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Effects of changes in electricity price on electricity demand and 

resulting effects on manufacturing output  

Abstract 

Many countries are interested in reducing electricity consumption in connection with that the 

electricity demand has been increasing in recent years. Price control is often used as a method of 

controlling electricity demand in the short-term. However, even if price control causes to 

decrease in electricity use, the decrease in electricity demand results in a decrease in economic 

activity as electricity use plays a role in one of input factors. In this respect, this research analyze 

how changes in electricity price influence electricity demand, and how subsequent changes in 

electricity demand change production of manufacturing output, focusing particularly on how 

these relationships change over space. In this paper, we use the simultaneous equation based on 

Generalized spatial two-stage least squares model (GS2SLS) to examine the interrelationship 

among electricity demand, economic output, and electricity price. By assessing these 

relationships in one modeling framework, we evaluate electricity-price scenarios to help 

policymakers about electricity price decisions. (JEL C33, L94, Q4) 

 

Key words: Manufacturing electricity demand, Spatial econometrics, Production output, 

Simultaneous model 
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Effects of changes in electricity price on electricity demand and 

resulting effects on manufacturing output 

Introduction 

Background 

Electricity demand has increased faster than overall energy use in recent years (World 

Nuclear Association 2014). Total worldwide electricity consumption grew by 40% during 2000–

2010 while overall energy use grew by 26% during the same period (EIA 2013). The proportion 

of electricity consumption in total global energy consumption increased steadily from 16.3% to 

17.7% between 2005 and 2010, while the share of oil consumption decreased by 2.2% during the 

same period (IEA 2007, 2012). The recent rise in electricity consumption can be credited to (i) a 

global prevalence of electronic devices such as television, personal computers, and mobile 

telephones and (ii) surging demand for electricity in emerging countries such as China, where 

electricity use increased by 66% during 2005–2010 (EIA 2013; Yuan et al. 2007).  

The rapid increase of electricity consumption has led to electric power shortages and 

economic loss. Power shortages have occurred due to both an increase in electricity demand 

caused by unusual extreme weather in recent years and unstable electricity supply caused by 

dramatic changes in fuel prices and power system malfunctions. Blackouts that cause major 

economic losses have occurred in western North America in the summer of 1996, Brazil in 1996, 

the northeastern United States and Europe in August and September 2003, and Greece in July 

2004 (Taylor, Erickson, and Wilson 2005). For example, the blackout that occurred in August 

2003 in the northeastern United States (i.e., Michigan, Indiana, Pennsylvania, New York, New 

Jersey, Connecticut, and Vermont), resulted in an estimated economic loss of $ 1 billion (NERC 

Steering Group 2004; Luke 2010). 
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To avoid such power system failures in the future, the capacity and reliability of 

electricity supply can be improved and/or electricity demand can be mitigated. Improving the 

electricity supply is considered as a long-term solution because increasing reliable capacity 

requires significant resources. Alternatively, price controls by sector, region, and time for 

anticipated changes in electricity demand have been widely adopted as a short-term solution. 

Although various price-control approaches can reduce electricity consumption in the short run, 

they may also affect the output of high energy-intensive industrial sectors (e.g., metals, mining, 

and steel industries), which consumed 43% of the global electricity in 2011 (IEA 2012). In 

evaluating such relationships, the majority of research has focused on (i) the price elasticity of 

electricity demand and (ii) causality between electricity demand and manufacturing output. 

Despite the abundant literature dealing those relationships, appropriate focus has not been given 

to assessing the effect of changes in electricity price on electricity demand and the resulting 

effect on manufacturing output. The scarcity of such research is surprising, given Bernstein and 

Madlener’s (2010) finding that (i) causality runs from both economic activity and electricity 

price to electricity consumption, and (ii) causality runs from electricity price and electricity 

consumption to economic activity.   

Likewise, proper attention has not been given to evaluating the impacts of regionally-

varying prices on electricity demand and manufacturing output, nor to their spatial dynamic 

processes. The lack of research on this regard is also unexpected given that (1) many countries 

have adopted (e.g., Australia, Canada, Japan, the United Kingdom, and the United States) or are 

considering adoption of regionally-varying prices based on regional differences in costs of 

generation, transmission, and distribution of electricity (e.g., South Korea) and (2) the findings 

that electricity demand and manufacturing output are spatially interrelated (Cohen and Paul 
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2004, 2005; Blázquez, Heimsch, and Filippini 2013). Our research attempts to fill theses gaps in 

knowledge by analyzing the relationships among electricity price, electricity demand, and 

manufacturing output in a spatial modeling framework to simulate the effects of regionally-

varying prices and regionally-uniform prices on electricity demand and manufacturing output.    

  

Objectives and significance 

The objective of our research is to analyze how changes in electricity price influence 

electricity demand and how subsequent changes in electricity demand change production of 

manufacturing output, focusing particularly on how these relationships change over space. By 

assessing these relationships in a spatial econometric modeling framework, we hypothesize that 

(1) an increase in electricity price decreases the quantity of electricity demanded, which 

adversely affects manufacturing output. The spatial econometric estimates are then used to 

simulation changes in electricity prices under regionally-uniform pricing and regionally-varying 

pricing to test the hypothesis that (2) changing from a regionally-uniform pricing policy to a 

regionally-varying pricing policy will have different regional effects on electricity demand and 

manufacturing output. 

In connection with hypothesis (1), the literature shows different price elasticities of 

electricity demand in different economic sectors (e.g., Houtharkker, Verleger, and Sheehan 1974; 

Halvorsen 1975; Lin, Chen, and Chatov 1987; Bose and Shukla 1999; Paul, Myers, and Palmer 

2009; Aroonruengsawat, Auffhammer, and Sanstad 2012; Blázquez, Heimsch, and Filippini 

2013), causal relationships between electricity consumption and economic activity (Berndt and 

Hesse 1986; Soytas and Sari 2007; Bowden and Payne 2009; Lendel, Park, and Thomas 2013), 
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and causality among electricity price, electricity consumption, and economic activity (Asafu-

Adjaye 2000; Mahadevan and Asafu-Adjaye 2007; Bernstein and Madlener 2010). 

Regarding to the hypothesis (2), the literature shows regional variations in price 

elasticities of electricity demand (e.g., Walasek 1981; Bernstein and Griffin 2006; Paul, Myers, 

and Palmer 2009), difference in price elasticities of electricity demand depending on the 

electricity-intensities across industries (Bjørner, Togeby, and, Jensen 2001), lower cost 

efficiency of regionally-varying pricing relative to regionally-uniform pricing (Ma, Sun and 

Cheung 2003; Krause 2005), and spatial neighborhood effects of electricity demand and 

manufacturing output (Cohen and Paul 2004, 2005; Blázquez, Heimsch, and Filippini 2013).  

Our research contributes to the literature in two ways. First, we simulate in a single 

modeling framework the effect of changes in electricity price on electricity demand and how 

those changes in electricity demand subsequently affect manufacturing output. Within the 

literature dealing with the relationship between electricity price and electricity demand, the 

relationship’s impact on manufacturing output has been ignored (e.g., Houtharkker, Verleger, 

and Sheehan 1974; Halvorsen 1975; Lin, Chen, and Chatov 1987; Bose and Shukla 1999). In 

contrast, the literature dealing with the causality between electricity demand and manufacturing 

output has ignored the electricity price and demand relationship (e.g., Soytas and Sari 2007; 

Bowden and Payne 2009). However, in rare literature, the causality among electricity price, 

electricity consumption, and economic activity in manufacturing industry has been explored 

(Bernstein and Madlener 2010). Despite its contribution of determining the causal relationship, 

price simulations of electricity demand and economic output have not been done in such limited 

undertakings. The need for ex-anti price simulations arises because ex-anti simulations can help 

http://www.sciencedirect.com/science/article/pii/S0140988300000505
http://www.sciencedirect.com/science/article/pii/S0140988300000505
http://www.sciencedirect.com/science/article/pii/S0301421506003363
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policy makers evaluate the potential consequences on electricity demand and economic output of 

proposed pricing-policy changes before a policy in actually implemented.   

Second, we apply a general spatial model that accommodates both spatial correlations in 

the relationships among electricity price, electricity demand, and manufacturing output. The 

earlier literature dealing with the relationship between electricity price and quantity demanded,  

mostly focused on estimating electricity demand function for residential use and other sectors 

without considering spatial issues associated with the relationship (e.g., Houtharkker, Verleger, 

and Sheehan 1974; Halvorsen 1975; Lin, Chen, and Chatov 1987; Bose and Shukla 1999). More 

recently, researchers have begun dealing with the spatial issues inherent in electricity prices and 

demand (e.g., Paul, Myers, and Palmer 2009; Aroonruengsawat, Auffhammer, and Sanstad 2012; 

Blázquez, Heimsch, and Filippini 2013). Similarly, recent literature has begun dealing with the 

spatial issues related to manufacturing output (e.g., Cohen and Paul 2004, 2005). Nevertheless, 

few, if any, studies have dealt with the spatial aspects characteristic both relationships in a single 

modeling framework. 

In the remainder of this paper, we present a conceptual framework for the joint analysis 

electricity demand and its effects on manufacturing output in the context of input demand and 

output production. Then, we specify an empirical model for use in simulating electricity-price 

policy. Next, we discuss the results of the empirical estimates and simulations, followed by 

conclusions.  

 

Conceptual Framework 
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Consider a manufacturing firm that produces output quantity Q using electricity E, labor 

L, and capital K inputs at minimum total cost. Assuming constant returns to scale, the firm’s 

cost-minimizing input choice is represented as:  

, ,
in ,m

E L K
eE wL vK                               (1) 

0. .  ( , , ).s t Q f E L K  

The solution to this problem gives the firm’s total cost function: 

  ( , , , )TC TC e w v Q ,                                                                                                (2) 

where e, w, and v are the electricity price, wage rate, and rental rate of capital, respectively. 

Applying the Shephard’s Lemma, conditional input (factor) demands for electricity *E , labor *L , 

and capital *K are derived by partial differentiating the total cost function with respect to e , w, 

and v (Nicholson and Snyder 2011, p 353): 

 * , , ,
TC

E E e w v Q
e


 


,                                                                (3) 

 * , , ,
TC

L L e w v Q
w


 


,                                                                (4)

 * , , ,
TC

K K e w v Q
v


 


,                                                                (5) 

Given the conditional input (factor) demands, the optimal production function is:  

 * * *, ,Q f E L K .                            (6) 

 

Empirical Model 

Model specification 
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Based on the aforementioned conceptual framework, we empirically specify the 

relationships among input prices, input demands, and manufacturing output to test the two 

hypotheses presented in the objectives and significance section. In developing the empirical 

model, we specify a system of four equations for equation (3) (“electricity demand equation”), 

equation (4) (“labor demand equation”), equation (5) (“capital demand equation”), and equation 

(6) (“production output equation”). In developing the system of equations, we dealt with five 

issues.  

First, potential multicollinearity among the explanatory variables in the system is 

diagnosed and addressed. Second, non-economic factors (in addition to input- and output-related 

variables) not addressed in the conceptual framework are hypothesized to affect input demands 

and production. Third, temporal and spatial correlations are hypothesized between the inputs and 

their errors and between production output and its errors. Fourth, fixed effects models, which 

assume correlation between individual effects and the independent variables, and random effect 

models, which assume the individual effects are uncorrelated with the independent variables, are 

hypothesized for all equations. Fifth, a simultaneous-equations model with endogenous variables 

is hypothesized.  

Belsley, Kuh, and Welsch’s (1980, pp. 98-105) condition number (CN) is used for 

multicollinearity diagnostics. While there is no clear guideline for interpreting the CN, a rule of 

thumb is that multicollinearity may be problematic if the proportions of variation attributable to 

two or more variables are greater than 50% for a CN of 30 or more, and one or more of the 

identified variables is not statistically significant (Belsley, Kuh, and Welsch 1980, pp. 105, 171-

173).  
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In our case, the rental rate of capital and the electricity price, which were deflated by the 

consumer price index  have proportions of variation greater than 50% and are associated with a 

CN greater than 30 (i.e., 77) in each of the three input demand equations. Because only relative 

prices theoretically influence an input’s quantity demanded, each of the three input demand 

equations include the ratios of the electricity price and the wage relative to the capital rental rate 

(i.e.,  electricity price divided by capital rental rate) and wage-to-capital rental rate (i.e., wage 

divided by capital rental rate), respectively. In the production output equation, the quantity of 

capital and the quantity of electricity have proportions of variation greater than 50% and are 

associated with a CN greater than 30 (i.e., 51). However, multicollinearity was not an issue 

because both variable were statistically significant in the production output equation. Thus, 

correlation between the variables did not inflate their standard errors enough to cause failure to 

reject the null hypothesis of no effect on output.  

As for non-economic variables excluded from the conceptual framework (issue two), the 

literature finds that increases in the numbers of days that require heating or cooling (i.e., heating 

or cooling degree days) result in increases in electricity demand for manufacturing output 

because a firm uses electricity for operating equipment as well as heating and air conditioning 

that are directly connected to climate and weather condition (Paul, Myers, and Palmer 2009; 

Mideksa and Kallbekken 2010; Saunoris and Sheridan 2013). To test such effects on electricity 

demand, climate and weather-related variables are included in the electricity demand equation. 

Likewise, the literature shows that external market conditions affect production output (Park, 

Kim, and Harrington Jr. 2011; Furceri and Mourougane 2012; KIET 2013). To test such effects 

on production output, the dummy variables are included to represent conditions after the free 

trade agreement was implemented (“FTA dummy variable”) and after the financial crisis 
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(“recession dummy variable”) occurred. Exchange rates with major trading partners are also 

included in the production output equation.  

In relation to the temporal correlation part of the third issue, the empirical literature finds 

that electricity demand depends on the cumulative effects of past behavior and the change in the 

quantity of electricity demanded in the next period is determined by current decisions due to 

technological constraints and habit persistence (Houtharkker, Verleger, and Sheehan 1974). 

Likewise, temporal correlations in other inputs demanded (i.e., capital and labor) and production 

output exist because productivity of a firm is serially correlated and inputs respond to change in 

productivity with a temporal lag (Bond 2002; Fajnzylber and Maloney 2005; Varejão and 

Portugal 2007; Mueller 2008; Fosu, Getachew, and Ziesemer 2012). To test such potential 

temporal correlations, we implemented Woodrige’s test (Wooldridge 2010, pp. 319-320) for 

first-order serial autocorrelation for each of the four equations. The test results show rejection of 

the null hypothesis of no first-order serial autocorrelation (5% level) for the three input demand 

equations, but not for the production output equation (hereafter, “significant” means significant 

at the 5% level). 

In relation to the spatial correlation part of the third issue, electricity demands tend to 

have spatial neighborhood effects (Blázquez, Heimsch, and Filippini 2013). For example, an 

industrial park that includes numerous firms that achieve the benefits from economies of 

agglomeration would have spatial clustering effects on electricity demand. Likewise, the other 

input demands (i.e., labor and capital) would also be spatially correlated because input markets 

depend on input-related rental rates, which are closely related to the economic activities 

associated with neighboring economies (Longhi and Nijkamp 2007; Capello 2009). Similarly, 

production output may be spatially correlated because interactions through technological 
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diffusion and capital inflows among adjacent regions influence a region’s production output 

(Moreno and Trehan 1997; Ramírez and Loboguerrero 2002; Meliciani and Peracchi 2006).  

Robust spatial Lagrange multiplier (LM) tests for spatial lag dependence and spatial error 

autocorrelation (Anselin 1998) are implemented for the four equations. Because the test results 

may depend on spatial weight matrices, which summarize spatial relations between n spatial 

units, different spatial weight matrices are used as a sensitivity analysis. The results of the robust 

spatial lag and error LM tests are presented in Table 1. Robust LM statistics for spatial lag 

dependence model of electricity demand indicate in favor of spatial lag dependence model for 

seven of nine spatial weight matrices. Robust LM statistics for spatial error autocorrelation 

model of electricity demand indicate in favor of the spatial error autocorrelation model for all 

spatial weight matrices.  

The results of robust spatial lag LM tests for labor demand and capital demand do not 

indicate in favor of the spatial lag dependence model regardless of spatial weight metrics used 

and test of the production output equation indicated in favor of the spatial lag dependence model 

for three of nine spatial weight matrices. The results of robust spatial error LM tests indicate that 

labor demand, capital demand, and production output are favor the spatial error autocorrelation 

model for seven, two, and four of nine spatial weight matrices, respectively (see details in Table 

1). 

In response to the fourth issue, the Hausman tests (Hausman 1978) are implemented for 

the four equations to determine if the random effects model is more statistically efficient than the 

fixed effects model or vice versa. Electricity demand, labor demand, capital demand, and 

production output favor the spatial fixed effect model and random effect model. Nevertheless, 
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the Hausman tests indicate for all four equations the spatial fixed effect model is more 

statistically efficient than the random effect model (see details in Table 2).  

In relation to the fifth issue, because input demands are largely determined by input 

prices and output, and output is a function of input demands, input demands are hypothesized to 

be endogenous to the input prices and production output, and production output is hypothesized 

to be endogenous to the input demands (Ghali and El-Sakka 2004; Omri 2013). The literature on 

bidirectional causal relationships between electricity consumption and economic output supports 

the nexus between them (Yang 2000; Ghali and El-Sakka 2004; Yoo 2006). Thus, we conducted 

Durbin-Wu-Hausman tests to detect endogeneity problems. It is challenging to select appropriate 

instruments for the tests (Hausman and Taylor 1981). We hypothesize that the electricity price-

to-capital rental rate, wage-to-capital rental rate, electricity demand, labor demand, capital 

demand, and production output variables are endogenous. To test the reliability of the 

instruments, we conduct under-, weak-, and over- identification tests. The instruments, the test 

results for the reliability of the instruments, and the Durbin-Wu-Hausman test statistics are 

presented in the Table 3. The results of the endogeneity tests suggest (i) failure to reject the null 

hypotheses that the electricity price-to-capital rental rate and the wage-to-capital rental rate are 

exogenous variables in the three input demand equations, (ii) to reject the null hypotheses that 

the quantities demanded of the three inputs are exogenous variables in the production output 

equation, and (iii) to reject the null hypotheses that production output is an exogenous variable in 

each of the three input demand equations.  

Given the abovementioned results, we specify the four-equation system for electricity 

demand and production output with the general spatial model and for labor demand and capital 

demand with the spatial error model:  
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where the subscripts represent region i at time t (i = 1, 2, …, 16 and t = 2004, 2005, …, 

2012), itE is electricity demand in megawatt-hours (MWh); itL is the total number of laborers 

(i.e., full-time, temporary, and daily laborers) in the workforce; itK  is the total value of 

tangible assets; itQ is the gross manufacturing output; Z is a vector of exogenous variables 

that affect input demands (i.e., electricity price-to-capital rental rate and wage-to-capital 

rental rate); ,EX ,L
X ,K

X and Q
X are vectors of exogenous variables that affect electricity 

demand (i.e., first time-lagged electricity demand, cooling degree days, and heating degree 

days), labor demand (i.e., first time-lagged labor demand), capital demand (i.e., first time-

lagged capital demand), and production output (i.e., FTA dummy variable, recession dummy 

variable, Won-Dollar exchange rates), respectively; W is an n × n spatial weights matrix; 𝜌 is 

the spatial autoregressive coefficient explaining spatial lag dependence; 𝜏 is a spatial error 

coefficient; 0 , 1 , 0 , 1 , 3 , 0 , 1 , 3 , 0 , 1 , 2 , and 3  are scalar parameters; 2
α , 

3
α , 2

β , 2
γ  and 4

δ  are parameter vectors; i
μ is the vector of individual effects that are 

constant over time (i.e., fixed effects); 𝑢𝑖𝑡 and 𝜀𝑖𝑡 are error terms including the spatial error 

and the error term excluding spatial error, respectively. 
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We estimate the system of four equations using the generalized spatial two-stage least 

squares (GS2SLS) estimator of spatial autoregressive models with autoregressive disturbances 

(Kelejian and Prucha 1998). In the first stage, we obtain instrumented values of endogenous 

variables ( )itln E
E

W and ( ),itln QQW  say ( )itln EEW and ( ).itln QQW  ( )itln EEW is obtained by 

regressing ( )itln E
E

W on a set of instruments Z, ,EX ,L
X ,K

X ,Q
X  W(Z, ,EX ,L

X ,K
X Q

X ) and 

WW(Z, ,EX ,L
X ,K

X Q
X ). Similarly, ( )itln QQW is obtained by regressing ( )itln QQW on the 

same set of instruments, respectively. Likewise, we obtain ( )itln E , ( ),itln L ( ),itln K and ( )itln Q by 

regressing, respectively, ( ),itln E ( ),itln L ( ),itln K and ( )itln Q on a set of exogenous variables Z, 

,EX ,L
X ,K

X and Q
X . In the second stage, equations (7) – (10) are re-estimated using OLS after 

substituting ( )itln E , ( ),itln L ( ),itln K and ( )itln Q for ( ),itln E ( ),itln L ( ),itln K and ( )itln Q , 

respectively, and ( )itln EEW  and ( )itln QQW  for ( )itln E
E

W and ( )itln QQW , respectively. 

 

Electricity-price scenarios  

Electricity demand and manufacturing output are predicted for the period of 2013–2022 

for 16 regions of South Korea using marginal effects based on 2004–2012 under the status quo 

(baseline) and two hypothetical electricity price plans. The baseline assumes a regionally-

uniform percentage increase of 2.7% in the real annual electricity price in all 16 region during 

2013–2022, which is the annual average rate of increase during 2004–2012.  

Hypothetical scenario (1) with regionally-uniform electricity pricing increases the real 

annual electricity price by 4.7% in all 16 regions during 2013–2022. This scenario is loosely 

motivated by the sixth master plan for electricity demand and supply (Ministry of Economic 
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Knowledge of South Korea 2013) to reach an electricity price at the level of the average price of 

the Organization for Economic Co-operation and Development (OECD) countries. The 

electricity price of the manufacturing sector in South Korea was lower than the average of the 

OECD countries by 20% in 2011 (Jeon 2013). Given a 2.8% annual increases in real average 

electricity prices in OECD countries during 2006–2010 (IEA 2007, 2012; OECD 2014), a 4.7% 

average annual rate of increases for the real electricity prices during 2013–2022 would allow 

South Korea to reach the average price of electricity in the manufacturing sector of OECD 

countries.  

Hypothetical scenario (2) assumes that electricity prices increase at regionally-varying 

rates based on regionally-varying transmission costs with the constraint of achieving the same 

annual increase in the weighted-average electricity price as assumed in hypothetical scenario (1) 

(referred to as “electricity-price neutrality”). This scenario is specified based on (i) South Korean 

electricity market experts’ suggestions that the electricity price should be lower in regions close 

to power plants because of lower transmission costs than in more distant from power plants to 

reflect differences in the cost of supplying electricity (Kim 2001), and (ii) electricity-price 

neutrality compared to hypothetical scenario (1). For the simplicity, we differentiate the 

electricity price across two regions: Seoul metropolitan area including Seoul, Incheon, and 

Gyeonggi do (referred to as “Seoul metro area”) and the rest of the country (referred to as “non-

Seoul metro area”). 

Annual rates of increase in the electricity price for the Seoul metro area (m) and the non-

Seoul metro area (-m) are determined by solving the following system of equations.  

(1 0.047)( ) (1 ) (1 )m m m m m m

t t t t t t t t te E E e r E e r E                                           (11) 
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9
(1 ) (1 )

10

m m

t t t te r e r                                                                                     (12) 

where t is year (t = 2012, 2013, …, 2021), e  is the regionally-uniform electricity price, 0.047 is 

regionally-uniform annual rate of increase in the electricity price that would allow South Korea 

to reach the average price of electricity in the manufacturing sector of OECD countries, E is total 

quantity of electricity demanded, r is the annual rate of increase in the electricity price, and 
9

10
 is 

relative ratio of the electricity price in the non-Seoul metro area to the electricity price in the 

Seoul metro area. The latter ratio accommodates the difference in cost of supplying electricity in 

the two regions according to Lee (2007). 

Here, the two constraints of the system of equations are electricity-price neutrality as 

expressed in equation (11) and keeping the ratio of the electricity prices in the non-Seoul metro 

area to the Seoul metro area at 9/10 as expressed in the equation (12). The electricity-price 

neutrality constraint helps to compare regional differences in the price-change effects (i.e., 

changes in electricity demand and manufacturing output) between scenarios (1) and (2), given 

that the annual average rates of increase in the electricity prices are equal in scenario (1) and (2). 

 

Study Area and Data 

Input demand for electricity use and production output for manufacturing in South Korea 

are used as a case study. South Korea was chosen for the unique characteristics of its artificially 

lower and regionally-uniform electricity price system for stable growth in manufacturing and the 

country’s intention to increase its prices to OECD levels in the near future. The average 

electricity price in South Korea is currently cheaper than other energy sources, including oil, coal 

and gas (Jeon 2013), and the price of electricity use for manufacturing was the lowest among the 
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31 countries investigated by IEA (2012) in 2010. The lower electricity price established by the 

government is intended to boost the manufacturing sector by providing an affordable energy 

source (Cho, Lee, and Kim 2007). In part due to this price system, electricity consumption of 

South Korea in 2011 was the ninth highest in the world and the share of electricity use for 

manufacturing was more than 50% of total electricity use, which is relatively higher than most 

developed countries (e.g., 24% in the United States, 35.6% in Japan, and 42.5% in Germany) 

(Nation master 2005; EIA 2013). The abundant power usage led to the nation’s electricity power 

crisis in 2013 (AFP 2013). In response of the electricity power crisis, the Ministry of Knowledge 

Economy of South Korea (2013) announced its plan to increase the price of electricity for use in 

manufacturing.  

The data for this analysis pertain to 16 regions in South Korea which consists of 7 

metropolitan cities (i.e., Seoul, Busan, Daegu, Incheon, Kwangju, Daejeon, and Ulsan), 8 

provinces (i.e., Gyeonggi-do, Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, 

Jeollabuk-do, Jeollanam-do, Gyeongsangbuk-do, and Gyeongsangnam-do), and 1 special self-

governing province (i.e., Jeju-do). The electricity demand and electricity price for manufacturing 

use across the 16 regions for 2004–2012 were obtained from Korea Energy Statistics Information 

System (KESIS 2014). The gross output for manufacturing, total value of tangible assets, total 

number of workers, ten-year government bond yield, salaries paid for working population in the 

manufacturing sector, Won-Dollar exchange rates, and consumer price index across the 16 

regions for 2004–2012 were obtained from Korean Statistical Information Service (KOSIS 

2014). Heating degree days and cooling degree days were collected from KOSIS (2014). Table 4 

presents variable names, definitions, and descriptive statistics.  
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Gross output, electricity price, wage rate, and capital variables are deflated by the 

consumer price index in 2010 Korean Won (KOSIS 2014). The wage rate is calculated by 

dividing total salaries by total employment. The capital rental rate is measured by the sum of the 

weighted average of rates of depreciation of tangible assets (e.g., buildings, structures, 

machinery, and vehicles) and ten-year real government bond yield because the depreciation 

amount and interest from capital stock are considered as an opportunity cost of holding the 

capital stock (Berndt and Hesse 1986; Blank and Eggink 2014). Gross output, electricity price, 

wage rate, and capital variables converted to dollar values by applying Won-Dollar annual 

average exchange rates in 2010. The cooling degree days are the annual sum of the difference 

between daily mean temperatures and 26 degree Celsius for the days’ with mean temperatures 

higher than 26 degree Celsius. The heating degree days are the annual sum of the difference 

between daily mean temperatures and 18 degree Celsius for the days’ with mean temperatures 

lower than 18 degree Celsius. The free trade agreement (FTA) dummy variable equals 1 for 

2008–2012 and 0 otherwise to capture the effect on manufacturing output of implementing FTA 

between South Korea and the Association of Southeast Asian Nations (ASEAN) (i.e., Brunei, 

Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and 

Vietnam) in 2007. Won-Dollar exchange rates are calculated by the annual average of Korean 

Won exchanged for 1 US Dollar. The exchanges rates against the US Dollar are used to control 

the effects of changes in purchasing power of trading partner countries on manufacturing output1. 

                                                           
1 Even though China and Japan are major trading partners with South Korea and the United States, Won-

Dollar exchange rates are included in the output equation because correlations among three exchange 

rates (i.e., Won-Dollar exchange rates, Won-Yuan exchange rate, and Won-Yen exchange rates) were more 

than 0.8 during research period. 

http://en.wikipedia.org/wiki/Brunei
http://en.wikipedia.org/wiki/Indonesia
http://en.wikipedia.org/wiki/Malaysia
http://en.wikipedia.org/wiki/Philippines
http://en.wikipedia.org/wiki/Singapore
http://en.wikipedia.org/wiki/Thailand
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The recession dummy variable equals 1 in 2009 and 0 otherwise to identify the effect of the 

financial crisis on manufacturing output. 

 

Estimation Results 

We report the results of robust spatial lag- and spatial error- LM tests using 9 weight 

matrices in Table 1 and goodness of fit (i.e., adjusted-R2 and log-likelihood) for the four 

equations using the same weight matrices in Table 5. Our results are encouraging in terms of 

consistently high goodness of fit throughout the equations, suggesting that the selection of spatial 

weight matrices does not appear to be an essential aspect of model identification. Based on the 

goodness of fit and spatial LM test results, we report the estimation results for electricity demand 

and production output using the GS2SLS (spatial lag model) and labor demand and capital 

demand using the GS2SLS (spatial error model based on second-order nearest neighbor inverse 

distance weight matrix) in Table 6.  

The parameter estimate of the spatial-lag dependent variable for the electricity demand 

equation is not significant while the parameter estimate of the spatial-lag dependent variable for 

the production output equation is significant. The spatial spillover of production output is in 

accord with the previous findings (Moreno and Trehan 1997; Ramírez and Loboguerrero 2002; 

Meliciani and Peracchi 2006) and can be explained by clustering of industry in the center of 

major cities. The result is mainly due to technological dynamics in industrial clusters. The 

manufacturing industry of South Korea is concentrated in two industrial clusters: a cluster of 

Seoul and neighboring regions (i.e., Seoul, Incheon, Gyeonggi-do, Chungcheongbuk-do, and 

Chungcheongnam-do) and a cluster of Gyeongsang regions (i.e., Busan, Ulsan, and 

Gyeongsangnam-do) (Choi and Kim 2010). The parameter estimates of spatial error for the labor 
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demand and capital demand equations are positive and significant in both equations, reflecting 

control of error terms that are correlated across space. 

 

Variables of interest 

The parameter estimate for the electricity price-to-capital rental rate is significant and 

negative in the electricity demand equation, suggesting that an increase in electricity price-to-

capital rental rate decreases electricity demand. The relative price elasticity of electricity demand 

of -0.21 suggests that a 1% increase in electricity price-to-capital rental rate decreases electricity 

demand by 0.21%. The finding generally corroborates the range from -0.57 to -0.16 of the price 

elasticities of industrial electricity demand in previous literature (e.g., Bjørner, Togeby, and 

Jensen 2001; Kamerschen and Porter 2004; Paul, Myers, and Palmer 2009; Bernstein and 

Madlener 2010). 

From the electricity demand equation, we found that the electricity demand elasticity 

with respect to production output is 0.34 and, from the production output equation, we found an 

output elasticity with respect to electricity demand of 0.31. Both findings together imply that an 

1% increase in production increases electricity demand by 0.34% and a 1% increase in electricity 

demand increases production output by 0.31%. The estimated demand elasticity with respect to 

production output is well within the ranges between 0.17 and 1.06 found in existing literature 

(Bjørner, Togeby, and Jensen 2001; Paul, Myers, and Palmer 2009; Bernstein and Madlener 

2010), whereas the estimated output elasticity with respect to electricity demand is slightly lower 

than the range between 0.44 and 1.54 found in the literature (Lee 2005; Narayan and Singh 2007; 

Chandran, Sharma, and Madhavan 2010). Our findings suggest that electricity demand and 

production output are bidirectional casual relationship (Yang 2000; Ghali and El-Sakka 2004; 
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Yoo 2005, 2006) and lead us to fail to reject hypothesis (1). Thus, implementation of an energy 

policy that raises electricity prices in South Korea above historical trends may adversely affect 

manufacturing output. 

 

Other control variables 

The parameters of the temporal lagged input variables (i.e., electricity, labor, and capital 

demand) are all significant and positive in all three input demand equations. These findings 

confirm previous findings that (i) electricity demand is determined by the effects of past 

electricity demand patterns (Houtharkker, Verleger, and Sheehan 1974; Paul, Myers, and Palmer 

2009), (ii) labor demand is affected by past labor demand due to rigid labor markets (Fajnzylber 

and Maloney 2005; Varejão and Portugal 2007), and (iii) capital demand is correlated with 

previous capital demand because of accumulation of capital stock (Mueller 2008; Fosu, 

Getachew, and Ziesemer 2012).  

The parameter of heating degree days is positive and significant in the electricity demand 

equation, implying the direct influence of climate and weather condition on electricity demand 

for manufacturing (Paul, Myers, and Palmer 2009). 

The production output is siginificant and positive in the capital demand equation, 

whereas prouction output is not significant in the labor demand equation. These findings suggest 

that for a given increase in manufacturing output, capital demand will responsive positively, 

while labor demand will be unresponsive. The output elasticity with repsect to capital demand is 

0.38, implying that an 1% increase in capital demand increases production output by 0.38%. 

Conversely, the output elasticity with respect to labor demand is not significant. These findings 

imply that manufacturing industry in South Korea is capital intensive but not labor intensive.  
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Finally, the effect of the FTA dummy variable on manufacturing output in South Korea is 

positive and significant, implying that manufacturing output of South Korea increased after 

implementation of the FTA, ceteris paribus. The ASEAN market is South Korea’s second largest 

trading partner (FTA Korea 2014) and manufacturing output in South Korea is heavily 

dependent on export markets.  Thus, the postitive influence on manufacturing output of 

implementing the FTA may be due to exports to the ASEAN market accounting for a larger 

share of the manufacturing output.   

 

Simulation results 

Figure 1 shows that predicted electricity demand and predicted manufacturing output 

during 2004–2012 using the historical data and predicted values during 2013–2022 using the 

baseline and two hypothetical scenarios (i.e., regionally-uniform and regionally-varying pricings) 

in all of South Korea, the Seoul metro area, and the non-Seoul metro area.  

Predicted manufacturing electricity demand for South Korea increased from 155.5 to 

225.7 million MWh (or 45.1%) between 2005 and 2012 and the corresponding manufacturing 

output increased from $624.9 to $917.7 billion dollars (or 46.9%). Electricity demand was 

predicted to increase from 230.4 to 238.4 milliom MWh (or 3.5%) between 2013 and 2022 under 

the trend assumption of the baseline scenario. Subsequently, the manufacturing output was 

predicted to increase from $925 to $930 billion (or 0.5%) over the same period. In contrast, 

electricity demand was predicted to decrease from 229.4 to 215.6 million MWh (or 6%) between 

2013 and 2022 under scenario (1) and from 229.4 to 215.0 million MWh (or 6.3%) under 

scenario (2). Subsequently, the manufacturing output was predicted to decrease from $925.2 to 
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$889.1 billion (or 3.9%) under scenario (1) and from $925.2 to $888.5 billion (or 4%) under 

scenario (2) over the same period. 

Electricity demand was predicted to decrease about 10% more under the hypothetical 

scenarios, compared with the baseline value in 2022. Subsequently, manufacturing output was 

predicted to decrease about 4.5% more under the hypothetical scenarios, compared with the 

baseline value in 2022. The greater decreases in predicted electricity demand and the subsequent 

greater decreases of predicted manufacturing output were due to the higher annual increase in the 

electricity price (i.e., $1.4 per MWh annual increase, or 2% annual increase) under the 

hypothetical scenarios.  

Figure 1 shows that predicted electricity demand decreased from 72.3 to 66.9 million 

MWh (or 7.5%) in the Seoul metro area between 2013 and 2022 under the scenario (2) and from 

157.1 to 148.1 million MWh (or 5.7%) in non-Seoul metro area over the same period. 

Subsequently, manufacturing ouput was predicted to decrease from $270.1 to $243.2 billion (or 

9.9%) in Seoul metro area and from $655.1 to $645.3 billion (or 1.5%) in non-Seoul metro area 

during the same period. The greater decreasing rate in Seoul metro area was due to the 1.1% 

higher annual average increases in the electricity price in Seoul metro area relative to non-Seoul 

metro area.  

Compared with the baseline value in 2022, predicted electricity demand in the Seoul 

metro area decreased by 7.3 million MWh (or 9.5%) under screnario (1) and by 9.7 million 

MWh (or 12.7%) under scenario (2). Likewise, the predicted electricity demand in non-Seoul 

metro area decreased by 15.4 million MWh (or 9.5%) more under scenario (1) and by 13.7 

million MWh (or 8.5%) more under scenario (2) compared with the baseline value in 2022. 

Subsequently, manufacturing output in Seoul metro area in 2022 was predicted to decrease by 
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$11.4 billion (or 4.4%) more than the baseline under scenario (1) and by $15.2 billion (or 5.9%) 

more than the baseline under scenario (2). Likewise, the manufacturing output in 2022 the non-

Seoul metro area was predicted to decrease by $29.5 billion (or 4.4%) more than the baseline 

under scenario (1) and by $26.3 billion (or 3.9%) more than the baseline under scenario (2). 

These findings of regional differences in the impacts of changes in electricity demand and 

manufacturing output due to a  regionally-varying electricity pricing policy versus a regionally-

uniform pricing policy provide evidence supporting hypothesis (2). 

 

Conclusions 

We summarize our empirical results with two key findings and their implications. First, 

we fail to reject hypothesis (1) that an increase in electricity price decreases electricity demand, 

which adversely affects manufacturing output. Specifically, a 2% higher annual increase in the 

electricity price during 2013–2022 decreased electricity demand about 10% more and 

subsequently decreased manufacturing output about 4.5% more than if 2004-2012 historical 

trends were to continue. These findings suggest that the South Korean government’s plan (i.e., 

the six master plan for electricity demand and supply) to increase the electricity price to the 

OECD-country level should be implemented with a caution. The plan would achieve the 

objective of mitigating electricity demand to avoid potential power shortages; however, the more 

rapid increase in electricity prices may trigger to slow down in the manufacturing sector.  

Second, we fail to reject the hypothesis (2) that the effects of changes in regionally-

varying prices and regionally-uniform prices on electricity demand and manufacturing output 

differ regionally. Specifically, the predicted electricity demand decreased 1.8% more in Seoul 

metro area than in non-Seoul metro area during 2013–2022 because of relatively higher annual 
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increases in the electricity price. Subsequently, the manufacturing output decreased by 8.4% 

more in Seoul metro area than in non-Seoul metro area during the same period. These findings 

suggest that South Korean electricity market experts’ suggestion of regionally-varying pricing 

needs to be considered with caution. While reflecting differences in cost of supplying electricity 

is needed, regionally-varying pricing may also prompt a slow down the Seoul metro area 

manufacturing sector, where manufacturing is more concentrated than in non-Seoul metro area.  

Although our study provides insights into a short-term solution to avoid potential power 

shortages by increasing the electricity price, we do not provide information about the efficiency 

associated with electricity demand. As improving energy efficiency is one of the long-term 

solutions to secure a consistent supply of electricity, a complementary analysis estimating the 

potential impacts of change in electricity price on energy efficiency would help South Korean 

policy makers develop longer-term electricity pricing strategies. Future analyses connecting the 

impacts on electricity efficiency and economy activity would be useful in generating potential 

solutions for restructuring electricity-pricing policy. 
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Table 1. Test results of spatial models 

W matrices 

Electricity demand Labor demand Capital demand Production output 

LM Spatial 

Lag Test 

LM Spatial 

Error Test 

LM Spatial 

Lag Test 

LM Spatial 

Error Test 

LM Spatial 

Lag Test 

LM Spatial 

Error Test 

LM Spatial 

Lag Test 

LM Spatial 

Error Test 

K nearest neighbor (KNN) 

K=2 3.402 7.703* 2.162 2.425 0.526 0.322 4.836* 4.217* 

K=3 4.865* 12.488* 0.075 8.737* 0.320 1.449 2.372 4.181* 

K=4 5.044* 15.805* 0.019 10.368* 0.023 2.707 0.527 1.562 

K=5 8.400* 22.863* 1.244 19.161* 0.890 7.770* 0.072 0.006 

KNN Inverse distance 

K=2 4.572* 5.841* 2.162 2.672 0.405 0.153 4.704* 4.579* 

K=3 3.528 7.264* 0.075 5.264* 0.298 0.499 3.684* 5.144* 

K=4 4.216* 9.583* 0.019 6.203* 0.132 1.203 2.120 3.311 

K=5 6.220* 13.156* 1.244 10.312* 0.025 2.846 0.899 1.325 

Inverse Distance 6.511* 29.425* 2.162 27.803* 2.200 11.425* 0.050 0.192 

* Denotes significance at 5% level. 
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Table 2. Tests on panel fixed effect and random effect models 

 
Fixed effect model 

( Spatial fixed ) 
Random effect model Hausman test 

Electricity demand 108.75* 4.27* 36.98* 

Labor demand 2.68* 5.12* 23.74* 

Capital demand 6.03* 3.84* 50.15* 

Production output 200.32* 381.53* 11.55* 

* Denotes significance at 5% level. 
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Table 3. Endogeneity test results  

 
Instrument 

variablesa 

Under-

identification 

Weak-

identification 

Over-

identification 
Endogenous test 

Electricity price-to-capital 

rental rate for electricity 

demand equation 

A, B, C 107.494* 181.730* 24.236* 0.094 

Electricity price-to-capital 

rental rate for labor demand 

equation 

A, B, C 71.464* 44.662* 16.823* 3.146 

Electricity price-to-capital 

rental rate for capital 

demand equation 

A, B, C 71.089* 44.000* 2.040 1.367 

Wage-to-capital rental rate for 

electricity demand equation 

A, B, C 37.608* 14.423* 2.127 3.768 

Wage-to-capital rental rate for 

labor demand equation 

A, B, C 35.807* 13.723* 13.168* 3.645 

Wage-to-capital rental rate for 

capital demand equation 

A, B, C 38.081* 14.964* 2.669 0.720 

Electricity demand equation 

for production output 

D, G, H, I, J 98.313* 66.896* 12.888* 5.468* 

Labor demand equation for 

production output 

E, G, H 51.997* 23.489* 4.460 3.926* 

Capital demand equation for 

production output 

F, G, H 26.280* 8.870* 4.096 3.884* 

Production output for 

electricity demand equation 

A, B, C, K 62.742* 24.757* 37.957* 4.401* 

Production output for labor 

demand equation 

A, B, C, K 69.225* 30.917* 14.022* 9.669* 

Production output for capital 

demand equation 

A, B, C, K 60.055* 23.202* 13.682* 3.814* 

* Denotes significance at 5% level. a A = Free trade agreement, B = Won-Dollar exchange rates, C = Won-Yuan exchange rates, D 

= Temporal lagged electricity demand, E = Temporal lagged labor demand, F = Temporal lagged capital demand, G = Electricity 

price-to-capital rental rate, H = Wage-to-capital rental rate, I = Heating degree days, J = Cooling degree days, K = Recession.  
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Table 4. Variable names, descriptions, and statistics 

Variable Descriptive Mean 

(Standard deviation) 

Gross output Gross output produced by manufacturing sector is deflated by consumer 

price index (US million dollar) 

10.456 

(1.350) 

Electricity demand Total amount of regional electricity consumption in manufacturing 

sector (megawatt-hour) 

15.778 

(1.304) 

Labor Total number of workforce  in manufacturing sector (person) 11.485 

(1.143) 

Capital Total value of tangible asset including buildings, structures, machinery, 

and vehicles for manufacturing sector is deflated by consumer price 

index (US millions dollar) 

9.043 

(1.281) 

Electricity price-to-capital 

rental rate  

Annual average electricity price for manufacturing sector is divided by 

annual capital rental rate (US dollar/megawatt-hour per percentage) 

1.613 

(0.120) 

Wage-to-capital rental 

rate 

Total salaries divided by total employment in manufacturing sector is 

divided by annual capital rental rate (US thousand dollar per percentage) 

0.752 

(0.196) 

Heating degree days Annual sum of the difference between daily mean temperatures and 18 

degree Celsius for the days’ mean temperature lower than 18 degree Celsius  

(Celsius degree) 

7.907  

(0.067) 

Cooling degree days Annual sum of the difference between daily mean temperatures and 26 

degree Celsius for the days’ mean temperature higher than 26 degree 

Celsius (Celsius degree) 

6.640  

(0.060) 

FTA dummy variable 1 if year between 2008 – 2012, 0 otherwise 0.625 

(0.486) 

Won-Dollar exchange 

rate 

The annual average of Korean Won exchanged for 1 US Dollar 

(Won/Dollar) 

6.984 

(0.098) 

Recession dummy 

variable 

1 if year is 2009, 0 otherwise 0.125 

(0.332) 
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Table 5. Goodness of fit of the spatial panel model using different spatial weight matrices 

W matrices 

Electricity demand Labor demand Capital demand Production output 

Adjusted-R2 
Log-

likelihood 
Adjusted-R2 

Log-

likelihood 
Adjusted-R2 

Log-

likelihood 
Adjusted-R2 

Log-

likelihood 

K nearest neighbor (KNN) 

K=2 0.991 259.326 0.793 253.328 0.782 181.904 0.886 203.204 

K=3 0.991 259.476 0.793 255.754 0.781 182.712 0.914 202.866 

K=4 0.991 260.249 0.793 256.172 0.781 183.059 0.906 202.471 

K=5 0.991 259.749 0.792 255.861 0.781 183.763 0.908 201.882 

KNN Inverse distance 

K=2 0.992 259.047 0.793 252.387 0.782 181.200 0.884 203.205 

K=3 0.990 259.309 0.793 254.348 0.782 181.564 0.894 203.178 

K=4 0.990 259.590 0.793 254.763 0.782 182.127 0.896 202.679 

K=5 0.991 259.427 0.793 254.978 0.782 182.518 0.901 202.294 

Inverse Distance 0.991 261.061 0.792 256.030 0.781 183.574 0.917 202.479 
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Table 6. Estimation results of GS2SLS using a second-order nearest neighbor Inverse distance weight matrix 

Variable Electricity demand Labor demand Capital demand Production output 

Intercept 0.953 (1.366) -0.069 (0.802) -0.574 (0.705) -1.383 (1.885) 

Temporal lagged electricity 

demand 

0.636* (0.067)       

Temporal lagged labor 

demand 

  0.713* (0.088)     

Temporal lagged capital 

demand 

    0.305* (0.088)   

Electricity price-to-capital 

rental rate 

-0.205* (0.077) 0.134 (0.074) -0.01 (0.125)   

Wage-to-capital rental rate 0.173 (0.110) -0.122 (0.109) -0.027 (0.194)   

Heating degree days 0.191* (0.067)       

Cooling degree days -0.029 (0.069)       

FTA dummy variable       0.090* (0.041) 

Won-Dollar exchange rates       -0.173 (0.190) 

Recession dummy variable       -0.021 (0.028) 

Predicted production output  0.339* (0.074) 0.107 (0.059) 0.515* (0.089)   

Predicted electricity demand        0.311* (0.136) 

Predicted labor demand       0.172 (0.171) 

Predicted capital demand       0.377* (0.166) 

Spatial lag 0.010 (0.060)     0.254* (0.100) 

Spatial error     0.290* (0.077) 0.159* (0.081)    

* Indicates statistical significance at the 5% level, and parentheses indicate standard errors.
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Electricity demand 

 Aggregate                                           Seoul-Metropolitan area                          Non-Seoul metropolitan area 

  
Manufacturing output 

Aggregate                                           Seoul-Metropolitan area                          Non-Seoul metropolitan area   

 
Fig 1. Simulation results 
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