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Onyx Alexandria Landfill Gas Capture and Flaring Project, April 2006, version 4

\ A.2. Description of the project activity:

This project includes two recently constructed municipal waste landfills in Alexandria, Egypt
which are part of the global waste management system initiated by the Alexandria Governorate.
The comprehensive waste management system was initiated in 2000 and is intended to improve
the quality of life for the city’s 5 million residents.

Onyx Alexandria was selected by the Alexandria Governorate for the multi-service contract for a
15-year period. Onyx Alexandria is a wholly owned subsidiary of Veolia Propreté (previously
named Onyx), the waste management division of Veolia Environnement. Veolia Propreté is
ranked 1* in Europe and 2™ worldwide in the field of solid waste collection and treatment. Veolia
Propreté operates in 33 countries around the world with 71,000 employees.

The area served under the contract includes 18 districts within the city covering a total area of
7,200 km”. The services provided under the contract include :
e Street Cleaning Program : daily manual and mechanical sweeping covering over 12,000
km of city streets and roadways.
e Household waste collection : collection of 1 million tonnes of waste per year
e Waste Transfer : Three (3) transfer stations have been put in service to limit the number
of vehicles transporting waste from the city to the treatment centers.
e Landfills : As noted above, two (2) modern landfills have been constructed.
e Composting : Three (3) composting centres are operated and produce over 120,000
tonnes of compost per year.

The project objective is to maximise the capture of landfill gas (LFG) from the two new landfill
sites. In addition to reducing the potential local impacts of odours and explosion or fire hazard
associated with landfill gas, the project is aimed at reducing the fugitive emissions of methane, a
greenhouse gas which contributes to global warming and climate change.

The project activity includes the installation of enhanced landfill gas extraction and flaring
equipment for the destruction of the landfill methane that is collected from the existing and future
disposal areas instead of releasing it to the atmosphere.

The global waste management system implemented for Alexandria has numerous positive
contributions to sustainable development. This innovative initiative is the first of its kind in this
region. The contract covers the full spectrum of waste management activities from street cleaning
to collection and treatment of all the household and commercial waste generated in the city. The
global system employs many of the latest technologies in this field.
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Environmental Benefits:
The local environmental benefits are significant as a result of the transformation of waste
management practices and infrastructure. Below are just a few key benefits :

e Preservation of water resources — Uncontrolled dumps have been replaced by engineered
modern landfills with fully lined disposal areas for leachate (wastewater produced by the
landfill) containment.

e Fight against desertification and depleted soil — The local production of compost
provides much needed organic soil amendments.

Social benefits:

e Improvement of public health — the street cleaning activities and collection services
initiated throughout the city have contributed to improved sanitary conditions in
Alexandria.

e Employee training — An Africa-Middle East training institute has been established for all
Onyx Alexandria personnel. This center is to be used for the Alexandria workforce as
well as other employees working in the Middle East.

e Public participation — a public awareness programme has been implemented to describe
the waste management practices being implemented in Alexandria and therefore the
environment protection; these efforts are provided to the local population and school
children.

Economical benefits:
e Employee — this contract resulted in the creation of 4500 job opportunities
e Quality Standards — Onyx Alexandria has obtained an ISO 9001 certificate in December
2004 and the ISO 14001 (Environment) and 18001 (Safety) in August 2005.
e Investment - 45 Million Euros have been invested to develop the global waste
management system.

The project activity will contribute to continued environmental, social and economical
improvements by providing infrastructure to reduce greenhouse gas emissions from the landfill
sites : Flaring of the collected LFG does not only destroy methane, but will also destroy
compounds in the LFG such as volatile organic compounds and ammonia. This project will
prevent the following risks associated with landfill gas at uncontrolled landfills:

Risk of explosion

Risk of fire

Unpleasant odours nuisances
GHG emission effects

Potential atmospheric pollution
Damage to vegetation by asphyxia

The impacts are and will continue to be mitigated by the installations proposed in this project.
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Figure 1 : Onyx Alexandria Landfill site (Borg El Arab)

Figure 2 : Vent system in cell 2 of El Hammam landfill
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The Borg El Arab Landfill was originally designed for the disposal of waste collected from
Alexandria, operating on a year round basis. In 2003, the Governorate of Alexandria requested
ONYX Alexandria to open a second landfill in EI Hammam, 30km south of Borg El Arab
commencing in July 2003. Approximately 13 million tonnes of waste will be deposited in the 2
landfills over the contract term.

As noted, the latest waste management standards are applied to Borg El Arab and El Hammam
landfills. A composite liner system ( geomembrane / geotextile) and leachate collection system
will be installed as landfilling progresses. Final cover soils will be placed on areas as they reach
their final elevation. The completed sections of the landfill will be revegetated. Furthermore,
additional landfill gas (LFG) recovery equipment will be installed which is not common in Egypt
and, according to the local regulator, active LFG recovery is not practised at any other landfill
site in the country. As described below, Onyx Alexandria will use proven technology, including a
piping and well network, blowers, and flaring systems.

In 2003, it was decided by the project participants to install an onsite evaporator at the Borg El
Arab facility. The evaporator technology uses the collected landfill methane as a fuel to evaporate
the leachate collected from the existing and future lined disposal areas. The recovered landfill gas
will mainly be used for the evaporation process. The excess landfill gas will be flared. One of the
reasons for selecting this technology was that it contributes to greenhouse gas emission
reductions.

Greenhouse gas emission reductions will result from the combustion of the recovered methane
contained in the landfill gas. It is estimated that this project will generate 3 709 033 CER’s
within a 10-year period (2006-2016).

Technology transfer:
The project will support efforts aimed at facilitating the dissemination of design and operational
experience gained at Borg El Arab and El Hammam landfills for possible use throughout the
country or region. The following activities will be funded by the project activity and implemented
by Onyx Alexandria:
1. Development of information tools : brochures describing the CDM project and the impact
of good practice at a landfill site to minimise its impact on Climate Change;
2. Routine onsite meetings will be held with Government agencies, Officials, Associations,
and other stakeholders to explain the operation of these sites and the CDM project
activities.

View of project Participants:

GOVERNORATE OF ALEXANDRIA :

The Secretary-General of Alexandria Governorate states :

”Alexandria Governorate is aware that Onyx Alexandria is developing a Clean Development
Mechanism Project at Borg El Arab and El Hammam Landfills. We fully support this project as it
will allow for the installation of enhanced landfill gas collection and flaring equipment, which
will contribute to the reduction of the greenhouse gas emissions from the sites.”
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VEOLIA PROPRETE :

Gary Crawford, Vice President of Veolia Propreté’s Environment and Quality Department
declares: “ Veolia Propreté is proud to be part of this project in partnership with the Governorate
of Alexandria. The global waste management system initiated in Alexandria has contributed to
many local environmental and social benefits. The implementation of a CDM project at the two
new landfills will continue the environmental improvements and will make a positive
contribution to the global issue of climate change by reducing greenhouse gas emissions”.

ONYX ALEXANDRIA LANDFILL SITE:

Yannick Morillon, General Director, Onyx Alexandria, declares:

“The success of this project is important in order to promote safe and environmentally friendly
waste management technology in this area. The project, with the support of the CDM, will
become an example for the Middle East and prove that it is possible to achieve a high standard of
waste management practices in these countries.”

A.3. Project participants: \

Project participants are described below. For full contact details, please, refer to Annexe 1 of this
document.

Name of Party involved (*) | Private and/or public entity(ies), | Kindly indicate if the party
((host) indicates a host party) project participant (*) involved wishes to be
(as applicable) considered as a project
participant (Yes/No)
Egypt (Host Country) Onyx Alexandria No
Spain World Bank Yes
France Veolia Propreté No

time of requesting registration, the approval by the party(ies) involved is required.

(*) In accordance with the CDM modalities and procedures new methodology (forms CDM-PDD
public at the stage of validation, a Party involved may or may not have provided its approval. At the

The name and contact details of the Annex 1 Party willing to be involved within this project will
be communicated in due course to the Executive Board, as mentioned in decision 57 of the
eighteenth meeting report.

A.4.  Technical description of the project activity: ‘

Egypt

A4.12. Region/State/Province etc.: ‘
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Alexandria Governorate

A.4.1.3.City/Town/Community etc:

Borg El Arab and El Hammam cities

A414Detai| of physical Iocation including information aIIowing the

Borg El Arab landfill is located 50 Km west of Alexandria city on the southern side of the
international coastal highway, while El Hammam landfill is located 30 km south of Borg El Arab
Landfill, as shown on Figure 4. Borg El Arab landfill occupies a rectangular shaped area of
length 3 km and width 250 m with a total area of 75 ha.
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Figure 3 : Location of Borg El Arab and El Hammam Landfills
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Currently, the leachate generated from the landfilled waste is transported offsite to the nearest
wastewater treatment facility. Part of the project activity is to commission an onsite evaporator
(the BGVAP-KSIT system) at the Borg EL Arab Landfill.

This technology has been used in many landfill sites operated by Veolia Propreté. Currently, no
landfill in Egypt employs such technology and therefore this project will help transfer the
knowledge and know-how of this treatment technology into this country.

Below is a brief summary of the equipment and technology proposed for this project:

The landfill gas collection system consists of the following components:

e Progressive vertical wells
In order to allow for the possibility to collect landfill gas prior to the completion of a disposal
area progressive vertical wells are installed. This type of wells consists of a perforated pipe
encircled by a concrete ring. They are mounted as waste filling progress.

e Vertical wells

When necessary, wells will also be drilled into the landfill once areas reach their final elevation
and final cover has been applied. The vertical wells consist of a pipe perforated in its lower part,
placed in a drilled borehole in the waste, backfilled with gravel and sealed at the surface.

Both well types will be equipped with wellheads that enable monitoring of gas flow and quality.
Also valves are provided to allow adjustment of the available vacuum at each well.

e [eachate Pumping Systems

Submersible leachate pumps will be installed in the LFG extraction wells as part of this project.
Pumping of the accumulated leachate increases LFG well collection efficiency.

e Collection Piping

A high-density polyethylene collection piping system will be installed to convey the landfill gas
from the well network to the blower/flare/evaporator station. The layout of the future systems will
be implemented in order to minimise the low points which could disturb or prevent the gas
collection (due to condensate blockage).

The landfill gas combustion system consists of the following equipment:

e Leachate Evaporator
This system functions by evaporating the leachate in an evaporator and directing the evaporated
leachate to a flaring unit where it is burned at a very high temperature (ranging from 900-1100
°C). One evaporator and flaring unit (see description below) utilize part of the LFG generated
from the landfill as the combustion fuel. The evaporator and flaring units have already been
installed at the Borg El Arab landfill. The leachate evaporator has not yet been commissioned.
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e Enclosed Flare
The project entails the installation of additional flaring units for the destruction of the captured
LFG that is not utilized by the leachate treatment system. Currently, there is no flaring unit
installed at the El Hammam Landfill.

e Controls
The flares will be equipped with automatic safety and monitoring controls (operator interface, air-
fuel ratio, chamber temperature, UV sensor, emergency shut down, etc.)

e Blower
A centrifugal blower is used to create the required vacuum in the collection network to extract the
LFG. The project entails the installation of additional capacity.

By implementing these technology approaches at the Borg El Arab and El Hammam Landfills,
Veolia Propreté will transfer its expertise and experience with these systems to the local team
who install and operate them. Numerous training programs have been and will be provided to our
local staff . Technical support is always available to help resolve any difficulties.

o )
~w

A.4.4. Brief explanation of how the anthropogenic emissions of anthropogenic

In Egypt, most of domestic waste goes either to illegal dumps or landfills with minimal or no
environmental controls. At these sites the quality of the waste is not properly monitored and
leachate is not contained and is leaking into the groundwater and surface water. Inevitably, the
natural process of anaerobic degradation of the organic fraction of the deposited waste will occur
releasing directly to atmosphere a gas containing an average of 50% methane.

The proposed project activity is aimed at reducing fugitive methane emissions by, using the latest
development in terms of LFG extraction and flaring systems. The collection and flaring of LFG
will convert its methane content into CO,, a less harmful gas in terms of greenhouse gas effect.
The project activity will contribute to the development of the first “state of the art” landfills in
Egypt. To date, these practices are not employed in Egypt.

There are no national or regional requirements in Egypt to capture and treat LFG. A few sites
have installed passive landfill gas vents. This type of passive venting system has been approved
by the local Governorate. To date, these systems represented the best practice in Egypt. Studies
have shown that these passive venting systems have a collection efficiency below 20%.

The baseline emissions have been determined taking into account Onyx Alexandria’s contractual
requirements as well as current practices and requirements in Egypt:

Onyx Alexandria’s contract requires the treatment of LFG generated from the landfill without
mandating a specific quantity to be collected or flared. The primary concern is to capture the
landfill gas to reduce the onsite risk of fire or explosion. As there is no specific volume or
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percentage of landfill gas to be captured and treated in the contract, a value of 20% of the
captured LFG is assumed in the baseline calculation.

The value of 20% is higher than what is currently collected from the site. With the actual
installation on the first disposal area, 15% of the methane that would have been captured by the
project activity is captured and flared as explained in section B2. As noted in the attached letter
from the Alexandria Governorate, the current installation fulfils the contract requirements.

As previously mentioned, the goal of the project activity is to maximise the capture of landfill gas
from the sites. The CDM project activity will increase the overall capture rate to at least 70% by
installing the necessary infrastructure.

Assuming collection and destruction of 20% of the captured LFG as a baseline is extremely
conservative as there are no other landfills at this level in Egypt.

The baseline reflects what would occur in the absence of the project activity. Moreover, the
installation of the additional collection and flaring equipment to maximise greenhouse gas
emission reductions will result in supplemental costs are not compensated by additional revenues.
Therefore, the approval and registration of the project as a CDM project will offer an economic
incentive to the project participants to implement the project.
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\ A44.1. Estimated amount of emission reductions over the chosen crediting period: \

It is estimated that the enhanced collection and flaring capacity envisioned by the project activity
will result in the yearly capturing and combustion of approximately 70% of the produced LFG .
The estimate of total emission reductions to be realised are 3 709 033 tCO,, over the crediting
period starting the 1** January 2006 ending the 31% December 2015 included. Expected Emission
Reductions are described in the table below

Year Annual estimation of emission reductions in
tonnes of COy,
2006 210 311
2007 248 073
2008 284 952
2009 321 014
2010 356 315
2011 391 913
2012 424 864
2013 458 220
2014 491 028
2015 523 343
Total Estimated reductions (tonnes of CO,,) 3709 033
Total Number of crediting years 10
Annugl average over the crediting period of 370 903
estimated reductions (tonnes of CO,.)

Table 1 : Annual estimation of emission reductions in tonnes of COy

In this project no public funding is involved.
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B.1. Title and reference of the approved baseline methodology applied to the project
activity:

“Consolidated baseline methodology for landfill gas project activities” — ACMO0001-version 02.

B.1.1. Justification of the choice of the methodology and why it is applicable to the

This methodology is applicable to LFG capture project activities, where the baseline scenario is
the partial atmospheric release of the landfill gas and the project activity include the following
situations:

a) The gas is captured and flared.

b) Some of the LFG can be used to produce thermal energy to evaporate the collected
leachate but no emission reductions are claimed for displacing or avoiding energy from other
sources.

The approved monitoring methodology ACMO0001 (“consolidated monitoring methodology for
landfill gas project activities”) will be used in conjunction with this baseline methodology.

In conclusion, the conditions for use of the methodology ACMO0001 are met.

B.2.  Description of how the methodology is applied in the context of the project activity:

The methodology applies when the baseline scenario is the partial release to the atmosphere of
the landfill gas.

This scenario has been selected for the following reasons :

e  There exists a contract between Alexandria Governorate and Onyx Alexandria for the
collection, treatment and final disposal of solid waste. The contract makes the operator,
Onyx Alexandria, responsible for all aspects of the landfill design, construction,
operation, maintenance, and monitoring.

e  The contract was awarded to Onyx Alexandria through a competitive bidding process.

e The contract specifies that Onyx Alexandria should treat the LFG generated from the
landfill without mandating a specific quantity to be flared. As noted above an
adjustment factor of 20% is being applied to this project activity.
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In this case and in accordance with the methodology ACMO001, the following formulae will be used:

MD,,,, =MD

reg,y project,y *AF
Whereas,

MDyeg,y is the methane (in tCO,,q) that would have been destroyed in the absence of the project (emission
baseline). MDprojecty is the methane (in tCO,.q) destroyed by the project activity

AF is the adjustment factor.

Emissions will be determined ex post by metering the actual quantity of methane captured and destroyed
once the project activity is operational.

The core business of ONYX Alexandria at the Borg El Arab and El Hammam landfill sites is
environmentally sound disposal and management of municipal and industrial waste. The Borg El Arab
site started to receive waste the 1% October 2001.

Landfill gas extraction equipment was installed in the first disposal area at the Borg El Arab Landfill in
July 2003 according to contractual obligations. The LFG is collected and flared at the onsite evaporator /
flare station. Based on the site monitoring data for 2004 an average of 77 m’/hr of methane was captured.
In 2004, only Cell 1 was connected to the extraction system. If the project activity had been implemented,
the estimated amount of methane captured would have been 520 m3/hr (using the referenced model and
considering a maximum collection efficiency of 70%). Therefore, the site flares 15% of what it should
theoretically produced. This onsite measurement confirms the conservative assumption of 20 % used as
an adjustment factor. The current equipment is recognised by the Governorate of Alexandria to be
sufficient to respond to the contractual obligation.

B.3.  Description of how the anthropogenic emissions of GHG by sources are reduced below

The baseline emissions are determined based on the contractual requirements. Also, the contract was
awarded to Onyx Alexandria through a competitive bidding process. No regulations exist for the
collection and destruction of LFG. Solid waste contractors have submitted requests for approval to the
Egyptian Environmental Affairs Agency for passive venting systems which has a maximum collection
efficiency of 20%. For conservativeness, it will be assumed that this 20% will be flared or used for
leachate evaporation system as part of the baseline. Thus the baseline reflects what would occur in the
absence of the project activity.

Moreover, the installation of the additional collection and flaring equipment will require increased costs
without any expected additional revenues. Therefore, the approval and registration of the project as a
CDM project will offer an economic incentive to the project participants from the revenue generated by
the CERs which will encourage the implementation of the project.

The following steps describe the methodology used to assess the project additionality.

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

The project will start after the registration which is due to be completed prior 1* September 2006.
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Step 1: Identification of alternatives to the project activity consistent with current laws and regulations

Step 1a : Define alternatives to the project activity

The landfill gas within a landfill is commonly vented into the atmosphere in Egypt. Landfill gas is seen
by landfill operator as a cost and minimum investment is generally made to treat this gas. In the Borg El
Arab and El Hammam Landfills cells and collection system implemented allow the capture of 15% of the
landfill gas produced, as demonstrated within paragraph B2.

The second option is to install a flare and burn the landfill gas to minimise greenhouse gas and odour
emissions. This scenario has been selected to be the project scenario.

In developed countries some sites used the landfill gas in order to produce electricity. In developed
country this scenario is only viable if the purchase of electricity is assisted by legal scheme or subsidies.
The implementation of landfill gas engine facilities require high investment and a strong and open
electricity market. This technology is not yet available in Egypt.

Step 1b : Enforcement of applicable laws and regulations :

The Egyptian legislation does not require landfill operators to flare or to treat LFG. Whereas there is no
regulatory obligation, there is a contract in place between Onyx Alexandria and the Governorate of
Alexandria stating, without specifying any level, that the landfill gas should be treated.

Figure 4 : An uncontrolled landfill in Alexandria operated prior to the implementation of the global
waste management system.

-

There are no regulations governing flaring and/or combustion of landfill gas and no regulation is
expected over the next decade.

As noted, Onyx Alexandria has a contract with the Governorate of Alexandria stating that landfill gas

should be treated. It has been demonstrated that 20% of flared gas is a reasonable and conservative
obligation considering the absence of existing local standards.
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Step 2: Investment Analysis

Sub-step 2a. : Determine appropriate analysis method
As the project activity does not generate any financial or economical benefits other than CDM related
income, the option I (sub-step2b) will be used.

Sub-step 2b. : Apply simple cost analysis

The following three alternatives could be identified:

1. Reference scenario LFG is flared as defined within the contract. The rest of LFG is emitted into the
atmosphere.

2. Extract and use the LFG as a fuel for a separate leachate evaporation installation and flare excess
LFG

3. Extract and use the LFG as a fuel for a separate gas engine facility to export electricity.

Alternative 1

As required by the contract some LFG is collected and flared. A maximum of 20% will be collected in the
absence of the project activity to satisfy the contractual obligations to reduce the risk of fire and / or
explosion. The investment required for this alternative includes the cost for the wells, limited piping and
flare capacity.

Alternative 2

Under this alternative Onyx Alexandria will invest in an improved LFG and leachate extraction system on
top of the alternative 1 equipment, as described in Section A.4.3 above. The additional investment for this
infrastructure, compare to Alternative 1, is estimated to be 3.1 million dollars (USD). The economic
lifespan of the equipment is set for 15 years. The investment will not generate any revenue and for the
purpose of proving the additionality the potential CER revenues are left out of this calculation.

The installation of the enhanced extraction system will maximise LFG capture. The LFG will be used in
an onsite evaporator or flared. Leachate generated on-site is currently transport to a nearby wastewater
treatment plant. Operating the evaporation unit for the leachate generated on-site results in numerous
environmental benefits, however, it is not the least expensive option. The cost of offsite treatment at this
local plant is lower than the cost to operate the evaporator.

Although Veolia Propreté¢ has worldwide experience in waste management, Egypt is a challenging
country to develop such high standards technology.

The landfill site of Borg El Arab was the first site operated by the Group in Egypt. On a daily basis our
operations team works to find the optimum methods to deal with the Egyptian waste which is very
different from the waste type in other countries. The design and operation must be adapted to the local
context. The latest technology has been implemented at the two landfill sites. Composite lined disposal
areas are prepared in advance. These cells are equipped with leachate collection systems. The incoming
waste is weighed and controlled upon entry to the site. The placed waste is compacted using waste
compactors. The active workface is kept to a minimum to reduce nuisances.

Operating the first site with this level of equipment and control requires a strong training commitment.
This adaptation and development work creates additional costs that Onyx Alexandria shall bear.

As explained in step 2, the capture of methane in the landfill represents an investment which is not linked
to any revenue , except the sale of the CERs.
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Onyx Alexandria, as part of the project activity, plans to employ a gas technician in order to manage and
control the extraction system and infrastructure. As it is a new activity in Egypt, a person will be hired
locally and then trained by internal experienced technicians in France.

A CDM project will be, for the local area, an example to demonstrate that such pro-environmental project
can be developed in North Africa and Middle East Region.

The results of the cost analysis clearly shows that the implementation of the project activity is not the
economically most attractive course of action.
Consequently, we can show that this alternative has a negative Internal Rate of Return.

Alternative 3

Using LFG as an alternate fuel source for a gas engine to produce electricity can be in some cases an
attractive scenario to recover LFG. This third alternative consists of the installation of LFG engines to
generate and export electricity onto the national grid was considered.

As these landfills are the first of their kind in Egypt, there is no prior experience with the development of
landfill gas to energy projects. It is also too early in the operating lives of these installations to determine
the technical feasibility of a LFG to energy project.

In addition, as the gas engine distribution network is relatively modest, it appears difficult to install, at the
moment, such maintenance intensive equipment.

It is envisaged to study the opportunity of developing such system when the technical information will be
sufficient on this type of waste. Consequently, this scenario is not, at the moment, economically attractive
due to these uncertainties.

Clearly Alternative 1 is the least cost option for the Borg El Arab and El Hammam landfill sites.
Therefore, the CDM project is additional.

As per the ‘Tool for the demonstration for additionality, if it is concluded that the proposed CDM project
activity is not financially attractive then proceed to step 4.

Step 3: Barrier analysis

For the purpose of demonstration the additionality, step 2 of the ‘Tool for the demonstration and
assessment of additionality’ has been used.

Step 4 : Common practice analysis

The Governorate of Alexandria is the most advanced in Egypt in terms of waste management practices.
Most waste in Egypt and in neighbouring countries in the region are disposed in uncontrolled sites with
limited or no environmental controls. With the inception of the contract in Alexandria, two uncontrolled
sites ceased to receive waste and they are currently being rehabilitated.

No other landfills in the area will reach this level of environmental control once the project implemented.

Step 5 : Impact of CDM registration
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The registration of the project activity will allow to finance the enhancement of the gas collection system.
As demonstrated previously, the project does not generate any revenue. Consequently, the sale of the
CER will allow to implement the project activity.

The registration of the project will contribute to reduce greenhouse gas emission from the landfill site by
burning the fatal methane produce by the anaerobic fermentation of biomass contained within the waste.

A CDM project will be, for the local area, an example to demonstrate that such pro-environmental project
can be developed in North Africa and Middle East Region.

Consequently, the project can be considered as additional.

The project boundary is the physical boundary of Borg El Arab and El Hammam landfills. Emissions
calculated in the baseline are methane emissions within the landfill boundaries. Two sources of emissions
exist during project activity: methane emissions from landfills and carbon dioxide emissions from
electricity generated to pump the excess methane that will be flared. The landfill emissions during project
activity occur within the project boundary. Electricity used to pump the methane will be generated from
the on-site diesel generator which is also within the project boundary, although its emission are negligible
compare the overall project .

The following emissions were not taken into account:
Emissions from the transport of waste to the site are excluded from the project boundaries, as they are not
affected by the implementation of the proposed CDM activity.

Date of completion: 01/03/2005
The entity defining the baseline is the project Participant described in the Annexe 1: ONYX Alexandria.

Technical assistance on the preparation of the Baseline Study was provided by :

Veolia Propreté - Environment and Quality Department

169 Avenue Georges Clémenceau

92735 Nanterre Cedex

Gary Crawford, Vice President, Environment / Quality, gary.crawford@veolia-proprete.fr
Lionel Bondois, Carbon Credit Manager, lionel.bondois@veolia-proprete.fr

The baseline scenario is defined in the Annexe 3 ‘Baseline information’.
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The contract between Onyx Alexandria and the Governorate of Alexandria is valid until the October
2016. The Governorate has the possibility to renew the contract at the end of the period. The operational

lifetime of the equipment with the proper maintenance program is 15 years (180 months).

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

Not Applicable

‘ Cc.2.1l.2. Length of the first crediting period:

Not Applicable

\ C.2.2.1. Starting date: \
1** September 2006
| C.2.2.2. Length: |

10 years
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Thus approved monitoring methodology is applicable for the project activity since the project reduces
greenhouse gas emissions through landfill gas capture and flaring where the baseline is established by a
public concession contract.
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ID number | Data variable | Source of | Data unit Measured (m), | Recording | Proportion How will the data Comment
(Please use data calculated (c) frequency | of data to be be archived?
numbers to estimated (e) monitored (electronic/ paper)
ease Cross-
referencin
g to table
D.3)
Not Not Not Not Not applicable Not Not Not applicable Not applicable
applicable applicable applicable | applicable applicable | applicable
Not Not Not Not Not applicable Not Not Not applicable Not applicable
applicable applicable applicable | applicable applicable | applicable
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D.2.1.2. Description of formulae used to estimate project emissions (for each gas, source, formulae/algorithm, emissions units of CO,

equ.)
>> Not applicable.
D.2.1.3. Relevant data necessary for determining the baseline of anthropogenic emissions by sources of GHGs within the project

boundary and how such data will be collected and archived :
ID number Data Source of | Dataunit | Measured (m), | Recording | Proportion of | How will the data Comment
(Please use variable data calculated (c), | frequency data to be be archived?
numbers to estimated (e), monitored (electronic/ paper)
gase Cross-
referencing
to table
D.3)

Not Not Not Not Not applicable Not Not applicable Not applicable Not applicable
applicable | applicable | applicable | applicable applicable

Not Not Not Not Not applicable Not Not applicable Not applicable Not applicable
applicable | applicable | applicable | applicable applicable

D.2.1.4. Description of formulae used to estimate baseline emissions (for each gas, source, formulae/algorithm, emissions units of CO,

equ.)

Not Applicable
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D.2.2.1. Data to be collected in order to monitor emissions from the project activity, and how this data will be archived:
ID number Data variable Source of data | Data | Measured (m), Recording Proportion . Comment
) How will the
(Please use Unit calculated (c), frequency of data to data be
numbers to estimated (e), be 10
gase Cross- monitored arChwed.'
referencing (electronic/
to table D.3) paper)
1 Total amount of landfill Flowmeter m’ m Periodically 100 % Electronic Measured by a flow meter.
LFG. total.y gas captured Data to be aggregated monthly
and yearly
1. Amount of landfill gas Flowmeter m’ m Periodically 100 % Electronic Measured by a flow meter.
LFG fiare.y flared Data to be aggregated monthly
and yearly
4, Amount of methane Calculated m’ m Periodically 100 % Electronic Measured by a flow meter.
LFG combusted in boiler flowmeter and Data to be aggregated monthly
thermal.y gas analyser and yearly
data
Flare/combustion On-site % m/c quarterly, n/a Electronic (1)
5. efficiency, determined by | measurement monthly if Periodic measurement of
FE the operation hours (1) unstable methane content of flare
and the methane content exhaust gas.
in the exhaust gas (2) (2) Continuous measurement
of operation time of flare (e.g
with temperature)
6. Methane fraction in the Gas analyzer M’ m Periodically 100 % Electronic Preferably measured by
landfill gas CH34/ continuous gas quality
m analyser
Wenay LFG
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7 Temperature of the Temperature °C Periodically 100 % Electronic Measured to determine the
T landfill gas gauge density of methane DCH,4
8 Pressure of the landfill Pressure Pa Periodically 100 % Electronic Measured to determine the
P. gas gauge density of methane DCH4
0. Total amount of | Volume meter L Periodically 100% paper The sites only used diesel
electricity and/or other generator to feed the blower
energy carriers used in which extract landfill gas.
the project for gas
pumping and  heat
transport (not derived
from gas)
10. CO, emission intensity of N/A T N/A N/A N/A Electricity is provided by an on
the electricity and /or CO,/ site generator
other energy carriers in Mwh
ID9
11. Regulatory Official Test |n/a Annually 100 % Electronic Required for any changes to
requirements relating to | publication the adjustment factor (AF) or
landfill gas projects directly MDyey

All data will be archived during the crediting period and 2 years after.
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D.2.2.2. Description of formulae used to calculate project emissions (for each gas, source, formulae/algorithm, emissions units of CO,

equ.):

Methane emission :

The following formulae will be used :

N

12 0221462 LFG flaret,m >l<WCH4t,m
MD =y | = *RHmM

project,y
m=1 N m

Where,

MD ety 1S the methane actually destroyed/combusted during the year y in tCHy4

LFGare, 1, m 18 the amount of landfill gas captured in m>/hr and flared (and/or used within the leachate evaporator) at the time t.
Wnarm 18 the concentration of methane in the landfill gas at the time t of the month m

Ni, is the number of data available during the given month.

RH,, is the number of running hour of the installation.

0.016 = molecular weight methane (t/kmol)

22.4 = molecular volume at 0 °C and 1000 hPa ( ms/kmol)

The molecular weight of methane will be adjusted according to the pressure and temperature of landfill gas.

Emissions from fossil fuel

Electricity utilised by the collection system to extract the excess of methane will be generated from a diesel generator on-site. The generator will be utilizing
diesel fuel.
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The carbon dioxide emitted from electricity used to pump the methane represent less than 1% of the project emission. This can be demonstrated with the
following formula, where it is adjusted for the excess methane share of electricity:

CcO2 = ConsFuel * EF

project diesel

Where :

CO; project is the CO2 emissions resulting from the combustion of diesel fuel
ConsFuel is the fuel consumption of the generator supplying the flare

EFgiesel 1s emission factor of diesel in Egypt expressed in t CO, / t fuel.

D.2.3. Treatment of leakage in the monitoring plan
D.2.3.1. If applicable, please describe the data and information that will be collected in order to monitor leakage effects of the project

activity
ID number Data Source of Data unit Measured Recording | Proportion How will the Comment
(Please use variable data (m), frequency | of data to data be
numbers to calculated (c) be archived?
ease Cross- or estimated monitored (electronic/
referencin (e) paper)
g to table

D.3)

Not Not Not Not Not Not Not Not Applicable Not Applicable
Applicable | Applicable | Applicable | Applicable | Applicable | Applicable | Applicable

D.2.3.2. Description of formulae used to estimate leakage (for each gas, source, formulae/algorithm, emissions units of CO, equ.)

Not Applicable.
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emissions units of CO, equ.)

Emission reduction should be calculated from the following equations:

ERY = (MDproject,y - MDreg,y ) * GWPCH4
MDreg,y = Ileproject,y * AF
Where:

ER, is the GHG reduction in t CO,,

MDygjccty 1s the methane actually destroyed/combusted during the year y in tCH,4

AF is the adjustment factor

GWPcy; is the global warming potential for CHy (21 tCOseq./tCH,)

MD,., is the amount of methane that would have been destroyed in the absence of the project activity , which equal the baseline scenario (CH4yssctine y)
The project does not use or generate or any electricity.

The emission reductions generated by the use of landfill gas as a fuel within the leachate evaporator are not claimed nor calculated.
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D.3. Quality control (QC) and quality assurance (QA) procedures are being undertaken for data monitored

Data Uncertainty level of data Explain QA/QC procedures planned for these data, or why such procedures are not
(High/Medium/Low) necessary.
1-4 LFG, Low Will be included in ISO 9001 and 14001 certification scope
5.FE Medium Will be included in ISO 9001 and 14001 certification scope
6. WCH, Low Will be included in ISO 9001 and 14001 certification scope

D.4 Please describe the operational and management structure that the project operator will implement in order to monitor emission reductions

The project will be under the direct supervision of Yannick Morillon, Managing Director of Onyx Alexandria. David Denois, the Technical Manager of
Onyx Alexandria is in charge of the implementation, maintenance of the equipment. He will also ensure the monitoring plan is followed.

D.5 Name of person/entity determining the monitoring methodology:

Yannick Morillon, Onyx Alexandria, is one of the project participants
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\ SECTION E. Estimation of GHG emissions by sources

\ E.1.  Estimate of GHG emissions by sources:

Landfill Emissions

According to the approved baseline methodology, emission reduction should be calculated from the
following equations:
ER, =(MD

-MD,,, ,)*GWP,,,

project,y reg,y )

MD MD * AF

reg,y = project,y

ER, is the GHG reduction in t CO,,
MDjgjccty 18 the methane actually destroyed/combusted during the year y in tCH,4

MD,.,, is the amount of methane that would have been destroyed in the absence of the project activity ,
which equal the baseline scenario (CH4vasclinr.y)

AF is the adjustment factor

GWPcys is the global warming potential for CHy (21 tCOxq./tCHy)

The project consists on improving the gas collection system. Due to the waste type and its characteristics,
it has been assessed that the project will improve the collection efficiency up to 70% of the amount of the

landfill gas that will theoretically be produced.

The table 2 below represents the estimated amount of methane flared by the project activity.
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Global
Year Methane flared _vv_ith the project
activity
(m*CH,lyear)
2006 17 493 813
2007 20 634 808
2008 23 702 498
2009 26 702 057
2010 29 638 436
2011 32516 379
2012 35 340 433
2013 38 114 953
2014 40 844 120
2015 43531 945
Total (2006-2015) 308 519 442

Table 2: Estimated amount of methane flare by the project activity at Borg EL Arab and EI Hammam
Landfills

During landfilling operations some landfill gas can be emitted to the atmosphere. This fugitive emissions
will be reduced significantly as a result of the project activity. Using a collection efficiency rate of 70%,
the fugitive emissions are estimated as described below :

Year Fugitive n13ethane emission
(m°CHylyear)
2006 7 497 348
2007 8 843 489
2008 10 158 213
2009 11 443 739
2010 12 702 187
2011 13 935 591
2012 15 145 900
2013 16 334 980
2014 17 504 623
2015 18 656 548
Total (2006-2015) 132 222 618

Table 3 : Estimated amount of methane emission of the project activity at Borg EL Arab and EIl Hammam
Landfills
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Electricity Generation Emissions

In order to run the flare electrical centrifugal blower shall be used. The electricity is produced by a diesel
generator.

Using the formulae described in section D.2.2.2, the emissions from the generator have been calculated.
The emission of the generator will be calculated based on on-site data.

CO2 = ConsFuel * EF

project diesel

Where,

CO; project is the CO2 emissions resulting from the combustion of diesel fuel
ConsFuel is the fuel consumption of the generator supplying the flare

EFgieser is emission factor of diesel in Egypt expressed in t CO, / t fuel.

Calculation of the emission factor of diesel (EFgiesel)-

Carbon content in diesel fuel in Egypt is approximately 86.3%. Therefore carbon dioxide emission factor
can be estimated from the combustion equation of carbon as follows:

C+02—> COZ

For each mole of carbon, 1 mole of carbon dioxide is emitted. The molecular weight of Carbon is
12g/mol and for carbon dioxide 44 g/mole. There, each 12t of carbon results in 44 tons of CO, and hence
each ton of carbon will result in 3.67 tons of carbon dioxide.

For each ton of diesel fuel combusted 0.863 tons of carbon is burned

0.863*3.67=3.17 tons of CO, are emitted per ton of diesel.

Therefore the emission factor of diesel fuel is 3.17 t CO, / t fuel.

The CO, emissions associated with the electricity production for the project activity can be calculated.
The results are described in table 4 considering the following parameters:

The consumption of this type of generator is approximately 0.022L per cubic meter of CH, collected.
The density of diesel has been taken at 0.8450 kg/L (EN-ISO 3675).
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CO, emission of the on-site

VEEY generator (tCOy)
2006 353
2007 417
2008 479
2009 540
2010 599
2011 657
2012 714
2013 770
2014 825
2015 880

Total (2006-

2015) 6 234

UNFOCE
4

Table 4 : Estimated amount of CO, release by generator at Borg EL Arab and El Hammam Landfills

\ E.2.  Estimated leakage:
Not applicable.
\ E.3. Thesum of E.1 and E.2 representing the project activity emissions:

The greenhouse gas emission from the project activity result only of the release to the atmosphere of
methane, which will be emitted in any case without the project activity and of on-site diesel consumption.
The table 5 below presents the total emission of CO, eq of the project activity:

COz€q due .to CO, emission of |Total emission of
atmospheric : ;
Year release of the on-site the P'rqject
methane generator activity
(tCO,) (tCOy) (tCO,)
2006 112 856 353 113 298
2007 133119 417 133 640
2008 152 910 479 153 509
2009 172 260 540 172 934
2010 191 203 599 191 952
2011 209 770 657 210591
2012 227 988 714 228 881
2013 245 887 770 246 850
2014 263 494 825 264 526
2015 280 833 880 281 932
Total (2006-
2055) 1990 320 6 234 1998113
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E.4.  Estimated anthropogenic emissions by sources of greenhouse gases of the baseline: \

The emissions of the baseline scenario consist of:
e Atmospheric release of methane
e CO, emissions due to the combustion of diesel fuel to produce electricity

Methane emissions

As per the methodology ACMO0001, the amount of methane that would have been destroyed in the
absence of the project activity (MDyy) is defined by the following formula:

MD,,,, =MD

reg,y project,y * AF
where

MDyrojecty 1s the amount of methane actually destroyed during the year by the project activity
AF is the adjustment factor (20%)

Table 6, shown below present the amount of methane that will be released in the absence of the project
activity :

Year Methane Emissiqn of th3e Baseline scenario for both
sites (m” of CH,/year)

2006 21 492 399

2007 25 351 336

2008 29 120 212

2009 32 805 384

2010 36 412 936

2011 39 948 694

2012 43 418 246

2013 46 826 942

2014 50 179 919

2015 53 482 104
Total (2006-2015) 379038 172

Table 6: amount of methane released to the atmosphere in the absence of the project activity in m® of
CHy,lyear.
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CO, emissions
Only the CO, emissions from the on-site electricity generator are accounted for.
The calculation are similar to the one described in the section E1 and D2.2.2 applied to the amount of

methane that will be captured as part of the baseline scenario.

The emissions from the electricity generator is described in the table 7 below :

Year CO; emission of the on-site generator
(tCOy)

2006 88
2007 104
2008 120
2009 135
2010 150
2011 164
2012 179
2013 193
2014 206
2015 220

Total (2006-

2015) 1559

Table 7 : CO, emissions of the on-site generator

The overall emissions of the baseline emission is then estimated by summing the methane emissions and
the CO, emissions from the electricity generator.

The table 8 below summarize the estimated emissions of the baseline scenario.

CO,eq due to atmospheric | tCO, emission of the | Total emission of the
Year release of methane on-site generator baseline scenario
(tCOy) (tCOy) (tCO,)
2006 323 521 88 323 609
2007 381 609 104 381 713
2008 438 341 120 438 461
2009 493 813 135 493 948
2010 548 117 150 548 267
2011 601 340 164 601 504
2012 653 566 179 653 745
2013 704 877 193 705 070
2014 755 348 206 755 554
2015 805 055 220 805 275
Total (2006-2015) 5 705 587 1559 5707 146

Table 8 : Total GhG emissions of the baseline scenario
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| E.5. Difference between E.4 and E.3 representing the emission reductions of the project activity: |

Applying the formulae

ERy = (MDproject,y - IvIDreg,y) *GWPCH4

Where,

ERy is the greenhouse gas emission reduction achieved (in tCO,.,/year)by the project activity during a
given year y
GWPcp4is The global Warming Potential of the Methane (21)

The emission reductions of the project can be estimated as shown on figure 5 :

600 000
500 000
400 000

300 000

tCO2elyear

200 000

100 000

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 5 : Estimated Emissions Reductions of the project activity (ERy)
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\ E.6.  Table providing values obtained when applying formulae above:

Table 9, shown below, presents the Estimated Emissions Reductions of the project activity (ERy)obtained
when applying formulae above.

Estimation of Esgmatl_on o Estimation of Estimation of
. .. aseline . .
Year prpjept activity emission Leakage |Emission Reductions
emission (tCO,) (tCOs4) (tCOy) (tCO2)
2006 113 298 323521 0 210 311
2007 133 640 381 609 0 248 073
2008 153 509 438 341 0 284 952
2009 172 934 493 813 0 321 014
2010 191 952 548 117 0 356 315
2011 210 591 601 340 0 390 913
2012 228 881 653 566 0 424 864
2013 246 850 704 877 0 458 220
2014 264 526 755 348 0 491 028
2015 281 932 805 055 0 523 343
Total (2006-
20§5) 1998 113 5 705 587 0 3709 033

Table 9 : Emission reductions of the project activity in tCO,eq/year
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\ SECTION F. Environmental impacts

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

This project will have no detrimental effects on the environment. In fact the project is planned in order to
enhance the environmental performance of this landfill. The project will allow for optimum landfill gas
extraction. Flaring of the collected LFG does not only destroy methane, but will also destroy compounds
in the LFG such as volatile organic compounds and ammonia. This project will prevent the following
risks associated with landfill gas at uncontrolled landfills:

Risk of explosion

Risk of fire

Unpleasant odours nuisances
GHG emissions effects

Potential atmospheric pollution
Damage to vegetation by asphyxia

The impacts are and will continue to be mitigated by the installations proposed in this project.

F.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

An environmental impact assessment was carried out. It shows there is no significant negative impacts
from the project activities.
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SECTION G. Stakeholders’ comments \

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

Two public hearing meetings were held for concerned stakeholders. The first meeting, held on Tuesday
13th of December 2005 while the second was held on the 21st of December 2005.

Stakeholders attending the meeting included:

- General Mohamed Ahmed Bassiouni- General Secretary of Alexandria Governorate

- Dr. Ezz El Din EL Raii, Professor in Alexandria University

- Mr Mohssen Al Diwani, Director of the affairs of the Environment Department

- Dr Mona Gamal El Din, Consultant of the Environment, Representative of the NGOs and member of
the “Friends of the Environment” Society

- Mr Said Mattar, General Manager of the Financial and Administrative Affairs-Alexandria Governorate
- Mr Mahmoud Hamed, Director of the Control & Environmental Follow-up department - Alexandria
Governorate

Onyx Alexandria personnel attending the included :

- Mr Yannick Morillon, Delegated member of the Board and General Manager of Onyx Alexandria.
- Mr David Denois, Director of the treatment department — Onyx Alexandria.
- Mr Hassan Abaza, Business Development Director- Onyx Alexandria.

During the first meeting technical details of the project were explained and the contribution of the project
to achieving sustainable development goals was presented. A copy of the Project Design Document and
the Environmental Impact Assessment of the project site were distributed for the consideration of
stakeholders. Also, Arabic translations for the two documents were forwarded to all attending
stakeholders as per their request. A form was distributed during the first meeting and different
stakeholders were asked to provide their comments after examining the relevant documents.

During the second meeting, stakeholders provided feedback and comments on the project.

G.2.  Summary of the comments received:

The main comments received from stakeholders are described below:

1. What are the other benefits for the Alexandria communities in addition to those already mentioned
within the PDD?

2. How will other gas emissions be monitored?

3. Will Onyx Alexandria explore other options for the utilization of the landfill gas?
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G.3.  Report on how due account was taken of any comments received:

A summary of how comments are taken into account is presented below.

1. Onyx Alexandria, as requested by the Egyptian Designated National Authorities’ procedures, will
contribute 6% of the revenue generated from the sale of the CERs to the Egyptian Environmental
Protection (EPF) fund for sustainable development projects. In addition, Onyx Alexandria will also
contribute 19% of the CER’s revenue to the Governorate of Alexandria for local sustainable development
projects, among others, the project regarding street scavengers in Alexandria was mentioned.

2. Gas emissions will be monitored according to the monitoring plan specified in the monitoring
methodology and the environmental impact assessment of the project. Flare standards are according to
European Standards guaranteeing the full combustion of the gas at a high temperature. The CDM project
reinforced the procedure already in place to monitor and control gas emissions from the site. The site has
been certified according to ISO 14001 and ISO 9001.

3. Onyx Alexandria with the commissioning of the leachate evaporator will already utilize part of the

landfill gas as a fuel. Electric generation from landfill gas will be considered in the future when the
available landfill gas volume will be sufficient and when it can be shown that there are no other barriers .
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Annex 1

CONTACT INFORMATION ON PARTICIPANTS IN THE PROJECT ACTIVITY

Organization: Onyx Alexandria for Complementary Services in Waste Treatment S.A.E.
Street/P.O.Box: Teleiba Street forom Kabbary Road, Moharram Bek
Building:

City: Alexandria

State/Region: Alexandria

Postfix/ZIP:

Country: Egypt

Telephone: + 20 3 3624060 + 20 3 3604381 + 3603999
FAX: +20 3 3603399

E-Mail: ymorillon@onyxalex.com

URL:

Represented by:

Title: Managing Director

Salutation: Mr.

Last Name: Morillon

Middle Name:

First Name: Yannick

Department:

Mobile:

Direct FAX: +20 3 3603399

Direct tel: + 20 3 3624060

Personal E-Mail:

ymorillon@onyxalex.com

Organization:

World Bank

Street/P.O.Box:

1818 H Street, NW

Building:

City:

Washington, DC

State/Region:

Postfix/ZIP:

20433

Country:

USA

Telephone:

1-202-473-1525

FAX:

1-202-522-7432

E-Mail:

URL:

Represented by:

Title:

Salutation:

Last Name:

Middle Name:

First Name:

Department:

Mobile:

Direct FAX:

Direct tel:

Personal E-Mail:
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Organization: Veolia Propreté
Street/P.O.Box: 169 Avenue Georges Clémenceau
Building:

City: Nanterre

State/Region:

Postfix/ZIP: 92735

Country: France

Telephone: +33(0) 146 69 3000

FAX: +33(0) 14669 3001

E-Mail: gecrawford@veolia-proprete. fr
URL:

Represented by:

Title: Vice President, Environment / Quality Department
Salutation: Mr.

Last Name: Crawford

Middle Name:

First Name: Gary

Department:

Mobile:

Direct FAX: +33(0) 14669 3467

Direct tel: +33(0) 146 69 3000

Personal E-Mail:

gary.crawford@veolia-proprete.fr

Organization: Spain , Ministerio de Medio Ambiente
Street/P.O.Box: Plaza de San Juan de la Cruz s/n
Building:

City: Madrid

State/Region:

Postfix/ZIP:

Country: SPAIN

Telephone: (34-915)97-6126

FAX: (34-915)97-5982

E-Mail:

URL:

Represented by:

Title: Directora de la Oficina Espafiola de Cambio Climatico
Salutation: Sra.

Last Name: Rodriguez,

Middle Name: Ribera,

First Name: Teresa

Department:

Mobile:

Direct FAX:

Direct tel:

Personal E-Mail:

teresa.ribera@oecc.mma.es
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Annex 2

INFORMATION REGARDING PUBLIC FUNDING

No public funding is involved in the project.
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Annex 3

BASELINE INFORMATION

Main Data
Factor (t CO2e /t CH4) Period Applicable Source
21 1996-2012 Revised IPCC guidelines for National
Greenhouse Gas Inventories
Factor (t CH4 / m® CH4) Period Applicable Source
0.0007168 Default

Calculation of the baseline

The first step in applying the methodology is to estimate the volume of methane that is expected to be
generated from the landfill during the project lifetime. This estimated quantity of methane is calculated
based on the amount of waste that is expected to be disposed of in the landfill according to the contract
between Onyx Alexandria and Alexandria Governorate. The contract, signed in September 2000,
specifies that Onyx Alexandria is responsible for the collection of 2,700 tons of waste on a daily basis
with an annual increase of 2%. The waste stream data consist of the measured disposed waste between
2001 and 2004. For years from 2005 to 2015, an annual increase of 2% compare to the value of 2004 was
assumed according to the contract.

Estimation of Methane Generated From Landfill

The first order decay model presented in the approved methodology was used to estimate methane
emissions from both landfills. The model is as follows:

—k(y-t)

CH4 =k*L,* > WASTE *e

t=0,y

Projected, y contract, t

Where:

CH4rojecteay 1S the quantity of methane estimated to be generated (m3 )
k is the methane generation rate constant (1/yr)

L, is the methane generation potential (m* CH4 / t Waste)

Waste onuact,t 1S the waste input at year y

t is the year where methane production is calculated

y is the year where the waste was input to the landfill

Assumption of k

The estimation of methane generated form the landfill is highly sensitive to the assumption of the
methane generation rate constant value, k. k value depends on the moisture content in the landfill,
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temperature in the anaerobic zone, pH, and nutrient availability. According to the US EPA landfill gas to
energy development handbook, values of k should be assumed to be between 0.1 and 0.02. It has been
observed on site that the gas production is low. In line with the US EPA recommendation and the site
observation, the k value has been selected at 0.05.

Estimation of Methane Generation Potential (L,)

According to IPCC guidelines, methane generation potential is estimated from the following equation:

Lo = MCF*DOC*DOC#F*(16/12)

Where:
Lo is the methane generation potential of the waste (t CH4 / t Waste)

MCEF is the methane correction factor

DOC is the degradable organic carbon in the waste (fraction)
DOC:;k is the fraction of organic carbon dissimilated (fraction)
F is the fraction of CH, in the landfill gas (fraction)
Estimating MCF

According to IPCC, MCF is assumed according to the types of sites shown in table 10.

Table 10 : Methane Correction Factor

Type of Site Methane Correction Factor
(MCF)
Managed Landfill 1
Unmanaged — deep (= 5m waste) 0.8
Unmanaged — shallow (< 5m waste) 0.4
Default value — uncategorized SWDSs 0.6

MCF was assumed to have a value of 1 since the landfill is a well managed landfill. According to IPCC
guidelines, well managed landfills should have controlled placement of waste and a degree of control of
scavenging activities and control of fires should be in place. Both landfills satisfy this criteria for the
following reasons:

e Placement of waste is well planned in previously designed cells. The bottom of each cell is lined
with 75 cm of compacted clay and the bottom and sides of the cell are lined with a 2mm HDPE
geomembrane liner protected by two layers of 600 g/m? geotextiles.

e  The landfill is protected with a fence that surrounds it from all sides and no scavenging activities are
allowed inside the landfill.

e  After the placement of each layer of waste (2 to 2.5 m), the waste is covered by a 15 to 20 cm sand
layer which prevents any possible self ignition of the waste.

Estimating DOC
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Degradable organic fraction is based on the composition of the waste. DOC is estimated from a weighted
average of the carbon content of various components of the waste stream. IPCC guidelines gives default
values for the carbon content for various waste types. These values are presented in table 11, shown
below.

Table 11 : Degradable Organic Carbon For Major Waste Streams

Waste Stream Percent DOC by
Weight
A. Paper and textiles 40%
B. Garden and park waste, and other (non- 17%
food) organic putrescibles
C. Food wastes 15%
D. Wood and straw waste 30%

If the composition of the percentage of each type of waste is known, the weighted average of the
degradable organic carbon can be estimated as follows:

% DOC (by weight) = 0.4(A) + 0.17(B) + 0.15(C) + 0.30(D)

Where:

A is the percent paper and textiles in the waste

B is the percent garden and park waste, and other non-food organics
C is the percent food waste

D is the percent wood and straw waste

Table 12, shown below, presents the composition of waste in Egypt. This composition was used to
estimate the degradable organic fraction of the Egyptian waste.

Table 12 : Composition of Egyptian Waste

Waste Type Percentage
Food 50-60%
Paper 10-25%

Plastics 3-12%
Glass 1-5%
Metals 1.5-7%
Textiles 1.2-7%
Others 11-30%

An average value was assumed for each waste stream. Yard waste was assumed at 5% of the total waste
while wooden waste was assumed at 2%. The weighted average for the degradable organic carbon was
estimated as follows:

% DOC = 0.4(0.22) + 0.17(0.05) + 0.15(0.55) + 0.3(0.02) = 0.19

The default value given in the IPCC guidelines for wastes in Egypt is 0.21 which shows that the estimated
value for DOC is a conservative assumption.

Estimating DOC;
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Fraction dissimilated DOC is the portion of the degradable organic carbon that is converted to landfill
gas. IPCC guidelines present the following equation to estimate DOCg:

DOC¢=0.014T + 0.28

Where:
DOC:;k is the fraction dissimilated degradable organic carbon
T is the temperature in the anaerobic zone

The temperature in the anaerobic zone was assumed at 35 °C. Therefore, the DOC; was estimated as
follows:

DOC;=0.014(35) + 0.28 =0.77
Estimating F

The default value for the fraction of methane in landfill gas is 0.5 as given by IPCC. Field measurements
at Borg El Arab landfill at well head showed that methane fraction is in the range of 50-60%. F was
assumed at 50% for the sake of conservativeness. It is important to note that the methane content of the
landfill gas that is used to treat the leachate decreases due its dilution with air at well head during the
collection process. When estimating methane emissions from the waste, the methane content at well head
is the value that should be used.

Estimating L,

Based on the estimation of different parameters needed, methane generation potential was estimated as
follows:

Lo = MCF*DOC*DOC¢#F*(16/12)
Lo = 1*¥0.19%0.77*0.5%(16/12) = 0.098 Mg CH4 / Mg Waste = 136 m’ CH4 / t Waste

IPCC guidelines states that the value of Lo may range from less than 100 to over 200 m3 CH4 / t Waste.
This shows that the estimated values are within acceptable range.

Estimation of Waste Quantities

As previously mentioned, Borg El Arab landfill receives waste generated during all months of the year
except for the duration of May to September. Projected waste starting from 2004 was estimated based on
those received in the previous year with an assumed increase of 2%. Tables 8 presents the amount of solid
waste that is projected to be disposed of during the project lifetime at Borg El Arab and El Hammam
landfills.

The waste flows will be divided amongst the two sites. The repartition of waste does not affect the
predicted methane generation
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Table 13 : Projected Municipal Solid Waste Disposed in both landfills during Project Lifetime

Waste Quantity
Year (Tons)
2001 68 000
2002 738 000
2003 828 000
2004 790 715
2005 806 529
2006 822 660
2007 839 113
2008 855 895
2009 873 013
2010 890474
2011 908 283
2012 926 449
2013 944 978
2014 963 877
2015 983 155
2016 1002 818

Total Quantity of Methane Generated
Applying the approved model using the estimated parameters, the total quantity of methane generated

from the landfill can be assessed. Table 14, shown below, presents the total quantities of methane that are
expected to be generated from both landfills during the period 2005 to 2016.

70 000 000

60 000 000 A

50 000 000  ~

40 000 000  ~

30 000 000 A

m3 of CH4/year

20000 000  ~

10 000 000 ‘ ‘ ‘ ‘ ‘ ‘
2004 2006 2008 2010 2012 2014 2016 2018

Table 14 : Methane Generation from both sites
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Estimation of Baseline Emissions

As stated in the approved baseline methodology ACMO001, the amount of methane that would have been
destroyed in the absence of the project activity (MDyeg,) should be calculated from the following
equation:

MD

MD *AF

reg,y = project,y

Where:

MDyrojecty is the amount of methane actually destroyed during the year by the project activity
AF is the adjustment factor (20%)

Conservativeness in Baseline Estimation

Conservative assumptions have been used to estimate the baseline according to the recommendations of
the CDM Executive Board. Conservativeness was accounted for in the following:

e Estimation of methane generation potential (L,) was estimated based on conservative assumptions
for DOC which was estimated at a less value than the default value given in IPCC guidelines.

e A conservative assumption for the methane generation constant (k) was used at a value of 0.05.This
value is the recommended value by the U.S. EPA.

e It should be noted that the impact of the landfill gas production model is not sensitive and will not be
used in the verification phase. Emission Reduction Credit will only be issued based on on-site
verifiable data. The model is used to provide an initial estimate of the potential Emission Reduction
of the project.
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Annex 4

MONITORING PLAN

Applied methodology

ACMO001 Approved Monitoring Methodology “Consolidated monitoring methodology for landfill gas
project activities” — Version 2.

1. Brief description of the methodology

As part of the Approved monitoring methodology, it is acceptable to assume that the volume of LFG
actually recovered is an indication of the volume of gas that would have been emitted without the project.
This will be monitored.

2. Data to be collected or used in order to monitor emissions from the project activity and how this
data will be archived

The emission reductions are defined as the difference of emissions in the baseline situation and in the
project situation. This means that all landfill gas emissions that are recovered and combusted lead to
emission reductions.

0.016 &
12 224 ZLFG flaret’m >kWCH4t,m
. t=1

project,y =
m=1 N m

MD *RHm

Where,

MD projecty 1S the methane actually destroyed/combusted during the year y in tCH,4

LFGuare, , m 1s the amount of landfill gas captured in m’/hr and flared (and/or used within the leachate
evaporator) at the time t.

Wnaem 1s the concentration of methane in the landfill gas at the time t of the month m

N is the number of data available during the given month.

RH,, is the number of running hour of the installation.

0.016 = molecular weight methane (t/kmol)

22.4 = molecular volume at 0 °C and 1000 hPa ( ms/kmol)

The molecular weight of methane will be adjusted according to the pressure and temperature of landfill
gas.

Instrumentation
Instrumentation will be calibrated as recommended by manufacturers.
Data will be monitored and archived as described in the AMO0011 monitoring methodology.

As recommended data will be kept for two years after the end of the crediting period of the last issuance
of CER’s for this project activity whatever occurs the latest.
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Data collection:

Some data are collected automatically through a data logger such as information on Flare, Evaporator, gas
flow.

In case of a default of the evaporator, an alarm is automatically raised. In addition a daily visual
inspection is carried out by an operator. During this visit the operator check the instrumentation and
monitoring data such as gas quality.

During this daily visit the operator analyses the data and balances the landfill collection system to the
adequate suction of the landfill to maintain a steady gas quality. Periodically, gas quality and vacuum
level are checked at each individual gas well, using a portable meter. This monitoring plan allows
maximising gas collection and maintaining the infrastructure.

Data Analysis:

The data are analysed on a daily basis by the operator. In case of a drift of one parameter the operator can
react quickly and fix any potential problems.

All data required for the emission reduction calculations will be kept in the onsite-monitoring database.
This information will be reported to Veolia Propreté.

On a regular basis, all monitoring information are transferred to Veolia Propreté to analyse the Emission
Reduction following the formulae provided within the approved methodology ACMO001.

Management system:

The sites will follow the management system in place which have been certified via the international
certification system ISO 9000, ISO 14000 and ISO 18000.

Project Management Responsibility

The project implementation and operation will be under the direct Supervision of the Landfill Manager,
who reports to the Treatment Facilities Manager.

The Treatment Director will report directly to the Onyx Alexandria Director.

Project management organization

The registration of the project is managed by the Environment and Quality Department of Veolia
Propreté, based in France, in close collaboration with the Onyx Alexandria Managing Director and the

Treatment Director.

The monitoring, measurement, and reporting will be realized following the below procedure.
This procedure allows for numerous crosschecked of the validity of the data.
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Normal Operation

Contingencies

Landfill Gas Technician :
e Daily monitoring of key parameters
(paper)
e Monthly transmission of the data to
the Landfill Manager
e Perform preventive maintenance and
necessary calibration

1l

In case of unforeseen problems
e Alert the Landfill Manager
e Used troubleshooting procedure
defined by manufacturers

Landfill Manager :

e Verify the quality of the data

e Monthly report the number of ER to
the  Environment /  Quality
Department and to the Treatment
Director

e (Carry out the scheduled investment
in order to enhance the landfill gas
collection and its combustion.

In case of unforeseen problems
e Analyze the nature of the problem
e act accordingly in order to limit its
impact on the CDM project
e In case of major failure inform
directly the Treatment Facility
Manager

Report to Treatment Director and Managing
Director of Onyx Alexandria

Figure 7: Monitoring and reporting organization.

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02

@) o)

CDM - Executive Board page 52

Training of monitoring personnel
Once a year the monitoring personnel will be trained internally or externally.

Training will include :
0 Landfill gas collection system balancing
0 Calibration of monitoring equipment
0 Impact of the monitoring on the CDM activity

Emergencies procedures
Flares will be equipped with a telemetry system allowing to notify the landfill gas technician in case the
flare is stopped.

If the flare is stopped, no landfill gas will be burnt and no credits will be claimed during this period. The
running hours of the flares will be monitored as part of the monitoring procedures.

In case of failure of one of the monitoring devices, portable tools will be used in order to carry out
periodic daily monitoring of the missing parameter(s). These data will be recorded on paper.
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