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Abstract: In recent years, domestic and international poli-
cies to support energy-efficient buildings have been inten-
sively introduced, and a consensus has been reached in the
direction of green buildings. Building photovoltaic integra-
tion is a key technology to solve the demand for electricity
in energy-efficient buildings. Meanwhile, prefabricated
assembly house construction, as a common construction
technology in the current building field, has the advan-
tages of a short construction period, low project cost, a
wide range of applications, and high structural stability.
Green building and building industrialization are the
direction of future construction industry development,
combining building photovoltaic (PV) integration with
assembly building, breaking down the whole structure
into simple components in the factory standardization,
batch production, and then on-site assembly, can reduce
the mold cost, speed up the construction speed, and
improve economic efficiency. The PV solar integrated
assembled facade is in line with the concept of energy
saving, low carbon, and environmental protection, with
significant social benefits, which helps to promote rapidly
in the market. In this article, by analyzing the performance
and characteristics of PV modules, we propose the design
method of PV-integrated prefabricated components for
assembled buildings based on sensing technology, extract
relevant design parameters from the database of building
PV-integrated components, and test the feasibility of the
modeling scheme in four stages of engineering design.
The use of the results shows that the method of this article
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can target to improve the accuracy of PV-integrated pre-
fabricated components, ensure the efficiency of component
production and processing, and play an important role in
supporting the widespread application of modern con-
struction technology for building PV-integrated prefabri-
cated assemblies.

Keywords: sensing technology, installed building, photo-
voltaic integration, prefabricated components

1 Introduction

In recent years, China’s rapid economic growth and peo-
ple’s constant pursuit of a high quality of life have led to
excessive reliance on increasing demand for traditional
energy sources, resulting in a large consumption of tradi-
tional fossil energy sources (coal, oil, and natural gas), thus
causing a serious imbalance in the structure of energy
supply and demand, an intensification of environmental
pollution problems and global climate warming. Among
the various energy-consuming industries, building energy
consumption has become one of the most important energy-
consuming industries and the pollution is more serious, and
the energy consumed by buildings accounts for about 40%
of the total energy consumption [1-3].

Based on the current situation of energy consumption,
the use of renewable energy in buildings to replace part or
even all the traditional energy will become pivotal. China’s
13th Five-Year Plan points out the need to strengthen the
construction of urban clusters of buildings, but the current
energy consumption has become a key factor limiting the
development of the construction industry. The concept of
building photovoltaic integration (BIPV) was first intro-
duced by the World Energy Organization in 1986. At that
time, it was also called zero energy building technology,
which is a new technology of retrofitting photovoltaic (PV)
modules to existing buildings to generate electricity and
supply energy to the buildings to achieve self-generation
and grid access for users. As a product of the organic
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integration of PV technology and a part of the building,
BIPV needs to provide green power to the building while
maintaining the characteristics of the building itself, so it is
necessary to consider the coordination of both aesthetic
and technical levels in the design and installation, which
is called integrated design. Some studies have shown that
BIPV technology can reduce the electricity consumption of
buildings by 33-50% [4-7].

In addition, BIPV modules are integrated into build-
ings instead of being installed as independent PV systems,
which can save building materials, beautify the appear-
ance of buildings, rely on solar power generation to be
clean and environmentally friendly, provide green power
and be used locally, reduce the losses in the process of
power transportation, and effectively alleviate the demand
for electricity during peak periods, which has a very broad
application prospect and has been rapidly promoted at
home and abroad in recent years. In recent years, it has
been rapidly promoted at home and abroad. In the PV
system, the main parts of the PV modules and building
integration and their installation methods are shown in
Table 1.

The application and development of PV building inte-
gration matches renewable energy and power grids to rea-
lize the intelligent energy management of buildings. PV
modules provides green power to buildings, thus alle-
viating the buildings’ over-dependence on traditional fossil
energy and truly responding to the policy call of energy
conservation and emission reduction, green and low
carbon [8-11]. However, traditional PV building integration
systems have many problems, such as taking up extra
space, affecting the aesthetic level of the building, and
the performance that the building originally needed to
assume. Therefore, integrating PV modules and existing
buildings is a huge challenge that the PV industry and

Table 1: Main installation methods of PV modules in buildings

Parts integrated with Main installation methods

the building

Roof horizontal installation

Roof tilt angle installation (installation tilt
angle is related to geographical location)
Roof building material type installation
Wall elevation/tilting installation

Wall building material type installation
Window building material type
installation

Lighted window-type installation
Blackout installation

Shutter-type installation

Building roof

Building facade walls

Building windows

Other parts
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the building sector need to face together and has become
a new way out for transforming and upgrading the tradi-
tional building industry [12]. Compared with foreign
research on the application of PV building integration
for a long time, the domestic PV building integration
industry cannot get universal attention, and the develop-
ment of real estate, design, and energy-saving transfor-
mation in the field of building applications is insufficient.
At present, there are three main ways to combine PV
modules with buildings in the market: open frame, semi-
hidden frame, and fully hidden type. Based on the above
considerations, this article focuses on PV-integrated pre-
fabricated components (PVPC facade) that are directly
combined with concrete walls. The installation method
between the PV module and the wall is the bar-slot type,
i.e,, the PV module is embedded in the bar-slot, and the bar
is fixed to the pre-built steel plate in the concrete by
screws. For evaluating model accuracy and dependability,
it is essential to analyze the mathematical model perfor-
mance of a PV-integrated component test, comprising data
validation, measurement, residual analysis, and the eva-
luation of sensitivity. This installation method can ensure
that the PV module is reliable and does not fall off during
its life cycle, with low cost, easy installation, and easy
operation, which greatly reduces the time and workload
required for installation. In addition, compared with the
traditional slide-in installation, the installation method
proposed in this proposal can fully embed the pressure
strip and PV module into the wall to realize the full con-
cealment of the PV module, which can better meet the
market requirements on the surface flatness and appear-
ance of the wall [13-16]. As an important carrier of building
industrialization, assembled construction is in a stage of
continuous and rapid development, but at this stage, it is
still a labor-intensive industry with great potential for
intelligent development of related business. The assembled
prefabricated components are the foundation and source
of assembled buildings, and software vendors with the
production and construction of assembled prefabricated
components as users have been emerging in the market,
providing management process services of design, quality,
production, and information, but there is still a lack of
mature management for the whole process. Therefore,
integrating the whole process of design, production, and
construction of assembled prefabricated components using
information technology and establishing a set of whole life
cycle management platforms will have a positive impact on
enterprises to realize refined management and promote the
development of industrialization of assembled buildings.
As solar panel research has made greater progress in
recent years, the conversion efficiency has increased
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significantly, and the cost of producing PV cells is steadily
declining, so the application and promotion of PV power
plants are more relevant. Solar panels convert solar energy
into DC energy through the PV effect, connect several PV
modules to form a PV array, and convert DC electricity into
AC electricity through an inverter for use or grid connec-
tion later. Grid-connected PV power plants generally have
a large installed capacity and require many PV modules, so
the footprint of PV-integrated prefabricated components is
large, and therefore the problem of PV-integrated prefab-
ricated component production is becoming increasingly
prominent. The power generation capacity of PV-inte-
grated buildings depends on environmental parameters
such as solar irradiance and ambient temperature. To
ensure the reliable operation of PV-integrated prefabri-
cated buildings, it is essential to collect the operational
data of PV arrays and the surrounding environmental
parameters. Therefore, this article proposes research on
PV-integrated prefabricated components for assembled
buildings based on hierarchical wireless sensor networks
and different convergence relay node deployment cov-
erage schemes according to different scenarios where PV
arrays are located. The hardware platform and software
platform of the data acquisition node and convergence
relay node are designed and implemented, and the ration-
ality of the scheme is verified through experiments [17-19].

2 Related work

2.1 PV integrated prefabricated components

Among all kinds of renewable energy sources, solar energy
is widely used because of its low cost, clean and non-pol-
luting nature, and inexhaustible use. The intensity of solar
irradiation reaching the earth’s surface reaches about 1.8 x
10™ MW, which is many times the current human energy
consumption. In the past few decades, solar PV technology,
which converts light energy into electricity, has been pro-
moted and applied in many countries, especially the inte-
gration of PV modules and buildings, resulting in PV
building integration technology. Experimental studies
and numerical simulations of the thermal performance
of building roofs applying phase change materials (PCMs)
were conducted, and experiments were carried out by cir-
culating water through tubes inside PCM panels to test
their suitability in summer. The integrated PV solar thermal
and building system that can be installed on the roof of a
building can output more electrical energy per unit area
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while providing some or even all the thermal energy to
the building. The analysis of the data from the radiometer
shows that the integrated PV solar thermal building system
installed on the roof can produce 16,209 kW-h of useful work
of electrical energy and 1,531 kW-h of useful work of thermal
energy per year, with a total thermal efficiency of 53.7%. In
most of the PV building integration systems mentioned
above, the PV modules and concrete walls are closely fitted
or have a small spacing, which is not conducive to the recy-
cling of heat energy and the cooling of the PV modules
themselves. An integrated PV building system with natural
ventilation is built, and the results show that the presence of
an air interlayer can effectively reduce the operating tem-
perature of PV modules and thus improve their electrical
efficiency [8,20].

However, in many large cities, due to the shortage of
space on the roofs of buildings, PV modules must be
installed in alternative locations, so the installation of PV
modules on facade walls has been able to gain widespread
attention quickly, and many researchers have studied the
electrical and thermal performance of PV facade walls or
PV facade windows and evaluated the environmental and
economic benefits. However, only a small portion of the
light energy is converted into electricity by the PV module
to supply power to the building, while most of the rest of
the energy is dissipated in the form of heat, resulting in
energy waste. Therefore, the combination of buildings and
PV modules, PCMs, ventilation layer, etc. has also attracted
widespread attention from scholars and engineers. As can
be seen above, most of the PV building integration technol-
ogies that have matured in the market are PV modules
installed on existing buildings, resulting in irreversible
damage to existing buildings caused by PV modules. The
installation and maintenance process requires high profes-
sionalism of operators and consumes more manpower and
material costs, which invisibly increases the installation
cost of PV modules; the traditional PV building integration
system uses structural adhesive or subframe more fre-
quently, which will lead to a mismatch between its life
and system life after the system runs for a longer period
[21-25].

Considering the rapid growth of the global population
and the limited space available in large cities, the organic
combination of precast concrete facade walls and PV mod-
ules is becoming an emerging category of products that
supply energy to buildings without taking up additional
space outside the city. The organic combination of solar
PV modules and prefabricated facade PV integrated pre-
fabricated components consists of pre-built steel plates,
insulation materials, aluminum alloy frames, and amor-
phous silicon modules. Compared with the traditional PV



4 — Yuying Liu et al.

building integration system, in terms of design, the PV-
integrated prefabricated components replace part of the
original building envelope with a new type of PV facade,
which greatly reduces the use of supporting structures and
component frames and avoids damage to the building
facade itself to the greatest extent. The components can
realize the function of heat insulation for the wall in
winter and heat insulation in summer, reducing the air-
conditioning load of the building itself [25-28]. In addition,
the prefabricated components provide green energy for
the building, reduce the peak load of electricity consump-
tion of the building, relieve the burden of the power grid
while increasing the economic benefits of users, and meet
the requirements of contemporary green buildings for
environmental friendliness and economy. This prefabri-
cated component is a new type of green building solution
with broad application prospects in urban prefabricated
assembled buildings, which can be widely used in ordinary
residential buildings, villa buildings industrial and com-
mercial building complexes, etc.

3 Assembled building

On-site assembly is a feature of traditional building tech-
niques, allowing for flexibility and customization in design.
However, they need a lot of labor, which results in incon-
sistent quality and extended building timeframes. Traditional
building methods need effective site management, waste
creation, and safety issues. Compared with the traditional
construction production method, the assembled building is
standardized and integrated in design, assembled and specia-
lized in construction, and can realize the information man-
agement of the whole process, so it has the advantages of
green environment protection, energy saving, and high effi-
ciency, and can better adapt to the current development con-
cept of China. With an emphasis on standardization, design
optimization, and efficiency, the assembled building method
— often associated with modular construction — offers advan-
tages including less waste, cost predictability, uniform quality,
and sustainability while preserving design flexibility. Despite
the early start of assembled construction in China, there are
still some problems in engineering practice due to the limita-
tions of theory and construction technology level, such as
cracks between prefabricated components and small span
between fittings, which lead to low quality of assembled con-
struction projects and restrict its development speed. Thus, it
is of great practical significance to improve the project man-
agement system and strengthen the quality monitoring of
assembled buildings [29,30].
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The vigorous development of assembled buildings is
an important way to promote the transformation and
development of the construction industry. The character-
istics of assembled buildings are mainly reflected in the
following aspects. Establishing standardized part units
can ensure design quality and improve project quality, as
well as reduce duplication of labor and speed up design,
which is of great significance for improving labor produc-
tivity, accelerating construction progress, saving construc-
tion materials, and improving economic efficiency. It can
speed up the construction progress, reduce the number of
construction site operators, reduce the amount of form-
work work, and reduce the pollution emission from the
construction site. It can be said that assembly construction
is an important practice and application of the concept
of sustainable development and has a positive effect on
promoting the transformation and upgrading of the con-
struction industry. For assembled construction, the wide
application of information technology will integrate var-
ious advantages and complement each other to achieve
standardization and intensification of development. In
addition, the openness of information can mobilize peo-
ple’s enthusiasm and promote the sharing of engineering
construction information and resources, thus effectively
solving the problem of disconnection between design and
construction. However, as a new type of building system in
China, the assembled building has high requirements on
the level of designers to ensure the scientific nature of its
design. The construction process of different prefabricated
components is different, and the processing requirements
are also different, so the factory processing technology also
has certain requirements.

For the engineering design stage, it is necessary to
focus on how to split the whole frame of the building
into individual parts and how to reassemble each part
into a whole again on-site. At the same time, assembly
building designers do not have much design experience
to refer to and need to think deeply about the multi-angle
view of prefabricated components, later connections,
reserved holes, and other issues. The quality of prefabri-
cated components needs to be guaranteed in the produc-
tion and processing stages. First, raw materials such as
steel and cement should be checked one by one before
processing to ensure that their types meet the design
requirements. Second, the stiffness and precision of the
mold should be ensured, such as the embedded parts of
precast wall panels, connectors, and reserved hole parts
should be precisely in place. Special attention is needed for
certain special components, such as components with small
cross-sections. Small vibration equipment should be used;
for complex components, the vibration time can be
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extended appropriately to ensure the uniform distribution
of concrete. Extending the vibration period during concrete
installation is essential for compaction and equal distribu-
tion. Air spaces are eliminated using concrete vibrators,
assuring strength and longevity. Over-vibration is prevented
through adjustments based on tangible features and visual
assessment. Durability throughout time is ensured via
quality control procedures. Precast members can be divided
into two stages in the transportation process, one is the
transportation from the factory to the site, which requires
the development of a transportation plan and the plan of
fixed measures in transportation to avoid the precast
members from being damaged. In addition, when the pre-
fabricated components arrive at the construction site,
they should be classified and stacked in an orderly manner
according to the sequence of construction to avoid or reduce
secondary transportation.

4 Methods

4.1 Model structure

The construction of the integrated management platform
for the design, production, and construction of prefabri-
cated components for PV integration of assembled build-
ings is based on building information modeling (BIM) and
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sensors, with intelligent design, intelligent manufacturing
and intelligent construction as the core, covering the whole
life cycle of prefabricated components such as design, sche-
duling, production, inventory, transportation, installation
and settlement, fully applying information technologies
such as industrial Internet, big data, artificial intelligence,
5G communication, cloud computing and virtual reality
with industrial robots and other related equipment to
enhance the intelligence level of integrated design, man-
ufacturing and construction of assembly building PV.
Industrial robots automate the insertion of steel mesh
and the creation of molds for concrete buildings, assuring
accuracy, uniformity, and speed while also maintaining
quality and safety via the design, programming, setup,
and preparation of the concrete mixture. And integrate
various business systems, interoperate, and interconnect
between business and business, and between business and
basic platform, form automatic closed-loop data collection,
and create a unified management platform for assembly of
prefabricated components business (Figure 1).

5 Platform building

BIM technology is a product modeling and application
technology in the construction field. The technology is
based on a three-dimensional model, which provides a
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Figure 1: Model schematic.
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structured representation of information in each stage of
the whole life cycle of a building and supports information
sharing among all participants. Through integrating various
data types, fostering collaboration, offering 3D modeling,
and taking care of regulatory compliance, BIM tech-
nology improves productivity as well as coordination in
design and construction operations. Using BIM technology,
a unified digital design platform is established to open all
links of the whole industrial chain of assembled buildings,
such as R&D, design, production, construction, and opera-
tion and maintenance. BIM is an essential tool for the con-
struction industry, improving operations and lowering
costs by providing data integration, 3D modeling, colla-
boration, cost prediction, scheduling, energy efficiency
analysis, and sustainability assistance. Through BIM for-
ward design, whole-professional whole-process collabora-
tive design, and standardized design, it provides intelligent
PC component deepening design, assembled building
scheme design, and overall design of assembled build-
ings (Figure 2). To increase project efficiency, quality,
and sustainability, the three main design and construc-
tion methodologies — whole-professional whole-process
collaborative design, standardized design, and BIM-for-
ward design — have a lot in common. They all place a
strong emphasis on stakeholder engagement, the use of
technology and digital tools, efficiency, cost containment,
and sustainability concerns. However, they differ in their
unique traits, with standardized design relying on tem-
plates and guidelines and BIM-forward design focusing
on BIM as a collaborative platform. Whole-professional
whole-process collaborative design emphasizes interdis-
ciplinary collaboration. The choice of strategy is deter-
mined by the particulars of the project and the goals of
the stakeholders.

Prefabricated component deepening design is the
design of a component processing diagram combined
with the component production process and construction
process when the assembly scheme is known, and the
design information is automatically transmitted to the
production side, equipment side, and construction side
through the unified digital design platform. Cost savings,
effective resource allocation, simplified operations, quality

Standard Component
Library

Figure 2: Intelligent design thinking.
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control, safety, site layout optimization, environmental
sustainability, client satisfaction, and increased communi-
cation are all benefits of incorporating component manu-
facturing and construction needs into construction project
design. The deepening design stage is organized to form
standard components, coded and stored in the standard
component library. The BIM-based standard prefabricated
components library is shared by design and production
units and can be directly called from the standard compo-
nents library when corresponding to specific projects,
while information on deepening design, production, and
transportation is added to the information extension area
of prefabricated components.

Assembly scheme design is the key to the applicability
and economy of the assembly building and is the basis for
the intelligent construction of the assembly building. To
produce efficient, cost-effective, and high-quality buildings,
assembly schemes optimize structural efficiency; cut down
on construction time and costs; and assure reliability,
security, flexibility, environmental responsibility, project
control, uniformity, and risk reduction. The assembly
scheme design needs to intervene in the architectural
design stage in advance, combining the assembly project
architectural scheme, index requirements, economic goals,
construction conditions, and other factors to select a sui-
table assembly scheme. The scheme stage needs to clarify
the assembly component type, scope, and connection scheme
and consider certain construction techniques. Combined
with the needs of component production and construction
links to provide better assembly solutions for project
builders and general contractors. The BIM platform is
used to establish a unified three-dimensional visualiza-
tion data model, and through BIM-based forward design,
whole-professional whole-process collaborative design,
and standardized design, it achieves seamless data con-
nection and transmission of each profession and the
whole process; realizes the front participation of produc-
tion and construction, digital simulation, and collision
check; and provides the optimal overall design solution
for the assembled building. By offering a unified 3D visua-
lization data model, enhancing design coordination, clash
detection, interaction, project management, estimation of

Collaborative
Design
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expenses, client engagement, facility administration, and
regulatory compliance, BIM platforms improve infrastruc-
ture and construction projects.

6 Sensor module

When a structural member is damaged, the strain mode of
the structure will change, and it is also possible to locate
the damage by comparing the change of strain mode
before and after the damage. To avoid safety risks, load
distribution changes, aesthetic problems, higher repair
costs, legal challenges, lost property value, and operational
disruptions, structural damage must be promptly inspected,
repaired, and maintained. From this, the strain mode differ-
ence at the ith order of the structure can be defined in the
following equation:

Ae(i, j) = (1) = Yl @

where Ag(i, j) is the strain mode difference at node j of the
ith-order mode before and after the damage, and y,,(j) and
U,;(j) are the strain modes at node j of the ith-order mode
before and after the damage, respectively. The location of
the damage can be determined by the sudden change of the
strain mode difference, and thus, the extent of the damage
can be determined by the magnitude of the magnitude.
Compared with acceleration sensors, strain sensors have
their unique advantages in monitoring structural damage:
high sensitivity, which can sense extremely small strains,
and the strain mode is more sensitive to local damage of
the rod than the displacement mode; small size and light-
weight, which are suitable for large-scale arrangement;
better environmental adaptability, strong anti-interference
ability, and can work in various harsh environments; less
influence on the test object, etc. Therefore, this article
focuses on the problem of the optimal arrangement of
strain sensors. Based on the optimal arrangement of strain
sensors, the general framework of this article is divided
into two steps. First, to determine the optimal number of
strain sensors for a certain damage level; second, to find
the optimal arrangement of sensors by iteration of the
optimization algorithm (particle swarm algorithm). Finally, a
one-to-one relationship between the damage level, the optimal
number of sensors, and the optimal solution is established.
The two steps are described separately in the following.

7 Number of sensors

The detection probability of a sensor is usually considered
to have a certain range. About its realistic assessment,
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acknowledgment of variability, handling of unpredict-
ability, acceptance of error, mathematical modeling, safety
borders, layout and conformity, and practical application,
recognizing the difficulty of real-world conditions, the pre-
sumption of a sensor’s detection likelihood inside a specific
range is feasible. When the detected target is located
within the detection range of the sensor, the detection
probability of the sensor decreases as the distance from
the sensor to the detected target increases. Due to the
inverse square law, signal attenuation, reduced sensitivity,
energy conservation, geometric dispersion, environmental
factors, and sensor limits, the likelihood of detecting a
sensor at a distance diminishes. Due to signal attenuation,
a lower signal-to-noise ratio, a lower minimum detection
threshold, sensitivity restrictions, and environmental
conditions, sensor detection diminishes with distance,
decreasing accuracy at longer distances. When the detected
target is located outside the detection range of the sensor,
the probability of the sensor detecting the detected target
decreases greatly and is almost completely undetectable.
Therefore, this detection probability can be roughly written
as follows:

_ pl]: d < dO, (2)

P..
Y lo, d=d,

where p; denotes the probability that the sensor detects
the detected target, i denotes the point number where the
sensor is located, j denotes the point number where the
detected target is in the sensor, d denotes the distance
between the sensor and the detected target, and d, denotes
the detection threshold distance of the sensor. If the number
of sensors is N and assuming that the damage source is the
detected target, then, for any one damage source, the detec-
tion probability of all sensors in the sensor network system
is expressed as follows:

N
p=1-[]a- py. ®3)
i=1

Setting that there are M damage sources in the system,
then the average expression of the probability that a
sensor detects all damage sources in the system is given

pe (Z?/ilpj)' @)
M

When the average value of the probability of detection
of damage sources by all sensors in the network system
expressed in equation (4) reaches a maximum value or
tends to a stable value, the minimum number of sensors
obtained can be considered as the optimal number of sen-

sors to be arranged.
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8 Optimal setting of sensors

For a multi-degree-of-freedom system, its equation of motion
is shown in the following equation:

MX + DX + KX = P,

5
X =q%; + ¢, ©)

where M and K are the mass and stiffness matrices of the
system, respectively, D is the structural damping matrix,
and P is the external force action. X is the displacement
vector of the system, ®; is the displacement vibration mode
of the structure, q is the modal coordinate, and € represents
the effect of Gaussian white noise with mean 0. Modal
coordinates are essential for sensor optimization in struc-
tural health monitoring and vibration analysis, but over-
coming uncertainty and accuracy difficulties requires
sophisticated methodologies and structural dynamics
knowledge. The displacement vector X of the system
can be obtained from the linearly independent informa-
tion of the modal vector obtained by the sensor, but the
modal coordinates q are difficult to obtain and generally
must be estimated, and the estimated value q is obtained
in the following equation:

Na = (X - q®¢)'(X - q®y). (6)

When Na takes the minimum value, the estimated
value of modal coordinates g is obtained at this time.
Therefore, by taking the derivative of Na concerning the
modal coordinate g and making the derivative zero, the
expression of the least squares estimate of the modal coor-
dinate can be obtained as follows:

G = (DiDy)DX. )

It can be mathematically analyzed to obtain q as an
unbiased estimate of the modal coordinate g. At this point,
the covariance of q is

-1
[c] = [%cb;fcbs] - %[Q]‘l, ®)

where [Q] is the Fisher information array, which measures
the amount of information contained in the structural
response, so the sensor setup can be optimized by maxi-
mizing the Fisher information array determinant.

9 Prefabricated component
production

The raw material engineering bill of materials (EBOM) is
automatically generated by the BIM platform and then
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automatically transformed into product bill of materials
(PBOM) by the production management system. The crea-
tion and manufacture of products depend heavily on
PBOM and EBOM. While EBOM is more concerned with
engineering, design, and functional considerations, PBOM
defines materials, components, quantities, and assembly
instructions. Reduced mistakes, cost savings, quick design
modifications, greater cooperation, improved supply chain
management, data integrity, and flexibility to company
development and global markets are just a few advantages
of automated EBOM to PBOM conversion. The system auto-
matically generates raw material procurement plans and
purchase orders by combining PBOM, raw material inven-
tory, and order production tasks. Achieving precise com-
putations, real-time inventory surveillance, predicted
demand, automatic reorder points, shorter lead times,
and enhanced connections with suppliers are all made
possible by combining PBOM, raw material inventory,
and order manufacturing operations. The system makes
full use of big data analysis, data mining, and AI algorithms
to solve the problems of intelligent scheduling, resource
allocation, and job-shop scheduling. Regression analysis
is often used to study the relationship between dependent
and independent variables and can make predictions. By
identifying mathematical correlations between indepen-
dent factors and dependent variables, regression analysis
is a vital technique for forecasting outcomes, offering
insightful information for policy and decision-making. It
is used to study and explore the corresponding relation-
ship between variables through training and continuous
automatic learning correction of data models with a large
amount of data and to make reasonable resource alloca-
tion adjustments based on the predicted value to achieve
the role of aiding decision-making. Advanced communica-
tion technology is used to link production management
systems, assembly line control systems, intelligent equip-
ment control systems, and other related information
systems organically to realize data interconnection and
interoperability to create automation and intelligence of
the whole production and manufacturing process.

The system realizes the automatic feeding and shearing
of raw materials of steel bars according to BOM and trans-
mits them to the automatic welding machine of steel mesh
through the transmission device and realizes the auto-
matic production of steel mesh. The scribing machine
automatically scribes the lines according to the design
drawings, and the laying out of the mold and the place-
ment of the steel mesh are done by industrial robots to
realize the automation of the mold-forming process. For
autonomous demolding and cleaning, industrial robots
are used in a variety of sectors. This improves product
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quality, lowers labor costs, and contributes to cleanliness,
efficiency, and precision. The system automatically calls
for material according to the production progress of the
production line, automatically places fabric, automati-
cally vibrates, automatically pulls the hair, and realizes
an unmanned fabric process. The system intelligently
plans the position of the maintenance kiln, reduces the
time of entering and leaving the kiln, and maximizes the
utilization rate of the maintenance kiln. Predictive main-
tenance, condition monitoring, effective processes, trained
labor, safety measures, remote monitoring, automation,
data analytics, and emergency response planning are all
part of the system for minimizing kiln downtime and
maximizing utilization. Application of industrial robots
to achieve automatic demolding and automatic cleaning
of the mold table.

10 Experiments and results

10.1 Experimental setup

The PV integration prefabricated components are com-
pleted in the factory for trial production. The concrete
wall is first fabricated in the factory; after the wall is fab-
ricated, the amorphous silicon thin-film solar modules are
embedded in the prefabricated concrete wall recesses
according to the specific installation plan, which means
that the PV modules are installed on the facade. If the
wall needs to be installed with windows, the space can
be reserved during the precast concrete wall for window
installation later, and the size of the reserved holes can be
designed according to the window size.

The amorphous silicon thin film module is embedded
in the reserved groove of the precast concrete wall, and the
wall is filled with thermal insulation material between the
module and the wall. The thermal insulation material can
not only form thermal insulation for the wall but also has a
certain buffering effect, which makes the precast compo-
nent as a whole flatter and more beautiful, so it can better
meet the user’s requirements for the overall aesthetic level
of the building. Utilize high-resistance substances, layer
insulation, seal air leaks, optimize wall design, take thermal
mass into account, utilize roof overhangs, install energy-effi-
cient windows and doors, assure proper ventilation, inves-
tigate thermal mass materials, consider green roofs, and
regularly inspect insulation to ensure it is still effective.
With their selection based on construction needs, thermal
insulation materials offer insulation on walls, minimizing
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heat transfer, moderating indoor temperatures, increasing
energy efficiency, and providing comfort in buildings. A
total solar radiation meter mounted on the facade wall
directly measures the total solar irradiation to the facade,
and a separate thermocouple is placed in place to measure
the ambient temperature around the prefabricated element.
The output of the total solar irradiation meter is a voltage
signal, which is transformed by a standard transmitter to
output a standard current signal of 4-20 mA. In addition,
symmetrical thermocouples are arranged on the surface of
the PV module, the contact between the PV module and the
insulation material, the contact between the insulation
material and the concrete wall, and the inside of the con-
crete wall, and the temperature at each contact surface
over time are averaged from the thermocouple measure-
ments on that surface. Finally, the signals collected by the
data collector and temperature collector are transmitted
to the computer or cell phone terminal to complete the
acquisition of experimental data.

The experimental data collected during the experi-
ment are selected for further analysis of the experimental
results on certain typical days; in addition, these experi-
mental data can be used to verify the non-stationary math-
ematical model proposed in this paper and to perform
error analysis on the mathematical model. The data were
collected from the comparison graph of the theoretical
simulation and experimental results of different cladding
for the PV-integrated prefabricated members on November
24, 2021. As shown in Figure 3, the simulation time is from
8:00 a.m. to 5:00 p.m., and one data point is collected every
10 min.

10.2 Experimental results and analysis

Based on the model validation results, the agreement
between the numerical simulation results and the experi-
mental data can be calculated, i.e., expressed in terms of
the mean absolute error and root mean square error pre-
sented above, and the calculated results are shown in
Figures 4 and 5. As can be seen from the figure, the
mean absolute errors of the four cladding layers of the
PV-integrated prefabricated members range from 0.37
(cladding layer 3) to 1.48 (cladding layer 2), while the
mean absolute errors of the cladding layer 1 and cladding
layer 4 are 1.19 and 0.85, respectively. For four claddings,
the study compares the outcomes of numerical simulation
with experimental testing, revealing faults using metrics,
graphs, tabular data, sensitivity analysis, and model
improvement suggestions. In addition, the figure also
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Figure 3: Schematic diagram of PV integrated prefabricated components experimental system construction.
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Figure 5: Evaluation metrics RMSE.

shows the root mean square errors of the four cladding
layers, the smallest of which is 0.46 for cladding layer 3
and the largest of which is 2.03 for cladding layer 2.
Although there are some errors between the numerical

simulation results and the experimental data for the
four claddings, the numerical simulation results are con-
sidered reasonable and reliable considering the various
influencing factors (ambient wind speed, heat transfer
coefficient, etc.), and the errors are within the allowable
range.

The results show that the experimental temperatures
of cladding 1 (the outer surface of the PV module), cladding
2 (the contact surface of the PV module and insulation
material), and cladding 3 (the contact surface of insulation
material and concrete wall) are generally consistent with
the theoretical results, but cladding 4 (the inner surface of
the concrete wall) is slightly different, mainly because it is
assumed that the inner surface of concrete wall is in indoor
environment in the simulation process, but the actual pro-
cess The interior surface of the concrete wall is in an out-
door environment. Therefore, external factors, such as the
radiative heat exchange with the sky, lead to slight devia-
tions between the experimental data and the numerical
simulation results.

Figures 6 and 7 summarize the power generation effi-
ciency of PV modules when different thicknesses of insula-
tion or air interlayer are used. In a solar module, the air
interlayer serves as thermal insulation minimizing heat-
induced deterioration and improving energy yield, stabi-
lity, and longevity, specifically in high-temperature areas.
This considerably increases the efficiency of power genera-
tion. Utilization factor represents the rate of reduction in
power generation efficiency of PV modules when com-
pared to PV modules without interlayer as the thickness
of insulation or air interlayer increases. As can be seen
from the figure, when the sandwich thickness is greater
than 40 mm, the effect of the sandwich thickness on the
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Figure 6: Power generation efficiency at different insulation/air interlayer thicknesses.
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Figure 7: Utilization factor at different insulation/air interlayer thicknesses.

electrical performance of the PV module is negligible.
Unlike most conventional PV building integration, the
power generation efficiency of PV-integrated prefabricated
components gradually decreases as the thickness of the air
interlayer, which is almost at rest, increases.

11 Conclusion

The assembled building technology is always advocated to
implement the road of transformation and upgrading of
the construction industry, and the integration of PV
technology and prefabricated assembly technology is a
powerful means to achieve the energy-saving goal of indus-
trialized buildings. The integration of PV modules and

prefabricated facades can be combined with both the
implementation of renovation for existing buildings and
the assembly of building technology to consider the
integration of PV systems and assembly prefabricated
components together into PV integrated prefabricated
components at the same time of building design.

This article proposes the research of PV-integrated pre-
fabricated components for assembled buildings based on
sensing technology with solar energy support, which will
provide a primary energy supply system for the building
when assembling and constructing the house, making the
system and the building truly become a whole, designed
and constructed at the same time and used at the same
time, eliminating secondary construction, which is a
powerful means to achieve the energy-saving goal of
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industrialized buildings. Moreover, around the overall goal
of green low-carbon, energy saving, and emission reduc-
tion and the specific goal of realizing building energy
saving, from the perspective of energy-saving renovation
of existing buildings and green and renewable energy
utilization of new industrialized buildings, focusing on
technological innovation, industrial innovation, model inno-
vation and industry innovation.
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