





Finally — and although not an explicit part of the OG,, remit — it should be noted that certain aspects of CCS
research will also have a bearing on the new combined heat and power (CHP) station planned for the Mongstad
refinery near Bergen (Fig. 24). This will make it one of the most energy-efficient refineries in the world. The
facility will also be self-sufficient in electricity and will supply power to the Troll A and Gjga platforms.

The first stage involves the production of 350 megawatts of heat and 280 megawatts of electricity from the
power station in 2010 and the establishment of Europe’s first Carbon Dioxide Test Centre in 2011. The purpose
of the test centre is to further develop and test various carbon capture technologies relating to carbon capture
from exhaust gases emanating from the CHP station.

The demonstration plant will be owned by the Norwegian government, StatoilHydro, and various domestic and
international partners. It will have an annual capacity of 100 000 tonnes of CO, per year and will concentrate
on two capture processes — amines and chilled ammonia. The latter uses less energy in capturing CO, and other
residual pollutants from flue gases than its conventional amine-based counterparts.

The second phase comprises a full-scale facility capable of capturing CO, from the CHP and other emission
sources at and around the refinery. This still awaits an investment decision in 2012, partly based on the perfor-
mance of the demonstration plant. When it comes on stream, the full-scale Mongstad CHP CO, capture and
storage project will be the largest in the world. The Norwegian government is taking responsibility for both the
carbon capture facilities and the final storage of the CO, beneath the North Sea.

Fig. 24. Aerial photograph of the Mongstad refinery. Source: @yvind Hagen / StatoilHydro.

None of this will be fully achievable without the constant invention and implementation
of new — possibly game-changing - scientific and technical solutions.
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4 TECHNOLOGY SYNERY

Despite what the sceptics may say, the petroleum industry is a significant
player in developing alternative energy solutions, many of which are in
areas where the transfer and adaptation of skills and technology are most
natural and desirable

Source of collage photographs: Shell Graphic Services and StatoilHydro.




Blurring the boundaries

The story so far suggests that future Norwegian petroleum
activities show considerable promise of being carried out
in an increasingly energy-efficient and environmentally
acceptable fashion, thus blurring the future boundary
between what is today deemed polluting versus non-
polluting energy sourcing. And despite the sceptics’ taunts
of 'political window-dressing’ or ‘green-washing’, many
oil companies are investing heavily in alternative energy in
an attempt to meet projected energy demand, conform
to more challenging environmental regulations and dem-
onstrate greater social responsibility.

In this section, the argument takes another step forward
by suggesting that the two approaches are already begin-
ning to converge in areas where technological skills and
technology interchange (transfer) are readily adaptable and
mutually beneficial. Of course, there is nothing unusual
in what may be regarded as ‘organic’ growth. Scientific,
technological and industrial developments have always
built upon each others’ capabilities, rather than evolving
in a vacuum (Fig. 25).

Alternative energy

Petroleum

Industrial
evolution

Shipping

Fig. 25. Evolution of three of Norway’s important industries.
The double-headed arrows indicate mutual interdependencies
through technology transfer, adaptation and synergy.

Perhaps the most obvious examples are the production
of biofuels and hydrogen (bearing in mind that hydrogen
is an energy carrier, sensu stricto, rather than an energy
source). Some companies are also investigating the commercial
potential of offshore renewable energy sources, especially
wind, tidal current and wave power, based on their
extensive experience with:

e Complex infrastructures

e Offshore installations, operation and maintenance

* Moorings and structures

e Systems and reliability engineering based on subsea
developments

e Offshore electrification / grid connections

* Engineering practices in harsh marine environments

Geothermal power is also of interest because the techno-
logical requirements for producing geothermal energy are
extremely similar to those in oil and gas operations.

Offshore wind, tidal and wave power

StatoilHydro, for example, is already making its mark on
all three areas through its engagement in Hywind, tidal
turbines, and a wave energy converter known as Pelamis
(the sea-snake). All three energy harnessing devices are the
first of their kind, including the transmission of electricity
via subsea cables to onshore grids.

Advances in offshore electrification (see Section 3) are also
as relevant to petroleum activities as they are to offshore
renewables.

StatoilHydro’s interest in the Hywind concept is being
developed in association with Siemens, Technip, Nexans
and Haugaland Kraft to generate offshore wind energy in
deep waters (Fig. 26). The emphasis on deep water is to
avoid conflicts with nearshore activities (coastal shipping,
fisheries) and to exploit more extreme and consistent wind
conditions. The windmill-based structure employs known
technologies, including a floating, ballasted steel jacket
which extends 100 m beneath the sea surface and is
attached to the seabed by three anchor piles. A two-year
trial started in the autumn of 2009.

Fig 26. The Hywind concept for generating offshore wind
energy in deep water. Source: StatoilHydro.

25




} TECHNOLOGY SYNERGY

Fig 27. A prototype tidal energy turbine. Source:
StatoilHydro.

Tidal current energy is another clean, renewable source
of power that is created by the combined gravitational
pull of the sun and moon; and unlike the vagaries of the
wind, tidal movements are entirely predictable. Simply put,
the device is basically a submerged — and thus invisible
— windmill (Fig. 27), containing an inexpensive turbine
suitable for a range of water depths. The Norwegian
company Hammerfest Stram AS (in which StatoilHydro is
the main shareholder) is developing commercially-viable
technology. Trials began in 2003 using a fully operational
300kW prototype tidal turbine.

This technology is now a major contender for projects off
the Scottish and Irish coasts.

Fig. 28. The Pelamis \Wave Energy: "

Converter. Source: StatoiIHydro.com'.

Various concepts also exist for generating power from
waves. StatoilHydro's interest is in the Pelamis \Wave Energy
Converter (Fig. 28) — a device consisting of a series of
hinged, semi-submerged tubular sections, which float and
move up and down and from side to side in the fashion of
a sea snake (hence its name) in response to the passage
of powerful ocean waves. The wave-induced bending
motions pressurize oil which drives the hydraulic motors
and electricity generators. The electricity is transmitted
from the 2.25 MW Agucadoura commercial wave farm to
a land-based electricity grid in northern Portugal. Pelamis
is the first commercial wave energy converter.

Similar wave farms are being planned elsewhere.




Another intriguing example of adapting offshore petroleum
technology for renewable energy capture is Ormonde
Energy’s hybrid offshore wind and gas farm, planned for
the Irish Sea. The novel aspect of this development is that
the offshore wind farm will be run in conjunction with two
nearby depleted gas fields. The remaining gas in these
fields will serve as a back-up source of energy for electricity
generation when the wind dies down, thereby ensuring a
constant supply of electricity to the British National Grid.
The hybrid is scheduled to be fully operational in 2011.

In 2006, Shell introduced a hybrid concept using offshore
natural gas production platforms powered entirely by wind
and solar electricity. These zero-emission, low-weight,
low-cost, unmanned platforms (known as monotowers
because they stand on single legs (Fig. 29)), are largely
based on wind farm technology.

Reducing costs in this way permits the production of small,
natural gas fields in the southern North Sea, which would
otherwise be uneconomical.

Fig. 29. Shell monotower (the Cutter platform) powered
by electricity generated by wind turbines and solar panels.
Source: Shell Graphic Services.

Each monotower stands about 65 metres high from the
seabed and is supported by a single, large diameter pile,
thrust into the surface sediments.

Gas production is monitored and controlled from onshore
operation centres, thereby increasing safety and reducing
the frequency of maintenance inspections.

Geothermal energy

Norway's interest in geothermal energy is still rather modest.
However, it may gain favour with the possible discovery
of more high-pressure/high-temperature reservoirs and
the country’'s proximity to Iceland (Fig. 30). The latter is
an extreme 'hot spot’, having been formed at and by the
northern extremity of the volcanic mid-Atlantic Ridge.

Geothermal heat mainly originates from the fused core
of the Earth from where it rises gradually to the surface.
About 30 per cent of this heat comes from the original
heat generated during the Earth's formation, while the
other 70 per cent is largely derived from the ongoing slow
decay of radioactive isotopes. The heat is so intense that
it can create (molten) magma.

Geothermal power systems broadly fall into two classes:
those that are produced where magma nears the surface
and directly heats groundwater; and those that are pro-
duced in the absence of magma, but where magma has
elevated rock temperatures. Geothermal heat can either be
used directly or it can be converted into electricity, usually
by steam-driven turbines.

Novel techniques for deep-seated geothermal power
generation include:

1. 'Hot Dry Rock’ (HDR), which involves the circulation of
fluids between injection and production wells through
natural and/or stimulated fracture systems in crystalline
rocks

2. Producing high-enthalpy steam by penetrating water-
bearing reservoir rocks where temperatures exceed
450 °C, or by injecting water into ultra-hot dry rocks whose
temperatures approach supercritical water conditions

The well known Icelandic Deep Drilling Project (IDDP)
comprises an international consortium involving three
Icelandic power companies, the National Energy Authority,
Alcoa and StatoilHydro. Its objective is to test the economic
feasibility of producing electricity from supercritical geo-
thermal fluids, which promise to yield power of an order
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Fig. 30. Icelandic geothermal facilities, near Grindavik.
Source: StatoilHydro.

of magnitude greater than that produced by conventional
geothermal wells.

A major challenge is that wells will have to be drilled to
depths of 4 to 5 km where temperatures extraordinarily
reach 400 to 600 °C (underground temperature normally
rises at an average of about 30 °C per km depth). This
places the onus firmly on advances in drilling techniques
and materials that are capable of withstanding such
temperatures. A breakthrough here could yield major
improvements in exploiting worldwide high-temperature
geothermal resources.

Biofuels are another form of alternative energy which is
much in the public eye. The petroleum industry is playing
a significant part in this by exploiting its vast experience
in downstream gas processing and conversion, refining,
and transport fuel distribution.

Biofuels

Biofuels are produced from organic matter and plants
(biomass) using complex bio-thermal, thermo-electrical and
physico-chemical processes. Much controversy surrounds the
so-called 1st generation biofuels because they compete for
land and crops used for food. Furthermore, their reductions
in carbon footprints and energy usage are not as dramatic
as first thought, when these factors are scrutinized across
the entire production chain from agriculture to automo-
tive transport consumption (well-to-wheel analysis). In
fact, some scientists see little or no overall environmental
benefit at all.

However, the answer may eventually lie in the develop-
ment of 2" generation biofuels which do not compete
with food stuffs. These include the production of ligno-
cellulosic ethanol and bio-butanol, using biomass waste
products; and Biomass-to-Liquids conversion (BtL) where
non-food materials such as wood chips are gasified and
converted into a synthetic fuel which can be blended
with diesel. The BTL process is similar to the petroleum
industry’s Gas-to-Liquids (GTL) conversion process, which
produces clean-burning synthetic diesel as well as naphtha
(a petrochemical feedstock), lubricants and more special-
ized commaodities.

Figure 31 shows a comparison of estimated reductions in
greenhouse gas emissions for various biofuels compared
with their fossil fuel equivalents. With the exception of
1st generation sugarcane ethanol, 2nd generation bio-
fuels are by far the most promising varieties (particularly
bio-diesel, BtL).

2G Ethanol,
lignocellulosic

2G Biodiesel,
BtL

Reduction compared to
fossil equivalent (%)

1G Biodiesel, ] 1G Ethanol,
rape seed l sugar beet

Fig. 31. Comparison of greenhouse gas emissions for various biofuels with fossil fuel equivalents. (1G = 1st Generation;
2G = 2nd Generation.) Source: StatoilHydro Biofuels brochure, based on JEC Study (WELL-to-WHEELS Report Version 2c,
March 2007). The JEC study is a cooperative venture between the EU Commission’s Joint Research Centre, the European
car industry and the European oil industry. The results from other studies may differ somewhat if based on other

methodologies and assumptions.



} TECHNOLOGY SYNERGY

Hydrogen

The petroleum industry is also exploiting its downstream
expertise in the quest for the “ultimate fuel’ of the future.
Hydrogen, for example, produces zero-harmful emissions
when used in fuel cells that generate electricity for automotive
transport. It is primarily produced from oil or natural gas by
partial oxidation or steam reforming, methanol reforming,
and the electrolysis of water (text box). Hydrogen can also
be produced from renewable energy sources, including
biomass. All of this would appear to be immensely attrac-
tive for reducing greenhouse gas emissions.

Hydrogen is most commonly generated from natural
gas — methane (CH,) — using steam reforming. This
involves separating the hydrogen atoms from the
carbon atoms, but in so doing the process produces
greenhouse gas emissions.

As its name implies, water electrolysis splits hydrogen
from water and produces no emissions. This process,
however, is extremely expensive.

Unfortunately hydrogen does not occur in a free state
because it is always bound up with molecules and other
elements. Its extraction therefore requires energy before
it can be used in fuel cells. And although hydrogen gener-
ated from fossil fuel power stations is a clean product, the
extraction process is not necessarily as virtuous (text box).
Even so, wheel-to-well analyses suggest that hydrogen
produced from hydrocarbons will significantly reduce
emissions, especially if CO, is captured and sequestrated.
Furthermore, fuel cells are far more energy efficient than
combustion-based power generation systems.

Commercial viability requires the manufacturing of far
cheaper hydrogen fuel cells and considerable improve-
ments in energy efficiency. The manufacturers of Zero
Emission Vehicles (ZEV) also demand a commitment from
the industry to develop hydrogen distribution and fuel
station infrastructures (Fig. 32) on a par with those of
the world’s present petrol stations. One potential way to
overcome the astronomical costs involved is to generate
and store hydrogen in-situ.

Fig. 32. Hydrogen car and a natural gas (‘naturgass’) and hydrogen fuel station. Source: StatoilHydro.

Despite these caveats, the race towards the ‘hydrogen economy’ is still on. But as one Shell author puts

it — “it is a marathon rather than a sprint!”

In short, the petroleum industry is a significant player in the development of alternative energy
sources. Of particular note here is the application, adaptation and development of knowledge, skills
and technologies in areas with the greatest similarities with parts of the upstream and downstream
petroleum value chain; namely, offshore wind, tidal and wave energy, biofuels and hydrogen. Solar

energy is also on the agenda.
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5 THE WAY FORWARD

A boost in mainstream petroleum R&D funding is advocated to help realize
the government’s vision of a sustainable petroleum industry and generate
sufficient petroleum revenue to support the transition to alternative energy

NATIONAL BENEFITS
Economic growth
Development of the Norwegian welfare state
Energy diversification
International renown

5 INDUSTRIAL WEALTH CREATION

— Oil and gas revenues / future alternative energy revenues
Technology export trade

vt

Alternative Al .
energy & ternative

climate R&D =l ~ €NErY

strategies solutions

NORWEGIAN
INDUSTRY

Energy,,
RENERGI
CLIMIT, CEER

Fig. 33. Dual approach model (see text for explanation). The double-headed arrow denotes synergy.
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Recapitulation
The backdrop is now in place:

* The potential for further wealth creation on the NCS is
immense, especially if new prospective areas are quickly
opened up in the north and efforts are intensified to
increase recovery from fields already in production.

e The Norwegian petroleum industry is already an inter-
national role model for environmental stewardship.

e The industry's environmental achievements augur well
for the production of increasingly energy-efficient sustain-
able fossil fuel, which may eventually compete favourably
with alternative sources of energy until the latter is mature
enough and sufficiently cost-effective to take over.

* The petroleum industry is also contributing to the develop-
ment of renewable energy by synergistically combining
appropriate knowledge and technology with ‘new energy’
initiatives.

e All of this can only be fully realized by boosting
government-sponsored R&D in mainstream petroleum
technology alongside more specific initiatives to stabilize
climate change.

Note that the latter is not a question of moderating
government-supported alternative energy and climate R&D
in favour of petroleum R&D (or vice versa): both require
considerable funding in their own right.

The key questions are: how is this best achieved in practice;
and from where is the money coming?

The dual approach

A simplified dual model approach is offered as a solution
(Figure 33).

The black arrow loop: Research advances made through
the RCN’s PETROMAKS and DEMO 2000 programmes will
help the industry to produce more oil and gas while using
less energy and protecting the environment.

This, in turn, will generate substantial oil, gas and export
revenues to sustain Norway's economic interests and sup-
port further petroleum research.

The red arrow loop: A generous proportion of this
oil wealth can also be used to offset the massive cost
of accelerating alternative energy solutions, stabilizing
greenhouse gas concentrations, and building a strong
alternative energy supplier industry.

In the longer-term, research advances made through the
RCN's RENERGI (Clean energy for the future) and CLIMIT
(CCS) portfolios will also generate additional revenue.

In this way, alternative energy solutions may significantly
reduce the country’s economic dependence on fossil
fuels and even supersede the petroleum industry in the
far distant future.

In conclusion, the fast-track development of an even stronger petroleum industry is deemed the
best foundation for developing a balanced, multi-faceted energy cluster, until the day comes
when alternative energy may predominate. This is a potential win-win situation for Norway.

Increased government expenditure on the main RCN petroleum technology programmes will

contrubute to achieving this ambitious goal.
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