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Agenda

= China OIil & Gas Methane Emissions

= Tanks / Compressors
/
— Methane Losses

— Methane Recovery

— Is Recovery Profitable?

— Industry Experience

Source: Petroleos de Venezuela S.A 2



China Oil and Gas Methane Emissions In

2005
2005
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Distribution

o 5
817 million m Production

817 3,477 million m3

Transmission

3,808 million m3

: 3,808
Refining Transportation
I 87 million m3 87 million m3
7
' Processing
Prod!fl_cnon 3 1,018 million m3

191 million m 1018
191 Natural Gas Systems Emissions

Petroleum Systems Emissions
m?3 = cubic meters

Sources: 1 - EPA. Global Anthropogenic Emissions of Non-CO2 Greenhouse Gases 1990-
2020 (EPA Report 430-R-06-003). China emissions.
2 — Technology Drives Methane Emissions Down, Profits Up, Oil and Gas Journal,
August 13, 2007
Note: It is assumed that all natural gas produced, goes through gas processing. 3
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"Estimated Methane Losses from China Production

/ Storage tank venting may be responsible for 4% of methane
emissions in the natural gas and oil production sectors
4%
— Anecdotal evidence suggest it could be significantly more

— Total emissions from Production Sectors = 3,668 million m3

Meters and . 3,668
Pipeline Leaks ~ Storage Tank Venting  Other Sources

- HIH 3 A
ggg million m?3 ij;’ million m 276 million m3
\ 276 Pneumatic Devices
Well Venting

and Flaring 1,355 million m3

T 1,355
208 million m?
208
1 — EPA. Global Anthropogenic Emissions
Gas Engine / of Non-CO2 Greenhouse Gases 1990-2020
Exhaust (EPA Report 430-R-06-003)

2 - Technology Drives Methane Emissions
Down, Profits Up, Oil and Gas Journal,
August 13, 2007

3 - Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2005

798 million m3 4
798

276 millionm3  Dehydrators
276 and Pumps e Operations

402 million m3
402
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Methane Losses from Storage Tanks

A storage tank battery can vent 140 to 2,720 thousand m3 of
natural gas and light hydrocarbon vapors to the atmosphere each
year

14 272

— Vapor losses are primarily a function of oil throughput, gravity, and gas-oil
separator pressure

Flash losses

— Due to pressure drop
from upstream equipment

Working losses
— Due to level change

Standing losses

— Due to atmospheric temperature
and pressure changes

Source: Hy-bon Engineering
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Methane Recovery: Vapor Recovery

recovery can capture up to 95% of
" hydrocarbon vapors from tanks

95

f - Recovered vapors have higher heat content than
pipeline quality natural gas, adding value

= Vapors have multiple uses
— Re-inject into sales pipeline

— Use as on-site fuel

— Send to processing plants
for recovering valuable
natural gas liquids

Source: Petroleos de Venezuela S.A 6
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Methane Recovery: Vapor Recovery

Technical document available in Chinese

fERhiEEE E R FHAEWERE

INSTALLING VAPOR RECOVERY UNITS ON CRUDE OIL STORAGE TANKS

1 ARRE
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Types of Vapor Recovery Units

= Conventional vapor recovery units (VRUS)

— Use rotary or vane compressor to suck vapors
out of atmospheric pressure storage tanks

— Scroll compressors are new to this market

— Require electrical power or engine driver
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Types of Vapor Recovery Units

f = Venturi ejector vapor recovery units (EVRU™) or
| Vapor Jet

— Use Venturi jet ejectors or EVRUSs in place of rotary
compressors

— Contain no moving parts

— EVRU™ requires a source of high pressure motive gas and
intermediate pressure discharge system

EVRU™
— Vapor Jet requires a high pressure water motive
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Conventional Vapor Recovery Unit

Vent Line
JBack Pressure Valve ]

; «....Control Source: Evans & Nelson (1968)
¥ Pilot
\ Suction
"""" Line
o Electric
Control
Panel
/N
Crude Oll
. . Bypass
Titnolf(l,:,) Suction o \)//glve
Scrubber XD
.................. /\ GaS
, Gas Sales
%~ Meter Run
A .. A Check Valve
Sales R -C Ond.ensate LIqUId EIeCt”C Driven
Return Transfer Pump  Rotary Compressor

10
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Vapor Recovery Installations

Source: Hy-Bon Engineering
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Vapor Recovery with Ejector

Gas to Sales
Compressor 176,000 m3 /day @ 69 atm
Gas >
. _>|__l_| 7,960 m3/day
| D Additional
, .
.. 540 m3/day incremental Recover
' 142,000 m3 Gas | ]SueD g g
' 660 tonnes oil/da ! Ejector 3
y 3.7 atm J | 25,000 m3/day
R Low I> 7y
| gggi;{; Ratio Motive / Vent = 3
I =(25,000/8,500)
— /_\ 8,500 m3/day Gas
o
Oil and Gas Oil
Well Crude Oil Stock
Tank _—

\/ Oil to Sales

12
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Vapor Jet System*

« Utilizes produced water in closed loop system to effect gas gathering from tanks
« Small centrifugal pump forces water into Venturi jet, creating vacuum effect

* Limited to gas volumes of 2.2 thousand m3/ day and discharge pressure of 3.7 atm
2,200m3/d 3.7atm

*Patented by Hy-Bon Engineering 13
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N

Steady source and sufficient quantity of losses

— Crude oll stock tank
— Flash tank, heater/treater, water skimmer vents

/

— Gas pneumatic controllers and pumps

— Glycol dehydrator, well casingheads

SR M B 1B R A R P A L BY R R S

Capf

1 A i
O =g
i PR
Columbig
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Marathon

Ho At A%
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Connect Casing to Vapor Recovery Unit
GV FEHERZ Y P Bk HEYL < (PRO)  NO. 701

X FH AT A -
| facyud it O 43N T8 mE R et
HRiE PRO BY-SPEAKHE:

Marathon 011 Company
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Criteria for Vapor Recovery Unit Locations

14



UV V Gas Outlet: Remote Site VRU Application
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Using Micro Turbine

= Vapors can be put to beneficial use at sites not
connected to gas sales line

— Micro turbines generate power from varying qualities of gas

Fussian
Fower Grid
O R J— o ; Turbine
Generated vl ok i Generator
Fower = :
| ety | Russian
”E F’aweir Gd Source: TNK-
Z nj BP Russian
Wi | project diagram

Ml
:: ) zas - il Storage
Separator Tank
15

Y




AG)A ,
Methane to Markets 4

Is Recovery Profitable?

. Value depends on heat content of gas and how it is
used

— On-site fuel
* Valued in terms of fuel that is replaced

— Natural gas pipeline

* Measured by the higher price for rich (higher heat content) gas

— (Gas processing plant

* Measured by value of natural gas liquids and methane, which
can be separated

16
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Is Recovery Profitable?

= Example: VRU recovering 2,800 m3/day (100
thousand cubic feet) has:

2800m3 10
— $55,524 installed cost
55,524
— $10,103/year operating and maintenance cost
10,103 /

Note: All costs and revenues are represented in U.S. economics

Total installed cost assumed to be 175% of unit cost
175%

17
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Is Recovery Profitable?

Calculate gas savings:

— $2,800 m3/day x 95% recovery x 50% capacity x 365 days/year x
$0.25/m3 = $121,360/year

2800m3/ <95 =50 =365 / 121,360  /
Economics:

— 6 months payback
6
— 200% internal rate of return
200

Economics get more attractive for larger units

18
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Vapor Recovery Towers

' = Vapor Recover Tower (VRT)
VRT

— Add separation vessel that operates near
atmospheric pressure between higher pressure
equipment and tanks

— Compressor (VRU) captures gas from VRT under
steady operating conditions

VRU

19
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Vapor Recovery Towers

— Oill/lcondensate gravity flows from VRT to storage
tanks

/

* VRT insulates the VRU from gas surges with stock tank
level changes

 VRT more tolerant to higher and lower pressures

« Stable pressure allows better operating factor for VRU

20
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VRT/VRU Application
/

VRT

Source: Anadarko 21
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Industry Experience

21 companies have reported using VRUSs since 1990

1990 21
— Saving 1,695 million m3 of methane!

1,695

— Worth nearly $424 million?
424

1,800
1,600
1,400

Cumulative VRUs Reductions

-S 800 -
= 600-
S
400
200

0-
LiSTAR database 1990 1992 1994 1996 1998 2000 2002 2004 2006

2 Gas valued at $0.25/ m3 Year
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Compressors

= Centrifugal compressor wet seals leak little gas at the seal face

— Seal oil degassing may vent 1.1 to 5.7 m3/minute to the

atmosphere
1.1 5.7m3/min
— One instance of wet seal emissions was as high as 2,124 m3/day
2,124m3/d

23
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Centrifugal Compressor Wet Seals

High pressure seal oll circulates between rings
around the compressor shaft

= Gas absorbs in the oil on the inboard side

= Little gas leaks through the oil seal

Seal Housing

Seal Oil Inlet

= Seal oil degassing
vents methane to swibeaig sie

“Outboard”

Process Gas

i S

the atmosphere lumE”"”W/l
Il

Labyinth e, )

Seal 0il

{Uncontaminated) Seal 0l
(Contaminated with Gas)

Compressor Side
“Inboard”

Spinning Shafi

24
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Methane Recovery: Dry Seals

Dry seal springs press stationary ring in seal housing against
rotating ring when compressor is not rotating

= At high rotation speed, gas is pumped between the seal rings
creating a high pressure barrier to leakage

= Only a very small amount of gas escapes
= 2 seals are normally used in tandem

= Can operate for compressors up to 208 kg/cm? safely
208kg/cm?

EBELCKXEEVFATHENRES

REPLACING WET SEALS WITH DRY SEALS IN CENTRIFUGAL COMPRESSORS

1 AEEE

ELL AR EE L) T SRR U R AR L R P o BEFE Al b % 35 B BH b s FE SR AR UM e S L AL
PR o G EL T I R R B SR EE LB AR IR H . RPRU STAR G 1E4KFEREE, - EHF
CHRT Cal)y S RE b M PR A B R A R PR e HE IR .

25
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Methane Recovery: Dry Seals

Dry seals typically emit at a rate of less than 0.2 m3/minute

0.2m3/min
— Significantly less than the 1.1 to 5.7 m3/minute degassing emissions from
wet seals
1.1 5.7m3/min

= Gas savings translate to approximately $112,000 to $651,000 at $250/
thousand m3

250  /km3 112,000~651,000
. Tandem Rotating Rings i

N -1 - i raoes o

Ring / \ Gas Leakage

Compressor End (Fugitive)

Stationary Ring o/ [

/{{’f [ W ”I{( .....

C' | 7 g w8

Spinning
Process Gas Shait
Leaks Through -
Labyrinth Gas Pressure Between Spring Pushes Stationary
Rings Prevents Fl!][:ESS Gas Ring Against Rotating Ring
From Leaking

26
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Economics of Replacing Seals

= Compare costs and savings for a 15 centimeter (6
Inch) shaft beam compressor

15cm 6
Dry Seal Wet Seal

Cost Category ($) )
Implementation Costs"
Seal costs (2 dry at $4,000 per shaft-cm, with testing) $162,000
Seal costs (2 wet at $2,000 per shaft-cm) $81,000
Other costs (engineering, equipment installation) $162,000 $0
Total Implementation Costs $324,000 $81,000
Annual Operation and Maintenance $14,100  $102,400
Annual Methane Emissions?(8,000 hours per year)

0.2m3min | 2 dry seals at a total of 0.2 m3 per minute $20,160

2.8m3min | 2 wet seals at a total of 2.8 m3 per minute $336,000
Total Costs Over 5-Year Period $495,300 $2,273,00
Total Dry Seal Savings Over 5 Years
Savings $1,777,700
Methane Emissions Reductions (1,300,000 m3 per year) 6,500,000

L All costs and revenues are represented in U.S. economics.
2 Gas price $250/thousand m?3 27
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Is Recovery Profitable?

= Replacing wet seals in a 15 centimeter
(6 inch) shaft beam compressor operating 8,000 hours per year

8,000 15cm 6

— Net Present Value = $1,216,000

1,216,600
« Assuming a 10% discount over 5 years

5 10

— Internal Rate of Return = 125%

125

— Payback Period = 10 months

10

» Ranges from 4 to 16 months based on wet seal leakage rates between 1.1 and
5.7 m3/minute

1.1 5.7m3/min 4 16
= Economics are better for new installation

Note: All costs and revenues are represented in U.S. economics

28
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Compressors

= Reciprocating compressor rod packing leaks some
gas by design

— Newly installed packing may leak 0.3 to 1.7 m3/hour
0.3 1.7m3/
— Worn packing has been reported to leak up to 25.5 m3/hour

25.5m3/
Cylinder

(Side View, Cut in Half)

Distance Piece O l Suction | O

(1 1 > Piston B@I |!71|= E
===

Rod Packing Case
29



PN ¥y Methane Losses from Reciprocating

Methane to Markets 4

Compressors

= A series of flexible rings fit around the shaft to prevent
leakage

= |eakage may still occur through nose gasket,
between packing cups, around the rings, and
between rings and shaft

Two Rings Lubricatiom™—> ;]2 L| I
(In Three Segmes P ‘_L ‘T IT L|:_ ﬂ High Pressure
NS Gas Gas Inside
{ Leakage
~—7 I£ IJ_ IJr IJr | | Cylinder
il Flange— .
Cylinder Wall
\— Packing Cup
Springs (Side View, Cut in Half)

30



AWM :
Methane to Markets 4

Methane Losses from Rod Packing

Emission from Running Compressor 24,600 m3/year-packing

Emission from Idle/Pressurized Compressor 36,000 m3/year-packing
/

Leakage from Packing Cup 19,500 m3/year-packing

Leakage from Distance Piece 8,500 m3/year-packing

Leakage from Rod Packing on Running Compressors

Packing Type Bronze Bronze/Steel | Bronze/Teflon Teflon
Leak Rate (m3/year) 17,300 15,700 37,300 5,900
/

Leakage from Rod Packing on Idle/Pressurized Compressors

Packing Type Bronze Bronze/Stqu Bronzle/Teron Teflon

Leak Rate (m3/year) 17,400 N/A 36,500 5,400

Source: Cost Effective Leak Mitigation at Natural Gas Transmission
Compressor Stations — PRCI/ GRI/ EPA PR-246-9526

31
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Packing Replacement

¥ Threshold exists after which rod packing replacement
- becomes economic (see technical document for
threshold calculation)

— Threshold is typically reached before standard maintenance
replacement practices

— Replacement can recover up to 25.2 m3/hour
25.2m3/

RLERVEEFERREFN R RFHRER

REDUCING METHANE EMISSIONS FROM COMPRESSOR ROD PACKING SYSTEMS

1 ABRE

TE 6 E AR Tk, b FaEdfasm a8 AR giil il 29 000 &, FHES E4EHLH 4
AT, BAE 160 000 IS IEFT & B RS AL T, X R E0AE ) AU AR HE Y A e R
A38 {2 e i, SRS e gE uh p & T RGE 2 — .

32
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Is Rod Packing Replacement Profitable?

= Periodically measure leakage increase

Rod and Rings!?
Rings: $1,620
Rod: $9,450
Operating: 8,000 hours per year

Rings Only?
Rings: $1,620
Rod: $0
Operating: 8,000 hours |c/)er year
Leak Reduction
Expected Payback?
(m3/hour) (years)
1.7 0.5
0.9 1
0.5 2
0.3 3

1

e 7 /Mcf 250

L All costs represented in U.S. economics

2 Gas price of $7/Mcf ($250/thousand m3)

/km3

Leak Reduction
Expected Payback?
(m3/hour) (years)
11.9 0.5
6.1 1
3.2 2
2.2 3

33



AG)A ,
Methane to Markets 4

Industry Experience

y = 17 companies have reported reducing emissions
from compressor seals

17
— Saving over 560 million m?® of methane!
560

— Worth over $140 million?2
140

| Cumulative Compressor Seals Reductions

1993 1995 1997 1999 2001 2003 2005

m Wet Seal Replacement with Dry Seal O Rod Packing Replacement

1iSTAR database
2 Gas valued at $0.25/ m3 Year

34
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= |nstall automated air/fuel ratios on
compressor engines 1,000 to 3,000
Hp

1,000 3,000Hp

— Increases combustion efficiency, saves
fuel gas and reduces emissions

Automated Air/Fuel Ratio Controls
B PEHERE () P2 EDL S (PRO)  NO. 111

i FH A e 8L R Bl
s i WL TR W5 ORI AT Nt A
i1 PRO M4 fELKfE: (Ege
Chevron Texaco /=
A ¥ PRO: fif
B/ IR R ah R s il e, B2 R ah s R VR ahd%, EHt 17
B RGE—b BB R B, RIS UR B RS It

Hofih

[ e I I B

Compressor Engine Emissions Solution

Source: REM
Technology Inc.
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Offline Compressor Emissions Solution

J' = Reducing emissions when taking compressors offline

— Blowdown to fuel gas

— Leave compressor idle pressurized

Outlet Gas
R e . — =N
« Install static seal B'°|Wd°W Isolation Valve
Valve

B EBUELNBERER

REDUCING EMISSIONS WHEN TAKING COMPRESSORS OFF-LINE

1 AFERE

el TR REARE, BRASMNEFHER G SR AP IRERSE . YKL

36
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Wet Seal Emissions Solution

= Connect wet seal vent gas to low pressure fuel gas
system

— Recover vapors from wet seal degassing

— Use as fuel to power engines, heaters, boilers
* Reduces emissions

o Cuts cost of fuels or displaces gas back into system

37
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Discussion Questions

= To what extent do you have opportunities to
Implement these technologies?

= How could these opportunities be improved upon or
altered for use in your operation?

= What are the barriers (technological, economic, lack
of information, regulatory, focus, labor, etc.) that are
preventing you from implementing these practices?

38



