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ANNEX 3
GENERATION OF GASES FROM
GREENHOUSE EFFECT (GHG)
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Annex 3 Generation of Gases from Greenhouse Effect (GEI)

1}  Introduction

Although developing countries are not required, at this moment, to assume reduction or limitation
commitments in the emission of greenhouse gases (GHG), the increase in concentration of GHG in
the atmosphere and its potential consequences to the climate deserve the aftention of all the
countries of the planet. The fact that an increasing number of third world developing countries,
including El Salvador, have signed and ratified the United Nations Framework Convention on
Climatic Change (UNFCCC) of 1992 and have engaged in the production of a GHG emission

inventories is proof of the fast realization of these countries of the necessity to deal with this issue.

In the Kyoto Protocol, of 1997, an overall goal for the reduction of GHG emissions was set for a
group of countries that, with some exceptions, corresponds to those that have already assumed
commitments under the UNFCCC, European countries plus Canada and the United States of
America (countries listed in Annex I of the UNFCCC). Compliance with these goals implies that
the carbon dioxide equivalent emissions for the 2008-2012 period, on average, must be at least

5.2 % below the corresponding levels of 1990.

This increase of the emission control commitments had, as a counterpart, the introduction in the
Protocol of the so called Cooperation Mechanisms for Protocol Application to allow the countries
that accepted commitments to meet them at lower cost. These mechanisms are joint
implementation and clean development.  Joint Implementation (JI) is defined in Article 6 of the
Protocol and consists of the transfer of Emission Reduction Units (ERUs) in exchange for the
financing of projects to reduce emissions and increase GHG sinks in any economic sector and only
between the Annex I countries of the UNFCCC. The “Clean Development Mechanism™ (CDM)
is defined in Article 12 of the Protocol and consists of the transfer of Certified Emission
Reductions (CERs) in exchange for the financing of projects to reduce emissions. In this case,
member countries of Annex 1 obtain GHG emission credits through the financing of emission

reductions projects in countries not included in Annex I, like El Salvador.
One CER is equal to a ton of CO, equivalent, or tCO,e.

2) Project GHG

The Project will produce GHG during its construction from the use of construction equipment and
during its operation becaunse of the loss of CO, capture capacity due to the flooding of land by the

reservoir.



During construction, estimated at 40 months, construction equipment is estimated to require

100,000 gallons of fuel per month. The burning of each gallon of fuel would produce 8 kg of CO.,.

Therefore, the production of CO, would be 800 metric tons per month or a total of 32,000 metric

tons over the 40 months.

The factors to consider in generation of greenhouse gases at hydroelectric plants must include various
factors such as flooded area, vegetation, climate, soil composition and age and the service life of the
plant. At a reservoir short-, medium- and long-term sources can be distinguished. Among the short-term
sources are emissions due to vegetation (leaves, small branches, flowers) found at the flooded site. The
slow-decomposition woody material that remains at the flooded site is a medium-term source. Finally,

the residual organic carbon in the soil is a long-term source.

Besides the continuous emissions connected with existence of the river, one must consider
the emissions connected with construction of the plant, mainly the carbon dioxide
generated in production of the materials used and by burning of fuel in the machinery
used.

3) Thermal Power Generation Emissions

To determine the potential carbon credits that could be attributed to the Project, the GHG emissions
have to be estimated for thermal power generation in El Salvador during the period of operation of
the Project. The Environment and Natural Resources Ministry (Ministerio de Medio Ambiente y
Recursos Naturales, MARN) made this estimate in their “Study of Options for Mitigation of GHG
in the Energy System of El Salvador” (Estudio de Opciones de Mitigacion de Gases de Efecto
Invernadero en ¢l Sisterna Energetico de El Salvador) in 1999.  In this study the GHG emissions
were estimated for the thermal power generation units in El Salvador up to the year 2020 for two
cases, a base case energy scenario and a mitigation case. A sensitivity analysis was also

performed to the entrance of the El Cimarron Hydroelectric Project.

The base case energy scenario considered an increase in annual demand of from 4.0 to 4.5 %, that
there were no hydroelectric additions, that capacity increases up to 2010 would be geothermal and
combined cycle plants burning fuel oil, and that the additions after 2010 would be coal-fired steam

plants and combined cycle plants burning natural gas.

The mitigation case considered that the San Marcos Lempa Hydroelectric Project of 80 MW would
start operation in 2010, that the geothermal plants initial operation would be the same as the base

case scenario, that there would be a large introduction of natural gas in 2005 so that the capacity

2
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increments after that year would be from combined or simple cycle units burning natural gas, and
that the existing thermal generators would convert to natural gas. In this mitigation scenario
demand increases according to the rate at which the natural gas enters the market so that demand in

2020 is 867 GWh above the base scenario demand for that year.
The sensitivity analysis to the El Cimarron Hydroelectric Project entry was performed under the
mitigation scenario considering that El Cimarron, at 243 MW, would initiate operations in 2010

instead of San Marcos Lempa, with the other hypothesis remaining the same.

Electric energy, CO, emissions and the emissions factor, electric energy divided by emissions, is

presented in Table A3.1

Table A3.1 Electric Energy and Emissions

Year 1995 2005 2010 2020
Base Case Scenario

Electric Energy, GWh/year 3,384 4,754 5,745 8,430
Emissions, ktCO,e/MWh 1,368 1,958 2,707 4,279
Emissions Factor, tCO,e/MWh 0.404 0.412 0.471 0.508
Mitigation Scenarig

Electric Energy, GWh/year 3,384 5,007 6,190 9,297
Emissions, ktCO,e/MWh 1,368 1,539 1,271 1,254
Emissions Factor, tCO,e/MWh 0404 0307 0205  0.135

ima ensitivi

Electric Energy, GWh/year 3,384 5,007 6,189 9,292
Emissions, ktCO,e/MWh 1,368 1,539 1,267 1,116
Emissions Factor, tCO,e/MWh 0.404 0.307 0.205 0.120

The emissions factor increases slightly in the base case scenario and decreases substantially in the

other two cases as can be seen in Table A3.1.

In 2002, the hydroelectric generation company Fortuna S. A. of Panama prepared a baseline study
to request carbon credits, which were awarded. Currently Panama has 50 % of its electric
generation from hydroelectric plants, almost the same as the total hydroelectric and geothermal
generation of El Salvador. According to that study the Panama emissions factor decreases from
0.691 tCO,e/MWh in 2004 to 0.580 tCO,e/MWh in 2014. Which means that in a country with a

generation mix similar to EI Salvador the emissions factor is significantly higher.

The low emission factors in the mitigation scenario are a result of the hypothesis of a large
introduction of natural gas starting in 2005, which seems doubtful. Therefore, to estimate an

emissions factor for the Project the base case scenario and the experience in Panama are considered

3



relevant. Based on this, an emissions factor of 0.500 tCO,e/MWh is estimated for the Project

The electric energy generation attributable to the Project, including the increase in the 15 de
Septiembre Plant, is 232,000 MWh per year, which equals 116,000 tCO,e per year.

4) Loss of Capture Capacity

In "Changes in the Carbon Balance of Tropical Forests: Evidence from Long-Term Plots",
O.L. Phillips et al., ! is presented new long-term, large-scale evidence that mature tropical

forests can absorb significant quantities of carbon.

They suggest that neo-tropical forests (in tropical areas of Central and South America)
could put a brake on increase of atmospheric CO,. By measurement of permanent pilot
areas they found that the increase in biomass exceeded the loss in tropical wet forests and
that those pilot areas have accumulated 0.71 tons of carbon per hectare a year in recent
decades.

The loss of present CO, capturing capacity in the area occupied by the Project (dam and ancillary
installations) caused by the loss of vegetal coverage estimated at 25% of the occupied surface area has
been determined on the basis of the fact that the vegetation consists of mixed deciduous forest (trees,
shrubs and thicket). For such calculation a methodology developed by the Climate Change
Intergovernmental Panel (PICC) of the CMNUCC has been used. According to that methodology the
CO, capturing capacity is 3.67 (44/12) times the carbon capturing capacity. Each hectare captures 2.6
tons of CO,e a year. The total surface area occupied is 10.2 km?, or 1,020 ha, 25% of which is 255 ha.
Loss of those 255 hectares is equivalent to 663 tons of CO.¢e a year, or 33,150 tons of CO, during the

50-year service life.

5) Increase in Capture Capacity

The increase in CO, capture capacity due to the increase of forest cover by the planting of 100
hectares of mixed forest (the area calculated to be reforested by the Project) was estimated. Using
a CO, capture value of 2.6 tCO,e per hectare per year, the gain of these 100 hectares is equivalent
to 260 tCO,e per year.

' En “Changes in the Carbon Balance of Tropical Forests: Evidence from Long-Term Plots” (Cambios en el
Balance de Carbono de Bosques Tropicales: Evidencia de Areas Piloto), O. L. Phillips de U. of Leeds en
Leeds, RU; Y. Malhi y . Grace de U. of Edinburgh en Edinburgh, RU; N. Higuchi, W. F. Laurance, 8. G.
Laurance, y L V. Ferreira del Instituto Nacional de Pesquisas da Amazonia en Manaus, Brasil; P. V. Nez de
Biodiversidad Amazonica en Cusco, Perti; R. M. Vsquez de Missouri Botanical Garden - Proyecto Flora del
Pert en Iquitos, Perti; M. Stern de New York Botanical Garden en Bronx, NY, S. Brown de U. of Iineis en
Urbana, IL, 1998.
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6) Obtaining Carbon Credits

The World Bank has established the Prototype Carbon Fund (PCF) to provide technical and

financial assistance to obtain credits. The credits themselves are given by certain countries

(Holland, Japan, etc.) through bids.

Projects can be submitted to the PCF through their website www carconfinance.org. To initiate
the process a Project Idea Note (PIN) must be prepared which can be downloaded from this
website and sent by email to projects@carbonfinance org. The Project and El Salvador comply
with the requirements of the PCF, but it is worth mentioning that the Project must be in commercial
operation before January 1%, 2008. Because the Project could be built in 40 months, this date is
achievable but the construction must start in 2004,

Basically, the PIN consists of approximately five pages providing indicative information on:

» The type and size of the project

o Its location

+ The estimated total amount of GHG reduction

» The suggested crediting life time

« The suggested CERs price in US$1tCO,e reduced
«  The structure and sources of the project financing

» The project’s other socioeconomic and environmental effects/benefits

Once approved and supported by the PCF a project can participate in the biddings for carbon

credits.

7) Economic Aspects

Financing of the Project has to be from sources independent of the PCF.  The contribution of the
PCF cannot be less than 2 % or more than 10 % of the total amount of the PCF. Currently this
range corresponds to US$ 3.6 to 10 millions. To access the PCF the CER offered price should
preferably be below US$ 3/tCO,e, approximately.

The most relevant experience in bidding for CERs is that of the CERUPT program (Certified
Emission Reduction Unit Procurement Tender) of Holland. In the first quarter of 2003 CERUPT
approved 18 projects to provide CDM credits. The CERUPT bought 16.7 million tCO,e, or CERs,
at an average cost of € 4.70/tCO,e, equal to US$ 5.08/tCO,e at that moment. The prices of the



CERs were close to the prices predetermined by CERUPT of € 5.50/tCO,e (US$ 5.941CO,e) for
renewable energy projects not including biomass, € 4.40tCQ,e (US$ 4.75/tCQO,e) for biomass
projects and € 3.30/tCO,e (US$ 3.56/tCO,e) for other projects. Of the 18 projects four were large
hydroelectric plants, three in Panama and one in Costa Rica, with a total of 5 million CERs and one
geothermal plant in El Salvador with 100,000 CERs.

Recently, according to “Carbon Market Europe” dated January 30, 2004, the prices of the CERs
are around the € 13.00tCQO,e, equal to US$ 16.25/tCO.e on that date. These values are based on
little activity 1n the carbon credit market and, because of this, they are not characteristic of large
biddings.

Considering the approximate average value of the last CERUPT bid, US$ 5.00/tCO.e, the electric
generation of the Project could have a value of US$ 580,000 per year and the value of the credits
that the Project could sell for the increase of 100 hectares in the forest surface is US$ 1,300 per
year. In the case of the Fortuna Project in Panama, mentioned above, credits were obtained on the
basis of the project’s production over 11 years. If this period is applied to the Project, the value of
the possible credits is US$ 6.38 million for the electric generation and US$ 14,300 for the increase

is forest surface.
8) Perspectives

Even though the CERUPT bid in 2003 was for similar projects in similar countries and in El
Salvador, the market of the CERs is changing. Generally, the projects will have to be smaller,
less than 20 MW, and there is criticism that the 18 CERUPT projects were not projects
implemented only to offer CERs but were planned and constructed under business as usual

scenarios.

Due to the size of the Project and the probability that it will not go into operation before January 1%,
2008, its perspective for obtaining carbon credits is limited. Nonetheless, the Project should be

presented to the PCF for that determination.

It is worth mentioning the value of carbon credit for the increase of forest surface to capture CO, is

much less the value of the possible credits for electric generation.
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FIGURA A5.1 UBICACION GENERAL DE VIVIENDAS
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ANNEX 6
LIST OF HOUSE-HOLDER
IN DIRECT INFLUENCE AREA
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Anexo 6

Tabla A6.1 Lista de jefes de familia en la zona de influencia directa

No. de Referencia
€n mapa

Jefe de familia

Habitantes vivienda

Tenencia

Area 1. Caserio El Cerrito, cantén La Orilla, Municipio de Carolina

1 Julia Hernandez 4 Adquirida por CEL
2 Paz Hernéndez 7 Adquirida por CEL
3 Juan Castro 4 Adquirida por CEL
4 Elba Diaz 6 Propia
5 Pedro Guzman 3 Propia
6 Porfirio Diaz 10 Propia
Casa Félix Lemus, Terreno de
7 Félix Lemus 3 Antonio Diaz
8 Israel Lemus 6 Propia
9 Pedro Lemus 8 Propia
10 Santos Lemus 7 Propia
11 Luciana Diaz 4 Propia
Casa de Gonzalo Dias,
12 Gonzalo Diaz 4 Terreno de Juana Diaz
Casa de Silveria Lemus
13 Silveria Lemus 3 Terreno de Andrés Guzmén
Casa de Amanda Castro
14 Amanda castro 4 Terreno de Andrés Guzman.
15 Andrés Guzmén 2 Propia
Area 2. Caserio El Terrero, Canton Soledad Terrero, Municipio de Carolina
Casa de Juana Del Cid
16 Juana del Cid 5 Prestada Maria V. Ayala.
17 Lizaro Ayala No respondid Propia
18 Escuela El Terrero 138 estudiantes Gobierno
Area 3. Caserio El Jocote, Canton Soledad Terrero, Municipio de Carolina.
19 Julio Ayala 6 Propia
20 Casa de oracién No aplica De la comunidad
Casa de Martina Guevara
21 Martina Guevara 3 Prestada a Maria Reyes
22 Pedro Argueta Deshabitada Propia
Casa de Félix Interiano
23 Lucila Vazquez 5 Prestada a Lucila Vazquez.
24 Virgilio Interiano Desahabitada Adquirida por CEL
25 Luz Castro 1 Propia
48 Mario Vasquez 8 Propia
49 Brigido Vasquez 1 Propia
26 Gabriel Lobos 4 Propia
27 Encarnacién Lobos 6 Propia
Casa de Santos Castro h.
28 Santos Castro h. Deshabitada Terreno Santos Castro p.
Casa de Elmer Castro
29 Elmer Castro 3 Terreno de Santos Castro.




Continuaciéon Tabla A6.1

Referencia
en mapa | Jefe de familia Habhitantes vivienda Tenencia
30 ] Santos Castro 2 Propia
31 Felipe Nolasco 8 Propia
32 Eliborio Rivas No respondid Propia

Area 4. Caserio Santa Clara, Cantén Rosas Nacaspilo, Municipio de Carolina

José Gonzélez

Casa de Pascual Portillo

33 Henriquez 5 Prestada a José G. Henriquez.
33.1 Maria Marquez 2 Propia
34 Basilio Portillo 4 Propia
35 Gumercinda Mérquez 14 Propia
Deshabitada, reside
36 Luz Garcia en San Salvador Propia
Deshabitada, reside
37 Francisca Garcia en San Salvador Propia
Deshabitada, reside
38 Oscar Garcia en San Salvador Propia
39 Presentacion Guzmén 4 Propia
Santos Garcia
40 Casa de oracién 3 Propia
4l.a Neftali Garcia 8 Propia
Casa de Nehemias Gareia
41.b Nehemias Garcia 5 Terreno de Neftali Garcia
Casa de Mario Elvis Garcia
4lc Mario Elvis Garcia 3 Terreno de Neftali Garcia
41.1 Maria Leticia Portillo 0 Propia
Casa de Cesareo Garcia,
42 Joel Guevara 4 Prestada a Joel Guevara
43 José Angel Medrano 9 Propia
44 Luis Medrano 4 Propia
45 Rigofredo Portillo 6 Propia
Desposorio Garcia
46 (fallecid recientemente) 2 Propia
47 David Gareia Deshabitada Casa de Desposorio Garcia

Area 5. Caserio La Ceibita, Cantén La Ceibita, Municipio de Carolina

50 | Luis Alonso diaz__| 6 | Prestada
Area 5. Caserio La Pitahaya, Cantén Soledad Terrero, Municipio de Carolina.
77 Juan Santos Guzmin Deshabitada Propia
Casa y terreno de Juan
78 Juan santos Guzméan 2 Guzman
Habitada por Adelia Guzmén
2
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Continuacién Tabla A6.1

Referencia
en mapa | Jefe de familia Habitantes vivienda Tenencia
Area 6. Caserio Potrerillos, Canton Cerro Miracapa, Municipio de Carolina.
51 Marta Guzman 10 Propia
52 Rigoberto Guevara 4 Propia
53 Lorenza Guevara 5 Propia
54 Margarito Guevara 5 Propia
55 Virgilio Martinez 7 Propia
Area 6. Caserio Vado Ancho, Cantdn La Ceibita, Muanicipio de Carolina.

56 Didgenes Pineda 6 Prestada
57 Herbert Pineda 5 Prestada
58 Doré Andino Pineda 4 Propia
59 Sebastian Aguilar 7 Prestada
60 Estenia Pineda 4 Propia
61 Samue] Portillo 7 Prestada
62 Cipriano Guevara 5 Propia
63 Simeén Guevara Deshabitada Propia
64 Pedro Juan Andino 6 Propia
65 Ulises Andino 5 Propia
66 Gregoria Reyes 8 Propia

Area 7. Caserio El Bajio, Cantén San Marcos, Municipio de San Antonio del Mosco
67 Cirilo Ventura 9 Propia
68 Victor Ventura 7 Propia
73 Porfirio Martinez 6 Propia

Area 7. Caserio La Fragua, Cantén San Diego, Municipio de San Antonio del Mosco
69 Braulio Ramos 7 Propia
70 Felipe Ramos 5 Propia

Casa de Santos Raul Diaz

71 Miguel A. Ventura 1 Parcela de Rosa Diaz
72 Santos Raul Diaz 6 Parcela y casa de Rosa Diaz

Area 7. Caserio Santa Rosa, Cant6

n San Marcos, Munici

i0 de San Antonio del Mosco

74 Vinicio Martinez Diaz 3 Propia
75 Olegario Martinez 7 Propia
76 Exaltacion Aguilar 3 Propia
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