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http://energy.mit.edu/research/future-nuclear-energy-carbon-constrained-world/
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Strategies Applicability Cost reductions 
Technical 
readiness Further RD&D 

Additional 
metrics 

Design (with illustration)      

Strategy 1: functional 
containment  

Applicable to most 
Gen-IV reactor 
designs, including 
reactors with a 
low-pressure salt 
coolant and gas 
cooled reactors, 
with TRISO fuel 

Flexibility in 
design through 
non-prescriptive 
engineering 
approaches 
could net ~5-
15% cost 
savings in the 
overall design, 
implementation 
and construction 
of the plants 

Most of the 
discussed 
technologies 
have high 
readiness levels 
(TRL 6-8) 

Individual cases 
require further 
RD&D such as 
seismic isolations 
and their 
performance for 
component 
isolation and 
performance 
under high 
temperature 
environments 

[Design 
strategies may 
be cross-
referenced to 
impacts on 
construction 
and project 
management] 

Strategy 2       

Manufacturing/Production      

Strategy 3      

Strategy 4      

Construction      

Strategy 5       

Strategy 6      

Project management      

Strategy 7       

Strategy 8      

Etc…        
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Source: INL, 2021. 

 



ADVANCED NUCLEAR TECHNOLOGY COST REDUCTION STRATEGIES AND SYSTEMATIC ECONOMIC REIVEW, GIF 2021 19 





ADVANCED NUCLEAR TECHNOLOGY COST REDUCTION STRATEGIES AND SYSTEMATIC ECONOMIC REIVEW, GIF 2021 21 

 





ADVANCED NUCLEAR TECHNOLOGY COST REDUCTION STRATEGIES AND SYSTEMATIC ECONOMIC REIVEW, GIF 2021 23 

 

Generation IV International Forum (GIF) Economic Modelling Working Group (EMWG) 

advanced nuclear technology cost reduction strategies 
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Source: INL, 2021. 
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Safety function Situational status LWR safety structures, systems and components 

1. Reactivity control Normal operation and 
transients 

Selection of fuel isotopes, enrichment, geometry 

Moderator / coolant 

Control rods and drives 

Accident scenarios Boric acid / neutron poison 

Shutdown / SCRAM* 

Anticipated transient without SCRAM (ATWS) system 

2. Decay heat removal Normal operation and 
transients 

Primary cooling system (pumps and pressure) 

Ultimate heat sink  

 Accident scenarios Emergency core cooling systems (ECSS) 

High pressure coolant injection (HPCI) system 

Low pressure coolant injection (LPCI) system 

Automatic depressurization system (ADS) 

Core flood tanks 

Core spray system (boiling water reactors [BWRs]) 

Containment spray system 

 Auxiliary feedwater system 

  Emergency service water system 

  Emergency and off-site power (diesel, batteries) 

  Core catchers (corium retention) 

3. Radionuclide retention Normal operation and 
transients 

Fuel cladding (“first” layer of radionuclide retention) 

Pressure vessel 

Accident scenarios Primary concrete containment structure 

Secondary concrete containment structure (for BWRs) 

Concrete basement for seismic protection 

Plant site and exclusion zone 

Transmission through air, soil, water 

* A SCRAM (or reactor trip) is an emergency shutdown of a nuclear reactor effected by immediately terminating the fission 
reaction. 

Source: INL, 2021. 



26 ADVANCED NUCLEAR TECHNOLOGY COST REDUCTION STRATEGIES AND SYSTEMATIC ECONOMIC REIVEW, GIF 2021 

Note: The figure uses data for the US PWR best experience set of construction projects in the 1970s and 1980s, as discussed 
in the source study, and costs are expressed in 2018 US dollars. 

Source: Figure is based on data from MIT, 2018. 
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Source: INL, 2021. 

 

 

 

 

 

 

 

 

 

 

 

$

$$$

$

$$$$

$

$$$$$

Reactivity
Control

Decay Heat Removal
(Coolant System)

Radionuclide
Retention

LWR:
Control rods,
moderator,
boric acid,
ATWS,
core catcher

LWR:
High pressure water/
steam, pumps, ECCS 
(HPCI, LPCI, ADS, core 
flood tanks), auxiliary 
feedwater system, 
emergency feedwater 
system, emergency 
power (diesel, batteries), 
off-site power

LWR:
Thick pressure-retaining 
concrete containment 
structure (two for BWRs), 
thick concrete basemat, 
large plant site and 
exclusion zone; also fuel 
cladding (but smaller 
contribution to cost than 
concrete structures)
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Coolant  Passive Safety Characteristics 

Helium  

Modular HTGR: Inherent and passive safety because of lower power density coupled with high heat capacity of 
graphite and passive heat removal from core and reactor vessel. Passive shutdown from negative reactivity 
feedback in anticipated transients without scram and other transients has been demonstrated on existing smaller 
versions of HTGRs.  
GFR: Claims to be passively safe but demonstration will be required. Historically GFRs have had difficulty attaining 
high degrees of passive decay heat removal given high power density, low thermal capacity in the core, and poor 
conductivity of the helium coolant.  

Liquid Metals  

Small SFRs: Low pressure pool design to eliminate loss of coolant. Through a combination of reactivity feedbacksa 

from enhanced neutron leakage, this design achieves a negative power reactivity feedback, which helps to control 
the system under all postulated unprotected (no scram) transients without operator intervention. Passive safety of 
these concepts has been demonstrated in tests done at EBR-II. A variety of passive decay heat removal systems 
exist that can provide a connection to an ultimate heat sink for the long term.  
Large SFRs: Designing for overall negative reactivity feedback is more challenging for larger systems given the 
lower neutron leakage and positive reactivity void coefficient of these types of reactors. Passive heat removal is 
also more difficult given the decay heat load and lower surface-to-volume ratio of the reactor vessel compared to 
small SFRs.  
LFR: Lead provides a large heat sink, especially in unprotected events. Reactivity feedbacks prevent severe 
accidents, similar to SFR approach. However, because the Russian LFR was built for submarine service, testing of 
passive safety systems that is representative of commercial designs would be required.  

Molten Salt  

FHR: Combines passive safety features of HTGR with the large heat capacity and natural circulation capabilities of 
molten salt to obtain excellent safety profile. No integral testing of passive safety has been conducted but will be 
required.  
MSR: To provide passive safety, drain tanks with a passive fuel plug that will melt if high temperatures occur under 
off-normal conditions are incorporated into the design. Drain tanks will have to be designed to avoid criticality 
events and to remove decay heat. Integral testing has never been performed to confirm the safety benefits. Heat 
content of the off-gas system containing noble gases and volatile fission products needs to be considered in design. 
Holdup of highly radioactive molten salt in reactor piping might severely limit operator access even after molten 
salt draining. Fast-spectrum MSRs have large negative temperature and void coefficients because liquid fuel is 
expelled from the core if voids are formed or if the temperature increases. Criticality might occur under accident 
conditions if the fissile materials were to leak from the primary system and come near neutron moderators, such as 
concrete.  

a  The combination of reactivity feedbacks for liquid metal-cooled fast reactors is discussed in MIT, 2018. 
Source: Table 3.4 from MIT, 2018. 
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Source: US DOE, 2020. 



30 ADVANCED NUCLEAR TECHNOLOGY COST REDUCTION STRATEGIES AND SYSTEMATIC ECONOMIC REIVEW, GIF 2021 

 

 

 

 

 

 

Source: Southern Company, 2018. 
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Source: Southern Company, 2019. 
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Source: INL, 2021. 
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Source: INL, 2021. 
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Source: INL, 2021. 
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Source: Reitsma, 2020. 
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Source: Collins, 2009. 
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Source: INL, 2021. 
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HTGR:
No runaway 
meltdown risk

HTGR:
Helium system is self-
contained and non-
corrosive, but leakage 
must be prevented

HTGR:
TRISO adds barriers 
against radionuclide 
release, significantly 
reducing need for thick 
concrete containment 
and basemat

<- High LWR costs

<- High LWR costs

<- High LWR costs
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Source: INL, 2021. 
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MSR:
No runaway 
meltdown risk

MSR:
Low-pressure salt (but 
large pumps to circulate 
large volumes)

MSR:
No runaway meltdown 
risk and low-pressure 
system reduce the need 
for thick concrete 
containment building and 
basemat 

<- High LWR costs

<- High LWR costs

<- High LWR costs
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Site Rough cost estimate (in millions of 2008 dollars) 

 Embedded Above grade 

 Slurry-wall system Well-dewater system Rock excavation  

INL   58 39 

SRS 122 102  38 

Source: Areva, 2008. 
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Source: INL, 2021. 
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Embedment does 
not significantly 
affect costs for 
reactivity control

Embedment:
Cost reductions in 
containment needs for 
radionuclide retention by 
placing reactor below grade

<- High LWR costs

<- High LWR costs

<- High LWR costs

Embedment does not
significantly affect costs 
for decay heat removal 
(assuming essentially the 
same costs for below-
grade reactor)
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Source: MIT, 2018. 
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Event/model 

Initial  
capital cost  
[USD million 

2018] 

Added 
capital 

cost of SI 

Capital 
cost 

savings 
from SI 

Net 
change 

N
o

n
-n

u
c
le

a
r 

(1982) Medical Building, Salt Lake City 53 +2% -4% -2% 

(1984) Foothills Law and Justice Center 80 +5% -3% +2% 

(1984) VA Hospital, Loma Linda 194 +5% -6% -1% 

(1986) Tandem Computers Facility  +1% -0% * 

(1988) Union House in Auckland, NZ    -3% 

(1989) Evans and Sutherland Facility 16 +5%  * 

(1989) Los Angeles County Fire Department    -6% 

(1989) USC University Hospital   +2%   

N
u

c
le

a
r 

(1983) Prototype Breeder NPP 4453 +2% -4% -2% 

(2012) AP1000 Traditional Base Isolation** 7035 +1-5%   

(2017) Generic Nuclear Facility 550 +2-4% -6-9% -2-7% 

(2017) Generic Nuclear Facility (Updated) 550 +2-4% -11-15% -7-13% 

(2017) NuScale Advanced Base Isolation*** 7035 +3-7%   

 Non-nuclear experience average -- +3% -3% -2% 

 Nuclear predicted average -- +3% -8% -6% 

*Made little or no effort to reduce costs after incorporating isolation, citing increased safety as the deciding factor.  

**Based on the estimate that an AP1000 requires 500-700 isolators at a material cost of USD 28-42K per non-safety grade isolator. 
Added cost is +1-2% for a non-safety grade system and +3-5% for safety grade.  

***Based on the estimate that a NuScale plant requires 54 “advanced” isolators. This is the only entry to incorporate a seismic isolation 
system that mitigates both horizontal and vertical forces. Added cost is +3% for a non-safety grade system and +7% for a safety 
grade. 

Source: Based on Champlin, 2018.  
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Source: INL, 2021. 
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Seismic isolation does 
not significantly affect 
costs for reactivity 
control

Seismic isolation:
Cost reductions in 
containment needs for 
radionuclide retention 
through net savings<- High LWR costs

<- High LWR costs

<- High LWR costs

Seismic isolation does not
significantly affect costs 
for decay heat removal 
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https://doi.org/10.1088/1748-9326/aa7f10
https://www.herrenknecht.com/en/products/productdetail/vertical-shaft-sinking-machine-vsm/
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