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Abstract: Vietnam’s economy has been growing rapidly in the last 20 years, leading to significant
increases in energy consumption as well as in carbon emissions. Most electricity is consumed by
loads of industry and construction due to the country’s socio-economic development strategy. An
energy saving strategy cannot be achieved if the industry factories lack energy consumption data. The
installation of energy monitoring systems can help to improve energy efficiency by supplying daily,
monthly, and yearly energy consumption reports. Moreover, major energy-consuming enterprises
in Vietnam must implement solutions for energy-efficient use as prescribed in the Law on Energy
Efficient Use. Therefore, this study aimed to determine the impact of an energy monitoring system as
an improvement solution for energy efficiency in a typical major energy-consuming enterprise in
Vietnam. The study’s results, after six months, show that the total saved electricity after installing the
power monitoring system was 191,923 kWh. The company saved approximately 19.584 USD and
reduced emission to the environment by 139 tons of CO2. In addition, the return on investment time
of power monitoring systems is about 14 months, while the annual energy costs of the factory can
be reduced by about 9.62% per year. Therefore, power monitoring systems should be promoted in
factories with different scales to control energy wastage in the domestic industry field.

Keywords: power monitoring system; energy management; performance evaluation; industry
factory; energy efficiency; energy saving

1. Introduction

Currently, the amount of electricity worldwide is increasing to serve socio-economic
development [1]. However, electricity prices in many countries around the world are still
high [2] due to the energy crisis, prolonged inflation, and the ongoing war in Ukraine [3].
Further, the use of fossil energy sources for electricity generation also causes many problems
which affect the environment [4,5]. Therefore, saving electricity [6] is one of the reasonable
solutions to improve energy efficiency [7] and ensure national energy security [8].

Industry load is still the main consumer of electricity [9] around the world [10,11].
The industrial sector accounted for 38% (~169 EJ) of the global final use energy total in
2021, compared with 33% in 2000 [12]. Therefore, electricity saving in the industrial sector
needs to be achieved through solutions that allow for improving energy efficiency [13],
especially for energy-intensive industries [14,15] such as chemicals, iron and steel, food
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and beverages, cement, and concrete [16]. Moreover, improving energy efficiency is also
considered to be an effective measure to promote energy saving, emission reduction, and
the meeting of sustainable development goals for countries around the world [17]. In the
Netherlands, large enterprises have an obligation to perform an energy audit every four
years, according to The Environment and Planning Act. The obligation applies to major
energy-consuming enterprises that use more than 50,000 kWh of electricity or 25,000 m3 of
gas per year [18]. Besides, the Energy Saving Opportunities Scheme (ESOS) was developed
by the governments in the United Kingdom (UK) to help large enterprises realize the
financial benefits of implementing energy efficiency solutions [19].

Some solutions are used to improve the efficiency of electricity saving in the industry,
such as energy audit [20], behavior change [21], and the use of energy-saving devices in
production [22]. In addition, the power monitoring system is also studied and applied
in industrial factories [23] to contribute to improving the efficiency of electricity use. The
power monitoring system [24] was used to ascertain the power loss and helped to increase
the energy efficiency by about 8% for an automobile factory in Pakistan. A distributed
power monitoring system is considered essential to improving an organization’s energy
efficiency according to the recent European Standard EN17267-2019—Energy measurement
and monitoring plan: Design and Implementation [25]. A food factory used an IoT-
integrated power monitoring system to collect real-time energy data in a food production
system to support informed operational decisions and realize knowledge about energy,
resulting in optimized energy consumption and significant savings of about 163,000 kWh
in 2017 [26]. A study using energy monitoring equipment was carried out to monitor and
reduce the energy consumption of the machining system. The results showed that the
power consumption of the machining equipment was reduced by 49.67 kJ [27]. Based on
energy monitoring instrumentation [28], an energy efficiency analysis modeling system was
built to estimate energy costs by using the load profile of a rail car manufacturing factory
as a case study, and an analysis of product manufacturing was provided to meet energy
efficiency program requirements. A parameter optimization model and an energy-aware
fault control strategy based on IoT energy monitoring were proposed in an aluminum
die-casting factory [29]. The research results showed that the energy consumption level was
reduced by about 2% using online control of the furnace standby mode. Some other existing
solutions in the field were studied to create modern distributed systems for collecting and
processing data on the state of various objects, including energy facilities [30,31].

Vietnam’s economy was growing, by 2022, with a growth rate of 8.0%, surpassing
the average of 7.1% during 2016–2019 [32]. In the recent decade, the average growth
rate of electricity demand reached about 10.3% in the period of 2011–2020. In 2020 and
2021, the energy demand growth rate slowed down by about 3% per year due to the
COVID-19 pandemic. However, electricity demand, according to forecasts for the coming
period, will still grow by 8–9% per year [33], and the electricity consumption per capita
in Vietnam has been about 2300 kWh per year [34]. This is a challenge to ensure the
balance of the electricity supply and demand in Vietnam. Most electricity is consumed
by the industry and construction sectors due to their contributing to the country’s socio-
economic development strategy. This sector accounts for more than 54% of the total national
electricity consumption, with an average growth rate of 11% per year for the whole period
of 2010–2019. However, the reality of energy use in Vietnam is still very wasteful and the
intensity of energy use is very high compared to the average level of other countries in the
Asian region [35]. Technically, the energy saving potential in the assessed industries can
reach about 20% [36] if appropriate solutions are applied.

The Government of Vietnam has continuously made efforts to increase energy effi-
ciency by promulgating many related policies as well as launching specific activities to
promote efficient energy use. The National Program on Saving and Efficient Use of Energy
for the period of 2019–2030 [37] was approved to save 8–10% of the total national energy
consumption in the period from 2019 to 2030, equivalent to about 60 million tons of oil
equivalent (TOE).
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Solutions which improve energy efficiency in the industry sector in Vietnam [38–40]
have been applied such as audits, the integration of energy saving and renewable energy
technologies, and the application of smart devices in the management and operation of
energy use systems, including power monitoring systems [41]. Research projects on the
application of energy monitoring systems for industrial factories in Vietnam are mainly
designed at the request of factory owners without a specific assessment of energy-saving
efficiency by using an energy monitoring system. In addition, major energy use enterprises
often install traditional meters to monitor the general energy use situation for the entire
factory, but there is no specific real-time measurement system for the energy use situation
at the workshops or for the manufacturing processes. The main operating parameters
are recorded by traditional meters, and the collection data is used to calculate the cost
of production, but it does not evaluate and improve energy efficiency in the factory. On
the other hand, many major industrial factories in Vietnam are not ready to invest in real-
time power monitoring systems for the entire process of power use in the factory because
they do not have enough information about the technical economic and benefits of power
monitoring system.

Therefore, this paper studies a real-time power monitoring system installed to monitor
manufacturing processes of a typical major industrial factory in Vietnam and analyzes
the obtained energy-saving efficiency. The power monitoring system is considered to be
economically beneficial for business owners because the annual energy-saving cost is much
higher than the total initial investment. Further, the monitoring and management of power
parameters can reduce operating costs and improve the efficiency and operation time of
machines and equipment.

This paper is organized into the following sections: Section 2 presents the proposed
assessment methodology. Section 3 provides a comprehensive description of the case
study at the selected enterprise with high energy consumption. Section 4 is dedicated to
presenting the results and discussion derived from the assessment. Finally, the conclusion
is presented in Section 5.

2. Methodology

Currently, industrial enterprises are showing significant interest in energy conservation
and energy efficiency at both the technical and organizational levels. In general, major
energy use enterprises in Vietnam often install traditional meters to monitor the energy
use situation for the entire factory, and the energy data are collected and used to determine
the production cost but cannot assess and contribute to increasing energy efficiency in
the factory. The installation of the real-time energy monitoring system can serve the
power consumption management needs and raise the energy efficiency of machines and
equipment in industrial factories. Therefore, the steps shown in Figure 1 are proposed to
provide a comprehensive evaluation of the enterprise’s energy saving which resulted from
the real time power monitoring system after replacing the traditional meters.

Firstly, data on power-consuming equipment and the power grid infrastructure in the
factory are collected by a survey. This survey aims to gain a comprehensive understanding
of the specifics of the power supply and consumption points in the factory. After collecting
and measuring the information, the data will be screened and synthesized by expert
methods [42] into analytical and valuable indicators.

In the next step, the current state of the company’s energy management system in
general, and the existing power monitoring system in particular, are evaluated to renovate
and improve the energy efficiency. The role of the energy management system is to control
and monitor energy consumption over time, so that managers can find unreasonable
problems and make decisions to improve energy-saving efficiency. The establishment of a
monitoring measurement system must ensure accuracy and timeliness. Accordingly, an
automatic power monitoring system using energy monitoring software is implemented.
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Figure 1. Steps of the efficiency assessment process after installing real-time energy monitoring system.

Thirdly, additional installation locations of power monitoring equipment in the factory
are identified to determine the level of power loss at each important electrical load location
in the factory.

Finally, the electricity measurement data of the periods with and without the up-
graded power monitoring system are collected and compared to have a basis for assess-
ing the economic, technical, and environmental efficiency of the enterprise such as total
saved electricity, cost of saving electricity, and reduction in the amount of CO2 emitted to
the environment.

Assumptions:

- There is no maintenance and operation cost.
- Before deploying the monitoring system, the company needs electricity (Ebefore) to

produce a number of products (Volbefore), then the specific energy consumption (SEC)
equals Ebefore divided by Volbefore.

- After deploying the monitoring system, the company needs electricity (E) to produce
the same number of products (Volafter). Then, SECafter equals E divided by Volafter.

The monitoring system helps to warn of all of the abnormal conditions, then reduce
total energy consumption. In the same condition of SECbefore, the company has to need
(Volafter × SECbefore) of energy to produce Volafter of products. Therefore, the total saved
electricity can be determined by the following, Formula (1):

TSE = Volafter × SECbefore − E (1)

where TSE is total saved electricity (kWh); Volafter is total production output after installing
the power monitoring system (m3); SECbefore is the average specific energy consumption
of production processes before installing the power monitoring system (kWh/m3), and
describes the amount of electricity used to produce one unit of product; E is the real
electricity consumption measured by using the power monitoring system (kWh).

The cost of saving electricity is calculated as follows:

Cost of saving electricity = TSE × electricity price (2)

where TSE: total saved electricity (kWh); electricity price is 2500 (VND/kWh), and it is sold
by the electric company.
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Finally, to evaluate the investment efficiency of the system, the return on investment
(ROI) index is determined as follows:

ROI = Saved cost/Investment (3)

where ROI is return on investment (%); Saved cost is the total cost saved from reducing
electricity consumption in the period (USD); Investment is the total investment cost for the
installation of the monitoring system (USD).

The average reduction in CO2 is determined as below:

kgCO2e = TSE × EFgrid (4)

where TSE: total saved electricity (kWh); EFgrid (CO2 emission factor of the Vietnamese
power grid) equals 0.7221 kgCO2/kWh [43].

3. Case Study

A typical enterprise in the high-energy consumption industrial production field in
Vietnam was selected as the case study. The company was established in 2002 and currently
employs approximately 1080 individuals. In 2022, their revenue exceeded 100 million USD.
This particular enterprise specializes in the production and processing of exported wooden
furniture. Their product range includes outdoor furniture such as tables, chairs, and
camping sets, as well as indoor furniture like doors, tables, chairs, cupboards, WC dressers,
bookshelves, and door leaves. The main production process of products is executed through
a primary process of eight steps, as illustrated in Figure 2. The statistics for the energy
consumption of the factory in 2021 are listed in Table 1.
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Table 1. The statistics for energy consumption in 2021.

No Energy Type Unit Energy
Consumption

Ton of Oil
Equivalent (TOE) Ratio (%)

1 Electricity kWh 6,924,180 1068 97.86
2 Diesel oil litre 26,451 23.3 2.14

Total 1091.3 100

It can be observed that electricity consumption accounts for 97.86% of the company’s
total energy consumption. Therefore, electricity is the primary energy source, while diesel
was only used for operating generators or incidents. Wood and sawdust (self-consumption)
were utilized in production to serve the burning process and supply heat for product drying
processes. As a consequence, electricity is primarily supplied to power the production
machine systems, compressors, dust extraction systems, lighting, and air conditioner
systems. The factory used a three-phase power grid, and electricity resources from the
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substation were divided into the electricity cabinets of processes which were scattered in
the workshops.

This company is a major energy use enterprise because the total energy consumption
is larger than 1000 TOE according to the Law on Energy Efficient Use in Vietnam. This
law provides policies and measures to promote the economical and efficient use of energy,
including the rights, obligations, and responsibilities of organizations, households, and
individuals in the economical and efficient use of energy. Thus, this enterprise has to
implement method of energy management and audit to improve energy use efficiency. This
company built an organizational structure and energy management procedures, but the
electricity consumption in the company was still at a high level, with a revenue value of
about 4%. Besides, energy use monitoring activities were manually implemented monthly
by measuring the consumption index to determine the KPI of its energy use. Thus, the
managers needed to apply a real time power monitoring system for controlling unusual
statuses in manufacturing to limit energy loss.

The specific energy consumption (SEC) and production output of six main manufac-
turing processes were collected by using the manual measurement method, as can be seen
in Table 2 and Figure 3. The SEC of the processes had large fluctuations without abnormal
causes. Thus, it was difficult for the managers to detect problems and make appropriate de-
cisions regarding energy efficiency. When doing any wood furniture project, the company
needs to know the volume of wood to estimate the amount of wood needed. Normally,
the company calculates the total output volume of wood at each stage in the production
process as m3 of product because the shape of wood products at each production stage
is different.

The specific energy consumption chart in Figure 3 shows that the SEC index in January
seems the highest, because the Lunar new year in Vietnam is from the middle of January to
the middle of February. Thus, the production volume was reduced while the total energy
requirement for the operation was not decreased very much. In addition, from March to
April, the humidity in the North of Vietnam is very high; therefore, the energy required for
drying processes and insulation increases. Similarly, the weather in Vietnam in May and
June is very hot, and the demand for air cooling also increased in the factory. In addition,
there are many abnormal problems which occurred during production time because of
no-load running, heat waste in drying processes, etc. Thus, the trends of SECs from January
to June were volatile.
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Table 2. Production output, energy consumption, and SEC of six main processes.

Handling and Drying Preform Selecting Preform Preliminary Treatment

Outputvolume
(m3)

Energy
Consumption

(kWh)
SEC (kWh/m3)

Outputvolume
(m3)

Energy
Consumption

(kWh)
SEC (kWh/m3)

Outputvolume
(m3)

Energy
Consumption

(kWh)
SEC (kWh/m3)

January 72 58,488 812 61 87,714 1438 101 134,495 1332
February 61 34,689 569 85 65,549 771 105 106,508 1014

March 99 72,184 729 95 108,291 1140 133 166,046 1248
April 84 73,548 876 101 110,322 1092 136 169,160 1244
May 72 70,926 985 90 106,389 1182 120 163,130 1359
June 96 75,330 785 97 112,995 1165 145 173,259 1195

Refining Finishing Carpentry Packaging

Outputvolume
(m3)

Energy
consumption

(kWh)
SEC (kWh/m3)

Outputvolume
(m3)

Energy
consumption

(kWh)
SEC (kWh/m3)

Outputvolume
(m3)

Energy
consumption

(kWh)
SEC (kWh/m3)

January 155 122,800 792 176 116,952 665 151 64,324 426
February 147 103,768 706 196 107,398 548 168 50,069 298

March 162 151,608 936 254 144,388 568 173 79,414 459
April 180 154,451 858 233 147,096 631 216 80,903 375
May 184 148,945 809 239 141,852 594 198 78,019 394
June 196 158,193 807 250 150,660 603 205 82,863 404
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An electricity monitor system was built for collecting data and giving timely warnings
to managers when unusual problems occur, as well as timely handling. The measurement
and monitoring principles to warn of systems are based on the daily production plan,
which is entered into the system. When the SEC of products in processes has suddenly
changed compared with the average consumption in weeks, the system will supply a
warning signal to the manager. This signal will help managers to ascertain the right
processes of the problem and determine the reasons, such as overload, no load, etc. The
system also generates signals to the manager to detect machines running with no load,
system crashes in the case of the processes not having production plans but the system
still receiving power consumption signals, or there being no power consumption signal
in exiting production plans. The locations for installing energy meters are determined
according to the production processes, as can be seen in Figure 4; meters are installed at
electricity cabinets to collect data on power consumption and real-time operating statistics.
The collected data are sent to a central server located in the operating room of workshop
3 via LAN network, then they will be synchronized to the central server cloud to service
online monitoring. The technical parameter of the power monitoring device (Smart Meter
GSNL1K3P) is presented in Table 3; the power consumption is 5 W while the error is 2%.
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Table 3. Technical parameters of the power monitoring device.

No Technical Parameter

1 Operating voltage: 100~260 (V)
2 Frequency: 50–60 (Hz)
3 Operating temperature: −20~60 ◦C
4 Operating Humidity: 5~95%
5 Power consumption: 5 (W)
6 Voltage measuring range: 220/380 (V)
7 Current measurement range: 0~1000 (A)
8 Power measurement range: 0~220 (kVA)
9 Error: 2 (%)
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Because the current status of the selected monitoring points was scattered at different
locations, the monitoring system needed to be designed to collect all operating data of
the systems, and simultaneous monitoring could be performed through a single software
interface. Measurement data and operational parameters (such as voltage, current, and
power) obtained from the installation and deployment of the measuring equipment were
monitored in real time by using the website interface. In addition, web-based programs
were also needed to receive data sent from the measuring equipment and to store the data
in the database.

4. Study Results and Discussion

Energy monitoring and management software provides users with multiple interfaces
to facilitate their work, including:

- Site-based monitoring interface.
- Real-time daily power consumption monitoring interface.
- Electricity consumption ratio monitoring interface.

In the site-based monitoring interface, the user can monitor the total capacity of the
measuring points on the premises of the factory. Besides, the software also automatically
calculates the total daily power consumed by the measurement points, as can be seen in
the daily power consumption monitoring interface. The site-based monitoring interface is
demonstrated in Figure 5.
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On the other hand, the users can understand the power distribution in the factory
and the power consuming devices with the support of the power connection diagram
monitoring interface. The real-time daily power consumption monitoring interface is
shown in Figure 6.
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The electricity consumption ratio monitoring interface is shown in Figure 7, the light
blue line shows the detailed electricity consumption from pink graph. The power consump-
tion ratio interface for each measurement point location helps users to control, evaluate,
and analyze the ratio of power consumption loads in the entire production process.
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The real-time power monitoring system for the company was measured from October
2022 to March 2023, to evaluate its effectiveness. In Figure 8, it can be seen that the company
started operating the energy monitoring system in October and November of 2022, but the
managers did not focus on monitoring, so SEC is still at a higher level than the average
value from January 2022 to May 2022.
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However, the SEC has a decreasing trend from December 2022, with an average from
4% to 8% of power consumption in comparison with the average value before operating
the power monitoring system, as can be seen in Figure 9. The reduction in SEC is caused by
the amount of saved electricity from controlling and eliminating abnormal energy wastage
during operation, including:

- Completely removing equipment running idle or equipment that is not in the produc-
tion plan conditions.

- Handling timely problems occurring in the production process.
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The study results show that the trend of SEC value for processes is stable and de-
creases gradually.

Table 4 shows the production output and specific energy consumption after installing
the power monitoring system over six months (from October 2022 to March 2023) for six
processes. The saved energy in each process was calculated by Formula (1), shown in
Section 2, to determine the total saved energy after deploying the monitoring system.
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Table 4. Production output and specific energy consumption after installing the real-time power
monitoring system.

Handling and
Drying Preform

Selecting
Preform

Preliminary
Treatment Refining Finishing

Carpentry Packaging Total

Volafter (m3) 662 538 633 922 1.221 1.074 5.050
Real electricity

consumption (kWh) 497.603 576.366 762.801 686.424 712.368 395.801 3631.363

SECBefore (kWh/m3) 793 1131 1232 818 601 392
Electricity

consumption based
on SECbefore (kWh)

524.955 608.648 779.608 754.359 734.081 421.636 3823.287

Saved electricity
(kWh) 27,351 32,282 16,807 69,935 21,714 25,834 191,923

Accordingly, in the case of the SEC constant, the needed energy consumption to
produce 662.32 m3 of products in the first process (handling and drying preform) is
shown below:

Process electricity consumption = Volafter × SECbefore = 662.32 × 792.6 = 524,955 (kWh).

However, the actual energy consumption for this process is only 497,603 kWh because
the monitoring system helped to detect, warn, and eliminate electricity waste.

Therefore, the saved electricity (SE) = 524,954 − 497,603 = 27,351 (kWh).

Similarly, the saved energy can be identified for other processes. Accordingly, the total
saved energy (TSE) in six months is 191,923 kWh while manufacturing the same production
output. Therefore, in the initial six months, the energy savings equated to a 5.02% decrease.
If this trend continues, an approximate yearly energy reduction will be 10%.

The study result of the economic, technical, and environmental efficiency of the factory,
shown in Table 5, shows that the total saved electricity after installing the power monitoring
system is 191,923 kWh in six months (from October 2022 to March 2023). Therefore, the
company can save approximately 480 million VND (~19,584 USD) and contributes to
reducing 139 tons of CO2 emitted to the environment.

Table 5. The economic, technical, and environmental efficiency of the factory.

Total Saved Electricity (kWh) 191,923

Cost of saving electricity (VND) 479,808,178
Annual saving energy cost ratio (%) 9.62
Payback time (month) 14
The average reduction of CO2 (tons) 139

According to the energy audit report, the factory can save about 9.62% on energy
costs per year by implementing energy policies with the help of the power monitoring
system. Besides, the total investment cost of the power monitoring systems, including
smart meters, electrical and communication equipment, the server, and installation labor, is
about 52,000 USD. Therefore, the return on investment (ROI) index is about 37.6%, and the
payback time on investment in power monitoring systems is approximately 14 months.

These study results indicate that the application of real-time power monitoring systems
can help factories in Vietnam to reduce operating costs and improve the working efficiency
of machinery and equipment.
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5. Conclusions

In Vietnam, most electricity is consumed by the industry sector due to its contributing
to the country’s socio-economic development strategy. However, many industrial factories
do not have solutions for optimal energy use, and their production plans are not reasonable.
In addition, the traditional energy management methods are rudimentary, the on-site
monitoring equipment is dispersed, and data have not been digitized. The real-time energy
monitoring and management system can help managers of a given enterprise determine
the situation of energy use, detect abnormal problems, and support the control of energy
consumption at different times.

This paper assesses the real-time power monitoring system installed at the manufactur-
ing sites of a typical major energy use industrial factory in Vietnam. The study results show
that the total saved electricity after installing the power monitoring system is 191,923 kWh,
by which the company can save approximately 480 million VND (~19.584 USD) and con-
tribute to reducing 139 tons of CO2 emitted to the environment. Besides, the return on
investment of power monitoring systems is about 14 months, while the annual energy costs
of the factory can reduce 9.62% per year.

The research results are an important basis for replicating the real-time energy man-
agement and monitoring model for other production enterprises in Vietnam to improve
energy use efficiency in the industry sector.
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