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B Will Oil be available ?

E How supply-demand balance
will evolve in EU ?

B What are the alternative fuels ?

E Air Pollution and transports.
Where are we ?
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Table 2.1. World Primary Energy Demand in the Reference Scenasio {Mroe}

2003 -

1971 2003 2010 2020 2030 2030*
Coal 1439 2582 2860 3301 3724 1.4%
Qit 2 446 3785 4431 5036 5546 1.4%
Gas 895 2244 2 660 3338 3942 2.1%
Nuclear 29 687 779 778 767 4%
Hydro 104 217 278 323 368 1 8%
Biomass and waste 483 1143 1273 1454 1653 1.4%
Other renewables 4 54 107 172 172 6.2%
Total 5600 10723 12389 14402 16271 1.6%

* Average annual groweh rare

Source |.E.A.
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World oil demand is forecast to continue to grow
Large supply investment needed

Million bbl/d
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Worldwide Liquids Production

MBED

Liquids Demand

1
0il Sands

Non-OPEC Crude + Condensate
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Will oil be available ?
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E In the short term, as today, risk of market tensions due to
under investments in oil (Middle East) and Gas (Russia)
E In the longer term — difficult to make a forecast
m “There is enough oil” as long as growth in demand is not too
strong
m Reserves aren’t unlimited
E Key objective of oil companies is to find more oil
m Today, international companies cannot invest in most producing
countries.
E We must be confident in technologies
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EU-25 oil demand

Mt/a 630 655 672 698 713
100%
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Total EU-25 oil demand is growing about 0.5% a year

with a steady increase of the share of light produc ts
This forecast is not consistent with EU Commitments to Kyoto Protocol
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EU-25 road fuel demand

1995 2000 2005 2010 2015 2020
@ Gasoline m Diesel to heavy duty vehicles m Diesel to personal cars
Source WoodMackenzie

Is this growth sustainable ?

The main concern is haulage activities. Cannot bei  mproved
only by technology
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Planned refinery investment is geared to middle dis tillates
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Publicly announced projects include five hydro crac kers

and one residue conversion unit

Two investments in new refineries in Saudi
Arabia represent half this additional capacity
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Supply/demand imbalance will still grow
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CONCAWE has estimated that maintaining the imbalanc  es at current level

would require between 9 and 12 G€ of investment
and increase total refinery CO , emissions by over 10%
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Major demand growth of refined products is outside Europe
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On the medium terms :

Oil & liquid products must be concentrated on
transport & petrochemistry

Neither on electricity generation or heating

In transports main increases :

. Aviation 3%

.Ships 2%
. Trucks 2.5%
. Cars 0

Natural Gas and Synthetic Fuels

CNG
m Exhaust emissions similar to gasoline, lower than diesel
m CO; emission benefits small, do not justify infrastructure
m Strong demand for NG for power/heat uses
m Most likely use in fleet markets

GTL (Gas to Liquids)

m Several facilities currently under construction

GTL production in 2020 expected around 750 MBD
- 4% of world diesel demand

m High quality blending component
Coal to Liquids (CTL)

m Strong interest in US, China: needs further development

m CO; emission increase unless capture and storage used
Hydrogen

m Requires multiple breakthroughs on fuel production, delivery and
storage, cost of fuel cell vehicles

m Expected to makes only a small impact in the period to 2030
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CNG: Greenhouse Gas Emissions

WTW Greenhouse Gas Emissions, gCO ,eq/km
EU mix for Diesel DI+ PM trap : : *
reference B | |
only CNG LNG import | ‘ ‘ I ‘ ]
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Gasoline PFI | : F
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Source: Joint European WTW Study, European pass car
GHG emissions depend on the gas supply pathway
Longer supply routes become more important in the future
CNG vehicles have similar GHG emissions to today's diesel vehicles
Advantage for CNG grows in the future, but GHG savings still small
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BIOFUELS

E Being promoted through incentives or mandates
- Air quality benefits generally small
- Energy GHG benefits limited by fossil input energy
* Need WTW analysis
- Volumes limited by availability of waste biomass, land and water

E Low volume biofuel blending permitted by European gasoline and diesel
standards

- Gasoline 5% ethanol or 15% ETBE by volume
- Diesel 5% FAME
- Permitted volumes may be increased

E Advanced biofuels offer improved energy/GHG avoidance
- Cellulose to ethanol (via chemical or bioprocess)
- Biomass gasification & synthesis
- Availability also improved, but remains limited
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As a way to reduce CO , emissions and use of fossil energy,
all biofuels are not equivalent and all aren’t effi  cient

Blue bars show WTW fossil energy use

WTW Fossil Energy MJ/100km
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Source: JEC WTW study 2005
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Potential of biomass for road fuels production

@ Fraction of total road fuels market replaced (for constant distance driven)
M Fraction of WTW fossil energy avoided
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E There is a limited potential for first generation bi ofuels

E More advanced routes that dedicate all biomasstof  uel production are
more promising
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Synthetic diesel and DME
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Synthetic diesel and DME

Diesel synthesis requires more energy than conventional diesel
refining from crude oil

GHG emissions from syn-diesel from NG (GTL) are slightly higher
than those of conventional diesel, syn-diesel from coal (CTL)
produces considerably more GHG

The use of biomass (BTL processes) involves very little fossil
energy and therefore produces little GHG emissions because the
synthesis processes are fuelled by the biomass itself

DME can be produced from natural gas or biomass at lower energy
use and GHG emissions than syn-diesel

Use of DME as automotive fuel would require modified vehicles and
infrastructure similar to LPG

The “black liquor” route offers higher wood conversion efficiency
although the scope for practical applications will be determined by
the specific circumstances of the pulp and paper industry

CNG from LNG is more energy and GHG efficient than GTL diesel
or DME from remote gas
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Some countries are in a better situation to develop ethanol

USA - gasoline market, net importer

- Large excess of corn to replace exports
approx. 21% of corn production

- Maximum expected 7.5 million gallons or 4%
gasoline market

- CO, gain 30%. Little gain in use of fossil fuel
energy

Brazil - gasoline market

- Ethanol from sugar cane. Efficient in terms of
fossil energy consumed, CO, avoided and cost

- Expected production to increase

- Other roots as palm oil not as effective

EU - needs a biodiesel
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Biofuels Remain a Costly Option for GHG Reduction

But biofuels from 2nd generation should not be more expensive
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Vehicle fuel efficiency improvement can deliver muc h more
CO, reductions than biofuels

Vehicle CO ; emissions
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B Vehicle km growth increases GHG emissions from pass enger cars
B Biofuels alone cannot halt the rise in GHG emission S

E Improvements in vehicle efficiency have more impact
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The cost of vehicle efficiency improvement measures
is compensated by fuel savings

Cost of vehicle efficiency improvements
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Assessment by CONCAWE based on JEC WTW study and |IEEP report

Reproduction permitied Title: ICAT 2006 — 17 November 2006
with due acknowledgement Alain Heilbrunn - Secretary General CONCAWE




Conclusions

Oil will provide the bulk of road fuels for many years to come
= The challenge is for the oil industry worldwide to find, produce, manufacture and
supply the market at an acceptable price
Major refinery investments will be needed to meet the forecast growth in
global road fuel demand and EU diesel demand
= Developments in other markets e.g. US will be critical

Developments in alternative fuels are needed but these need to be cost
effective and CO,/energy efficient on a WTW basis

m LPG and CNG have limited potential as road fuels, NG supplies already becoming
a challenge for the heat and power market

] Malr]y “breakthroughs” are required before the hydrogen economy could become
reality
Current biofuels will make a contribution
Oil industry is actively working on implementation issues
Availability will remain limited

Research is needed on “second generation” biofuels together with GTL, CTL
m Volumes will remain limited and will offer a complement rather than a real
alternative to fossil fuels
Biomass should be used where it contributes most to reduction in CO, and
energy use
= This may mean more use in power generation and less in road fuels

Improving vehicle efficiency is a non-regret route
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EU emission standards for heavy duty diesel vehicle S

All figures
in g/kWh
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so] [70] (g

NOx

Euro VI 2010*?
extreme scenarios

PM 0.025-0.010
NOx 1.0-0.2

HC 0.55-0.16
CcO 4.0

Euro 1l
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1993

HC

*Based on transient cycle (ETC)
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EU emission standards for gasoline vehicles

PM
|
All figures Not specified
Euro 2 Euro 1
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CcO NOx
/[ZF’O 0.10: 0.15
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0.50:
Euro 5 [2.20]
2010
PM  0.005
NOx  0.06
HC  0.075 YT,
CO 1.00 Eil
* Change from UEDC to NEDC HC
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EU emission standards for light duty diesel vehicle
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EURO V & VI should contribute to solve Air Pollutio n due to
Road Transports

E Strong emphasis on NOx
pm

NOx  Previous emissions standards didn’t deliver expected
reductions. NOx the only pollutant that didn’t
significantly decrease

Pm Thanks to filters should be solved
Main remaining source : wood burning
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CAFE: Primary PM2.5 Emissions By Sector For Variou s Ambition Scenarios
Country: Sweden
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PM2.5 emissions by sector
“With climate measures” scenario [kt]
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CAFE: Remaining NOx Emissions By Sector For Various Ambition Scenarios
Country: Sweden
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NO, emissions by sector
“With climate measures” scenario [Kt]
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