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Questions from Chairman Lisa Murkowski 
 
Question 1:  Nuclear reactors provide clean, emissions-free power. As we look across the nation at 
the nuclear reactors slated for retirement before the end of their operating licenses, I am concerned 
about the long-term consequences.  
 

• I understand that the costs of maintaining a nuclear reactor on standby are unmanageable, 
so when these reactors close, they will not reopen. Do you agree with that assessment?  
 

Yes. 
 

• Are you concerned about the long-term consequences if our current nuclear fleet shrinks 
considerably? 

 
Yes.  The US nuclear fleet is the largest in the world at over 100GW.  Replacing that stable source of 
electricity will be a challenge.   
 

• If so, what are the ramifications? 
 
Replacing the lost nuclear capacity can be done with fossil generation sources, which in the current 
market means natural gas, or it can be done with renewable resources, which will require storage and or 
back-up generation assets given the intermittency of non-dispatchable renewable resources.  Another 
option, of course, is increased end-use efficiency, but given the size of the nuclear fleet it is likely to be 
some combination of all of the above.  
 
It is likely that replacing the existing nuclear fleet with other generation assets will lead to a higher price 
to consumers.  This follows because too often the focus on electricity prices and competitiveness of 
different technologies is rendered to a discussion of levelized costs.  When comparing different sources of 
generation this can be very misleading, particularly when comparing non-dispatchable resources to 
dispatchable resources.  This point was raised by Paul Joskow in his AER article, “Comparing the Costs 
of Intermittent and Dispatchable Electricity Generating Technologies” (citation: American Economic 
Review, 101(3): 238-41, May 2011).   
 
A more relevant metric is the cost of a stable kWh of electricity.  This requires one to pair the costs of 
non-dispatchable resources with (1) storage, which leads to an overnight cost that is comparable to 
nuclear, or (2) standby backup generation sources, which is unnecessarily redundant.  Hence, a 
considerable reduction in the size of the nuclear fleet will require new capacity to be added, which could 
take many forms.  This will likely result in an increase in the price of electricity to consumers, absent 
subsidization, as the significant upfront investments must be recouped.   
 
 
Question 2:  While concerned about premature closures in today’s U.S. nuclear fleet, I am bullish 
on the future of advanced reactors. Last week, Dr. Birol of the International Energy Agency and I 
discussed the importance of re-establishing U.S. global leadership in nuclear to ensure that 
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advanced reactors are designed and deployed here. During the hearing, the important government 
support that brought wind and solar technologies to market and brought down the cost curve was 
discussed. I have been working on policies that will do the same for advanced nuclear technologies 
like small modular reactors. These advanced reactors may provide different value streams like 
high-temperature heat for manufacturing or off-grid power to remote communities like those in 
Alaska. They will also provide power to the grid. As you look forward to these next-generation 
technologies, what kind of value will advanced reactors provide and do you anticipate advanced 
reactors playing an important role in a lower-emissions economy? 
 
Given overarching concerns about environmental attributes of power generation, it is utterly necessary 
that new technologies be developed and deployed.  Nuclear energy is a technologically viable option.  
Cost concerns are very real, but small-scale, modular, advanced nuclear reactors could play a significant 
role in providing stable and reliable power and heat.  Notably, this can be used in off-grid applications, 
but is also applicable for industrial and grid-connected applications, which would enhance the zero-
emission capability of grid-connected generation. Modularity also allows gradual scale-up, which can 
possibly address concerns about a single, large, “bet the company” investment that most modern utility 
scale nuclear facilities today represents. Moreover, it can provide an avenue to cleaner local air and lower 
carbon emissions from the gen fleet of the future.  
  
  
Question 3:  You close your written testimony by noting that flexible, incentives-based policy is a 
more effective way to reduce emissions than a “top down” and prescriptive approach that mandates 
certain actions across all regions.  
 

• What are some examples of effective incentives that help reduce our emissions? 
 
I will focus on local air emissions because incentives that have encouraged the deployment of renewables 
have a questionable impact on the level of CO2 emissions, with evidence that the largest CO2 emission 
reductions have come from the retirement of old coal facilities.  The retirement of old coal in the US is a 
product of the age of the coal fleet and the serendipitous abundance of natural gas supplies coupled with a 
relatively new fleet of natural gas combined cycle gen units domestically.   
 
On local air emissions, measures that provides economic incentive in the addressment of pollutants such 
as SOX and NOX have been remarkably successful, so much so that acid rain concerns have been 
diminished and local air quality has improved in many locations across the US over the last 50 years.  
Much of this was a shift in air quality regulations that encouraged the adoption of available technologies 
at relatively low cost.   
 
This raises an important point.  Incentive-based policies and regulations can have much greater impact 
when they allow point-source emitters the flexibility to take different pathways.  One such pathway might 
be technology adoption at existing facilities (such as scrubbing technology) or replacement of old 
facilities with newer ones.  In either case, the end result is the same.  Policies/regulations that allow this 
flexibility enable least cost outcomes with the desired result.   
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• What are some of the risks of prescriptive mandates that do not recognize regional 
differences?  

 
In general, top-down, overly prescriptive mandates remove flexibility from the set of choices that are 
available to reduce emissions.  This may play well in some regions of the US while imposing burdensome 
costs in others, which can disenfranchise certain constituencies.  In general, when constraints are added to 
any system costs increase, and the more binding the constraints are, the greater the cost increase.  Hence, 
flexibility allows the system/market to avoid the most binding constraints thereby keeping costs from 
rising dramatically.  This is a general answer, of course, and any specific proposal would need to be 
analyzed with this in mind.   
   
Another point worth making in this context is that policies – subsidies – that target certain technologies 
can create an unlevel playing field that may hinder other, potentially equally effective technological 
advances.  Moreover, once subsidies are enacted, they can be difficult to remove, which will inevitably 
lead to different subsidies when another technology solution is desired.  Remarkably, there is a long and 
robust literature on the inefficiencies of subsidies in oil producing regions, where the subsidies to 
domestic consumers are part of the “social contract” between the government and the population.  
Subsidies lead to an over-deployment of capital and over-consumption in certain end-uses that create 
imbalances that must eventually be reconciled.  This is a lesson that actually applies more broadly than 
just to oil-producing states. There are valid arguments for subsidies, such as addressing externalities, but 
too often the arguments are presented in a vacuum without acknowledging there may alternative pathways 
to a desired outcome.  For instance, is subsidizing renewables superior to increasing energy efficiency, 
using billing incentives to alter consumer load patterns, or taxing the externality that is intended to be 
addressed?  In some case, perhaps, but in others, perhaps not.  It is precisely this point that argues against 
subsidies to any energy source, fossil or otherwise, and supporting flexibility in the energy system.     
 
 
Question 4:  In order to see increased adoption of carbon capture, we know we need to make some 
important breakthroughs in technology and cost. 
 

• What role will carbon capture play in our clean energy future?  
 
Potentially a very significant one.  Globally, hydrocarbon fuels still account for the vast majority of 
delivered energy.  Even as low carbon energy sources grow, the overall energy system is growing as 
developing economies advance.  In developing Asia, this represent over 3.4 billion people.  So, while the 
shares of some hydrocarbon fuels may decline, this does not translate into a reduction in their use.  The 
core of this is “scale”.  The scale of the energy system is massive and growing, and hydrocarbons 
represent just over 80% of the system.  Moreover, this fraction has not changed very much in the last 35 
years.  So, if CO2 emissions are to be reduced through simple displacement of hydrocarbons from the 
energy system, the scale of non-carbon fuel sources required for deployment is unprecedented.  Not only 
must non-carbon energy sources capture all new demand growth, they must also displace existing 
hydrocarbons.  Given the realities present in data, this is highly unlikely.  For example, if hydrocarbons 
represent 80% of the global energy “pie”, and the pie doubles in size, what share need hydrocarbons 
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represent to still occupy the same absolute scale? The answer is 40%.  Hence, carbon capture technologies 
will be vital to achieving a goal of reducing CO2 emissions long term. 
 
From 1985 to 2017, global primary energy demand has increase from 7,162 MTOE to 13,511 MTOE, 
according to the BP statistical review of world energy.  This represents an 88.6% increase over 32 years. 
Over the same time frame, coal’s share of global energy use fell from 28.7% to 27.6%, oil fell from 
39.4% to 33.1% and natural gas rose from 19.5% to 23.4%.  In sum, the hydrocarbon share of total energy 
fell from 87.7% to 84.1%.  Note however, that the “size of the pie” almost doubled.  In fact, the 
hydrocarbon share of total energy would have to fall from 87.7% in 1985 to 46.5% in 2017 for 
hydrocarbon demand to have just remained flat.  As some argue, that plus more must happen by 2050, just 
over 30 years from now.  Given demand growth in the developing world will overwhelm demands in the 
OECD by 2050, the majority of the displacement must come in the developing world.  This is a tall task 
by any measure.  Hence, carbon capture technologies stand to play a significant role in lowering CO2 
emissions longer term, and technology-focused policy is critical to this end.  
 

• What are the things that Congress can do to accelerate the development of carbon capture 
technology?   

 
Aggressive and unprecedented support for energy technology development across the entire value chain.  
This is not limited to capturing emissions and injecting CO2 into subsurface formations for permanent 
storage or to enhance oil recovery (sometimes captured in the CCUS umbrella).  Support should also be 
available for any technology that mitigates CO2 emissions, which can include efforts aimed at separating 
hydrogen from methane (CH4 to C + 2H2), using the hydrogen as a fuel source and the carbon as a 
feedstock for high value carbon-based products, and improving energy efficiency.  Such technologies, if 
proven cost effective, will avoid potential concerns related to CO2 injection and storage while creating an 
additional value proposition for removing carbon from the hydrocarbon fuel source (carbon feedstocks) 
and lowering the cost of energy services to consumers (efficiency).  In any case, level support across all 
options is needed for the most effective option to ultimately be revealed and adopted, which may differ 
across regions.   
 
 
Question 5:  In your written testimony you state that energy storage technology has the potential to 
help transition to a cleaner grid because storage can regulate the delivery of power from 
intermittent renewable resources.  
 

• Are government and industry providing the needed investments to rapidly deploy more 
energy storage on the grid?  

 
The potential impact of energy storage is game-changing, and it has long been recognized as such.  It only 
now is moving into the public discourse.  But, the amount of storage that is required to balance load in a 
system dominated by intermittent resources is significantly higher than when added to a system with 
dispatchable resources.  This point was elegantly made by Peter Hartley in his 2018 article in the Energy 
Journal, “The cost of displacing fossil fuels: Some evidence from Texas.” So, if policy is to continue to 
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support larger scale adoption of intermittent renewables, then the answer to the question is likely “no”.  
But, this gets back to the issue of flexible policy design referred to above. 
 

• If not, what else needs to be done? 
 
R&D is still needed.  An answer here requires a dive into battery chemistry (an area we are actively 
researching), but the current technology may be approaching its limits, which requires advanced research.  
Funds dedicated in this direction could result in long term advances that provide an environmental benefit, 
as well as economic benefits that can lower system costs for consumers. 
 
   
Question 6:  Clearly the power sector is not the only industry contending with emissions. What 
other sectors of the economy should Congress focus on to reduce overall emissions? 
 
The power sector may be the easiest sector to address, but other sectors, particularly those with high GHG 
intensity could bear significant benefit relative to cost.  Agriculture is one such sector where GHGs such 
as N2O could be mitigated through the use of existing technologies, such as biochar.  Notably, this can 
also have ancillary benefits for water quality, irrigation demands, and algal blooms in the Gulf of Mexico.  
Of course, the cost-benefit must be supportive, but research aimed at specific applications in agriculture 
could bear significant benefits. 
 
Transportation may be the most difficult to address, unless alternative vehicle technologies, such as 
electric or hydrogen, become more mainstream.  Heavy industrial activities should also be analyzed.  The 
production of cement, for example, is very CO2 intensive, so technologies that result in more resilient 
cement for roads and other infrastructures could reduce the amount of cement manufacture required for a 
given amount of construction, which would, in turn, lower emissions. 
 
  



U.S. Senate Committee on Energy and Natural Resources 
March 5, 2019 Hearing:  The Electricity Sector in a Changing Climate 

Questions for the Record Submitted to Dr. Kenneth Medlock                        
 
 

6 
 

Questions from Ranking Member Joe Manchin III 
 
Question 1:  Dr. Tierney pointed out in her testimony that, although there was an increase in 
carbon emissions from 2017 to 2018, overall, power sector emissions declined substantially over the 
past decade, with electricity generation and use remaining relatively flat. Carbon dioxide declined 
by about 28 percent from 2005 through 2017.  
 
What technologies have you seen in practice that have shown the most success in emission 
reductions so far? 
 
What technologies have you seen at DOE and the labs that have a great deal of promise for 
providing reliable energy with a lower emissions profile?  
 
What can Congress do to foster commercialization of these innovative power sources?  
 
The largest gains have come from the retirement of coal in the power sector.  This has occurred primarily 
due to the age of the US coal generation fleet, the abundance of low-cost natural gas, and the relatively 
new natural gas combined-cycle generation fleet.  At the core of this has been the improvements in 
combined-cycle technology that manifested in the new gas-fired generation capacity built from 2003 to 
2006 and the widespread use of horizontal drilling and hydraulic fracturing in the onshore US upstream 
sector.  These two things in particular combined to render natural gas a lower cost option than coal in 
generating electricity, thereby resulting in the reduction of coal use.  However, as coal is retired in favor 
of natural gas, there are limits to the amount of emissions reductions that can be achieved.  This argues in 
favor of substantial research into new technologies that will be required to advance emission reductions. 
 
What will this next generation of technologies be?  That is difficult to say.  While much is made of wind 
and solar technologies plus battery storage – and there is significant potential here – the scale-up in 
deployment is staggering and grossly underappreciated.  In other words, it will take time and significant 
capital deployment.  Moreover, since the delivery of stable, on-demand electricity is at the core of 
consumer demands, these technologies must be deployed simultaneously.  Thus, significant storage 
capacity is required concomitantly with expansion of wind and solar generation capacity. 
 
One potentially very promising technology invokes the old phrase, “What’s old is new again.”  Nuclear 
technology continues to advance, and smaller scale (modular) nuclear deployment could be very valuable 
in delivering reliable energy services at scale.  Other (non-nuclear) technologies that DOE and other 
organizations have been investigating include supercritical CO2, the Allam cycle, CCUS, hydrogen, etc.  
The list is impressively long, and highlights the risk of picking winners rather than directing intensive 
R&D efforts.  Indeed, it could be argued that a global leadership mantle is at stake, and could be grabbed 
by being at the forefront of research that unlocks an scalable, economically viable energy future that 
solves the global CO2 problem, one that is at a scale much larger than asset deployment in the US energy 
system can address on its own. 
 
This raises an important point.  While much is made in the public/political discourse that directly ties 
mitigation of carbon emissions to decarbonization, the two need not be linked.  In fact, with robust carbon 
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capture, carbon emissions can be reduced without decarbonizing the generation fleet.  Arguably, this must 
be realized for global addressment of CO2 emissions.  CO2 is a problem of the global commons.  Closing 
the remaining coal plants in the US, which is a focus of much political activism, will not do much to solve 
the global problem.  The relatively young and expanding coal fleet in developing Asia more than offsets 
what closing the rest of the US coal fleet will do for global CO2 emissions.  In fact, despite the 
widespread closures in the US over the last 10 years, global CO2 emissions have risen.  Moreover, 
demand in developing Asia, home to over 3.4 billion people collectively, is continuing to rise at a scale 
that requires ALL energy sources – from hydrocarbons to renewables.  Hence, we would all be better 
served if resources were funneled into R&D so that long-term, technically and economically viable 
solutions can be rendered. 
  
 
Question 2:  Between 1990 and 2014, total greenhouse gas emissions increased by 30 percent, but 
three quarters of those emissions came from three sectors – electricity, manufacturing, and 
transportation. As a large-scale energy source, nuclear power has a significant potential to 
contribute to emissions reductions goals. In the U.S., due to phase-out policies and financial 
challenges, 30 gigawatts will be lost by 2025. This represents an 8.7 percent increase in carbon 
emissions for the U.S. power sector and according to an MIT study will cost the country $7 billion a 
year.  
 
What potential do you see nuclear power having to aid in the reduction of carbon emissions in the 
future? 
 
What about utility scale nuclear versus small modular reactors (SMRs)? 
 
Nuclear technology has tremendous potential to aid in the reducing carbon emissions (and local 
emissions). At some level, active discussion of the deployment of nuclear technologies has to garner more 
of the stage in the energy/environment discussion. It is the most energy-dense zero emission source of 
energy available. 
 
Small scale nuclear reactors have potential to deliver the aforementioned energy-dense zero emission 
electricity and they can lower the upfront fixed cost of nuclear technology relative to the traditional, 
utility scale nuclear plant.  A central issue with nuclear technology is cost.  The current cost per kW is 
amongst the highest of all energy sources, which makes financing and cost-recovery a challenge.  Hence, 
cost and rate-of-return must be addressed if scale-up of investment is to occur. 
 
 
Question 3:  We have seen the European electricity sector transformed in the past decade. For 
example, last year the United Kingdom went coal-free for a record three days, relying on gas, 
renewables, and nuclear instead to keep the lights on. In fact, both UK Prime Minister May and 
German Chancellor Merkel announced plans to phase out coal in the next decade. European Union 
countries have committed to achieve 32 percent renewables by 2030, and an organization of 3,500 
European electric utilities has committed to 100 percent carbon neutral power generation “well 
before” 2050. Aggressive climate policies are driving these decisions and European customers also 
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seem willing to pay more for their electricity. Depending on the country, these shifts have occurred 
because of an emissions trading system or subsidies for wind and solar, and, in others, because of 
the ability to draw from significant hydropower or nuclear resources.  
 
What are the differences between these European countries and the United States that make 
shutting down coal a feasible decision for them and more challenging for us? 
 
Can you speak to the implications, both positive and negative, of their plans to phase out coal?    
 
To begin, it is not possible to compare the experience in single European countries to that of the entire 
US. The fundamental issue is scale.  It is more appropriate to compare all of Europe to the US, if a 
comparison is desired.  The experience of one European country is better compared to individual US 
states, and when doing so it becomes evident that the ability to wheel power on a grid from other regions 
is critical to regional stability in power flows.  
 
Phasing out coal should bring benefits of lower CO2 emissions and improvements in local air quality.  
Hence, the environmental benefits should be tangible at a local level.  However, CO2 concerns are global.  
Globally, coal accounts for more that 35% of power generation and over 25% total energy use. European 
demand accounts for a relatively small fraction of this and the growth in developing Asia alone over the 
last 10 years exceeds the absolute level of demand in Europe (see figure).  Moreover, Asian coal demand 
is set to continue expanding, meaning phase-outs in Europe are likely to have diminishing impacts.  The 
challenge will come politically when any added cost outweighs the benefit.     
 
Global Coal Demand (source: BP) 
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Question from Senator Debbie Stabenow 
 
Question:  Hydrogen fuel cells, as I understand, have the potential to become a breakthrough 
source of zero-carbon electricity that can power our vehicles and provide backup power generation 
and energy storage. Could you please explain the role that hydrogen fuel cells can play in balancing 
electric loads on the grid, and whether we can leverage existing natural gas infrastructure to 
accelerate the adoption of this clean energy technology? 
 
Indeed, this is a technology that deserves more attention.  I recently co-authored (with Dolf Gielen 
(IRENA) and Morgan Bazilian (Colorado School of Mines)) a piece on this in Forbes that addresses this 
very question (see https://www.forbes.com/sites/thebakersinstitute/2019/02/01/re-envisioning-the-role-
for-natural-gas-in-a-clean-energy-future/#547bb7c61fb0).  The basic argument is summarized in that 
article’s conclusion,  
 

“Creating hydrogen or synthetic methane from renewables is technically feasible, but is a 
relatively costly proposition. In contrast, hydrogen from natural gas, while economically 
feasible, faces technical and regulatory challenges that may limit its roll-out for small-
scale use. But, application at scale is critical.  For industrial energy needs, dispatchable 
power, and perhaps for transportation, hydrogen from natural gas with CCS may be a 
viable option in parts of the world. The realization of such pathways will allow a 
significant portion of today’s energy infrastructure to play an important role in the 
evolution of global energy systems, which is critical to avoiding stranded costs and 
addressing the scale requirements of meeting future energy demands. This is especially 
important for many developing countries as they expand their natural gas infrastructure 
and contemplate future infrastructure investments. 
 
Longer term, cost reductions for electrolyzers and the continually falling cost of 
renewable electricity will enhance the economics of hydrogen from renewable sources in 
the coming decades. This has potential to create a virtuous cycle for renewables-based 
electrical grids as hydrogen can provide much needed flexibility to power systems, acting 
as a buffer to non-dispatchable renewable generation. Certainly, hydrogen is attracting 
increased attention as a viable energy option – car-maker Toyota has made a significant 
investment with the roll-out of the Mirai and its strategic direction. But, accounting for 
the full suite of environmental and system balancing benefits can further strengthen the 
case for hydrogen solutions in the future energy system.” 

 
Hydrogen is storable and can be done so locally, which provide an interesting avenue for back-up power 
generation for intermittent renewables.  It also has potential to fuel modes of transportation, and it can 
utilize to some extent the existing fuel delivery infrastructure, which can lower deployment costs and 
mitigate stranded costs.  Hydrogen can also be phased, first introduced as a fuel source from natural gas 
then as a fuels source derived from renewables. This can allow for a smoother transition of the energy 
system. 
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Questions from Senator Angus S. King, Jr. 
 
Questions:  As we look toward greater electrification in the economy, particularly through the 
growth in electric vehicles, is the grid infrastructure of today equipped to handle that new demand? 
In terms of existing capacity, technology, and flexibility? If not, what are those infrastructure gaps 
and how can we best address them? 
 
Long term, no.  In the near term, we are likely ok with some regional exceptions.  But, as we move 
forward, if EVs become more widely adopted, the current grid will need to be able to handle much more 
power flow overall and will need to be able to do so in more locations and with greater bi-directional 
frequency.  This presents a challenge that utilities have long understood, and one that electricity rates 
(prices to consumers) must ultimately reflect.  The gaps in the current system are best understood at a 
local level because they will not be the same everywhere due to differences in load, new technology 
uptake, and existing infrastructure.  Hence, the solutions are best addressed at the local level.  Utilities 
understand their service territories better than anyone.  So, they are likely best suited to deal with shifting 
consumer demands.  Hence, ensuring that utilities and other local service providers are equipped to do so 
will inevitably ensure reliability on an evolving grid. 
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Questions from Senator John Hoeven 
 

Question 1:  You state in your testimony that absent investments in infrastructure and technology, 
new technology remains “on the bench.”  In North Dakota, we are promoting two projects, Project 
Tundra and the Allam Cycle, which are carbon capture retrofit projects aimed at reducing CO2 
emissions while continuing to supply baseload power to the grid. Will you elaborate on the 
investment needed in both the private and public sectors to make these technologies economically 
feasible? 
 
Transmission infrastructure is critical for scale and integration of new projects such as those mentioned to 
be achieved.  As new technologies are integrated, grid expansion can benefit their profitability.  As one 
example, consider the case of ERCOT (Texas) where the $7 billion CREZ expansion helped facilitate 
better integration of the massive wind resources in West Texas.  Absent that infrastructure investment, 
those resources would have been underserving of Texas load and profitability compromised.  As another 
example, in Northwest Europe there is active interest in expanding transmission infrastructure to better 
integrate Norwegian hydro capacity with Danish wind.  The two resources can complement each other to 
provide stable, zero emission electricity. Farther south in Germany, an inability to expand transmission 
from northern to southern Germany has inhibited deeper penetration of renewable resources, and played a 
role in coal generation in Germany even as nuclear is phased out.  Hence, when one thinks of generation 
assets, it is important to not disentangle their deployment from transmission.  They are all needed to 
provide reliable supply to load that varies throughout each day.  This latter point is a major reason the 
modern grid was developed, so utilities could reliably supply their customers even in the event of a local 
unplanned power plant outage.  This raises an old but oft underappreciated tenet of energy security – the 
capacity/ability to trade is great facilitator of reliable access to supply.      
 
With regard to the projects in North Dakota, adequate capacity to connect to other regions can help 
facilitate expansion of proven technologies thereby allowing the realization of significant scale economies 
and hence lower costs. 
 
 
Question 2: One of North Dakota’s major utilities, Basin Electric Power Cooperative, through its 
for-profit subsidiary, Great Plains Synfuels Plant, owns and operates the only commercial-scale 
coal gasification plant in the United States that manufactures natural gas. The Synfuels Plant 
supplies CO2 to the world’s largest carbon capture and storage project in the world. Dakota Gas 
currently captures between 2.5 and 3 million metric tons of carbon dioxide per year and utilizes it 
for enhanced oil recovery. What regulatory policies does Congress need to review to ensure more 
technologically advanced projects, such as this one employed by Great Plains, are successful? 
 
45Q effectively places a price on CO2 that allows for cost recovery through the tax code.  Hence, a 
review of the “price” that is assigned in 45Q is worthwhile, particularly if a specific goal of carbon 
capture is targeted.  In other words, if the marginal social cost of CO2 (the cost of the externality) is 
assessed to be $35/tonne, then 45Q should reflect that cost.  
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Of course, more direct methods could also be deployed to drive the internalization of the cost of CO2 
emissions, for example through direct taxation.  In general, disincentives (tax) could be deployed to 
achieve a goal that ultimately pays for itself.  For example, a CO2 tax could be avoided through tax write-
offs for R&D into anything that reduces CO2 release to the atmosphere, including sequestration.  This 
would encourage private sector R&D that could lead to a technology that would ultimately allow the 
innovator to avoid the tax altogether when the technology is deployed, not to mention profit from its 
commercialization.  So, such an approach would provide both short and long term incentives to firms to 
invest in R&D.         
 
 
 


