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Distribution of Methane Emissions
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Distribution of Greenhouse Gas Emissions
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Opportunities:

m Significant cost-effective opportunities to reduce CH,
and CO, emissions:

10 to 15 % improvement in energy efficiency. 10~15%
70% reduction in fugitive emissions. 70%
50 to 70% reduction in venting and flaring.
50~70%
Attractive payback periods (<2 years & often <6 months).
2 & 6

Opportunity to generate marketable carbon credits.
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Opportunities:

m Typical Reasons:

Lack of measurement data to detect problems or build a
business case.

Old designs based on previous low energy costs.

Change in operating conditions from initial design basis.

Progressive deterioration of facilities.
Capital constraints during initial facility development.

Internal performance indicators and policies that discourage
energy efficiency or gas conservation.
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Challenges

= Need to find significant opportunities and then
choose bhest solution for each case, not vice versa.

m Opportunities difficult to predict:
Broad variety (inefficiencies, wastage, leaks).

Typically a few large opportunities rather than many
smaller ones in each category.

Most facilities have some opportunity for significant
Improvement.



" I
Challenges

m Measurements needed to evaluate opportunities and justify
capital & operating expenditures.

m Transparent process needed for carbon credits:
Quantification of baseline and reduction potential.
Valid project design document (PDD) & methodology.
Ongoing monitoring to show reductions.

Independent technical oversight.



oLeakage (MMcflyr)

°300

250

200

150

100

50 || .
.o‘...ll Jinas

sCompressor Stations

Yy /

o/ 09 o]l 13 15 17 -l




" S
Faclility Audit Approach

m Target facilities most likely to offer
significant opportunities:

Older facilities.
Natural gas facilities with compression.

Oil production facilities with significant venting
or flaring.
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Faclility Audit Approach

m |[dentify and quantify all types of
opportunities.

Multi-disciplinary team equipped with the
necessary detection and measurement tools.

Take full advantage of the team while they are
at the site.

Improve the probability of finding significant
opportunities.

m Evaluate and select the best opportunities

fAar imnlamontatinn
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Overall Benefits

m Reduced GHG emissions. GHG
m Resource conservation.

m Potentially increased production through reduced losses
and fuel consumption.

Increased revenues.
Reduced operating costs.

m Generation of marketable carbon credits.

m Improved environmental performance:

Associated reduction of other pollutants, e.g., H,S, VOC, NO,,
SO,. CO and PM.

m Safer workplace.
m “Best in Class” recognition. ”
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Key Elements of An Audit
m Natural Gas Losses:
Leakage (Directly to atmosphere and into vent and
flare systems).
Venting and flaring.

Storage Losses (working, breathing, flashing and
unintentional gas carry-through to tanks).

Malfunctioning blanket and vapor recovery systems.

Excessive pure gas rates.
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Key Elements of An Audit
m [nefficient Equipment Performance:
Oversized engines.

Excessive circulation rates.

Internal leakage (e.g., compressor cylinder
valves, piston rings and recycle valves).

Poorly tuned engines and heaters.

Fouling (e.g., heat exchangers heater tubes,
air intake arrestors, piping). s
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Key Elements of An Audit

m Overall Process Inefficiencies:
Missed waste heat recovery opportunities.

Excess product recycling.
Optimization of tail-gas incinerators.
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Fugitive Equipment Leaks

= NOTEWORTHY CHARACTERISTICS:

00 THC and CH4 emissions are mostly from components in gas
service.

0 Emission vary greatly between sites but older facilities tend to
leak more than newer ones.

1 75 to 85% of emissions economic to reduce. 75-
85%

0 Top 10 leaks typically contribute more than 80% of emissions
from leaks. 80%

0 Leak control is an ongoing effort.

0 Maintenance/repair costs tend to increase with component size
but leaks don't. /
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Fugitive Equipment Leaks

= CONTROL OPTIONS:
0 Directed Inspection & Maintenance (DI&M).

0Use of better performing components.

OMonitoring systems and predictive
maintenance techniques.

O Elimination of unnecessary components.

1Add-on control technologies. 16
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Fugitive Equipment Leaks

= CHRONIC OR FREQUENT LEAKERS:

0 Compressor Seals (34% leak). 34%
0 Open-ended lines (vent, drain, and blowdown systems) (20%
leak). 20%

0 Components in vibration or thermal-cycling service.

0 Components in fuel gas service (18% leak).
18 %

0 Stem packings on rising stem valves.

0 PVSVs and hatches on blanketed storage tanks.
PVSVs

O Pressure relief valves.
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Storage Tanks

m KEY EMISSION SOURCES:
Flashing losses.
Unintentional gas carry-through to storage tanks:

m Leakage past the seats of drain and dump valves.

= Malfunctioning level controllers.

m Inefficient upstream gas/liquid separation (e.g., due to increased
water production). /

m Piping changes resulting in unstabilized product going to tanks.

Malfunctioning vapor recovery systems:
m Faulty blanket gas regulators or pressure controllers.

m Fouled vapor collection lines.
m Leaking pressure-vacuum valves and thief hatches.

= Undersizing of systems (e.g., neglect of diurnal temperature

effects)
19
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Storage Tanks

m CONTROL OPTIONS:
Vapour reduction (e.g., upstream product stabilization).

Vapour recovery.
DI&M

20



Storage Tanks

Facility THC Emissions Methane GHG Emissiens Value of Lost
Emissions Product

[10°m°year] [10°m°/year] | [tennes CO.E/year] [BArear]

Sas Plant #1 A, E R 1.8, el

Zas Plant #:z I+ A, e I+ A I+l =

(535 Plant #: 1 663 g7 813 441 371 r

(a5 Plant #4 MA M & M)A M

(535 Flant #5 45 L 1345 2 oY

5as Plant #£ A, M4, A,

a3 Plant #7 M4 P& M

(535 Plant #£ 4 454 2EST 37§01 1 880 267

(5as Plant #E A R A A

TOTAL € 227 2 801 39 539 2 346 197

AVERAGE 692 311 4 438 250 €89

*NA — No tanks at the facility were found to be emitting excessive vapours.
*- Value of emissions based on a $6.78/GJ for natural, $8.13/GJ for propane, and $9.63/GJ for butane and condensate.
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Venting and Flaring

= KEY SOURCES:

0 Disposal of waste associated gas at oil production
facilities.

1 Casing gas vents at heavy olil wells.
0 Gas operated devices.
0 Still column off-gas vents on glycol dehydrators.

0 Leakage into vent/flare headers (5-10% of valves leak
and 1-2% of these contribute 75%). /
5-10% 75%
1-2%
1 Excessive purge gas rates.

1 Other: 1&M activities, well testing/servicing and
pipeline tie-ins. /
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Venting and Flaring

m CONTROL OPPORTUNITIES:

00 Control of leakage into systems (DI&M).
(DI&M)

OVent and flare gas recovery/utilization.
/

Inject acid gas in water disposal well.

Reliable pilot and ignition systems.

0 Purge reduction seals.
O Flaring preferable to venting.
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Residual Flaring at Gas Plant

m EXcessive purge gas needed to
stay lit.

m Value of Flared Gas

1$1,170,000/y (Flare 1)
~1$784,000/y (Flare 2)

m GHG Emissions GHG
077,991 tly
1$1,170,000/y @ $15/t
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Residual Flaring

Facility Residual THC | THC Emissions Methane GHG Emission | Yalue of Flared
Flaring Rate Emissions Gas
[10°m /day] [103m K ean] [103m°/year] fonnes CO.E/yea BArear]
=as Flant#1 055 4 3 540 63 7B5
Zas Flant#z 4.4 I+ & [+l [+l I+,
=as Flant#3 228 34 20 g 136 227 445
(zas Flant#a A43 29 18 A ATR AP 270
(2as Flant#s MA N &, &, A A,
=as Flant#& 283 21 14 6590 215 200
=as Flant#7 M MLA M ML MA
=as Flant#5 1C.59 g0 bE 1] 266 1 245588
a5 Flant#9 MA [ A [A, A, A,
TOTAL 23.09 172 130 24 868 2092070
AVERAGE 257 19 14 2763 232 452

- Value of emissions based on a $6.78/GJ for natural, $8.13/GJ for propane, and $9.63/GJ for butane and condensate.

*NA — Excessive flaring was not observed at this facility




Combustion Equipment

m KEY SOURCES OF AVOIDABLE INEFFICIENCIES:

Oversized engines, heaters and boilers.

Poor tuning (e.g., air/fuel ratio). /

Leakage past pistons in engines.

Lack of waste heat utilization.

Fouled or undersized burner tubes.

Fouled or undersized air intake systems (e.g., fouled flame arrestors).

m CONTROL OPTIONS:
Improved performance monitoring and servicing programs.

Optimal loading of units.

Add-on control systems.
m Air-to-fuel Ratio Contollers /
m SlipStream

Waste heat recovery.
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Engines Oversized?

*Manufacturer’s Performance Curve
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Heater Performance in China

Emissions Potential Fuel Gas Savings ($/y)
Type of Measured
Unit Efficiency -
No. (%) CH, | GHG | GHG A./F Ratio Heat Transfer | Waste Heat
Adjustments
/ Improvements Recovery
(thy) | (tly) | ($ly)
11 Heater 33.6 24.2 972.6 14,590 9,886 19,707 9,801
12 Heater 50.2 13.0 | 1,465.8 | 21,990 17,248 28,356 17,899
13 Heater 56.4 2.4 | 526.1 7,890 3,724 8,446 6,758
14 Heater 53.6 119 | 2,702.0 | 40,530 32,348 49,272 38,956
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Engine Performance

Facility Type Number of Number of Engine Power Avoidable Yalue of GHG Emission

Facilites Engines Losses Avoidable Reduction Potential
Contributing Lossas
Data

Facility Average |Facility Average |Facility Average| Facility Average| Facility Average
[engines: facility] | [K\W/acility] [kWAacility] | [avear/facility] | [tonnesyear facility]
(5as Plant 3 14 13 733 274 o845 942 10471
Compre ssor Station 4 ] 4 851 1305 208189 2772
ALL 7 9 8 657 1975 422189 B 065

- Value of emissions based on a $6.78/GJ for natural, $8.13/GJ for propane, and $9.63/GJ for butane and condensate.
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Compressors
m KEY SOURCES OF INEFFICIENCIES:

Internal valve and cylinder leakage in reciprocating compressors.

Pulsation losses.
Excessive gas recirculation.
Non-optimal loading.

m CONTROL OPTIONS:

Improved performance monitoring and servicing programs.

Optimal loading of units (modify operating procedures or replace
with more appropriately sized unit).
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IR CAMERA Results

*Suction valve (left) in the left picture is leaking.
*Discharge valve (right) in the right picture is leaking.
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"
IR CAMERA Results

sLeaking bypass valve results in leakage from discharge to suction scrubber.
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Compressor Performance

Facility Type Number of Number of Compressor Avoidable Value of GHG Emission

Facilities Compressors Power Losses Avoidahle Reduction P otential
Contributing Losses
D ata

Facility Average Facility Average | F acility Average | F acility Average F acility Average
[compressors/ facility] | [ kKW acility] [k fa cility] [$/year/facility] | [tonnes year/ facility]
5as Plant 3 14 13733 1 801 1 347 083 124 085
Compressor Station 4 o 4 551 1178 B39 616 B 211
AlLL 7 H g Ea7 1 445 1 029 957 h 0BA

- Value of emissions based on a $6.78/GJ for natural, $8.13/GJ for propane, and $9.63/GJ for butane and
condensate.
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Overall Process Performance

m KEY SOURCES OF AVOIDABLE INEFFICIENCIES:
Lack of waste heat recover and heat integration.

Fouled heat exchangers.

Poor process control resulting in increased re-
processing, venting and flaring.

Use of low efficiency equipment.

Excessive chemical circulation rates in absorption
processes.

Excessive pressure and heat losses.
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Overall Process Performance

m CONTROL OPTIONS:
Unit and process optimization.

Improved process control.

Improved performance monitoring and service
of equipment.

Ongoing tracking of key process performance
Indicators.

Implementation of formal energy management
programs. 37
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Energy Management

16 Plant Summary Normalized to $5.25/GJ and
$60/MW 16

60

5.25

Current
Consumption

Potential Savings

Percent

Fuel Gas $90,000,000 $11,700,000 13%
Electricity $33,000,000 $3,000,000 9%
Total $123,000,000 $14,700,000 12%

*CETAC-West Eco-Efficiency Audits
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Conclusions & Key Findings &

Significant cost-effective opportunities for reducing
methane and GHG emissions exist at gas processing
plants.

GHG

Opportunities vary dramatically between facilities.

Targeted auditing and efficient screening of facilities is
the most appropriate approach for identifying meaningful
control opportunities.

At targeted facilities, it is usually appropriate to take a
holistic approach that considers a range of control
opportunities.
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