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Abstract

:

The city gas sector in Seoul, the capital of South Korea, consists of five locally monopolized companies. As the city gas penetration reaches 98% and city gas as cooking fuel and heating fuel is being converted to electricity and district heating system, respectively, the need to redefine the role of the city gas sector is being raised. In this respect, this study aims to analyze the economies of scale in the city gas sector using the translog variable cost function model over the period 2008–2020 and to compute the minimum efficient scale. The scale economy index ranged from 0.1 to 0.2, which was larger than 1.0. The results show that the city gas sector still enjoys economies of scale, although the economies of scale are gradually disappearing. The minimum efficiency scale was estimated to be 1.06 times the size of the total market, which is the total output of the five companies. This finding vividly suggests that reducing the number of city gas companies through mergers and acquisitions among five city gas companies is more desirable in terms of cost reduction. This study suggests that the business structure favorable to the city gas business, such as high population density and urbanization, can rapidly lose economies of scale under rapid electrification and a rigid wholesale market. The central and local governments, which have the authority to regulate the city gas business, need to promote mergers and acquisitions between city gas operators, and to normalize distorted energy rates in order to prevent excessive electrification.
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1. Introduction


The natural gas (NG) market in South Korea is divided into a wholesale market and a retail market based on the City Gas Business Act. In the wholesale market, the Korea Gas Corporation (KOGAS), a public company, imports and supplies NG to large-scale power generation companies, large-capacity consumers, and city gas companies nationwide [1]. In the past, the KOGAS monopolized the wholesale market. However, due to the revision of the City Gas Business Act, the wholesale market was partially open to private energy companies. Thus, some large corporations such as SK E&S, GS Energy, Hanwha Energy, and POSCO Energy are importing NG for private use directly without going through the KOGAS.



On the other hand, in the NG retail market or city gas market, thirty-four city gas companies that have obtained business licenses from local governments are supplying city gas to end-users through their own supply pipelines. City gas companies are subject to various regulations from the local government in return for receiving a monopoly right to supply by region. Because the retail price is determined by adding an appropriate return on investment to the supply cost approved by the local government, unlike liquefied petroleum gas or gasoline, city gas companies cannot determine the price.



Thirty years ago, the initial stage of introduction of city gas, the city gas sector experienced a high growth rate of more than 10%. However, the growth rate is currently stagnant between 2% and 6%. Already mature NG penetration rate and the shifts to electricity from city gas as cooking fuel and to district heating system from individual heating system using city gas threaten survival of the companies. In particular, South Korea declared “2050 Carbon Neutrality” in October 2020. In order to implement this, the use of city gas that inevitably emits greenhouse gases during its combustion process must be greatly reduced.



A decrease in the sales volume of city gas companies can cause problems such as not only increasing retail rates, but also hindering reinvestment in old supply pipelines and cross subsidy between city gas companies. Therefore, the city gas sector has almost always achieved a surplus without experiencing a deficit, but in the future, it is expected to suffer from forced demand cuts or even deficits. Therefore, not only the central government but also local governments are deeply interested in restructuring the city gas sector to ensure cost-effective structure while securing stability in city gas supply.



Economies of scale have been mainly analyzed in the water utilities [2,3,4] and electricity utilities [5,6]. Wholesale market of NG sector has also been one of the main research areas [7,8,9,10,11,12,13]. However, there are only a few case studies conducted on the structure of the city gas sector. Only Kim and Lee [14] and Kim [15] analyzed economies of scale in the South Korean city gas sector using the data over the 1990s, a period of rapid growth of the city gas market, and confirmed the existence of economies of scale. It is needed to examine whether economies of scale exist even in the current situation in which the city gas market is saturated.



In particular, the local government of Seoul, the capital of South Korea, is seriously considering whether to keep the five existing city gas companies in their current state or induce artificial restructuring. That is, Seoul’s city gas sector, which has already achieved the highest penetration rate of 98% in the country since 2000, is under strong pressure of restructuring in the city gas retail market. The purpose of this paper is, thus, to investigate the existence of economies of scale in city gas sector in Seoul using the translog variable cost function and obtain some implications.



The minimum efficient scale (MES) is also empirically estimated. If the economies of scale of the city gas sector have already been lost, the efficiency can be improved through corporate spin-off, whereas if the economies of scale still exist, it is necessary to promote the merger and acquisition among city gas companies to further expand the scale (production volume). In addition, the size of MSE could be a major basis for determining the appropriate number of companies in the city gas market.



Economies of scale in the South Korean city gas market have great implications for the global natural gas retail market. Although South Korea has a favorable environment for city gas business compared to other countries due to its high population density and urbanization, economies of scale are rapidly disappearing as the demand for city gas is rapidly converted to electricity due to rapid electrification. In addition, due to the recent war between Ukraine and Russia, natural gas prices have skyrocketed, weakening the price competitiveness of city gas. Because the city gas business crisis is not just a South Korean problem but a common problem in the global city gas industry, restructuring the city gas industry for enhancing economies of scale can provide many implications for other countries as well.



This article aims to contribute to the related literature by analyzing the economies of scale in the Seoul city gas sector and deriving implications. The structure of the rest of this article for enforcing the aim is as follows. Section 3 reports a summary of previous studies dealing with economies of scale in utilities and explains the current state of the city gas market, that is, the retail NG market. Section 4 provides the model and data adopted in this study. Section 7 presents conclusions and policy implications based on the empirical results contained in the penultimate section.




2. Literature Review


As shown in Table 1, most of the former studies that analyzed the economies of scale of the NG sector targeted the wholesale market. Translog cost function is the most frequently used model in the previous studies because it imposes the least assumption on the shape of the cost function, which allows the most flexible form of the cost function. Translog cost function does not restrict the form of production in terms of homogeneity and elasticity of substitution. Cobb–Douglas production function assumes the homogeneous function and unitary elasticity of substitution, and CES production function does the first degree of function and constant elasticity of substitution. Different from the Cobb–Douglas and the CES production function, the translog production function imposes no assumption on homogeneity and elasticity of substitution [16,17,18]. The translog cost function was estimated in various previous studies that analyzed economies of scale not only in the natural gas market but also in the electricity [19,20,21,22], water and sewage [23], railroad [24,25], telecommunication [26,27], and banking [28,29,30] industries. Translog cost function is mainly estimated by seemingly unrelated regression (SUR) or iterated SUR (ITSUR) because it should be estimated simultaneously with Shepard’s lemma equation [31,32,33].



Refs. [8,9,13] used the data for the South Korean NG wholesale market. Ref. [8] confirmed that economies of scale still exist, although the scale economy index (SEI) decreased from 1 in 1987 to 0.486 in 1993. Shin et al. (1998) dealt with NG companies in six countries: South Korea (KOGAS), France (GdF), Japan (Osaka Gas), Italy (Snam), Germany (Ruhqgas), and Belgium (Distrigas). As a result, Korea (KOGAS) secured economies of scale until 1995 but predicted that economies of scale would disappear between 2006 and 2010.



Ref. [13] investigated the data from the wholesale NG market monopolized by KOGAS. They confirmed that economies of scale have already been lost since 2000 in terms of the first and fourth quarters when production is high, but that the second and third quarters with low production were located at the boundary of economies of scale after 2010. They suggested that that easing the monopoly status of the KOGAS should be desirable to improve the efficiency of the wholesale NG market.



Refs. [14,15] targeted the Korean NG retail market. Ref. [14] showed that the return to scale ranged from 0.1571 to 0.5341 in 1987, but it became to be from −0.0710 to 0.2082 in 1992, implying deterioration of economies of scale. Ref. [15] estimated the nonparametric model with locally weighted regression for the years 1990, 1991, 1996, and 1997. It was found that city gas companies were enjoying the effect of scale. Moreover, in the case of city gas companies with a large business area, it was expected that the economy of scale would deteriorate due to a downward slope.



Therefore, this study differs from the former studies in two ways. First, the cost function for the city gas sector is estimated using more up-to-date data from 2008 to 2020. There are no former case studies dealing with data since 2000. Second, the results and implications for the city gas sector in Seoul are derived by limiting the spatial scope of the analysis to Seoul, targeting the retail market rather than the wholesale market.




3. Current State of the Retail City Gas Market


There are thirty-four city gas companies in South Korea. They monopolize the retail market for city gas by region. As shown in Figure 1, as of the end of 2020, the total sales volume (market size) of the city gas companies was 23.5 billion m3, and the total demand for city gas was 20.1 million tonnes for residential, commercial, industrial and power generation use.



The total number of consumers for city gas has been continuously increasing by 2 to 4% every year, but there is a significant fluctuation in sales volume. After recording the lowest sales volume in 2015, it increased again, reaching the highest sales volume in 2018 (255.8 billion m3). However, from 2019, sales volume declined again, reducing sales to 235.6 billion m3 in 2020. The fact that the total number of consumers continuously increases while the sales volume rather decreases means that sales per consumer rather decreases.



The reason for the sharp drop in sales volume during the period 2014 to 2015 was due to external factors such as a wholesale rate hike, a worsening domestic economy, and an oil price hike. On the other hand, the decrease in sales volume in the period 2019–2020 suggests that the city gas market itself has undergone a stabilization phase and is slowing down, rather than due to external factors. As the national average penetration rate of city gas exceeded 85% in 2020, it means that city gas sales have reached the limit and it is not easy to expand sales anymore.



In the case of Seoul, unlike other local governments, five city gas companies, including Cowon Energy Service, Seoul City Gas, Yesco, Daeryun E&S, and Kiturami Energy, are supplying city gas in the form of a regional monopoly in twenty-four districts of Seoul. As of the end of 2020, the total sales volume of the five city gas companies in Seoul was 4.1 billion m3, and out of the total demand for 4.6 million units, households (4.3 million) accounted for most. As presented in Figure 2, Seoul City Gas has the highest market share with 35.4%, followed by Yesco (23.8%) and Cowon Energy Service (19.8%), showing a typical oligopoly market.



Figure 3 portrays the city gas price trend in constant price of year 2015. The price, which was KRW 75.8 per m3 of city gas in 2001, is declining to KRW 60.9 per m3 of city gas in 2020. The situation in which city gas sales are stagnant and retail prices are declining shows the management difficulties city gas companies are facing. In addition, it is difficult to expect a rapid increase in city gas demand in the future when the demand for heating and cooking is switched to electricity and district heating. Due to the expansion of electric induction, the number of households using electricity instead of city gas for cooking continues to increase, and as district heating is basically supplied to new large-scale apartment complexes, individual heating systems where city gas is used are also being replaced with district heating system.



City gas price is set not by market mechanism based on demand and supply, but by local government. The local government sets a single price in a way of adding appropriate profit to the average supply cost of five companies. The reason using the total average cost instead of individual average cost is to facilitate competition among companies. However, different from original purpose, a single price expands the profit gaps among companies because each company is running its business in the different environment in terms of customer size and supply cost. There is a criticism that a single price system distorts the market rather than reinforces the competition, and companies become passive to invest in old pipeline or safety management.




4. Materials and Methods


4.1. Variable Cost Function and Economies of Scale


The authors try to examine the economies of scale with translog cost function which have been employed most in previous studies by using the estimation method of ITSUR. At this time, it is necessary to discuss whether it is appropriate to use the total cost function or the variable cost function as the cost function. Unlike general manufacturing sector, large-scale city gas production facilities are determined by mid- and long-term planning rather than annual decision making [34,35,36]. Therefore, this study assumed capital as a quasi-fixed input factor and defined a variable cost function considering only labor and material costs as the cost function [37].



There are many studies that estimate variable cost functions instead of total cost functions to estimate economies of scale of network industry (e.g., [13,38,39]). The cost function is theoretically the function of input prices and output. The variable cost function can be defined by the prices of labor and material, quasi-fixed capital input, and production volume. The capital input is used instead of the price of capital because the capital is considered as quasi-fixed input in the variable cost function.



Let   V C  ,    P L   ,    P M   ,  K ,  Q , and  T  denote the variable cost of city gas company, the labor price, the material price, the capital cost, the production volume, and a time variable reflecting technological progress change over time, respectively. In addition, let  i  and  t  stand for company and year, respectively. The variable cost function in the form of translog cost function is expressed as


      ln V  C  i t   =  α 0  +    ∑  j    α j  ln  P  i j t   +  1 2     ∑  j      ∑  k    α  j k   ln  P  i j t   ln  P  i k t   +  β Q  ln  Q  i t   +  1 2   β  Q Q      (  ln  Q  i t    )   2                 +    ∑  j    β   Q j    ln  Q  i t   ln  P  i j t   +  γ K  ln  K  i t   +  1 2   γ  K K      (  ln  K  i t    )   2                 +    ∑  j    γ   K j    ln  K  i t   ln  P  i j t   +  1 2   δ  T T    T t    2  +  γ  k Q   ln  K  i t   ln  Q  i t   +  δ T   T t                 +    ∑  j    δ   T j     T t  ln  P  i j t   +  δ  T K    T t  ln  K  i t   +  δ  T Q    T t  ln  Q  i t   +    ∑  i    η i   D i  +  ε i                 +  ε  i t        



(1)




where  ε ’s are disturbance terms, and  α ’s,  β ’s,  γ ’s,  δ ’s, and  η ’s are the parameters to be estimated.



Equation (1) has constraints for concavity and symmetry as


    ∑  j   α j  = 1 ,   ∑  j   α  j k   =   ∑  k   α  j k   = 0 ,     ∑  j   β   Q j    = 0 ,   ∑  j   δ   T j    = 0 ,     ∑  j   γ   K j    = 0    



(2)







According to Shepard’s lemma, the cost share equation is derived by partial differentiation of the log value of the cost function with the price. However, due to the singularity problem, the cost share equation is applied only to labor between labor and material as


    ∂ ln V  C  L t     ∂ ln  P  L j t     =  α j  +   ∑  k   α  j k   ln  P  L k t   +  β   Q j    ln  Q  L t   +  γ   K j    ln  K  L t   +  δ   T j     T t   



(3)







The ITSUR method estimates the simultaneous equations of Equations (1) and (3) subject to Equation (2). In general, economies of scale are defined as the production elasticity of average cost. However, if a variable cost function is used instead of the total cost function, in order to consider the effect quasi-fixed input, the capital ( K ), as given in Nelson’s research [40], whether economies of scale are held or not, can be checked using the following equation:


   E  C Q   =   ∂ ln V C   ∂ ln Q    /   (  1 −   ∂ ln V C   ∂ ln K    )   



(4)







Economies of scale is held if    E  C Q   > 1  , constant economies of scale is held if    E  C Q   = 1  , and diseconomies of scale is held if    E  C Q   < 1  . For convenience,    E  C Q     can be transformed to define the economies of scale index (  SE  ) as


  SE = 1 −  E  C Q    



(5)







If   SE > 0  , there are economies of scale, if   SE < 0  , there are diseconomies of scale, and if   SE = 0  , there are constant economies of scale.




4.2. Data and Variables


To create a dataset to be analyzed, four databases from five city gas companies in Seoul (Seoul City Gas, Cowon Energy Service, Yesco, Daeryun E&S, and Kiturami Energy) were synthesized to construct annual panel data from 2008 to 2020. The four databases are business report and audit report provided by the electronic disclosure system, internal data of city gas companies, research service report on the supply cost of city gas ordered by the Seoul Metropolitan government, and the Handbook of Korea City Gas Association. Four of the five city gas companies also supply city gas to other region adjacent to Seoul, but the authors used data separately only for Seoul.



Table 2 presents the definition and basic statistics of each variable. Variable cost was defined as the sum of labor cost and material cost, and labor and material prices were calculated by dividing the cost by the input quantity. For the cost of capital, following [41,42], it was defined as the total cost minus labor cost and material cost. To convert all values into values in the 2015 constant price, variable cost, labor price, material cost, and capital cost are deflated by the total producer price index, the GDP deflator, supply price index of imported intermediate fuel, supply price index of domestic capital goods, respectively.



The trends of panel data are presented in the Figure 4. Each city gas company shows diversified managerial situation in terms of cost structure and production. Material price, however, is almost same across companies as they commonly purchase natural gas from monopolistic supplier, KOGAS.



In the city gas business, technological change through the introduction of geographic information system and supervisory control and data acquisition improves the efficiency of safety management and modernizes safety management for supply facilities, resulting in the change of variable cost. The effect of technological change was controlled by defining the T variable in a way that started with 1 in 2008 and increased by 1 every year following the method of the previous studies [13,40,43,44]. Alternatively, R&D investment can be a proxy, but time lag effect of R&D investment is hard to be reflected clearly.





5. Results


5.1. Estimation Results of the Translog Cost Function


The simultaneous equations of Equations (1) and (3) under the constraint of Equation (2) are estimated by the use of the ITSUR method. The results are reported Table 3. High values of the R-squared and chi-squared statistic imply that the translog cost function is valid, and most of the estimated coefficients are statistically significant at the 1% level. For robustness check, 2SLS (2 stage least square) model is also estimated as well as ITSUR, and estimated coefficients of 3SLS are similar to those of ITSUR. Estimation results of 2SLS are not presented here, for brevity.



The estimated coefficients of the translog function given in Table 3 can be substituted into Equations (4) and (5). The results of estimating SE are plotted in Figure 5. Positive value of SE implies that there exist economies of scale, negative values of SE means that there exist diseconomies of scale, and zero value of SE indicates that there exist constant economies of scale. Although the five city gas companies have shown a declining trend in economies of scale since 2011, it is analyzed that they are still securing economies of scale until 2020. In the period 2008–2010, SE was distributed between 0.3 and 0.4, then decreased from 2011 and reached 0.1–0.2 in 2020. The fact that city gas companies are still maintaining the economies of scale, suggests that the average variable cost can be lowered when the production scale is increased compared to the present.



Analysis of variance (ANOVA) was conducted to ascertain whether the economies of scale vary by city gas company. The F-statistic for the ANOVA is computed to be 1.62 and the corresponding p-value is 0.181. Thus, it is confirmed that there is no statistically significant difference by city gas company at the 1% level.



The findings from this study are somewhat different from those from [14,15]. Ref. [14] said that some city gas companies were facing diseconomies of scale in 1992, and Ref. [15] analyzed that large city gas companies’ economies of scale were deteriorating during 1990–1997. However, this study drew different results from previous studies in three aspects. First, this study analyzed the period 2008–2020, while previous studies analyzed the 1990s. Second, this study constructed analysis data by combining four different databases to better reflect the characteristics of the city gas industry. Third, unlike previous studies, this study controlled the effects of technological change after 2008.




5.2. Forecasting Economies of Scale


The minimum efficient scale (MES) is defined as the production scale at which the average cost is minimized, that is, the output at which SE = 0. If the production scale of existing city gas companies is lower than MES, the average cost can be lowered through merger and acquisition between city gas companies, so the MES estimate provides important information on the direction of market restructuring.



As in Equation (6), after estimating SE as a function of production and time, the Q value when SE = 0 and T = 13 (i.e., year = 2020) becomes the MES as indicated in Equation (7), which is suggested by Ref. [43].


    SE   i ,   =  β 0  +  β 1   Q  i t   +  β 2   T t  +  ε  i t    



(6)






  MES = −    β 0  +  β 2  × 13    β 1      when   t = 13 ,   that   is ,   year = 2020  



(7)




where    Q  i t     is the production quantity of firm  i  in year  t ,    T t    is the technology progress in year  t  and    ε  i t     is an error term.



In order to minimize the influence of outliers, a robust linear regression model was used to estimate Equation (6) instead of using an ordinary least square model [44,45]. Table 4 shows the results of estimating Equation (6) with a robust linear regression model, and all estimated coefficients are statistically significant within the significance level of 1%.



The MES calculated through Equation (7) was estimated to be 189.2 × 109 MJ, which means economies of scale disappear when city gas production reaches this scale.



To verify the accuracy of forecasting, a nonlinear hypothesis test based on the delta method was conducted to determine the statistical significance of this estimate. As a result of the hypothesis test, chi-squared statistics was 34.49; thus, the MES value was statistically significant within the significance level of 1%. MES is 1.06 times the total sales volume (178.1 × 109 MJ) of the five city gas companies in 2020, and when converted to volume, MES is 4.442 billion m3.





6. Discussion


Thirty-six years have passed since Korea’s city gas industry first supplied gas in 1986. In the early days, it had an average annual growth of more than 40%, but it achieved an average annual growth rate of about 11% in 1997–2005. The five city gas companies that monopolize Seoul by region have difficulties in creating new demand due to their high penetration rate of 98%, and they are experiencing difficulties in management as the existing demand shifts to electricity and district heating systems.



This study estimated economy of scale and minimum efficient scale using annual panel data of five city gas companies in Seoul from 2008 to 2020. Although city gas companies’ economies of scale are on the decline, they still have economies of scale in the range of 0.1 to 0.2. There are two previous studies analyzing the city gas market in Korea. In 1987, SE was 0.157–0.534, indicating economies of scale [14], but in 1992, SE was distributed between −0.107 and 0.208, indicating that the existence of economies of scale differed depending on the analysis model [15]. However, in this study, it was confirmed that the city gas market still secured economies of scale even in the 2000s, which is expected to be due to the significant growth of the city gas market from the 1990s.



However, the continued downward trend in SE since 2010 is quite worrisome. Demand for city gas stagnated while investment in pipelines continued to occur, resulting in a decrease of about 0.2 in SE over the past decade. It was confirmed that the minimum efficiency scale at which the average cost is minimized is 1.06 times the size of the overall market. The results of the empirical analysis suggest that restructuring is necessary to increase the size of each company through consolidation and abolition, rather than the structure in which the five city gas companies in Seoul maintain their sales business separately.



Amidst the recent war between Ukraine and Russia, natural gas prices have skyrocketed, weakening the price competitiveness of city gas. While the cost of purchasing natural gas for city gas companies increases rapidly, it is difficult for them to pass on the cost increase to consumers due to concerns about rapid electrification [46,47]. Therefore, if the current high oil price continues for a long time, the economy of scale of city gas operators will inevitably worsen further.



The above discussion will give important policy implications to the policy makers of the central and local governments in charge of the city gas industry on industrial restructuring and regulation on energy rate. In order to improve economies of scale, M&A between operators should be promoted, and distorted energy relative rates should be normalized to prevent excessive concentration of energy consumption toward electricity.




7. Conclusions


Economies of scale in the South Korean city gas market have great implications for the global natural gas retail market. South Korea has a favorable environment for city gas business because of high degree of population density and urbanization. Economies of scale, however, are rapidly disappearing as the demand for city gas is rapidly converted to electricity due to rapid electrification [48,49,50]. Due to the monopolistic supplier in the wholesale market, it is difficult for city gas companies to find cheaper sources of natural gas. Global retailers of natural gas should avoid the loss of economies of scale caused by rapid electrification by selling bundling products with electricity or other energy sources. The introduction of competition in the natural gas wholesale market should also enable retailers to find cheaper sources of natural gas.



Expanding the production scale to the level of the minimum efficient scale is also important in terms of retail price stability. Because the current city gas rate system is a regulated price system in which local governments guarantee a certain level of profit on the overall cost, an increase in retail rates is inevitable if production decreases or fixed costs rise in the future. Especially a single price system based on the average cost of five companies instead of individual company can cause cross the subsidization issue [51]. The presence of an inefficient city gas company increases the average supply cost, resulting in additional burden to consumers in other areas.



Recently, as the management difficulties of city gas companies have become serious, they are frequently sold to foreign capital. In July 2021, Haeyarng Energy, Seorabeol City Gas, and Kyungnam Energy were sold to foreign private equity funds. Two out of five city gas companies in Seoul are also rumored to be sold in the financial market. However, a change in ownership without a reorganization of the market structure exposes several problems. As city gas companies hesitate to invest voluntarily, it becomes difficult to preemptively replace old pipes. In addition, as city gas companies are in conflict with local governments with the authority to set rates, they lose mutual trust and ultimately instability in retail costs, causing harm to consumers.



Therefore, the restructuring of the five city gas companies in Seoul should be pursued in the direction of maximizing economies of scale through mergers and acquisitions among the five suppliers rather than transfer of ownership. Reducing the number of city gas companies through mergers and acquisitions among five city gas companies is more desirable in terms of cost reduction. To this end, local governments need to provide incentives such as taxes [52,53] and retail price [54,55] to promote market restructuring.



As a research work to be additionally carried out in the future, it is necessary to analyze economies of scale by subdividing into quarterly data rather than annual data. Because city gas is also used for heating purposes, there is a large variation in city gas sales by season. Furthermore, it will be meaningful to rethink the city gas sector policy from a national perspective by expanding the analysis target nationwide rather than limiting it to Seoul.







Author Contributions


This paper is a part of master’s thesis of B.-K.J. The paper was written through the collaboration of the three authors. B.-K.J. prepared the complied the data, and analyzed and interpreted the collected data. S.-H.Y. estimated the model and interpreted the estimation results. C.B. proposed research ideas, and wrote a significant portion of the paper, and supervised the entire process of the study. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lee, J.D.; Oh, K.J.; Kim, T.Y. Productivity growth, capacity utilization, and technological progress in the natural gas industry. Util. Policy 1999, 8, 109–119. [Google Scholar] [CrossRef]

	



Worthington, A.C.; Higgs, H. Economies of scale and scope in Australian urban water utilities. Util. Policy 2014, 31, 52–62. [Google Scholar] [CrossRef]

	



Pollitt, M.G.; Steer, S.J. Economies of scale and scope in network industries: Lessons for the UK water and sewerage sectors. Util. Policy 2012, 21, 17–31. [Google Scholar] [CrossRef]

	



Klien, M.; Michaud, D. Water utility consolidation: Are economies of scale realized? Util. Policy 2019, 61, 100972. [Google Scholar] [CrossRef]

	



Dismukes, D.E.; Cope, R.F.; Mesyanzhinov, D. Capacity and economies of scale in electric power transmission. Util. Policy 1998, 7, 155–162. [Google Scholar] [CrossRef]

	



Christensen, L.R.; Greene, W.H. Economies of scale in U.S. electric power generation. J. Polit. Econ. 1976, 84, 655–676. [Google Scholar] [CrossRef]

	



Guldmann, J.M. Modeling the structure of gas distribution costs in urban areas. Reg. Sci. Urban Econ. 1983, 13, 299–316. [Google Scholar] [CrossRef]

	



Gim, B.; Yun, H.C.; Lee, J.D.; Kim, T.Y. A goal programming/constrained regression: Economies of scale for the Korean natural gas industry. Korean Manag. Sci. Rev. 1997, 14, 1–10. [Google Scholar]

	



Shin, S.Y.; Lee, J.D.; Kim, T.Y.; Heo, E. A study on the economies of scale in the Korean LNG industry. Environ. Resour. Econ. Rev. 1998, 35, 137–142. [Google Scholar]

	



Fabbri, P.; Fraquelli, G.; Giandrone, R. Costs, technology and ownership of gas distribution in Italy. Manag. Decis. Econ. 2000, 21, 71–81. [Google Scholar] [CrossRef]

	



Farsi, M.; Filippini, M.; Kuenzle, M. Cost efficiency in the Swiss gas distribution sector. Energy Econ. 2007, 29, 64–78. [Google Scholar] [CrossRef]

	



Alaeifar, M.; Farsi, M.; Filippini, M. Scale economies and optimal size in the Swiss gas distribution sector. Energy Policy 2014, 65, 86–93. [Google Scholar] [CrossRef]

	



Yu, J.J.; Yoo, S.H.; Baek, C. Economies of scale in the South Korean natural gas industry. Energies 2019, 12, 1557. [Google Scholar] [CrossRef]

	



Kim, T.Y.; Lee, J.D. Cost analysis of gas distribution industry with spatial variables. J. Energy Dev. 1995, 20, 247–267. [Google Scholar]

	



Kim, Y. Economies of scale in city gas industry. Korean Econ. Rev. 2000, 48, 35–56. [Google Scholar]

	



Krishnapillai, S.; Thompson, H. Cross section translog production and elasticity of substitution in US manufacturing industry. Int. J. Energy Econ. Policy 2012, 2, 50–54. [Google Scholar]

	



Helali, K.; Kalai, M. Estimate of the elasticities of substitution of the CES and translog production functions in Tunisia. Int. J. Econ. Bus. Res. 2015, 9, 245–253. [Google Scholar] [CrossRef]

	



Banda, H.S.; Verdugo, L.E.B. Translog Cost Functions: An Application for Mexican Manufacturing. Banco Mexico Doc. Investig. Work. Pap. 2007. No. 2007-08. Available online: https://www.banxico.org.mx/publications-and-press/banco-de-mexico-working-papers/%7B77E6E560-E214-465A-9FD5-359A39571AC7%7D.pdf (accessed on 24 April 2022).

	



Triebs, T.P.; Saal, D.S.; Arocena, P.; Kumbhakar, S.C. Estimating economies of scale and scope with flexible technology. J. Prod Anal. 2016, 45, 173–186. [Google Scholar] [CrossRef]

	



Filippini, M. Economies of scale and utilization in the Swiss electric power distribution industry. Appl. Econ. 1996, 28, 543–550. [Google Scholar] [CrossRef]

	



Filippini, M.; Luchsinger, C. Economies of scale in the Swiss hydropower sector. Appl. Econ. Lett. 2007, 14, 1109–1113. [Google Scholar] [CrossRef]

	



Rhine, R. Economies of scale and optimal capital in nuclear and fossil fuel electricity production. Atl. Econ. J. 2001, 29, 203–214. [Google Scholar] [CrossRef]

	



Renzetti, S. Municipal water supply and sewage treatment: Costs, prices and distortions. Can. J. Econ. 1999, 32, 688–704. [Google Scholar] [CrossRef]

	



McGeehan, H. Railway costs and productivity growth. J. Transp. Econ. Policy 1993, 27, 19–32. [Google Scholar]

	



Caves, D.W.; Christensen, L.R.; Swanson, J.A. Productivity growth, scale economies, and capacity utilization in U.S. railroads, 1955–1974. Am. Econ. Rev. 1981, 71, 994–1002. [Google Scholar]

	



Evans, D.S.; Heckman, J.J. Natural monopoly and the bell system: Response to Charnes, cooper and Suetoshi. Manag. Sci. 1988, 34, 27–38. [Google Scholar] [CrossRef]

	



Bloch, H.; Madden, G.; Savage, S.J. Economies of scale and scope in Australian telecommunications. Rev. Ind. Organ. 2001, 18, 219–227. [Google Scholar]

	



Clark, J.A.; Speaker, P.J. Economies of scale and scope in banking: Evidence from a generalized translog cost function. Q. J. Bus. Econ. 1994, 33, 3–25. [Google Scholar]

	



Altunbas, Y.; Molyneux, P. Economies of scale and scope in European banking. Appl. Financ. Econ. 1996, 6, 367–375. [Google Scholar] [CrossRef]

	



Mitchell, K.; Onvural, N.M. Economies of scale and scope at large commercial banks: Evidence from the Fourier flexible functional form. J. Money Credit Bank 1996, 28, 178–199. [Google Scholar] [CrossRef]

	



Lin, B.; Tian, P. The energy rebound effect in China’s light industry: A translog cost fucntion approach. J. Clean. Prod. 2016, 112, 2793–2801. [Google Scholar] [CrossRef]

	



Bello, M.O.; Solarin, S.A. Interfuel substitution, hydroelectricity consumption and CO2 emissions mitigation in Malaysia: Evidence from a transcendental logarithm (trans-log) cost function framework. Environ. Sci. Pollut. Res. 2020, 27, 17162–17174. [Google Scholar] [CrossRef]

	



Onghena, E.; Meersman, H.; de Voorde, E.V. A translog cost function of the integrated air freight business: The case of FedEx and UPS. Practice 2014, 62, 81–97. [Google Scholar] [CrossRef]

	



Oum, T.H.; Zhang, Y. Utilisation of quasi-fixed inputs and estimation of cost function: An application to airline costs. J. Transp. Econ. Policy 1991, 25, 121–134. [Google Scholar]

	



Nadiri, M.I.; Schankerman, M. Variable Cost Functions and the Rate of Return to Quasi-Fixed Factors: An Application to R&D in the Bell System. NBER Work. Paper. 1980. No. 597. Available online: https://www.researchgate.net/profile/M-Nadiri/publication/5184186_Variable_Cost_Functions_and_the_Rate_of_Return_to_Quasi-Fixed_Factors_An_Application_to_R_and_D_in_the_Bell_System/links/57d85aef08ae0c0081edff3a/Variable-Cost-Functions-and-the-Rate-of-Return-to-Quasi-Fixed-Factors-An-Application-to-R-and-D-in-the-Bell-System.pdf (accessed on 24 April 2022).

	



Hunter, W.C.; Timme, S.G. Some evidence on the impact of quasi-fixed inputs on bank scale economy estimates. Econ. Rev. 1991, 76, 12–20. [Google Scholar]

	



Burney, N.A. Economies of scale and utilization in electricity generation in Kuwait. Appl. Econ. 1998, 30, 815–819. [Google Scholar] [CrossRef]

	



Bottasso, A.; Conti, M. Scale economies, technology and technical change in the water industry: Evidence from the English water only sector. Reg. Sci. Urban Econ. 2008, 39, 138–147. [Google Scholar] [CrossRef]

	



Park, S.Y.; Lee, K.S.; Yoo, S.H. Economies of scale in the Korean district heating system: A variable cost function approach. Energy Policy 2016, 88, 197–203. [Google Scholar] [CrossRef]

	



Nelson, R.A. On the measurement of capacity utilization. J. Ind. Econ. 1989, 37, 273–286. [Google Scholar] [CrossRef]

	



Farsi, M.; Fetz, A.; Filippini, M. Economies of scale and scope in multi-utilities. Energy J. 2008, 29, 123–143. [Google Scholar] [CrossRef]

	



Fetz, A.; Filippini, M. Economies of vertical integration in the Swiss electricity sector. Energy Econ. 2010, 32, 1325–1330. [Google Scholar] [CrossRef]

	



Oh, D.H.; Lee, Y.G. Productivity decomposition and economies of scale of Korean fossil-fuel power generation companies: 2001–2012. Energy 2016, 100, 1–9. [Google Scholar] [CrossRef]

	



Yu, C.; Yao, W. Robust linear regression: A review and comparison. Commun. Stat. Simul. Comput. 2017, 46, 6261–6282. [Google Scholar] [CrossRef]

	



Muhlbauer, A.; Spichtinger, P.; Lohmann, U. Application and comparison of robust linear regression methods for trend estimation. J. Appl. Meteorol. Clim. 2009, 48, 1961–1970. [Google Scholar] [CrossRef]

	



Mbah, R.E.; Wasum, D.F. Russian-Ukraine 2022 War: A review of the economic impact of Russian-Ukraine crisis on the USA, UK, Canada, and Europe. Adv. Soc. Sci. Res. J. 2022, 9, 144–153. [Google Scholar] [CrossRef]

	



Liadze, I.; Macchiarelli, C.; Mortimer-Lee, P.; Juanino, P.S. The Economic Costs of the Russia-Ukraine Conflict. NIESR Policy Paper. 2022. No. 32. Available online: https://www.niesr.ac.uk/wp-content/uploads/2022/03/PP32-Economic-Costs-Russia-Ukraine.pdf (accessed on 24 April 2022).

	



Bellocchi, S.; Manno, M.; Noussan, M.; Prina, M.G.; Vellini, M. Electrification of transport and residential heating sectors in support of renewable penetration: Scenarios for the Italian energy system. Energy 2020, 196, 117062. [Google Scholar] [CrossRef]

	



Veldman, E.; Gibescu, M.; Slootweg, H.; Kling, W.L. Impact of electrification of residential heating on loading of distribution networks. In Proceedings of the 2011 IEEE Trondheim PowerTech, Trondheim, Norway, 1–7 June 2011. [Google Scholar]

	



White, P.R.; Rhodes, J.D.; Wilson, E.J.; Webber, M.E. Quantifying the impact of residential space heating electrification on the Texas electric grid. Appl. Energy 2021, 298, 117113. [Google Scholar] [CrossRef]

	



Chung, H.Y.; Kang, H.J. A study on the cross subsidization of energy industries in Korea. J. Korean Inst. Gas 2006, 10, 17–22. [Google Scholar]

	



Ohrn, E.; Seegert, N. The impact of investor-level taxation on mergers and acquisitions. J. Public Econ. 2019, 177, 104038. [Google Scholar] [CrossRef]

	



Kasipillai, J. Tax implications of mergers and acquisitions involving financial institutions. Manag. Financ. 2004, 30, 48–62. [Google Scholar] [CrossRef]

	



Peterson, C.R.; McDermott, K.A. Mergers and acquisitions in the U.S. electric industry: State regulatory policies for reviewing today’s deals. Electr. J. 2007, 20, 8–25. [Google Scholar] [CrossRef]

	



Monden, Y. M&A and its incentive system for the inter-firm organization. In M&A for Value Creation in Japan; World Scientific Publishing Co. Pte. Ltd.: Singapore, 2010; pp. 67–89. [Google Scholar]








[image: Sustainability 14 05371 g001 550] 





Figure 1. Trends of sales volume and the number of consumers of city gas. 
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Figure 2. Share of sales volume of city gas in Seoul as of the end of 2020. 
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Figure 3. City gas price trend in constant price of year 2015. 
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Figure 4. The time trends of panel data. 
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Figure 5. Estimation results of economies of scale. 






Figure 5. Estimation results of economies of scale.



[image: Sustainability 14 05371 g005]







[image: Table] 





Table 1. Summary of the previous studies on the economies of scale in natural gas market.
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	Market
	Source
	Countries (Covered Period)
	Models
	Estimation Methods





	Wholesale
	[8]
	South Korea(1987–1993)
	Translog cost function
	Goal programming



	Wholesale
	[9]
	South Korea, France, Japan, Italy, Germany, Belgium (1991–1995)
	Translog cost function
	ITSUR 1



	Wholesale
	[13]
	South Korea (2000–2018)
	Translog cost function
	ITSUR



	Wholesale
	[10]
	Italy (1991–1992)
	Translog cost function
	SUR 2



	Wholesale
	[12]
	Switzerland (1996–2000)
	Translog cost function
	SUR



	Wholesale
	[7]
	United States (1979)
	Log-linear cost function
	OLS 3



	Wholesale
	[11]
	Switzerland (1996–2000)
	Cobb-Douglas cost function
	GLS 4



	Retail
	[14]
	South Korea (1987–1992)
	Translog cost function
	SUR



	Retail
	[15]
	South Korea (1990, 1991, 1996, 1997)
	Non-parametric
	LOWESS 5







Notes: 1 ITSUR stands for iterated seemingly unrelated regression. 2 SUR stands for seemingly unrelated regression. 3 OLS stands for ordinary least square. 4 GLS stands for generalized least square regression. 5 LOWESS stands for locally weighted regression.
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Table 2. Definitions and sample statistics of the variables.
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	Variables
	Definition
	Mean
	Standard Deviation





	   V C   
	Variable cost = labor cost + material cost (unit: thousand Korean won)
	6.1 × 108
	3.1 × 108



	    P L    
	Labor price = labor cost divided by the number of employees (unit: thousand Korean won per person)
	8.4 × 104
	1.5 × 104



	    P M    
	Material price = material cost/material input (unit: Korean won per MJ)
	11.5
	2.7



	  K  
	Capital cost = total cost − labor cost − material cost (unit: thousand Korean won)
	3.5 × 107
	2.0 × 107



	  Q  
	Production = city gas supply (unit: thousand MJ)
	4.0 × 107
	1.9 × 107



	  T  
	Technical change = time trend variable from 1 to 13 (1 in 2008 and 13 in 2020)
	7
	3.8







Notes: To convert to the 2015 constant price, variable cost, labor price, material cost, and capital cost are deflated by the total producer price index, the GDP deflator, supply price index of imported intermediate fuel, and supply price index of domestic capital goods, respectively.
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Table 3. Estimation result of the translog variable cost function.
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	Variables
	Coefficients
	Standard Errors
	t-Values
	p-Values





	   ln  P L    
	−0.162
	0.046
	−3.50
	0.000



	   ln  P M    
	1.162
	0.046
	25.11
	0.000



	   ln Q   
	6.287
	4.88
	1.29
	0.198



	   ln  P L   ∗ ln   P L    
	0.020
	0.001
	21.33
	0.000



	   ln  P M   ∗ ln   P M    
	0.020
	0.001
	21.33
	0.000



	   ln Q  ∗ ln  Q   
	−0.325
	0.281
	−1.16
	0.247



	   ln  P L   ∗ ln   P M    
	−0.02
	0.001
	−21.33
	0.000



	   ln  P L   ∗ ln  Q   
	−0.012
	0.01
	−1.22
	0.223



	   ln  P M   ∗ ln  Q   
	0.012
	0.01
	1.22
	0.223



	   ln K   
	−6.725
	2.271
	−2.96
	0.003



	   ln K  ∗ ln  K   
	0.396
	0.135
	2.94
	0.003



	   ln  P L   ∗ ln  K   
	0.013
	0.008
	1.60
	0.109



	   ln  P M   ∗ ln  K   
	−0.013
	0.008
	−1.60
	0.109



	   ln Q  ∗ ln  K   
	0.000
	0.000
	0.36
	0.72



	  T  
	−0.119
	0.118
	−1.01
	0.311



	   T ∗ T   
	0.006
	0.002
	3.58
	0.000



	   ln  P L  ∗ T   
	0.001
	0.000
	2.79
	0.005



	   ln  P M  ∗ T   
	−0.001
	0.000
	−2.79
	0.005



	   ln K ∗ T   
	−0.034
	0.022
	−1.59
	0.111



	   ln Q ∗ T   
	0.036
	0.025
	1.42
	0.154



	Constant
	15.225
	39.484
	0.39
	0.700







Number of observations: 65, R-squared: 0.803, Chi-squared: 1.45 × 106.
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Table 4. Estimation results of robust linear regression.
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	Variables
	Coefficients
	Standard Errors
	t-Values
	p-Values





	    Q t    
	−0.0010
	0.0002
	−4.89
	0.000



	    T t    
	−0.0206
	0.0010
	−21.19
	0.000



	Constant
	0.4499
	0.116
	38.87
	0.000







Number of observations: 65, F-value: 226.57 (p-value = 0.000).
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