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Meetings

TOPICAL MEETING

HTR 2016: Finding pathways 
to commercialization

High-temperature 
reactors have their own 

challenges, including how 
to move from concept 

to demonstration to 
commercialization.

The opening plenary session of the 
8th International High Tempera-
ture Reactor Technology Topical 

Meeting (HTR 2016), held in conjunction 
with the ANS Winter Meeting in Las Ve-
gas, Nev., last November, was introduced 
by the meeting’s general chair, Finis 
Southworth, assistant executive direc-
tor of the Next Generation Nuclear Plant 
(NGNP) Industry Alliance. 

In his introduction, Southworth took 
the opportunity to set out his list of chal-
lenges for the HTR community, in an-
ticipation of the ANS President’s Special 
Session, “Identifying the Nuclear Grand 
Challenges,” scheduled for later that day. 
His list included the following: 

 n Obtain a license for a combined-cycle 
HTR plant at a greenfield site within three 
years and build it within four years.

 n Ensure that HTRs are designed to be 
inherently safe (that is, “walk-away safe”), 
not just passively safe, for 48 or 72 hours. 

 n Keep emergency planning zones to un-
der a half-mile radius. 

 n Implement a spent fuel disposal 
program.

To meet this last challenge, Southworth 
recommended that Congress pass legisla-
tion implementing the recommendations 
of the Blue Ribbon Commission on Amer-
ica’s Nuclear Future, which would put the 
country on the road to a solution almost 
immediately.  

In the opening presentation, John 
Kotek, acting assistant secretary of the 
Department of Energy’s Office of Nu-
clear Energy (he has since been named 
vice president for policy development 

and public affairs at the Nuclear Energy 
Institute; see People, page 66), explained 
how the DOE is working to reinvigorate 
and restructure the advanced reactor pro-
grams to lead to greater success in com-
mercializing technologies. “We need mul-
tiple pathways going forward,” he said, 
noting that there are many competing 
advanced reactor technologies, some of 
which, it is hoped, will achieve commer-
cialization. He also said that it is time to 
deconstruct the nuclear value chain into 
its various elements to look for opportu-
nities to reduce costs, a process that has 
not yet been carried out for advanced 
designs. That, he said, will likely identify 
over-conservatism in many areas where 
measures can be taken to develop more 
competitive systems. 

One way the DOE is addressing the 
challenge, Kotek said, is through its Gate-
way for Accelerated Innovation in Nucle-
ar (GAIN) initiative. Launched at the end 
of 2015, its aim is to provide the nuclear 
community access to the technical, reg-
ulatory, and financial support necessary 
to move new or advanced reactor designs 
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toward commercialization. A particular 
effort undertaken as part of GAIN is to 
determine what the communities of in-
novators need from the government. For 
example, Kotek said, with the assistance of 
the Electric Power Research Institute and 
the NEI, a series of workshops has been 
held to bring innovators together in the 
various reactor areas to determine wheth-
er there is a common research agenda that 
the DOE can support. The workshops have 
led to recommendations for incorporating 
additional activities into the DOE’s basic 
research programs to benefit multiple de-
signs in a technology area.

Kotek noted that the DOE is also mak-
ing a case for why nuclear needs to be a ro-
bust part of an expanded clean energy re-

search, development, and demonstration 
portfolio, and not just by engaging the na-
tional laboratories and universities. There 

are companies out there, Kotek said, that 
see potential benefits even decades from 
now and are spending their own money 
to develop and bring advanced products 
to market.

Next up was Kam Ghaffarian, founder 
and chief executive officer of X-energy, 
which is developing the Xe-100 pebble 
bed HTR.  Ghaffarian challenged session 
attendees to focus on the deployment of 
their products. “We need to put a vision 
out there that in the next 10 years we are 
going to be building an advanced reactor,” 
he said. 

Ghaffarian summarized the funda-
mental energy problem as a combination 
of climate change, pollution, and popu-
lation growth. Getting from the current 

situation to an envi-
ronment that is clean, 
safe, secure, and 
affordable must in-
volve nontraditional 
thinking, he said, and 
the way of thinking 
of even 10 years ago 
will not solve today’s 
problems. His solu-
tion is advanced nu-
clear reactors.

Ghaffarian warned, however, that while 
having many possible pathways may be 
attractive, the DOE cannot afford to spon-

sor multi-option programs. It is necessary 
to be selective in terms of the technologies 

pursued, and the 
best way to do that 
is through compe-
tition. There is al-
ready competition 
in the light-water 
reactor area, he said, 
and now it is time to 
have competition in 
advanced reactors 
to push forward the 
good ideas and then 

create a cost-share program to support 
them. This is the only way forward, he 
added, because government help will be 
needed to make it happen.

At X-energy, a team was formed to fo-
cus on finding ways to deploy its advanced 
reactor. Collaboration and partnership 
will be part of the solution, he said, and X- 
energy has recently signed two memoran-
da of understanding, one with Southern 
Nuclear and the other with Burns & Mc-
Donnell, focused on deploying an HTR. 
Further MOUs are expected with organi-
zations in other countries.

Ghaffarian noted that a new way of 
thinking is also needed in how the Nu-
clear Regulatory Commission handles the 
licensing of advanced reactors. In particu-
lar, he said, greater clarity is needed on the 

The DOE is also making a 
case for why nuclear needs 
to be a robust part of an 
expanded clean energy 
research, development, and 
demonstration portfolio.
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time required for and the cost of process-
ing applications for advanced reactors. 
These should be determined through the 
conduct of an analysis, he noted, and once 
that is done, the government should be re-
sponsible for any extra costs that might be 
incurred. 

The next speaker was Crzegorz Wroch-
na, the Polish government’s director for 
HTR deployment, who also represents the 
European Union’s HTR community as 
chair of the Nuclear Cogeneration Indus-
trial Initiative (NC2I), which aims to com-
mission an HTR cogeneration prototype 
within 10 years. There is a large potential 
market for cogeneration in the developed 
world, Wrochna said, and he believes that 
a window of opportunity is now opening 
up for HTRs in the European Union.

The existing market for industrial  heat 
applications in Europe shows that 200 
MW thermal covers a large number of 
users, Wrochna said. Adding some me-
gawatts for electricity production gives a 
typical range of between 200 and 350 MW 
thermal as a suitable size for a reactor. For 
those applications requiring only low tem-
peratures (that is, below 250  °C), which 
include, for example, district heating, the 
manufacture of pulp and paper, and de-
salination, LWRs would be sufficient. For 
applications needing higher temperatures 
of up to 1,000 °C, however, including in-
dustrial cogeneration and hydrogen pro-
duction, HTRs are particularly suitable.

Wrochna said that he believes that the 
HTR provides a good solution for satis-
fying Poland’s need for industrial steam 
energy and could be relatively easy to in-
troduce there. The country has a large 
number of chemical processing plants and 
refineries that use heat generated by do-
mestically produced coal or imported nat-
ural gas. These facilities also produce pow-
er, he said, providing significant additional 
revenue to the companies, which would be 
comfortable owning or investing in nucle-
ar power in place of fossil-fueled boilers. 

Under the Polish government’s latest 
nuclear road map, the longstanding plan 
has been to build two LWR stations, with 
the first starting operation around 2030. 
The startup of a first HTR soon after 
that is now included. In the meantime, 
something even newer has been added to 
the plan: the construction of a small, 10-
MW thermal HTR, called a U-Battery, 
to be ready by 2025. To be located at the 
coun try’s National Centre for Nuclear Re-
search, this facility will provide operator 
training and will also facilitate regulators 
in the licensing of a large commercial 
HTR. A letter of intent for the supply of 
the U-Battery was signed with Urenco, the 
lead organization in the U-Battery con-
sortium, in May 2016. 

On the international front, Europe’s 
NC2I and America’s NGNP Industry Al-

liance established a transatlantic cooper-
ation framework called the GEMINI Ini-
tiative under an MOU signed in June 2014 
that includes undertaking projects, repre-
senting the technology before government 
authorities, and taking other actions to 
promote advanced reactors. A primary 
goal is to undertake two first-of-a-kind 
projects in the United States and Europe, 
based on a reference design, tailored to the 
site and national requirements. Wrochna 
also referred to the efforts of the British 
government to regain a position as a ven-
dor country via the 
small modular reac-
tor (SMR) route. As a 
step toward develop-
ing this capability, the 
U.K. government an-
nounced a £250-mil-
lion (about $307-mil-
lion) SMR competi-
tion in March 2016 for 
which the NC2I put in 
a proposal on behalf 
of NGNP/NC2I. 

These international plans were further 
discussed by Chris Hamilton, executive 
director of the NGNP Industry Alliance, 
who remarked that while the United States 
looks to the HTR primarily to produce 
electricity, most other countries stress its 
value in cogeneration, hydrogen produc-
tion, and other non-power applications. 
This provides the HTR a useful distinction 
from LWRs for promotional and market-
ing purposes. 

The NGNP Industry Alliance’s ap-
proach is to focus on HTR deployment 
activities, but currently it is primarily 
working on necessary nondeployment 
activities, such as upgrading the HTR 
business plan, undertaking an exercise to 
quantify conservatism used in an analysis 
of an HTR depressurization event (being 
conducted at Texas A&M University), 
and evaluating four sites for advanced 
reactors. 

The reference design chosen for devel-
opment is Areva’s 625-MW thermal pris-
matic core HTR. A relatively large reactor 
capacity was chosen because of the low 
price of natural gas. This size, however, al-
so works for typical U.S. chemical plants, 
which are substantially larger than those 
in Europe. Hamilton also stressed that 
even at this size, the HTR fuel is so robust 
that it can tolerate loss of pressure, loss 
of flow, and loss of coolant without safe-
ty being compromised, unlike LWRs. He 
also noted that the challenges faced by the 
HTR designs examined are not very tech-
nical. The main ones are financing and 
first-of-a-kind costs, along with licensing 
uncertainty, which all advanced reactors 
face, as well as low natural gas prices.

But there are also opportunities, Ham-
ilton said. Unlike other Generation IV 

concepts, the HTR is a mature technology, 
with several reactors having been licensed 
and operated, a proven fuel, and a regula-
tory system largely in place. Internation-
ally, there is a lot of interest in the HTR 
backed up by several projects and national 
programs, driven forward by the need for 
a non-fossil-fueled high-temperature heat 
source for industrial cogeneration and 
other applications. 

HTRs are projected to be competitive 
with natural gas–fueled power units at 
moderate gas prices. A detailed analysis 

done by the DOE and national laborato-
ries found that an HTR for cogeneration 
would be competitive at $6 to $8 per mil-
lion Btu. 

Finally, Hamilton noted that although 
the technology is not revolutionary, its po-
tential is, given that it can provide a source 
of energy to displace fossil fuels in a way 
that is not possible in many applications. 
Today, he said, high-temperature process 
heat applications that currently use fossil 
fuel produce about 20 percent of world 
carbon dioxide emissions. The HTR al-
so uniquely offers the potential of clean, 
high-efficiency hydrogen production. 

While most of the innovative systems 
presented at this meeting exist mainly on 
paper, China’s Zhang Zuoyi, chief scientist 
for the High-Temperature Reactor–Pebble 
Bed Module (HTR-PM) demonstration 
project, could speak of the very real expe-
rience gained in a project nearing comple-
tion. The HTR-PM, which is under con-
struction at Shidao Bay in eastern China’s 
Shandong Province, consists of twin 250-
MW thermal (100-MWe) reactor units 
driving a single turbine. Zhang is also 
director of Tsinghua University’s Institute 
of Nuclear and New Energy Technolo-
gy ( INET), which is where the 10-MW 
thermal HTR-10 test pebble bed reactor is 
located.

Zhang described the project’s evolution 
since the start of construction, which offi-
cially began in December 2012, with oper-
ation scheduled for 2017. He also present-
ed two videos showing construction ac-
tivities, including the placement of one of 
the two reactor pressure vessels, one of the 
heaviest ever manufactured. Among the 
many challenges the team faced, he noted, 

The NGNP Industry Alliance’s 
approach is to focus on HTR 
deployment activities, but 
currently it is primarily working 
on necessary nondeployment 
activities, such as upgrading 
the HTR business plan.
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Providing Spent Fuel Storage & Transportation Excellence
Long-term commitment to Nuclear
NAC International is approaching a half-
century of comprehensive experience in 
the design, licensing and deployment of 
technologies and consulting/information 
services to manage the most radioactive 
contents on Earth. We offer a proven 
process for providing innovative 
technologies to store, transport and 

manage nuclear materials, including high 
level waste and spent fuel.

Economical innovation
When your project requires packaging or 
transportation of challenging materials, 
NAC provides innovative solutions with 
a commitment to nuclear packaging 
excellence – offering risk-mitigating, 

ALARA-friendly, and operation-enhancing 
solutions that meticulously address project 
goals. NAC puts safety, economic value 
and business integrity at the forefront 
of our solutions. This commitment to 
excellence has been exemplified in the 
development and implementation of 
MAGNASTOR
delivered ultra-high capacity multi-purpose 
spent fuel dry storage technology, which 
raised the bar in dry storage economics, 
safety and dose reduction on a per-
assembly basis. Other innovations include 
the most efficient system currently licensed 
for transport of irradiated fissile liquids 
and adaptation of dry storage casks for 
efficient packaging of DOE vitrified high 
level wastes.

Transport excellence and assurance
In accordance with the latest international 
regulations and supported by our reliable 
fleet of spent fuel transport casks and 
qualified teams, NAC has provided full 
scope services to relocate and manage 
nuclear materials domestically and 
internationally for 30+ years. Based on our 
extensive worldwide spent fuel transport 
experience, NAC incorporates unique 
operational and licensing features into 
our multi-purpose storage systems, which 
assures licensing and transportability. 
In fact, NAC is the first vendor to submit 
a transport license application to the 
NRC for ultra-high capacity multipurpose 
canister systems for PWR and BWR spent 
fuels. MAGNASTOR’s transport package, 
MAGNATRAN™, is well-ahead in the 
licensing queue, assuring early availability.

Building on our legacy
NAC’s legacy of facilitating efficient 
management, transport and disposition of 
challenging materials is evident at nuclear 
sites worldwide. With the important role 
nuclear power plays in meeting increasing 
global energy needs, safe management of 
nuclear materials is more vital than ever. 
Building on its progressive innovation 
strategy, NAC will continue to develop and 
license economical technologies to safely 
manage the nuclear fuel cycle in order to 
support a sustainable nuclear future.

For more information, please contact:
Doug Jacobs
VP, Sales & Marketing
678-328-1257
djacobs@nacintl.com

operation at INET since 2010, and a com-
mercial 300,000-sphere-per-year plant has 
been built, with production starting in 
August 2016.  

In China, Zhang said, HTRs are consid-
ered supplementary to pressurized water 
reactors, with one likely future role for 
them being to replace coal-fired plants 
in populated regions, particularly in the 
eastern part of the country. HTRs of sim-
ilar size should be able to use some of the 
infrastructure of the existing generating 
plants in many places. HTRs also would 
have a role in cogeneration and hydrogen 
production.

For commercializing the technology, 

Zhang described the HTR-PM600, con-
sisting of six reactor modules connected to 
one steam turbine. He also showed a con-
figuration with the six reactor modules in 
a circle, which would produce the same 
footprint as a 600-MWe Generation II 
PWR built in China. This, he said, should 
lead to considerable savings.  

Efforts are continuing to reduce the 
costs of subsequent HTR-PM600 plants 
in order to compete in the market. Zhang 
said that measures such as increasing 
plant power to 650 MWe and batch order-
ing of reactor modules would reduce costs 
to just 10 to 20 percent above the cost of 
PWRs.—Dick Kovan NN

was having to deal with a very demanding 
safety authority. 

At the time of the meeting, construc-
tion work was still focused on installing 
components, the main ones being the 
reactor pressure vessels, reactor metallic 
internals, graphite blocks, the fuel han-
dling system, control rod drive mecha-
nisms, small sphere absorption systems, 
and helium circulators. Zhang noted that 
delays in the installation of the steam gen-
erators had set the schedule back by about 
seven months, although grid connection 
was still expected in 2017. The main work 
needing to be completed on the steam 
generators is to connect the main inlet and 
the outlet pipes. 

Zhang also described the extensive test-
ing of key components, focusing on the 
helium circulator, the fuel handling sys-
tem, and the steam generators. The critical 
helium circulator uses a magnetic bearing, 
which, he said, made it a world first, re-
quiring extensive testing, first in nitrogen 
and then helium. A conventional backup 
was also built in case of problems.

The full-scale helium circulator test 
carried out at INET included 50 life cycles 
using helium. During each cycle, which 
involves moving from cold startup con-
ditions to hot full-power conditions, 10 
transient events were initiated, with a 
total of 500 carried out over a six-month 
period ending in May 2016. There was al-
so an extreme condition test with helium. 
These costly tests were done, Zhang said, 
because the decision had been made to 
follow the same procedure that was used 
for testing the AP1000 pump in the United 
States. 

The testing of a full-scale fuel handling 
system, a key technology for a pebble bed 
HTR, involved 500 hours of automatic op-
eration of the system under hot conditions 
with helium at 7 MPa pressure. That test 
was completed on October 8, 2016.

Zhang also remarked on the many dif-
ficulties that had to be overcome in com-
pleting the tests. As an example, he noted 
that nearly a year was spent solving prob-
lems with the helium seal on the helium 
circulator. 

Zhang also referred to the latest experi-
ence with the HTR-10 test pebble bed re-
actor at INET in support of the HTR-PM 
project. In the last couple of years, the fo-
cus there has been on maintenance activ-
ities. For example, the helium circulator, 
which was highly irradiated, was removed 
for inspection. The control rod drive 
mechanism was also inspected and main-
tained. Over the last year, the HTR-10 saw 
almost 100 days of continuous operation, 
he said, and it is in good condition.

Regarding the fuel, a demonstration 
production facility capable of producing 
100,000 fuel spheres per year has been in 
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