




Economic performance of a grid-interactive system with storage under a dynamic electricity pricing environment











1. Abstract
This paper aims to evaluate the economic performance of a grid-connected system with storage under a dynamic electricity pricing environment with time-of-use (TOU) and feed-in electricity tariffs. The storage can assist in the demand side management as well as to reduce the electricity bill of the consumers. In this case, consumers would purchase electricity during off-peak pricing periods to charge the batteries, and during peak pricing periods, the energy stored would be used to supply the demand or sold back to the grid. Therefore, the two objectives are to minimize the cost of energy drawn from the utility, while maximizing the energy injected under the Time-of-Use and Feed-in-Tariff schemes. Thereafter, the performance of the developed model to maximize the proposed grid-interactive system’s economic profitability is analyzed through a case study which is simulated using Mat lab Simulation results show that a potential of 52% energy cost saving can be achieved using the proposed system rather than supplying the load demand by the grid exclusively. 







2. Existing System
In most of the developed countries, the market-oriented electricity arbitrage process is used to promote the development of energy storage systems. From the grid point of view, the presence of arbitrage allows the grid to shift peaking demand by regulating the electricity prices using different strategies such as the TOU . However, an optimal energy control system is required to achieve minimal electricity cost by responding at the same time to the design and operational constraints of the system. 













2.1 .Disadvantages

· Power shutdown problems
· Voltage Fluxvation 
· Increase electricity bill .













3. Proposed System
To help reduce their peak power demands and save money, many utilities are introducing programs that encourage their customers to use electricity during off-peak hours. The programs pass on the savings to you, the customer, through rebates or reduced electricity rates. Smart meters and home energy management systems allow customers to program how and when their home uses energy. Such programs might charge you the actual cost of power at any one time, ranging from high prices during times of peak demand to low prices during off-peak hours. If you are able to shift your power use to off-peak times -- such as running your dishwasher late in the evening -- these programs can save you money while helping your utility.










3.1 Advantages
· No power Shutdown problem
· Decrease Electricity Bill.
















4. INTRODUCTION
[bookmark: bb3][bookmark: bb24]The current economic growth to which most of the countries are subjected, requires a significant amount of energy (Arndt et al., 2016). This situation results in a series of environmental and energy challenges such as increased CO2 emissions, reduction in the grid reliability or even discrepancies between the supply and the demand (Kusakana, 2017a).
For some sensitive consumers (such as commercial loads, industry or farming activities), shifting electricity demand to off-peak pricing periods cannot be implemented without disturbing the proper scheduling of processes, as the instantaneous electricity demand has to be supplied at a specific time when required by the user or the process. Therefore, energy storage systems can be used for demand smoothening, storing energy during low demand and releasing it during peak demand periods. In addition to demand smoothing, energy storage systems can allow consumers who own storage systems to enjoy some economic benefits if the total cost of storing energy is less than the total savings in the energy bills.
The mismatch occurring between electricity generation and consumer demand is one of the main operating challenges experienced by any power system [1]. Demand smoothening can be used to mitigate the effects of fluctuation in demand, resulting in improved capacity factor of the electrical network as well as of the security of energy supply [2]. This can be realized by a modification in consumption patterns, which could be stimulated using incentive-based or price-based programs [3]. Time-of-use (TOU) is a category of price-based program, well suited for consumers in the residential sector, whereby the electricity has different pricing periods, (off-peak, standard and peak periods), encouraging the consumers to shift their electricity usage to off-peak pricing periods [4]. This concept can even be taken further using the electricity Real-Time Pricing (RTP) tariffs, where a specific electricity price is allocated to each hour of the year. For some sensitive consumers, (such as commercial loads, industry or farming activities), shifting electricity demand to off-peak pricing periods cannot be implemented without disturbing the proper scheduling of processes, as the instantaneous electricity demand has to be supplied at a specific time when required by the user or the process. Therefore, energy storage systems can be used for demand smoothening, storing energy during low demand and releasing it during peak demand periods [5]. In addition to demand smoothing, energy storage systems can allow consumers who own storage systems to enjoy some economic benefits if the total cost of storing energy is less than the total savings in the energy bills. Battery storage systems can assist in the demand side by providing the extra energy needed to avoid consumer discomfort or dissatisfaction that may be caused by load shifting during peak-load or pricing period [6]. Consumers can store the excess energy during off-peak period and use it later when the load demand is high. This gives consumers the option to manage, at any time, the bi-directional power flow between their systems and the grid (import and export). In most of the developed countries, the market-oriented electricity arbitrage process is used to promote the development of energy storage systems. From the grid point of view, the presence of arbitrage allows the grid to shift peaking demand by regulating the electricity prices using different strategies such as the TOU [7]. However, an optimal energy control system is required to achieve minimal electricity cost by responding at the same time to the design and operational constraints of the system. With the aim of achieving the full earning potential in a given electricity market, consumers owning grid-connected systems with battery storage can actively implement an optimal operation strategy to maximize income by seeking profits. A key research area is therefore, converting the storage scheduling information into an effective energy management strategy to ensure that, in the electricity market, the plant owners achieve maximum benefits. The present paper is focused on the economic viability of storage from the point of view of the storage system’s electricity consumer. Using the above-mentioned information as background, this paper develops an optimal energy management strategy for battery storage system’s operation for purchasing and selling electricity in the South African electricity market, taking advantage of the Time of Use and Feed-in tariff. For this purpose, a mathematical model describing the optimal scheduling of system to be implemented is developed. Thereafter, the performance of the developed model to
Maximize the proposed system is analyzed through a case study.

4.1. Energy-efficient cloud environment

cloud computing environment is a large cyber-physical system consisting of
electrical, mechanical and IT systems running a variety of tasks on a multitude of server pools and storage devices connected with multitier hierarchy of aggregators, routers and switches. Energy consumption is the key concern in content distribution system and most distributed systems (Cloud systems). These demand an accumulation of networked computing resources from one or multiple providers on datacenters extending over the world. This consumption is censorious design parameter in modern datacenter and cloud computing systems. The power and energy consumed by the compute equipment and the connected cooling system is a major constituent of these energy cost and high carbon emission. The energy consumption of date centers worldwide is estimated at 26GW corresponding to about 1.4% of worldwide electrical energy consumption with a growth rate of 12% per year [2], [3]. The Barcelona medium-size Supercomputing Center ( a data center) pays an annual bill of about £1 million only for its energy consumption of 1.2 MV [4], which is equivalent to the power of 1, 200 houses [5]. Considering a U.S.Environmental Protection Agency (EPA) report to Congress [6], in which it is reported that U.S. datacenters  consumed 61 billion kilowatt-hours of power in 2006, which constitutes 1.5% of all power consumed in the U.S. and represents a cost of $4.5 billions. Electrical consumption of datacenters in the U.S., which hosts precisely 40% of the world’s cloud datacenters  servers,  increased  by  approximately  40%  during  the  financial  breakdown  [7],  while  energy consumed by servers, cooling, communication, storage, and power distribution equipment (PDU) accounts for between 1.7% and 2.2% [3]. This increased from 0.8% of U.S. energy consumption in 2000 and 1.5% in 2005 [8]. The environmental impact of cloud datacenters was estimated to be 116.2 million metric tons of CO2 in 2006 [6]. Google datacenter used about 2.26 million MW hours of power to operate in 2010, resulting to carbon footprint  of 1.46  million metric  tons of carbon dioxide [9].The  inter-government Panel on Climate change has called for the total reduction of 60%-80% by 2050 to avoid huge environmental damage. Energy costs are the fastest-rising cost element in the data center portfolio, and yet data center managers are still not paying sufficient attention to the process of measuring, monitoring and modeling energy use in data
centers.

4.2 Energy-inefficient cloud environment

Cloud computing environment comprises thousands to tens of thousands of server machines, working to render services to the clients [10], [11]. Present servers are far from energy uniformity. Servers consume  80% of the peak power even at 20% utilization [12]. The energy non-uniformity server is a key source to energy inefficiency in cloud computing environment. Servers are often utilized with between 10% to 50% of their vb peak load and servers experience frequent idle times [13]. This means that servers are not working at their optimal power-performance tradeoff points mostly, and idle mode of servers consumes big portion of overall power. Another key contributor to power inefficiencies in cloud computing environment is the energy cost of Cooling and Air Conditioning Units (CACU), accounting to about 30% of the overall energy cost of cloud environment [14]. These values are reduced by introducing new cooling methods and new server and rack configurations for cloud computing environments. However, these values can also be reduced drastically for cloud datacenters located in good geographical locations so that they can benefit from ambient cooling. Yet,
cooling energy consumption in cloud datacenters is still a major contributor to energy inefficiencies in cloud computing environments. Yet another reason for energy inefficiency in cloud datacenters is the need for multiple power
conversions in the power distribution system. Precisely, the main ac supply from the grid is first connected to dc so that it can be used to charge the battery backup system. The output of this electrical energy backup system then goes through an inverter to produce as power, which is then distributed throughout the cloud environment. These conversions are necessary due to the oversized and highly redundant uninterrupted power supply (UPS) modules, which are deployed for voltage regulation and power backup in cloud computing environment.
However, most UPS modules in cloud datacenters operate at 10%-40% of their full capacity [15]. Unfortunately, the UPS conversion efficiency is quite low.
The power usage effectiveness (PUE), which explains how much power is lost in power distribution and conversion as well as in cooling and air conditioning in cloud computing environments, is calculated as the ratio of the total energy consumption in a cloud datacenter to the overall IT equipment power consumption







9. CONCLUSION
In this study, an optimal energy model of a grid-interactive battery energy storage system under the FIT has been proposed. This model aims to minimize the cost of energy purchased from the grid while maximizing the cost of energy sold to the grid. Since the proposed system has an energy storage device, it is assumed that the consumer uses power from the grid under the time-of-use electricity tariff (TOU).  The simulation results showed that when using the battery storage system connected to the grid, it is possible to reduce the cost of energy consumed by the load by up to 52%, when compared to the case where the load is supplied exclusively by the grid. It should be noted that the resulting cost of energy consumed is highly dependent on variables such as the load profile, the size of the battery, tome of use and Feed-in tariff.  From the results obtained in this work, it can be concluded that grid-interactive battery storage system can be a viable option to reduce the energy cost from consumers. 



