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Gas resources: plentiful but…Gas resources: plentiful but…

•• Gas Reserves (2004) = 6300TCF  (Gas Reserves (2004) = 6300TCF  (180TCM);180TCM);
““underexploredunderexplored””

•• About 40% of gas (2500TCF) is About 40% of gas (2500TCF) is strandedstranded
((Russia, Qatar, Australia, Russia, Qatar, Australia, etc.)etc.)

•• R/P ratio: R/P ratio: ~90~90 years (versus oil at years (versus oil at ~50)~50)

•• AssociatedAssociated gas is regas is re--injected or injected or flaredflared
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Gas used primarily for the driveGas used primarily for the drive

GasGas

OilOil
WaterWater

American Petroleum Institute, 1986American Petroleum Institute, 1986
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Gas Gas ReservesReserves
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Flaring of associated gas Flaring of associated gas 
((in red; 15 in red; 15 bcfdbcfd ?)?)
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Remote Gas Monetization OptionsRemote Gas Monetization Options

PIPELINE PUSHING THE LIMITS ($25B)

LNG                                     TECHNOLOGY OF CHOICE TODAY

GTL (FT, Fischer-Tropsch) BIRTH OF A NEW INDUSTRY (gas to liquid)

METHANOL                        TRANSITION FROM CHEMICAL TO FUEL

DME                                     “SYN-LPG”,  ASIAN TIGER AWAKENS

CNG (compressed NG) A NICHE FOR SMALL & SHORT (EnerSea)

GAS BY WIRE                     DC TRANSMISSION COST DECREASING

HYDRATES MOVING A LOT OF WATER

GAS BY BAG                       A VERY SMALL NICHE             
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Gas by BagGas by Bag

GTP:   Inclusive term for all chemical gas   conversion 
options

FT Upgrading

Diesel

Naphtha

Syn-crude

Methanol and DME

Olefins, Gasoline

Hydrogen

Ammonia and others 

GTL PROCESS

GTC or GTFC TECHNOLOGIES

Reforming

Methane
CH4 

GTL:   Gas to Liquids (FTGTL:   Gas to Liquids (FTGTL:   Gas to Liquids (FTGTL:   Gas to Liquids (FT---- Fischer Fischer Fischer Fischer TropschTropschTropschTropsch))))

GTC:   Gas to ChemicalsGTC:   Gas to ChemicalsGTC:   Gas to ChemicalsGTC:   Gas to Chemicals

GTFC: Gas to Fuels and ChemicalsGTFC: Gas to Fuels and ChemicalsGTFC: Gas to Fuels and ChemicalsGTFC: Gas to Fuels and Chemicals

Synthesis Synthesis Synthesis Synthesis 

GasGasGasGas

CO + H2CO + H2CO + H2CO + H2

PREMIUM PRODUCTS

O2

H2O
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Non Non ConventionalConventional FossilFossil FuelsFuels
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““ UnconventionalUnconventional ” Gas” Gas
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Oil Oil ShaleShale
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What is Oil Shale?What is Oil Shale?

• Organic, lime-rich mud deposited in a lake.

• The organic material is kerogen, not oil, that upon  
heating produces crude oil and natural gas.
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Green River FormationGreen River Formation
Oil Shale BasinsOil Shale Basins
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−Colorado 1000 billion bbls 

−Wyoming 300 billion bbls 

−Utah 321 billion bbls 

−TOTAL 1621 billion bbls 

U.S. Green River Oil Shale ResourcesU.S. Green River Oil Shale Resources
(in(in--place)place)

−Source: Bartis and others, 2005, Rand Corporation 
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How Can it be Recovered ?How Can it be Recovered ?

Mining & surface retorting

Underground in-situ retorting
(Photo on right from Shell Oil)

(Photo on left by Heikki Bauert, Estonia)
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Environmental ConcernsEnvironmental Concerns

- Disturbance of land surface

- Disposal of spent shale

- Impacts on water and air quality

- Impacts on sensitive species

- Energy efficiency
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Conclusions Oil ShaleConclusions Oil Shale
•• One oil shale mine of 5120 acres could replicate One oil shale mine of 5120 acres could replicate 

2005 oil production from over 2300 wells for 40 2005 oil production from over 2300 wells for 40 
years.years.

•• Required environmental studies and testing/scaleRequired environmental studies and testing/scale--
up of oil shale recovery technologies make up of oil shale recovery technologies make 
commercial oil shale industry unlikely before 2020.commercial oil shale industry unlikely before 2020.

� Conflicts exist with conventional oil and  gas 
development, tar sand resources, as well as 
wilderness study areas.
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TarTar SandSand ResourcesResources
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Gas Gas HydratesHydrates
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Frozen Frozen gas gas hydrate hydrate 
samplesample in a in a foam foam boxbox
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Methane HydratesMethane Hydrates

•• Extremely temperature and Extremely temperature and 

pressurepressure dependentdependent

•• Detected by presence of Detected by presence of 

BottomBottom Simulating ReflectorSimulating Reflector
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Slope Stability

Hydrates 
� Strengthen slopes when they associate

� Fill interstitial pore spaces with solid material

� Weaken Slope when they dissociate
� Cause pockets of high pressure gas

Instability triggering mechanisms
� Rapid sedimentation, excess pore pressure, ice weight, 

or ice induced forcing in glacial areas as well as gas and 
earthquake triggering

Resulting massive sediment transport
� Tsunamis
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Storegga Slide

Norwegian margin south of 
the Voring Plateau
Identified in 1983,   by T.
Bugge 
3 Stage Slide, Largest ever 
recorded, occurred 8 ka ago 
(8000 calendar years ago)
Moved 6000 cubic km of 
sediment
Headwall 290 km long, 10-

20º slope
Deposits 800 km from ledge

Storegga Slide Theory

Hydrate Dissociation – Sea Level Rise, Warm 
Water Inflow
� Sea Level Rise caused disruption of hydrate 

stability in the area
� Dissociating hydrates caused huge pockets of 

compressed gas
� Escaping gas triggered gigantic landslide
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LINKSLINKS
http://www.aapg.org/http://www.aapg.org/ slide_bankslide_bank //
http://www.spe.org/http://www.spe.org/ spespe --appapp //spespe //industryindustry //index.htmindex.htm
http://www.energy.gov/http://www.energy.gov/
http://www.eia.doe.gov/http://www.eia.doe.gov/


