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@ Role of natural gassome facts

World natural gas demand by scenario

A Fastesgrowing fossil fuegb catchup with oil and coal ;- e
In 20 year £ 000 New Policies Scenario
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A Considered a main hydrocarboomponent of a more
sustainable energyix, because: World Energy Outlook 2015

o Abundancenanydecades worth ofeserves
o Worldwants and needenergy securityand gas cahelp

o As majoicontributorto sustainable energgndunique roleto
play
o Complementary flexible source of fuel in a lower carbon
path

o Cleanest fossil fuel (half emission of coal)




@ Natural gas and the environment TeeIe T SaLAicE TONAR0S ens

A What are some positives about natural gas?
A Lowersulphuroxides and mercury (acid rain)

A Reduces emissions of nitrous oxides considerably (urban sr
A Lower patrticles (health and visibility problems)
A Support use of intermittent renewable energy sources
A Energy efficiency (more energy content per CO2t) oo O o
A Friendlier operation in energystems Natural (R 0 -
oil 80 70 70

Coal 100 100 100



@ Natural gas and the environmeiaix o

A What are the negative aspects?

Lets see unseen methane emission in
typical oil and gas operations




@ Natural gas and the environmeiaix o

A What are the implications of methane in the clim

Kg per kg of methane traps 84 times
more heat than over 20 years than
CO2

I/

About25 percent of the mamade
warming we are experiencing today
caused bynethane

S
CH4

CO2



@ Natural gas and the environmeiaix o

ANatural gas flaring
A Thelargevolumes

A Globally about 148illion cubic meterannually. Enough to produce
750 billion kwWh power

A CO2 emissions (+toombusted methane)

A Globally about 350 millions tons CO2 annually. Equivalent to about ar AL
77 million cars XEyR KSI twhén pdopldide O i &
A Environmental pollution near flares

A Emissiorof Nitrogen oxides (NOXx), sulfur gratticulate

A Black carbon from flares

A Gas flaring may contribute 40% or more to the black carbon deposition on snow and ice in the
Arctic, thus contributing to the reflective power, albedo effect. (2013 Stuydbyet al)

A Research on black carbon from flaring ongoing



@ Natural gas and the environmeiaix o

A Emissions from combusted natural gas

A Carbon dioxide (CO2)

A Produces negligible amounts of sulfur, mercury,
and particulategblack carbon)

A Produces nitrogen oxides (NOXx), precursors to
smog (but at lower levels than gasoline and
diesel used for motor vehicles)

A Exposure can lead to health effects: respiratory
symptoms, cardiovascular disease, and cancer

Latest research to quantify black carbon (particulate) LA
Currently supported by the World Bank Group AL oie




BLACK CARBON




Natural gag emissions and operations

Produccién de petroleo Produccion y procesamiento de gas natural A All along value
Venteodegasde Operaciones de terminacion y Empaquetadura de chain
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@ Natural gas and the environmeiaix o

Figure 1: Estimated Global Anthropogenic
Methane Emissions by Source, 2020

A M eth a.ne Rice Cultivation 7%

Stationary &
Mobile Sources 4%

A Oil and gas represent 24% of global total methant giomass 3% —4l
02 ausS Sldzl fa b2NBI & Qa oneragsourcessn M

A Top 30 countries account for 75 emissions Wastewater 7%

A Greatly underestimated and vary widely due to
proper data and inconsistent measurement

Enteric Fermentation 27%

Agriculture (Manure
Management) 3%

Coal Mining 9%

—~— 25 Municipal Solid
Oil & Gas 24% Waste 11%

A GHG emissions equal to:

Figure 3: Global Anthropogenic Methane Emissions, 1990 - 2030

A 164 million cars (65% of US Cars) and/or 205 coal ==
fired Power Plants (AlImost 40% of US Coal Plants) B

4000 (.

A Worth some US$12 to US$28 hillions

annually S} g

MMTCO,E

GMI US EPA



A Abatement opportunities with existing tec

A Various volumes at different costs of mitiga
with some at negative costs (green)

A Leakdetection and repair of fugitive emissic
(LDAR) dacilities and gas compressors,
reducedventing, replacementf highemitting
pneumatic devices

A CoBenefitsfrom mitigation

A Reduce local pollutants (ab extracost)

A Study projected reductions wouddiso result in ¢
44% reduction in volatile organic compounds
(VOCs) and hazardous pallutants(HAPsjrom
the oil and gas industry

$/Mcf Methane Reduced
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@ Natural gag emissionseductions (US recent study)

Figure 0-1 - Marginal Abatement Cost Curve for Methane Reductions by Source
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Total 163 Bef methane reduced

40% of onshore emissions

Net cost 5108 M/year 50 66/Mcf of methane reduced
Less than 50.01/Mcf of natural gas produced

Source - Reduction Measure

|_| Compressor Stations (Storage)-LDAR

Centrifugal Compressors (wet seals|-Gas Capture

\—{l(i mray Pumps—-Electric Pump

Bcf Methane Reduced

ICF Study, 2015

40%reductionsin onshore methane emissionan be achievedith existing technologies
at acostof $0.66Mcf of methane reduced, or less than $0.BItf of gas produced



@ Natural gag emissionseductions opportunities in Latin America

P ..
S e s e - A Methaneemission
& T 0T e o reductionoppotunitiesin
o - I | - oil and gas has ery
o - I Agriculture - blogas high potentialin various
B Reduction due to non-CH4 measures CountrieSin the I’egion,
-20%
“ . ® Industrial waste treatment with gas e'g
u I recovery A Venezuela
3% Separation and treatment of A MeXiCO
. biodegradable M5W
-40% . # Reduction of gas leakage during A Ecuador
distribution A Colombia
. - B CH4 recovery in gas and oil production A A .
rgentina
l I B CH4 recovery in coalmines
-60%
-70%
-B0%

SEI| Stockholm Institute of Environment, 2014



@ UNFCC Paris COP21 Accord

ATotal 196countries have committed to
building a thriving, cleamconomy

AUNFCCC Accord charted a new course of
action in a two decade old climate change
effort

PARIS2015
COP21-CMP11

ACulminated 4 year negotiations

ANew treaty ends strict differentiation |
between developed and developing countries

A Common framework that commits all countries to
put forward their best efforts and to strengthen AR
them in the years ahead . @

A Al parties report regularly on their emissions and

Implementation efforts, and undergo international
review The Paris Agreement.

Available from www.unfccc.int




@ UNFCC Paris COP21 Accord A

PARIS2015

ATE CHANGE CONFEREN

COP21 CMP11

Outcomes and main decisions 4‘

\V

A L_imitglobal ter_np_eraturéncrease well below 2 degrees Celsius, whil¢ A Extendthe goalof mobilizing $100 billion a year support by 2020
urgingefforts to limit the increase to 1degrees through 2025, with a new, higher goal to be set for the period 2626

A Bindingcommitments & I £ f LI NIASA& (2 YI | SA Bkiénd 8 he2hatismio®R RIS & 8 NI & ¥ &&iltirlg ol Rl YI 3
O2y(UNROGdziAZ2Y&dé ob5/ &0 yR (2 WIdNBAAYS (RZ YORKE lyAS(E 5Y Sl kAAdONGS &S EF Lot YASTR: dHtde
achieving them any liability ocompensation

A Reportregularlyon their emissions and implementation efforts, and | A Require parties engaging in international emissions tradiaydiol

undergo international review. double counting

A Reportregularly2 y G KSANJ SYA&&A2Yya | YR |6ADR Brivdevd rarkst métkanigmysimitarthe Clean Development
AYLE SYSYUAy3a FyR FOKAS@GAYIE 0KS$ AdhdnBm dhder tlhe)f(ﬁ)to PrBtoc@lZ)ér%@nﬁgﬂralss@rVréd&ﬁsz||nu A2
review; 2yS O2dzy iNB (2 065 O2dzyiSR (G261 NR |

A Commit all cogntries tsubmit new NDCs every five yeavgh the -
Of SIFNJ SELISOGFGA2yY GKFG G0KS& gAflft & NBLINE: i
previous ones

A Bindingobligations of developetbuntriesto support the efforts of
developing countries, while for the first tireacouraging voluntary
contributions by developingpuntriestoo




@ UNFCC Paris COP2tord- commitments

A 162 countries submitted Intentional natione
Determined Contributions (INDCs) pledges

A Represent around 90% of global economic activity ¢
global energyelated CO2 emissions (todahow?

A With absolute and intensity GHG targets, deviations fror
BAU, reduction or limitation of per capita emissions,
statement regarding policies and measures

A INDCs most common measure is targets o
renewables (40%) and all include energy
sector

A Others mention: improved energy efficiemaguce
use of inefficient coal, lower GHG in oil and gas sec
subsidy reform and carbon pricing

A 47 refer to improvement in gas utilization levels
A 11 mention gas flaring reduction

Four countriesnentionmethane emission:;

Figure 1 =

National climate pledges submitted for COP21 and coverage in

terms of energy-related CO; emissions in 2013

Europe
North Americas
®
6.1 Gt
South America

1.2 Gt

Submitted INDCs
Mot yet submitted INDCs

WEO 2015

Russia and Caspian

2.0Gt

China
Middle East
2.0Gt 286Gt Other Asia
Africa India 1.7 Gt
J . OECD Asia
1.1 Gt Oceania

1.9 Gt .
2.2 Gt

USA achieve a 4d5% reduction in methane emissions from 2012 levels by 2025 from oil and gas production
Canada, Mexico and Gaboeduce methane emissions from oil and gas production



&) UNFCC Paris COP2tord

A COP21 Bridge
Scenario: peak in
GHG emissions in

l next 5 years

A IEAproposed five
measures shown in
I a. NAR3IS& { O
using only proven
technologies &
without harming
economic growth

w»

WEO 2015

Pledgesccelerate the energy transition, but it is not yet Esbugh
Reductions are achievable with existing technologiesroptementationwill take time



