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Complete this form in accordance with the instructions attached at the end of this form.

BASIC INFORMATION

Title of the project activity

LaGeo, S.A. de C.V., Berlin Geothermal Project, Phase Two (for
simplicity hereafter referred to simply as the “Project Activity”)

Scale of the project activity

|X| Large-scale
|:| Small-scale

Version number of the PDD

23

Completion date of the PDD

07/12/2021

Project participants

LaGeo, S. A.de C. V.

Host Party

El Salvador

Applied methodologies and
standardized baselines

ACMO0002, version 20.0 Consolidated methodology for grid-
connected electricity generation from renewable sources

Sectoral scopes

1. Energy industries (renewable / non-renewable sources).
Category: Renewable electricity generation for a grid (energy
generation, supply, transmission, and distribution).

Estimated amount of annual average
GHG emission reductions

139,962
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SECTION A. Description of project activity

A.1. Purpose and general description of project activity

>>

The primary objective of the Project Activity is to supply El Salvador’s rising demand for energy
due to economic growth and to improve the supply of electricity, while contributing to the
environmental, social and economic sustainability by increasing renewable energy’s share of total
the Salvadoran electricity consumption. One fundamental goal of the project is the efficient use of
resources, particularly indigenous resources, while minimizing impact on the environment.

The Project Activity will increase the power generation capacity at the existing Berlin Geothermal
Power Plant through the drilling of additional geothermal wells and the installation of a new 44 MW
condensation power unit that started commercial operations in February 2, 2007. The resource of
the Berlin Geothermal Field is characterized by a depth between 1,000 and 1,500 m asl (above
sea level) in the range of 280-300°C, 115 bar pressure, and good rock permeability. Hence,
reservoir dimensions and characteristics are enough to sustain a 44 MW power plant for the entire
life of the Project Activity, with an expected field depletion of about 1% per year.

Commercial exploration of the Berlin Geothermal field started in 1992 with 10 MW installed power
and a generation technology based on backpressure turbines; then these turbines were substituted
by two condensing units of 31.4899 MW! each one, which started operation in late 1999. This
means that in the situation existing prior to the implementation of the Project Activity, the existing
facility consists of a geothermal plant with a total installed capacity of 62.985 MW that would
continue to supply electricity to the grid at historical levels, therefore the baseline scenario is the
continuation of operation of the existing power plant.

Contribution to Sustainable Development

The use of an indigenous and cleaner source of electricity will also contribute to environmental
sustainability by avoiding electricity generation from imported fossil fuel sources — and reducing the
emissions of greenhouse gases (GHG) — which would be generated in the absence of the project.
The estimate of total annual average GHG emission reductions for the third crediting period is
139,962 tCOze.

A better income distribution in the region where the Project Activity is carried out will come from
less expenditure and more income in local municipalities. The additional regional income may be
used for providing the population with better services, which would improve the coverage of basic
needs. The project is in line with the national sustainable energy strategies and climate change
mitigation principles (from MARN, 1999, “sustainable exploration of geothermal and hydro
resources”). This is the one of the reasons why the project has received all needed government
support and endorsement regarding the participation in the CDM since the phase of feasibility
study.

Economical and/or strategic benefits include the decrease in dependence on fossil fuels, an
exogenous and environmentally unsustainable source of energy. The Project Activity includes a
biodiversity inventory research project to be done by the National University of El Salvador and a
conservation and reforestation program in areas surrounding the plant.

The Berlin Geothermal Power Plant has a community engagement program aimed to create a
balanced and constructive environment with neighbouring municipalities of Berlin. The fundamental
elements of the program, used to maximize benefits to the community, are the generation of local
employment opportunities, social investment activities, development of sustainable small
businesses, and protection of the local environment. An indirect benefit is the construction and

1 Calculated as per data of generator nameplate: capacity of 37.047 MVA and nominal power factor of 85%.
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maintenance of road infrastructure that ensures communication and commercial activities in the

surroundings of the project

A.2.
>>
Country

Location of project activity

El Salvador.

Region/State/Province etc.

Departamento de Usulatan.

City/Town/Community

Berlin and Alegria.

Physical/Geographical location

Berlin Geothermal Field is located 100 km to the east of San Salvador, in Central America (Figure
1). It lays on the North Slope of the Berlin-Tecapa volcanic system. The size of the field is roughly

4 km (W-E) and 6 km (N-S).

The geographical coordinates of the city of the facilities of the Project Activity are: latitude
13.524801, longitude -88.509223.
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Figure 1: Location of the Project Activity site
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A.3. Technologies/measures

>>The Project Activity is an extension of the Berlin Geothermal Power Plant through the drilling of
additional geothermal wells. The Project exploits the resource of the Berlin Geothermal Field
characterized by a depth between 1,000 and 1,500 m asl, temperature in the range of 280 to
300 °C, 115 bar pressure, and good rock permeability. Reservoir dimensions and characteristics
are enough to sustain a 44 MW power plant for the entire life of the project, with an expected field
depletion of about 1% per year.

Situation prior the implementation of the Project Activity:

The Berlin power plant has 2 condensing units (flash power plants) of 31.4925 MW each one and
has capability for the installation of additional units. The existing power plant is fed by 8 wells
producing a two-phase fluid (steam + liquid) at around 100 kg of steam per second, 10 bara?
pressure and 180°C temperature. Extracted fluid is a 3-1 ratio water-steam mixture. After being fed
into the turbine to generate electricity the steam is partly evaporated (80%), and partly re-injected
(20%), along with the separated fluid.

In the absence of the CDM Project Activity, the existing facility would continue to supply electricity
to the grid at historical levels, until the time at which the generation facility would likely be replaced
or retrofitted (DAT Egaselineretrofit). From that point of time onwards, the baseline scenario is assumed
to correspond to the Project Activity, and no emission reductions are assumed to occur.

Project Activity scenario:

For this Project Activity, the project participant opted for a “flash” or condensing power plant due to
the reservoir characteristics (figure 2). The high temperature geothermal reservoir of Berlin Field
produces a mixture of steam and water that is extracted through the production wells. The steam
and water are separated in a cyclonic separator, then it is piped to the power station where drives
the turbine to produce electric power. The steam is condensed after leaving the turbine, creating a
partial vacuum, and thereby maximizing the power generated by the turbine-generator. The steam
is usually condensed either in a direct contact condenser. In a direct contact condenser, the
cooling water from the cooling tower is sprayed onto and mixed with the steam. The condensed
steam then forms part of the cooling water circuit, and a substantial portion is subsequently
evaporated and dispersed into the atmosphere through the cooling tower. Excess cooling water
called blow down is disposed of in shallow injection wells.

2 In everyday use pressure is often measured with reference to atmospheric pressure: this is gauge pressure
and denoted by barg, spoken "bar gauge" and sometimes using symbols such as 'barg’ or 'bar(g)'. For
example, if someone says that their car tires are pressured up to 2.3 bar they actually mean bars gauge:
the pressure in the tyre is really 3.3 bar, but only 2.3 bar above atmospheric. When absolute pressure is
desired, then it is sometimes denoted 'bara’ or 'bar(a)’ for "bar absolute” (Source: Wikipedia,
http://en.wikipedia.org/).
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Figure 2: Schematic concept of the Project Activity

The Project Activity includes the installation of a third condensing unit with maximum gross output
to the generator of 44 MW, and maximum net output to the grid of 42 MW (net accounting the
ancillaries consumption).

The third condensation unit was purchased by means of a turnkey EPC contract® that includes
basic and detailed engineering, procurement, supply, onsite delivery, construction, installation,
testing, commissioning, and start-up of the turbine generator, as well as all ancillary equipment,
mechanical and electrical, and common facilities.

The new generating unit demanded the drilling of up to six additional production wells and four re-
injection wells. The wells were being drilled to depths ranging from 1,085 to 3,455 m and up to
12.25 inches in diameter*.

3 Turnkey: a form of delivery of a total process design, supply, construction, commissioning and start-up of a
project to specific performance requirements. EPC contract: a contract for the engineering, procurement
and construction of a facility - the implementation contractor provides all engineering, supply and
construction works.

4 The number of constructed wells varies with regard to the number of the estimated wells during the design
stage. The original project required 10 wells to produce 44 MW according to the average production of the
power plant-phase I. Finally, 6 production wells were constructed to achieve the goals of the project
because the TR-18A well resulted higher productive than the initial estimation. On the other hand, the
number of reinjection wells varied from 3 to 4, and the depth of the wells in relation to design, happened to
be more considerable due to the fact that the impermeable substrates were found a long way below and
therefore increased the complexity of the construction.
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The geothermal fluid transportation system includes a two phase flow pipeline connecting
production wells to steam separators, the steam pipelines from separators to the plant area and
the geothermal water pipelines from plant area (cooling tower) to the re-injection wells.

The electricity produced by the synchronous generator is transformed from 13.8 kV to 115 kV at
Berlin electric substation before to be sent to the grid. The voltage and current transformers of the
electricity metering system are located at the 115 kV bus of the step-up substation that is the
delivery point. The instrument transformers send the voltage and current signals to the main and
secondary electricity meters located in the control room of the power plant.

Due to the fact that not all the mass extracted from the reservoir is re-injected in the underground,
the reservoir pressure and temperature will slightly decrease along with the exploitation of the geo-
resource. The expected plant lifetime of the project activity is estimated on 30 years based on
geothermal industry references®. Lifetime and recoverable reserves of a conventional geothermal
field are governed by three resource factors: rock temperature, presence of a strong geothermal
aquifer, and sufficient permeability to allow viable natural steam production. The energy stored in
the hot rock bed is extracted by the geothermal aquifer, which acts as the natural heat exchange
medium.

Geothermal power technologies employed by the Project Activity have been established in
relatively few countries. Most geothermal development (more than 90% of worldwide installed
capacity) is in the US, the Philippines, Mexico, ltaly, Japan, Indonesia and New Zealand (IEA,
2003). More recent, Asia and Central and South America have shown patrticularly strong growth in
relative terms since technologies used for the projects are becoming more financially secure and
safer. Technology also gets environmentally safer as long as countries spend resources in
technical issues such as: exploration techniques, resource assessment, field development,
reservoir development techniques, and power generation technology (IEA, 2003). El Salvador and
its private sector, such as the project participant, has been researching and developing geothermal
technologies for many years through local studies and/or transferring knowledge from other
countries. Geothermal wells, whether exploration or production, are drilled using rotary drilling
technologies adopted largely from the oil industry, and to a lesser extent from water and mineral
exploration (World Bank, 2005). These have been modified to cater for the significantly higher
temperatures and rock formation characteristics encountered. The drilling fluid used is water-based
in order to avoid groundwater contamination. Wells are drilled in a series of stages, with each
stage being of smaller diameter than the previous stage, and each being secured by steel casings,
which are cemented in place prior to drilling the subsequent stage. The final production sections of
the well are secured by a cemented, perforated liner. The design of a typical geothermal well, may
be vertical (straight) or deviated (directional).

A.4. Parties and project participants

Indicate if the Party involved
Parties involved Project participants wishes to be considered as
project participant (Yes/No)

El Salvador LaGeo, S. Ade C.V. No

A.5.  Public funding of project activity
>>
No public funding was and will be used in the Project Activity.

A.6. History of project activity
>>

5Geothermal Energy Association, Geothermal Basics, section 8.6, http://geo-
energy.org/geo_basics_plant_cost.aspx#gas_coal.
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First Monitoring period
Registration Date: 25/05/2006 (PDD version number 18, February 6, 2006
Crediting Period:01/01/2007 — 31/12/13 (Renewable). Changed from: 01/01/2006 — 31/12/2013

Second Monitoring Period
Renewal Date: 18/05/2014 (PDD version number 21, 28/01/2014
Crediting Period: 01/01/2014-31/12/2020 (Renewable)

History of the project demonstrates that:

(a) The proposed CDM project activity is neither registered as a CDM project activity nor
included as a component project activity (CPA) in a registered CDM programme of
activities (PoA);

(b) The proposed CDM project activity is not a project activity that has been deregistered.

(c) The proposed CDM project activity was not a CPA that has been excluded from a
registered CDM POA;

(d) A registered CDM project activity whose crediting period has or has not expired does not
exist in the same geographical location as the proposed CDM project activity.

A.7. Debundling
>>
No applicable.

SECTION B.  Application of methodologies and standardized baselines

B.1. References to methodologies and standardized baselines
>>

The Project Activity uses the approved methodology: Consolidated baseline methodology for grid-
connected electricity generation from renewable sources (ACM0002, version 20.0).

As well as the following methodological tools referred by the ACMO0002 (version 20.0):
Tool to calculate the emission factor for an electricity system (version 7.0).
Methodological tool Assessment of the validity of the original/current baseline and update of
the baseline at the renewal of the crediting period (Version 03.0.1)
Methodological tool Baseline, project and/or leakage emissions from electricity consumption
and monitoring of electricity generation Version 03.0

And the following standard, guidance and guidelines drew upon by the version of the tools used:
- CDM Project Standard for Project Activities, version 03.0
Guidance on IPCC default values, EB 25, paragraph 59.
Guidelines for the reporting and validation of plant load factors (version 01).
Guidance related to monitoring requirements, EB 23, paragraph 24.

B.2. Applicability of methodologies and standardized baselines

>>

The chosen methodology is applicable to grid-connected renewable power generation projects,
under the condition of electricity capacity additions from geothermal sources, as is the case of the
Project Activity.
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Table 1. Analysis of ACM0002 (version 20.0.0) applicability
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Applicability conditions according to
ACMO0002 (version 20.0) and referred
tools

Are the criteria
met?

Justification

The Project Activity is the installation, | Yes The Project Activity is the
capacity addition, retrofit or replacement capacity addition of a new
of a power plant/unit of one of the power unit (the new power unit
following types: hydro power plant/unit includes geothermal wells,
(either with a run-of river reservoir or an steam conveyance system,
accumulation reservoir), wind power generation  units, electrical
plant/unit, geothermal power plant/unit, substation and the electricity
solar power plant/unit, wave power metering system) beside to an
plant/unit or tidal power plant/unit; existent power plant.

In the case of capacity additions, retrofits | Yes The existent power plant
or replacements (except for capacity started operations in 1992,

addition projects for which the electricity
generation of the existing power plant(s)
or unit(s) is not affected): the existing
plant started commercial operation prior to
the start of a minimum historical reference
period of five years, used for the
calculation of baseline emissions and
defined in the baseline emission section,
and no capacity addition or retrofit of the
plant has been undertaken between the
start of this minimum historical reference
period and the implementation of the
Project Activity;

which was retrofitted in 1999.
These events occurred prior to

the start of a minimum
historical reference of five
years and not capacity
additions have been

undertaken between the start
of this minimum historical
reference period and the
implementation of the Project
Activity.

In case of hydro power plants, one of the
following conditions must apply:

- The Project Activity is implemented
in an existing single or multiple
reservoirs, with no change in the
volume of any of reservoirs; or
The Project Activity is implemented
in an existing single or multiple
reservoirs, where the volume of
any of reservoirs is increased and
the power density of each
reservoir, as per the definitions
given in the Project Emissions
section, is greater than 4 W/m?; or
The Project Activity results in new
single or multiple reservoirs and
the power density of each
reservoir, as per the definitions
given in the Project Emissions
section, is greater than 4 W/m?2.

Not applicable

The Project Activity does not
comprise a hydro power plant.

The methodology is not applicable to the

following:
- Project activities that involve
switching from fossil fuels to

renewable energy sources at the
site of the Project Activity, since in
this case the baseline may be the

Not applicable

The Project
does not involve
switching from fossil
fuels to renewable
energy sources at the
site of the Project
Activity.

Activity

Version 12.0

Page 8 of 48




CDM-PDD-FORM

continued use of fossil fuels at the
site;

Biomass fired power plants;

Hydro power plants that result in
new reservoirs or in the increase in
existing reservoirs where the
power density of the power plant is
less than 4 W/m?2.

The Project Activity is
not a biomass fired
power plants.

The Project Activity
does not result in a new
reservoir or in the
increase in  existing
reservoirs.

In the case of retrofits, replacements, or
capacity additions, this methodology is
only applicable if the most plausible
baseline scenario, as a result of the
identification of baseline scenario, is “the
continuation of the current situation, that is
to use the power generation equipment
that was already in use prior to the
implementation of the project activity and
undertaking business as usual
maintenance”.

Yes

The baseline scenario of the
project Activity is the
continuation of use of the
current equipment (units 1 and
2 of the Berlin Geothermal
Plant) without any investment
and undertaking business as
usual maintenance.

In addition, the applicability conditions

included in the tools referred in the

ACMO0002 (version 20.0) apply.

Tool to calculate the emission factor for an

electr|C|ty system (version 7.0)
This tool may be applied to
estimate the OM, BM and/or CM
when calculating baseline
emissions for a Project Activity that
substitutes grid electricity, i.e.
where a Project Activity supplies
electricity to a grid or a Project
Activity that results in savings of
electricity that would have been
provided by the grid (e.g. demand-
side energy efficiency projects).
Under this tool, the emission factor
for the project electricity system
can be calculated either for grid
power plants only or, as an option,
can include off-grid power plants.
In the latter case, the conditions
specified in “‘Appendix  2:
Procedures related to off-grid
power generation” should be met.
Namely, the total capacity of off-
grid power plants (in MW) should
be at least 10 per cent of the total
capacity of grid power plants in the
electricity system; or the total
electricity generation by off-grid
power plants (in MWh) should be
at least 10 per cent of the total
electricity generation by grid power
plants in the electricity system; and
that factors which negatively affect
the reliability and stability of the
grid are primarily due to

Yes

Tool to calculate the emission
factor for an electricity system
(verS|on 7.0)
The Project Activity
supplies electricity to a
grid substituting grid
electricity.
The emission factor for
the project electricity
system is calculated for
grid power plants.
The project electricity
system is not located in
an Annex-I country.

Version 12.0
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constraints in generation and not
to other aspects such as
transmission capacity.

In Case of CDM projects the tool is
not applicable if the project
electricity system is located
partially or totally in an Annex-I
country.

The applicability conditions included in the
Tool to calculate project or leakage CO-
emissions from fossil fuel combustion
(version 3), referred in the ACMO0002
(verS|on 20.0), does not apply.

It can be used in cases where CO:
emissions from fossil fuel
combustion are calculated based
on the quantity of fuel combusted
and its properties.

Not applicable

The Project Activity does not
use fuels for electricity
production.

B.3.

>>

Project boundary, sources and greenhouse gases (GHGs)

The project boundaries are defined by the emissions targeted or directly affected by the project

activities, construction, and operation.

It encompasses the physical, geographical site of the

geothermal wells (extraction and re-injection) and power generation. The produced electricity will
be fed into the grid and therefore the boundary includes the Salvadorian national grid.

Version 12.0
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Figure 3: Boundaries of the Project Activity

Geothermal is a renewable clean energy source that directly generates no emissions.
Nevertheless, there are fugitive emissions of carbon dioxide and methane due to release of non-
condensable gases from produced steam. The Project Activity does not generate greenhouse
gases from combustion of fossil fuels for electricity production.

Indirect on-site emissions are those from changes in the production of energy in other facilities.
The presence of the geothermal plant will change the operating pattern of plants dispatching to the
local grid. However, this is beyond the control of the project developer. Indirect off-site emissions,
like shifts in demand of electricity or import/export will not be taken into account in the
guantification of emissions, as these are very difficult to measure and are not within the control of
the project developer.
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Source Gas Included Justification/explanation
CO2 emissions frqm . COz2 Yes Main emission source
@ | electricity generation in
= | fossil fuel fired power
3 . .
@ plants that are CHa4 No Minor emission source
m displaced due to the ) e
project activity N20 No Minor emission source
For dry or flash steam
geothermal power CO2 Yes Main emission source
plants, emissions of
CHas and COz from non- CH v Main emission i
. condensable gases 4 es ain emission source
= contained in geothermal . _
= steam N20 No Minor emission source
Q
IS
g | €O2 emissions from CO: No Main emission source
'S | combustion of fossil
@ | fuels for electricity
generation in solar CHa No Minor emission source
thermal power plants
and geothermal power
plants N20 No Minor emission source

B.4. Establishment and description of baseline scenario
>>
The baseline at the time of PDD registration was stated as:

“The Project Activity, a greenhouse gas (GHG) free power generation project, will result in GHG
emissions reductions as the result of the displacement of electricity generation from fossil-fuel
thermal plants that would have otherwise dispatched to the grid.

The baseline emission factor for the Project Activity is calculated as a combined margin of the
operating and build margin emission factors. For the purpose of determining the build and the
operating margin emission factors, the project electricity system is defined by the spatial extent of
the power plants that can be dispatched without significant transmission constraints. Similarly, the
connected electricity system is defined as an electricity system that is connected by transmission
lines to the project electricity system and in which power plants can be dispatched without
significant transmission constraints (Salvadoran interconnected grid)”.

The version 3.0.1 of the methodological tool “Assessment of the validity of the original/current
baseline and update of the baseline at the renewal of the crediting period” is used to assess the
continued validity of the baseline and to update the baseline at the renewal of a crediting period.

Step 1: Assessment of the validity of the current baseline for the next crediting period

Step 1.1: Assessment compliance of the current baseline with relevant mandatory national
and/or sectoral policies

Relevant mandatory national and sectoral policies which have come into effect after the

submission of the project activity for validation, and that affect the Project Activity, are reviewed
below:
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The National Energy Policy for the 2010-2024 term® seeks to promote the energy
renewable sources in order to diversify the energy matrix in El Salvador

Plan indicativo de la Expansion de la generacion Eléctrica de El Salvador 2020-20307 (
Indicative Plan for the Expansion of El Salvador's Electricity Generation 2020-2030)

The Fiscal incentives Law is intended to promote the use of renewable resources for the
electricity generation. It entered into force in December 28, 2007 for new investment
projects, which occurred after the starting date of the first crediting period of the Project
Activity.

Because geothermal projects are not mandatory and the investment in fuel based technologies is
not limited, in the absence of the CDM project activity, the existing facility would continue to supply
electricity to the grid at historical levels, until the time at which the generation facility would likely be
replaced or retrofitted (DATEgaseineretrofit) @and electricity delivered to the grid by the added capacity
would have otherwise been generated by the operation of grid connected power plants and by the
addition of new generation sources, as reflected in the combined margin (CM) calculations
described in “TOOLO07: Tool to calculate the emission factor for an electricity system”. From that
point of time onwards, the baseline scenario is assumed to correspond to the project activity, and
no emission reductions are assumed to occur. This is a likely scenario in compliance with the
relevant mandatory national and/or sectoral policies.

Step 1.2: Assessment of the impact of circumstances

Because the Project Activity consists of the capacity addition of an existing grid-connected
renewable power plant, the baseline scenario has to be reassessed based on the ACMO0002
methodology, version 20.0.0 as follow:

If the project activity is a capacity addition to existing grid-connected renewable energy power
plant/unit, the baseline scenario is the existing facility that would continue to supply electricity to
the grid at historical levels, until the time at which the generation facility would likely be replaced or
retrofitted (DATE gaseiineretroiit), and electricity delivered to the grid by the added capacity would have
otherwise been generated by the operation of grid connected power plants and by the addition of
new generation sources, as reflected in the combined margin (CM) calculations described in
“TOOLQ7: Tool to calculate the emission factor for an electricity system”. From that point of time
onwards, the baseline scenario is assumed to correspond to the project activity, and no emission
reductions are assumed to occur

Step 1.3: Assessment of the continuation of use of current baseline equipment(s) or an
investment is the most likely scenario for the crediting period for which renewal is
reguested.

The updated baseline scenario of the Project Activity is the continuation of use of the current
equipment (units 1 and 2 of Berlin Geothermal Plant) without any investment, and the electricity
delivered to the grid by the added capacity would have otherwise been generated by the operation
of gridconnected power plants and by the addition of new generation source. Units 1 and 2 of
Berlin Geothermal Plant, that started commercial operations in 1999, have and typical lifetime of
approximately 30 year as is recognized in the geothermal industry®. Hence the technical life of the
existent equipment exceeds the crediting period for which renewal is requested.

Step 1.4: Assessment of the validity of the data and parameters

6 Consejo Nacional de Energia (Energy National Council), Politica Nacional de Energia (Energy National
Policy), page 24.

7 https://estadisticas.cne.gob.sv/wp-content/uploads/2021/06/Plan-indicativo-de-la-generaci%C3%B3n-de-la-
expansi%C3%B3n-2020-2030-vf.pdf

8 Geothermal Energy Association, Geothermal Basics, section 8.6.
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The emission factor of the grid is updated because it has to be recalculated using the most recent
information of the national grid and the most recent IPCCC default values.

In addition, the parameters based in historical data for baseline emissions calculation are
calculated due to the baseline scenario is reassessed.

Step 2: Update the current baseline and the data and parameters

The baseline emissions for the third crediting period are recalculated taking in consideration the
reassessment of the scenario baseline.

Step 2.2: Update the data and parameters

The data and parameters are updated taking in consideration the reassessment of the scenario
baseline and the ACMO0002 (version 20.0).

B.5. Demonstration of additionality

>>

The project fulfils all the “additionality” prerequisites (see application of the “tool for the
demonstration and assessment of additionality®”, hereafter referred to simply as “additionality tool,”
in item B.3) demonstrating that it would not occur in the absence of the CDM.

The Project Activity will result in the reduction of greenhouse gases that would not occur if the
project was not executed. The Project Activity faces numerous barriers and risks associated with
the implementation, which is clearly elaborated below. These conditions demonstrate that the
proposed Project Activity is not the baseline as usual scenario.

The “additionality tool” has been applied in conjunction with ACMO0002 to describe how the
anthropogenic emissions of GHG are reduced below those that would have occurred in the
absence of the Project Activity. The additionality tool provides a general step-wise framework for
demonstrating and assessing additionality. These steps, numbered from 0 to 5, include:

0. Preliminary screening

1. Identification of alternatives to the Project Activity
2. Investment analysis AND/OR

3. Barrier analysis

4. Common practice analysis

5. Impact of CDM registration

The application of the additionality tool to the Project Activity follows.

Step 0. Preliminary screening based on the project start date.

A previous development of the existing Berlin Geothermal Field, the “El Salvador Geothermal
Energy Project,” was submitted in 2001 by GESAL to the Dutch Government CERUPT*! tender.
The project objective was to generate electricity (5 MW installed capacity) using hot fractured rock
technology. The project was selected in a preliminary phase of the tender but it was finally not
implemented. Later on the idea of using the geothermal potential of the Berlin Geothermal Field
was further developed resulting in the Project Activity.

9 Tool for the demonstration and assessment of additionality. UNFCCC, CDM Executive Board 16th Meeting
Report, 22 October 2004, Annex 1.

10 From the Spanish Geotérmica Salvadorefa, today’s LaGeo.

11 Certified Emission Reduction Procurement Tender closed on January 31, 2002 and organized by the
Dutch governmental agency Senter.
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As it can be seen in the first version of the Project Activity schedule, the feasibility study for the
Project Activity started in May 2000. Nevertheless, the final revision of the feasibility study and
decision to proceed or not with the Project would be carried out throughout the year of 2002.
The incentive of the CDM was seriously considered since the beginning of the Project Activity’s
feasibility study. During the year of 2002 an extensive exchange of information occurred between
the project sponsors, PCF*? and MARN?®® about the Project Activity. Documents produced in the
period include draft Project Idea Notes and a Baseline Study of the project submitted to CERUPT.
The following two correspondences demonstrate that the incentive of the CDM was considered
before the decision to proceed with the project:

In August 15, 2001, Mr. Mauricio Ayala, from MARN, initiated the contact with Mr. Ruben
Loy (from GESAL, today’s LaGeo) regarding the submission of potential renewable energy
projects from GESAL in El Salvador under the Clean Development Mechanism. One of the
project ideas was the development of the Berlin Geothermal Field, then with an estimated
56 MW capacity addition. At that time, a portfolio of potential CDM projects were under
development by the Central American Commission on Environment and Development to be
presented at the Nordic Council of Ministers Meeting, to be held from August 20 to 25 in
Finland.

In January 24, 2002, Mr. Eduardo Dopazo (PCF associate) sent an e-mail message to his
colleagues (Mr. Ken Newcombe, Mr. Jari Vayrynen, Ms. Odil Tunali Payton and Mr.
Charles Cormier), to Mr. Mauricio Ayala, and to Mr. Ruben Loy, reporting the meeting with
Mr. Loy during a visiting mission to El Salvador. In the report three likely eligible geothermal
project developments under the CDM are mentioned. The Project Activity was one of them.

Copies of the various documents and e-mail messages exchanged, including the two above
mentioned, are available upon request.

The project participants consider that the above information alone provides sufficient evidence that
the CDM was seriously considered in the decision to proceed with the Project Activity.

Step 1. Identification of alternatives to the project activity consistent with current laws and
Regulation.
Sub-step la. Define alternatives to the project activity.
The identified realistic alternative to the project activity are:
Continuation of the present scenario (use of grid electricity to supply El Salvadoran energy
requirements, actually, the alternative is the baseline scenario) or,
The implementation of the project without incentives from the CDM.

Sub-step 1b. Enforcement of applicable laws and regulations.

2. The alternatives are in compliance with all applicable legal and regulatory requirements.

3. Non-applicable (the alternatives are in compliance with all applicable legal and regulatory
requirements).

4. The Project Activity and the alternative scenarios are in compliance with the legal and regulatory
requirements.

Step 2. Investment Analysis
Not applicable.

Step 3. Barrier Analysis.
To substantiate the barrier analysis, a brief overview of the El Salvadoran electricity market in the
recent past is presented first.

12 World Bank’s Prototype Carbon Fund, for simplicity referred hereafter simply as PCF.

13 El Salvador's Ministry of Environment and Natural Resources (MARN from the Spanish Ministerio del
Medio Ambiente y Recursos Naturales) the Designated National Authority for the CDM.
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Regulatory Framework
The electricity sector in El Salvador is regulated by the 1996 General Law of Electricity Power
and the creation of the Electricity and Telecommunications Agency®® (SIGET, from the Spanish
Superintendencia General de Electricidad y Telecomunicaciones). SIGET is responsible for
ensuring compliance with all applicable laws and regulations. It is an autonomous organization
headed by a presidential-appointed “General Superintendent” (serving a seven-year term), and two
directors, of which one is appointed by the Supreme Court and the other by the private sector. The
restructuring of the electric industry in El Salvador has as key objective the creation of an open and
competitive electric market. The Electricity Law regulates generation, transmission, distribution,
and trading of electricity. Competition is fostered through fully competitive markets in generation
and trading. Under the Electricity Law, the state owned CEL'® was obliged to restructure its
generation and transmission assets. In particular, by November 1999 maintenance of the
transmission lines and operational control of the network had to be conducted by separate entities
and a structural change of ownership of the generating assets had to be accomplished. In October
of 1998 CEL established Empresa Transmisora de El Salvador, S.A. de C.V. (ETESAL),
responsible for maintenance of the national grid, operating independently since the end of 1999.
The law does not restrict vertical or horizontal ownership within the electric industry except that no
company involved in the generation, distribution or trading of electricity may own shares in
ETESAL.
In 2001, the Direccién de Energia Eléctrica, (Department of Electric Energy) was created. The
department is part of the Ministry of Economy. The Department’s function is to look after the
efficient operation of the activities of generation, transmission, distribution and commercialization of
electric power, by means of setting National Policies.

Power Pricing
The Electricity Law provides for a Wholesale Electric Market (WEM) administered by the Unidad de

Transacciones (UT, Transactions Unit). The WEM consists of a bilateral Contract Market based on
predetermined contracts between operators for the supply of electricity and the Mercado
Regulador del Sistema (MRS, Spot Market Regulation System) operated by UT.

The function of the MRS is to resolve congestion and to maintain system balance based on bids
from market participants specifying prices at which they will buy or sell additional energy. UT is
responsible for operating the transmission system and maintaining system security, and has
primary responsibility for operating the WEM and coordinating the dispatch of energy from
generating plants. UT cannot buy or sell energy for its own account.

The UT was established as a corporate entity in April 1998 and is in operation since September
1998. According to the electricity law, shareholders are drawn from transmission companies,
generators, distributors and large users who are connected directly to the transmission network
with a total nominal capacity demand in excess of 5SMW. Payments are calculated at the MRS-
price according to variances between each participant’s supply or consumption of energy and the
scheduled dispatch. The calculated MRS-price is set as follows:

Distributors or Large Users whose consumption differs from scheduled consumption are
paid or charged for the difference at the MRS price of energy;

Generators that produce more than scheduled are reimbursed for the difference at the MRS
price;

Generators that produce less than scheduled are charged for the difference at the price of
the energy purchased to replace the energy that was not supplied; and

Where a plant generates less than scheduled as a result of a transmission failure, the
transmission company is charged by the Transactions Unit for the difference between the

14 Ley General de Electricidad, Decreto Legislativo No 843 del 10 de Octubre de 1996.
15 ey General de Creacién de la SIGET, Decreto Legislativo No 808 del 12 de Septiembre de 1996.

16 Hydroelectric Company of the Lempa River (CEL from the Spanish Hidroeléctrica del Rio Lempa), which
controlled generation, transmission and distribution of electrical energy in El Salvador before privatization.
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cost of the replacement energy and the value of the energy supplied to the MRS by the
plant concerned.

The UT calculates the balance of each participant and manages settlements.

Prices during the dry season tend to be higher (fossil-fuelled generation dominated) than in the wet
season (hydro generation dominated). In contrast to other Latin American countries, the wholesale
electricity market does not provide for any explicit or regulated capacity payment nor does it
establish a merit order for dispatch. Contracts are dispatched irrespective of the underlying
electricity costs. Investment returns for new entrants (and existing generators) are a function of
pricing trends in the MRS market as established by the bidding system and bilateral contract
negotiation. All market participants defray the operating costs of the Transaction Unit in proportion
to the energy supplied or received.

Sub-step 3a. Identify barriers that would prevent a wide spread implementation of the
proposed project activity.

There is a set of identified barriers to the development of renewable sources of energy in El
Salvador. The ones specifically applicable to geothermal projects under competitive markets (with
wholesale markets of electricity), as it is the El Salvadoran case, are presented below.

1. Technical barriers, “inter alia”:

I.  Insufficient information on the resources of renewable energies. The lack of reliable
data is a problem. The project sponsor has to make considerable investments to
evaluate the possible resource, for example, in geothermal studies and exploratory
well perforation, of course, without guarantee of success. The barrier increases the
uncertainty on the availability and quality of the resource, increases its financial risk
and, therefore, has a considerable impact in the evaluation of the project and in the
guarantees demanded by the financial institutions.

Il.  Geothermal plants are not recognized as elements of regulation of voltage and
reducing of losses. Although geothermal projects, as well as hydroelectric ones,
usually are located at one of the ends of the interconnected electricity grid
contributing to regulate transmission voltage and reducing transmission losses,
these benefits are simply not considered, especially in the cases of countries, such
as El Salvador, with liberalized and competitive markets, | other words, essentially
price based merit.

2. Investment barriers, “inter alia”:

lll.  As the economics of geothermal energy extraction are highly variable and wide
ranging...high upfront risks to initial investigation to prove reserves. Diesel powered
generation plant capital costs, for example, are typically less than 50% of the cost of
geothermal plant (World Bank, 2005).

IV. Free market and tariffs depend only on marginal price of power. Electricity price
volatility in El Salvador is high. Price is determined by the marginal generation,
which during the summer is mostly occupied by thermal fossil fuel plants (highest
price season supplied by private generators); and during winter by hydropower
generation (lowest price season supplied by state-owned generation). Geothermal
generation is practically never at the margin. Due to this, prices of the spot market
can hardly sustain/guarantee new investments. In addition, due to the lack of long-
term contract offers, medium-capacity projects have no alternative other than the
spot market as reference. This situation makes renewable projects cash flow very
uncertain and limits the projects’ financing possibilities. In addition, although
expected to function as free market, there have been signals that may anticipate
government intervention towards changing market rules and tariff mechanism,
situation that increases investment risk

V.  Higher transaction costs for renewable energy projects. Geothermal energy projects
face relatively greater costs of development than the conventional thermal projects
using fossil fuels. The reasons are explained mainly because though many of the
projects of renewable energies are small, they must fulfil the same set of
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proceedings of larger conventional projects. Despite the good will of the
government, environmental impact assessment of conventional thermal generation
projects is simpler than of a geothermal project. In order to obtain licenses of
installation and operation from the Ministry of Environment, LaGeo had to carry out
complex technical evaluations given the nature of infrastructure works and the
project’s impacts (opening of roads, construction of drilling sites, handling of wastes,
etc.). Therefore, the project must go through difficult, more expensive and longer
bureaucratic process than those required for conventional thermal power
generation. The procedures to obtain environmental and operation licenses are
highly more cumbersome than, for example, for fossil-fuelled power generation. One
of the major reasons is that the thermal projects do not need to bid on the
concession of the area

3. Regulatory barriers, “inter alia”:

VI.

VII.

VIII.

IX.

Relative regulatory uncertainty makes projects depending on long-term returns less
attractive. Example of uncertainty is an approved law (Decreto No 1216, Reformas
a la Ley General de Electricidad) issued in April 10, 2003 to implement caps on
prices that it is until today not regulated. As a geothermal generator is a price taker
this law does not affect LaGeo at all.

Lack of long-term contracts (PPA or power purchase agreements). The El
Salvadoran market is regulated to guarantee (and to bid) the demand only for the
following 24 months (there is no regulation for longer term contracts). Business as
usual is to sign one-year agreements. As explained above, renewable energy
projects, like the Project Activity, are more capital intensive, i.e. they have to
capitalize the means used to tap their energy resources in advance and, therefore,
have higher financing requirements. This model requires from the project sponsor
the management of a credit portfolio, something that needs a different sort of
expertise from that of running a renewable energy business.

There is no specific incentive for renewable or indigenous sources of energy. All
existing incentives for power generation are equally applicable to any source of
energy (including imported and polluting ones like fuel oil and coal). All other
countries in Central America have some kind of incentives to support the
development of renewable energy sources.

There are no policies or plans that look at diversifying available mix of sources of
energy for power generation.

4. Institutional barriers, “inter alia”:

X.

Power authorities do not recognize specific renewable energy project benefits. Many
of the benefits derived from developing renewable energy projects are not directly
reflected on the price of generated electricity. Energy sector planners and decision-
makers do not factor in various indirect benefits such as development of poor
regions, environmental conservation, cleaner power, energy decentralization, or
generation of local productive chains. Authorities are normally not aware of these
positive aspects but mostly concerned with the higher cost that renewable energy
has vis-a-vis conventional energy sources. Therefore, these benefits (positive
externalities) are not internalized in the price of the electricity, and are not properly
weighted in public policies.

5. Other barriers, “inter alia”:

XI.

Version 12.0

Unfounded social bias against geothermal plants. In spite of their inherent
environmental value, communities are reluctant to accept the implementation of
geothermal facilities due to the unjustified fear of groundwater contamination.
Although extracted from an aquifer, groundwater never comes in contact with
pollutant components, and thus, there is no actual risk of contamination.
Groundwater is either returned to the aquifer or is discharged at ground surface.
From an environmental perspective it is desirable to re-inject the groundwater so
that reductions in the water table do not occur. Local communities usually express
concerns regarding superficial water (contamination and warming), gas releases,
and local climate change.
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XIl.  Lack of actual market competition. In reality there are only four major companies
involved in electricity generation in El Salvador: These are: El Paso (thermal fossil-
fuelled generation), Duke (fossil-fuelled), CEL (hydro), LaGeo (geothermal).
Distribution, on the other hand, is controlled by AES (a large US power company).
Regulation and operation are determined by UT that has considerable authority for
the system that coordinates, which is vulnerable to influences exerted by the main
generators (main shareholders). Decisions at UT are defined according to the
generation share of participation, which was defined according to the installed
capacity at the time of UT’s establishment. No change in the participation was
forecasted (not even due to grow or changes in the installed capacity). Government
is considering changing the participation share to one vote per company. This will
provide a more level plain field in terms opportunities for non-fossil fuels energy
sources.

Sub-step 3 b. Show that the identified barriers would not prevent the implementation of at
least one of the alternatives.

As described above, the main alternative to the Project Activity is continuing the current situation
without the expansion. The project sponsor could invest its resources in various different
investments, mainly in the financial market, with much lower uncertainty and risks. So the barriers
above would not affect the investment in any of the alternatives.

Step 4. Common practice analysis

Sub-step 4a. Analyze other activities similar to the proposed project:

The installed capacity in El Salvador in 2004 was 1,087 MW (45.9% of which are thermal power
plants using fossil fuels, 39.5% hydropower projects and the remaining 14.5% are geothermal.
Regarding electricity generation in 20047, 39.2% of net electricity was supplied by fossil fuel fired
power plants, 29.4% by hydroelectric, 20.7% by geothermal power generation, with the remaining
10.7% supplied by imports, mostly fossil fuelled power generation from Honduras and Guatemala.
From January 1999 to September 2004 energy demand in El Salvador grew an average of 2.51%
per year.

All hydropower plants are owned and operated by state-owned CEL. In the last 18 years only 33.9
MW of installed capacity from hydro sources were added to the systems through repowering of
existing power plants.

There are two geothermal fields in El Salvador under operation, Ahuachapan (operation start of the
last unit in 1980) and Berlin (operation start of the last unit in 1999). Both plants were state-
financed and have a combined installed capacity of 165 MW.

The first step in privatizing the electricity generation sector (previously mostly owned and operated
by state owned Comision Ejecutiva Hidroeléctrica del Rio Lempa, CEL) took place in 1995 with the
sale of 145 MW of fuel oil fired generating capacity. In 1999 the remaining fossil fuelled capacity
(approximately 400 MW) was sold to Duke Energy International. These plants have been retrofitted
and extended between 1998 and 2004.

Since 2003 there is also a biomass power plant (CASSA, 20 MW installed capacity) with an
availability to export excess electricity to the grid. The plant operates only during the sugarcane
season. Since start-up the plant delivered a very small amount of energy to the grid - 10.3 GWh in
2003 (less than 0.3% of a total of 4,460 GWh load) and 22.4 GWh in 2004 up to September (less
than 0.7% of a total of 3,226 GWh load).

Sub-step 4b. Discuss any similar options that are occurring
The most recent installed capacity addition using geothermal resources occurred in 1999.

17 Up to and including September, totalizing 3,425 GWh.
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Since 2000 fossil fuel fired power generation has dominated the El Salvadorian electricity market in
terms of installed capacity growth® and in terms of market share. The growth owed to
opportunities arising from the privatization of the generation sector, and favorable market
conditions such as lower capital costs, easy start-up, shorter lead times for thermal projects using
fossil fuels and internal combustion engines in comparison with those of hydro- and geothermal
power generation.

Also, in August 2004 the addition of 85 MW using fossil fuels was announced (Trujillo, 2004). The
capacity addition will be implemented in two different locations, Lourdes with 11.9 MW in the first
guarter of 2005 and, Acajutla with 73.6 MW and start at the end of 2005.

Step 5 — Impact of CDM Registration

The evolution of the installed capacity in the recent past clearly indicated that the investment in
internal combustion engines using fossil fuels is a more interesting option for the private sector.
Reciprocating engines, also called internal combustion engines, are a widespread and well-known
technology. Reciprocating engines range in size from a few kW to several MW. Advantages of
reciprocating engines include low capital costs, easy start-up, proven reliability, good load-following
characteristics, and good heat recovery. With compact modular engines the plants can be quickly
expanded or even moved. Applications in power generation include prime power generation, peak-
shaving, back-up power, premium power, remote power, and standby power.

As mentioned in step 0, the first attempt towards a more intensive use of the Berlin geothermal
field was developed in 2001 to be submitted to the CERUPT tender. It was already recognized
then that the risks involved in an investment in geothermal power generation required extraordinary
incentives. Possible financial benefits obtained from a long-term “emission reductions purchase
agreement” (ERPA) attracted the attention of investors to the planned expansion of 5 MW. In the
beginning of 2002 the project was selected under the CERUPT program. While developing the
expansion the project investors realized that the benefits from an ERPA could effectively help to
overcome most of the barriers to implementing the new geothermal Project Activity. Yet, although
during COP-7 in 2001 it was agreed on a prompt start for the CDM, with projects starting from 1
January 2000 being eligible for earning CDM credits (UNFCCC, 2001), the entry-into-force of the
Kyoto Protocol was doubtful. At the time the emission reductions “market” was precarious, and the
activity was finally not developed. Nevertheless the experience rendered further consideration of
incentives derived from the CDM. However, it was only after the approach of the Latin-American
Carbon Program?® in 2002 offering to lower the risk through the CDM investment component that
the project participants decided to seriously consider a larger entrepreneurship.

The Project Activity is the first geothermal project to be implemented by private initiative in El
Salvador. The benefit from the sale of CERs will provide a crucial economic benefit that allowed
project proponents to further evaluate the geothermal field potential. The approval and registration
of the CDM activity means that a solid and worldwide scrutinized project is able to secure a long
term financial flow through an ERPA. With a signed ERPA the project owners will be capable of
sustaining the new investment by overcoming higher transaction costs (higher upfront investments
and consequently taxes) and the absence of long-term power purchase agreements.

But the benefits cannot and will not be restricted to economic return but will also help to assure
sustainable development, for example, helping a renewable energy project to overcome barriers
such the failure to recognize the environmental benefits and social rejection. In the operation of the

18 86.6% using fuel oil (CESSA, 30 MW in 2000, retrofitted to 33.3 in 2004; Acajutla, 144 MW, in 2001,
retrofitted to 151 in 2004; and Nejapa Power, 151.2 MW in 1998); 4.6% using diesel oil (Soyapango, 17.9
MW in 2003); and 8.8% using hydro resources (5 de Septiembre, 15 MW repotentiation in 2001-2002; and
Cerron Grande, 18.9 MW repotentiation in 2003). There was also an addition of a sugar mill power plant
using biomass (CASSA, 20 MW in 2003) operating intermittently during the sugarcane season.

19 PLAC from the Spanish Programa Latino-Americano de Carbono, created by Corporacién Andina de
Fomento (CAF) in 1999 with the objective of fostering participation and entry, of Latin American and
Caribbean countries in the evolving GHG emission reduction markets.

Version 12.0 Page 20 of 48



CDM-PDD-FORM
Project Activity the extracted groundwater will be re-injected so that reductions in the water table
do not occur.

The Project Activity also foresees a considerable investment in socio-economic benefits directed to
the local communities, such as capacity building courses, creation of jobs, construction and
maintenance of infra-structure, etc.

From the above the most likely conclusion is that the Project Activity (the Project Activity scenario)
would not be implemented without the incentive from the CDM and ultimately the registration of the
project. Also the most likely baseline scenario is the continuation of the present scenario, i.e., the
use of grid electricity to supply El Salvadoran energy requirements.

B.6. Estimation of emission reductions

B.6.1. Explanation of methodological choices

>>

a. Calculation of the emission factor

According to the selected approved methodology (ACM0002, version 20.0, hereafter referred to as
ACMO0002, V20), the emission factor (EFy) is calculated as a combined margin (CM), consisting of
the combination of operating margin (OM) and build margin (BM) factors, which is calculated
following the procedures established in the approved “Tool to calculate the emission factor for an
electricity system”, version 7.0. (Hereafter referred to as the Tool).

Step 1. Identification of the relevant electricity systems
El Salvador's DNA has not published a delineation of the project electricity system; hence the
national grid is identified as the project electricity system.

The identified project electricity system is correct according to the Tool that defines it as the spatial
extent of the power plants that are physically connected through transmission and distribution lines
to the Project Activity and that can be dispatched without significant transmission constraints. Next
graph shows a schematic diagram of national grid of El Salvador that includes the transmission
system and the grid-power plants. Because the transmission system is extended along of the
country, the geographical extent of the project electricity system is the entire territory of El
Salvador.
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Figure 4. Generation and transmission system of El Salvador.

Source: Unidad de Transacciones (Transactions Unit), One line diagram,

It is concluded that the grid-power plants connected to the project electricity system do not face
transmission constraints during normal operation conditions. All grid-power plants that participate
in the electricity market and present market offers are economically dispatched by the Transactions
Unit (Unidad de Transacciones, UT)? as per the Regulations of the Transmission System and
Electricity Market. The evidence regarding to the reliability level of the transmission system show
that the number of transmission outages could be considered normal and not a limitation in the
transmission system operation.

On the other hand, the Tool defines the connected electricity system as the electricity system that
is connected by transmission lines to the project electricity system. In the case of El Salvador, the
project electricity system is interconnected to the national grids of the countries of Central America
through the Interconnection System for Central America and Mexico (Sistema de Interconexion
Eléctrica para Centroamérica, SIEPAC), therefore, the connected electricity system is formed by
the electrical grids of Guatemala, Honduras, Nicaragua, Costa Rica and Panama. Power plants
within the grids of the connected electricity system can be dispatched without significant
transmission constraints because the systems of each country are coordinated independently,
while energy exports and imports are coordinated by the Central America Market Operator (Ente
Operador Regional, EOR)?.

20 The Transactions Unit (Unidad de Transacciones, UT) is in charge of the transmission grid operation, the
dispatch of the power plants connected to the grid and the transactions in the whosale electricity market of
El Salvador. Transactions Unit's web page, www.ut.com.sv : UT’s mission.

2l Transactions Unit's web page, http://www.ut.com.sv/web/guest/14 :
structure.
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There are not legal restrictions for international electricity exchanges because there is a framework
agreement between the countries of Central America that set out a regional electricity market
operated by the EOR?2,

Step 2. Inclusion off-grid power plants in the project electricity system
Off-grid power plants are not included in the project electricity system; option 1 is chosen.

Step 3. Selection of a method to determine the operating margin

The method selected is the Simple adjusted OM method because low-cost/must run resources,
including CDM projects, constitute more than 50% of total grid generation on average for the five
most recent years. The low-cost/must run resources include hydro, geothermal and biomass
(sugar cane bagasse) power plants and the average electricity generation for the five most recent
years is 3,376,200 MWh (61% of the total historical generation).

Table 2. Composition of total grid generation (MWh)?3

MWh 2016 2017 2018 2019 2020
Fuel based | 2.437.300,30 | 1.275.752,20 | 1.178.658,86 | 1.605.887,80 | 886.039,50
Hydro 1.257.476,30 | 1.615.006,40 | 1.543.694,73 | 1.442.474,65 | 1.985.361,00
Biomass 394.825,90 432.957,50 | 488.746,87 551.589,32 549.734,06
Geothermal | 1.467.156,10 | 1.459.935,40 | 1.437.252,66 | 1.372.723,88 | 1.449.987,63
solar ] 94.783,40 129.245,27 216.805,09 497.655,01
wind - - 14.121,19
netimports | 988.218,70 1.585.254,30 | 1.824.100,00 | 1.292.050,00 | 774.000,00
Total 6.544.977,30 | 6.463.689,20 | 6.601.698,39 | 6.481.530,74 | 6.156.898,38
Renewables | 3.119.458,30 | 3.602.682,70 | 3.598.939,53 | 3.583.592,94 | 4.496.858,88
;f’enewables 0,48 0,56 0,55 0,55 0,73
?L"Ce;/lag)e 0,63 0,80 0,82 0,75 0,86
Arerge

It is selected the ex-ante option for data vintages. Because only grid-power plants are selected, 3-
year generation-weighted average is used for the calculation of the OM emission factor, based on
the most recent data available at the time of submission of the PDD to the DOE for validation.

The power plants registered as CDM project activities are included in the sample group that is
used to calculate the operating margin.

Step 4. Calculation of the Operating Margin emission factor according to the selected method

The simple adjusted OM method is calculated on the basis of the CO2 emission factor and net
electricity generation of each power unit connected to the grid; therefore option A of the simple OM
calculation is selected.

Assumptions:
- Net electricity imports are considered low-cost/must-run units k.
For Operating Margin emission factor calculation, the emission factor of the imports is
considered equal to 0 tCO, per MWh because the electricity imports come from connected
electricity systems in other countries of Central America.

22 Ente Operador Regional (EOR), https://www.enteoperador.org/: MER regulations.
23 Unidad de Transacciones, UT (Transactions Unit) Statistical reports from 2016 to 2020.
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For the ex-ante calculation of the OM emission factor, 2018, 2019 and 2020 data is used,
based on the most recent statistics available at the time of requesting the renewal of the
crediting period.
The set of power plants k, low-cost plants, are the hydroelectric, geothermal and
cogenerating power plants connected to the grid.
The set of power plants m comprises the remaining units.

The Operating Margin emission factor is calculated using equation 10 of the tool as the generation-
weighted average emissions per electricity units serving the system.

_ Zm EGm,yXEFEL.m,y Zk EGRJ_VXEFEL,R,J' Equation (1 O)
EFgrid,OM—adey B (l /{}’)X Em EGm,y - iyx Zk EGR.J'

Where:

EFgrid,om-adjy = Simple adjusted operating margin CO, emission factor in year y (t
CO2/MWh).

Ay = Factor expressing the percentage of time when low-cost/must-run power
units are on the margin in yeary.

EFeLmy = CO; emission factor of power unit m in year y (t CO2/MWh)

EFeLky = CO; emission factor of power unit k in year y (t CO2/MWh)

EGm\v= Net quantity of electricity generated and delivered to the grid by power unit m
in yeary (MWh)

EGyky = Net quantity of electricity generated and delivered to the grid by power unit k
in year y (MWh)

m = All grid power units serving the grid in year y except low-cost/must-run power
units. See appendix 4.

k= All low-cost/must run grid power units serving the grid in year y

y= 2018, 2019 and 2020 (The relevant year as per the data vintage chosen in
Step 3)

The emission factor for the subset of power plants m and k, connected to transmission system (the
grid), is calculated as per option A2 of the simple OM method, stated in the Tool (paragraph 44),
because it is not known the amount of fuels consumed, only the amount of electricity production
and fuel types. The averageCO; emission factor of fuel type i is used for each generating unit and
the default efficiencies, as the following equation describes:

EFcp2m,iy*x3.6 Equation (5)
EFEL,m,y = 1

m,y

Where:

EFeLmy = CO2 emission factor of power unit m in year y (t CO,/MWh)

EFcozmiy = Average CO, emission factor of fuel type i, used in power unit m in year vy,
given in tCO,/GJ.

3.6= Energy conversion factor, given in GJ/MWh according to the International
System Units.

Nmy = Average net energy conversion efficiency of power unit m in year y (ratio).

m = All power units serving the grid in year y except low-cost/must-run power
units.

y = 2018, 2019 and 2020 (The relevant year as per the data vintage chosen in
Step 3)
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Default CO, emissions factor for combustion at a low level of uncertainty are obtained from Table
1.4, chapter 1, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, where oxidation
factor is equal 1. The type of fuel for each power unit is obtained from the Unidad de
Transacciones, UT (Transactions Unit).

Table 3. Effective CO2 emission factors for fuel types used in El Salvador

tCOL/TJ
Diesel or fuel oil No. 5 72.6
Bunker or fuel oil No. 6 75.5
Bituminous coal 89.5

The efficiency factors for power units are considered confidential information in ElI Salvador,
therefore the default values from Appendix | of the Version 7.0. of the Tool to calculate the
emission factor for an electricity system are used, which are indicated in next table. The efficiency
factor is selected according to the operations starting year and technology of each generating unit
from SIGET, Boletin de Estadisticas Eléctricas 2011 (Electricity Statistics Report - 2011), Table 7.

Table 4. Default efficiency factors for power plants

Generation Old units (before and in New units (after New units 8after
technology 2000) 2000) 2012)

Coal - -

Subcritical

Supercritical

Ultra-supercritical

IGCC

FBS

CFBS

PFBS

Oil - -

Steam turbine 37.5% 39% 44%

Reciprocal engine 33% 40% 48%

Combined cycle

Natural gas

Steam turbine

Open cycle

Combined cycle

The denominators of the terms of the Operating Margin equation are:

2mEGmy=The summation of electricity generation from each relevant power source m (MWh),
during the year y, expressed in MWh.

2KEGk y , = The summation of electricity generation from each relevant power source k (MWh),
during the year y, expressed in MWh.
Lambda is calculated as follow in the tool:

Ay(%)=Number of hours low—cost/must-run are on the margin in year y Equation (11)
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8760 hours per year

Step (i) - Plot a load duration curve. Collect load data (typically in MW) for each hour of the year vy,

and sort and plot the load data from the highest to the lowest annual system load (see also the
figure below).

Figure 1. Step (i)
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Step (ii) - Collect the electricity generation data from each low-cost/must-run power plant/unit.
Calculate the total annual generation (in MWh) from low-cost/must-run power plants/units (i.e. ¥k
EGk,y).

Step (iii) — Find out the intersection on the load duration curve in order to determine a period
LCMR sources are on the margin. To find the intersection, fill the area under the load duration
curve by the total generation (in MWh) from LCMR power plants/units. To fill the area, plot a
horizontal line across the load duration curve such that the area under horizontal line and the curve
right from the intersection point (MW times hours) equals the total generation (in MWh) from low-
cost/must-run power plants/units (i.e.. Zk EGyy);

The following sub steps can be used to find the intersection point:

(a) As the load changes every hour from highest load to lowest load in a year; the
intersection can be defined by adding incremental areas in MW times hour in every hour over the
area corresponding to lowest annual system load i.e. the first area. For the first area from the
sorted load data, take the lowest MW level and multiply it by hours in a year (e.g. 8760) ( see figure
below);

EG; = ELzxZ Equation (1)

Where:

EGz = The assumed electricity generation supplied to the grid at the lowest annual system
load over the year (MWh)

EL; = The lowest annual system load (MW)

Z= Number of hours in year (h)
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Figure 2. Step (iii) (a)
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(b) For the following areas from the sorted load data take the level next to the one from the

previous step, subtract the load from the previous level and multiply the result by number of hours
that corresponds to this level (see also the figure below):

EGz—L = (ELz~L — ELz)*X(Z - L) Equation (2)

Where:

EGz.. = The assumed electricity generation supplied to the grid at the load Z-L (MWh)

ELz. = Load of the grid at the level of Z-L load(MW)

EG; = The assumed electricity generation supplied to the grid at the at the lowest annual system
load over the year (MWh)

ELz = The lowest annual system load (MW)

Z = Number of hours in year y (h);

L = Rank of the recorded load in the sorted list of loads starting from the lowest. For the first step
L=0.
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(c) Calculate the cumulative electricity generation:
Equation (3)

zZ
EchmuE = Z EGZ—L + EGZ.L

L+1

(d) Check the cumulative electricity generation against the total generation (in MWh) from

Version 12.0

low-cost/must-run power plants/u

nits (See also the figure below).
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Figure 4.  Step iii (d)
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Step (iv) - Determine the “Number of hours for which low-cost/must-run sources are on the margin
in year y. At the step where cumulative electricity generation reaches the level of the total
generation (in MWh) from low-cost/must-run power plants/units, i.e. ZKEGcimu2Zk EGyy determine
the value of Z-L. This is the number of hours for which lowcost/must-run sources are on the margin
in year y (see also the figure below).
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Figure 5. Step (iv)
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Step 5. Calculation of Build Margin emission factor

The Build Margin emission factor represents the tendency of the mix of power generation.
As per para 72.

In terms of vintage of data, project participants can choose between one of the following two
options:

(a) Option 1 - for the first crediting period, calculate the build margin emission factor ex ante based
on the most recent information available on units already built for sample group m at
the time of CDM-PDD submission to the DOE for validation. For the second
crediting period, the build margin emission factor should be updated based on the
most recent information available on units already built at the time of submission of
the request for renewal of the crediting period to the DOE. For the third crediting
period, the build margin emission factor calculated for the second crediting period
should be used. This option does not require monitoring the emission factor during
the crediting period.

Option 1 has been selected for current crediting period, therefore build margin emission factor
calculated for the second crediting period is used.

Step 6. Calculation of the combined margin emission factor
The emission factor of the electrical system is based on the weighted average CM method, as
following equation:

EFgriacmy = EFgriaomy>XWom + EFgria sy yXWenm Equation (16)
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Where:
EF griapmy =  Build margin CO; emission factor in year y (t CO2/MWh)
EF griaomy = Operating margin CO. emission factor in year y (t CO2/MWh)
Wom = Weighting of operating margin emissions factor (per cent)
Way = Weighting of build margin emissions factor (per cent)

For the third crediting period, the default values are chosen for the weighting factors, Wom = 0.25
and Wgm = 0.75.

The emission factor of the grid shall allow the calculation of the baseline emissions and the
calculations of the emissions reduced by the Project Activity.

b. Estimation of project emissions
As per version 20.0 of the ACMO0002, project participants shall account the emissions described in
the following equation.

PEy:PEFF,y'FPE(;p,y"'PEHp,y Equation (1)

Where:

PE, = Project emissions in year y (t CO.elyr)

PErry = Project emissions from fossil fuel consumption in year y (t CO2/yr)

PEgpy = Project emissions from the operation of dry, flash steam or binary geothermal power
plants in year y (t COzelyr)

PEyp,y = Project emissions from water reservoirs of hydro power plants in year y (t CO2/yr)

As per applicable version of the methodology for geothermal and solar thermal projects, which also
use fossil fuels for electricity generation, CO, emissions from the combustion of fossil fuels shall be
accounted for as project emissions (PEre,).

As per applicable version of the methodology for all renewable energy power generation project
activities, emissions due to the use of fossil fuels for the backup generator can be neglected.

As per applicable version of the methodology PErey shall be calculated as per the latest version of
“TOOLO3: Tool to calculate project or leakage CO» emissions from fossil fuel combustion”.

There is no forecasted combustion of fossil fuels related to the operation of the project for
electricity production because the power unit is not equipped with an emergency diesel plant.
Essential electrical loads are supplied by batteries in case of an emergency, the PEgy =0.

For dry or flash steam geothermal project activities, project participants shall account emissions of
CO; and CH, due to release of non-condensable gases from produced steam.7 Non-condensable
gases in geothermal reservoirs usually consist mainly of CO, and H,S. They also contain a small
guantity of hydrocarbons, including predominantly CHa4. In dry or flash steam geothermal power
projects, non-condensable gases flow with the steam into the power plant. A small proportion of
the CO; is converted to carbonate/bicarbonate in the cooling water circuit. In addition, parts of the
non-condensable gases are re-injected into the geothermal reservoir. However, as a conservative
approach, this methodology assumes that all non-condensable gases entering the power plant in
dry or flash steam geothermal technologies are discharged to atmosphere via the cooling tower.
Fugitive CO; and CH4 emissions due to well testing and well bleeding are not considered, as they
are negligible.

PEce, is calculated as follows:

PEGP,y = PE dry or flash steam,y+PEbinary,y24 Equation (2)

24 PEbmaryy is null, since the project activity does not involve binary cycle. The inclusion of the formula is
intended for consistency purposes.
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Where:

PEGP,y = Project emissions from the operation of dry steam, flash steam and/or binary
geothermal power plants in year y (t CO2./yr)

PE dry or flash steam,y =  Project emissions from the operation of dry steam or flash steam geothermal
power plants due to release of non-condensable gases in year y (t COae/yr)

PEbinary,y = Project emissions from the operation of binary geothermal power plants due
to physical leakage of non-condensable gases and working fluid in year y (t
COzelyr)

(a) Project emissions from dry or flash steam geothermal power plants:

PEdry or flash steam,y=(wsteam,CO2,y+wsteam,CH4,yxGWPCHs)xMsteam,y Equation (3)

Where:

Wsteam,c02,y = Average mass fraction of CO; in the produced steam in year y (t COa/t

steam)

wsteam,CHa,y = Average mass fraction of CH,4 in the produced steam in year y (t CHalt
steam)

GWPCH4 = Global warming potential of CH4 valid for the relevant commitment period (t
CO2e/t CHa)

Msteam,y = Quantity of steam produced in year y (t steam/yr)

(b) Project emissions from binary geothermal power plants:

PEbinary,y=PEsteam,y+PEworking fluid,y Equation (4)
Where:
PEsteam,y = Project emissions from the operation of binary geothermal power plants due

to physical leakage of non-condensable gases in year y (t COzelyr). In case
the difference between steam inflow and outflow to the power plant is less
than 1%, then the project participants are not required to account these
project emissions.

PE working fluid,y = Project emissions from the operation of binary geothermal power plants due
to physical leakage of working fluid contained in heat exchangers in year y (t
COaelyr)

PEsteam,y:(Mlnflow,y_Moutflow,y)X(Wsteam,COZ,y'l' Wsteam,CH4,nyWPCH4) Equation (5)

Where:

Minflow,y = Quantity of steam entering the geothermal plant in year y (t steam/yr)

Moutflow,y = Quantity of steam leaving the geothermal plant in year y (t steam/yr)

wsteam,C02,y = Average mass fraction of CO; in the produced steam in year y (t COal/t
steam)

wsteam,CHas,y = Average mass fraction of CHs in the produced steam in year y (t CHalt
steam)

GWPCH4= Global warming potential of CH4 valid for the relevant commitment period (t
COqelt CHa)

PEworking fluid,y = Mworking fluid,y xGWPWOTking fluid Equation (6)

Where:

M working fluid,y = Quantity of working fluid leaked/reinjected in year y (t working fluid/yr)
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GW Pyorking fluid = Global Warming Potential for the working fluid used in the binary geothermal
power plant

c. Estimation of leakages
According to the version 20.0 of the ACM0002, no leakage emissions are considered.

d. Calculation of Baseline emissions

Baseline emissions include only CO2 emissions from electricity generation in fossil fuel fired power
plants that are displaced due to the project activity. The methodology assumes that all project
electricity generation above baseline levels would have been generated by existing grid-connected
power plants and the addition of new grid-connected power plants. The baseline emissions are to
be calculated as follows:

BE,=EGp; yXEF gria.cm.y Equation (11)

Where:

BE, = Baseline emissions in year y (t CO2/yr)

EGpy= Quantity of net electricity generation that is produced and fed into the grid as
a result of the implementation of the CDM project activity in year y (MWh/yr)

EF griacmy = Combined margin CO; emission factor for grid connected power generation

in year y calculated using the latest version of “TOOLOQ7: Tool to calculate the
emission factor for an electricity system” (t CO2/MWh)

e. Calculation of emission reductions
Emission reductions are calculated according to the version 20.0.0 of the ACM0002 methodology
as follow:

ER,=BE,~PE, Equation (17)
Where:

ER, = Emission reductions in year y (t CO2./yr)
BE, = Baseline emissions in year y (t CO2/yr)
PE, = Project emissions in year y (t CO2e/yr)

B.6.2. Data and parameters fixed ex ante

(Copy this table for each piece of data or parameter.)

Data/Parameter EF

Data unit tCO2/MWh

Description Emission factor of the grid

Source of data Spreadsheet “EF calculation-Berlin Geothermal Project Phase 11-V2”
Value(s) applied 0.544

Choice of data or
measurement methods
and procedures

Purpose of data This factor is used for baseline emissions calculation.

Calculated as per the “Tool to calculate the emission factor for an electricity
system”, version 7.0.

Additional comment

Version 12.0 Page 33 of 48



CDM-PDD-FORM

Data/Parameter GWPCH,4
Data unit tCO2e/tCHa4
Description Global warming potential of methane valid for the third commitment period.

Source of data

EB 108 meeting report, paragraphs 7-8..

and procedures

Value(s) applied 21 tCO2e/tCH4
Choice of data or
measurement methods N/A

Purpose of data

Project emissions calculation

Additional comment

Data/Parameter EGhistorical
Data unit MWh

Annual average historical net electricity generation delivered to the grid by the
Description existing renewable energy plant that was operated at the project site prior to the

implementation of the project activity.

Source of data

Electricity meters at project activity site prior the implementation of the project
activity. Data provided by the Transactions Unit (UT).

Value(s) applied

440,843

Choice of data or
measurement methods
and procedures

The project participant chooses the five last calendar years prior to the
implementation of the project activity as the time span of historical data to
determine EGunistorical.

Purpose of data

Baseline emissions calculation

Additional comment

Data/Parameter ohistorical
Data unit MWh

Standard deviation of the annual average historical net electricity generation
Description delivered to the grid by the existing renewable energy plant that was operated at

the project site prior to the implementation of the Project Activity

Source of data

Calculated from data used to establish EGunistorical. Information provided by the
Transactions Unit (UT).

Value(s) applied

12,904

Choice of data or
measurement methods
and procedures

Parameter calculated as the standard deviation of the annual generation data
used to calculate EGhistorical.

Purpose of data

Baseline emissions calculation

Additional comment
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Data/Parameter DATEsgaselineretrofit
Data unit Date
- Point in time when the existing equipment would need to be replaced in
Description . -
the absence of the project activity.
Source of data Project activity site
Value(s) applied 2029

Choice of data or
measurement methods | As per provisions in the methodology above
and procedures

Calculation of EGpay (quantity of net electricity generation that is produced and
Purpose of data fed into the grid as a result of the implementation of the CDM project activity in
year y (MWh/yr))

Additional comment -

B.6.3. Ex ante calculation of emission reductions

>>
Ex-ante calculation of project emissions

Project emissions are calculated as per equation 1 of the ACM0002, Version 20.0 and indicated
below:

For most renewable energy power generation project activities, PE, = 0. However, some project
activities may involve project emissions that can be significant. These emissions shall be
accounted for as project emissions by using the following equation:

PEy = PEFF,y'FPE(;p,y + PEHp,y Equation (1)

Where:

PE, = Project emissions in year y (t COae/yr)

PErry = Project emissions from fossil fuel consumption in year y (t CO2/yr)

PEgpy = Project emissions from the operation of dry, flash steam or binary geothermal power
plants in year y (t COze/yr)

PEyp,y = Project emissions from water reservoirs of hydro power plants in year y (t CO2/yr)

Ex-ante calculation of baseline emissions

Baseline emissions are calculated using the equation 11 from the ACM0002 methodology:

Baseline emissions include only CO2 emissions from electricity generation in fossil fuel fired power
plants that are displaced due to the project activity. The methodology assumes that all project
electricity generation above baseline levels would have been generated by existing grid-connected
power plants and the addition of new grid-connected power plants. The baseline emissions are to
be calculated as follows:

BE, = EGpjy X EF griacm,y Equation (11)

Where:

BE, = Baseline emissions in year y (t CO2/yr)

EGpyy = Quantity of net electricity generation that is produced and fed into the grid as
a result of the implementation of the CDM project activity in year y (MWh/yr)

EF gria,cm,y = Combined margin CO; emission factor for grid connected power generation

in year y calculated using the latest version of “TOOLQ7: Tool to calculate the
emission factor for an electricity system” (t CO./MWh)

Version 12.0 Page 35 of 48



B.6.4. Summary of ex ante estimates of emission reductions

CDM-PDD-FORM

Baseline Project Emission
S o Leakage -
Year emissions emissions reductions
(t CO2e) (t CO2e) (t CO2e) (t CO2e)
2021 171.207 31,245 0 139,962
2022 171.207 31,245 0 139,962
2023 171.207 31,245 0 139,962
2024 171.207 31,245 0 139,962
2025 171.207 31,245 0 139,962
2026 171.207 31,245 0 139,962
2027 171.207 31,245 0 139,962
Total 1.198.449 218,715 - 979,734
Total number of
crediting years
Annual average over
the crediting period 171.207 31,245 - 139,962

B.7. Monitoring plan

The name and reference of the approved baseline monitoring methodology applied to the
monitoring plan of the Project Activity is: ACM0002 “Consolidated baseline methodology for grid-

connected electricity generation from renewable sources” (version 20.0).

The Monitoring Plan foresees the storage of sufficient data to allow the calculation of GHG
emissions generated and avoided by the Project Activity in a straightforward manner

B.7.1. Data and parameters to be monitored

(Copy this table for each piece of data or parameter.)

Data/Parameter Wsteam,c022°

Data unit tCO2/t steam

Description Average mass fraction of COz in the produced steam in year y.
Source of data Project Activity site

Value(s) applied 1.3028E-02

25 Monitoring report form for CDM project activity 2017
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Measurement methods
and procedures

Non-condensable gases sampling should be carried out in production wells and
at the steam field-power plant interface using ASTM Standard Practice E1675
for Sampling 2-Phase Geothermal Fluid for Purposes of Chemical Analysis and
the ASTM Standard Practice E947 for Sampling Single-Phase Geothermal
Liquid or Steam for Purposes of Chemical Analysis.

The CO2 and CH4 sampling and analysis procedure consists of collecting non-
condensable gases samples from the main steam line with glass flasks, filled
with sodium hydroxide solution and additional chemicals to prevent oxidation.
Hydrogen sulphide (H2S) and carbon dioxide (COz2) dissolve in the solvent while
the residual compounds remain in their gaseous phase. The gas portion is then
analyzed using gas chromatography to determine the content of the residuals
including CHa. All alkanes concentrations are reported in terms of methane.

The average mass fraction of steam of CO: will be analyzed by a titration
method.

Monitoring frequency

At least every three months and more frequently, if necessary.

QA/QC procedures

Internal procedures will be followed to systematize activities and minimize error.
The laboratory equipment will be calibrated at least once a year.
The Geo-chemical Laboratory of LaGeo is accredited by ISO/IEC 17025.

Purpose of data

Activity emissions calculation.

Additional comment

Data is archived in electronic and paper

Data/Parameter Wsteam,cH 42°
Data unit tCO2/t steam
Description Average mass fraction of CO: in the produced steam in yeary.

Source of data

Project Activity site

Value(s) applied

2.83E-07

Measurement methods
and procedures

Non-condensable gases sampling should be carried out in production wells and
at the steam field-power plant interface using ASTM Standard Practice E1675
for Sampling 2-Phase Geothermal Fluid for Purposes of Chemical Analysis and
the ASTM Standard Practice E947 for Sampling Single-Phase Geothermal
Liquid or Steam for Purposes of Chemical Analysis.

The CO2 and CH4 sampling and analysis procedure consists of collecting non-
condensable gases samples from the main steam line with glass flasks, filled
with sodium hydroxide solution and additional chemicals to prevent oxidation.
Hydrogen sulphide (H2S) and carbon dioxide (COz2) dissolve in the solvent while
the residual compounds remain in their gaseous phase.

The gas portion is then analyzed using gas chromatography to determine the
content of the residuals including CHa. All alkanes concentrations are reported
in terms of methane.

Monitoring frequency

Quarterly. At least every three months and more frequently, if necessary.

QA/QC procedures

Internal procedures will be followed to systematize activities and minimize error.
The laboratory equipment will be calibrated at least once a year.
The Geo-chemical Laboratory of LaGeo is accredited by ISO/IEC 17025.

Purpose of data

Activity emissions calculation.

Additional comment

Data is archived in electronic and paper

Data/Parameter Msteam , y?”
Data unit t steam/year
Description Quantity of steam produced in year y

Source of data

Project Activity site

Value(s) applied

2,397,198

26 Monitoring report form for CDM project activity 2017

27 Monitoring report form for CDM project activity 2017
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Measurement methods
and procedures

Annubar flow meters will be used for the determination of steam quantities
discharged from geothermal wells, which should be conducted on a continuous
basis.

Measurement of temperature and pressure upstream of the flow meter is
required to define the steam properties. The calculation of steam quantities
should be conducted on a continuous basis and should be based on
international standards.

The measurement results should be summarized transparently in regular
production reports

Monitoring frequency

Daily

QA/QC procedures

Internal procedures will be followed to systematize activities and minimize error.
Annubar flow meters will be calibrated twice a year.

Purpose of data

Activity emissions calculation.

Additional comment

Data is archived in electronic and paper

Data/Parameter EGracility.y
Data unit MWh
Description Quantity of net electricity generation supplied by the project plant to the grid in

yeary

Source of data

Electricity meters at project site.

Value(s) applied

768,467

Measurement methods
and procedures

The net electricity generation supplied to the grid is monitored by the Project
Participant as well as by the Transactions Unit (Unidad de Transacciones, UT).
Because UT is the grid operator, the data monitored by UT constitutes the
official data used for commercial purposes and emissions reductions
calculation.

1. Measurement:

Measurements are undertaken using two bidirectional electricity meters per
power unit with an accuracy class of at least 0.2. One meter is used as the main
and the other as the secondary.

Both meters measure the electricity delivery to the grid at the delivery point. The
net electricity supplied to a grid is the difference between the measured
quantities of the grid electricity export and the import.

2. Data Reading:

Data reading will be carried out periodically by the project participant an UT,
downloading data directly from the electricity meters or remotely.

3. Data Registration:

Data download from the electricity meters is saved monthly by the project
participant in an electronic format.

4. Data Storage:

All data collected as part of monitoring should be archived electronically and be
kept at least for 2 years after the end of the last crediting period.

Monitoring frequency

Continuous measurement and at least monthly recording.
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QA/QC procedures

1. Verification of the meters accuracy:

Equipments used to measure the electricity delivered to the grid are audited at
least each two years by private companies accredited by the national dispatch
center (UT). Audits are realized in the presence of members from the power
producer and the audit-company commissioned by UT.

Meter accuracy of the electricity meters have to meet the UT’s Annex of the
Operation Norms of the Transmission System and Wholesale Market. In case of
the meter accuracy is out of range or one of the meters is damaged, the meter
is calibrated or substituted.

2. Cross checking:

The project participant checks that the electricity generation data read by
personnel of the power plant coincides with data stated in the monthly invoices.
3. Emergency procedures for the monitoring system:

The electricity registered by the main meter constitutes the official metering. If
this meter fails, the data of the back-up meter is used. The main and the back-
up meter have been authorized by the Transactions Unit (Unidad de
Transacciones, UT) of the electricity market.

According to Wholesales Electricity Market and Transmission System Operation
Regulation, if UT cannot to access the meters remotely, then downloads the
metering data on site. When both meters fail, UT use the data registered by its
SCADA system or the historical data or the data registered by LaGeo, in the
mentioned order.

Purpose of data

These data will be used to calculate the baseline emissions.

Additional comment

Because electricity metering is by power unit at Berlin Power Plant, EGtaciityy iS
calculated as the sum of the electricity measured by the electricity meters of
units 1, 2 and 3 of Berlin Geothermal power plant.

B.7.2. Sampling plan
>>
Not applicable

B.7.3. Other elements of monitoring plan

>>

The operational and management structures necessary to monitor emission reductions and
emissions of the Project Activity are described in the following chart.

The person in charge of the internal quality control is assigned by the CDM coordinator.
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Monitoring system

General process Responsible

Coordination

CDM coordinator

Parameters monitoring

Operations coordinator
Measuring coordinator
Geo-chemical laboratory

Emission| reductions calculation

CDM coordinator
Environmental unit

Quality
control

Completing of monitoring report - CDM coordinator

form and documentation

Verification and request of CERs - DOE commissioned by

the project participant

Data and documentation storing

CDM coordinator

Data and information flow Control and revision

SECTION C.  Start date, crediting period type and duration

C.1. Start date of project activity

>>
02/02/2007%

C.2. Expected operational lifetime of project activity

>>
30y-0m

C.3. Crediting period of project activity

C.3.1. Type of crediting period

>>
Renewable (third crediting period)

28 Letter issued by Transactions Unit (UT, Unidad de Transacciones), 06/05/2013.
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C.3.2. Start date of crediting period

>>
01/01/2021 (third crediting period)

C.3.3. Duration of crediting period
>>
7y-Om

SECTION D. Environmental impacts

D.1. Analysis of environmental impacts

>>

The first environmental impact study regarding the exploration of the potential of the Berlin
geothermal field to generate power was carried out in 1994 by Geotérmica Salvadorefia S.A de
C.V (GESAL, today’s LaGeo). The study was one of the requirements to obtain the environmental
license for a geothermal condensation power plant. The objectives of the environmental impact
study were:

Identifying environmental (land, air and water) and socioeconomic impacts caused by all
different activities related to the development of the project;
Planning the mitigation of identified significant environmental and socioeconomic impacts;
and
Developing a control plan to assure that emissions are in compliance with applicable
regulations and laws.
In May 1998, the El Salvadorian government approved a new environmental law. In the law, article
#107 demanded that projects, which were already in place, should submit an environmental
diagnosis in two years period. The environmental diagnosis for the Berlin Geothermal Power Plant
was finished in the first semester of 2000 and subsequently submitted to MARN.

In February 2001, MARN act in response to the environmental diagnosis requesting from the
project proponents clarifications on the following issues:

Earmarked budget for environmental impacts mitigation;

System for the canalization and re-injection of condensate;

Inclusion of the activities listed in management plans, including monitoring program, in the
compliance environmental program;

Updating financial data on environmental plan.

In June 2001 MARN issued the resolution MARN-086-2001 providing the final environmental
permit for the operation the Berlin Geothermal Power Plant. The permit foresees the generation of
electricity by means of accessing a deep reservoir through a superficial structure that channels
geothermal fluids from the reservoir to the surface by 24 wells in an area of 4 km2. The decision
was based on the evaluation and acceptance of the environmental diagnosis and the
corresponding environmental adaptation and management plans. The proponent of the project also
provided MARN a financial commitment to the environmental impact mitigation measures. All the
documentation and licenses issued for the first phase of the Berlin Geothermal Power Plant were
used as basis for the proposed Project Activity.

The proposed Project Activity is the expansion of the power generation capacity at the existing
Berlin Geothermal Power Plant by 44 MW through the drilling of additional geothermal wells and
the installation of a new condensation power unit. Specifically for the proposed Project Activity the
following documents were issued by the El Salvadoran environmental agency:
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In October 21, 2002, MARN issued two documents MARN-DGA-NPA-337/2002, and
338/2002 freeing LaGeo from the environmental license for drilling of the re-injection wells
and in March 10, 2003, MARN issued the document MARN-DGA-NPA-063/2003 freeing
LaGeo from the environmental license for drilling of the production wells, both related to the
Project Activity. The decision of releasing the project from these phases of the
environmental permit was based on the low potential environmental impacts that these
additional activities would generate, as confirmed by the analysis of the environmental
diagnosis reports and site visits.

Following, MARN received from LaGeo in March 11, 2003, an environmental management
plan containing precautionary measures for environmental, social, safety and occupational
health issues, for the construction phase of the project.

Together with the plan, in March 11, 2003, MARN also received the authorization and
acceptance of the project by the municipal government, represented by the major of Los
Canfales, and the list of attendants to the public hearing, affirming the acceptance of the
project by the local community.

In July 2004, the project participants published in a national newspapers?® three times a call
for 10-day period stakeholders’ comments after the third publication. The public notice
informed that LaGeo S.A. had submitted an environmental impact study for carrying out the
Project Activity. There was also an explanation on how any citizen or company could
express his/her/its opinion about the project.

In December 2, 2004, MARN issued Resolution-5133-796-2004, which granted LaGeo the
needed license to operate. The license was issued since the ministry had received from the
Project Activity the following documents: environmental impact study, management plan,
two commentaries (“without any technical relevancy” according to MARN) during the
stakeholder comment period, and a financial warranty as a guarantee for the environmental
mitigation measures. MARN also stated that the Project Activity attended all environmental
laws.

Finally, in February 16th, 2005, MARN issued Resolution MARN-6259-123-2005, releasing
LaGeo from preparation of additional environmental impact assessments for the activity
based on the analysis of the environmental report made by LaGeo.

All mentioned resolutions, documents, studies and reports are available upon request
Environmental impact assessment
>>

SECTION E. Local stakeholder consultation

E.1. Modalities for local stakeholder consultation

>>

Local stakeholders’ comments have been invited in the process of environmental licensing. Three
public hearings were performed® in an open and transparent manner, facilitating comments to be
received from local stakeholders and allowing for a reasonable time for comments to be submitted.
As result of the hearings the Mayor of the City of Berlin sent on February 10, 2003, a letter to the
Ministry of Environment expressing the agreement of the administration and its communities to the
execution of the project. The mayor also stated believes of the communities on the beneficial role
of the project to the region and the country.

29 El Diario de Hoy, San Salvador, El Salvador, July 7, 2004, page 56; July 8, 2004, page 52; July 7, 2004,
page 66.

30 Hearings performed: First on August 23, 2002 (19 participants); second on October 25, 2002 (34
participants); third on November 12, 2002 (117 participants). Lists of participants as of sessions available
upon request.
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Afterwards the project participants published in a national newspaper three times a call for 10-day
period stakeholders’ comments after the third publication®:. The call in the paper informed that
LaGeo S.A. had submitted an environmental impact study for carrying out the Project Activity.
There was also an explanation on how any person or company could express his/her/its opinion
about the project.

In order to obtain operation licenses, sponsors also developed education and communication
programs for local communities regarding environmental aspects and projects impacts and
benefits.

Work and engagement with stakeholders is managed through the Community Engagement
Program (PACO from the Spanish “Programa de Atencién Comunitaria”) aimed at creating a
harmonious, balanced and constructive environment with neighboring municipalities of Berlin,
Mercedes Umafia and Alegria. The fundamental elements of PACO that maximize benefits to the
community are the generation of local employment opportunities, social investment activities,
development of sustainable small businesses and protection of the local environment.

E.2.  Summary of comments received

>>

The concerns expressed made by the stakeholders in the local public hearings are summarized

below:
- Noise attenuation in the construction site

Control of water drainage

Protection and stabilization of slopes

Improvement of roads and access to the site and surroundings

Reforestation at the places damaged

Adequate management of wastes and residues

Actions directed to the protection of the wild life

Generate local job positions during construction phase

Two comments were received after the three-day publication of call for comments in a national

newspaper. The two comments were not taken into account since MARN did not consider them

relevant.

E.3. Consideration of comments received

>>

LaGeo never received any complain from stakeholders (NGO, MARN or any public entity)
regarding the Project Activity. All relevant31 comments received, in the context of public hearings
carried out within the environmental licensing and operation permitting process, were incorporated
into the implementation of the project. Some of these concrete actions, aimed at managing public
concerns and improving the wellbeing of the neighboring community, include:

Underground Water Management Publication: LaGeo published and communicated (via talks and
seminars) an educational document providing detailed information on site underground conditions
and best management practices. The document explains how are aquifers protected during the
drilling and reservoir production process. The publication educates and allows the public to
understand how is the company safeguarding the water supplies.

Water Monitoring: LaGeo conducts a permanent groundwater monitoring plan that surveys areas
near operations through periodic sampling and analyses (this survey includes wells, aquifers, and
point sources of water supply).

31 El Diario de Hoy, San Salvador, El Salvador, July 7, 2004, page 56; El Diario de Hoy, July 8, 2004, page
52; El Diario de Hoy, July 7, 2004, page 66.
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Public Affairs Office: in order to be available to the community and respond to any concern or
issue, a Public Affairs office operates at the site. This office receives stakeholders and provides up-
to-date information on environmental and social aspects related to the Project Activity. Some of the
tools available to the stakeholder are: direct telephone hot line, newsletters, and public service
announcements.

Environmental Education Program: a program has been implemented to enhance peoples
understanding of geothermal resources and its importance in providing clean sustainable energy
while protecting the environment. The program includes activities such as: school cleaning and
maintenance practices; reforestation; etc.

SECTION F.  Approval and authorization
>>
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MINISTERIO DE MEDIO AMBIENTE ¥
RECURSOS NATURALES

MARN-DGGA-27172005
San Salvador, October 31. 2005

Reference: Letter of approval of the project
“LaGeo S.A. de C.V., Berlin Geothermal Project,
Phase Two"”

Mr. José Antonio Rodriguez
General Manager
LaGeo S.A. de C.V.

Dear Mister Rodriguez:

We wish to refer to the project “LaGeo S.A. de C.V., Berlin Geothermal Project, Phase Two”
(the Project), submitted for our approval. As authorized representative of the Designated
National Authority (DNA) for the Clean Development Mechanism (CDM) of the Republic of
El Salvador. we hereby confirm:

i) The Republic of El Salvador ratified the Kyoto Protocol on September 17, 1998.

ii) The Republic of LI Salvador and the project participants, voluntary participate in
the CDM.

ili)  The Republic of El Salvador recognizes the Project Participant’s rights to all
Certified Emission Reductions (CERs) generated by the Project, and accepts the
transfer of all CERs during the crediting period of the Project.

iv) The Project assists the Republic of El Salvador in achieving sustainable
development.

This letter of approval is valid. only if the Project Design Document (PDD) had been
validated by a Designated Opcerational Entity (DOE).

Sincerely,
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Appendix 1. Contact information of project participants
Organization name LaGeo, S. A. de C. V.

Country El Salvador

Address 15 Avenida Sur, Colonia Utila — Santa Tecla

Telephone + (503) 2211-6700

Fax + (503) 2211-6746

E-mail info@lageo.com.sv

Website http://www.lageo.com.sv/

Contact person Loy, Rubén Antonio

Appendix 2. Affirmation regarding public funding

No public funding was and will be used in the present project.

Appendix 3. Applicability of methodologies and standardized
baselines

See sections B.1 and B.2
Appendix 4. Further background information on ex ante calculation
of emission reductions

Please refer Section B.6 of the PDD
Appendix 5. Further background information on monitoring plan

This section is intentionally left empty (see section B.7 for monitoring plan

Appendix 6. Summary report of comments received from local
stakeholders

This section is intentionally left empty (see section E.2 for the summary report of comments
received from local stakeholders).

Appendix 7. Summary of post-registration changes

Permanent changes from registered monitoring plan or applied methodology

1. The monitoring plan has been revised to consider the parameter Mt,y (quantity of steam
generated during well testing) as negligible. The revision was approved on June 10, 2009.
2. The monitoring plan was revised in 2011 in order to be more realistic and according to

ACMO0002. The revision was approved on May 3, 2011.
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Changes to start date of crediting period

1. The starting date on the registered PDD changed from June 1st, 2006 to
January 1st, 2007.

Document information

Version Date Description
12.0 8 October 2021 Revision to:
Improve consistency with version 03.0 of the “CDM project standard
for project activities” (CDM-EB93-A04-STAN).
11.0 31 May 2019 Revision to:
Ensure consistency with version 02.0 of the “CDM project
standard for project activities” (CDM-EB93-A04-STAN);
Make editorial improvements.
10.1 28 June 2017 Revision to make editorial improvement.
10.0 7 June 2017 Revision to:
Improve consistency with the “CDM project standard for project
activities” and with the PoA-DD and CPA-DD forms;
Make editorial improvement.
09.0 24 May 2017 Revision to:
Ensure consistency with the “CDM project standard for project
activities” (CDM-EB93-A04-STAN) (version 01.0);
Incorporate the “Project design document form for small-scale
CDM project activities” (CDM-SSC-PDD-FORM);
Make editorial improvement.
08.0 22 July 2016 EB 90, Annex 1
Revision to include provisions related to automatically additional
project activities.
07.0 15 April 2016 Revision to ensure consistency with the “Standard: Applicability of
sectoral scopes” (CDM-EB88-A04-STAN) (version 01.0).
06.0 9 March 2015 Revision to:
Include provisions related to statement on erroneous inclusion
of a CPA,;
Include provisions related to delayed submission of a monitoring
plan;
Provisions related to local stakeholder consultation;
Provisions related to the Host Party;
Make editorial improvement.
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Version Date Description
05.0 25 June 2014 Revision to:
Include the Attachment: Instructions for filling out the project
design document form for CDM project activities (these
instructions supersede the "Guidelines for completing the
project design document form" (Version 01.0));
Include provisions related to standardized baselines;
Add contact information on a responsible person(s)/ entity(ies)
for the application of the methodology (ies) to the project activity
in B.7.4 and Appendix 1;
Change the reference number from F-CDM-PDD to CDM-PDD-
FORM,;
Make editorial improvement.
04.1 11 April 2012 Editorial revision to change version 02 line in history box from Annex
06 to Annex 06b.
04.0 13 March 2012 Revision required to ensure consistency with the “Guidelines for
completing the project design document form for CDM project
activities” (EB 66, Annex 8).
03.0 26 July 2006 EB 25, Annex 15
02.0 14 June 2004 EB 14, Annex 06b
01.0 03 August 2002 EB 05, Paragraph 12
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