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Abstract

:

Smart grids are robust, self-healing networks that allow bidirectional propagation of energy and information within the utility grid. This introduces a new type of energy user who consumes, produces, stores and shares energy with other grid users. Such a user is called a “prosumer.” Prosumers’ participation in the smart grid is critical for the sustainability and long-term efficiency of the energy sharing process. Thus, prosumer management has attracted increasing attention among researchers in recent years. This paper systematically examines the literature on prosumer community based smart grid by reviewing relevant literature published from 2009 to 2018 in reputed energy and technology journals. We specifically focus on two dimensions namely prosumer community groups and prosumer relationships. Based on the evaluated literature, we present eight propositions and thoroughly describe several future research directions.
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1. Introduction


Energy demand in the world continues to rise at an alarming rate. The International Energy Outlook 2017 (IEO2017) projects a 28% increase in world energy consumption between 2015 and 2040 [1]. The current demand is largely met by petroleum, coal, and natural gas. However, the exploitation of these non-renewable energy sources results in pollution of the natural ecosystem, global warming, greenhouse gas emissions, and other harmful environmental effects. Thus, the energy usage is shifting from non-renewable to renewable energy sources. Furthermore, to manage the fast-growing demand, the provider-consumer unidirectional model is transforming into a bidirectional energy and information model. To support this transformation, the use of digital communications in the energy network is proliferating, giving rise to the smart grid concept. The smart grid is defined as “an electric system that uses information, two-way, cyber-secure communication technologies, and computational intelligence in an integrated fashion across electricity generation, transmission, substations, distribution and consumption to achieve a system that is clean, safe, secure, reliable, resilient, efficient, and sustainable [2].” It is increasingly becoming popular due to its desirable characteristics and potential promise which includes self-healing, improved reliability, enhanced power quality, moderated peak demand, increased asset utilization, reduced transmission congestion costs, increased security, and improved resistance to malicious attacks or unfavorable natural events [3].



Smart grids differ from traditional utility grids, where consumers use energy from the utility provider and are charged based on their consumption. On the other hand, in the smart grid, energy users may generate, store, or trade energy with other users in the grid [4].



The smart grid framework consists of five main elements that enable seamless energy sharing [5]. These include smart energy and information infrastructures, bidirectional communication, advanced management systems, standards and legislation, and sustainable integration with prosumers [5]. This paper revolves around the fifth element, that is, sustainable integration with prosumers, because numerous studies covering the first four elements already exist in the literature.



Reference [6] was one of the first thorough studies in the area of prosumer based smart grids. Hence, we used this reference as a starting point for this systematic literature review. It also introduced the concept of prosumer community groups (PCG) referring to a community of prosumers generating and sharing energy [6]. In the recent literature, a similar concept is described using new terms such as Electricity Prosumer Communities, Integrated Community Energy Systems, and Clean Energy Communities. However, in this paper, we refer to such concepts as PCG.



In this study, we aim to understand how the research on prosumers and PCGs has progressed in recent years. As a starting point, we gathered eleven articles [4,5,6,7,8,9,10,11,12,13,14] on PCGs. We then used Google Scholar to find the citations of these eleven papers, and as a result, we collected 179 papers.



These papers were exported to Endnote software to remove duplicates, which resulted in 113 papers for further screening. We screened these articles to select relevant research focusing on prosumer based smart grid management. While doing this, we first checked the title of the paper. If the title did not appear to be about prosumers or smart grids, we read the abstract to determine if the research was relevant to our study. We evaluated the updated list and noticed two areas of interest namely PCGs and prosumer relationships.



We then searched additional articles that are closely related to these two themes by querying Web of Science, Scopus, and Google Scholar databases. This process ensured the rigorousness of our research. In total, we selected 105 articles for this systematic literature review. Figure 1 shows the distribution of the reviewed articles by year of publication.



The objective of this paper is to thoroughly examine the selected research papers and group them based on their research contribution into one of the categories shown in the prosumer smart grid taxonomy in Figure 2. We developed this taxonomy based on the evaluation of the literature reported in this article. Table 1 shows the corresponding list of papers reviewed under each category.



This paper is structured as follows: Section 2 discusses the latest progress in the area of prosumer based smart grids focusing on prosumer communities and prosumer relationships. Section 3 outlines the future work and Section 4 concludes the paper. Based on the evaluated literature, prosumer communities sustain efficient energy exchange. Furthermore, effective prosumer relationships enable successful smart grids.




2. Detailed Analysis of the Literature


This section analyses the literature on prosumer community based smart grids and follows the taxonomy shown in Figure 2. We start with prosumer communities followed by prosumer relationships. We present propositions at the end of each category.



2.1. Prosumer Communities


The rapidly growing demand for energy combined with the reduction of conventional energy sources in recent years have led to the transformation of the energy sector. Households and other energy users can now both produce and consume energy. They can also either store the surplus for future use or send it to the grid for sharing with other energy users. As a result of this transformation, the smart grid gave rise to “prosumers” who contribute to the energy supply.



In the following subsections, we elaborate the prosumer concept in further detail by defining the prosumer, then covering prosumer roles, their motivations to be part of a prosumer community, the overall market design mechanisms, and prosumer community formation which enables prosumer based energy sharing and management.



2.1.1. Prosumer Definitions, Objectives, and Motivations


“Prosumer” refers to “an energy user who generates renewable energy in his/her domestic environment and either store the surplus energy for future use or trades to interested energy customers in smart grid [4].” Hence, the objective of these prosumers is to produce and consume energy, as well as share and redistribute excess energy to other users in the grid [15,16]. We can also find other definitions of prosumers in the prosumer literature [15,16]. In general, all these definitions of prosumers refer to energy users who produce energy that are consumed within the grid.



A next related concept is a group of prosumers participating in energy provisioning. PCG refers to “a network of prosumers, having relatively similar energy sharing behaviors, who endeavor to pursue a mutual goal and jointly compete in the energy market [7].” Another closely related concept is Electricity Prosumer Communities (EPCs) which are “groups of people producing, sharing, and consuming electricity locally [17].” Other authors have used terms such as Integrated Community Energy Systems (ICESs) [18,19,20,21] and Clean Energy Communities (CECs) [22] to refer to the same concept. The primary difference between PCG’s and other prosumer communities is that in a PCG, the formation of groups or coalitions is based on mutual goals. We discuss further details about PCG in the Prosumer Community subsection.



Prosumers are different from traditional energy consumers. Compared to the traditional consumers who use energy from the grid, prosumers generate, consume and actively transfer or store excess energy [8,23]. Prosumers can also store excess energy using Energy Storage System for future use, or sell the surplus energy to the grid or nearby consumers [24]. Prosumers use smart meters during energy production and integrate these devices with household energy management systems [9,25,26], energy storage systems [27,28,29], electric vehicles [30,31,32], and vehicle-to-grid systems [33,34] to efficiently integrate into the smart grid [16].



Comparisons between prosumer based smart grids and conventional grids show that prosumers improve efficiency in the energy system through various means. These include enhancing the operation of household appliances through smart devices and communication technologies, offering storage capacity to help manage power fluctuations, and supporting the balance of local demand and supply [16].



The shift from being passive consumers into active prosumers maximizes a variety of economic [34], operational and environmental benefits in the areas of micro-generation, demand reduction, demand response [34], data management [34,35], and energy storage [36]. Various factors influence this transformation such as new technologies (smart meters and advanced metering infrastructure [25,26], energy displays, and smart appliances), implementation of cost-efficient energy saving measures, government incentive schemes to encourage participation in the energy system, and strong public stance to alleviate harmful environmental effects [8,36]. Hence, we propose the following:



Proposition 1.

Prosumer communities aim to transform traditional consumers to become active prosumers thereby improving the efficiency of the smart grid and offering economic, operational and environmental benefits.






2.1.2. Prosumer Roles


The prosumer is one of the actors operating in the complex energy value network. As an active participant, they drive the sustainability of the energy sharing process in the PCG [7]. Although prosumers are value-adding participants in the evolving energy system, limited research exists on the subject of prosumer roles [37,38]. Recognizing prosumer roles and aligning expectations at the first stages of smart grid implementation are important for better adoption of the technology regarding functionality, processes, business models, and opportunities for innovation [37]. There are three proposed categories of prosumer roles in smart grid based on the perspective of co-creation, or strategy to promote collaboration among different parties to achieve a shared objective. These are the “Engineer” who value new technologies and innovation, the “Green User” who are concerned with environmentally sustainable solutions, and the “Value Seeker” who are interested in the economic benefits and product performance, quality and security [37].



Prosumers can also contribute to the digital energy ecosystem. Aside from being involved in energy production, prosumers can also engage in innovation and value creation processes through digital touch points such as the web, user interfaces, and mobile devices and application [38]. Some examples of such innovation and value creation are energy market processes related to data monitoring, data analytics, and other areas of physical and financial energy flows. Moreover, prosumers can also help in developing innovative solutions through sharing ideas and providing feedback [38].



Prosumers can further participate in supporting distributed flexibility in the power market by managing their energy production and consumption schedules and providing decentralized storage capacity [39]. Different prosumer roles also contribute to the transformation from traditional to future flexible energy systems [40]. An investigation of the evolving energy system elaborates a set of exploratory propositions for six different types of prosumer roles in the smart grid [40]. These roles include participating as an early market actor, testing functionality and relative advantage, testing financial benefits, validating business models, providing feedback on technology, and engaging in co-creation [40]. Several other researchers have independently addressed some of these aspects such as early market actors [41], smart grid business models [42,43], and prosumer co-creation [44]. Consequently, we propose the following:



Proposition 2.

Prosumers role is critical in ensuring sustainable energy provisioning in the early stages as well as ongoing operations of the smart grids. Prosumers are value-adding actors in the complex energy value network and contribute towards innovation, value-creation and distributed flexibility in the energy value network.






2.1.3. Prosumer Community/Coalition Formation


A group of prosumers collectively selling energy to the grid is more efficient and reliable in providing sustainable energy supply compared to a prosumer acting as an individual entity [4]. Aside from being too small to compete with traditional energy generators, individual prosumer’s energy supply is unpredictable due to dependency on climatic conditions [10]. These challenges in efficiency and reliability led to the emergence of PCGs [11], also referred to as EPCs [17], ICESs [18,19,20,21], or CECs [22]. In a PCG, the prosumers interact with other prosumers and smart grid via a community gateway. A community gateway is an intelligent component connecting the grid to smart devices within the community [11]. Optimal prosumer communities offer a range of socio-economic benefits namely enhancing prosumers bargaining power, achieving higher sustainability, facilitating efficient energy transfer, reducing energy transfer cost, reducing energy loss, and promoting active involvement of the energy user into the supply chain [11]. However, the challenge lies in grouping prosumers together to achieve long-term sustainability of the PCG.



Several studies addressed this challenge. One such study proposed an algorithm that outputs coalitions of prosumers designed for aggregators who seek to maximize their offer of energy production while minimizing the risk of financial penalty if production falls below contracted amount [45]. Real weather data of a given territory is used to simulate realistic prosumer behaviors. Based on the geographical correlation structure, the algorithm forms coalitions with both high productivity and low variability of energy production. Findings show that the generated coalitions provide more energy to the grid with lower variability, hence use less storage and waste less energy compared to unstable coalitions. The formed coalitions are also more resilient to random prosumer failures [45].



ICESs are designed to deal with the rapidly changing energy landscape [18,19]. It is a socio-technical system consisting of technologies and social systems. The technologies manage the commodities flow from generation to storage and distribution. The social system made up of different actors (aggregators, energy suppliers, prosumers, system operators) handles the operations taking into account the economic efficiency, environmental effects and consumer options [19].



ICES primarily aims to meet the energy requirement of a local community through effective synergies among multiple energy providers [18]. It redesigns local energy systems by integrating distributed energy resources (DERs) and engaging local communities, which ensures self-provisioning of energy. There are several ways to integrate energy systems (such as virtual power plants or VPPs, community grids, energy hubs, PCGs, and community energy systems) and various issues and trends influencing the development of ICESs [18]. Some of these issues are intermittent local energy generation [46], local balancing of supply and demand [47], community engagement [4,10,12], split-incentive problem [48], trust, motivation and continuity [49].



Another form of PCG is CECs that are distributed and decentralized [22]. An exploratory study of CEC discusses its different forms such as peer-to-peer (P2P), VPPs, and microgrids. It also talks about the transition and evolution of communities and grids [22]. The analysis reveals that “low-carbon transition pathways will be varied, driven by social, technological and organizational contexts, and shaped by institutional change processes, and interaction with the existing regime and incumbent actors [22].” The study reported a SWOT (strengths/weaknesses/opportunities/threats) analysis on Current Utility Mode, Centralized CEC, Distributed CEC and, Decentralized CEC. Opportunities for CECs include the intensified use of assets and services, expanded business opportunities, enhanced projects based on lessons learned, and improved regional infrastructure planning aligned with national planning [22].



A prosumer community that is goal-oriented is effective in attaining sustainable energy exchange [4]. Energy networks may have multiple conflicting goals like fulfilling the energy demands for external customers and the prosumer groups, increasing income, and reducing costs. Thus, a framework to manage these goals is necessary.



Formation of prosumer groups based on mutual objectives may be affected by specific factors such as prosumer behavior profiles and geographical structures. A proposed framework describing the formation of PCG classifies the energy-sharing behaviors of prosumers, characterizes PCG, and detects outliers [13]. Another proposed methodology aims to assess and rank prosumers using their energy profiles to select the influential prosumers within the group [7]. The conceptual model includes four processes. First is the definition of assessment criteria namely ability to meet the energy agreement, produce more energy than agreed, trade energy with other prosumers, and the quality of historical provisioning of energy. The next process is criteria prioritization, followed by point allocation, and finally, the prosumer ranking [7].



On a technical front, the implementation of a PCG will be possible by understanding the underlying routing technologies which is especially important when forming PCG with prosumers that are geographically apart from each other. One way to address this problem is to develop intelligent geographic routing protocols [50]. It reduces communication overhead because packet forwarding decision is dependent on node positioning and the location of the end node. A wireless communication technology called geographic GReedy routing with Ant Colony Optimisation (GRACO) based recovery aggregates geographically sparse DERs into a scalable and rapidly deployable VPP. It aggregates geographic greedy forwarding strategy and ant colony optimization (ACO) method for efficient data packet delivery. Simulation results of the proposed routing protocol reveal that the delivery date conforms with the virtual power plant requirements and that the end-to-end delay reduces as paths shorten and increases network density [50].



An investigation of EPCs reveals added information about energy exchanges between prosumers [17]. A rigorous mathematical framework modeled the energy exchanges and formalized several optimization problems based on target objectives. These objectives (such as maximize distributed production, minimize losses, and optimize revenues) aim to improve a community of prosumers [17]. Following the above, we propose the following:



Proposition 3.

A goal-oriented PCG aims to maximize distributed production, optimize electricity consumption, minimize losses, and optimize revenues, thereby sustaining effective energy exchange. Prosumer behavior profiles and geographical structures affect the formation of PCGs.






2.1.4. Prosumer Market Design


In this section, we discuss prosumer market design. The “prosumer market” is characterized by consumers providing services to the grid and transforming into active prosumers [36]. The platform enables consumers to engage and integrate with other entities in the energy value network using market-based energy prosumption strategies. Prosumers could potentially integrate into the energy markets through three engagement models [16,52]. One is the P2P model which involves a decentralized, autonomous, and flexible P2P network where prosumers interconnect directly with each other. Another is the prosumer-to-grid model that involves prosumers providing services to either an independent microgrid or a microgrid connected to the main grid. The third is the organized prosumer group model which is composed of multiple groups of prosumers. The groups work together and pool resources for community benefit or can become large enough to form a prosumer VPP [16]. VPP and P2P platform can be combined to attain the advantages of each model [49]. The federated power plant is another type of electricity market structure wherein P2P trading of autonomous prosumers forms a VPP [49].



A study on prosumer market introduced and evaluated a direct P2P design and a closed order book design [53]. It also evaluated zero intelligence agents and intelligently bidding agents. It derived four scenarios, i.e., two market designs combined with two agent behaviors. The objective was to determine which parameters are suitable for a local energy trading market that integrates distributed generation at energy prices that are beneficial to the local agents. Based on simulation results, all scenarios offer similar economic advantages regarding self-consumption and energy traded. However, the P2P design with intelligent agent is the most relevant for participating agents because of the resulting lower energy rates.



In another study of prosumer centric digital energy ecosystem, the authors propose a framework consisting of actors and layers [38]. The actors include the natural environment and various organizations such as regulators, academia, business system, energy industry incumbents, new energy industry actors, and new entrants from other sectors. It also comprises digital actors such as hardware and software platforms such as ICT infrastructure, smart grid infrastructure, smart meters, energy storage, home energy management system, data hubs, and other devices. The four layers include the human activity layer (consisting of prosumer activities), the value-adding layer (applications, processes, and activities), the digital layer (ICT infrastructure, fog computing, data analytics in the cloud), and the energy layer that involves energy production, transmission, distribution, and consumption. All these actors and layers link together the various processes (human activity, value creation, digitization, and energy process) that contribute to the digital energy ecosystem success [38]. Based on the above, we propose the following:



Proposition 4.

The prosumer market is a platform which enables integration between prosumers and other entities to enable an efficient and sustainable energy exchange within the energy value network. Prosumer engagement can either be P2P, prosumer-to-grid, organized prosumer group, or combination of P2P and organized prosumer group. A prosumer centric digital energy ecosystem integrates different actors and layers to link various processes essential to the ecosystem’s success.






2.1.5. Prosumer Management


Effective management of prosumers is essential for sustainable energy sharing within the smart grid. Two management approaches are individual integration method and simple-group integration forming a VPP or microgrid [10,11]. Due to the shortcomings of these approaches, the authors introduced a framework to manage prosumers as goal-based virtual PCGs [10,11]. Prosumers across various geographies demonstrating same energy sharing patterns virtually connect with one another to form a community and achieve a common goal such as provisioning a fixed amount of energy every week [10]. In this approach, having similar behaviors and interests lead to stronger ties and reduced disagreements among members [5]. Furthermore, sharing a common goal motivates the members to fulfill this goal and guarantees the quantity of energy supply to the grid, which consequently reinforces their bargaining power and enables long-term sustainability [11].



The organization, motivation, and overall control of prosumers are the three most essential components of the prosumer management domain [5]. Prosumer organization requires a comprehensive analysis of prosumers’ behaviors and preferences. Their behavior profiles help in selecting the appropriate prosumers to participate in the energy sharing program and form the PCG. Prosumer motivation aims to positively influence the prosumers’ attitude to enable consistent energy sharing behavior within the smart grid. It involves encouraging active prosumers to improve their contribution and attracting passive prosumers (i.e., prosumers who do not share energy), to participate in the energy sharing.



Prosumer overall control consists of five aspects: (i) communication/negotiation to build trust and develop mutual understanding among the prosumers, (ii) standard/ethics definition to ensure compliance when joining the energy sharing process, (iii) prosumer assessment to identify influential prosumers and members who do not meet expectations, (iv) incentive/penalty distribution to motivate positive contribution from prosumers, and (v) risk assessment to identify negative prosumer behaviors, evaluate vulnerability and prevent long term negative effects to the energy sharing process [5].



In managing prosumers, understanding their energy behavior profiles, activities, and processes is critical. The prosumer profile is the set of characteristics of the user that may influence their energy demand. This data may include various aspects such as the demographic and family information, type of real estate the user lives in, occupancy status, style of work and hobbies, usage budget limit, and devices utilized including their usage patterns [5,55].



One study analyzed the energy generation, consumption and sharing behaviors of Australian solar PV users [8]. The analysis generated summer and winter energy patterns of prosumers. Results show that the profiles vary over day and month of the year. Therefore, the authors recommend putting into consideration the variable nature of energy profiles when investigating prosumers [8].



Furthermore, examining prosumer behavior profiles is vital during energy system planning. Analysis of all the factors that dominate prosumers’ behaviors and interactions within the smart grid helps in shaping the system load profile and forecasting the energy demand [56]. To illustrate this principle, a proposed methodology models car drivers’ behavior to assess how charging of electric vehicles influence the utility grid in Dutch residential areas [56]. Findings reveal that a rise in electric vehicles requires a corresponding increase in communication between electric vehicles and utilities [56].



Consequently, based on prosumer behavior profiles, energy system planning identifies appropriate energy consumption optimization techniques. The literature suggests various techniques. One of these is to follow an optimal schedule to use household appliances. For example, an analysis of the prosumer behavior led to a prototype of an informatics solution that assists in decision-making and selecting optimal use of non-controllable appliances [57]. Likewise, another proposed energy scheduling model for residential consumers aims to optimize the timing of their consumption, generation, and storage [58]. Other similar smart scheduling of electric appliances are also found in the literature [59].



As active participants in energy co-creation, we also discuss prosumers’ co-creation activities. These four activities include ideation, development, testing and giving feedback, and providing validation through new functionalities and innovative services [37]. Co-creation is a critical component in ensuring sustainable energy supply to the community grid. Therefore, we propose the following:



Proposition 5.

Understanding prosumers’ energy behavior profile, their organization, and their motivation is an essential building block for effective prosumer management and energy system planning. A goal-oriented PCG builds stronger ties among members, motivates members, reinforces their bargaining power, and sustains the energy sharing process.







2.2. Prosumer Relationships


This section outlines the latest research related to managing the prosumer relationship. This includes a number of aspects such as provider-consumer relationship [16,36,60,61,62,63,64,65,66,67,68,69,70,71,72], consumer engagement [5,14,36,56,73,74,75,76,77,78,79,80,81,82], and socio-economic-technological aspect [18,28,46,74,76,80,81,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107]. We will elaborate each of these aspects in further detail in the subsequent sections.



2.2.1. Provider-Consumer Relationship


The provider-consumer relationship is an essential element of the smart grid technology because it influences the efficiency of energy production and consumption as well as the proper balance of energy demand and supply. Thus, its management must be given sufficient attention so that both parties can work together harmoniously and achieve long-term sustainability of energy exchange. However, this relationship presents multiple complexities as observed in the related literature [60,61,62,71].



In exploring the complexities of the provider-consumer relationship, system models were used to illustrate the entities, actors, processes, actions, and associations within the smart grid [60]. Their model has four phases—registration phase, request phase, delivery phase and confirmation phase. A central authority handles operational control within the system and also plays the role of a broker agent that enables communication among providers and consumers. Network control agents and smart meters provide control of the end users’ connections to the grid [60].



A study investigated the relationship among energy prosumers and energy companies, by gathering data through interviews and participant observations of Finnish private solar power owners and energy company representatives [61]. Findings reveal that the relationship is a co-producing stakeholder relation where the key element is reciprocity. Prosumers strongly expect to be acknowledged by the energy companies as being co-producers. Failure to do so may result in prosumers’ refusal to sell surplus energy to the grid. As a result, the perception of other stakeholders or the society towards energy companies is affected particularly from a corporate social responsibility perspective. On the other hand, since co-production entails working together, prosumers receive support from their energy company as part of the company’s community involvement. Several related studies also support this line of thought [16,36,72].



In a reciprocal relationship, both parties should ideally benefit by working together. The energy provider and customer relationship transforms into a “bilateral monopoly” relationship, or a situation where a single producer faces a single consumer, and where each party negotiates to maximize gain whenever the other party makes an effort to adapt [62]. The conflicting interests between the customer and the provider, where the customer wants cheaper energy whereas the provider is interested in maximizing economic return, may lead to ineffective management of microgrids. Resolving this fundamental challenge involves aligning these interests through various mechanisms [62] such as long-term contracting [63,64,65], performance-based contract design [65,66], profit and risk sharing [65,67], and incentive strategies [65,68,69,70].



Long-term contracting is an efficient governance approach which aims to ensure that the objectives between two parties are aligned and that the agreed expectations from one another are realized [62]. In the area of prosumer relationship management, long-term contracting can be beneficial to both generators and consumers. Such contracts enable the generators to avoid low wholesale prices and protect them from the cost of uncertain future production while allowing the consumers to avoid high prices and safeguard against the cost of uncertain future demand [63]. Due to uncertainty in future supply and demand, the contract aims to provide a proper balance. One method to address this challenge is to introduce a model for long-term contracting for competing utility providers [64]. In the proposed model, a Recursive Genetic Annealing algorithm could be used to determine the Nash-Equilibrium or the best energy combination of cost and uncertainty, so as not to compromise the adherence of the utility company to the contract. Results of testing on ten utility companies show that the algorithm outperformed the traditional scheme in terms of speed and quality [64].



Another approach for prosumer relationship management is performance-based contract design [65,66] which can also be a long-term contract or service agreement contract that may include two components—a fixed fee and a variable fee based on output and performance [65]. Energy Performance Contracting is an example of performance-based contract design which is a contractual arrangement between the energy service provider and its client where demonstrated performance determines remuneration [66]. It traditionally binds partnership agreements between the public sector and the private energy service company, but there are challenges regarding its adoption such as difficulties in ensuring win-win condition for both parties based on net benefits and selecting the suitable schema. One model aims to address this challenge by evaluating the net economic benefits for each party and measuring the schema using net present value (NPV) method [66]. The contract with the least NPV difference results in a win-win. The proposed model was applied in a project in Southern Italy to demonstrate its applicability. The study has several contributions. First, the study considers both technical and economic perspectives when assessing contract efficiency. Also, the study highlights the importance of benchmarking the contract schemes. Results also show that extending the contract period increases uncertainty and affects contract selection based on the win-win condition [66].



Profit and risk sharing is another form of prosumer relationship management [67]. Examining the risk-sharing processes between aggregators and prosumers reveals a dynamic contract problem. While the risk-averse prosumers can control their energy supply and intend to minimize the exponential type cost function, the risk-neutral aggregator will select an incentive strategy to control prosumers’ energy generation indirectly [67]. Resolution of this problem can be through an optimal dynamic contract mechanism where prosumers and aggregators share the financial risk and the uncertainty of energy generation. The prosumers optimal control can be expressed as a solution of the Linear Exponential Quadratic Gaussian dynamic games, while the aggregator’s optimal solution is determined analytically by using a standard global optimization algorithm. Simulation results show that the incentive-based mechanism effectively leads to risk-sharing between the aggregator and prosumers under moral hazard [67].



Another method to manage prosumer relationship is through implemented incentive strategies [11,68,69,70]. A study investigated the incentive policies in China, identified effects and problems, and provided advice on how to improve these mechanisms [68]. One of these existing policies is the market development incentive strategy which leads to remarkable improvements in the renewable energy sector including the behaviors of its participants. However, it gives rise to complex issues such as grid connection difficulties. Addressing this challenge involves proper coordination of development plans [68].



A proposed multi-stage incentive model aims to motivate different stakeholders such as government, utility company, energy and equipment supplier, and the user [69]. Results reveal that social benefits and costs positively influence microgrid subsidy, enhance the technical competency of the supplier, and improve equipment quality. Such an incentive model can motivate prosumers to become more active. Similarly, prosumer incentives and penalty strategies can motivate existing passive prosumers to become active [70]. Thus, one approach to promote motivation is a performance-based penalty framework that influences prosumers’ energy sharing behaviors [70].



A closer look at production and consumption in the energy system shows the existence of an expanded symbiotic relationship between production and consumption [71]. This perspective shifts from a linear flow of production to a circular process. It demonstrates that the integrated relationships among nature, industry, and prosumers may lead to synergistic activities such that each actor involved provides benefits to the others and thus, fostering sustainability. Accordingly, we propose the following:



Proposition 6.

(a) A positive reciprocal relationship between prosumers and energy providers motivates prosumers to reduce energy consumption leading to an efficient smart grid; (b) Contracting, profit or risk sharing and incentives are approaches to manage relationship conflicts; (c) Maintaining an authentic relationship with the prosumers positively affects the impact of corporate social responsibility initiative from the energy providers’ perspective.






2.2.2. Consumer Engagement


The energy value network enables consumers to transform into active prosumers and build strong relationships with other entities in the network [36]. The existing literature presents several methods that drive customer acceptance and engagement [36,73,75,76,77,78,79,82]. Enablers of customer participation include—added comfort, energy independence, extended chance for electricity market participation, innovative control of appliances and devices, environmental benefits, economic incentives, energy bill reduction, clear and periodic billing, detailed information of energy consumption, enhanced energy supply reliability, and other social engagement factors [73].



Other researchers also address these aspects [5,56,74] and suggest techniques for customer engagement in the smart grid. Recommendations given include: providing access to usage, pricing, data for energy monitoring, implementing privacy policies, offering access to smart grid devices, instilling consumer awareness, and providing information about smart grid technologies [73]. Also, mobile social media technologies can help promote customer engagement by enhancing their digital experience [75]. Through mobile applications, social media can be a platform where energy utilities can transform from being energy suppliers to energy service advisors, thereby promoting customer loyalty [75].



A study investigated the factors that enhance customer engagement through a survey of energy consumers in Korea [76]. A key contribution of the study is the inclusion of the perceived risk during testing of the acceptance model. This perceived risk involves the uncertainty resulting from a purchase and the expectation about the loss due to the purchase. The authors recommend that customer anxiety about the risks in using smart grid technology should be mitigated to promote customer engagement [76].



Despite the importance of the active engagement of industrial consumers for energy system transformation, the majority of empirical studies focus on residential and commercial consumers [77]. In one study, two Danish industrial consumers, one energy retailer, and one energy consulting firm were investigated to determine various factors influencing industrial consumers’ participation [77]. Results show eleven influential factors which impact four phases of smart grid adoption namely inscription, translation, framing and stabilization. Inscription stage includes three activities namely problem assessment, concept generation, and concept specification. Translation stage involves role delegation or product outsourcing to third parties, and alignment of interests. The framing stage is the development of the technology into useful physical products and involves testing and modifications. Finally, the stabilization stage involves adaptation and product redefinition which may also include ICT organizational change. The eleven influential factors include “awareness of multiple contexts, shared support, return-on-investment, ease of use, flexibility and dynamic pricing, liberalization and energy tariff structure, customer focus, solution integration, process improvement, service quality, and company’s green image [77].”



A noteworthy facet of the transformation of the energy value network is that, as with any radical change, it draws resistance from involved participants. This resistance which is due to the associated increased responsibilities of all stakeholders needs to be urgently managed [78]. The urgency led to the introduction of a framework for stakeholders’ analysis which examines the interplay between key energy stakeholders [78]. The analysis aims to encourage active involvement in the smart grid technology deployment, apply suitable treatment to areas of resistance, and achieve synergy among all players. Although the framework was in the European Union context, it may also apply to other regions. The socio-psychological aspect of the integration of the new technologies should garner more attention to manage the resistance from involved participants. One approach is to adopt a communication strategy through campaigns, advertising, and education for instilling public awareness of the significant benefits of the smart grid deployment [78].



Another fundamental building block to address stakeholder resistance and develop a sustainable prosumer engagement is to have mechanisms for trust management and consumer confidence. Trust management must adapt to the continuous progress of the smart grid considering the smart grid’s dynamic nature [79]. However, very limited research exists in this area. Studies on trust in social network and online engagement can be a starting point for investigation. Experiments on a dataset from real social networks examined two types of trust measures, i.e., reliability based on the direct interaction from experience, and local reputation or suggestions by friends and friends of friends based on their past experiences [80,81]. Results reveal that reliability and local reputation strengthens group cohesion and homogeneity in the social network setting.



A study compared online social network versus smart grid network to understand how prosumer based smart grids can grow and flourish [14]. The comparison involved three dimensions, i.e., community formation, community growth, and overall community management, and highlights the need for investigating trust and loyalty in a prosumer network. Two ideas are proposed here, firstly implementing mechanisms for management of breach of trust within the community, and secondly, investigating policy-based solutions to prevent disloyal behaviors. No significant work on trust exists since the publication of the article in 2012. Only one paper discussed trust in the smart grid [82]. The authors argue that trust and confidence, including lack of it, can affect sustainability in energy systems. Based on the above, we propose the following:



Proposition 7.

(a) Consumer engagement enhances the dynamics within the prosumer market, and facilitates prosumer market objectives, resulting in the sustainable deployment of smart grid; (b) Drivers of consumer acceptance and engagement include comfort, control of innovative devices, environmental benefits, financial incentives, information on billing and electricity use, security, and other social aspects, including social media technologies; (c) Mitigating consumer’s anxiety towards risks attributed to smart grid deployment can increase consumer engagement; (d) Stakeholder resistance can be managed through communication strategies to uphold public awareness of the smart grid benefits; (e) Trust management is essential to improve consumer engagement.






2.2.3. Socio-Economic-Technological Aspect


Prosumer management has three important dimensions—social, economic, and technological. Factors under all three aspects may affect demand response in smart grid either as a barrier or as an enabler [84]. A smart grid involves different stakeholders and components in an interconnected world of these three dimensions [85].



There are different types of studies on smart grid, e.g., some cover only one aspect such as social [80,81,86,87,88,89] or economic [46,90,91], or technological, while others cover multiple aspects such as socio-economic [85,92], or socio-technical [93], or techno-economic [28], or all three aspects [74,83]. Although this paper does not cover the technological aspect in detail, other existing research examines this technological aspect spanning various areas such as PV systems, VPPs, storage, DERs, and demand-side management. However, research integrating all the three aspects is limited.



We now evaluate the research on the social aspect of prosumer groups and smart grids. There is a need for understanding social interactions in social networks because social interactions are critical for smart grid adoption [80,81]. An ethnographic study examined the exchanges of energy between households in rural India for three months [86]. The concept of “circle of mutual energy exchange” is introduced and describes “mutual energy sharing” and “mutual energy trading” as co-existing modes of energy exchanges. The analysis shows that “social relations and cultural values influence energy exchanges between households” [86].



Similarly, other existing research covers the social aspect of the effective implementation of smart energy in households [87]. Social context drives energy-related behavior, and pro-environmental social norms highly influence energy conservation [88]. Likewise, in the human collaboration aspect, human and social dimensions in an energy system should not be ignored [89]. Consequently, in one research work, the authors incorporate the social domain aspect in their proposed consumer-centered energy system architecture [89].



The economic aspect covers elements such as investment costs, maintenance and operational costs, and energy management in wind energy systems in the smart grid [90]. Along with security, economic viability is a major challenge in the adaptability and sustainability of wind turbines [90]. One research discusses the economic aspect of pooling small local prosumers in the UK market context [46]. It focuses on two elements namely Levelized cost of electricity (LCOE) and self-consumption. Findings reveal that pooling of prosumers associated with lower load profile volatility improved self-consumption levels indicating that effective coordination among prosumers leads to economic benefits. Also, LCOE reached grid parity. These results suggest the viability of electricity prosumer models for economic gains [46].



Another study arrived at similar findings regarding the economic operations of the future retail energy system with high prosumer participation [91]. Using novel game-theoretic algorithms this study investigated several case studies, and the results reveal that prosumer group coalitions cleared the retail electricity market price.



Based on a literature review of related journal articles, categories for the socio-economic aspects include costs, consumers’ perception, privacy, cybersecurity, and regulation that influence smart grid technologies and public acceptance [92]. Analysis revealed that majority of the literature addresses costs issues [96,97,98], cyber security [76,99,100], regulatory aspects [97,101,102], customer privacy [3,103,104], and consumers’ perception [105,106,107]. Furthermore, it is recommended to acquire support from information science and engineering to devise methods for automated operational monitoring, assessment, control, and decision-making to meet social, economic and environmental needs [85].



Examining both social and technological aspects led to a four-layered framework to study the interactive prosumer behaviors in the emerging distribution system [93]. Using a multi-agent based simulation, results of the study show that technical interactions and social interactions affect the operational performance of the power systems wherein social values may dominate the impact of price signals. Although a prosumer’s energy generation and demand can be price-responsive, social interactions may have a significant influence on their attitudes [93].



The technical and economic feasibility of both Household Energy Storage (HES) and Community Energy Storage (CES) technologies is investigated using real data of 39 households in a pilot project in the Netherlands [28]. Results reveal that PV self-consumption significantly contributes to savings achieved by storage and influences the payback period. Using both HES and CES systems reduce costs by 22–30% while increases PV self-consumption by 23–29%. Furthermore, considering current storage costs, both HES and CES are economically infeasible.



The analysis of different aspects of literature related to the effective existence of community renewable energy networks (CREN) reveals that although there is abundant information on the technology components, the social aspects have not received the same level of attention [83]. These social aspects include human infrastructure or collaboration [89], economics [85,90,92], and governance [94,95]. Adopting a holistic approach is significant, and hence, both technological and social aspects should incorporate into a working solution for successful implementation of CREN [83]. An investigation on the key issues shaping ICES also reveals a similar line of thought. Attention is needed in all aspects including technical, socio-economic, environmental and institutional to support the emergence of ICES [18].



Other studies also study this holistic approach and discuss the sociological, economic and technological drivers for the energy turnaround along with the environmental and political drivers [74]. Findings reveal that although technological development promotes energy turnaround, the other four factors also drive the evolution of the energy system. Therefore, it is critical to analyze all these factors for a sustainable deployment of the smart grid [74]. Following the above, we propose the following:



Proposition 8.

(a) A holistic approach spanning social, economic and technological dimensions is essential when examining smart grids; (b) Social values are impactful in bringing a change in prosumer behavior; (c) Social interactions and cultural values influence energy exchanges between households, and attitudes on benefit and comfort.








3. Future Work


This section will elaborate the potential areas for future research in the prosumer communities and prosumer relationships space. Section 2 of this paper thoroughly reviewed the existing literature to propose eight propositions. We now outline future research opportunities in the prosumers management space. The structure of this section follows the taxonomy shown in Figure 2.



3.1. Prosumer Communities


3.1.1. Prosumer Definitions, Objectives, and Motivations


This section outlines the need for further research in the area of prosumers’ objectives and motivations. Such studies would need to be interdisciplinary or multi-disciplinary covering social, political, technological and economic perspectives. For example, understanding prosumer psychology would be critical in understanding what motivates their behavior. Motivation can be triggered using economic incentives or penalties. Technological advances may be required to realize such social and economic objectives. To achieve this, we need to understand several elements at a conceptual level before developing detailed solutions. This understanding will enable us to grasp the big picture and attain a wider perspective of the opportunities, issues, and challenges surrounding a given field of interest.



As the prosumer community based smart grids continues to evolve at an accelerated pace, it is essential to gain a conceptual understanding of the new technologies, the emergence of related institutions, the different actors and systems involved in the energy sharing dynamics, and their shifting of roles and responsibilities [19]. Once we acquire this conceptual understanding, we will be equipped with the necessary knowledge and awareness to evaluate the impact of these elements towards the deployment and advancement of sustainable PCGs and other similar concepts such as ICESs, EPCs, and CECs.



Quantitative evaluation of empirical data would pave the way for a deeper understanding of the value of PCGs and ICESs, how they contribute to an efficient energy value network, and how they affect different actors and the wider energy system [18]. The tools identified for the planning and analysis of ICES are helpful for further development of ICES and design sustainability models and deployment options for ICES [21].



Moreover, ICESs need to adapt and enable further technological and social innovation as the energy landscape continues to change alongside the emergence of new technologies [19]. Two emerging technologies that will greatly impact the society are blockchain and big data. Although several studies already exist which examined how these technologies will transform the future of smart grids, these topics could be further investigated. One study presented a simple local energy market running on a private blockchain and recommended to further examine the suitability and technological limitations of blockchain-based energy market design [108]. Another study found that the use of blockchain technology in demand side management is suitable for matching energy demand and supply within the smart grid [109]. A separate study proposed a system using blockchain based smart contracts to allow secure energy exchange between prosumers [110]. Furthermore, we explored big energy data management in smart grids which include the different steps to process the heterogeneous data [34]. The study presented various challenges such as secure data communication, bad data detection, cost optimization, quality of service, data reliability, visualization, and integration [34]. These challenges could provide guidance for future research directions in this field.



Consequently, these quantitative outcomes and clear understanding of the changing energy landscape can help establish suitable governance structures, policies, incentive strategies, and support schemes (drivers for adoption and success) to overcome challenges and difficulties in the planning, operation, and advancement of ICESs [18,19]. Therefore, another future research direction is examining and identifying the suitable policy recommendations that will lead to effective and sustainable energy exchanges within the smart grids.



Likewise, a closer examination of various cultural, economic, political, social, infrastructural aspects among different actors and institutions is necessary for future energy planning [22].



Field trials are equally critical to evaluate the effectiveness of proposed techniques and methodologies. For example, field trials could utilize MATCH, a real-time algorithm based on the theory of Lyapunov optimization, to assess its functions in the daily operations of the smart grid [23]. Furthermore, as future work, the proposed framework and methodologies in managing PCGs could be tested using a larger dataset in the real world to evaluate system performance in real time [4,7,8].



In addition, energy management strategies could take into account the technology aspect. For example, in the future, a prosumer energy management system with central storage and fair priority allocation could be further examined for improved peak load management and system reliability [24].




3.1.2. Prosumer Roles


This section outlines the need for further research for a deeper understanding of the role of prosumers in achieving sustainable PCGs.



Studies like [37,40] mentioned several propositions for prosumer roles. However, these need quantitative validation and empirical testing to develop hypotheses. For testing various factors such as the amount of prosumers’ price reduction resulting from policy actions, the percentage of current vs. potential adopters, the percentage of prosumers involved in testing, and the percentage of early prosumers engaged in co-creation [40].



The literature also indicates prosumers as actors engaging in innovation and value creation processes, but research is limited in this area. The innovative aspects of their role as prosumers as well as their motivations for co-creational activities require further attention in the future [38]. Co-creation is the building block for sustainable operation of prosumer communities, and hence understanding co-creation from different perspectives such as motivation, finance, and relationships will be critical.



The differences between early market and late market prosumers can be further examined to understand prosumer behavior their requirements and best management approaches for a sustainable prosumer grid [37]. The literature also discusses prosumers’ role in providing flexibility. However, the extent to which they are willing to provide flexibility and the different factors affecting their preference of flexibility option are areas for further investigation [39].



There are several independent technical and social studies published in the literature. However, holistic studies that cover socio-technical aspects are possible areas to be explored in the future. Such interdisciplinary research would result in highly practical and useful solutions for the society.



Furthermore, new roles or entities have emerged in the energy system. One of these is the “prosumager” which is defined in literature as a prosumer who engages in storing excess energy for later use [111]. In the future, these new entities could be explored further to examine the transformations of prosumer roles and investigate how these new roles may potentially drive advancements of energy management within the smart grids.




3.1.3. Prosumer Community/Coalition Formation


This section outlines the need for further research on the formation of prosumer communities. Although this area has progressed, we believe there is room for improvement to enhance the proposals or come up with novel and innovative approaches.



One promising direction of research could be to plan and implement new methodologies in the formation of PCGs. The concept of goal-oriented virtual prosumer communities had been introduced [10], but novel, smart techniques and strategies could be designed to optimize the formation, growth, and management of prosumer communities [11].



The objectives of these new techniques could be to make way for a more robust formation of sustainable PCG’s that encourage active participation among prosumers for a more sustainable energy sharing.



Trust and local reputation of prosumers can be used to study prosumer behavior and form cohesive prosumer groups [81]. One interesting direction of research would be to assess the degree of effectiveness of trust and reputation in building sustainable PCGs. Further, a comparative study of trust based and profile based systems could be undertaken to understand the superiority of these approaches.



Due to high implementation and maintenance costs of centralized schemes for energy exchanges in prosumer communities, another future work would be to design decentralized energy exchange strategies using other data-based approaches. One recommendation is through agent-based modeling approach using Reinforcement Learning [17]. Since agents can intrinsically self-improve over time with newly acquired data, this approach could be an effective decentralized strategy for decision management and control in smart grids [51].



In evaluating these new methodologies, actual data extracted from energy markets and aggregators’ records could be used for testing to mimic closer to real-life scenarios [45]. Doing so will yield more realistic results. Additionally, research efforts could be directed towards understanding switching of prosumers from one PCG to another.



Another interesting future research area is to explore the different communities that exist in the energy market. We mentioned about other communities that are closely related to PCGs used across the literature such as EPCs, ICESs and CECs. These communities, including microgrids and virtual power plants and other emerging energy communities, could be compared and contrasted to gain a deeper understanding of the strengths, weaknesses, and effectiveness of each towards developing a sustainable energy exchange.




3.1.4. Prosumer Market Design


This section presents several possible future works in the prosumer market design area. Future research areas and directions include prosumer behavior, design issues, deployment and enforcement issues, distributive impact, regulatory and policy issues, economic factors, business opportunities, environmental effects, and public view and opinions [36].



A closer examination of these socio-techno-economic elements could help in improving the design and development of prosumer markets.



The proposed prosumer market models have their primary roles and functions as well as challenges. A poorly designed prosumer market may lead to failure of these markets which may have a serious impact on consumer empowerment, sustainability, and continuous improvement initiatives. Thus, future work could cover additional studies for a more informed technological perspective and sufficient awareness of the strengths and challenges of the various approaches [16].



Further, different market designs also cater to different market objectives. Thus, future research could cover the multiple interdependencies between social, economic, and political market objectives [53]. A deeper understanding of the correlation of these objectives is essential for the suitable consideration and evaluation of the energy market.



Concerning the federated power plant (FPP) market structure, further research could also cover several areas of interest [49]. First is to identify new methods that determine complementary prosumer capabilities that will provide efficient grid services. Second research area is about trust, knowledge and skill development towards participating in FPPs. Another research area is about the P2P energy trading and how it could be affected by prosumer locations and DER characteristics such as flexibility, variability, and capacity. Finally, the necessary regulatory changes brought about by new business models also need to be examined [49].



Appropriate ICT for the local energy market should also be determined, which should be able to link the prosumer market participants for them to work together effectively [53].



Furthermore, large-scale advanced prosumer markets would involve stronger participation and more meaningful contributions from researchers, vendors and energy providers, policy makers, regulatory bodies, and other overall industry-wide participants [16].



Additionally, as the prosumer network grows, it will become more challenging to manage groups as different prosumers may be part of more than one group. For example, a prosumer may be selling energy to two different suppliers. In this case, there will be an emerging need to identify/detect communities as well as methods to allocate energy supply to different suppliers. This is a new and emerging area for smart grid research. However, existing investigations of this area were from an online social networks perspective [54].




3.1.5. Prosumer Management


The prosumer management area attracts significant attention among researchers and several existing research projects address critical challenges such as energy sharing approaches, prosumer groupings, prosumer motivations, and incentive strategies. However, there is a need to discover and develop novel and innovative approaches that address these challenges more effectively and efficiently.



Rathnayaka’s published articles cover significant areas which are helpful in gaining a firm understanding of prosumer communities and their management schemes. These include an analysis of prosumers’ energy behavior profiles [8], a framework to manage multiple goals [4], and a methodology to form PCGs [4,7,10], among others. However, a thorough examination of the related challenges involved in managing PCGs is limited. Rathnayaka enumerated six open challenges which need to be further investigated namely: “lack of approaches that take energy sharing between prosumers and consumers into account; lack of systematic methods for grouping of prosumers; lack of prosumer inspiration; limited approaches to identify and attract more dynamic prosumers; lack of approaches to identify risks associated with negative behaviors of prosumers; and lack of comprehensive prosumer rewarding schemes, including non-financial aspects” [5]. These are areas to be explored for future work which can contribute to developing sustainable PCGs.



Existing research on prosumer management strategies is focused primarily on residential consumers. In the future, the proposed methods could be explored and optimized for different business types and industries such as restaurants, hotels, universities, and factories [55]. In the future, actual dataset obtained from Future Energy Management System or other available dataset from existing energy systems could also be used for testing the general usability of the proposed methods [55].





3.2. Prosumer Relationships


3.2.1. Provider-Consumer Relationship


This section outlines the need for further research in this area of provider-consumer relationship in different settings. The systematic representation of the entities, actors, processes, actions, and associations within the energy system is beneficial to analyze the prosumers’ behaviors and relationships further. The system models could enable designers and architects to examine new characteristics of the system and study the different associated challenges in advancing to a more resilient and flexible system [60].



The study on provider-consumer relationship based on retrospective interviews may have had biased interviewees’ reflections on their behaviors and decisions, hence, more suitable extensive methods such as participatory approaches could be investigated in the future [61]. Additional empirical studies could also be conducted in the future to examine the implications of various ownership and governance structures to prosumer relationships [62]. With these in-depth methods, we could further investigate the underlying prosumers’ behaviors and motivations and gain a deeper understanding of prosumer relations [61].



The interaction between compensation and retaliation appears to influence the prosumers’ energy sharing behavior unfavorably and could also be an interesting area to further explore in the future [61].



Based on the hypothesis that greater symbiotic integration directly correlates to greater sustainability, another area for future research would be to evaluate the degree of impact of symbiotic insertion and its effects on sustainability [71]. Furthermore, since reciprocity is a vital element in prosumer relationships, business models for co-production could also be an interesting topic of investigation [61].



In the context of performance-based contract design, another area for future research would be to develop a framework for improved risk evaluation between the provider and the consumer when entering into new contracts [66]. The objective would be to fairly allocate the incentives and risks to guarantee a win-win situation for both parties. For example, further evaluation of the current incentive strategies implemented in China could be a future work and reviewed if similar policies for renewable energy industry could be adopted by other countries [68]. Moreover, research in understanding the impact of negotiations with powerful suppliers to obtain strong bargaining power in a challenging area of research.




3.2.2. Consumer Engagement


This section outlines the need for further research in the area of consumer engagement. Suggested research areas include the identification of socio-economic motivations for consumer engagement, regulatory measures, and sustainable funding policies to support the crowd energy concept [74]. Further study is also needed to design and implement mechanisms to handle the automation and control in support of the decentralization [74]. These mechanisms would involve the use of information and communications technologies to integrate the decentralized production, storage and load, business relationships and prosumers.



A comparative study to determine the factors influencing smart grid acceptance among current and potential consumers is another area for investigation [76]. The results would lead to more reasonable suggestions for policies and measures for smart grid participation. Future studies could also consider exogenous and endogenous variables [76].



The factors influencing industrial consumers’ smart grid participation were derived based on a qualitative approach using data from four Danish companies [77]. Denmark is an emerging nation in the field of the future intelligent grid, and the research findings apply to Danish smart grid context. Thus, it is recommended to extend the study of this topic through cross-national comparisons. Also, the study used a qualitative approach. Hence, further qualitative or quantitative approaches could be used to validate the research findings [77].



Trust management is essential in customer engagement, but there is limited work that relates trust in the smart grids. Therefore, future work could include investigating the process of trust and distrust attribution in the smart grid [82]. This could be further extended by analyzing or simulating dataset extracted from a real social network, to understand trust measures that can do profile matching to strengthen community cohesion [80].




3.2.3. Socio-Economic-Technological Aspect


Prosumer management covers social, economic, and technological dimensions. This section outlines different areas for future research concerning these three dimensions.



A significant topic for future research is the emerging forms of mutuality in upcoming energy initiatives where digital platforms enable energy exchanges [86]. For example, this could include exploring how Facebook and other social media platforms can act as an enabling platform for energy sharing initiatives such as Vandebron in The Netherlands and Brooklyn Micro-grid in the USA [86]. A future study could also cover the different challenges encountered when using these digital platforms.



Another future work could be to investigate energy management methods based on the consumer-centered energy system architecture aimed at achieving various optimization targets in an electric vehicle integrated smart grid [89].



Being a major stakeholder in the energy sharing process, the role of utilities is also essential. Future research direction could be to investigate the different functionalities of utilities further as these would significantly affect business decisions [15,91]. The developed game-theoretic framework could be enhanced to consider uncertainties such as customer behaviors which are becoming more difficult to predict [91]. Another line for future research would be to examine the optimal sizing of energy cells for strategic planning. Furthermore, the framework could be extended to apply to large smart grids that could operate in real-world scenarios [91].



Analyzing the socio-economic setting is essential to gain a deeper level of acceptability for smart grid development among consumers [92]. Therefore, the socio-economic investigations are an essential aspect of future research. Resolving the engineering and the socio-economic research gap could also be another research direction. Another area would be business applications, security, policy, and organizational approaches [92]. Even with the rapid advancement of technology, the development of new technologies alone does not guarantee acceptance from consumers because consumers perceive that this comes at high costs.



Instead of investigating the various elements from the technical or social science perspectives separately, it is recommended to focus on bringing together all these contributions from different perspectives and adopt a holistic approach [83]. The suitable business model would incorporate features such as a combination of technologies to optimize system implementation, cost structures to enhance funding and ongoing operations, defined management and governance structures to allow meaningful collaboration, and necessary relationships to provide a convincing value proposition for the adoption of PCGs [83].






4. Conclusions


Prosumers are new entities in the smart grid that produce, consume, store, and share energy with other users in the grid. They play a vital role in the energy value network by contributing towards flexibility, innovation, and value creation. Prosumer communities help enable an efficient and sustainable energy sharing process. Due to its significant relevance, this field of research is rapidly progressing, and hence there is a need to identify the key issues, challenges, and opportunities in this area. Therefore, this paper systematically evaluated the progress in prosumer communities and relationships by investigating 105 articles published between 2009 to 2018. We presented eight propositions based on our findings of the evaluated literature. We also observed that although there is significant research growth on this topic, there are still numerous research gaps and open issues. Thus, we outlined several research questions that require further investigation. These questions would steer the research direction in the future.
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Figure 1. Distribution of Reviewed Articles by Year of Publication. 
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Figure 2. Prosumer Smart Grid Taxonomy. 
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Table 1. Literature Classification based on Taxonomy.
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