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Abstract

Electricity contributes to the development of the economy. Therefore, forecasting electricity demand plays
an important role in the development of the electricity industry in particular and the economy in general. This
study aims to provide a precise model for long-term electricity demand forecast in the residential sector by
using three independent variables include: Population, Electricity price, Average annual income per capita;
and the dependent variable is yearly electricity consumption. Based on the support of Multiple variable
regression, the proposed method established a model with variables that relate to the forecast by ignoring
variables that do not affect lead to forecasting errors. The proposed forecasting model was validated using
historical data from Vietnam in the period 2013 and 2020. To illustrate the application of the proposed
methodology, we presents a five-year demand forecast for the residential sector in Vietnam. When demand
forecasts are performed using the predicted variables, the R square value measures model fit is up to 99.6%
and overall accuracy (MAPE) of around 0.92% is obtained over the period 2018-2020. The proposed model
indicates the population's impact on total national electricity demand.

Keywords: demand forecasting, regression, electricity consumption.

1. Introduction

In daily life as well as in production, electricity plays a very important role. To develop the economy, the
electricity industry must be promoted. Thus, electricity is considered as a driving force to promote the
development of economic sectors. Electricity is both a production industry and an infrastructure industry for
the entire socioeconomic, and it is also an important criterion to evaluate the development of a country.
Therefore, the more accurate the forecast of electricity demand is, the more effective it will be for the electricity
industry in particular and the whole economy in general. Apart from this, short-term electricity demand
forecasting in the residential sector is a complex problem because its rise and fluctuation are caused by
differences in demand [1]. Understanding the importance of forecasting, we have chosen to study "Forecast of
electricity demand for Vietnam's residential electricity industry in the period of 2021-2025". Based on the
results of this forecast, it is possible to develop a plan for allocating electricity for the domestic electricity
industry and give directions to adjust the distribution of power sources reasonably, which provides a plan for
electricity use economically and efficiently for the residential sector. As a result, there is no shortage of
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electricity during peak hours.

There are many approaches to calculate electricity demand forecast such as the Decomposition method,
Long-range Energy Alternative Planning System, Regression analysis, etc. Each method has its advantages
and disadvantages different. It is very important to apply any method to suit the reality in our country. From
the characteristics of the above methods, we choose the multi-regression method to forecast the civil electricity
demand in Vietnam.

In this study, the forecast analysis data is collected within 8 years from 2013-2020. Secondly, using Multi
Regression analysis to estimate and forecast electricity demand based on the relationships between average
income, average electricity price, population, and electricity consumption of the respective sector will provide
accurate results through the tests and model fit. Besides, the performance was evaluated using MAPE values,
which are scale-independent. This value is based on relative errors, hence, it is significant [2].

2. Problem Definition

A. Choose a forecasting method

Usually, there are many aspects when experts want to determine forecast methodology, which could be the
most suitable for the residential sector. A review and analysis of publications that have used LEAP (Long-
range Energy Alternative Planning System) methodology to forecast electrical power demand for the
residential sector of Pakistan are presented by Mariam Gul and Waqar A. Qureshi [3]. In this study, authors
have been collected and structured for the essential factors including the growth of end-use appliances,
domestic consumption trends, and the changes in urban-rural ratio. However, one disadvantage of using this
method is that statistical data must be large enough, highly accurate, and slight change from year to year. José
Francisco Moreira Pessanha used Long-term demand forecast methodology, which has three models:
demographic, macroeconomic, and microeconomic for the residential sector in Brazil [4]. Nevertheless, this
methodology is based on the decomposition of total electricity residential consumption. This forecasting
method is complex and detailed, requires data to be grouped, suitable for each country. For instance, to forecast
the total occupied households taking into account the effects from demographic transition authors applied the
household headship rate method, classifying households according to the age and sex of the head of household.

Sunil Malla and Govinda R. Timilsina presented two types of techniques that are used for energy demand
forecasting: an econometric approach, an end-use accounting approach for Romania [5]. For the residential
sector, authors have to choose a base year to forecast long-term electricity according to each energy-using
device in the family. Nonetheless, this form of statistical data is only suitable for each country. Furthermore,
this forecasting will encounter large errors if the data have large differences in the future years. Hyojoo Son
and Changwan Kimal proposed a method to provide a precise model for the one-month-ahead forecast of
electricity demand in the residential sector using weather and social variables [1]. Francesco Apadula built a
model based on relationships between meteorological variables and monthly electricity demand in Italy [6].
Using weather variables is only suitable for short-term forecasting. Especially, this method is difficult to apply
to countries in temperate regions, where is a difference in weather between seasons and regions. A few
research studies have been directed to explore the complex problem of monthly electricity demand forecasting
by multivariate time series analysis[7] [8] [9][10].

The energy demand forecasting model by Multivariable regression is widely applied in research and
practice. The choice of variables to be included in the model depends on the research objectives as well as the
availability of data [11]. As consequence, we choose the Multivariable-regression method to forecast the civil
electricity demand in Vietnam, which is explained by the following reasons. Firstly, the method Multivariable
Regression method requires a large enough sample of research data that these data can be collected at the
Institute of Energy Science, General Statistics Office, and reports. Secondly, using regression analysis to
estimate and forecast electricity demand based on the relationships between average income, average
electricity price, population, and electricity consumption of the respective sector will provide accurate results
through the tests and model fit.
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B. Select variables

We mentioned above that the regression method is particularly interested in estimating or predicting the
mean value of the dependent variable based on knowing the values of the independent variable. To estimate
the sample regression function, we use the Ordinary Least Square method (OLS).

Suppose we consider the relationship between two variables X and Y, where X is considered as the
independent variable (the explanatory variable), and Y is considered the dependent variable. Because there can
be simultaneous effects of n factors, determining the relationship form of each factor and the whole equation
is very complicated. Therefore, it is necessary to analyze the theory carefully in tandem with research
experience to choose the appropriate form. For example, when forecasting a country's electricity demand,
electricity demand is not generally related to one or more factors such as national income, population, gross
domestic product, and consumer price index. Therefore, in this paper, we only choose the independent
variables: population, electricity price, and average income, to explain the dependent variable (electricity
demand for the residential sector).

3. Building Model

Based on the table of the collected sample values of input variables such as electricity consumption of the
industry and factors affecting electricity consumption demand such as average income, price, and population,
we establish the forecast function A = f(P, DS, TNBQ...) according to the common statistical method for the
residential sector in Vietnam.

Many types of functions are used to forecast power demand, be it normal linear function or more complex
functional forms such as squared trend function or exponential function. The general trend is to linearize these
complex functions and solve them using least squares estimation techniques.

We use two types of functions: linear function and linear logarithmic function. Depending on the specific
conditions of the collected data set, the forecasting models can be full of independent variables or not.
Electricity demand for the residential sector:

ASH = (DS, TNBQ, PSH) (1
Where:
e ASH: Electricity demand for the residential sector
e TNBQ: Average income per capita
e DS: Population
e PSH: Electricity price
A - Design, estimate, and test linear model
ASH= o + B1*TNBQ + B2*PSH + B3*DS + &; @)

We use collected data as input values for building a forecasting model and from the output data, we can
build a forecasting model:

ASH= (-3.65E+11) - 37074750*TNBQ + 4781296*DS — (1.36E+10)*PSH

With the significant level: a =0.05, we see that:
Prob(tTNBQ) = 0.5981> a
Prob(tPSH) = 0.1196 > o
Prob(tDS) = 0.0002 < o
Thus, the variables TNBQ and PSH do not affect the consumption demand of the industry. We remove the
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variable TNBQ and variable PSH from the model.

From the new output data:
We can build a forecasting model:
ASH= (-3.25E+11) + 4082565*DS
o T-test:

Null hypothesis: HO: Bj=0
H1:Bj#0
With the significant level a = 0.05 we see that Prob(tDS) = 0.000000 < o

Reject Ho, accept Hi. Thus, there is at least one variable that affects the power consumption demand of the
sector. The model satisfies the T-test.
e  F-test:

Null hypothesis: Ho: Bi=...=Bc=0
H; : There is at least one Bj # 0
With the significant level = 0.05 we see that Prob(F-statistic) = 0.000000 < o

Reject Ho, accept Hi. Thus, there is at least one variable that affects the power consumption demand of the
sector. The model satisfies the F-test.

e d Durbin-Watson test:

Based on the results of Eviews, we have d = 2.147645, with the number of observed samples n = 8 and the
number of independent variables k” = 1, look up the table of dL., dU values of Durbin-Watson statistics with
significance level 5%, we have:

dL =0.763
dU =1.332
dU<d<4-dU

So the above model does not occur autocorrelation.
Performing the T-test, F-test, and d Durbin-Watson test, we get the accepted forecasting model as:
ASH= (-3.25E+11) + 4082565*DS
B - Design, estimate and test the linear logarithmic model:
The forecast model has the form:
Ln(ASH) = Bo + Bi*In(TNBQ) + B,*In(PSH) + B3*In(DS) + &; 3)

We use the data collected and analyzed in the previous section as input data for building forecasting models
and from the output data, we can build a forecasting model:

Ln(ASH) = -59.18039 + 0.125658*In(TNBQ) - 0.439914*In(PSH) + 7.311265*In(DS)

With the above prediction model, we see that the coefficients of the variable TNBQ and the coefficient of
the variable DS have positive signs. That is, when TNBQ increases by 1%, the power demand also increases
by 0.125658%, when the DS increases by 1%, the power demand increases to 7.311265%. This is consistent
with economic theory. Besides, we see that the coefficient of the variable PSH has a negative sign. This means
that when PSH is reduced by 1%, the power demand increases by 0.439914%. All of this is consistent with
economic theory.

In addition, with the significance level o = 0.05, we see:
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Prob(tlog(TNBQ)) = 0.4332 >«
Prob(tlog(PSH)) = 0.4327 > a
Prob(tlog(DS)) = 0.0065 < a

Therefore, the variables PSH and TNBQ do not affect the power consumption demand of the industry. We
proceed to remove the PSH and TNBQ variables from the model and rebuild the predictive model:
ASH= (-3.25E+11) + 4082565*DS
Performing the T-test, F-test, and d Durbin-Watson test, we get the accepted forecasting model as:

ASH= (-3.25E+11) + 4082565*DS
4. Experiments and Results
We have models to forecast electricity consumption for the residential sector in Vietnam as follows:

Table 1. Electricity consumption forecasting models for the residential sector
ID Type Forecasting model R?
1 Linear ASH= (-3.25E+11) + 4082565*DS 0.9968
2 | Logarithmic linear | In(ASH) = -24.33274+ 3.265663*In(DS) + 0.474747*In(ASH(-1)) 0.9932

Based on the models built above, we get the results of electricity demand for Vietnam's residential sectors
in the period of 2018-2020 To evaluate the error of the forecast, we can use the MAPE criterion. The model
with the smallest of these criteria, choosing that model as the forecasting model will give better results.

MAPE (Mean Absolute Percent Error) indicator:

Table 2. Mean absolute percentage error (MAPE) results
MAPE
Linear MAPE Logarithmic MAPE
Residential sector 0.92% 0.50%
At the same time, we compare the R? coefficients of the models to choose the most suitable forecasting
model for the residential sector in Vietnam. The coefficient R? evaluates the fit of the model.

Sector

We have a table of data on the population of Vietnam in the period 2013-2020 shown in the table below:
Table 3. The population of Vietham in the period 2013-2020

Year 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Population 89.760 | 90.729 | 91.713 | 92.695 | 93.672 | 94.666 | 96.484 | 97.338
(Thousands of people)

Based on the above data, we get the graph along with the trend function (Trendline)

We see that, with the coefficient R? = 0.9918, it shows that the appropriateness of the trend function is
99.18%. From there, we get the results of Vietnam's population forecast for the period 2021-2025 as follows:

Table 4. The results of Vietnam's population forecast for the period 2021-2025

Year 2021 2022 2023 2024 2025
Population 98.293 99.384 | 100.475 | 101.566 | 102.658
(Thousands of people)

Substituting the forecasted data of the variables into the models above, we have the following results for
forecasting electricity demand for the civil industry in Vietnam:
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Figure 1. Forecasting results of electricity demand in the residential sector in the period
of 2021-2025

The obtained results also are shown in Fig. 2.

100,000
N
a0
.l

_ 80000 Lot
é o
9]
S
O 60,000
E
=
o
=
2 2m0
A
=
(%]
L
w 20,000

0

013 2014 2015 2016 2017 2018 2015 2020 202IF 202F 202%F 2024F 2025

Figure 2. The electricity demand in the residential sector in the period of 2013-2025

Through forecast data, we can see that the electricity consumption demand of Vietnam's residential sector
in the period of 2020-2025 tends to increase year by year. It is forecasted that by 2025, the demand for domestic
electricity consumption will reach 94106 GWh, an increase of 23.36% compared to 2021. The demand will
increase with an average growth rate of 4.7%/year.

5. Conclusion

With the current economic development, the demand for electricity consumption is increasing, especially
the increase in the demand for household electricity. Therefore, the state needs to have reasonable policies to
encourage people to use electricity economically and efficiently, reduce the burden on the national electricity
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system, and especially expand the model of using renewable energy sources when the current situation of
hydroelectric and thermal power plants are running at full capacity, but they still cannot meet the national

electricity demand.

Faced with that situation, we have studied and applied the multi-regression method to forecast the power
consumption demand for the domestic electricity industry of Vietnam in the period 2021-2025. The model we
choose has been calculated with an error of 0.92% and the fitness level is up to 99.6%. To ensure a sufficient
supply of electricity for daily life, the power sector must always be one step ahead in source development as

well as grid system planning.
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