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Abstract

:

With the Paris Agreement entering into full force, South Korea must submit its target greenhouse gas emissions for commercial buildings by 2030 to the United Nations Framework Convention on Climate Change. To determine this target, the annual energy demands must be forecasted through appropriate models; the development of these models is the focus of our study. We developed a system to calculate energy demand forecasts by searching for suitable methods. We built distinct energy forecast models for petroleum, city gas, electricity, heat, and renewable energies. The results show that the most appropriate variable for the petroleum energy model is energy trend. Moreover, the annual increase rate of petroleum energy demand from 2019 to 2030 was forecasted to be −1.7%. The appropriate variable for city gas energy model was the floor area of commercial buildings, which was forecasted to increase at an annual average growth rate of 0.4% from 2019 to 2030. According to the forecast results of energy demand from 2019 to 2030, the annual average growth rates of electricity, heat, and renewable energy demands were 2.1%, −0.2%, and 1.3%, respectively.
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1. Introduction


Energy is an indispensable part of our daily lives. Its consumption has increased exponentially over the last 1990 years, with a significant increase in national greenhouse gas emissions, thereby affecting the environment negatively.



To address this problem, the Paris Agreement was adopted by global consensus in December 2015 within the United Nations Framework Convention on Climate Change. As a signatory to this agreement, South Korea is obligated to submit its sector-wise target greenhouse gas emissions for the period until 2030 [1].



In South Korea, the building sector accounts for approximately 20% and 40% of the national total energy and electricity consumption, respectively. Given the large contributions of this industry, its target requires further examination [2] through the use of energy demand forecasts. Forecasts form the foundation for calculating target emissions, but research in this area is currently insufficient. Thus, studies on energy demand forecasts, particularly for the building sector, are essential [3,4].



While the South Korean government has been conducting research on the national total energy demand forecast, it does not possess demand forecasts by sector. Studies on its total national energy demand forecasts generally focus on the Energy Basic Plan, Electricity Demand and Supply Basic Plan, and Long-Term Natural Gas Demand and Supply Plan.



First, every five years, the Energy Basic Plan releases its 20-year demand forecasts for electricity, city gas, petroleum, heat, and renewable energy at the government level. However, it does not provide these forecasts by sector and year [5]. Second, every two years, the Electricity Demand and Supply Basic Plan releases its 15-year demand forecasts for electric energy. The panel model for electricity is used based on the analysis results of electricity demand panel data of over 100 countries. Nevertheless, this plan only provides demand forecasts for electricity, and not for petroleum, city gas, heating, and renewable energy [6]. Third, every two years, the Long-Term Natural Gas Demand and Supply Plan establishes national natural gas demand plans for a period of 15 years, but does not include forecasts for energies other than natural gas [7,8].



Outside of South Korea, the U.S. Energy Information Administration uses the National Energy Modeling System model, and the International Energy Agency (IEA) model is used by the Organization for Economic Cooperation and development (OECD) [9,10]. The IEA model is structured as shown in Figure 1 [11] and uses specific data for each application. Figure 1 refers to the IEA report and requires technical data on cooling, heating, hot water, cooking, and lighting. The U.S. National Energy Modeling System model divides commercial buildings into 11 types and requires technical data such as energy prices, floor area growth rate, cooling, heating, ventilation and lighting.



These models can forecast energy demand efficiently; however, lack of technical data on commercial buildings means they are of no use for South Korean research.



Therefore, we constructed a model to forecast energy demand for the period until 2030 in South Korea that accounts for commercial buildings. We conducted a time-series analysis of energy consumption data by energy source and collected basic data for gross domestic product (GDP), population, and floor area, which are prerequisites for model construction. Then, energy demand forecast models were constructed by deriving variables that have high correlations with energy consumption [12,13]. The flow of this study is shown in Figure 2.




2. Methods


We require an energy consumption model based on building use, because residential, commercial, and public buildings have different energy consumption patterns. For example, heating energy dominates household energy use, whereas commercial buildings use energy disproportionately for cooling [14]. In this way, energy consumption differs by building use, and consequently, residential, commercial, and public buildings require separate energy demand forecasts. We chose to study commercial buildings because they have the largest energy consumption. The research method was proceeded through the process as shown in Figure 3, and the concrete explanation is as follows.



In this study, we analyzed energy consumption in buildings by energy source to investigate historical energy consumption trends. The South Korean government publishes energy input standard data in the Yearbook of Energy Statistics, which allows us to use time-series data from 1990 onward for petroleum, electricity, heat, city gas, and renewable energies used in buildings. We then explored methodologies for developing energy demand forecast models for commercial buildings to construct an appropriate research framework. These forecast models can be generally classified into econometrics and end-use account models. The former is a top-down approach based on historical energy consumption results, whereas the latter is a bottom-up approach based on energy consumption by energy-consuming devices [15].



Finally, we established population forecasts until 2030, the future GDPs of South Korea, and the future floor areas of commercial buildings to set up the basic data for constructing an energy demand forecast model. Please note that the floor area of commercial buildings highly correlates with the energy consumption of buildings, so it must be estimated for a period until 2030. However, because there are few studies on the forecasts of commercial floor areas in South Korea, we researched the forecasts of building floor areas. We thus analyzed historical floor area trends using existing statistics based on building registers; a floor area forecast model was constructed by searching for variables showing high correlations with floor area. The floor area forecast results for commercial buildings were used in the energy demand forecast models for petroleum, electricity, heat, city gas, and renewable energy. Furthermore, the models for energy source were constructed using the statistics application STATA, and the statistical significance of the model developed in this study was verified using STATA [16].




3. Analysis of Energy Consumption in Commercial Buildings


3.1. Energy Statistical Analysis


To develop the energy demand forecasts model, it is necessary to analyze past energy usage. Analysis of energy usage requires statistical analysis of domestic energy. In this study, we analyzed the domestic energy statistics.



In South Korea, energy statistics, including the energy consumption of commercial buildings, are provided by the Yearbook of Energy Statistics and Energy Consumption Survey. Table 1 compares the characteristics of the Energy Statistical Yearbook and the Energy Consumption Survey. The Yearbook of Energy Statistics is published every year by the Ministry of Trade, Industry and Energy, two years later than the year of the data. These statistics are considered the most accurate total statistics on energy in South Korea, because they are based on monthly reports of energy suppliers’ total energy production and sales results. They are used when various energy policies are established. However, these statistics do not include energy consumptions of buildings by use and energy source. For example, the consumption statistics for heating by energy source are absent, despite the use of petroleum, electricity, city gas, and heat energies for heating [2].



The Energy Consumption Survey is also published by the Ministry of Trade, Industry and Energy every three years. Unlike the Yearbook of Energy Statistics, it surveys approximately 5400 sample buildings using self-enumeration and interviewing methods. It includes buildings that consume 2000 toe (i.e., tonnes of oil equivalent) of energy or more. To our benefit, these data include statistics by building use and energy source—that is, for each energy source used for heating, such as petroleum, electricity, heat, and city gas. However, the reliability of the total energy consumption is low. They are mainly used for the proportions of each energy source than for calculating totals in policy formulation [17].



In this study, historical energy consumption trends were analyzed based on the Yearbook of Energy Statistics, which has a higher reliability of total energy data for energy demand forecasts by energy source.




3.2. Trend of Energy Consumption in Commercial Buildings


The energy demand forecast is based on historical energy consumption trends. Thus, the analysis of these trends is critical to forecasting. To analyze the energy consumption of commercial buildings in South Korea, the most recent Yearbook of Energy Statistics from 2018 was used. As shown in Figure 4, this report provides energy consumption statistics for petroleum, electricity, city, gas, heat, and renewable energy between 1990 and 2017. The total annual energy consumption increased by 235% at the annual average growth rate of 4.6% between 1990 and 2017 from 5206 thousand toe to 17,428 thousand toe. The total annual energy consumption in 1997 and 1998 decreased because the Korean economy declined sharply due to the then current foreign exchange crisis.



Petroleum energy showed a decreasing trend, whereas city gas, electricity, heat, and renewable energy steadily increased. Furthermore, electricity accounted for 64% of energy by source, followed by city gas (21%), petroleum (12%), heat (2%), and renewable energy (1%) for commercial buildings in 2017.



Petroleum energy is predominantly used for heating and hot water in commercial buildings. Its consumption decreased at an annual average rate of 2.4% between 1990 and 2017, but until 1997, it increased sharply at an annual average rate of 9.4%. However, we observed a decreasing trend during the foreign exchange crisis and petroleum price hike. Furthermore, most buildings used petroleum boiler, which were later changed to gas boiler to curb issues such as air pollution. This decreased the overall petroleum consumption.



City gas is used for heating, hot water, cooking, and recently, for cooling in some large buildings. Its consumption showed a high annual increase rate of 9.4% between 1990 and 2017. After 1999, the city gas supply network expanded to the suburbs. The supply of city gas boiler has increased gradually, while the supply of petroleum boiler has decreased, resulting in increased consumption of the former. Supply penetration of city gas in city areas has already reached saturation at 95% or higher, with little change in total consumption since 2006.



Electricity is used for cooling, heating, hot water, lighting, and power. Its consumption has increased sharply at an annual average rate of 9.8% between 1990 and 2017. It temporarily decreased in 1995 due to the South Korean economic crisis, but has shown steady progress since. Electricity consumption has increased steadily with the economic growth of South Korea. After the 2011 South Korea blackout due to large-scale power failure, the government implemented policies to introduce passive and zero-energy buildings to reduce building energy consumption, resulting in a marginal decrease of the otherwise increasing rate of electricity energy.



Heat energy is used for heating and hot water. It has increased at an annual average rate of 15.2% between 1990 and 2017, much higher than other energies. However, the proportion of heat energy in all energies is exceedingly small: 2%. This energy is also limited, because it can be supplied only if there is a power plant that supplies heat sources. The difficulty of building power plants in city centers makes it difficult to increase the supply of heat energy. However, its recent supply has increased marginally due to improved efficiency of equipment and devices generating heat energy.



Renewable energy is produced through solar heat, solar cells, and wind power. They have been gradually replacing petroleum, electricity, city gas, and heat energies in commercial buildings. So far, the proportion of renewable energy has been the smallest: 1%. However, in 2018, the South Korean government announced the difficult goal of increasing this to 20% by 2030 through the Renewable Energy 3020 policy.





4. Development of Demand Forecasting Model


4.1. Methodology Establishment


We analyzed the methods for developing an energy demand forecast model by energy source, and selected an appropriate methodology. As mentioned earlier, there are two methods to accomplish this: the econometrics model and the end-use account model (see Figure 5) [18]. The econometric model uses a top-down approach that estimates based on past energy usage performance. On the other hand, the accounting model is a bottom-up method of building energy consumption based on energy consumption devices. To apply the bottom-up method, technical data such as cooling, heating, hot water supply, and lighting are required. Using the accounting model, quantitative energy demand prediction is possible compared to econometrics. However, for the accounting model, we need technical data that matches the actual situation in Korea. A detailed explanation is as follows.



4.1.1. Analysis of the Econometrics Model


The econometrics model is a top-down method that forecasts energy demand based on historical results. These historical data are analyzed based on energy consumption statistics; this includes the use of major social variables such as GDP, population, and energy prices. Korea is good at building social statistics such as GDP, population, and energy prices. The population of Korea is also available as forecast data until 2050. This model allows easier data collection for building and managing the model. However, it is difficult to analyze detailed information such as the change in the efficiency of individual devices and the introduction of new technology.



If there are technology changes in a building, it is necessary to modify the model. For example, if the bpetroleumer efficiency changes, a new model construction of the heating part is required. In addition, energy demand forecasts for power, city gas, and energy demand forecasts will change.



A representative example of the econometrics model is the Energy Basic Plan model, which is a top-down method that predicts the total energy consumption of South Korea. It is used for establishing Korean energy policies and has easy model management, but detailed analysis of future energy consumption is impossible [19,20].




4.1.2. Analysis of End-Use Model


The end-use account model is a bottom-up method for predicting energy consumption by individual energy-consuming device and use. Importantly, it allows detailed analysis of future data because it is based on segmented data. However, it is difficult to build and operate the model because it requires concrete data, such as the efficiency of each device and the proportion of energy consumption by energy source and use. One representative example of the end-use account model is the National Energy Modeling System, which is based on the penetration rates of home appliances, the efficiency of cooling and heating systems, aging of equipment, and the floor areas of existing and new buildings. The National Energy Modeling System also classifies commercial buildings into 11 types (assembly, healthcare, mercantile, education, lodging, warehouse, food-sale, food-services, office-large, office-small, other).



It provides detailed energy analysis of commercial buildings. This model is also difficult to manage because it requires the collection and management of concrete data [21,22].



In South Korea, the end-use account model cannot be used due to limitations in detailed data on commercial buildings, such as the penetration of cooling systems according to their efficiency, floor area data by construction years of buildings, and number of bulbs sold by type.



To address this issue, we developed the energy demand forecast model using the econometrics model. However, instead of applying the top-down method, a hybrid method that combines the top-down and bottom-up methods was used. Our rationale is that, if the top-down method is used, it is impossible to use the data for national greenhouse gas reduction policy for 2030. At the same time, in the bottom-up method, we only have limited basic statistics of South Korea. Therefore, a hybrid model is more suitable. Figure 6 shows a hybrid model, which represents a configuration for predicting demand by energy.



In this study, the hybrid model does not improve the error by deriving the generally meaningful bottom-up and top-down. Korea has to use the top-down method as its data limit. However, using the top-down methodology, it is possible to predict the total energy demand of commercial buildings, but it is not possible to distinguish by energy such as petroleum, city gas, and electricity. The bottom-up methodology should be applied for the energy-dependent prediction, but the bottom-up method cannot be applied because of the limitation of the data as described above.



Therefore, this study has a top-down view of petroleum, city gas, electricity, and heat energy. We also defined this as a hybrid model. The methodology is generally top-down and bottom-up because it has limitations that cannot be clearly distinguished.



To build the energy demand forecast model for commercial buildings, the existing energy consumption trends were analyzed (see Section 3.2). Next, the data of major variables for the model were collected, such as GDP, population, floor area, and energy prices. Finally, the energy demand forecast models for petroleum, electricity, city gas, heat, and renewable energy were constructed [23].





4.2. Building Basic Data


4.2.1. Variable Base Data


To forecast the energy demand of commercial buildings using the modified econometrics model, we need basic data on energy demand. We thus constructed time-series data for population, GDP, floor area, cooling/heating days, and energy prices. These data begin from 1990, with historical energy statistics until 2030, the point until which energy demand forecasts are required.



For population, the future trend forecast data by Statistics Korea for national policy development were used; these data are naturally representative. According to Statistics Korea, the population of South Korea is expected to increase from 51.81 million in 2019 to 52.94 million in 2030, followed by a gradual decrease from 2032 onward.



For GDP, the increasing and decreasing rates published by the Korea Development Institute were used. These data are also representative, because they are used in national energy demand policies, such as the Energy Basic Plan and the Electricity Demand and Supply Basic Plan. The national GDP in 2018 was 1 trillion 302.8 billion dollars and was forecasted to increase to 1 trillion 611.5 billion dollars in 2030. Thus, a continuous rise is expected until 2030.



For the floor area data of commercial buildings, the data of Statistics Korea were used. These data are accurate and representative because they are based on building registers. The floor area statistics from 1970 until the present are already established, but there are no floor area forecasts for the period until 2030. There are no officially published forecast data for the floor areas of buildings in South Korea in general. Thus, we built a proprietary floor area forecast model and used the results for the energy demand forecast model [24].



For cooling/heating days, the Korea Meteorological Administration publishes official data every year, so it is possible to collect historical data. However, as with the floor area data, there are no official forecast data for future cooling/heating days. It is impossible to forecast cooling/heating days because this requires future weather forecasts. Therefore, in this study, the cooling/heating days were not used for the demand forecast model.



The Korea Energy Economics Institute has been providing energy prices since 1990. As with the cooling/heating days and floor area forecasts, it is difficult to acquire future energy prices. Therefore, we used the energy prices provided by the IEA, which publishes the prices of energies such as petroleum, gas, and electricity until 2030, as expressed by an index based on 2010 as 100 [25]. Table 2 summarizes the list of statistical data described above. Figure 7 shows the yearly trend for the energy demand forecasting model.




4.2.2. Floor Area Data


The energy consumption of commercial buildings is a variable that has a direct correlation with floor area; it is essential for energy demand forecasting. However, there are few studies on the future floor areas of buildings in South Korea. Thus, we forecasted the future floor areas of commercial buildings [26].



As with the energy demand forecast model, future floor areas until 2030 were predicted using an econometrics model. To determine the variables required for model development, variables that had high correlations with energy consumption were selected through regression analysis between energy consumption and the variables. This allowed us to generate statistics for floor area, floor area per person, log floor area per person, and GDP per person. The regression analysis showed that the energy consumption and floor area have high correlation in general (Figure 8). Particularly, energy consumption and the floor area per log_person showed the highest R2 (coefficient of determination) value of 96.8%.



South Korea has limited national land; keeping this in mind, the floor areas of the future were estimated to converge rather than increase. As with overseas cases in Europe, the U.S., and Japan, the floor area per person converged in most countries (Figure 9) [27,28].



The floor area forecast data were obtained by multiplying the forecasted floor area per person by the population to determine the final floor area. The demand forecast model for floor area was developed as a logistic function used in the econometrics model (Figure 10).



To forecast the future floor areas, the statistics from 1970 to 2030 were used and the model was constructed using STATA. The population, GDP, floor area, and the convergence level of floor area per person, which are required for building the model, were input. The convergence level of floor area per person for South Korea used in this study was 23 m2/person, which was based on the IEA forecasts of floor area per person for Europe and the U.S. Furthermore, the adequacy of the model results derived was verified using STATA. The derived model is expressed as Equation (1), and the R2 value of the final model was 99.89% and the p-value was 0, indicating high statistical significance [29].


ln y=α1+γ·expβ·χ+ε



(1)




where ln y is the floor area per person, α is the convergence level of floor area per person, γ is the constant, β is the coefficient, χ is the GDP per person, and ε is the error function.



The floor areas estimated for the period until 2030 through the floor area forecast model are listed in Table 3 and shown in Figure 11. The annual average increase rate of the floor area from 2019 to 2030 was 0.91%, and the total floor area of commercial buildings in South Korea was forecasted to be 1231 million m2. These forecast results for the floor area will be used in the energy forecast model.





4.3. Demand Forecast Model by Energy


For the energy demand forecast of commercial buildings, the petroleum, electricity, city gas, electricity, heat, and renewable energy demand forecast models were constructed using the econometrics model (see Figure 12). As with the floor area forecast, STATA was used. For the variables of this model, the data that could be established between 1990 and 2030 through domestic statistics and research were used. We then analyzed the temporal trends of energy consumption, floor area data, petroleum prices, and population changes [30]. The cooling/heating days were excluded from the variables because future data require predictions of weather changes, which is impossible. However, historical data are accessible [31].



For statistical verification of the model, the statistical validity was evaluated using R2 and p-value (probability value).



4.3.1. Petroleum Model


The petroleum energy consumption showed a decreasing trend. Compared with 1990, it decreased by 48% at the annual average decrease rate of 2.4% in 2017. We estimated it to continue decreasing. We analyzed petroleum consumption because the city gas penetration rate of South Korea in 2015 was approximately 81%, with petroleum energy demand expected to decrease with increased use of city gas boiler in buildings. Moreover, buildings are expected to use city gas to avail themselves of the cheaper prices. Finally, air pollution and greenhouse gas emissions have become serious issues in South Korea. Thus, the government has been trying to replace petroleum with city gas, which is more environmentally friendly. However, the penetration rate of city gas in provinces outside cities is less than 50%. Thus, we expect continued petroleum consumption.



To develop the demand forecast model of petroleum energy, the variables appropriate for the model were searched by combining the trends of population, building area, GDP, energy prices, and energy consumption using STATA. The analysis results showed that the p-value was 0.7 when the petroleum price was included in the variables, indicating low significance. Thus, it was excluded from the variables of the energy demand forecast model. Statistically significant variables were derived through repetitive variable analysis, and the most significant statistical results were finally derived based on energy consumption. The statistical verification of the petroleum energy demand forecast yielded R2 of 89% and p-value of 0, suggesting the model’s statistical significance. In this study, the petroleum energy demand forecast model was derived as follows [32]:


y=γ+β·ln x+ε,



(2)




where y is petroleum consumption, γ is the constant, β is the coefficient, ln x is the time trend, and ε is the error function.



The petroleum energy demand forecast results until 2030 through demand forecast model are listed in Table 4, Figure 13. The petroleum energy demand forecast in 2030 was 1482 thousand toe, and the annual average change rate from 2019 to 2030 was forecasted to be −1.7%, indicating a decreasing trend until 2030.




4.3.2. City Gas Model


The historical city gas consumption showed a rapid rising trend. It increased by 1042% at an annual average rate of 9.4% in 2017, compared with 1990. This can be attributed to rising income standards, which, in turn, have increased the demand for city gas. As noted earlier, city gas is convenient to use and is replacing petroleum boiler. However, this rising trend is expected to slow down in the future for the following reasons. First, a rapid increase in future city gas consumption is unlikely because of supply saturation in city areas. For instance, Seoul, the capital of South Korea, has already reached over 96% saturation. Second, most petroleum boiler have already been replaced with city gas boiler to curb air pollution, so this rising trend will not be prolonged [33]. Although temporary increases and decreases in consumption are expected due to temperature effects, no rapid increase was estimated, as in the past.



To forecast the city gas energy demands, the most appropriate variables were searched using STATA based on the trends of population, building area, GDP, energy prices, and energy consumption. The analysis results showed that, when the city gas price was included in the variables, the p-value was 0.2, indicating low significance. Thus, it was excluded from the variables of the model. Finally, the most significant statistical results with the highest correlation with building area were derived with an R2 of 96% and p-value of 0. Thus, the model was found to be statistically significant. The regression model was derived as follows [32]:


y=γ+β·x+ε,



(3)




where y is city gas consumption, γ is the constant, β is the coefficient, x is the area, and ε is the error function.



The city gas energy demand forecasts until 2030 based on the city gas demand forecast model are listed in Table 5, Figure 14. The demand in 2030 was forecasted to be 4157 thousand toe, and estimated to increase slightly at an annual average rate of 0.4% from 2019 to 2030.




4.3.3. Electricity Model


Electricity consumption accounts for approximately 64% of the total energy consumption of commercial buildings, and it has been steadily increasing. In 2017, compared with 1990, it increased by 1152% at an annual average rate of 9.8%. This can be attributed to increased use of electric and power appliances due to rising income and floor area of buildings. Consumption is expected to increase in the future as well. As higher incomes allow people to opt for greater convenience, the types and capacities of electric appliances will increase, thus increasing electricity consumption. Furthermore, the times of using cooling/heating systems and lighting apparatuses are also estimated to increase with greater access to comfortable living [34,35].



To forecast electricity demands, the most appropriate variables were searched using STATA based on the trends of population, building area, GDP, energy prices, and energy consumption. However, no statistically significant variables could be derived. Hence, we used the results of the Electricity Demand and Supply Basic Plan published by the South Korean government [36] because they provide the national total electricity demand forecasts for 15 years from the present year for every two years. The proportion of national total electricity consumption accounting for commercial buildings was separated from the national total electricity demand forecasts. This value has changed only marginally in the last five years, and the average proportion of electricity consumption in commercial buildings was found to be 25.5%. Therefore, 25.5% of the national total electricity demand forecasts was separated as follows [37]:


y=γ·x,



(4)




where y is the electricity consumption, γ is the Electricity Supply and Demand Plan, and x is the National Electricity Supply and Demand Plan.



The energy demand forecast results until 2030 based on the Electricity Demand and Supply Basic Plan are listed in Table 6, Figure 15. The energy demand was estimated to increase at an annual average rate of 2.1% from 2019 to 2030.




4.3.4. Heat Model


Heat energy accounts for a small proportion approximately 2% of the total energy consumption of commercial buildings. However, it showed a steadily increasing trend. The consumption in 2017 increased by 4497% compared with 1990, rising rapidly at an annual average rate of 15.2%. Large-scale heat energy generation occurs in the suburbs near buildings, and it is supplied through pipelines to each building. Because heat energy has high economic value due to mass production, the government’s policy of promoting heat energy has increased its consumption. However, future trends are expected to slow down because it is practically difficult to construct more power plants for heat energy.



The appropriate variables for the heat energy demand forecast were searched, and the p-value of floor area was 0.006 and that of the previous term’s (t−1) heat consumption was 0, indicating statistical significance. Thus, the model was derived as follows:


y=γ+β1·yy−1+β2+lnx1+ε,



(5)




where y is heat consumption, γ is the constant, β1,2 is the coefficient, lnx1 is the area, and ε is the error function.



The energy demand forecasts until 2030 using the heat consumption model are listed in Table 7, Figure 16. The heat energy demand was estimated to increase slightly at an annual average rate of 0.2% from 2019 to 2030.




4.3.5. Renewables Model


Renewable energy accounts for a small proportion approximately 1% of the total energy consumption of commercial buildings. Its consumption showed fluctuating trends, highlighted by recent increases. The consumption in 2017 increased by 235% at an annual average rate of 4.4%, compared with 1990.



Renewable energy consumption is significantly affected by national policy because it has low economic value compared with other energies. In 2018, the South Korean government announced the 3020 Renewable Energy Supply Plan with the aim to achieve 20% supply of renewable energy by 2030. Accordingly, the renewable energy demand is expected to increase in future in response to these pro-renewable policies. However, it is unlikely to grow substantially, because its proportion in the building sector is small [38]. Although buildings do use renewable energy sources, such as photovoltaic energy, solar power, and geothermal energy, the rapid increase in such technologies is difficult due to installation issues. Moreover, geothermal energy faces adoption challenges because of its weaker economic efficiency [30].



It is impossible to build a renewable energy model using the variable of historical results. This is because historical consumption varies significantly. Therefore, the proportion of renewable energy compared with other energies was used. The proportion of renewable energy in the total energy consumption of building for the past five years was approximately 1.1%, which was used in comparison with other energy demand forecasts.


y=∑pen+∑Cen+∑Een+∑Hen·1.1%+ε,



(6)




where y is the renewable energy consumption, ∑Pen is the petroleum energy forecast, ∑Cen is the city gas energy forecast, ∑Een is the electricity energy forecast, ∑Hen is the heat energy forecast, and ε is the error function.



The renewable energy demands estimated until 2030 using the renewable energy model are listed in Table 8, Figure 17. The renewable energy demand was estimated to increase at an annual average rate of 1.3% from 2019 to 2030.




4.3.6. Energy Demand Forecast Result


Petroleum, city gas, electricity, heat, and renewable energy models were constructed to forecast the energy demands of commercial buildings. Through the models, the total energy demand was forecasted to increase to 19,815,000 toe in 2030 at an annual rate of 1.4% from 2019 to 2030 (Table 9).






5. Discussion


Korea lacks research on the energy demand forecasting of the building sector and needs related research. However, energy demand forecasts are needed, and the results can be used to reduce greenhouse gas emissions and establish energy policies. In this paper, we propose a prediction model of power, city gas, heat, and renewable energy to predict energy demand. Due to the lack of statistics in Korea, a statistically significant model could not be constructed for electricity and renewable energy. This is an aspect that needs to be supplemented through future research. In addition, the methodology for forecasting energy demand [39], and the process of deriving it, should be supplemented by continuous research. The model proposed in this study is not suitable for long-term models and can only be used for short-term models. Long-term models require additional variables and consideration of energy conversion. In addition, the model proposed in this study is based on Korean time series data and is suitable for Korea. This paper is a precedent study and will be a reference for future research.




6. Conclusions


We developed demand forecast models for petroleum, city gas, electricity, heat, and renewable energy to forecast annual energy demands for commercial buildings in South Korea until 2030. The conclusions of this study are as follows:




	
We developed an appropriate energy demand forecast method by analyzing the characteristics of the econometrics model and the end-use account model. The demand forecast model for each energy source was constructed using a hybrid method combining both top-down and bottom-up methods.



	
The floor area forecast model until 2030 for commercial buildings was developed using GDP per person and energy consumption, which have high correlations with floor area. According to the forecast results, the total floor area in 2030 was estimated to be 1231 million m2 and the annual increase rate from 2019 to 2030 was 0.91%.



	
For the petroleum energy demand forecast model, the energy consumption trend was derived as the most appropriate variable for forecasting demand. The R2 of this model was 89% and the p-value was 0, indicating statistical significance. According to the forecast results, the petroleum energy consumption was forecasted to decrease to 1482 thousand toe in 2030 at an annual average rate of −1.7% from 2019 to 2030.



	
The most appropriate variable for city gas energy demand forecast was the building floor area. The R2 of the model was 96% and the p-value was 0. According to the forecast results, the gas energy consumption was estimated to increase to 4157 thousand toe in 2030 at an annual average rate of 0.4% from 2019 to 2030.



	
The electricity energy demand was forecasted using the Electricity Demand and Supply Basic Plan. The proportion of commercial buildings in the national total electricity consumption published in this plan was 25.5%. It was thus used for the electricity energy demand forecast of commercial buildings. Accordingly, the consumption was forecasted to increase to 14,627 thousand toe in 2030 at an annual average rate of 2.1% from 2019 to 2030.



	
The most appropriate variable for heat energy demand forecast derived from the analysis of variables was floor area. The p-value of this model was 0.006, indicating statistical significance. According to the forecast results, the heat energy consumption was forecasted to decrease to 182 thousand toe in 2030 at an annual rate of −0.2% from 2019 to 2030.



	
The renewable energy demand was forecasted to account for 1.1% of the energy demand forecast results of other energies. This consumption was forecasted to increase to 225 thousand toe in 2030 at an annual average rate of 1.3% from 2019 to 2030.








In the future, a technical analysis by energy source and use, as well as a study on bottom-up methods through the construction of data on future technologies, are required for more accurate energy demand forecasting. To analyze the adequacy of our results, domestic and overseas case studies must be incorporated. Furthermore, more research is required to forecast the energy demands of residential and public buildings using insights presented in our study. This will enable us to forecast complex energy demands for the complete building sector of South Korea.
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Figure 1. Energy demand forecast model for IEA buildings. 
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Figure 2. Composition of this study. 
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Figure 3. Research flowchart. 
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Figure 4. Energy consumption status of commercial buildings. 
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Figure 5. Energy demand forecast methods: (a) top-down model; (b) bottom-up model. 
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Figure 6. Structure of the energy demand forecast model. 
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Figure 7. Annual data trends for energy demand forecast model: (a) population trend by year, (b) gdp trend by year, (c) floor area trend by year, (d) energy price trend by year, (e) heating days trend by year, and (f) cooling days trend by year. 
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Figure 8. Correlation analysis results for floor area of commercial buildings: (a) energy consumption and log floor area per person, (b) log energy consumption and floor area per log person, (c) energy consumption and floor area per GDP, (d) log energy consumption and floor area per GDP, (e) energy consumption and GDP per log and floor area (f) log energy consumption and floor area per person. 
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Figure 9. Floor area per person by country. 
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Figure 10. Floor area forecast model structure. 
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Figure 11. Floor area statistics and forecast result. 
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Figure 12. Demand forecast model structure by energy. 
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Figure 13. Petroleum energy and forecast result. 






Figure 13. Petroleum energy and forecast result.



[image: Energies 12 02313 g013]







[image: Energies 12 02313 g014 550]





Figure 14. City gas energy and forecast result. 
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Figure 15. Electricity energy and forecast result. 
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Figure 16. Heat energy and forecast result. 
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Figure 17. Renewable energy and forecast result. 
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Table 1. Comparison and analysis of energy statistics.
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	Division
	Year Book of Energy Statistics
	Energy Consumption Survey





	Time of publication
	Every year
	Every three years



	Survey method
	Monthly production and sales results

Based on inputs
	Combination of self-enumeration method and interviewing method for samples



	Purpose of use
	Total energy consumptions

(Top-down)
	Proportions by building use and energy source (Bottom-up)



	Advantages
	Total energy consumption of commercial buildings High reliability
	Statistics by energy source can be used



	Disadvantages
	No statistics by energy source
	Low reliability of total energy consumption data
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Table 2. List of statistics for energy demand forecast.
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	Category
	Contents





	Population
	Yearly statistical and forecast data for 1990–2030

Annual average growth rate 0.53% (1990–2030)



	GDP
	Yearly statistical and forecast data for 1990–2030

Annual average growth rate 3.34% (1990–2030)



	Floor Area
	Statistical data for 1970–2017

Annual average growth rate 6.76% (1970–2017)



	Heating/Cooling day
	Statistical data for 1970–2017

Not forecast



	Energy Price
	Yearly statistical and forecast data for 1990–2030

Annual average growth rate 4.54% (1990–2030)
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Table 3. Floor area forecast result.
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	Year
	2015
	2018
	2020
	2025
	2030
	Annual Increase

(2019–2030)





	Floor Area

(million m2)
	1048
	1088
	1092
	1168
	1231
	0.91%
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Table 4. Petroleum energy forecast result.
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	Year
	2015
	2018
	2020
	2025
	2030
	Annual Increase

(2019–2030)





	Energy (1000 toe)
	2127
	1829
	1754
	1601
	1482
	−1.7%
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Table 5. Petroleum energy forecast result.
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	Year
	2015
	2018
	2020
	2025
	2030
	Annual Increase

(2019–2030)





	Energy (1000 toe)
	3469
	3971
	4013
	4110
	4157
	0.4%
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Table 6. Electricity energy forecast result.
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	Year
	2015
	2018
	2020
	2025
	2030
	Annual Increase

(2019–2030)





	Energy (1000 toe)
	10,533
	11,480
	12,112
	13,504
	14,627
	2.1%
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Table 7. Heat energy forecast result.
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	Year
	2015
	2018
	2020
	2025
	2030
	Annual Increase

(2019–2030)





	Energy (1000 toe)
	163
	177
	180
	182
	182
	0.2%
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Table 8. Renewables energy forecast result.
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	Year
	2015
	2018
	2020
	2025
	2030
	Annual Increase

(2019–2030)





	Energy (1000 toe)
	174
	185
	199
	213
	225
	1.3%
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Table 9. Total energy demand.
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Year

	
Energy (1000 toe)




	
Petroleum

	
City Gas

	
Electricity

	
Heat

	
Renewables






	
2019

	
1790

	
3992

	
11,798

	
179

	
195




	
2020

	
1754

	
4013

	
12,112

	
180

	
199




	
2021

	
1720

	
4033

	
12,428

	
180

	
202




	
2022

	
1688

	
4053

	
12,711

	
181

	
205




	
2023

	
1657

	
4072

	
12,985

	
181

	
208




	
2024

	
1628

	
4091

	
13,248

	
181

	
211




	
2025

	
1601

	
4110

	
13,504

	
182

	
213




	
2026

	
1575

	
4120

	
13,752

	
182

	
216




	
2027

	
1550

	
4130

	
13,989

	
182

	
218




	
2028

	
1527

	
4139

	
14,208

	
182

	
221




	
2029

	
1504

	
4149

	
14,423

	
182

	
223




	
2030

	
1482

	
4157

	
14,627

	
182

	
225




	
Annual Increase

	
−1.7%

	
0.4%

	
2.1%

	
0.2%

	
1.3%












© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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