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5 PEMEX . Introduction

In addition to methane and carbon dioxide as major greenhouse gases, black
carbon or soot has recently been implicated as a powerful climate forcer

*Methane emissions from oil and natural gas systems are primarily the result of
normal operations and system disruptions. These emissions can be cost-effectively
reduced by upgrading technologies or equipment, and by improving operations

*There is recognized concern over the amount of black carbon (BC) that is being
emitted from flares worldwide, due to hydrocarbon carry over and poor flare
combustion efficiency. BC has been proved to cause significant health hazard
implications due to its small particle size

*Since 2006, Pemex has been working along with Global Methane Initiative (GMI)
and, more recently, with Global Gas Flaring Reduction (GGFR) to train technical
personnel to measure and mitigate CH4 and BC in several facilities of its
subsidiaries Pemex Gas (PGPB)
and Pemex Exploracion y
Produccion (PEP).




% PEMEX . Methane emissions in Pemex

*The reduction of methane emissions during the period 2004-2010 is the
result of the improvements implemented by PEP to increase the utilization of
natural gas, mainly in the Cantarell complex.

CH4+ Emissions in Pemex
2004-2010

(Tons*)
2004 152,855
2005 219,027
2006 324,754
2007 535,810
J . l 2008 | 1'506,727

2009 1°279,796
2004 2005 2006 2007 2008 2009 2010 2010 677,167

* Estimated. AP-42/SISPA.




5 PEMEX . Methane emissions mitigation

- The Global Methane Initiative (GMI) creates a framework for international
cooperation to reduce methane emissions to increase energy security, enhance
economic growth, improve air quality, improve industrial safety and reduce
greenhouse gases

- The GMI Oil and Gas Subcommittee, Pemex is a co-chair, is responsible for
guiding the oil and gas sector activities and engaging all representatives of the
private, public and non-governmental arenas in those activities. The
Subcommittee’s first concerns are:

 Identify methane recovery opportunities and describe available
technologies and best practices

 Identify key barriers and issues for project development
 Discuss country-specific needs, opportunities, and priorities
 |dentify possible joint activities to increase methane
recovery and use in the sector h
Global

 |dentify project finance opportunities and mechanisms il
Methane Initiative
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5 PEMEX . Methane measurement campaigns

In recent years, PEMEX has focused a number of activities on
greenhouse gas reduction projects:

m Methane emission reductions AreaCoatzacoalcos

m Improved gas recovery and reduced emissions of COz2

A

© O Morelos
Pajaritos %

Burgos o

Since 2006, a key initiative of PEMEX has been its
collaboration with Global Methane Initiative (GMI) to develop

VL _ _ W
methane emissions reduction projects: L

PozaRica,
m Field measurements of methane emissions in:

PEP - Cunduacan gas compression facility
- Nejo 1 O&G production field
- Atasta gas compression facility
- Abkatum-D Platform

PGPB - Cactus, Ciudad PEMEX, Nuevo PEMEX,
Poza Rica and Burgos gas processing facilities)
- Cardenas gas pipeline sector

PPQ - Cosoleacaque Petrochemicals complex




A pEMEX.

Methane measurement campaigns, PGPB

® CPG Poza Rica — Potential economic savings: US$ 2.4 Million/year

Source Gas losses (1000 m3y) GHG Emissions (tCO.ely)
Combustion 28,570
Flaring 9,125 20,292
Fugitives 650 9,268
Venting in compressors 7,487 82,431
Sulphur recovery 9,227
Total 17,262 149,788

® CPG Nuevo PEMEX- Potential economic savings: US$ 6.6 Million/year

Source Gas losses (1000 m3ly) GHG Emissions (tCOsely)
Combustion 224,104
Flaring 43,983 83,036
Fugitives 405 5,765
Venting in compressors 3,021 23,210
Sulphur recovery 490,547
Total 47,409 820,942




5 PEMEX . Methane measurement campaigns, PEP

®Burgos Compression Facility—Potential economic savings: US$ 4.6 Million/year

Combustion 10,163
Flaring 13,965 29,440
Fugitives 32 410

Heath recovery 24,293
Total 13,997 64,306

® Cunduacan Compression Facility—Potential economic savings: US$ 30.0 Million/year

Combustion 64,763
Pneumatics 68 645
Fugitives 742 7,800
Heath recovery 280,124
Total 810 354,138




5 PEMEX . PEMEX—GMI Methane Inventory

PEMEX and GMI have undertaken a detailed inventory of PEMEX methane
emissions and their mitigation potential (2008 data).

Objectives:

Prepare a comprehensive baseline CH4 emissions inventory

Estimate abatement potential that is technologically feasible

Quantify the costs and benefits of achieving incremental reductions
Provide a basis for PEMEX to set targets for methane emission reductions
as part of its climate strategy

Results:

PEMEX baseline CH,4 emissions inventory: Aprox. 36.1 MtCO,e/year
Estimate of savings from cost-effective CH,4 reductions: UD$ 18
million/year @4.0 USDIsS/MMBTU

Full analysis of 16 mitigation actions

Technical and economic model of PEMEX methane emissions and
emission reduction projects



5 PEMEX . Methane emissions Inventory - Findings

- Total CH4 emissions estimate: 36.1 MtCO,e/year
- PEP responsible for 96% of total emissions

- Un-combusted methane from flares is the largest single source,
accounting for 78% of total emissions.

Annual Annual % of Baseline
PEMEX Subsidiary Emissions (tCH4) Emissions Emissions
(MtCO2)
PEP 1,654,798 34.75 96.3%
Flaring System 1,350,085 28.35 78.6%
PGPB 60,772 1.28 3.5%
Gas Transmission 30,421 0.64 1.8%
PREF 2,826 0.06 0.16%
PPQ 211 0.00 0.01%
Total Annual CH4 Emissions 1,718,607 36.09 100%
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5 PEMEX - MAC Analysis - Typical Findings (preliminary)

@ The results will allow to identify the cost-effective methane emissions reductions measures
for PEMEX to implement

Reductions as Percent of Baseline
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A pEMEX.

Methane abatement cost analysis model

Cumulartive Emizsion Reductions
(MtCO2e)
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5 PEMEX Measurement of flaring efficiency and Black Carbon

- The World Bank’s Global Gas Flaring Reduction (GGFR) partnership
supports the efforts of oil producing countries and companies to increase
the use of associated natural gas and therefore, reduce flaring and
venting, which wastes valuable resources and damages the environment

Gilohal Gas Flaring Reduction

- Given the wide variation in flare emissions associated with large A Putio Privee Partennip
variations in meteorological conditions, fuel composition, fuel flow rates,
flare size, and flare design, current approaches to estimating emissions
are at best grossly simplified

- There is interest in looking at flare efficiency by applying the new
technical analytical method called sky-LOSA (Line-Of-Sight Attenuation)
optical diagnostic measurement, which will provide estimates of soot
concentration in flare plumes under field conditions

-As part of Mexico’s GGFR program, Pemex is looking for technical
support to estimate the performance of flare efficiency and emissions of
black carbon in E&P operating facilities.
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A pEMEX.

Measurement of flaring efficiency and Black Carbon

-With technical support provided by GMI and GGFR on November 2011, Pemex

will conduct a methane and BC workshop.

- This workshop will help to generate additional quantitative data to support the
investment decisions needed to be taken by Pemex, in order to decrease black
carbon emissions, which will have positive health effects and maximize climate

mitigation benefits

- This would be the first time such approach
has ever been done in Latin America for

an operating flare in the field. The

resulting derived emission factor data
would be of significant scientific and
practical value, and provide quantitative
data for supporting Pemex and GGFR

activities.

The Sky-LOSA
method

Uses cameras and
specially designed
software to calculate
how much soot is
produced by a gas flare.

How fast?
A high-speed movie \
camera measures how e

fast the different parts \
of the smoke plume ~

are moving.

How dark?
A scientific-grade camera
takes images of the sky
and the smoke, allowing
for calculations of the

p difference in brightness,
or how dense the smoke is.

HIGH-SPEED

CAMERA
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5 PEMEX - Next Steps

o Review and complete methane emissions inventory

o Integrate CH4 baseline and MAC analysis in the design of the
Pemex s operations

o Implement the analytical method sky-LOSA (Line-Of-Sight
Attenuation) to improve the flare efficiency. Up-coming workshop
in November 2011

o ldentify measures to address emissions from incomplete burning
and to reduce flaring

o Review and complete methane emissions abatement measures and
corresponding costs

o Implement operational working plans to
reduce emissions of CH4 and BC in other
Pemex’s facilities.
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