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SECTION A.  General description of project activity 

 

A.1  Title of the project activity:  

 

Bayano Hydroelectric Expansion and Upgrade Project in Panama 

 

Project Design Document Version 1 – September 4, 2006. 

 

A.2. Description of the project activity: 

 

The project consist in Adding a new 86 MW turbine (Bayano 3) and upgrading two existing 75 MW units 

(Bayano 1 & 2) to 87 MW (each) at the preexisting Bayano Hydroelectric Project in Panama, offsetting 

thermal capacity. The upgrades of Bayano 1 and Bayano 2 include increasing the efficiency of the existing 

units by replacing the turbine runners and performing other related capital improvements.  The new turbine 

runners will both increase the unit output as well as the unit efficiency. This project does not involve the 

construction of any new dams or increase in the reservoirs volume.  

 

The increase in the energy generation will equate to 60 GWh per year from the additional capacity of 110 

MW and increase in the firm capacity of 51 MW. The benefits associated with this project will include: 1) 

reactivation of the local economy as this investment represents the biggest investment in the electric sector in 

recent years, 2) generation of new employment, and 3) reduce the price of the energy to the end consumers. 

 

The already operating Bayano hydroelectric plant is a reservoir-based hydro plant with an installed capacity 

of 150 MW. The facility comprises two 75 MW units with 105 MW of firm capacity. Bayano was 

commissioned in 1976 and utilizes the flows of the Bayano River. The plant consists of a main dam and a 

saddle dam, a spillway and a power station. The plant is part of Panama’s National Interconnected Grid. 

 

The primary objectives of this project are: 1) to inject additional clean, safe and reliable energy capacity to 

the Panamanian electric system, 2) to increase the efficiency of existing units and to optimize the use of water 

resources, 3) to contribute to the national efforts to reduce emissions globally, resulting in a cleaner 

environment, and 4) to reduce Panama’s dependence of imported fossil fuels. 

 

A.3.  Project participants: 

 

Name of Party involved (*) 

((host) indicates a host Party): 

Private and/or public entity(ies) 

project participants(*) (as 

applicable) 

Kindly indicate if the Party 

involved wishes to be considered as 

project participant (Yes/No) 

Panama (host) AES Panama S.A. No 

(*) In accordance with the CDM modalities and procedures, at the time of making the CDM-PDD 

public at the stage of validation, a Party involved may or may not have provided its approval. At the 

time of requesting registration, the approval by the Party (ies) involved is required. 
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A.4.  Technical description of the project activity: 

 

 A.4.1. Location of the project activity: 

>> 

  A.4.1.1.  Host Party (ies):  

 

Republic of Panama 

 

  A.4.1.2.  Region/State/Province etc.:  

 

Panama Province 

 

  A.4.1.3.  City/Town/Community etc: 

 

La Nícora, Chepo District  
 

  A.4.1.4.  Detail of physical location, including information allowing the unique 

identification of this project activity (maximum one page): 

 

The Bayano Hydroelectric facility is located in the La Nicora area in Chepo district, Panama province, about 

85 kilometres east of Panama City. The coordinates of the Power Plant are:  

9°10’7.00” N 

78°47’50.11” W 

The Republic of Panama is located in Central America. 

 Figure N°1 Project Location Map 

 

 A.4.2. Category (ies) of project activity: 
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According to the CDM modalities and procedures the project activity falls within category sectoral scope 1: 

Energy industries (renewable/non-renewable sources). The project activity is grid-connected renewable 

power generation. 

 

 A.4.3. Technology to be employed by the project activity:  

 

The project consists in adding a third turbine and generator with an installed capacity of 86 MW (“Bayano 

Unit 3”) and the rehabilitation and upgrade of the existing Bayano Unit 1 and Bayano Unit 2 turbines and 

generators units from 75 MW to 87 MW each. The Bayano Facility includes the following: a powerhouse 

containing three vertical-shaft Francis type turbine-generator units, two rated at 87 MW and one at 86 MW, 

under a net head of 50 m with a design flow of 184 m3/s; without increase the existing reservoir volume. 

 

To perform the project an EPC (Engineering Procurement & Construction) contract had been awarded to a 

consortium made up of Alstom Power Generation AB and GE Energy (Sweden AB); Alstom was responsible 

for the generator and electrical work, and GE Hydro was responsible for the turbine. The Bayano EPC 

agreement required the Contractor to provide for the activities associated with the Bayano 

Expansion/Upgrade, including: design, engineering, construction, commissioning, performance testing and 

other services and items required for completion of Bayano Unit 3, as well as for the retrofit of Bayano Unit 1 

and Bayano Unit 2 on a fixed-price, turnkey basis. Both companies have been manufacturing equipment for 

hydroelectric facilities for decades and have improved the engineering and technology utilized in the design 

and fabrication of turbines and generators. 

 

A.4.4 Estimated amount of emission reductions over the chosen crediting period:  

 

It is expected that the Project activities will generate on average a total annual amount of 31,584 tCO2e 

emission reductions over the first seven (7) years period, with option of two renewal periods. Starting the first 

crediting period in 05/03/2004, the total estimated reductions in the first crediting period (2004-2010) are 

221,085 tCO2e. Estimated emission reductions are achieved by avoiding CO2 emissions from electricity 

generation of those fossil fuel-fired power plants connected into Panama’s National Grid. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 A.4.5. Public 

funding of the project activity: 

Y e a r s

A n n u a l  e s t im a t i o n  o f  

e m i s s i o n  r e d u c t i o n s  in  

t o n n e s  o f  C O 2  e

2 0 0 4 3 1 ,2 7 5

2 0 0 5 3 1 ,6 3 5

2 0 0 6 3 1 ,6 3 5

2 0 0 7 3 1 ,6 3 5

2 0 0 8 3 1 ,6 3 5

2 0 0 9 3 1 ,6 3 5

2 0 1 0 3 1 ,6 3 5

T o t a l  e s t im a t e d  r e d u c t i o n s  

( t o n n e s  o f  C O 2 e ) 2 2 1 ,0 8 5

T o t a l  n u m b e r  o f  c r e d i t in g  y e a r s 7

A n n u a l  a v e r a g e  o v e r  t h e  

c r e d i t in g  p e r io d  o f  e s t im a t e d  

r e d u c t i o n s  ( t o n n e s  o f  C O 2 e ) 3 1 ,5 8 4

A n n u a l  e s t im a t io n  o f  e m i s s i o n  r e d u c t i o n s
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No public funding is provided for the project. 
 

SECTION B.  Application of a baseline and monitoring methodology  

 

B.1. Title and reference of the approved baseline and monitoring methodology applied to the project 

activity:  

 

Title of the approved consolidated baseline methodology applied to the project activity: “Consolidated 

baseline methodology for grid-connected electricity generation from renewable sources”. This baseline 

methodology shall be used in conjunction with the approved monitoring methodology ACM0002 

("Consolidated monitoring methodology for grid-connected electricity generation from renewable 

sources"). 

 

Reference of the methodology applied to the project activity: ACM0002 - Version 06 /19 May 2006 

 

The additionality of the project activity shall be demonstrated and assessed using the latest version of the 

“Tool for the demonstration and assessment of additionality” agreed by the CDM Executive Board, which is 

available on the UNFCCC CDM web site. 

 

Reference of Tool: Tool for the demonstration and assessment of additionality - Version 2 / 28 November 

2005 
 

The methodology and tool are available on the following website: 

http://cdm.unfccc.int/methodologies/PAmethodolgies/approved.html 

 

B.2 Justification of the choice of the methodology and why it is applicable to the project activity: 

 

Hydroelectric power generation technology is a renewable electricity generation technology to displace fossil 

fuel-fired power generation technology to supply electricity to the grid. Therefore the Project complies with 

the conditions stated in the consolidated baseline methodology ACM0002 approved by CDM EB to 

determine the project baseline and calculate GHG emission reductions achieved by Hydroelectric power 

generation, these conditions are: 
� The project consists in electricity capacity additions from hydro power projects with existing reservoirs 

where the volume of the reservoir is not increased. 

� The project is not an activity that involves switching from fossil fuels to renewable energy at the 

project site. 
� The geographic and system boundaries for the relevant electricity grid can be clearly identified and 

information on the characteristics of the grid is available. 

 

B.3. Description of the sources and gases included in the project boundary  

 

Referring to the description in the baseline methodology ACM0002 “Consolidated baseline methodology for 

grid-connected electricity generation from renewable sources” (version 06), the spatial extent of the project 
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including the project site and other power plants connected to the National Interconnected Grid, therefore the 

methodology ACM0002 allows project participants to choose the emissions from the grid-connected thermal 

plants to be included in the project boundary, and to substitute the generation from thermal plants with the 

proposed project activity in order to obtain emission reductions. In addition, the project does not involve any 

expansion to the existing reservoir and no additional methane emissions will arise as a result of the project (in 

fact, it could be argued that the methane emissions per unit of electricity generated will go down as a result of 

the project, since more water will be used to generate electricity rather than spilled), the project emissions 

from the reservoir may be neglected. 

 

  Source Gas Included? Justification / Explanation 

Thermal plants CO2 Yes 
Generation from fossil fuel thermal plants 

 CH4 No Grid-connected renewable project Baseline 

  N2O No Grid-connected renewable project 

CO2 Yes 

The consumption of fuel related to 

transport is negligible because the 

required civil works are already in place 

in the existing facility. The emissions 

related to transport are thus estimated to 

be zero. The only leakage to be 

considered is the emissions originated by 

the use of cement during the upgrade of 
the Bayano plant.  

CH4 No 

The project doesn’t involve any 

expansion to the existing reservoir and no 

additional methane emissions will arise 

as a result of the project 

Project 

Activity 

Hydropower plant 

construction, fuel 

handling (extraction, 

processing, and 

transport), and land 

inundation 

N2O No Grid-connected renewable project 

 
 

B.4. Description of how the baseline scenario is identified and description of the identified baseline 

scenario:  

 

 

According to the approved consolidated baseline methodology ACM0002 (Version 6), for the baseline 
determination, project participants shall only account for CO2 emissions from electricity generation in fossil fuel 

fired power that are displaced due to the project activity. The spatial extent of the project boundary includes the 

project site and all power plants connected physically to the electricity system that the CDM project power plant is 

connected to. For the purpose of determining the build margin (BM) and operating margin (OM) emission factor, 

as described below, a (regional) project electricity system is defined by the spatial extent of the power plants that 

can be dispatched without significant transmission constraints.  
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Where the application of this methodology does not result in a clear grid boundary, given country 

specific variations in grid management policies: 

(a) Use the delineation of grid boundaries as provided by the DNA of the host country if available; or 

(b) Use, Where DNA guidance is not available, the following definition of boundary: 

• In large countries with layered dispatch systems (e.g. state/provincial/regional/national) the regional 

grid definition should be used. A state/provincial grid definition may indeed in many cases be too 

narrow given significant electricity trade among states/provinces that might be affected, directly or 

indirectly, by a CDM project activity; 

• In other countries, the national (or other largest) grid definition should be used by default. 

 

In Panama the DNA does not provide grid boundaries delineation, due to the fact that Panama is a small 

country (approx. 78,000 Km2) and under the electricity market regulations, Panama has a National 

Interconnected Grid (NIG) defined as the set of generation power stations, lines and communications nets and 

complementary distribution of electricity and facilities that are interconnected, in a single nationwide system. 

 
Basic Information for the National Interconnected Grid as Baseline Scenario 

 
Installed Capacity - MW Total Generation - MWh 

Año 
Hydro % Thermal % Total Hydro % Thermal % Total 

Remarks 

2000 613 49% 635 51% 1248 3,048,615 71% 1,243,085 29% 4,291,700  

2001 613 49% 647 51% 1260 2,253,865 49% 2,306,171 51% 4,560,036  

2002 701 49% 722 51% 1423 3,026,350 64% 1,717,838 36% 4,744,188  

2003 833 54% 722 46% 1555 2,449,270 51% 2,391,485 49% 4,840,756  

2004 846 56% 662 44% 1508 3,382,045 68% 1,578,713 32% 4,960,758  

2005* 847 56% 662 44% 1508 958,961 75% 325,868 25% 1,284,829 
* Data available 
fo the 1

st
 quarter 

only 

Total      15,119,106  9,563,161  24,682,267  

 
Source:  http://www.etesa.com.pa/en/mercadoFrm.htm      

 http://www.mef.gob.pa/cope/index.htm      

 

From the description above, the system boundary for NIG can be clearly identified. Furthermore, information 

on its characteristics and the corresponding data is readily available in a transparent way from the official 

governmental agencies, the National Dispatch Center (CND, in Spanish) 

http://www.etesa.com.pa/en/mercadoFrm.htm; and the Energy Policies Commission (COPE, in Spanish) 

http://www.mef.gob.pa/cope/index.htm, which makes it suitable to select as the baseline scenario of the proposed 

project. Without the project activity, the unmet power demand would possibly be supplied by new-built fossil 

fuel power plants or continual operation of existing thermal plants. Generated electricity by the project will 

displace part of the electricity generated by fossil fuel power plants, and thus reduce GHG emissions from 

those power plants. 

 

B.5. Description of how the anthropogenic emissions of GHG by sources are reduced below those 

that would have occurred in the absence of the registered CDM project activity (assessment and 

demonstration of additionality):  
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The additionality of the proposed project activity is demonstrated and assessed using the latest version of the 

“Tool for the demonstration and assessment of additionality” (version 02) agreed by the CDM EB, as 

following steps:  
 

Step 0:  Preliminary screening based on the starting date of the project activity  

Step 1: Identification of alternatives to the project activity consistent with current laws and regulations  

Step 2:  Investment analysis.  

Step 3:  Barriers analysis  

Step 4:  Common practice analysis  

Step 5:  Impact of registration of the proposed activity as a CDM project activity. 

 

Step 0. Preliminary screening based on the starting date of the project activity 

 

The Bayano Expansion and Upgrade Project consist in adding a new 86 MW turbine (Bayano 3) and upgrading 

two existing 75 MW units (Bayano 1 & 2) to 87 MW (each) at the preexisting Bayano Hydroelectric Project 

in Panama, offsetting thermal and hydroelectric capacity. The upgrades of Bayano 1 and Bayano 2 include 

increasing the efficiency of the existing units by replacing the turbine runners and performing other related 

capital improvements. The new turbine runners will both increase the unit output as well as the unit 

efficiency. This project does not involve the construction of any new dams or reservoirs. 

 

The Engineering Procurement and Construction (EPC) contract for The Bayano Expansion and Upgrade Project 

work was signed on March 30, 2001 (a copy of the cover page of this document is available to the DOE for 

review). During this time, AES Panama began to consider the CDM as one option to improve the financial 

viability of the project. This resulted in the submission of a Project Idea Note (PIN) to  Senter International 

CERUPT Tender for CERs in late 2001 (Senter International confirmed receipt of this proposal. A copy of this 

letter is available to the DOE)1. Construction on the first phase of the project (installation of Bayano Unit 3, a third 

unit of 86 MW) was started in September of 2002 (start date), well after the required initiation date in the 

Marrakech Accords2. Thus, the implementation decision was taken only after considering CDM as an important 

contribution to the project. 

 

Therefore the project is designated as a “prompt start”, which is defined as projects that started after January 1, 

2000 in which the CDM was considered a part of the project design but did not get register with the CDM 

Executive Board before breaking ground on project construction3. Based on this decision by the CDM Executive 

Board, emission reductions from this type of project will be retroactively awarded for the years between the 

project starting date and registration4.  

                                                      
1 It should also be noted that at this time, the CDM Executive Board was not able to evaluate projects as they had not yet 

developed the capacity within the Methodology Panel. 

2 of 1 January 2000 
3 This definition of the project start date is based on that presented by the CDM Executive Board in the document, 

“Glossary of terms used in the CDM project design document (CDM-PDD).”  
4 Decision -/CP.9 “(c) That a clean development mechanism project activity starting between the date of adoption of 

decision 17/CP.7 and the date of the first registration of a clean development mechanism project activity may, if the 

project activity is submitted for registration before 31 December 2005, use a crediting period starting before the date of 

its registration;” Decision -/CMP.1 – General “4. Decides that project activities that started in the period between 1 
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In any case, project participants wish to have the crediting period starting prior to the registration of the 

project. Hence step 0 is fulfilled for the project. It is concluded that the project is additional under step 0.  

 

Step 1. Identification of alternatives to the project activity consistent with current laws and regulations 

 

Sub-step 1a. Define alternatives to the project activity: 

 

The project is an activity that generates electricity by using renewable sources and delivers it through the 

NIG. The identified realistic and credible alternatives available to the project participants that provide outputs 

or services comparable with the proposed CDM project activity are three:  

 

1. Implement the project as a hydropower plant development without the CDM component.  

2. Implement other plausible and credible alternatives with comparable quality, properties and 

application areas (e.g. fossil fuel fired power plant, natural gas power plant).  

3. Do not implement any power generation project.  

 

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

 

The alternatives listed in sub-step 1a are in compliance with all applicable legal and regulatory requirements 

in Panama, including environmental regulations. 

 

Because none of the identified alternatives breaks any legal or regulatory requirement or are likely to do so in 

the future - including the fact that none of the three alternatives are likely to go against technical standards 

and current legal dispositions on environmental conservation and cultural heritage conservation, all 3 

scenarios are in compliance with all applicable laws and regulations and are also realistic and credible 

alternatives available to the project participants. Meaning the project is additional under step 1. 

 

According with the Tool for the demonstration and assessment of additionality - Version 2, after complying 

with step1, and then indicate:    

 
→ Proceed to Step 2 (Investment analysis) or Step 3 (Barrier analysis). (Project participants may also 
select to complete both steps 2 and 3.) 

Step 2. Investment analysis 

 

Not applicable 

 

Step 3. Barrier analysis 

                                                                                                                                                                                 
January 2000 and 18 November 2004 and have not yet requested registration but have either submitted a new 

methodology or have requested validation by a designated operational entity by 31 December 2005 can request 

retroactive credits if they are registered by the Executive Board by 31 December 2006 at the latest; 
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Sub-step 3 a. Identify barriers that would prevent the implementation of the type of the proposed 

project activity  

 

Hydropower plants projects face barriers that prevent them from being carried out if they are not registered as 

CDM activities.   
 

Investment Barrier 

 

At the time that AES was developing this project and looking for capital, the company’s stock value dropped 

drastically (it has since recovered substantially), severely limiting AES Panama’s ability to access 

commercial financing. This led AES Panama to identify a short-term financing option that would allow them 

to develop the Bayano project and later restructure their debt once the project was operational. 

 

While the project was able to get bridge financing without a secured revenue stream from the sale of CERs, 

the revenue was taken into consideration in the new financial package for the company. CERs (in part) 

contributed to the project’s debt receiving a BBB- rating (investment grade) from Fitch Ratings Services. The 

sale of CERs is specifically reference in the rating document developed by Fitch. The proposed sale of CERs 

helped to secure this new financing package and extend loan tenors from eight to approximately ten to fifteen 

years. It specifically allowed the project to present a higher debt service coverage ratio (a key financial ratio 

used to determine a project’s or company’s ability to make timely debt payments). 

 

While AES Panama is only partly owned by AES Corporation, new investment activities and usage of AES 

capital still must go through an internal corporate review against investment opportunities which meet a 

minimum financial hurdle rate. While internal hurdle rates for AES vary, for projects such as this, an 

incremental difference in the internal rate of return (IRR) of 0.67% is considered significant (financial return 

with and without CERs are shown below). 

 

Bayano Project without CERs 

 IRR= 16.68% 

 NPV@12%= 3.469 million 

 

Bayano Project with CERs 

 IRR= 17.35% 

 NPV@12%= 3.890 million 

 

This additional financial return associated with the CER revenues helped in the investment decision-making 

process. 

 

In addition, AES Panama values the GHG reducing attributes of this project not only for the additional 

revenue stream from the sale of CERs, but also for the intangible benefits, such as positioning AES Panama in the 

emerging carbon market through early participation in a learning-by-doing process, gaining public recognition 
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through national and international certifications, contributing to sustainability, and improving social conditions 

in a scantly developed rural region.5 

 

Technological barrier 

 

The upgrading of preexisting hydroelectric facilities with the equipment used by AES Panama at Bayano is 

not part of the baseline and thus additional due to the following technology barriers: 

  

1) While hydroelectric generation technology makes up more than 50% of the installed capacity in Panama, 

the Bayano Expansion and Upgrade Project utilizes specific control technology not used in Panama. The 

upgrade project utilizes a SCADA control system that allows the facility managers to optimize the operation 

of the turbines and generators and improve the efficiency of the plant (and thus reducing waste). 

 

2) While not a traditional technology barrier (nor the one defined in the Baseline Methodology), hydro-

electric power plants are generally no longer the technology of choice in Panama. Most new capacity utilizes 

combustion turbines or internal combustion engines. These technologies have lower installed cost and less 

environmental regulations to meet before they can go into operation. Due to this, under a business as usual 

scenario, hydroelectric technology would not be implemented. 

 

3) In addition, the newly installed capacity of 110 MW only generates 60 GWh per year. This is well below 

the amount of electricity generated by other hydroelectric projects of this size. Therefore the average cost to 

generate each KWh of electricity is substantially higher then other electricity generation projects. 

 

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

the alternatives:  

 

The two identified barriers that the project faced will not prevent the alternative: “implement the project as 

fossil fuel fired power plant”. 

 

(a) Investment Barrier (Barrier 1):  

Fossil fuel project developments are less strongly affected (Alternative 2) because of three reasons:  

� The lower investment needed to build a fossil fuel fired power plant. A hydropower plant requires 

more investment financing than a fossil fuel fired power plant because of the much higher up-front 

investment cost associated with the former. The turnkey6 cost per installed MW for a hydro project is 

around of the double for fossil fuel fired project on average. 

                                                      

5AES Panama Energy, an indirect subsidiary of AES, has adopted an internal environmental strategy to deal with all of 

its business activities and new investments. AES is also a pioneer in Panama in consideration of the CDM as a part of its 

decision-making process. Since 1999 the Designated National Authority (DNA) of Panama has been sponsoring 

seminars on the use of CDM for project development activities.  Consequently, AES Panama Energy has paid a great 

deal of attention to the Clean Development Mechanism. In November of 2001, The Netherlands Minister of Housing, 

Spatial Planning and the Environment and the Panamanian DNA signed a Memorandum of Understanding on co-

operation in the field of the CDM. At that time AES Panama Energy hired experts to use the CDM as a financial tool, 

based on the ongoing negotiations of the UNFCCC. 
6 Turnkey meaning the investment needed to put a power plant in operation. 
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� The shorter time it takes to put new engines in operation for a fossil fuel fired power plant, which 

exposes lenders to less risk.  

� The shorter time it takes in recovering the initial investment made in a fossil fuel fired power plant, 

which also exposes lenders to less risk. 
 

(b) Technological Barrier (Barrier 2): 

Fossil fuel project developments are less strongly affected (Alternative 2) because of the following 

reasons: 

� Hydroelectric power plants are generally no longer the technology of choice in Panama. Most new 

capacity utilizes combustion turbines or internal combustion engines. These technologies have lower 

installed cost and less environmental regulations to meet before they can go into operation. Due to 

this, under a business as usual scenario, hydroelectric technology would not be implemented. 

� The newly installed capacity of 110 MW only generates 60 GWh per year. This is well below the 

amount of electricity generated by other hydroelectric projects of this size. Therefore the average cost 

to generate each KWh of electricity is substantially higher then other electricity generation projects. 

 
Since the alternatives are affected less strongly/not prevented by the identified barriers that the project faced, 

they are both viable alternatives and should not be eliminated from consideration.  

 

Having identified two barriers that affected the implementation of this type of proposed project activity, but 

did not prevent/affect less strongly at least one of the alternatives identified, the project is additional under 

Step 3. 

 

Step 4. Common Practice Analysis  

 

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

 

The investment barriers existing in Panama for hydroelectric projects are due to the fact that 

hydroelectric technology has been generally no longer the technology of choice in Panama since 

1984. Most of the latest capacity utilizes combustion turbines or internal combustion engines (see 

table below).  

 

 

 

 

 
Latest Thermal Facilities for National Interconnected Grid 

Company Unit Type Fuel 
Capacity 
(KW) 

Year of 
Commissioning 

EGE BABIA LAS MINAS           

BLM 5 G Marine diesel 33 1988 
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BLM 6 G Marine diesel 33 1988 

BLM 8 G Marine diesel 34 1999 

BLM 9 G Marine diesel 60 2000 

AES PANAMÁ S. A.           

Sub Estación Panamá 1 G Diesel 21.4 1983 

Sub Estación Panamá 2 G Diesel 21.4 1983 

Company Unit Type Fuel 
Capacity 
(KW) 

Year of 
Commissioning 

PANAM 1 - 6 I.C. Bunker 96 1999 

PEDREGAL 1 - 3 I.C. Bunker 53.4 2002 

COPESA 1 G Diesel 46 1998 

Autoridad del Canal de Panamá           

PCA 3 G Bunker C 38 Rehab 2000 

PCA 4 V Bunker C 77 Rehab 2002 

(V) = Steam, (D) = Diesel, (G) = Gas, (I.C.) = Interna 
Combustion. 

   

Source: http://www.mef.gob.pa/cope/index.htm     

During this period of time (i.e. from 1984-2002) no new hydroelectric power plant has been build in Panama. 

This shows that hydro development in Panama can not be considered anymore a common practice. 

 

Sub-step 4b. Discuss any similar options that are occurring  

 

No similar activities (hydropower plants) in terms of access to financing, international investment climate or 

developed under the conditions prevalence when the Bayano Hydroelectric Expansion and Upgrade Project 

start (30/03/2001). 
 

In conclusion, the project is not common practice in Panama. It is concluded that the project is additional 

under Step 4. 

 
Step 5. Impact of CDM registration 

 

The impact of the approval and registration of the Bayano Hydroelectric Expansion and Upgrade Project 

activity as a CDM activity, and the attendant benefits and incentives derived from the project activity, will 

alleviate the barriers identified in Step 3. The investment barrier (Barrier 1) that impedes funding is alleviated 

when CDM registration is achieved. CERs revenues will allow the project to better compete with more 

efficient technologies available, and thus enable the project activity to be undertaken. Among the benefits and 

incentives can be achieving by the project are: 

 
� Anthropogenic greenhouse gas emission reductions; 

� The financial benefit of the revenue obtained by selling CERs, 

� Attracting new players who are not exposed to the same barriers that project faced.  

� Reducing the inflation /exchange rate risk affecting expected revenues and attractiveness for the 

investors. 
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Since the approval and registration of the project as a CDM activity alleviate the identified barriers (Step 3) to 

a reasonable extent, it is concluded that the project is additional under Step 5.  

 

Because all of the above steps were satisfied, the CDM project activity is not the baseline scenario.  

That means the project is additional.  

 

B.6.  Emission reductions: 

B.6.1. Explanation of methodological choices: 

 

The project activity is grid-connected electricity generation from renewable energy sources, according to the 

approved consolidated baseline methodology ACM0002, the emission reductions of the proposed project are 

determined as following steps: 

STEP1. Calculate the Operating Margin emission factor(s) (EFOM, y) based on one of the four 

following methods: 

(a) Simple OM, or 

(b) Simple adjusted OM, or 

(c) Dispatch Data Analysis OM, or 

(d) Average OM. 

 

Each method is described below. 

 

Method (a) Simple OM 

The simple OM method only can be used when low-cost/must run resources constitute less than 50% of total 

grid generation. The proportions of the low-cost/must in Panama’s National Interconnected Grid (NIG) which 

the project is connected are more than 50% from year 2000 to year 2004 (most recent five years) see table in 

section B.4, so the simple OM method can not be adopted. 

Method (b) Simple adjusted OM 

The simple adjusted OM needs the annual load duration curve of the grid. As the detailed hourly load data 

(disaggregated data) of NIG are not publicly available (just monthly summary), it is difficult to adopt Method 

(b) for the calculation of the baseline emission factor of operating margin (EFOM, y). 

 

Method (c) Dispatch data analysis OM 

Dispatch data analysis should be the first choice in calculating the baseline emission factor of operating 

margin (EFOM, y) according to the methodology ACM0002. But disaggregated data of NIG are not publicly 

available in details (just monthly summary), it is difficult to adopt Method (c) for the calculation of the 

baseline emission factor of operating margin (EFOM, y).  

Method (d) Average OM 
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Method (d) can only be used when low-cost/must run resources constitute more than 50% of total grid 

generation. According to the proportions of the low-cost/must in Panama’s National Interconnected Grid 

(NIG), it is suitable for the project (see table in section B.4) and using aggregated generation and fuel 

consumption data publicly available. 

Thus, the method (d) Average OM can be used to calculate the baseline emission factor of operating margin  
(EFOM, y) for the project and the average OM emission factors can be calculated using either of the two 
following data vintages for years(s) y: 

(a) (ex-ante) the full generation-weighted average for the most recent 3 years for which data are 
available at the time of PDD submission. 

 

(d) Average OM. The average OM emission factor (EFOM,average,y) is calculated as the average emission rate 

of all power plants, using equation (1) below, but including low-operating cost and must-run power 

plants. 

(1) 

EFOM,average,y  = 

 

 

Where Fi,j,y is the amount of fuel i (in a mass or volume unit) consumed by relevant power sources j in year(s) 

y, j refers to the power sources delivering electricity to the grid, including low-operating cost and must-run 

power plants of  the grid. 

 

COEFi,j y is the CO2 emission coefficient of fuel i (tCO2 / mass or volume unit of the fuel), taking into account 

the carbon content of the fuels used by relevant power sources j and the percent oxidation of the fuel in 

year(s) y, and GENj,y is the electricity (MWh) delivered to the grid by source j. 

 

The CO2 emission coefficient COEFi is obtained as: 

COEFi = NCVi ×EFCO2,i × OXIDi     (2) 
 

Where:  NCVi is the net calorific value (energy content) per mass or volume unit of fueli 

 OXIDi is the oxidation factor; 

 EFCO2,i is the CO2 emission factor per unit of energy of the of fueli 

 
Refer to description in version 6 of ACM002. Where available, local values of NCVi and EFCO2,i should be 
used. If no such values are available, country-specific values (see e.g. IPCC Good Practice Guidance) are 
preferable to IPCC world-wide default values. 

 

The average OM emission factor (EFOM,average,y) is calculated as the average emission rate of all power plants for 

the most recent 3 years for which data are available at the time of PDD submission (ex-ante) as the 

EFOM,average,y of the proposed project activity. 

 

( )

∑

∑ ×
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jiyji
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STEP 2. Calculate the Build Margin emission factor (EFBM,y) as the generation-weighted average emission 

factor (tCO2/MWh) of a sample of power plants m, as follows: 

                                                       (3) 

 

 

Where Fi,m,y, COEFi,m and GENm,y are analogous to the variables described for the simple OM method 
above for plants m. 

Refer to the description in ACM0002, Project participants shall choose between one of the following two 
options. The choice among the two options should be specified in the PDD, and cannot be changed during the 
crediting period. We choose Option 1. 

 

Option 1: Calculate the Build Margin emission factor EFBM,y ex-ante based on the most recent information 

available on plants already built for sample group m at the time of PDD submission. The sample group m 

consists of either the five power plants that have been built most recently or the power plant capacity 

additions in the electricity system that comprise 20% of the system generation (in MWh) and that have been 

built most recently7. Project participants should use from these two options that sample group that comprises 

the larger annual generation. 

STEP 3. Calculate the baseline emission factor EFy as the weighted average of the Operating Margin 

emission factor (EFOM, y) and the Build Margin emission factor (EFBM, y): 

                                                                         (5) 

 

where the weights wOM and wBM, by default, are 50% (i.e., wOM = wBM = 0.5), and EFOM,y and EFBM,y are calculated as 

described in Steps 1 and 2 above and are expressed in tCO2/MWh. 

Step 4: The reduction of emissions in year y 

The proposed project activity mainly reduces carbon dioxide through substitution of grid electricity 

generation with fossil fuel fired power plants by renewable electricity. The emission reduction ERy by the 

project activity during a given year y is the difference between baseline emissions (BEy), project emissions 

(PEy) and emissions due to leakage (Ly), as follows: 

ERy = BEy - PEy - Ly (6) 

 

Where the baseline emissions (BEy in tCO2) are the product of the baseline emissions factor (EFy in 

tCO2/MWh) calculated in Step 3, times the electricity supplied by the project activity to the grid (EGy in 

MWh) 

 

BEy = EGy × EFy                                                                        (7) 

                                                      

7 If 20% falls on part capacity of a plant, that plant is fully included in the calculation. 
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B.6.2.  Data and parameters that are available at validation: 

 

Data and parameters required for assessment and demonstration of additionality and adopted to calculate ex-

ante the emission factor that are available when validation is undertaken, they are not monitored throughout 

the crediting period but are determined only once and thus remains fixed throughout the crediting period. 

 

Data / Parameter: OM 

Data unit: tCO2/MWh 

Description: Operating Margin emission factor(s) OM , y 

Source of data used: National Dispatch Center  http://www.cnd.com.pa/publico/mostrararchivosbuquedaanual.php and 

Energy Policies Commission http://www.mef.gob.pa/cope/index.htm,    

Value applied: 0.7621  

 

Justification of the 

choice of data or 

description of 

measurement methods 

and procedures actually 

applied : 

Issued official by Panama’s National Dispatch Center.  This data is publicly 

available, but is not disaggregated data, just monthly summary. 

 

Any comment:  

 

Data / Parameter: BM 

Data unit: tCO2/MWh 

Description: Build Margin emission factor(s) OM , y 

Source of data used: National Dispatch Center  http://www.cnd.com.pa/publico/mostrararchivosbuquedaanual.php and 

Energy Policies Commission http://www.mef.gob.pa/cope/index.htm,    

Value applied: 0.3478   

 

Justification of the 

choice of data or 

description of 

measurement methods 

and procedures actually 

applied : 

Issued official by Panama’s National Dispatch Center.  This data is publicly 

available, but is not disaggregated data, just monthly summary. 

 

Any comment:  

 

B.6.3  Ex-ante calculation of emission reductions: 

 

Based on the most recently data which are publicly available at the National Dispatch Center and base on the 

calculation for this project, the OM and BM emission factors, and according to formula B.5 to calculate the 

baseline emission factor (CM emission factor), the results are as follows: 
 

Operating Margin EF Build Margin EF Combined Margin EF 
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(tCO2/MWh) (tCO2/MWh) (tCO2/MWh) 

0.7621 0.3478 0.555 

 

Comments：：：：    Based on the most recently data which are available in an open way (2002-2004) 

 

The weights wOM and wBM , by default, are w OM = w BM = 0.5 
 

This is a hydropower project with an already existing reservoir; according to approved baseline methodology 

ACM0002 the GHG emissions by sources from the project can be ignored. 

 

GHG Emissions related to flooded area 

 

The project does not involve any expansion to the existing reservoir and no additional methane emissions will 

arise as a result of the project (in fact, it could be argued that the methane emissions per unit of electricity 

generated will go down as a result of the project, since more water will be used to generate electricity rather 

than spilled). 

 

Emissions related to transport 

 

The consumption of fuel related to transport is negligible because the required civil works are already in 

place in the existing facility. The emissions related to transport are thus estimated to be zero. 

 

Therefore, PE (Project Emissions) = 0 

 

The Bayano project is a gird-connected renewable project, referring to the description in methodology 

ACM0002. The only leakage to be considered is the emissions originated by the use of cement during the 

construction of the project. 

 

The emissions of the Bayano project (using an IPCC EF for cement production) are obtained as follows: 

 

L = MC x CEF 

Where: 

L = Leakage due to cement used for project construction (tCO2e); 

MC = Mass of concrete used (t); and 

CEF8 = Concrete Emissions Factor = 0.4985 tCO2/t cement 

 

The concrete estimated to be used in the upgrade of the Bayano plant was 2,065 m³ and the density 

conversion factor for cement is 0.35t/m³, therefore: 

 

L = 2,065 x 0.35 x 0.4985 = 360 tCO2e 

 

                                                      

8 IPCC Guidelines for National Greenhouse Gas Inventories 
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Consequently, L=360 tCO2e. 

 

Then:  

Project Emissions = PE + L = 0 + 360 = 360 tCO2e 

 

Because the average annual generation of this project activity will be 57,000 MWh/yr, (EFy) is calculated ex-

ante above and equal to 0.555 tCO2/MWh, so the estimated baseline emissions BEy are expressed in tCO2 

according the formula as follows: 

 

Ey × Fy = EGy  BEy =57,000 MWh × 0.555 tCO2/MWh=31,636 tCO2 

 

Finally, the emission reduction ER1 by the project activity during the first year is calculated according to 

formula as follows: 

 

ER1 = EF y - EG y - L 1 = PE y × BE y - ER y  = 31,275 tCO2 

 

The emission reduction ERy by the project activity during year y is calculated according to formula as 

follows: 

 

ER y = EF y - EG y = PE y × BE y - ER y  = 31,636 tCO2 

 

B.6.4 Summary of the ex-ante estimation of emission reductions: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B.7   Application of the monitoring methodology and description of the monitoring plan: 

 

B.7.1 Data and parameters monitored: 

 

Y e a r

E s t i m a t i o n  

o f P r o j e c t

a c t i v i t y  

E m i s s i o n  

( t o n n e s o f

C O 2 e )

E s t i m a t i o n  

o f b a s e l i n e

e m i s s i o n  

( t o n n e s o f

C O 2 e )

E s t i m a t i o n  

o f l e a k e a g e

( t o n n e s o f

C O 2 e )

E s t i m a t i o n  

o f E R

( t o n n e s o f

C O 2 e )

2 0 0 4 3 6 0 3 1 , 6 3 5 3 6 0 3 1 , 2 7 5

2 0 0 5 0 3 1 , 6 3 5 0 3 1 , 6 3 5

2 0 0 6 0 3 1 , 6 3 5 0 3 1 , 6 3 5

2 0 0 7 0 3 1 , 6 3 5 0 3 1 , 6 3 5

2 0 0 8 0 3 1 , 6 3 5 0 3 1 , 6 3 5

2 0 0 9 0 3 1 , 6 3 5 0 3 1 , 6 3 5

2 0 1 0 0 3 1 , 6 3 5 0 3 1 , 6 3 5

T o t a l ( t

C O 2 e )
3 6 0 2 2 1 , 4 4 5 3 6 0 2 2 1 , 0 8 5
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The “Consolidated baseline methodology for grid-connected electricity generation from renewable sources” 

(ACM0002) requires monitoring of the following: 

 

• Electricity generation from the proposed project activity; 

• Data needed to recalculate the operating margin emission factor, if needed, based on the choice of the 

method to determine the operating margin (OM), consistent with “Consolidated baseline 

methodology for grid-connected electricity generation from renewable sources” (ACM0002); 

• Data needed to recalculate the build margin emission factor, if needed, consistent with Consolidated 

baseline methodology for grid-connected electricity generation from renewable sources”(ACM0002); 

 

Because the proposed project calculates the baseline emission factor ex-ante, as described in B.6.1., the 

baseline emission factor for the proposed project equals to 0.555 tCO2/MWh, which is calculated based on 

the open data available at the time of PDD submission and cannot be changed during the first crediting 

period. This value will be validated by the DOE before the registration. Detailed information on validation of 

baseline emission factor is already described in upper B.6.2. In the first crediting period there is no need to 

recalculate the OM and the BM, thus monitoring in not needed. 

 

The electricity generated by the project activity will be supplied to the national grid NIG. The electricity 

supplied to the grid (EG y )y) is needed for calculating the emission reductions of the project activity, which 

will be measured hourly and recorded monthly by the electronic meters at the top and end of lines, and the 

two electronic meters double-checked each other. The metering system will be acquired from a recognized 

and experienced manufacturer that would provide installation and operating guarantee.  This data will be 

directly used for calculation of emission reductions. Sales records to the grid and other records, e.g. 

maintenance and plant shut down records, are used to ensure consistency. 

 

 

Data / Parameter: Electricity (EG y ) 
Data unit: MWh 

Description: Annual electricity supplied to the NIG by the proposed project 

Source of data to be 

used: 

Records of metering system according to monitoring plan 

Value of data applied 

for the purpose of 

calculating expected 

emission reductions in 

section B.5 

31,636 

Description of 

measurement methods 

and procedures to be 

applied: 

Measurement of electricity output. Project electricity generation will be 

monitored through the use of on site metering equipment at the substation 

(interconnection facility connecting the facility to the grid). The Main Metering 

System equipment will be owned, operated and maintained by ETESA S.A. 

(National Dispatch Center), and the Backup Metering System equipment will be 

owned, operated and maintained by AES Panama. Both meters will have the 

capability to be read remotely through a communication line. Both meters will 

have the provisions to record on memory the accumulated kilowatt-hours. Both 
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meters will be read. 

QA/QC procedures to 

be applied: 

The electricity generated by the Project will be supplied to the Panamanian grid. 

To ensure accuracy, a metering instrument will be installed. The metering system 

will be acquired from a recognized experienced manufacturer that would provide 

installation and operating guarantee.  This data will be directly used for 

calculation of emission reductions. Sales records to the grid and other records, 

e.g. maintenance and plant shut down records, are used to ensure consistency.  

Data obtained from the grid is considered trustworthy and no further quality 

assurance activities are necessary apart from ensuring data is correctly transposed 

and applied in the algorithms for calculation of baseline emission factors. 

Any comment: In order to operate and manage the CDM project activities, AES Panama had 

constituted detailed rules on CDM project management, and also set up a CDM 

project team, the team then will assign a qualified person to measure, compile, 

and archive the necessary data for the monitoring plan. The monitoring data will 

be compiled amenable to third party audit and delivered periodically to the DOE 

for verification and certification. 

 

B.7.2 Description of the monitoring plan: 

 

The Monitoring plan will set out a number of monitoring tasks in order to ensure that all aspects of projected 

greenhouse gas (GHG) emission reductions for the project are controlled and reported. This requires an on 

going monitoring of the project to ensure performance according to its design and that claimed Certified 

Emission Reductions (CERs) are actually achieved. 

The Project monitoring plan is a guidance document that provides the set of procedures for preparing key 

project indicators, tracking and monitoring the impacts of the project. The monitoring plan will be used 

throughout the defined crediting period for the project (2004-2010) to determine and provide documentation 

of GHG emission impacts from the Project. 

This monitoring plan fulfils the requirement set out by the Kyoto Protocol that emission reductions projects 

under the Clean Development Mechanism have real, measurable and long-term benefits and that the reductions 

in emissions are additional to any that would occur in the absence of the certified project activity. 

The Project must maintain credible, transparent, and adequate data estimation, measurement, collection, and 

tracking systems to maintain the information required for an audit of an emission reduction project. These 

records and monitoring systems are needed to allow the selected Operational Entity to verify project 

performance as part of the verification and certification process. This process also reinforces that CO2 

reductions are real and credible to the buyers of the Certified Emissions Reductions (CERs). The only 

significant emission source identified relates to the generation of electricity. Emission reductions will be 

achieved through avoided power generation of fossil-fuel based electricity in Panama due to the power 

generated by the project. The amount of electrical output from the Project is therefore defined as the key 

activity to monitor. 

The monitoring plan provides the requirements and instructions for: 
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- Establishing and maintaining the appropriate monitoring systems for kWh generated by the project; 

- Quality control of the measurements; 

- Procedures for the periodic calculation of GHG emission reductions; 

- Assigning monitoring responsibilities to personnel; 

- Data storage and filing system; 

- Preparing for the requirements of an independent, third party auditor/verifier. 

 

Monitoring charge: Bayano Power Plant Operations Manager, AES Panama 

Monitoring and recording frequency: hourly measurement and monthly recording 

Approach of data achieved: both in electronic and paper 

Monitoring parameter: annual electricity supplied to the grid in MWh 

Period of monitoring data delivered to DOE: yearly from 2004 to 2010, at the beginning of following  year 

deliver previous year’s data Forms of monitoring data delivered to DOE: monthly records and invoice of 

electricity sales Comments: the project operator ensures the monitoring data punctually and truly, if there are 

any questions, they would give further clarification. 

 

Data to be monitored 

 

 

B.8 Date of completion of the application of the baseline study and monitoring methodology and 

the name of the responsible person(s)/entity(ies) 

 

The baseline study was completed on 10/09/2006  

Responsible entity is:  Environmental Business Advisors (EBA), David Toyne, 

david.toyne@thecarboncentre.com,  

The entity is not one of the Project Participants listed in Annex 1 of the document. 

ID number Data type
Data 

variable
Data unit

Measured (m),

calculated (c)

or estimated

(e)

For which

baseline 

method(s) must

this element be

included

Recordin

g 

Frequenc

y

Proportio

n of data

to be

monitored

How will the

data be

archived? 

(electronic/ 

paper)

For how long

is archived

data kept

Comments

1. EGy 

Electricity 

quantity

Electricity 

supplied to

the grid by

the project

MWh
Directly 

measured
Average OM BM

hourly 

measurem

ent and 

monthly 

recording

100% Electronic

During the

crediting 

period and two

years after

Electricity supplied

by the project

activity to the grid.

Double check by

receipt of sales.

3. EFOM,y

Emission 

factor

CO2 

Operating 

Margin 

emission 

factor of the

grid

tCO2 / 

MWh
c Average OM

At the

beginning 

of the

crediting 

period

100% Electronic

During the

crediting 

period and two

years after

Calculated as

indicated in the

relevant OM baseline

method above

4. EFBM,y

Emission 

factor

CO2 Build

Margin 

emission 

factor of the

grid

tCO2 / 

MWh
c BM

At the

beginning 

of the

crediting 

period

100% Electronic

During the

crediting 

period and two

years after

Calculated as [? i 

Fi,y*COEFi] / [? m 

GENm,y] over

recently built power

plants defined in the

baseline 

methodology
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SECTION C.  Duration of the project activity / crediting period  

 

C.1 Duration of the project activity: 

 

 C.1.1. Starting date of the project activity:  

 

30/03/2001 EPC contract signed 

 

 C.1.2. Expected operational lifetime of the project activity: 

 

25y-0m 

 

C.2 Choice of the crediting period and related information:  

 

 C.2.1. Renewable crediting period 

 

  C.2.1.1.   Starting date of the first crediting period:  

 

15/03/2004 

 

  C.2.1.2.  Length of the first crediting period: 

 

The length of the first crediting period will be seven (7) years, with option of two renewal periods. 

 

 C.2.2. Fixed crediting period:  

 

  C.2.2.1.  Starting date: 

 

Not Applicable 

 

  C.2.2.2.  Length:  

 

Not Applicable 

 

SECTION D.  Environmental impacts 

 

D.1. Documentation on the analysis of the environmental impacts, including transboundary 

impacts:  

 

An Environmental Impact Assessment, under the Panamanian General Environmental Law, was approved by 

ANAM on June 1, 2001. This study indicated that the project did not represent a significant threat to the 



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. 
 

CDM – Executive Board     

   page 24 
 

 

environment. Thus the project was designated as Category I, which under article 19 of the Executive Decree 

Note 59 of 2000 is defined as only a minimal environmental impact.  

 

As previously mentioned, this expansion and upgrade project does not result in any new dams or reservoirs. 

The project will utilize the existing infrastructure and reservoir in place for the main Bayano Hydroelectric 

facility.  With the addition of the new turbine, the environmental impacts associated with each unit of 

electricity produced will be significantly reduced. As more water is used at the dam site, It is also likely that 

the total surface area of the reservoir will be reduced allowing the surrounding vegetation to reclaim this land.  

 

The following permits and approvals have been obtained for the Bayano Project. 

 

Bayano Permits and Approvals 

 

Permit Comment 

 Water concession 038-98  Issued by IRENARE (precursor to ANAM) on June 30, 1998. 

Generation Concession  Awarded on December 20, 1998 

Industrial License 1998-2746 

 

Issued by the Ministerio de Comercio e Industrias on May 27, 

1998, and amended to transfer the license from EGE Chiriquí 

to AES Panama on October 25, 1999 

Construction and Fire Protection Permit 
Issued by the Chepo Municipalty and Fire Department on July 

12, 2001 

Environmental Impact Approval Approval of Category I EIA by ANAM on June 1, 2001 

Environmental audit for compliance with 

upgrades program and environmental 

management 

Approval by ANAM as per resolution DINAPROCA-PAMA-

006-2201 

 

In addition to the power generation project AES Panama has implement a forest preservation, restoration, and 

reforestation plan for the area surrounding the plant and the reservoir. The project will promote soil and water 

conservation, native fauna restoration, and help local communities in the project’s watershed training and 

educational services related to water and forest conservation. The project will include the planting of several 

fast growing species (Acacia mangium, Tectona grandis, and Pinnus). The trees will be harvested in a period 

cycle of 20 years. The project goals are: 

 

o To conserve 186,322 hectares of native forest in the Bayano watershed and to reforest 3,240 hectares 

(162 hectares/year). 

o The project will convert pastures and marginal farmland to commercial and protecting tree 

plantations by promoting the planting al least 3,240 hectares near the Bayano project. 

 

D.2. If environmental impacts are considered significant by the project participants or the host 

Party, please provide conclusions and all references to support documentation of an environmental 

impact assessment undertaken in accordance with the procedures as required by the host Party: 

 

Given that the plant is already constructed and in operation, and the upgrading of the two existing units and 

the installation of the third unit will have a minimal impact on the water regime downstream of the plant, a 
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Category I environmental impact assessment was deemed all that was required for the upgrading project. This 

assessment identified only three impacts and mitigation measures to be addressed during the construction 

phase, as follows: 

 

Bayano Environmental Impacts and Mitigation Measures 

 

Environmental Impact Mitigation Measures 

Impact on vehicular traffic  

Movement of heavy loads to be done under 

appropriate permits and escorts, and schedule to be 

done out of peak traffic hours 

Water turbidity  

Work of preparing river crossings (fords) to be done 

as quickly as possibly, and to minimize movement of 

river bed materials  

Contamination by Solid Waste 
Wastes to be properly disposed of in sanitary landfill 

on AES lands, or where possible recycled 

 

SECTION E.  Stakeholders’ comments 

 

E.1. Brief description how comments by local stakeholders have been invited and compiled: 

 

A complete stakeholder participation review process was not required by the current environmental 

legislation of Panama for this kind of project. This was based upon the EIA which stated that the project 

would not constitute a major change to the environment and thus did not adversely impact the local 

community. 

 

AES Panama did endeavor to ensure that the local community would benefit from this project. Specifically: 

AES Panama requested that all contractor hired to upgrade or install equipment used local workers whenever 

possible. In addition, the upgrading and expansion of this facility at a resulted in the community not seeing an 

increase in the price of electricity to the need for installation of new combustion turbines or internal 

combustion engines technology. 

 

E.2. Summary of the comments received: 

 

The comments received as well as the letters of invitation for comments are presented in Annex 5 

 

.3. Report on how due account was taken of any comments received: 

 

Not applicable, because according with the current environmental legislation of Panama a complete 

stakeholder participation review process was not required, the project activity was just an expansion and 

upgrade project at a pre-existing AES Panama facility. 
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Annex 1 

 

CONTACT INFORMATION ON PARTICIPANTS IN THE PROJECT ACTIVITY 

 

Organization: AES PANAMA S.A. 

Street/P.O.Box: Nicanor de  Obarrio avenue (50 street) and  Aquilino  de la Guardia 

Building: Continental Bank Tower 25th floor 

City: Panama 

State/Region: Panama 

Postfix/ZIP: 0816-01990, Panamá, República de Panamá 

Country: Republic of Panama  

Telephone: (507) 206-2600   

FAX: (507) 206-2613 

E-Mail: luiscarlos.penaloza@aes.com; evaristo.alvarez@aes.com 

URL: www.aes.com (Global Corporate site) 

Represented by:   

Title: General Manager 

Salutation: Eng. 

Last Name: Sundstrom  

Middle Name: John 

First Name: David 

Department: General Manager 

Mobile:  

Direct FAX: (507) 206-2612   

Direct tel: (507) 206-2603 

Personal E-Mail: dave.sundstrom@aes.com;  
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Annex 2 

 

INFORMATION REGARDING PUBLIC FUNDING  

 

There is not public funding in the Bayano Hydroelectric Project 
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Annex 3 

 

BASELINE INFORMATION 
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 Years: 2000 - 2004

Type & Power Plant
Installed Capacity 

(MW)

Year Commercial 

Operation
Type of Fuel 2000 2001 2002 2003 2004

Total of System 4,820.01 5,101.63 5,258.95 5,561.77 5,756.90

Total - National Interconnected Grid (NIG) (1a+2a+3a+4a+5+6) 1,263.20 4,351.31 4,605.03 4,813.95 4,922.07 5,040.50

Total - Panama Canal Authority -  PCA (1b+2b+3b+4b) /c/ 175.00 452.20 469.70 415.70 603.70 680.70

Total - Total - Isolated System (7) 19.00 16.50 26.90 29.30 36.00 35.70

1. Total Hydro 735.00 3,398.11 2,478.36 3,367.05 2,794.47 3,764.95

1a. NIG Hydro 675.00 3,100.81 2,295.46 3,092.35 2,530.27 3,461.05

Arkapal - /auto-edechi/ 0.68 - Hydro 1.50 1.40 2.00 2.80 1.80

Ascanio Villalaz   (Bayano) *** 150.00 1976 Hydro 754.25 330.86 574.84 481.18 476.52

Dolega - /edechi/ 3.12 1937 Rehab 2001 Hydro 10.70 7.30 12.60 16.40 14.70

Edwin Fábrega   (Fortuna) 300.00 1984 Hydro 1,816.46 1,483.73 1,943.30 1,380.85 1,776.33

Estí 120.00 2003 Hydro 89.98 611.11

Hidro Panamá - /indep-edemet/ 1.80 2000 Hydro 7.20 5.00 7.10 8.50 11.30

La Estrella 42.00 1978 Hydro 228.86 236.06 247.01 232.49 239.89

La Yeguada - /edemet/ 7.00 1967 Hydro 31.70 26.00 34.60 41.20 39.50

Los Valles 48.00 1979 Hydro 249.05 203.22 261.20 264.76 278.20

Macho Monte - /edechi/ 2.40 1938 Rehab 2002 Hydro 1.10 1.90 9.70 12.10 11.70

1b. Panama Canal Authority - PCA /c/ 60.00 - Hydro 297.30 182.90 274.70 264.20 303.90

2. Steam ( Bunker) 179.00 293.15 830.61 327.93 464.36 580.89

2a. Steam Power Plant in NIG 120.00 138.75 544.71 198.73 255.86 325.39

Central 9 de Enero No 2 40.00 1969 Bunker C 37.90 203.57 29.20 49.37 98.84

Central 9 de Enero No 3 40.00 1972 Bunker C 71.87 170.96 92.61 129.17 155.13

Central 9 de Enero No 4 40.00 1974 Bunker C 28.99 170.17 76.92 77.33 71.42

2b. Panama Canal Authority - PCA /c/ 59.00 - Bunker C 154.40 285.90 129.20 208.50 255.50

3. Internal Combustion (Bunker/Diesel) 227.40 784.40 1,001.47 738.88 1,501.84 1,123.18

3a. Internal Combustion in NIG 209.40 784.40 1,001.47 727.38 1,370.94 1,001.98

Panam 96.00 1999 Bunker/Diesel 636.95 728.83 639.59 701.82 606.43

Pedregal Power 53.40 2002 Bunker/Diesel 2.90 384.91 391.44

Petroélectrica 60.00 1997 Bunker/Diesel 147.45 272.64 84.89 284.20 4.11

3b. Panama Canal Authority - PCA /c/ 18.00 - Bunker/Diesel 11.50 130.90 121.20

4. Gas Turbine (Light Diesel) 126.80 28.34 13.90 6.30 3.60 1.50

4a. Gas Turbine in NIG 88.80 27.84 13.00 6.00 3.50 1.40

Copesa 46.00 1996 Light Diesel 25.70 10.71 4.87 2.99 0.57

Subestación Panamá 42.80 1983 Light Diesel 2.14 1.58 0.66 0.49 0.19

4b. Panama Canal Authority - PCA /c/ 38.00 - Light Diesel 0.50 0.90 0.30 0.10 0.10

5. Gas Turbine (Marine Diesel) 160.00 290.20 750.39 789.10 761.20 250.59

Central 9 de Enero (JB) 
?? 160.00 Marine Diesel 290.20 750.39 789.10 761.20 250.59

6. Sub-Total (Light Diesel) 10.00 9.30 0.00 0.40 0.30 0.10

Capira - /edemet/ 5.50 - Light Diesel 0.00 0.00 0.20 0.00 0.00

Chitré - /edemet/ 4.50 - Light Diesel 0.00 0.00 0.20 0.30 0.10

Petroterminales - Light Diesel 9.30 0.00 0.00 0.00 0.00

7. Isolated Systems 19.00 16.50 26.90 29.30 36.00 35.70

Petroterminales (Light Diesel) 6.70 - Light Diesel 11.50 11.80 12.80 12.60

Other Isolated Systems - 16.50 15.40 17.50 23.20 23.10

Light Diesel 8.46 - Light Diesel 15.40 17.50 17.80 12.70

Bunker C 3.84 - Light Diesel 5.40 10.40

Notes:

/c/ The PCA, just can transfer to the NIG  40 MW due physical restriction on intercotection system

/edemet/   Power Plant owned by Edemet and gives energy direct to Edemet

/edechi/   Power Plant owned by Edechi and gives energy direct to Edechi

/indep-edemet/    Independet Generator to gives energy direct to Edemet.

/auto-edechi/   Self-generator who give energy excedent directly to Edechi.

??
 Central 9 de Enero (JB) Unit 8 (100) began in 1988 Unit 9 (60 MW) began in year 2000  

Sources: “Compedio Estadistico Energetico 1970-2004 – Generacion Electrica” http://www.mef.gob.pa/cope

http://cdm.unfccc.int/UserManagement/FileStorage/IVYSA8ECF4V4WHEPBMCN6SEKG8Q4YA - page 30

http://www.prismaenergy.com/businesses/blm.html

http://www.cnd.com.pa/publico/mostrararchivosbuquedaanual.php

Gross Generation by Type and Power Plants of the System

Units: GWh

*** Bayano Power Plant in November 2003 began used of Unit 3 (85 MW); Replaced Units 1 began in year 2003 and Unit 2 began in year 2004 



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. 
 

CDM – Executive Board     

   page 30 
 

 

 

 

Thermal Plants in NIG in 2004

Installed 

Capacity 

(MW)

Type of Fuel
Heat Rate 

(GJ/MWh)

Energy CO2 

EF 

(tCO2/GJ)

Oxidation 

Factor (%)

CO2 EF 

(tCO2/MWh)

Average of 

Generation 2002 

- 2004 

(MWh/yr)

Average of 

CO2 Emission 

(tCO2/yr)

NIG 

Average 

Emission 

(tCO2/MW

h)

Central 9 de Enero No 2 40.00 BC/LD 14.52 0.0774 99.0 1.1126 59,137.54 65,796.42

Central 9 de Enero No 3 40.00 BC/LD 13.30 0.0774 99.0 1.0191 125,634.80 128,034.43

Central 9 de Enero No 4 40.00 BC/LD 13.97 0.0774 99.0 1.0705 75,219.16 80,522.11

Panama Canal Authority - PCA #3,4 59.00 BC 12.45 0.0774 99.0 0.954 197,733.33 188,637.60

Panama Canal Authority - PCA #6 18.00 BC/LD 9.13 0.0774 99.0 0.6996 87,866.67 61,471.52
PAN AM 96.00 BC/LD 9.95 0.0774 99.0 0.7624 649,278.64 495,010.04
Pedregal 53.40 BC/LD 7.82 0.0774 99.0 0.5992 259,752.10 155,643.46

Isolated System (Other BC Plants) 3.84 BC 11.48 0.0774 99.0 0.8797 5,266.67 4,633.09
Petroelectrica 60.00 BC/LD 10.03 0.0774 99.0 0.7686 124,400.91 95,614.54

Sub-Total 1 410.24  1,584,289.82 1,275,363.21 0.8050

Central 9 de Enero (JB) 160.00 Mar Diesel 8.56 0.0748 99.5 0.6371 600,297.23 382,449.36
Sub-Total 2 160.00  600,297.23 382,449.36 0.6371

Subestación Panamá 42.80 LD 15.04 0.0741 99.0 1.1033 449.02 495.40

Panama Canal Authority - PCA #1,2.5 38.00 LD 22.22 0.0741 99.0 1.63 166.67 271.67
COPESA 46.00 LD 22.18 0.0741 99.0 1.6271 2,809.50 4,571.33

Isolated Systems (Other LD Plants) 25.20 LD 12.43 0.0741 99.0 0.9119 28,400.00 25,897.96
Sub-Total 3 152.00 31,825.18 31,236.36 0.9815

TOTAL 722.24 2,216,412.22 1,689,048.93 0.7621

Table 1 - Calculation of Approximate Operation Margin

Sources: “Compedio Estadistico Energetico 1970-2004 – Generacion Electrica” http://www.mef.gob.pa/cope

Type Consumption

(MWh) (10
3
 Gallons) (Btu/Gallon) GJ/10

3
 Gallons (GJ/MWh)

[1] [2] [3] [4] [5] [6 = 5*0.0010551] [7 = 6*4/2]

Bunker C 8,688.00 152,500.00 160.90 14.14

Light Diesel 261.00 135,000.00 142.44 0.38

14.52

Bunker C 12,491.00 152,500.00 160.90 12.96

Light Diesel 375.00 135,000.00 142.44 0.34

13.3

Bunker C 6,042.00 152,500.00 160.90 13.61

Light Diesel 181.00 135,000.00 142.44 0.36

13.97

Bunker C 6,695.00 152,500.00 160.90 8.89

Light Diesel 201.00 135,000.00 142.44 0.24

9.13

Bunker C 36,512.00 152,500.00 160.90 9.69

Light Diesel 1,095.00 135,000.00 142.44 0.26

9.95

Bunker C 18,536.00 152,500.00 160.90 7.62

Light Diesel 556.00 135,000.00 142.44 0.2

7.82

Bunker C 250.00 152,500.00 160.90 9.79

Light Diesel 7.00 135,000.00 142.44 0.24

10.03

Panama Canal Authority - PCA #3,4 255,500.00 Bunker C 19,762.00 152,500.00 160.90 12.45

Isolated System (Other BC Plants) 10,400.00 Bunker C 742.00 152,500.00 160.90 11.48

Panama Canal Authority - PCA #1,2.5 100.00 Light Diesel 15.60 135,000.00 142.44 22.22

Subestación Panamá 189.40 Light Diesel 20.00 135,000.00 142.44 15.04

COPESA 565.05 Light Diesel 88.00 135,000.00 142.44 22.18

Isolated Systems (Other LD Plants) 25,300.00 Light Diesel 2,208.00 135,000.00 142.44 12.43

Central 9 de Enero (JB) 250,593 Marine Diesel 20,322.00 100,000.00 105.51 8.56

Central 9 de Enero No 4

Project  Heat Rate Estimation

2004Generation  Energy Content

Central 9 de Enero No 2 

Central 9 de Enero No 3 

Light Diesel (LD)

Marine Diesel

PANAM

Pedregal

Petroelectrica

606,428.03

391,441.56

4,109.77

Panama Canal Authority - PCA #6

Fuel

Plant /Unit

Bunker C (BC) 

121,200.00

Heat Rate

98,843.58

155,127.21

71,415.93

Bunker C & Light Diesel
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The SDDP (Stochastic Dual Dynamic Programming) model was used to generate an initial 

estimate of the increase in generation due to the project. The estimated annual electric 

energy generation after the Bayano plant is expanded was estimated to be 636 GWh/year.  

The historical annual generation of the existing Bayano plant is 576 GWh.  Thus, the 

average annual electric energy generation attributable to the expansion of the Bayano plant 

is estimated in the table below 

In order to be conservative, we apply a 95% safety factor to the 60 GWh of expected 

annual generation to arrive at an assumed annual generation attributable to the plant 

expansion which serves as the basis for estimating emissions reductions:  

       
Project Energy Generation (MWh)    

EGprojected EGhistorical Difference Estimating Emissions Reductions 

   

636,000.00 576,000.00 60,000.00 57,000.00    

Source: AES Panama, S. A.     

Start Year 

of 

Operation 

Installed 

Capacity 

(MW)

Technology
2004 Generation 

MWh/yr

1 PEDREGAL 2002 53.4 Internal Combustion 391,441.56

2 Panama Canal Authority - PCA #3,4 2000-2002 59.0 Steam Turbine 255,500.00

3 Central 9 de Enero (JB) Unit 9 * 2000 60.0 CCycle Gas Turbine 78,763.00

Sub-Total Thermal 172.4 725,704.56

4 HPP Esti 2003 120.0 Hydropower 611,109.82

5 Bayano Expansion** 2003-2004 110.0 Hydropower 182,784.49

Sub-Total Hydro 230.0 793,894.31

TOTAL 402.4 1,519,598.87

Start Year 

of 

Operation 

Installed 

Capacity 

(MW)

Technology
2004 Generation 

MWh

1 PEDREGAL 2002 53.4 Internal Combustion 391,441.56

Sub-Total Thermal 53.4 391,441.56

2 HPP Esti 2003 120.0 Hydropower 611,109.82

3 Bayano Expansion** 2003-2004 110.0 Hydropower 182,784.49

Sub-Total Hydro 230.0 793,894.31

TOTAL 283.4 1,185,335.87

** In this calculation is included the CDM project activity: Bayano Hydroelectric Expansion and Upgrade Project

Sources: “Compendio Estadistico Energetico 1970-2004 – Generacion Electrica” http://www.mef.gob.pa/cope

http://www.prismaenergy.com/businesses/blm.html

Thermal Plants in NIG in 2004

Hydro Plants in NIG in 2004

Option 1a - Five Most Recently Power Plants Build at the time of PDD submission

Option 1b - Power Plant capacity additions in the electricity system that comprise 20% of the system generation (in MWh) and 

that have been built most recently at the time of PDD submission

Thermal Plants in NIG in 2004

Hydro Plants in NIG in 2004
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Project Leakeage

Project Emission

CONCRETE

Emission

m3 Kg/m3 Kg Tonne EF tCO2/tCement t CO2

BAYANO 2,065.00             350.00         722,750.00         722.75         0.4985 360                        

Bayano  Project 360                        

CEF[1] = Concrete Emissions Factor = 0.4985 tCO2/t cement

[1] IPCC Guidelines for National Greenhouse Gas Inventories

Project

Concrete

Build Margen Emission Factor

Start Year 

of 

Operation 

Installed 

Capacity 

(MW)

Technology
Type of 

Fuel

Heat 

Rate 

(GJ/MW

h)

Energy 

CO2 

EF 

(tCO2/

Oxidation 

Factor (%)

CO2 EF 

(tCO2/M

Wh)

Generation 

2004 

(MWh/yr)

CO2 

Emission 

(tCO2/yr)

NIG 

Emission 

(tCO2/MW

h)
1 PEDREGAL 2002 53.4 Internal Combustion BC/LD 7.82 0.0774 99.0 0.5992 391,441.56 234,551.78

2 Panama Canal Authority - PCA #3,4 2000-2002 59.0 Steam Turbine BC 12.45 0.0774 99.0 0.954 255,500.00 243,747.00

3 Central 9 de Enero (JB) Unit 9 * 2000 60.0 CCycle Gas Turbine Mar Diesel 8.56 0.0748 99.5 0.6371 78,763.00 50,179.91

Sub-Total Thermal 172.4 725,704.56 528,478.69 0.7282

4 HPP Esti 2003 120.0 Hydropower 611,109.82 0.00

5 Bayano Expansion** 2003-2004 110.0 Hydropower 182,784.49 0.00

Sub-Total Hydro 230.0 793,894.31 0.00 0.0000

TOTAL 402.4 1,519,598.87 528,478.69 0.3478

Thermal Plants in NIG in 2004

Hydro Plants in NIG in 2004
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Emissions in 

first year 

(tCO2/yr)

Emission 

Reduction in 

first year 

(tCO2/yr)

Emission 

Reduction 

(tCO2/yr)

0.7621 0.3478 0.555 57'000 31'635 360 31'275 31'635

Project Emission Reduction for various Crediting Periods

Credit Period

(years)

Emissions 

Reduction 

(tCO 2e)

Period (years)

7 221'085 2004 - 2010

10 315'990 2004 - 2013

14 442'530 2004-2014

21 663'975 2004-2024

Notes:

[1] Project emissions will occur only during first year 

* Baseline must be renewed for these cases. Values may vary according to national electric generating mix composition.

[2] Project emissions calculation for leakeage resulted in 360 tCO2/year (cement use during the upgrade of the Bayano plant.)

[3] Baseline  will be renewed at the start of each seven (7) year crediting period as emission reductions for  the new seven (7) 

year crediting periods may change due to changes in the national grid configuration. 

Project Activity Emissions Reduction

Project

Operating 

Margin EF 

(tCO2/MWh)

Build Margin 

EF 

(tCO2/MWh)

Combined 

Margin EF 

(tCO2/MWh)

Baseline 

Emissions 

(tCO2/year)

Project 

Generation 

(Mwh/yr)

Years

Annual estimation of 

emission reductions in 

tonnes of CO2 e

2004 31,275

2005 31,635

2006 31,635

2007 31,635

2008 31,635

2009 31,635

2010 31,635

Total estimated reductions 

(tonnes of CO2e) 221,085

Total number of crediting years 7

Annual average over the 

crediting period of estimated 

reductions (tonnes of CO2e) 31,584

Annual estimation of emission reductions
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Annex 4 

 

MONITORING INFORMATION  

 

MONITORING PLAN 

This Monitoring plan will set out a number of monitoring tasks in order to ensure that all aspects of 

projected greenhouse gas (GHG) emission reductions for the project are controlled and reported. This 

requires an on going monitoring of the project to ensure performance according to its design and that 

claimed Certified Emission Reductions (CERs) are actually achieved. 

The Project monitoring plan is a guidance document that provides the set of procedures for preparing key 

project indicators, tracking and monitoring the impacts of the project. The monitoring plan will be used 

throughout the defined crediting period for the project (2004-2010) to determine and provide 

documentation of GHG emission impacts from the Project. 

This monitoring plan fulfils the requirement set out by the Kyoto Protocol that emission reductions 

projects under the Clean Development Mechanism have real, measurable and long-term benefits and that 

the reductions in emissions are additional to any that would occur in the absence of the certified project 

activity. 

Managers of the Project must maintain credible, transparent, and adequate data estimation, measurement, 

collection, and tracking systems to maintain the information required for an audit of an emission 

reduction project. These records and monitoring systems are needed to allow the selected Operational 

Entity to verify project performance as part of the verification and certification process. This process also 

reinforces that CO2 reductions are real and credible to the buyers of the Certified Emissions Reductions 

(CERs). The only significant emission source identified relates to the generation of electricity. Emission 

reductions will be achieved through avoided power generation of fossil -fuel based electricity in Panama 

due to the power generated by the project. The amount of electrical output from the Project is therefore 

defined as the key activity to monitor. 

The monitoring plan provides the requirements and instructions for: 

a) Establishing and maintaining the appropriate monitoring systems for kWh generated by the 

project; 

b) Quality control of the measurements; 

c) Procedures for the periodic calculation of GHG emission reductions; 

d) Assigning monitoring responsibilities to personnel; 

e) Data storage and filing system; 

f) Preparing for the requirements of an independent, third party auditor/verifier. 

 

AES Panama, who is developing the Project, will use this document as guide in monitoring of the project 

emission reduction performance and will adhere to the guidelines set out in this monitoring plan. This plan 

is designed to be used in parallel with the monitoring (i.e. metering) of the kWh, according with the 

standard procedures used in the Electrical Market in Panama. 
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Main Definitions 

 

The monitoring plan will use the following definitions of monitoring and verification 

 

� Monitoring: the systematic surveillance of the Project's performance by measuring and recording 

performance-related indicators relevant in the context of GHG emission reductions. 

� Verification: the periodic ex-post auditing of monitoring results, the assessment of achieved 

emission reductions and of the project's continued conformance with all relevant project criteria 

by a selected Operational Entity. 

 

Project Basic Information  

 

The project consist in Adding a new 86 MW turbine (Bayano 3) and upgrading two existing 75 MW units 

(Bayano 1 & 2) to 87 MW (each) at the preexisting Bayano Hydroelectric Project in Panama, offsetting 

thermal capacity. The upgrades of Bayano 1 and Bayano 2 include increasing the efficiency of the 

existing units by replacing the turbine runners and performing other related capital improvements.  The 

new turbine runners will both increase the unit output as well as the unit efficiency. This project does not 

involve the construction of any new dams or increase in the reservoirs volume.  

 

The increase in the energy generation will equate to 60 GWh per year from the additional capacity of 110 

MW and increase in the firm capacity of 51 MW. The benefits associated with this project will include: 

1. Reactivation of the local economy as this investment represents the biggest investment in the 

electric sector in recent years,  

2. Generation of new employment, and  

3. Reduce the price of the energy to the end consumers. 

 

The already operating Bayano hydroelectric plant is a reservoir-based hydro plant with an installed 

capacity of 150 MW. The facility comprises two 75 MW units with 105 MW of firm capacity. Bayano 

was commissioned in 1976 and utilizes the flows of the Bayano River. The plant consists of a main dam 

and a saddle dam, a spillway and a power station. The plant is part of Panama’s National Interconnected 

Grid.  

 

The monitoring plan follows the project boundaries as defined in the PDD according with ACM0002 – 

Version 6. 

 

Crediting Period 

 

The crediting period for the Project is 7 years, starting 2004 and ending in 2010. At the end of each 

calendar year annual electricity sales will be monitored. The monitoring results and subsequent emission 

reductions will be verified on an annual basis as well by the selected Operational Entity. 

 

CO2 emissions reduction calculation estimation 

 

This section presents the method for calculating CO2 emission reductions. The emission reductions from the 

project are generated due to the displacement of electricity generated from existing grid energy 

technologies by electricity generated by the Project. 

 

The CO2 emission reductions from the project will be calculated as follows: 
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1. Determine the net electric output measured in GWh for the period from the Project by 

accumulating the monthly results from the measurements made by the Project and ETESA, S. A.  

2. Multiply this by the average carbon emissions factor as defined in the Baseline and validated by 

the Operational Entity (tCO2 / GWh).  

3. The Net annual CO2 emissions displaced by the project (tonnes CO2e).  

4. Deduct emissions from project (CEF project multiplied by net monitored electric output project). 

For the project this is nil, as agreed in the baseline.  

5. Total CERs generated by the project for the period. 

 

Measurement of Electricity Output 

 

Project electricity generation will be monitored through the use of on site metering equipment at the 

project’s electrical substation (interconnection point to the grid). The Main Metering System equipment 

will be owned, operated and maintained by ETESA, and the Backup Metering System equipment will be 

owned, operated and maintained by the project. Both meters will have the capability to be read remotely 

through a communication line. Both ETESA and AES Panama have the right to read either meter. Both 

meters will have the provisions to record on memory the accumulated kilowatt-hours. Both meters will be 

read. The results from the Main Meter will be supplied by ETESA to AES Panama on a monthly basis. The 

monitoring tasks are to measure Project’s electric output, and steps to derive the emissions reductions are: 

� ETESA reads main meter and records result - monthly - within 3 working days of month end 

� ETESA supplies reading to AES Panama 

� AES Panama supply reading and file for Verifier 

� AES Panama accumulates readings for payment period and calculates CERs for sale, and 

invoice Buyer 

� AES Panama file paperwork for Verifier 

 

The meter reading records will be readily accessible for auditors, Calibration tests records will be 

maintained for the auditors. 

 

Calibration of Meters 

 

According with the establish procedures by ETESA defines the metering calibration and the required 

quality control procedures to ensure accuracy. Some of those are described below:  

 

• The metering equipment will be properly calibrated and checked annually for accuracy. The 

metering equipment shall have sufficient accuracy so that any error resulting from such 

equipment shall not exceed +0.5% of full-scale rating. 
• Both Meters shall be jointly inspected and sealed on behalf of the parties concerned and shall not 

be interfered with by either party except in the presence of the other party or its accredited 

representatives. 
• All the meters installed shall be tested by ETESA within 10 days after (a) the detection of a 

difference larger than the allowable error in the readings of both meters, (b) the repair of all or 

part of meter caused by the failure of one or more parts to operated in accordance with the 

specifications, and/or each anniversary of the Commercial operations date. If any errors are 

detected the party owning the meter shall repair, recalibrate or replace the meter giving the other 

party sufficient notice to allow a representative to attend during any corrective activity. 
• The Net Energy Output registered by the Main Meters alone will suffice for the purpose of billing 

and emission reduction verification as long as the error in the Main Meter is within the 

permissible limits. 
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Calibration is carried out by ETESA with the records being supplied to AES Panama, and these records 

will be maintained by AES Panama at power plant. 

 

Data Management Systems 

 

This system provides information on record keeping of the data collected during monitoring. Record 

keeping is the most important exercise in relation to the monitoring process. Without accurate and efficient 

record keeping, project emission reductions cannot be verified. Below follows an outline of how project 

related records will be managed. 

 

Proposed information management system for emissions reduction monitoring 

 

Overall responsibility for monitoring of GHG emissions reduction will rest with AES PANAMA, and 

which will be located at AES Panama central office, located at Nicanor de Obarrio Ave. and Aquilino de 

la Guardia, Continental Bank Tower 25th floor Panama City, Panama. The following section sets out the 

procedures for tracking information from the primary source to the end-data calculations, in paper 

document format. AES PANAMA will provide the CERs and necessary data to allow it to transfer to the 

Buyer. 

 

Paper-based Documentation 

 

Physical documentation such as paper-based maps, diagrams and environmental assessments will be 

collated in a central place, together with this monitoring plan. In order to facilitate auditors’ reference of 

relevant literature relating to Project and AES Panama Company, the project material and monitoring 

results will be indexed. All paper-based information will be stored by at the AES Panama main office in 

Panama City.  

 

Data storage Table 

 

Document 

index 

reference 

number 

Document title 

General 

description 

of document 

Individual or 

Departmaent 

submitting this 

information 

Date 

entered 

  PDD, including the electronic spreadsheets and 

supporting documentation (assumptions, data 

estimations, measurement methods, etc.) 

      

  
CO2 ER Calculations & Monitoring Plan 

      

  
Validation Report 

      

  
Dispatch Meter calibration Reports. 

      

  Documentation related to assessments and any 

site visits carried out by Operational Entity for 

verification of the annual emission reductions 
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Monthly Meter reading reports 

      

  
Records on CO2 emission reductions (CERs) 

      

  Records on project management, including data 

collection and management systems 

      

 

 

Verification and Monitoring Results 

 

The verification of the monitoring results of the Project is a mandatory component, which is required for 

all CDM projects. The main objective of the verification is to independently verify that the project has 

achieved the emission reductions as reported and projected in the PDD. It is expected that the verification 

will be done on an annual basis. 

 

AES Panama has the following responsibilities for the Verification and Monitoring  

 

• Contract an Operational Entity and agree a time schedule for carrying out verification activities 

throughout the crediting period in accordance with the Buyer and the CDM Executive Board 

requirements.  
• AES Panama will make the arrangements for the verification and will prepare for the audit and 

verification process to the best of its abilities. 
• The selected Operational Entity must be an Accredited Entity with a proven track record in 

environmental auditing and verification, experience with CDM projects and work in developing 

countries. The Operational Entity should be accredited by the CDM Executive Board. 
• AES Panama will facilitate the verification through providing the Operational Entity with all the 

required necessary information, before, during and, in the event of queries, after the verification. 
• AES Panama will fully cooperate with the Operational Entity and instruct its staff and management 

to be available for interviews and respond honestly to all questions from the Operational Entity. 
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Annex 5 

 

 

Figure _ – Letter from the National Environmental Authority 
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Figure _ – Letter requesting the Final Construction License 
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Figure _ – Permit from the Chepo Municipality allowing the 75 MW turbine installation 
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Figure _ – Permit from Chepo Fire Department allowing Bayano Expansion Plan 
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Figure _ – Letter from AES asking for Alstom to consider the use of local work force people 


