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IN OWN OPERATIONS

FOR NATURAL GAS CUSTOMERS

* More efficient conversion o
alectricity & mechankcal
energy

= Utilize resarvair prassure
and haat energy \\_

* Design new gas systems based
on high fulure energy- and CO,
cost-assumplions

( “\best available technalogy
i

= Halp customers find and usa

* Make natural gas
avallable in more regions
& lecations

* Seak cul new end-use
bypas where natural gas is
particularly efficient
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IN OWN OPERATIONS

FOR NATURAL GAS CUSTOMERS

= Limit (already low) gas industry
flaring and vantling o very
low levels

« Limnit methane emissions
from valves, flanges,
start-up/stop. maintenance
elc. to very low levels

* Remediata old lown gas systems
usad far natural gas where

applicable

= Assiet ol industry 1o reduce

their flaringfventing by
gathering and transpariing
this natural gas fo market

= Allow various forms of biogas|
inte natural gas grid

IN OWN OPERATIONS

FOR NATURAL GAS CUSTOMERS

« Slore already captured GO, in
gaological formations 7
{e.g. from LMNG-plants)

* Capiture & store CO, from
high = CO, natural gas

*Use CO, for enhanced gas
racovery

* Later priority: capture CO, from
gas turbine and boiler flue gas

+ G0, as cushion gas in storages

k| . enhanced oll recovery
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= Sell CO. o oil companies for

* Sell GO, -ransport and
geostorage space for
customers

FUEL SWITCHING
AND RENEWABLES

IN OWN OPERATIONS

FOR NATURAL GAS CUSTOMERS

= Usa hydropower, wind elc. as
part of the alectricity supply
to own plants

* Matural gas fuel for own
trucks & ships

* Ultimately switch to electricity,
hydrogen and heal made from
nalural gas with CCS

= Matural gas to fusls and
chamicals

= Switch from coal to natural
gas in electicily generation

« Introduce natural gas in
new types af end-use (ie.
shipping, heavy trucks)

= Introduce: natural gas more in
energy intensive indusiries
(e, stesl)

* Produce and distibute hydrogan
= Mix bio-gas into gas grid
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Natural gas - low in carbon, high in hydrogen

« Natural gas - consisting mostly of
methane - is the most environmental
friendly of the fossil fuels

» A modern gas fired power station will
therefore typically produce about 1/3 of
the CO,-emission of a lignite coal fired
power plant

- Partly due to the high hydrogen
content of methane

- Partly due to the ability to use
superior technology (in this case gas
turbines)
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Electricity and natural gas - twins of clean energy

* There is a strong link between the
future of electricity and natural gas

+ Today 41 percent of global energy Hignile fired power

related CO2 originates in electricity

generation, mostly from coal Hard coal fred power

* The positive role of natural gas as
part of a climate mitigation strategy
is to a large part connected to
natural gas - rather than coal - being
preferred for future electricity
generation

Natural gas fired power

Kg CO, per kWh of electricity produced
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Limited availability of gas is sometimes a problem for climate mitigation

» If natural gas is to play an import
role in climate change
mitigation, it must become
available to more of its potential
users

* Asindicated in this illustration,
natural gas reaches only about 1
out of 10 at present while oil is
universally available and
electricity available to about 3
out of 4

» This may not be the only way to
look at the availability issue, but
it still illustrates that it may limit
end-use growth

Natural Gas - Unlocking the Low Carbon Future
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Fuelling vehicles and ships with natural gas

& Natural gas bus in India

* The use of natural gas as a fuel for all sorts of vehicles
(NGV’s) are increasing rapidly around the world

*  This would greatly enhance local and regional air quality
and at the same time boost climate change mitigation

« It is projected that this end-use sector ten-fold to 65
million vehicles by 2020 with a gas use amounting to 14
percent of today’s consumption

*  Another important - and mostly overlooked - sector is
the use of natural gas (LNG) as a ship fuel

*  Outside the LNG-trade itself, only a couple of handful's
of large ships use LNG as a fuel. Like for vehicles, the
benefit to air quality and climate will be substantial

« This is an area where the local availability of natural gas
is an important issue
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Capturing and storing CO, in Geological Formations (CCS)

* The gas business is the pioneering industry in the area of CO2-capture, -transportation and -
storage

* This is expected to become an important technology for mitigating climate change through
keeping CO2 usually emitted from large point sources away from the atmosphere

* Some energy and climate modellers think that perhaps 20+ percent of necessary mitigation
can come from this technology

* There are at present four large scale operating CCS projects in the world.

*  From left to right the Sleipner project in Norway, the In Salah project in Algeria, The
Snohvit project in Norway and finally the Weyburn-Midale projects in Canada

Natural Gas - Unlocking the Low Carbon Future
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Hydrogen Energy from Natural Gas

Like electricity, hydrogen is an energy carrier that is CO,-free at
the point of end-use

The global production currently stands at around 500 billion Nm3,
mostly derived from steam reforming of natural gas

Both the production and the use are typically taking place inside
the fence of refineries, ammonia plants and so forth, but extensive
hydrogen pipeline networks are also found around the world

An aspect not widely known is that when making hydrogen, CO2 is
already today captured in a concentrated form suitable for
geological storage

Hydrogen as an energy carrier was used extensively in the form of
so-called “town gas” which usually contained fifty percent H, plus
carbon monoxide
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Renewables and Natural Gas - Weaving a Mutual Relationship

* The electric grid is used for all generation types (coal,

Biogas plant feeding gas pipeline
nuclear, wind, solar, geothermal+)

* In much the same way we are starting to see the natural
gas grid being used for biogas

+ Renewables are of an intermittent nature and not
necessarily available according to customers demand

* This is why for instance solar thermal energy team up
with natural gas to generate steam (night, clouds)

* Gas turbines can start and stop much more rapidly than |
coal or nuclear boilers for generating electricity.
Storable natural gas fired in gas turbines is therefore
ideal in combination with fluctuating renewable power

Natural Gas - Unlocking the Low Carbon Future




The Natural Gas Industry; Its Emissions and Areas of Climate Action

* The average of own
consumption plus losses for
production and processing
of natural gas amounts to

about 3,5 percent of the Production|Transmission| LNG. LNG NG | Storage |Distribution|
throughput with LNG produciion| transport|regastfication
production well above this Average Average | Average | BAT Average Min  [Max | Average
average (existing) | (1000 km)
Percentage 54% 79% 89% NA. 2% NA. 34%
+  The energy consumption EREAY
from the transmission stage | Naturalges 3,52% 10.3%
is closely connected to the | consumption:
transportation distance both |-Enerny 2,73% 41% 8,8% 021% | 043% 013% [20% | 0,16%
for pipelines and LNG- Fuglivelventng | 0,68% 04% | 02% 000%  |000%[0,10%| 042%
shipping. For pipelines the i . m
: - Flaring 0,48% 0,5%
average is about 4,5 percent —
of throughput, 9/10 of Electricity (MJ/Nm, 0042 0047 [0205 | 0,003
which is energy use Fuel oil (MJNm,) 738
Emissions (g/Nm,)
» Climate actions in the gas co, | 6205 13212 [28022 | 959 8,83 339 [1080 | 0,16
industry are typically: CH, | 401 3% |59 003 016 |05 | 432
— Energy efficiency NO, | 007 005 098 0,01 0,004 0002 [0,10
improvement sox 7
— Cutting flaring and 2 Qi 00
venting emissions
— The use of renewables in
own operations
— And last, but not least 2>
geological storage of CO, 1

mercial incentives (e.g. monetary
gulatory sticks)

Long-term technology lock-in for long lived
® infrastructure (e.g. power plants, transport
networks)

# Lack of low-carbon technology suited for
real-world application

*® Not sufficient GHG-focus in standards in most
countries (e.g. buildings, cars)

® Tendency towards “least common” denominator in
international climate negotiations (e.g.Kyoto)

® | ack of decades-long targets and mitigation
Kk in most countries
of level playing field D rbon alternatives (e.g CDM)
of non- or |
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AN The Main Messages

- As we are faced by climate change, natural
for many decades serve as a bridge towards
“~carbon intensive society
:Natural gas - consis’cin% mainly of methanhe (CH, ) - is
by far the most clean-burning of tHe fossil fuels
“Natural gas is already contributirig to a lower global
#climate footprint by replacing more carbon rich(a#c
—hydrogen-poor) coal andoil. This role can.be®greatly
expanded in thg_next decades thrnough**
+ Expansion of the geographicat-availability of gas
» Promote natural gas usein transportation (land, sea)
« Cooperation with renewable energy souree

« Using the expertise and empty reservoirs of the gas
_industry to.make geological storage.of.carbon dioxide

oA
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Reports available from the IGU climate project on www.igu.org:

Brochure

Main report
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Www.wgc2009.com The Contribution of the
Natural Gas Industry to Climate Change Mitigation

- Natural Gas Unlocking the Low Carbon Future
Natural Gas

Unlocking the Low
Carbon Future

Natural Gas Unloc
Low Carbon Futu!

Natural Gas - Unlocking the Low Carbon Future




