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Abstract

The study demonstrates an improvement guideline for building
energy management using photovoltaic under the smart grid
technology concept, aimed at reducing peak demand of the
summer in Thailand. The Faculty of engineering building at
University of Phayao, located in Phayao province, was a case
study area. The improvement guideline was applied by
operating the Battery Energy Storage System along with
Demand Side Management. The results of using only self-
energy production revealed that the self-consumption was
increased from 78.89% to 94.27% while the peak demand
could be decreased from 75.36% to 41.04%.

Keywords: Building energy management; Photovoltaic; Peak
demand; Battery energy storage system; Demand side
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Introduction

Thailand's electricity demand has risen dramatically from 20,538
megawatts of peak demand in 2005 to 30,853 megawatts in 2019,
while overall electricity production has doubled from 26,450
megawatts to 43,253 megawatts [1]. Annual peak demand occurs in
the summer, between March and June, when solar radiation potential
is greatest. According to 2017 data on sub-district solar radiation,
Phayao province, which was used as a case study area, receives an
average daily solar radiation of approximately 19 to 21 MJ/m3-day,
which means that the air conditioning system in the building absorbs
more electricity than Photovoltaics (PV) can produce.

Currently, electricity consumption design in medium and large
buildings is complicated according to area and users compared to a
small building. Therefore, energy saving building presents a greater
challenge. Even if the PV system is fully installed, it would not be

able to satisfy the electricity demand of users in the building.
Previously, building design in Thailand did not consider energy
consumption and energy saving in buildings, resulting in inefficient
energy consumption in a large number of old buildings. Building
Energy Management System (BEMS) should be considered when
developing and redesigning the energy consumption system. BEMS is
an efficient energy management system that optimizes energy
consumption by preventing or minimizing energy use in the building,
but the system will not operate over the limits of the building and
effect on users’ health. BEMS with a Smart Grid System called SG-
BEMS Model was applied to link the alternative electricity from
renewable energy to the grid with stability and capability.
Additionally, this model is capable of adjusting the primary control
center for energy demand in a building, responding to demand, and
increasing the electricity system's versatility. As mentioned earlier, this
model could thus contribute to a decrease in overall energy
consumption in buildings.

The aim of this study is to demonstrate an improvement guideline
for building energy management using photovoltaics within the
context of the smart grid technology concept, with the goal of
lowering summer peak demand in Thailand. The case study area was
the Faculty of Engineering building at the University of Phayao in
Phayao province.

Objective and scope of the study

In this work, data from the Smart Grid UP system was evaluated to
establish a guideline for energy management in building integrated PV
system for solving the high energy demand in summer of the EN2-
EN3 prototype building at University of Phayao.

Materials and Methods

An evaluation of power demand and supply pattern in
prototype building

Although it has the highest peak demand in the summer, it also has
the highest electricity production from PV. Hence, the high electricity
output from PV can cover summer's excess energy demand [2].
However, the relationship between collected data of energy demand
and energy supply from Smart Grid up over the course of a day
showed an inconsistent with each other as shown in Figure 1, resulted
in an inefficient energy usage in the prototype building. The data was
collected from roof-top PVs with a capacity of 60 kWp and the
building's energy demand every 10 minutes between 7:00 and 18:00
on May 2, 2017.
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Figure 1: Energy supply and demand pattern of a prototype
building.
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Summer electricity generation from photovoltaics began at 7:00 am
while energy consumption activity in buildings began at 8:00 am
Between 7:00 and 13:00 on the test day, energy supply from PV
generation surpassed energy demand by approximately 74.30 kWh;
however, this equated to an energy loss of approximately 27.71
percent of daily electricity production [3]. This trend showed an
inefficient energy management system that failed to balance demand
and supply. The relationship between electricity generation from
Smart Grid Up (Active Power) and the building's energy demand was
plotted in Figure 2 at various times of the day.
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Figure 2: The plot between electricity generation from Smart Grid
Up (Active Power) and energy demand of the building.

According to the preliminary test results shown in Figures 1 and 2,
there was a substantial fluctuation in solar energy generation
capability. Also due to weather conditions which is unconnected to the
solar radiation that rapidly changes, in intensity [4]. This results in a
change in the level of electrical power generated related to the primary
factor influencing power generation, which is the strength of solar
radiation and the temperature of the solar panel. The solar panel's high
temperature will result in a decrease in power generation efficiency.
Figure 3 depicts the transition in the data collection. According to the
data, the primary source of electrical power consumption is air
conditioning, which is a function of the thermal load outside the
building and thermal mass. This issue resulted in the building
retaining heat and accumulating moisture at building framework.
Thus, only the shift in temperature outside cannot influence energy
demand in buildings [5].
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Figure 3: The relationship between solar radiation and PV module
temperature.

As previously illustrated, preliminary studies of energy
consumption in a prototype building were shown in Figures 1, 2, and
3. As a result, it was determined that the air conditioner system
consumed approximately 86.94 percent of the energy available at
1,500,265 Btu/hr. The system's maximum energy demand was
estimated to be at least 139.15 kW. While the lighting system
consumed 8.06%, the other systems consumed less than 5%,
indicating that this was a low-energy-demand building. Thus, the
primary objective of this work was to develop guidelines for energy
management systems in buildings that utilize air conditioners as the
primary energy consumption system. This guideline is divided into
two sections: (1) an examination of the energy performance and

production of solar panels with Smart Grid UP in May 2017, the
month with the highest energy demand in Thailand; and (2) the
establishment of an appropriate management protocol and cost
reduction.

Assessment of solar energy production performance and
pattern from Smart Grid UP

Solar energy systems totaling 500 kW were installed on the roofs of
all 11 buildings. This study focused exclusively on the prototype
building (EN3-4) that has installed a 60-kW PV system. The system's
main component is a polycrystalline silicon solar panel (SHARP,
model ND-AA 250) and an inverter (SMA brand, model
STP25000TL-30), as illustrated in Figure 4.

Figure 4: PV module installation and PV module outline on the
roof of EN3 and EN4 building; (a) Photograph from drone and (b)
Drawing of prototype building from AutoCAD File.

In May 2017, data from the Smart Grid UP system were recorded
and collected. It contains information about the generation of
electricity, the amount of solar radiation, and the temperature of the
PV panel. Following that, these data were used to create a simulation
model of PV energy production potential in order to forecast power
output at various times during clear skies (estimated from solar
radiation intensity >10 hours over 500 W/m?2). This enables estimation
of the average amount of electric power generated during the study
area's operation from 7:00 to 18:00. The relationship between
produced power (Pe) and solar radiation intensity is dependent on the
estimated solar panel temperature, as shown in equation 1 [9].

Pe=a+bIT+cIT2+dTm+el TTm+HIT2Tm 1)

Where IT is solar radiation intensity and Tm is the temperature of
the PV panel.

An energy management system in the

appropriation with energy consumption

building

The purpose of this section is to identify a suitable energy
management model within the framework of the smart grid technology
concept, which was divided into two parts. The first part examines
methods for optimizing the use of electric energy in order to increase
the energy efficiency of the prototype building with existing air
conditioning systems and thus reduce overall system power demand
and usage. The latter part was a study how excess electricity (over
energy) is utilized between the hours of 7.00 and 13.00. According to
preliminary findings, excess energy could account for up to 25% of
total power generation. Thus, the results of this section were used to
determine the appropriate size of the Battery Energy Storage System
(BESS) as a backup power source in energy management in order to
reduce peak power demand during the day and reduce electricity
consumption from the lighting system at night or on holidays.
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Results and Discussion

Results of power generation potential and pattern using
Smart Grid UP

The relationship between the energy produced and the average daily
solar radiation intensity during the interesting month was observed
using data from the daily power production potential, as shown in
Figure 5. For May 2017, the average electricity production was 259.12
kWh/day, based on an average solar radiation intensity of 464.98
W/m?. According to the data, there were fluctuations in the capacity
of electricity and the intensity of solar radiation. As a result, data
demonstrating that the average solar radiation intensity was
consistently greater than 500 W/m? on clear sky days in May 2017
were used to assess the power generation potential, as illustrated in
Figures 6 and 7. Additionally, the power generation ratio, the intensity
of solar radiation, and the temperature of the panel were all
considered.
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Figure 5: Electricity generation and average daily solar radiation of
May 2017.
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Figure 6: A graph of relationship between PV module temperature
and solar radiation.
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Figure 7: Electricity from Smart Grid Up (Active Power) and solar
radiation.

Additionally, the study discovered that the correlation between solar
intensity and solar panel temperature was direct. This pattern was
associated with two distinct time periods: 07.00-13.00 and
13.00-18.00. After 1 pm the differences occurred due to the
accumulation of heat in the panel caused by solar radiation and the
effect of the increasing of ambient temperature, which is hotter than in
the morning. Figure 6 depicts the two relationships and explains them
using the following equations:

07.00-13.00; Tm=(-2x10-5)IT2+0.06061T+20.544; R
Square=0.9852........ccceiiininnnnn. 2)

13.00-18.00; Tm=(-2x10-5)IT2+0.04431T+29.106 R
Square=0.9837......cccoiiiiiiiant. 3)

g ¥ =-2E-05" + 0.0443x + 20,106 . g "
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Figure 8: The relationship between solar radiation and PV module
temperature.

Rising temperatures resulted in an increase of approximately 0.07
percent/K in short circuit current (Isc), while the open circuit voltage
(Voc) decreased by approximately 0.4%/K. As a result, power output
reduced by 0.4-0.5 percent. Then, after evaluating the data set for May
2017, it was determined that the relationship between the produced
power (Pe) and the intensity of solar radiation and the temperature of
the solar panel as equation (4).

Pe=0.2436 IT-0.493Tm-0.002861TTm

Where, regression statistics at R Square equals to 0.9699773,
adjusted R Square is 0.969173, Standard Error=6.4629445 from
Observations=1321. Following simulation using equation (4), Figure 9
compares the simulated data to the actual value.
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Figure 9: Electricity generation potential and Active power from
Smart Grid UP for 2 days.

The prediction of solar energy supply using the Smart Grid UP
system demonstrated that it gave an accurately prediction and has a
high degree of reliability during the prediction time period of
07.00-13.00 under constant solar exposure conditions, normal panel
temperature, and surplus solar energy produced by PV is greater than
the building's needs in contrast, after 1 pm the impact of heat
accumulation on PV panels resulted in panel temperatures
exceeding45°C rendering the forecast highly erroneous. As a
result of evaluating the relationship described in Equation (4) in
conjunction with the building's electric power consumption
trends, it was determined that the excess electricity generated
by PV in May
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averaged 66.18 kWh/day, or 21.11 percent of total electricity
generation.

Results of energy management system which appropriate
for energy consumption

Guideline of electricity consumption improvement: In general,
the building system is comprised of electrical energy used for climate
control in various areas of the building, referred to as Heating
Ventilation and Air-Conditioning (HVAV), which accounts for more
than 50% of the building's overall energy consumption [6]. According
to this analysis, HVAV accounted for 85 percent of the total energy
consumption in a prototype building. Consequently, the average daily
peak demand in May 2017 was 59.63 W/m?Z, which occurred between
13:30 and 16:30, and the average daily power demand was 48.15
W/m2. The following factors contribute to low energy efficiency:

e The actual air conditioning system configuration incorporates a
greater than sufficient allowance for heat load, resulting in the total
system being installed at 1,500,265 Btu/hr. The real installation Btu
is 48.02 percent more than the calculated value.

e Since the air conditioning system is modular and each area is
operated independently by a local thermostat, it is difficult to control
energy consumption to achieve optimum efficiency.

Due to the issues that occur, the study developed test energy
management models specifically for air-conditioned areas in order to
assess energy capacity use. The test area was equipped with a chilled
water air conditioning system consisting of an Air-Cooled Chiller
(ACC) with a Coefficient of Performance (COP) of 3.1 at 7.753 kW,
R-22 as refrigerant, a chilled water pump with a capacity of 0.87 HP,
and an Air Handling Unit (AHU) capable of supplying cool air at a
maximum flow rate of 3,200 ft 3/min (Figure 10).

Figure 10: A Chilled water for air conditioning system (1) Air-
cooled chiller, (2) Chilled Water Pump and (3) Air Handling Unit.

Based on the concept of the SG-BEMS model, a sensing device was
developed to collect data on energy demand on the floor in order to
monitor and modify the electrical load of the air conditioning system,
resulting in load response (Demand Response). The aforementioned
methodology is used to develop Demand-Side Management (DSM)
method for managing the area's air conditioning systems [7]. The
ARDUINO Model MEGA 2560 R3 controller and temperature and
humidity sensor package (THD series, Autonics) were chosen to
monitor chilled water systems that matched the actual heat load inside
the test chamber as shown in Figure 11.

Figure 11: A photograph of ARDUINO Board Model MEGA 2560
R3 system and temperature, and outdoor and indoor humidity.

To obtain a more precise value of the sensor, a PID cooling water
consumption rate control is used in combination with the original air
conditioner's On/Off control. This section's equipment includes a 3-
Way Valve (1-1/2 ", Azbil) in conjunction with a flow control unit or
electromechanical actuator as shown in Figure 12.

Figure 12: Three-way flow control valve from Asbil.

Initially, 1,000 lite chilling water in tank was held at a temperature
around 7°C The chiller operates between 06:00 and 07:00, because
the building is not in service, but the test was conducted only during
service time. Figure 13 illustrates the contrast power demand profile
without DSM system (Day 1) and power demand profile after installed
DSM system (Day 2) during 12: 00-16: 00.

Day 1

10 ~ - —Day2

Demand power (kW)

16:13:00

17:28:00
17:43:00
17:58:00

Figure 13: Energy management results. Day 1: Power demand
profile without DSM system and Day 2: Power demand profile after
installed DSM system.

Following retesting and data collection were done. It was
determined that the average daily maximum power demand per unit
area of the study in the prototype building in May decreased from
58.03 W/m? to 36.45 W/m2 or 37.25 percent. When the average
reduction in power demand per unit area during the period 11.00-6.00
hrs was calculated, it was found to be 18.52 W/m?2, which resulted in a
decrease in the building's average electricity consumption during that
period of approximately 0.015 kWh/m? (assessment includes the
power demand and the electric energy consumption of the chiller) [8].

The findings of this study can be used to develop a method for
managing electricity demand. This is one method for enhancing a
building's control system that is already in place. A well-designed
control system can maintain an optimal balance of room temperature
and energy usage, reducing power consumption by approximately
25% as compared to traditional systems.

Surplus electricity utilization: Surplus electricity produced by the
load has two potential uses. To begin, surplus electricity can be sales,
which can now be made at a non-burden rate of approximately 1.68
baht per kWh for self-electricity production for personal use (Refer to
the Energy Regulatory Commission's (ERC) document: Details of the
solar project for the year 2019 (residential type)). In this article, it is
assumed that there is no additional investment required for system
installation. The latter option is to store the energy in a battery, with
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the stored electrical energy being used during the day's peak demand
time. For the building on an opening semester (Monday-Friday), the
electricity cost was calculated at the time of use rate (TOU), while the
holiday (off-peak duration) use electricity from the storage system to
power loads from other facilities, such as lighting and other building
systems, at an average cost of 4.2097 baht/kWh with a demand charge
of 132.93 baht/kW during the off-peak time at a cost of 2.6295 baht/
kWh. There are 116 off-peak days in 2019 (refer to the Provincial
Electricity Authority's statement on Off-Peak Days for the 2019 cost
TOU year).

The preliminary findings described in Section 4.1 regarding the
study of the prototype building's excess energy in May were then used
to create a relationship between power demand and the system's active
energy, as illustrated in Figure 14.

W Demand Energy

[ Active Energy

Electricity generation (kWh/ 5 min)

Figure 14: Power demand pattern of the building and electricity
generation from Smart grid UP (Active energy).

The generated energy can be classified into two categories: direct
electricity to loads (self-consumption) and excess energy (Over
energy) [9]. As a result, it was determined that the peak electricity
production time of the day occurred between 9.00 and 12:00, allowing
for the use of this data to construct a BESS system for power
management in the event of a particular load-side excess power
(Figure 15).
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Figure 15: Surplus energy during 8.30-13.00.

As a result, in May, the Smart Grid UP system was used in
conjunction with the electric energy demand model to ensure that
energy generated was used efficiently and in accordance with the

BESS system's investment. This model was used between 09.00 and
11.30 for battery charging with a maximum capacity of 45 kWh due to
the continuity of electric power at the desired time from little
fluctuation in input current and potential and a limited surplus energy.
Power management utilizes battery power to power the load during
peak hours on weekdays and traditional power during holidays, which
have significantly different energy yields. The results of this study
were primarily focused on building usage and the On-Peak range, with
the simulation results illustrating the relationship between direct load
power generation and BESS integration. The prototype building's
energy demand is depicted in Figure 16.
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Figure 16: Relationship between power generations operating,
BESS and power demand pattern of prototype building.

Parts 4.2.1 and 4.2.2 provide data that can be used to enhance
strategies and joint systems for photovoltaic-powered buildings. The
effects of the pre and post-renovation power demand patterns are
depicted in Figure 17.
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Figure 17: Relationship between power generations by DSM
operating with BESS and electricity demand pattern of prototype
building.

When combining energy conservation steps such as DSM and
BESS, the overall daily energy demand can be held below 50 kW.
According to the study's findings in Figure 14, the overall daily power
demand was approximately 10% lower than the consumption of the
PV system with BESS alone. As a result, the study's findings can be
summarized in Table 1.

List PV

PV+BESS PV+BESS+DMS

Electricity demand of building 414.46 -

(KWh/day)

Electricity generation 3135 -

potential (kWh/day)

Peak demand (kW) 120.54

Electricity demand from PEA -
(kWh/day)

167.11

118.9 97.64
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% comparison of electricity - 0.4032 0.2869 0.2356
demand without Smart Grid

UP (List 1)

Peak demand (kW) - 90.84 65.57 49.48
% comparison of peak - 0.7536 0.5439 0.4104
without Smart Grid UP (List

3.)

Table 1: Energy management results of EN3-4 building using Smart Grid UP (at PV 60 kWp).

The study's findings on how to improve building energy
management, as well as the potential for photovoltaic power
generation in conjunction with the principle of smart grid technology,
in order to minimize summer peak electric power demand. Solar
radiation intensity had the potential to influence the ability of
electricity and electric power generation, as well as the patterns of
building electric power use. These two fundamental pieces of
information, which vary according to area and application, can be used
to develop energy management practices that are highly efficient. An
analysis of the Smart grid UP system in a summer prototype building
that uses grid power in combination with PV discovered direct load
power generation. (Self-consumption) was just 247.35 kWh, or 78.89
percent of total capacity for electricity generation. During an
overproduction time, it was determined that the excess electric energy
had the capacity to charge the battery at 48.22 kWh for the BESS
device. When the system was simulated, it was revealed that the
produced energy consumption increased to 295.56 kWh or 94.27
percent of the system's total power generation capability. Furthermore,
when improving the model of energy consumption for air
conditioning, it was observed that the simulation of the energy
consumption system is more effective. When evaluating the
effectiveness of energy management in accordance with the above
guidelines, an energy efficiency gain of approximately 10,942.88 baht
(May only) can be calculated as a result of the reduction in electricity
demand (Demand charge) at 41.36 kW or 5,498.49 baht and the effect
of lower energy consumption during the on-peak period of 6,434.69
baht and the off-peak period of 6,434.69 baht [10].

Conclusion

According to an analysis of prototype buildings-integrated PV,
energy requirements decreased by 11.63 percent as linked to the
optimized BESS system design. The DSM system's controls minimize
energy usage by 5.13 percent, with the maximum peak demand level
reduced by 34.32 percent as associated with direct load alone. It can
be summarized as follows as a study guideline.

A design approach that enables efficient energy management
between grid-connected and pv power includes a master database that
contains information about the solar capacity of the location and the
electrical consumption patterns of the building. This is critical
knowledge for investors when determining the optimal size of
photovoltaic panels for actual use. It is mainly focused on direct
loading, which generates a higher return per unit than device resale.
The building's utilization pattern has an effect on the electric power
consumption patterns in two related areas, which is critical for sizing
the BESS device appropriately, avoiding the need to choose an
overcompensated system for energy storage, which would increase the
investment cost more than required.

Through the use of the DSM system as a critical component of the
smart grid solution, the technology would be able to monitor the level
of electrical load, thus improving energy efficiency and allowing the
reduction and balance of energy supply to both energy demand and
generated energy. Additional investment can be made in existing
buildings that have already been constructed and can easily be
converted for less complex usage. Further research would be driven by
the potential for change and economic return.

Return on investment analysis did not include in the scope of this
research. Additional study recommendations include an estimation of
BESS's primary equipment expenditure, which is the substantial cost
of the battery type. Two types of batteries are now preferred: lead-acid
and lithium-ion. The latter offers superior features and is cheaper in
the current period. Another factor influencing yield thinking is the
government-determined electricity cost structure and resale rate, as
well as the policy. From the determination of the electricity tariff in
2018 in accordance with the measure to encourage energy
conservation (Demand Response Rate) (refer to the Thailand Smart
Grid Network Development Master Plan 2015-2036), which resulted
in an investment decision opportunity, either to build additional
photovoltaic systems or to scale-up BESS.

Data Availability Statements

The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable
request.
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