%

25.6%

29.8%

Gas

31.9%

36.2%

41.1%

42.2%

Total

100.0%

100.0%

100.0%

100.0%


Essentially, this analysis suggests that in 2005 gas units would be displaced about the same number of hours as coal units with oil units being displaced slightly less frequently.  By 2020, gas displacement exceeds 42% with coal and oil roughly splitting the remaining hours.

The grid emissions for the baseline scenario are estimated as shown in the following table using carbon factors of 0.36, 0.28 and 0.2 MT of CO2 per MWh of fuel input for coal, oil and gas respectively.  The assumed net efficiency for marginal grid plants is 33.0%.

Table 10

Baseline Grid Emissions
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263,106
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2006

320,300

    

 

970,606

     

 

349,529

       

 

360,825

    

 

260,252

    

 

270,866

        

 

2007

320,300

    

 

970,606

     

 

342,902

       

 

370,307

    

 

257,397

    

 

269,577

        

 

2008

320,300

    

 

970,606

     

 

336,275

       

 

379,789

    

 

254,543

    

 

268,289

        

 

2009

320,300

    

 

970,606

     

 

329,647

       

 

389,270

    

 

251,688

    

 

267,000

        

 

2010

320,300

    

 

970,606

     

 

323,020

       

 

398,752

    

 

248,834

    

 

265,711

        

 

2011

320,300

    

 

970,606

     

 

317,901

       

 

399,799

    

 

252,906

    

 

265,218

        

 

2012

320,300

    

 

970,606

     

 

312,782

       

 

400,846

    

 

256,978

    

 

264,725

        

 

2013

320,300

    

 

970,606

     

 

307,663

       

 

401,893

    

 

261,051

    

 

264,231

        

 

2014

320,300

    

 

970,606

     

 

302,544

       

 

402,940

    

 

265,123

    

 

263,738

        

 

2015

320,300

    

 

970,606

     

 

297,424

       

 

403,986

    

 

269,195

    

 

263,245

        

 

2016

320,300

    

 

970,606

     

 

292,305

       

 

405,033

    

 

273,268

    

 

262,751

        

 

2017

320,300

    

 

970,606

     

 

287,186

       

 

406,080

    

 

277,340

    

 

262,258

        

 

2018

320,300

    

 

970,606

     

 

282,067

       

 

407,127

    

 

281,412

    

 

261,765

        

 

2019

320,300

    

 

970,606

     

 

276,948

       

 

408,174

    

 

285,484

    

 

261,272

        

 

Total

4,804,500

 

 

14,559,091

 

4,714,350

    

 

5,886,164

 

 

3,958,578

 

 

3,982,800

     

 

  2005 - 2007

960,900

    

 

2,911,818

  

 

1,048,587

    

 

1,082,475

 

 

780,756

    

 

812,598

        

 

  2008 - 2012

1,601,500

 

 

4,853,030

  

 

1,619,625

    

 

1,968,456

 

 

1,264,949

 

 

1,330,942

     

 

  2013 2019

2,242,100

 

 

6,794,242

  

 

2,046,137

    

 

2,835,232

 

 

1,912,873

 

 

1,839,260

     

 


Total baseline emissions are now easily calculated by combining the local and grid plant results as shown in the summary table.

Table 11

Total Baseline Emissions
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265,711

     

 

461,004
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265,218

     

 

460,511

       

 

2012

195,293

    

 

264,725

     

 

460,017

       

 

2013

195,293
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459,524

       

 

2014
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263,738

     

 

459,031
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195,293
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458,537
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458,044

       

 

2017
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262,258

     

 

457,551

       

 

2018

195,293

    

 

261,765

     

 

457,058

       

 

2019

195,293

    

 

261,272

     

 

456,564

       

 

Total

2,929,391

 

 

3,982,800

  

 

6,912,191

    

 

  2005 - 2007

585,878

    

 

812,598

     

 

1,398,476

    

 

  2008 - 2012

976,464

    

 

1,330,942

  

 

2,307,406

    

 

  2013 -  2019

1,367,049

 

 

1,839,260

  

 

3,206,309

    

 


7.2 Proposed Project Emissions

The proposed project produces all of the heat required for delivery to the Pecs district heating system plus 535.4 GWh of electricity.  Annual fuel consumption consists of gas for the two CHPS plus a small amount of gas supplementary fuel for the biomass system plus the wood which feeds the biomass block.  Total annual gas consumption is 3,744.9 TJ of gas and 3,440.7 TJ of wood.  Since biomass is deemed to be carbon neutral, the total emissions for the proposed project come from the local gas use.  The annual CO2 emissions are estimated to be 1,040,250 MWh X 0.2 = 208,050 MT

In addition to the combustion emissions at the Pecs plant, the proposed project includes logging, dragging, transshipment, and delivery by truck or train to the Pecs site.  These operations use either gasoline or diesel oil.  Estimates of CO2 emissions of 4,971 MT per year for the proposed Pecs project are developed in the following table.  These emissions reflect the procurement of approximately 80% of the total wood requirement.  Total procurement emissions are estimated to be 6,198 MT.  Total annual CO2 emissions for the proposed project are then 208,050 + 6,198 = 214,248 MT. 

Table 12

CO2 Emissions from Biomass Procurement 
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7.3 Expected Emission Reductions

The forecast of emission reductions can now be easily derived as the difference between baseline and proposed project scenarios as tabulated below
.  The total reductions that may be considered for PCF purchase would be 1.992 million tonnes which is the expected achievement between 2005 and 2012 if Hungary would consider sale of AAUs. Otherwise, the total PCF purchase could be 1.236 million tonnes.

Table 13

Forecast of Emission Reductions
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7.4 Future Changes and Uncertainty

The dominant carbon play in this project comes from substituting biomass-fired electric production at Pecs for grid production in a mix of unspecified marginal grid plants.  The biomass heat production and differential use of the gas-fired CHP units at Pecs are nearly incidental to the calculation of emission reductions.  Thus, the future use and performance of the biomass unit at Pecs is critical to achieving the expected reductions.  The new 49 MWe fluidized-bed boiler is only expected to operate about 7,200 hours per year to produce the electric output that is anticipated.  This should provide ample allowance for any forced outages and scheduled maintenance during the year.  The life of the project should also not be a concern because it should easily exceed the period of carbon purchases that will be considered.

Once the biomass block is in place, PANNONPOWER will gain economic advantage as long as it can sell the electric output at prices in excess of the variable operating costs.  Future fuel costs represent a major uncertainty for many biomass projects.  Fortunately PANNONGREEN expects that it could cover nearly all of the future wood requirements with purchase contracts that include known indexes for prices.  The extent to which Hungary will provide premium pricing for green power in the future is not known but some advantage over pure competitive prices is highly likely.  The premium is partially driven by the desire to substantially increase the renewable share to meet EU objectives and it is unlikely to disappear entirely in the near future.  Thus, it seems highly probable that PANNONPOWER will have significant economic incentive to produce as much electricity as is technically feasible from this unit to maximize the operating margins and return on investment.

From a carbon purchaser perspective, there is no real need to speculate on the future production of the biomass block.  As long as purchases are made based on actual monitored production and fuel consumption, the purchaser is not at risk if the biomass block would fail to perform as anticipated.  

CHP projects often have uncertain future total output because many district heating systems have experienced declining demands as improvements are made at the end user level and/or in the distribution network.  The emission reductions in this project derive primarily from electric production from biomass rather than from marginal grid plants.  Since the biomass block is primarily used for peaking with limited annual heat production, future Pecs heating demands will have very little influence on the total electric production from the biomass block.

Given the expected levels of electric output from the Pecs biomass block, the other major influence on the calculated emission reductions is the mix of grid plants that would be used to produce that electricity in the absence of the biomass project.  The analysis here has been based on the mix anticipated by the International Energy Agency as presented in their 2003 review of the Hungarian energy sector.  Their projections recognize an increasing role for gas units and a decreasing role for coal units but shifts will depend both on the evolving mix of generating plants and possibly on the relative fuel prices for those plants.  The IEA projections seem to reflect mainstream thinking about the likely evolution but are certainly subject to change.  To assess the impact of extreme assumptions on the grid mix, we simply assumed that the marginal plants in every hour of the year are gas-fired peakers since gas has the lowest carbon content of the likely marginal grid plants.  The result is a reduction from 1.236 million metric tons of CO2 in 2008 to 2012 to 888 thousand metric tons.  As long as coal or oil are on the margin in some hours of the year, one would expect the emission reductions to exceed this figure.

Transmission losses could impact the ER calculations presented here in a variety of ways that may be very difficult to predict.  This depends on the location of the generating plants vis a vis the load served which, of course, cannot easily be determined in integrated grids.  The possibilities, however, are easily explained.  If the Pecs plant is serving electric load that is largely concentrated in the Pecs area, then grid plants would have to add transmission losses to the amount of production necessary to compensate for any loss of electric production at Pecs.  The reverse would be true if Pecs electric production would largely flow to load centers that are located near the marginal grid plants.  The former assumption is believed to be closer to the unknown truth than the latter so the omission of transmission losses can be justified as a conservative assumption.  

Additional insight into the emission reductions from this project can be developed by considering the outputs of each of the three CHP blocks in the baseline and proposed project scenarios as shown in Table 14.

Table 14

Net Electric Production in GWh by Block

	Block
	Baseline 
	Proposed
	Difference

	VI
	26.5
	334.3
	307.8

	III
	107.5
	120.0
	12.5

	IV
	77.0
	77.0
	0.0

	Total
	211.0
	531.3
	320.3


Heat production in each scenario is the same.  Thus, emission reductions arise primarily because of grid electric output is reduced by 320.3 GWh.  The other differences entering the emission reduction calculation relate to the change in fuel consumption at Pecs and the emissions related to biomass procurement and transport.

This perspective on the project emphasizes the importance of the methods used to determine the electric output of the baseline and proposed project alternatives.  Clearly, Unit VI running on gas has the capacity to produce much more electricity than 26.5 GWh.  To understand the key determinants of electric output of the CHP units, one must drill down to the basic economics of CHP production.  The basic principle used in choosing electric outputs is to expand electric production up to capacity as long as incremental costs remain below the prices that can be obtained for the output.  Any other course of action would lead to economic losses for PANNONPOWER that would not be reasonable to assume.  In the baseline solution, Units III and IV will make maximum use of the heat demand to assure that they produce at a total efficiency in excess of 65%.  This is the criterion that qualifies the sale of electric output for premium pricing and mandatory grid purchase.  This also leaves very little and sporadic heat demand to allow Unit VI to produce in cogeneration mode.  When heat demands do not allow CHPs to cogenerate, they can still produce electricity in condensation mode but the marginal efficiency drops dramatically.  

The planned electric output of 211 GWh for the baseline project already maximizes output that can be achieved in cogeneration mode from the expected heat demands.    Additional increases in electric output would require expansion of production by Unit VI in condensation mode.  Comparisons show that the incremental cost of production in condensation mode is considerably higher than the expected market price of electricity and would not be profitable.  In addition, it is important to note that other cogeneration units or combined cycle technologies could convert gas to electricity at lower cost than use of the Pecs units in condensing mode which nearly guarantees that under any reasonable set of forecasts, electric output from the baseline project will not exceed the 211 GWh assumed in the life cycle cost analysis.

It is also useful to consider whether the electric output of the biomass unit could be less than has been assumed for the proposed project.  The incremental cost of electric output from biomass is dramatically lower than in the baseline project for the following reasons:

· The proposed project includes a new fluidized bed boiler rather than refurbished old boilers that were sized for a different production regime.

· The cost per GJ of biomass is approximately half of the cost of gas.

· Renewable energy would currently benefit from a significant premium in electric price above the market price. 

· Substantial credits from carbon sales would reduce the risk and increase the incentive for electric production from Unit VI firing biomass.

Finally, it should be recognized that the electric output of Unit VI on biomass will clearly be monitored and speculative estimates on this parameter are not critical to a purchase agreement which largely pays on delivery.  The evidence against profitable expansion of electric output from the baseline project is incontrovertible under reasonable fuel price forecasts.

7.5 Leakage

Leakage refers to project induced changes in CO2 emissions that occur outside the project boundaries.  For the Pecs project, the project boundaries have been defined to include the generating facilities at Pecs, the biomass fuel supply and the marginal grid power plants that provide incremental energy if the Pecs biomass block were not producing.  Gas consumption at Pecs is nearly identical for the baseline and for the proposed project.  The proposed project uses 3,744.9 TJ of gas per year compared to 3,473 TJ for the baseline project.  Leakage related to this 7.8% increase in gas use at Pecs would be related to the additional pipeline losses from the Russian supply point to Pecs.  Incremental losses based on this change would be negligible.  

The proposed project will cause larger changes in emissions based on the incremental activities related to biomass collection and delivery but these impacts have already been included in emission reduction calculations and thus do not form part of the leakage discussion.  

The proposed project electric production at Pecs also reduces grid electric production of about 320 GWh per year.  Reduced fuel use at the grid plants has been included in the emission reduction calculations.  However, reduced gas pipeline losses and fuel use for coal and oil production and delivery have not been quantified.  This omission contributes to the conservatism of the emission reductions estimated in this study.  These kinds of impacts basically constitute “negative” leakage.  Certainly, the reduced emissions from fuel production and delivery for marginal grid plants would be much greater than the minor impacts from increased gas use at Pecs.

Finally, consideration must be given to the impact of a new use for 300,000 tonnes per year of wood from regional forests.  Concerns would arise if this resource were currently used for energy production processes which would then be forced to use other fossil fuels.  Investigations show that:

· There is currently substantial excess supply of wood in the region and some of the Pecs supply will come from waste wood that is not currently utilized.

· Much of the present wood supply consists of soft woods used for fibreboard and not the hardwoods that PANNONPOWER is seeking because of their higher heat values.

· The long term contract with Pecs will make sustainable forestry economically viable so that much of the use will come from new production that would not otherwise be likely.

· There are no other large biomass fuelled power stations within the 80 km economic radius of the forestry resources which are targeted for project use.

These observations indicate that no significant leakage can be anticipated due to displacement of wood used for fuel.

8 Monitoring

8.1 Purpose

Baseline studies provide well-defined benchmark scenarios that provide the basis for calculation of emission reductions attributable to the proposed project.  Since the baseline project is not implemented, it is not possible to observe baseline emissions over the future period.  However, the proposed project operation is observable and the baseline study identifies the key parameters which should be monitored to verify the reductions that occur in the future relative to the specified baseline.  This section discusses the parameters that should be tracked and reported.  The specific tables used for data accumulation and the formulas used for calculation of reductions will be provided in a separate monitoring report.

8.2 Conservative Emission Reductions and Simplified Monitoring

The project boundary for this baseline study has properly included all electric and heat production facilities at the Pecs plant site.  The least-cost baseline alternative has been shown to consist of refurbishment and conversion of three existing CHP blocks to gas-firing.  The proposed project includes two of those converted CHPs but substitutes the new biomass block for the third conversion of an existing CHP.  Very slight modifications of the assumed outputs of the three CHP blocks in the baseline scenario would allow significant simplification of the required monitoring effort.  Table 15 presents the proposed modifications in assumed outputs compared to Table 14.  

Table 15

Modified Net Electric Production in GWh by Block

	Block
	Baseline 
	Proposed
	Difference

	VI
	14.0
	334.3
	320.3

	III
	120.0
	120.0
	0.0

	IV
	77.0
	77.0
	0.0

	Total
	211.0
	531.3
	320.3


The slight, but important difference is to assume that Blocks III and IV will operate identically in both the baseline and the proposed project scenarios.  The monitoring effort can then exclude tracking of the gas use and production of the Blocks III and IV and focus exclusively on Block VI.  Under these assumptions, the baseline emissions would come from:

· Gas used by Block VI to produce 14.0 GWh of electricity and 162 TJ of heat.  In recognition of the difficulty of accurately estimating the efficiency of Unit VI in this mode of operation and to reinforce the conservatism of the emission reduction estimates, PANNONPOWER proposes to ignore the baseline gas consumption of Unit VI in this mode of operation.

· Grid plant fuels used to produce 320.3 GWh of electricity.

Proposed project emissions derive from the combustion of gas in Unit VI and the procurement of biomass fuels for Unit VI.  The gas use in combination with biomass for Unit VI is 382.3 TJ or 106,193 MWh.  

It is reasonable to assume that the two converted CHP units operating on gas would be operated in the same way whether the baseline or the proposed project scenario materializes.  Thus, separate treatment of the biomass block should not create any conceptual difficulties.  In addition, this would significantly simplify the monitoring task which would then reduce to measurement and reporting of the production and fuel consumption of the biomass block at Pecs plus the quantities and mode of shipment of wood from each supply source.  The 14.0 GWh production of baseline electric output from Unit VI will simply be a stipulated figure that remains unchanged over the life of the project.
  

The only other monitoring that would be relevant would to track the mix of fuels used by marginal grid generating plants.  Annual data are currently provided in the Statistical Yearbook published by the Hungarian Energy Office that show the mix of electric generation by type of fuel used.  The amount of fuel used for each type of generation is also reported but no distinction is made between cogeneration and production in condensing power plants.  Gross and net production are also not reported.  Thus, efficiencies of marginal plants cannot be calculated but the fuel mix of electric production is known.  The HEO will revise its reporting formats in 2003 but the grid mix by fuel should still be reported.  

The following table derives the expected reduction in ERs that would accompany this monitoring approach. Total electric production from the biomass unit would be reduced by the 14 GWh of Block VI in the baseline.  Consideration of the entire project indicated that potential emission reductions would be 1.236 million MT for 2008 through 2012.  With simplified monitoring proposed here, the ERs for that period are reduced to 1.194 million MT or by about 3.4%.



Table 16

Emission Reductions From Block VI – Biomass
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8.3 Validation 

This report advocates a baseline for the total project at Pecs which yields the emission reductions shown in Table 13 which total 1.236 million metric tons of CO2 for the 2008 – 2012 period.  In consideration of the simplifications that can be made in monitoring, PANNONPOWER proposes to sell the subset of those reductions shown in Table 16 to be 1.194 million metric tons of CO2 for 2008 to 2012.  The validation that is sought applies only to:

· The baseline scenario 

· The simplified monitoring plan

· The methods used to calculate the emission reductions

While the validator cannot be asked to validate the specific forecasts of emission reductions, successful validation of this report and the Monitoring and Verification Plan would lead to an expectation that 1.194 million metric tons of CO2 would be sold to PCF during 2008 to 2012. 

Annex A - Key Inputs to Life Cycle Cost Calculations

Investment Costs 

Investment costs were calculated considering both the need for refurbishment of existing assets and the required new assets for each alternative. Project development costs and a ten percent technical contingency were added to all alternatives. PANNONPOWER relied on both internal decision support studies and figures obtained from engineering consulting firms to estimate current investment costs for each alternative.  

Non-Fuel O&M

Non fuel O&M costs include operation and maintenance, central administration and overhead costs.  All labor costs are included in these categories.  The estimates reflect historic operation experience adjusted for anticipated changes following refurbishment or addition of new facilities.

Gas Prices

After several decades of regulation, the gas market will be opened in January 2004. The current wholesale provider, MOL, will be obliged to supply at regulated tariffs while alternative suppliers can compete based on price.
  


Hungarian gas supply currently comes from domestic production (one-fourth) and from Russia. The current tariff structure offers preferential pricing for private households and for institutional users including hospitals, schools, and district heating facilities.  Gas used for electricity production must be purchased at full tariffs which are now at the level of west European gas prices.



The price projection for European gas prices and thus for the full tariff used in our analysis anticipates small but steady increases at annual rates that are 1.0% above the forecasts for the European producer price index (PPI). The preferential tariff is expected to escalate more rapidly than the full tariff and is expected to disappear from the system by the end of 2010.  Preferential gas prices have been applied to the fuel used for heat production while electric production is based on the full tariff. 

Coal Prices

The delivered coal price used in the analysis is currently $2.50 per GJ and is expected to increase in accordance with the U.S. producer price indices.  This assumes that all coal will be imported and will be priced in USD.
  

Biomass Prices

Biomass prices reflect contractual prices and indexation. Since contracts are valid until 2014, we assume a base price increase after the termination of the long term contracts.
 

Electric Market Price 

Reliance on life cycle costs as a primary indicator of the economic performance of alternatives does not fully remove the need to establish the value of electricity produced at the Pecs plant.  The alternatives vary substantially in the amount of electricity produced and cost comparisons must reflect these differences.  However, it is much simpler and more transparent to value all electricity at a single market price than to rely on long-term continuation of significant differences between the prices PANNONPOWER would receive and the prices available in the open market.  This avoids reliance on speculation about future regulatory developments, currently undefined market rules and complex interactions of bidding behaviors of numerous owners of diverse generating assets.  This is also another way in which PANNONPOWER reduces the risk element in economic evaluation of alternatives and is the simplest way to eliminate substantial risk differentials across the spectrum of baseline alternatives.  Regardless of possible future changes in Hungarian power pricing possibilities, the competitive market price should always be available and would apply equally to any amounts of electricity that PANNONPOWER would have available to sell from the Pecs plant..  Clearly, PANNONPOWER would not wish to risk major investments in generating assets that are expected to operate from 2005 to 2019 without belief that these assets could survive in competitive markets.  Defense of dramatic differences in the electric price applicable to various alternatives could only be developed by careful and open review of specific power sales contracts.  

The approach used for this study is illustrated in the following comparison of price projections.  PANNOPOWER provided their analysis of current and expected future market prices.  Currently there is excess capacity available in European markets and the prices are enough to cover marginal operating costs but below the level needed to support investment in new generation.  As loads grow and existing generation is retired due to either technical or economic obsolescence, new capacity will be required and market prices will have to increase to the level required to make investment in new generation economically and financially viable.  Marginal generation costs will also continue to increase primarily to reflect increased fuel costs that cannot be fully offset by efficiency improvements.  The PANNONPOWER price forecast logically reflects this type of analysis of the emerging competitive power market.  

To check and validate the PANNONPOWER market price forecast, a benchmark price forecast has been developed which is also shown in the figure below.  Studies of European power markets by the International Energy Agency show that gas will be the dominant fuel of choice for new electric generation.  The most economic, highest efficiency technology for gas plants will be combined cycles.  Unit sizes that fit well in many Eastern European countries are in the 200 to 300 MW range which is sufficient to provide economies of scale but granular enough to provide necessary operating flexibility.  The benchmark price forecast reflects the costs of a new 250 MW gas-fired combined-cycle plant for each future year using the following assumptions:

· Total investment cost in 2001 of $720 per kW with escalation of 2.5% per year

· Expected economic life of 15 years

· Required pre-tax rate of return of 15%

· Expected operating hours per year of 6,000

· Efficiency of 52%

· Gas prices of $4.29 per GJ in 2005 and $5.56 per GJ in 2010 

· An exchange rate of 240 HUF/USD in 2005 and 233 HUF/GJ in 2010.

This benchmark forecast supports the PANNONPOWER forecast in the near term.  Prices are below the benchmark in the early years because there is currently excess capacity in the CENTREL region.  In the out-years, however, the escalators used by PANNONPOWER yield results that are higher than the expected price necessary to justify new combined cycle plants.  Economic comparisons are based initially on the PANNONPOWER forecast with sensitivity analyses showing the impact of substituting the benchmark forecast.

Figure A1

Alternative Electric Market Price Forecasts

[image: image19.emf]Electric Price Forecast Comparison

9.00

11.00

13.00

15.00

17.00

19.00

21.00

23.00

20052007200920112013201520172019

Year

HUF/kWh

250 MW CC Mercha ntPP Market Price



Discount Rate 

Calculation of life cycle costs on a present value basis requires a choice of the relevant discount rate.  The appropriate concept for this study would reflect the rate of return required by PANNONPOWER to make a given investment.  A discount rate of 15.0 % would be typical and has been used in this study.  Sensitivity analyses ranging from 12.0% to 18.0% are meaningful.

Annex B - Life Cycle Costs 3XG 211
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18 Capacity Non Pref 55 MW HUFMW/year 1,980,000 2037420 2,088,356 2136388 2,185,525 2233606 2,282,745 2332966 2,384,201
19 Energy Pref 1,948 TJ HUF/GJ 642 775 836 901 971 1,047 1128 1,216 1,253
20 Energy Non Pref 1,525 TJ HUF/GJ 984 1,015 1,046 1,077 1,110 1,143 1177 1,213 1,249
210 THUF 227,938 723,578 38,904 40,071 41,274 42,512 43,787 45,101 46,454
22 Quantity and Price 30TJ HUF/GJ 1,220 1,259 1,207 1,336 1,376 1417 1,460 1,503 1,548
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Annex C - Life Cycle Costs 3XC 600
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6 Installed Capacity
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22 Investment % 45% 55% 0
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Annex D - Life Cycle Costs 2XG & CC 50
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Alternative 2XGCCs0
PV Factors 0.15 1.1500 1.0000 0.8696 0.7561 06575 05718 04972 04323 03759 03269
-1 0 1 2 3 4 5 6 7 8
Operating Year 1 2 3 4 5 6 7
4 2003 2004 2005 2006 2007 2008 2009 2010 2011
5 Itern Factor 1 Factor2  Units 2003 PV sum
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9 Capacity Factors
10 Heat % 25.1% 25.1% 25.1% 25.1% 25.1% 25.1% 25.1%
11 Electric % 50.2% 50.2% 50.2% 50.2% 50.2% 50.2% 50.2%
12 Annual Sales
13 Heat Hot Water & Steam T 22524 22524 22524 22524 22524 22524 22524
14 Electric GWh 52800 52800 52800 52800 52800 52800  528.00
15 Operating Costs
16 Gas THUF 29531466 95,080,374 4,769,546 4,990,396 5,223,937 5471023 5732570 6,009,563 6,189,850
17 Capacity Pref 0 MW HUF/MWiyear 1,756,800 1,886,227 1958656 2,029,953 2,103,844 2,178,320 2255432 2335274 2,386,650
18 Capacity Non Pref 0 MW HUF/MWiyear 1,980,000 2,037,420 2,088,356 2,136,388 2,185,525 2,233,606 2282,745 2,332,966 2,384,291
19 Energy Pref 1,939 TJ HUF/GJ 642 775 836 901 971 1,047 1,128 1,216 1,253
20 Energy Non Pref 3,011 TJ HUF/GJ 984 1,015 1,046 1,077 1,110 1,143 1177 1,213 1,249
21 0il THUF 7,218,048 22,913,316 1,231,971 1,268,930 1,306,998 1346208 1,386,594 1428,192 1471,037
22 Quantity and Price 950 TJ HUF/GJ 1,220 1,259 1,297 1,336 1376 1417 1,460 1,503 1,548
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29 Market Price HUF/wh 95 9.9 10.2 106 1.0 114 123 133 144
30 Net Life Cycle Costs THUF 65,361,361 169,443,499





Annex E.
Life Cycle Costs 2XC & 50 MW CC 
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Alternative 2XCCCs0
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5 Itern Factor 1 Factor2  Units 2003 PV sum
6 Installed Capacity
7 Heat MWL 285 285 285 285 285 285 285
8 Electric Mwe 120 120 120 120 120 120 120
9 Capacity Factors
10 Heat % 25.1% 25.1% 25.1% 25.1% 25.1% 25.1% 25.1%
11 Electric % 67.3% 67.3% 67.3% 67.3% 67.3% 67.3% 67.3%
12 Annual Sales
13 Heat Hot Water & Steam T 22524 22524 22524 22524 22524 22524 22524
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20 Capacity Non Pref 0 MW HUF/MWiyear 1,980,000 2,037.420 2,088,356 2,136,388 2,185,525 2,233,606 228,745 2,332,966 2,384,291
21 Energy Pref 830 TJ HUF/GJ 642 775 836 901 971 1,047 1,128 1,216 1,253
22 Energy Non Pref 2,534 TJ HUF/GJ 984 1,015 1,046 1,077 1,110 1,143 1177 1,213 1,249
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Annex F.
Life Cycle Costs Proposed Project
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6 Installed Capacity
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8 Electric Mwe 120 120 120 120 120 120 120
9 Capacity Factors
10 Heat % 24.8% 24.8% 24.8% 24.8% 24.8% 24.8% 24.8%
11 Electric % 50.9% 50.9% 50.9% 50.9% 50.9% 50.9% 50.9%
12 Annual Sales
13 Heat Hot Water T 2,266.8 2,266.8 2,266.8 2,266.8 2,266.8 2,266.8 2,266.8
14 Electric GWh 535.4 535.4 535.4 535.4 535.4 535.4 535.4
15 Operating Costs
16 Gas THUF 25132645 80,914,863 4,041,783 4,236,282 4,442,365 4,660,289 4,891,418 5,136,668 5,286,058
17 Capacity Pref 125 MW HUF/MWiyear 1,756,800 1,886,227 1,958,658 2,029,953 2,103,844 2,178,320 2,255,432 2,335,274 2,386,650
18 Capacity Non Pref 127 MW HUF/MWiyear 1,980,000 2,037,420 2,088,356 2,136,388 2,185,525 2,233,606 2,282,745 2,332,966 2,384,291
19 Energy Pref 1833 TJ HUF/GJ 642 775 836 901 971 1,047 1,128 1,216 1,253
20 Energy Non Pref 1911 TJ HUF/GJ 984 1,015 1,046 1,077 1,110 1,143 1177 1,213 1,249
21 Wood 299 Tons (000 THUF 13,715,661 44,565,543 2,313,089 2,376,699 2,442,058 2,507,261 2,574,205 2,642,936 2,713,503
22 Quantity and Price 3440.7 TJ HUF/GJ 1150 GJiTon 633 653 672 691 710 729 748 768 789
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29 Net Life Cycle Costs THUF 68,344,184 190,673,542
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� Note:  Calculations were actually based on heat outputs of 2,266.8 TJ of heat for the proposed project but this very small difference had no impact on the cost calculations that are decisive in selecting the baseline.  The fact is that the same amount of heat will be sold to Pecs in all alternatives.


� Note that total electric production is expected to be 535.4 GWh but 4.1 GWh per year will be required for wood chipping so that net electric output is as shown.


� By the time of closing this Baseline Study, PANNONPOWER Holding Rt. had established formal decision making authority and ownership of PANNONGREEN. This fact is due to internal restructuring of the PANNONPOWER Group and does not affect any of the consequences of this Baseline Study.


� Slightly different heat sales figures apply to the various alternatives in the economic analyses because of minor variations in the heat metering and delivery systems but the same heat requirement of about 2,225 TJ is being supplied.  


� PANNONPOWER has a contractual obligation to supply the City of Pecs with all heat required to supply the district heating system through 2015.


� Life cycle costs have been estimated over a 15 year period.  The present value of those costs is an equivalent single outlay in 2003 with conversions based on a specified discount rate for each case.  Present value refers only to the generic mechanics of discounting and does not connote inherent merit. Present value  can apply to either cost streams or offsetting benefit streams with equal force.


� In the graphic summaries, the costs of fuel used at Pecs are combined with the purchase cost of electricity at market value to assure that comparisons are based on comparable output streams.


� Carbon emission factors used here are derived from Table 1-2, page 1.6 of the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories workbook..


�  It should be noted that the fossil-fuel generation includes cogeneration units that typically are treated as “must-run” for dispatch purposes and which cannot be displaced.  The heaviest concentration of cogeneration would be in the gas rather than coal or fuel oil categories.  This will add to the conservatism of the emission reduction estimates.  This also eliminates the need to attempt any arbitrary allocations of fuel used in CHPS between electric and heat outputs.


� Grid plant efficiencies are generally quoted in either gross or net terms.  Net efficiency which measures the MWh of electricity delivered to the grid per MWh of fuel input is the relevant concept here.  An assumed figure of 33% for marginal units would certainly be on the conservative side for most East European generation grids regardless of the fuel.  Composite data for the relevant Hungarian units in 2001 show an efficiency of 31.81% (Table 1.20, page 79 of the Annual Statistical Report published by HEO).


� Please note that a spreadsheet template that can be used for calculation of emission reductions is provided in the Monitoring Plan document.


� Net electric output is the gross output less 4.1 GWh per year for supply of the wood chippers.


� Section 7.4 presented strong argument to show that total baseline electric output at Pecs cannot reasonably be expected to exceed 211 Gwh per year.  The shift in baseline electric production between Unit VI and Unit III that is shown in Table 14 compared to Table 13 does not change those arguments in any way.  To move above 211 GWh from the Pecs units operating on gas would require operation in condensing mode.  These units will not be competitive with other grid sources in converting gas to electricity when they operate in condensing mode.  This means that when Unit III is used identically in both the baseline and proposed project scenarios to produce 120 GWH of electricity, the electric output of Unit VI would be limited to 14 GWH to maintain the total of 211 GWh.


� Results shown here are just for the years through 2011 to enhance appearance.  Full table through 2019 is available if needed.
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