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Solar energy utilization potential evaluation of public building
photovoltaic system
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Abstract; Faced with the dual challenges of increasing energy demand and reducing carbon emissions, it is
of great significance to improve urban renewable energy utilization, reduce building energy consumption,
develop integrated photovoltaic building applications, and achieve the integration of construction and new
energy industries. In this paper, the public building photovoltaic system of Baoshang Bank was selected for
the research. According to the unique climatic characteristics of Baotou City, Inner Mongolia, Ecotect was
used to obtain the annual solar radiation model of typical building surface. Based on the optimal system
configuration method, the solar energy utilization potential evaluation model of photovoltaic building was
constructed from three dimensions: peak energy potential, economic potential and social potential. The

research shows that the photovoltaic system of Baoshang Bank alleviates the pressure of the local power
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grid at the peak period with 12.5% of the total power demand during the extreme climate, and delays the
peak period of energy consumption by 2 hours. The net income of photovoltaic system with 25-year life
cycle is 1.0466 million yuan. When the unit cost of photovoltaic system is 7.9 yuan/W, the on-grid price is
0.8 yuan/kWh, the system investment can be recovered within 5.15 years. In addition, there is a three-
dimensional coupling relationship between unit cost, government subsidy and investment payback
period. The environmental benefit during the life of the photovoltaic system is 0.096 yuan/kWh, and the
social benefit is 11. 93 yuan/kWh. This evaluation model provides reference for the promotion of
photovoltaic buildings in the city and the formulation of photovoltaic industry policies.

Keywords: photovoltaic solar system; renewable energy; peak energy potential; economic potential;

social potential
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Table 1 Comparison table of solar energy resources in Inner Mongolia
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Fig. 1 Baoshang Bank and PV system configuration diagram
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Fig. 2 3D annual radiation pattern of the building surface
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Table 2 Baoshang Bank’s typical building surface related radiation index
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Table 3 Peak sunshine hours in Baotou City
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Fig. 4 Baoshang Bank’s photovoltaic system capacity and grid energy contribution rate
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Table 4 2017 Daily extreme temperature and peak PV system and net electricity demand

during the extreme climatic period in Baotou City

H AR/ C R EE/C TR RS/ kW HrE ST / kW
201745 H 17 H 22 35 120 900
201745 H 18 H 23 37 110 1 050
201745 H 19 H 23 36 115 950

Bl e ISk TG R KRR R AT ST B

1200 o weseee KR RGE R HE/KW
- 5 TR EAW

1000 - B ERAW

800 |

600 |

HEAW

Bs5 MmSEHIEFRITAREEZREE ABENREBAETRRR

Fig. 5 Overview of PV system’s photovoltaic system power generation, net power and total electricity

demand during extreme climate
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Table 5 Main technical and economic parameters of the PV system of Baoshang Bank
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Fig. 6 Coupling relationship between investment recovery period, government subsidy and unit cost of PV system of Baoshang Bank
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Table 6 Average economic value of China’s electricity from 2013 to 2017
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Table 7 Unit emission reduction coefficient and environmental cost %

A 5 RWIHEL/ (kg » D) WEA/ T« kg D
CO, 2 662 0.023

SO, 22 6

NO, 10 8

TSP 17 2.2

x8 SRYUAHERFENE

Table 8 Pollutant emission reductions and environmental benefits
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