





Figure 7.1 CBM RD&D Spending and Supporting Policy Mechanisms
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The GRI and the DOE invested more than $120 million (1999 dollars) combined in their
respective RD&D programs for Coal Bed Methane (CBM) beginning in 1978 and ending

in 1994,"? as shown in Figure 7.1 above. Initial Section 29 tax credits for CBM were equal

to $0.52 per Mcf ($3 barrels of oil equivalent) and were annually adjusted to inflation.
Approximately 9 Tcf of the CBM produced in 1980 through 2002 was eligible for the Section
29 tax incentives as shown above; this estimate ignores gas that was produced from wells that
were drilled before 1993, but came online after 1993. The use of Section 29 tax credits was
limited somewhat by tax liability issues that had to be taken into account. For instance,
producers were not able to offset their Alternative Minimum Tax (AMT) obligations and
approximately 50% of companies were in AMT.? The total value of the tax credit was equal

to $760 million in 1993, shared mainly by CBM and tight gas producers.

1. Energy Research at DOE: “Was It Worth It? Energy Efficiency and Fossil Energy Research
1978 to 2000.” 2001, National Research Council.

2. Gas Research Institute 1979-1983 to 1994-1998, Research and Development Plans.
Chicago, Ill. , Gas Research Institute.

3. M.R. Haas and A.]. Goulding, ICF Resources Inc., “Impact of Section 29 Tax Credits on
Unconventional Gas Development and Gas Markets,” P8.
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Although continuing strong

SUPPLY

Although continuing strong domestic gas supply for the next couple of decades is

practically assured, optimization of the resource and long-term supply at lower cost,

with decreasing environmental footprint, will call for new technology for uncon-
ventional resources. This can have a material impact on the long-term
economic competitiveness of domestic supplies with imports.

domestic gas supply for the next

couple of decades is practically

assured, optimization of the

There are a number of important areas for supply-side RD&D:

Analysis and Simulation of Gas Shale Reservoirs — A DOE program

resource and long -term supp ly should be aimed at the basic science that governs shale formations in order
at lower cost, with decr easing to maximize gas recovery. Such a program could help develop a better
environmental footprint, will understanding of the physics that underlies fluid flow and storage in gas

call for new technology for
unconventional resources.

shales, facilitate the development of more accurate reservoir models and
simulation tools; and develop imaging tools and models for characterizing
the geologic, geochemical and geophysical shale rock properties.

Environmental Protection — A comprehensive program is needed to address issues
of water use and produced water in unconventional gas production. Such a program
could lead to improved treatment, handling, re-use and disposal of fluids; more
sustainable and beneficial use of produced water; and more effective stimulation
techniques that require less water and other fluids to be injected into the subsurface.

Methane Hydrates — More basic research issues need to be resolved for methane
hydrates than for other gas sources. RD&D might usefully focus on: the systematic
remote detection of highly concentrated deposits; long-term production tests,
particularly in permafrost-associated hydrates; and geo-hazard modeling to deter-
mine the impact of extracting free gas on the stability of associated hydrate-bearing
sediments.

The Administration has not sought funding for unconventional resource RD&D
(except for methane hydrates) for several years.

Consideration should also be given to restoring an off-budget, industry-led private-
public partnership to support a broad-based natural gas RD&D program, including
delivery systems and end use. There are many possible mechanisms. To set a scale,
we note that a one cent charge per Mcf of gas (equivalent to much less than 1% of
the delivered price to end users) would yield over $200M/year for research.
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RECOMMENDATION

The Administration and Congress should support RD&D focused on environ-
mentally responsible, domestic natural gas supply. This should entail both

a renewed DOE program, weighted towards basic research and a synergistic
continuing “off-budget” industry-led program, weighted towards applied
research, development and demonstration. In particular, the Royalty Trust Fund
should be continued and increased in its allocation commensurate with the
promise and challenges of unconventional gas. Furthermore, consideration
should be given to restoring a public-private “off-budget” RD&D program for
natural gas transportation and end use as well.

ccs

Up to now, most of the CCS RD&D focus has been on coal use, which is appropriate
because of its carbon intensity and its dominant role in the U.S. power sector (and
widespread use in China and India — both expanding energy consumers). The work
spans both post-combustion and pre-combustion (mainly gasification) capture.
However, to date, activity around CCS worldwide has been slow to reach the level

of demonstration needed to establish utility-scale sequestration in a timely fashion.
And as carbon emissions constraints grow tighter, natural gas combustion will also
need CCS (as indicated in Section 3 of this report).

Clearly, much of the CCS research is applicable to any fossil fuel source, especially
for post-combustion capture. For pre-combustion capture, there are technical
simplicities in starting with natural gas, since the conversion to synthesis gas is much
simpler than for solid fuels. Consequently, consideration should be given to natural
gas CCS demonstration as part of the portfolio of demonstration projects needed

to establish this important technology for a very low carbon future.
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NOTES

'Energy Research at DOE: Was It Worth It? Energy Efficiency and Fossil Energy Research 1978
to 2001. National Research Council ISBN 0-309-07448-7 (2001).

*RPSEA is a consortium of U.S. universities, industry and independent research organizations.

*One member of the MIT study group (MAK) serves on the Board of the non-profit RPSEA.
MIT has not received research funding from the program.

78 MIT STUDY ON THE FUTURE OF NATURAL GAS



Appendix A: Units

Bef Billion cubic feet
Btu British thermal units
cf cubic feet

GW Gigawatt

GWh Gigawatt hour

kWh kilowatt hour

Mcf Thousand cubic feet

M]J Megajoule

MMcf  Millions of cubic feet
MMBtu Million British thermal units
MW Megawatt

MWh  Megawatt per hour

qBtu quadrillion 10" British thermal units
Tcf Trillion cubic feet

TkWh  Trillion kilowatt hours

TWh Terawatt hours
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Appendix B: Seminar Series Dates
and Speakers

February 20, 2009
Kent Perry:
“Unconventional Gas: The Resource and Technology Needs”

March 19, 2009
James T. Jensen:
“LNG: Expanding the Horizons of International Gas Trade”

March 30, 2009

Peter Terzakian:

“A New Energy Break Point: The Evolving Character of Natural Gas
in North America”

April 29, 2010
Christian von Hirschhausen:

Perspectives of International Natural Gas Trade: Competition — Contracts — Cartel”

May 14, 2009
Robert Kleinberg:
“Principles and Methods of Gas Shale Production Enhancement”

July 22, 2009

Donald Gautier:

“USGS Circum-Arctic Resource Appraisal: Estimating Undiscovered Oil and Gas
in the Highest Northern Latitudes”

Loring “Red” White:
“A Cost Appraisal of Arctic Oil and Gas Resources”

Jack Schuenemeyer:
“Aggregation Methodology for the Circum Arctic Petroleum Assessment”

September 24, 2009
Porter Bennett:
“U.S. Natural Gas Market Outlook: Boom and Bust, or New Beginning?”

October 19,2009
Eric Gebhardt:
“The History of GE Gas-Fired Power Plants”
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Appendix C: List of Acronyms

AFUE
AMT
BOE
CBM
CCGT
CCS
CH
CHP
CNG
CO
CO-e
DME
DOE
EERS
EIA
ENS
EPA
EPPA

ERCOT
FERC
FNDP
FUA
GDP
GECF
Gge
GHG
GIIP
GOM
GRI
GT
GTL
ICF
IEA
IECC
IGCC
IP
ISO
L48
LCOE

Annual Fuel Utilization Efficiency
Alternative Minimum Tax

Barrels of oil equivalent

Coal Bed Methane

Combined Cycle Gas Turbine
Carbon Capture and Sequestration
Methane

Combined Heat and Power Units
Compressed Natural Gas

Carbon Dioxide

Carbon Dioxide Equivalent
Dimethyl Ether

Department of Energy

Energy Efficient Resource Standard
Energy Information Agency
European Nuclear Society
Environmental Protection Agency

Emissions Prediction and Policy Analysis
(model)

Electric Reliability Council of Texas
Federal Energy Regulatory Commission
Fully Dispatched NGCC Potential

Fuel Use Act

Gross Domestic Product

Gas Exporting Country Forum
Gasoline Gallon Equivalent
Greenhouse Gas

Gas Initially in Place

Gulf of Mexico

Gas Research Institute

Gas Turbine

Gas to Liquids

ICF International

International Energy Agency
International Energy Conservation Code
Integrated Gasification Combined Cycle
Initial Production

Independent System Operator

Lower 48

Levelized Cost of Electricity

LNG
MARKAL
mD
MECS
MITEI
MRH
N.O
NAFTA
NG
NGCC

NGLs
NIMBY
NO

NPC
NREL
NYMEX
OECD

OPEC

PEC
PGC
R&D
RD&D
ReEDS

RES
REX
RPSEA

RTF
RTO
SAE
SF,
SO
TTF
USGS

USREP

Liquefied Natural Gas
Market Allocation (model)
Mendelevium

Manufacturing Energy Consumption Survey

MIT Energy Initiative

Major Resource Holders

Nitrous Oxide

North American Free Trade Agreement
Natural Gas

Advanced Natural Gas/Natural Gas
Combined Cycle

Natural Gas Liquids
Not In My Backyard

Generic Term for the Mono-Nitrogen Oxides

NO and NO,

National Petroleum Council

National Renewable Energy Laboratory
New York Mercantile Exchange

Organization for Economic Co-Operation
and Development

Organization of the Petroleum Exporting
Countries

Perfluorinated Compounds

Potential Gas Committee

Research and Development

Research, Development, and Deployment

Renewable Energy Deployment System
(model)

Renewable Energy Standard
Rocky Mountain Express Pipeline

Research Partnership to Secure Energy
for America

Royalty Trust Fund

Regional Transmission Operators
Society for Automotive Engineers
Sulfur Hexafluoride

Sulfur Dioxide

Title Transfer Facility

United States Geological Survey
United States Regional Energy Policy

MIT Study on the Future of Natural Gas 83












