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Executive Summary

An electric power sector baseline represents the most likely or plausible scenario for the future development of the power sector in the absence of Emission Reduction (ER) projects. The sector baseline is developed with one explicit aim, namely predicting to the extent possible the emissions of greenhouse gases (GHGs) that would occur as a result of the construction and operation of electricity generation facilities under business-as-usual conditions.  This baseline can then be used on a routine basis to determine the ERs attributable to individual projects, thereby avoiding the need to conduct detailed baseline studies for each project activity.

This baseline study (BLS) takes into account data and information on historical and recent electricity sector developments. During the preparation of this BLS, government officials, regulators, system operators, energy companies, proponents of candidate PCF projects, and academic experts in El Salvador have been consulted. They have provided much of the data and information on which this baseline study is based.

This BLS suggests a two-pronged baseline methodology in which a combined margin approach would be applied to small-scale projects and project investments in continued grid operation and expansion, and a project-specific baseline emission rate would be determined for large-scale projects that displace discrete investments or actions. The combined margin approach provides a simple algorithm for estimating the effects of a new project on emissions from (1) the operation of current and future power plants (referred to as the operating margin) and (2) on whether and when new power plants would be built (referred to as the build margin). In order to assess whether projects would likely represent truly additional investments, all small-scale projects will be subjected to a simple test or screen based on penetration threshold. Small-scale projects using a technology that supply less than 5% of current generation are emerging or otherwise constrained and thus considered additional. Projects that exceed the 5% penetration rate would be considered additional if their generation cost exceeds the 3-year average annual spot market price of electricity in El Salvador, or if it could be demonstrated persuasively that significant barriers prevent projects from being undertaken.
Calculations of expected ERs produced by ER projects are presented in an accompanying Emission Reduction Simulation (ERS) analysis.  Net emission reductions for ER projects are calculated on the basis of the emission rates of displaced power plants, their efficiencies, and type of fuels used.  The principal factors that determine the ERs calculation are the baseline emission rate (as determined by the methodology described herein), the carbon intensity of ER projects, and the energy production from the ER projects.  Determination of actual ERs will be based on actual plant operating data collected by SIGET
, data on recent and ongoing plant construction, and data on actual energy production collected by the project operators. The procedures to be followed in project monitoring are presented in a separate document, the Monitoring Plan (MP). The BLS, the MP, and the ERS are integrated documents—the MP builds on and is fully consistent with the BLS—and should be understood and used as such.

The Electric Power Sector in El Salvador

1.1.  Loads and Resources

Installed Capacity

By December 2001 El Salvador had 1,118 MW of installed electricity generation capacity. The generation mix consisted of 396 MW hydroelectric (35%), 161 MW geothermal (15%), and 561 MW of thermoelectric generation capacity (50%).

Historical Generation and Demand

Table 1 shows the pattern of electricity generation over the past 12 years.  Total generation has nearly doubled, in response to an average annual growth rate in electricity demand of 6.1%.
  Nearly half of this growth occurred during the three years following the end of the El Salvador civil war in 1992 in response to rapid economic growth.  In recent years, growth in generation has slowed significantly due to earthquakes and slowed economic growth. As shown, in 2001, thermal generation accounted for 45%, hydro 31%, and geothermal 24% of the generation.

Table 1. Net Historical Generation per Resource in El Salvador (GWh).

	
	Hydro
	Geothermal
	Thermal
	Total Generation
	Net Imports
	Trans. Losses

	1990
	1,642
	384
	139
	2,164
	1
	149

	1991
	1,263
	392
	576
	2,231
	5
	149

	1992
	1,410
	359
	547
	2,317
	53
	121

	1993
	1,512
	351
	856
	2,718
	79
	171

	1994
	1,442
	373
	1,260
	3,075
	(11)
	159

	1995
	1,465
	410
	1,396
	3,271
	(35)
	112

	1996
	1,877
	400
	1,064
	3,341
	21
	153

	1997
	1,424
	453
	1,671
	3,548
	88
	98

	1998
	1,561
	418
	1,758
	3,737
	38
	89

	1999
	1,762
	558
	1,319
	3,638
	250
	109

	2000
	1,170
	739
	1,416
	3,377
	696
	142

	2001
	1,158
	907
	1,691
	3,762
	309
	107


Source: SIGET (2002).

Electricity Prices

Since the privatization of the energy sector, El Salvador has experienced very high electricity prices (average of about 7c/kWh on the wholesale market) which may prompt the government to put pressure on generators, and has attracted investment and interest from generators from other countries.

1.2.  Institutional structure

Beginning in 1998, in order to create a more competitive power sector, the government has significantly reduced the extent of its ownership, direct participation, and planning functions in the electric power sector in El Salvador. The sector has to various degrees unbundled its generation, transmission, and distribution activities. In the future most of the system expansion will be performed by the private sector. The government will only play a policy role and perform oversight and regulatory functions.

The Transactions Unit (UT) acts as the independent system operator, managing dispatch of the wholesale electricity market (MME) of El Salvador.
 The UT is a private organization, owned exclusively by the operators and end users participating directly in the MME. Superintendencia General de Electricidad y Telecomunicaciones (SIGET) is the government regulatory body charged with overseeing UT operations. Dirección de Energia Eléctrica (“Department of Electric Energy”), established in 1999 under the Ministry of Economy, oversees generation, transmission, distribution and commercialization activities in the electric power and sets national policies.
Actors in the Generation Market

Five major generation companies with eleven power stations supply the Salvadorian wholesale market. Out of the eleven power stations, four are hydro, two geothermal, and the rest are thermoelectric power plants, as shown in Table 2 below. Private companies own the thermal capacity. Hydroelectric and geothermal facilities in El Salvador remain under state ownership.

Table 2. Main Generators Participating in the Wholesale Market (2001).

	Central Generators
	Resource
	Available Capacity, MW
	Ownership

	Guajoyo
	Hydro
	17
	CEL – state

	Cerrón Grande
	Hydro
	135
	CEL – state

	5 de Noviembre
	Hydro
	59
	CEL – state

	15 de Septiembre
	Hydro
	156
	CEL – state

	Ahuachapán
	Geoth.
	56
	GESAL – state

	Berlín
	Geoth.
	55
	GESAL – state

	Acajutla 
	Therm.
	276
	Duke – private

	Soyapango
	Therm.
	54
	Duke – private

	San Miguel
	Therm.
	24
	Duke – private

	El Paso
	Therm.
	127
	Nejapa – private

	El Ronco
	Therm.
	21
	 CESSA – private


Source: SIGET (2002).
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Transmission

In accordance with the General Electricity Law of October 1996, the independent transmission company, ETESAL, which is owned by the state-owned CEL,
 is responsible for maintenance of the national grid.

The national transmission network belongs to ETESAL. The network consists of 32 115 kV transmission lines plus two 230 kV interconnections with Guatemala (at Ahuachapán) and Honduras (at “15 de Septiembre”).

Distribution

The distribution system was privatized in January 1998. Today there are five distribution companies, covering five major regions in El Salvador: AES-CLESA; CAESS; DELSUR; EEO; and DEUSEM.

1.3.  Structure of the Wholesale Electricity Market

The wholesale electricity market in El Salvador is composed of all the generators, distributors, and major users that are directly connected to the 115kV transmission system. The players are known as the wholesale market participants (MPs). The Transactions Unit (UT) coordinates and undertakes the programmed dispatch for each defined time unit according to the contracted energy transactions. The wholesale market is composed of both a contracts market and a spot market.

Contracts Market

The contracts market is based on previously agreed contracts between generators and distributors/ brokers/users. The UT must be informed of all contracted transactions. But the UT receives no information on the prices agreed to in the contracts market; the prices negotiated between generation companies and users/distributors/users are considered proprietary information. It seems a reasonable assumption, however, that the contracts market prices are an agreed fraction or proportion of the spot market price—for instance, the contracts price would be the spot market price in the relevant one-hour time intervals less 5-10%. Contract lengths vary, and are most typically agreed for a one-year period at a time, with fixed delivery amounts and timing. At the end of the contracting period, the generator and the user usually negotiate a contract continuation.

Spot Market

Non-contracted energy is traded in the Mercado Regular del Sistema (MRS)—the spot market—and is based on a system of price and volume bids and offers for energy. Spot market prices are set for one-hour intervals. The UT sets the price one day in advance, based on bids and offers received from generators, distributors, and users. The market-clearing price—which is the price of the last and most expensive unit called upon to generate in the hour—sets the price received by all generators dispatched during that one-hour interval.
 Table 3 illustrates the spot market prices, and the energy volumes dispatched, on a typical day at the end of the dry season. Spot market prices are publicly available free-of-charge on the UT’s web-page.

Table 3. Volume of energy traded in the contract and spot

markets; hourly spot market prices on May 7, 2002. 
	Hourly interval
	Contracts market

(MWh)
	Spot market

(MWh)
	Spot market price (US$/MWh)

	1
	276.2
	99.8
	53.8

	2
	274.5
	92.8
	47.19

	3
	273.6
	87.1
	47.19

	4
	272.3
	83.9
	47.19

	5
	289.7
	81.3
	47.19

	6
	299.4
	103.9
	53.85

	7
	328.3
	100.3
	101.35

	8
	374.0
	115.3
	101.81

	9
	423.9
	154.2
	121.90

	10
	431.0
	192.5
	102.30

	11
	433.8
	215.9
	124.21

	12
	430.9
	225.8
	124.30

	13
	431.6
	208.1
	122.20

	14
	436.5
	216.3
	121.86

	15
	438.1
	232.3
	124.16

	16
	437.8
	227.4
	124.22

	17
	436.2
	193.5
	121.89

	18
	435.6
	138.0
	101.43

	19
	438.2
	204.5
	82.46

	20
	443.6
	253.9
	83.85

	21
	439.9
	213.1
	82.39

	22
	430.8
	139.6
	141.10

	23
	338.5
	136.9
	121.60

	24
	306.0
	103.7
	53.85

	Total (%)
	70.5
	29.5
	



Source: UT (2002).

The fraction of electricity delivered by the contracts market (vs. the spot market) has been steadily increasing, from an average of 69.2% in 1999 to 87.7% in December 2000.
 As Table 3 and Figure 1 show, on May 7, 2002 around 70.5% of the total energy volume was traded in the contracts market; the remaining 29.5% was traded in the spot market. But, as mentioned, the spot market “drives” prices in the contracts market and, therefore, in the entire wholesale market for electricity in El Salvador.
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Figure 1. Contracts and Spot Market, May 7, 2002.

1.4.  The Retail Market

This market is made up of small hydro generation plants, sugar cane mills and self generators (diesel or fuel oil engines) which are connected to the distribution power lines system and sell their surplus electricity directly either to distributors, brokers, or final users.

2. 2. Baseline Methodology

A primary goal of this study is to develop a robust, standardized methodology that can provide accurate, transparent, and conservative baselines for future CDM electricity generation and efficiency projects in El Salvador.  At present, the Designated National Authority for the CDM in El Salvador has identified some renewable energy projects, such as small-scale biomass-based generation from sugar cane bagasse and sustainably produced wood as well as small- and large-scale
 geothermal and hydroelectric projects, as potential CDM projects.  It is anticipated that other renewable energy, energy efficiency, and fuel-switching projects will be developed as CDM projects in El Salvador.  The cost of conducting project-specific baseline studies for each prospective CDM investment could easily outweigh the benefits of CDM registration, especially for smaller projects, thereby dissuading project development.  A common, standardized baseline methodology for all projects offers not only reduced transaction costs, but predictability and a level playing field.  A well-designed standardized baseline methodology could ultimately spur the development of CDM projects in El Salvador.  

Key international precedents and a substantial research base on electricity baselines can guide the development of an appropriate standardization methodology.  The Marrakech Accords of the UNFCCC establish basic guidelines that must be followed for baseline methodologies to be accepted.
  The Accords also dictate that simplified procedures and modalities will be developed for small-scale CDM project activities and, in January 2003, the CDM Executive Board has established specific standardized baseline methodologies for small-scale grid-electricity projects.
  The El Salvador methodology should ideally be consistent with these guidelines and small-scale methodologies, in order to maximize the prospects for prompt project approval.

2.1.  Assessment of the current situation

Before discussing specific baseline methodologies, it is worth reviewing some general observations about the El Salvador power sector:

· Thermal generators exclusively use oil products, and are the highest operating cost resources in El Salvador, a situation unlikely to change in the near future.  The load-following capability of some hydro resources and strategic behavior may sometimes put hydro in the spot market and near or perhaps above the market-clearing price. However, hydro remains a low-cost resource and if well managed, its generation potential will rarely be underutilized due to displacement by other resources. Therefore, it can be reasonably stated that thermal resources are and should remain on the operating margin for several years at a minimum, regardless of the operation of existing hydro and geothermal sources or the construction of new resources.
· For the next few years, anecdotal information suggests that nearly all new power plant capacity will be oil-fired, primarily using low-speed internal combustion engines. Construction of a natural gas pipeline from Mexico through Central America was considered a few years ago but is no longer under consideration. In fact, because of the high fuel costs and the increasing interconnection capacity, gas turbines in El Salvador are currently being physically moved to a more attractive market.  Coal generation has for a number of reasons been given low priority (ash handling; SO2 emissions; high transportation costs; etc.). In this situation, the preferred options appear to be low-speed combustion engines running mainly on fuel oil #6 (bunker fuel) and low-capacity (30 MW) steam-power plants burning the same fuel.  Thus, given current circumstances, this would imply that oil-fired plants are likely to be on the margin for new construction for much of this decade. 
· There is considerable divergence of opinion on the extent of likely geothermal and hydro development in the next few years.  Many point to how privatisation has transformed the electricity market.  Private sector actors face higher costs of capital and discount rates and are thus biased toward lower capital cost technologies and projects with short payback periods.  The large up-front investments and the long lead-time associated with geothermal and hydroelectric assets are currently major obstacles to their development.  However, several hydro and geothermal projects are in the planning stages. This observation, combined with current concerns about the high electricity prices, could induce the El Salvador government to continue to promote further hydro and geothermal development, as it has done in the recent past.
If one assumes that hydro, geothermal, and major transmission investments will not occur in the near term, then one could safely infer that El Salvador emission reduction projects in the power sector would displace oil-based generation, either from existing or yet-to-be-built facilities.  A simplified baseline corresponding to oil-fired generation would result. The main challenge would be in determining which of the oil-fired generation types would be displaced. Emission rates of most oil-fired plants vary from about 1.1 tCO2/MWh at small diesel-fired gas turbines to 0.7 tCO2/MWh at new internal combustion units powered by fuel oil.  

However, uncertainties and other perspectives suggest that a simple oil-only baseline may not be sufficiently accurate: 

· Investment conditions more favourable to hydro and geothermal resources.    Even though the financial realities of the current privatised system may dictate against these resource investments, government policy could choose to play a stronger hand in power supply investments through regulation, direct ownership, or incentives.  

· More rapid-than-expected interconnection among Central America countries (SIEPAC). High energy prices in El Salvador are attractive to generators from other countries in the region, particularly from Costa Rica, which has abundant hydro resources.  Investors have also been considering a large combined cycle plant using liquefied natural gas on the coast of Honduras, and could aim to profit from high prices in the El Salvador market.  Increased interconnection could lead to increased imports and regional grid operation, affecting which plants are effectively on the margin.  

· Other major changes in market conditions.  Given that El Salvador is heavily dependent on oil products for thermoelectric generation, any major international oil price hikes could have a major effect on fuel choice, plants operations, and future investment patterns.  

A sectoral baseline methodology should thus be sufficiently flexible to account for such outcomes.  

2.2.  A Framework for Baseline Standardization

A wide range of standardized electricity baseline methods have been proposed and applied internationally in the context of existing project-based emissions credit trading programs.
  Among others, these options include electricity baselines based on average or marginal generation, annual or time-of-use generation, and local or international data in regional or national grids.  These baselines have been developed using both sophisticated models and simple off-line calculations.  They have been tested and applied in a number of nearby countries, such as Mexico, Costa Rica, Nicaragua, and Colombia.
 The choice among these and other options involves potential tradeoffs in data availability, accuracy, transaction cost, and likelihood of approval by the CDM EB that must be carefully weighed.

A standardized baseline methodology will typically be built upon a baseline emissions rate (in tons of CO2eq/MWh), where the baseline itself is defined as:
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However, such an approach is insufficient, as it does not establish that the project is not in the baseline scenario.  Section B.4.4 of the CDM Project Design Document specifically requires a “description of how the anthropogenic emissions of GHG by sources are reduced below those that would have occurred in the absence of the registered CDM project activity (i.e. explanation of how and why this project is additional and therefore not the baseline scenario).”
  Therefore, separate evaluation steps are required to evaluate a project’s additionality.  

A simplified additionality evaluation process for small-scale CDM projects in El Salvador is described in Section 2.3.  Larger projects are subject to a more thorough scenario analysis, as described in Section 2.6, since the environmental risks and consequences of allowing non-additional (free rider) projects are considerably greater with big projects.

2.3.  Additionality evaluation 

The first question to consider is whether a given project qualifies for simplified, fast-track treatment as a small-scale CDM activity.  In accordance with the Marrakech Accords, a project would qualify for fast track treatment if it falls into one of the following categories:

a. Renewable energy projects not exceeding 15 MW in capacity.

b. Energy efficiency projects not exceeding 15 GWh year in savings.

c. Other project activities with no greater than 15,000 tons per year of direct CO2eq emissions.

Notice that no decision has yet been taken by the EB as to whether projects at an advanced level of implementation would be eligible for the CDM.

The second step parallels the barrier analysis recently established by the CDM Executive Board (see Box 1).
  The proponent needs to demonstrate that its project either faces significant implementation barriers or is currently not cost-effective (see Figure 2).  The first element of this test–barrier analysis–has tended to be difficult to standardize.  The goal of barrier analysis is typically to show that a project, though potentially of attractive economics, is overcoming one or many institutional, behavioral, or technological obstacles that would explain its lack of commercial status. Barrier analysis tends to be a rather subjective exercise.  A simplified way to suggest the existence of barriers is to demonstrate that a technology or practice possesses a low penetration rate in a given market.  Penetration rates for electricity generation technologies are relatively easy to establish, especially if penetration rates are expressed simply as the fraction of current generation.  To operationalize this approach, projects using a technology with less than 5% penetration can be considered emerging or otherwise constrained and thus considered to face barriers.
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Projects employing technologies exceeding the 5% penetration threshold would need to make a stronger case for the existence of barriers. A PCF project may be considered additional, even though its technology exceeds the 5% threshold, if it can be demonstrated convincingly that the social, economic, environmental, and technological circumstances of the project and the proposed technology have changed significantly compared to earlier, or that it faces significant barriers.
 One example of a fundamental change would be privatization of the power sector.  If a convincing case cannot be made, it would be necessary to demonstrate that the generation cost of the project exceeds the spot market price of electricity in El Salvador (see below).  In other circumstances, some PCF projects may involve the use of novel technologies (e.g. hot dry rock geothermal technology) yet to penetrate the El Salvador or Latin American markets. Projects that would employ novel technologies would be considered additional if they do not exceed the penetration threshold. If they do, their generation cost should exceed the spot market price in order to pass the additionality screen.
Figure 2: Additionality screen for small-scale PCF projects in El Salvador

[image: image10.emf]0

100

200

300

400

500

600

700

800

1 3 5 7 9 11 13 15 17 19 21 23

Time (hours)

Power Output (MW)

Spot market

Contracts market


In order to establish whether it is likely that the GHG emissions from a regular-size PCF project candidate would be part of the GHG emissions in the baseline scenario because the investment in additional generation capacity would be an “economically attractive course of action” (Art. 48b), it is useful to compare the generation costs (US$/MWh) of PCF project candidates with the average spot market price of power in El Salvador.
 Project candidates whose generation costs exceed the spot market price should not be considered as part of the baseline scenario—and their emissions should be distinguished from the baseline emissions—because these power plants, due to their unattractive economics, would be unlikely to be built. Conversely, project candidates whose generation costs would be less than the spot price would be considered economically attractive to build and therefore should be considered as part of the baseline scenario. Their emissions should therefore be seen as being part of the baseline GHG emissions.

The suggested approach is based on the premise that the spot market price is a sufficiently precise proxy indicator of the financial attractiveness of electricity generation options in El Salvador and, more particularly, whether an investment in additional capacity should be considered as part of the baseline scenario for the national electrical system. This approach seems for a number of reasons justifiable in the case of El Salvador. First, as mentioned in Section 1.3, the prices in the contracts market in El Salvador are effectively linked to the spot market prices through the sales contracts.
 Despite the smaller volume of traded energy in the spot market compared to the contracts market, the spot price thus presents a reliable and precise indicator of the price of electricity in El Salvador and of the revenue stream to be realized from a power sector investment.

Second, the spot market price appears to be a sufficiently precise indicator of the generation costs of electricity in El Salvador. Comparisons of the generation costs of different technologies with the observed spot market price show a close agreement between the spot prices and the estimated average generation costs based on international best practice data for relevant power plant types.
 A recent study using the optimization model SUPER4/OLADE to estimate the long-run marginal costs (LRMC) in El Salvador confirm the small variance between spot market prices and average generation costs.
 Thus, there is apparently good agreement between model estimates and observed spot market prices in this case. Accordingly, it seems justifiable to use the spot price as a benchmark to evaluate the economic/financial attractiveness of CDM project candidates in El Salvador.

The spot price in El Salvador varies on an hourly, daily, seasonal, and annual basis. Price spikes are likely to happen in dry years when the reduction in hydro-based generation drives the spot price upwards, as it happened in Jan-April 2000. At the same time, given the current trend of increasing thermal capacity in the system, the impact of such hydrology-based fluctuations on energy prices is set to diminish over time. Nevertheless, to smooth out the annual spot price fluctuations, it is recommended to calculate a rolling 3-year average. Table 4 shows the annual average spot prices and the 3-year average spot price for the periods 1998-2000 (US$67.50/MWh), 1999-2001 (US$70.35/MWh), and 2000-2002 (US$71.09/MWh).

Table 4: Spot market prices in El Salvador, 1998-2002 (US$/MWh).

	
	1998
	1999
	2000
	2001
	2002

	January
	58.45
	61.33
	86.99
	64.08
	67.69

	February
	70.61
	57.87
	91.84
	66.35
	70.75

	March
	59.20
	61.94
	106.66
	66.84
	56.06

	April 
	54.92
	61.46
	173.71
	72.51
	64.85

	May 
	73.21
	65.75
	74.39
	70.49
	69.12

	June
	59.76
	76.81
	65.34
	70.77
	53.05

	July
	52.04
	64.94
	58.12
	73.61
	63.91

	August
	46.67
	57.21
	63.97
	69.88
	70.01

	September
	46.55
	61.39
	64.84
	54.53
	66.57

	October
	52.30
	56.92
	58.87
	58.32
	67.43

	November
	58.00
	67.34
	60.50
	63.14
	71.98

	December
	66.45
	74.42
	59.58
	69.83
	72.79

	Simple average
	58.18
	63.95
	80.40
	66.70
	66.19

	3-year average
	n.a.
	n.a.
	67.50
	70.35
	71.09


Source: UT web site (http://216.184.107.61/utweb/estadisticas.htm) 

The use of yearly-average spot-market prices may not be an appropriate cost-effectiveness threshold for all resources.  The annual or 3-year average spot market price approximate the revenues that would accrue to a new project that produces (or saves) electricity during each hour of the year. However, some new resources may concentrate production during high value periods (e.g. some storage hydroelectric plants), while others produce electricity on an intermittent basis (e.g. wind, solar, and some biomass resources), which can bring additional costs into the system (for backup power).

The spot market calculation can be adjusted to account for these effects. First, the threshold spot market price can be recalculated, using the estimated seasonal and daily production patterns of the proposed project. Second, a proxy for the lower value of intermittent resources can be deducted from the spot market in the case of wind and solar projects. A value of $7/MWh (an average of the US-based costs) can be used until estimates based on El Salvador or Central American conditions are developed.

2.4.  Baseline Emission Rate

Annex A describes and compares alternative ways to standardize baseline emission rates for grid-connected CDM projects, in light of the tradeoffs mentioned in Section 2.2.  This analysis leads to a recommendation to adopt a combined margin baseline emission rate, which reflects a CDM project’s effects on both the operating margin (affecting the operation of current and/or future power plants) and the build margin (delaying or avoiding the construction of future power plants).  The baseline emission rate is thus:
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where 
OM = the calculated operating margin value factor (in tons CO2/MWh), and  

BM = the calculated build margin value factor (in tons CO2/MWh). 

The operating margin (OM) can be approximated as:

· the generation-weighted average emission rate of the last units dispatched by the UT on an hourly basis
, or if adequate dispatch data are unavailable, 

· the generation-weighted average emission rate of all resources, excluding low-cost and must-run units (i.e. most hydro, geothermal, wind, low-cost biomass and solar generation).

Since dispatch data are currently unavailable, the second algorithm should be used, or:
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where 
Gi = the generation (MWh) from unit i,

ei  = the emission rate (in tons CO2/MWh) for unit i, and


i   = individual units, excluding low running cost or must-run plants

Presently in El Salvador, all hydroelectric and geothermal plants have low running costs, and their generation is likely to be almost completely utilized regardless of new CDM projects added to the system.  Therefore, the operating margin consists of the generation-weighted average emission rate for all thermal generation.  

To modulate any potentially large swings in the CERs generated in individual years with an abnormal mix of generating units (e.g. in the case that more efficient plants are shut down for repairs), the OM should be calculated as a 3-year rolling average.  The main question is which three years should be considered, since there are two basic options for a given project:

(a) Ex ante.  The 3-year average is calculated for the 3 full years prior to CDM project registration.  For instance, a project being registered in 2006 would use an operating margin calculated using data for the years 2003-2005.  This value would be fixed for the entire crediting period (see crediting period discussion below).

(b) Ex post.  The 3-year rolling average would be recalculated annually as part of monitoring activities.  For instance, the same project registered in 2006 and commencing operation in 2007, would calculate the OM for its first year of CERs (2007) using data from 2005 to 2007, for its second year of CERs (2008) using data from 2006 to 2008, and so on.  

The ex post OM calculation approach is recommended since it increases accuracy and is unlikely to pose additional transaction costs, since the OM would be recalculated annually even under the ex ante approach, assuming a good flow of new CDM projects requiring new baselines in future years.  It is also unlikely to present significant uncertainty, since annual variations are modulated by the use of a rolling average and the variations are inherently limited because of the limited range of thermal plant emission factors (0.7 – 1.1 tCO2/MWh).

The recommended build margin approximation is the generation-weighted emission rates of recent capacity additions, defined as the lesser (in MW) of the most recent 20% of plants built (or nearing completion) or the 5 most recent plants (over 15 MW) built or nearing completion.

  To limit uncertainty, the build margin is calculated on an ex ante basis and applies for the entire crediting period.
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where 
Gj = the generation (MWh) from unit j,

ej  = the emission rate (in tons CO2/MWh) for unit j, and

j   = individual plants included among the lesser (in MW) most recent 20% or the 5 most recent (over 15 MW) units built, nearing completion, and, if deemed verifiable, the least-cost projected additions within the next 5 years. 
Practical considerations and sample calculations

The baseline emission rate methodology described above is highly consistent with the indicative simplified methodology for small scale projects that was recently established by the CDM Executive Board.  However, its implementation requires addressing a number of practical considerations:

· Determination of Generation (MWh) by Unit (Gi and Gj).  As noted above, generation by unit should be calculated using the most recent 3 years of data.  For existing units that have been in operation over 5 years, these data are likely to be fairly reliable and representative.  However, for more recent plants, the data may not be sufficient to cover 3 years (i.e. plants in-service less than this time) and they may be inappropriate since early operation is often unrepresentative (e.g., lower capacity factors and efficiencies), due to plant startup issues.  Examples include the Acajutla and CESSA IC engines, which were installed in 2000-2001.  Together they account for nearly 20% of installed capacity, and are likely to provide an even greater fraction of generation owing to their higher efficiencies.  However, with the ex post calculation method, the annual updates to the operating margin will capture their generation over time, so these early year effects can justifiably be ignored.  If the ex ante approach were used, however, it is likely that the baseline emission rate would be less representative, since the three year average (as of now) would hardly reflect these newer plants.  While this may be partly justified on the grounds these units are less likely to be displaced by a CDM project (since they produce electricity at lower cost than the older plants), the outcome is less likely to be “conservative”, since these newer plants have lower-than-average emission rates and considering that the calculation will be used for another 7 to 10 years, depending on the crediting lifetime chosen.  (This is another reason to favor the ex post as compared with the ex ante calculation approach).

A more important issue is the current difficulty in assembling generation data by unit.  Currently the UT only reports generation by plant.  However, several plants, such as Acajutla, contain a mix of unit technologies and vintages, each with different efficiencies, capacity factors, and emission factors.  Ideally, data will be reported on a unit-by-unit fashion in the future.
  

The determination of representative figures for generation by unit becomes most crucial in the case of the build margin calculation, where the units considered (Gj) will likely be quite new or even yet-to-be-completed, and the calculation is done on an ex ante basis.  In these cases, historical data for that unit will probably be insufficient to derive a reasonable estimate of future generation (or capacity factor).  Where data exist for less than a full year of normal unit operation, it is recommended that generation be estimated as capacity (MW) times an appropriate capacity factor.  This capacity factor should be derived as: a) the average capacity factor for other similar technologies using the same fuel in El Salvador (e.g. oil-fired ICEs, gas turbines, or steam boilers); or where such data do not exist, b) the average capacity factor for similar unit/fuel types among SIEPAC countries. 

Determination of Emission Factors by Unit (ei and ej).  Emission factor estimation faces precisely the same issues as described above: the need for unit-by-unit data and for appropriate parameters for new units.  It is recommended that a parallel approach be used for new units, using a) average emission factors for similar unit types, and where unavailable, b) average emission factors from among SIEPAC countries, and if the latter is unavailable, c) international best practice data for relevant power plant types.

Consideration of Electricity Imports.  Though occasionally significant (e.g. > 10% of supply), electricity imports (and exports) should be effectively ignored in the above calculations, for the reasons elaborated in Annex B.

If unsuccessful at collecting plant specific fuel consumption or emission factor data, the following alternative method can be used in the interim:
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where 
Gi = the generation (MWh) from unit i,


Ff = use of fuel (f) for electricity generation (GJ),

ef  = the emission factor (in tons CO2/GJ) associated with fuel f (see IPCC guidelines)

f   = fuels associated with unit noted above, i.e. excluding low running cost or must-run

        plants

This approach relies instead upon aggregate fuel consumption data for all grid-based generators, which tends to be more readily available through fuel purchase statistics maintained by the Hydrocarbons Division of the Ministry of Economy.  The disadvantage of this approach is that fuel purchases may go towards refilling storage facilities, may be used to run equipment outside the electricity facilities (e.g. vehicles, boilers, etc.), and may be subsequently resold to others.  

No separate interim method is needed to calculate the build margin, since, as noted above, default data can be used in the absence of local data.

2.5.  Crediting periods and baseline updating

The baseline algorithms would remain in place for either 7 or 10 years, depending on the crediting period chosen by the project developer.  The MP will ensure the continued validity of this baseline during the first crediting period, and allow for its review at the beginning of second and third crediting periods (years 8 and 15) as appropriate.

2.6.  Scenario analysis and project-specific baselines for larger projects

Larger projects present greater risk in terms of environmental integrity, i.e. the potential for significant crediting in excess of actual emission reductions.  On an international level, the type of simplified additionality and baseline treatment described above presents a limited risk to environmental integrity for small-scale projects, primarily because the overall power generation from these projects is quite small.
 The same is not true, however, of larger scale projects, where the potential quantity of CERs generated from non-additional (free rider) projects is substantial.
  Furthermore, due to the sizeable scale of investment involved, larger projects are better equipped to absorb the added costs of more thorough baseline analysis.  

It is recommended that larger projects undertake a project-specific baseline study using a scenario analysis approach.  Scenario analysis involves considering a set of plausible, alternative scenarios for what would happen in the absence of a CDM project, and then using a well-defined and reproducible process to determine the most likely baseline.  The overall methodology is well described in several other sources and has been used for several PCF projects.
  A variety of approaches can be used to cull the “most likely” from the plausible baseline options.  No single method–regulatory and policy analysis, barrier and risk analysis, investment/economic analysis, or a conservatism criterion–is sufficient on its own to provide a robust baseline selection methodology.
 Instead, these methods can be used together as needed, in a systematic manner.  The basic scenario approach can be described as a five-step process (adapted from ERUPT guidelines).
 

1) Describe project characteristics.   A clear understanding of a project’s activities, actors, products and services provided (energy, timber, waste management, etc.), timing and anticipated lifetime is a fundamental pre-condition to estimating “what would happen in its absence.”


2) Define system boundaries and relevant sources and sinks. Once the extent of a project’s activities and implications are understood, a boundary can be drawn around the GHG emitting and sequestering activities that it implicates.  These may be off-site (e.g., emissions from grid electricity plants) or indirect (e.g., leakage or rebound effects).  The process of assessing which indirect and off-site emissions, emissions reductions, or sequestration should be considered, and how to estimate them, is the topic of Step 4 below.


3) Describe the current situation for delivery of the products and services provided by the project.  Identify the legal, economic, political, socio-demographic, and technical factors that could influence the baseline situation, project activities, and their GHG emissions.  For instance, for a forest management project, the prospects for and implications of possible changes to forest laws (allowable cutting levels) or standard practices should be discussed.  Energy efficiency improvements at a power plant might lower its cost of generation, leading to higher electricity generation than without the project. Suggest and document likely evolution of these factors and how they might be monitored. 

4) Elaborate alternative baselines (reference cases).  The extent to which many alternatives are identified and elaborated is a central consideration in baseline assessment.  Rarely is there a single feasible alternative, but the more options considered the more cumbersome the analysis. The Canadian Greenhouse gas Emission Reduction Trading pilot (GERT)
, for instance, presently asks proponents to conduct a relatively detailed assessment of no more than four alternative reference cases.  The Dutch ERUPT program
 is more specific, suggesting several alternatives that should “always” be considered: a) continuation of the current situation (“status quo”); b) the project itself (which is actually an additionality test); c) deferral of the project for four or more years; d) other likely scenarios; and e) a “multi-project” baseline, if desired.  The PCF does not have a specific guideline in this regard, but in its first full baseline study for the Latvia landfill gas capture project employed a two-stage process.  First, the PCF team scoped out the broad alternatives including simple landfilling, sanitary landfill (no capture), incineration, recycling, energy cells, regional efforts, and so on.   It then narrowed down the list, based on a review of cost and regulatory constraints, to various configurations of sanitary landfills, methane capture, and project sites, which were then subjected to detailed analysis.   

5) Select the baseline, typical by a process of elimination.  The elimination process can be guided by assessing how the key factors listed above affect the likelihood of each baseline, but ultimately remains a judgment-based process.  Investment analysis can be used to identify the investment scenario with the highest rate of return as the baseline. Or “multi-objective” ranking and weighting techniques could be applied, scoring alternative reference cases against a pre-determined set of criteria (cost-effectiveness, verifiability, etc.).  Probabilistic methods could also be used to assign weights to a number of plausible baselines.  

In practice, most baseline choices have typically been made on the basis on simple, logical arguments.  For instance, the baseline for the Rio Bravo Carbon Sequestration project in Belize is supported by the simple claim that “without intervention, the forest concerned will be sold for agricultural purposes”.
  A look at baseline documentation for most AIJ projects reveals similar straightforward assertions.


Several existing guidelines suggest a conservative approach to selecting among baselines. ERUPT guidelines suggest that “If still no clear choice can be made from the remaining baseline options one should select the baseline option with lowest GHG emission level, in order to have the most conservative estimate for emission reductions.”  Also espoused by the PCF, this conservative approach was recently used in the case of a French-Hungarian cogeneration project under AIJ.  The Dalkia-Vivendi project involves conversion of an 80MW coal cogeneration station to natural gas.  According to proponents, the most likely scenario is the shutdown of the central boiler and “decentralized” heating with dispersed, inefficient boilers with no cogeneration.  Instead, the proponents adopted a more conservative baseline that assumed conversion to natural gas and more limited cogeneration.  The result is a significantly lower reported CO2 savings, compared with what the proponents argue is a more likely baseline scenario.

The basic scenario approach can be tailored to all conditions, and is thus well suited to project types less amenable to standardized approaches, like retrofit or remote projects.  Unavailability of data need not be a fatal constraint, since scenarios can be simple logical arguments based on plausible assumptions.  In this sense, it is the “backstop” where other methods are inappropriate, too costly, or as yet undeveloped (e.g. multi-project baselines).

Given the minimum requirements of this method, costs can obviously be kept low. However, environmental integrity and transparency can be difficult to ensure. Consistency among projects can also be weak.  Thorough review processes involving multiple stakeholders and third party experts can be essential for ensuring credibility and minimizing any tendencies for proponents to select more advantageous baseline scenarios.

Three outcomes of a project-specific baseline scenario analysis are possible:

a) The most likely scenario is determined to be the project itself, i.e. it would have happened anyway, and thus the project is non-additional.

b) The most likely scenario is determined to be ongoing expansion and operation of the overall electricity grid, rather than any specific investment.  In this case, the project adopts the standardized baseline emission rate described above.

c) The most likely scenario is determined to be a specific investment, facility, or activity. For example, if one of El Salvador’s steam turbine units were modified to accept biomass residues, the most likely baseline scenario might be continued operation of the steam turbine using fuel oil. In such cases, the baseline emission rate can be quantified directly based on the presumed characteristics of the baseline investment or facility.  The baseline emissions rate should be specified as a carbon intensity (tCO2/MWh) rather than an absolute baseline (tCO2eq), since the total MWh of electricity displaced (through efficiency or lower-carbon generation) will be unknown until the project is running and its output has been monitored, measured, and verified.
  All assumptions and calculations should be presented clearly and transparently.

2.7.  Summary of the overall methodology and decision tree

The overall baseline and additionality methodology can be simplified in the form a decision tree.  To develop a baseline, the project proponent can follow a step-by-step process as illustrated in the decision tree diagram in Figure 3:

Step 1. Fast track screen (All projects). The first question to consider is whether a given project qualifies for simplified, fast-track treatment as a small-scale CDM activity.  In accordance with the Marrakech Accords, a project would qualify for fast track treatment if it is:
a. Renewable energy projects not exceeding 15 MW in capacity

b. Energy efficiency projects not exceeding 15 GWh per year in savings.

c. Other project activities with no greater than 15,000 tons per year of direct CO2eq emissions.

For more precise definition and classification of qualifying projects, see the CDM EB’s further clarifications and Annex B of the EB Small Scale Panel recommendations.

Step 2. Additionality testing (All projects).  A qualifying small-scale project is then subject to a simple additionality test and, if it passes the screens described above, the standardized baseline emission rate. Small-scale projects would then collect CERs once the emission rate and project generation (MWh) are monitored and verified (Step 5).  Larger and non-conforming small-scale projects should conduct these additionality tests as part of the baseline scenario analysis in Step 3. 


Step 3. Project-specific baseline scenario analysis  (Larger and non-conforming small projects) Larger projects, or small scale projects for which the standardized baseline is inappropriate, then undertake a more thorough baseline scenario analysis, as outlined in Section 2.6.  Such baseline scenario analysis would determine whether: 
a. the project is the baseline scenario (i.e. that is non-additional and thus not accepted)

b. the project simply avoids electricity that would otherwise be generated from the continued normal operation and expansion of the electricity system.  In the latter case, the project would use the standardized baseline emission rate.  

c. the project displaces another discrete investment or action (e.g. a lower efficiency or higher carbon-content fuel project at the same site).  In this case, a project-specific baseline emission rate should be determined for the project in question, following the findings of the baseline scenario analysis.  

Step 4. Submit Project Design Document (All projects).  The proponent must then develop a PDD, based on the standardized or project-specific methodology.  
Step 5. Monitoring and verification (All projects).  The baseline emission rate (tCO2/MWh) would be calculated once annually, based on monitored and verified generation and fuel use by unit, using the algorithms described above, or in the case of a project-specific emission rate, the algorithm recommended by that baseline study.  The actual electricity production of the project (MWh) would also be monitored and verified.  The product of these two figures would yield the total CERs generated (tCO2).  For larger projects using project-specific baseline emission rates, it is recommended that the continued validity of these rates be evaluated during the M&V process.
2.8.  Conclusion

The overall methodology is both straightforward and consistent with the approaches allowed by the Marrakech Accords.  It is “transparent” and “conservative”, follows the Small Scale panel recommendations and recent relevant decisions made by the CDM Executive Board, and is based on “existing actual or historical emissions” from El Salvador power plants, thus falling under paragraph 48a of acceptable methodologies.  Significant effort is required only of developers of larger projects, which owing to their scale can best afford the added analysis needed to better ensure their additionality and environmental integrity.  Even in such cases, most projects in El Salvador are likely to involve completely new projects, rather than replacing or retrofitting another facility, and as result are likely to qualify for the standardized baseline emission rate, thereby reducing the transaction costs of CDM project development.
Figure 3.  Schematic diagram of baseline methodology
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Annex A: Alternative Electricity Baseline Methodologies

Electricity baseline methodologies can be organized by their basic underlying assumptions about the source of displaced electricity (operating, build, or combined margin, or other basis) and data vintage (historical, projected, or ex post “real time”), as in Table A1 below.  This table lists over a dozen variants of methodologies with reference to where they have been proposed, recommended, or applied.  It notes key advantages and disadvantages, and the current and potential future availability of adequate data in El Salvador.  This Annex begins by explaining this typology and then discussing the implications of COP decisions with respect to the methodological options.  Finally, the specific options are compared, and a recommendation made.

A fundamental difference among methods is the underlying assumption about what an emission reduction (ER) project would avoid: generation from plants on the “build margin” (i.e. facilities that are delayed or not built as the result of the ER project), generation on the “operating margin” (i.e. from current and/or future power plants that are operated less as a result of the ER project), or some combination thereof.  In principle, nearly all projects affect both margins, and thus the most accurate methodologies should reflect both effects.

The basis and timing for calculating the baseline has important implications for transparency, accuracy and certainty.  In principle, ex post data will provide the most accurate baseline, but present greater uncertainty and monitoring costs, although this depends on the methodology used.  Since use of historical data implicitly presumes that the future will resemble the past, the introduction of projections or predictive information should, in principle, improve baseline accuracy where this information is reliable and balanced.  However, the Marrakesh Accords, if narrowly interpreted, do not appear to allow the use of projections in directly establishing the baseline.  According to paragraph 48 of COP7 Decision 17, 

“In choosing a baseline methodology for a project activity, project participants shall select from among the following approaches:

(a) Existing actual or historical emissions, as applicable; or
(b) Emissions from a technology that represents an economically attractive course of action, taking into account barriers to investment; or
(c) The average emissions of similar project activities undertaken in the previous five years, in similar social, economic, environmental and technological circumstances, and whose performance is among the top 20 per cent of their category.”
 

This absence of any reference to plans or projections may reflect a commonly held skepticism that projections are prone to manipulation.
  Projections and plans might be applicable, however, to the extent they can claim to represent “an economically attractive course of action, taking into account barriers (para b).”  This may be warranted if they reflect a verifiable least-cost analysis.  

Even if projections and other planning information are not considered sufficiently reliable to feed into a quantitative baseline assessment, they can still prove useful in informing the choice of methodologies and the assessment of project additionality.  For instance, there have been announcements of new oil-fired internal combustion engine projects in the local press in El Salvador.

The fact that the CDM EB recently has established two specific methodologies for fast track grid-connected projects may ultimately influence which methodologies should be used in El Salvador.
  It may prove inefficient to move forward with methodologies for small projects that are inconsistent with:

(a) The average of the “approximate operating margin” and the “build margin,” where:

(i) The “approximate operating margin” is the weighted average emissions (in kgCO2/kWh) of all generating sources serving the system, excluding hydro, geothermal, wind, low-cost biomass, nuclear and solar generation; 
(ii) The “build margin” is the weighted average emissions (in kgCO2/kWh) of recent capacity additions to the system, defined as the lower of most recent 20% of plants built or the 5 most recent plants;

OR,

(b) The weighted average emissions (in kgCO2/kWh) of the current generation mix.
In order to expedite ultimate project validation by the CDM executive board, the El Salvador umbrella methodology, at least for small projects, should be consistent with these recommendations. 

Comparison of Specific Methodologies

The first baseline option listed in Table A1 is the weighted average of the current generation mix. Though it is among the indicative methodologies for small-scale projects ((b) shown above), this option can be eliminated because it is fundamentally inaccurate in the case of El Salvador.  The resulting baseline emission rate would be weighted heavily by generation from existing hydroelectric and geothermal plants, whose production is unlikely to be reduced by new CDM projects.  As such it would understate the emissions savings that new CDM investments are likely to create, thus reducing investor incentives to invest in CDM projects. 

The second approach shown in Table A1 is the weighted-average of sources other than must-run and low-cost plants.  In other words, the baseline does not consider hydroelectric and geothermal generation, at least to the extent that their output is produced at low running cost and likely to be sold regardless of other conditions in the power sector.  In the case of El Salvador, this baseline would be the weighted average of generation from all oil-fired plants.  This approach is both simple and transparent, but alone it would not reflect the cumulative effects of many CDM projects in delaying future plant construction.
  Since many of these newer plants (higher-efficiency thermal, hydro, or geothermal) are likely to have lower emission rates, this methodology alone may not meet the conservative criterion established in the Marrakech Accords. 
  Nonetheless, since it provides a simple way to approximate the operating margin, it can be a useful component in a combined margin approach.

The third operating margin approach, the emissions rate of the last units dispatched, is more accurate than other operating margin methods.
  However, hourly dispatch data sufficient to determine the marginal unit is not presently available in El Salvador.  Should this situation change, the use of dispatch analysis as alternative means of determine the operating margin in El Salvador should be considered.  In practice, it will tend to yield a somewhat higher baseline emission rate than the previous operating margin methodology (average of all but must run and low cost plants), at least in systems where dispatch is based on operating cost such as Mexico’s.
  Higher-cost plants tend to be older, less efficient, and thus higher emitting (assuming no significant disparity in fuel type between baseload and peakload plants).  In competitive bid systems like El Salvador’s, the last plant dispatched may not always be the one with the highest operating costs, since strategic considerations may influence bid prices.  However, in theory, in the long run, competitively bid systems should yield a similar outcome as cost-based dispatch, with the baseline being somewhat higher, reflecting the higher costs of less efficient generators.
  

The fourth option in Table A1 is a build margin approach.  The build margin–i.e., power plants that are likely to be built–can be estimated based on historical construction (including current plants being built) or on projected new units. However, a build margin baseline alone does not reflect the real effect a CDM project will have on the operating margin–displacing generation from existing plants–an effect that is likely to dominate in the short-run.  

To address the fact that new projects will likely affect both the operating and build margins, several combined margin approaches have been developed.  These include a number of similar methodologies (option 5 in Table A-1) that involve separately calculating operating and build margin emission rates–using the techniques described above–and then averaging them. These include the indicative simplified methodology proposed by the CDM EB Small-Scale panel, the related methodologies recommended in a recent IEA report
 and by the Dutch CERUPT program for small-scale projects.

There are simpler as well as more complex approaches for calculating a combined margin baseline.  The sixth option shown in Table A-1 involves the assumption of a proxy plant type, e.g., an oil-fired IC or gas turbine plant, as representative of the avoided resource.  The advantage of this method is its great simplicity.  However, the choice of an single individual plant type and emission factor is difficult to justify, especially in system such as El Salvador’s where there are several plant types on the operating and build margins.  The more sophisticated approach (option 7) would be to use a system optimization and dispatch model, such as the SUPER4/OLADE model.  These types of models can be run with and without the project, and the differences in emissions would capture both operating and build margin effects with greater accuracy.  However, such models can present considerable additional cost while reducing transparency.  On these grounds, the proxy plant and optimization modeling approaches are not considered further.

By process of elimination, one is left with the several variants of the combined margin (option 5) methodologies to consider.  These combined margin methods all have the advantage of reflecting two displacement effects, and conform well to approaches recommended by several international organizations and presented in their publications (ERUPT, CERUPT, IEA, and the Small Scale Panel).  They all assume that the operating and build margin effects are roughly equal over the first 7 years of project crediting.  This is equivalent to assuming that the project has an effect on the operating margin for first 3.5 years, and on the build margin for the subsequent 3.5 years, reflecting a lag time between the reduction in new resource requirements created by the CDM project and the timing of new plant construction (i.e. construction plans have some inertia).  

They all rely on the weighted average emissions of higher running cost plants (largely thermal) as a proxy for the operating margin, and combine this with some notion of the build margin, based either on historical data (most recent builds) or projections (an option for CERUPT).  The IEA methodology (5b) goes beyond the SSC panel recommendations in that it suggests that for the second and third crediting periods, the baseline be determined by the non-CDM new electricity plant built during the first and second crediting periods respectively.  The SSC panel methodology does not elaborate on how the baseline will be updated after the first crediting period.  

Recent “road testing” of the IEA approach found that “this methodology is definitely workable and can be implemented in different electricity contexts”.
 This combined margin approach appears to be readily applicable specifically in El Salvador, based on the analysis and calculations shown in the Emissions Reduction Simulation (ERS), and is thus recommended here.  As mentioned already, should dispatch data ultimately become available from the UT, it could be used instead to determine the operating margin in a more accurate manner.

Table A-1.  Comparison of Electricity Baseline Methodologies in the El Salvador Context

	Basic Methodology
	Data Vintage
	Experience and Applications
	Advantages
	Disadvantages
	Sufficient data/tools in ES?

	Operating margin methods
	
	
	
	
	

	1. Weighted average of all generation sources (historical)
	Historical
	- One of SSC panel recommendations 

Annex 3D.7.(a)(ii)
	Simple and transparent

Conservative
	Inaccurate reflection of avoided generation

Reduced investor incentive (fewer CERs)
	Yes

	2a. Weighted average of all sources excluding must-run/low-cost resources
	Historical
	- Under consideration in Mexico (ATPAE, 2002)
	Simple and transparent
	May not be conservative


	Yes

	2b. Same
	Ex post actual
	
	More accurate than historical
	Additional M&V

Added uncertainty
	Yes

	3a Dispatch data analysis.  Determination of hourly/periodic marginal units. 
	Historical
	- One of SSC panel recommendations 

Annex 3D.7.(a)(ii)
	Transparent if data are publicly accessible
	Only considers operating margin effects.
	Unlikely

	3b.Dispatch analysis 
	Ex post actual
	- PCF Chile and Columbia projects
	More accurate than historical
	Additional M&V

Added uncertainty
	Possibly in the future

	Build margin methods
	
	
	
	
	

	4a. Build margin: Most recent 5 plants or 20% of system capacity, which ever is greater
	Historical
	Part of combined margin methods described below.
	Simple and transparent
	Recent history may be unrepresentative


	Yes 

	4b. Build margin.  Based on projected additions.
	Projections
	- Included as an option in CERUPT small-scale methodology
	May better reflect future outcomes than historical data. 
	Possible inconsistency with CP7/Dec 17 (48) unless reflects “economic course of action”

Several plausible scenarios may exist. 


	?

	Combined margin methods
	
	
	
	
	

	5a. Combined margin. “SSC” Average of operating margin (1, 2a, or 3a) and build margin (4a)
	Historical
	A SSC panel recommendations 

Annex 3D.7.(a)(i)
	Simple and transparent

Combines build and operating margin effects
	Historical data may not be representative of future 
	Yes

	5b. Combined margin. “IEA”. Average of 2a and 4a, with updates for future crediting periods 
	Historical
	- Recommended approach in IEA report (Kartha et al., 2002)


	Same as 5a

Updated algorithms improve accuracy for 2nd/3rd crediting periods
	Same as 5a
	Yes

	5c. Combined margin. “CERUPT”. Average of 2a and 3a or 3b. 
	Historical (projections optional)
	- CERUPT (2001) small-scale methodology
	Same as 5a
	Projections may be biased.
	Yes

	5d. Combined margin. Similar to 5b but using ex post data and dispatch analysis (if data available).
	Historical and ex post
	
	Same as 5b

Improved accuracy in the operating margin
	
	Yes

	6. Proxy “marginal” plant approach
	Historical and projected
	- PCF Nicaragua biomass project
	Simple
	Subjective
	Yes 

	7. Full simulation/optimization modeling (SUPER4, etc.)
	Historical and projected
	- PCF Columbia
	Accuracy (assuming good foresight)

May reflect “economic course of action” 
	Costly

Need to agree on modeling approach and assumptions

Limited transparency
	Unlikely


Annex B: Imports and SIEPAC

Regional electricity trade in Central America has been growing, grid interconnections are increasing, and discussions are ongoing about potential regional grid integration and dispatch. Nonetheless, this annex shows that the baseline methodologies for El Salvador electricity sector projects are unlikely to need to account for power imports from neighboring countries (e.g. Guatemala or Honduras) or from other member countries of the Central American Interconnected System (SIEPAC).
  This annex also reviews the recommendations suggested by a couple of recent baseline studies for Central America countries.

 Imports from Guatemala

Since the mid-1980s, El Salvador has been a net importer of electricity and this trend is unlikely to change in the near and medium-term future. El Salvador imported about 353 GWh (around 9% of domestic production) from Guatemala in 2001. In the future electricity imports from Honduras may increase if current transmission constraints are overcome. It is important, therefore, to consider the power supply situation in neighboring countries. Historically, hydroelectric power has dominated Central America’s power sector. However, since opening up to foreign investors in the middle to late 1990s, the use of thermal (mainly oil) generation plants has grown rapidly.

In Guatemala, thermal plants accounted for 58%, hydro 39%, and geothermal 3% of the generation in 2001. Numerous thermal power plants are planned, including a 300 MW petroleum coke power plant that is scheduled to come online partially in 2003, as well as a 165 MW heavy fuel oil plant to be completed by November 2002.  Honduras possesses a hydro-dominated power sector that has undergone fewer reforms than many other Central and Latin American countries. Nevertheless, Honduras’ official expansion plan predicts a significant increase (770 MW) in the share of thermal resources in electricity generation compared to hydro (575 MW) over the coming decade. It thus seems clear that the overall share of thermal resources will increase in the neighboring countries, especially in Guatemala, as well as in the region overall, not dissimilar to the situation in El Salvador.

Therefore, it seems reasonable to assume that imports from neighboring countries might exhibit similar characteristics in terms of avoided power plant emissions. Guatemala will sell electricity to El Salvador only after it has satisfied its own domestic demand. Hydroelectric resources in Guatemala will likely serve base-load, while exports will mostly and perhaps entirely be surplus electricity production from thermal units of size and efficiency similar to those existing in El Salvador. Since the share of thermal plants relative to hydroelectric plants is somewhat larger in Guatemala than in El Salvador, a baseline emission rate based on the weighted average of all Guatemalan power plants could be higher. It is less clear, however, if the emission rate of electricity exports from Guatemala would be higher than the emission rate of the fossil plants in El Salvador. For reasons of simplicity and conservatism, it is therefore reasonable to ignore imports from Guatemala during the next 7 years, and it is considered unnecessary to monitor displacement effects outside the Salvadorian system due to imports.

SIEPAC

Central American countries are in the process of linking the region’s electricity grids and regional power trading is expected to begin in 2006. El Salvador will soon be linked to the rest of the countries of Central America though SIEPAC. The key feature of this interconnection system is a new 230kV transmission line from Guatemala to Panama. In April 2002, a transmission line between Honduras and El Salvador was opened, marking the complete interconnection of all six SIEPAC countries.

Despite this, there is some uncertainty regarding when the SIEPAC-grid will be functional. As some member countries have not yet carried out major reforms in the power sector, it will be necessary to implement institutional and regulatory changes in order to make SIEPAC operate efficiently. However, it seems unlikely that major power sector reforms will be carried out soon in countries that have not already done so. It is thus likely that SIEPAC have to develop within the limits and constraints of the current institutional arrangements.

The development of SIEPAC, as well as El Salvador’s integration with electric grids of neighbouring countries, is an important area for monitoring. Changes to the baseline will have to be made when, and if, SIEPAC starts operating. The monitoring plan (MP) will also have to be revised.

The Treatment of Imports and Exports in Central American Baseline Studies

According to a recent baseline study report, Panama currently imports 1% of its total generation and exports about 2%.
 The Fortuna project report assumes that there will be no joint dispatch in the SIEPAC system, thus the issue of power trade is ignored. It is claimed that the main purpose of SIEPAC will be to stimulate a more open market for electricity transactions between countries, primarily through bilateral contracts.
 Another, and perhaps more interesting argument for not taking trade into account is that the more environmentally conservative choice is to ignore regional electricity trade. The reason is that the marginal plant in the SIEPAC system would have a higher emission rate than the thermal plants in Panama. Thus, by excluding energy trade in the region, the study lowers the baseline compared to what it would otherwise have been. Still another reason for restricting the analysis to the national grid in Panama is the uncertainty regarding when SIEPAC will be in operation. A final reason is the difficulty of obtaining information on the electric system in the region.   

A recent baseline study on the Bayano Hydroelectric Project (Panama) ignores changes in import and export because “they are very difficult to measure and are not within the control of the project developer.” 
 Import is conceived of as indirect off-site emissions and the study refers quite directly to the definition of the baseline that is put forward in the Marrakesh text. An implicitly made argument is that since energy import constitutes a relatively small (<6%) portion of energy supply ignoring it makes only a small difference in terms of precision of the baseline.
 It is also argued that power import will remain constrained by high transmission premiums and transmission constraints and that old, poorly maintained thermal plants with high variable cost will be unable to compete in the market.

The PCF Sector Baseline Study for Costa Rica assumes that Costa Rica constitutes one isolated market and that no energy “on a contracted, firm basis” will be exported for the entire period covered by the expansion plan (2001-2018).
 The assumption in this baseline study is that SIEPAC will not begin operating before 2006, at the earliest. It is also pointed out that even this expectation might be too optimistic. The report’s main arguments for not considering exports are:

· Power export is only randomly occurring, thus it is difficult to establish the underlying pattern or dynamic;

· There is a lack of data on the displaced plants on the margin in the importing countries;

· The units that would be displaced across the borders would be similar to those in Costa Rica. Thus, the emission factors would basically be identical and there is therefore no need for monitoring displacement outside Costa Rica; and

· Important institutional and regulatory differences and barriers in the different countries in the regional will delay SIEPAC and/or mean that SIEPAC will not function as envisaged and planned.

Nevertheless, the MP identifies the development of SIEPAC, as well as integration with electric grids of neighbor countries, as an important area for monitoring. Changes to the baseline, such as recalculation of LRMC, and a re-run of the additionality test, will have to be made if and when SIEPAC starts operating. Changes to the monitoring plan itself would also have to be made.
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Box 1: Attachment A to Appendix B





”Project participants shall provide an explanation to show that the project activity would not have occurred anyway due to at least one of the following barriers:


(a) Investment barrier: a financially more viable alternative to the project activity would have led to higher emissions;


(b) Technological barrier: a less technologically advanced alternative to the project activity involves lower risks due to the performance uncertainty or low market share of the new technology adopted for the project activity and so would have led to higher emissions;


(c) Barrier due to prevailing practice: prevailing practice or existing regulatory or policy requirements would have led to implementation of a technology with higher emissions;


(d) Other barriers: without the project activity, for another specific reason identified by the project participant, such as institutional barriers or limited information, managerial resources, organizational capacity, financial resources, or capacity to absorb new technologies, emissions would have been higher”.











� Superintendencia General de Electricidad y Telecomunicaciones (SIGET) is the government regulatory body.


� UT (2001).


� Unidad de Transacciones.


� Comisión Ejecutiva Hidroeléctrica del Río Lempa.


� Electricity coverage is 65% of the total population, with 92% coverage in the urban areas and 38% in the rural areas.  See IADB.


� Under extraordinary circumstances, for instance due to technical problems with generating units or transmission, the UT will apply the “Reglamento de Operacion del Sistema de Transmision y del Mercado Mayorista” when setting the price.


� http://www.ut.com.sv


� Comisión Económica para América Latina y el Caribe (2001), p. 27.


� This report uses the Marrakech Accords and proposed EB Small Scale Panel definition of small-scale projects as those having under 15 MW nominal capacity, 15,000 tons CO2 equivalents/year of emissions, or saving less than 15 GWh per year for demand-side projects.


� Decision 17/CP.7. See http://unfccc.int/resource/docs/cop7/13a02.pdf


� For the “Indicative Simplified Baseline and Monitoring Methodologies for Selected Small-Scale CDM Project Activity Categories,” see http://cdm.unfccc.int/pac/howto/SmallScalePA/ssclistmeth.pdf.


� See OECD/IEA (2000), Sathaye et al. (2001), and Kartha et al. (2002) for fuller discussion of these methodologies.


� See � HYPERLINK "http://www.atpae.mx.org" ��www.atpae.mx.org� for materials describing the effort to establish baseline emission factors for efficiency and renewable project in Mexico. PCF baseline studies have been conducted in Costa Rica, Nicaragua, and Colombia (see www.prototypecarbonfund.org).


� Alternative methodologies and their tradeoffs have been discussed at length in previous PCF reports, PCF baseline studies, and the broader literature.  Therefore, we assume the reader is generally familiar with baseline concepts and options, and do not review the literature and approaches in detail here. For further information, consult Kartha et. al (2002), PCF (2000b), and Ringius et al. (2002).


� Version 01 (in effect as of: 29 August 2002), � HYPERLINK "http://unfccc.int/cdm/cdmpdd.htm" ��http://unfccc.int/cdm/cdmpdd.htm� 


� According to the PCF approach: “A project will not be eligible for consideration for PCF Financing unless the project sponsor is able to show that it has taken into account the opportunities presented by JI/CDM in the structuring of its financing and is aware of the requirements of these mechanisms including environmental additionality. The project sponsor may demonstrate this by providing evidence of, among other things: 1. Contacts and substantive discussions with potential buyers of ERs prior to the conclusion of the financial package; or, 2. Exploration of the additionality of the project, e.g. by the initiation of a baseline assessment.”


� Attachment A to the “Indicative Simplified Baseline and Monitoring Methodologies for Selected Small-Scale CDM Project Activity Categories,” http://cdm.unfccc.int/pac/howto/SmallScalePA/ssclistmeth.pdf.


� The 5% threshold is drawn from Grubler et al. (1999), who posit that technologies considered to be pervasively diffused or saturated in the market possess market shares of 5% and above, along with other attributes such as mass production.


� For examples of barriers to small-scale power projects, see for instance PCF (2002e).


� An official system expansion plan reflecting least-cost planning principles is currently unavailable for El Salvador. This situation is expected not to change in the foreseeable future. It is therefore not feasible to compare the generation cost of project candidates with the long-run marginal cost (LRMC) of power system expansion in order to establish the likelihood of whether a given investment in additional capacity would constitute an “economically attractive course of action.”


� The contracts price is usually the spot market price in the relevant one-hour time intervals less 5-10%.


� For reasons of confidentiality, the source of this information is not disclosed. However, if necessary, it would be possible for an independent verifier to access and verify this information.


� The LRMC estimated by the runs of SUPER4/OLADE comes very close to the Salvadorian spot price if the various tariffs paid by generators in El Salvador are added (i.e., the study ignored tariffs). Interview, Ministry of Economy, San Salvador (February 24, 2003). For the study, see Mercados Energeticos (2002).


� While the link between spot market prices and LRMC in El Salvador appears to be close in recent history and may continue to be so, this issue deserves more scrutiny and analysis. For an overview discussion of some key issues with respect to spot prices, see S. Hunt, Making Competition Work in Electricity (New York: J. Riley, 2002), pp. 162-168.


� Consider two examples: wind and hydro.  Assume the 2000-2002 average spot market price of $71/MWh. A storage hydro project producing electricity at $75/MWh may actually be cost-effective if it can concentrate its annual production in higher priced peak periods. Conversely, a wind project producing electricity at a busbar cost of $65/MWh may appear cost-effective, but actually may not be. The intermittent electricity produced by the wind generator may be of less value than that of dispatchable unit like the ICs that are popular in the region.


� The costs associated with backing up or “shaping” intermittent resources are dependent on the nature of other generating resources and loads in the electric system. Research in the US suggests the costs associated with shaping wind in the Northwest US, which like Central America has a mix of hydro and thermal resources, is in the order of $6-8/MWh. For a more in-depth discussion, see E. Hirst (2002). 


� See PCF (2001a), PCF (2002a, 2002b) for examples of this calculation. 


� To demonstrate this calculation, consider the following hypothetical situation.  County X has 10,000 MW of capacity installed or nearing completion.  Say that the last to be completed are the following (most recent first): a) 100 MW, b) 200 MW, c) 300 MW, d) 400 MW, e) 500 MW, f) 1000 MW.  Plants a-e are included in the calculation, since they are the 5 most recent plants, and their combined capacity is less than 20% of total system capacity.  However, if the order were reversed (starting with f), then only 4 plants, c-f would be included, since together their capacity would exceed 20% of total system capacity.


� Nearing completion includes plants more than 20% complete or expected to be installed within the next 12 months.


� The build margin can be recalculated annually and used for all projects submitted for PCF/CDM approval during that year.


� Note that data by plant could suffice for the operating margin calculation, so long as total annual fuel consumption by plant is also reported.  The build margin calculations would require additional assumptions to be made, particularly in the case where a new unit has recently been added to an existing plant.  To include such a unit in the build margin, a default or estimated capacity factor (to calculate generation by unit) and emission factor (e.g. based on reported unit efficiency) would be needed.


� Bosi (2001).


� Bernow et al. (2002).


� See PCF (2000a, 2000b, 2002c, 2002d) ERUPT and CERUPT documents (� HYPERLINK "http://www.carboncredits.nl" ��www.carboncredits.nl� ).


� See UNIDO (2001) for a comprehensive description of how these methods can be integrated.


� Adapted from Lazarus et al. (2001). It is essential in implementing this process that the project proponents rigorously document information, assumption, and selection processes, so that an Operational Entity can reproduce and thereby verify the project developer’s choice of baseline.


� � HYPERLINK "http://www.gert.org" ��www.gert.org� 


� � HYPERLINK "http://www.carboncredits.nl" ��www.carboncredits.nl�


� IPCC (2000).


� See � HYPERLINK "http://www.unfccc.int/program/aij/aijproj.html" ��http://unfccc.int/program/coop/aij/aijproj.html�


� OECD/IEA (2000).


� http://cdm.unfccc.int/pac/howto/SmallScalePA/ssclistmeth.pdf


� Kartha at al. (2002).


� CP7/Dec.17(48.)


� At the same, the Marrakesh Accords do state that baselines should take “into account relevant national and/or sectoral policies and circumstances, such as sectoral reform initiatives, local fuel availability, power sector expansion plans, and the economic situation in the project sector.” FCCC/CP/2001/13/Add.2.FCCC/CP/2001/13/Add.2, p. 37.


� See, for instance, “Ampliación Termoeléctrica de Textufil,” El Diario de Hoy (Oct. 9, 2002)  which describes proposal to construct 45 MW of new capacity at a textile mill.


� � HYPERLINK "'Indicative Simplified Baseline and Monitoring Methodologies for Selected Small-Scale CDM Project Activity Categories,' see http://unfccc.int/cdm/ebmeetings/eb007/eb7ra06.pdf." ��“Indicative Simplified Baseline and Monitoring Methodologies for Selected Small-Scale CDM Project Activity Categories,” see �http://cdm.unfccc.int/pac/howto/SmallScalePA/ssclistmeth.pdf.


� While a small CDM project is unlikely to significantly alter plans to construct new power plants, it is important to consider the cumulative effects of the many CDM projects that will ideally be implemented.  Together, they could add to tens or hundreds of MW of new generation.  In turn, these projects will delay the need for new capacity, which could mean a depressed market price for new generators and higher reserve margins in utility planning models.  Sometimes the argument is made that, due to the undercapacity of many electricity systems, construction plans will proceed irrespective of new CDM projects.  Under such circumstances of undercapacity, increasing system capacity through CDM projects may not necessarily displace generation from other plants, thereby yielding fewer emissions reductions.  Therefore this argument may appear to be inconsistent with the notion of crediting CDM projects with CERs for all of the electricity they generate.  Although the Marrakech Accords do provide a basis for fully awarding CERs in such cases (CP7/Decision 17(46)), it would be inconsistent to use the undercapacity argument as a rationale for rejecting the build margin approach on the one hand, while seeking full crediting for all electricity generated by a CDM project on the other.  See Kartha et al. (2002) for a fuller rationale for the build margin approach. 


� Decision 17/CP.7/45b.


� In principle, dispatch analysis is the most accurate way to determine the operating margin.  However, in El Salvador some storage-based hydro facilities will occasionally bid high into the pool (though their operating costs are low), and may turn out to be the marginal unit (among last units dispatched).  This does not mean that the hydro generation would be avoided.  Rather the water could be held back and released later.  Therefore, dispatch analysis in the case of strategic bidding systems should exclude storage-based hydro systems when determining marginal emission rates.


� See ATPAE (2002).


� This expectation is also suggested by the fact that plants with lower emissions rates have had higher capacity factors in recent years in El Salvador.


� Kartha et al. (2002). 


� CERUPT (2001).


� Bosi et al. (2002).


� Sistema de Interconexión Eléctrica para América Central.


� EIC (2002).


� Ibid, p. 7. 


� AES (2002), p. 16.


� Ibid, p. 25.


� PCF (2002b).
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