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Welcome Address

Richard Campbell, Regional President, BP Alaska

Thank you, Mike, I'm very pleased to be here along with Lt. Governor Fran
Ulmer and my industry colleagues to open this important symposium
focused on gas conversion. Let me just say, this organizing committee is
renowned in the industry for picking the most exotic destinations in the
world to hold its conferences [the most recent being Taormina, Sicily and
before that Kruger Park, South Africa] and once again, they have come
through with a stunning location. Obviously, people in this group have self
approval their expense accounts.

This morning I’d like to briefly discuss two phenomena that are intricately
intertwined in BP’s current North Slope activities and, I’m told, in the
human experience — middle age and gas. I confess that I’'m relying on
second-hand information in the case of the latter, and will not be able to
confirm it from personal experience until I’ve actually reached middle age
myself.

“Middle age,” in the context of our North Slope activities, relates to oil
production. Next year at this time, North America’s largest oil field will be
celebrating 25 years of production. Since oil first began flowing from the
North Slope in June 1977, Prudhoe Bay has produced more than 10 billion
barrels of crude. And while this is a billion barrels more than experts at the
time projected Prudhoe would yield in its entire field life, we’re confident
we’ll be able to produce at least another 3 billion barrels.

Meanwhile, the North Slope has spawned several others of the largest oil
fields in North America, including Kuparuk, the second largest. But oil
production on the North Slope has been steadily declining since Prudhoe
began its decline more than a decade ago. Today, most of the other major
fields on the North Slope are in decline as well. Logic suggests that at this
advanced stage of life for North Slope oil production, this trend inevitably
will continue. But in this case, logic leads to the wrong conclusion.
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At BP, we are moving ahead with plans to increase our North Slope oil
production by nearly 20% by 2002 — from 300,000 to 350,000 barrels per
day. We plan to accomplish this with the startup of the Northstar field late
this year, satellite field developments, developing the huge viscous oil
resource overlying the main producing reservoir at the Milne Point and
Kuparuk fields, and sustaining core production thru drilling and well work.
Our goal is to sustain production at this higher level at least thru the
remainder of the decade. Not a bad story for what is considered to be a
mature asset.

Over the longer term, we also have an aggressive goal for Prudhoe Bay:
transforming it from the largest oil field in North America into the largest oil
and gas field in North America. Our optimism is fueled by surging demand
in Lower 48 markets and higher natural gas prices over the past year or so.

As you know this is a very high-intensity time for gas in Alaska, with a
tremendous amount of activity centered around evaluating the options for
monetizing the 36 trillion cubic feet of proven gas resource on the Slope.

BP, Phillips, and ExxonMobil — the three major North Slope gas resource
owners — are working together to prove the viability of a gas pipeline to
deliver North Slope gas to growing Canadian and U.S. markets. BP believes
that this option will return the highest value for all stakeholders and land
natural gas in Lower 48 markets at a cost that will make it competitive with
other supply sources. If all goes well, we will have an application filed with
the Federal Energy Regulatory Commission in the U.S. and the National
Energy Board in Canada in the not-too-distant future.

But what about gas-to-liquids? BP believes the potential market for GTL is
huge. We think 25 world-scale plants could be commissioned by 2015.
Graham McNeillie will be providing an overview of the role of gas
conversion in the gas economy in a few minutes, so I’ll keep my comments
focused mainly on our GTL activities in Alaska.

We are well under way with construction of our $86 million GTL plant in
the Nikiski area of the Kenai Peninsula. Many of you will have the
opportunity to visit the- site as part of the tour program, so you will get a
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first-hand view of progress to date. With construction of this plant, a major
portion of BP’s global GTL program has now shifted to Alaska.

We are very excited about this facility. The plan is to start up in the first half
of 2002 and produce 300 barrels of syncrude per day from 3 million cubic
feet of gas. More importantly, this facility will test the compact reformer
technology developed by BP and our partner Kvaerner. We have high hopes
that this technology will achieve a step change in GTL costs — cost reduction
being a key focus of BP’s GTL program. We are also confident the industry
at large will continue to develop technology that will make GTL a growing
business in the years ahead. In fact, a good portion of the leadership to
achieve this is probably in this room.

I'm often asked if BP is planning to build a commercial GTL plant in
Alaska. GTL is one of three options we are evaluating, along with a gas
pipeline and LNG. Certainly the pipeline option is farthest along and the
one we think holds the greatest potential in the near term. However, we
believe that once one gas project moves forward, there will be considerable
exploration for gas and more gas discovered. How much more? Estimates
range as high as 100 trillion cubic feet of potential gas reserves on the North
Slope. Under this scenario, there could be multiple projects to market North
Slope gas.

After nearly a quarter of a century of production and more than 13 billion
barrels of oil produced on the North Slope overall, many people would have
thought our Alaskan operations would be in the geriatric ward. Instead,
they’re in the prime of their lives, revitalized by new technologies and new
opportunities for oil development and the longer-term prospect of gas
commercialization.

At BP, we’re very proud of our long history and relationship with Alaska
over the past 40-plus years, and we’re equally proud to be part of a very
bright future here. Alaska offers an opportunity-rich environment for the
next 40 years and beyond.

Thank you, and enjoy the remainder of the program.
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The Role of Gas Conversion in the Gas Economy

Graham McNeillie, Vice President, Global Gas Technologies, BP

Abstract: The world’s plentiful gas supply sources, continued technological innovation, the desire for less
carbon - intensive fuels, and the need for cleaner air in urban areas, will continue to ensure an increase in the
importance of natural gas to the development of world, regional and country economies. Looking into the
future one can now envision an economy powered principally by natural gas. This Gas Economy would be
supplied from a truly global market consisting of large gas reservoirs geographically spread but linked to
consumers by such options as gas pipelines and LNG but also by large tankers carrying liquid or solid
products manufactured from gas via gas conversion. In this gas world, the role of natural gas conversion is
to not only provide another option to monetize gas for existing markets, but also to create new markets. The
opportunity presented by gas conversion is enormous.

Looking further ahead to possible breakthroughs that might come out of fundamental university research
being conducted today, one can envision new lower energy routes to fuels, olefins, polymers, and aromatics
that avoid the high-energy syngas step. These will both further reduce manufacturing costs and lower the
environmental impacts.

1.0 Introduction

It is easy to look back into the past and review the history of fossil fuel use. For most of history, man’s chief
energy source has been wood, which was initially plentiful in supply. But by 1700, growing population and
deforestation led to an energy crisis in the developed world that inspired entrepreneurs to mine and market
coal, which ultimately fuelled the Industrial Revolution. Coal remains a widely used fuel today with some
25% of world primary energy demand being satisfied by coal. However by the mid-19th century the then
perceived dwindling of coal resources - together with a shortage of whale oil for lighting - again led
entrepreneurs in the developed world to seek new sources of energy supply. With continued innovation and
technological advances, such as the development of the internal combustion engine, oil quickly grew into a
dominant fuel and today we see oil providing some 40% of world primary energy demand. Because of
increasing environmental demands for cleaner and cleaner fuels, natural gas, the cleanest fossil fuel has
rapidly gained significant market share over the last few decades. Currently some 25% of world primary
energy demand is satisfied by gas but this component is growing disproportionately quickly relative to coal
and oil.

It is more difficult, of course, to look into the future to predict the exact mix of fossil fuel use in the world
economy in the coming decades. Nevertheless, plentiful gas supply sources, continued rapid technological
innovation and transfer, the desire for less carbon intensive fuels, and liberalising markets all point to a
significant increase in the use of gas as an energy source. Looking into the future one can now easily
envision an economy powered principally by natural gas - the Gas Economy.

One can view this change in the fossil fuel mix with time as a journey towards the cleaner, lower carbon,
energy sources required for Sustainable Development. The Gas Economy is thus a major stepping-stone
between the older economies of wood, coal and oil and the economies yet to come of renewables and
hydrogen, which still require significant further technology development before they are a true economic
option on a global scale.
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In this paper, we will focus on the role of gas conversion. It is anticipated that over the next ten to twenty
years our vision of a world powered by gas will increasingly become a reality.

2.0 Definition of Natural Gas Conversion

GTL or Gas To Liquid technology has unfortunately become synonymous with Fischer Tropsch technology.
It is up to all of us in the gas conversion community to continue to point out the many business options and
the rich chemistry in the conversion of natural gas to liquid fuels, fuel additives and chemical feedstocks.
Today, the route to liquid (or
even solid), higher value
products from gas is through
conversion via synthesis gas
(syngas). Two basic types of

Stranded Gas liquid products can be
_ (CH4) manufactured, namely

s hydrocarbons via Fischer-
P Acetic aci
% T e Tropsch Synthesis (FT) and
’ ’ ’ i ) oxygenates such as methanol
Fuels/

and dimethyl ether (DME).
Today, gas conversion is the
basis of sizable industry
consuming the equivalent of
Ut CloanDiesel 0 €O / IE & Sl 4TCF of gas a year which is
Ciicios, ik 1 it about the same amount as is
Polyethyiene monetized in the LNG
Ethylene Glycol . .
Alpha-olefins industry. The major product
Substitute is hydrogen for both use in
refineries and for use in the
production of fertilizer (ammonia/urea). It is a little appreciated fact that natural gas conversion to fertilizer
is critical for the feeding of the world’s 6 billion people. Methanol is the other key product manufactured
commercially for may decades currently serving the high value chemicals and fuel additives market in the
production of formaldehyde, acetic acid and MTBE. DME is a small volume special chemical today used
predominantly as an environmentally-benign aerosol propellant replacing the ozone depleting
chloroflurocarbons used in the past. It is anticipated, however, that these oxygenates will eventually serve
many large fuel markets including the electrical power market, the transport and the domestic fuel market.
These oxygenates can also serve as key building blocks for a gas-based chemical industry as discussed
below.
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3. The Role of Natural Gas Conversion

The role of gas conversion is primarily (1) to provide another option for bringing remote gas to the market,
and (2) to create new markets for natural gas via advanced, cleaner and lower cost products.

3.1 Another Option to Bringing Gas to Market

Having found and produced the natural gas at the lowest cost, it is necessary to deliver it from the wellhead
to the customer who can be separated from the source of the gas by many thousands of kilometres.
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Most of the world’s gas production is brought to the market via pipelines but the high cost of gas pipelines
limit the connection of gas resource and market to less than about 5,000 kilometers. The only other
commercially viable transport means today is Liquefied Natural Gas (LNG) where methane is liquefied at -
162° Centigrade, shipped to market in heavily insulated tankers and regasified for use in conventional gas
markets such as power generation and domestic applications. Another new means of transport is Gas By
Wire. Electricity is generated at the point of the gas resource, AC voltage is converted into DC, transported
up to a few thousand kilometres to the customers where the DC voltage is converted back into AC. Although
transmission  losses  are
significantly lower for DC
than AC current Gas By Wire

has so far found limited
« Another Option to Bring Remote Gas to Market applications for distances for

distances smaller than about
5,000km.

Gas Conversion or GTL will
provide another important
means to bring remote gas
resources to far away markets.
Liquid hydrocarbons,
paraffinic distillates, methanol
or DME can be easily and
cheaply shipped over large
distances similar to the
Natural refined petroleum products of

Gas today. These natural gas
derived fuels have to compete
with conventional fuels in the market place that pays little to nothing of a premium for the cleaner GTL
fuels. However, up until very recently, gas derived fuels could not compete with the conventional fuels
because chemical conversion of gas has been and still is expensive. The methane molecule is chemically very
stable and requires significant amounts of energy and sophisticated catalyst systems to break and convert
into higher molecular weight, liquid products. Significant cost reductions from improved technologies and
economies of scale have moved GTL to the point of commerciality today. On-going efforts in all gas
transport options are driving costs for all options down thereby allowing us to economically form new
linkages between major gas resources and key regional markets. Alaska is an excellent example of where
several gas-to market options are being actively considered and are likely to be utilized.

3.2 Creation of New Markets and Improved Products

From an “Upstream” or gas resource holder perspective, another major role for gas conversion is to create
new markets for gas-derived products. For instance, products such as FT ultra-clean diesel and lubricants
open up the very large transportation market to natural gas. Natural gas by itself has and will only find niche
applications as CNG and LNG in the transport sector. Methanol/DME can open up the markets for olefins
and fuel cells; DME for power generation, LPG substitute for domestic fuel, and transportation fuel;
dimethoxymethane (DMM) as a fuel additive and hydrogen for fuel cells. From a customer perspective, all
these products offer environmentally superior and lower cost energy solutions. Natural gas conversion is the
foundation of a gas-based chemical industry and a gas-based “refinery”, and a source of fossil hydrogen as a
bridge to the hydrogen economy using sustainable energy sources. The opportunity presented by gas
conversion is enormous. Some have estimated the potential at up to 2 MMBPD by 2015 converting
approximately 20 billion cubic feet of gas per day and requiring plant investments of about $40 billion!
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4.0 Gas-based Products for the Transport Sector

Nearly 20% of the world’s primary energy demand is for transport fuels, the vast majority of which is
currently satisfied by oil-based products. This represents a potential major new market for gas. To date only
a small fraction (ca 1%) of the world’s 600 million plus vehicle fleet is powered by Compressed Natural Gas
(CNG) or Liquefied Petroleum Gas (LPG). CNG and LPG have proved economic in niche applications for
fleet vehicles such as buses and taxis. This type of market is expected to grow, particularly in urban areas
where the environmental benefits of gas-based products are important for local air quality. However,
because of the difficulties of storing gaseous products on board vehicles CNG and LPG are likely to remain
niche products in the future, even though such niche application are anticipated to grow.

The production of clean diesel via GTL-FT, other ultra-clean fuels, such as DME for diesel engines, and fuel
additives such as DMM, which is in the developmental stage, will open up huge markets for natural gas.
You will hear more about markets for GTL-FT and GTL-oxygenates in presentations this week.

The main replacement for the
internal combustion engine
for  mass-market vehicle
applications is thought to be
Pl the fuel cell. Most of the

Diesel Engine world’s  large automotive
(High Cetane Fuels) companies, ‘ often in
partnership  with  potential

« Synthetic Diesel (FT) fuel suppliers, have been
<DME actively developing the fuel
- DMM cell and expect to have
commercial vehicles
available by 2004. However,
it will take a decade or two
before a significant fraction
of the world fleet is powered
by fuel cell vehicles.

Fuel cells require hydrogen
as a source of fuel and natural gas is a ready hydrogen source. Initially the hydrogen could come from gas-
derived methanol or DME (in conjunction with an onboard reformer or with “direct” cells) and later
directly from hydrogen gas once the problem of onboard gas storage has been solved. Overall within the
next decade gas-based products are expected to play an enhanced role in the transport sector.

5.0 Chemicals Market

Currently, some 5% of world gas consumption is used for chemicals manufacture, principally for ammonia,
hydrogen for refineries and methanol. However recent advancements in low-cost manufacture of methanol
will provide an attractive alternative source of olefins to those derived by steam cracking. Again, to make
the gas route economically competitive requires low-cost gas, large-scale methanol or DME plant, in
conjunction with Methanol to Olefins (MTO) technology. By 2015, a very large number of new methanol
and DME plants could consume several BCF of gas per day, and on a methanol equivalent basis, more than
double today’s methanol production.

Looking further ahead to possible breakthroughs that might come out of fundamental university research
being conducted today, one can envision new lower energy routes to olefins, polymers, and aromatics that
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6.0 Economics

Many of today’s natural gas conversion technologies are commercially very attractive at today’s crude oil
and energy prices. However, one must not forget that less than two years ago in early 1999 crude oil sold
close to $10/bbl and methanol hovered around $100/ton. At those prices, none of the GTL processes is
economic. The challenge therefore is to have technologies that yield robust economics at mid-cycle energy
prices.

The basic economics of GTL-FT are governed by several key factors - gas input cost, plant capital cost and
product value. GTL-FT is limited to locations with low feedstock prices. GTL-FT capital costs have been
very high but in recent years appear to have broken the barrier of $30k/bbl. Current best technology is
estimated at $20-30k/bbl for mega-plants. The longer-term goal is to bring the capital cost down
significantly below $20k/bbl.

We, along with many of the oil majors have been working on this technology for more than 20 years.
Together we have spent many hundreds of millions of dollars developing GTL-FT but with only limited
success. The technology frontier is close to being breached with a whole range of R&D and
commercialization programmes at advanced stages by a variety of companies. The route to liquid products
from gas is through the syngas step that accounts for some 60% of the capital cost. This illustrates why low
cost syngas developments such as the BP-Kvaerner Compact Reformer, currently being tested at scale in
Alaska, and the Oxygen Transport Membrane for syngas production will be crucial to the development of
economical technologies.

Given a low cost gas feed, given an existing liquids export infrastructure and given a supportive fiscal
regime, GTL-FT projects start to look viable. Despite today’s higher oil prices, we need to stretch the
technology even harder since industry’s challenge is to be economical in the world of oil prices in the mid-
teens.
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6.0 Challenges

Gas Conversion is about to transition from a relatively small and predominantly chemical based industry to a
large fuel, fuel additive and chemical business that will help to bring about the Gas Economy with
significantly lower global and local emissions. The rapid growth of our industry is both welcome news and
an opportunity and challenge for the people at this symposium that brings together the premier scientists and
engineers from around the world working in this field. Let us briefly highlight the main technical challenges
that we believe this community needs to tackle in the years to come:

<Fundamental understanding of methane activation, carbon-carbon formation, partial oxidation schemes, etc
+Cost reduction (simplification) of current technologies

*Development of more direct (non-syngas) conversion schemes

+Pursuit of non-oxidative conversion technologies

*Lower CO2 make through more efficient processes

*Environmentally benign process technology (e.g. no halogens, HF)

*Development of new advanced products

*Development of integrated process schemes (fuels and chemicals)

6.1 Methane Conversion Cooperative--MCsquare

BP has recently awarded two leading universities -- the California Institute of Technology in Pasadena
(Caltech) and the University of California at Berkeley -- a 10-year grant totalling $20 million to advance the
frontiers of gas conversion research. Each of the universities has a combined school of chemistry and
chemical engineering, noted around the world for innovative research in catalysis and process engineering.
The grant will help support up to 10 faculty members and around 25 graduate students and postdoctoral
fellows. Key objectives are to understand the fundamentals of methane activation, develop fresh ideas and
approaches, and effectively move technologies from the university laboratories into the market place.

7.0 Key Thoughts
Gas Conversion will play a vital role in the Gas Economy.

Gas Conversion:

Is more than GTL via Fischer Tropsch.

Leads to clean fuels with environmental benefits
Will create new and very large markets for gas
May create a gas-based chemical industry

Is the bridge to the Hy Economy

Needs focused efforts on cost reduction

Is a fertile area for R&D

e o o o o

The time for a large-scale industry based on gas conversion has arrived.





