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ABSTRACT 

With the development of  renewable energy technology and the pursuit of  sustainable development in the 

construction industry, the design of  direct-soft photovoltaic systems integrated with buildings has become 

an important research direction. In this paper, a variety of  photovoltaic power generation modules are 

selected and combined with building roof  functions to design a solar photovoltaic building integration 

system. In addition, this paper constructs a multi-objective optimization configuration model, improves the 

multi-objective particle swarm algorithm, and analyzes the optimization effect of  the improved particle 

swarm algorithm on the photovoltaic building integration system by using multiple sets of  test functions 

and evaluation indexes, combined with a number of  experiments. The improved particle swarm algorithm 

in this paper converges to the optimal value of  0.21 when iterating to 25 rounds. And with the increase of  

the number of  nodes, the optimized particle swarm algorithm, the distribution of  node voltages in the 

vicinity of  the standard voltage. The PV building integrated system designed in this paper still has a 

generation output efficiency higher than 85% after 20 years, which shows good stability of  power 

generation. And the power generation in its whole life cycle is about 1645710kwh, which greatly reduces 

the consumption of  conventional energy. In conclusion, the PV building integrated system in this paper 

not only has significant advantages in terms of  capacity efficiency, but also shows strong potential for 

environmental protection. 

Keywords: multi-objective optimization algorithm, improved particle swarm algorithm, Pareto solution set, 

photovoltaic building integration 

 

1. Introduction 

Photovoltaic building integration is a design approach that integrates solar power (PV) technology into 

buildings. It not only converts solar energy into electricity, but also serves as a part of  the building material 

with dual functions of  power generation and construction [1-4]. In recent years, with the increasing 

demand for renewable energy and the deepening of  the green building concept, photovoltaic building 
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integration has gained widespread attention and application worldwide [5-7]. However, the development 

of  this field also faces some challenges, such as inconsistent technical standards and difficult design and 

construction. Therefore, it is of  great significance to establish a perfect standard system for PV building 

integration to promote its healthy development [8-11]. 

The specific realization of  photovoltaic building integration includes facade photovoltaic building 

integration, roof  photovoltaic building integration, shading photovoltaic building integration, and window 

photovoltaic building integration [12-14]. Photovoltaic building integration shows many advantages, 

including saving land resources saving land resources, improving building energy utilization, beautifying 

building appearance and reducing building carbon emissions [15-17]. In conclusion, PV building 

integration is the combination of  PV power generation system and building to realize the organic 

integration of  power generation and building functions. It is an important part of  sustainable development 

and green building, and has a broad application prospect [18-20]. 

This study proposes an integrated design method based on multi-objective optimization algorithm for 

direct-flex photovoltaic (PV) buildings, which selects suitable PV power generation components such as 

PV arrays, inverters, and batteries to be combined with building roofs, and realizes the integration of  power 

generation PV and roof  functions (e.g., daylighting, heat insulation). In addition, this paper designs an 

improved multi-objective particle swarm algorithm photovoltaic building optimization strategy, and 

evaluates the optimization effect of  the multi-objective particle swarm algorithm by using the ZDT2, 

ZDT4, ZDT7 test functions, as well as the GD, SP, ER evaluation indexes in combination with simulation 

experiments. 

2. Solar-based integrated design for direct-flex photovoltaic buildings 

2.1. Solar photovoltaic systems 

A system is capable of converting solar radiant energy into electrical energy through a combination of 

components, with individual submembers interacting with each other. Among these sub-members, a 

member called PN junction is the core of the whole device, which can move through the molecules and 

photogenerated voltammetric effect occurs. The schematic diagram of a solar cell is shown in Figure 1. 

When the amount is greater than the energy at which the electrons are bound, the electrons escape, and 

the increase in free electrons is followed by the creation of electron-hole pairs. In order to maintain the 

balance of the field, the electric field acts as a supervisor to drive the free electrons towards the N-type 

region and the holes are driven towards the P-type region, separating the two. 
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Fig. 1. Solar cell power diagram 

2.2. Solar PV system architecture  

2.2.1. Photovoltaic arrays. Photovoltaic module array will be the photovoltaic cells to connect the work 

of the complex, in accordance with the system requirements as well as user needs, series, parallel connection, 

the formation of the array. Photovoltaic array is the main constituent element of the photovoltaic power 

generation system, all components in the system are for its services, to his main in meeting their own 

operational stability, reasonable configuration. 

2.2.2. Inverter. Inverters are used to transform the type of current and current-voltage difference of the 

PV system. There are two ways to categorize inverters, one is to classify them according to the mode of 

operation, the mode of operation is divided into grid-connected and independent, and named as such, they 

are classified as grid-connected inverters and independently operated inverters. The other is according to 

the output waveform, the output waveform has square wave and sine wave, will be divided into square 

wave inverter and sine wave inverter. 

2.2.3. Storage batteries. Battery, as the name suggests, is a battery that saves electricity, similar to a 

rechargeable battery. For photovoltaic systems, the requirements for the battery are very high, requiring 

it to have: low self-discharge, high charging efficiency and good stability. Special attention is paid to the 

grid-connected photovoltaic power generation system in the operation of the battery is not required, so 

the battery only exists in the independent photovoltaic system 

2.2.4. System controller. The system controller, the core processor of the entire system, controls the 

distribution of current in the PV system. The stronger the technology in the solar PV industry, the more 

powerful the controller, which can integrate traditional building blocks with multiple roles. 

2.3. Integration of PV Modules with Building Roof Functions 

Photovoltaic building integration, as a new whole design mode, is a holistic design of photovoltaic system 

and building. It is mainly divided into two modes, one is Building AttachedPhotovoltaic (BAPV), which is 

an ordinary PV module directly placed on the building and fixed on the building by physical or chemical 

methods. The second is Building Integrated Photovoltaic (BIPV), which is the solar PV building 

integration proposed in this paper. In BIPV can realize the PV system and the building to realize from the 

design institute design at the beginning of the design, construction team construction at the same time 

construction, installation team installation at the same time, completely PV system as a part of the building, 

PV system and the building for integrated design. 

2.3.1. Integration of Photovoltaic Power Generation and Roof Lighting. In this paper, an integrated PV 

roof structure based on the integration of PV modules and ETFE air pillow system is designed.ETFE 

membrane is a kind of membrane structure polymerized with ethylene and tetrafluoroethylene as raw 

materials. As a new type of PV power generation and lighting integrated roof, this roof structure combines 

the advantages of PV system and ETFE air pillow structure, the ETFE membrane structure has a high 
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light transmittance, which ensures that the inner PV module receives enough solar radiation, and the 

unique internal structure of the ETFE air pillow system also provides a layer of protective film for the 

solar cells, so that the internal cells are protected from the wind and rain and other external unfavorable 

factors. The unique internal structure of the ETFE air pillow system also provides a protective film for the 

solar cells, so that the internal cells are protected from the wind and rain and other external adverse factors. 

2.3.2. Integration of Photovoltaic Power Generation and Roof Ventilation and Cooling. In this paper, 

the PV ventilation cavity is set to optimize the ventilation and heat dissipation function of the roof. In order 

to increase the convective heat dissipation between the modules, reduce the battery temperature and 

improve the thermal insulation performance of the roof, a ventilation chamber can be reserved between the 

modules and the roof. The PV modules themselves can absorb most of the solar radiation, thus reducing 

the direct sunlight to the roof, and the ventilation cavity can utilize the heat pressure and wind pressure to 

discharge the hot air. 

2.3.3. Integration of  Photovoltaic Power Generation and Roof  Shading and Heat Insulation: 

1) Installation of photovoltaic sunshade. The photovoltaic sunshade is not limited by the roof equipment, 

and can form a complete power generation system, and the installation of photovoltaic sunshade can retain 

the use of roof area, without affecting the power generation function on the premise of the roof above the 

formation of a gray space that can be protected from the sun and rain, and increase the comfort of the roof 

space. 

2) Installation of additional photovoltaic panels. Additional photovoltaic panels can block most of the solar 

radiation and convert it into electricity, lowering the indoor temperature and reducing the energy 

consumption of air conditioning, as well as reducing the erosion of ultraviolet rays and other natural factors 

on the roof to extend the service life of the roof. And photovoltaic panels have the role of thermal insulation, 

can slow down the heat conduction and absorption of the roof. 

2.3.4. Integration of  photovoltaic power generation and roof  waterproofing: 

1) Use of constructed photovoltaic tiles. PV tiles can make better use of the waterproofing of PV modules 

without the need for sealing materials, and can be structurally waterproofed only by the lapping of the 

components. Later maintenance is also more convenient, PV tiles can be replaced by a single piece of mobile 

replacement, if there is damage to the component, it can be replaced by a single piece without the need to 

dismantle all of them. 

2) Photovoltaic racking infusion. The use of PV bracket infusion and other structural waterproofing 

strategies, installed on both sides of the PV bracket water guide tank, usually using a combination of W-

guide and U-type water guide tank. As the water channel is prone to water return and leakage in case of 

excessive drainage, additional waterproofing layer still needs to be laid below the base of the infusion 

bracket in areas with heavy rainfall. 

3. Optimization of photovoltaic building configuration based on improved multi-
objective particle swarm algorithm 

3.1. Multi-objective optimal allocation model for PV allocation 

3.1.1. Mathematical models: 

1) Total annual cost of PV. PV cost = purchase cost + annual maintenance fee. The total annual cost, 

annual subsidy fee and annual revenue are calculated as in the following equation: 
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Among them, pvC , svC  and eeC  are the annual total cost, annual subsidy fee and annual total revenue 

of PV equipment, respectively, pv  is the purchase cost of PV equipment, r  represents the discount rate, 

pvm   represents the annual life of the equipment, pvP   is the total purchased power of PV, pvU   is the 

annual maintenance fee per unit of power of PV equipment, gC  is the subsidy cost of each unit of tariff, 

siC  is the unit of feed-in tariff, and cC  is the capacity factor. 

2) Active line loss of distribution network. Its calculation formula is as follows: 

   2 2

1

2 cos
N
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where, lossf  is the total active line loss of the system, N  is the total number of lines in the distribution 

network, ijG  the conductance from node i  to node j , iU  and jU  are the voltage magnitudes at node 

i  and node j , and i  and j  are the phase angles at node i  and node j , respectively. 

3) Distribution grid voltage deviation. In this paper, the voltage deviation after the PV equipment is 

connected to the distribution network is taken as one of the objective functions, and its specific formula is 

as follows: 
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where, U  is the total active line loss of the system, iU  is the total number of lines in the distribution 

network, and expU  is the conductance from node i  to node j . 

3.1.2. Constraints: 

1) Currents constraints. The calculations are shown below: 
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iiG  and ijB  represent the conductance and conductivity from node i  to node j , iU  and jU  are 

the magnitude of the voltage amplitude at node i  and node j , i  and j  are the phase angles at node 

i  and node j , respectively, and isP  and isQ  are the injected active and reactive power at node i  and 

node j , which are calculated as follows: 

 
is iload ipv

is iload ipv

P P P

Q Q Q





 

 
 (5) 



22 XU ET AL. 

iloadP  and 
iloadQ  represent the active and reactive power consumed by node i  and node j , and ipvP  

and ipvQ  are the active and reactive power when injected by node i  and node j . 

2) Voltage range constraints: 

 min maxiU U U   (6) 

where minU  and maxU  represent the two extremes of the voltage allowed in the distribution network. 

3) PV access point power constraint and total PV power constraint: 
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where, ipvP  is the distribution node i  PV equipment installation power, maxiP  is the maximum value of 

distribution node i  PV equipment installation power allowed, M  is the total number of PV equipment 

installation nodes, and maxP  is the total PV equipment installation power. 

3.2. Multi-objective optimization 

1) Objective function: 
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2) Constraints: 
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 nf x  is the objective function,  g x  is the inequality constraints, and  h x  represents the equation 

constraints. Multi-objective optimization is to find a Pareto  solution that satisfies all constraints in the 
domain of definition of x . 

3.3. Improved multi-objective particle swarm algorithm 

3.3.1. Elementary Particle Swarm Algorithm. The mathematical expression of a particle swarm is 

defined as follows [21-22]: 

Assuming that L  particles form a population in a D -dimensional search solution space, the position 

of the i th particle in the m rd iteration is defined as: 

  1 2, , , , 1, ,m m m m

i i i iDX x x x i L     (10) 

The velocity of the ith particle in the mth iteration is defined as: 

  1 2, , , , 1, ,m m m m

i i i iDV v v v i L     (11) 

The historical best position of each particle in the mth iteration is defined as: 
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The historical best position of the entire particle population in the mth iteration is defined as: 

  1 2, , , , 1, ,m m m m

i i i iDS s s s i L     (13) 

The position and velocity of the particle are updated by the following equation: 
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   is representing inertia weights; 1C   and 2C   are representing individual acceleration factors and 

population acceleration factors; 1r  and 2r  are random numbers between 0 and 1, respectively; and   is 

known as the constraint factor. 

3.3.2. Algorithmic topology. The following figure reflects the different ways in which particles 

communicate with each other, and the variety of particles connected to each other shows the variety of 

particle-to-particle communication [23]. The particle swarm topology is shown in Fig. 2. 
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Fig. 2. Particle topology 
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3.3.3. Handling of  out-of-bounds particles. The velocity of the particle at the time of update 1

max

t

iV V  . 

Assuming that the position vector crosses the boundaries of the search, in this paper we use the reset 
method as a solution, i.e., randomly resetting the particle once it flies out of the allowed search space. 

3.3.4. Algorithm parameter selection: 

1) Number of particles: generally takes the value of 30 to 40. 

2) Particle velocity: randomized with the purpose of allowing the particles to vary moment to moment in 

the decision space. 

3) Learning factor: the parameters of C1, C2 control the optimal learning towards itself and globally, 

respectively. 

4) Inertia weights: when 1   , the acceleration of the particles becomes larger, when 1    the 

acceleration of the particles becomes smaller, and it is found that  0.8,1.2  converges well. Nowadays 

most of the schemes used are linearly decreasing and the value of   can fluctuate from 0.9 to 0.4. The 

expression is given below: 

    max

max

1ini end
endt T

T

 
 


    (16) 

where maxT  is defined as the maximum number of iterations; ini  is the initial weight; and end  is the 

weight value at maxT . 

3.3.5. Improved multi-objective particle swarm algorithm. The particle swarm algorithm based on 

Pareto algorithm can be combined with multi-objective optimization to solve multi-objective optimization 

problems [24-25]. Divided into the following steps, the flow of the improved particle swarm algorithm is 

shown in Figure 3. 

1) Selection of individual optimal solution. 

2) Selection of population optimal solution. 

3) Acquisition and maintenance of Pareto solution set. 
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Fig. 3. Improves the flowchart of particle swarm algorithm 

3.4. Multi-objective optimization of test functions and evaluation metrics 

In order to have a better comparison of the algorithms, the test functions ZDT2, ZDT4, and ZDT7 are 

introduced in this paper with the following expressions: 

ZDT2 with convex Pareto front: 
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ZDT4 consisting of a plurality of discontinuous convex surfaces: 
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The target space is not uniformly distributed ZDT7: 
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In addition, the following models were used as evaluation metrics: 

1) GD  Measure 

The metrics for evaluating the distance between the Pareto frontier and the true frontier are expressed 

as follows: 
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where n   represents the number of non-inferior solutions and m   represents the number of objective 

functions. 

2) SP  Measure 

The specific metrics for determining the uniform distribution of the sought solution set are expressed as 

follows: 

  
2

1

1

1

n

i

i

SP d d
n 

 

  (22) 

 
1

1 n

i

i

d d
n 

   (23) 

3) ER Measure 

It is used to record the magnitude of the proportion of non-inferior solutions obtained by the algorithm 

that do not belong to the true frontier, with the following expression: 
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n
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where 0ie   indicates that non-inferiority belongs to the truest frontier, and once it tends to 1 more and 

more it indicates less and less true. 

4. Multi-objective optimization algorithm for photovoltaic building integration 
system application analysis 

4.1. Multi-objective optimization analysis based on improved particle swarm algorithm 

In order to verify the effectiveness of the adopted improved multi-objective particle swarm algorithm in 

the configuration of photovoltaic (PV) equipment in the distribution network, this paper simulates and 

analyzes the configuration of PV equipment using the IEEE-33 distribution network node. 

The particle swarm algorithm program is written and tested on Matlab with the following parameter 

settings: particle swarm algorithm N=100, maximum number of iterations k=200, learning factor 

C1=C2=1, inertia weights = [0.4,0.9]. 
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Figure 4 shows the convergence results of the objective function of the multi-objective function model. 

Fig. 5 demonstrates the comparison of node voltages for the multi-objective function model. 

From Fig. 4, it can be seen that the improved particle swarm algorithm has better results than the 

standard particle swarm algorithm, which converges to the optimal value of 0.31 in the 90th iteration, 

while the improved particle swarm algorithm converges to the optimal value of 0.21 in the 25th iteration, 

thus realizing the goal of reducing the network loss and the deviation of the node voltage. 

 

Fig. 4. The result of the target function 

Simulation experiments show that the improved PSO algorithm converges more efficiently than the 

standard PSO algorithm and has higher accuracy when solving the reactive power optimization problem 

of distribution networks with DG. 

From the data in Fig. 5, it can be seen that with the increase of the number of nodes in the three models, 

the voltage shows the trend of “decrease-recovery-decrease”. The voltage of the unincorporated 

photovoltaic with the increase in the number of nodes has a larger downward trend, when the number of 

nodes is 14, the voltage is as low as 0.097. When the number of nodes is increased to 25, the optimized 

particle swarm algorithm, the node voltage is in the vicinity of the standard voltage, which is in line with 

the voltage standard, and has a positive significance on the maintenance of the stability of the power system. 

 

Fig. 5. Multi-objective function model node voltage contrast diagram 
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4.2. Simulation experimental results of multi-objective particle swarm algorithm 

In order to evaluate the performance of the multi-objective optimization algorithm more objectively, this 

section will test the particle swarm algorithm using the test function, draw the distribution of the 

nondominated solution set obtained by the final optimization of the algorithm and the real Pareto front of 

the test function respectively, and visually compare the gap existing between them. 

Set the maximum size of the Pareto solution set as 200, run the improved multi-objective particle 

algorithm, and get the Pareto solution set as shown in Figure 6. From the figure, it can be seen that the 

solutions in the Pareto solution set have smaller and smaller network losses and voltage deviations as the 

total annual cost of PV increases. For example, when the total annual PV cost increases from 2 to 38, the 

network loss decreases from 0.049 to 0.021. 

 

Fig. 6. Pareto solution set 

The multi-objective optimization algorithm is tested using the three test functions mentioned above, i.e., 

ZDT2, ZDT4, and ZDT7, with a population size of N = 100, and 500 iterations uniformly on each test 

function, and the distribution of the solution set in the objective space is plotted by comparing the results 

obtained with the true Pareto frontiers of these test functions, and the distributions of the test functions 

on f1 and f2 are shown in Fig. 7. 

It is obvious from the distribution plots of the true Pareto frontiers of the above three test functions and 

the non-dominated solution set obtained by the algorithm that the multi-objective optimization algorithm 

has a relatively uniform distribution of the solutions on the above three test functions and is distributed 

over the entire true Pareto front surface. It proves the powerful ability of the algorithm proposed in this 

paper. 



A MULTI-OBJECTIVE OPTIMISATION ALGORITHM BASED DESIGN 29 

 

Fig. 7. The test function is distributed on f1, f2 

Using the algorithm of this paper, 50 tests were conducted for ZDT2, ZDT4, and ZDT7 test functions 

respectively, and the measured values of GD, SP, and ER in the tests were recorded and their average 

values were calculated. The average values of the evaluation index measurements are shown in Table 1. 

As can be seen from the table, such as ZDT2, ZDT4, ZDT7 on the GD for 50 tests of the mean value of 

0.0053, 0.0061, 0.0057, respectively, on the three test functions, the mean value of the two evaluation 

indicators of the GD, SP tends to 0, indicating that the non-inferiority of the algorithms proposed in this 

chapter sought non-inferiority of the solution is more in line with the actual frontier in. And the ER 

measures of the three test functions are close to infinitesimal, indicating that the non-inferiority solutions 

solved by the algorithm proposed in this paper are real. It indicates that the algorithm in this paper 

converges more accurately in the real Pareto frontiers. 

Table 1. Evaluation index measure 

 ZTD2 ZTD4 ZTD7 

GD 0.0053 0.0061 0.0057 

SP 0.0024 0.0075 0.0033 

ER 0.0005 0.0003 0.0007 

4.3. Pareto non-dominated solution set assignment analysis 

For the building multi-objective optimization decision-making problem, the weight value reflects the 

relative importance between different optimization objectives, and the correct selection and use of weight 

coefficients for different decision-making problems can ensure the operability of the decision-making 

process and the credibility of the decision-making results. 

In order to verify the performance of the improved particle swarm algorithm in PV building integration 

design, this section compares it with common assignment methods, entropy weight method, CRITIC 

method, and hierarchical analysis method. Four assignment methods are used to assign the Pareto 

nondominated solution set, including the building whole life cycle carbon emissions (WC), building 

operation energy consumption (WE), and the percentage of all-natural lighting (WDA).The assignment 

results of the Pareto nondominated solution set are shown below in Fig. 8. 

From the data in Figure 8, it can be intuitively seen that with the change of the assignment method, the 
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weights of the indicators obtained from the calculation also change. For example, the weights calculated 

by the algorithm of this paper, entropy weight method, CRITIC method, and hierarchical analysis method 

on the carbon emissions of the whole life cycle of the building are 0.516, 0.496, 0.648, 0.434, respectively.In 

addition, the weight coefficients of the CRITIC method in the Pareto nondominated solution set are not 

uniformly distributed, which is because the method only considers data similarity between different 

objectives when determining the weights, and does not consider the importance of the indicators. Similarity 

and does not consider the indicator importance. 

For the same decision problem, the uniformity of the weight distribution of each optimization objective 

can reflect the advantages and disadvantages of the assignment method used: the uniformity of the weight 

distribution can avoid over-emphasis on the influence of a single indicator on the results, which can help 

the decision maker to consider the problem more comprehensively, and ensure the fairness and objectivity 

of the decision-making process, which is more in line with the decision maker's expectations. 

 

Fig. 8. The result of the empowerment of the pareto non-dominant solution 

4.4. Annual Capacity Effectiveness Analysis of Photovoltaic Building Integration Systems 

In order to verify the effect of the capacity of the solar PV building integrated system designed in this 

paper, this section utilizes PVsyst to simulate the power generation of the BIPV system on the rooftop of 

this scheme. 

The project is located in a university campus in a district of a city in a province. The east and west sides 

of the site are large green areas, the south and west sides are adjacent to the school river, and the traffic is 

mainly connected to the main campus road through the south side branch road. The irradiation amount of 

this area is about 1150-1500 kW-h/m², which belongs to the area rich in solar energy resources and has 

good value for solar energy utilization and development. The project has a total building area of 3150m², 

building height of 16.7m, main body of 4 floors, local 3 floors, mainly for teachers and graduate students 

to conduct scientific research experiments, training and teaching. The building form is a frame structure, 

and the service life of the building is 40 years. The roof of the building is flat. 

The monthly distribution of power generation from the BIPV system is shown in Figure 9. From the 

distribution of power generation, the overall power generation of the BIPV system varies greatly from 

month to month, with January being the trough of power generation, mainly due to the influence of weather 

and poor radiation conditions, and the roof power generation is the largest in August, which is 13,710kwh. 
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Fig. 9. The BIPV system generates monthly distribution of electricity generation 

In addition, according to the manufacturer's product information, the attenuation rate of PV modules is 

around 1.7% in the first year, and the average annual attenuation rate is around 0.5% from the next year 

onwards, and the power generation output efficiency of PV modules is predicted in this section for 20 years. 

The PV module decay rate and power generation output prediction is shown in Figure 10. From the figure, 

it can be seen that after 20 years, the attenuation rate of PV module is 13.27%, and the output efficiency is 

not less than 85%. And the full life cycle power generation output of BIPV is about 1645710kwh. 

 

Fig. 10. Photovoltaic component attenuation rate and output forecast 

5. Conclusion 

This paper utilizes a variety of photovoltaic (PV) power generation modules in combination with buildings, 

aiming to realize the integration of PV power generation with roof lighting, cooling, and heat insulation. 

A multi-objective optimization model of PV configuration is constructed, the multi-objective particle 

swarm algorithm is improved, and its performance in the PV building integration system is evaluated and 

analyzed by using test functions and evaluation indexes, combined with simulation experiments. 

1) The improved particle swarm algorithm in this paper converges to 0.21 when iterating to 25 rounds, 

which reduces the network loss and node voltage deviation. The optimized particle swarm algorithm, with 
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the increase of nodes, its node voltage reaches the standard of voltage. 

2) The total annual cost of PV increases, and both network loss and voltage deviation are reduced. And 

the solution of this paper's algorithm on ZTD2, ZTD4, ZTD7 test function is distributed on the real Pareto 

front surface. The evaluation value of the three test functions on the GD evaluation index is 0.0053, 0.0061, 

0.0057 respectively. 

3) The weight coefficients derived from this paper's algorithm on the Pareto nondominated solution set 

are uniformly distributed, such as 0.516, 0.377, and 0.461 for the weights on the whole life cycle carbon 

emissions (WC) of the building, the building operation energy consumption (WE), and the percentage of 

all-natural daylighting (WDA), respectively. 

4) In this paper, the PV building integrated system, the output efficiency of the PV module is still higher 

than 85% for 20 years, and its full life cycle power generation is about 1645710kwh. 

Funding 

This work was supported by Open bidding for selecting the best candidates’ technology project: “Research 

and Demonstration of Key Technologies for Enhancing the Safety and Functionality of Buildings for 

Urban Renewal” of Beijing Construction Engineering Group Co., Ltd (Grand No. RZCA141020230001). 

References 

[1] Shukla, A. K., Sudhakar, K., & Baredar, P. (2016). A comprehensive review on design of building integrated 

photovoltaic system. Energy and Buildings, 128, 99-110. 

[2] Maghrabie, H. M., Abdelkareem, M. A., Al-Alami, A. H., Ramadan, M., Mushtaha, E., Wilberforce, T., & Olabi, 

A. G. (2021). State-of-the-art technologies for building-integrated photovoltaic systems. Buildings, 11(9), 383. 

[3] Agathokleous, R. A., & Kalogirou, S. A. (2020). Status, barriers and perspectives of building integrated 

photovoltaic systems. Energy, 191, 116471. 

[4] Sechilariu, M., Wang, B., & Locment, F. (2012). Building integrated photovoltaic system with energy storage 

and smart grid communication. IEEE Transactions on Industrial Electronics, 60(4), 1607-1618. 

[5] Singh, D., Chaudhary, R., & Karthick, A. (2021). Review on the progress of building-applied/integrated 

photovoltaic system. Environmental Science and Pollution Research, 28, 47689-47724. 

[6] Lillo-Bravo, I., Lopez-Roman, A., Moreno-Tejera, S., & Delgado-Sanchez, J. M. (2023). Photovoltaic energy 

balance estimation based on the building integration level. Energy and Buildings, 282, 112786. 

[7] Liu, Z., Guo, Z., Chen, Q., Song, C., Shang, W., Yuan, M., & Zhang, H. (2023). A review of data-driven smart 

building-integrated photovoltaic systems: Challenges and objectives. Energy, 263, 126082. 

[8] Chen, L., Baghoolizadeh, M., Basem, A., Ali, S. H., Ruhani, B., Sultan, A. J., ... & Alizadeh, A. A. (2024). A 

comprehensive review of a building-integrated photovoltaic system (BIPV). International Communications in 

Heat and Mass Transfer, 159, 108056. 

[9] Rehman, S., Aliyu, K. N., Alhems, L. M., Mohandes, M. A., Himri, Y., Allouhi, A., & Alam, M. (2021). A 

Comprehensive Global Review of Building Integrated Photovoltaic Systems. FME Transactions, 49(2). 

[10] Aelenei, L., Pereira, R., Ferreira, A., Gonçalves, H., & Joyce, A. (2014). Building Integrated Photovoltaic 

System with integral thermal storage: a case study. Energy Procedia, 58, 172-178. 

[11] Kim, J., Lee, H., Choi, M., Kim, D., & Yoon, J. (2024). Long-term power performance evaluation of vertical 

building integrated photovoltaic system. Renewable and Sustainable Energy Reviews, 206, 114879. 

[12] Biyik, E., Araz, M., Hepbasli, A., Shahrestani, M., Yao, R., Shao, L., ... & Atlı, Y. B. (2017). A key review of 

building integrated photovoltaic (BIPV) systems. Engineering science and technology, an international 

journal, 20(3), 833-858. 



A MULTI-OBJECTIVE OPTIMISATION ALGORITHM BASED DESIGN 33 

[13] Cerón, I., Caamaño-Martín, E., & Neila, F. J. (2013). ‘State-of-the-art’of building integrated photovoltaic 

products. Renewable Energy, 58, 127-133. 

[14] Mosalam, H. (2018, December). Evaluation Study Design and Operation of a Building Integrated Photovoltaic 

System. In 2018 International Conference on Smart Grid (icSmartGrid) (pp. 195-201). IEEE. 

[15] Hwang, T., Kang, S., & Kim, J. T. (2012). Optimization of the building integrated photovoltaic system in office 

buildings—Focus on the orientation, inclined angle and installed area. Energy and Buildings, 46, 92-104. 

[16] Tripathy, M., Sadhu, P. K., & Panda, S. K. (2016). A critical review on building integrated photovoltaic 

products and their applications. Renewable and Sustainable Energy Reviews, 61, 451-465. 

[17] Cucchiella, F., D'Adamo, I., & Koh, S. L. (2015). Environmental and economic analysis of building integrated 

photovoltaic systems in Italian regions. Journal of Cleaner Production, 98, 241-252. 

[18] Restrepo-Herrera, D., Martinez, W., Trejos-Grisales, L. A., & Restrepo-Cuestas, B. J. (2023). A holistic 

approach for design and assessment of building-integrated photovoltaics systems. Applied Sciences, 13(2), 746. 

[19] Salem, T., & Kinab, E. (2015). Analysis of building-integrated photovoltaic systems: a case study of commercial 

buildings under Mediterranean Climate. Procedia engineering, 118, 538-545. 

[20] Baljit, S. S. S., Chan, H. Y., & Sopian, K. (2016). Review of building integrated applications of photovoltaic and 

solar thermal systems. Journal of Cleaner Production, 137, 677-689. 

[21] Hao Wu,Xueyao Li,Chao Wang & Zhirui Ye. (2024). Inverse calculation of vessel emission source intensity 

based on optimized Gaussian puff model and particle swarm optimization algorithm. Marine Pollution 

Bulletin(PA),117117-117117. 

[22] Shengnan Zhang. (2024). Innovative application of particle swarm algorithm in the improvement of digital 

enterprise management efficiency. Systems and Soft Computing200151-200151. 

[23] Marina Yusoff,Darul Ehsan,Muhammad Yusof Sharif & Mohamad Taufik Mohd Sallehud din. (2024). 

Topology Approach for Crude Oil Price Forecasting of Particle Swarm Optimization and Long Short-Term 

Memory.International Journal of Advanced Computer Science and Applications (IJACSA)(1). 

[24] Ümit Ağ bulut,Hüseyin Bakır,Hao Jie Mo & Petr Vozka. (2024). Maximizing the hydrogen content for 

methanol steam reforming processes by using the novel pareto-based multi-objective evolutionary algorithms. 

International Journal of Hydrogen Energy1467-1476. 

[25] Nasser Shahsavari Pour,Azim Heydari,Afef Fekih & Hamed Asadi. (2024). A Novel Pareto-Optimal Algorithm 

for Flow Shop Scheduling Problem. Mathematics(18),2951-2951. 


	1. Introduction
	2. Solar-based integrated design for direct-flex photovoltaic buildings
	2.1. Solar photovoltaic systems
	2.2. Solar PV system architecture
	2.3. Integration of PV Modules with Building Roof Functions

	3. Optimization of photovoltaic building configuration based on improved multi-objective particle swarm algorithm
	3.1. Multi-objective optimal allocation model for PV allocation
	3.2. Multi-objective optimization
	3.3. Improved multi-objective particle swarm algorithm
	3.4. Multi-objective optimization of test functions and evaluation metrics

	4. Multi-objective optimization algorithm for photovoltaic building integration system application analysis
	4.1. Multi-objective optimization analysis based on improved particle swarm algorithm
	4.2. Simulation experimental results of multi-objective particle swarm algorithm
	4.3. Pareto non-dominated solution set assignment analysis
	4.4. Annual Capacity Effectiveness Analysis of Photovoltaic Building Integration Systems

	5. Conclusion

