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After excluding water sourcing obstacles from this analysis, most of Wyoming can host an 
SMR without any licensing diffi  culties. The primary limitations come from steep terrain and 
protected land use in northwest Wyoming.

Two factors may diminish the location advantages that are evident in this analysis. First, a 
SMR malfunction has a small potential radius of impact, which opens new markets for SMR 
designs. When factoring in this lower radius, SMRs can be deployed in areas with higher 
population densities and nearer to sensitive facilities (NRC, 2019). Even if the population 
density standards are reworked, Wyoming has an advantage of being a low population 
State with high coal capacity. The NRC has identifi ed the current population standards as 
limiting the number of coal facilities that can be converted to nuclear, because the power 
plants tend to be located in high population density areas (NRC, 2019).  Wyoming’s unique 
combination of expansive energy production and low population provides an advantage in 
site selection.

Second, water restrictions do aff ect some of the sources of demand for industrial heat. 
Notably, hydrogen production requires a steady feed stream of water, which can be 
challenging to source in Wyoming (E. Holubnyak, personal communication, June 22, 
2024). Therefore, the water access limitations in Wyoming create an additional location 
challenge for this use case, even if the reactor does not require large volumes of water.
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Taken together, the location factors are scored as a minor disadvantage for Wyoming. In 
portions of the State, added regulatory and safety costs would be required to complete a 
SMR project used for industrial heat. However, this is not true for much of the State and in 
some locations where industrial applications for nuclear power are in the most demand. 
Because of this, the location considerations are only a minor obstacle and the score is 
closer to neutral than a major obstacle. 

There are a few advantages for hydrogen producers to locate in Wyoming, including 
extant refi nery operations and fertilizer producers (see Section 3.5), which are the largest 
demand sources for hydrogen. However, water constraints become more pertinent to 
hydrogen production, aff ecting both the ability to license a nuclear reactor and the 
ability to provide a feedstock of water for hydrogen production. As a whole, the location 
considerations of using nuclear energy to produce hydrogen in Wyoming remains a minor 
obstacle. Relative to industrial heat uses, hydrogen faces a smaller obstacle due to the 
available demand source for hydrogen in Wyoming. However, this is not enough to change 
the overall classifi cation. 

Despite the economic challenges of processing kerogen rich oil shale, (see Section 
3.4) Wyoming has a signifi cant advantage in oil shale production worth considering. 
Technically recoverable resources of oil are estimates of total oil in the ground that can be 
extracted. Unlike reserves, profi tably of recovery is not considered.

The U.S. basins contains 52% of the world’s oil shale resources (Dyni, 2006). A breakout of 
Wyoming oil shale distribution is provided in Figure 13.
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Wyoming technically recoverable resources total 1.44 trillion barrels. Other U.S. reserves 
include 1.53 trillion barrels in the Piceance Colorado basin, and 1.32 trillion barrels in the 
Unita Basin split between Utah and Colorado. (USGS, 2011)

This is a major advantage for kerogen oil shale production in the State using nuclear fueled 
heat. If oil prices are ever high enough to induce oil shale production, Wyoming could 
rapidly expand output. 

LEGAL

Legal: Scoring Criteria

Each of the three heat applications of nuclear energy evaluated are reliant on SMR and 
microreactor design approvals and commercialization. This modifi es the compliance 
cost considerations of nuclear companies targeting these sectors. While the regulatory 
framework for NRC licensing is the same for small modular and traditional LW reactors, 
the relative costs are diff erent.

Since SMR designs produce less electricity than large reactors, the same regulatory 
compliance costs are a higher percentage of expected revenues. Some of the compliance 
costs can be mitigated through modular production by duplicating technical review. 
However, not all of these costs scale with production, so small reactors are more 
signifi cantly burdened by these legal compliance costs. This results in a legal obstacle 
score of a minor obstacle for all categories.

Legal: Analysis

There are multiple legal challenges to operating a direct heat advanced reactor. While 
there are economies of scale to producing multiple identical units, these do not scale with 
licensing (Sam et al., 2023). NRC licensing fees for an environmental and technical review 
of a fi rst-of-a-kind nuclear reactor can cost $10 million dollars (Gebben & Peck, 2023). 
Initial SMR implementation will face these steep licensing costs, but with signifi cantly 
lower monetary returns than a large-scale nuclear operation.

As a SMR design is replicated at scale, these licensing costs will be reduced. The technical 
report costs can rely on the past fi ndings when it comes to component operation 
and safety systems. However, the environmental report does not scale so easily with 
replication. Since unique land qualities, such as historic signifi cance, wildlife sensitivity, 
and economic impact must be studied for each individual project. The NRC has identifi ed 
challenges in microreactor licensing and categorizes the safety analysis into two 
categories, those that are generalizable and issues that are site specifi c with no potential 
to be streamlined (NRC, 2021). 

LEGAL

Legal: Scoring Criteria
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Since some of the licensing costs cannot be offset by economies 
of scale, direct heat uses which will usually implement micro 
or SMR designs, are at a disadvantage. Comparable generation 
methods, such as natural gas or coal, do not require these 
costly reviews and large-scale nuclear projects can average the 
costs over extensive capacity. While insurance requirements are 
not tailored to SMR designs, this is likely only a moderate cost 
addition (NEI, 2011).

These disadvantages can be minimized by improving the 
application and associated approval process. While these 
standards are set by the NRC, hourly rates for compliance and 
time to completion can be addressed to lower application 
costs. Wyoming was able to reduce these costs for uranium 
mines in the State by becoming an agreement state with the 
NRC, reducing average application costs by $3 million dollars 
(Gebben, 2024). Wyoming is only an agreement state for the 
uranium extraction industry and cedes authority for power 
generation (Nuclear Regulatory Commission, 2018).  By applying 
to become an agreement state, the onus of improving efficiency 
will be placed on Wyoming, rather than the federal government, 
which can reduce costs as demonstrated in the uranium industry. 

Wyoming operates under a regulated electricity construct, 
where a utility monopoly is established, providing electricity 
generation, transmission and distribution infrastructure. 
The economic rationale for this system is that the provision 
of electricity is a natural monopoly. In a natural monopoly, 
economies of scope decrease production costs, so that the 
most efficient outcome is for one company to manage the entire 
market. In the case of electricity distribution, creating multiple 
transmission lines is less cost effective than establishing a single 
large network, providing a cost advantage to the first firm in 
the market. In a regulated energy construct, a state allows for a 
utility monopoly to be established, but approves cost recovery, 
including authorized rates of return. This vertically integrated 
structure is advantageous for nuclear power producers because 
allowable returns methodologies provide an assured cost 
recovery mechanism, whereas in a deregulated market, nuclear 
generation is more easily priced out of the electricity market. 
(Dahl, 2015)
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Wyoming’s regulated electricity construct could limit 
the entrance of small nuclear power producers which 
are not a part of the utility monopoly, but federal 
rules could conceivably negate this obstacle. In 1978, 
the Public Utility Regulatory Policies Act (PURPA) 
was passed, requiring all electric utility companies 
to purchase electricity from independent producers 
at avoided cost55, under certain circumstances. 
Notably, cogeneration facilities are eligible for 
PURPA protections, if certain criteria are met. An 
evaluation of microreactors in Wyoming found that 
most microreactor designs could qualify (Carlson et 
al., 2022). The beneficial application of heat in this 
process means that reactors used to provide industrial 
heat may be eligible to sell any excess electricity to 
the utility, which was identified as an important factor 
in SMR profitability in Section 3.4.

However, this vertically integrated electricity system 
may create difficulties for cogeneration of heat and 
electricity from nuclear reactors when the company 
needs to contract both for electricity and heat. For 
example, hydrogen synthesis requires both inputs and 
hydrogen producers may benefit from contracting 
a nuclear reactor to supply electricity and heat 
simultaneously. In such a scenario, the SMR firm must 
sell the electricity to the regulated utility rather than 
the client. 

The State provides an exemption to the requirement 
that electricity must be sold to the incumbent utility 
for companies that produce electricity for their own 
use. However, the nuclear operating licenses and 
technical requirements make it more feasible to 
separate the nuclear power generating company from 
the potential manufacturing company. A specialized 
nuclear company could provide and manage a SMR 
more efficiently than having the manufacturing 
company train staff independently. 

55  Avoided cost is the amount of money the utility company would have to spend to create the electricity 
themselves.
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BENEFITS AND COSTS

56  For more information on the IMPLAN modeling process, visit IMPLAN.com

ECONOMIC IMPACTS
The benefi ts and costs of direct heat uses of nuclear power in Wyoming are evaluated 
using an input-output model (Leontief, 1986). In these models, the inputs of one sector 
are treated as the output of another industry, and the system of equations are balanced 
with available data. The model applied comes from IMPLAN56 which includes sector level 
data unique to Wyoming, allowing for the economic impacts to be tailored to the unique 
economic linkages in the State. 

The estimates are generated for each potential use case of nuclear. First, the impact 
of operating a single SMR in Wyoming is estimated. The reference SMR used is a 300 
MW reactor operating at 97% capacity (Lohse et al., 2024). The assigned value of the 
energy produced is 6.89 cents per kWh based on the average price of electricity paid for 
industrial purposes in Wyoming (EIA, 2023a). An input-output model requires existing 
industrial data to calibrate. Since no commercial nuclear reactors operate in the State, 
modifi cations were made to the model. The model uses the observed expenditure patterns 
of nuclear reactors in other states for use in Wyoming. 

Further adjustments were made to this spending pattern baseline. No uranium expenditure 
category is available, so this is assigned to coal purchases, since both coal and uranium are 
energy sources mined in Wyoming for use in baseload electricity generation. Fuel costs 
are assumed to be 11% of total operating expenditures, based on levelized cost averages of 
SMR designs (Boarin et al., 2015; Lohse et al., 2024). Further, the electricity infrastructure 
spending is set to half of the observed IMPLAN parameters since each SMR coproduction 
plan applies heat on location. After making these adjustments, the remaining cost 
categories were scaled so that the total is equal to 100%. 
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The model treats the SMR addition as an increase in electricity generation output of 
$175.6 million in a year. Finally, the production sales tax is manually set to zero, since the 
advanced reactor will be tax exempt under Wyoming law. 

This single IMPACT estimate is scaled to the expected number of SMRs required under 
each Wyoming demand scenario.

Industrial Heat

As identifi ed in Section 3.2, there are limited Wyoming-based fi rms with a clear need for 
large-scale industrial heat. The biggest opportunity in the State is trona mines, which 
are currently being evaluated for micro reactor development. This is a key industry to 
target, and resources are already being placed into gaining further information about the 
feasibility of microreactor deployment (BWX Technologies, 2023). 

Five total industrial heat SMR facilities are assumed to be constructed in the State. Based 
on the analysis in Section 3.5 just over four 300 MWe SMR facilities can be supported with 
current industrial demand. This value is rounded up to account for possible growth, and 
projects that can produce a mix of electricity for retail sale along with industrial heat.

The application of industrial heating from nuclear energy is most economical when 
replacing retired equipment, instead of existing machinery. This is especially true when 
nuclear reactors are similarly costed to natural gas heat sources, with the eff ect of 
adding a SMR for industrial use is a switching of industries rather than an expansion of 
manufacturing in the State. 

Adding fi ve new 300 MWe SMRs is expected to increase tax revenues by $37 million per 
year of operation and add 629 direct full-time employees, with a total of 2,545 employees 
when accounting for indirect eff ects. This tax total includes induced and spillover tax 
eff ects at the State and county levels. Direct taxes are limited because neither produced 
electricity sold out of state nor produced heat is taxable. We account for this by reducing 
the direct tax eff ects in IMPLAN by 90%, allowing for sales taxes associated with 
purchases for day-to-day operations to be controlled for. 

However, retiring fi ve 300 MWe natural gas heating facilities is expected to decrease 
tax returns by $38 million per year. If natural gas facilities are replaced with SMRs the 
net eff ect is a reduction in tax revenues of $1 million per year of operation. These tax 
diff erences are within the margin of error, but it is worth considering that replacing 
existing infrastructure is not an additive process. 

Even though the model forecasts are a net reduction in tax revenue, there are other non-
monetary benefi ts to support SMR development which should be considered by policy 
makers. For example, developing a nuclear sector in Wyoming will help reduce future 
nuclear costs through learning. This could increase taxes in the future, as other sectors 
such as uranium mining or uranium recycling increase in the State. It also diversifi es the 
State’s energy portfolio which mitigates the long-run risk of shocks to individual industries. 
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Hydrogen Production 

Both hydrogen and kerogen oil shale production are undeveloped 
sectors in Wyoming. To provide an estimated economic impact, 
assumptions must be made about future industry development. The 
impacts are made based on a best estimate of the total change in 
deployed nuclear reactors, assuming that economic and technological 
conditions change so that both sectors expand, and nuclear is the 
lowest cost energy source. This may be considered an upper bound 
estimate of impacts. 

World hydrogen production has the potential to increase by up to 
600% by 2050, with the U.S. becoming a net exporter. This is an 
emerging sector which adds uncertainty to any future forecast. Lower 
bound estimates of future hydrogen output are only about 20% higher 
than current levels, although the hydrogen production methods are 
expected to evolve over this time frame. We apply the median future 
hydrogen growth path based on current growth rates. This predicts 
that hydrogen will increase by 150% by 2050.  (Gulli et al., 2023).

The impact estimate assumes that the U.S. will match the global 
average growth rate57, that Wyoming can acquire 2.5% of the U.S 
growth, and that nuclear energy sources can produce 150 tons of 
hydrogen per MW-year (DOE, 2022b). This implies that 8.3 baseline 
SMRs could be employed for hydrogen production in Wyoming by 
2050. 

Unlike industrial heat uses, this is a new industry, so the total economic 
output of the SMR development is treated as additive. The result 
would be an increase in annual tax revenues of $61 million and 4,224 
full-time equivalent employees. Almost all this tax revenue impact is 
induced in other sectors. By lowering operating costs of the hydrogen 
facility and increasing local spending, tax revenue is generated by the 
SMR deployment, even though the project is tax exempt.  

Oil shale 

Kerogen oil shale production is the least market ready of any evaluated 
technologies but would have a large economic impact on the State if 
developed. Under the economic conditions which allow oil shale to be 
recovered in the State, Colorado and Wyoming would have the most 
oil reserves in the country (see Sections 3.4 and 3.8). The addition 
of oil shale to proved reserves would increase Wyoming oil reserves 
by 1.4 trillion barrels (USGS, 2011).  For comparison, current total U.S. 
reserves are just under 50 billion barrels (EIA, 2024f). 

57  Current U.S. hydrogen production in 10 million tons per year (EIA, 2024e).
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Given the highly speculative nature of this 
economic outcome, conservative first-pass 
estimates are used. Increases in the price of oil 
would lead to significant volumes of oil shale being 
added to U.S. production but these resources 
would be more costly to extract. Based on this, 
it is assumed total U.S. production would double 
increasing by 13 million barrels a day (EIA, 2024b). 
This increase would be centered in Colorado, 
Wyoming, and Utah. We assume 33.56% of the 
growth would take place in Wyoming based on the 
distribution of kerogen resources (USGS, 2011). A 
300 MWe SMR is treated as having a three to one 
heat to electricity output capacity, producing 900 
MWt.

Tar sand recovery is the closest analogous oil 
extraction process that is currently operating. 
Future innovation is assumed to increase the 
energy efficiency of oil shale recovery to that 
of tar sand. The energy expended to heat and 
process tar sands is one third of the amount of 
energy recovered in the oil (Brandt et al., 2013). 
Combining this efficiency factor with total oil 
production output changes yields that 118 SMRs 
would be required to sustain the oil shale industry. 
The details of these calculations are provided in 
Appendix (E).

This would increase tax revenue by $886 million 
annually and add 61,000 person-years of labor 
in the State. It is important to note that both 
the hydrogen and oil shale estimates are using 
only the tax revenue additions of operating the 
necessary SMRs and not the total economic impact 
of the sector development. It also precludes the 
economic impacts of SMR construction, which may 
be completed in other States.

Summary

These yearly effects can be summarized as a 
total value. Table 5 provides a summary of the 
net present value of the expected tax revenues to 
Wyoming of each sector. This net present value 
(NPV) is calculated from the starting date of the 
reactor operation, as if all reactors are deployed on 
the same date. 
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Since NPV depends on the time value of money values are calculated with a range of 
discount rates. 6% is a common metric for government projects and is selected for the 
fi nal reported values. These values encapsulate the total NPV of the project if they began 
operating today and operate for sixty years, representing market potential58. 

58  Further discounting can be applied to estimate the expected value of these projects starting from today. 
For example, if half of the hydrogen projects are deployed in 10 years, and the other half in 20 years. The 
total value would be $4.1 million=($4.15 million)/�1.05�^10 +($4.15 million)/�1.05�^20 . We remain agnostic 
about the time of deployment, and rather predict the total value added once the operations begin. 
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CONCLUSIONS

The study evaluated the opportunities and barriers for new non-electrical applications 
of nuclear energy in Wyoming. Three potential use cases for the State were identifi ed: 
industrial heat, hydrogen production, and kerogen oil shale extraction.

Tax incentives were categorized as the most signifi cant draw to the State, providing 
sustained economic benefi ts to nuclear projects that are uniquely targeted to Wyoming. 
Future cost reductions in advanced nuclear reactors can spur commercial growth, but 
currently economic considerations are found to constrain adoption in the near term. 

The identifi ed economic factors related to nuclear heat projects are mixed in Wyoming. 
These factors include:

Factors Supporting Development

    1. Tax exemptions in Wyoming for advanced nuclear projects, coupled with federal 
funding for projects constructed in energy communities present in the State.

    2. The existence of trona mines and oil refi neries in Wyoming.
    3. Wyoming kerogen oil shale deposits and industries that purchase hydrogen provide 

potential demand sources for nuclear heat in the future. 
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Barriers to Development

    1. Wyoming natural gas is a more cost-eff ective method of heat generation, unless 
there are future nuclear cost reductions. 

    2. SMR and microreactors have higher licensing costs than traditional nuclear projects 
relative to potential revenue streams. 

    3. Many advanced reactors are still in a development stage making long-term forecasts 
of costs and revenues uncertain. Future learning can reduce this obstacle to industry 
adoption.

The State is well positioned to develop industrial heating applications of nuclear, especially 
in the trona and oil refi ning sectors.  While constrained by the existing infrastructure in 
Wyoming, there is a clear development pathway for industrial uses, which can boost 
technological development and establish a nuclear hub in the State. 

The other two use cases for nuclear heat are speculative in the near term. Both hydrogen 
production and kerogen oil shale extraction require additional innovation to become 
competitive in the market. However, fostering these innovations could spur nuclear growth 
in the State.  

In cases where nuclear reactors would displace natural gas heat sources, State tax 
revenues are expected to decline. However, the establishment of new industries, including 
hydrogen production and oil shale recovery, would bolster new tax sources producing 
between $61 and $886 million in revenue, respectively. 

In addition, advanced nuclear heat applications provide non-monetary benefi ts to the 
State including:

    1. Promotion of existing and future Wyoming industries (trona, oil refi ning, hydrogen 
production, and kerogen rich oil shale extraction).

    2. Development as a regional nuclear energy hub.
    3. Contribution to cost reductions of nuclear power.

Based on this analysis, the application of nuclear produced heat in Wyoming is situated 
to expand in the coming years. The Wyoming Energy Authority funding of microreactor 
applications at trona mines will shed light on the immediate use cases of this technology 
(Larson, 2023). Future applications of nuclear heat in burgeoning sectors provide an 
opportunity for continued growth in Wyoming. Both oil shale and hydrogen industries 
have economic incentives to locate in the State once they reach commercial viability. 

Subsequent papers will evaluate other stages in the nuclear supply chain. These include 
nuclear produced electricity and spent fuel storage. This will provide a standard to 
compare the advantages, challenges, and the economic impacts across the entire nuclear 
sector.  
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APPENDIXES

APPENDIX (A) CARBON TAX EFFECTS ON HYDROGEN 
MARKET
The concept of a social cost of carbon is based on economic theory of externalities. 
Markets are considered effi  cient by economists when all costs and benefi ts of a 
transaction are borne by the parties involved. For example, if a company creates a 
product without any pollution the market price will produce benefi ts to the buyer and 
seller creating economic value. However, if an airport is built near existing homes the 
noise created by the take-off  and landings will create a cost for neighboring homeowners. 
The airport does not consider the irritation of homeowners when deciding how many 
planes to fl y. As a result, more fl ights occur during the night than would maximize total 
economic welfare. If the cost of this noise pollution to homeowners is known, the airport 
can be charged per fl ight during night hours at this level. This would reduce the number 
of fl ights to an economically effi  cient level. The private cost of scheduling a fl ight is raised 
to be equal to the total social costs. Notably the airport is still allowed to operate if the 
total profi t from a fl ight exceeds the noise fee the company will maintain operations. 
Mandating the closure of the airport due to noise complaints would reduce total economic 
value, since there is a value generated by the fl ights. By setting a proper noise reduction 
fee, policy makers can mitigate externalities to homeowners while maintaining the values 
generated by the industry. This tradeoff  leads to the conclusion that there are optimal 
levels of pollution from an economic perspective. The goal of the policy is to identify the 
proper level of pollution by industry, not to eliminate pollution entirely. Any fee established 
to reduce externalities are referred to as Pigouvian tax (Pigou, 1924). While such fees can 
bring in government revenue the goal of a Pigouvian tax is to align private incentives to 
pollute with the total costs to society. 
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Under this approach the EPA was first tasked with identifying the social cost of carbon 
during the Obama administration which was set at $43 per ton (Isabella, 2021). This 
estimate is intended to predict the total cost to society from the emissions of carbon 
dioxide. A future Pigouvian tax on carbon dioxide would be set to this rate creating a new 
cost to emission while allowing firms to emit where profits are above this rate.

However, estimating the social cost of carbon dioxide depends on underlying value 
judgments, creating a range of estimates from this number. For example, the value of 
future costs relative to present benefits can significantly affect the estimated cost of 
carbon emissions. For example, a recent estimate of the social cost of carbon predicts 
a cost of $80 per ton at 3.0% discount rate, but $308 per ton with a 1.5% discount rate 
(Rennert et al., 2022). The ideal discount rate depends on how one values the cost bore 
in the future, compared to today. This can be challenging when accounting for future 
population growth, improvements in technology, and fluctuating private discount rates. 

APPENDIX (B)  
RANDOM WALK MODEL EXPLANATION AND DIAGNOSTICS
An autoregressive (AR) model is used to forecast natural gas prices. An AR model 
forecasts future price based on the current price of a good, and lags in the price over time. 
For example an AR(2) model would, forecast next month’s price based on this month’s 
price, and last months price. 

This model is selected based on the identified market structure of natural gas. The 
efficient market hypothesis is often applied to the price formation of commodities such as 
natural gas. This assumption states that any information that is relevant to the future price 
of natural gas will be incorporated into the current market price. 

For example, if a natural gas pipeline is disrupted due to political unrest, traders will 
account for this in current purchases. Assume this disruption is expected to take place 
after one month, lowering the available gas supply and raising the price to $3 per MMBTU. 
In that case an investor can purchase natural gas at the current price of $2 MMBTU and 
sell it after a month for $3 per MMBTU, receiving a 50% return on investment. 

Where the disruption is well known to investors, they will purchase natural gas. In turn this 
restricts the supply of natural gas today, since it is being set aside for future resale, which 
raises the price.  Investors will continue to purchase natural gas until the current price of 
natural gas reaches the future price and no profits can be made with current purchases. 
This raises the current expected price and lowers the future expected price (since more 
inventories are set aside to be sold in the futures) such that the current price and future 
price are less than $3 per MMBTU, stabilizing for example at $2.75 per MMBTU. 
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This process also works in reverse. If the price of natural gas is expected to decrease in 
the future, profit can be made by selling current inventories and rebuying in the future. 
Further, companies receiving physical natural gas deliveries contribute to this stabilization. 
A natural gas powerplant typically mitigates risk of cost overruns by purchasing futures 
contracts for natural gas based on expectations of future price volatility. 

This means that the current price of natural gas incorporates the best available knowledge 
about present and future market factors of natural gas. An AR model uses this fact to 
avoid overly complicated models. An alternative regression model could account for 
a range of factors, including political unrest, technological developments in drilling, 
population growth etc. However, the AR model greatly reduce this complexity by relying 
on price signals to capture a myriad of factors that influence price.

Further, it can be reasonably assumed that no additional information could be gathered 
that will improve the AR model forecast except what can be observed in the price 
lags. Since the market price reflects all available information known to investors, the 
key component in the model is the length of time it takes for this information to be 
disseminated among market participants. In some cases, the current market price will not 
immediately reflect new information. For example, if geologists discover that total natural 
gas reserves are larger than previously estimated this can be expected to lower future 
natural gas price. However, experts in geology may be the only people to understand this, 
leading to a small price increase when this knowledge is first discovered. Over time, more 
people will become aware of this fact, leading to market stabilizing. The time it takes for 
the market to reach equilibrium determines the optimal number of lags included in the 
model. 

Based on this, natural gas markets meet the conditions for the efficient market hypothesis 
to be applied. Natural gas is a “thick” market, with many contracts traded in a short period 
of time. These trades include market actors such as power companies, and gas producers 
each seeking to reduce risk, and traders willing to accept risk for potential future gains. 
Given the large volume of trades an AR model is ideal for future price projections.

Additional controls are included for shocks to population weighted heating degree days. 
This can improve model efficiency because it represents the primary unforeseen shock 
that is not accounted for by market actors. Long term temperature, and population trends 
are accounted for in future prices, but deviations from this trend are unknown before 
they occur. An unexpectedly cold winter will decrease natural gas inventories leading to 
price increases. However, this is unlikely to change the price of natural gas two or three 
years into the future. By including a variable for temperature shock this factor which does 
not reasonably change long run prices can be accounted in the month-to-month price 
prediction.
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Given the economic fundamentals of this market an AR model 
is deemed an effi  cient time series procedure for forecasting. 
However, the exact model form is not predefi ned. Instead, the 
Akaike Information Criteria (AIC) score is applied to select the 
terms included (Akaike, 1974). The AIC score balances the fact 
that including more terms will always improve the precision of 
a time series model, with the added statistical noise created by 
adding weakly correlated variables. Technically including any 
variable to a regression will improve the fi t (r2) but including a 
variable that does not truly contribute to the dependent variable 
price formation biases the coeffi  cient estimate.

The AIC metric provides econometricians with a quantitative way 
to select one model over another, comparing the information 
acquired by adding a term with a punishment for increased 
model complexity. This excludes variables from a model when 
the inclusion provides only a marginal improvement in fi t. In 
the actual model applied, adding a single lag does improve 
the model fi t, but the punishment for overcomplexity leads to 
a higher (worse) AIC score. As a result, no lags are included in 
the model. This is a random walk model which suggests that 
the market adjusts to factors which shift natura gas in less than 
a month. The data resolution is at the monthly level. An AR 
model using daily price would likely include multiple lags, but no 
more than 30 lags can be optimal based on these results at the 
monthly level.

An AR model is one form of a suit of models. For example, an 
AR model is the same as an autoregressive integrated moving 
average (ARIMA) model where the number of moving average 
terms is zero, and the time series is not diff erenced.  In the 
ARIMA model the “MA” portion is the moving average price, 
allowing the average price over a set number of lags to infl uence 
the present price. All possible variants of a seasonal ARIMA 
were tested with up to 12-month dummies and 15 lags of price. A 
fi rst diff erence restriction was imposed to maintain stationarity, 
a necessary condition for the model. The zero-lag model was 
selected since it had the lowest AIC score of any model. This 
means that the AR model applied is identical to a ARIMA(0,1,0)  
which has no auto regressive (AR) terms, one diff erence, and no 
moving average (MA) terms.

Diagnostic tests were performed on the fi nal random walk model 
used in Figure 7 and are provided in Figure 15.
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These validation tests do not provide evidence of serious violations of the time series 
model assumptions. The residual errors show no signs of serial autocorrelation. Further, 
errors are nearly normally distributed although there is some left tail skew. 
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APPENDIX (C) 
ESTIMATED HYDROGEN PRICE EQUATION FROM LINER 
REGRESSION ANALYSIS
Table 6 estimates the relationship between hydrogen price and natural gas price. This 
simple regression can only apply prices every four years due to data limitations of the 
Manufacturing Survey (EIA, 2006). In order to create a plausible time series of hydrogen 
prices, this model is used to fi ll in hydrogen prices in other time periods, relying on the 
economic linkage between hydrogen and natural gas prices. 

APPENDIX (D) 
TAX EFFECT ABSENT AN ADVANCED NUCLEAR 
EXEMPTION
Without the existing tax exemption for advanced nuclear, the Wyoming tax structure has a 
mix of advantages and disadvantages for the direct heat use of nuclear power. 

Wyoming has no personal or corporate income tax. A review of theoretical business types 
operating in all 50 state places Wyoming as having the lowest tax burden for a typical 
mature company, and seventh for a startup (Fíonta, 2022).  

This provides a generalized incentive for companies to locate in the State, but the unique 
tax structure of Wyoming must be considered to determine the relative advantage for 
companies producing SMRs. 

APPENDIX (D) 
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There are two taxes to consider, property taxes, and sales taxes. Sales taxes average 4.5% 
while commercial property taxes vary by year based on the state budget balance. 11.5% of 
all commercial property values are taxable, with an average of 4.2% levies applied, or 48% 
of the property value. 

Wyoming includes all commercial equipment, and capital as part of the property value 
to be taxed. This means the market value of heat producing SMR can be included in the 
property tax base. As discussed in the Economic analysis section, the primary barrier for 
SMR adoption is the relative cost of using natural gas to produce industry heat. This tax 
structure exasperates this diffi  culty, by increasing the total cost of SMR heat generation 
compared to other heat sources.

Because nuclear reactors have a high cost of capital but low operating cost, a tax on 
capital value disproportionality aff ects SMR sources. Consider two equal capacity power 
generators, one is a SMR and the other is natural gas. The natural gas power plant has 25% 
of its total discounted costs applied to up front capital, with 75% applied to fuel costs. The 
SMR has 75% of costs applied to capital and 25% to fuel.  The upfront investment in capital 
for the SMR is immediately taxed, while the future fuel cost of the natural gas is not. Total 
production is the same so sales taxes are identical, but the SMR facility would have three 
times the property tax compared to the SMR.

An analysis was completed using the reported attributes of 18 SMR designs. The average 
expected operating life of the facility was 51 years. The value of the facility is assumed 
to be equal to the overnight capital investment, since interest rates drive capital cost to 
be equal to the capital returns (Fisher,1909). Assuming an expected return of 5%, and a 
straight-line depreciation rate the typical SMR facility would face a property tax burden of 
7.1% of the total upfront investment. Relative to natural gas facilities with only 25% of cost 
coming upfront this is a 5.31% increase in costs. 

For comparison, the learning rate of technology estimates how quickly cost will decline 
as an industry develops. The learning rate of SMRs is essential to reach market viability, 
since the technology is in the preliminary phases of development. Current estimates place 
the learning rate at between 5-10% per doubling of output of SMRs (Steigerwald et al., 
2023). All else equal SMRs will require an additional 50% to 100% increase in development, 
to become cost eff ective due to this tax incentive. While this estimate is inexact due 
to uncertainties in future costs, and learning rates, it demonstrates that the present 
tax structure will discourage capital intensive investments in industry relative to high 
operating cost industries.
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APPENDIX (E) 
NUMBER OF REACTORS REQUIRED FOR OIL SHALE 
EXTRACTION
In this appendix the number of SMR reactors needed to support a Wyoming oil shale 
industry is estimated.

To begin, the energy required to produce a barrel of oil from kerogen oil shales is 
estimated. The amount of energy needed to extract in situ oils can be expressed as a ratio 
of energy produced. For example, if half a barrel of oil is burned by generators to produce 
another barrel the recovery ratio would be 50%. Improvements in tar sand recovery 
methods have reduced this ratio to approximately one to three (Brandt et al., 2013). We 
assume that this ratio would be achieved for kerogen oils, if economies of production are 
achieved.

There are 5.684 million BTU per typical barrel of oil (although this varies by grade), and 
293.083 Kwh per million BTU(EIA, 2023c). Therefore, the amount of thermal energy from a 
reactor required to produce a barrel of oil is:

This means that the reactor capacity required can be determined as a function of the 
expected oil production rate.

We assume that total oil production in the U.S. will double if oil shales become 
economically viable. While this is a large increase it is within reason. Between 2010, and 
2024 U.S. oil production has increased by 7.8 million barrels of oil per day, from 5.4 million 
to 13.2 million (EIA, 2024b).  This can be mostly attributed to the cost reductions and 
technical innovations in hydraulic fracturing. Current technically recoverable reserves of 
U.S. oil shale are  8.5 times larger than current U.S. proved reserves (EIA, 2024f; USGS, 
2011, p. 2). It would be a mistake to imply that this means that oil shale extraction will 
increase total production by 850%. The cost of producing oil shales is signifi cantly higher 
than other sources, so only a portion of technically recoverable reserves will become 
viable. 

We select a doubling of U.S. oil productions as a fi rst estimate of potential industry 
growth. This would equate to 1.7 times as much growth in production as was observed in 
shale boom from 2010 until today. However, given that the U.S. has even more oil shale 
reserves than shale oil reserves it should be expected that an equivalent “oil shale boom” 
would result in a larger overall expansion rate. This variable can be adjusted based on 
more precise projections as oil shale extraction methods mature. 
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Based on this rule of thumb a doubling of U.S. output total oil shale 
extraction would reach 13.2 million barrels per day. This would 
be divided between Wyoming, Colorado and Utah. We assume 
the production share is equal to the relative ratio of Wyoming’s 
oil shale reserves. So that Wyoming would have 33.56% of the 
growth59 (USGS, 2011). This equates to 4.4 million barrels of oil a 
day in Wyoming. 

This is used to calculate the total nuclear energy required to 
produce the Wyoming shale with:

Finally, the number of baseline reactors needed produce this 
energy is estimated. The a 300 MW reactor is selected based on 
available cost estimates (Lohse et al., 2024).  This assumption can 
be modifi ed for alternative reactor designs, but the fi nal economic 
impact estimate will remain similar so long as the alternative 
reactor design has a comparable levelized cost. 

The 300 MWe SMR is treated as having a three to one heat to 
electricity capacity as a metric based on published reactor designs 
(Abou-Jaoude et al., 2023; NuScale Power LLC., 2022). This allows 
the 300 MWe reactor to provide 900 MWt for heating the oil shale. 
A capacity factor of 95% is applied slightly above the current 92%, 
bringing the total capacity to 855 MWt(DOE, 2021a). Over 24 
hours this reactor would produce 20,520  Mwh.

This results in the number of SMR reactors required being 
calculated as:

59  33.56%=(1.44 trillion barrels )/(1.53+1.44+1.32 trillion barrels)
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APPENDIX (F) 
SELECT MAPS OF OAKRIDGE LAB SMR SITING 
CHALLENGES
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