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Abstract  

Maximizing the energy-saving and carbon-reduction benefits of PV buildings and improving their 
application level are important approaches to achieving carbon neutrality. First, based on the 
development concept of highly integrated buildings and PV, the evaluation index system covering 
safety and reliability, maximize resource utilization, efficient power generation, adequate self-
consumption, energy saving and carbon reduction, and appropriate economic performance was 
established. Second, the evaluation indexes weight was calculated by using Analytic Hierarchy 
Process (AHP), and the comprehensive evaluation method of PV buildings were proposed. Finally, 
several PV building projects were evaluated with operation data, and the results have verified the 
feasibility and rationality of the evaluation method. This study provides methodological support for 
the evaluation of PV buildings. 

Background 

In response to climate change, the Chinese government has implemented a series of policies to 
encourage the application of building PV system. Driven by policy guidance and economic benefits, 
in 2024, the newly installed building PV system capacity was 118.18 GW, representing a 22.73% 
increase compared to 2023, and the total operating system capacity was 374.78 GW.  

Focus on the evaluation of building PV system, NREL has analysed the fire safety of BIPV systems, 
and it has developed testing and evaluation methods encompassing techno-economic viability and 
power generation benefits. The international standard IEC/TS 61724-3:2016 has developed the 
energy evaluation method, considering the impacts of seasonal variations, environmental conditions, 
and other factors on power generation efficiency. Chinese national standard GB/T 50801 has 
established the grading evaluation method based on PV efficiency and self-consumption ratio.  

In summary, the existing evaluation methods for building PV system mainly focus on power 
generation and economic benefits, while the impact of PV systems on building functionality and 
performance has received less attention. Thus, this study aims to proposes the comprehensive 
evaluation method that considers the photovoltaic system and the building as a unified whole. 

The structure of this study is as follows: First, the definition of PV building is presented to represent 
the highly integration application of PV and buildings. Second, the evaluation index system covering 
safety and reliability, maximize resource utilization, efficient power generation, adequate self-
consumption, energy saving and carbon reduction, and appropriate economic performance was 
established. Third, the evaluation indexes weight was calculated by using AHP, and the 
comprehensive evaluation method of PV buildings was proposed. Last, several PV building projects 
were evaluated with operation data, and the results have verified the feasibility and rationality of the 
evaluation method.  

Definition and evaluation indexes 

In this study, PV buildings refer to the buildings that adapts to the local climate and site conditions, 
achieving deep integration of PV and buildings through collaborative design, which improve the self-
consumption ratio and self-sufficiency ratio of building, and enhances the energy-saving and carbon 
reduction benefits of the buildings. 
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To establish the evaluation indexes system for PV buildings, this study has referenced the evaluation 
framework of the current Chinese national standards GB/T 50378-2019 and GB/T 50801-2013, and 
based on the latest research results of the Chinese National K&D Program, the PV building 
evaluation indexes system was categorized into three types: prerequisite items, scoring items, and 
bonus items.  

Prerequisite items pertain to safety and reliability, encompassing structural safety, electrical safety, 
and fire safety. All the prerequisite items must be fully satisfied before the evaluation of the scoring 
items can be conducted. 

Table 1 Prerequisite items evaluation criteria 

Indexes Requirements 

Structure 
safety 

For newly built buildings, PV system shall be designed, constructed, and 
incorporated simultaneously with the building; for existing buildings, structural safety 
review must be conducted before installation to ensure compliance with wind 
resistance, seismic, and snow load requirements. 

Electrical 
safety 

Electrical shock warning signs must be installed in locations where personnel may 
reach or approach the PV system. 

Fire 
safety 

The maximum operating temperature of PV modules do not exceed 85°C; Fire 
compartment requirements must be satisfied; PV modules shall meet the 
flammability requirements specified for their installation location within the building. 

PV buildings represent a deep integration of PV and buildings, the scoring items include not only 
conventional evaluation categories for photovoltaic systems—such as high power generation 
efficiency and economic applicability—but also building-integration-specific categories like optimal 
resource utilization, Adequate self-consumption, and energy saving and carbon reduction. The 
scoring items indexes and weight were shown in Table 3. 

Furthermore, to encourage the adoption of advanced and innovative technologies and products for 
higher performance, the evaluation system includes a bonus items, which including the aspect of 
beauty, smart control, flexibility and other carbon reduction measures. 

Indexes weight calculation 

The weight of scoring items was calculated in this section. The 1-5 scale method was employed in 
this study to conduct pairwise comparisons of indexes at each level, thereby constructing the 
judgment matrix Cij as shown in Table 2. And using the Sum-Product Method to calculate the 
eigenvector, thereby obtaining the relative weights of each criterion. To ensure the validity of the 
weights, a consistency check has been performed in this study. 

Table 2 Judgment matrix 

Bk C1 C2 … Cn 

C1 C11 C12 … C1n 

C2 C21 C22 … C2n 

… … …  … 

Cn Cn1 Cn2 … Cnn 

Also, the finally indexes weight was shown in Table 3. And the total score of the evaluation of PV 
building is calculated using the Equation (1). When the total score reaches 60 points, 70 points, 85 
points respectively and meanwhile the requirements specified in prerequisite items are met, the PV 
buildings are rated as the grade of one-star, two-star and three-star respectively. 

 1 2 3 4 5 6
0.2 0.35 0.35 0.25 0.2 0.1Q Q Q Q Q Q Q= + + + + +  （1） 
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where： Q — Score of PV building； 

Q1~Q6 — The scores of the five categories scoring items(maximize resource utilization, efficient 
power generation, adequate self-consumption, energy saving and carbon reduction 

and appropriate economic performance) and bonus items。 

Table 3 Evaluation indexes system of PV building 

Objective 
layer 

Criterion layer 
Relative 
weight 

Index layer 
Relative 
weight 

Absolute 
weight 

Scoring 
items 

Maximize resource 
utilization 

0.20 

PV coverage ratio 0.20 0.04 

Rooftop PV coverage ratio 0.40 0.08 

BIPV component ratio 0.25 0.05 

Shading loss ratio 0.15 0.03 

Efficient power 
generation 

0.35 PV system efficiency 0.60 0.21 

Adequate self-
consumption 

0.35 Self consumption ratio 0.40 0.14 

Energy saving and 
carbon reduction 

0.25 

Annual power generation 
per unit floor area 

0.36 0.09 

Self sufficiency ratio 0.24 0.06 

Carbon reduction ratio 0.40 0.10 

Appropriate 
economic 

performance 
0.20 

Levelized cost of energy 0.50 0.10 

Incremental cost per unit 
floor area 

0.30 0.06 

Benefits per unit floor area 0.20 0.04 

Bonus 
items 

Advanced and 
innovation 

0.10 
Beauty 

Smart control 
Flexibility 

1.00 0.10 

Evaluation projects analyse 

To verify the feasibility and rationality of the evaluation method, 5 PV building projects were 
evaluated, and the picture of project see Figure1. 

The projects comprises office buildings, laboratories and multi-purpose complex. Using the 
evaluation method proposed in this study, the project was assessed, with the results detailed in 
Table 4. The outcomes primarily consisted of Two-Star and Three-Star ratings, aligning with 
expectations and validating the feasibility and rationality of the method. Further refinements and 
enhancements can be pursued based on specific evaluation indicators. 

Table 4 PV building project evaluation results  

Project 
Building 

type 
Location Score 

Evaluation 
result 

Zero Emission Building (ZEB) Public Beijing 87.5 Three-star 
Smart energy building Public Suzhou 86.0 Three-star 

Zero-Carbon Laboratory building Public Lianyungang 80.7 Two-star 
Perovskite BIPV demonstration project Public Hefei 83.2 Two-star 

Comprehensive building Public Taixing 82.4 Two-star 
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Figure 1. The pictures of evaluation projects 

Conclusions 

As the world transitions to a carbon neutral future, the application of PV system in buildings have 
become an important path to achieve building carbon neutrality. However, there are few research 
has been conducted in evaluation method combining building and PV. This study presents a 
comprehensive evaluation method of PV buildings that emphasizing the integration of building and 
PV, and has been applied to 5 projects, the results have verified the feasibility and rationality of the 
evaluation method.  
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