
 



 

 



 

 

 

 

 

 

 

 

 





 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 





 





 

 







 

Strategies Applicability Cost reductions Technical readiness Further RD&D Additional metrics 

Design 

Strategy 1: functional 
containment 

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

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

Most of the 
technologies 
discussed have high 
technology readiness 
levels (TRLs 6-8). 

Individual cases 
require further RD&D, 
such as seismic 
isolators and their 
performance for 
component isolation, 
as well as their 
performance under 
high-temperature 
environments. 

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

Strategy 2: 
modularity at scale 

Applicable to most 
reactor types, 
including light water, 
sodium-cooled and 
gas-cooled reactors. 

 

Non-nuclear BOP 
modularity 
approaches are 
mostly applicable to 
non-LWRs and low- 
pressure reactors. 

Provides cost savings 
through 
standardization, 
quality control and 
minimal on-site work.  

Restricted modular 
approaches for non-
LWRs given their 
safety requirements. 
Non-LWRs are more 
flexible in modularity, 
for example in their 
use of precast 
concrete. Additional 
R&D is required on 
the use of precast 
concrete for safety 
related structures. 
Otherwise, the 
technologies 
discussed for modular 
reactors and BOP 
have high readiness 
levels (TRLs 6-8). 

Safety assessment of 
modular non-LWRs 
need to be finalized. 
TRISO fuel needs 
further RD&D to 
provide robustness 
and manufacturing 
reliability. 
Connections of 
precast concrete 
panels need to be 
verified for use in 
non-light water 
reactor (LWR) 
applications. 
Performance of 
modular BOP 
applications under 
high-temperature 
environments need to 
be assessed.  

– 

Source: (Shropshire et al., 2021b). 
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Consideration Stick-built plant Modularized plant Reduction percentage 

Direct construction cost All field construction With shop fabrication 0-5 

First of a kind (FOAK) 
through the NOAK 
learning effect 

Larger plants, less doubling of 
experience (eight each) 

Smaller plants, larger number of plants for 
same capacity (32 each) 

0-10 

Direct labor All field construction Transfer to shop 30-50 

Direct labor hours 
(productivity) 

Direct hours Reduced field work, lower worker densities, 
improved access 

10-25 

Construction/installation 
schedule 

Regular work schedule Parallel construction, early start fabrication, 
reduced field work 

30-50 

Indirect field cost Regular work schedule Reduced field work, reduced construction 
schedule 

30-50 

Field management costs All field construction Reduced field work, reduced construction 
schedule 

15-25 

Direct cost contingency All field construction Shop safety, security, environment, 
seasons, support, interference, logistics, 
controls, etc. 

10-20 

Owner’s costs Regular work schedule Early plant start-up, factory and site 0-10 

Supplementary costs All field construction Provisions for decontamination and 
decommissioning 

0 

Capitalized finance cost Regular work schedule, all field 
construction 

Parallel construction, early start fabrication, 
early start operations 

30-50 

Robotics and automation Minimum utilization Future potential 30-50 

Annualized costs Regular work schedule Designed for operations and maintenance  0-5 

Source: (GIF, 2007). 



 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 =  𝑓𝑖𝑒𝑙𝑑 𝑐𝑜𝑠𝑡 ×  [(1 − 𝐷𝑜𝑀) + 𝐷𝑜𝑀 ×  𝐶𝐹] + 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑐𝑜𝑠𝑡𝑠  





 

Reactor size Modularity options DoM possible 
Expected cost 
benefit on OCC Limitations 

Conventional large 
NPP (reactor only) 

NA NA NA 
Conventional reactors have not been 
modularized mainly for reasons of 
economies of scale  

Conventional large 
NPP (BOP, and 
common structures) 

Multiple similar modules for 
foundation, shielding and 
containment structures 

<10% <10% 

Given the safety requirements of 
conventional large reactors, the 
modules need to be thick and heavy, 
limiting transportability 

SMR (reactor) Super modules <50% 20–30% 
Initial need for satisfactory orders for 
the scaling of manufacturing for 
modular reactors  

Gen-IV – SMR BOP 
Multiple similar modules for 
foundation, shielding and 
containment structures 

<20% 20–25% 

Construction and operation of the 
entire plant with a limited number of 
reactor modules may impact expected 
profitability  

Microreactors 
Entire unit being modular 
and ready to be operational 

100% 20–60% 
Initial need for satisfactory orders for 
the scaling of manufacturing for 
modular reactors 

Source: (GIF, 2022). 











 

Source: (Letter from Kyle Leach, 2018; see Figure D). 

 



 



 

 



 

 

 

 

Modular precast construction Modular SC-type construction 

Large-size 
plants 

Medium-size 
plants Microreactors 

Large-size 
plants 

Medium-size 
plants Microreactors 

LWR 
      

HTGR 
      

SFR/thermal 
microreactor       

Legend: Red=not compatible; Green=compatible; Yellow=marginally compatible. 
Source: (GIF, 2022). 

 

 

 

 



 

Technology Scale applicability Cost implications 
Technology 
readiness in nuclear Transportability Further RD&D 

LWR Mid- to large-sized 
plants 

Hinders 
cost-effective 
modularization of the 
BOP. 

TRL 8-9 Not transportable as 
modules due to large 
size of factory 
equipment (reactor 
vessel and internals, 
steam generators, 
heat exchangers, etc).  

Ready to use. 

HTGR Micro- to medium-
size plants 

Enables high degrees 
of modularization 
(DoM) at the reactor 
and BOP levels. 
Allows for the 
creation of 
standardized units. 

TRL 8-9 Transportable in single 
units or multiple 
containers to the 
deployment site. 

Needs further RD&D 
on fuel certification. 

SFR Micro- to medium-
size plants 

Enables high DoM at 
the reactor and BOP 
levels. Allows for the 
creation of 
standardized units. 

TRL 8-9 Transportable in single 
or multiple containers 
to the deployment 
site. 

Needs further RD&D 
on safety and 
performance. 

Precast construction Micro- to large-size 
non-LWRs  

Enables 
standardization of 
structures, such as 
containment 
buildings. Requires 
on-site assembly. 

TRL 6 Precast components 
are transportable but 
limited to the weight 
of individual modular 
units, depending on 
road and site 
regulations and 
equipment. 

Requires research on 
whether 
performance 
satisfies regulatory 
requirements against 
external hazards. 

Steel-plate 
composite 
construction 

Micro- to large-size 
reactors 

Enables 
standardization of 
structures, such as 
containment 
buildings. Requires 
welding, high 
volumes of concrete 
casting, 
workmanship and 
assembly on-site. 

TRL 9 Only the steel portions 
of the modules are 
transportable. 

Has been approved, 
developed, and 
demonstrated in real 
nuclear energy 
applications. 

Source: (GIF, 2022).
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