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Skid-Mounted method refers to a kind of system manufacturing method which
integrates equipment, pipelines, electrical systems, control systems and other auxiliary
systems on the basis of steel structures, and completes the manufacturing, integration and
debugging in the factory. The system was transported to the application site as a whole or as
modules. The system manufactured in this way is called a skid-mounted system. Upon
arrival, the system is positioned on the foundation and undergoes modular assembly. This
streamlined approach significantly reduces on-site installation time and labor requirements.
With the development and application of new technologies, the advantages of pre-
manufactured and pre-assembled skid-mounted systems have become increasingly evident
in industrial processes. Consequently, these systems have gained widespread adoption across
various industries, including petroleum, chemical, liquefied natural gas, and
pharmaceuticals. Drawing on both domestic and international research, this paper reviews
the origins and developmental trajectory of skid-mounted systems and elucidates their
structural composition and characteristics. Based on extensive design and manufacturing
experience, we summarize the design, manufacturing, transportation, and installation
methods of typical skid-mounted systems. Furthermore, by integrating practical engineering
insights, we analyze the existing challenges and limitations of these systems and provide an
outlook on their future developmental trends.

Skid-Mounted System, Design Methodology, Structure Module, Manufacture,
On-site Installation, Complex intelligent systems

The skid-mounted system is defined as an integrated assembly system that is designed,
manufactured, integrated, and tested using the skid-mounted method [1-3]. Compared with
conventional systems, it exhibits unique manufacturing and integration approaches, as well as a
distinct structural configuration. A detailed comparison between skid-mounted and conventional
systems is presented in Table 1. Modern skid-mounted systems typically comprise one or multiple
skids, each supported by an independent steel structural base. These skid units are capable of
independently (or partially independently) performing specific functions within the system, thereby
serving as the smallest independent modules of the skid system[4-7]. Skid-mounted systems are
generally manufactured, integrated, and tested in a factory environment and subsequently
transported to the site for installation either as a complete unit or as individual skid blocks[8,9].
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Table 1: Comparison of skid-mounted system and conventional system
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The skid-mounted system originated in industries with harsh working conditions, such as oil
mining, in the early to mid-twentieth century. To minimize on-site operations, equipment required
for operations was often mounted on a steel base and shipped directly to the site[10-12]. Since the
1970s, the application of skid-mounted systems has expanded significantly, finding widespread use
in fields such as nuclear power plant exhaust gas treatment, petrochemicals, and natural gas
development and so on[13-15].The development of skid-mounted systems in China started relatively
late, with initial reliance on imports. In the early 1990s, domestically developed skid-mounted
systems were successfully applied and commissioned in the petrochemical industry. With the
advancement and application of new technologies, skid-mounted systems have gradually penetrated
into process industries such as natural gas, water treatment, and pharmaceuticals. These systems
have also evolved into large-scale, complex industrial systems that integrate equipment, piping
systems, electrical systems, control systems, installation foundations, and other auxiliary systems.

Currently, there are no uniform design principles and requirements for skid-mounted systems, and
the design methodology varies depending on the person in charge. Drawing on years of engineering
experience, the author has summarized the common steps and key points in the design process of
skid-mounted systems.

The design of conventional systems typically focuses solely on the process flow and system
functionality, with limited consideration for manufacturing, transportation, installation, inspection,
and maintenance. Moreover, collaboration among different disciplines is often restricted to pipeline
layout and collision detection. In contrast, the skid-mounted approach is a multi-disciplinary,
collaborative design method. Its design goals extend beyond merely ensuring the functionality of the
process flow to encompass the entire life cycle, including manufacturing, procurement,
transportation, integration, inspection, maintenance, and utilization.

The design process can be summarized into several key aspects, each requiring a multi-
disciplinary approach and iterative feedback:1. function modularization and skid block division;2.
Structural module design;3. Optimization of skid layout;4. Interface design;5. Skid-mounted
transformation of the electrical and control systems. These components collectively ensure a
comprehensive and integrated design strategy. For further details, refer to Figure 1.
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Figure 1: A comprehensive and integrated design strategy

The skid block represents the smallest functional unit of the system, capable of independently
performing specific process functions or even multiple functions. Within each skid block, internal
components—including equipment, pipelines, wiring, instruments, and valves—are relatively
independent. In principle, each medium (pipeline) within the skid block should have only one inlet
and one outlet. The division of skid blocks forms the foundation for the overall skid-mounted system
design. The primary objective of the division is to partition the entire process flow into distinct
functional modules, each of which is structurally, logistically, and operationally independent. To
initiate the division of skid blocks, the process flow must first be organized according to the overall
system requirements, followed by the modularization of system functions. Based on the direction of
the process flow and the mode of medium transmission, the overall planning and layout of the
system's equipment should be conducted to preliminarily determine the system's form and scale. On
this basis, the functions are divided to meet the following requirements:1. The functions within each
skid block are relatively independent.2. The weight and dimensions of the skid block are compatible
with transportation and installation constraints.3. The number of interfaces between skid blocks is
minimized.
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Table 2: Structuremodule connection node

Node form Structure form Fastening method Positioning method Installation
Complex
Fixed Butt Welding Welding None Installation
Process
Flange . . . Convenient
Flange Butt Bolted Connection Locating Pin/Bolt .
d Installation
Detach Sleeve- Sleeve Connection Bolted Connection Locating Pin/Bolt Convem'e nt
type Installation
able
Self- Self-loclfmg Self-locking Mechanism Locating Pin/Self- Convenient
. Mechanism . . . o .
locking Connection Connection+Bolted Connection locking Positioning Installation

At present, the installation structure of skid-mounted systems typically consists of a steel
framework which is composed of several structural modules. Each structural module corresponds to
a matching skid block to satisfy system integration requirements. Figure 2 illustrates a typical
modular steel structure system, which is composed of sub-modules with similar shapes and sizes.
These sub-modules are fabricated from steel and are interconnected via connecting nodes to form
the complete system. The connecting nodes between sub-modules are generally classified into two
types: fixed and detachable. The classification and characteristics of these nodes are summarized in
Table . Fixed nodes are usually employed in systems that do not require disassembly during
transportation and are predominantly connected using welding techniques. And this method is
relatively mature [16]. In contrast, various detachable joints have been proposed by different
researchers, including flange connections, sleeve joints, and self-locking joints. These joints
typically incorporate additional fastening and positioning mechanisms to meet the structural load-
bearing and disassembly requirements[17-19].

. - \i‘
T T - - -

Figure 2: Typical modular steel structure system

The design of the skid system structure necessitates a comprehensive approach to the
segmentation of skid blocks and the spatial arrangement of the internal equipment within these
blocks. Each structural module must be engineered to accommodate the specific installation
requirements of individual skid blocks, ensuring that the assembled skid block adheres to the weight
constraints imposed by lifting and transportation operations. The auxiliary support beams within the
structural modules are strategically positioned in accordance with the equipment layout, while
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additional auxiliary supports are affixed to the primary beams and columns to enhance overall
structural integrity.

The design of the piping layout within a chemical system must integrate multiple factors,
including process requirements, operating conditions, characteristics of the conveyed materials, and
the equipment layout. These measures ensure that the piping system is safe, reliable, economical,
and rational, while also facilitating ease of construction, operational efficiency, and accessibility for
inspection and maintenance.

In skid-mounted systems, the piping layout is modularized according to skid blocks, adhering to a
primary structure of main and branch pipes. Specifically, each medium is conveyed to individual
skid blocks via the main pipe, with the internal piping arrangement of each skid block conforming to
relevant engineering standards and specifications.

In skid-mounted systems, interfaces can be categorized into two types: (1) the internal structure
of the skid block and (2) the interfaces between skids and external skid interfaces. The internal
structure of the skid block typically employs flange connections, threaded connections, welding, and
other types; flange connections and welding are predominantly utilized for interfaces between skid
blocks and external interfaces. The location of these interfaces is also a crucial factor in the design
process. It is imperative to consider the potential impact of leaks under accidental conditions on the
overall safety and functionality of the system. For instance, interfaces prone to leakage should be
strategically positioned away from personnel pathways, inspection and maintenance areas, and
locations of sensitive equipment.

The control system is based on a Distributed Control System (DCS) architecture. This DCS
employs a hierarchical structure characterized by centralized management and decentralized control,
enabling modular configuration to locally manage distinct production units. To ensure modular
independence and system security, the control system topology incorporates redundancy, such that
the failure of any single node does not compromise the functionality of other nodes. Functionally,
the system is compartmentalized into discrete control modules, each of which can oversee one or
more adjacent skids, thereby forming an integrated and self-sufficient subsystem. Correspondingly,
the electrical system is designed with multiple power distribution panels, strategically positioned
according to the spatial arrangement and functional demands of the skids. Each panel supplies
power to one or more proximate skids.

The construction of skid-mounted systems is typically divided into three primary stages: component
procurement and fabrication, system integration, and system commissioning, as illustrated in Figure
3. These stages are often executed in parallel across multiple disciplines to optimize efficiency. For
instance, the fabrication of equipment (such as vessels) and structural modules can proceed
concurrently, while the procurement of instruments, valves, and outsourced components for the
electrical and control systems can be initiated simultaneously or in advance. During the system
integration phase, the assembly sequence of various components is determined by the specific
construction conditions. Structural modules are usually integrated firstly. In single-skid block
systems, the completion of structural module fabrication marks the establishment of construction
conditions, allowing for the subsequent cross-construction and installation of equipment,
instrumentation, valves, and piping. However, for multi-layer, large-scale, complex skid-mounted
systems, a pre-assembly test of the structural module is typically conducted first. Based on the test
results, the structural module is adjusted and integrated. Following this, equipment, instrument

134



Proceedings of the 3rd International Conference on Mechatronics and Smart Systems
DOI: 10.54254/2755-2721/2025.24530

valves, and piping are cross-constructed and integrated according to the construction conditions. The
final stage involves the installation and integration of the electrical and control systems.
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Figure 3: The manufacturing process of the system

The skid-mounted system undergoes comprehensive system commissioning within the factory
environment, encompassing functional validation and procedural testing. Functional validation
primarily assesses the fundamental capabilities of the system's piping, electrical infrastructure,
control mechanisms, and equipment, ensuring their capacity to execute essential operations.
Procedural testing, in contrast, involves a holistic evaluation aligned with the standard production
workflow, thereby verifying the system's proficiency in accomplishing the prescribed production
sequence. Upon completion of the commissioning phase, each component of the system is primed to
operate effectively under normal conditions.

The transportation of skid-mounted systems primarily involves two modes: maritime and land
transportation, with the choice of mode according to the destination. For large petrochemical
systems or offshore platform installations, maritime transportation is typically employed. In such
cases, specialized vehicles transport the system to a port, from where it is shipped to the vicinity of
the destination. Upon arrival, the system is then transported to its final location using specialized
vehicles. On-site installation of the system mainly involves securing the skid in place and
connecting it to external interfaces. For systems that cannot be transported by sea, the system is
usually divided into road-transportable dimensions and assembled on-site. On-site assembly
typically employs modular docking techniques, which significantly reduce the amount of on-site
construction required.

4. Advantages and limitations of skid mounted systems

At present, the skid-mounted systems have been widely adopted across various industries in China.
However, several technical challenges still remain. The integration of system skid blocks still
encounters certain difficulties. For large-scale, complex skid-mounted systems involving hazardous
medium, stringent safety requirements must be met. Additionally, higher mechanical performance
demands are placed on the connection nodes of structural modules. Presently, detachable joints are
typically connected using bolts. The large number of connecting bolts not only increases the on-site
construction workload[20] but also necessitates larger joint connections to achieve the required
mechanical properties[21]. In addition, significant welding deformation of the structural modules
can further complicate node connections. Moreover, the residual stress induced by welding
deformation imposes additional demands on the performance of connection joints.
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With the development of Industry 4.0, production lines have evolved into flexible systems
capable of accommodating multiple product categories and small-batch manufacturing. The inherent
flexibility of skid-mounted systems aligns well with this developmental trend. However, several
challenges persist. Presently, the focus of skid-mounted systems remains predominantly on in-
factory integration and commissioning. These systems largely rely on empirical operations, lacking
of systematic scientific guidance and mature optimization theories. Moreover, regional standards
and industry-specific requirements significantly impact the standardization of skid-mounted
systems.

The production of chemical products has transitioned from large-scale continuous manufacturing
of single products to a mode characterized by multi-category and personalized customization. This
shift necessitates flexible deployment and rapid adjustment capabilities in production lines.
Currently, most skid-mounted systems are pre-assembled using structural modules as basic units,
which facilitate rapid installation and deployment on-site. However, these systems often exhibit
complex installation processes and limited flexibility. To meet the demands of flexible deployment
and rapid adjustment, skid systems are evolving towards modularization and standardization. Skid
blocks are gradually transforming into standardized modules, which serve as the smallest functional
integration units. These modules can be rapidly combined to form customized production lines
according to specific production requirements.

In the 21st century, environmental and energy issues have become increasingly prominent,
driving a global consensus towards green, low-carbon, and sustainable development. The traditional
manufacturing industry, which has long focused on mass production, has not only caused significant
environmental and ecological damage but also led to substantial energy waste. In response, green
and sustainable design methods—such as life cycle design for environmental performance, multi-
objective optimization for remanufacturing, and design methods for green innovation—have
gradually emerged. These methods prioritize environmental friendliness and aim to achieve
sustainable development across multiple life cycles[22]. As a highly integrated and modular
manufacturing system, the development of a full life cycle design and manufacturing approach that
considers environmental performance is emerging as a key future trend.

With the advancement of technologies such as 5G communication, big data, deep learning, and
edge computing, industrial intelligence has transitioned from theoretical development to practical
application. As a specialized industrial manufacturing and production mode characterized by
modular design and integration, the future intelligence of skid-mounted systems should encompass
three key aspects: the intelligence of the design process, the digitization and intelligence of the
integrated assembly process, and the intelligence of the production and operation
process[23,24].Currently, the design of skid-mounted systems typically relies on designers who
integrate their own experience and knowledge to synthesize and optimize the entire system. This
approach, however, cannot fully address the optimization challenges inherent in the design process.
With the development of artificial intelligence, various variable factors in system design can be
comprehensively evaluated to obtain optimal design solutions, thereby significantly enhancing
design efficiency and quality.

The pre-assembly of skid-mounted systems typically refers to the factory-based integration of
components following the completion of individual manufacturing processes. This approach, while
efficient, often involves substantial on-site workloads. Recent advancements in digital twin
technology have enabled the establishment of complex system models, facilitating digital pre-
assembly and iterative feedback loops in the design process. This integration of digital twin models
significantly enhances design quality and system integration efficiency. Skid-mounted systems are
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widely utilized in the process industry, serving as either subsystems or integrated construction
methods. With the rapid development of artificial intelligence (AI) technologies, the future of skid-
mounted systems lies in achieving intelligent perception and modeling under complex working
conditions, intelligent control of high-dynamic characteristics, and human-machine collaborative
decision-making management. These advancements are poised to drive the next phase of innovation
in skid-mounted system design and operation.

5. Conclusion

Owing to its highly integrated design, manufacturing, and installation methodologies, the skid-
mounted system has rapidly gained traction in traditional process industries such as petrochemicals,
basic chemicals, and fine chemicals since its inception. As technology has advanced, these systems
have evolved into highly modular, integrated, and complex configurations. In this paper, we provide
a concise overview of the development trajectory of skid-mounted systems. Drawing on engineering
experience, we summarize the processes and key considerations associated with the design,
manufacture, installation, transportation, and on-site assembly of these systems. We further analyze
the current challenges and limitations of skid-mounted systems and, in conjunction with the
evolution of artificial intelligence (AI) technologies, explore potential future development trends.
With the ongoing progress of industrial Al, skid-mounted systems are poised to transform into
complex intelligent systems characterized by highly modular intelligent perception, autonomous
intelligent control, and human-machine collaborative intelligent management and decision-making,
all underpinned by green design methodologies.
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