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Demographics
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Population dynamics KSA

1950 1960 1970 1980 1990 2000 2010 2020 2030 2050




m DUTCH ENERGY SOLUTIONS
Global Excellence, Local Performance

Growth In universities KSA

. From 5to 14 in 10 years

Imam Muhammad bin Saud Islamic University
 Islamic University
* King Abdul Aziz University
» King Fahad University of Petroleum and Minerals
* King Faisal Centre
* King Faisal University
» King Khaled bin Abdul Aziz University
* King Saud University
* Umm Al-Qura University
» Dar Al-Hekma College
» Jeddah College of Technology
* Riyadh College of Technology
* King Abdullah University of Science & Technology
* King Abdulaziz City for Science & Technology
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KAUST

« King Abdullah University of Science and Technology
(http://www.kaust.edu.sa)

* new graduate-level research university with a multi-billion dollar
endowment, starting September 5 2009, that aims to be “merit-
based and open to men and women from around the world”
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KAUST

» Strong US focus
« Cornell University
 Stanford University
» Texas A&M University
» Oxford University
» National Taiwan University’s (NTU) Solar Energy Research
Center (SERC)
« KFUPM
 Utrecht University

« Example
Texas AM: 23 mUSS$ for 5 years
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Qatar Science & Technology Park

* 600,000-square-meter campus.
State-of-the-art facilities.

Free trade zone.

Business incubator QF.

Promotes economic diversity, job creation and commercial
investment in Qatar.

» Anchor tenants include Microsoft, Shell, ExxonMobil, Total, GE.
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Sustainability
CO, Capture and Storage (CSS)
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Global CCS project sites
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Current CCS demonstration projects in Europe+



CO, storage
In the Gulf region

2011 (?)
Ghawar




CO, storage In the subsurface

15



16

CCS In the Gulf

 Limited number of CCS projects

* Many initiatives
» roadmaps in all GCC countries
* first pilots
 search for technology (MASDAR)

* Link with oil & gas



CO, Enhanced Oil Recovery

Injector well

Production well

EOR (Reservoir)

Processing and flowlines
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New developments necessary

Oil production 1990 - 2030
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Need for innovation

 QOil production
» < 60 % effective on Macro scale
» < 60 % effective on Micro scale
» < 36 % oil actually recovered
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Smart Fields
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Smart Fields
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Reservoir management: water injection



Smart Field technology exam
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S m art F I e I d S History response

Future response, with
recommended settings

Future response, with
current settings
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Closed-loop example
NPV and contributions from water & oil production
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Smart Fields - size of the price

« Cambridge Energy Research Associates estimates:
« 8% Ultimate Recovery increase (average)
» 10% Production increase (sustained)
» 20% Opex reduction
« >50% Development Planning cycle time reduction

» Reality check:
» Sustainable production increase: 5-30% (TNO experience in
projects)
* NPV increase 6-40 MM$ (Published cases in literature SPE)
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Smart Field application
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Who are the users?
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Saudi Aramco Is taking the lead

angouwligsoll

Saudi Aramco
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Final remarks

» Gulf region is emerging
* technology “race”
+ education
* iInvestment capacity
* Industrial diversification

* Link with old & new friends
* technology: strong focus US)
* “low tech” (?) products: strong focus KIC)

* NL/Europe
 project management (cultural)
* new technologies
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Final remarks

« Opportunities in TNO view

 (water, energy, infrastructure, ...

* sustainability
- efficiency

 Innovative technologies

« Knowledge transfer
* link with research centers

» ? Future results
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Thank you for your attention



