
Research on Suitability of Solar Energy
Utilization in Public Institutions Across
the Country

Yu Shui, Bai Lu and Feng Guohui

Abstract This paper studies the suitability of solar energy utilization in public insti-
tutions across the country. The energy consumption of typical building is simulated
by DeST, and the energy consumption per unit area of three public institutions in
32 provincial capitals and major cities nationwide are obtained. The energy con-
sumption data is combined with the resources, climate, and economic data obtained
from the survey. Principal component analysis and fuzzy cluster analysis are used
successively. The MATLAB programming simulation is used to divide the country
into ten regions of different appropriate degrees. Forming a map of suitability for
solar energy utilization in four different types of public institutions and develop-
ing suitability software for solar energy utilization in public institutions across the
country as a renewable and clean energy source, solar energy is of great significance
to China’s economic development and environmental protection. This research pro-
vides a theoretical basis for the rational use of solar energy in public institutions
across the country.

Keywords Public institution · Solar energy · Suitability partition · MATLAB

1 Introduction

Renewable energy refers to the primary energy that can be continuously regenerated
and used continuously from nature. It includes passive energy sources such as solar
energy and shallowgeothermal energy. They can replace conventional energy sources
to a certain extent and become an importantway to adjust energy structure [1] (Fig. 1).

To study the suitability of solar energy utilization in public institutions across
the country, it is necessary to take into account the national conditions of large land
areas, different solar resource richness, significant climate differences, and different

Y. Shui (B) · B. Lu · F. Guohui
Shenyang Jianzhu University, School of Municipal and Environmental Engineering, Shenyang
110168, Liaoning, China
e-mail: yushui19832002@163.com

© Springer Nature Singapore Pte Ltd. 2020
Z. Wang et al. (eds.), Proceedings of the 11th International Symposium on Heating,
Ventilation and Air Conditioning (ISHVAC 2019), Environmental Science
and Engineering, https://doi.org/10.1007/978-981-13-9528-4_55

543

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-9528-4_55&domain=pdf
mailto:yushui19832002@163.com
https://doi.org/10.1007/978-981-13-9528-4_55


544 Y. Shui et al.

Fig. 1 Solar resource distribution map

levels of economic development in various regions, combined with the energy con-
sumption per unit area of different types of public institutions in different regions. To
determine the suitability of solar energy utilization in public institutions, to draw a
suitabilitymap of solar energy utilization in public institutions, and to develop appro-
priate suitability software to provide a theoretical basis for the rational use of solar
energy in public institutions across the country.

2 Principal Component Analysis

Above all, the selection of evaluation indicators is carried out. The evaluation index
system consists of a series of indicators, which can comprehensively reflect the com-
prehensive situation of all aspects of the research object. According to the status
quo and characteristics of solar energy application in China, we select the evaluation
factors that can significantly affect the suitability of solar energy utilization in public
institutions in various regions: (1) Solar energy resources: year total solar radiation;
(2) Climatic conditions: the coldest month, the hottest month average temperature;
(3) Economic situation: fixed assets investment in various regions; (4) Energy con-
sumption: energy consumption per unit area of different types of public institutions
across the country [2].
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Principal component analysis can try to recombine the original indicators into
a new set of relatively independent indicators that reflect the original indicators on
the basis of maximally retaining the original data information [3]. Its mathematical
model is as follows:

(1) The standardized calculation formula for indicator data is

x∗
i j = xi j − x j

s j
, (i = 1, 2, . . . , n; j = 1, 2, . . . , p) (1)

(2) Calculate the correlation coefficient matrix R of the indicator.

R = (
ri j

)
, ri j = 1

n

n∑

k=1

x∗
ki x

∗
k j , (i = 1, 2, . . . , p) (2)

In the middle, rii = 1, rij = rji, (i, j = 1, 2, 3…, p)
(3) Calculate feature values and feature vectors.
(4) Calculate the contribution rate and the cumulative contribution rate.

di = λi∑p
i=1 λi

, Dm =
∑m

i=1 λi∑p
i=1 λi

(3)

(5) Determine the number of principal components.
(6) Calculate the principal component score and the composite score.

F =
m∑

i=1

ai yi , (i = 1, 2, . . . ,m) (4)

In the middle, ai is the variance contribution rate of the i-th principal component,
and yi is the i-th principal component score.

Therefore, the principal component analysis method is used to comprehensively
analyze the suitability of solar energy utilization in public institutions across the
country, the main components of the evaluation index system are screened out, the
comprehensive score is obtained, and the degree of suitability is distinguished by the
comprehensive level.

3 Fuzzy Clustering Analysis

Fuzzy clustering analysis is a kind of analysis of the fuzzy relationship between
things or phenomena affected by many or more factors, and based on this, the simi-
larity between samples is determined according to a certain degree of membership,
and the similarity is high [3]. The fuzzy mathematics of the respective clusters of
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objects. After selecting the principal components by principal component analysis,
the comprehensive scores of the principal components are classified according to the
fuzzy clustering analysis method. Its mathematical model is as follows [4–6]:

(1) In order to eliminate the influence of dimension on cluster analysis, it is nec-
essary to standardize the data before using cluster analysis, so that each index
value is unified in a certain range of common data characteristics.

x∗
i j = xi j − x̄ j

s j
, (i = 1, 2, . . . , n; j = 1, 2, . . . ,m) (5)

x j = 1

n

n∑

i=1

Xi j , s j =
√√√√1

n

n∑

i=1

(
xi j − xi j

)2
(6)

In the middle, Xij and sj are the mean and standard deviation of the j-th variable,
respectively.

(2) For the above-mentioned normalization matrix, calculate the similarity degree
between each classification object and establish the fuzzy similarity matrix R =
(rij). This process is also called calibration. Here, we choose the absolute value
subtraction method calibration.

ri j =
⎧
⎨

⎩

1 when i = j

1 − c
m∑

k=1

∣∣xik − x jk

∣∣ when i �= j
(7)

where c is appropriately selected, the parameters may be 0.1, 0.2, …, and the fuzzy
similar matrix R = (rij) may be obtained.

(3) The matrix R obtained from the established fuzzy similarity relationship is only
a fuzzy similar matrix, and it is not necessarily transitive. In order to classify,
it needs to be transformed into an equivalent matrix. Therefore, the transitive
closure t(B) of R is obtained by the flat method, and t(B) is the equivalent matrix
obtained.

t (B) : R → R2 → R4 . . . ,when Rp ∗ RP = RP , t (B) = RP (8)

(4) After processing the original matrix into a fuzzy equivalence matrix through the
above steps, select the appropriate k ∈ [0,1] and select the best partition result
from the different partitioning results obtained by clustering different k values.
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4 Research Process

4.1 Principal Component Analysis

Enter the initial evaluation index data matrix x to simulate in the software of Matlab,
taking the solar energy suitability of colleges and universities as an example, the
process is as follows:

The MATLAB programming simulation of principal component analysis was
performed, and the simulation results were as follows:

The first three columns of thematrix represent the scores of the first three principal
components of the original evaluation index, the fourth column represents the com-
posite score of the principal component, and the last column represents the city code.
The comprehensive score is positive, indicating that the city’s solar energy suitability
is higher than the average level; the comprehensive score is negative, indicating that
the city’s solar energy suitability is lower than the average. The higher the score, the
more appropriate, the lower the corresponding score, the less appropriate.
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4.2 Fuzzy Clustering Analysis

The scores of the first three principal components in the matrix of the above graph,
which are the initial matrix x of MATLAB in the fuzzy clustering analysis method,
are simulated as follows [7, 8]:

After the fuzzy clustering analysis MATLAB programming simulation, a 32 * 32
[0,1] distribution matrix can be obtained, the cities corresponding to the same distri-
bution are divided into one region, and ten regions with different degrees of appropri-
ateness can be obtained. Combined with the comprehensive scores of the principal
components of each city obtained by principal component analysis, the average score
of the principal components of each region is calculated, the solar energy suitability
zoning is obtained, and the solar utilization suitability distribution map of the public
institutions in the country is formed.

5 Research Results

University solar energy suitability (Fig. 2; Table 1).

6 Result Analysis

It can be seen from the above research results that because the energy consumption
per unit area of different types of public institutions is different, the corresponding
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Fig. 2 Solar energy suitability distribution map of universities

Table 1 Average scores of university solar energy districts

Region Average score

Shenyang (Liaoning), Harbin (Heilongjiang) 2.906

Changchun (Jilin), Urumqi (Xinjiang), Hohhot (Inner Mongolia), Lhasa
(Tibet)

2.673

Shijiazhuang (Hebei) 1.799

Jinan (Shandong), Zhengzhou (Henan) 1.476

Beijing, Taiyuan (Shanxi), Lanzhou (Gansu Province), Yinchuan (Ningxia) 1.183

Nanjing (Jiangsu) 0.558

Xining (Qinghai), Tianjin, Haikou (Hainan) −0.414

Shanghai, Nanning (Guangxi) −1.513

Nanchang (Jiangxi), Changsha (Hunan), Hefei (Anhui), Wuhan (Hubei),
Hangzhou (Zhejiang), Xi’an (Shaanxi), Fuzhou, Xiamen (Fujian), Guangzhou
(Guangdong), Guiyang (Guizhou), Chengdu (Sichuan), Chongqing

−1.630

Kunming (Yunnan) −2.719



550 Y. Shui et al.

suitability distribution map is also different. The research on the suitability of solar
energy utilization in public institutions across the country provides a theoretical basis
for the rational use of solar energy in public institutions across the country.
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