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ELECTRICITY DEMAND ANALYSIS AND FORECASTING IN TAIWAN 
 

CHIH-SHINE HO 

DOCTORAL CANDIDATE 

DEPARTMENT OF ECONOMICS 

SOOCHOW UNIVERSITY 

CHUNGCHENG DISTRICT, TAIPEI CITY 100, TAIWAN 

 
ABSTRACT 

In 2013, Taiwan authorises increase in oil and electricity prices to reduce the energy demand of the masses. However, this measure not only failed to achieve the 

expected policy goal, but also caused prices to rise. Hence, this study tries to discuss the electricity consumption and the different prices of the sectors. The econo-

metric model of Kalman filter is the estimation of the demand elasticity of electricity in Taiwan. Due to electric demand is foreign trade oriented in Taiwan, we 

suggest to set a combination of stimulus packages to alleviate it. 

 

KEYWORDS 
electricity price. Kalman filter. electric demand. 

 

JEL CODES 
Q40, Q41, Q47. 

 

1. INTRODUCTION 
n the past, Taiwan’s power technology was mainly based on fossil fuel power generation. From 1960 to 2014, not only did policy makers try to increase the 

rapidly growing economy of the GDP, but also the layout subsidized to export-oriented economies such as the price of electricity. On the one hand, the 

industrial competitiveness approach relied on preferential cost of production factors. On the other hand, the industry emphasised less on energy efficiency. 

Taiwan's per capita carbon emissions always be a big carbon emitter that the relevant authority monitors goods price volatility to remain the stable electricity 

tariff. Taiwan’s electricity tariff rates have been adjusted twice a year in 2015. The adjustment of electricity prices timely helps in allocating resources efficiently. 

The issues of carbon emissions and greenhouse gases have gradually attracted international attention. Hence, Taiwan's power generation is devoted to elevate 

green energy, increase natural gas, decrease coal-fired, reach nuclear-free, and guarantee a stable power supply to reduce air pollution and carbon emissions. The 

share of green energy in the power generation ratio will increase from % 5 in 2016 to 20% in 2025. Furthermore, the generation capacity of natural gas will increase 

from its current 32,4% to 50% by 2025. The industrial sector particularly concerns about the increase in the ratio of renewable energy to natural gas power 

generation, which will lead to a substantial increase in the production cost of the product. Rising electricity price is chiefly concerned with all. 

Numerous articles discussed the variables and categories of electricity consumption, such as consumer behaviours, the temperature, industry characteristics, 

electricity efficiency, electricity price, consumer price index, incomes, GDP, etc. The study of domestic energy demand estimated the connection of temperature 

and electric consumption (Pardoa et al., 2002; Chang et al., 2016). Using annual data would analyse the patterns of electricity consumption between electricity 

prices and economic growth (Shiu and Lam, 2004). Applying a co-integration and error-correction model established short-and long-run elasticities of the electric-

ity’s demand price and income with respect to price and income in the Korean service sector (Kyoung-Min et al.,2014). Applying Harvey’s Structural Time Series 

Model estimated equations of gasoline demand and residential electricity demand in Saudi Arabia (Mohammad et al., 2021). The global electricity demand pays 

close attention to the electricity prices and income levels of user. This article is the estimation of price elasticities of electricity demand in Taiwan from 1991 to 

2021 by applying the Kalman filter. 

1.1. OBJECTIVES OF THE STUDY 

1. To study the factors effecting the electricity demand in Taiwan.  

2. To study the price and income elasticities of the electricity demand in Taiwan. 

 

2.  THE LITERATURE OF METHODOLOGY 
2.1. GENERAL TOPICS 
Numerous studies are based on electricity demand as the topic of discussion. The more common analysis methods include co-integration analysis and Granger’s 

technique. The tool analysis of cointegration has an important contribution to the development of econometrics (Engle and Granger, 1987; Johansen, 1991). By 

seeking the method of cointegration to establish long-term relationships that affect the economic variables in Malaysia. There is a positive correlation between 

carbon dioxide and economic growth. The policy implications of this article initiated the recommendation for continuing the decoupling of economic growth from 

CO2 emissions. Therefore, the advantage of using natural gas to generate electricity with less carbon emissions is used as a suggestion to lay the foundation for 

sustained economic growth and protection of the environment (Etokakpan et al., 2020).  

Most countries choose fossil fuel power generation technology based on cost factors and power supply stability. Therefore, coal-fired power generation technology 

has become an indispensable basic option. This study’s main objective is to apply Granger's technique to investigate the relationship between gross domestic 

product and energy price or consumption. The price of oil rises and may cause recessions in the U.S economy (Hamilton, 1983; Mork, 1989). To investigate the 

relationship between GDP and energy consumption, he used Taiwanese data from 1954 to 1997. By examining the energy usage of the four power generation 

technologies before and after this period, including natural gas, crude oil, electricity and coal, he found that they have a causal relationship with each other for 

economic growth (Yang, 2000). 

Before setting energy prices, policymakers often use price trends in previous periods as a reference. However, the problem with co-integration analysis is that the 

relationship between variables must indicate to assume a long-term stable relationship. Hence, most studies are similar in assumptions that the price elasticity of 

electricity is constant through the periods inspected (Inglesi-Lotz,2011). According to this assumption, we understand that various variables will change over time. 

This means that the trend of electricity demand over time cannot be captured and it cannot be a reference standard for policy planners. While the international 

community is gradually advocating vigorously for reducing emissions, the renewable energy generation technology has relatively lenient control on policy com-

pared with other energy sources. It means that the power infrastructure has been completely readjusted, from high-carbon petrochemical power generation to 

low-carbon natural gas and renewable energy power generation technology. The characteristics of renewable energy generation equipment are mainly natural 

resources, such as the sun and tides. 

Therefore, new energy generation equipment is an intermittent equipment of the power, comparing to traditional petrochemical power generation technology. 

Many studies focused on electricity demand of the sectors, such as the industrial sector, the residential sector, the agricultural sector, and the power generation 

sector. Before responding to power demand, it is necessary to make many unpredictable changes in the time trend under the current limited information. The 

electricity demand will never be a stable state. Therefore, it is necessary for power plant operators that gain the information for reference of electricity demand 

and various variables. 

I 
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As far as the electricity sector is concerned, price and income flexibility may have become the most critical factors influencing electricity consumption decisions. 

The more increase in natural gas and renewable energy power generation, the more it will make the price of electricity that raises the cost of industrial develop-

ment. It's absolutely vital that the social planners obviously required a set of trustworthy and referenced modules to respond to fluctuations in energy prices. 

The Kalman filter can capture the characteristics of variables modified over time in the model. When the variables change over time, it can be used to capture the 

change of the variable under the inclusion of new information and effects, thereby predicting new trends and traces. This algorithm not only expands the OLS 

model, but the electricity demand is a better policy and business assessment tool (Morrison and Pike, 1977).  

2.2. KALMAN FILTER APPLICATION 
It's absolutely vital that understanding the customer’s needs is to be the growing business. Electricity companies try to foresee future trends in electricity demand. 

This shows that most studies create a model to capture the effect of economic variables on energy demand. We can discover many estimated tools and assume 

that the time series data is stable states. It limited to assist the decision-making and evaluation of relevant unit’s company managers. 

The structural time series model is an invaluable instrument for conducting research of electricity demand. The algorithm of the model is written by Kalman filter, 

which can be used to analyse the trend (horizontal plus slope), seasonality and irregular components in the time series. In this paper, we tried structural models 

with real independent variable time series in Taiwan. We decomposed the electricity consumption of sector time series with a smooth trend and we focused on 

the trend and the cyclical component. The issues affecting the consumption of electricity are nothing more than income, electricity prices and economic growth. 

The scope of this research is the power demand of each department in a period of time. In the specific presentation of electricity demand of various sectors, the 

most obvious way of electricity consumption is the seasonal difference. 

In this study, we tried to hold energy price reform to measure the consumption of electricity in Taiwan. Aggregate electricity demand is modelled as a function of 

the real electricity price, real income, sector's electricity consumption and so on. We considered the following equation: 

Et=a1Gdpt+a2Transt+a3Svt+a4Engt+a5Indt+a6Inct+a7Rest+a8Agrt+ a9Indt_p+a10 Rest_p + tε
…（1） 

where 

In period t, Et is the dependent variable, is the total electricity consumption, Gdpt is the electricity consumption of gross domestic product, Transt is the electricity 

consumption of transport sector, Svt is the electricity consumption of service sector, Engt is the electricity consumption of energy sector, Indt is the electricity 

consumption of industry, Inct is the national income, Rest is the electricity consumption of residential sector, Agrt is the electricity consumption of agricultural 

sector, Indt_p is the price of industrial electricity and Rest_p is the price of residential electricity. 

The electricity consumption of each department varies under the time trend, which fully reflects the difference in energy demand of each department. Taiwan’s 

economic momentum is mainly export trade. According to export data, Taiwan’s peak export season is in the third and fourth quarters. Therefore, depending on 

the products was produced by each department, it must be completed in advance. Because the industrial sector has the largest proportion of total electricity 

consumption, lots of evidence has a great influence on the total electricity consumption and the electricity demand of GDP. The three variables of total electricity 

consumption, economic growth and industrial sector have been processed for the time lag trend. Finally, based on the aforementioned factors, this article uses 

the sspace (state space) in the EViews 7.2 software to provide a simple and easy-to-use interface, using a powerful recursive Kalman filter algorithm for analysis 

(Hamilton 1994a, 1994b; Harvey, 1989), equation (1) becomes 

signal Et = c(1)*total(-1) + c(2)*gdp(-1) + c(3)*ind(-1) + c(4)*rest + c(5)*svt +c(6)*transt + c(7)*engt + c(8)*agrt + sv1*indt_p + sv2*rest_p + sv3*inct + [var = exp(c(9))]

（2） 

state sv1 = sv1(-1) （3） 

state sv2 = sv2(-1) （4） 

state sv3 = sv3(-1) （5） 
 

3. DATA 
Applying the Kalman filter algorithm traced the electricity demand of various sectors. At first, this study tries to use the AREMOS database of Taiwan Economic 

Data Center to estimate the electricity consumption in Taiwan. The aggregate electricity consumption is measured in kilowatt-hour. Secondly, the electricity fare 

is obtained by the Bureau of Energy, Ministry of Economic Affairs; whilst the data series on national income and consumer price index was obtained from the 

Directorate General of Budget, Accounting and Statistics, Executive Yuan. 

This paper explores the substantial change of real variables. We must convert nominal variables into real variables, in which the income and the electricity price is 

divided by CPI (constant prices 2016). The database is from 1991Q1 to 2020Q1. Finally, we obtained the real variable rate of change to apply to the Kalman filter 

calculation model. 

 

4.     RESULTS AND DISCUSSION 
4.1. ADF&PP TEST 
The article used to capture the relationship between electricity price and electricity consumption which was the Kalman filter. Before using the econometric model 

evaluation, the statistical test will be provided assistance by verifying if the estimated parameters changed over time. For this study, we selected the statistical 

verification methods of ADF and PP. Because the p-value is smaller than the 5% significance level, regardless of how the ADF and PP tests rejected the null hypoth-

esis that the parameters were stable. The results are displayed in Table 1. According to these results, we applied the Kalman filter model further. 

 
TABLE 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: *Statistically significant at 10%; **statistically significant at 5%; ***statistically significant at 1%. 

  

Variables ADF PP 

engt -8.528*** -20.916*** 

gdpt -8.322*** -49.275*** 

Incomet -7.515*** -30.857*** 

indt -9.243*** -22.865*** 

indt-p -9.383*** -26.537*** 

 

-8.922*** -16.377*** 

 

-5.642*** -25.054*** 

 

-8.719*** -17.040*** 

 

-19.540*** -20.593*** 

 

-6.927*** -24.740*** 

Rest-p -9.129*** -49.487*** 
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4.2. KALMAN FILTER 
In the model, the Kaman filter was used to explore the trend of the electricity price, electricity consumption, and the variables in various sectors in the same 

period. Table 2 reports that the algorithm of structural time series model is the Kalman filter estimation results.  
 

TABLE 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c(1)represents the total electricity consumption in period t-1; c(2) represents the gross domestic production period t-1; c(3) represents the electricity consumption 

of the industry in period t-1 ; c(4) represents the electricity consumption of the residential sector in period t ; c(5) represents the electricity consumption of the 

service sector in period t ; c(6) represents the electricity consumption of transport sector in period t; c(7) represents the electricity consumption of the energy 

sector in period t; c(8) represents the electricity consumption of the agriculture sector in period t; c(9) represents the constant parameters of the estimation in 

period t; sv1 and sv2 represent the final estimates for the electricity price elasticity of industry and household and sv3 represents he final estimates for the income 

elasticity. 

The main driving force of Taiwan's economic development is exports. The economic growth will inevitably affect the growth of electricity consumption. The 

relationship between the gross domestic product and electricity consumption almost shows to change in the same direction for the time period in in Figs. 1. Thus, 

it’s vitally important to discuss electricity prices and electricity consumption in detail. 

 
FIGURE 1 

 
We try to describe the elasticity trajectory of income and industry/residential sector electricity price in Figs. 2 and 3. Most of the income elasticity changes in the 

same range as the price elasticity. This fact reveals that the electricity price alone cannot reduce the electricity consumption of the department. 

Therefore, in order to reduce electricity consumption, the social planer has to form a complete set of policy incentive-supporting mechanisms, such as demand 

response and carbon tax, which have been common in recent years. 

  

Space Model 

Sample:1991Q2~2020Q1 

Included observations:116 

Variables Estimated coefficients p-vale 

C(1) -0.0912 0.0061 

C(2) 0.0003 0.5276 

C(3) 0.0228 0.2581 

C(4) 0.0930 0.0009 

C(5) 0.4927 0 

C(6) 0.0506 0.0316 

C(7) 0.0820 0.1285 

C(8) -0.0117 0.7615 

C(9) -8.5112 0 

 Variables Final State p-vale 

 SV1 -0.0027 0.8575 

 SV2 -0.0158 0.3593 

 SV3 0.0903 0.0067 

 Log likelihood 294.9693  

 Akaike info criterion -4.9734  

 Schwarz criterion -4.7556  

 Hannan-Quinn criter -4.8862  
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FIGURE 2 

 
 

5.     CONCLUSION 
Electric demand rests with both electric valance and the inflation. In the previous decade, electric fees and consumption always are the major issue of energy 

policy in Taiwan. The main reason is that energy (electricity) prices will affect the consumer price index and industrial factor cost. The industrial sector occupies 

the highest electricity consumption of all sectors, accounting for 52% on average. In 2012, a substantial adjustment of energy prices did not change the behaviour 

of electricity consumption, but it caused the commodity price to fluctuate sharply. It has aroused people's expectations and may have led to rising prices. This is a 

far cry from the original policy goal of reducing electricity consumption.  

Behaviour Shaping lies in the accumulation of daily life. The response of various sectors to the difference in electricity prices lies in the direction of electricity 

consumption. If it assumed that the electricity demand variable sequence was in a long-term stable state sequence once people faced the changes in prices, the 

current electricity consumption behaviour would be changed. The advantage of the Kalman filter algorithm model captured short-term data trends, wherein it 

was particularly suitable for the discussion of electricity demand. 

The mode makes both ends of the supply and demand which process the goal of suppressing power consumption/generation. It can be regarded as a positive 

advantage of suppressing electricity demand. In recent years, many policies have proposed a comprehensive energy transition to decouple energy use from eco-

nomic growth. For less developed countries or developing countries, it is a win-win trajectory for economic development and energy demand and it is a worthwhile 

approach. 
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