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Thank you for giving me this opportunity to share our insights into the current status and 
future of fossil energy and carbon capture, utilization, and storage. My name is Roger Aines 
and I am the Chief Scientist of the energy program at Lawrence Livermore National 
Laboratory (LLNL). 

This testimony provides an update on emerging fossil energy technologies, including the 
status of carbon capture, carbon storage, carbon utilization, advanced energy systems, and 
removing carbon dioxide from the atmosphere, with emphasis and focus on CO2 utilization and 
carbon removal. It includes an assessment of current technologies and their readiness, 
activities in technology development at my laboratory (LLNL), and the current state of CO2 
utilization in American industry. This current state foreshadows a future in which natural gas 
and CO2 become feedstocks for valuable products, creating an economic opportunity for all 
regions of the United States by using abundant resources and new technology. 

The technology to manage CO2 is already deployed and operating, and functions as designed. 
New technologies for converting CO2 into materials we use every day are developing rapidly. 
These developments provide new possibilities for commercial enterprise in the US and 
opportunities for commercial and technical leadership by our country. Innovation lies at the 
heart of this new carbon economy, and both basic and applied R&D are needed to take best 
advantage of the opportunities in this competitive and dynamic environment. An exciting 
example of the science and technology that is sure to drive new economic growth in CO2 
utilization is additive manufacturing, or 3-D printing, which is already beginning to 
revolutionize U.S. manufacturing. It will be a major technology component of this new 
landscape. 

Demand for low-carbon energy continues to grow worldwide, with investment of nearly 
$400B in 2015 and 2016. Carbon capture, use, and storage (CCUS) remains a growing, but 
underutilized element in the low-carbon economy. CCUS is a technology category that 
includes carbon capture and storage, CO2 enhanced oil recovery (EOR), CO2 conversion and 
utilization, and even carbon removal technology (so called “negative emissions” approaches 
that pull CO2 from the air and oceans). CCUS technologies provide commercial and 
environmental opportunities for companies, communities, and governments, particularly in 
parts of the country where CO2 and natural gas are readily available, and electricity is 
inexpensive. This is particularly applicable to the center of the country. 



2  

Technical progress in CCUS is significant, but there is unrealized potential to manage carbon 
emissions. Today, 16 commercial CCUS plants operate worldwide, and with six more planned, 
22 will be operating by 2020. These include power and industrial projects, new build and 
retrofits, and both CO2-EOR and saline storage. More than a third of them are located in North 
America. Costs have come down, substantially through R&D by DOE Fossil Energy. In some 
sectors, like heavy industry (e.g., refining, cement manufacture), CCUS is the only option 
available at scale today for carbon management. 

The mission of the Department of Energy’s national laboratories is to advance science and 
technology that addresses issues of today, anticipate important pending national and global 
challenges, and help provide solutions to them. Much effort is focused on developing new 
technologies in close partnership with companies that can bring these technologies to 
market. The need for more efficient fossil fuel technologies that can provide an engine for 
enhanced US competitiveness have led to DOE research and analysis conducted at LLNL and 
other national labs. 

Grounded in our experience in novel materials and modeling and simulation, LLNL has been 
funded to work for nearly two decades on CCUS. LLNL has been a partner in many of the 
carbon capture and sequestration projects nationally and globally and has developed analysis 
tools and early-stage technologies for CO2removal from flue gas, air, and oceans. Recently, 
this effort has expanded to include conversion of CO2 to useful products such as methanol and 
ethylene. 

At LLNL we are focused on tomorrow’s clean fossil energy system. I would like to comment 
on five areas of our work that are critical for a strong energy future: carbon capture, carbon 
storage, carbon utilization, advanced energy systems, and removing carbon dioxide 
from the atmosphere. 

Carbon Capture affects our ability to use and manage carbon dioxide. We need to be able to 
capture CO2 from flue gas in power plants and heavy industry. LLNL has worked in this area 
for ten years. We are focused on reducing the cost of carbon capture by reducing the capital 
expense of capture systems. LLNL is funded by the Fossil Energy Program to develop new 
carbon capture approaches that use additive manufacturing to make systems that are more 
efficient. Additive manufacturing can make capture equipment smaller, which can reduce the 
capital investment. Because capital costs can be half of the lifetime cost of a CO2 management 
system, we believe that capital cost reductions are the best target for reducing the cost of 
carbon management. 

Natural gas will grow in importance as our nation moves to use its extraordinary resources of 
this fossil fuel to create efficient industry and power. The technology that DOE has developed 
for coal-fired systems can also be applied to natural gas systems but has not been tested at 
large scale. There is a need to transfer that DOE knowledge to industrial natural gas users. 

In Carbon Storage LLNL provides the most advanced 3-D fracture mechanics modeling for 
industrial partners to help them manage the risk of induced seismicity for underground 
carbon sequestration projects, hydraulic fracturing operations, and enhanced oil recovery. 
We are particularly interested in engaging the US oil industry, including independent 
producers, by taking advantage of their skills, workforce, and economic desire to make CO2 
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storage a reality. For example, the Mt. Poso Cogeneration Company LLC is the largest biomass 
fueled power plant in California. It is located on an oil field with a depleted portion 
potentially suited for CO2 storage. The geology there seems to be good and the Mt. Poso 
power plant may be one of several good sources of CO2 for storage. The economic benefits 
from the 45Q storage tax credit and the California low-carbon fuel standard make this an 
attractive option that the site partners are considering. This is an excellent example of 
industry willing to step up, but in the design phase they will need help absorbing the 
knowledge developed in DOE programs to date. LLNL is working with them to do that and to 
help determine if CO2 storage is a safe and economical option for them. 

Carbon Utilization (or as some call it, carbon recycling) is poised to become a major new 
industry in the United States. Last month twenty companies from Exxon to 3M to Nike 
attended our workshop in Livermore for corporations interested in this new way to use CO2. 
All of them are interested in how their products can be improved with materials fabricated 
from CO2. We will be releasing a report on the conclusions from this workshop in the next 
few weeks. This is an area ripe for basic research, and not ready to jump to major production 
yet. Most of the work in this area is going on in university labs (like Pulickel Ajayan’s at Rice 
University and Tom Jaramillo’s at Stanford University), where the basic science of the 
reactions is being worked out. 

In the Texas to Iowa corridor, CO2 is an abundant feedstock, and the new wind turbines in that 
region routinely sell their power on the wholesale market for less than 2 cents a kilowatt 
hour. New industries can use that electricity and CO2 to make exactly the desired chemical 
product in high yield, and they will not need much of the expensive separations equipment 
currently required for production of chemicals. When you look at a refinery or chemical plant 
today, most of that complex maze of equipment is for purifying the final product. By using 
simple feedstocks like carbon dioxide and natural gas, new factories can make our carbon 
products like textiles, plastics, and even fuels. 

Wyoming has led the way in CO2 utilization efforts with development of a CO2 test center 
where entrepreneurs can demonstrate their new technologies. This kind of support for 
technology innovation will speed implementation of these new technologies. 

The concrete and carbon fiber industries are also on the forefront of finding new economical 
uses of CO2. Concrete can be made stronger by adding CO2 to it, and a number of companies 
are pursuing this goal including New Jersey’s Solidia, which makes stronger precast concrete 
items with CO2. Interestingly, one of Solidia’s major business challenges is having an assured 
supply of CO2 so that they can take on major contracts. Carbon fiber is just starting to be 
made from CO2 in the laboratory, as are carbon nanotubes and other exotic materials for the 
light-weighting and electronics industries. C4 Composites in Santa Monica, CA, is working to 
make carbon fiber directly from natural gas, while simultaneously making hydrogen gas for 
use in chemicals or as fuel. 
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Additive manufacturing, or 3-D printing, is a game-changing innovation that allows 
complicated products to be built in ways that can’t be done by conventional manufacturing. 
Additive manufacturing is very important for using CO2 in new industrial processes. At LLNL 
we use 3-D printing to create chemical reactors that combine the natural gas, CO2, and water 
in the exact proportions and perfect conditions to make a desired product. We can even use 
bacteria that have been modified to make the product we want and build the reactor out of 
those bacteria (along with a binder to hold them in place). Working with the National 
Renewable Energy Lab (NREL), which designs and supplies the bacteria, we have made 
reactors that produce valuable organic acids (like lactic acid) and methanol from natural gas. 

 

Live yeast cells have been combined with a binder, then put in a 3-D printer to make the fabric at left. The 
green color shows the location of the cells in the fabric. This material converts sugar to ethanol. The cells 
are alive and reproduce in the printed material: the reactor is a living thing. This technology could 
dramatically change the way chemicals and bioproducts are made. 

 
 

These reactors will be the heart of new chemical plants building products from CO2 and 
natural gas. The early products that companies are interested in are high-value organic 
chemicals that are best made by living organisms. This new reactor technology will create 
new businesses and jobs in the United States. They could also be used to convert small 
sources of natural gas into methanol, a liquid, that can be collected and transported in trucks, 
turning waste into a valuable resource. 

These technologies are part of an LLNL program to use abundant energy resources to make 
new products. We are investigating the use of electricity to convert carbon dioxide and water 
to ethylene, the most abundant chemical feedstock. This could enable distributed generation 
of ethylene in parts of the United States where CO2 is abundant and electricity is inexpensive 
today (much of the central part of the country). 
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Additive manufacturing is an important part of 
utilizing CO2 to make products. It allows us to 
balance many factors to get pure products. In this 
chemical reactor the cell wall of bacteria called 
methanotrophs are printed into the polymer walls 
of the device. The enzymes in those cell wells 
convert natural gas to methanol, a valuable 
industrial chemical. No added electricity or heat is 
needed. Natural gas flows in, methanol flows out. 

Recently, Arizona State, Iowa State, and 
Purdue University launched a new 
consortium1 with LLNL and the Center for 
Carbon Removal focused on creating the 
knowledge and practice needed to draw 
economic value from carbon removal and 
CO2 conversion and use. 

Looking to the future, LLNL sees great 
promise in revolutionary new technologies 
that are economically viable and convert 
CO2 into useful products – fuels (methane 
and biofuels) and chemical feedstocks 
(methanol, ethanol, and ethylene). Indeed, 
we see a society that is poised at the edge 
of a new carbon economy – one that 
harnesses innovation and 
entrepreneurship to create new products, 
companies, and wealth through capturing 
and converting CO2 into valuable products. 
We see this industry as potentially 
enormous, possibly of a size and scale 
comparable to today’s agriculture, oil and 
gas, or power sectors. 

 
 
 
 
 
 
 
 
 
 

 

1 https://www.newswise.com/articles/new-carbon-economy-effort-launched-at-arizona-state- 
university 

Standard Approach: New Approach: 

Biogas or 
Natural gas 

Material 
Precursor 

Stirred Tank Reactor 
(poor mass transfer, 
poor productivity) 

Immobilized 
Cell Reactor 

Materials from 
Renewable Methane 

http://www.newswise.com/articles/new-carbon-economy-effort-launched-at-arizona-state-
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Advanced Energy Systems operate at high temperatures and pressures to achieve their high 
efficiency. Supercritical CO2 systems that use highly pressurized CO2 instead of water to drive 
turbines are a huge step change that can make America’s power more efficient using our 
abundant natural gas. One of the most remarkable examples of this is NetPower,2 a North 
Carolina-based company that uses “Allam cycle” combustion – oxygen-fired natural gas 
turbines that use supercritical CO2. The NetPower system costs the same as a natural gas 
power block but produces more power and captures 100% of the CO2. A pilot demonstration3 

near Houston has finished construction and begun testing—it should be fully operational in 
fall 2018, with Exelon, Chicago Bridge and Iron, and Toshiba as commercial partners. 

 

 
This is the first Inconel 3-D printed heat exchanger, made at LLNL for the DOE’s advanced 
energy systems program. Devices like this will allow higher-temperature and more efficient 
energy systems, while making economical use of valuable materials like nickel stainless 
steels, reducing the capital cost of new energy systems. 

The very high efficiency with which the NetPower plant turns natural gas into electricity 
relies on high temperature components made of nickel steel. This metal is hard to machine 
and weld but at LLNL we are printing these components using laser 3-D printing. This allows 
us to work with the difficult nickel alloys and create unique shapes that can only be done by 
building the part up from powder instead of machining a metal block. 

Carbon Removal from the atmosphere is the long-term challenge. The climate models tell us 
that in order to achieve a future with no more than two degrees of warming, we will need to 
remove billions of tons of CO2 from the atmosphere. The United States is already testing 
carbon removal at the Archer Daniels Midland ethanol plant in Decatur, Illinois where the CO2 
from fermenting corn is captured and injected deep underground – the first large-scale 
carbon removal plant in the world. 

The farming industry can also contribute to carbon removal by encouraging practices that 
replace carbon in soil that has been lost over the years. This has the added benefit of creating 
better soil. Imagine if everyone had the same soil quality as Iowa. Those soils are so good 
principally because they contain a lot of carbon that the plants and microbes recycle 
constantly, creating a rich environment for plant growth. LLNL has a large program looking at 
the science of soil improvement, focusing particularly on how deeply rooted plants can both 

 
 

2 http://www.netpower.com 
3 https://www.forbes.com/sites/christopherhelman/2017/02/21/revolutionary-power-plant- 
captures-all-its-carbon-emissions-at-no-extra-cost/#5db22e3d402d 

http://www.netpower.com/
http://www.forbes.com/sites/christopherhelman/2017/02/21/revolutionary-power-plant-
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improve yields and soil quality at the same time. We believe that deep soil carbon will be an 
important tool for carbon dioxide removal because: (1) soils have a huge capacity to hold 
carbon, (2) adding carbon improves crop production, (3) it engages farmers (who understand 
how to improve soil quality), and (4) it is a long-term way to keep carbon out of the 
atmosphere. 

Another carbon removal approach leverages the mechanism that the Earth already uses to 
remove CO2 from the air: reacting it with rocks. This natural process creates limestone, a 
permanent storage form for CO2. Peter Kelemen at Columbia University has pioneered work 
using rocks called ultramafics, which come from deep in the earth. They react with CO2 in the 
air, removing it permanently. He is examining whether these rocks, commonly found in the 
United States, can be forced to react more quickly by circulating water through them, forming 
a limestone-like rock at the surface. 

Seven firms are exploring another carbon removal approach through the use of chemical 
processes known as direct air capture. Although this technology is in its infancy and 
additional research and development is needed to discover how expensive it will be, it is 
already of great interest to the corporations that want to use CO2 in their chemical processes. 
If CO2 can be captured from the air, it means these corporations would have access to an 
unlimited supply of feedstock. For large-scale efforts, after extraction, the CO2 will probably 
need to be stored underground. Although we expect that this is fairly easy to do based on 
DOE’s existing storage program, this is an area where demonstration and validation are 
important to develop confidence that this combination of new technologies (air capture and 
carbon storage) is a robust approach. 

A small Swiss company, Climeworks,4 has created the first commercial, for-profit project that 
captures CO2 directly from the air. Climeworks captures and sells 900 tons per year of CO2 to 
an organic greenhouse. This technology is mass-producible, scalable, and robust. A US 
corporation, Global Thermostat, is completing a demonstration capture plant in Alabama that 
will be much larger than the Climeworks project when it begins operation this fall. 

Summary 

The United States is poised to be the leader in the use of CO2 and natural gas for new carbon 
products – a new carbon economy. This will improve national security as it makes us more 
energy self-sufficient and will create new economic opportunity. Development and 
demonstration of innovative technologies in which the U.S. already leads will be key to that 
process. Because energy and the necessary feedstocks—CO2 and natural gas—are abundant 
in the central United States, we anticipate that new industries will thrive there. Both basic 
R&D and transfer of that research to corporate users will be important accelerators for the 
new carbon economy. The research and development done by the national laboratories 
strives to bring that vision to fruition. 

 
 

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National 
Laboratory under Contract DE-AC52-07NA27344. 

 
4 http://www.climeworks.com/ 

http://www.climeworks.com/
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Scientist in the Chemistry, Materials, Earth and Life Sciences Directorate at LLNL. He 
holds a Bachelor of Arts degree in Chemistry from Carleton College, and Doctor of 
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LLNL since 1984 working on nuclear waste disposal, environmental remediation, 
application of stochastic methods to inversion and data fusion, management of carbon 
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Roger’s career has involved a close coupling of scientific research, engineering, field 
demonstration, and assessment of future development needs for technology. His research 
interests include the chemistry of natural and engineered processes, including carbon dioxide 
separation and water treatment. Roger’s current research includes application of 3-D printing 
to chemical reactors and gas separations, development of catalysts for carbon dioxide 
capture, management of pressure in geologic sequestration through brine withdrawal and 
treatment, and encapsulation of carbon dioxide capture solvents. He previously led LLNL’s 
Carbon Management Program, which takes an integrated view of the energy, climate, and 
environmental aspects of carbon-based fuel production and use. It supports DOE projects in 
sequestration technology development for capture, and carbon recycling. Roger directs the 
LLNL program in developing better understanding of hydraulic fracturing and tools and 
methods around shale gas development. He holds twenty-two patents in the areas of carbon 
capture, shale gas production, in situ degradation of organic chemicals through heating, 
and the mechanisms of thermally assisted remediation, and has eighty publications. 

 
 
 

LLNL-MI-642887 
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Roger D. Aines Recent Publications and Patents 
 

Methane and Natural Gas Technology 
Kim,J., A. Maiti, L.-C. Lin, J. K. Stolaroff, B. Smit, and RD Aines, (2013) “New Materials 
For Methane Capture From Dilute And Medium-Concentration Sources” Nature 
Communications 10.1038/ncomms2697. 

Stolaroff, Joshuah K., Subarna Bhattacharyya, Clara A. Smith, William L. Bourcier, 
Philip J. Cameron-Smith, and Roger D. Aines (2012) “Review of Methane Mitigation 
Technologies with Application to Rapid Release of Methane from the Arctic” 
Environmental Science and Technology, 46 (12), pp 6455–6469. 

 
Carbon Capture and Sequestration 
Sandalow, David, Roger Aines, Julio Friedmann, Colin McCormick, and Sean McCoy 
(2017) Carbon Dioxide Utilization (CO2U) ICEF Roadmap 2.0. Prepared to facilitate 
dialogue at the Fourth Innova on for Cool Earth Forum (Tokyo October 2017). Lawrence 
Livermore National Laboratory Report, TR739322. 

 
Stoloaroff, Joshuah K, Congwang Ye, James S. Oakdale, Sarah E. Baker, William L. 
Smith, Du T. Nguyen, Christopher M. Spadaccini, and Roger D. Aines (2016) 
“Microencapsulation of advanced solvents for carbon capture.” Faraday Discussions 
192, 217-281. DOI: 10.1039/c6fd00049e 

 
Buscheck, TA; Bielicki, JM; White, JA; Sun, Y; Hao, Y; Bourcier, WL; Carroll, SA; Aines, 
RD (2016) Pre-injection brine production in CO2 storage reservoirs: An approach to 
augment the development, operation, and performance of CCS while generating 
water. International Journal Of Greenhouse Gas Control Volume: 54 Pages: 499-512 
Part: 2 DOI: 10.1016/j.ijggc.2016.04.018 

 
Buscheck, Thomas A., Joshua A. White, Susan A. Carroll, Jeffrey M. Bielicki, and Roger 
D. Aines (2016) Managing Geologic CO2 Storage with Pre-Injection Brine Production: 
A Strategy Evaluated with a Model of CO2 Injection at Snøhvit. Energy Environ. Sci., 
2016, DOI:10.1039/C5EE03648H. 

 
Vericella, John J. Sarah E. Baker, Joshuah K. Stolaroff, Eric B. Duoss, James O. Hardin 
IV, James Lewicki, Elizabeth Glogowski, William C. Floyd, Carlos A. Valdez, William L. 
Smith, Joe H. Satcher Jr., William L. Bourcier, Christopher M. Spadaccini, Jennifer A. 
Lewis, and Roger D. Aines (2015) “Encapsulated Solvents for Carbon Dioxide 
Capture” Nature Communications 6, Article number: 6124 doi:10.1038/ncomms7124 
Published 05 February 2015 

 
Buscheck, Thomas A.; White, Joshua A.; Chen, Mingjie; Aines, Roger D. (2014) “Pre- 
Injection Brine Production for Managing Pressure in Compartmentalized CO2 Storage 
Reservoirs” Energy Procedia Volume: 63 Pages: 5333-5340 
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Kulik, Heather J., Wong, Sergio E., Baker, Sarah E., Valdez, Carlos A., Satcher, Joe H. Jr., 
Aines, Roger D., Lightstone, Felice C. (2014) “Developing an approach for first- 
principles catalyst design: application to carbon-capture catalysis” Acta 
Crystallographica Section C-Crystal Structure Communications Volume: 70 Special 
Issue: Si Pages: 123-131 Part: 2 

 
Floyd, William Clary, Sarah E Baker, Carlos A. Valdez, Joshuah K. Stolaroff, Joe H. 
Satcher, Jane P Bearinger, and Roger D Aines (2013) “Evaluation of a Carbonic 
Anhydrase Mimic for Industrial Carbon Capture” Environmental Science and 
Technology 47(17) 10049-10055 DOE: 10.1021/es401336f Publication Date (Web): 
24 Jul 2013. 

Koziol, Lucas, Essiz, SG , Wong, SE , Lau, EY , Satcher, JH, Aines, RD Lightstone, FC 
(2013) “Computational Analysis of a Zn-Bound Tris(imidazolyl) Calix[6]arene Aqua 
Complex: Toward Incorporating Second-Coordination Sphere Effects into Carbonic 
Anhydrase Biomimetics” Journal of Chemical Theory and Computation, Volume: 9 
Issue: 3 Pages: 1320-1327. 

Lau, Edmond Y., Sergio E. Wong, Sarah E. Baker, Jane P. Bearinger, Lucas Koziol, 
Carlos A. Valdez, Joseph H. Satcher, Jr., Roger D. Aines, Felice C. Lightstone (2013) 
“Comparison and Analysis of Zinc and Cobalt-Based Systems as Catalytic Entities for 
the Hydration of Carbon Dioxide” PLoS ONE 8(6): e66187. 

Rau, Greg H., Susan A. Carroll, William L. Bourcier, Michael J. Singleton, Megan M. 
Smith, Roger D. Aines (2013) “Direct Electrolytic Dissolution of Silicate Minerals for 
Air CO2 Mitigation and Carbon-Negative H2 Production” Proceedings of the National 
Academy of Sciences, 05/2013. 
Koziol, Lucas , Carlos A. Valdez , Sarah E. Baker , Edmond Y. Lau , William C. Floyd , III, 
Sergio E. Wong , Joe H. Satcher , Jr., Felice C. Lightstone , and Roger D. Aines (2012) 
“Toward a Small Molecule, Biomimetic Carbonic Anhydrase Model: Theoretical and 
Experimental Investigations of a Panel of Zinc(II) Aza-Macrocyclic Catalyst” Inorganic 
Chemistry, 51 (12), pp 6803–6812. 
Buscheck, Thomas A. Yunwei Sun, Mingjie Chen, Yue Hao, Thomas J Wolery, William L 
Bourcier, Benjamin Court, Michael A Celia, S. Julio Friedmann, and Roger D Aines, 
(2012) “Active CO2 Reservoir Management For Carbon Storage: Analysis Of Operational 
Strategies To Relieve Pressure Buildup And Improve Injectivity” International Journal of 
Greenhouse Gas Control, Volume 6, Pages 230–245. 

Socolow, R., M. Desmond, R. Aines, J. Blackstock, O. Bolland, T. Kaarsberg, N. Lewis, M. 
Mazzotti, A. Pfeffer, K. Sawyer, J. Siirola, B. Smit, J. Wilcox, “Direct Air Capture of CO2 
with Chemicals,” A Technology Assessment by the APS Panel on Public Affairs, 2011. 

 
Bourcier, W.L., T.J. Wolery, T. Wolfe, C. Haussmann, T.A. Buscheck, R.D. Aines (2011) 
A Preliminary Cost And Engineering Estimate For Desalinating Produced Formation 
Water Associated With Carbon Dioxide Capture And Storage. International Journal of 
Greenhouse Gas Control (2011) 5 (5) 1319-1328. 



11  

Maiti , A., W.L. Bourcier, R.D. Aines (2011) Atomistic Modeling Of CO2 Capture In 
Primary And Tertiary Amines – Heat Of Absorption And Density Changes. Chemical 
Physics Letters 509 (2011) 25–28 
Carroll, Susan, Yue Hao and Roger Aines (2009) Geochemical Detection Of Carbon 
Dioxide In Dilute Aquifers. Geochemical Transactions 2009, 10:4. 
Aines, Roger D., Martin J. Leach, Todd H. Weisgraber, Matthew D. Simpson, S. Julio 
Friedmann, Carol J. Bruton, (2009) “Quantifying The Potential Exposure Hazard Due To 
Energetic Releases Of CO2 From A Failed Sequestration Well” Energy Procedia, 1 (1) 
2421-2429. 

Simon, A.J. Naluahi B. Kaahaaina, S. Julio Friedmann, Roger D. Aines (2009) “Systems 
Analysis And Cost Estimates For Large Scale Capture Of Carbon Dioxide From Air” 
Energy Procedia, 4, 2893-2900. 

 
Stochastic Analysis 
Ramirez, A.L., J. J. Nitao, W. G. Hanley, R.D. Aines, R. E. Glaser, S. K. Sengupta, K. M. 
Dyer, T. L. Hickling, W. D. Daily (2005) “Stochastic Inversion Of Electrical Resistivity 
Changes Using A Markov Chain Monte Carlo Approach” Journal of Geophysical 
Research: Solid Earth (1978–2012) Volume 110, Issue B2, February 2005. 
Delle Monache, Luca, Julie K. Lundquist, Branko Kosovic´ , Gardar Johannesson, 
Kathleen M. Dyer, Roger D. Aines, Fotini K. Chow, Rich D. Belles, William G. Hanley, 
Shawn C. Larsen, Gwen A. Loosmore, John J. Nitao, Gayle A. Sugiyama, Philip J. Vogt. 
“Bayesian Inference And Markov Chain Monte Carlo Sampling To Reconstruct A 
Contaminant Source On A Continental Scale.” Journal of Applied Meteorology and 
Climatology, Volume 47, 2600. 

 
Recent US Patents 
Aines, Roger D., William L. Bourcier, Eric B. Duoss, Jeffery James Roberts, 

Christopher M. Spadaccini, and Joshuah K. Stolaroff. 9,862,880 Encapsulated 
Proppants. Issued January 9, 2018. 

 
Roberts, Jeffery James, Aines Roger D,. Duoss, Eric B., Spadaccini, Christopher M., 

Vandersall, Kevin S. 9,562,426 Encapsulated Microenergetic Material. Issued 
February 17, 2017. 

 

 

Aines; Roger D., Bourcier; William L., Duoss; Eric B., Floyd, III; William C., 
Spadaccini; Christopher M., Vericella; John J., Cowan; Kenneth Michael. 9,416,619 
Cementing a wellbore using cementing material encapsulated in a shell. Issued 
August 16, 2016. 

Eddie Scott Roger Aines Chris Spadaccini Encapsulated Microsensors for Reservoir 
Interrogation US Patent 9,416,619 issued March 8, 2016. 
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Carbon Capture and Water Desalination 

 

 

 

 

 

 

 

 

Roberts; Jeffery, Aines; Roger D., Duoss; Eric B., Spadaccini; Christopher M. 8,877,506 
Methods and systems using encapsulated tracers and chemicals for reservoir 
interrogation and manipulation. Issued November 4, 2014. 

Floyd, William C. III, Carlos A. Valdez, Roger D. Aines, Sarah Baker and Joe H. Satcher. 
9,259,725 Acyclic Aza-Containing Ligands For Use As Catalytic Carbon Capture 
Systems. Issued Feb 16, 2016 

Lightstone, Felice C., Sergio E. Wong; Edmond Y. Lau; Joe H. Satcher Jr., and Roger D. 
Aines. Synthetic catalysts that separate CO2 from the atmosphere and gas mixtures. 
Issued February 24, 2015 US 8,962,511 

 
Aines; Roger D. ,Bourcier; William L. ,Spadaccini; Christopher M., Stolaroff; Joshuah K. 

8,945,279 Polymer-encapsulated carbon capture liquids that tolerate precipitation 
of solids for increased capacity. Issued February 3, 2015. 

Valdez, Carlos A., Joe H. Satcher Jr., Roger D. Aines, Sergio E. Wong, Sarah E. Baker, 
Felice C. Lightstone, and Joshuah K. Stolaroff. Tethered Catalysts for the 
Hydration of Carbon Dioxide 8,877,069 Issued Nov 4, 2014 

Aines, Roger D., Christopher M. Spadaccini Joshuah K. Stolaroff William L. Bourcier 
Jennifer A. Lewis Eric B. Duoss John J. Vericella Separation of a target 
substance from a fluid or mixture using encapsulated sorbents. Issued 9/16/2014 
US 8,834,605 

Aines, Roger D. and William L. Bourcier. 8,808,433 Carbon Ion Pump For Removal Of 
Carbon Dioxide From Combustion Gas And Other Gas Mixtures. Issued August 
19, 2014. 

Bourcier, William L., Roger D. Aines, Jeffrey Haslam, Charlene Schaldach, Kevin C. 
Obrien, and Edward Cussler. 8,460,532 Deionization And Desalination Using 
Electrostatic Ion Pumping. 

Valdez, Carlos A., Joe H. Satcher, Roger D Aines, Sarah E. Baker. 8,394,351 Synthesis 
of Triazole-Based and Imidazole-Based Zinc Catalysts. 

Aines, Roger D. 8,992,845 Catalyst Functionalized Buffer Sorbent Pebbbles for Rapid 
Separation of Carbon Dioxide from Gas Mixtures. 

Aines, Roger D, William L. Bourcier, and Brian Viani. 8,361,195 Slurried Solid Media for 
Simultaneous Water Purification and Carbon Dioxide Removal from Gas 
Mixtures. 


	House Science and Technology Committee
	July 17, 2018

