












































































































































































































































































































































































































































































































































































































































































































































































































































Vehicle milestraveled

Vehicle miles traveled (VMT) statistics by type of vehicle, together with fuel
economy per vehicle, enable computation of total fuel (gasoline, diesel, and other)
consumption. The chart below shows the respective shares of VMT in 2006. As the pie
chart below shows, cars and two-axle four tire trucks (typicaly used for personal
transportation) account for the largest shares, 55.8% and 36.1%, respectively, of total
VMT (Source: http://cta.ornl.gov/data/download?7.shtml). Because of their number and
utilization, automobiles and light-duty trucks have been the focus of discussion in terms
of conservation and fuel switching opportunities. Conversion of buses to natural gas has

been an attractive proposition for some bus fleets, but these vehicles do not account for a
large percentage of total VMT.

Percent share of vehicle miles travelled, 2006.

Source: DOE, Energy Efficiency and Renewable Energy,
As cited in Transportation Energy Data Book, Edition 27-
2008, see Table 3.6.
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Source: DOE, Energy Efficiency and Renewable Energy, As cited in Transportation

Energy Data Book, Edition 27-2008, see Table 3.6.

Share of vehicle-miles traveled by type of vehicle (1970-2006) shows two clear
trends (a) cars have decreased and (b) two-axle four-tire trucks have increased. These
tucks include pickups, vans, and sport-utility vehicles have become more popular over
the years. These trends have a clear implication for fuel economy as light trucks
consume more fuel per vehicle mile (on average) than cars. Tabular data on other

vehicles follows.
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Shares of highway vehicle-milestraveled by vehicle type,1970-2006.

Other

Two-Axle, single Combi- Total vehicle-

Motor - four tire unit nation milestraveled

Y ear Cars cycles trucks trucks trucks Buses (million miles)
1970  82.60% 0.30% 11.10% 2.40% 3.20% 0.40% 1,109,724
1975  77.90% 0.40% 15.10% 2.60% 3.50% 0.50% 1,327,664
1980  72.80% 0.70% 19.00% 2.60% 4.50% 0.40% 1,527,295
1981  72.90% 0.70% 19.10% 2.50% 4.40% 0.40% 1,555,308
1982  72.80% 0.60% 19.20% 2.50% 4.40% 0.40% 1,595,010
1983  72.30% 0.50% 19.80% 2.60% 4.50% 0.30% 1,652,788
1984  71.30% 0.50% 20.80% 2.60% 4.50% 0.30% 1,720,269
1985  70.20% 0.50% 22.00% 2.60% 4.40% 0.30% 1,774,826
1986  69.20% 0.50% 23.10% 2.50% 4.40% 0.30% 1,834,872
1987  68.50% 0.50% 23.80% 2.50% 4.50% 0.30% 1,921,204
1988  67.60% 0.50% 24.80% 2.40% 4.40% 0.30% 2,025,962
1989  66.80% 0.50% 25.60% 2.40% 4.40% 0.30% 2,096,487
1990  65.70% 0.40% 26.80% 2.40% 4.40% 0.30% 2,144,362
1991  62.50% 0.40% 29.90% 2.40% 4.40% 0.30% 2,172,050
1992  61.00% 0.40% 31.50% 2.40% 4.40% 0.30% 2,247,151
1993  59.90% 0.40% 32.50% 2.50% 4.50% 0.30% 2,296,378
1994  59.60% 0.40% 32.40% 2.60% 4.60% 0.30% 2,357,588
1995  59.40% 0.40% 32.60% 2.60% 4.80% 0.30% 2,422,696
1996  59.10% 0.40% 32.80% 2.60% 4.80% 0.30% 2,485,848
1997  58.70% 0.40% 33.20% 2.60% 4.90% 0.30% 2,561,695
1998  58.90% 0.40% 33.00% 2.60% 4.90% 0.30% 2,631,522
1999  58.30% 0.40% 33.50% 2.60% 4.90% 0.30% 2,691,056
2000  58.30% 0.40% 33.60% 2.60% 4.90% 0.30% 2,746,925
2001  58.20% 0.30% 33.80% 2.60% 4.90% 0.30% 2,797,287
2002  58.10% 0.30% 33.80% 2.70% 4.90% 0.20% 2,855,508
2003  57.80% 0.30% 34.00% 2.70% 4.80% 0.20% 2,890,450
2004  57.30% 0.30% 34.60% 2.60% 4.80% 0.20% 2,964,788
2005 57.10% 0.30% 34.80% 2.60% 4.80% 0.20% 2,989,430
2006  55.80% 0.40% 36.10% 2.70% 4.70% 0.20% 3,014,116

Source: US DOE, Energy Efficiency and Renewable Energy, As cited in Transportation
Energy Data Book, Edition 27-2008, see Table 3.6.
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Fuel economy for automobiles, vans/pickup trucks/SUVs, and all other trucks
from 1973 to 2006. As can be seen, fuel economy has increased overall. Nonetheless,
the overall fuel economy of the US vehicle fleet lags behind CAFE (corporate average
fuel economy) standards for new vehicles in the US (and well beneath similar standards
in other nations). Thisistwo for two principal reasons.

Changing tastes among US consumers, reflected in an increasing share of less
fuel efficient vans, pickups, and SUVs over the years (see other exhibits).

Vehicles in service last severa years (see other exhibits) before being
scrapped. Therefore, it takes severa years for actual efficiency to match new
vehicle CAFE standards.
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Source: Transportation Energy Data Book, Edition 27-2008, See Figure 3.3 and Table 3.8

Car survival rates by model year in the United States. These data show that car
survival rates have increased for later model years. One of the many implications of
these data is that the imposition of CAFE standards for new cars will take some time to
result in improvements in the average fuel economy of the vehicle fleet. It also explains
why any switch to alternative fuel vehicles will not take effect immediately, even if such
vehicles were available.
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Alternative fuel vehicles

Expanding use of aternative fuels requires vehicles capable of using these fuels
and an infrastructure capable of supplying these vehicles. An alternative fuel vehicle
(AFV) is any dedicated flexible-fueled,* or dual-fueled? vehicle designed to operate on at
least one alternative fuel. (Note that all cars and trucks built for the US market since the
late 1970s can run on the ethanol blend E10, also called gasohol.)
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The above graph shows the estimated number of AFVs and hybrid electric
vehicles (HEVs)® sold from 1995 to 2006.* Over this period nearly 7 million were

! Flexible-fuel vehicles are those with a common fuel tank designed to run on varying blends of
unleaded gasoline with either ethanol or methanol. See http://www.cleanfuel sdc.org/pubs/documents/E-
85_factbook.pdf.

2 A dual-fueled vehicle is one designed to operate on a combination of an alternative fuel and a
conventional fuel. Thisincludes (i) avehicle using a mixture of gasoline or diesel and an alternative fuel in
one fuel tank, commonly called flexible-fueled vehicles and (ii) a vehicle capable of operating either on an
alternative fuel, a conventional fuel or both, simultaneously using two fuel systems commonly called bi-
fuel vehicles. See http://www.cleanfuel sdc.org/pubs/documents/E-85 factbook.pdf.

3 A hybrid electric vehicle (HEV) is a vehicle which combines a conventional internal combustion
engine system with an on-board rechargeable battery to achieve better fuel economy than a conventional
vehicle without being hampered by range from a charging unit like a battery electric vehicle, which uses
batteries charged by an external source. The different propulsion power systems may have common
subsystems or components, see http://www.nrel.gov/vehiclesandfuel ghev/hevs.html.

* Source: EIA from Form EIA-886, “Annual Survey of Alternative Fueled Vehicles. EIA aso
publishes data on fleet use (see http://www.eia.doe.gov/aer/pdf/pages/sec10 13.pdf). Approximately
600,000 were in use in 2006. These include those designed for LPG, compressed natural gas, LNG, M85,
M100, E85, E95, electricity, hydrogen. These EIA estimates do not include gasoline-electric hybrids.
Diesdl-electric and gasoline-electric hybrids are not grouped under the electric fuel category because the
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produced.® Although the rate of growth is impressive, the total number of these vehicles
in 2006 (634,562) was still relatively small compared to the total number of automobiles
(136 million) or personal trucks (87 million) in usein the United States.®

©2008 BP Imageshop/Marc Morrison

Although HEV'S can use the present distribution Intrastructure (gasoline stations)
and plug-in hybrid electric vehicles (PHEVs) and all-electric vehicles can be recharged at
homes or offices (additional electric generating capacity might have to be installed, see
below), AFVs will require additional infrastructure to be viable. The present
infrastructure is minimal; according to the US Department of Energy as of July 2008
there were a total of 5,698 fueling stations for all fuel types in the United States
(http://www.eere.energy.gov/afdc/fuels/stations_counts.html).  In contrast, there are
approximately 127,000  conventiona gasoline  dations in the US
(http://www.answers.com/topi c/gasoline-service-stations).

Five States, including California, Texas, Minnesota, Illinois, and Missouri
accounted for 40% of the total alternative fuel stations. The total (5,698) fueling stations

input fuel is diesel or gasoline rather than an alternative transportation fuel. The United States Department
of Energy, which has EPACT92 implementation authority, ruled that diesel-electric or gasoline-electric
hybrids are not "alternative fuel vehicles.” Datafor 2007 not yet available, but may be in the Fall of 2008
(contact person May Joyce, 202-586-1468.

® Of these, less than one million were HEV's. HEV sales are reported as 9,367 vehicles in 2000, 20,287
in 2001, 35,961 in 2002, 47,525 in 2003, 81,153 in 2004, 209,711 in 2005, 246,642 in 2006, and
approximately 330,000 in 2007. See Electric Drive Transportation Association (EDTA) web site at
http://www.electricdrive.org/index.php?tg=articles& topics=7.

®  Transportation Energy Data Book  Edition  27-2008, Table 212, see
http://cta.ornl.gov/data/downl 0ad27.shtml .
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include those that can dispense biodiesel, compressed natural gas, LNG, EB85,
LPG/propane, and hydrogen, distributed as shown below. LPG (39%) and E85 (26.8%)
account for the largest number of alternative fuel stationsin the US.

Bicdiesel
11.2%

CNG
;;g% o, 13.8%
LNG — ]
0.7% ) 26.8%
Hydrogen
0.8%
ELEC
T.7%

In a 2007 analysis of biofuels potential, EIA offered the following comments
relative to infrastructure: ’

“ Another issue that could limit the growth of the U.S. biofuels industry is
development of the necessary infrastructure for collecting, processing, and
distributing large volumes of biofuels. Currently, nearly all U.S biofuel
production facilities are located close to corn and soybean acreage in the
Midwest, minimizing the transportation costs for bulky, unrefined
materials. The facilities are far from the major biofuel consumption
centers on the East and West Coasts. Further complicating mattersis the
fact that biodiesel and ethanol cannot be blended at the refinery and
batched through existing pipelines. Ethanol can easily be contaminated by
water, and biodiesel dissolves entrained residues in the pipelines. As a
result, railroad cars and tanker trucks made from biofuel-compatible
materials are needed to transport large volumes of biofuels to market.

Limited rail and truck capacity has complicated the delivery of ethanal,
contributing to regional ethanol supply shortages and price spikes between
April and June 2006. Feedstock and product transportation costs and
concerns remain problematic for the biofuel industry and have led many
biofuel producers to explore the prospect of locating near a dedicated

7 See http://www.eia.doe.gov/oi af/anal ysi spaper/biomass.html.
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feedstock supply or large demand center to minimize transportation costs
and susceptibility to bottlenecks.”

“Distribution of biofuels to end-use markets is also hampered by a number
of other factors. Although E10 is readily obtainable throughout the United
States, there are limited numbers of fueling stations for biodiesel and
E85...Further, some station owners may be averse to carrying B20 or E85,
because the unique physical properties of the blends may require costly
retrofits to storage and dispensing equipment.”

“Recent EIA estimates for replacing one gasoline dispenser and
retrofitting existing equipment to carry E85 at an existing fueling station
range from $22,000 to $80,000 (2005 dollars), depending on the scale of
the retrofit. Some newer fueling stations may be able to make smaller
upgrades, with costs ranging between $2,000 and $3,000. Investment in
an E85 pump that dispenses one-half the volume of an average unleaded
gasoline pump (about 160,000 gallons per year) would require an increase
in retail prices of 2 to 7 cents per galon if the costs were to be recouped
over a 15-year period. The costs would vary, depending on annua pump
volumes and the extent of the station retrofit. The installation cost of E85-
compatible equipment for a new station is nearly identical to the cost of
standard gasoline-only equipment.”

“Independent station owners may also be uncomfortable with the relative
novelty of biofuels and the murky regulatory environment that surrounds
their use and distribution at retail locations. For gasoline outlets operated
by magor distributors, owners are more likely to be aware of the
environmental regulations and more willing to seek appropriate permits
when confronted with favorable biofuel economics. Awareness of various
biofuels is limited, and station operators will need to post appropriate
labels, placards, and warning signs to ensure that customers put the
appropriate fuels in their vehicles. With the rapid growth and change in
the biofuels industry, quality control programs are also critical to ensure
that biofuels meet accepted quality specifications from the American
Society for Testing and Materidls for ethanol (ASTM D4806) and
biodiesel (ASTM D6751).”
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A 2001 GAO Report expressed it thisway:®

“The federal and state officials that administer vehicle fleets told us last
year that the lack of adequate refueling infrastructure represents the
biggest impediment to using alternative fuel vehicles. A chicken-and-egg
situation prevails here. Because of the insufficient number of alternative
fuel vehicles in the nation’s vehicle fleet, owners of gasoline refueling
stations are reluctant to provide refueling facilities for them. Adding to
this reluctance, the high cost of providing some aternative fuels at
existing refueling gasoline stations reduces station owners' willingness to
provide the facilities. For example, the costs to build facilities that
provide compressed natural gas cost about $300,000—significantly more
than the cost of refueling stations for gasoline, ethanol, or methanol. At
the same time, the scarcity of alternative fuel refueling stations makes it
less convenient to acquire aternative fuels, which in turn deters the
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8 See http://www.gao.gov/new.items/d01957t.pdf.
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Alternative fuel production

Historical data are available on production and consumption of all aternative
fuels, including ethanol (approximately 6.8 billion gallons in 2007) and biodiesel
(approximately 500 million gallonsin 2007).°

EIA offers the following summary of biodiesel: '

“Biodiesdl is arenewable-based diesel substitute used in Europe with early
commercial market development in the United States. Biodiesd is
composed of mono-alkyl esters of long-chain fatty acids derived from
vegetable oils or animal fats. It issimilar to distillate fuel oil (diesel fuel)
and can be used in the same applications, but it has different chemical,
handling, and combustion characteristics. Biodiesel can be blended with
petroleum diesel in any fraction and used in compression-ignition engines,
so long as the fuel system that uses it is constructed of materials that are
compatible with the blend. The high lubricity of biodiesel helps to offset
the impact of adopting low-sulfur diesel.” [Emphasis added.]

“Common blends of biodiesel are 2 percent, 5 percent, and 20 percent (B2,
B5, and B20). Individua engine manufacturers determine which blends
are warranted for use in their engines, but generaly B5 blends are
permissible and some manufacturers support B20 blends. Blends of
biodiesel are distributed at stations throughout the United States. Some
States have mandated levels of biodiesal use when in-State production
reaches prescribed levels.”

“Predominant feedstocks for biodiesel production are soybean ail in the
United States, rapeseed and sunflower oil in Europe, and palm oil in
Maaysia. Biodiesel also can be produced from a variety of other
feedstocks, including vegetable oils, tallow and animal fats, and restaurant
waste and trap grease. To produce biodiesel, raw vegetable oil is
chemically treated in a process called transesterification. The properties
of the biodiesal (cloud point, pour point, and cetane number) depend on
the type of feedstock used. Crude glycerin, a magjor byproduct of the
reaction, usually is sold to the pharmaceutical, food, and cosmetic
industries.”

Natural gasvehicles
Some have advocated greater use of natural gas as an aternative fuel for vehicles.
One reason is that the US is more self-sufficient in natural gas than petroleum (although

® See EIA (http://www.eiadoe.gov/emeu/aer/txt/ptb1003.html), the Clean Fuels Development
Caalition [CFDC] (http://www.cleanfuel sdc.org/pubs/documents/ CFDC Fact%20Book_1107.pdf), or the
Renewable Fuels Association [RFA] (http://www.ethanolrfa.org/industry/statistics/).

19 See http://www.eia.doe.gov/oiaf/anal ysi spaper/biomass.html .
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this would change if there were major shiftsin natural gas demand for this sector without
corresponding decreases in other sectors). Before this suggestion is accepted uncritically,
however, it is necessary to consider the following:

There is only one natural gas vehicle (NGV) currently on the market in 2008—
the Honda GX NGV = =

shown refueling at right
(adso see Honda
promotional photos
from
http://automobiles.hond
a.com/civic-gx/exterior-
photos.aspx).
Presumably more
models  could be
produced by this and
other  manufacturers,
but any “ramp up’ of
production  capability
would not be 2a 5
instantaneous. Photo source: http://www.nrel.gov/data/pix

Existing automobiles can be retrofitted to use natural gas (see
http://www.ngvc.org/pdfs’/FAQs Converting to NGV s.pdf). But there are
applicable regulations for doing so and the cost of converting a vehicle to run on
natural gas includes the cost of a retrofit system, fuel tanks and related
tubing/brackets, and installation costs—according to one source is as much as
$13,500 for a Crown Victoria, Lincoln Town Car, or Mercury Marquis with 13
gasoline gallon equivalent (GGE) fuel tank. (There are offsetting tax credits to
the extent of 50-80% of the buyer’s incremental cost of purchasing a new or
retrofitting an old vehicle) Moreover, installation of new fuel tanks require
space.

Because natural gas has alower energy content compared to gasoline, NGV's have
a smaller cruising range on a thankful. And, given the present infrastructure,
there are not many fueling stations available (1,340, see elsewhere in this section)
and only haf of these ae avalable for public use
(http://www.ngvc.org/about_ngv/index.html).

Finally, and perhaps most important, any switch to natura gas (or any other
alternative fuel vehicle) would not be instantaneous, because it would take time to
replace the existing vehicle fleet (see data on average vehicle lifein this section).
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This said, natural gas vehicles do have advantages:

Compressed natural gas (CNG) is presently less expensive than gasoline or
diesel. (Whether or not this would be true in the future if transportation use of
CNG were to increase substantially is a matter of conjecture.™)

Urban and greenhouse gas emissions are lower than those for conventional
vehicles (see http://www.ngvc.org/about_ngv/index.html), so there are
environmental benefits in the use of natural gas as a substitute to gasoline or
diesdl.

Natural gasrefueling stations

Shown below are statistics on the number of natural gas vehicles of al types on
the road and number of natura gas refueling stations on the road, ranked in descending
order of natural gas vehicles by country. In total, there are nearly 7 million vehicles.
Although certainly providing proof of concept, the number is very small in comparison to
the total number of vehicles (see following table).

1 Natural Gas Vehicles for America (http://www.ngvc.org/about_ngv/ngv_NGsupply.html) had this
to say about increased natural gas use, however. “In 2007, America used 22.9 trillion cubic feet (Tcf) of
natural gas, which represented about 24 percent of all primary energy used in the U.S. Of that amount, the
130,000 NGVs operating on U.S. roads used no more than 0.052 percent! Even if the number of NGVs
were to increase 100-fold in the next ten years to 11,000,000 or roughly 5 percent of the entire vehicle
market (a formidable goal), the impact on natural gas supplies and the natural gas delivery infrastructure
would be small -- equating to about 4 percent of total U.S. natural gas consumption.”
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Natural gasvehicles and refueling stations by country, 2007.

Rank Country Natural Gas Vehicles Refuelling Stations
1 Argentina 1,650,000 1,400
2 Pakistan 1,550,000 1,606
3 Brazil 1,425,513 1,442
4 Italy 432,900 558
5 India 334,820 321
6 Iran 263,662 179
7 USA 146,876 1,340
8 Colombia 203,292 310
9 China 127,120 355

10 Ukraine 100,000 147
11 Armenia 81,394 128
12 Bangladesh 80,000 118
13 Russia 75,000 213
14 Egypt 69,376 99
15 Bolivia 64,828 87
16 Germany 55,272 700
17 Venezuela 44,146 149
18 Thailand 33,982 44
19 Japan 31,462 311
20 Bulgaria 25,225 9
21 Maaysia 24,988 46
22 Sweden 13,477 91
23 Korea South 13,137 226
24 Canada 12,140 222
25 Myanmar (Burma) 10,900 14
26 Tajikistan 10,600 53
27 France 10,150 105
28 Chile 8,009 12
29 Peru 7,823 -
30 Kyrgyzstan 6,000 6
31 Belarus 5,500 24
32 Moldova 5,000 8
33 Switzerland 3,628 56
34 Trinidad & Tobago 3,500 13
35 Mexico 3,037 6
36 Australia 2,453 12
37 Spain 1,392 28
38 Austria 1,022 68
39 Indonesia 1,000 17
40 Poland 771 28
USEnergy in Context: Page G-20 of 29
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Natural gas vehicles and refueling stations by country, 2007 (cont.)

Rank Country

Natural Gas Vehicles

Refuelling Stations

41 Czech Republic

42 Netherlands

43 United Kingdom

44 Turkey
45 Greece
46 Portugal
47 Slovakia
48 Latvia

49 United Arab Emirates

50 Belgium

51 New Zealand

52 Singapore

53 Finland
54 Norway
55 Algeria
56 L uxembourg
57 Hungary
58 Croatia
59 Serbia

60 Ireland

61 Iceland

62 Nigeria
63 Macedonia
64 Cuba

65 Lichtenstein
66 Philippines

67 South Africa

68 Uruguay

69 Bosnia & Herzegovina

70 Montenegro
71 Denmark
72 Korea North

73 Taiwan

74 M ozambique

75 Tanzania

76 Tunisia

77 Dominican Republic

78 Cyprus

79 Estonia

80 Lithuania

81 Malta

82 Romania

83 Slovenia
Total

Source:  International  Association

660
603
544
520
416
379
337
310
305
300
281
238
150
147
125
115
110
110
89
81
63
60
50
45
41
36
22
20

PN N

6,495,595

16

= B w
BwwbrwrQu ' pNur R

PR RPRPNRENR
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10,695

for Natural Gas Vehicles (IANGV)
http://www.iangv.org/tool s-resources/stati stics.html.
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Natural gas vehicles asthe percent of total vehicles by country, 2007.

NGVs @ Total NGVsas% of
Rank Country Jun-07 Vehicles Total Vehicles
1 Bangladesh 80,000 293,472 27.3%
2 Armenia 81,394 327,477 24.9%
3 Pakistan 1,550,000 6,217,069 24.9%
4 Iran 263,662 1,102,720 23.9%
5 Argentina 1,650,000 7,608,744 21.7%
6 Bolivia 64,828 475,632 13.6%
7 Colombia 203,292 1,238,216 16.4%
8 Brazil 1,425,513 14,277,600 10.0%
9 Malaysia 24,988 366,375 6.8%
10 Tajikistan 10,600 162,370 6.5%
11 Myanmar (Burma) 10,900 296,910 3.7%
12 Egypt 69,376 2,373,723 2.9%
13 Kyrgyzstan 6,000 205,520 2.9%
14 India 334,820 14,554,000 2.3%
15 Moldova 5,000 234,685 2.1%
16 Ukraine 100,000 4,949,346 2.0%
17 Venezuela 44,146 2,826,890 1.6%
18 Trinidad & Tobago 3,500 286,660 1.2%
19 Bulgaria 25,225 2,100,602 1.2%
20 Italy 432,900 39,089,755 1.1%
21 Peru 7,823 1,195,348 0.7%
22 Belarus 5,500 1,306,140 0.4%
23 China 127,120 35,860,638 0.4%
24 Chile 8,009 2,444,571 0.3%
25 Sweden 13,477 4,628,312 0.3%
26 Russia 75,000 33,600,000 0.2%
27 Lichtenstein 41 20,468 0.2%
28 Thailand 33,982 24,931,615 0.1%
29 Korea South 13,137 11,400,300 0.1%
30 Germany 55,272 49,223,500 0.1%
31 Switzerland 3,628 3,584,500 0.1%
32 USA 146,876 234,646,314 0.1%
33 Canada 12,140 19,422,735 0.1%
34 United Arab Emirates 305 578,035 0.1%
35 Nigeria 60 124,009 0.0%
36 Japan 31,462 78,279,000 0.0%
37 Latvia 310 853,983 0.0%
38 Singapore 238 659,215 0.0%
39 Luxembourg 115 326,613 0.0%
40 France 10,150 36,298,000 0.0%
41 Iceland 63 231,963 0.0%
42 M ozambique 4 16,124 0.0%
43 Slovakia 337 1,388,314 0.0%
44 Austria 1,022 4,524,093 0.0%
45 Mexico 3,037 15,828,921 0.0%
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Natural gas vehicles asthe percent of total vehicles by country, 2007 (cont.)

NGVs @ Total NGVsas% of
Rank Country Jun-07 Vehicles Total Vehicles

46 Indonesia 1,000 5,497,075 0.0%
47 Australia 2,453 13,491,401 0.0%
48 Macedonia 50 318,680 0.0%
49 Czech Republic 660 4,488,678 0.0%
50 Algeria 125 882,000 0.0%
51 Cuba 45 361,408 0.0%
52 New Zealand 281 2,329,210 0.0%
53 Turkey 520 5,206,725 0.0%
54 Croatia 110 1,173,420 0.0%
55 Korea North 4 46,000 0.0%
56 Greece 416 5,199,582 0.0%
57 Netherlands 603 8,369,000 0.0%
58 Portugal 379 5,523,270 0.0%
59 Norway 147 2,298,231 0.0%
60 Montenegro 6 95,926 0.0%
61 Serbia 89 1,446,288 0.0%
62 Spain 1,392 25,158,244 0.0%
63 Belgium 300 5,535,817 0.0%
64 Poland 771 14,723,425 0.0%
65 Finland 150 2,886,356 0.0%
66 Hungary 110 2,568,020 0.0%
67 Ireland 81 1,952,515 0.0%
68 Bosnia & Herzegovina 7 177,480 0.0%
69 Uruguay 20 606,738 0.0%
70 Tanzania 3 174,800 0.0%
71 United Kingdom 544 33,564,196 0.0%
72 Philippines 36 2,559,968 0.0%
73 South Africa 22 6,853,536 0.0%
74 Tunisia 2 757,064 0.0%
75 Denmark 5 2,260,204 0.0%
76 Dominican Republic 1 739,763 0.0%
77 Taiwan 4 6,614,000 0.0%
78 Cyprus - 53,209 0.0%
79 Estonia - 512,727 0.0%
80 Lithuania 7 1,114,083 0.0%
81 Malta - 20,576 0.0%
82 Romania - 3,352,537 0.0%
83 Slovenia - 892,540 0.0%

Total 6,945,595 830,165,169 0.84%

Source:  International  Association for Natural Gas Vehicles (IANGV)

http://www.iangv.org/tool s-resources/stati stics.htmil.
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Plug-in hybrid electrical vehicles

According to the Department of Energy (see
http://www.eere.energy.gov/afdc/vehicles/plugin_hybrids what_is.html) a plug-in hybrid
can be described as follows:

) “Plug-in hybrid electric vehicles
Battery Recharge Plug ;w (PHEVS) can be charged with
(Not to Scale) o FuelTank  E€ctricity like pure electric
vehicles and run under engine
power like hybrid electric
vehicles. The combination offers
increased driving range with
potentially large fuel and cost
savings, emissions reductions,
and other benéfits. Plug-in
hybrid electric vehicles currently
do not qualify as alternative fuel
vehicles under the Energy Policy
Act of 1992. However, they do
qualify for incentives.”

Electric
Battery Pack

Power Electronics

“Plug-in hybrid electric vehicles
are still at a pre-commercial
stage of development. Research
and development efforts are
bringing them closer to
widespread commercialization.”

Electric Motor
Soource:
http://afdc.energy.gov/afdc/vehicles/plugin_hybrids what_is.html

To date, Genera Motors has
announced that the Chevrolet Volt (a PHEV) will be commercialy available in 2010
(http://www.chevrolet.com/el ectriccar/?seo=goo | 2008 Chevy Fuel Solutions Lifestyl
e | IMG Electric | Chevy Volt FS Genera | chevy volt). The reported sales price
for the Volt will be in the range of $30,000 to $40,000
(http://www.michiganmessenger.com/3144/why-the-chevy-volt-wont-el ectrify-america).

-How plug-in hybrid electric vehicles work
According to DOE: *?

“Like hybrid electric vehicles, PHEVs are powered by two energy
sources—an energy conversion unit (such as an internal combustion
engine or fuel cell) and an energy storage device (usually batteries). The
energy conversion unit can be powered by gasoline, diesel, compressed
natural gas, hydrogen, or other fuels. The batteries can be charged by

12 gee http://www.eere.enerqy.gov/afdc/vehicles/plugin hybrids what is.html
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plugging into a standard 110-volt electrical outlet—a capability
conventional hybrid electric vehicles do not have—in addition to being
charged by the energy conversion unit when needed.”

“Plug-in hybrid electric vehicles have a larger battery pack than
conventional hybrid electric vehicles. During typical daily driving, most
of a PHEV's power comes from the stored electricity. For example, a
PHEV driver might drive to and from work on all-electric power, plug in
the vehicle to charge it at night, and be ready for another all-electric
commute in the morning. However, the engine can be used when longer
trips are required, and the PHEV does not need to be plugged in to
operate.”

DOE is sponsoring research on PHEVs (see eg.,
http://appsl.eere.energy.gov/news/news_detail.cfm/news id=11533).

One characteristic of the PHEV is that other forms of energy would be used in
lieu of petroleum (see below). In the event that the vehicle were driven a greater distance
than the all-electric range, the internal combustion engine (ICE) would kick in and the
vehicle would then become similar to a conventiona hybrid vehicle. How far can the car
be driven using electric power only? That depends upon the capacity of the batteries.
However, statistics on the average daily distance driven (available from the 2001
National Household
Travel Survey),
shown below in chart 0-5
and tabular form, 6-10
indicate that 56.4% of
al drivers travel less
than 30 miles per day
and 75% of all drivers
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travel less than 50 g 21-30
mﬂes per day (urban ':_' 31-40
drivers put on less c
mileage and rurd E 41-50
drivers more). Thus, S 51.75
even an al-eectric 2=
range of 30 to 40 S 76-99

miles would
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without use of fossil
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Source: 2001 Nationa Household Travel Survey
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Daily driving distancein the United States.

All Cumulative Urban Cumulative Rural Cumulative

Daily miles  drivers % drivers % drivers %
0-5 11.7 11.7 12.7 12.7 8.2 8.2
6-10 11.9 23.6 13.2 25.9 7.3 15.5
11-15 8.6 32.2 9.2 35.1 6.6 22.1
16-20 9.8 42 10.2 45.3 8.3 30.4
21-30 14.4 56.4 14.4 59.7 14.8 452
31-40 10.6 67 104 70.1 11.4 56.6
41-50 8 75 7.7 77.8 9.1 65.7
51-75 11.2 86.2 10.3 88.1 14.3 80
76-99 5.2 91.4 4.4 92.5 7.7 87.7
>100 8.6 100 7.8 100.3 12.3 100

Source: 2001 National Household Travel Survey.

The batteries on the PHEV could be recharged by the ICE or (preferably) by
plugging it in to an outlet and recharging from building electricity. (For more on this see
an article in the EPRI Journa titled Driving the Solution available at
http://www.cal cars.org/epri-driving-solution-1012885 PHEYV .pdf).

Thus, in principle the PHEV would enable another form of energy (electricity) to
be substituted for gasoline or diesel for the transportation application. Of course, the
electricity must be generated from another primary energy source, such as coal, natural
gas, nuclear, or oil (see below). Since the majority of eectricity is generated from coal-
fired plants, coa would be substituted for gasoline or diesel.

A joint study by the Electric Power Research Institute (EPRI) and the Natural
Resources Defense Council [NRDC] (see
http://mydocs.epri.com/docs/public/000000000001015325.pdf)  concluded that there
could be significant environmental benefits (reduced greenhouse gas emissions and
improved air quality) to widespread adoption of these vehicles. The specific benefits
depend upon assumptions regarding the penetration rate of these vehicles and power
generation technologiesin use (see also http://www.nrdc.org/energy/plugin.pdf).

As noted, primary energy must be used to generate the electricity. Even if the
ICE were never used, additional power must be generated to supply the needs of the
PHEVs. Thus, coa, natura gas, nuclear, or other primary energy sources would be
substituted for the petroleum—so use of a PHEV amounts to a fuel substitution strategy.
Would additional power generation capacity be required? The answer depends upon
assumptions regarding when the e ectric vehicle would be recharged. At best, this would
occur in the evening hours, when spare capacity is available. This issue has been
anayzed by severa authors (see eg., Stephen, C. H. and Sullivan, J.,, (2008).
Environmental and Energy Implications of Plug-in Hybrid Electric Vehicles, Environ.
. Technol. 42, 1185 - 1190). Sample comment
(http://pubs.acs.org/subscribe/|ournal s/esthag-w/2008/jan/tech/rc_electriccar.html):
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"Given any sensible redlistic penetration of [PHEV ] into the marketplace,
assuming they are accepted by consumers, the electricity infrastructure can
handle it with ease,” says study author John Sullivan, now a scientist at the
University of Michigan Transportation Research Institute. ‘PHEV'S need
about 10 hours of charging every night. If all the spare nighttime
electricity were used to charge PHEVSs, it would consume 13% of all the
fuel used nationally for electricity generation. This could allow PHEVsto
replace up to 34% of today's light-duty vehicle fleet.”

Thisis an active area of research.

Thus, it is fair to state that the PHEV has the potential to contribute to the US
energy strategy. We will know more when these vehicles become commercialy
available.

Hydrogen (Fuel Cell Vehicles[FCVsg])

Brief mention should also be made of another alternative fuel technology that may
someday prove important, Fuel Cell Vehicles (FCVs). According to the USDOE and
USEPA web site (www.fueleconomy.gov):

“FCVs represent a radical departure from vehicles with conventional
internal combustion engines. Like battery-electric vehicles, FCVs are
propelled by electric motors. But while battery electric vehicles use
electricity from an external source (and store it in a battery), FCVs create
their own electricity. Fuel cells onboard the vehicle create e ectricity
through a chemical process using hydrogen fuel and oxygen from the air.”

“FCVs can be fueled with pure hydrogen gas stored onboard in high-
pressure tanks. They aso can be fueled with hydrogen-rich fuels; such as
methanol, natural gas, or even gasoline; but these fuels must first be
converted into hydrogen gas by an onboard device called a‘reformer.”

“FCVs fueled with pure hydrogen emit no pollutants;*® only water and
heat; while those using hydrogen-rich fuels and a reformer produce only
small amounts of air pollutants. In addition, FCV's can be twice as efficient
as similarly sized conventional vehicles and may also incorporate other
advanced technologies to increase efficiency.”

Several automakers have produced FCVs as prototypes or in limited quantities (see
http://www.hydrogencarsnow.conm/ for alist).

3 This statement is true. However, current methods for producing hydrogen from oil and coal produce
substantial carbon dioxide emissions. In principle, hydrogen could be produced from electrolysis of water
using renewables, such as  wind power. For more information, see
http://www1.eere.energy.gov/hydrogenandfuel cells/production/.
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Challenges

As with other emerging technologies, there are several chalenges to overcome
before FCVs ae commercialy viable As noted by USDOE/USEPA
(http://www.fueleconomy.gov/feg/fcv_challenges.shtml):

“Onboard Hydrogen Storage. It is currently difficult to store enough
hydrogen onboard a FCV to allow it to travel as far as a conventional
vehicle on a full tank of fuel. Fuel cells are more energy-efficient than
internal combustion engines in terms of the amount of energy used per
weight of fuel and the amount of fuel used vs. the amount wasted.
However, hydrogen gasis very diffuse, and only a small amount (in terms
of weight) can be stored in onboard fuel tanks of a reasonable size. This
can be overcome by increasing the pressure under which the hydrogen is
stored or through the development of chemical or metal hydride storage
options. Researchers are developing high-pressure tanks and hydride
systems that will store hydrogen more effectively and safely.” [Emphasis
added.]

“Cold-weather Operation. Cold-weather operation can also be
problematic since fuel cell systems always contain water, both as a
byproduct and for humidifying the fuel cell, which can freeze at low
temperatures. The fuel cells must also reach a certain temperature to attain
full performance.” [Emphasis added.]

“Getting Hydrogen to Consumers. The extensive system used to deliver
gasoline from refineries to local filling stations cannot be used for
transporting and storing hydrogen. New facilities and systems will be
required to get hydrogen to consumers-this will take significant time and
money.” [Emphasis added.]
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“Cost. FCVs are currently expensive: far too expensive for most
consumers to afford. Manufacturers will have to find efficient, cost-
effective ways to produce FCVs and the fuel cell systems they use. In
particular, they must reduce the costs of the electrolyte membrane and
catalyst-the catalyst is made of platinum-used in the fuel cell. Onboard
reformers used in some vehicles to produce hydrogen from other fuels are
also quite expensive.” [Emphasis added.]

“ Safety. Hydrogen, like gasoline or any other fuel, has safety risks and
must be handled with due caution. While we are quite familiar with
gasoline, handling compressed hydrogen will be new to most of us.
Therefore, developers must optimize new fuel storage and delivery
systems for safe everyday use, and consumers must become familiar with
hydrogen's properties and risks.” [Emphasis added.]

“Competition with Other Technologies. Manufacturers are still
improving the efficiency of gasoline-and diesel-powered engines, and
gasoline-electric hybrids are gaining popularity. FCVs will have to offer
consumers a viable aternative, especialy in terms of performance,
durability, and cost, to survive in the ultra-competitive automobile
market.” [Emphasis added.]

“Public Acceptance. Finally, fud cell technology must be embraced by
consumers before its benefits can be realized. Consumers may have
concerns about the dependability and safety of these vehicles, just as they
did with the first automobiles-which were considered a radically different
technology at the turn of the century.” [Emphasis added.]

For more information on US government research initiatives, see
http://www1.eere.energy.gov/hydrogenandfuel cell/ and
http://www1.eere.energy.gov/vehiclesandfuel s/about/partnerships/freedomcar/index.html.
These areas of research appear promising, but FCV's are till an emerging technol ogy.
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H. Theoil industry in context

a. Key points

b.  Oil and gas company returns in perspective and related matters
(includes industry profits, comparison of profitability with other
industries, taxes, investment, and owner ship issues)

C. Who owns the oil companies?
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Key points
Some of the key points made in this section include:

e The data presented in this section place oil company profits in perspective.
Specifically these data show that net returns (after taxes) as a percentage of either
sales or investment for oil companies are comparable to those for other industries.
Although oil company profits have been very large in absolute terms, these are
not disproportionate when adjusted for scale.

e The data aso show that, over the past 25 years, taxes paid were about three times
as great as net profits.

e A report by Ernst & Young, LLP, commissioned by API, concludes that over the
12-year period from 1996 to 2007, that total new investments exceeded net
income for the magor five oil companies, the 21 Financial Reporting System
(FRS) companies, and a broader oil & gasindustry group.

e Data are presented from a recent study on ownership of oil companies. A study
commissioned by API concludes that the ownership of International OQil
Companies is as follows: 1.5 percent of the total outstanding shares of these
public companies are owned by the officers and board members of those
companies (“insiders’), compared to 29 percent owned by individua investors
who manage their own holdings and who are not insiders, 42.7 percent owned or
held by mutua funds and other asset management companies that have mutual
funds, 18.1 percent owned or held by asset management companies that do not
have mutua funds, and the remaining 8.7 percent owned or held and directly
managed by pension funds, insurance companies, endowments and foundations,
banks and other financial institutions.
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Oil and gas company returnsin perspective
and related matters

Background

Recent high prices for gasoline and diesel and record oil and gas company profits
have angered consumers and prompted some in government to call for legislation to
create a “Windfall Profits Tax,” similar to that by President Carter.® This section
provides some perspective on oil and gas company profits and related matters. In brief,
the data show that today’ s record profits are commensurate with the scale of the industry.
Measured in relation to sales or investment, these profits are similar to those of other
industries. This realization may not ease the pain at the pump, but it suggests that the
policies of the oil companies are far from predatory.

Details

There are severa financial measures used to judge afirm’s profitability. The total
value of earningsin any period is not a good measure, because this fails to take the scale
of operations into account. Perhaps the simplest measure that incorporates scale is the
ratio of net income after taxes to sales. The use of after tax profits also captures the
effect of effective tax rates, which some have argued have been “too low” for the ail
industry.

Data on net income after taxes to sales are available from several sources,
including (on an industry segment by segment basis) the US Bureau of the Census. The
exhibit below shows these ratios for the First Quarter of 2008 by industry segment.?
Judged by this measure, oil and gas companies are comparable to other major US
manufacturing industries. That is, firms in the oil and gas industry earned (after taxes)
7.4 cents of every dollar, compared to 7.6 cents for all US manufacturing (8.6 cents if
automobile companies are excluded).

! See eg., hitp://www.ncpirg.org/news-rel eases/tax--budget-policy/tax--budget-policy-news/ncpirg-
calls-for-state-windfal | -tax-on-excessive-oil-company-profits. Rep. Dennis Kucinich even caled for a
100% tax on excess profits, see his web site at
http://kucinich.us/index.php?option=com_content& task=view& id=378& Itemid=2. And one of the major
presidential candidates has caled for an excess profits tax, see
http://ap.google.com/article/AL egM 5isOFwdbgOtsgatW6EvJIpkDRTI1gMgD92C64TGO.  For details on the
windfall profits tax see
http://www.taxanal ysts.com/thp/readings.nsf/ArtWeb/EDFS8D EO4ES8E4B 14852570B A 0048848B?0OpenDo
cument.

2 The source of the data is the US Bureau of the Census, Quarterly Financial Report, available
electronically at http://www.census.gov/csd/gfr/view/gfr_mg.pdf. This same comparison was made by the
American Petroleum Ingtitute, America’ s Oil and Gas Industry, Putting Earnings Into Perspective, available
electronically at http://www.api.org/statistics/earnings/upload/earnings perspective.pdf. Data on
profitability of oil and gas companiesistaken from Qil Daily.
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The data for Q1 2008 are not in any sense unique. API shows that these results
are comparable for the period 2003 — 2007.
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Net income as % sales

Source: US Bureau of the Census, Quarterly Financial Report, available electronically at
http://www.census.gov/csd/gfr/view/gfr mg.pdf
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Another measure frequently used to assess profitability is the return on
investment, defined as the net income divided by net investment in place. The figure
below, taken from API® shows that the oil and gas industry has had returns comparable to
the Standard and Poor (S&P)* Industrials over the period from 1976 to 2006.

Return on Investment (net income/net investment in place)
== S&P Industrials U.S. Oil and Natural Gas
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Source: EIA, Performance Profiles of Major Energy Producers, various issues and 2006 S&P figure compiled by PWC from Compustat data.
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And, indeed, for some segments of the oil and gas industry, returns have actualy
been lower than the S& P Industrials index. As shown below, for many years the rate of
return on investment in US refining operations have been lower than the S& P Industria
Index. Nonetheless, firms in the oil and gas industry have continued to invest in this
segment; since 1985, refining capacity has increased by 20 percent even though there are
57 fewer refineries.

3 See American Petroleum Institute, America’s Oil and Gas Industry, Putting Earnings Into
Perspective, available electronically at
http://www.api.org/stati stics/earnings/upload/earnings _perspective.pdf.

* Standard and Poor's Industrial Index is a subset of S& P 500 Index, made up of the companies in the
S& P 500 Index that are considered industrial companies.
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Return on Investment (net income/net investment in place)
e S&P Industrials U.S. Refining
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Source: EIA, Perfarmance Prafiles of Major Energy Producers, various issues and 2006 S&P figure compiled by PWC from Compustat data.

Taxes

Just as many have expressed emotions ranging from concern to outrage over oil
company profits, others have railed against tax loopholes and corporate welfare.”
Nonetheless, a more dispassionate evaluation indicates that oil and gas companies pay
substantial amounts of tax. On several occasions, the Tax Foundation® has studied taxes
paid by the oil and gas industry. As one example, the Tax Foundation completed an
anaysis of oil and gas industry taxation in 2005. The objective of this analysis was to
determine whether or not additional taxation was appropriate. They concluded in part:

“Before rushing to create a new federa tax, lawmakers should ask two
guestions:

(1) Do ail companies currently pay too little in taxes compared to profits?
(2) What was the effect of the last windfall profitstax enacted in 19807?

® For one example, see http://www.thirdworldtraveler.com/Corporate Welfare/Oil_Tax_Breaks.html.
® This is a nonpartisan educational institution based in Washington, DC, see
http://www.taxfoundation.org/about/.
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The answer to the first question is that over the past 25 years, oil
companies directly paid or remitted more than $2.2 trillion in taxes, after
adjusting for inflation, to federa and state governments—including excise
taxes, royalty payments and state and federal corporate income taxes.
That amounts to more than three times what they earned in profits during
the same period, according to the latest numbers from the Bureau of
Economic Analysis and U.S. Department of Energy. “

“These figures do not include local property taxes, state sales and
severance taxes and on-shore royalty payments.”

“The answer to the second question, according to the Congressional
Research Service (CRYS), is that the 1980s windfall profits tax depressed
the domestic production and extraction industry and furthered our
dependence on foreign sources of ail.”

If it can legitimately be argued that oil company profits are excessive and it is aso true
that taxes paid are greater than profits, can it not also be argued that taxes are excessive?

" The Congressional Research Service (CRS) report published in 2006 (located here) summarized the
results of the 1980s windfall profits tax as follows: “From 1980 to 1988, the WPT may have reduced
domestic oil production anywhere from 1.2% to 8.0% (320 to 1,269 million barrels). Dependence on
imported oil grew between 3% and 13%. The tax was repealed in 1988 because (1) it was an administrative
burden to the Internal Revenue Service (IRS), (2) it was a compliance burden to the oil industry, (3) due to
low ail prices, the tax was generating little or no revenues in 1987 and 1988, and (4) it made the United
States more dependent on foreign oil.”

If the tax were enacted again, the report states the following: “Reinstating the windfall profit tax
would reduce recent oil industry windfalls due to high crude and petroleum prices but could have several
adverse economic effects. If imposed as an excise tax, the WPT would increase marginal production costs
and be expected to reduce domestic oil production and increase the level of oil imports, which today is at
nearly 60% of demand [Note: in 2007, net imports account for 58% of petroleum supply]. Crude prices
would not tend to increase. Some have proposed an excise tax on both domestically produced and imported
oil as away of mitigating the negative effects on petroleum import dependence. Such a broad-based WPT
would tend to reduce import dependence, but it would lead to higher crude oil prices and likely to oil
industry profits, potentially undermining its original goals.”
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Net investment and net income

Ermnst & Young LLP recently completed a
study sponsored by the American Petroleum
Institute. It is titled Investment and other uses of
cash flow by the oil industry, 1996-2007.%8 This
study presents an analysis of the oil industry’s
historical investment trends and other uses of cash

Investment and other uses of cash flow
by the oil industry, 1996-2007

Prepared by Ernst & Young LLP

flow over a 12-year perIOd for the American Petroleum Institute

expenditures on property, plant and equipment
(PP&E), plus exploration expenses and research and

July Z00B

“New investment” is defined as capital

development (R&D) expenditures.  This study T} &)~

looked at three groups of oil & gas companies:

The Major Five oil companies, including BP,
Chevron, ConocoPhillips, Exxon Mobil, and
Royal Dutch Shell.

Zl ErnsT & YOUNG

rrrrrrrrrrrrrrrrrrrrrrrrr

A group of 21 large oil and gas companies

that currently report to the US Department of Energy in the Financial Reporting
System (FRS).

A yet broader grouping of the industry, which includes 41 of the largest US oil &
gas companies (i.e., the five biggest mgors, along with the other major integrated
companies, the large and medium-sized independent E&P companies, and the
larger independent refiners and diversified natural gas companies).

The study concluded that, over the period from 1996 through 2007:

The five major companies had $712 billion in new investment compared to net
income of $705 billion and cash flow from operations of $1.18 trillion.

The companies included in the FRS had new investments of $1.09 trillion over the
same period compared to net income of $948 billion and cash flows of $1.66
trillion.

The broader group of companies made new investments of $1.17 trillion over the
same pgriod, compared to net income of $974 billion and cash flows of $1.74
trillion.

8 |t isavailable electronically from the APl website at:
http://www.api.org/aboutoilgas/upload/EY _Investment Trend CY 2007 Update July 2008.pdf.

? Investment by the five major oil companies accounted for 61 percent of the broader industry group’s
investment during this period.
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Thus, the study concluded that, however the domestic oil & gas industry is defined, new
investment was more than 100% of net income over the 12-year period—in other words,
oil & gas companies are reinvesting their income.

[| Net Income [ ] New Investment

woor .

Five

21 FRS
Companies ’

Broader Qil _

& Gas Group | ’

_‘

0 02 04 046 038 | 1.2 1.4

Income or Investment ($ trillion)

Source: http://www.api.org/aboutoilgas/upload/PWC_ Sate ContributionsStudy 200107-2.pdf.
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Who owns the oil companies?

In broad terms, oil companies can be partitioned into National Oil Companies
(NOC), owned in whole or in part by individua countries and International Oil
Companies (I0Cs) which are publicly held and traded.

With respect to publicly traded oil companies, a recent (2007) study by Robert J.
Shapiro and Nam D. Pham of the Firm SONECON! offered the following answer to the
guestion “who owns the oil companies?”’

The Shapiro and Pham study concluded that, contrary to expectation, America's
oil companies are not owned by a small group of insiders. Approximately 1.5% of the
stock is held by corporate management, the balance is owned by institutional investors,
IRAs, mutua funds, pension funds, and individua investors. Here are some of the
report’ sfindings:

“Across the oil and natural gas industry, The Distribution of Ownership of
1.5 percent of the total outstanding shares U.S. Oil and Natural Gas Companies
of its public companies are owned by the
officers and board members of those
companies (“insiders’), compared to 29

percent oWned by |nd|V| dual |nV$torS Robert J. Shapiro and Nam D. Pham
who manage their own holdings and who
are not insiders, 42.7 percent owned or September 2007

held by mutual funds and other asset
management companies that have mutual
funds, 18.1 percent owned or held by
asset management companies that do not
have mutual funds, and the remaining 8.7
percent owned or held and directly
managed by pension funds, insurance
companies, endowments and foundations,
banks and other financial institutions.” UL B S E

Here is another excerpt from this report:

“These data, along with previous analyses that we conducted further
suggest that ownership of oil and natural gas company shares is broadly
middle-class.

o “42.7 percent are owned or held by mutua funds and other asset
management companies that have mutual funds. Mutua funds
manage accounts for 55 million U.S. households with a median

! See http://www.sonecon.com/docs/studies/0907 WhoOwnsQil Companies.pdif.
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income of $68,700, and the owners of mutual funds include 16
percent of households with incomes of $25,000 or less, as well as 83
percent of households with incomes of $100,000 or more.”

e “Earlier analysis found that an estimated 27 percent of oil and
natural gas company shares are held in private and public pension
funds, and these funds manage assets, directly or indirectly, on
behalf of 129 million pension-fund participants whose accounts have
an average value of $62,280. For example, some 28 million public
pension accounts in over 2,650 public employee pension funds
represent the major retirement security for current and aready-
retired soldiers, teachers, police and fire personnel, social workers
and office workers employed at every level of government. 1n 2004,
these funds held approximately $64 billion in shares of U.S. oil and
natural gas companies.”

e “An estimated 14 percent of oil and natural gas company shares are
held in IRA-type retirement accounts with an average value of
$22,465, owned by 45 million Americans.”

So, the short answer to the question of who owns the publicly traded oil
companiesis“millions of stockholders.”
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Key points

Some of the key points covered in this section include:

Technology is key to the viability (or continued viability) of many energy sectors,
including petroleum exploration and production (E&P).

There have been magjor E& P advances in the recent past, including improved
seismic exploration techniques, various types of directional drilling, use of tie-
back wells, and new production systems.

New technology is making it possible to extend production from existing oil and
gas reservoirs and to devel op resources that could not be accessed or developed in
the past.

Government oil spill statistics support the claim that there has been significant
progress in reducing the frequency and total volume of oil spills.

There has aso been good progress in reducing tanker spills.
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Technology in the Gulf of Mexico

Introduction
This section provides information on exploration -
and production (E&P) activities in the Gulf of Mexico
(GOM) with particular emphasis on new technological
developments. There are severa good source documents
on GOM activities and challenges. One particularly
useful report was released by the Minerals Management
Service (MMYS) of the US Department of the Interior |
(DQI) titled Deepwater Gulf of Mexico 2008: America’'s |
Offshore Energy Future (OCS Report MM S 2008-013,
available electronically at
http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf.

This section illustrates the “technology that drove
opportunity” in the deepwater GOM.

GOM Reserves, Production, and Related e

The GOM accounts for approximately 25.6% of domestic crude oil production
and 15% of domestic natural gas production in 2006. Perhaps of greater significance,
there have been significant additions to proven and unproven reserves as shown in the
graph below.

©2008 BP Imageshop/Marc Morrison
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Notes. Proved reserves are those quantities of hydrocarbons that can be estimated with reasonable
certainty to be commercially recoverable from known reservoirs. These reserves have been drilled and
evaluated and are generally in a producing or soon-to-be producing field. Unproved reserves can be
estimated with some certainty (drilled and evaluated) to be potentially recoverable, but there is as yet no
commitment to develop the field.

As used in the above chart, “oil” refers to both oil and condensate and “gas’
includes both associated and non-associated gas. Although there are no hard and fast
rules for what consists of deepwater, MMS uses the following conventions: Shallow
water is anything less than 1,000 feet (305 meters); Deepwater is any well greater than
1,000 ft. and less than 4,999 ft, and ultra deepwater is any well greater than 5,000 ft.
(1,524 meters). As can be seen from the above figure, the majority of the additions to
proven and unproven reserves have been in deeper waters in recent years, one of the E& P
challenges.

Asthe National Petroleum Council’ s report Facing the Hard Truths About Energy
notes (see http://www.npchardtruthsreport.org/downl oad.php):

“The U.S. Gulf of Mexico represents a clear case where the more we
know, the more attractive the opportunities for oil exploration and
discovery become. [The figure below] illustrates that our appreciation for
the scope of the potentia total Gulf of Mexico resource has grown
dramatically as deepwater production has come online.” [Editorial
changes in square brackets.]
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The NPC's statement is supported by figures in the MMS report
(http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf) showing improvement in the total
amount of unproven reserves although with fewer actual discoveries. The figure below
shows that in recent years, the amount (in barrels of oil equivaent) of proved reserve has
decreased while the amount of unproved reserves, resources, and industry-announced
discoveries has increased dramatically. The MMS study links this improvement to use of
new technology alowing for improved identification of resources and improvements in
the facilities needed to develop and transport oil and gas.
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As a visual indicator of technological progress in the GOM, consider the
production graphs below prepared from the MMS report
(http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf). The figures below show the
relative production volumes by area in the GOM for two time periods. In 1992-1993,
relatively few operations were located at depths of over 1,000 feet. By 2006-2007 the
number of operations in water >1000 feet has increased substantially. The MMS report
notes recent production continues to expand over alarger area and into deeper waters.

T T

{1992 - 1993

_— - &

LT

T50K 17

e -

Leased block
st fi {by water depth)
75N It I:_I “« I _m{} ﬁ

M = 1,000 ft

Relative volume of production from each Gulf of Mexico lease. (Bar heights are
proportional to total lease production in barrels of oil equivalent during that interval.)
Source: http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf.
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One of the attractions of deepwater development results from the progressive
change in the remaining domestic resource base. As noted in a recent National Energy
Technology Laboratory (NETL) report:*

“Industry has picked much of the Nation's “low-hanging fruit,” and
remaining resources are increasingly found both in deeper, more remote,
more complex reservoirs (high cost and high risk), or in shallow, drilling-
intensive, low-productivity reservoirs.”

And, moreover, the average production rates (for both gas and oil) of wells in the
deepwater GOM are greater than those in shallow water. Indeed, high well production
rates have been a driving force behind the success of deepwater operations. The figure at
below (taken from http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf) shows that the
average deepwater oil completion currently produces at about 20 times the rate of the
average shallow-water oil completion.
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Source: MM S OCS Report 2009-013. Deepwater Gulf of Mexico
2008: America s Offshore Energy Future

! See the NETL report at: (http://www.netl.doe.gov/technol ogies/oil -
Gas/FutureSupply/FutureSupply main.html
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The average deepwater gas completion currently produces at about 7 times the
rate of the average shallow-water gas compl etion.
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Source: MM S OCS Report 2009-013. Deepwater Gulf of Mexico 2008:
America’'s Offshore Energy Future

Deepwater oil production rates increased rapidly from 1996 through 1999 and
remained relatively steady since that time. The figure at right shows a time series (1950
— 2006) of shallow water and deepwater GOM production (MM bbl). Since 1990 oil
production from deepwater locations has increased rapidly and in 2006 accounted for
approximately 72.5% of tota 400
GOM oil production (Production
figures from OCS report 2009-
013.)

As shown, both shallow 300 |-

water and  deepwater il
production declined significantly
in 2004 and 20005. In a
production forecast report for oil
and gas in the Gulf of Mexico
from 2007 to 2016, the recent
decline in oil production is
attributed in large part to hurricane
activity (see MMS OCS Report 0
2007-020 title Gulf of Mexico Oil ' ' ' '

and Gas Production Forecast: 1950 1960 1970 1980 1990 2000 2010

2007-2016. Year

Shallow water

200

100

Deepwater

Oil produciton (MM bbl)
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This figure at right depicts

similar information for gas °
production in the GOM area. Gas 5L
production from shalow water o
areas decreased substantially since @
the mid 1990s and deepwater gas ¢ ., * [
production has increased. (It is 2 I
likely that deepwater gas é 3 3r
production will increase againasa 9 £ shallow water
result of higher oil and gas prices 2 2 -
in recent years.) 8
1 Deepwater
The bar chart below shows
the number of wells spudded in 0 : . . . .

the GOM area by depth from 1992
to 2007. The number of wells less
than 1,499 ft. has decreased in

1950 1960 1970 1980 1990 2000 2010

Year

recent years. Drilling activity (for both exploration and development purposes) has been
mainly in areas more than 1,500 ft in depth in recent years.
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Source: MMS OCS Report 2009-013. Deepwater Gulf of Mexico 2008:
America' s Offshore Energy Future
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Number of wells (exploration and development) spudded by
depth GOM, 1992 — 2007.

Depth (feet)
Year 1,000 — 1,499 1,500 — 4,999 >5,000
1992 21 11 1
1993 26 14 1
1994 19 44 1
1995 2 56 3
1996 24 76 7
1997 32 130 12
1998 33 123 11
1999 15 118 35
2000 29 144 34
2001 25 127 59
2002 20 126 45
2003 20 9% 35
2004 15 68 66
2005 6 88 26
2006 9 83 42
2007 4 82 56

Source: MMS OCS Report 2009-013. Deepwater Gulf of Mexico 2008:
America’s Offshore Energy Future
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Average annual Gulf of Mexico oil and gas production, 1950 — 2006.

Shallow Oil Total Shallow
Water Deepwater (MM % Water Deepwater Total %

Y ear (MM bbl) (MM bbl) bbl) Deepwater (Bcf) (Bcf) (Bcf)  Deepwater
1950 0 0 0 - 0 0 0

1951 0 0 0 - 2 0 2 0.0
1952 1 0 1 0.0 19 0 19 0.0
1953 1 0 1 0.0 25 0 25 0.0
1954 2 0 2 0.0 60 0 60 0.0
1955 4 0 4 0.0 87 0 87 0.0
1956 7 0 7 0.0 91 0 91 0.0
1957 12 0 12 0.0 93 0 93 0.0
1958 20 0 20 0.0 144 0 144 0.0
1959 30 0 30 0.0 224 0 224 0.0
1960 41 0 41 0.0 281 0 281 0.0
1961 56 0 56 0.0 335 0 335 0.0
1962 e 0 e 0.0 451 0 451 0.0
1963 96 0 96 0.0 561 0 561 0.0
1964 111 0 111 0.0 645 0 645 0.0
1965 136 0 136 0.0 743 0 743 0.0
1966 175 0 175 0.0 992 0 992 0.0
1967 210 0 210 0.0 1,285 0 1,285 0.0
1968 254 0 254 0.0 1,600 0 1,600 0.0
1969 292 0 292 0.0 1,950 0 1,950 0.0
1970 329 0 329 0.0 2,402 0 2,402 0.0
1971 376 0 376 0.0 2,729 0 2,729 0.0
1972 373 0 373 0.0 3,004 0 3,004 0.0
1973 366 0 366 0.0 3,312 0 3,312 0.0
1974 338 0 338 0.0 3,418 0 3,418 0.0
1975 310 0 310 0.0 3,427 0 3,427 0.0
1976 301 0 301 0.0 3,556 0 3,556 0.0
1977 284 0 284 0.0 3,767 0 3,767 0.0
1978 276 0 276 0.0 4,244 0 4,244 0.0
1979 263 1 264 04 4,668 0 4,668 0.0
1980 260 5 265 19 4,762 4 4,766 0.1
1981 260 4 264 15 4,886 3 4,889 0.1
1982 273 13 286 4.5 4,650 16 4,666 0.3
1983 294 26 320 8.1 4,034 41 4,075 1.0
1984 330 25 355 7.0 4,525 39 4,564 0.9
1985 329 21 350 6.0 4,024 34 4,058 0.8
1986 336 19 355 54 4,006 37 4,043 0.9
1987 310 17 327 5.2 4,481 44 4,525 1.0
1988 288 13 301 4.3 4,539 38 4,577 0.8
1989 271 10 281 3.6 4,604 32 4,636 0.7
1990 262 12 274 4.4 4,878 31 4,909 0.6
1991 272 23 295 7.8 4,637 58 4,695 12
1992 268 37 305 121 4,555 87 4,642 19
1993 272 37 309 12.0 4,536 120 4,656 2.6
1994 272 42 314 134 4,664 159 4,823 33
1995 290 55 345 15.9 4,598 181 4,779 3.8
1996 297 72 369 195 4,799 278 5,077 55
1997 303 108 411 26.3 4,764 382 5,146 74
1998 285 159 444 35.8 4,481 560 5,041 111
1999 270 225 495 455 4,211 846 5,057 16.7
2000 252 271 523 51.8 3,959 999 4,958 20.1
2001 243 315 558 56.5 3,879 1,178 5,057 233
2002 219 348 567 61.4 3,237 1,312 4,549 28.8
2003 211 350 561 62.4 3,000 1,425 4,425 322
2004 187 348 535 65.0 2,604 1,396 4,000 34.9
2005 141 326 467 69.8 1,960 1,190 3,150 378
2006 130 343 473 72.5 1,818 1,095 2,913 37.6

Source: MM S OCS Report 2009-013. Deepwater Gulf of Mexico 2008: America’'s Offshore Energy Future
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Technology Offshore: The Story in Brief

This section provides a brief explanation of key technologies that enable efficient
and environmentally responsible operations in the GOM and other offshore areas.
Details are provided below.

Simply put, there are four key technological developments, shown in the figure
below.

Seismic Drilling
technology technology

N\ N

Tie back Production
wells systems

-Seismic Technology

Improved seismic technology enables deep deposits to be located and mapped. In
consequence, fewer holes need to be drilled, which increases exploration efficiency and
results in less disturbance per barrel oil produced. Improved seismic technology includes
more efficient collection of data and improved ways to process data.

Survey ships tow multiple arrays
which collect data more efficiently
and develop data that is more
useful to geologists seeking to
understand which undersea
formations might hold oil and gas.
As discussed below, the industry’s
first wide-azimuth, multi-vessel
towed streamer seismic survey was
used at Mad Dog to maximize
illumination of producing horizons.
This new style of data delivered a
step change in subsalt imaging.
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Figure from Michell, S,, Sharp, J., and Chegotis, D., (2007). Dual azmuth versus
wide-azimuth technology as applied in subsalt imaging of Mad Dog Field- a case study.
The Leading Edge, 26(4): 470-478.

Compare and contrast: The
picture at left shows the
difference between
conventional narrow azimuth
imagery and that produced
using a wide azimuth towed
streamer. The object is to be
able to see domes or
upswellings beneath the salt
layer, which are more evident
in the image developed using
from wide azimuth towed
streamers.

Additionally there are
now more efficient ways of
manipulating and displaying
data to make it easier to
visudize  the  geologica
environment and the location
of exploration and
development wells.

Historically, two-
dimensiona (2D) seismic data
were processed and
interpreted.  The difference
between 2-D and 3-D seismic
lies in the number of vibrations
from  which meani ngful
information can be calibrated.
With 2-D, collectors aong a
line of vibrations provided a
picture that was a cross-section
- a dice - of the rock
formation. With 3-D, the
collectors cover a grid, not just
a line. With thousands of times
more data points, geoscientists
can map a cube, creating a 3-
dimensional computer image
of the formation. Although 3-D
collection and processing is
many times more expensive
than 2-D, it also increases the
information  content. The
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picture above shows the results of advanced data processing. This shows the salt layer
above the oil bearing strata and the location of various wells that have been drilled.

-Drilling technology

Advances in drilling technology, including directional and extended reach drilling
make it possible to access fields from miles away and to reduce the visua footprint of
E&P activities.

Wytch Farm

==

Drilling Depth
(Thousand Feet)

Wytch Farm
ThunderHorse
GOM Exploration

0 10 20 30 40 50

Drilling Reach
(Thousand Feet)

Source: 2008, BP

The above graph shows the technical capability (also termed the “drilling
envelope’) in terms of the total vertical distance and the “departure” deflection. The
diagram shows the current state of the art for the entire industry although some BP assets
are shown in the graph. Thus, for example, wells drilled to 10,000 ft deep can have a
horizontal departure of 35,000 feet (nearly 7 miles). However, BP intends to use ultra
extended reach drilling (UERD) for the Liberty prospect in Alaska. Use of UERD enables
the field to be developed from onshore and avoid the need for offshore islands.
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-TieBacks

Sub-sea tiebacks allow multiple wells/fields to connect to one surface platform.
Tiebacks can connect fields many miles away. Among other benefits, this means that
fewer platforms are required, which increases efficiency, lowers the visua profile, and
enhances navigation safety. Shown below is a depiction of the Na Kika field
development. The project is a subsea development of the fields which are from 5,800ft to
7,600ft below sea level, tied back to a centrally located, permanently moored floating
development and production host facility situated on Mississippi Canyon Block 474
approximately 144 miles southeast of New Orleans, LA.

WEélls vary in distance from five to 12 miles away from the platform and are
connected by a series of tiebacks. Na Kikas ten satellite subsea wells — drilled over a
two-year period — tie back to the platform using some 90 miles of flowlines. The 29-mile-

MOST PLATFOAN

; £ BRIEL FJELD NERRCEEL
KEPLER HELD _Hua |
EOiloMn Fieio

FOURIER FiELR

. ANSTEY FIELD

2008, BP

long north oil loop consists of ten 16” pipe-in-pipe insulated flowlines. The 26-mile-long
south oil loop isof eight 12" pipe-in-pipe insulated flowlines. The 32-mile-long south gas
loop consists of 8” uninsulated flowlines.
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-New production systems

The fourth maor area where technological improvements is production systems.
As attention has shifted to prospects in deeper water, new production systems have been
developed. Each of these shown in the above illustration (discussed in the following
more detailed section) is suitable for different conditions. For example, fixed platforms
are limited to approximately 1,700 ft depth. Any facility at greater depth requires some
other system. As a second example, floating production systems at fields that produce
both oil and gas but are far removed from onshore oil refineries use onboard storage
capacity to store produced liquids. Liquids are subsequently offloaded to a small tanker
for delivery to a refinery and gas is be shipped to shore via pipeline and used directly.
This type of facility and other developing production systems are is discussed in more
detail below. All of these systems can be used without permanent visual impact.

Deepwater Systems

2008, BP
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Technological challenges/opportunities

A whole new host of
technological “firsts’ have been required
to bring deepwater Gulf wells online.
Deeper reservoirs — starting at 25,000
feet beneath the seabed — are high-
pressured and very hot.! And the Gulf
offers up a seemingly endless variety of
other challenges such as swift currents,
complex geology, salts, and the potential
formation of ice-like hydrate crystals and
waxes inside equipment and lines.

-Technological firsts

Imaging teams routinely construct detailed 3D geological models that are used to
test seismic acquisition survey designs and algorithm performance. This large-
scale use of seismic modelling creates a distinct advantage in evaluating new
seismic technol ogies.

New this year to the Atlantis field is deepwater ocean bottom (OBS) nodes
seismic acquisition, which places a new type of innovative seismic sensors that
work on the seabed in degpwater. The Atlantis survey is the largest, deepest OBS
survey ever acquired by industry.? The “nodes’ approach is explained as follows
(source:

http://www.bp.com/genericarticle.do?categoryld=9013611& content!d=7021423).

“Rather than using a large array of receivers on streamers towed
behind a seismic boat to record data, the Nodes approach uses a
relatively small number of receivers placed on the sea floor. These
record the seismic wavefield from a dense grid of shots generated by a
single source boat sailing over the area. The nodes themselves are
specially designed geophones — receivers that collect various types of

1 Mmms (http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf) had this to say about the high

temperature/high pressure environment: “High-pressure, high-temperature (HP/HT) development is one of
the greatest technological and regulatory challenges to the oil and gas industry today. The basic building
blocks of structural integrity are being challenged. Metals and elastomers that have been in use for many
years now face unique environmental conditions. The MMS is working with industry to evaluate the risks
and set limits to mitigate these potential hazards. The MM S is also sponsoring research and participating in
internal and industry related conferences to stay at the forefront of new technology, and MMS is actively
involved in developing options that will best promote human safety and environmental integrity. High-
pressure, high-temperature compounds the technological challenges faced in deepwater exploration and
especialy in deepwater completion and production. Consequently, there is tremendous potential for growth
and development in the HP/HT area.”

2 For more information on this development see http://www.aapg.org/expl orer/2006/09sep/nodes.cfm.
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seismic wave data from the subsurface. The hardware is adapted from
instruments more commonly used to study earthquake seismology, and
never before applied in an oil and gas arena. Each node is like a small
‘space probe and incorporates its own power source, computer and
clock to alow it to act as an autonomous recording unit. To carry out
a survey the nodes are placed in a suitable pattern on the sea floor by
an industry-standard remotely operated vehicle (ROV), a small,
surface-controlled submarine. While a source boat sails back and forth
over the area, the nodes sit on the ocean floor listening and collecting
data. After the survey they are recovered by the ROV, and the data are
retrieved and processed. The first Nodes field trial, involving 900
nodes, is currently taking place over the BP-operated deepwater
Atlantis field, situated in over 2150 meters of water in the Gulf of
Mexico.”

The industry’s first wide-azimuth, multi-vessel towed streamer seismic survey®
was used at Mad Dog to maximize illumination of producing horizons. This new
style of data delivered a step change in subsalt imaging. Also in Mad Dog, BP
conducted the first vertical seismic profile (VSP) on a single derrick rig without
causing a break in drilling operations — resulting in significantly reduced
acquisition costs.

Industry conducts drilling and completion activities (making wells ready for
production) simultaneously and allowing new fields to be brought online sooner.

Smart well technology alows changes in the way wells are produced without
having to re-enter wells, an enormously costly process.

Developments in well hardware protect wells from the extremely high pressures
and high temperatures encountered in the deepwater Gulf reservaoirs.

New technology makes it possible to produce smaller fields using tie-backs to hub
facilities miles away. These fields can be operated using the latest in fiber-optic
and automation technology. Tiebacks allow development of fields previously
considered uneconomical.

Researchers are examining ways to replace standard electro-hydraulic control
systems on subsea wells with all-electric subsea production control systems. BP
recently completed a successful trial of the world's first subsea all-electric tree

3 For more information on this survey See

http://scitation.aip.org/getabs/servl et/ GetabsServl et ?prog=normal & i d=L EED FF0000260000040004500000
01&idtype=cvips& gifs=yes, http://gsa.confex.com/gsa/2008AM /final program/abstract 144293.htm,
http://www.geoaktuelt.no/sfiles/14/34/1/fil e/sei smicimagi ngtechnol ogy.pdf, or
http://www.bp.com/generi carticle.do?categoryl d=9013611& contentl d=7021423.
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and control system, which ultimately will lead to higher reliability and lower
subsea fluid emissions.

Researchers are also looking at ways to change the chemistry inside tieback
flowlines to keep hydrocarbons flowing toward production platforms. “Cold
flow” would mean that tie-back flow lines could be installed as uninsulated bare
steel pipe without the risk of them becoming blocked and losing production.

-Robotsto the rescue

No matter how high-tech an operation becomes at any water depth, physica
inspection and routine maintenance still are required. Water depths of 10,000 feet are not
suitable for divers, so industry uses robots to monitor subsea facilities.

Ultra deepwater prospects require state-of-the-art diving vessels, such as tethered
ROV’s or more experimental untethered AUV’s (autonomous underwater vehicles).
Robot technologies alow industry to redlize significant cost savings and free up
intervention vessels and rigs for work on other tasks.

In the near future, AUVs will be equipped with enough onboard intelligence to
automatically carry out a variety of tasks needed by the oil and gas industry. As
technology matures, it will provide industry with low cost, rapid access to particularly
remote subsea facilities.

Other technological innovations

The MMS 2008 report (http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf)
also identifies other technologies that are promising for deepwater applications. MMS
noted that new technology applications have addressed all areas of deepwater activities
including drilling, completion, production and workover operations. Two technological
advances are of particular interest in the GOM: subsea pumping and separation systems
and disconnectable internal turret systems. Short descriptions (taken from the MMS
report) of these two systems are shown below:

“-Subsea Pumping and Separation

Subsea pumping and separation have been identified by the industry as
key enablers in improving ultimate recovery from deepwater fields in the
GOM. The MMS has approved one application for the King Field, which
involved subsea pumping operations’ [and approved the Cascade-Chinook
plan for floating production, storage, and offloading (FPSO) and is
currently evaluating the application for the Perdido Regional Devel opment
hub for subsea pumping.] “The pumps will boost the operating system
pressure, lowering flowing tubing pressures at each well, thereby
increasing flow rates. Shell, BP, and Petrobras are just a few of the many
operators using or considering the use of subsea boosting to increase
production and extend field life, ultimately increasing hydrocarbon
recovery. Two subsea pumps and associated equipment were installed by
BP at the King Field. This installation set a new record for both water
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depth and tie-back distance. The pumps are located at a water depth of
approximately 5,500 ft (1,676 meters) and reside more than 15 mi (24 km)
from their host, the Marlin tension-leg platform (TLP). The pumps were
put into service in December 2007.” [Acronyms defined.]

“-Disconnectable Internal Turret System

The turret is the primary interface between a weathervaning, floating
production facility and the “stationary” mooring, riser, and subsea
systems. The turret acts as the primary load path between these systems.
Since the production facility may not be designed to stay on location
during a severe storm or hurricane, the turret can be disconnected to allow
the facility to sail away from its mooring system. The turret and subsea
systems remain on location at a safe depth below the water’s surface. The
concept of a disconnectable, internal turret system was approved by MM S
in the conceptual plan for the Cascade and Chinook Fields. The MM S will
require that a bubble-tight, shut-down valve remain with the submerged
buoy and a separate bubble-tight, shut-down valve remain with the
facility. The MM S will also mandate that the piping located between these
valves be able to be flushed before a planned disconnection, thus
preventing the release of any liquidsto the Gulf’s waters.”

Development systems

The MMS report (http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf)
also provided a useful summary of development systems in use in the deepwater
GOM:

“Development strategies vary for deep water, depending on reserve size,
proximity to infrastructure, operating considerations (such as well
interventions), economic considerations, and an operator’'s interest in
establishing a production hub for the area.”

The figure below (reproduced from the MMS report), shows the location of existing
deepwater structures by type in the GOM. The various types of structures are explained
below.
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Source: http://www.gomr.mms.gov/PDFs/2008/2008-013.pdf

Each of these structures has an appropriate depth range:

Fixed platforms (e.g., Bullwinkle) have economic water-depth limits of
about 2,000 ft (610 m).

Compliant towers (e.g., Petronius) may be considered for water depths of
approximately 1,000 to 2,000 ft (305 to 610 m).

Tension-leg platforms (e.g., Brutus, Magnolia, and Marco Polo) are
frequently used in 1,000- to 5,000-ft (305- to 1,524-m) water depths.

Spars (e.g., Genesis and Red Hawk); semisubmersible production units
(e.g., Na Kika); ship-shape, disconnectable floating production units
(FPU’s); and FPSO systems may be used in water depths ranging up to
and beyond 10,000 ft (3,048 m).
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The figure shown below provides a graphic representation of the various types of
production systems. The materia given below (taken from the MMS report verbatim)
provides a description of each type of platform.

“-Fixed Platform

A fixed platform consists of a welded tubular steel jacket, deck,
and surface facility. The jacket and deck make up the foundation for the
surface facilities. The jacket is secured by piles driven into the seafloor.
The height of the
platform IS
dictated by the
water depth at the
intended location.
Once the jacket is
secured and a

deck is installed, L
.. Platform
additional (FP)
modules ae Compliant
added for drilling, Tl"cf
production,  and 30 e S
crew operations. Platform Leg Platform

Large barge- (TLP) (Mini-TLP)
mounted  cranes
ae  used in
positioning  and
securing the
jacket and the
instalation of the

topside modules. 3 Storage &
Economic ) T
considerations
hinder
development  of
fixed (rigid)
platforms in water :
depths greater /Floating Production ™
than 2,000 ft (610 | S =L LELE

m).” -
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“-Compliant Tower

A compliant tower consists of a narrow tower and a piled
foundation. Unlike a fixed platform, a compliant tower has greater
flexibility and can withstand large lateral forces by sustaining significant
lateral deflections. It is usualy deployed in water depths between 1,000
and 2,000 ft (305 and 610 m).”

“-Tension-Leg Platform

A tension-leg platform (TLP) is a compliant structural system
vertically moored and uses buoyant components to maintain tension in the
mooring system. ConocoPhillips successfully installed the deepest TLP in
the world at Magnolia (Garden Banks Block 783) in December 2004 in
4,674 ft (1,425 m) of water.”

“-Semisubmer sible Production Unit

A semisubmersible production platform is a floating system that
may have drilling capabilities. It comprises the following major
components: pontoons, columns, and a large deck. The pontoons and
columns provide buoyancy to the system. Production equipment, living
guarters, and storage space are assembled on the deck. Semisubmersibles
are permanently moored, using various anchoring techniques, and can be
operated in a wide range of water depths. Independence Hub, the world's
deepest semisubmersible production unit, was installed in approximately
8,000 ft (2,438 m) of water. Located in Mississippi Canyon Block 920,
this facility has the capacity to produce 1 Bcf/d from up to 27 flowlines.
Currently, 15 wells are on production in 10 different subsea fields. The
water depths of the wells range from 7,787 ft (2,373 m) at San Jacinto to
8,960 ft (2,731 m) at Cheyenne. Another deepwater semisubmersible to
gain world wide interest is the Thunder Horse Facility. As the world's
largest semisubmersible production unit, the 59,500-ton Thunder Horse
production, drilling, and quarters (PDQ) unit, arrived in the GOM in 2004
from Korea. The topside modules, fabricated in Morgan City, Louisiana,
were installed in Ingleside, Texas. The Thunder Horse unit was nearly 4
years in the making and will develop the largest discovery ever made in
the GOM. When fully operational, the unit will be capable of producing an
astounding 250 Mbo/d and 200 MMcf/d. The instalation of Thunder
Horse (Mississippi Canyon Block 778) was delayed by Hurricane Dennis
in 2005 and by metallurgy issues in 2006 and 2007. Thunder Horse is
expected to begin limited production in 2008 with additional wells going
on production in 2009.”
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“-Floating Production Unit (FPU) and Floating Production, Storage,
and Offloading (FPSO) Facility

An FPU (floating production unit) is traditionally a ship-shape
vessel capable of processing production from subsea facilities, but without
storage capability. Some gas is used to fuel the vessel, and the excess gas,
aong with al the ail, is transported to market via export pipelines.
Similarly, an FPSO (floating production, storage, and offloading facility)
is traditionally a ship-shape vessel capable of processing production from
subsea facilities, but it has the capacity to store produced fluids and
offload via a shuttle vessel at a later date. Gas is used to fuel the FPSO
with the excess being exported via an export pipeline. An FPU and FPSO
may be moored via conventiona mooring lines, synthetic mooring lines,
or may be dynamically positioned. Mooring lines and risers are connected
to the vessel via a disconnectable turret/buoy system (DTS) for al the
currently proposed GOM facilities. This allows the ship to sail to a safer
location during an extreme weather event. The DTS, including the
mooring lines and risers, remain submerged at a pre-determined depth
after disconnection. This minimizes the impact of extreme weather
situations and does not impede marine transportation. The GOM'’s first
application for the use of an FPSO was submitted in May 2007. Petrobras
America Inc. plans to develop the Cascade and Chinook Fields located in
Walker Ridge with a moored, disconnectable FPSO. Production from the
fields' subsea wellsis transported via flowlines to the free-standing hybrid
risers (FSHR), another first for the Gulf. These risers are connected to the
FPSO through the DTS. Gas will depart the FPSO via an export FSHR to
the export pipeline. Oil will be stored on the facility until it is periodically
offloaded to a shuttle vessel for transshipment to onshore receiving
terminas. First oil from both fields is expected in 2010 with further
expansion possible in the future. In anticipation of this application, MMS
and the U.S. Coast Guard (USCG) developed a new Memorandum of
Agreement (MOA) for floating production facilities. This agreement lays
the groundwork for determining each agencies regulatory responsibility.
Another first for the GOM was Energy Resource Technology, Inc.’s
application for a ship-shape, dynamically positioned (DP), disconnectable
turret FPU for the Phoenix development. The disconnectable turret system
on this facility is not designed as a structural mooring component because
of the DP capability. Since there is no storage capability on the FPU, oil
and gas will be transported via export risers to pipelines.”

“-Spar

A spar isavessel with acircular cross-section that sits vertically in
the water and is supported by buoyancy chambers (hard tanks) at the top, a
flooded mid-section structure hanging from the hard tanks, and a
stabilizing keel section at the bottom. A spar is held in place by a catenary
mooring system, providing lateral stability. Currently, there are three

USEnergy in Context: Page |-24 of 45
Data and Analysis of US Energy Supply, Production and Consumption



competing versions of spars used in the GOM: classic spar, truss spar, and
cell spar. Shell Offshore Inc. recently announced that they will be
instaling the deepest spar production facility in Alaminos Canyon. The
Perdido Regiona Development hub will be located in about 8,000 ft
(2,438 m) water depth to develop the Great White, Tobago, and Silvertip
Fields. Once operating at full capacity, Perdido will be capable of
handling 130,000 BOE/d.”

“-Subsea Systems

Subsea systems are capable of producing hydrocarbons from
reservoirs covering the entire range of water depths that industry is
exploring. Subsea systems continue to be a key component in the success
in deep water to date. In fact, 85 percent of all currently producing
deepwater fields utilize subsea systems ... These systems are generally
multi-component seafloor facilities that alow the production of
hydrocarbons in water depths that would normally preclude installing
conventional fixed or bottom-founded platforms. The subsea system can
be divided into two major components: the seafloor equipment and the
surface equipment. The seafloor equipment will include some or all of the
following: one or more subsea wells, manifolds, control umbilicals,
pumping or processing equipment, and flowlines. The surface component
of the subsea system includes the control system and other production
equipment located on a host platform that could be located many miles
from the actual wells. The economics of deepwater development have
improved by connecting multiple subsea projects to a single hub. For
example, the Independence Hub facility supports 10 separate producing
fields.”

Pipelinesand related

Deepwater development creates technology challenges for pipelines (including
materials, coatings, methods of construction and route selection?) as well as new
generation pipelaying vessels, laying techniques, improved piping and welding technology,
and improved methods to repair pipelines.> MMS has an active research program related
to deepwater pipelines (see e.g., http://www.mms.gov/tarproj ectcategories/pipeline.ntm).

A July 2008 article in the Journa of Pipeline Technology summed up these
challenges with respect to materials of construction as follows (http://www.spe.org/spe-
site/spe/spe/pt/2008/07/09T echUpdate. pdf):

* For an interesting article on route selection in the Gulf of Mexico, see

http://www.cctechnol.com/upl oads/otc16633.pdf.
® For an interesting article on repair of a deepsea pipeline in the GOM, see
http://www.oilonline.com/news/features/oe/20060606.Life on .21396.asp.
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