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Abstract

:

Renewable energies as a solution for environmental issues have always been a key research area due to Demand Response Programs (DRPs). However, the intermittent nature of such energies may cause economic and technological challenges for Independent System Operators (ISOs) besides DRPs, since the acceptable effective solution may exceed the requirement of further investigations. Although, previous studies emphasized employing Demand Response and Renewable Energies in power systems, each problem was investigated independently, and there have been few studies which have investigated these problems simultaneously. In these recent studies, authors neither analyzed these problems simultaneously nor discussed which scientific and practical aspects of demand response and renewable energy injection were employed. Motivated by this requirement, this research has focused on a comprehensive review of recent research of these cases to provide a comprehensive reference for future works.
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1. Introduction


To increase the sustainability of electrical systems, policy makers have promoted renewable energy technologies. Moreover, concerns about environmental pollution and the ever increasing consumption of fossil fuels in many of the power systems have made generators change their electricity generation paradigm to use more renewable energy resources [1].



Although, in recent decades, the capacity of renewable energy resources has increased significantly, the evolution of conventional power generators to wind generators has proceeded much more. In general, wind and solar energy are the most applicable forms of renewable energies in the power generation plans of power systems. However, wind energy is a novel low-cost energy which has penetrated electrical systems more than other types of energy in recent decades [2].



This type of energy is unpredictable due to its intermittent nature. Besides, possible unpredictable variations in power over a short time are caused by serious challenges. Wind farms can be integrated with Demand Response Programs (DRPs) to reduce side effects of wind fluctuations. The majority of decision makers, power system operators or investors have focused on the advantages and challenges of the proposed DR schemes with specific goals. Therefore motivated by this requisite, this paper focuses on recent studies on DRPs associated with renewable energies and the positive and negative aspects of the DR schemes. However, DR systems have not been investigated from this point of view. In [3], a useful summary of DR, benefits and cost was proposed which has also been expanded in this study. Moreover, the number of indices for DR evaluation in the electricity market is presented, and the impact of DR on energy prices is investigated through simulation. However, integrating renewable energies to the network has not been investigated. The most recent review paper on a similar topic is [4] in which successful and effective implementations of DR throughout the world are mentioned, but the current paper has provided a more comprehensive study. Only a few references which include renewable energy resources are mentioned in [4] and this topic was not investigated deeply. Here in this paper, we have tried to fill this gap and emphasize the importance of current challenges and problems for future works. In addition, this paper has investigated various electricity market patterns by considering DR and renewable energy resources and has classified recent studies on the optimization of DRs and renewable energy resources in the energy market. Reference [5], presented a review of system flexibility measures in energy systems with high penetrations of renewable energies. They claimed within that the flexibility of most electrical systems can be handled by the system itself without requiring considerable changes or further investments. In [6], a review of real-time energy markets with distributed energy sources and DR is presented. The valuable real-time market experiences in some parts of the world are also explained.



The main objective of this report is to conduct an extensive and thorough review of recent studies on DR programs in power systems associated with renewable energies specifically wind energy and to explore an appropriate instrument to help system operators in the best way. Acceptable solutions proposed in this context for balancing the electricity market under the mutual effect of DR programs and renewable energy resources and its pros and cons are offered. A systematic review is presented to improve the flexibility of the electricity system to face the integration of renewable energies. Additionally, in order to consider renewable energies and DRPS simultaneously, strategies relevant to these fundamental concepts are also proposed and analyzed.



We looked for solutions that are linked to the demand side, energy power system, power supplies, and the energy markets. The literature on strategies or technologies for electricity system reliability is extensive. In [7], a strong innovation of DR for improving the reliability of the Pennsylvania New Jersey Maryland (PJM) electricity market in North America was proposed in 2014. A qualitative analysis with regard to benefits of the DR is presented.



This paper presents an overview of recent researchers on DRPs and renewable energies. The paper starts with categorization of previous reports, followed by modeling responsive loads, the different markets, and a detailed classification of recent relevant literature and benefits and costs of demand response implementation. Finally, the paper makes its conclusions.




2. Classification of the Solutions for System Operators


The uncertainties and fluctuations of renewable power productions compared to conventional power generations may impose serious challenges on power system operators. The unpredictable amount of renewable power generations may lead to the instability of the power systems and an imbalance in the demand-supply equation. To face the uncertainties of renewable energies, several researches have been carried out. To provide a more flexible power system, which has been the main goal in most previous studies, three major solution classifications are proposed for power system operators:




	(1)

	
Integration of renewable energies with energy storage systems (ESSs).




	(2)

	
Utilizing additional reserve at electricity markets and developing market rules and structures.




	(3)

	
Utilizing demand side sources.









The solutions proposed for power system operators to administer a more flexible power grid are illustrated in Figure 1.



2.1. Using Energy Storage Technologies


In a large part of the literature, integration of renewable energies with ESSs has been suggested. In [8], authors reviewed various reservoirs for wind power applications. Particularly in [9], the thermal reservoir with phase change materials in construction application is reviewed. In addition, in [10], authors enhanced the efficiency of energy storage systems considering high penetration of renewable energies, but further research is required, particularly for large-scale integration of such energies. The mentioned challenges are really complicated, however, this paper has investigated these challenges but the number of considered scenarios is limited.



Authors of [11] investigated the value of integrating compressed air energy storage which is a method for storing high amounts of energy. In order to evaluate a case study in Denmark, the economic benefits obtained using wind farms are compared with the costs of using compressed air energy storage (CAES) technology. The results are compared to other different storage options. A bi-level optimization approach is presented in [12], which optimizes an energy storage operator’s bidding strategy for the day-ahead and the following day market. Determining the optimal installation place and the size of storage devices have been widely studied. In [13], a multi-stage method is presented to achieve near-optimal location of the reservoirs and their sizes employed for spatiotemporal arbitrage. Also, applying another type of storage, the hydropower plant, as a generation unit in addition to wind plants is another solution which has been studied for decreasing the fluctuation in wind power generation [14]. In the latest studies, real and large-scale networks are investigated to reveal the impact of renewable energy injection on realistic case studies of the real world practically [15,16]. In [15], a multi-objective problem is solved for a case study of an island in China. Using a hybrid optimization model reduces costs and pollution and energy storage is modeled as a solution. A practical cost reduction percentage was derived by employing flywheels and battery reservoirs.




2.2. Improving Market Structure


Another set of papers proposed new market structures as a solution to cover the uncertainty of renewable energies. The mechanism of the market and its structure have become more complex as a result of introducing novel services to face some of the controlling and planning problems of the renewable units generation. To cope with these difficulties a specific type of market design, based on two-part pricing issue, was introduced [17], and contracts [18] employed to receive energy for providing power and reserves. Using these contracts, the system operator forces the market players to deliver their energy to the market while they receive a predetermined amount of payment based on real-time market production.



In [19], the necessity of intraday markets in the presence of wind farms is discussed. The authors evaluated and compared the forecast quality and necessity of flexibility in the power system due to the presence of wind energy in five EU countries. Based on [19], the latter investigation depicts that an extra integration of European (EU) Intraday-markets can adversely affect the amount of flexibility required to overcome the forecast errors resulting from the intermittent nature of renewable energies. The results obtained from these two cases were described in [20] which analyzes policy and auction design for energy and reserves to facilitate wind integration.



Other reports for instance [21] analyze additional reserve requirements for flexible integration of wind energy through the electricity market. In [22], authors construct and validate a hidden Markov method for anticipating variability and uncertainties in the production of PV systems. They proposed a model that can be employed as a tool for considering the extra reserve capacity required for balancing solar variabilities. Due to fluctuations of wind generation which depend on the weather condition and wind speed, the deterministic methods are inapplicable. Therefore, many recent reports employed stochastic programming methods [22,23].




2.3. Using Flexible Demand Side Resources


The third category in the literature is associated with flexible demand-side resources, for instance, plug-in hybrid electric vehicles and demand side management solutions, specifically demand response [24,25,26]. Electric vehicles were taken into account as adaptable portable battery storages. Moreover, a two-stage energy scheduling strategy for multiple micro grids was proposed [24]. A model of Plug-in vehicles was designed to discover a strategy to decrease the charging load peak by the considerable amount of 47% [26]. Measuring the electric vehicle battery degradation was imposed in [25]. The cost of battery degradation and the impact of frequency regulation besides peak load shaving on battery degradation were investigated in the mentioned reference. Electric vehicles were discussed as a problem-solving technique to overcome the imbalance between energy supply and demand in power networks considering the high penetration of renewable energies as underlined in [27]. According to the uncertain variables of renewable energies like wind generation or solar production or charging demand of electric cars, the probability distribution functions of the load are employed [28]. In [29], a novel power management strategy is proposed to cope with inaccuracy and uncertainties of the terrain information with the aim to improve battery life, while maintaining overall system performance. First, the impact of terrain inaccuracy on battery life and system efficiency is analyzed based on two different hybrid ESSs with semi-active topologies. Then, a power management control strategy is developed that actively distributes the power between battery and supercapacitor adapted to terrain inaccuracy and uncertainties. In [30,31], the authors analyzed the role of DRPs in covering wind farm fluctuations in relation to the power system operation. Authors in [31] presented a multi-stage formulation for aggregators and illustrated the reduction in the total costs. In this study only incentive based DRP was modeled and the effect of other kinds of DRPs were not investigated.



Many types of research have examined comprehensively the effects of DRPs on wind integration. Authors of [32] formulated real-time price prediction control in electricity markets through the modeling behavior of market players in both demand and supply sides, renewable energy resources, and independent system operators (ISOs). They formulated an optimization for real-time price to model predictive controllers and then demonstrated the efficiency of such a method through numerical results. Authors of [33] proposed a model to maximize the unnecessary energy of a given consumer that employs wind energy and ESSs. To formulate the function of power consumption, the curve of hourly electricity consumption was investigated. In [34], in order to smooth the load curve and cover the uncertainties and fluctuations of wind integration in the market, an incentive-based DRP was proposed. The DRP proposed in this paper only reduces load while the authors of [35] conducted a more comprehensive study by employing self and mutual elasticity of the price. The mentioned references used deterministic methods while wind energy is stochastic. Accordingly, [36] modeled a two stage Stochastic Constrained Unit Commitment (SCUC) associated with DR and wind farms in which different kinds of DR programs, Time of Use (TOU), Real Time Pricing (RTP), and Emergency Demand Response Program (EDRP) are modeled and are discussed in more detail in the next section.





3. Models of Responsive Loads


On the demand-side, end-users reduce their energy consumption by determining price changes or incentive amount of payment through DR tariffs. The DRPs are categorized into two basic groups, named Price-Based Programs (PBPs) and Incentive-Based Programs (IBPs) [37]. In other literature reports, these two classifications are called system- and market-led, emergency- and economic-based, or stability- and economic-based DRPs [38]. IBPs are separated into two parts named, classical programs and market-based programs. In classical IBPs, the consumers who take part in such programs receive participation payments, usually in the form of a bill or sometimes a discount, because of their participation in the programs. In market-based categories, customers who take part in such programs are rewarded with money which is proportional to the amount of shift in their electricity consumption at peak hours. Figure 2 shows this kind of clustering.



Each of these groups consists of several programs. These DR programs are discussed thoroughly in [33]. According to the literature, DRPs are also divided into price-based or quantity-based programs. PBDR programs strive to decrease the customer’s energy demand through price changes. IBDR programs or Quantity-based programs, strive to reduce end-users demand through direct utility control of the main loads at home such as air conditioners, electric heaters, and/or pumps [34].



Figure 3 and Figure 4 demonstrate this kind of clustering. In order to model the demand-side load, the concept of elasticity of demand is employed in DRPs. Moreover, the detailed and complete economic model of DR programs was improved in [39]. In [40], the requirement of DR programs of having a smooth load curve is indicated. In [40], programs are modeled on both a price-based and an incentive-based DR program.



In some reports, definitions and advantages of DR programs in power energy markets are proposed. Authors of [3] proposed a summary of DR in restructured power energy markets. The definition and classification of DR, as well as its positive points along with negative points such as cost factors are discussed.




4. Various Electricity Market Designs Enabling Demand Response and Renewable Energy Systems


European electricity markets are mainly day-ahead spot markets which lead to considerable demand for balancing services or intraday markets to handle excess generated wind and difficult conditions resulting from wind energy. The impact of wind energy on market prices in various markets such as day-ahead and intraday markets have been the main topic of many papers, including [5,42,43]. Therefore, the question of acceptable and proper market design has frequently been studied, particularly in [44,45,46,47]. The majority of these contributions capture attention either in the spot market or the balancing market. A noticeable exception is [47], which simulates the link thoroughly and relates the intraday and the balancing markets. The fundamental aspect which this paper has focused on is the liquidity under a wide range of variates of market designs, for spot as well as for intraday markets. The main purpose of any improvement process in the market is to achieve better conditions in market design which should improve and enhance the markets’ efficiency.



Many methods have been proposed to investigate balance like [48] which investigates the control and direct impact of prices and paradigms in an oligopolistic model. Game theoretical modeling for evaluating the ability of incentives to mitigate the electricity market or numerical results, [49] has investigated costs and revenues of the market.



According to previous studies, a kind of classification is proposed in this paper as shown in Figure 5 to enhance operation of the intraday market and therefore, reduce the useless effects of introducing wind power to the electricity network including the uncertainty and unpredictability of the wind farms’ output power.



The aim of all the illustrated measures in Figure 5 is to ease the intraday readjustment for wind energy generations and reduce the cost. The first alternative among the four options would effectively promote some developments in comparison with the current conditions and circumstances, while it is not balanced with the most frequent operating hours and would promote trading costs. In the spot auction, changing the auction’s closure time to 6 p.m. of yesterday sounds to be a second useful option since it prepares the market for all participants to clear their open positions as they occur even sooner than the physical delivery. This debate is reasonable only if constraints in liquidity are not included. From the British experience point of view, this alternative is not very satisfactory. It is likely to reduce liquidity and consequently push up the costs which are paid through wind Gencos. The third option is a beneficial compromise as well, together with flexible intraday transaction and bundling liquidity by announcing auctions in the intraday market.



The fourth option would impose limitations on the economic performance of the market players. Nevertheless, this would be advantageous for liquidity. However, the advantages of the fourth option are not so obvious. In the power systems with thermal units, renewable energy sources, demand, and participants may officially rectify their imbalances. When some formalities are imposed on the market, the players may submit their transaction bids with the same prices. Therefore, compulsory bids in the intraday market cannot work alone and might not be enough to promote the conditions for individual and independent wind energy generators.



4.1. Spot Markets


Recently, power exchange subject has become an indispensable tool for both power system operators and demand side investors to find the best way to reach their goals. According to [46], less than 25% of all energy electricity consumption is exchanged at the spot markets in most countries. In the German market, products at the day-ahead electricity market which range for the following day are bought and sold on the European Power Exchange (EPEX Spot) in Paris. Trading is performed in daily auctions. Participants prepare their price offers to propose them in the next-day market. After receiving all offers and finishing this stage, all offers are aggregated to establish supply and demand curves and consequently an integrated market price is used [50].



In day-ahead markets, participants prefer the situation in which the market is prevented from spreading and scattering liquidity in single trades happening over the whole trading time, which is two days in the UK, for instance. Besides, they opt for single auctions. While the volume of buying and selling in auctions has increased, liquidity in trading has reduced. The participant’s interest to choose such a kind of auction and changes in auctions may be clarified by a planning process in utilities.



In different groups of recent studies the spot market is employed to cover the supply disruption by using a game theoretic model to reduce the loss [51]. In [52], a bi-level approach is presented to optimize spot-market operations. The solution is to employ stochastic approximation to maximize the profit of communicating with close neighbors in the electricity spot market.




4.2. Intraday Markets


By expanding the presence of wind farms and their power generations, day-ahead schedules have to be renewed in terms of new data arrival. Unit outages and changes in load estimation are included in the new information. Simplifying the problems such as linearizing bidding curves in intraday markets leads to the adjustment of impractical plans resulting from spot markets.



In this context, intraday markets can be designed as markets which run after submitting designs to the electricity system operators which are not postponed for a long time. The very low volumes of the energy traded in European intraday markets [46] may explain the probable inappropriate design of the market or untrustworthy market structure. Nevertheless, a closer look at various market behaviors is required.




4.3. Balancing Markets and Reserve Markets


The absolute guarantee of demand-supply balance has been the main subject in the literature. Energy reservoirs have always been used in this regard. When Generation Companies (Gencos) activities at the generation side are suspended or stopped, system operators propose their demands in the reserve markets to provide an energy balance by delivering reserve capacity to customers in real-time and compensating imbalance costs in similar markets. As a result, different researches have been carried out to develop various models for pricing these balancing services [42,45,53]. Transmission companies (Transcos) use reserves capacity to reduce the imbalances in real time. The major issues for integration of wind energy may be the amount of reserve and its price.



In [50], the control reserve power markets are defined. Accordingly, for Germany, control reserve powers are traded in Primary, Secondary, and Tertiary reserve power markets. Reserve capacities and prices including price offers are submitted by Gencos. Reserve capacities have a long time period which lasts from 4 h to 7 days. Different strategies in reserve markets for maximizing generator’s profit and simulation results for analyzing effects on prices are obtained from the units’ price offers.



In European countries, the primary market is cleared first, then the secondary and tertiary markets are cleared respectively. The day-ahead spot markets clearance is applied after auction for reserve. Therefore, past market’s results vary from market to market which can be take into account from the decision maker’s point of view. In [54], a mathematical form is presented to assess the resemblance between different markets or various intervals in an electricity market, which can also be a helpful multi-purpose tool in such fields of study.



Due to investigating recent studies to find the advancing frontiers of combining the two subjects of renewable energies and demand response programs in the current studies, Table 1 explains the classification of the proposed optimization models considering different types of market exchanges. Moreover, the direction and track process of researchers can be derived from this table.





5. Various Demand Response Costs and Benefits


Recently papers have discussed the positive and negatives aspects of implementing DRPs. In [35], a planning tool is explained to estimate the expected costs and benefits of DRPs. Engineers have become able to construct and develop models, receive various data from other kinds of commercial tools, conceive the results, work with a web interface and make a profit using this tool. The DR model can formulate Time of Use (TOU), Critical Peak Pricing (CPP), Peak Time Rebate (PTR), and Direct Load Control (DLC) programs for cost-benefit investigation. A model is employed for estimating the impact of price to investigate changes in the demand-side load curve in terms of changes in incentive payments. This proposed model calculates net present value and the rate of benefit versus cost through the program period. The next section discusses both the positive aspects expected from DR programs as well as the negative aspects.



5.1. Benefit of DR


Several reports have studied advantages of DR in energy systems with renewable energy resources. In [71] investigation and evaluation of the benefits of costumer's demand response are conducted in a smart power grid system. The measuring metrics and indices were established. The authors effectively derived real advantages from the indices.



According to [72], microgrids should buy their required energy from a retailer independently by paying renewable energy generators and behave like an energy generator or an investor instead of being just a customer and imposing load. To optimize the program, an objective function is formulated from the system operator's point of view and maximized employing particle swarm optimization.



In Figure 6 [3] the benefits associated with DR are summarized; the DR benefits are clustered around four main collections: participant, market-wide, reliability, and market performance benefits. The benefits of DRPs are not only for the ones who get involved in programs; some are market-wide. Finally, market prices are reduced as a result of employing most of the infrastructure, for instance, reduction in units’ demands with expensive electricity generation. DRPs exert a powerful effect on pushing down the market prices [40,73]. Furthermore, DRPs can expand short-term capacity through incentive-based programs which in sequence, leads to keeping down capacity costs. Reliability is considered as a subcategory of the DR benefits because it affects all the market. Due to the importance of reliability, it is considered an individual category. Through an accurately modeled DR program, participants can help to decrease the risk of outages. Consequently, participants diminish the risk of being faced to enforced outages and/or electricity interruption.



According to [74,75], it can be concluded that the last subcategory of DRPs’ benefits boosts electricity market performance. There will be more opportunities for DR program participants to have more alternatives in the electricity market even if retail competition is not accessible.



Participants can reduce their consumption as they can affect the market, especially with the IBPs and PBPs. One of the market performance enhancements is cutting down the price which changes frequently in the spot market. DR programs, particularly for heavy consumers, help bring down system operating costs and as a result of this action drop the market prices [6]. Since large-scale producers may have control over the market, implementing the DRPs or taking part in such programs mitigates the market power. The role of power generators as price makers in the market is mitigated by DR and consequently, power market indices are reduced significantly [76].



In environmental benefit discussions, DR programs and renewable energy resources have always been useful keys to address these concerns and include useful applications as a result of new electrical infrastructures including power generation units and power transmission lines, qualitative development of the environment through optimal and effective application of resources, and preventing depletion of natural resources. This has become one of the main concerns of governments, organizations and researchers [41].



In [4], DR benefits are divided into seven categories: in terms of economy, environmental condition, impact of market efficiency, price issue, expanding customer services, lower cost energy system and services, the concept of risk management and reliability.




5.2. Cost of DR


Every DRP includes various types of costs; Figure 7 depicts clustering of DRP costs, where both DRP implementers and participants at the demand side suffer from initial and running costs [77]. Participants might be required to buy some new digital technologies, in addition to installing and deriving DR programs: intelligent thermostats, controlling peak loads, energy management systems, and in place generation units. A set of response decisions as a plan or strategy requires scheduling therefore it can be implemented as an event. These basic and primary costs are usually born by customers who take part in programs; nevertheless, high-tech assistance and other paraphernalia should be supplied through the program.



Customers covering costs are those related to events. Based on the DR plan, these costs are different. One of running costs which is imposed on participants is an inconvenience. Sometimes the thermostat must be turned off and on by costumers when it does not operate correctly. Other relevant business costs are lost which might be considered as business integration. Rescheduling industrial processes and activities might be classified as the last running costs of participants. If a customer who is involved in a DR program employs a production unit instead of an onsite generation unit, operating and maintenance costs or fuel cost should be considered.



The DR operator has to decide based on the initial and running costs of the power system. Metering and communication frames and structure costs are included in the majority of DRPs in terms of initial costs. Advanced smart electricity meters are used to read and measure energy usage in specific time intervals, for instance, hourly real time pricings should be employed through demand side participants. Administration and management costs of the program should be considered in the running costs of DRPs. In addition, incentive payments relative to running costs of DRP providers are assumed. Before employing the large majority of DRPs, improving the billing system is essential.



Definition of the primary cost item before applying DRPs is a useful effect of this program and is taught to acceptable and suitable customers. Different DRP alternatives should be described to participants, and also response strategies should be properly explained. Participant educations make a considerable impact on DR program success. Effective marketing proves of great value to draw new participants and tempt them into taking part in programs. Moreover, a comprehensive evaluation and accurate measurement of DRPs for implementing a practical approach to achieve the intended objectives of the programs is important [77].



From another point of view, DR costs are well explained and defined in terms of two groups. The initial implementation includes program design, marketing, metering communication, and business integration. Besides, incentive payments, administrative, maintenance, and customer opportunity are included in the second group [4].



In general, costs can be determined by two parties: the industrial employments that deliver DRPs and its provisions that create the infrastructure require to support DR [77]. According to [78] the costs for the Demand Response program operators are divided into three specific categories as shown in Figure 8. In summary, the paper depicts that variable costs are the primary and main type of cost, while investments and annual fixed costs are too slight or small to be important. The results of an advantageous calculation illustrate that Demand Response can be economical:



Investments: To expand Demand Response capacity through implemented DRPs, several worthwhile investments have to be promoted. Measurement and communication infrastructure and control advanced technologies should be installed [79,80]. Moreover, enterprise software should be developed with the aim of achieving enablement of load control. This type of costs depends on the kind of DRP. The investments related to process technologies are minimal for industrial employments [81] because many businesses have already employed metering and communication frames, as well as control and software technologies.



Fixed Costs: Fixed costs are separated into information, contract fee, and control costs [82]. Compiling data and facts for implementing decisions leads to Information costs. Transaction costs or contract fee costs are imposed through communication costs, occurring through the implementation and regulation of processes containing DR. These three kinds of fixed costs significantly cause costs as personnel. Moreover, data exchange between business and a Demand Response provider may result in fixed costs [81].



Classification of DR costs and benefits for system operators are demonstrated in Figure 9.



Variable costs: The U.S. Department of Energy explains the variable costs in terms of opportunity costs. It can be considered that variable costs arise from technologies to a large degree, since short-term technologies do not naturally affect business products.





6. Conclusions


In this thorough review paper of DR and renewable energies, the latest modifications and reformations in DR definition and classifications were investigated. Besides this, benefits and expenses were categorized extensively. DR affects market prices tremendously and brings them down, enhances system reliability, improves flexibility of the system, and smoothes electricity prices. To employ DR programs, both customers and program operators face a variety of costs. Reduction in peak load and demand elasticity are items for measuring the practical profits of DRPs. Although latest researches have illustrated more and considerable profits from DR programs, program assessment studies have proven significant benefits of these practical programs. Many related researches were performed previously but they are scattered. An in-depth review of the very recently published reports about DRPs associated with renewable energies was presented to gather this valuable information in one review paper. Moreover, using DR programs and renewable resources in smart grids and the power system or in various electricity markets was investigated. In addition, a comprehensive classification of recent research methods for optimization in the intraday market, day-ahead market, balancing market, and DRX market was proposed.
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Figure 1. Solutions for power system operators to administer a more flexible power grid. 
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Figure 2. Categories of demand response programs [38]. 
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Figure 3. Classification of demand response programs [36]. 
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Figure 4. Classification of demand response programs [41]. 
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Figure 5. Classification for improving the functioning of the intraday market. 
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Figure 6. Classification of demand response (DR) benefits [3]. 
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Figure 7. Classification of DR costs [3]. 
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Figure 8. Classification Costs for system operators are subdivided into three major categories [78]. 
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Figure 9. Classification DR costs and benefits for system operators at one look. 
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Table 1. Taxonomy of different markets and relevant literature.
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