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Abstract – The NGNP Industry Alliance (NIA), LLC (www.NGNPAliance.org), is a 
consortium of high temperature gas-cooled reactor (HTGR) designers, utility plant 
owner/operators, critical plant hardware suppliers, and end-user groups. The NIA is 
promoting the design and commercialization of a HTGR for industrial process heat 
applications and electricity generation.  In 2012, NIA selected the AREVA Steam 
Cycle HTGR (SC-HTGR) as its primary reactor design choice for its first 
implementation in mid -2020s.  The SC-HTGR can produce 625 MWth of process 
steam at 550°C or 275 MWe of electricity in a co-generation configuration.  The 
standard plant is a four-pack of 625MWth modules providing steam and electricity 
co-generation.  The safety characteristics of the HTGR technology allows close co-
location of the nuclear plant and the industrial end-user.  The plant design also 
allows the process steam used for the industrial applications to be completely 
segregated and separate from primary Helium coolant and the secondary nuclear 
steam supply systems. 
 
The process steam at temperatures up to 550°C is provided for a variety of direct or 
indirect applications.  End-user requirements are met for a wide range of steam 
flow, pressure and temperature conditions.  Very high reliability (>99.99%) is 
maintained by the use of multi-reactor modules and conventional gas-fired back-up.  
Intermittent steam loads can also be efficiently met through co-generation of 
electricity for internal use or external distribution and sale. 
 
The NIA technology development and deployment challenges are met with strategies 
that provide investment and partnerships opportunities for plant design and 
equipment supply, and by cooperative government research, sovereign or private 
investment, and philanthropic opportunities.  Our goal is to create intellectual 
property (IP) and investor value as the design matures and a license is obtained.  
The strategy also includes involvement of the initial customer in sharing the value 
created in the design.  Subsequent early adopters can also participate in the 
technology valuation as the product reaches its commercial scale cost targets.  
Investor payback is envisioned as IP is created and traded during the development 
phase and return on investments as royalties during the technology deployment 
phase.  Sovereign and societal paybacks are in the form of reduced carbon foot 
prints, increased localization, creation of high quality jobs, and weaning an entire 
energy consuming sector from burning hydrocarbon fuels. 
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I. INTRODUCTION 
 

I.A . NGNP Industry Alliance 
Member companies have joined to form the 

NGNP Industry Alliance with the primary purpose to 
promote the development and commercialization of 
HTGR technologies through support of, and 
participation in, the DOE’s Next Generation Nuclear 
Plant (NGNP) Project. The alliance represents the 
interests and views of members that intend to 
mutually support and direct project plans to design, 
build, operate and use the HTGR technology. It 
provides a forum and focus to communicate industry 
needs and requirements, and work in concert with 
the Idaho National Laboratory and others to seek out 
and promote industrial uses for HTGR technologies 
within the United States, North America and other 
continents around the world. Members of the NGNP 
Industry Alliance are: 
 
AREVA – Fully integrated nuclear fuel, design, 
construction and services. 
 
ConocoPhillips -Liquids and natural gas exploration 
and production.  
 
Dow Chemical Company - Specialty chemical, 
advanced materials, agro-sciences and plastics. 
 
Entergy Corporation - Electric power production, 
retail distribution and engineering services. 
 
GrafTech International - Graphite materials and 
applications.  
 
Manufacturing Excellence Consulting, Inc.  - Safety 
and reliability performance improvements. 
 
Mersen - Materials and equipment for extreme 
environments.  
 
Petroleum Technology Alliance Canada - 
Association of the Canadian hydrocarbon energy 
industry.  
 
SGL Group - Manufacturers of carbon-based 
products. 
 
StarCore Nuclear - Canadian manufacturer of SMRs 
designed for off-grid applications. 
 
Technology Insights - Consulting firm that 
specializes in HTGR development. 
 
Toyo Tanso Co., LTD. -Isotropic graphite, 
specialized carbon products and composite 
materials. 
Westinghouse Electric Company LLC - Nuclear 
Automation, Fuel, Services and Power Plants. 

 
State of Wyoming - A major exporter of coal and 
natural gas in the U.S.  
 
Ultra Safe Nuclear Corporation - Design and 
analysis services for fuel, core and reactor systems.  

 
I.B. Technology 

AREVA’s Steam Cycle High Temperature Gas-
Cooled Reactor (SC-HTGR) is a small, modular, 
graphite-moderated, and helium-cooled, high outlet 
temperature reactor with a nominal thermal power of 
625 MWth. It is envisioned to be collocated with a 
commercial industrial facility and to be used to 
provide energy in the form of process steam and/or 
electricity to that facility. This concept couples 
proven gas reactor technology with a modular 
deployment strategy to provide an effective match 
with a range of potential end user industrial 
processes. 
 

The SC-HTGR concept builds on the experience 
of past HTGR projects, as well as development and 
design advances that have taken place in recent 
years.  The steam cycle heat transport system takes 
full advantage of the experience from past operating 
HTGRs and the further development work 
performed on early modular HTGR concepts such as 
the MHTGR and the HTR-Module.  The SC-HTGR 
uses a prismatic block type reactor core based on 
AREVA’s ANTARES concept, which is sized to take 
maximum advantage of the passive heat removal 
capability of modular HTRs. 

 
II. END-USER INDUSTRIES & CUSTOMERS 

 
The steam cycle HTGR is a flexible heat source 

which can be applied in many different 
configurations for different end-user applications. 
Key applications are identified in the following 
table. 

 
Table 1 – SC- HTGR Applications 

Commercial 
Application 

 
Benefits of the SC-HTGR 

Oil Shale Production of oil using an ex-situ oil shale 
retorting process. In this application the 
HTGR displaces the use of natural gas and 
burning of process gasses and char to 
provide primary process heat. The HTGR 
also displaces use of grid-generated 
electricity and purchased hydrogen 
(through use of HTSE hydrogen production 
process). 

Oil Sands Production of oil using a Steam-Assisted 
Gravity Drainage (SAGD) process. In this 
application, the HTGR reboiler displaces 
the use of a natural gas fired steam 
generator. The HTGR also displaces use of 
grid-generated electricity. 

Coal-to-Liquids Production of synthetic crude oil using a 
Fischer-Topsch process. In this application, 
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Commercial 
Application 

 
Benefits of the SC-HTGR 
the HTGR reactor is used to produce 
hydrogen and oxygen for the process 
through high temperature steam 
electrolysis. 

Hydrogen 
Production 

Production of hydrogen using the High 
Temperature Steam Electrolysis process. In 
this application, the HTGR provides both 
high temperature steam and electricity to 
the process 

Ammonia-Based 
Products 

Production of ammonia-based products 
from natural gas as a feedstock. In this 
application, the HTGR provides both high 
temperature heat and electricity to the 
process. 

Seawater 
Desalination 

Process of seawater desalination using 
relevant commercial processes. In this 
application, the HTGR provides both 
process steam and electricity. 

Electricity 
Production 

Direct production of electricity for 
independent power supply. 

Steam and 
Cogeneration 
Supply 

General application of SC-HTGR energy to 
an integrated industrial complex. In this 
application, the HTGR provides both 
process steam and electricity. 

 
Based on these applications [1], several scenarios 

were developed to provide initial scoping estimates 
of the available markets for the SC-HTGR in both 
the North American market as well as potential 
international markets.  These scenarios, and the 
associated market potential, are summarized below. 
 

Petrochemical, Chemical, Petroleum and Other 
Processing Facilities: These production facilities 
have large energy demands typically addressed via 
natural gas-fired on-site power generation and high 
temperature steam supply for combinations of 
process heating, mechanical drivers and direct steam 
injection.  The installed rating of plants which 
comprise this potential market is 75GWt, which 
would require approximately 125 SC-HTGR 
modules of 600 MWt each to meet. 
 

Oil Sands Recovery Operations in Alberta, 
Canada: These operations have modest electrical 
demands for on-site generation but require large 
process steam loads in the form of distributed 
injection of steam for bitumen recovery. The SC-
HTGR can also be utilized to provide energy in 
support of upgrading the extracted bitumen to 
premium synthetic crude. Estimates show an initial 
available potential market of 18 GWt or about 30 
SC-HTGR modules. 
 

Power Generation: Adding power generation units 
often involves unique siting constraints such as 
geographic locations close to load centers, 
transmission capacity and/or availability of cooling 
water. In addition to addressing these issues, the 
modular HTGR is an ideal technology for replacing 
small to medium coal-fired plants scheduled to be 
retired in the timeframe of interest due to tightening 

environmental requirements. The identified potential 
market for this use of the SC-HTGR is estimated at 
110 GWt or 180 modules. In addition, there are 
potential markets for electricity generation in 
Hawaii, Saudi Arabia, Japan, and Korea for a total of 
80 GWt or ~130 modules [2]. 
 

In addition to the three sectors identified above, 
direct heating growth applications are emerging for 
industrial manufacturing processes such as ethane 
cracking, steam methane reforming and water 
splitting for hydrogen production using high-
temperature electrolysis or thermochemical 
processes. These growth areas can extend the market 
potential for the above target applications by 
utilizing the reference steam reactor module and by 
developing an advanced process heat reactor module 
that fully utilizes the high temperature capability of 
the fuel and reactor. New market applications such 
as carbon conversion for production of synthetic 
transportation fuels and chemical feedstocks are 
other areas that are expected to emerge prior to mid-
century. In addition, a higher temperature capability 
can be applied to advanced energy conversion cycles 
for more efficient and cost-effective power 
generation. 

 
III. STATUS OF DESIGN  

 
The SC-HTGR steam cycle based concept is 

extremely flexible. Since high pressure steam is one 
of the most versatile heat transport mediums, a 
single basic reactor module configuration designed 
to produce high temperature steam is capable of 
serving a wide variety of near-term markets. As a 
result, the SC-HTGR is well suited to supply a wide 
variety of process heat facilities. 

 
The SC-HTGR can also produce electricity.  

Using the conventional Rankine cycle with high 
temperature steam, a net efficiency of about 40% 
can be achieved in the full electricity generation 
mode.  This makes the concept an attractive option 
in markets with limited grids and markets requiring 
incremental capacity addition. 

 
Perhaps more importantly the steam cycle is well 

suited to cogeneration of electricity and process 
heat.  Steam system equipment can be configured in 
a variety of ways depending on the specific needs of 
the facility for high temperature steam, low 
temperature steam, and electricity.  

 
The steam cycle plant also has good load 

following characteristics.  Reactor module power 
level and steam production can be increased or 
decreased relatively easily.  Systems can also shift 
energy between electricity generation and heat 
supply dynamically as load conditions vary, all 
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while keeping reactor power constant.  This provides 
the maximum utilization of the HTR nuclear heat 
source. 

 
The base design parameters describing the SC-

HTGR design are presented in the following table. 
 

Table 2 – SC-HTGR Key Parameters [3] and [4] 
Reactor Power 625 MWth 
Reactor Type Prismatic Block HTGR 
Primary Coolant Helium 
Reactor Outlet Temp. 750°C 
Reactor Inlet Temp. 325°C 
Secondary Cycle Rankine Steam Cycle 
Number of Loops 2 
Steam Generators 315 MWt helical coil 
Main Circulators Variable speed, submerged motors 

with active magnetic bearings 
Reactor Building Fully- or Partially-embedded with 

vented confinement system 
Vessel System SA-508/533 reactor, steam generator 

and cross vessels 
Fuel Type Uranium Oxy-Carbide TRISO 

Particle 
Number of Fuel 
Blocks 

1020 (102 columns, 10 blocks high) 

 
The SC-HTGR has three heat removal systems.  

The two main cooling loops transfer heat to the 
secondary circuit during normal operation.  They 
also can provide cooling during refueling and 
normal shutdown conditions as well as most 
Anticipated Events and DBEs.  When maintenance 
is being performed on the main cooling loops a 
separate shutdown cooling system is available.   

 
If the above two active systems are unavailable, 

passive heat removal can be used.  Heat from the 
core is conducted radially through the graphite 
reflectors to the core barrel and eventually to the 
reactor vessel.  Heat is transferred from the vessel to 
the Reactor Cavity Cooling System (RCCS) by 
thermal radiation and natural convection.  This heat 
removal path remains effective even if all primary 
coolant has been lost. 

 
The primary safety objective of the SC-HTGR 

design is to limit the dose from accidental releases 
so that the Environmental Protection Agency 
Protective Action Guides are met at an exclusion 
area boundary (EAB) that is only a few hundred 
meters, from the reactor. To achieve this safety 
objective, the design relies on intrinsic and passive 
safety features. It uses the high temperature 
capabilities of TRISO-coated fuel particles, graphite 
moderator, and helium coolant, along with the 
passive heat removal capability of a low power-
density core and an un-insulated steel reactor vessel. 

 
The primary radionuclide retention barrier in the 

SC-HTGR consists of the three ceramic coating 
layers surrounding the fuel kernel that forms a fuel 

particle. The coating system constitutes a miniature 
pressure vessel around each kernel that has been 
engineered to withstand extremely high temperatures 
without losing their ability to retain radionuclides 
even under accident conditions. This high 
temperature radionuclide retention capability is the 
key element in the design and licensing of HTGRs. 

 
The high temperature capabilities of graphite, the 

massive structural components of the reactor core, 
complement the fuel’s high temperature capability. 
The high heat capacity and low power density of the 
core result in very slow and predictable temperature 
transients even without cooling. Helium, the reactor 
coolant and heat transport medium, is chemically 
inert and neutronically transparent, meaning it will 
not aggravate an accident by participating in any 
chemical or nuclear reaction. Helium will not 
change phase in the reactor. 

 
The SC-HTGR is designed to passively remove 

decay heat from the core regardless of whether the 
primary coolant is present. The concrete walls 
surrounding the reactor vessel are covered by the 
Reactor Cavity Cooling System (RCCS) panels, 
which provide natural circulation cooling. The 
cooling flow through the redundant RCCS panels 
always uses natural circulation, during both normal 
operation and accidents, so there is no need for the 
system to change modes or configuration in the 
event of an accident. Moreover, the thermal 
characteristics of the reactor are such that even if the 
RCCS were to fail during an accident, the safety 
consequences would still be acceptable. 

 
The large negative temperature coefficient of the 

modular SC-HTGR, along with its large thermal 
margins, provide for an inherent shutdown capability 
to deal with failures to scram the reactor. Gravity-
driven and diverse reactivity control systems provide 
further confidence of the ability to shut down the 
reactor. No powered safety-related systems and no 
operator actions are required to respond to any of the 
accident scenarios that have been postulated for the 
modular HTGRs throughout their licensing history. 
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IV. ROAD MAP TO COMMERCIALIZATION 
 

IV.A The Market 
 

 Modular HTGR plants can produce 
competitively priced electric power and high 
temperature process heat/steam that assures energy 
security and stabilization of energy prices for about 
60% of global energy needs.  Of these energy needs, 
over half of the associated applications have been 
evaluated at the conceptual level and show 
promising economics. 

 
For those markets that rely on premium fossil 

fuels, have limited water supply for electrical power 
generation, or see the need for reduction of carbon 
footprints tied to process heat requirements, 
commercializing the modular HTGR provides the 
option to use the only game-changing technology on 
the horizon that can address the overarching global 
energy policy goals of energy and feedstock security, 
economic growth/GDP (jobs), water conservation 
and carbon footprint (climate). Further, trends in 
fossil fuel prices suggest that modular HTGR 
technology integrated with modified versions of 
conventional carbon conversion technologies 
provides an economic approach to production of 
synthetic transportation fuels and chemical 
feedstocks with a minimal carbon footprint. 

Using HTGR nuclear-produced process heat 
dramatically reduces CO2 emissions from 
petrochemical production and petroleum refining 
facilities. It is economically competitive today in 
many parts of the world where gas prices are tied to 
oil, such as Europe, Japan and the Middle East. 
Further, we conclude that even U.S. natural gas 
prices are likely to emerge in a range that will make 
this technology competitive for process heat and 
power in the 2020+ timeframe as utilities, 
transportation and LNG exports compete to arbitrage 
the current U.S. price advantage.  

 
Further, if we are able to envision oil in the 

$130+ per-barrel range over the next decade and 
beyond, the modular HTGR technology option 
integrated with carbon conversion processes 
provides an economic approach to production of 
synthetic transportation fuels and/or in a carbon 
emissions-constrained environment, an alternative 
source of chemical feedstock. 

 
IV.B. The Vision 

 
The HTGR can create an expanding marketplace 

beyond electricity generation and enable industrial 
growth that is today solely reliant upon a natural gas 
supply. HTGR-produced energy can be a hedge that 
can insulate industry from energy price volatility. 
Unlike natural gas energy production, HTGR use is 

largely immune to fuel price swings. For HTGRs, 
70% of the cost is driven by the capital investment 
with fuel being <20%. This is entirely opposite of 
natural gas used for industrial process application 
where ~70% of the cost of energy is directly tied to 
the cost of fuel and the enormous volatility this 
brings with it over the life of the plant that could 
span several decades. 

 
The road to commercialization is comprised of 

the following elements, most of which are 
overlapping, to achieve a commercially viable 
energy supply technology: 

 
 Technology Development — the development 

activities for the nuclear fuel, graphite structural 
materials, high temperature metals and composite 
materials, and contemporary analytical methods. 
In the USA the extant development activities are 
currently being funded by the Department of 
Energy (DOE) and led by the Idaho National 
Laboratory and have, as a foundation, the past 
design and qualification work that has been 
advanced by others on similar nuclear 
technologies. 

 
 Design Development — the plant design 

activities for the reference prismatic reactor 
concept and a Rankine cycle steam plant capable 
of co-generating process heat (as steam) and 
electricity. 

 
 Licensing and Regulatory Requirements — a 

licensing plan that continues the current pre-
application iterative process of collaboratively 
working with the US Nuclear Regulatory 
Commission (USNRC) to establish the 
regulatory performance and design requirements 
for modular HTGRs. The licensing plan will then 
continue into the preparation of a license 
application for a selected site based on the design 
being developed for the reference concept. 

 
 Develop the Supply Infrastructure — establish a 

supply chain for nuclear fuel, graphite and other 
major equipment that can be matured to support 
construction and operation of the demonstration 
and follow-on plants.  

 
 Construct and Deploy the Demonstration Module 

and the First-of-a-Kind Plant — the 
demonstration will consist of the initial single 
reactor module to confirm technology and 
licensing implementation. This is then expanded 
to a FOAK plant comprised of multiple modules 
supplying energy with a compelling business 
case. 
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This is a sixteen year $3.8B endeavor filled with 
financial, technical and regulatory challenges.  If 
successful the results will be an operating four 
module (625 MWt / module) reference plant.  The 
design would be certified in accordance with the 
latest US-NRC requirements with sufficient 
manufacturing and construction experience begins 
serial construction of the Nth-of-a-kind plants. 

 
 

IV.B Our Challenges 
 

In order to identify and assess the 
commercialization challenges a time line of 
technology and design development that includes 
licensing interactions and construction of the FOAK 
plant has been prepared (see Figure 1).   

 
Key challenges identified are: a) technical issues, 

b) regulatory requirements, and c) financial needs. 
The following paragraphs will discuss and deliberate 
these challenges 

 
Technical issues – Technology development 

work in the USA has been underway since early 
2000s.  The key activities are the fuel qualification 
and nuclear grade graphite characterization work at 
Idaho National Laboratory along with codes and 
methods development and thermal effects test 
facilities at Organ State University and the 
University of Wisconsin.   Mid-term results of fuel 
and graphite testing are very promising.  The codes 
and methods development have progress to a stage 
that need plant design information and test facility 
results for verification.   The technology 
development activities depend solely on USA 
government funding and thus continually in 
competition with other government funded R&D 
projects.  Timely completion of these technology 
development activities is essential to the success of 
HTGR commercialization. 

 
Regulatory requirements – in the USA the rules 

for licensing commercial nuclear plants are 
primarily intended for light water reactor 
technology.  Although HTGRs are designed for 
increased safety, the method of achieving the 
superior safety is different from the LWRs.  
Therefore our regulators are faced with first of a 
kind HTGR safety assessment without a specific 
license application.  In the last six years and with 
support of the US DOE and industry participation 
key generic licensing issues associated with HTGRs 
have been discussed and reviewed by the NRC.  
These generic pre-application interactions have been 
conducted through various “white paper”, official 
review comments and resolutions interactions and 
further examination of issues by the Advisory 
Committee on Reactor Safety (ACRS).   Initial 

finding did not identify any “show stoppers” in the 
proposed HTGR safety case.  The regulatory 
discussions are now ready for the next phase of 
interactions which an official license application. 
 

Financial needs – sustained funding of 
development, licensing and construction of the first 
module and the first plant is the most challenging 
element of any advanced reactor commercialization.  
The shear cost, estimated at approximately $3.8B 
and the length of time sixteen years is considered a 
major hurdle to overcome.   

 
There are five categories of work that must be 

funded in a cohesive and sustained manner:  
 

1. Technology development R&D.  Current R&D 
funding for HTGRs began with DOE’s NGNP 
program in the early 2000s.  This funding has 
been relatively sustained up to now.  Barring 
curtailment of the USA government funded 
HTGR R&D; the remaining technology 
development portion of the cost (approximately 
$316M) is expected to be funded in the next 4 to 
6 years.   Successful completion of the R&D 
depends on sustained funding and is essential to 
the success of HTGR commercialization. 

 
2. Design development – The current status of the 

AREVA steam cycle HTGR is considered to be 
initial phase of conceptual design.  As envisioned 
there are conceptual, preliminary and basic 
design phases that must be completed first and 
followed by final design for the first-of-a-kind 
plant.  The costs of these design phases including 
the testing, codes and methods development, and 
interactions with component manufacturers’ 
interface is estimated to be approximately $800M 
in a seven year span.  

  
3. Equipment and infrastructure development – This 

cost element estimated at approximately $1.25B 
is for the HTGR unique component 
manufacturers’ interface activities with plant 
designers to establishment HTGR specific 
component designs, manufacturing processes and 
infrastructure development.  This includes 
establishing the TRISO fuel manufacturing and 
nuclear grade graphite production facilities. 

 
4. Licensing – This cost element is estimated at 

approximately $200M.  This includes licensing 
activities for the first module of the FOAK plant 
and design certification of the SC-HTGR module 
that will be used to license modules 2, 3, and 4 of 
the FOAK plant. 
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5. Deployment project – once the technology 
development design, licensing and certain 
elements of infrastructure development are 
completed and a decision to build the first 
module of the first plant is made the deployment 
project begins.  The deployment of the first 
module of the first plant is estimated to cost 
approximately $1.2B.  This includes land and 
FOAK plant infrastructure for complete build out 
of the first four module plant. Three years of 
testing and shakedown costs for the first SC-
HTGR module. 

 
Figure 1 - HTGR Development and Deployment 
Schedule 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV.C Our Strategies 
 

The road to commercialization of the HTGR 
technology requires sustained and focused financing 
in a time period layout in the previous section.  The 
length of the development and deployment venture 
(i.e. seventeen years) is too long for any one private 
company to consider.  Therefore a consistent and 
coordinated strategy is needed to fund the Alliance’s 
development and deployment project objectives.   
 

There are multiple funding sources available that 
could be utilized.  These funding sources are as 
follows: 
 

Internal R&D – Most private companies spend a 
fraction of their yearly profits on Research and 
Development.  The NGNP Industry Alliance is a 
consortium HTGR technology developers, end-user 
companies, supplier companies, and plant operators 
that are interested in the commercialization of this 
technology.  To date the Alliance member companies 
have spent a total of approximately $200M toward 
advancement of the HTGR technology.   Additional 
R&D expenditure is projected but due to competing 
projects within each Alliance member companies, 
the level of required expenditure cannot be achieved 
by internal R&D funds alone. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Private Investments – A popular method for 

financing new ideas or new products is to approach 
private investors such as banks, investor groups, or 
philanthropic investments. All private financing 
organizations expect to receive a healthy return on 
their investments (ROI) in relatively short period of 
time.  Longer ROI periods require larger ROI 
percentages.  Return on investments take the form of 
interest rate on loan payback or ownership of 
intellectual property (IP) generated during the 
development which could then be either traded or 
royalties paid when the product is sold multiple 
times.  The interest rate on the loans depends on the 
perceived risk of default and payback period.  The 
availability of such industrial development loans is 
improved if government backed loan guarantees, 
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term sheets, pricing guarantees or similar monetary 
assurance instruments are available to reduce the 
risk of default.   Philanthropic investors normally do 
not expect a monetary return.  
 

Sovereign investment instruments are typically 
available to benefit the national economic well-
being or cause.  These funds are targeted toward 
accomplishing certain national policy goal, 
infrastructure development or cause.  The objectives 
of sovereign funding sources are diverse.  They 
range from targeted buildup of national industries to 
improvement and buildup of in-country capabilities 
or acquiring competencies supporting national 
industrial position or potential exports.  In other 
words sovereign states investments must align with 
economic objectives of the nation and improve the 
social and economic standing of the state.  The 
timeline for such investment instruments are 
generally long term. 
 

Development and Deployment Venture funding 
strategy – given the projected development cost 
estimates presented in this paper an economic 
assessment was conducted to determine viability of 
the project.  Four gross funding scenarios were 
examined:  

 
 No government support 
 Government support of R&D only 
 50% government support of the project 
 80% government support of the project 

 
Also a 50 plant 25-year deployment profile as 

listed in the following table was assumed.  
 
Two parameters were selected plotted as a 

function of time for various financing options: 
 

 After tax Internal Rate of Return, and 
 Cumulative Net Present Value 

 
The results provide two key insights into 

economic viability of development and 
commercialization of the HTGR technology: a) the 
return on investment periods for various financing 
options is lengthy and b) philanthropic and/or 
government involvement in the initial development 
and FOAK plant construction is necessary for 
economic viability.  
 
 
 
 
 
 
 
 

 

Table 3 – Deployment and Economic Assumptions 
 

 
 
Figure 2 – IRR vs. Time 

 
 

Figure 3 – CNPV vs Time 

 
 
The high development costs, long execution 

time, and potential project delay risks demands a 
financing road map that has many off-ramps and is 
heavenly supported by governmental or 
philanthropic funds in the projects inception years.  
As key IP and tradable technical value is generated 
and the project risks are reduced to levels 
commensurate with standard industrial development 
risks more traditional financing instruments would 
be utilized.    
 

The NGNP Industry Alliance is currently 
actively seeking sovereign and philanthropic 
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investment interests in the project.  Our initial 
development and licensing activities are aimed at 
establishing clear value packages that a potential 
private investors including participating industries 
can own and trade. 
In addition, NIA is actively cooperating with several 
international groups interested in HTGR 
commercialization to share certain generic 
development activities in order to reduce redundant 
work overall project costs.   
 

Nevertheless, the long term technology 
development R&D for fuel qualification, graphite 
characterization and codes and methods 
development must continue and complete in a timely 
fashion. 

 
V. CONCLUSION 

 
Markets for high temperature process steam are 

fully developed and exist today.  The markets are 
entirely dependent on fossil fuels, mainly natural 
gas, for their energy source.  Due to historic price 
volatility, environmental concerns and supply 
uncertainty, alternative source of energy must be 
developed.   

 
High Temperature Gas-cooled Reactors with 

Generation IV design features are considered ideal 
concept that meets the process steam market 
demands. The NGNP Industry Alliance, a 
consortium of designers, process heat end-users, 
reactor operators, and component suppliers have 
selected AREVA’s steam cycle HTGR design to 
further develop, demonstrate and subsequently 
commercialize to provide a cost effective long term 
alternative to fossil fuel energy source.   

 
The un-paralleled intrinsic safety, low radiation 

hazard and low investment risk profile of the steam 
cycle HTGR makes this technology ideal for close-
in siting with end-user community without 
disruption in end-user’s process steam utilization 
infrastructure.   Development and deployment of this 
technology requires resources and funding that are 
beyond the capacity of any single company or group 
of companies.  Therefore a full commercialization 
road map was developed complete with identified 
challenges and risks. 

 
Multiple funding sources were identified and it 

was concluded that sovereign and philanthropic  
investments are essential during the initial  period of 
development venture as the risks are high and 
potential returns are too far in the future for any 
industrial investment opportunity.  In addition 
history has shown that no new nuclear technology 
has ever been introduced in civil society without 
government technical and funding support.  

Introduction of nuclear technology in the process 
heat energy sectors is no exception.  
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