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Economic prosperity requires low cost fuels.

Energy security requires stable, abundant domestic resources.

Low carbon economy requires reduction of greenhouse gas emissions.

‐‐2015 Quadrennial Technology Review
U.S. Department of Energy 
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U.S. DOMESTIC CONSUMPTION BY FUEL TYPE - 2015

Consumption by Fuel Type, Quadrillion BTU, 2015

Coal

Natural Gas

Petroleum

Nuclear Electric Power

Total Renewable Energy
(including biofuels)

15.7 
16%

28.3 
29%

35.4
36%

8.3
9%

9.7 
10%

Source: Energy Information Administration 
Monthly Energy Review

Note: Sum of components 
may not equal 100% due to 
independent rounding
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Economic prosperity requires low cost fuels.

Energy security requires stable, abundant domestic resources.

Low carbon economy requires reduction of greenhouse gas emissions.

‐‐2015 Quadrennial Technology Review
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Source: U.S. Energy Information Administration, 
Annual Energy Outlook 2016 Early Release
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U.S. Crude Oil Production

Tight oil

Other lower 48 onshore

Lower 48 offshore
Alaska

Million barrels per day

• The United States has been the world’s top 
producer of petroleum hydrocarbons since 2013.

• Before 2030, U.S. oil production is expected to 
exceed the previous historical high of 9.6 million 
barrels/day in 1970. 

U.S. maximum production 
level of 9.6 million 
barrels/day in 1970

Trillion cubic feet per year
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• The first U.S. exports of LNG produced in the 
lower 48 states occurred in February 2016. 

• By 2017, the U.S. will become a net exporter of 
natural gas, presenting significant implications 
for global markets.

U.S. is a net exporter by 2017, 
the first time since 1957
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FEDERAL POLICY AND R&D PROMOTES INNOVATION IN OIL AND GAS

1970s
• R&D to improve shale and other unconventional gas 

extraction

1980s-1990s
• Section 29 tax incentives
• Industry partnership to make drilling in the Barnett 

Shale economic  

2010-Present
• Research continues to promote prudent exploration, 

development, and environmental protection 
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MAJOR ADMINISTRATION ENERGY AND CLIMATE GOALS 

Reduce GHG emissions by 17% by 2020, 26-28% by 2025 and 
83% by 2050 from a 2005 baseline

- Climate Action Plan 

Reduce net oil imports by half by 2020 from a 2008 baseline 
-Blueprint for a Secure Energy Future

Double energy productivity by 2030 
-Department of Energy 

By 2035, generate 80% of electricity from a diverse set of clean 
energy resources
-Blueprint for a Secure Energy Future

Reduce CO2 emissions by 3 billion metric tons cumulatively by 2030 
through efficiency standards set between 2009 and 2016 

-Climate Action Plan Progress Report
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Area Description

Unconventional 
Oil & Gas

Unconventional oil and gas refers to resources that cannot be produced 
economically through standard drilling and completion practices – such as 
shale gas, shale oil, tight gas and tight oil. 

Offshore

Given the importance of deepwater and ultra-deepwater production 
worldwide, it is imperative that U.S. producers and technology developers 
maintain a focus on technologies that help minimize environmental impacts 
as companies move into deeper and more extreme environments around the 
globe. 

Methane 
Hydrates

The most plentiful supplies of natural gas throughout the world may be the 
methane molecules trapped in ice-like structures called hydrates. Our 
research is focused on unlocking the mysteries of hydrates.

Midstream 
Infrastructure

The U.S. has a robust natural gas delivery infrastructure, consisting of over 
2.4 million miles of pipelines.  We will develop technologies and leading 
practices to mitigate methane emissions from natural gas transmission, 
distribution, and storage facilities. 

PRUDENT DEVELOPMENT OF OIL AND NATURAL GAS: R&D FOCUS AREAS
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Relying on exiting fuels through the transition to a low carbon economy 



10

DOE’S ONSHORE OIL & GAS RESEARCH PROGRAM

Methane Emissions
Protect the air we breathe

Induced Seismicity
Understand and mitigate 

earthquake risks

Subsurface Science
Understand the reservoir

Water Quality and Availability
Protect water resources and 
prevent water shortages

Transportation and Storage
Safe and reliable transmission, 

storage, and distribution
Footprint Reduction

Develop resources efficiently



UNCONVENTIONAL OIL & GAS PROJECTS RELATED TO SUBTER

Wellbore Integrity
19 projects*

Subsurface Stress & 
Induced Seismicity

8 projects*

Permeability 
Manipulation
65 projects*

New Subsurface 
Signals

24 projects*

* 95 projects counted as 116; both active and completed circa 2007 ‐ present

FE0024296: Methods to 
Enhance Wellbore Cement 
Integrity with Microbially‐
Induced Calcite Precipitation 

09122‐01: Gas Well Pressure Drop Prediction under Foam Flow Conditions 

FE0014144:  Well integrity 
monitoring using Nanite TM

modified cement

10122‐43:  Diagnosis of Multiple Fracture Stimulation in Horizontal Wells by Downhole Temperature Measurement 

NETL‐ORD: Fracture 
propagation and Ground 
Motion related to UOG 
Development

FE0024314: Development and Testing of Novel Natural Gas Surface Process Equipment for replacement 
of water as primary hydraulic fracturing fluid 

09122‐29 Using Single‐
Molecule Imaging System 
Combined with Nano‐fluidic 
Chip to Understand Fluid Flow 
in Tight and Shale Gas 
Formation

Regional Field Observatories

10122‐19: Zonal Isolation 
Improvements for Horizontal 
Wells Drilled in the Marcellus 
and Haynesville Shales

11122‐42 Annular Isolation in 
Shale Gas Wells: Prevention 
and Remediation of Sustained 
Casing Pressure and other 
Isolation Breaches

DE‐FC26‐01BC15353 
Development & Calibration of 
New 3‐D Vector VSP Imaging 
Technology; Vinton Salt Dome 
(U. Houston)

DE‐FC26‐01NT41234 
Development of a 400 Level 
3C Clamped Downhole Seismic 
Receiver Array for 3‐D 
Borehole Seismic Imaging of 
Gas Reservoirs (Paulson)

DE‐FE0013902 Evaluation of 
Deep Subsurface Resistivity 
Imaging for Hydrofracture
Monitoring (GroundMetrics)

07122‐15 Reservoir 
Connectivity and Stimulated 
Gas Flow in Tight Sands

07122‐41 Improved Reservoir 
Access through Re‐fracture 
Treatments in Tight Gas Sands 
and Gas Shales

09122‐12 Integrated 
Experimental and Modeling 
Approaches to Studying the 
Fracture‐Matrix Interaction in 
Gas Recovery from Barnett 
Shale

10122‐42 A Geomechanical
Analysis of Gas Shale 
Fracturing and Its 
Containment

09122‐06 Prediction of Fault 
Reactivation in Hydraulic 
Fracturing of Horizontal Wells 
in Shale Gas Reservoirs (WVU)

12122‐91 4D integrated study 
to Develop Assessment 
Models for Potential Induced 
Seismicity Risk (U. Oklahoma)
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FUNDAMENTAL SHALE PROJECTS RELATED TO SUBTER

Wellbore Integrity Subsurface Stress & 
Induced Seismicity

Permeability 
Manipulation

New Subsurface 
Signals

LANL:  Experimental Study of In Situ Fracture Generation and Hydrocarbon Migration in Shale

SNL: Fundamental 
Understanding of CH4‐
CO2‐H2O Interactions in 
Shale Nanopores

LBNL: Understanding Water Controls on Shale Gas Mobilization into Fractures

LBNL: Numerical and 
Laboratory Investigation 
for Tight/Shale Oil 
Production

LBNL:  Lab and Numerical 
Modeling of HF Propagation 
and Permeability Evolution 
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LANL: Probing Hydrocarbon Fluid Behavior in Nanoporous
Formations

LANL: Understanding Basic Mechanisms in Natural Gas 
Production through Reservoir‐scale Simulations

SLAC: Chemical Control of 
Fluid Flow in Shale 
Microfracture
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DOE’S OFFSHORE RESEARCH PROGRAM
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Oil Spill Prevention Technologies



Geologic Uncertainty Drilling and Completions

Subsea Systems Automation and Reliability

OFFSHORE RESEARCH AREAS

Research Questions: How can current construction materials, 
technologies, and best practices be improved, and verified by 
modeling, to quantify and reduce risk and improve safety‐while‐
drilling, as well as increase the long‐term reliability of wells? How can 
intelligent materials and sensors allow for better real‐time data 
collection downhole and initial preventative action?

Research Questions: How can research improve the quality of 
the geologic data, decrease the environmental impact of 
acquiring data, and use data to more accurately model the 
subsurface so as to quantify resources and avoid geologic 
hazards?

Research Questions: How can the design of offshore facilities 
and systems be optimized using modeling to minimize impacts 
of worst‐case incidents related to hurricane forces, wave 
motion, and fires or explosions?

Surface Systems and Umbilicals
Research Questions: What technologies will improve the capability 
to inspect and monitor the integrity of subsea equipment be 
improved in the areas of resolution, speed, and reliability so as to 
improve rapid detection of damage, corrosion, and other concerns? 14



EXAMPLE DOE OFFSHORE PROJECTS RELATED TO SUBTER

Wellbore Integrity Subsurface Stress & 
Induced Seismicity

Permeability 
Manipulation

New Subsurface 
Signals

NETL: Evaluation of 
Lithology: Cement: Casing 
Barrier Integrity in UDW 
Subsurface Conditions
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More Improvements to 
Deepwater Subsea 
Measurement 
(10121‐4304‐01)

More Improvements to 
Deepwater Subsea 
Measurement 
(10121‐4304‐01)

NETL: Improving the 
Science Base for Wellbore 
Integrity: Foam Cements

Smart Cementing 
Materials and Drilling 
Muds for Real Time 
Monitoring of Deepwater 
Wellbore Enhancement 
(10121‐4501‐01)

Pressure Prediction and 
Hazard Avoidance 
through Improved 
Seismic Imaging (12121‐
6002‐02)

Geophysical Modeling for 
Studying Acquisition and 
Processing Methods in 
the GOM (07121‐2001)

NETL: Kick Detection at 
the Drill Bit

Pressure Prediction and 
Hazard Avoidance 
through Improved 
Seismic Imaging 
(12121‐6002‐02)

NETL: Evaluation of 
Lithology: Cement: Casing 
Barrier Integrity in UDW 
Subsurface Conditions

27 offshore projects relate to specific SubTER pillars
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THE TRANSITION TO A LOW CARBON ECONOMY REQUIRES STABLE ABUNDANT 
DOMESTIC SUPPLIES OF OIL AND NATURAL GAS

Oil and gas play an essential role in 
our nation’s economic prosperity, 
energy security, and national security. 

There are environmental challenges to 
the development of stable, abundant 
domestic supplies of oil & gas.

DOE’s investment in innovative 
technology R&D in concert with our 
partners focuses on the sustainable 
and prudent development of these 
important oil & gas resources.

Note: Sum of components may not equal 100% due to independent rounding
Source: EIA Monthly Energy Review July 2016  and Annual Energy Outlook Early Release 2016 Reference Case 

EIA estimates about 963,000 wells being 
drilled in lower 48 states from 2016 to 2040 
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energy.gov/fe/science-innovation/oil-gas-research


