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ABSTRACT 

One of the key characteristics of small modular reactors 

(SMRs), as their name emphasised, is the modularization. 

Modularization implies factory production, which in turn 

implies transportation of large, heavy, complex and fragile 

modules from the factory to the site. Various vendors and 

organisations are developing several SMR concepts and 

designs, but there are extremely limited information about the 

crucial element of modules transportation. Conversely, in 

other industries (e.g. Oil & Gas), the experience on modules 

transportation is much greater. This paper provides a 

structured analysis for the knowledge transfer from the 

general literature (i.e. other major infrastructure) to the SMR 

world. Firstly, the paper provides a summary of the literature 

about transporting large modules. In the second part, the paper 

presents and discusses the results of a series of interviews with 

transport industry experts about large modules transportation. 

The third part provides a summary of the findings and the key 

takeaways.  

1 INTRODUCTION 

The International Atomic Energy Agency (IAEA, 2016) 

defines Small Modular Reactors (SMRs) as “newer 

generation 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”. Several SMR designs, detailed 

in (Locatelli, et al., 2013; IAEA, 2014, 2016, 2018), are 

currently at different stages of development. (Ingersoll, 2009) 

provides a summary of the innovative features 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 papers discuss the competitiveness 

of SMRs vs Large Reactors (LRs) and how SMRs might 

balance the “diseconomy of scale” with the “economy of 

multiples” (Carelli, et al., 2008; Trianni, et al., 2009; Boarin, 

et al., 2012, 2015, Locatelli, et al., 2012, 2014; Locatelli, 

2017). (Carelli, et al., 2007, 2010) analyse specific factors 

(such as grid characteristics, construction time, financial 

exposition, modularization, learning etc.) which distinguish 

SMRs from LRs in the evaluation of the capital cost. Once 

these factors are taken into account, the capital cost is 

comparable between the two technologies (Carelli, 2008; 

Boarin, 2012). (Locatelli, et al., 2011) discuss the effects of 

‘non-financial parameters’, such as electric grid vulnerability, 

public acceptance, the risk associated with the project, 

licensing (Sainati, et al., 2015), during the evaluation of the 

best reactor size for investments in the nuclear sector. For 

many of these parameters, the authors explain how SMRs 

show an advantage with respect to LRs. Another key 

advantage of SMRs is the learning (Carelli, 2010). According 

to (Carelli, 2010), the learning curve flattens out after 5-7 

units, determining that the nth of a kind is reached with less 

MWe installed for SMRs respect to LRs (Carelli, 2010). 

SMRs, having the power fractionated are also ideal for 

cogeneration, as presented in (Carelli, 2010; Locatelli, et al., 

2015; Locatelli, Boarin, et al., 2017). Indeed, one of the key 

SMR advantages is the possibility to split a large investment 

into smaller ones. The construction of a single LR is a risky 

investment (Brookes, et al., 2015). The construction of SMRs 

is an investment decision with n degrees of freedom that 

allows hedging investment risks. The economic merit of 

flexibility can be calculated using the Real Options approach 

(Locatelli, Pecoraro, et al., 2017). SMR components and 

systems are designed to be factory manufactured and 

transported to the site as modules. Therefore, SMR modules 

transportation is one of the three main steps: factory 
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manufacturing, modules transportation and installation on-

site. However, despite the relatively large amount of literature 

published on SMRs and despite several concepts and designs 

being developed by various countries, there are extremely 

limited information about the crucial element of SMR 

modules transportation. Therefore, it is necessary to explore 

modules transportation in closely related fields (e.g. Oil & 

Gas) and transpose the knowledge back to the SMR sector. As 

later discussed, modules transportation is strictly related to the 

country. This paper investigates how SMR modules can be 

transported in the United Kingdom (UK) and what can be 

learned from previous experiences.  The rest of the paper is 

structured as follows: section 2 summarises the key references 

about transporting large modules; section 3 presents the 

methodology used to collect and analyse data; section 4 shows 

and discusses the results of interviews with transport industry 

experts about modules transportation.  The last part provides 

guidelines about SMR modules transportation and the key 

takeaways. 

2 TRANSPORTATION IN MODULAR 

INFRASTRUCTURES 

2.1 Modularization: what it is and its implications 

Modularization is the process of converting the design and 

construction of a monolithic plant into a plant that facilitates 

factory fabrication of modules for shipment and installation in 

the field as complete assemblies (GIF/EMWG, 2007). Several 

papers deal with the costs and benefit of modularization (De 

La Torre, 1994; Azhar, et al., 2012; Bondi, et al., 2016; 

Upadhyay, et al., 2016). Most of these references are 

qualitative, like the recent review of modularization in the 

nuclear industry (Upadhyay, 2016). Factory fabrication is 

usually cheaper than site fabrication, but the costs associated 

with shipping of modules to the site must also be considered. 

Smaller plants can take better advantage of modularization 

since it is possible to have a greater percentage of factory-

made components. Although there are a number of works in 

the literature describing the qualitative advantages of 

modularization, only a few of them are able to quantify the 

underlying advantages. (Mignacca, et al., 2018) provide a 

summary of the quantitative information about two key 

implications of modularization in infrastructure: schedule 

reduction and cost saving. Therefore, modularization implies 

factory production, which in turn implies transportation of 

large, complex and fragile modules from the factory to the 

site. According to (Vegel, et al., 2017), SMRs will be in the 

factory for the first two years (build time and testing), and in 

the last year it will be transported and installed on site. 

However, the literature about SMR modules transportation is 

almost inexistent. Conversely, in other sectors (e.g. Oil & 

Gas), the experience on modules transportation is much 

greater. 

2.2 Transporting large and heavy modules 

This section summarises the key concepts about transporting 

large and heavy modules. According to (De La Colina, et al., 

2016), heavy lift impacted successfully on the construction 

industry, opening the doors to new construction alternatives, 

methods, and strategies. Modularization is one of them. 

However, modularization presents significant logistical 

challenges (Mammoet, 2018b). Once prefabricated modules 

are ready, they must be lifted, transported, and installed in the 

right sequence (Mammoet, 2018b). Modules transportation is 

recognised as one of the main disadvantages of 

modularization. According to (Musa, et al., 2016), 

modularization can reduce the labour and material cost, but 

can increase the transportation cost. One of the reason is the 

additional material needed for proper transportation and the 

structural requirements of the modules (De La Torre, 1994; 

Choi, et al., 2014). (De La Torre, 1994) also includes modules 

loss and modules transport damage in the main risks of 

modularization, and points out how the interdependence of 

planning, design, fabrication, transportation, handling, and 

erection determines more planning and communication than 

the stick-built method. Furthermore, (De La Colina, 2016) 

states that modules are usually fabricated in different locations 

respect to their final position. These locations are usually 

specialised yards away from the site and sometimes even 

different countries, determining the increase of the 

transportation cost and making logistics even more complex. 

Furthermore, module and equipment have grown in size and 

complexity, causing new challenges for the transport industry, 

requiring custom-made techniques depending on the load and 

dimensions of the module (Mammoet, 2018b). However, 

(Wrigley, et al., 2018) point out as the recent technology 

development such as driverless electric transport might reduce 

the transportation cost. Currently, there is a large range of 

heavy transport equipment used in the industry, ranging from 

conventional trailers and barges to skidding system and Self-

Propelled Modular Transporters (SPMTs). As common in the 

transportation industry, the main heavy transport and lifting 

techniques are here categorized by road, barge, and rail 

transport methods.  

2.2.1 Road transport 

There are two main methods to transport large and heavy 

modules by road: conventional trailers and SPMTs. (Fagioli, 

2018c) defines SPMTs as: “multi-axel trailers designed for 

the transportation of heavy and large objects”. They are 

characterised by 4-8 axel lines that have a maximum load 

capacity ranging from 44 tons up to 60 tons per axle line and 

are controlled through a remote operation console with several 

steering programs.  SPMTs consist of a strong metallic 

framework which also acts as a load carrying platform. It is 

supported by hydraulic rams which act as the suspension of 

the SPTM and provides lifting ability. They are mainly used 

for short distances (Fagioli, 2018c; Mammoet, 2018d). On the 

other hand, the conventional ones are heavy load trailers 

characterised by numerous axel lines and high bearing 

capacity (36 tons per axle line). They are often connected with 

beams to create a larger trailer. The external propulsion is 

often generated by truck, and in some cases by several trucks 

(Mammoet, 2018d). Furthermore, (Smith, 2010) states that 

“Container Shipping” and “Dimensional Shipping” are the 

two main methods used to transport heavy modules into 

containers by road. Container shipping consists of trailers that 

have standardized size and lifting methods. Conversely, 

dimensional shipping requires custom dimensions. 
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2.2.2 Barge transport  

“The river transport is another important activity […] 

especially with the size of the items getting bigger and bigger 

and the new infrastructures do not always supply for these 

large items to be transported by convoy” (Fagioli, 2018a). 

More in general transportation by barge is usually used when 

module dimensions don’t allow using land transport method. 

This transport method provides an alternative both when the 

roads are extremely busy and to avoid restrictions such as 

bridges. The module is usually loaded onto the barge by using 

a gantry crane. The main advantage of this method is that a 

standard barge has a capacity 50 times more than a normal 

trailer, determining a significant cost saving (Fagioli, 2018a). 

(Devgun, 2013) also states that transport by barge is usually 

the favoured method for very heavy modules.  

2.2.3 Rail transport 

Transportation by rail consists of railcars having a carrying 

capacity ranging from 200 to 1200 tons (Mammoet, 2018a). 

The heavy-duty railcars have 8-44 axel lines which can be 

shifted horizontally and vertically allowing the transportation 

of the over-sized load. The railcars also need a locomotive to 

create an external force to pull and push the load from point 

to point (Fagiloli, 2018; Mammoet, 2018a). Rail transport and 

road transport tend to have a similar cost, but rail transport 

tends to have lower lead time, frequency, and service 

flexibility (Larsson, 2009).  

2.2.4 Cranes and special equipment 

(Devgun, 2013) states that heavy and large modules would 

require the use of Very High Lift (VHL) cranes, but they are 

very expensive. Some less expensive alternatives to the VHL 

cranes are (Fagioli, 2018b; Mammoet, 2018c): 

Crawler Cranes: It is a crane that is attached to an 

undercarriage with a pair of caterpillar’s tracks to provide 

steadiness and mobility. It is commonly used at power stations 

and refinery projects and offers lifting capabilities up to 3000 

tons and a total lifting height up to 200 meters.  

Strand Jack System: It consists of a jack pulling a bundle of 

wires called strand. It has an upper and bottom clamp which 

are connected to a hydraulic cylinder that moves up and down. 

This system has a capacity of 15-750 tons (depending on the 

number of strands). 

Skidding System: This system is used to move extremely 

heavy loads such as offshore platforms and complete 

buildings. It is simple and can only be fitted in a straight line 

which uses a skidding track to allow large loads to be moved 

with a limited force.  

Gantry Lifting System: This system is a combination of 2 or 

more legs and overhead beam. There are usually four jacking 

units supported on wheels having one vertical lift cylinder and 

a vertical lift on top. The legs are hydraulic, which enable the 

system to lift loads up to 800 tons. 

3 RESEARCH METHODOLOGY 

This section is concerned with the methodology used for the 

study explained above. Table 1 provides a summary of the 

main research elements of this study. 

 

Research question 
How can SMR modules be 

transported in the UK? 

Research design Inductive, exploratory study  

Sampling strategy Purposive sampling 

Data collection 
Semi-structured interviews and 

secondary data 

Data  analysis Content analysis (inductive coding) 

Supplements NVivo 11 

Table 1: Research methodology - Layout adapted from (Bititci, et al., 2016) 

3.1 Research design and method 

For this kind of research there are two main research 

approaches: deductive and inductive (Saunders, et al., 2007). 

The deductive approach generates hypothesis starting from 

the existing theory, and then move towards specific 

observations testing the validity. On the contrary, the 

inductive does not formulate hypothesis at the beginning of 

the research but starts from data (Dudovskiy, 2018). In 

summary, a deductive approach tends to test the theory, while 

an inductive generates theory. The inductive approach has 

been selected, in consideration of the research question that 

aims to explore a phenomenon, identify the patterns and 

contribute to new generalisations (Saunders, 2011; Bryman, 

et al., 2015). Furthermore, this research design is categorised 

as an exploratory study. Secondly, based on (Saunders, et al., 

2012), qualitative research works in unity with interviews that 

consist of open-ended questions. Semi-structured interviews 

have been selected. This method allows open questions to be 

flexible in acquiring in-depth knowledge from the experts’ 

responses (Rubin, et al., 2011).  

3.2 Sampling strategy and data collection 

(Kumar, 2011) states that in qualitative research, the 

researcher should be guided by his/her judgement on who 

might be able to provide the “best” information. A purposive 

sampling technique has been selected for this study, which 

allows being selective in choosing experts in heavy-lifting and 

transporting modular projects. The reason to choose this 

sample is that the most critical SMR modules are heavy and 

large objects. The authors created an interview questionnaire 

to investigate how SMRs modules can be transported and 

what can be learned from previous modules transportation 

experiences. The main data collected were primary data from 

the interviews, but secondary data were also provided by some 

of the experts in form of internal company handbook, project 

drawing, etc. In summary, nine interviews were conducted: 

four by phone, four by Skype, and one questionnaire was 

answered through email. In all interviews, English was used 

to communicate, except for some terminologies in Arabic in 

two interviews. Table 2 presents an overview with details of the 

nine interviews, giving consideration the anonymity of the 

experts. 
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Table 2: Overview of the experts. TC=Transportation company, HL=Heavy 

lifting and transportation company, TP=Transportation professional   

3.3 Data Analysis 

A key point of research is the data analysis, which aims to 

draw logical conclusions from obtained data (Merriam, 1998). 

Following the guidelines of (Bailey, 2008), the first step to 

conduct qualitative data analysis was the transcription, which 

is the process of converting recorded interviews data into text. 

Subsequently, following the guidelines of (Hesse-Biber, 

2010; Saldaña, 2015), the interview transcripts were 

formatted in a common layout, and thoroughly read and 

understood to identify themes and specific sections of 

information related to the research question. NVivo 11, a 

Computer-assisted Qualitative Data Analysis Software, was 

employed to facilitate and speed up the analysis of data. The 

data was then coded to organise the collected data, assessing 

which category they would be relevant to. The main purpose 

of this research is to investigate the pre-conditions, enabling 

factors, and barriers to transporting SMR modules. Therefore, 

they were the three main categories. Based on data collected, 

an additional category called “transportation method” was 

created to explain which transportation method was preferred 

based on the background of the experts. Figure 1 and Figure 2 

show the main categories with their coded subcategories and 

codes. 

4  FINDINGS AND DISCUSSION 

This section summarises the findings and discusses the results 

of the interviews. 

4.1 Pre-conditions 

• Evidence from the experts’ interviews 

Experts acknowledged the heavy bureaucratic process 

including several permits and procedures that must be 

prepared before transport. TC3 stated: “First of all we try to 

get all approvals from the consultant in the factory before we 

start shifting the module as this avoids any rejection or 

correction which might lead us to return the module back to 

the factory. Then you should make sure that the site is ready 

to receive the module. And all authorities permits.” Regarding 

the licenses TC2 stated: “I have a special licence for that, and 

that’s called a stig, S-T-I-G-two. That allows me to transport 

over sixty-five ton on the road”. Conversely, HL4 stated: 

“special licence no because since it is very specialised work 

there is no one which can certify you about your abilities”. 

 
Figure 1: Summary of categories, sub-categories and codes (part 1) 

 
Figure 2: Summary of categories, sub-categories and codes (part 2) 

Furthermore, TC1 highlighted the role of law and authorities: 

“I mean like the size of the transported object to be matching 

with the maximum height allowed to be passing under the 

existing bridges and the weight of the object to be matching 

with the maximum axle weight permitted by the road 

authorities”. Another key aspect about pre-conditions is 

pointed out by HL2: “The preliminary works that we have to 

before the bid phase is going to see all the path the module 

have to do in the future”.  

 

• Discussion 

Experts highlighted that several relevant permits and 

procedures must be prepared before transport, respecting local 

regulations (e.g. load, size, delivery time, storage area). The 

common documents mentioned are: method statements, risk 

assessments, permits, drawings, communication plan, and 

 
Date 

(2018) 

Duration 

(minutes) 
Position 

Experience 

(years) 

TC1 04/04 15 Engineering Manager  10-15 

HL1 12/04 60 
Site Operations 

Manager  
5-10 

TC2 13/04 30   Transport Manager  30+ 

HL2 18/04 50  Project Engineer 5-10 

TC3 01/05 20  Transport Manager 10-15 

TC4 04/05 30  Director 30+ 

HL3 11/06 50   Project Engineer  5-10  

TP 22/06 email Consultant  10-15  

HL4 21/07 40 
Project Operations 

Manager  
5-10 
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contingency plan. (ESTA, 2009) also highlights that these 

documents should be accepted by all parties involved, as they 

state the method, risks, mitigating actions, and liability of each 

task. Regarding the licence, experts pointed out the need of a 

licence (STIG 2) to transport heavy loads (>65 tons) on the 

road. However, there is a controversial statement about this 

point. A key point highlighted is that every transport requires 

a preliminary route survey to be conducted and documented. 

The transported SMR modules would require the route 

conditions to be checked and assessed to whether public 

infrastructure such as roads, bridges, etc. can be used. The 

route survey would also be used to assess whether any 

obstructions will be in the way of the transporter or load. 

Examples of these obstructions could be trees, power lines, 

pipelines, etc. Furthermore, other route settings such as 

slopes, ground surface, maximum ground bearing pressure, 

and permitted axle load would need to be analysed to ensure 

the module can be transported appropriately. An internal 

document also states that work preparations such as ground 

reinforcement would be the responsibility of the client or the 

operating company depending on the contractual agreement 

between the stakeholders.  Furthermore, heavy and/or large 

modules are usually required to satisfy special requirements. 

For example, the transported module must match the 

maximum eight allowed under a bridge, and the weight must 

match the maximum axle weight. Prior the transport, the 

authorities will also need to approve any solutions for 

constraints such as building a new path or disconnecting 

overhead electricity. It is also stated that the usual working 

hours permitted are early morning or late night and that the 

authority is a key factor to start the transport process. 

Furthermore, internal documents supplied by the experts point 

out the importance of communication and contingency plan 

which tackle unanticipated events, describe the 

responsibilities of various stakeholders involved, and the 

communication method agreed.  

  

4.2 Enabling factors 

• Evidence from the experts’ interviews 

A critical enabling factor identified is the communication. 

TC2 highlighted a type of communication: “The driver 

especially needs to know what he is doing, he will probably 

also be on a walkie-talkie. Ok, so normally we have got 

walkie-talkies so we always make sure that everybody is 

communicating with everybody. It does not matter how small 

it is, whether not there is a small problem to a large problem. 

Everybody needs to know communication”. TC4 also 

highlighted the importance of communication, but focusing 

on another aspect: “communication between the transport 

company and manufacturer would be very helpful. Like in 

certain cases they build the module and face many problems 

due to it being very heavy or for example requiring more 

expensive lifting methods”. Several equipment were also 

suggested by the experts. In particular, HL1 stated:  “for 

example I can help you if the path will not be so long. I can 

suggest to use SPMT, it is a kind of trailer… it is a hydraulic 

trailer that is driven (sic) by remote control and is very 

versatile. I mean there is a lot of kind of steering option, it is 

very easy to use, and this is used especially in a small area 

where you do not have so much space to manoeuvre”. 

Furthermore, HL3 stated: “One thing either for transportation 

and especially the lifting…the vendor that is designing the 

equipment he should also involve or he should know how the 

equipment will be installed so if it will be installed by crane 

or by strand jack he should know it so he can prepare a lifting 

point or whatever the way we will transport it”. Another key 

element to consider is the insurance, as highlighted by HL3: 

“But when you're transporting a cargo for example from 

Germany to the Middle East then it should have insurance to 

transport it there inland transport from the factory to the port 

also will have another insurance for the sea transportation 

then another insurance when it reaches the middle east. And 

at each stage there is one contractor which having insurance 

for the equipment they transport with”. Furthermore, HL4 

pointed how the final location can influence the 

transportation: “if you go to some bigger big port they have 

the capabilities to handle. If you go to smaller port they don't 

have the capabilities”.  The quality control is also considered 

fundamental in this kind of transportation, as highlighted by 

HL2: “there is a surveyor but there is a team of surveyors 

around the transport. Because you need to check...ok all the 

movement”.  Furthermore, TC4 pointed out the importance of 

a proper equipment, stating: “I think safety is an important 

thing to consider. So use proper equipment”.  

 

• Discussion 

Communication 

The experts presented the importance of communication in 

ensuring the success of the transportation process. In 

particular, two types of communication have been pointed 

out: “Design communication” and “Communication during 

Transport”. Regarding the first, the transport company should 

be involved in the design phase, because specific design 

requirements such as lifting points must be implemented. This 

might improve the overall cost. The need of involving 

transport company in design phase is also pointed out by 

(Naqvi, et al., 2014) in the literature, who states that modules 

transportation becomes challenging because it is finalized late 

in a project. Regarding the second, it is an enabling factor that 

helps reducing errors such as tipping. For instance, the truck 

driver and convoy vehicle should be in constant contact to be 

aware if something irregular is happening. 

Equipment and design 

The experts pointed out the following special equipment and 

design consideration which would allow SMR modules to be 

transported and lifted:  

SPMTs: When using this equipment, it is suggested to have 

the module at least 1.3 meters high. The SPMT is equipped 

with suspension and is used to jack up the structure. With the 

aid of a transport beam and building the module at that height, 

the module would not need lifting determining a lifting cost 

reduction. More than one SPMT can be used to transport an 

item. The difference between conventional trailers and 

SPMTs is that they require trucks to pull it and have 
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mechanical steering. SPMTs are also stated to have better 

manoeuvring than conventional trailers.  

Gantry Crane: This equipment is used to lift the module from 

the SPMT. It can be used in the fabrication yard and on-site 

and is stated to be cheaper and faster than using a crane due to 

it requiring less space. It can also be prepared faster than 

normal lifting cranes and is used to install items at low 

positions.  

Strand Jack: It is a very strong tool used to lift heavy objects. 

They are sometimes combined with a gantry crane, and is also 

considered a faster method to install very heavy items than 

cranes. Usually, this combination is used when the module 

needs to be installed at a higher height or underground. If 

strand jacks will be used, the design of the module must have 

‘lifting lugs’ to be connected to the strand jacks. 

Saddlesː They are like stools shaped to take the module on the 

SPMT or trailer. The saddle should be wider than the module 

and the trailer to make it easier when switching from SPMT 

to the conventional trailer. The saddles must be designed well 

to accommodate the module and lashed well to have a good 

connection between the module, saddle, and the trailer. 

Cranes: For small modules which can be transported in 

containers, it would be cheap to lift them with cranes but 

would mainly depend on the port cranes lifting capability. 

Crawler cranes are also mentioned but are considered 

expensive compared to other lifting solutions.   

Overall the experts stated that the transport equipment used 

would depend on the module’s size, weight, and the location 

of its final position. It is fundamental for the design of a 

module to know how it will be lifted and transported, as it will 

require design requirements such as lifting lugs, span and 

height requirements, etc. 

Insurance 

The experts highlighted how the transported module’s 

insurance is based on the agreement between the client and 

the transport company. It is usually insured by the 

manufacturer; however, the insurance company asks for 

documents from both parties to make sure documents such as 

the method statement and drawings are signed off and 

assessed properly prior the transportation.  There are also 

several insurances dependent on the country you are 

transporting the item in and the transport method selected. 

Contractors transporting the module would need their own 

insurance for their equipment such as SPMTs, trucks, etc. 

However, the experts stated that sometimes the client includes 

them in their insurance policy. If the item was to be lightly 

damaged during transport such as a scratch, the client usually 

fixes it; however, if there are big damages, the insurance party 

comes in. In summary, the insurance is dependent on the 

responsibility and risk allocation agreement between the 

stakeholders involved. 

 

 

Final location 

One of the key enabling factors pointed out is the final 

location of the modules. Experts stated that if the final location 

is accessible by river/sea or by rail, then that may be an 

advantage. However, this is dependent on the availability of 

equipment and capability of the location. For example, there 

might be a nearby port to the final location but the available 

crane there is not strong enough to lift the module and thus 

would require a special crane leading to a higher cost. The 

final location also influences the safety measures and quality 

control required. Furthermore, according to the experts, if the 

fabrication yard and final location of the modules are in the 

same country, the transport process is easier and cheaper, 

since the country’s capability and government requirements 

would be recognised easily by local transport companies. 

Quality control 

The experts also showed the importance of the quality control, 

usually through a visual check before and after the transport. 

However, it depends on the agreement with the client and their 

internal requirements. A surveying team may also be assigned 

to check when the module is being lifted onto a barge or when 

being transported near bends and obstacles to ensure it does 

not collide or get damaged. Additionally, qualified personnel 

are with the transport and keep monitoring that they are on 

track while regularly updating the risk assessment. One expert 

mentioned a new technology called ‘Point Cloud’ improving 

the quality of the pre-surveys and planning of transport, and 

is usually implemented when the engineering of the transport 

is very busy. ‘Point Cloud’ is similar to a google car but 

instead of an image it creates points on a software of the 

original path and its surroundings such as lamp posts and 

trees. Nonetheless, another expert mentioned that this method 

is usually expensive and that the experience of the staff and 

transport company is more effective. 

Health and Safety 

The experts stated that transport by rail and barge would be 

the safest options as interaction with the public is limited.  

Safety of the transported module must also be prepared. For 

example, in sea transport, the module must be fastened 

properly to avoid damage from oscillations. It is also 

mentioned that when dealing with large and heavy items, 

safety consideration must be taken for the route to make sure 

nobody is injured or harmed and not to cause damage to any 

property. Safety must also be maintained when lifting the item 

onto a transporter, to a barge, or at the final position. 

4.3 Barriers and challenges 

• Evidence from the experts’ interviews 

Several barriers and challenges related to module 

transportation have been pointed out by the experts. The 

experts pointed out several typical incidents and obstructions 

faced during modules transportation. For instance, HL4 

stated: “some transport being bent...let’s say can happen 

tipping...then during the transport you hit something with the 

module you are transporting so usually small damages. With 

of course tipping you have a big consequence”.  Regarding 

modules lifting, TC1 stated: “During our shifting of a pre-cast 
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unit, we couldn’t unload it in the proper place with the 

available crane there due to the big distance between our 

truck and the final location. So we had to wait and change the 

crane to a bigger size, to cover the big span”.  HL4 also stated: 

“Yes but the problem that in any case you have to deal with 

the infrastructure actually existing so usually for example in 

a port the ship to shore crane are designed for a range 

between twenty to sixty ton”. Furthermore, expert HL1 pointed 

out two key challenges of modules transportation: “the main 

challenging (sic) is for sure the load. The load and the size of 

the module”. Expert HL1 also highlighted this point focusing 

on possible solution: “This is the main issue yes, that is why 

in that case as I said, if you have possibility to use barge…the 

only other option would be barge, otherwise you have to 

consider to reinforce the road if it is not enough and to 

reinforce the bridge if they are not strong enough”.  Another 

challenge related to modules transportation is the route, as 

pointed out by HL3: “mainly the ground preparation like 

when you have a two thousand ton equipment you need to 

maintain certain ground preparation and many cases ground 

not capable to do this so you have to prepare 

either…sometimes you have to prepare bridges, sometimes 

you have to prepare new roads, sometimes you need to level 

the ground and compact it with some special material”. 

Another challenge is related to the transport environment, as 

stated by HL3: “Yes yes for sure the high tide especially when 

the tide going up then they can make either loadout or load in. 

If the tide is going low then this will be issue as they start 

putting equipment inside the barge or taking the equipment 

out of the barge and the water level going down then the load 

can tip over”. 

 

• Discussion 

Incidents and obstructions 

Despite careful planning, unexpected incidents can happen. 

Based on the experiences of the interviewed sample, one 

typical incident is the tipping of the module or transporter. It 

is due to road failure, load capacity, passing over an 

underground pipe not highlighted in the drawings, mechanical 

failure due to overloading, etc. When a module is tipped and 

gets damaged, there would be relevant consequences for the 

project. If the module gets damaged and cannot be repaired, 

then a new module needs to be fabricated. This will determine 

schedule and cost overruns. The lack of adaptability to 

changes is also mentioned in the literature as one of the main 

disadvantages of modularization (De La Torre, 1994). 

According to (Shelley, 1990), it is very important to avoid 

changes during construction of a modular project because the 

cost could increase significantly. According to the experts, 

there have also been incidents where the design of the module 

was not calculated well and caused issues when 

transporting/lifting.  Sometimes transporting modules over 

infrastructure such as bridges can cause issues due to its size 

and weight. Possible solutions mentioned are: building a new 

bridge specifically for the transport, using an alternative route 

if available, or for example, if faced with a height constraint 

sometimes the transport equipment/tires may be slightly 

adjusted to pass over or under the obstacle.  

Module lifting 

The experts have identified several barriers regarding module 

lifting. The main barrier is usually related to sea transport. 

Several issues are related to the dislocation of the dock and 

ship as well as the lifting capability of sea/river ports. Some 

ports may not have the lifting limit required and would require 

more expensive lifting methods. Another barrier is the 

availability of cranes and special lifting such as strand jacks. 

Train terminals and normal seaport usually have lifting 

capabilities of 20-60 tons, anything larger would require large 

cranes. The common suggestion for lifting larger SMR 

modules is a combination of Gantry Crane and Strand Jacks, 

which are stated to be cheaper and faster than large cranes. 

Strand jacks would definitely be used as they would allow the 

SMRs to be vertically installed underground. 

Load and dimension 

One of the biggest challenges is the load and dimensions of 

the module being transported. These measurements affect the 

calculations such as how the load will be spread and 

determining how many axels are required for the 

SPMT/conventional trailer. The number of axel lines is 

determined from the ground pressure caused by the module, 

the trailer, saddles, and all equipment used to transport it on 

the road.  For road transport, the load capacity is usually 10 

ton/sq., and anything higher would require reinforcing the 

road and infrastructure such as bridges, determining a big cost 

impact and causing serious delays.  

Route 

According to the experts, the route has always to be planned 

before transport. If the route encounters problems such as 

holes or weak soil, then the ground would need to be 

reinforced. Additionally, experts who worked on projects in 

Europe, Asia, and the Middle East state that temporary roads 

or bridges made with steel stools may need to be built to 

overcome route barriers. However, one expert states that in 

the UK it is not a common solution. Often with heavy loads, 

if the load does not match the ground bearing capacity of a 

certain road, then an alternative route or transport method 

would be made. An example of a normal route was 244 

kilometres covered in 45 days. An example of a challenging 

route was around 1300 kilometres covered in 10 months.  

Environment 

Another challenging aspect which often causes delay is the 

weather condition. Weather conditions such as fog and snow 

cause a lot of delays and losses. Additionally, if sea transport 

is used, rough sea conditions may damage the module through 

internal and external vibrations.   

4.4 Transport method 

• Evidence from the experts’ interviews 

Regarding the best modules transportation method in the UK, 

TC4 stated: “But I think best is barge then rail if possible since 

the UK has the facilities”. On the other hand, other experts 

stated that rail transport is the quickest one, as TC2: “The 

quickest…the quickest method would be by train”. 

Furthermore, regarding the road transport, HL3 stated: “Ok 
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for short distance I believe it will be the best to do it either 

with conventional or SPMT we can consider it the same. 

Conventional or SPMT this is for short distance”. 

 

• Discussion 

The majority of the experts thought that barge would be the 

best transport method for SMR modules in the UK. It is 

common in Europe and is considered safer and faster than 

other methods. However, some experts stated that it is a riskier 

method especially if the module’s design is weak externally 

and internally. It is usually considered an option when the 

module’s weight or dimensions do not match the road 

capability. It is also faster than road transport but is restricted 

to the availability of sea or river. On the other hand, some 

experts stated that rail transport would be the quickest method 

and the least vulnerable to have an accident. However, this 

would depend if the final site is near/will use the normal rail 

routes available in the UK. Empirical findings highlighted 

how the most common method currently used is road 

transport. It might not be the fastest or safest, but it is found 

to be the most flexible. For short distances (10-15 kilometres) 

SPMTs and conventional trailers would be a preferred 

transport method. Nevertheless, there are instances where 

they have been used to transport modules up to 900 km. The 

main issues related to this transport method is that it is slow 

and dependent on road capability. 

5 Key takeaways for SMR modules transportation 

Modules transportation is a very complex process requiring 

the consideration of several factors and (after the module has 

been fabricated) the participation of two main stakeholders: 

transportation company and client. One key takeaway from 

previous experiences of modules transportation is the division 

of the responsibilities between the transportation company 

and client. Table 3, developed from a document supplied by 

one of the experts, provides the division of responsibilities 

adopted by several transport companies. The SMR sector 

needs to familiarise with the division of the responsibilities 

during the SMR modules transportation process. Table 3 also 

mentions most of the main categories and subcategories come 

out from the analysis of primary data. In particular, a key 

result of the research reveals the importance of 

communication both during the design phase and during the 

transportation process. Transportation companies should be 

involved in the design phase, providing cost analysis of 

different transport options. Furthermore, the involvement of 

transportation companies in the design phase would allow 

avoiding the possible incompatibility of module designs with 

transport method and local regulation. Considering this aspect 

might be a key advantages for the SMR sector. In particular, 

it might allow knowing route and site restrictions being known 

before the arrival of the heavy/oversized SMR modules to the 

final location, avoiding any related project delays. 

Furthermore, it would also allow obtaining earlier permits 

from local authorities if needed, and SMR designs would be 

developed according to the transport and lifting requirements.   

Task Company Client 

The load of the module   

Design to be transportable S P 

Engineering   

Load properties - P 

Route situation P-Offsite P-Onsite 

Threshold engineering values P S 

Perform adequate engineering P - 

Preparation   

Route survey P-Offsite P-Onsite 

Civil work  P-Offsite P-Onsite 

Permits P (Mutual agreement) 

Risk assessment P S 

Method statement P S 

Toolbox talk P S 

Operation   

Employees P - 

Communication P - 

Performing final checks P S  

Monitoring weather conditions P - 
Table 3: Responsibility matrix. P= Primary, S = Secondary 

Adapted from (ESTA, 2009) 

It is also recommended a preliminary route survey before 

transport. The transported SMR modules would require the 

route conditions to be checked and assessed to whether public 

infrastructure such as roads, bridges, etc. can be used. 

Furthermore, the following special equipment should allow 

SMR modules to be transported and lifted: SPMT, Gantry 

Crane, Strand Jack, Saddles, and Cranes. However, the use of 

one rather than another one depends on module 

characteristics. The SMR sector needs to familiarise with 

these practices. Regarding the best transport method for SMR 

modules in the UK, there are controversial opinions from the 

experts. There are several factors to consider such as 

availability of infrastructure, weight and height of the module, 

safety and speed of the transport method. However, the choice 

is strictly dependent on the SMR modules final location. A 

“condicio sine qua non” pointed out by the experts is the 

attaining of the necessary documentation such as contracts, 

permits, and licences (in particular the STIG-2 licence to 

transport more than 65 tons). The SMR sector needs to be 

aware of the needed licences, contracts and permits to 

transport SMR modules in the UK. In particular, SMR should 

be developed considering the UK transport limitations 

reported in Table 4.  

Category Weight Length Width Height 

Normal 44 tons 18.65 m 2.9 m 4.9 m 

Abnormal 150 tons  30 m 6.1 m 4.9 m 

Special >150 tons >30 m >6.1 m 4.9 m 
Table 4: UK transport limitations 

Data from (Driver & Vehicle, et al., 2018; Harrison, 2018) 

Proper contracts, permits and licences characterise each 

category. SMR sector needs to consider these information in 

the design stage. Table 5 provides three examples of RPV 

(Reactor Pressure Vessel) specifications in order to allow a 

comparison with the UK transport limitations. Regarding the 
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three SMRs in Table 5, there are no information about weight 

specifications, except for the NuScale SMR. (NuScale, 2018) 

reports the following information about SMR weight “~700 

tons in total are shipped from the factory in three segments”. 

 
Westinghouse-SMR 

(>225 MWe) 

NuScale  

(50 MWe) 

SMR-160  

(160 MWe) 

RPV 

height 
28 m 17.8 m 15.0 m 

RPV 

diameter 
3.7 m 3.0 m 3.0 m 

Table 5: SMR specifications.  

Data from (IAEA, 2018) 

Furthermore, other main factors to consider are: transported 

module’s insurance (based on the agreement between 

transportation company and client, but usually insured by the 

manufacturer), quality control (usually through a visual check 

before and after the transport, but it depends on the agreement 

between transportation company and client), weather 

conditions (often cause of delays and losses, they have to be 

kept under control). 

6 CONCLUSION 

“SMR” differ from “small reactors” of just one word: 

“modular”. Modular refers to modularization. Modularization 

is a construction technique which implies factory 

manufacturing. Indeed, SMR components and system are 

designed to be “factory manufactured” and “transported” to 

the site as modules. However, despite the relatively large 

amount of literature published on SMRs, there are extremely 

limited information about SMR modules transportation. This 

paper address the gap in knowledge analysing modules 

transportation in other sectors. It summarises, through a 

literature review analysis, the main heavy transport and lifting 

techniques: road transport, barge transport, and rail transport. 

It also provides a summary of the main cranes and special 

equipment used to transport and to lift heavy and large 

modules. Furthermore, this paper summarises and discusses 

the results of a series of interviews with transport industry 

experts about transporting large modules. Therefore, this 

paper aims to summarise the main aspects of modules 

transportation, in order to allow the SMR sector to avoid 

mistakes learning from previous experiences. The results of 

the literature review analysis and the interviews suggest that 

modules transportation is a very complex process requiring 

the consideration of several factors. Communication is a 

relevant factor both in the design stage and during the modules 

transportation. A right communication and the engagement of 

transportation companies in the design stage would allow the 

reduction of cost and schedule overruns. Furthermore, the 

choice of the “best transport method” for SMR modules is 

strictly dependent on the final location of SMR modules. 

There, the complex project of module transportation and the 

evaluation of several factors (insurance, special equipment, 

licences, quality control, possible incidents and obstructions, 

environment, etc.) start after the definition of the final location 

of the SMR modules. However, SMR sector can learn about 

modules transportation from the experience accumulated over 

the years in other sectors.  
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