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Abstract: Lately, in modern smart power grids, energy demand for accurate forecast of electricity is gaining attention, with increased interest of research. This is due to the fact that a good energy demand forecast would lead to proper responses for electricity demand. In addition, proper energy demand forecast would ensure efficient planning of the electricity industry and is critical in the scheduling of the power grid capacity and management of the entire power network. As most power systems are been deregulated and with the rapid introduction and development of smart-metering technologies in Oman, new opportunities may arise considering the efficiency and reliability of the power system; like price-based demand response programs. These programs could either be a large scale for household, commercial or industrial users. However, excellent demand forecasting models are crucial for the deployment of these smart metering in the power grid based on good knowledge of the electricity market structure. Consequently, in this paper, an overview of the Oman regulatory regime, financial mechanism, price control, and distribution system security standard were presented. More so, the energy demand forecast in Oman was analysed, using the econometric model to forecasts its energy peak demand. The energy econometric analysis in this study describes the relationship between the growth of historical electricity consumption and macro-economic parameters (by region, and by tariff), considering a case study of Mazoon Electricity Distribution Company (MZEC), which is one of the major power distribution companies in Oman, for effective energy demand in the power grid.
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1  Introduction

The liberalization process of Oman electricity sector was initiated by a law to regulate and privatize electricity and water in 2004. This move was aimed at creating a more competitive electricity market and industry. Recently, the electricity sector of Oman has grown to such an extent that significant investments in new generation capacity is needed in order to boast the growing economy and also meet demand. Therefore, the electricity sector liberalization would place significant emphasis onthe participation of private sector in the electricity market. Though, after the implementation of the initial reform strategies, there are new plans to procure electricity in the future in Oman via the spot market strategy [1]. Consequently, the electricity consumers may have options to choose their electricity supplier, in the new market arrangements. Thus, pressure on the present electricity suppliers is expected, and this would lead to wholesale electricity market improvements.

However, despite the much progress in unbundling and reforming the electricity sector in Oman, there are still huge subsidies in the retail tariffs. In 2017, 57% of the overall economic cost of supply was recovered from customers through retail tariffs in the main interconnected system, while the remaining 43% of the revenue requirement was directly from the government as subsidy [1]. Therefore, the implementation of cost-reflective tariffs for consumers and mitigating the cost of power via more competition in the electricity market are two major measures to help reduce the stress on the government of Oman subsidy revenue.

Recently, the power demand in Oman is on the rise due to increase in population and industrial activities [2,3]. The electricity consumption data in Oman was reported as 33,796.000 GWh in 2019, giving a considerable increase from 33,547.000 GWh for 2018 [4,5], with all-time high in 2019 and low as 3604.000 GWh in 1991. During summer periods, there is an increase in load demand in Oman due to significant high temperatures in the region [6], resulting in high demand for electricity per capita [7,8]. This high demand during summer periods, makes the Omani power system very sensitive, with high chances of power failure, resulting in deficit production of power, and price increase in electricity tariffs. Reference [9] proposed a model analysis, that concluded that an increase in the demand flexibility of a power system is the easiest way to influence pricing scenarios with production capacity approaching high levels during periods when peak load reserve are needed, leading to electricity high price spikes.

In view of the above, the need for proper energy demand forecast cannot be over emphasized because it is a vital process in planning for electricity industries [10,11] and plays an important role in any electric power network [12]. There exist a close relationship between the electric power load forecast and the development of the economy. This is also related to the national security and the daily operation of any country [13]. Consequently, accurate load demand forecast would influence energy generating capacity scheduling and power grid management [14]. This is because a good forecast would not only lead to huge savings in operating and maintenance costs, but also correct decisions for future expansion [10,15]. It is important to know that accurate electric load forecast enhances the initial steps in developing facilities for future generation, transmission, and distribution [16]. Tough accurate electric load forecast may not fulfil the wanted outcomes because forecasting schemes vary from one situation to another, with models subjected to variations, based on the available data used as inputs, the timeframe desired, and resolution time from minutes to annual. In lieu of this, in the literature, there exist no precise standard for categorizing load forecasts range [6]. However, a general classification of load demand forecast in the literature is based on duration of prediction and this is classed into three groups of short-term forecasts, medium-term forecasts, and long-term forecasts [17–19]. More so, some works in the literature grouped power load forecast into four groups of; long-term forecasts, mid-term forecasts, short-term forecasts, and very short-term forecasts [20–22].

In short-term forecasting, the duration is normally in hours or weeks [23], and this is paramount in power grid operation with functions like energy transactions, unit commitment, security analysis, economic dispatch, and fuel scheduling and unit maintenance [24]. There is a trend method as an integral part of a short term forecasting that does not explain the behavior of the trend line used, but rather based projections on the historical data. The key advantage of this method is the simplicity of the model requiring only historical consumption data. Again in short-term forecasting, the accuracy level is high [25], thus, the software tools used for commercial purposes in industries and energy traders always employ this topology. In references [26–28], It reported some of the techniques used for this type of forecasting as multiple regression, exponential smoothing, iterative weighted least squares and stochastic time series, while in reference [29], their comparisons were performed. The major shortcoming of the trend forecasting scheme is the non-inclusion of any type of demographic, socio-economic or end-use data, because it cannot predict the changes in the consumption behavior, adoption of new technologies like smart metering, changes in policies for electricity use, required for the planning of infrastructures, change in policies and adoption of new technologies.

To design demand response programs that are appropriate for the power grid, it is necessary to develop and simulate accurate energy demand-consumption models considering various scenarios for industrial, commercial and household users. The conventional forecast used for demand consumption considering previous load demand consumption data is a top-down approach. A bottom-up approach should be given attention to overcome the challenges of the short-term trend forecasting technique, like not been able to predict consumption patterns, flexible demand consumption changes, distributed generation including renewable energy technologies and adoption of new technologies like smart metering.

In the literature, predictive modeling for energy management and power systems engineering was reported in [30], where energy demand estimation and power management systems were analyzed using big data and large computational infrastructures. The authors employed advanced optimization and algorithm techniques for power systems designs, consumer power management, machine and artificial intelligence learning techniques. An innovative energy management model scheme was used in reference [31], for energy management system benchmarking in industrial companies. The authors proposed a model software designed to illustrate the energy management situation, and estimate the target state to identify the required energy efficiency potentials. Pereira et al. [32] developed a numerical model for electrical consumption using machine learning schemes that were trained in parallel based on historical data. The authors reported that the proposed ensemble model could predict the power consumption of the building used as a case study. The authors in [33] carried out a comparative study on the different models for effective energy management design considering parallel hybrid electric vehicles, where the dynamical modelling of the rotating masses was used as a benchmark.

A good comprehension of energy demand model of different sectors is imperative for energy planning and policy in any country. This is because energy demand depends on socioeconomic factors like population, urbanization, industrialization, net capital income and technologies. More so, the modelling of energy demand has increased in importance lately, due to climate change mitigation, since the energy supply sector is the largest contributor to global greenhouse gas emissions. Thus, the improvements in technology could open up new opportunities for energy applications. Therefore, in this paper, a global overview of the electricity system in Oman is presented. The econometric model that is a combination of economic and statistical theoretical analysis is employed for the electricity demand forecast in Oman power grid, by establishing the relationships between the load energy consumed and the key factors that influences them. The econometric model in this paper forecasts the energy and peak demand by econometric analysis. The energy econometric analysis describes the relationship between the growth of historical electricity consumption and macro-economic parameters (by region, and by tariff), instead of the most common econometric approach used in the literature based on end-use estimations usually know as conditional demand analysis (CDA).

2  Oman Electricity Regulatory Regime

A brief history of the regulatory regime of Oman regarding the electricity sector is given as follows [34,35]:

1970–30 April 2005: Ministry undertook all electricity sector activities.

2004: Royal Decree 78/2004 for electricity sector structure was initiated, with definition of the responsibility of Authority for Electricity Regulation (AER) in Oman.

2005: The implementation of new electricity sector structure started.

2007: Royal Decree 92/2007 for establishment of Public Authority for Electricity and Water (PAEW).

2009: Royal Decree 58/2009 for defining the responsibilities of PAEW.

2018: Royal Decree 42/2018 for replacing PAEW and transfering the electricity sector responsibilities to Ministry of Oil and Gas (MOG).

3  Current Structure of Electricity Utility Sectors in Oman

The current structure of the utility sector in Oman is shown in Fig. 1, with the government owned and private sector participations. The government owned bodies are the ministry of housing, electricity and water, ministry of finance. The Nama Shared Services (NSS) in Oman consists of various social protection schemes offered by competent authorities, in conjunction with Numo Institute for Competency Development (NICD). In Fig. 1, Stage 1 involves the government ownership of the utility sector of Oman, basically run by the ministry of housing, electricity and water. Stage 1 is also made up of private ownership of independent power producers run by private investors and public shareholders. The ministry of finance is in charge of Stage 2 of the utility sector of Oman, where NAMA holding is subdivided into NSS and NICD. The generation, transmission and distribution units are underStage 2.
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Figure 1: Current structure of electricity utility sector in Oman

The market structure and regulatory framework in the Main Interconnected System (MIS) and Dhofar system in Oman are given in Fig. 2, while subsidy is currently applied by the government in the Muscat Electricity Distribution Company (MEDC), Majan Electricity Distribution Company (MJEC), Mazoon Electricity Distribution Company and Dhofar Power Company (DPC). The Oman Electricity Transmission Company (OETC) is responsible for the transmission of power to the various distribution companies.

[image: images]

Figure 2: Market structure and regulatory framework in the MIS and Dhofar system in Oman

4  Price Control Overview and System Security of the Electricity Sector of Oman

The price control is a mechanism to control the prices besides ensuring the quality and efficiency of the electricity sector. The price control does the following:

□ Set allowances

□ Set incentives and

□ Determine revenues

Fig. 3 and Table 1 show the price control mechanism overview and the Distribution System Security Standard (DSSS). Distribution companies shall:

□ Plan & develop its distribution system in accordance to approved DSSS, distribution code, grid code and with any other standards of planning related to transmission or other distribution system.

□ Operate & maintain a safe, efficient and economic distribution system in accordance with the security standards, grid code and such other standards of operation and maintenance. The K factor is the metric of evaluating the system, while the incentive and penalty are the benefits and consequences that may be incurred in the system. The detailed diagram with the various voltage levels, bus bars, power demand and range or threshold of operation of the power demand based on the distribution system security standard is shown in Fig. 4.

[image: images]

Figure 3: Price control mechanism system in Oman
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Figure 4: Voltage levels, and power threshold of operation of the power demand in the DSSS

From Table 1, * represents (for 11 kV networks in remote areas this restoration time may be extended by the time it reasonably takes for a repair crew to reach the area with the outage as long as the total restoration time will not exceed 6 h). No requirement means no initial system condition may be necessary.

5  The Case Study of the Mazoon Electricity Company (MZEC)

MZEC is a closely held Omani joint stock company registered under the commercial companies’ law of Oman. The establishment and operations of the company are governed by the provisions of the law for the regulation and privatization of electricity and related water sector (the sector law), promulgated by Royal Decree 78/2004 and subsequent amendments. The company is primarily undertaking regulated business of distribution and supply of electricity in southern Batinah, Dakhliyah, southern Sharqiya and Northern Sharqiyah governorates of Oman, under a license issued by the authority for electricity regulation, in Oman as illustrated in Fig. 5 [36]. The company commenced its commercial operations on the 1st of May 2005, following the implementation of a decision by the Ministry of National Economy (issued pursuant to Royal Decree 78/2004). The main role of the company as a distribution operator of the system and supplier of electricity as a licensed entity in the sector law are; to provide financial responsibilities, operation, maintenance, development and expansion of the 33,11 kV distribution and low tension side network, based on relevant performance security standards and safety measures; to contain all the demands for electricity supply in areas within its reach; to carryout meter readings and to generate electricity bills for consumers and ensure payments of such bills.
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Figure 5: Regions covered by Mazoon Electricity Company in Oman

The company’s distribution network consists of various voltage levels; 33, 11 and 0.433 kV, respectively. The network consist of 33/11 kV primary substations, 11/0.433 kV distribution substations and 33/0.433 kV substations and the cables and overhead lines at these voltage levels. MZEC has experienced an average growth of 6.4% in load annually. Fig. 6 shows the trend of growth in customers from 2008 (with 990 MW) to 2019 (with 2233 MW), for the Mazoon electrical network during the period of this study.
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Figure 6: Growth in peak load for Mazoon Electricity Company

6  Forecast Methodology and Algorithms in Oman Power Network

Fig. 7 shows the reasons why utilities in the electricity sector in Oman needs a forecast model. The forecast methodology and algorithm employed in this paper is shown in Fig. 8. The load forecast algorithm is divided into classical and artificial intelligence models and hybrid approaches, with the details of each of the models shown in Fig. 8 for the classical and artificial intelligence models.
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Figure 7: Benefits of forecast models in Oman electricity sector
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Figure 8: Forecast methodology and algorithms

The MZEC demand forecast structure is shown in Fig. 9, with forecast input data given in Fig. 10. The account numbers in Customer Relation Management (CRM) and Geographical Information System (GIS) datasets do not fully match and some missing accounts always appear on the merge results, thus a scalar is used to solve this issue by the function below:
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Figure 9: MZEC demand forecast structure
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Figure 10: MZEC demand forecast input data

Scalefactor=∑i=1CRM#kWhi∑i=1GIS−CRM#kWhi(1)

The model demand forecast algorithm is given as follows:

•   The model forecasts the energy and peak demand by econometric analysis.

•   The energy econometric analysis describes the relationship between the growth of historical electricity consumption which is the Regional Unit Distribution (RUD) and macro-economic parameters (by region, by tariff). The equations for the energy demand forecast are described as per below principal:

 EDyij=EDy−1ij∗EDGRyij(2)

EDyij is the energy demand for year y, for substation i, for tariff j.

EDy−1ij is the energy demand for year y-1, for substation i, for tariff j.

EDGRyij is the energy demand growth rate for year y, for substation i, for tariff j.

The energy demand growth rate is calculated as:

 EDGRyij=10logEDGRyij(3)

logEDGRyij=β0jg+β1jg∗log⁡X 1+β2jg∗log⁡X 2+…+βnjg∗log⁡X n(4)

•   β0jgis the constant term for tariff j for governorate g.

•   β1jg, β1jg, …, β1jgare the estimated coefficients for tariff j for governorate g.

•   log⁡X 1, log⁡X 2, …, log⁡X nare the logged growth rates of the macroeconomic parameters (i.e., the population, GDP per capita, GDP, etc.).

Lagged dependent variables are used to allow for dynamic effects. However, the peak demand econometric analysis describes the relationship between maximum demand and regional units distributed as per below equation:

MDyij(kW)=EDyij(kWh)8760∗CLFyij(5)

•   MDyij is the maximum demand for year y, for substation i, for tariff j.

•   RUDyij is the regional units distributed for year y, for substation i, for tariff j.

•   CLFyij is the coincident load factor for year y, for substation i, for tariff j.

The coincident load factor will be a function of weather, Ramadan dates and EID festival dates.

CLFyij is calculated by the following equation:

CLFyij=β0ij+β1ij∗Ty+β2ij∗Ry+β2ij∗Ey(6)

•   Ty is the temperature parameter in year y.

•   Ry is the Ramadan dummy for year y.

•   Ey is the Eid dummy for year y.

•   β0jg is the constant term for substation i for tariff j and β1ij, β2ij,β3ijare the coefficients for substation i for tariff j for the temperature parameter, the Ramadan dummy and the Eid dummy, respectively.

If the Ramadan dates coincide with the peak demand period, then R_y will have a value of 1. In all other cases it will be 0.

The MZEC demand model forecast output data has the feature to present the forecast of the energy consumption or peak demand per customer category per year per primary substation per region. The results for a section of the power grid for Adam are shown in Table 2 and Fig. 11. In Table 2, there was historical energy increase for Agricultural tariffs in the Adam primary substation case study for 2011, from 21,674 to 52,259 kWh in 2013. However, in 2014, there was a drop of the energy demand to 39,751 kWh. From 2015 to 2017, there was again increment of the agricultural energy demand from 280,869 to 300,791 kWh. The forecast using the proposed econometric model is given as 313,783 in 2018, in Table 2. There was considerable increment of the historical energy demand for commercial and industrial activities from 2011 to 2017, and the 2018 energy demand forecast shows the expected energy demand. Fig. 11 shows the total projected energy demand for the Adam grid from 2011 to 2020. This trend could be extended for the next five years to show the expected energy demand of the system.
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Figure 11: MZEC demand forecast input data

7  Conclusion and Recommendations

An overview of the electricity sector of Oman with regards to regulatory regime, financial mechanism, price control, distribution system security standard, and demand forecast were discussed in this paper. A load forecast algorithm for power input and output demand was developed for the power grid of Oman considering the Mazoon Electricity Distribution Company (MZEC), as case study. The energy econometric analysis, which shows the relationship between the growth of historical electricity consumption and macro-economic parameters (by region, and by tariff), was employed in this study. The results obtained could help for effective energy demand in the power grid of Oman, in order to understand the load demand behavior by the type of customers, locations, or indicate utilities network growth and master plans for future developments.

In the future, the reported econometric forecast model would be improved to be useful in several energy management system applications that is beyond prediction and extrapolation using learning techniques.
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Table 2: Energy demand per substation tariff

Primary Tariff 2011 2012 2013 2014 2015 2016 2017 2018

Substation (kWh) Historical Historical Historical Historical Historical Historical Historical Forecast

Grid

Adam Grid Pry  Agriculture 21,674 30,243 52,259 39,751 280,869 310,874 300,791 313,783
PVT

Adam Grid Pry  (Commercial) 0 0 0 0 382,968 277,908 289,039 301,524
Government
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Private
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