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A B S T R A C T   

The interest toward Small Modular nuclear Reactors (SMRs) is growing, and the economic competitiveness of 
SMRs versus large reactors is a key topic. Leveraging a systematic literature review, this paper firstly provides an 
overview of “what we know” and “what we do not know” about the economics and finance of SMRs. Secondly, the 
paper develops a research agenda. Several documents discuss the economics of SMRs, highlighting how the size 
is not the only factor to consider in the comparison; remarkably, other factors (co-siting economies, modular
isation, modularity, construction time, etc.) are relevant. The vast majority of the literature focuses on economic 
and financial performance indicators (e.g. Levelized Cost of Electricity, Net Present Value, and Internal Rate of 
Return) and SMR capital cost. Remarkably, very few documents deal with operating and decommissioning costs 
or take a programme (and its financing) rather than a “single project/plant/site” perspective. Furthermore, there 
is a gap in knowledge about the cost-benefit analysis of the “modular construction” and SMR decommissioning.   

1. Introduction 

The International Atomic Energy Agency [1] defines Small Modular 
Reactors (SMRs) as “newer generation [nuclear] reactors designed to 
generate electric power up to 300 MW, whose components and systems can be 
shop fabricated and then transported as modules to the sites for installation as 
demand arises” (Page 1). [2] provides a summary of the innovative fea
tures of SMRs and describes SMRs as “reactor designs that are deliberately 
small, i.e. designs that do not scale to large sizes but rather capitalize on their 
smallness to achieve specific performance characteristics”. Several SMR 
designs, detailed in Refs. [1,3–5], are currently at different stages of 
development. SMR designs relate to virtually all the main reactor cate
gories: water-cooled reactors, high-temperature gas-cooled reactor, 
liquid-metal, sodium and gas-cooled reactors with fast neutron spec
trum, and molten salt reactors [1,4]. The interest in SMRs is growing 
mainly because of the SMR unique characteristics (in primis size and 
modular construction) and different applications (electrical, heat, 
hydrogen production, seawater desalination) [1]. 

Several documents consider the size as one of the main SMR disad
vantages [6–9] in the evaluation of SMR competitiveness with respect to 
Large Reactors (LRs) because of the loss of the economy of scale. 
However, the size is not the only factor to consider in the evaluation of 
SMR competitiveness versus LRs. SMRs present unique benefits mostly 

determined by modularisation and modularity. Modularisation (factory 
fabrication of modules, transportation and installation on-site [10]) al
lows working in a better-controlled environment [8,11,12], stand
ardisation and design simplification [13,14], reduction of the 
construction time [15]. Modularity (a plant built by the assembly of 
nearly identical reactors of smaller capacity [16]) allows the co-siting 
economies [7,12,17,18], cogeneration for the load following of Nu
clear Power Plants (NPPs) [19], higher and faster learning, and better 
adaptability [20]. 

Once all the aforementioned factors are considered, it is possible to 
evaluate the SMR economic and financial competitiveness properly. 
Economic and financial issues represent key barriers for SMR develop
ment (as well as LRs) and are of the main reasons because no one “truly 
modular” SMR has been built so far. Since this paper deals with eco
nomics and financial aspects of SMRs, it is worth to clarify these con
cepts right at the start. Economics is a social science concerned with the 
study of management of goods and services, comprising production, 
consumption, and the elements affecting them [21,22]. Usually, eco
nomic models do not consider the payment of taxes, remuneration of 
debt or equity, or debt amortisation. The Levelised Cost of Electricity 
(LCOE) is a common metric used in economic studies in the energy 
sector. 

On the other hand, finance is concerned with managing funds by 
taking account of time, financial resources and the risk involved. The 
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aim is to balance risk and profitability. In the energy sector, a financial 
model is concerned with the analysis of cash flows for both debt and 
equity holder, establishing a remuneration of the capital according to 
different risk attitudes. Financial models consider additional stake
holders since financial models deal with the payment of taxes and/or 
subsidies (so are relevant for a government), raising debt (so relevant for 
debt providers such as banks and export credit agencies), and equity (so 
relevant for project developers) [21,22]. Payback Period (PP), Net 
Present Value (NPV), and Internal Rate of Return (IRR) are metrics 
commonly used in financial studies. 

Economics and finance are two sides of the same coin, and the 
appraisal of a certain technology needs to consider both. Consequently, 
both economic and financial studies are reviewed in this paper. 

The amount of documents published about SMR economics and 
finance so far is relatively large, the information is disorganised, and 
most of the quantitative studies do not follow a standardised approach, 
making a proper comparison in most of the cases impossible. This paper 
aims to provide, through a Systematic Literature Review (SLR), an 
overview of what we know and what we do not know about the economics 
and finance of “land-based” Small “Modular” Reactors. Therefore, 
studies about “Small Reactors” or “Floating Small Modular Reactors” are 
excluded. Instead of a traditional narrative review, an SLR has been 
performed to provide a holistic perspective and allow repeatability. The 
research objective is “to identify the state-of-the-art about economics 
and finance of land-based SMRs and the most relevant gap in 
knowledge”. 

The rest of the paper is structured as follows: section 2 presents the 
methodology used to conduct the SLR; section 3 summarises “what we 
know” and “what we do not know” about SMR economics and finance, 
suggesting a research agenda; section 4 concludes the paper. 

2. Methodology 

This paper provides an SLR combining the methodologies detailed in 
Refs. [23,24]. The selection process of the documents includes two 
sections. Section A deals with documents extracted from the scientific 
search engine Scopus, and section B deals with reports published by key 
stakeholders (e.g. International Atomic Energy Agency). 

Section A has three main stages. The first stage is the identification of 
relevant keywords related to the research objective. Several discussions 
with experts and several iterations led to this list:  

- SMRs: “small modular reactor”, “small medium reactor”.  
- Economics and finance: “economic”, “economy”, “cost”, “finance”, 

“financing”.  
- Construction: “construction”, “modularisation”, “modularization”, 

“modularity”, “fabrication”, “prefabrication”, “factory”.  
- O&M: “operation”, “operating”, “maintenance”, “O&M”.  
- Decommissioning: “decommissioning”, “end of life”, “shut down”, 

“removal”, “site restoration”, “dismantling”. 

SMR fuel cost is a relatively small percentage of the total cost [19, 
25], and given the same technology, it is not differentiable between 
large and small reactors. Therefore, studies about the fuel cost are 
excluded from the analysis. 

In the second stage, strings with the Boolean operator *AND*/*OR* 
are introduced in Scopus:  

1) “small modular reactor” OR “small medium reactor” AND “economic” 
OR “economy” OR “cost” OR “finance” OR “financing” (search date: 
11/01/2019). 

2) “small modular reactor” OR “small medium reactor” AND “modulari
zation” OR “modularisation” OR “modularity” OR “construction” OR 
“fabrication” OR “prefabrication” OR “factory” (search date: January 
10, 2019).  

3) “small modular reactor” OR “small medium reactor” AND “operation” 
OR “operating” OR “O&M” OR “maintenance” (search date: 14/01/ 
2019); 

4) “small modular reactor” OR “small medium reactor” AND “decom
missioning” OR “end of life” OR “shut down” OR “removal” OR “site 
restoration” OR “dismantling” (search date: January 10, 2019). 

Scopus was chosen because of the scientific merit of the indexed 
literature. A timeframe was not selected a priori because all the docu
ments have been published after 2004 (therefore it is 2004–2019). The 
selection step used the aforementioned strings (applied to title, abstract 
or keywords) and retrieved 763 documents (excluding 14 non-English 
documents). 

The third stage is the filtering characterised by the following two 
steps:  

1) A careful reading of the title and abstract of each document to filter 
out documents not related to the research objective or duplication. 

List of abbreviations 

ASEE International Conference on Advances in Energy Systems 
and Environmental Engineering 

BCC Base construction cost 
BIM Building Information Modelling 
CAD Computer-aided design 
CC Capital cost 
EFWG Energy Finance Working Group 
EY Ernst & Young 
FOAK First-of-a-kind 
GIF/EMWG Generation IV International Forum/Economics 

Modeling Working Group 
IAEA International Atomic Energy Agency 
ICAPP International Congress on Advances in Nuclear Power 

Plants 
ICONE International Conference on Nuclear Engineering 
ICST International Conference on Science and Technology 
IDC Interest During Construction 
IRR Internal Rate of Return 
LCOE Levelised Cost of Electricity 

LR Large Reactor 
LUEC Levelised Unit of Electricity 
LW Light Water 
MIT Massachusetts Institute of Technology 
NEA Nuclear Energy Agency 
NNL Nuclear National Laboratory 
NOAK nth-of-a-kind 
NPP Nuclear Power Plant 
NPV Net Present Value 
O&M Operation and Maintenance 
OECD Organisation for Economic Co-operation and Development 
OVC Overnight cost 
PP Payback Period 
PWR Pressurised Water Reactor 
SLR Systematic Literature Review 
SMR Small Modular Reactor 
SMR20XX ASME Small Modular Reactors Symposium 20XX 
UK United Kingdom 
USA United States of America 
WACC Weighted Average Cost of Capital 
WNA World Nuclear Association  
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After the first step, 640 documents were removed leaving 123 
documents.  

2) A careful reading of the introduction and conclusion of the 123 
documents retrieved after the first step to filter out documents not 
related to the research objective. After the second step, 58 documents 
were removed, leaving 65 documents. 

The distribution of the final retrieved documents is:  

- SMR Economics and finance: 46 documents;  
- SMR Construction: 14 documents;  
- SMR O&M: 3 documents;  
- SMR Decommissioning: 2 documents. 

Considering the overlap of the documents (i.e. some documents are 
related to more than one search string), the total number of documents 
to be analysed is 52 (see the list in Appendix 1). Fig. 1 summarises the 
selection process for section A. 

In the selection process for section B, the documents were searched 
specifically on the IAEA (International Atomic Energy Agency) and NEA 
(Nuclear Energy Agency) websites (section: publications) excluding 
non-serial publications (i.e. lecture notes). IAEA and NEA were selected 
because they are two leading organisations in the nuclear field and 
publish high-quality reports. Three keywords related to SMRs were used 
to search documents: “SMR”, “Small” and “Modular” (search date: 
March 22, 2019). 

The distribution of the retrieved documents is:  

- “SMR”: 5 (4 IAEA documents and 1 NEA document);  
- “Small”: 136 (129 IAEA documents and 7 NEA documents);  
- “Modular”: 13 (11 IAEA documents and 2 NEA documents). 

The filtering stage has the same two steps of section A. Fig. 2 shows 
the results. 

After the check for duplication, four documents are related to the 
research objective: [26–28], and [29]. 

Following discussions with stakeholders, other five documents were 
added: [30–33], and [34]. 

Most of the selected documents are published in journals (45.9%), 
and nine documents (14.75%) are published by organisations/com
panies/working groups. The remaining ones are conference papers: 
ICONE1 (16.39%), ICAPP2 (13.11%), SMR3 (4.92%), ASEE4 (1.64%), 
ICST5 (1.64%), and one book (1.64%). 

The research objective “to identify the state-of-the-art about eco
nomics and finance of land-based SMRs and the most relevant gap in 
knowledge” determined the choice of information to retrieve from the 
selected documents. The main themes that emerged from the analysis of 
the selected documents determined the organisation of the information 
in the following sections. 

3. Economics and finance of SMRs 

3.1. Introduction to the terms used in this paper 

This section provides a brief overview of the terms mainly used in the 
next sections. 

3.1.1. Life-cycle costs 
In the nuclear sector, the life-cycle costs (or generation costs) are 

commonly divided into four groups: capital cost, operation and main
tenance costs, fuel cost, and decommissioning cost [9]. 

3.1.1.1. Capital cost. Capital cost is the sum of the “overnight capital 
cost” and the Interest During Construction (IDC) [35]. [10] defines the 
“overnight capital cost” as “the base construction cost plus applicable 
owner’s cost, contingency, and first core costs. It is referred to as an overnight 
cost in the sense that time value costs (IDC) are not included” (Page 25). 
[10] defines the “base construction cost” as “the most likely plant con
struction cost based on the direct and indirect costs only” (Page 19). Ex
amples of owner’s cost are land, site works, project management, 
administration and associated buildings [36]. Capital cost represents the 
biggest percentage of the life-cycle cost of a nuclear power plant, and 
typical values are in the region of 50–75% [8]. 

3.1.1.2. Operation and maintenance costs. Operation and maintenance 
(O&M) costs are the costs needed for the operation and maintenance of 
an NPP [37]. O&M costs include “all non-fuel costs, such as costs of plant 
staffing, consumable operating materials (worn parts) and equipment, repair 
and interim replacements, purchased services, and nuclear insurance. They 
also include taxes and fees, decommissioning allowances, and miscellaneous 
costs” [10] (Page 33). 

3.1.1.3. Fuel cost. The fuel cost is the sum of all activities related to the 
nuclear fuel cycle, from mining the uranium ore to the final high-level 
waste disposal [38]. Examples of activities related to the nuclear fuel 
cycle are the enrichment of uranium, manufacture of nuclear fuel, 
reprocessing of spent fuel, and any related research activities [39]. 

3.1.1.4. Decommissioning cost. The decommissioning cost includes: “all 
activities, starting from planning for decommissioning, the transition phase 
(from shutdown to decommissioning), performing the decontamination and 
dismantling and management of the resulting waste, up to the final remedi
ation of the site” [40] (Page 6). 

3.1.2. Indicators of economic and financial performance 

3.1.2.1. Levelised unit of electricity cost/Levelised Cost of Electricity. The 
levelized cost of the electricity for a power plant is usually termed 
“Levelised Unit Electricity Cost” (LUEC) or “Levelised Cost of Electricity 
(LCOE)”; it is one of the main indicators for policymakers. This indicator 
accounts for all the life cycle costs and is expressed in terms of energy 
currency, typically [$/kWh] [9,41,42]. 

3.1.2.2. Net Present Value and Internal Rate of Return. The most popular 
indicators to investigate the profitability of investing in a nuclear power 
plant are the Net Present Value (NPV) and the Internal Rate of Return 
(IRR) [9]. NPV measures the absolute profitability [$] and uses a dis
count factor to weight “present cost” versus the “future revenue” [43]. 
The discount factor depends on the source of financing and for many 
practical applications can be intended as the Weighted Average Cost of 
Capital (WACC). A low WACC gives similar weighting to present cost 
and future revenue (promoting capital-intensive plants, like NPP), while 
high WACC is weighted more towards the present cost respect to future 
revenues (promoting low capital cost solutions like gas plants). The IRR 
is a “specific dimensionless indicator”, i.e. the value of WACC that brings 
the NPV to zero. The greater the IRR, the higher is the profitability of the 
investment [9,44]. 

3.2. What we know 

3.2.1. Factors to be considered in the evaluation of SMR competitiveness 
This section summarises the key factors in the evaluation of SMR 

1 International Conference on Nuclear Engineering.  
2 International Congress on Advances in Nuclear Power Plants.  
3 ASME Small Modular Reactors Symposium. 
4 International Conference on Advances in Energy Systems and Environ

mental Engineering.  
5 International Conference on Science and Technology. 
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Fig. 1. Section A of the selection process - Framework adapted from Ref. [23].  

Fig. 2. Results of the filtering stage (Section B).  
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economic and financial competitiveness, providing qualitative and 
quantitative information about the impact of these factors. 

3.2.1.1. Size. SMR size is frequently considered as a disadvantage for 
SMRs with respect to LRs [6–9]. Size is related to the “economy of scale” 
principle. In general, the economy of scale is the cost advantage deter
mined by the spreading of both fixed and variable costs over a larger 
volume of production [45]. In particular [46], point out how the over
night capital costs and the size (small and large in MWe) of reactors with 
similar design and characteristics are related: 

OCCsmall ¼ OCClarge �
�
Sizesmall

�
Sizelarge

�n (1)  

where n is the scaling factor, and OCC is the Overnight Capital Cost [46]. 
point out that the cost decreases between 20% and 35% by doubling of 
the reactor size. Indeed, according to several studies, SMR capital cost is 
dramatically higher (up to 70%) than the LR one if only the factor size is 
considered [7,47,48]. The lack of the economy of scale determines 
higher O&M costs [31,33] and decommissioning cost. Therefore, SMRs 
might not be seen as competitive with respect to LRs because of an 
inappropriate interpretation of the economy of scale principle. Indeed, 
the economy of scale principle cannot be directly applied into the in
vestment analysis of SMRs vs LRs because it relies upon the clause “other 
things being equal”, remarkably comparing one small plant with one large 
plant having the same design [9]. By contrast, SMRs exhibit several 
unique benefits related to having, for the same power installed, multiple 
units (fostering learning, co-siting economies, etc.) and different design 
solutions. These factors, analysed in details in the following sections, can 
reduce the gap of the economy of scale [7]. 

3.2.1.2. Modularisation and modularity. One of the main characteristics 
of SMRs, as their name emphasises, is the “modular construction”. It is 
often called indifferently “modularisation” or “modularity” both in the 
scientific and industrial literature. However [33], define modularisation 
as a “way of simplifying construction by splitting the plant up into packages 
(modules) which can be factory manufactured, transported to site and 

assembled in situ, (or close by in an assembly area before being installed)” 
(Page 20). On the other hand [49], state: “the arrangement in which a large 
capacity power plant is built by assembly of several independent and identical 
reactors of small capacity is also referred to as “modularity” by GIF (EMWG, 
2005)” (Page 5). This section is based on these two definitions. Fig. 3 
further clarifies the definition of modularisation and modularity, also 
highlighting the meaning of stick-built and pure standardisation. 

The key aspects of modularisation are: 

- Factory fabrication allows working in a better-controlled environ
ment determining a quality improvement. This allows increasing the 
quality of the components (reducing mistakes in construction, re
works etc.), reducing construction schedule, reducing maintenance 
cost because of a reduction of the probability of failure of compo
nents, and having a safer construction process [8,11,12]. A great 
percentage of factory fabrication also improves workers’ safety 
on-site because they handle a smaller number of components [13]. 
Factory fabrication could determine a cost-saving in labour and 
construction. By contrast, the supply chain start-up cost is expected 
to be very high [31].  

- Standardisation and design simplification increase efficiency in 
construction, operation and decommissioning. Standardisation re
duces the construction time variability, and the testing and mainte
nance activities [13,14].  

- The expected higher cost of transportation activities is one of the 
disadvantages of modularisation [8,31,50]. However, for smaller 
plants like SMRs, modularised components are envisaged to be 
transported by truck or rail, determining a less vulnerability to de
lays [13]. Furthermore, modularisation determines an increase in 
project management effort [8]. Accurate communication between 
suppliers and contractors is essential to ensure the synchrony of the 
shipments [8].  

- The economic viability is one of the challenges of modularisation and 
requires research and international collaboration to quantify it [14]. 
[50] report several examples of cost reduction (an average of 15%) 
and schedule saving (an average of 37.7%) determined by the 

Fig. 3. Meaning of modularisation, modularity, standardisation, stick-built -Text adapted from Ref. [10].  
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transition from the stick-built construction to modularisation in 
infrastructure.  

- There is a minimum number of SMRs at a certain selling price to 
recover the cost of setting up a supply chain for modular compo
nents. In particular, in the case of 180 MWe SMRs and a factory with 
$1 billion fixed costs, the selling price and the number of orders 
should be respectively $1.5 billion and 4 to recover the factory cost 
[12].  

- The impact of modularisation on SMR capital cost depends on the 
degree of modularisation. [51] evaluate the impact of modularisa
tion on three construction strategies. The analysis shows a capital 
cost (15% discount rate) saving of 39% for a “complete modular
isation”, and of 11% for a “lesser degree of modularisation” with 
respect to the “stick-built” strategy. Furthermore, [11] carry out the 
same analysis but with a 10% discount rate showing a 29.95% capital 
cost reduction in the case of “complete modularisation”. [52] extend 
the analysis showing a capital cost reduction of 18% determined by 
the factory fabrication of the super modules. [53] analyse the impact 
of modularisation on SMR capital cost, highlighting how a 60% de
gree of modularisation is necessary to obtain a significant construc
tion cost reduction. 

- Modularisation allows performing functional and system-testing ac
tivities during the fabrication and assembly stage, determining a 
higher level of parallelism and, therefore, a shorter time [54].  

- Modularisation could reduce construction time. [15] evaluate the 
impact of the modularisation on the SMR construction time, showing 
that if the maximum (66%) effective modularisation is applied to the 
full SMR power plant, the expected SMR construction time could 
reduce from 5 years to 42–48 months.  

- A plant layout simplification and a plant design “ad hoc” is necessary 
to obtain the expected advantages of modularisation [8]. [55] pro
vide an optimisation model for module layout and allocation within 
an NPP.  

- [56] point out seven steps to follow in a modularisation design 
process: 1) Assess project applicability; 2) Define built strategy, 
supply chain, transport and logistic requirements; 3) Define the 
configurations of the modules breaking down the system and clas
sifying modules; 4) Optimise breakdown of the systems in order to 
optimise cost and buildability; 5) Definition of the interfaces; 6) 
Definition of design tools (e.g. CAD, BIM); and 7) Definition of the 
equipment layout. 

The main consequences “strictly” related to modularity translate into 
several factors to consider in the evaluation of SMR competitiveness 
with respect to LRs: 

3.2.1.3. Incremental capacity addition and the possibility of a gradual 
shutdown. The incremental capacity addition of SMRs determines a 
favourable cash flow profile than an LR because the first SMR starts 
generating revenue while the other SMRs could be still in construction 
[9]. The incremental capacity addition allows using the revenue 
generated by this first unit(s) for the reduction of the up-front invest
ment (therefore a lower capital at risk) and the need for loans. 
Furthermore, the incremental capacity addition allows the investment 
scalability (considering a relatively constant rate of demand growth) 
and a reduction of the exposure to external delay events [17,18]. SMRs 
also present the possibility of a gradual shutdown of some modules 
which could be applied when electricity price decreases, improving SMR 
economics [57]. However, this latter aspect is controversial since 
virtually all the costs of a nuclear power plant are either sunk (e.g. 
capital cost) or fixed (e.g. salaries), therefore there is little or no saving 
in reducing the power output. 

3.2.1.4. Co-siting economies. Co-siting economies (i.e. having multiple 
units in the same site) is one of the SMR advantages with respect to LRs. 

Certain fixed indivisible costs (e.g. licences, insurances, human re
sources, evacuation plans) can be saved when installing the second and 
subsequent units [7,12,17,18]. Therefore, the larger the number of NPP 
co-sited units, the smaller the costs for each unit [58]. The merit of the 
co-siting economies is confirmed by Ref. [30], which point out an ex
pected capital cost saving per unit of 10–25%. 

The sharing of personnel and spare parts across multiple units, and 
the possibility to share the upgrades on multiple units (e.g. software 
upgrading) could reduce the operational costs [7,59]. More units at the 
same site also have an impact on the decommissioning cost, determining 
a cost saving of 22% in the case of 4 SMRs vs 1 LR [58]. The key point is 
that also more than one LRs can be built on the same site, but again, 
considering the same power installed, more SMRs than LRs are built still 
having greater saving from co-siting economies [18]. 

3.2.1.5. Cogeneration and load following. SMRs are more suitable for 
cogeneration than LRs because it is possible to switch some of the SMRs 
for the cogeneration, and, consequently, SMRs can run at the full 
nominal power and maximum conversion efficiency [60]. [19,60] pro
vide an overview of the challenges and opportunities related to cogen
eration for the load following of NPPs, highlighting how the SMR 
technologies are particularly suitable for: district heating, desalination, 
and hydrogen production. 

[61] analyse the load following of SMRs by cogeneration of 
hydrogen, providing an assessment of the technical and economic 
feasibility with three technologies: Alkaline Water Electrolysis, 
High-Temperature Steam Electrolysis, and Sulphur-Iodine thermo
chemical. The first technology is technically feasible, and the investment 
can be profitable depending on the hydrogen and electricity price 
(hydrogen price�0.40 €/Nm3 and the electricity price relatively low). 
Regarding the second technology, the coupling with a Light Water 
Reactor SMR might be challenging because of the different temperature 
between the steam produced and the cogeneration process re
quirements. This coupling becomes profitable when the hydrogen price 
is in the range of 0.30–0.45 €/Nm3 or above. Regarding the third tech
nology, the coupling with a High-Temperature Gas Reactor SMR is 
possible, but it is infeasible for the coupling with a Light Water Reactor 
SMR. This coupling results very profitably as far as the hydrogen price 
reaches 0.30 €/Nm3. 

[62,63] analyse the coupling of a “NuScale” SMR plant with different 
desalination technologies, and [25] carry out a real options analysis to 
demonstrate the economic viability of coupling an SMR (IRIS) plant with 
a desalination plant. Both analyses show how the coupling is easy and 
effective. [64] analyse the coupling of six “SMART” reactors with 
desalination plants in Indonesia. The analysis shows a rate of return of 
11% and a Payback Period (PP) of around 14.7 years. Furthermore, [65] 
evaluate a combination of an off-shore wind farm and an SMR operating 
as a virtual power plant. A key result of the study is that the combination 
of a wind farm and SMR in demand-following mode might improve the 
synchronisation with demand up to 60–70% with respect to the 
wind-only system. 

Next sections summarise other factors to consider in the evaluation 
of SMR competitiveness: learning, construction time, design, cost un
certainties, adaptability to market conditions, availability, licensing 
time, capacity factor, and the possibility of nuclear power plant 
construction. 

3.2.1.6. Learning. [33] explains the learning rate is: “A progressive in
crease in efficiency and effectiveness can be achieved by building experience 
and learning how to perform a process and use tools to deliver a product. The 
learning rate is the cost reduction realised in this way, for every cumulative 
doubling of production”. Since more SMRs than LRs are built for the same 
power installed, stronger and faster learning is expected. The expected 
learning rate of the SMR industry ranges between 5% and 10% (with a 
proportion of factory fabrication of 45–60%) [33]. This range is 
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consistent with the 8% considered by Ref. [7] in the comparison 4 SMRs 
vs 1 LR. [32] points out that a 10% cost reduction is achievable for every 
doubling of volume (with a proportion of factory fabrication of 30%). 
Learning rate increases through modularisation and factory fabrication, 
high production rates, standardisation of design, the achievement of best 
practice by the workforce (both on the same site and in the factory), a 
consistent delivery chain, in a stable regulatory environment [9,17,33]. 
As highlighted by Ref. [66], the learning curve generally flattens out 
after 5–7 units. [6] agree with this view by pointing out that at least 5–7 
SMR units are needed to exploit learning from factory fabrication fully. 

[9] highlight the difference between “worldwide learning” and 
“on-site learning”. The first is independent of where the units are built, 
and it is mostly related to the vendor and contractors shared across the 
various projects, while the construction of successive units at the same 
site determines the second and it is mostly related to local/national 
stakeholders. Learning can provide a huge advantage to SMRs. However, 
the learning factor is “time-dependent”, which means that after a certain 
time, the experience accumulated will not determine relevant con
struction saving [18]. [67] present a model to assess how the supply 
chain structure influences the SMR production learning in factories and 
the consequent capital cost saving. 

3.2.1.7. Construction time. SMRs could solve one of the key issues in the 
nuclear industry: the long construction time. The long construction time 
is a key issue in the nuclear sector for several reasons. For instance:  

- Thousands of workers and the utilisation of expensive equipment (e. 
g. cranes) determine high fixed costs for each working day [9];  

- The postponing of cash in-flow increases the interest to be paid on 
the debt [9];  

- The present value of future cash flow decreases exponentially with 
time [9];  

- Possible scope changes due to changes in legislation (e.g. post- 
Fukushima accident);  

- Price of commodities could increase. 

SMRs have an expected shorter construction schedule than LRs [33, 
68]. The SMR expected schedule is 4/5 years for the FOAK (First-
of-a-kind) and 3/4 years for the NOAK (nth-of-a-kind), instead of the six 
years (or more) for LRs [33,69]. SMR schedule reduction is determined 
by smaller size, simpler design, increased modularisation, a large frac
tion of components produced in a factory, serial fabrication of compo
nents and standardisation [47,69]. 

Three key consequences of the schedule reduction are:  

1) reduction of the time to market [68];  
2) reduction of the interest during construction [70];  
3) possibility to match demand growth [9]. 

[7] estimate a capital cost saving of 6% determined by the shorter 
construction schedule coupled with the capability of better following the 
demand, and [30] points out a capital cost saving estimated by SMR 
vendors of 20% determined by the shorter construction schedule. [15] 
present a methodology to forecast SMR construction schedule starting 
from a built LR. Furthermore, SMRs could present a reduction of 
schedule risks with respect to LRs [12]. 

3.2.1.8. Design. SMR design could determine a cost-saving with respect 
to LRs [17]. Design simplification in some SMRs could be achieved 
through “broader incorporation of size-specific inherent safety features that 
would not be possible for large reactors” [30] (Page 149). The SMR integral 
(major primary system components inside the reactor vessel eliminating 
the external piping) and modular approach simplify the plant leading to 
a reduction of the number and type of components [9]. For instance, the 
design-related characteristics of the “IRIS” SMR with respect to GEN III 

þ reactor (e.g. elimination of the pressuriser, steam generator pressure 
vessels, high-pressure injection emergency core cooling system) might 
determine a 17% capital cost saving [7]. Furthermore, designers esti
mate a capital cost reduction determined by design simplification of 
15% for PWR SMRs [30], and [18] highlight other saving determined by 
the smaller quantity of material (e.g. concrete, steel) used with respect 
to LRs. By contrast, [31] points out that the cost-saving is counter
balanced by the expected higher cost for validating and testing the new 
technology. 

3.2.1.9. The cost uncertainties related to the FOAK. The cost uncertainty 
related to a FOAK Generation III þ LR is lower with respect to a FOAK 
SMR because there are already several Generation III þ LRs operating or 
under construction. In the evaluation of the uncertainties related to the 
investment cost for the installation of a certain amount of MWe, the 
investor should consider both the option of one LR (e.g. 1340 MWe) and 
the option of several SMRs (e.g. four of 335 MWe). The uncertainty 
associated with the first unit is greater in the second option, but the 
average uncertainty is potentially smaller for the SMRs [71]. [72] pro
vide an overview of the cost uncertainties related to the SMR early 
design stage. 

3.2.1.10. Adaptability to market conditions. SMRs are more adaptable to 
market conditions than LRs. SMRs have an expected shorter construc
tion time allowing splitting the investment according to the market 
evolution and avoiding it if not needed [18]. The capability to better 
adapt to market conditions minimises also the cost of “not satisfied 
demands”, which is obtained “by multiplying the margin for the investor in 
the plant i at the time with the potential market for the plant i at the time t” 
[20] (Page 5). 

3.2.1.11. Availability. [7] point out that SMRs present a fuel cycle 
extension (from 18-24 months of the existing plants to 36–40 months) 
determining a 2–5% capital cost saving and a 3% O&M annual cost 
saving. Furthermore, some SMR units can be refuelled while the 
remaining ones are still in operation [12]. Therefore, two main con
siderations can be argued:  

- SMR plant has a higher availability with respect to LR because of the 
fuel cycle extension; the fuel cycle extension also increases the 
“overall” availability.  

- Considering an amount of reserves equal to the sum of the two largest 
generating units [73] and the possibility to refuel more SMR units 
while the remaining ones are still in operations [12], SMRs improve 
the overall availability because, in contrast to LR, the amount of 
reserves does not change increasing the overall plant availability. 

3.2.1.12. Licensing time. The licencing time influences the time to 
market and, therefore, the competitiveness of SMRs. It is worth to clarify 
that there is a difference between design, construction and operation 
licensing, as shown in Ref. [20]. The information about SMR licensing 
time in the retrieved document mainly focuses on the design licensing 
time, and it is controversial. According to Ref. [20], considering the 
same licensing time for the LR and the first SMR, the licensing time for 
the following SMRs will be shorter because the design is identical to the 
first one, allowing a better time to market. However, [6] state that the 
licensing is one of the SMR challenges because of the difficulty of 
modifying the actual regulatory and legal framework, and [31] high
lights a cost for regulatory approval for SMRs higher than for LRs 
because of the newness of the SMR designs and the overall SMR concept. 

3.2.1.13. The possibility of NPP construction. Firstly, SMRs are suitable 
for small, remote or isolated areas where the power provided by LRs is 
not needed or the grid connection is not able to reliably handle so much 
power [13,30,74]. Secondly, SMR size allows incremental investment 
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eliminating the huge financial resources needed for LRs and the asso
ciated financial risk [8,75]. These two SMR characteristics determine an 
expected increased possibility of NPP construction. In particular, [76] 
evaluate the SMR economic feasibility in three small islands (Jeju, 
Tasmania and Tenerife) in different generation mix scenarios. SMR re
sults competitive in the case of an average generation cost <100 $/MWh 
for Jeju, <140 $/MWh for Tenerife, and <80 $/MWh for Tasmania. 

3.2.1.14. Capacity factor. The capacity factor is “the actual energy output 
of an electricity-generating device divided by the energy output that would be 
produced if it operated at its rated power output (Reference Unit Power) for 
the entire year” [77]. A high capacity factor dramatically improves the 
economics of the plant. Indeed, according to Ref. [78], the capacity 
factor (in the paper availability) is the third most relevant driver of SMR 
and LR economics. Refuelling, unplanned shutdown, planned mainte
nance, and load following are key drivers of the capacity factor [33]. 
[79] evaluates SMR competitiveness in four scenarios. A key conclusion 
of the study is that an SMR capacity factor equal to or higher than 
current light water reactors is a key condition for SMR competitiveness. 
SMR vendors claim a capacity factor of 95% or more for their SMR. 
Operational learning (determined through familiarity with the designs 
and consistency of operations) might improve SMR capacity factors [33, 
80]. Furthermore, since SMRs might have a simpler design and fewer 
components than LRs, there would be fewer chances of failure for 
components or systems [33]. 

3.2.2. Studies about SMR capital cost 
Most of the quantitative studies about SMR life-cycle costs focus on 

SMR Capital Cost (CC) or components and sub-components of SMR CC (i. 
e. overnight cost, base construction cost). This section provides a sum
mary and compares the quantitative information. 

3.2.2.1. Journal/conference papers. Most of the studies focusing on SMR 
CC and its components and subcomponents retrieved from journal or 
conference papers highlight how the economic comparison SMR vs LR is 
strictly dependent on the factors considered in the analysis. In partic
ular, [7] compare four 335 MWe SMRs (IRIS) and one 1340 MWe 
Generation III þ PWR. SMR CC is 70% greater, considering only the 
factor size. Considering cost reduction determined by multiple units at a 
single site (14%), learning (8%), construction schedule (6%), and 
related design characteristics (17%), SMR CC is 5% higher. 

Regarding the impact of the economy of multiples on the CC, [48,70] 
evaluate the opportunity to invest in SMRs or LRs in Italy and 
Switzerland. Both analyses show an SMR CC higher than the LR one, as 
shown in Fig. 5. However, both analyses highlight the merit of the 

economy of multiples in reducing the gap. [81] assesses the opportunity 
to invest in SMRs vs LRs in three different scenarios in India: 1) Total 
power output: 600–675 MWe, 2) Total power output: 1100–1350 MWe, 
and 3) Total power output: 2200–2500 MWe), and with different re
actors to reach the total power output. The analysis highlights that the 
SMR and LR overall capital expenditure are comparable. 

Regarding SMR Overnight Cost (OVC) [69], estimate a 225 MWe 
SMR OVC in different scenarios, highlighting the impact of the design 
simplification and the learning effect, and demonstrating the potential 
benefits of the co-siting economies, as shown in Fig. 5. [82] interviewed 
16 experts from the nuclear industry or closely associated about the 
expected OVC of five scenarios including one GEN III þ LR (1000 MWe) 
and two integral LW-SMRs (45 MWe, 225 MWe). The results highlight 
the merit of the co-siting economies in reducing the SMR OVC. 

Regarding the base construction cost (BCC), [83] estimate and 
compare the NuScale SMR (12 modules of 57 MWe each) BCC and the 
PWR–12 BCC. The analysis shows a NuScale SMR BCC ¼ 3465.72 
$/kWe, and a PWR-12 BBC ¼ 5587.12 $/kWe, determining a difference 
of 2421.42 $/kWe. 

In summary, considering only the factor size in the economic com
parison SMR vs LR limits the validity of the analysis. Indeed, as shown in 
section 3.2.1, considering only the factor size would mean applying the 
economy of scale principle, which relies upon the clause “other things 
being equal” [9]. In turn, this neglects the importance of unique SMR 
characteristics. The aforementioned studies show that several factors (e. 
g. economy of multiples, learning, construction schedule, design char
acteristics, etc.) need to be evaluated and considered. The studies point 
out the lack of a standardised approach in the evaluation of SMR 
competitiveness with respect to LRs; each study considers different 
factors, and the methodology is also often different. 

3.2.2.2. Organisation/company documents. [33] highlights that SMR 
OVC can be reduced up to 20% by the way of: 1) modularisation and 
factory fabrication, 2) advanced manufacturing, 3) Building Information 
Modelling (4–10%), 4) advanced construction methods such as open-top 
construction (up to 2%), and 5) co-siting of multiple reactors (5–14%, 
considering between 2 and 12 reactors on the same site) [30]. provides 
several OVC estimations for several SMRs called PWR-X (each PWR-X is 
based on the characteristics of specific SMR designs), and [31] provides 
the OVC estimations for several NOAK and country-specific (domestic 
market) SMR plants. 

Fig. 4 shows some of the SMR OVC estimations. 

3.2.2.3. Comparisons SMR vs LR OVC. Most of the comparisons for 
SMRs vs LRs focus on the OVC. Fig. 5 shows some of the comparisons (%) 

Fig. 4. SMR OVC Estimations - data from Refs. [30,31].  
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SMR vs LR OVC considering LR OVC ¼ 100. 

3.2.3. Studies about SMR O&M costs 
This section summarises the key insights from the few documents 

focusing on SMR O&M costs. 
[7] evaluate and compare the O&M costs of four 335 MWe SMRs 

(IRIS) and a 1340 MWe LR. Considering only the factor “size”, SMR 
O&M costs are 51% greater. Considering cost reduction determined by 
multiple units at single sites (15%), additional outage cost (3%), and 
outage duration (4%), SMR O&M costs are 19% higher [31,33]. point 
out that SMR O&M costs are expected to be higher with respect to LRs. 
[31] highlights that the main reason is the loss of the economy of scale. 
[33] highlights that the co-siting economies might reduce the fixed 
O&M costs by 10%–20%, and the operational learning (determined 
through familiarity with the designs and consistency of operations) 
might further reduce the variable O&M costs (potential saving of 5%). 

Furthermore, cost saving in O&M costs can be achieved through the 
shared control of multi-module reactors determining a reduction of the 
staffing cost [33]. However, [31] points out an expected SMR staff cost 
per MWe 40% higher with respect to LRs. 

[30] highlights how the expected LUEC share of O&M and fuel costs 
for SMRs is 17–41%, which is amply below the correspondent of LRs, 
which is 45–58%. 

3.2.4. Studies about SMR decommissioning cost 
[58] provide the unique quantitative study about SMR decom

missioning in the documents retrieved, comparing one 1340 MWe LR 
versus four 335 MWe SMRs (IRIS) and two 1340 MWe LRs versus eight 
335 MWe SMRs (IRIS). If only the economy of scale is considered, the 
expected SMR decommissioning cost would be 3.09 times higher, both 
in the case of immediate and deferred decommissioning. Considering 
both the saving determined by multiples units at the same site and the 
technical saving, the gap is reduced but with a major impact in the case 
of “2 LRs vs 8 SMRs”. However, SMR decommissioning is expected to be 
easier with respect to LRs because the modules can be replaced and 
disassembled in factory conditions [6]. [47] points out that the possi
bility of SMR immediate decommissioning determines a cost saving of 
13%, and a cluster decommissioning is 20% cheaper than a unit is. 

3.2.5. Indicators of economic and financial performance 
Fig. 6, Fig. 7, and Fig. 8 summarise respectively the main quantita

tive information about SMR LCOE, SMR NPV and SMR IRR estimations. 

3.2.6. Additional considerations about SMR investment 
[71] shows that SMRs present an average debt lower than LRs but 

with a longer duration. SMRs also present an equity capital required 
lower than the LR. These two considerations are consistent with the 
results of the analysis carried out by Ref. [70] in the specific case of Italy. 

Fig. 5. Comparisons SMR vs LR OVC (%).  
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[84] analyse the value of the management’s flexibility to adapt later 
decision, comparing the investment profitability of 4 SMRs vs 1 LR on 
the same site both using the Real Options Analysis and the Discounted 
Cash Flow methodology. The results show that the managerial flexibility 
has a value, and it is higher in an SMR project (more options to take 
advantage) than in an LR project. However, profitability is higher for an 
LR project. Regarding the PP, [12] compare a 1260 MWe LR and a 
multimodule (1–7) SMR (180MWe) site, highlighting how the LR PP is 
less than the SMR one considering a staggered SMR schedule. However, 
considering an SMR simultaneous construction, the PP is similar. 
Furthermore, SMRs smaller size and relatively short construction time 
allow a better diversification of the investment. [68] present a model 
based on Real Options Analysis allowing quantitative evaluation of these 
two factors. 

3.3. What we do not know: a research agenda 

This chapter proposes a research agenda for further research on the 
economics and finance of SMRs, with the items ranked according to their 
relative importance. The items and the ranking of the agenda are based 
on the aforementioned SLR and countless meetings that the authors had 
in the last 14 years with SMR vendors, contractors, policymakers, util
ities, government and financers. 

3.3.1. Performing analysis at programme/country level 
The body of literature focuses mostly on analysis at the plant-level (1 

SMR vs 1 LR) or site-level (X SMRs vs 1 LR of equivalent total size). 
However, as shown in Ref. [59], the focus at the programme level is a 
major determinant. For instance, the “successful nuclear programme” in 
South Korea is mostly due to an approach at “programme level” [80], 
instead of a “plant-level” like in USA or “site-level” like in France [85]. 

A topic even less discussed, but still critical is the interdependency 

Fig. 6. SMR LCOE Estimations.  

Fig. 7. SMR NPV Estimations.  
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between the programme and the strategy adopted by each country. 
Indeed, a key aspect for SMRs is the modularisation and, consequently, 
the factory fabrication of modules [50]. Therefore, a certain country 
might face a range of choices, e.g.  

1) Develop SMR design and build the supply chain and the reactors in 
its own country, aiming to export the technology. The advantages are 
the creation of know-how, scientific development, and improvement 
of the import-export balance. The disadvantages are a high level of 
risk, the necessity to use relevant economic and financial resources, 
and longer lead time;  

2) Import a proved reactor design (or in an extreme case, import the 
modules) from other countries. The main advantages, in this case, 
are: less risk upfront to develop the technology and shorter lead- 
time. The disadvantages are a reduced development of know-how 
and national capabilities, worsening of the import-export balance, 
and risky dependence on resources outside the country. 

Several factors might push in a direction with respect to another: 
experience in building and operating nuclear reactors, availability of 
potential suppliers, finance available, electricity market structure, and 
regulatory regime etc. However, a comprehensive review of all these 
aspects and an overall framework to integrate them are not available. 

3.3.2. Exploring different financing mechanisms and their implications 
Financing is a critical issue for SMRs. Indeed, SMRs are scalable in

vestments, with the cost of a single SMR being substantially less than a 
single LR. However, given a certain identical total power to be installed 
overall, the overall cost of a programme is similar for SMRs and LRs 
[78], ranging in the decades of billions of dollars. The financing of an 
SMR programme is a key issue for several countries, and different op
tions are considered [34]. Financing is challenging because nuclear 
power plant projects are well known to be often delivered over budget 
and late (particularly in the EU and USA) [59], and therefore, investors 
lack confidence. Investing in nuclear project and programme is 
extremely risky, project financing is not applied like in other energy 
infrastructure [86], and several stakeholders are reluctant to do it. SMRs 
have pros and cons in this perspective. The pros are that the single in
vestment has less “value at risk” than a large investment. This is 
particularly relevant for FOAK project, where the money is “gambled” 
on a much smaller investment. Furthermore, the fact that, for the same 

power installed, more units are installed, create more degrees of 
freedom. The cons are that there is now considerable experience in 
building LRs, even modern GENIII and GENIIIþ (such as AP1000, EPR 
etc.) while virtually none in building modern “truly modular” SMRs, and 
there is a consistent upfront investment in building the factories pro
ducing the modules. [34] is the only published documents providing 
pros and cons of several financing structures for SMR development (in 
the specific case of the United Kingdom). Financing is an essential 
element because, as bankers say, if there is no financing, there is not 
project and needs further research. 

3.3.3. Develop a better understanding of O&M and decommissioning costs 
As also said in the above discussion, the number of studies related to 

O&M and particularly decommissioning costs is extremely low. O&M 
and decommissioning costs are traditionally believed, in the nuclear 
industry, to be a relatively small percentage of the life-cycle cost [87]. 
However, this idea could be empirically challenged. Regarding O&M 
costs, several reactors in the USA have been closed in recent years 
because the electricity price was so low to not even cover the O&M costs 
[88]. Regarding decommissioning, the cost keeps increasing, the pro
jects are often over budget, and the stakeholders have limited under
standing of why this happens [89]. More studies about O&M and 
decommissioning costs are needed before embarking in the 
construction. 

3.3.4. Explore the link between modularisation and circular economy 
Building on the previous point about decommissioning, there is the 

highly relevant and unexplored topic of “circular economy”. According 
to Ref. [90]: “The basic idea of the Circular economy is to shift from a system 
in which resources are extracted, turned into products and finally discarded 
towards one in which resources are maintained at their highest value 
possible”. In the case of nuclear power plants, this includes a range of 
solutions including recycling and reusing of components and systems. A 
key precondition to reap the advantages of modularisation in a “circular 
economy” perspective is the assessment of the lifecycle options of 
modules since the concept phase. Further research might investigate to 
what extent SMRs could leverage their modularisation for decoupling 
the life-cycle of modules (or systems) from the lifecycle of the plant. In 
theory, modularisation could reduce the resources needed in construc
tion and waste generated in the deconstruction process. 

Fig. 8. SMR IRR Estimations.  
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3.3.5. Define new criteria for the cost-benefit analysis of nuclear reactors 
The methodologies for the cost-benefit analysis are often inadequate 

or incorrectly applied to deal with a nuclear programme. Indeed, the 
development of a nuclear programme involves a wide range of stake
holders: government (also representing taxpayers), utilities, contractors, 
regulator(s), financers, local community etc. Indeed, the idea to apply 
the cost-benefit analysis to infrastructure is not a good idea since the 
cost-benefit analyses are not perceived at the infrastructure level, but at 
stakeholder level, where the stakeholders can be an organisation or even 
persons. Therefore, each stakeholder sees a different cost-benefit anal
ysis that might be extremely positive for some stakeholders and 
extremely negative for others (and everything in the middle). Further
more, considering that the entire life cycle of a nuclear infrastructure 
can be for 100 years, some stakeholders (company and people) are not 
even existing when the reactor is built. All this considered there is not a 
single reference providing the cost-benefit analysis of SMRs with respect 
to LRs or other reactors. There is either a classical cost-benefit analysis 
(infrastructure level) or an enhanced one (stakeholder level). A proper 
holistic study is needed. 

3.4. Main areas of disagreement 

This section provides a summary of the main areas of disagreement 
emerged from the SLR. 

3.4.1. Overall SMR economic competitiveness 
As summarised in the previous sections, SMR unique characteristics 

(factory fabrication, learning, co-siting economies, shorter construction 
time, etc.) should, in theory, compensate for the lack of the economies of 
scale and make SMR investment attractive. However, four documents 
[75,91–93] deny some SMR unique characteristics or even define SMR 
investment unattractive. According to Ref. [91], each SMR design has 
specific characteristics, but no one of them presents all the character
istics that should compensate for the lack of the economy of scale. In 
general, SMRs might reduce the construction cost with respect to LRs, 
but it is unlikely that SMRs will present a lower cost of generating each 
unit of electrical energy than LRs. [91] point out how that the SMR 
competitiveness is even worse if compared to other energy sources (e.g. 
coal and natural gas-based thermal power). According to Ref. [75], 
regulators claim an SMR cost (which cost is not specified) 30% higher 
than LRs. In particular, the expected cost reduction determined by fac
tory fabrication is too optimistic because “mass manufacturing” presents 
problems in the case of very expensive pieces of equipment in a small 
number [75]. [75] also points out how challenging and requiring a huge 
amount of capital is the creation of a massive assembly line. This 
approach could also hinder competition driving innovation and cost 
reduction. Another aspect that should be considered in the evaluation of 
SMR economic competitiveness is that the introduction of new tech
nologies raises the cost significantly. 

Furthermore, learning cannot balance the diseconomies of scale 
because “this has been the case in the past” and because of the “astro
nomical number” of SMRs needed to benefit from the learning effect [75, 
93]. 

3.4.2. SMR potential market 
Although the SMR suitability for small, remote or isolated areas is 

very often recognised as one of the main SMR characteristics, or even a 
key advantage for increasing the possibility of NPP construction all over 
the world, [92,93] strongly deny this point. According to Refs. [13,30, 
74], SMR size allows providing power where the bigger power of LRs is 
not needed, and where the grid connection is not able to reliably handle 
the power provided by traditional LRs. Furthermore, SMR size allows 
incremental investment reducing the financial risk and the huge finan
cial resources associated with LRs. Therefore, in theory, Jordan and 
Ghana could be two good candidates for SMR applications by consid
ering the grids with small capacity and the limited financial resources. 

However, [93] analyse the suitability of SMRs for Jordan, and point out 
that “SMRs are only going to heighten the economic challenge. This problem 
of SMRs not being economically competitive with large nuclear reactors is, of 
course, not specific to Jordan” (Page 241). [92] argue the same consid
erations in Ghana. Furthermore, [75] argue that there is no reason to 
believe that SMR characteristics would increase the demand for NPPs. 
[93] highlight that SMRs increase the need for construction sites 
considering that more SMRs are needed to obtain the same power of a 
LR. 

4. Conclusions 

Not a single “truly modular” SMR has been built so far. Economic and 
financial reasons are strongly hindering SMR development. However, 
there are plenty of studies about SMR economics and finance. Through 
an SLR, this paper aims to provide an overview of what we know and 
what we do not know about the economics and finance of land-based 
SMRs, and to suggest a research agenda. Instead of a traditional narra
tive review, an SLR has been performed to provide a holistic perspective 
and allow repeatability. One of the limitations of an SLR is the inclusion 
of papers of different perspectives (still published in respectable jour
nals). Furthermore, more recent papers are, in principle, considered 
equal to older references that might have less up-to-date information 
and theories. The exclusion of certain papers because of the authors 
disagree on or consider too old is an arbitrary choice. The strength of an 
SLR is the high scientific rigour allowing a full reproducibility of the 
work. One or more option-based papers leveraging an arbitrary choice of 
references and data can be considered a follow up from this work. 

As highlighted by the words “Small” and “Modular”, SMRs present 
three main peculiarities with respect to large scale traditional reactors: 
smaller size, modularisation, and modularity. SMR size has three main 
implications: loss of the “economy of scale”, for the same power installed 
more units can be built fostering phenomenon like the industrial 
learning, and the reduction of the up-front investment per unit. This 
latter makes SMR investment particularly attractive considering the 
multi-billions up-front investment of LRs. Modularisation has several 
implications: working in a better-controlled environment, stand
ardisation and design simplification, reduction of the construction time, 
logistical challenges. Modularity allows having a favourable cash flow 
profile, taking advantage of the co-siting economies, cogeneration for 
the load following of NPPs, a higher and faster industrial learning, and 
better adaptability to market conditions. Furthermore, the interest in 
SMRs is growing because of the different applications: electrical, heat, 
hydrogen production, and seawater desalination. 

The SLR highlights how most of the quantitative studies about SMR 
economics and finance focus on SMR capital cost, component and sub
components of the capital cost (i.e. overnight cost, base construction 
cost), indicators of economic and financial performances (LCOE, NPV, 
IRR). The number of studies focusing on O&M and decommissioning 
costs is extremely low, and there is a gap in knowledge about the cost- 
benefit analysis of the “modular construction”. 

There is a lack of a standardised approach in the evaluation of the 
economic and financial performances of SMRs, making a proper com
parison impossible in most of the cases. 

Most of the studies are at plant-level (1 SMR vs 1 LR) or site-level (X 
SMRs vs 1 LR of equivalent total size), neglecting the focus at the 
programme-level and the interdependency between the programme and 
the strategy of each country. Furthermore, most of the methodologies 
for the cost-benefit analysis are often inadequately applied, by not 
considering that the development of a nuclear programme involves a 
wide range of stakeholders. 

The SMR world strongly needs a standardised approach at the pro
gramme level taking a holistic and realistic perspective in the evaluation 
of SMR economic and financial competitiveness to foster SMR 
development. 
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Appendix 1. Documents retrieved – Part A  

Source/Area SMR Economics and finance SMR Construction SMR O&M SMR Decommissioning 

[82] (Abdulla et al., 2013) X    
[72] (Agar et al., 2018) X    
[94] (Agar et al., 2019) X    
[95] (Alonso et al., 2016) X    
[46] (Aydogan et al., 2015) X    
[18] (Barenghi et al., 2012) X    
[83] (Black et al., 2019) X X   
[70] (Boarin et al., 2011a) X    
[48] (Boarin et al., 2011b) X    
[17] (Boarin and Ricotti, 2014) X    
[12] (Boldon et al., 2014) X X   
[8] (Carelli and Ingersoll, 2014) X X X  
[7] (Carelli et al., 2008) X  X  
[75] (Cooper, 2014) X    
[14] (Hidayatullah et al., 2015) X  X  
[76] (Hong and Brook, 2018) X    
[62] (Ingersoll et al., 2014a) X    
[63] (Ingersoll et al., 2014b) X    
[57] (Liman, 2018) X   X 
[15] (Lloyd and Roulstone, 2018) X X   
[53] (Lloyd et al., 2018) X X   
[9] (Locatelli et al., 2014) X    
[60] (Locatelli et al., 2017a) X    
[61] (Locatelli et al., 2018) X    
[25] (Locatelli et al., 2015) X    
[19] (Locatelli et al., 2017b) X    
[81] (Locatelli et al., 2013a) X    
[13] (Locatelli et al., 2010)  X   
[84] (Locatelli et al., 2012) X    
[68] (Locatelli et al., 2017c) X    
[58] (Locatelli and Mancini, 2010a)    X 
[66] (Locatelli and Mancini, 2010b) X    
[6] (Lokhov et al., 2013) X    
[67] (Lyons and Roulstone, 2018) X    
[20] (Mancini et al., 2009) X    
[52] (Maronati and Petrovic, 2018) X X   
[11] (Maronati et al., 2017) X X   
[51] (Maronati et al., 2016a) X X   
[54] (Maronati et al., 2016b) X    
[50] (Mignacca et al., 2018) X X   
[64] (Oktavian et al., 2018) X    
[47] (Playbell, 2016) X    
[91] (Ramana and Mian, 2014) X    
[93] (Ramana and Ahmad, 2016) X    
[79] (Shropshire, 2011) X    
[65] (Shropshire et al., 2012) X    
[71] (Trianni et al., 2009) X    
[49] (Upadhyay and Jain, 2016)  X   
[69] (Vegel and Quinn, 2017) X    
[56] (Wrigley et al., 2018)  X   
[55] (Wrigley et al., 2018b)  X   
[96] (Wyrwa and Suwała, 2017) X     
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