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INTRODUCTION & OVERVIEW

Innovation in the clean energy 
technology sector is essential 
to addressing global climate 
change and securing American 
energy independence. 
Policy frameworks that are technology-neutral and focused on market incentives can drive 
this innovation faster than approaches where government mandates or favors specific 
technologies for support through regulation and direct government funding. By focusing 
broadly on incentives to reduce emissions and drive down costs regardless of how a 
company does so, creative approaches that draw on unique mixes of technologies and local 
resource endowments can be brought to the market faster without centralized coordination 
from state capitals or Washington, DC. The ideal role for government, especially the federal 
government, lies in narrowly tailored regulatory regimes that avoid onerous red tape, 
supporting public-private partnerships to deploy clean energy at scale, faster permitting 
procedures, and removing government impediments to progress and innovation.

This LAMP U masterclass workbook provides an overview of some of the latest technologies 
and limited-government policy ideas in clean energy innovation, a Clean Tech 101 for elected 
officials, civil servants, and other policymakers who are passionate about addressing 
climate change through free-market approaches. The Rainey Center’s Leadership Alliance 
for a More Perfect Union (LAMP) is convinced government efforts to enable market forces 
is the way to best develop and scale green technologies faster, thereby reducing American 
and global emissions faster while bolstering American innovation and reducing foreign 
dependence. The LAMP U masterclass workbook is designed to help limited-government, 
market-oriented state and local policymakers formulate better policies, as well as provide a 
resource for other interested energy and climate leaders to this preferred approach.
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ABOUT THE JOSEPH R AINEY CENTER  
FOR PUBLIC POLICY AND L AMP

Leadership Alliance for a 
More Perfect Union (LAMP)
The Leadership Alliance for a More Perfect Union (LAMP) is the flagship leadership 
development program of the Joseph Rainey Center for Public Policy — a 501(c)(3) public 
policy research organization and leadership community founded on the values of freedom, 
equality, and a more perfect union. Rainey Center’s namesake — Congressman Rainey of 
South Carolina — was born enslaved and became the first Black American to serve in the US 
House of Representatives. 

Individuals in LAMP’s network come from across the ideological spectrum, seek mutual 
understanding, and pursue actionable solutions to America’s greatest policy challenges.  
LAMP provides policymakers with unparalleled access to tools, information, and a 
community that is dedicated to increasing their effectiveness and strengthening their 
leadership skills. To learn more, visit ourlamp.org.

https://www.ourlamp.org
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U.S. Global Competitiveness 
and Energy Innovation
CHARLES HERNICK, CRES FORUM

U.S. renewable power production is growing. Costs have dropped significantly, and demand 
is at record levels, fueled by lower prices. Over 100 companies have signed The Climate 
Pledge, spearheaded by Amazon.com, Inc., which commits signatories to strive for net-zero 
emissions by 2040. More than 600 investors have signed on to the Climate Action 100+ 
initiative seeking to pressure companies to reach net-zero emissions by 2050. These and 
other pressures create enormous opportunities for American energy innovation as demand 
grows for low-carbon technologies and products around the world.

The policy favored by conservatives, libertarians, and others with pro-growth and free-
market economic philosophies is “all of the above,” which will foster the right mix of 
technologies and carbon-mitigation efforts. “All of the above” means that we need a mix of 
fossil fuels, nuclear, and hydroelectric to provide baseload energy, combined with low cost 
geographically distributed renewables such as wind and solar. The approach also includes 
carbon capture and sequestration, enhanced energy storage in all forms, next generation 
demand-side management systems, and energy efficiency programs. This means that 
zero emission nuclear power must be included and accepting that low carbon fossil fuels 
will continue to be utilized as the economy transitions to net-zero emissions. Emerging 
generation technologies like hydrogen, small modular nuclear reactors, community solar, 
and aggregated distributed energy resources will have a role in the future grid as well.

Streamlining national policies and putting in place competitive market structures that roll 
back the influence of monopoly utilities are essential to making this approach work. In the 
states, devising ways to move electric power from remote areas where renewable power is 
in abundance to urban centers is a must. This will require more transmission lines, better 
permitting, a more resilient grid that can withstand extreme weather events, and more 
effective siting to deploy resources that are ready for construction. Because renewables are 
subject to natural fluctuations in wind speed and solar intensity, designing better storage 
mechanisms is crucial. 

Enabling creative new approaches to design and operate energy systems requires regulatory 
reform, cutting red tape, and creating opportunities to do business that are low tax and 
protect intellectual property. In this way, businesses will be incentivized to build in the United 
States and export around the world.

https://www.theclimatepledge.com/
https://www.theclimatepledge.com/
https://www.climateaction100.org
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Carbon Capture and Storage
JULIO FRIEDMANN, CENTER ON GLOBAL ENERGY POLICY AT  
COLUMBIA UNIVERSIT Y SIPA

Carbon capture and storage (CCS) technologies can dramatically reduce emissions in 
the power and industrial sectors, allowing America to use its abundant supply of fossil 
fuels while simultaneously improving environmental quality. Capture is the separation and 
concentration of CO2 from point sources like steel mills and power plants.

Some of America’s carbon capture technologies, such as direct air capture (DAC), have 
had early success in demonstration phases. DAC is a range of processes that capture and 
concentrate carbon dioxide from ambient air that can increasingly be commercialized 
if costs can be driven down. This is where public-private partnerships and cost shares 
have historically been crucial to new energy technology by allowing for larger scale 
demonstrations needed to secure investor confidence.



7CLE AN ENERGY AND TECHNOLO GY — L AMP U MAS TERCL AS S COURSEBO OK

U.S. government funding for research, development and demonstration (RD&D) of DAC is 
minimal as a portion of overall clean energy RD&D. Areas for greater investment include 
improving sorbent materials, air contactor designs, sources of low carbon heat, and CO2 
utilization technologies. Additional policy tools are needed to supplement RD&D policy and 
enable market adoption. These policy options include tax incentives, carbon pricing, low-
carbon fuel standards, and government procurement of DAC. Including various forms of 
carbon dioxide removal (CDR) in international greenhouse gas accounting standards would 
enable these policy tools by providing relevant data upon which to base them. 

Tax incentives, such as the 45Q tax credit, can also support innovation and adoption of 
new carbon technologies. In this case, a credit of between $20 to $35 per metric ton of 
carbon oxide captured and stored is provided, whether through DAC or other methods (prior 
to 2018 it was exclusively for carbon dioxide, or CO2).  For a tax credit to be claimed, the 
carbon oxide must be measured at the points of capture as well as disposal, injection for 
geologic storage, or other use. It is difficult to say which technologies will benefit the most 
over the long-term. Aside from benefitting renewable energy sources such as wind and 
solar, the credit could make natural gas and coal-fired power plants viable for many years 
if innovations in CCS technologies mean that their emissions can be prevented from being 
released into the atmosphere in a cost-effective way. Monitoring of standardized metrics by 
the Environmental Protection Agency for the IRS to assess amounts of carbon captured is 
essential for these types of incentives to function fairly and transparently.

Other policy tools not detailed here are available for supporting carbon capture and storage. 
All of them will benefit from improving greenhouse gas accounting methodologies and 
protocols so businesses can quantify the benefits, and assess the costs, expected from 
various new technologies.

Locally, communities will have questions. Engaging policy makers and developers from 
the start is critical. More broadly, CCS can enhance U.S. trade opportunities by creating 
services for other nations, advanced technology options for carbon management, and low-
carbon products like steel, chemicals, hydrogen, and concrete. Policy makers should seek 
opportunities to maximize these benefits through appropriate CCS deployment and support 
at the federal, state, and local level.
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Advanced Nuclear
NICHOL AS MCMURR AY, CLEARPATH 
JAMESON MCBRIDE, BREAK THROUGH INSTITUTE

The advanced nuclear sector holds tremendous promise for affordable, always-on, zero-
carbon power. Advanced nuclear is the next generation of reactors that can include small 
modular light-water cooled reactors, or next generation reactors that use different fuels and 
coolants like liquid metal, high temperature gas, or molten salt. Nuclear reactors function 
by splitting atoms in a process called nuclear fission. This produces heat, which boils 
water into steam that spins a turbine to generate electricity. Because nothing is burned, 
there are no emissions. Current reactors are large, with their output measuring about 1,000 
megawatts of electricity. But many of them have been shutting down due to unfavorable 
market conditions, and potentially half of U.S. nuclear reactors could shut down prematurely 
by 2030. This will increase U.S. emissions, as other forms of generation have to shoulder the 
load, and negatively impact their surrounding communities due to the loss of high paying 
jobs and tax revenues.

Advanced nuclear reactor designs are smaller, which allows them to be built in new markets. 
Furthermore, these smaller, modular designs decrease overall plant build costs and allow the 
power plant to be scaled to the community’s needs. Certain microreactors, which produce 
single-digit megawatts of electricity, are even small enough to be transported by truck. 
Many advanced reactor designs use fuel far more efficiently than traditional reactor designs, 
resulting in less waste, and some designs can even use waste or diluted nuclear weapons as 
fuel. These designs also incorporate passive and inherent safety features, meaning they are 
intended to shut down naturally in the event of total loss of power. Taken together, these new 
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designs have significant potential to provide safe, emission-free energy that complements 
renewables and low-emission fossil fuels. 

New federal laws, regulations, funding, and agency initiatives are enabling public-private 
partnerships to test and commercialize these advanced nuclear reactors. Among the 
most relevant are the 2018 Nuclear Energy Innovation Capabilities Act (NEICA), the 2019 
Nuclear Energy Innovation and Modernization Act (NEIMA), the ongoing Advanced Reactor 
Demonstration Program (ARDP), and the recently enacted Energy Act of 2020.

NEICA directed the Department of Energy (DOE) to prioritize collaborating with industry 
to test and demonstrate advanced nuclear reactor concepts. Crucial to making advanced 
nuclear commercially viable is the DOE’s Versatile Test Reactor (VTR). Initiated by NEICA, 
the VTR will be able to produce neutrons that can be used to test advanced nuclear fuels, 
materials, instrumentation, and sensors. The VTR is essential for commercial development 
of advanced reactor designs because the Nuclear Regulatory Commission (NRC) relies on 
experimental data to validate the performance and safety of materials and fuels before they 
can used in a commercial reactor. The VTR program is led by Idaho National Laboratory 
in partnership with nearly 40 organizations including other national labs, universities, and 
industry partners.

NEIMA introduced reforms and modernization requirements to enhance the NRC’s ability 
to review and license advanced reactor designs. Today, the NRC is developing a new 
performance-based, risk-informed licensing framework for advanced reactors that will 
support future commercialization.

The ARDP provided multiple cost shares to companies looking to deploy next generation 
technologies. Two of these companies, TerraPower and X-energy, plan to demonstrate their 
commercial designs in the next several years, supported by cost shares of $80 million each 
from ARDP.

The TerraPower Natrium reactor is a sodium fast-reactor that will be constructed at a retiring 
coal plant in Wyoming. The Natrium reactor uses a molten salt thermal energy storage 
system, which allows the reactor to pair well with intermittent renewable resources. The 
ARDP also awarded funding to X-energy for their pebble bed reactor known as the Xe-100, 
which will be built in Washington State and is designed to be incapable of melting down. The 
uranium-based pebbles are roughly the size of a billiard ball and each contains thousands 
of TRISO fuel particles, short for tri-structural isotropic particle fuel. The reactor will be able 
to operate at higher temperatures — producing electricity more efficiently than traditional 
reactors and potentially could be used to decarbonize more than just the electricity sector. 

One current impediment to advanced nuclear is that the United States does not currently 
produce high-assay, low-enriched uranium (HALEU), which most advanced reactors rely 
on. HALEU is needed for many advanced reactor fuels, like TRISO. The Energy Act of 2020 
directed the Department of Energy to support industry in order to produce a domestic supply 
of HALEU, avoiding the need to import it from countries such as Russia.
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Energy Storage
SAR AH E. HUNT, JOSEPH R AINE Y CENTER FOR PUBLIC POLICY

Energy storage refers to technology that is capable of storing energy for a period of time, 
making energy available for later use. Storage types fall into five main categories: batteries, 
thermal, mechanical storage, hydrogen, and pumped hydropower.

Batteries include a range of electrochemical storage solutions, including advanced 
chemistry batteries, flow batteries, and capacitors. Thermal storage captures heat and 
cold to create energy on demand or to offset energy needs. Mechanical storage includes 
technologies to harness kinetic or gravitational energy to store potential energy that can 
be converted to electric energy. This could involve moving train cars loaded with gravel to 
the top of a hill using excess electricity when production is high and releasing them when 
production is low, allowing gravity to generate energy as the train cars move downhill. 
Excess electricity generation can be converted into hydrogen via electrolysis and stored, and 
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the hydrogen reconverted to electricity or energy when needed. Finally, pumped hydropower 
creates large-scale reservoirs of energy. For example, pumping water to an elevated dam 
or storage facility when excess electricity is available to power the pumps allows that water 
to later be released and utilize gravity as it flows downward through turbines to create 
hydroelectric power when there is a need to push more power onto the grid.

As clean energy capacity increases, ramping up energy storage on the U.S. grid will be 
critical, regardless of what resource it is paired with. A May 2021 report from Lawrence 
Berkeley National Lab showed that of all the energy generation projects in interconnection 
queues nationwide, solar accounts for the majority of projects paired with energy storage. 
Whereas only 6% of wind and natural gas projects in the queue have storage attached, 34% 
of pending solar projects are paired with batteries. Battery pairing in these areas will have to 
increase dramatically as wind and solar grow as a proportion of total electricity generation.

Accelerating new energy storage technologies is therefore critical. They should be designed, 
and included, as part of a modern resilient grid, anticipating shocks such as extreme 
weather events and cyber incidents. They should also be capable of storing for different 
time-scales, with some providing electricity quickly to cover peak demand and others 
prepared to supplement more predictable seasonal variations such a shortfalls during 
colder, darker months of the year. Investment in DOE research, planning and technical 
assistance, and demonstration or pilot projects will lead to breakthroughs significantly 
reducing the costs of deploying new storage technology.

One such effort is the Energy Storage Grand Challenge (ESGC), launched by DOE’s Research 
Technology Investment Committee (RTIC) in January 2020. RTIC was created pursuant to 
the Department of Energy Research and Innovation Act 115-246. The ESGC follows three 
principles to accelerate American energy storage capacity: Innovate Here, Make Here, 
Deploy Everywhere. Using DOE resources to support the core R&D to drive down the costs of 
long-duration energy storage as well as batteries for electric vehicles comprises a valuable 
public investment, which is paired with public-private partnerships to accelerate pathways 
to commercialization for viable technological innovations. This approach can be replicated 
in other contexts to bolster improvements in energy storage necessary for an electrified 
energy system that can support more renewables.
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Hydrogen
ROX ANA BEKEMOHAMMADI,  WESTERN STATE HYDROGEN AS SOCIATION

Hydrogen fuels have gained attention for their potential as a zero-carbon energy source 
that can be scaled to support decarbonization across the economy. Hydrogen in various 
forms can be used in existing energy infrastructure with minor retrofits or without any. It can 
be especially useful in “harder to abate” sub-sectors such as steel, shipping, trucking, and 
industrial heat. Although hydrogen production can still be carbon-intensive, it produces zero 
emissions when used as fuel. As low-carbon production methods are developed and refined 
it could therefore contribute significantly to reaching net-zero emissions.

Recognizing this, many countries have increased their investment in hydrogen technologies 
and infrastructure. Some have outlined strategic plans for hydrogen fuels. However, 
for strategic plans to be realized certain technical and financial challenges need to be 
addressed to better align markets, investors, and public interests. In the United States, it 
is still a nascent industry focused mostly on vehicles and stationary power, but if the right 
public investments and policy decisions are made the American economy could lead the 
world in innovating scalable hydrogen technologies.

Hydrogen’s ubiquity as an element and its range of potential uses make it an attractive 
option for decarbonization. Hydrogen produced from uncontrolled fossil fuels is referred 
to as “grey” hydrogen. When conventional production is coupled with carbon capture and 
storage techniques, it is referred to as “blue” hydrogen. The popular electrolysis approach 
produces hydrogen when an electrical current “splits” hydrogen from water. If the electricity 
utilized for electrolysis is drawn from solar, wind, hydroelectric, or nuclear sources, the entire 
process is carbon-free and referred to as “green” hydrogen.

Once deployed, energy can be generated by hydrogen in a number of ways. For vehicle 
hydrogen fuel cells, electricity is generated through electrochemical reactions between 
stored hydrogen gas and atmospheric oxygen to power an electric engine. Whereas battery-
powered electric vehicles require charging at stations for long periods, fuel cell vehicles 
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generate electricity onboard through the chemical reactions. Refueling them takes less 
than four minutes. While they only emit water vapor and warm air, the upstream process, 
separating hydrogen from other compounds to make it usable for fuel cells, can be energy 
intensive. Therefore, driving down the greenhouse gas emissions generated from production 
methods and supporting development of low-cost, large-scale electrolyzers are important. 

Minimal refueling infrastructure in the United States inhibits widespread adoption of 
hydrogen fuel cell vehicles. Consumers are reluctant to buy fuel cell vehicles because of the 
refueling challenge and manufacturers are reluctant to produce more vehicles because of 
the lack of consumer demand. Public-private partnerships and industry consortia to invest 
in refueling stations, and the infrastructure that supports them, can help solve this dilemma. 
Some companies have already teamed up to do so in California and in the Northeast. Fuel 
subsidies from auto manufacturers and states like California have helped make the vehicles 
viable in the short term, but costs must drop for long-term sustainability, which is expected 
to occur as economies of scale develop in fuel cell manufacturing and infrastructure.

Hydrogen can also fuel electric generators to provide power to buildings and can even fuel 
airplanes. Airplanes require liquid hydrogen instead of hydrogen gas because the volume 
of fuel required for flights would make gas tanks too large to carry onboard. Even liquid 
hydrogen tanks need to shrink in size to make hydrogen-powered aircraft competitive with 
current jet fuel airplanes. Commercially viable short-range hydrogen aircraft are projected to 
be operational between 2030 and 2035. Europeans are taking a leading role. The European 
Commission launched the European Clean Hydrogen Alliance in July 2020, seeking to 
produce at least 40 gigawatts of renewable hydrogen electrolyzers by 2030 with the support 
of other stakeholders to support air travel and other uses.

The U.S. Department of Energy released hydrogen R&D strategy reports in 2020, identifying 
four main research areas within fossil energy:

1. Carbon-neutral hydrogen production

2. Large-scale hydrogen transport infrastructure

3. Large-scale and geologic hydrogen storage

4. Hydrogen use for electricity generation, fuels, and manufacturing

It also announced in June 2020 investments up to $100 million in two consortia led by 
DOE National Laboratory for R&D in hydrogen and fuel cell technologies over five years. 
Such efforts can test new technologies with the potential to be commercially viable before 
industry adopts them. 

A durable policy framework for hydrogen in the United States can provide the certainty 
necessary for technologies to mature and for supply chains to develop. Tax incentives, 
R&D, and standard siting, permitting, and transporting regulations can support this nascent 
industry in the United States. An array of clean hydrogen technologies at various stages of 
development are ready to be scaled if the right policies are in place.
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Industrial Clean Tech
ALEX FITZSIMMONS, CLEARPATH

U.S. manufacturing competitiveness is increasingly tied to our energy competitiveness.  
So, competitive manufacturing is clean, energy efficient manufacturing. 

The U.S. wave of industrial clean technology innovation has reduced greenhouse gas 
emissions while making renewable and low-carbon technologies cost competitive. For 
example, in the last decade: solar energy costs dropped 82%, electric vehicle battery and 
LED light bulbs decreased in cost by 90%, and the U.S. is now the top global producer of oil 
and natural gas, exporting liquid natural gas (LNG) to 38 countries around the world.

As another example, lower-emission metals manufacturing is an American strength. In 
fact, American innovators are deploying advanced technologies including carbon capture 
and hydrogen to dramatically reduce emissions at steel facilities. Already U.S. steel 
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manufacturing is among the world’s cleanest, with two thirds of steel produced through 
electric arc furnaces using recycled steel scrap and electricity, with more improvements yet 
to come.

But that is just the beginning. We need these next steps: 

1. More innovation. We can build on existing policies. The Clean Industrial Technology 
Act established new innovation programs at the U.S. Department of Energy to 
develop and demonstrate advanced industrial technologies. We should leverage the 
capabilities of our National Labs to help American industry innovate faster  
than competitors. 

2. Measure what matters. We can track direct emissions, but not really where it is 
coming from in industrial supply chains. American-made products are cleaner than 
Chinese ones because of tougher environmental standards, and China’s solar supply 
chain is subsidized by forced labor. The federal government should move to increase 
transparency and hold other countries accountable for their environmental and 
human rights practices. 

3. Create conditions to thrive. We cannot disadvantage American industry, often 
operating on very low margins against immense international competition. It is 
disadvantaged when saddled with extra compliance costs or expensive technology 
mandates. Low taxes, sensible regulatory processes and fighting unfair trade 
practices supports domestic producers.

Developing and deploying reliable technologies that integrate new sources of clean energy 
is the challenge. Ensuring the U.S. innovates and manufactures at home, then exports 
around the world requires a more robust supply chain in America and protecting intellectual 
property. The Advanced Manufacturing Office (AMO) within the Department of Energy can 
play an outsized role through targeted R&D and technical assistance. For example, the 
Energy Act of 2020 provides funding and directs AMO to support combined heat and power, 
waste heat to power, and efficient district energy by providing education and outreach and 
project-specific support to building and industrial professionals through assessments and 
advisory activities.

Advanced manufacturing employs millions of Americans and generates billions of dollars 
in economic activity each year. Global bad actors threaten this industrial base using unfair 
trade practices, stealing American jobs and intellectual property. Technological innovation 
and free enterprise are the answer — fewer, more sensible regulations, low taxes, permitting 
reform, and public-private partnerships help unlock capital and attract companies to do 
business here. 
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GLOSSARY AND KEY TERMS

Aggregated Distributed Energy Resources
Small-scale sources such as residential rooftop solar installations, electric vehicle plug-ins, 
generators, and water heaters that can be combined by a utility or other aggregator when 
not needed by the owner to provide clean energy to the grid. 

Carbon Capture and Storage
Various technologies that can capture and separate CO2 from the air and from point sources 
like steel mills and power plants. The CO2 is concentrated and stored underground or 
through other means, thereby reducing and removing greenhouse gases.  

Community Solar
A solar photovoltaic (PV) project with multiple subscribers that receive credits on their utility 
bill for their portion of the energy produced by the community solar system.

Demand-side Management
Programs that consist of planning, implementing, and monitoring activities of electric 
utilities to encourage consumers to modify their level and pattern of electricity usage.

Direct Air Capture
A range of processes that capture and concentrate carbon dioxide from ambient air.

High-Assay, Low-Enriched Uranium (HALEU)
Uranium in which the concentration of the fissile isotope U-235 is between 5% and 20%. This 
is higher than the typical 4%-5% enrichment level used in traditional commercial reactors.

Hydrogen Fuel Cell Technologies
Fuel cells work like batteries, but they do not run down or need recharging. They produce 
electricity and heat as long as fuel is supplied. In hydrogen fuel cells, electricity is generated 
through electrochemical reactions between stored hydrogen gas and atmospheric oxygen to 
power an electric engine. 

Small Modular Nuclear Reactors (SMRs)
Advanced reactors being designed for a variety of technology options, capabilities, and 
deployment scenarios. They are envisioned to vary in size from tens of megawatts up to 
hundreds of megawatts, and can be used for power generation, process heat, desalination, 
or other industrial uses. SMR designs may employ light water as a coolant or other non-light 
water coolants such as a gas, liquid metal, or molten salt.

Tri-structural Isotropic Particle Fuel (TRISO)
Particles made up of a uranium, carbon, and oxygen fuel kernel. The kernel is encapsulated 
by three layers of carbon- and ceramic-based materials which prevent the release of 
radioactive fission products. Each is about the size of a poppy seed, and they can be 
fabricated into cylindrical pellets or billiard ball-sized spheres called “pebbles” for use in 
either high temperature gas or molten salt-cooled reactors. 
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