Nghién ctru trng dung phan mém SCADA Designer thiét ké
chwong trinh quan ly nhu cau st dung dién nang

TOM TAT

Quan 1y nhu cau sir dung dién ning (DSM) 13 mét trong nhitng thach thirc chinh ciia ludi dién n6i chung va
ludi dién thong minh noéi riéng. N6 s€ gop phén ho tro khach hang va don vi san xuét, kinh doanh st dung dién mot
cach hiéu qua, tiét kiém thong qua cac giai phap phan bd lai nhu cau phu tai gio cao diém, thip diém va binh thudng.
Bai bao nay nghién ciru g dung phan mém SCADA Designer dé thiét ké chuwong trinh diéu khién va giam sat DSM
cho mét hé thong dién trong pham vi phong thi nghiém. M6 hinh thuc nghiém bao gdm céc thiét bi phan cimg nhur:
Pong co khong dong bo ba pha 16 to 10ng soc, dong co servo, tai dién try, ddng do do luong va cac thiét bi phy tro
khac duoc két ndi gia 1ap cho mé hinh phy tai hdn hop ciia khach hang sir dung dién. Bai bao d dua ra luu do thuat
toan dé thiét ké chwong trinh phan mém bang SCADA Designer. Ngoai ra, d6 thi phu tai ciing dugc gia dinh boi viéc
diéu khién dong co servo nham thiét 1ap cac kich ban thi nghlem ky thuat DSM. Céc truong hop thi nghiém thyc té
dua trén hé thong mo6 hinh da kiém chung duoc hiéu qua lam viéc cua ky thuat DSM trong bai bao nay, dong thoi no
con gop phan giam cong suat cuc dai gio cao diém cua hé thong dién, loai bo cac dinh phu tai cua hé thng dién.

Tir khéa: LuGi dién thong minh, Quan Iy nhu cau sir dung dién, tiét kiém nang lwong, SCADA Designer.



A study of SCADA Designer application for developing
demand side management program

ABSTRACT

Demand side management (DSM) is one of the main challenges of general power systems and smart grids. It
plays a vital role in supporting customers and utilities to use electricity efficiently and economically through
techniques that redistribute peak, off-peak and normal load demand. This paper has studied the application of SCADA
Designer software to design a DSM controlling and monitoring program for an electrical system in our laboratory.
The experimental system includes hardware devices such as a three-phase asynchronous motor with a squirrel cage
rotor, a servo motor, a resistive load, a measurement meter and other auxiliary devices that are connected to simulate
a mixed load of electricity customers. The paper has developed an algorithm flowchart for designing the software
program using SCADA Designer. Additionally, the load profile is controlled by the servo motor to establish various
DSM operation scenarios. These scenarios based on the experimental system have verified the working efficiency of

the DSM technique in this paper, and it also contributes for reducing the peak load of the power system.

Keywords: Smart grid, demand side management, energy saving, SCADA Designer.

1. INTRODUCTION

The economic and environmental challenges
posed by the use of fossil fuels have led to a
restructuring of the conventional power system.
As a result, future grids, known as smart grids,
incorporate newer types of digital and high-tech
devices that enable two-way communication
between the supply and demand sides. These
systems offer additional options, such as real-
time monitoring, controlling and monitoring
between supply and demand, which enhance
efficiency, reduce energy consumption and
improve system reliability, help the power system
operate safely, flexibly and intelligently. These
benefits are achieved through the application of
various the demand side management (DSM)
techniques.'?

DSM is a set of technical, technological,
economic, social and control solutions to use
electricity effectively and economically. DSM is
a part of the overall Supply Side Management
(SSM) and Demand Side Management (DSM)
programs. In previous years, to satisfy the
increasing energy demand, people were
interested in investing in the exploitation and
construction new power plants. Nowadays, due to
the rapid development of electricity demand, the
amount of capital invested in the electricity
industry has become a burden for countries. In
addition, the use of coal, oil, gas and other
resources in power plants is increasing, leading to
increasingly serious environmental pollution.

This has resulted in the DSM being recognized as
the cheapest and cleanest source of electricity
supply process.®>* The DSM helps us to mitigate
the investment capital in building new power
plants, save resources, and reduce environmental
pollution. Not only that, but thanks to DSM
consumers can be also be provided with cheap
and higher quality electricity.

In fact, the results of DSM implementation
in countries around the world have concluded that
the DSM can reduce more than 10% of energy
demand at a cost of only 0.3 to 0.5 of the costs
required to build power plants and networks to
meet the corresponding amount of electricity. As
a result, the DSM brings economic as well as
environmental benefits to the country, power
sectors and customers. The main objective of the
DSM is to reshape the load graph and regulate the
maximum and minimum daily demand profile to
make the most efficient use of energy sources to
relieve the need to build new power plants.® This
may result in the direction of energy using during
normal hours. Virtually all DSM programs aim to
maximize efficiency in order to avoid or slow
down the construction of new power plants. In
addition, other reasons for implementing the
DSM programs are social relationships,
environmental reasons and changing customers'
electricity habits both during peak and normal
hours to save energy.®

In order to manage, monitor, collect data
and control the electrical system with the



application of the DSM techniques, the
Supervisory Control and Data Acquisition
(SCADA) system is one of the optimal solutions
to be applied. The SCADA system helps
operators to monitor and control the power
system effectively, thereby making accurate and
timely control decisions. Besides, the SCADA
also contributes to improving the reliability of the
power system, optimizing energy use, reducing
power loss and operating costs of the power
system.”®

From the above issues, this paper focuses
on researching the application of SCADA
Designer software to design a DSM program
within the laboratory range. The hardware
structure is designed based on the laboratory
equipment including a three-phase squirrel cage
rotor asynchronous motor, a variable resistive
load, a servo motor, a power meter, etc. In
addition, the SCADA Designer software is
applied to design a system monitoring control
program based on the DSM technique. The guide
user interface (GUI) is designed to make it easy
for users to manipulate and monitor the operation
of the system in real time.

2. DSM AND SCADA
2.1. DSM programs in Vietnam

The national program on electricity Demand Side
Management (DSM) - brings great benefits, of
which a basic benefit is that the cost to change,
adjust to reduce or save 01 MW of power load
capacity during peak hours will be cheaper than
the cost to provide 01 MW of additional power
capacity by building new power plants or
mobilizing high-priced power sources and grid
infrastructure systems.®

Over the past decade, in the global context,
primary energy sources (coal, oil, gas) have been
increasingly depleted, in contrast to the growing
trend of energy consumption, electricity
consumption and climate change. In order to
ensure electricity supply security, energy security
and sustainable development, in addition to
paying attention to SUPPLY side development, it
is also necessary to pay attention to the demand
side. For that reason, Vietnam focuses on
building research and promoting the DSM
programs. Currently, the DSM programs in
Vietnam have gone through many stages and
have brought many practical results to the power
system.* Since the implementation of the DSM
stages, the DSM program has mainly
implemented programs to change customers'
electricity use habits, including: programs that
reduce electricity use, both during peak and

normal hours, without specifically affecting the
quality of service provided to customers. The
DSM replaces old equipment with modern
equipment to provide services at the same (or
higher) level for electricity users (e.g., lighting,
heating, cooling, etc.) that consume less
electricity. '

The electricity using reduction programs
are implemented during peak hours in the power
system of a power company or a specific area of
the power transmission or distribution grid. These
programs consist of time-of-use pricing, also
known as Time of Use/TOU, and direct load
control. The programs that adjust electricity rates,
equipment cycles, or power outages in response
to changes in energy costs or energy sources,
these programs can provide flexibility in the
shape of the load graph. This can be achieved
through instant pricing and pro rata pricing of
time spent on electricity. Furthermore, breakable
load schedules, live load control, and other load
management programs may be included, as long
as they do interfere with peak load periods.*®

The programs that change electricity rates,
equipment cycles, or power outages in response
to specific changes in energy costs or energy
sources can achieve flexibility in the shape of the
load graph. These include instant pricing and pro
rata pricing of time spent on electricity. They may
also include breakable load schedules, live load
control, and other load management programs
when these activities are not limited by peak load
periods.**

Electricity load building programs are
designed to increase the use of electrical
equipment or shift electricity consumption from
peak hours to normal hours in order to increase
total electricity sales. These programs include
increasing electricity use during normal and off-
peak hours to help stabilize the system.

2.2. DSM techniques

The DSM programs bring many benefits
including electricity customers, electricity
suppliers, and society, but electricity customers
will be the biggest ones. For electricity suppliers,
the benefits are to increase investment efficiency,
power supply reliability, power quality, optimize
supply and demand balance, reduce investment
pressure to upgrade new power sources and
expand the grid, and reduce production and
business costs.** For customers, the benefits are
reducing electricity costs, being served with a
higher power quality, receiving certain supports
(depending on each specific DSM program),



increasing electricity efficiency, and improving
production and business efficiency. For society,
the advantage is to reduce the pressure of
increasing electricity prices, which contribute to
the development of a sustainable electricity and
energy sector, socio-economic stability, and
sustainable environmental development. In order
to bring about the above benefits, the DSM
program has applied the following techniques:
peak load reduction, power load adjustment, off-
peak load filling, strategic load growth, load chart
shifting, and efficient and economical use of
electricity.>?* These techniques are shown
visually in Figure 1.
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Figure 1. DSM techniques.

Each DSM technique has different
advantages and disadvantages. We use the
corresponding techniques to bring the best
efficiency to customers, depending on the
characteristics of the load.®*®

This research model is mainly focused on
peak cutting and valley filling techniques as
shown in Figure 2. To analyze the peak cutting
method, the initial load factor, the average
demand can be calculated using Equations (1)
and (2) from the load time curve.

P,
LF = 2Y9 (1)
Pmax
n
n P
P — =171 (2)
TR
Cd=LF*Ce*ZT 3

where LF is the load factor value; Py, is the

average capacity of the load; P, IS the
maximum capacity of the load; n is the number

of loads; P; is the capacity of all types of loads
i =1,..,n; T; is the time period for each type of
load t = 1,...,24; C; is the demand cost; C, is
the energy cost.
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Figure 2. Load curve illustrating DSM program.

2.3. SCADA

SCADA is the process of collecting real-time
data from objects to process, perform, store,
analyse and potentially manipulate those
objects.>®> A SCADA system can be divided into
two parts: a hardware system for data collection,
communication, control and operation, and a
software system for data storage, construction,
visualization, optimization, alarm management,
etc. A SCADA system is shown in Figure 3 and
has the following basic components:

- Remote Terminal Unit (RTU): the RTU
is to perform processing and control tasks in real-
time mode (There are two types of real-time
systems: hard real-time systems and soft real-
time systems). The RTUs range from primitive
sensors that collect information from objects to
multiprocessing  machines  that  process
information and control it in real-time. The use of
a processor-enabled RTU  reduces the
requirement for the speed of the transmission
channel in connection with the control center.

- Master Terminal Unit (MTU): the
MTU is a dispatch center that performs data
processing and control at a high level in real-time
mode. One of the basic functions of MTU is to
provide an interface between people and
observers of the system. The MTU can take
different forms, from a single computer with old
devices to a mainframe system including servers
and clients.

- Communication System (CS): the
communication channel is required to transmit
data from remote locations to the MTU and
transmit the control signal to the RTU.
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Figure 3. SCADA system model.>®

At the first level of the SCADA system,
there are sections with monitoring and control
functions for each individual device. The most
common in the power system are the protection
relays. When the equipment is in trouble, these
relays can completely calculate and act on
predetermined parameters without
communicating with the superior system. In
addition to the control function, the elements of
this level also have the function of collecting data
and parameters from the devices to send to the
servers at the station. In modern systems, these
elements are collectively referred to as intelligent
electronic devices (IDEs) that have different
working principles and functions but have the
same communication standards, allowing this
IED to exchange information with other IEDs in
the same station (peer to peer) and communicate
with the server of the station. In principle, failure
of an IED in maintenance will not affect other
IEDs in the system.®

The second level of the SCADA system is
the Substation Server, with the main function of
collecting data from the IEDs managed by it,
stored in the database, serving the needs of
reading local data via HMIs (Human Machine
Interfaces).

The third level is the Control Center of the
whole system, which collects data from
Substation  Servers, performs calculation
functions to assess the state of the system,
forecast load demand, and performs important
control functions such as redistributing power
generation between factories and planning the
operation of the whole system.

Due to the large scale of the power
transmission system, the central control stations
can also be divided into levels - central control
center (Central Control Center or Central
Dispatching Center) and area control stations

(Area Control Center). Currently, people often
use the SCADA/EMS system.*’

3. EXPERIMENTAL SYSTEM
3.1. Hardware configuration

The experimental system within the laboratory
range includes some basic equipment such as a
power source, a power meter, a multifunctional
relay and loads such as resistive loads and motor
loads in addition to some other loads such as
capacitive loads, inductive loads, bulb loads. The
technical specifications of these devices are
shown in Table 1. Here we assume the motor load
is the critical load and continuous operation, and
the resistive load is the less critical load and can
be operated at any time. This model allows us to
simulate the typical process of energy
management through two techniques of bottom
lifting and peak cutting, thereby helping us
understand the process of managing electricity
demand. The hardware equipment system and the
wiring diagram between the hardware devices are
shown in Figure 4 and Figure 5.
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Figure 4. Hardware configuration.

The system consists of two loads: the static
load is the resistive load and the dynamic load is
the three-phase asynchronous motor of the
squirrel cage rotor. In which, the critical load
requires continuous operation and the resistive
load is a secondary load and less important can be
operated at any time. The system operates
through the SCADA Viewer software. Here, we
set the maximum total power value and the
minimum total power when running in auto DSM
mode, and then the system will run according to
a pre-programmed cycle. When the maximum
power value is set, the system will cut the
resistive load out of the system, leading to a
decrease in power and when the power is less
than the minimum value when set, the system
closes the static load into the cycle. The bottom
part is the interface of a simple electricity demand
management simulation program.



Figure 5. Wiring diagram of test system.

Table 1. The technical specifications.

No. Device Technical
name specifications
1 Three-phase Siemens
power meter PAC4200
2 Servo Prominat = 1.4 KW;
power Unominal = 390 V;
tester Inominal = 3.3 A
n = 2000 rpm;
cosep =0.75
3 Three-phase Prominat = 1 KW;
asynchronous | Unominai = 390/690 V;
motor Inominal = 2.1/1.2 A,
n = 2900 rpm;
cosp =0.83
4 Resistive load Pmax = 1 KW

3.2. Software program

The software program is designed based on the
algorithm flowchart as shown in Figure 6. This
flowchart consists of the following basic steps:

Step 1: Start

Step 2: Initialize the initial signal and set
the parameters of the system. In this step, the
program will take the input signals such as
voltage, frequency, current, and power from the
meters and also receive the initial set values such
as the total maximum power XP,.,,, the total
minimum power XP,,;,, the load profile and other
set values from the SCADA control monitor.

Input signal and
setup signal

Loads are normally operated
according to their modes

Tum off
resistive
load

Control and monitor
on SCADA and
Data logger

Figure 6. Algorithm flowchart.

Step 3: Run the DSM technique. The step
of running the DSM technique is that the program
will check whether the DSM mode is active or
not. If the DSM mode does not work, the program
will return the wrong (NO) conditions, then the
loads will operate normally according to the
operating mode of each load and return the data
to the SCADA control monitor. Conversely,
when the DSM mode is activated, the program
returns the true (YES) condition and continues to
check the next condition.

Step 4: Check conditions in the DSM
mode. In this step, the program will check the
condition of the total load power (ZP) with the
minimum total load power Py, . If the total load
power is less than the total minimum load power
(ZP < ZPy;y) then the program will return the
true (YES) condition and turn on the resistive
load. In contrast, if the total load power is greater
than the total minimum load power (TP >
XPyin), the program will return the wrong (NO)
condition and continue to check the condition of
the total load power with the total maximum load
power ZPy..). Under this condition, if the total
load power is greater than the total maximum
power (ZP > ZPy,,), the program will return the
true (YES) condition and turn off the resistive
load. Conversely, if the total load power is less
than the total maximum load power (ZP <
YPyax), the program will return the wrong (NO)
condition and send a signal to the SCADA
monitor and controller, then continue to check the
original condition. In this step, when turning off
or turning on the resistive load, the regulator
returns the data to the SCADA control monitor.



Step 5: Stop.
3.3. GUI design

The SCADA Designer software is applied to
design the GUI of the SCADA program in this
paper. The SCADA Designer is a software with a
hardware key that is equipped in the laboratory to
assist in the design of controlling and monitoring
programs for electrical grids in the laboratory
range.'® The GUI is shown as Figure 7. It consists
of the main parts numbered on the Figure 7 and
has the following basic function:

= e

)

Figure 7. SCADA program GUI.

Block 1 is the load adjustment operation
and the configuration of the limits. In this block,
the user can mainly set the minimum and
maximum load power (ZPy;;, and 2Py, for the
DSM operating mode. With this model, we
configure the £P,,,, Value range to be 800W and
minimum and maximum load power must strictly
comply with the following conditions:

2:PMin < z:PMax (4)

Our set values are visually represented on
the register and on a descriptive chart. The graph
clearly shows the limit values and also the power
difference AP.

Block 2 is the manual load control via the
load switches. The load blocks are used to
describe two typical loads of the model, motor
load and resistive load. Motor load is considered
a critical load of the system and has a
predominant operating time. The impedance load
is the secondary load, which is less important and
is turned on at any time during the operation of
the system. Here the resistive load can be
replaced by other types of loads such as lamp
loads, capacitive loads, etc. On the GUI, the load
block is operated in two automatic and manual
modes through emulator buttons on the interface.

Block 3 is to display the mode and the
operating status. The status block visually
represents the functions in operation.

Block 4 is the ramp gradient configuration
for the motor load. The ramp block allows the
motor load to operate according to the pre-setting
curve with the established parameters. This
includes settings such as the torque, holding time,
and step. Thereby it is easy to observe the load
demand controlling process.

Block 5 shows the load level of the
dynamic load.

The data logger window in Figure 8 allows
us to record the operation parameters of the loads
in the form of a profile so that we can easily
observe the operation in the different modes.
From there, it is easy to assess the operating status
of the system as well as the power management
process.*
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Figure 8. Data logger logging window.

4. RESULTS AND DISCUSSION

The experimental results from the test system are
analysed and discussed in this section. From these
results, it can be seen how the two techniques of
peak cutting and bottom lifting work in the
process of power demand management. When the
system is operated in the auto mode or DSM
mode, it is easy to see that when the total load
power AP) reaches the maximum load power
XPyax), the resistive load is turned off from the
network and when the total load power XP) is
reduced to the value lower than the minimum
load power ZPy;,), the resistive load is turn on.
Thereby, in order to stabilize the supply capacity
and help the loads operate most efficiently and
optimally, thereby helping to save economically
for both the supply side and the demand side. The
two cases studied in this paper are as follows:

Case 1: Without DSM

In Case 1, the DSM technique is not
activated, the experimental results are shown in
Figure 9. The torque and total load power curves
in Figure 9c illustrate the motor torque and the



load power profile during three working cycles.
From this figure, it can be observed that the total
load power is operated according to a given
curve, with a peak load power of approximately
900 W and a minimum load power of
approximately 400 W. The difference between
the peak and valley load power is significant.
Consequently, in conjunction with the algorithm
flowchart, it can be deduced that when the DSM
mode is not activated, these loads operate
independently with their respective modes,
resulting in a large power difference.
Simultaneously, when examining the switching
state chart of the loads in Figures 9(a), (b) the SIO
and SI1 switch states remain at the constant value
of 1 throughout the operation period.
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Figure 9. Experimental results without DSM:
(a) SIO0 contact state, (b) SI1 contact state, (c) Total
load power and the torque of the motor.

Case 2: With DSM

In Case 2, the DSM mode is activated, the
motor torque and total load power curves in
Figure 10c, this figure shows that the difference
between peak and valley load power is reduced in
this case compared with the first case. This
reduction is due to the application of the peak
cutting and valley filling techniques in the DSM
program. The program sets the total maximum
load power to 760 W and the total minimum load
power to 530 W, resulting in a difference of 230
W between these two values. The curve clearly
demonstrates this technique, as the load power
quickly decreases when the total load power
reaches 760 W, and increases again when it falls
below 530 W. This corresponds to Step 4 of the
algorithm flowchart. In this step, the program

checks the conditions of the DSM mode and,
upon detecting a decrease in total load power to
the minimum load power of 530 W, it will turn
on the resistive load. This causes the power curve
to increase again. When the graph reaches the
maximum total load power value of 760 W, the
system will turn off the resistive load, leading to
a decrease in the curve. This process is repeated
throughout the operation of the system, as shown
in Figure 10c. Figures 10(a), (b) depict the
switching state of the loads. When the DSM
technique is applied, the S10 contact continuously
switches its status between 0 and 1, due to
continuous switching of the resistive load during
working cycles. The SI1 contact is always
maintained at the level 1, because it represents a
critical load. Therefore, the DSM technique
allows for flexibly operations of the load and
reduces the large difference between peak and
valley load power, resulting in a flatter aggregate
load graph.
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Figure 10. Experimental results with DSM:
(a) SIO0 contact state, (b) SI1 contact state, (c) Total
load power and the torque of the motor.

5. CONCLUSION

This paper applied SCADA Designer software to
design a program for demand side management
(DSM) technique. The article studies the
calculation of energy saving solutions for
factories and enterprises to bring economic
efficiency to companies and avoid unnecessary
loss of electrical energy through the flexible
adjustment of load using SCADA. In addition,
the research results show that the application of
the SCADA program for energy management is
an inevitable trend. It helps the operation cycles



to communicate with each other, thereby creating
an energy ecosystem. Combining SCADA with
typical energy management measures such as
DSM not only benefits companies and businesses

but also

reduces capacity demand, saves

electricity, and reduces CO2 emissions. This

helps

to mitigate the greenhouse effect.

Furthermore, it makes it easy to manage special
electricity consumption activities, which is very
important for energy management for the national
power system.
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