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1 Company Information

Penn West Petroleum Ltd.
2000, 425 — 1 Street S.W.
Calgary, Alberta

T2P 3L8

Phone: (403) 777-2500
Facsimile: (403) 777-2699
WWW.pennwest.com

Executive Contact: William E. Andrew, President

VCR Contact: Lars DePauw, M.Sc., Environmental Coordinator

Penn West Petroleum Ltd. is a rapidly growing senior independent oil and gas
producer involved in exploration, production, and processing of petroleum
reserves in western Canada. Penn West’s production efforts are focused in five
core areas of the Western Canadian Sedimentary Basin as shown in Figure 1-1. In
2002, production exceeded 100,000 barrels of oil equivalent per day (16 000
m’/d). The percentage breakdown of Penn West’s production, on an energy
equivalent basis, and some details of each core production area follow Figure 1-1.

Figure 1-1 Penn West Core Production Areas

e Northern (22.8 per cent) — Forty-two per cent of Penn West’s natural gas
production in 2002 came from this area, located in the northwest corner of
Alberta and northeast corner of British Columbia, close to the boundary of the
Northwest Territories. The area produced 4000 10°m’/d at the end of 2002.
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e Peace River Arch (4.4 per cent) — Multi-zone oil and natural gas production
comes from this area which straddles the Alberta/B.C. border in the area of
Fort St. John and Peace River.

e Central (46.3 per cent) — Light oil production and multi-zone natural gas come
from this area located in central Alberta. The area also contains Penn West’s
coalbed methane (CBM) and carbon dioxide (CO,) miscible flood projects.

e Plains (24.7 per cent) — This area, which accounted for 32 per cent and 21 per
cent of the Company’s oil and natural gas production, respectively, produces
conventional heavy oil and shallow natural gas.

e Southern Saskatchewan (1.8 per cent) Penn West’s smallest core area
produces medium-depth light crude oil. The Company acquired 190 m*/d of
conventional heavy oil from southern Saskatchewan during the second half of
2002.

2 2002 Production Summary

Penn West has been a natural gas-weighted producer for the past 10 years,
growing production more than fifty-fold from 170 10°m’/d in 1992 to 9380
10°m*/d in 2002. In 2002, natural gas production represented 56 per cent of the
Company’s production. Penn West's natural gas growth has been generated
predominantly from exploration and development, complemented by acquisitions
focused on strategic assets. In 2002, Penn West drilled four CBM wells and
recompleted several existing wellbores, making it one of a very small number of
Canadian producers to have commercial CBM production.

Much of Penn West's acquisition budget since 1999 has been directed to the
purchase of light oil in the Central Core Area. These acquisitions have targeted
established reservoirs containing premium-priced light oil. Penn West has
identified opportunities to increase production and reserves by applying new
production technologies. The technologies range from more traditional
waterflooding enhancements to relatively new techniques such as CO, miscible
flooding. At the end of 2002, Penn West produced an average of 5300 m’/d of
light oil, representing 32 per cent of the Company's combined production.

Conventional heavy oil in Penn West's Plains Area and in Southern Saskatchewan
represents 9 per cent of the Company's total production. Penn West's heavy oil is
relatively light, averaging 16° API. This oil is produced by conventional means
and does not require techniques that utilize high cost thermal energy. In 2002,
Penn West also completed an acquisition of producing properties and
undeveloped lands south of the Company's existing properties. The acquired
properties hold reserves averaging 20° API. During 2002, Penn West drilled
approximately 200 wells in the Plains Core Area, of which 40 per cent were
heavy oil wells and the balance were shallow natural gas wells.

In response to lower commodity prices and a marked dip in natural gas prices,

Penn West’s 2002 capital program was slightly smaller than the 2001 program
and was focused on building the Company’s volumes of crude oil. Penn West’s
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up” from process units through to facilities and finally to the company level to
determine the overall inventory uncertainty. The management of uncertainties in
GHG emission estimates is an important part of developing a sensible strategy for
managing GHG emissions.

Note: Clearstone Engineering Ltd., the company that prepared this report, has
performed VCR report audits in the past and is currently developing the 2000
GHG emission inventory for the upstream oil and gas industry for Environment
Canada. The information presented in this report is based on detailed emission
calculation methods developed by Clearstone Engineering for CAPP.

4.2 Emission Summary

Summaries of GHG emissions at Penn West operated facilities for 1996 through
2002 are presented by type of pollutant and emission source in Table 4-1 and
Table 4-2, respectively. Table 4-1 also provides summaries of Penn West’s GHG
emissions, energy consumption, production and emission and energy intensities.
The percentage change since 1996, Penn West’s baseline year, is also provided.
(Note: Uncertainties for 1996 through 2001 are not available, due to the short-
form methodology that was used.) Fugitive leaks and other losses presented in
Table 4-2 include dehydrator off-gas emissions, equipment leaks and storage
losses.

A total of 1282 kt of CO,E were emitted by Penn West operated facilities in 2002,
an increase of 123 per cent over the baseline year (1996). Similarly, absolute
quantities of CO,, CH4 and N,O have increased by 101, 166 and 284 per cent,
respectively. However, if the offset achieved by sequestering CO; as part of the
Joffre Battery CO; Injection Project (outlined in Section 5.1.2) is included in the
2002 inventory, the total CO,E emissions less offsets are 1235 kt COE, an
increase of only 114 per cent over the baseline. The increase in absolute GHG
emissions results predominantly from the acquisition of existing facilities from
other operators. To appreciate the contribution of each facility Penn West
currently operates, including those that Penn West acquired since the 1996
baseline year, GHG emissions from all facilities that were in operation in 1996
have been estimated. When emissions from the facilities acquired since 1996 are
taken into account in the baseline, total GHG emissions from all Penn West
operated facilities have only increased by approximately 18.8 per cent (from
about 1079 kt COzE in 1996 to 1282 kt COE in 2002). If the offset from CO,
injection is taken into account, the increase in emissions is reduced to 14.5 per
cent. If facilities built by Penn West since 1996 are excluded from these
calculations, total emissions would have in fact decreased because of the
measures the company has taken to reduce flaring, venting and other emissions.

Of the total CO,E emissions, the majority (i.e., 67.5 per cent) is due to
combustion and electric power consumption (i.e., fuel gas consumption, waste gas
flaring and indirect emissions from electric power consumption). The fugitive
leaks and other losses and venting categories (the remaining 32.5 per cent of the
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total) account for GHG emissions from fugitive equipment leaks, process venting,
storage tank losses, and glycol dehydrator still column off-gas.

Penn West’s energy consumption was 13 206 TJ in 2002, 21 per cent greater than
the energy consumption in 2001, and a 142 per cent increase over than the
baseline level of 5466 10° GJ in 1996. The types of energy consumed, in order of
decreasing contribution, are: fuel gas consumption, waste gas flared/vented,
electric power consumption and propane consumption (72.9, 20.7, 5.0 and 1.4 per
cent, respectively). The fraction of total energy consumption contributed by
flaring and venting of waste gas has declined since Penn West began to
implement GHG emission reduction projects. In 1996, 14.0 m’ of waste gas per
cubic meter of oil equivalent production was flared/vented. The volume has
continued to drop each year since 1996, and in 2002 was reduced to 13.0 m*/m’
OE. (The ratio would have been closer to 9 m*/m® OE but is higher due to the
venting of CO; at the Wildboy Gas Plant in B.C. The acid gas extracted at that
plant is primarily CO; and does not warrant deep well injection or sulphur
recovery.)

To track Penn West’s progress towards our GHG emission goal, a series of
benchmarking indices have been calculated. Penn West’s total production of
hydrocarbon products from operated facilities in 2002 was 5624 10° m® of oil
equivalent (on an energy basis). GHG emissions per unit production (PCI) and
energy consumption per unit production (PEI) are 0.2279 t CO,E/m’ OE and
2.348 GJ/m® OE, respectively. If the CO, sequestration offset realized through the
Joffre Battery CO; Injection Project is included in the PCI calculation, the GHG
emissions per unit production fall to 0.2196 t CO,E/m’ OE.

While total GHG emissions from Penn West operated facilities have increased by
about 123 per cent since 1996, GHG emissions per unit production remained
relatively constant from 1996 to 2000. The PCI has been declining since, and in
2002 was about 10.8 per cent lower than the 1996 baseline value if the CO,
injection is taken into account (or 7.5 per cent lower without the CO; injection
offset). While total energy consumption is up 142 per cent from 1996, energy
consumption per unit production is unchanged. Penn West’s ability to maintain
the energy index (PEI) at or below the 1996 baseline level is attributed primarily
to our ability to increase energy efficiency in the face of declining reservoir
pressures and our flaring/venting reduction programs.

Figure 4-2, which presents CO,E emissions by source type for 1996 and 2002,
shows how the contribution of venting to total emissions has increased (i.e., from
3 to 17 per cent), while the combustion contribution is unchanged at 56 per cent.
The percentage increase in venting, which is balanced by relative decreases in
fugitive leaks and other losses and electric power emissions, is largely due to
improvements in vent gas measurement and reporting and CO, process venting at
the Wildboy Plant, which accounts for almost 20 per cent of Penn West’s venting.

Penn West VCR Action Plan (2003) 9



Table 4-1 Summary of GHG Emissions and Energy Usage

}962? Base | 1997 1998 1999 2000 2001 2002 ;fofnh?ggg
CO, Emissions (tonnes) 394 740 414 996 430 727 509 335 752 132 779925 | 794 508.6 +101.3
Uncertainty in CO, Emission Estimate (%) N/A N/A N/A N/A N/A N/A +2.5;-2.5 N/A
CH, Emissions (tonnes) 8436 8944 10 179 13 469 17 286 19 405 224453 +166.1
Uncertainty in CH, Emission Estimate (%) N/A N/A N/A N/A N/A N/A +9.5;-2.5 N/A
N.O Emissions (tonnes) 13.44 15.20 16.76 20.24 31.12 32.05 51.6 +283.9
Uncertainty in N,O Emission Estimate (%) N/A N/A N/A N/A N/A N/A +86.6;-2.9 N/A
;‘;ﬂg’ﬁ Emissions From All Sources 576 055 607 523 644 533 798447 | 1124779 | 1197362 | 1281841 +122.5
Uncertainty in CO,E Emission Estimate (%) N/A N/A N/A N/A N/A N/A +4.0;-1.8 N/A
CO.E Offset from CO; Injection (tonnes) 0.0 0.0 0.0 0.0 0.0 12 250 47 022 N/A
Net CO,E Emissions From All Sources (tonnes) 576 055 607 523 644 533 798 447 1124779 | 1185112 | 1234819 +114.4
Energy Usage (TJ)' 5466 5511 5 876 7 055 10 835 10 918 13 206 +141.6
Production (10° m® oil equivalent)’ 2337 2583 2 658 3265 4520 5190 5 624 +140.7
CO; Index (t CO,/m* OE) 0.1689 0.1607 0.1621 0.1560 0.1664 0.1479/ 01329/ | /5 16y
(wiwo offset, 2001 & 2002) 0.1503 0.1413
CH, Index (t CH,/m’ OE) 0.0036 0.0035 0.0038 0.0041 0.0038 0.0037 0.0040 +10.9
N.O Index (t NO/m® OE) 5.750x10° | 5.884x10° | 6.307x10° | 6.197x10° | 6.883x10° | 6.175x10° | 9.175x10° +59.4
CO.E Index - PCI (t CO,E/m® OE)® 0.2465 0.2352 0.2425 0.2445 0.2488 0.2283/ 0.2196/ 10875
(wiwo offset, 2001 & 2002) 0.2307 0.2279
Energy Index — PEI (GJ/m® OE) 2.339 2.134 2.211 2.161 2.397 2.104 2.348 +0.4

1. Energy usage is calculated from the energy content of fuel gas consumed, waste gas flared or vented, and electric power purchased.
2. Oil Equivalent: Hydrocarbon production volumes converted to an equivalent volume of medium crude oil using the energy content.
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Table 4-2 Summary of GHG Emissions Presented by Type of Emission Source
and Emission Type

1996 1997 1998 1999 2000 2001 2002
CO, Emissions (t/yr)
Combustion 294 266 300 430 315 120 365 360 547 128 549 072 619 535
Electric Power 100 104 114 182 115 220 143 431 204 291 216 023 133 322
Consumption
Fugitive Leaks and 353.9 370.4 403.9 525.9 645.4 744.2 622.3
Other Losses
Venting 16.0 13.4 136 1756 67.3 14 086 41030
Total 394 740 414 996 430 758 509 335 752 132 779 925 794 509
CH, Emissions (t/yr)
Combustion 1088 1079 1153 1379 2093 2092 4590
Electric Power 201 216 209 258 352 351 1.3
Consumption
Fugitive Leaks and 6 255 6 899 8 055 10 845 11081 12 599 9490
Other Losses
Venting 892 749 762 986 3760 4363 8 364
Total 8 436 8 943 10179 13 468 17 286 19 405 22 445
N,O Emissions (t/yr)
Combustion 12.05 13.20 14.48 17.33 26.44 26.40 451
Electric Power 138 2.01 2.29 2.91 468 5.65 6.5
Consumption
Fugitive Leaks and 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Losses
Venting 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 13.43 15.21 16.77 20.24 31.12 32.05 51.6
CO.E Emissions (t/yr)
Combustion 320 832 327 173 343 826 399 700 599 286 601 188 729 890
Electric Power 104 761 119 345 120 317 149 758 213138 225 140 135 358
Consumption
Fugitive Leaks and 131708 145 256 169 552 228 268 233 337 265 319 199 921
Other Losses
Venting’ 18 753 15749 16 007 20 721 79018 105 715 216 672
Total 576 054 607 523 649 702 798447 | 1124779 | 1197362 1281 841
* Wildboy venting (June 2001 on) accounted for 14,008 and 40,458 t of the CO, vented in 2001 and 2002, respectively.
Penn West VCR Action Plan (2003) 11
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5 Greenhouse Gas Emission Reduction Activities

5.1

Analysis of Current and Past Activities

Penn West’s GHG emission reduction strategy continues to focus primarily on
energy efficiency and gas conservation as a cost effective means of reducing
GHG emissions and other environmental impacts from our production activities.
It is difficult for a rapidly growing company such as Penn West to reduce its total
CO,E emissions, but the Company succeeded in reducing the intensity of its
emissions (PCI after offsets) by 11 per cent from 1996 levels.

An ambitious program of methane emission and combustion efficiency testing at
14 Penn West operated facilities was successfully completed in the summer of
1999. Based on the success of the first testing program, a program of methane
emission testing at three Penn West sites was completed in the summer and fall of
2000, and an additional seven Penn West sites were tested in 2001. In 2002, two
remote northern facilities were also tested as part of this ongoing effort.

The sections that follow provide a brief description of the GHG emission
reduction projects undertaken by Penn West over the past year, including the
commitments outlined in the 2002 Action Plan and the progress we have made in
fulfilling these commitments. Table 5-1 Summary of Greenhouse Gas Emission
Reduction Projects Undertaken in 2002 provides a brief summary of projects
implemented and the estimated emission reductions from each.

Penn West VCR Action Plan (2003) 14



Table 5-1 Summary of Greenhouse Gas Emission Reduction Projects Undertaken in 2002

Emission Reduction (t)

Province Production Area Project Description
Source CH, CO, N.O CO.E
AB Paddle Prairie Plant A fugitive emission survey was conducted in early 2002. The
expected emission reductions from implementing economically
feasible repairs are reported. Fugitives: 46.23 1.41 - 972.2
AB Mega Gas Plant A fugitive emission survey was conducted in early 2002. The
expected emission reductions from implementing economically
feasible repairs are reported. Fugitives: 392.3 47.45 - 8 285
AB Joffre Battery The Joffre Battery is involved in a CO; injection project in which CO,
purchased from the NOVA Chemicals Joffre Ethylene Plant is CO; Injected: . 47 022 o 47 022
15-20-038-25W4 injected into an oil producing formation as part of a miscible flood ’
program. CO, produced along with the oil is recycled and re-injected. o
In 2002, 47 kt of CO, were sequestered in the formation. The GHG Electricity: -23.2 -11.342 -0.144 -11874
emission reduction from avoided CO; venting is offset by electrical
energy consumption by the injection compressors. Net: -23.2 35680 -0.144 35148
AB Minnihik-Buck Lake Two 2.25 MW gas turbine generators were installed at the plant. The
Plant cogeneration units produce electricity both for use at the plant and Fuel Usage: 43.52 22 439 0.073 23 438
for sale to the power grid. In addition to electricity generation, waste ’ ' '
heat from the turbine exhaust is recovered, thereby eliminating the )
need for three existing gas fired heaters. In 2002, fuel consumption Power Gen: 54.34 26 558 0.336 27793
was reduced by approximately 28.2 x 10°* m%d and roughly 27 600
MW-h of electricity was generated at the plant. Total: 100.86 48 987 0.410 51232
AB Wainwright Unit 4 The vent stack at Wainwright Unit 4 has been converted to a flare. Vented Gas: 28.82 5.86 - 632.1
As a result of this project, approximately 1 x 10° m® per day of
excess solution gas is flared rather than vented. The GHG emission Flared Gas: -0.60 -146.88 -0.0014 -159.8
reduction from reduced solution gas venting is offset by emissions
due to flaring; however, a net emission reduction is achieved. Net: 2922 -138.29 0.0014 472.3
AB Bigoray Installed vapour recovery unit on battery tank farm. Vented Gas: 3.479 0.683 - 73.74
Electricity: - -1.874 - -1.891
Net: 3.479 -1.191 71.85
Penn West VCR Action Plan (2003) 15




Emission Reduction (t)

Province Production Area Project Description
Source CH, CO, N.O CO.E
AB Bigoray Shut-in 700 hp electric compressor. Electricity: 0.004 573.8 0.017 579.2
Fugitives: 2.512 0.044 52.76
Total: 2.516 573.8 0.017 632.0
AB Bigoray Installed 60 hp electric booster compressor to eliminate sour gas Flaring: 1.489 214.3 0.003 246.4
flaring from a heavy oil battery.
Fugitives: -0.257 -0.0006 -—-- -5.40
Electricity: -0.0001 -14.95 -0.0004 -15.09
Net: 1.232 199.3 0.003 225.9
AB Bigoray Eliminated controller venting. Venting 75.35 1.385 - 1583.6
AB Granada Eliminated controller venting. Venting 38.93 0.716 - 818.3
AB Drayton Valley Optimized regenerator burner operation; repaired leaks. Fugitives: 191.5 3.520 - 4025
Fuel: 0.015 613.2 0.011 616.8
Total: 191.5 616.7 0.011 4642
AB Drayton Valley Eliminated fugitive emissions from gathering system. Fugitives 97.32 1.789 - 2 046
AB Drayton Valley Optimized regenerator burner operation; repaired leaks; reduced Venting: 114.9 2112 - 2415
tank venting.
Fuel: 0.009 367.9 0.006 370.1
Total: 114.9 370.0 0.006 2785
AB Drayton Valley Shut-in lineheater. Fuel 0.001 51.63 0.001 51.94
AB Drayton Valley Shut-in lineheater. Fuel 0.007 280.8 0.005 282.5
AB Drayton Valley Shut-in lineheater. Fuel 0.007 280.8 0.005 282.5
Penn West VCR Action Plan (2003) 16




Emission Reduction (t)

Province Production Area Project Description
Source CH, CO, N.O CO.E
AB Drayton Valley Installed air compressor to eliminate gas venting. Venting: 147.9 2.72 - 3109
Electric Power: -0.0002 -27.12 -0.0008 -27.37
Net: 147.9 -24.40 -0.0008 3082
AB Carrot Creek Installed air compressor to eliminate gas venting. Venting: 176.4 3.24 - 3709
Electric Power: -0.0002 -32.35 -0.001 -32.65
Net: 176.4 -29.11 -0.001 3676
AB Garrington Installed a pipeline to conserve solution gas. Venting 133.7 26.25 - 2835
AB, BC, SK All A review of flaring and venting data was initiated in 2001 and
continued into 2002. The goal was to identify opportunities to
conserve flared or vented gas for use as fuel or to generate electric
power. N/A N/A N/A N/A
AB All Newalta Corporation has transferred 1 000 tonnes of CO,E emission
credits to Penn West Petroleum. The credits are based on the
quantity of waste Penn West has sent to Newalta for recycling. - 1000 - 1000
Total Reduction 1528.7 87 926 0.311 120 124
Penn West VCR Action Plan (2003) 17




5.1.1 Greenhouse Gas Emission Audits

As of the end of 2002, GHG emission audits have been conducted at a total of 26
Penn West operated facilities. In the field portion of this work, GHG emission
sources at each of the target facilities are identified and emission levels from each
source are quantified. A successful GHG field measurement campaign conducted
during the summers of 1999, 2000 and 2001 at 24 Penn West facilities resulted in
significant emission reductions through the repair of leaking equipment
components during 2000 and 2001. A testing program at two additional sites was
undertaken in 2002, in which GHG emissions from fugitive equipment leaks and
process venting were measured and the major emission sources identified.

Based on the field testing at these facilities, several opportunities to reduce GHG
emissions were identified. These reduction opportunities, achieved by the repair
of certain leaking equipment components, were further investigated with regard to
technical and economic feasibility for possible implementation in 2002 and 2003.
An additional campaign is anticipated for 2004.

5.1.2 CO; Sequestration

In September 2001, Penn West took over operations at the Joffre Battery located
near Red Deer, Alberta. The battery is involved in an innovative CO; injection
and sequestration project in which CO; purchased from the nearby NOVA
Chemicals Joffre Ethylene Plant is injected into an oil producing formation as part
of a miscible flood program. The purchased CO, is brought to reservoir pressure
using electric compressors, and any CO; produced along with the oil is recycled
and re-injected. In 2002, 25 258 10°m’ of previously vented CO, was permanently
sequestered in the formation. While the GHG emission reduction from avoided
CO, venting is offset by electrical energy consumption by the injection
compressors, a net GHG emission reduction of 36 kt of CO,E was achieved in
2002.

5.1.3 Solution Gas and Vented Casing Gas Conservation

Penn West continues to implement solution gas and vented casing gas
conservation projects as one of our primary strategies to reduce GHG emissions.
Gas conservation projects have been implemented at a number of Penn West
operated facilities to conserve vented casing gas or solution gas and subsequently
use it to displace processed fuel gas consumption at local batteries and plants.

5.1.4 Flaring/Venting

Penn West maintains a complete flare/vent stack inventory for all of its operated
facilities. The inventory includes several stacks which do not have continuous
pilots or ignition systems. These stacks are potential sources of significant
methane emissions as combustion cannot be reliably maintained without a
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continuous ignition system or pilot. Consequently, a portion of the gas may
simply be vented.

Penn West continues to be committed to the reduction of flaring and venting of
waste gas. The control strategy follows a two pronged approach:

Venting of waste gas will be reduced or eliminated. All possible locations that
have flare stacks and no continuous pilot or ignition system will either be
modified to reduce emissions or will be equipped with such a system. Over a five-
year period (to 2003) Penn West is committed to installing continuous pilots or
ignition systems on 75 per cent of the sites where none existed in 1998.

Flaring of waste solution gas will be minimized. For new and existing facilities
our operating practises will be altered to conform to the following design
hierarchy:

— tie batteries into gas gathering systems wherever practicable

— ensure flare stacks are equipped with continuous pilots or ignition systems

— shut-in wells where the GOR is high

— vent solution gas only if volumes are very small and no other practicable
alternative exists

5.1.5 Flaring and Venting Review

In 2001, a review of flaring and venting data was initiated, in accordance with the
EUB’s Guide 60: Upstream Petroleum Industry Flaring Guide. This program is
on-going and our goal is to further reduce the volumes of gas flared and vented on
a company-wide basis as production volumes increase. A special emphasis has
been placed on exploring opportunities to conserve gas for use as fuel or to
generate electric power.

In the EUB’s Upstream Petroleum Industry Flaring and Venting Report for 2002,
Penn West is ranked fifth for both solution gas production (from crude oil and
bitumen batteries) and gas flared and vented. In 2002, however, Penn West
conserved 97.2 per cent of its solution gas, compared to the industry average of
94.7 per cent.

5.1.6 Facility and Equipment Consolidation

Penn West is committed to ensuring that its operations are carried out in the most
efficient way possible. Decreasing production levels in addition to the acquisition
and divestiture of properties make this a difficult goal to achieve. Penn West has a
policy to continuously review field operations to identify facilities and equipment
that are currently under-utilized. Once identified, options for facility consolidation
or decommissioning of equipment are considered. Reducing the amount of
equipment in service and ensuring all equipment is operating in its most efficient
load range (i.e., near the design load), may significantly reduce GHG emissions
from fugitive equipment leaks, fuel consumption and natural gas venting.
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5.1.7 Well Testing

Prior to putting new wells into production, a well test is routinely performed to
determine the production potential of the well. The common practice is to bring
on-site the required test equipment, a portable separator (to separate liquid and
gas phases) and a portable flare stack to dispose of the produced gas. The quantity
of GHG emissions is a function of the production rate of the well and the duration
of the test.

Penn West has implemented a practice of tying test wells into an existing gas
gathering system and testing wells directly into the gathering pipeline. This
practice is limited to wells that are close to an existing gas gathering system (i.e.,
about one km or less). Over the past year, Penn West has tested as many wells as
possible in this way. Where feasible, we expect to continue the practice of testing
wells into existing gas gathering systems.

In addition, Penn West has implemented changes to the well testing procedure at
heavy oil wells. Under the revised procedure, the wells are shut in when not in
test mode in order to reduce flaring of produced gases.

Penn West’s success in reducing well test emissions is demonstrated in the EUB’s
Upstream Petroleum Industry Flaring and Venting Report for 2002. Of 25
companies ranked by the number of well tests conducted, Penn West’s average
gas flared/test was the second lowest at 17.1 10° m’/test, well below the total
average of 65.5 10° m*/test.

5.1.8 Well Site Inspections

Penn West is committed to annual inspections of suspended well sites including
monitoring of wellhead fugitive equipment leaks and the timely repair of any
detected leakage. Furthermore, Penn West has implemented a valve maintenance
program for all operating well sites. On an annual basis, all operating wellheads
are inspected for equipment leaks, and the necessary maintenance is performed
both to ensure proper valve operation and to eliminate any leakage that may have
been detected.

5.1.9 Fugitive Emission Reductions

Penn West will be investigating several fugitive emission reduction initiatives
over the next two to three years. Some of the specific measures being investigated
are

e Focused Leak Detection and Repair (LDAR) Program

Penn West operates hundreds of oil and gas production facilities which are
widely dispersed throughout various oil and gas production areas in British
Columbia, Alberta and Saskatchewan. Implementation of a thorough LDAR
program for all sources at every facility would be an onerous task and would
not yield the best reduction in emissions for the investment of time and
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money. Instead, a focused approach is taken, in which the sources with the
greatest potential for leakage are targeted. These components include
compressor sealing systems, valve packing systems, pressure relief devices,
and blowdown systems.

e Conversion to Instrument Air

Natural gas is commonly used as the supply medium for pneumatic control
systems, especially at small, remote facilities. These control systems
continuously bleed a small volume of the supply gas to the atmosphere as part
of their normal operation. To reduce the amount of methane released to the
atmosphere, Penn West is investigating the possibility of converting
pneumatic control systems to compressed air operation. To be cost effective,
the target facilities have to be reasonably large, such as compressor stations or
central oil batteries. In addition, a reliable source of electric power is
necessary to power the electric air compressors that would be installed.

5.1.10 Electric Power Consumption Audits

Penn West has implemented an electric power consumption audit plan. The plan
calls for new acquisitions/purchases and new fields to be audited within six
months of purchase or initial production. Through the electric power consumption
audits, Penn West has identified several opportunities where waste heat or waste
natural gas may be utilized to generate electric power for consumption by field
operations and possibly for sale to the provincial power grid. These audits are
particularly important in Alberta and Saskatchewan where a significant portion of
electric power generation is from coal fired thermal plants.

5.2 Cumulative Emission Reductions

To illustrate the success of past GHG emission reduction projects, a comparison
of actual annual GHG emissions to those for the business-as-usual case has been
prepared. (See Figure 5-1.) The business-as-usual case includes the actual annual
GHG emissions plus any quantifiable emission reductions that occurred as a result
of GHG emission reduction projects. In some cases the reported reductions are a
one-time event (e.g., eliminating flaring of well test gases) and in others the
reduction is assumed to occur over an extended period of years (e.g., acid gas re-
injection).

Overall, as of the end of 2002, Penn West has reduced annual GHG emissions by
498 kt or about 28.7 per cent lower than the business-as-usual case.
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Figure 5-1 Comparison of Actual GHG Emissions to Business-as-usual Case

Future Actions

The following sections describe some of the GHG emission reduction and energy
efficiency projects planned for completion in 2003 and beyond. A list of projects
that have already been initiated is presented in Table 5-2.

5.3.1 Environmental Awareness and Education

Penn West firmly believes that one of the most important ways of reducing GHG
emissions in the future is through awareness, training and communication
between the various stakeholders. Penn West’s Environmental Operating
Guidelines are used to train employees in the practical and economic implications
of the company’s Environmental Management Plan.

During the yearly review of environmental projects and operating procedures,
GHG emission reduction programs will be highlighted. Serious consideration has
been given to including emission reduction programs in both the engineering and
environmental budgets when feasible. A detailed inventory of GHG emission
reduction projects will be distributed within the company on a periodic basis, at
least semi-annually. Knowledge of outcomes of these projects is intended to spark
future actions by Penn West’s operations and accounting staff.
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5.3.2 Equipment Purchasing Policy

Penn West has an internal commitment to purchase high efficiency equipment
wherever possible. Further, to accompany all of our purchase requests, Penn West
is in the process of developing a statement of our environmental policies
regarding equipment purchases. The intent is to promote awareness of GHG
emission issues and to encourage suppliers to offer goods and services with GHG
emission reductions in mind.

5.3.3 Fuel Gas Management

High efficiency burners are always considered at all new installations, and some
retrofits have been installed. To keep costs down and to draw on their
accumulated experience, Penn West is encouraging equipment vendors to provide
guidance in the selection of appropriate high efficiency burners.

5.3.4 Internal Financial Signals

Penn West has put into place an internal benchmark against which all present and
future GHG emission reduction projects are measured. When internally analyzing
projects, GHG emission reductions/increases are among the criteria (i.e., capital
costs, payout period, regulatory requirements, etc.) that are considered before
implementing any actions. In some cases, the required payout period for a specific
project may be extended if the GHG emission reductions are particularly large.

5.3.5 Public Awareness of Greenhouse Gas Emissions

Penn West fully understands the need to reduce GHG emissions in order to
protect the environment. Membership in the VCR is one way of communicating
with other stakeholders, including the general public, about the range of programs
that Penn West has implemented. Including information on Penn West’s
environmental programs in our annual reports and participation in CAPP’s
stewardship benchmarking reporting are additional ways that we communicate
with the public.
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Table 5-2 Summary of Greenhouse Gas Emission Reduction Projects Planned for 2003

Province Production Area Project Description Emission Reduction (t)
Source CH, CO; N.O CO.E
AB Joffre Battery The Joffre Battery continues to be involved in a CO, injection project
in which CO; purchased from the NOVA Chemicals Joffre Ethylene CO; Injected: o 30 000 . 30 000
15-20-038-25W4 Plant is injected into an oil producing formation as part of a miscible 2 ’
flood program. CO, produced along with the oil is recycled and re- o
injected. In 2003, an estimated 30 000 CO, will be sequestered. The | Electricity: -14.8 -7 236 -0.002 -7 576
GHG emission reduction from avoided CO; venting is offset by
electrical energy consumption by the injection compressors. Net: -14.8 22764 -0.092 22 424
AB Minnihik-Buck Lake Two 2.25 MW gas turbine generators were installed at the plant. The
Plant cogeneration units produce electricity both for use at the plant and Fuel Usage: 435 22 439 0.073 23 438
for sale to the power grid. In addition to electricity generation, waste ' ' ’
heat from the turbine exhaust is recovered, thereby eliminating the ]
need for three existing gas fired heaters. In 2003, fuel consumption Power Gen: 54.3 26 558 0.336 27793
is expected to be reduced by approximately 28.2 x 10® m¥d and
roughly 27 600 MW-h of electricity will be generated at the plant. Total: 101 48 987 0.410 51232
AB Carrot Creek Install 15 hp electric compressor to eliminate solution gas flaring. Flaring: 3.32 698 0.001 768
Electric Power: -0.0012 -40.83 -0.0003 -40.95
Net: 3.32 657 0.001 727
AB Carrot Creek Install 15 hp electric compressor to eliminate solution gas flaring. Flaring: 3.32 698 0.001 768
Electric Power: -0.0012 -40.83 -0.0003 -40.95
Net: 3.32 657 0.001 727
A review of flaring and venting data was initiated in 2001 and is
ongoing. This program identifies opportunities to conserve flared or
vented gas for use as fuel or to generate electric power. N/A N/A N/A N/A
AB All Transfer of CO,E emission credits from Newalta Corp., based on the
quantity of waste sent for recycling. N/A N/A N/A N/A
SK Court A flare gas conservation system was installed at the 01-19-033-
27W3 battery in July of 2003. The expected reduction for 2004 is
6 784 t COzE. Flaring: 23 3344 - 3392
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Province Production Area Project Description Emission Reduction (t)
Source CH,4 CO, N.O CO.E

SK Marengo A flare gas conservation system was installed at the 07-32-031-

27W3 battery in September of 2003. The expected reduction for

2004 is 2 092 t COzE. Flaring: 0.465 688 -—-- 697
AB Pouce Coupe A flare gas conservation system was installed at the 05-30-077-

11W6 battery in December of 2003. The expected reduction for 2004

is 1939t CO.E. Flaring: 0.108 159 -—-- 162
SK Plover Lake A flare gas conservation system was installed at the 08-15-035-

27W3 battery in December of 2003. The expected reduction for 2004

is 14 t COzE. Flaring: 0.001 1.14 -—-- 1.16
SK Hoosier A flare gas conservation system was installed at the 01-19-033-

27W3 battery in January of 2004. Flaring: 1.83 2718 - 2757
Total Reduction 97.5 79975 0.32 82 119
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6 Forecasts

Penn West past and projected production for the period from 1993 to 2008 is
shown in Figure 6-1. Production increased almost tenfold in the period 1993 to
1997 before levelling off in 1998. With the acquisition of BP-Amoco’s operations
in the Central and Plains core areas of Alberta, production increased by about 40
per cent in 1999 and 2000 and is expected to continue increasing at an average
rate of 10 per cent per year through 2008.

Figure 6-1 also presents the production carbon intensity (i.e., COE emissions per
unit of production [PCI]) and the energy intensity (i.e., energy consumption per
unit of production [PEI]) for Penn West operations. GHG emissions for 2003
through 2008 have been estimated based on the following assumptions:

e Inresponse to EUB’s flaring guidelines (G-60), the overall volume of waste
gas that is either flared or vented will decrease in future years. Between 1996
and 2000, flaring of waste gas was reduced by about 5.7 per cent per year.
While vented gas volumes have decreased since 1996, increased heavy oil
production volumes are expected to result in a net increase in the volume of
waste casing gas that is vented. The expected rate of increase is about one per
cent per year through 2008.

e Energy consumption (i.e., fuel gas and electric power consumption) is
expected to keep pace with production. Therefore, fuel gas volumes and
electric power consumption are assumed to increase at a rate of 10 per cent
per year for 2003 through 2008.

e The Joffre Battery CO, Injection Project will sequester approximately 45 10°
m’/d in 2003. The project is expected to sequester CO, at the same rate until
2008.
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A detailed breakdown of projected GHG emissions by type of source and type of
pollutant is presented in Table 6-1. Based on the assumptions above, absolute
emissions of GHGs will increase to 2271 kt CO,E/y by 2008 (or a 294 per cent
increase from the 1996 baseline), energy consumption will increase to 21 160
TI/y (or a 287 per cent increase) and production will increase to 9 964 10> m* OE
(or a 326 per cent increase). Taking into account the CO, sequestration offsets, it
is projected that GHGs will increase by 289 per cent over the 1996 baseline by
2008. In terms of the relative quantities, energy consumption per unit production
is expected to decrease to 2.12 GJ/m® OE by 2008 (a decrease of 9.3 per cent) and
GHG emissions per unit production are expected to decrease to 0.228 t CO,E/m’
OE (a 7.5 per cent decrease) and to 0.225 t CO,E/m’ OE including offsets (an 8.8

per cent decrease).

Table 6-1 Summary of Present and Projected GHG Emissions

Present and Projected GHG Emissions Presented by Type of Source (kt CO,E)

Source 2002 2003 2004 2005 2006 2007 2008
Combustion 730 803 883 972 1069 1176 1293
Electric Power 135 149 164 180 198 218 240
Fugitive 417 458 504 555 610 671 738
Total 1281 1410 1551 1706 1876 2 064 2271
Total Less Offsets 1235 1380 1521 1676 1 846 2034 2240
Present and Projected GHG Emissions Presented by Type of Pollutant (kt)

Pollutant 2002 2003 2004 2005 2006 2007 2008
CO, 795 874 961 1057 1163 1280 1408
N,O 0.052 0.057 0.062 0.069 0.076 0.083 0.091
CH4 22.4 24.7 27.2 29.9 32.9 36.1 39.8
CO.E 1281 1410 1 551 1706 1876 2 064 2271
CO.E Less Offsets 1235 1 380 1521 1676 1 846 2034 2240
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7 Emission Control Goal

Due to increasing production from Penn West operated facilities, an absolute
emission control goal related to the 1996 inventory selected as Penn West’s
baseline inventory is not achievable. Since much of the Penn West’s production
increase is a result of the acquisition of other operators’ properties, total industry
emissions are affected by Penn West’s production increases to a lesser degree
than if all the production increases were as a result of drilling new wells.
Therefore, per unit production emission reductions achieved by Penn West should
have the effect of reducing overall industry emissions.

Accordingly, Penn West has set a GHG goal associated with an emission
reduction per unit production instead of an absolute GHG emission reduction. The
Penn West goal is to maintain GHG emissions per unit production to at least the
10 per cent below the 1996 baseline level that was achieved in 2002. As the easier
and more cost effective projects are completed, this goal will become increasingly
more difficult to attain. However, we look forward to continued emission
reductions from the projects discussed in Section 5.

8 Domestic Offsets and Joint Implementation

Penn West is currently involved in an innovative CO; injection and sequestration
project in which CO, purchased from the NOVA Chemicals Joffre Ethylene Plant
is injected into an oil producing formation as part of a miscible flood program.
The purchased CO; is brought to reservoir pressure using electric compressors,
and any CO, produced along with the oil is recycled and re-injected. We estimate
that the Joffre Battery will continue to purchase and inject CO; for the next five
years. These offsets are incorporated in our emission forecast outlined in

Section 6.

Based on the success of the Joffre CO, Injection Project, both as part of an
enhanced oil recovery program and as a means to sequester CO,, Penn West is
moving forward to further expand the use of CO, for miscible floods in the
Drayton Valley area.

9 Future Reporting

Penn West will continue to submit annual progress reports to the Entity GHG
Challenge Registry. The reports will contain an inventory of GHG emissions for
the previous year, an indication of the net change from the previous year, as well
as information on current GHG emission mitigation measures and plans for future
GHG emission reduction projects.
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Appendix A Glossary

Anthropogenic — Man made. This includes all greenhouse gas emissions that
result from human activity (e.g., consumption of fossil fuels, venting of methane
and other greenhouse gases, land use changes [resulting in altering uptake of
COy], etc.).

API Gravity - The universally accepted scale adopted by the American
Petroleum Institute (API) for expressing the density of liquid petroleum products.
The higher the API gravity, the lighter the oil.

Carbon Dioxide Equivalent (CO;E) — Total emissions of all greenhouse gases.
Each greenhouse gas is converted to its carbon dioxide equivalent by multiplying
by the appropriate global warming potential.

Fugitive Equipment Leaks — Unintended leakage from individual equipment
components to the atmosphere. This emission category includes leakage from:
flanged and threaded connections, valve packing systems, compressor seals,
pressure relief valves, open-ended lines, etc.

Gas-oil Ratio (GOR) — Indicates the amount of natural gas produced from an oil
well along with crude oil.

Global Warming Potential (GWP) — A simple measure of the global warming
effects of the emissions of various greenhouse gases relative to those of carbon
dioxide. The current practice is to use a 100-year time horizon for GWP.
Therefore, the GWPs used in this document are: CO, = 1.0, CHs = 21.0, and N,O
=310.0.

Greenhouse Gases (GHG) — A group of compounds in the atmosphere that tend
to absorb solar radiation and reradiate it back to the earth’s surface. The most
important of these are: carbon dioxide (CO,), methane (CH4) and nitrous oxide
(N20).

Indirect GHG Emissions — Greenhouse gas emissions associated with
consumption of electrical power that is generated at fossil-fuelled thermal
generating stations. Industry practice is for each company to account for their
share of GHG emissions associated with power generation by the utilities.

Oil Equivalent (OE) — Hydrocarbon production volumes converted to an
equivalent volume of medium crude oil using the energy content. The Alberta
Energy and Utilities Board (EUB) has adopted the following energy content
factors: natural gas — 37.4 MJ/m’, medium crude oil — 38.5 GJ/m’, heavy crude oil
—41.4 GJ/m’, crude bitumen — 42.8 GJ/m’ and pentanes plus — 33.1 GJ/m’.

Production Carbon Intensity (PCI) — A measure of the amount of the CO,E
emissions a company emits per cubic metre of oil equivalent produced. The units
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are tonnes of carbon dioxide equivalent per cubic metre of oil equivalent
production (t CO,E/m’ OE).

Production Energy Intensity (PEI) — A measure of the amount of energy
required per cubic metre of oil equivalent production. The numerator is the sum of
all energy consumed by the company, in GJ, (i.e., fuel gas consumed, volume of
waste gas flared or vented, electric power consumption, propane consumed, etc.)
and the denominator is the total volume of production in cubic metres of oil
equivalent. The units are gigajoules (i.e., 10’ joules) per cubic metre of oil
equivalent production (GJ/m’ OE).

Uncertainty in Emission Estimate — A bottom-up method in which the
uncertainty in the emission estimates for individual sources is estimated based on
the uncertainty in the applied emission factor and activity data. The more narrow
the range of uncertainty, the more reliable the estimate.
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