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Energy sustainability drives mix- Blueprints
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GHG abatement: beyond business-as-usual 2030
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Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €60 per tCO.¢ if each
lever was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Curve v2.0



Global GHG Emissions

GtCO,e per year
70 1

70

Y

50

40

30

23

0 ] ] ] | ]
10 15 20 25 2030

* The estimate of behavioral change abatement potential was made afterimplementation of all technical levers;
the potential would be higher if modeled before implementation of the technical levers.
Source: Global GHG Abatement Cost Curve v2.0; Houghton; IEA; US EPA
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Technology Challenges

MORE ENERGY

e Recovery and Upgrading of unconventional hydrocarbons
e Energy from contaminated gas (H,S, CO,)

e Transportation fuels from sustainable sources of biomass

LESS CO,

* Process intensification (energy efficiency, capex)
e Capture / use of low value process heat (60 - 200 °C)

e CO, capture and storage



In-Situ Upgrading Process (I1UP)
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Gas Separation - Technology 1

Conditions
®-62degC<T<-20degC
® Pressure 10 — 30 bara

e Separates CO, as a liquid
® Pressure recovery

® Very compact

Expansion
turbine Coagulation

pipe Swirler

Liquid outlets



Gas Separation - Technology 2
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BIOMASS: moving fo the next generation
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Application: Cellulosic Ethanol
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Application: BTL
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Application: Algae Diesel
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Process Technology Challenges

MORE ENERGY

e Recovery and Upgrading of unconventional hydrocarbons
e Energy from contaminated gas (H,S, CO,)

e Transportation fuels from sustainable sources of biomass

LESS CO,

* Process intensification (energy efficiency, capex)
e Capture / use of low value process heat (60 - 200 °C)

e CO, capture and storage
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Improvement of GTL catalyst performance
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Gasturbine Efficiency Improvements
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Power generation Efficiency: Refinery Trend
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CO, Solutions

Carbon Capture and Storage Technologies

CO2 Capture Contaminated Gas CO2 Storage
Post-combustion H,S / CO, ‘ Enhanced extraction Storage only
COZ/ N2 - : "r; ., W 1
CO, / CH, ' =/ : CO, for EOR CO, in aquifer
-
COy/ H, Unconventional Mineralisation
(immiscible) CO, EOR surface/subsurface
Oxy-fuel
ECBM CO,/H,S storage
CO, in depleted gas fields

hipping

Pipeline - S

Co,/ 0,

Efficiency Improvements

Of both energy using equipment and processes

Cleaner Generation

Fuel switch



Technology Challenges

* Novel Catalyst/Reactor Combinations
* Novel Separations

 Equipment development

e Reduction in CAPEX Intensity

e Reduction of Environmental Footprint
e Smart Fields, Plants and Sites

¢ Distributed Manufacturing



BIG IMPACT: from small innovations
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