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SoilsSoils
~1,500 ~1,500 GtCGtC

Unconventional Fossil Fuels
15,000 to 40,000 GtC

IIASAIIASA--GCP GCP 
HYDRATES Workshop HYDRATES Workshop 

(2008)(2008)

“the question now is not 
whether industry will exploit 

hydrates but how soon.”

“200 billion industry 
in two decades (?)”



"More meetings "More meetings 
like these are like these are 

clearly needed."clearly needed."
Science Science 
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A Future Energy SystemA Future Energy System

Source: EU, 2002Source: EU, 2002
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Summary of Global Fossil ResourcesSummary of Global Fossil Resources
Energy equivalents in ZJ, carbon contents in GtCEnergy equivalents in ZJ, carbon contents in GtC

aa Reserves to be discovered or resources to be developed Reserves to be discovered or resources to be developed 
as reservesas reserves
bb Resources base is the sum of reserves and resourcesResources base is the sum of reserves and resources
cc Includes natural gas liquidsIncludes natural gas liquids

ZJ Gt C ZJ Gt C ZJ Gt C ZJ Gt C ZJ Gt C ZJ Gt C

Conventional 4.85 97 0.13 2.65 6 120 6 121 12 241
Unconventional 0.29 6 0.01 0.18 5 102 15 305 20 407 45 914

Conventional 2.35 36 0.08 1.23 5 83 11 170 17 253
Unconventional 0.03 1 0.00 0.06 9 144 24 364 33 508 930 14,176

5.99 155 0.09 2.40 21 533 179 4,618 200 5,151

13.51 295 0.32 6.53 47 982 235 5,578 282 6,560 975 15,090

Additional Resource

Oil

Natural gasc

Coal

Total occurrences

Additional
1860-1998 1998 Reserves Resourcesa Baseb occurrences

Consumption

ZJ = ZetaZJ = Zeta--joule or 10joule or 102121 Joule or thousands of Joule or thousands of ExajoulesExajoules
GtGt C = Giga C = Giga tonnestonnes or 10or 1015 15 grams of carbongrams of carbon

Source: WEA, 2000Source: WEA, 2000
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Hydrocarbon Reserves and ResourcesHydrocarbon Reserves and Resources
Scenario assumptions and utilization levels, in ZJ (10Scenario assumptions and utilization levels, in ZJ (102121J)J)

 Conventional
reserves and

resources Unconventional

Unconventional and
additional

occurrences
Enhanced
recovery Recoverable

Category I,II,III IV V VI VII VIII Total

Historical
Consumption

1860-1998
Oil 12.4 5.8 1.9 14.1 24.6 35.2 94 5.1
Gas 16.5 2.3 5.8 10.8 16.2 800 852 2.4

Scenario/
Scenario assumptions

Consumption
1990-2100

Category I,II,III IV V VI VII VIII Oil Gas
SRES
   A1B gas/oil gas/oil gas/oil gas/oil gas --- 25.5 31.8
   A1T gas/oil gas/oil gas/oil gas/oil gas --- 20.8 24.9
   A1O&G gas/oil gas/oil gas/oil gas/oil gas/oil gas 34.4 49.1
   A1C gas/oil gas/oil gas/oil --- --- --- 18.5 20.5
   A2 gas/oil gas/oil gas/oil gas --- --- 19.6 24.5
   B1 gas/oil gas/oil gas gas --- --- 17.2 23.9
   B2 gas/oil gas/oil gas/oil gas --- --- 19.4 26.9
WEC
   A1 gas/oil gas/oil gas/oil gas/oil gas/oil gas/oil 34.0 28.9
   A2 gas/oil gas/oil gas/oil --- --- --- 18.7 21.2
   A3 gas/oil gas/oil gas gas gas --- 17.4 36.1
   B gas/oil gas/oil gas/oil --- --- --- 17.8 19.6
   C1 gas/oil --- --- --- --- --- 12.4 14.9
   C2 gas/oil --- --- --- --- --- 12.4 14.2

Table shows which of the categories are deployed in each scenario and compares cumulative use
from 1990 to 2100 with historical consumption from 1860 to 1988



Gas hydrates occur in a variety of deep marine and onshore Arctic 
settings, with those in Arctic sandstone reservoirs, under infrastructure, 
being the most accessible portion of the gas hydrate resource.

Resource Pyramid*

Sand dominated 
hydrate reservoirs

Fractured hydrate 
reservoirs

Clay dominated hydrate 
reservoirs

The new view of the world of gas hydrates

* Concept developed by T.S. Collett and R. Boswell, NETL newsletter “Fire in the ice” Fall 2006.

Source: M. Riedel



Source: N. Langhorne



HEI

A Final Note about Seafloor Hydrate A Final Note about Seafloor Hydrate 
MoundsMounds

Several approaches for Several approaches for 
recovering natural gas recovering natural gas 
from hydrate mounds from hydrate mounds 
have been considered. have been considered. 
Recent concepts may Recent concepts may 
be commercially viable be commercially viable 
and environmentally and environmentally 
acceptable.acceptable.

The gas would have dissolved into seawater 
anyway – this might be considered as a 
renewable resource. 

Source: A. Johnson



Web-links:

http://publications.iodp.org/proceedings/311/311title.htm

IODP Expedition 311 (2005): Margin-wide transect concept

Hydrate in sands!

M. Riedel, T.S. Collett, M. Malone      
et al., 2006 (ER volume)

Source: M. Riedel
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Mean ocean bottom temperature increase from 
doubling CO2

Average of 16 models
Source: J.-F. Lamarque



Estimated average methane flux 
from CO2 doubling

ST m3/year/m2

Based on the results 
from Reagan and 
Moridis, 2007

Source: J.-F. Lamarque



Line-drawing of a transect from the Svalbard shelf 
through the gas hydrate province into the Molløy Deep 
(after Eiken et al., 1994)(C. Berndt)

Tsunami Model (S. Brune, S.Sobolev)

Potential N. Atlantic 
tsunami risk: (Berndt, Brune, 
Nisbet, Sobolev models).

Source: E. Nisbet



Framework of Risk Assessment of Large-
Scale Impacts on the Environment
Framework of Risk Assessment of Large-
Scale Impacts on the Environment

Survey of similar 
case example

Research on 
MH & large 

impacts on the 
environment

Development of risk 
assessment model 
for production system

Development of 
event scenarios

Information of the design, 
O&M procedures, and 
emergency systems of 

production system

Data of component 
failure rate of 

production system Risk assessment of 
large-scale impacts on 
the environment

・ What kind of impact 
should be considered?

・ How large is the 
magnitude of such an 
impact?

・ What are the 
countermeasures?

・ Risk assessment 
includes both quantitative 
and qualitative estimate

Source: Y. Abe



2020V.S.Yakushev. Current view of gas industry upstream…

Exploration and productionExploration and production

Studies to be completed:
1. Exploration of Sweet Spots

2. Reservoir stimulation

3. Gas dehydration and separation

4. Gas compression and transport

Gas industry expectations in exploration and production of gas 
hydrates:

• Commercial production from gas hydrates onshore in USA (Alaska) and 
Russia (West Siberia) by 2020.

• Pilot development of few gas hydrate deposits offshore Japan and USA by 
2020

• Commercial production of gas from offshore after 2030.

Many studies, good progress

Few studies, new technologic 
approach is required 



2121V.S.Yakushev. Current view of gas industry upstream…

Gas blowouts from permafrost in West SiberiaGas blowouts from permafrost in West Siberia

Fire when drilling monitoring well Permafrost gas bubbling around production well 

GeohazardsGeohazards when drilling and operationwhen drilling and operation

Gas production well 
column



2222V.S.Yakushev. Current view of gas industry upstream…

GAS TORCH FROM SHALLOW PERMAFROST AT WELL 62-P-2 (BOVANENKOVO 
FIELD,YAMAL PENINSULA) FROM DEPTH 64 M WHEN TESTING

GeohazardsGeohazards when drilling and operationwhen drilling and operation



Intelligent ROV’s

Remotely Operated 
Hydrate Appraisal 
(ROCA)

- geophysical tools 
- drilling and production 
arms 
- autonomy 

Seek, Find, Drill, 
Produced

Source: P. Zitha



More mobility is needed

Move from fixed systems 
to mobile rapidly 
deployable and 
removable systems  

Source: P. Zitha



Multilateral intelligent systems
Greater accessibility of hydrate 
reserves:
• well equipped with downhole
measurement & control 
instrumentation 
• production and reservoir 
engineering
• advanced computational 
methods

Source: P. Zitha



Market Market SizeSize in 2050in 2050
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IPCC WG1 Treatment of Methane Hydrates

• Synthesis Report: no mention
• WG1 Summary for Policy Makers: no mention
• WG1 Technical Summary: no mention
• Chapter 4: Observations (1 paragraph)

– Permafrost has warmed in the NH, changes to “subsea 
permafrost” cannot be assessed (Ch. 4.7.2.2 & 4)

Source: B. O’Neill



IPCC WG1 Treatment of Methane Hydrates

• Chapter 7: Climate System-Biogeochemistry 
Couplings (one paragraph)
– “Recent modelling suggests that today’s seafloor CH4 

inventory would be diminished by 85% with a warming of 
bottom water temperatures by 3°C (Buffett and Archer, 
2004). Based on this inventory, … an anthropogenic release 
of 2,000 GtC to the atmosphere could cause an additional 
release of CH4 from gas hydrates of a similar magnitude 
(~2,000 Gt(CH4)) over a period of 1 to 100 kyr (Archer and 
Buffett, 2005).”

– “Thus, gas hydrate decomposition represents an important 
positive CH4 feedback to be considered in global warming 
scenarios on longer time scales.” (Ch. 7.4.1.1)

Source: B. O’Neill



IPCC WG1 Treatment of Methane Hydrates

• Chapter 8: Climate Models and Their Evaluation (two 
paragraphs)
– “The likelihood of methane release from methane hydrates 

found in the oceans or methane trapped in permafrost layers 
is assessed in Chapter 7. “ (Ch. 8.7.2.4)

• Chapter 10: Global Climate Projections (one sentence)
– “… some sources of future radiative forcing are yet to be 

accounted for in the ensemble projections, including those 
from land use change, variations in solar and volcanic 
activity, and CH4 release from permafrost or ocean hydrates 
(see Section 8.7).” (Ch. 10.5.1)

Source: B. O’Neill



IPCC WG2 Treatment of Methane Clathrates

• Ch. 19: Assessing Key Vulnerabilities and the Risk 
From Climate Change (“key vulnerability” table entry 
+ one paragraph)
– “AR4 temperature range (1.1-6.4°C) accounts for this 

[climate-carbon cycle] feedback from all scenarios and 
models but additional CO2 and CH4 releases are possible 
from permafrost, peat lands, wetlands, and large stores of 
marine hydrates at high latitudes *” (medium confidence)

– “Permafrost already melting, and above feedbacks generally 
increase with climate change, but eustatic sea-level rise 
likely to increase stability of hydrates ***” (very high 
confidence)

– “One study (Harvey and Huang, 1995) reports that methane 
releases may increase very long-term future temperature by 
10-25% over a range of scenarios.”Source: B. O’Neill



IPCC Summary

• Little discussion of the issue
• Scant likelihood assessment (medium confidence that 

“additional releases are possible”)
• No good idea of potential consequences
• No communication of extent of uncertainty, 

disagreement, etc.
• No prioritization or comparison of risks across 

different events (e.g., permafrost vs. methane 
hydrates)

Source: B. O’Neill



Outline of Summary Article Outline of Summary Article 
The fraction of hydrates, vulnerable to climate change (e.g. hydrates in shallow 
marine Arctic and hydrates disseminated in permafrost), and the fraction of hydrates 
that might become available as an energy resource need to be further 
constrained. 
Extended drilling and improved inventory modeling are required to constrain the 
total global methane hydrates inventory and its distribution (in particular with depth). 
The energy resource potential of hydrates is very high, where hydrates from onshore 
sub-permafrost can be exploited by use of semi-conventional technology. Extensions 
of current technologies can be used to exploit ocean hydrates, but extended 
exploitation will require a paradigm shift in production technologies. Such 
developments would require dedicated research and development efforts beyond the 
current exploration industry.
If this large potential is realized, carbon capture and storage (CCS) will be required
under any CO2 stabilization regime given the gigantic potential hydrate occurrences. 
Therefore, development of CCS should accompany that of hydrate extraction 
technologies. 
Improved understanding of implications of methane hydrates for climate change is 
required for assessing the role of hydrates in the global carbon cycle, and the 
sensitivity of the deep ocean temperature to surface climate change.
Better monitoring of arctic and marine methane sources is required to improve 
understanding of different sources and anthropogenic effects.
Finally, the presence of methane hydrates and its potential implications for climate 
change as well as its role as a future source of energy is not included in most large 
assessments.


