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Abstract

This research has been studied for the context of the area in order to create the database
and assess the trend pattern of electric energy consumption of the air conditioning system in the
building of the education area during summer. The research focuses on the use of renewable
energy from the smart grid UP, Phayao University. The results of this study can be used to design
and create alternative energy management based on smart grid technologies for reducing the
demand charge of Thailand. The results from data collection and analysis of the potential of the
renewable energy system in the prototype area show that the smart grid UP can generate the
average electricity at 0.80 kWh-day/(PV area)m” with an average efficiency of electricity production
from solar energy of 17.68 %. In addition, the testing in the prototype area also shows that the
demand charge and the average electric energy consumption of the air conditioning system are
77.898 W/(air-condition area)m” and 0.297 kWh-day/(air condition area)m?, respectively. Evaluating
from electricity generating system installed at the building at 60 kWp, the system can reduce the
demand charge by about 24.05 % at the level of 26.61 kW from the maximum demand charge
110.42 kW. However, the electrical energy can be used for the air conditioning system for only
68.06 %. From the data collected in the period between 9.00 and 13.00, the electricity can be
used for the air conditioning system only 47.90 % of the electricity production. According to the
study, it was found that the utilization of electricity is limited by the outdoor environment and the
building use. Therefore, the approach that can use to increase the efficiency of electricity generation
and the efficiency of electrical energy utilization in the building air- conditioning system is the
building energy management system (BEMS) and the control of electrical energy usage according
to smart grid technologies, which can change the demand for electricity (Demand Response, DR).
This technology leads to a stable and efficient connection between the main grid and the

renewable energy system, which require further study.
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Electricity Peak Demand in Thailand (2015-2017)
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Figure 1 Electricity peak demand in Thailand (2015-2017) [1]
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Figure 2 Data recording format of the smart grid UP
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Figure 3 An installation of solar panels of the smart grid UP system and the roof area of the B3

building
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Table 1 The average PV conversion efficiency of annual electricity production for smart grid UP.

Average solar radiation Average electricity Conversion
Seasons Months 5 5
intensity (kWh/m“/day) | production (kWh/m?/day) | Efficiency (ne) (%)
February 4.19 0.86 20.55
March 4.39 0.83 18.91
Summer
April 4.61 0.71 15.40
May 4.97 0.81 16.49
Average 4.54 0.80 17.68
June 4.87 0.77 15.85
July 4.59 0.52 11.33
Rainy
August 3.95 0.47 11.89
September 4.38 0.51 11.64
Average 4.45 0.57 12.75
October 4.78 0.51 10.67
November 3.28 0.65 19.76
Winter
December 3.22 0.71 22.05
January 3.48 0.79 22.56
Average 3.69 0.67 18.02
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Power Demand for Air-Condition System in B3 Building
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Figure 4 Power load profile for air conditioning system
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Figure 5 Variation of active power and PV conversion efficiency from smart grid UP
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Figure 6 Comparison of demand power for air condition system and power generation of smart grid UP
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Figure 7 Simulation of electric power from smart grid for air conditioning system
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Table 2 Comparison of the energy requirements for air conditioning (AC) and the energy generation

from smart grid UP.

Electrical energy from
Electrical energy in air | Electrical energy generated
Times smart-grid that can be
conditioning system (kWh)| from smart grid UP (kWh)
used in AC system (kwWh)

07:00-09:00 23.66 15.96 15.96
09:00-13:30 101.86 212.65 101.86
13:30-18:00 296.05 118.21 118.21
Total 421.57 346.82 236.03

Table 3 Peak demand of air conditioning system, prototype building, University of Phayao.

Power per
Time
Descriptions Air-conditioned area
5 periods
(W/m°)
Power demand of air conditioning system. (calculation data) 68.621 14:00-15:00
Power demand of air conditioning system. (test data) 77.898 14:30-15:45
Active power potential of smart grid UP 38.384 12:30-13:30

Table 4 Energy generation and energy charge for air conditioning system in summer.

Descriptions

Energy per PV area (kWh-day/m?)

Generation capacity for electrical energy of Smart Grid UP

0.876

Electrical energy for air condition system

1.065
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