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Abstract

:

An overview of the adoption extent of the energy business models around the world was undertaken by considering both the developed and developing countries, with the emphasis on the customer-side renewable energy business models. The developed countries have widely adopted energy business initiatives to advance the distributed generation of electricity from renewable energy sources, while developing countries are struggling and/or have failed to record significant success. Additionally, developing countries are shifting from customer-owned energy business initiatives to the community-shared energy business initiatives to enhance prosumer-generated energy self-consumption. Furthermore, the existent billing schemes as well as the store-on grid scheme applicable to the energy business initiatives are discussed in this paper. The virtual net metering scheme category is the main billing scheme used for the community-shared energy business initiatives. In addition, this study depicts how the store-on grid scheme addresses the shortfalls of the existent billing schemes. Finally, the study gives policy recommendations that the decision makers in the developing countries could use as a foundation to foster the solar PV technology deployment through energy business models, especially by the adoption of the store-on grid scheme as the billing scheme.
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1. Introduction


The emergence of distributed power generation in recent decades has globally transformed the energy industry, bringing about a shift from the entirely centralised systems to the networks that incorporate both distributed and centralised elements [1]. The concept of distributed power generation at small-scale level is highly desirable due to its sustainable development factors, namely, environmental, techno-economic, and socio-political factors [1,2]. By the nature of their sizes, distributed power generation systems are characterised by a range of advantages, such as scalability, proximity to demand, and being less costly to implement [1,3].



Renewable energy can simply be defined as energy from sources that can be naturally replenished at a higher rate than they are consumed. These sources include, among others, the sun and wind [1]. Renewable energy sources (RES)-based distributed power generation systems are at the centre of the efforts and strategies adopted to mitigate climate change globally [4]. To efficiently exploit the distributed renewable energy resources, energy business models have been proposed and/or adopted to foster the energy transition from conventional sources to renewable energy sources. However, these efforts have encountered challenges, especially from the participating stakeholders. Literature reveals that the billing scheme to adopt is the greatest challenge faced by the stakeholders during the energy business-model designing process [5,6,7]. Likewise, an assertion has been made that in addition to enhancing the access to reliable, clean and affordable energy (that is, sustainable development goal seven (SDG7)), energy business models ought to foster other SDGs to maximise the social and economic benefits of electricity [8,9]. Thus, novel and self-sustaining energy business models for renewable energy technologies (RET) remain a crucial necessity for the energy sector [4,10,11,12]. Although several energy business models exist, there is no record in the literature that has investigated their successes and/or failures as well as their uniqueness over the others on the global scale. Thus, this study makes the following contributions to knowledge:




	
Examines the existent billing schemes for energy business models and the reasons for opposition to them from the stakeholders.



	
Discusses the uniqueness of the store-on grid scheme from the existent billing schemes and its suitability to replace the existing billing schemes.



	
Discusses appropriate approaches that developing countries could adopt to succeed in the adoption of energy business models.








The remainder of the paper is presented as follows. Section 2 presents the energy business models for solar PV. Section 3 discusses the existent billing schemes, while Section 4 describes the store-on grid (SoG) scheme. Section 5 provides the paper’s conclusion and policy implications.




2. Energy Business Models for Solar PV


Generally, a business model could be defined as the mechanism through which an organisation conveys value to clients, attracts clients to renumerate for value, and transforms those renumerations to profits [2]. In principle, a business model should comprise four compulsory elements: key organisation resources, value concept for clients, organisation profit form, and organisation processes [3]. A business model’s success is assessed based on its ability to establish a conciliation between the organisation’s technology and its economic value formation [4].



The energy sector mainly uses two general energy business models, namely, utility-side renewable energy business models (UREBM) and customer-side renewable energy business models (CREBM) [2]. UREBM constitute large-scale capacity projects that generate bulk electricity and feed it into the grid, which delivers it to customers via the conventional power system. Thus, the generation and transmission of the electricity from the RES follows a similar pattern to the centralised conventional power plants [2]. CREBM constitute small-scale systems that are installed close to the end-users, referred to as distributed generation (DG). Small-scale electricity generation systems, however, have a different integration position in the power system, that is, they are located at the consumption position. Thus, the generation and transmission of the electricity follows a very different pattern from the utility-side projects, as shown in Figure 1 [2]. Since the emphasis of this study is on distributed generation, UREBM are not discussed in this study. Interested readers may refer to [2,5] for an extended discussion about UREBM and how they compare with CREBM.



Literature reveals that CREBM are further categorised as customer-owned, community-shared, and third-party ownership business-model initiatives [3,4,6]. The customer-owned energy business (COEB) initiatives are the widely spread systems operated under the customer-side renewable energy models, while the community-shared energy business (CSEB) initiatives have only been recently introduced for adoption [3,7]. Under the community-shared energy business, customers might own two solar modules or an agreed-upon share of the solar plant’s generated energy [3,6,7]. The CSEB initiatives are relatively new, and consequently have not been widely adopted; thus, they are under-investigated by researchers to date [7,8]. Recently, third-party ownership energy business (TPOEB) initiatives have emerged, where the energy company owns and operates customer-sited energy systems and either leases the equipment or sells the generated electricity to the site occupants [3,6]. Table 1 shows some of the reviewed studies identifying the customer-side renewable energy models adopted for the solar photovoltaic systems at a considered location.



The developed countries have widely adopted energy business initiatives to advance the distributed generation of electricity from renewable energy sources as a means of addressing the multiple challenges of global sustainability, energy security and socio-economic development, in which the transformative change of energy systems towards a broad portfolio of low-carbon technologies was inevitable [12]. In turn, developed countries opted for the development of distributed generation from renewable energy sources over the generation and importation of energy from fossil fuels [23,24]. Renewable energy technologies, particularly photovoltaics, are unique in the sense that they allow homeowners to produce and self-consume electricity at even small capacity ratings, with minimal maintenance and no fuel costs [12].



The adoption of business initiative policies has been successful in addressing the energy end-user’s quest for a secure and affordable electricity supply [25,26]. For instance, in the United Kingdom and other developed countries, the electricity sector was radically reformed to incorporate modern retail electricity markets [25]. The reforms were a consequence of the liberalisation that commenced in the late 1990s, which oversaw monopolies dissociated into constituent parts, enabling free competition amongst energy retailers and amongst wholesale generators. This increased the number of market actors, because vertically integrated utilities were divided to create individual entities, which are typically owned and operated by different companies [25].



2.1. Customer-Owned Energy Business


The customer-owned energy business, also known as self-investment, is defined as a project whereby the companies or individual households invest in clean energy technologies and own the systems individually [9,10,27,28]. In the COEB project, the main beneficiary of the generated energy is the building owner or property where the solar PV system is installed. Since the COEB projects render the possibility of individually installing the solar PV systems, these business models are the most widespread businesses globally [3]. The COEB initiative can be designed on terms such as “all electricity is fed into the grid network” or “self-consumed and the surplus electricity is fed into the grid network”. Thus, the prosumer benefits from every unit of energy that is fed into the grid network under both designs of the COEB initiative [10,27,28]. The main market segment for COEB projects is the residential sector, as along with small and medium enterprises that normally have appropriate property space that fits the solar PV systems, especially the building rooftops [10,27,28].



Generally, COEB projects have high up-front investment costs as well as long payback time, which hinder their deployment [10,27,28]. The low deployment by markets of RET, especially solar PV, brought about the development of energy business schemes (policies), such as feed-in tariff (FiT), carbon taxes, net-metering (NM), cap-and-trade schemes, net billing (NB), performance standards, and the creation of niche markets intended to enhance the diffusion of RET and their valuation [29,30]. COEB projects have significantly benefited from these schemes, especially the FiT and NM schemes [3,27,28].



Germany is one of the countries that have successfully implemented the COEB initiative for solar PV technology [28,31]. In addition to offering attractive FiT scheme rates, Germany also established a low interest loan rate scheme especially for RET [28]. Other countries that have implemented the COEB initiatives that consider rooftop-mounted solar PV systems in the FiT scheme include, among others, Portugal, Turkey, Greece, Ukraine, Switzerland, Luxemburg, Kosovo, China, Indonesia, Japan, Taiwan, Canada, US, Israel, and Iran [32,33]. The NM scheme is widely adopted in the US, Germany, India, and China [18,32], while the NB scheme is common in Mexico, Finland, New York, and Arizona [30]. Incorporation of self-consumption with schemes such as FiT, NM, and NB has been adopted in the US, Germany, Japan, China, Mexico, Finland, and in 25 of the 29 states of India [30,31,32,34].



Rooftop-mounted solar PV systems account for about 50% of the cumulative installed solar PV capacity globally [35]. In most developed solar PV markets, such as Europe, the US, Australia, and Japan, rooftop-mounted solar PV systems have contributed a significant share of cumulative installed solar PV capacity [31,32]. In Europe, about 46% of the cumulative installed solar PV capacity was from rooftop-mounted solar PV systems (residential and commercial sectors) in 2017 [36]. The feasibility of both the on-grid and off-grid connected rooftop-mounted solar PV systems has been widely investigated around the world; for instance, in India [31], Uganda [35], Turkey [32], Thailand [37], Switzerland [38], Oman [39], Europe [36], and United Arab Emirates [40]. However, some rooftop owners do not have or are not willing to meet the up-front investment costs for the solar PV systems. Thus, to utilise their rooftop spaces, building owners lease out their rooftop spaces for solar PV installation to the developers, known as third-party developers [31].




2.2. Third-Party Ownership Energy Business


Third-party ownership energy business is defined as an energy project launched by a developer to generate electricity based on RES in which all the costs and benefits are directed toward the developer [41,42]. Under this arrangement, the customers, normally the building owners or tenants, can benefit from the energy-generating system without necessarily paying the system’s upfront costs [3,5]. Under the TPOEB, the third-party developer deals with all the concerns, such as financing the designing, installation, and maintenance of the rooftop-mounted solar PV system on the host customer’s building [5,42,43,44]. TPOEB initiatives offer an attractive alternative to electricity customers who are not willing to handle the risks related to owning a solar PV system by making high upfront payments, but rather prefer to make low upfront payments for solar PV systems [14]. Under the TPOEB initiative, the third-party developer could be the utility, or another individual (company) [31]. Where the utility is not the third-party developer, it plays a more active role for the TPOEB initiatives by acting as the project facilitator [6].



The TPOEB project could be designed such that the rooftop-mounted solar PV system does not have to feed any of the system’s produced energy into the grid network; in this case, the host customer consumes all the generated energy. Otherwise, the TPOEB project could be designed such that the rooftop-mounted solar PV system feeds the surplus generated energy into the grid network and the utility operator transacts with the third-party developer [31]. The third-party developer and the host customer are governed by a power purchase agreement (PPA) or lease for a period of 10–25 years to buy some or all the energy generated from the installed system [3,5,31,44]. Under both PPA and lease contracts, the host customer makes a one-time low deposit payment to the developer and thereafter continues to make periodic payments as agreed upon. That is, after the upfront down payment is made, for the lease contract, the host customer pays an agreed-upon amount on a monthly basis ($/month), while for the PPA contract, the host customer pays an agreed-upon amount per unit ($/kWh) for the energy generated in a month [14,42,44]. For further discussion on the PPA and lease contracts for the TPOEB initiatives, refer to [44].



Notably, TPOEB initiatives have been adopted not only in the residential sector, but rather, they have also been extended to the community-shared solar PV initiatives in the developed countries. Ownership of some CSEB projects is reported to be based on third-party ownership arrangements [41,45,46]. Community-shared solar PV projects with capacities that range widely in size connected to the distribution grid networks that are operated by the utility or the third-party entity permitting several clients to participate are reported to offer a middle ground for achieving stakeholders’ interests [15]. Under third-party ownership of the community-shared solar PV projects, developers collaborate with utility operators to develop, manage, and maintain solar PV systems; that is, developers sell their generated energy to utility operators through PPAs. Thus, utility operators are mandated to facilitate the billing process, interconnection services, and management of the electricity distribution system [45,46].




2.3. Community-Shared Energy Business


A community-shared energy business is defined as an energy project launched by a group of community members united by their proximity, and/or identify with similar interests, such that some or all of the costs incurred and benefits related to the project are directed toward the same group of people [8,47]. CSEB initiatives necessitate the development of robust conceptual frameworks that render opportunities for advancement in empowerment and equity to enhance transparency and urge engagement in community initiatives amongst the citizens [8]. Literature highlights positive outcomes of CSEB initiatives, especially for solar PV technology, that include, among others, financial rewards in the form of annual energy cost saving and shorter payback periods, and sustainability goal setting as well as marketing rewards in the form of energy security and energy independence [16,19,45].



CSEB projects could be owned by utility operators, third-party developers, a group of customers, or a charitable non-profit corporation [41,45,46]. The ownership of CSEB projects directly affects how they are financed and operated [45,46]. CSEB initiatives involve professional organisations, primarily partnerships established between the public and private sectors that involve the public authorities assuming a coordinating role to strengthen the private sector engagement and investment in the energy projects [48]. The role of prosumers under CSEB initiatives is to maximise the personal utility; that is, the power network established in the local and non-local areas. The primary purpose of CSEB initiatives is to foster economic growth and wellbeing by creating jobs and upskilling people, by investing in RET [48]. On the other hand, the CSEB initiatives could be constituted from voluntary non-profit third-party actors [48,49,50]. An extensive review on CSEB initiatives for a sustainable energy future is covered in [45,46,47,51].



CSEB initiatives are operated in various sizes worldwide, ranging from small-rooftop solar to mini-grids [52]. The underlying principles of CSEB initiatives are to foresee sustainable community development and energy democracy, thus ensuring energy security for communities [49,52]. Community cohesion is pivotal to CSEB initiatives. Communal collaboration and unity are crucial in mobilising communal members toward a shared purpose, and are often achieved through interactions and engagements within the community [7,53,54]. Generally, CSEB initiatives are considered to contribute to a reduction in greenhouse gases emissions and to overall community solidarity [53,55]. The achievement of the sustainable development intentions of CSEB initiatives, namely, environmental, economic and social community benefits, relies on government motivation, wider community engagement, and the deployment of business model design in addition to other characteristics [48,49]. CSEB initiatives have so far been adopted in developed countries, such as Australia, Scotland, Germany, Italy, The Netherlands, New Zealand, UK, Denmark, and US [43,49,50,52]. Notably, most of the existent literature reveals that CSEB initiatives have largely been studied and/or adopted in the developed countries [22,43,47]. The concept of CSEB has not yet been embraced by governments in developing countries to install solar PV systems for both on-grid and off-grid connections. Community-shared energy business models are still in the early stages of development, with only a few dedicated projects and studies [3]. In Sub-Saharan Africa, for instance, energy communities have received less attention from both the government and the private sector, partly due to the nascent energy systems in many emerging SSA countries [56]. However, developing countries have mainly adopted the stand-alone microgrid systems of the CSEB program for rural electrification.



General barriers to RET based business models are discussed in [3,10,57]. Possible barriers for CSEB initiatives are the billing scheme requirements, regulatory constraints, and tax incentives that vary from one country (state) to another [41,58]. Without appealing payment structures as well as access to tax incentives by the stakeholders, CSEB initiatives might fail to attract enough participation from potential investors [41,46,58]. Overall, the adoption of CSEB initiatives is considered to result in significant elimination of solar PV technology barriers [3]. Literature asserts that the main barriers to solar PV technology diffusion are significantly minimised when the CSEB initiative is adopted. Additionally, the TPOEB initiatives are reported to minimise some of the barriers that are common for the case of the COEB initiatives [3,10,11].



Overall, the three customer-side renewable energy models adopted have advantages and disadvantages. Table 2 shows the comparison of these models [3].





3. Energy Billing Schemes


Several requirements are set under individual energy business model initiatives that should be followed by the adopting group members. For instance, some CSEB programs might require the energy project and prosumers to be in the locality that is served by the utility that buys the project’s generated energy [43,46]. Some of the other set prerequisites include a cap on the project capacity, project ownership by the members, and a category of ratepayers that are eligible for the program. Furthermore, billing schemes used by CSEB initiatives differ; for instance, some CSEB initiatives use an aggregate billing scheme to bill project members [42,43,46]. Which billing scheme to adopt is the greatest dilemma faced by stakeholders during the energy business-model designing process [43,51,59]. A billing scheme is required to track and apply the prosumers’ electricity purchased from the utility (kWh) and bill credits or payments for the surplus energy, which is fed to the grid network by prosumers (kWh or dollars) from the energy business project. Likewise, such a billing system ought to render the prosumer an opportunity to visualise the benefits from their energy project investment on the bill in a simpler way. Thus, the concern about the billing scheme used should not be overlooked by the policy developers; hence, it should be assessed prior to enacting the initiative [58]. The various existent billing schemes that are widely utilised by the energy business models, namely, FiT policy, net metering policy, and net billing policy, are discussed in this section.



3.1. Feed-in Tariff Scheme


The FiT scheme is a mechanism that permits consumers of the utility to also generate energy by establishing a RET project and feeding the excess generated energy into the grid network. The scheme offers the prosumer a FiT rate that is used to monetise the energy fed into the grid. Thus, prosumers benefit financially, in addition to recording a reduction in periodic energy bills from the utility. The FiT rate offered under the scheme is either facilitated by the utility operator through ratepayers or the government through taxpayers [60]. The FiT scheme is intended to foster the deployment of RET projects through long-term PPA contracts offered to prosumers for the sale of the energy generated by the RET system to the utility operators [60,61]. In recent decades, the FiT policy was widely implemented in European countries to foster solar PV technology deployment. For instance, about 61% of the total solar PV technologies in European countries in 2012 were from the FiT policy [62,63]. FiT schemes recorded significant success in the developed countries, but by contrast, they struggled in the developing countries due to different factors [64,65,66,67]. The FiT scheme has struggled and/or failed in the Caribbean and Latin American countries [66,67,68]. FiT schemes have likewise failed in African countries, mainly due to factors such as poor institutional design, very low FiT scheme tariffs offered, and political hindrances encountered in the operations of the scheme [64,65].



FiT schemes can be categorised into two groups. The first FiT category is the market-independent FiT scheme, where remuneration is determined by the regulatory authority independently of the electricity market retail rate. The market-independent FiT scheme is also known as the fixed-price FiT scheme. The second FiT category is the market-dependent FiT scheme, in which a premium payment, which serves as a top-up, is added to the electricity market retail rate. The market-dependent FiT scheme is also known as the premium-price FiT scheme [61,69]. Figure 2 shows the two categories of feed-in payment design, including further subdivision categories [69]. Table 3 shows a brief description of the FiT scheme models.



Overall, market-independent fixed price FiT schemes are currently the most widely utilised of all the FiT scheme designs. Globally, market-independent fixed price FiT schemes have been used in over 50 countries. Based on these countries’ experiences, in terms of cost efficiency of the Fit schemes, market-independent fixed price FiT payments have exhibited a higher level of cost efficiency in comparison to the market-dependent premium price FiT payments [69,71]. Figure 3 shows a comparison of the FiT payment schemes, depicting the strength of the market-independent schemes over the market-dependent schemes [61,69].



The market-independent fixed rate can be evaluated based on two approaches, namely, cost-based methods and value-based FiT calculation methods. Figure 4 shows the different approaches for determining market-independent fixed prices and how they have been used worldwide [69,71].



Generally, FiT schemes are perceived to be expensive policies to be implemented by governments, even in the developed countries [33,72]. This perception is mainly attributed to the general assertion made about FiT scheme rates that they are normally above electricity market retail prices [73,74]. Notably, the FiT scheme approach offering above-market rates has recorded success in fostering energy transition to RET, particularly in the developed countries [62,63,73]. In contrast, FiT schemes that offer above-market rates payments to prosumers do not guarantee the schemes’ success if they are not well-designed [74]. FiT schemes have been crucial in the adoption of solar PV technology through COEB initiatives, especially rooftop-mounted systems. In developed countries, certain electricity markets have already achieved grid parity in the case of solar PV technology [75,76]. As a result, several developing countries have simultaneously shifted from the FiT schemes, especially for the COEB initiatives and have adopted energy initiatives that emphasise self-consumption of the generated electricity [36,77]. Since July 2017, a programme in support of the prosumer self-consumption of energy generated from the residential rooftop-mounted solar PV systems has been enacted in Germany, offering tariffs well below the average electricity market retail rates [31,77]. The new FiT scheme in Germany requires utilities to buy only 80% of the energy generated by a prosumer, while the prosumer self-consumes the remaining 20% of the energy generated from the rooftop-mounted solar PV system under the COEB project [31].



Although some developed countries are so far at grid parity in the case of solar PV technology [75,76], they still wish to sustain the same level of solar PV deployment growth; thus, alternative schemes for furthering solar PV deployment are being proposed and investigated [59,75]. One of the key aspects to be considered in the alternative schemes is the clear definition of the revenue streams in the energy business initiative for new market agents, such as the prosumers and the utilities [59,75]. An example of the emerging COEB initiatives is peer-to-peer energy trading [78]. Peer-to-peer trading provides a platform through which energy customers and producers can directly transact with each other without the involvement of the utility operator [78].




3.2. Net Metering Scheme


The net metering scheme is the billing approach that compensates prosumers for the energy fed into the grid network from their installed systems. During the billing period, prosumers’ bills are normally credited with kilowatt-hours of energy fed into the grid network. If the prosumers’ installed systems generate more electricity than the prosumers’ demand, the electric meters “run backwards” as the surplus generated energy is being fed to the grid network; thus, the prosumers purchase less electricity from the utility [30,41,42,46]. The net metering scheme could involve: simple net metering, where the prosumers who generate more than they consume do not receive credits from the utility, and likewise are not paid for the surplus energy that is fed to the grid at the end of the billing period; net metering with buy-pack, where the prosumers are paid by the utility operator for the excess generated energy during the billing period at a rate below the electricity market retail rate, equal to the electricity market retail rate, or above the electricity market retail rate; net metering with rolling credit, where the excess energy generated by the prosumers in one billing period is considered as credits to reduce the grid electricity consumption expenditure of the prosumers in the following billing period; or net metering with rolling credit and buy-back, where the prosumers receive monetary credit for any surplus generated energy fed into the grid network at the end of the banking period (in this case, the banking period is considered to be greater than one billing period) [79]. Net metering schemes could adopt different compensation approaches to meet the value of the energy generated and fed into the grid by the prosumers’ systems. The existent compensation approaches for net metering schemes are discussed in Section 3.2.1.



3.2.1. Net Metering Scheme Compensation Rates


Under the net metering scheme, the energy generated and fed into the grid network by the prosumer is valued at the electricity market retail price,; this system is referred to as the traditional net metering (TNM) scheme [46]. In addition to the retail rate approach, the net metering scheme compensation rates could also be evaluated based on the value of the solar rate, or avoided cost rate, as shown in Figure 5 [80].



The electricity retail rate approach provides relatively high compensations compared to the other approaches of determining the compensation rates. The retail rate-based compensation rate considers all the costs incurred in generating electricity and in operating, and maintaining the grid network, as well as other utility-related expenses, while the avoided cost rate-based compensation rate primarily reflects the costs incurred in generating electricity. Avoided cost rates are usually referred to as wholesale electricity rates [80]. The value of the solar rate approach reflects more or less the same considerations as the avoided cost rate approach with an addition of the evaluated societal benefits recorded with adoption of distributed solar PV, such as the reduction in air emissions, as shown in Figure 5 [80]. Table 4 shows a brief description of the different net metering scheme compensation rate approaches.




3.2.2. Net Metering Scheme Categories


The application of the net metering scheme to energy business initiatives can be achieved by different methods. These methods are conventional net metering (CNM), virtual net metering (VNM), group billing (aggregate) net metering, and joint-ownership (remote) net metering [15,46,80], as shown in Figure 6. The conventional net metering scheme is the most frequently applied scheme for the COEB and TPOEB initiatives, while the virtual net metering, group billing net metering, and joint-ownership net metering schemes are applied to the CSEB initiatives. Table 5 shows a summarised description of the different net metering scheme categories.



The adoption of VNM scheme for CSEB initiatives has not occurred without conflicts being registered between the utility operators and prosumers. For instance, in California and New York, the adoption of community net-metering provision for the CSEB initiative was opposed by the utility operators on the principle argument that the cost incurred by the utility for the net metering scheme payments should be endured by the non-scheme-participating utility customers, which jeopardises equity of energy access, and likewise causes a cost burden for the utility operators and non-scheme-participating utility customers [17]. It is asserted that utility operators were never excited about the adoption of a net metering scheme that further proposed a reduction in the effects of the CSEB projects on their business goal of sustaining steady revenue inflows with limited operational risks. After its authorisation in New York in 2015, the program was so widely embraced by the developers that it faced challenges caused by a flood of CSEB project proposals from developers, which resulted in a backlash in some communities. In 2017, the VNM scheme was temporarily terminated, and the initiative was adopted with the new VoS scheme. However, the VoS scheme was highly opposed by the developers, resulting in about 175 solar PV projects being cancelled by the developers, which was estimated to represent approximately a $1 billion investment loss. In 2019, the virtual net metering policy was revised and reactivated in New York, ensuring pricing stability, access to community credit by developers, and capped projects under the net metering scheme to 750 kW capacity [17].





3.3. Net Billing Scheme


The net billing scheme utilises two meters; one to records the grid energy consumed by the utility customer, while the other records the energy fed into the grid network by the prosumer for every billing period. The net billing scheme permits the utility operator to bill the prosumer for all the energy supplied by the grid network, while the prosumer obtains payment for all the energy fed into the grid network [79,87]. The net billing scheme may adopt any of the following approaches: net billing with buy-back, where the prosumers are not allowed to bank any surplus energy fed into the grid network between the billing periods, such that the utility operator pays the prosumers using the contracted buy-back plan at the end of every billing period; net billing with rolling credit, where the prosumers are allowed to bank the gained credits and use them to reduce the energy consumption charges in the following billing period, but the prosumer receives no compensation for the excess credits at the end of the banking period; or net billing with rolling credit and buy-back, where the prosumers are allowed to bank gained credits between billing periods and the utility pays for the excess credits at the end of the banking period using the contracted buy-back plan [79,87].



The possible buy-back plans for the net billing scheme are: the below-retail-rate buy-back plan, where the prosumer is paid by the utility at a value less than the electricity market retail rate for all the electricity fed into the grid; the retail rate buy-back plan, where the prosumer is paid by the utility at a value equivalent to the electricity market retail rate for the energy fed into the grid network; and the premium buy-back plan, where the prosumer is paid by the utility at a value greater than the electricity market retail rate for all the energy fed into the grid network [79]. Notably, the below-retail-rate buy-back plan is the commonly used plan for net billing schemes. Thus, the net billing scheme compensates the prosumers at the wholesale electricity market price, reflecting more accurately the value of the energy fed into the grid network [30,34]. The invoice sent by the utility operator to the prosumer is based on the value of the energy consumption from the grid network after subtracting the value of the energy fed into the grid network [34]. The net billing scheme is enacted in places such as Indonesia, Australia, Italy, Mexico, Portugal, Arizona, and New York [30]. Table 6 shows some of the other methods used to determine the compensation tariffs for excess electricity fed to the grid under the net billing scheme [30].



The net billing scheme is an alternative approach that is used to address some of the limitations of the net metering and FiT schemes’ compensation mechanisms applicable to the prosumers, as well as to foster self-consumption amongst the prosumers [30]. The net billing scheme avoids the “death spiral” phenomenon for utility operators that can emerge in the case of net metering and FiT schemes. For instance, prosumers participating in the net metering and FiT schemes are most likely to generate energy at levels that are not optimal for the grid, due to overcompensation for the energy fed into the grid network. This overfeeding of energy into the grid network could result in revenue losses for utility operators and an increase in electricity market retail rates in order to stabilise the utilities’ revenue flows. Consequently, this makes the grid more expensive for customers who rely entirely on the grid network for their energy supply. However, the likelihood of the “death spiral” occurring is very low when the net billing scheme is enacted, since it prevents undue overcompensation by the prosumers [30].



The below-retail-rate buy-back plan, also known as the wholesale rate, is the widely used compensation strategy for net billing schemes [34,88]. However, the dynamic buy-back method, as described in Table 5, is asserted to be the most suitable net billing scheme for regulating solar PV electricity self-consumption [30,88]. Generally, the net billing schemes are widely considered to give lower compensation tariffs in comparison to the electricity market retail rates to the prosumers for the surplus energy generated and fed into the grid network, while net metering schemes are considered to give compensation tariffs equivalent to the electricity market retail rates [34,88]. Thus, net billing schemes foster the maximisation of self-consumption amongst the prosumers. Overall, the net billing scheme has similar issues to the net metering scheme, although is more easily controlled through the setting of the feed-in rate of the surplus energy into the grid network by the prosumer [89]. In both schemes, the compensation rates are intrinsically linked to the electricity market retail rates. Thus, it is very important to understand how the electricity market retail rate designs are changing to comprehend the impact of solar PV electricity compensation [89].



Generally, as discussed in this section, all the existent billing schemes for the energy business initiatives have faced some form of opposition from the involved stakeholders, especially based on their compensation rates. Furthermore, it has been revealed herein that these billing schemes have been widely adopted and have succeeded in the developed countries, but they have either been ignored or struggled and failed in the developing countries. Thus, to address such imbalances in energy business initiative implementation around the world, with the emphasis on the developing countries, the necessity for other scheme frameworks for the energy business models was pointed out [90]. Therefore, Section 4 discusses the novel billing scheme known as the store-on grid scheme, and how it addresses some of the shortfalls of the existent billing schemes for energy business initiatives.





4. Store-on Grid Scheme


For the success of energy business initiatives, a stable and transparent billing scheme with an appropriate tariff that lowers the financial risk of the stakeholders is crucial in the design and development process of the initiative [41,45,51]. The selection of a suitable and powerful billing design is considered the most crucial aspect of the design of energy business initiatives [51]. Therefore, developing self-sustaining energy business models for RET was recommended in [2,6,57,91], particularly for developing countries [90]. The store-on grid (SoG) scheme for the grid-connected rooftop-mounted solar PV systems was presented in [33,85] for the CSEB initiative. Thus, this section discusses some of the details of the SoG scheme that are generally applicable to CSEB initiatives.



The SoG scheme emphasises self-consumption of the generated energy amongst CSEB project members. To achieve maximum self-consumption, a battery energy storage system (BESS) was introduced in this scheme to be collectively used by the participating members of the microgrid to store their surplus generated electricity before feeding any excess electricity into the grid. The SoG scheme comprises three actors, namely, the prosumers, the utility, and the government, who are governed by the PPA contract. The individual prosumers under the PPA contract are obliged to buy and install the solar PV system on their rooftops, while the government is mandated with the acquisition and installation of the BESS. The utility is mandated to buy the excess energy generated by the prosumers that is fed into the grid network, as well as supplying energy to the individual prosumers whenever there is insufficient or no energy generation from the installed solar PV system and BESS [85]. To monetise the energy transactions amongst the SoG scheme actors, the governing expressions for evaluating the charging rates are well stipulated in [33,85], and their brief descriptions are shown in Table 7.



To depict the high-level strategic details appropriate for the success of an energy business initiative using the SoG scheme model, the energy business model canvas in Figure 7 was developed to depict how the energy business initiative using the SoG scheme could create and deliver value, make money, and visualise its structure. The store-on grid scheme has been investigated for its viability by consideration of the industrial sector in comparison to the time-of-use rating scheme used by the utility in Uganda [33,85]. The investigation results revealed that the industrial prosumer could record about a 12.5% decrease in the prosumer’s annual electricity purchase cost. Additionally, about 80% of the annual energy demand could be supplied by the solar PV system (which is about 84% of the annual solar PV generated energy), while only 20% is supplied by the utility [85]. Furthermore, the utility would record more profits annually by using this scheme in comparison to the currently utilised time-of-use rating scheme to bill the industrial customers. Likewise, through the scheme, both the government and prosumers would record significant revenue collection annually from generated energy sold to the utility operator [33]. Furthermore, the scheme has been compared with other billing schemes, namely, the FiT scheme and the NM scheme, to demonstrate its strength and applicability [85]. An interested reader could find more details about the SoG scheme model in [33,85].



The SoG scheme was further investigated for its viability across selected Sub-Saharan African (SSA) countries [92]. The SSA countries considered were Namibia, Kenya, Madagascar, Mali, Niger, Cote d’Ivoire, Senegal, Togo, Cameroon, Eswatini, Zimbabwe, Rwanda, and Burkina Faso. Each individual country’s datasets applicable to the SoG scheme and a typical industrial building as a baseline prosumer were considered while assessing the scheme’s viability. Two SoG scheme scenarios (A and B) based on the solar PV module prices, that is, module prices for scenario A and scenario B of 40 c$/W and 65 c$/W, respectively, were used in the analysis. Under scenario A, the SoG scheme was found to be viable in nine out of the thirteen considered SSA countries, namely, Namibia, Senegal, Burkina Faso, Mali, Niger, Togo, Eswatini, Rwanda, and Cameroon. Furthermore, under scenario B, the SoG scheme was established to be viable in only four out of the thirteen considered SSA countries, namely, Namibia, Senegal, Togo, and Burkina Faso. For both scenarios, the SoG scheme was not viable in Kenya, Madagascar, Cote d’Ivoire and Zimbabwe, due either to low electricity market retail rates or high lending interest rates [92]. Likewise, the electricity market retail rates in most of the SSA countries did not reflect the cost of electricity services due to the under-pricing of the electricity because of government subsidies [93]. However, it is asserted that with the availability of soft loans with lower lending interest rates dedicated to renewable energy initiatives, the SoG scheme could be viable in all the selected SSA countries [92].



Overall, by considering the developing countries, the African continent is endowed with vast solar PV potential estimated at 10,000 GW, with an annual technical potential of solar PV energy estimated at about 6500 TWh [94,95]. Limited energy consumption, grid reliability challenges, repressive electricity retail rates, and financial constrain for the utility operators are some of the factors that describe the energy sector in the SSA region [96]. The grid reliability concern in the SSA region is a major constraint due to the common occurrences of grid outages across most of the SSA countries [96]. The frequent grid outages are mainly attributed to the insufficient electricity generating capacities in the region and/or the poor states of the transmission and distribution infrastructures in these countries [97]. The sector most affected by such grid outages is the industrial sector, which often opts for backup diesel generators, which are costlier than grid electricity [97]. The cost of electricity disruptions across SSA is estimated to result in about a 2.1% GDP reduction and a 4.9% reduction in the total sales recorded by firms in the SSA regions compared to situations of dependable electricity supply [98]. Thus, the discussion and policy recommendations in this study are mainly directed toward how decision and policy makers in developing countries, especially in the SSA region, can benefit from the abundant solar resource by adopting rooftop solar PV systems and CSEB initiatives that use the SoG scheme, with an emphasis on the industrial sector.




5. Recommendations


This overview study of the customer-side renewable energy business models made the following recommendations for the betterment of the operationalisation of different business initiatives. Some of the key deductions of this study are as follows:




	
Although most of the developed countries have been successful at implementing the FiT scheme, most of the developing countries have struggled and/or failed to achieve the scheme’s set targets. Aspects such as unattractive low rates and unfavourable institutional designs for FiT policies were prominent amongst the developing countries, especially in the SSA countries. Additionally, the developed countries incorporated their FiT schemes with other incentives, such as soft loans with low lending interest rates, which was not the case in the developing countries. Therefore, for developing countries to jumpstart the implementation of FiT policies, these policies should be well domesticated and incentivised to facilitate project profitability.



	
The virtual net metering scheme is the most frequently used net metering scheme category for community-shared energy business initiatives in the developed countries. Other scheme categories, namely, joint-ownership and group billing, are enacted in some states in the US. Generally, all the existent billing schemes have met opposition from the stakeholders for different reasons. Even the widely adopted virtual net metering scheme is highly contested, especially by the utility operators, who describe it as the cause of the cost burden on the utility operators and non-scheme-participating utility customers under the virtual net metering scheme. It is appropriate that all stakeholders are involved in the scheme planning and developing stages to accommodate their views as well as to establish a buy-in to facilitate scheme success at its implementation.



	
The store-on grid scheme shows potential for addressing most of the highlighted shortfalls of the existent billing schemes for community-shared energy business initiatives. The SoG scheme defines all revenue streams for the stakeholders participating in the community-shared energy business project, and presents options for evaluating the revenue for each of the stakeholders, which addresses the shortfall of the VoS compensation approach, which has no widely utilisable methodology to evaluate its rate. Likewise, the SoG scheme addresses the shortfalls for the FiT scheme and VNM scheme categories by guaranteeing profitability to all the stakeholders through its governing constraint. The SoG scheme should be further studied and piloted to ascertain its strength over the other schemes.



	
The developing countries could foster solar PV technology, especially in rooftop-mounted form, by utilising the SoG scheme for community-shared energy business initiatives. The developing countries should start with the industrial sector in rolling out the community-shared energy business initiatives, since it is the most highly affected sector due to the grid outages. Furthermore, because industrial buildings have large rooftop spaces that can accommodate solar PV systems of considerable size, they could be used for solar PV installation, rather than ground-mounted solar PV installation, which necessitates clearing and/or acquiring of land. Thus, land could be reserved for other purposes, such as agriculture, and rooftops utilised for solar PV energy-generation purposes.








In this study, the policy recommendations made for energy business initiatives are mainly focused on the developing countries, since they are the most under-electrified areas and frequently experience grid outages. However, some of the recommendations can also be adopted in the developed countries. In the future, the suitability of the SoG scheme as a billing scheme for community-shared energy business projects will be examined for developed countries, and the appropriate policy recommendations shall be made.




6. Conclusions


An overview of customer-side renewable energy business models based on their categorisation is presented in this study. The extent of adoption of energy business models worldwide is reviewed, highlighting where they are a success and/or a failure. The study further presents a discussion on the existent billing schemes that have so far been adopted by developers for the different categories of energy business models. Likewise, the successes and/or failures of these billing schemes are discussed. Furthermore, the study reviews the store-on grid scheme and its potential as an alternative billing scheme to address the shortfalls of the existent billing schemes. Finally, the study presents a policy discussion on how the developing countries can foster solar PV technology deployment through energy business models, especially by adopting the store-on grid scheme as a billing scheme. The study gives recommendations on the appropriate approaches that policy makers in the developing countries could take into consideration to overcome some of the hindrances that were noted under other schemes, such as the FiT scheme.



Overall, the billing scheme remains the greatest challenge faced by stakeholders during the design process of the energy business models. The existent billing schemes, such as net metering categories for CSEB initiatives, have been widely opposed in the developed countries by the stakeholders, as discussed in Section 3, while the FiT scheme has failed in the developing countries for the COEB initiatives. However, the policy makers in the developing countries could utilise the SoG scheme for CSOEB initiatives. The SoG scheme addresses challenges such as the insufficient levels of compensation rates that were encountered under the FIT scheme, and the cost burden on the utility operators and non-scheme participating utility customers that were experienced under the net metering scheme, by presenting a method that can be utilised to evaluate the compensation rate at which the prosumer feeds the surplus generated energy into the grid network. Additionally, the SoG scheme is constrained in such a way that the feed-in grid rate is always slightly higher than the LCOE of solar PV systems but lower than the average utility electricity market retail rate, to guarantee the profitability of the energy transaction to all the stakeholders. Likewise, the SoG scheme addresses the challenge of nonexistent methodology for evaluating the value of solar energy under the VoS compensation approach for the net metering scheme. The SoG scheme presents well-stipulated expressions for the evaluation of every monetary exchange involved in the energy transactions under the scheme amongst the stakeholders.



Furthermore, it is appropriate that the policy makers specify the target community group as well as the goals for the CSEB initiative. For instance, in the SSA region, the industrial sector could be considered as the target community grouping for the CSEB initiatives. In most of the countries, industries are found in industrial and business parks. Likewise, industrial buildings often have large rooftop spaces that can accommodate a considerable size of the solar PV arrays. The industrial sector is equally the most affected by grid outages in the developing countries. Therefore, goals such as environmental mandates, access to clean electricity, and creation of economic value for stakeholders should be highlighted, and appropriate communication channels should be adopted to raise awareness as well as to gather feedback from the target community grouping by the policy makers. This approach would foster a clearer comprehension of the communities that are being served (or not) by the CSEB initiatives. This is crucial in establishing whether CSEB initiatives enhance the sense of community belonging for the stakeholders as well as for the evaluation of the tangible community benefits of the CSEB initiative for sustainable development. Notably, such energy business initiatives advocating for the deployment of RET have significant impacts on the sustainable development of the communities implementing them.



As reported in some developed countries, particularly in Germany, the success of energy business models was supported by other incentives, such as soft loans with low lending interest rates. Policy makers could revise existing government subsidies on fossil-fuel-based electricity generation in the developing countries and direct them toward the deployment of solar PV technology. Likewise, policy makers should devise means of establishing soft loans with low lending interest rates dedicated to fostering the deployment of solar PV technology. Furthermore, policy makers could lobby funds from international funders, such as the clean development mechanism based on the carbon emissions avoided by adopting the solar PV technology. Generally, international funding sources rely on the carbon emissions avoided as a criterion for supporting an initiative. Therefore, based on the sustainable development benefits of RET on the communities, policy makers should ensure that a conducive environment is established for target community groups to adopt the energy business initiatives being advocated for. This can be achieved by the government rendering all possible assistance to the potential participants, such as soft loans, awareness, and sensitisation regarding energy business initiatives.
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Nomenclature




	BESS
	Battery energy storage system



	COEB
	Customer-owned energy business



	CREBM
	Customer-side renewable energy business model



	CSEB
	Community-shared energy business



	DG
	Distributed generation



	FiT
	Feed-in tariff



	NB
	Net billing



	NM
	Net metering



	SDG
	Sustainable development goal



	RES
	Renewable energy sources



	SSA
	Sub-Saharan Africa



	TPOEB
	Third-party ownership energy business



	SoG
	Store-on grid



	PPA
	Power purchase agreement



	UREBM
	Utility-side renewable energy business model



	UK
	United Kingdom



	PV
	Photovoltaic



	CNM
	Conventional net metering



	VoS
	Value-of-solar



	VNM
	Virtual net metering



	US
	United States



	RET
	Renewable energy technologies



	GDP
	Gross domestic product



	TNM
	Traditional net metering
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Figure 1. Two general energy business models and their location in the power system. 
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Figure 2. FiT scheme payment design categories. 
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Figure 3. Strength comparison between market-independent and market-dependent FiT payment schemes. 
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Figure 4. Market-independent fixed price determination approaches. 
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Figure 5. Methods for evaluating the net metering scheme compensation rates. 
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Figure 6. Net metering scheme categories. 
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Figure 7. Store-on grid model canvas for the energy business initiative. 
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Table 1. Some of the reviewed studies on energy business models for solar PV technology.
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	Reference
	Location
	Customer-Side Renewable Energy Model Adopted
	Comments





	[6,9]
	The Netherlands
	
	
Customer-owned



	
Community-shared



	
Third-party ownership





	
	
Customer-owned projects were the highest on a national level, followed by the third-party projects.



	
Feed-in tariff scheme was used for the COEB initiatives.



	
Virtual net-metering was used for the CSEB and TPOEB initiatives.








	[10]
	China
	
	
Customer-owned



	
Third-party ownership





	
	
The feed-in tariff scheme was used for the COEB initiatives.



	
PPA and lease contract billing were used for the TPOEB initiatives.








	[11]
	The Netherlands

Germany
	
	
Community-shared





	
	
The CSEB initiatives were investigated based on the adoption of the feed-in tariff scheme as the billing type.








	[4,12,13]
	Germany
	
	
Customer-owned





	
	
The feed-in tariff scheme was used along with a low-interest loan scheme.








	[12,13,14]
	United States
	
	
Third-party ownership





	
	
The PPA contract billing was used for the TPOEB initiatives.



	
The lease contract billing was used for the TPOEB initiatives.








	[8,15,16,17,18]
	United States
	
	
Community-shared





	
	
The virtual net-metering scheme was the mostly used billing type.



	
Joint ownership billing and group billing are also used in some states.








	[18]
	India
	
	
Community-shared





	
	
The virtual net metering scheme is enacted for the CSEB initiatives in New Delhi.








	[19]
	Taiwan
	
	
Community-shared





	
	
The CSEB initiatives were investigated for environmental protection benefits.



	
The study considered the virtual net metering as the billing type for the CSEB initiatives.








	[20]
	United Kingdom
	
	
Community-shared





	
	
The feed-in tariff scheme was considered as the billing type for the CSEB initiatives.








	[21]
	China

South Korea
	
	
Community-shared





	
	
The study investigated the role of CSEB initiatives on the socio-technical transition process in urban areas.



	
The study considered the retail rate as the billing type for the CSEB initiatives.








	[22]
	India
	
	
Community-shared





	
	
The CSEB initiatives were investigated for environmental protection benefits.



	
The study considered the net metering (retail rate plan) as the billing type for the CSEB initiatives.
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Table 2. Comparison of the customer-side renewable energy business models.
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	COEB
	TPOEB
	CSEB





	
	
Customers are required to make firm commitment



	
Customers meet the high upfront investment cost



	
Models have negligible impact on eradication of awareness and behaviour barriers



	
Models have negligible impact on eradication of financial and profitability barriers



	
Technical barriers exist, since the customer takes on the maintenance responsibility



	
Customer owns the system





	
	
Customers are required to make firm commitment



	
Companies meet the high upfront investment cost



	
Awareness and behaviour barriers are slightly reduced



	
Financial and profitability barriers are slightly reduced



	
Technical barriers are reduced because in PPA the companies take on the maintenance responsibility



	
Companies own the system





	
	
Customers are not required to make a firm commitment, because the model offers significant flexibility via transferable solar bonds.



	
Customers do not have to pay high upfront costs, and agreements are easily terminable or modifiable; the value is organised around these aspects.



	
Awareness and behaviour barriers are highly eradicated



	
Financial and profitability barriers are completely eradicated



	
Technical barriers are reduced because in PPA the companies take on the maintenance responsibility



	
Customers own shares in the system
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Table 3. Brief description of the FiT scheme models.
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FiT Scheme Category

	
FiT Scheme Model

	
Description






	
Market-independent remuneration schemes [69,70]

	
Fixed price model

	
A fixed minimum rate for buying the energy generated from the RES is set for a contracted period of the PPA, without considering the electricity market retail rate and inflation.




	
Fixed price model with full or partial inflation adjustments

	
The inflation adjustments under this FiT model safeguards the RET developers from real value reduction in the revenue inflows by considering fluctuations in the broader economy.




	
Front-end loaded model

	
This FiT scheme allows for higher payments to be made in the earlier years of the project than the later years, which appropriately skews the developers’ revenue inflows in favour of the earlier years of the RET project’s lifetime.




	
Market-dependent remuneration schemes [69]

	
Premium price model

	
A constant premium or bonus is offered to the developers over and above the average electricity market retail rate. Under this model, the developer sells the electricity on the spot market rate rather than through long-term PPA contracts.




	
Variable premium price policy

	
The scheme includes both the caps and floors, appropriately permitting the premium rate to vary as a function of the electricity market retail rate. The premium rate reduces in a graduated manner until the electricity market retail rate reaches a certain level, at which point the premium rate declines to zero, and the prosumer receives the spot market rate (electricity market retail rate).




	
Percentage of the retail price model

	
A fixed percentage of the electricity market retail rate is determined, at which the energy from RES would be bought. The percentage could determine the FiT rate as either above, equal, or below the average electricity market retail rate.




	
Spot market gap model

	
The actual FiT payment is composed of the gap between the spot market rate and the required FiT rate, in that if the electricity market retail rate goes up, the FiT premium rate reduces, and vice versa.
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Table 4. Brief description of the different net metering scheme compensation rate approaches.
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	Compensation Rate Approach
	Description
	Shortfalls
	Where It Is Operating





	Retail rate
	The retail rate compensation approach of the net metering scheme involves the utility offering an electricity market retail rate to compensate the prosumer for the solar PV energy generated and fed into the grid network. This approach is the most frequently used compensation strategy for net metering schemes; it is also known as the traditional net metering scheme [46,81].
	An investigation into the net metering schemes in the US asserted that the net metering schemes that are advertised and considered to offer a fully 1:1 compensation for the energy fed into the grid actually do not offer fully equal compensation rates in their operations [81].

Utility companies were found to be distorting the adopted net metering compensation approach through uncertain and/or unreliable characterisations of their net metering policies.
	Alaska

Arkansas Connecticut

Delaware

Florida

Illinois

Indiana

Iowa

Kansas

Kentucky

Minnesota

Montana

Nevada



	Avoided Cost Rate
	The avoided cost rate compensation approach considers the cost that the utility operator would have incurred in purchasing or generating an equivalent amount of energy generated by non-RET, such as a fossil fuel-based thermal power plant. The value varies depending on factors such as the time of day of the generation of energy from the solar PV system, which determines which non-RET it would be able to replace [81,82].
	The avoided cost rates are considerably low for periods of low energy demand, when electricity is primarily produced by the baseload generating power plant that operate all the time and are difficult to turn on and off. However, the avoided cost rate for solar PV electricity is higher during times of higher electricity demand, when it replaces peaking power plants that are more expensive to for utility operators to maintain [83].

The avoided cost rate sometimes considers a multiplier of 7%–8% as a factor to account for the power losses in the lines during energy transmission of the avoided energy to its point of consumption [83].
	Arizona Louisiana Missouri Nebraska

New Hampshire New Mexico

New York

North Dakota



	Value-of-solar Sell Rate
	The value-of-solar (VoS) sell rate of the net metering scheme has emerged as an alternative rate evaluation methodology to the retail rate-based net metering scheme. The VoS sell rate monetises the costs incurred by and benefits related to the solar PV system under the energy business initiative [51,84]. Under the VoS sell rate, the system’s incurred costs are deducted from the benefits to evaluate the VoS sell rate at which the utility operator would credit the prosumers. The VoS sell rate aims to pay the estimated value of energy fed into the grid network by the energy business project based on the utility assessment [84].
	The most challenging aspects of the VoS sell rate are the selection of the components to consider in the value stack and the identification of the appropriate methodology for monetising each component [51,84]. Austin Energy in Texas was the first to adopt the VoS sell rate of net metering scheme designed for rooftop solar prosumers. At its implementation, the VoS sell rate was higher than the electricity market retail rate, mainly due to the consideration of the fuel price-hedge benefits in the value stack [51].

VoS sell rates have been considered by the utilities to be unfavourable and high in comparison to the value of the added electricity generating capacity [15].

The VoS sell rate approach of net metering does not yet have a widely utilised methodology for evaluating the sell rate given that wherever it has been enacted, the list of components considered for the value stack analysis differs [51,54,84].
	New York

California

Arizona

Virginia

Maine

Hawaii

Minnesota
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Table 5. Summarised description of the net metering scheme categories.
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	Net Metering Scheme Categories
	Description
	Shortfalls
	Where It Is Operating





	Conventional Net Metering Scheme
	The conventional net metering (CNM) scheme is one where the prosumer at the customer-sited RET system is connected to the grid network through the customer’s utility meter, referred to as the “behind-the-meter-generation”. If a prosumer has a higher energy demand than the installed system generates, all the energy generated from the installed system is used on-site by the prosumer, and the site’s energy demand is supplemented by the grid supply. However, if the customer uses less energy than the installed system generates, the excess energy is fed into the grid network and the customer receives credits from the utility operator.

The CNM scheme is enacted in about 44 states in America to allow the utility operators to credit the DG systems’ prosumers, specifically the rooftop solar PV systems [43].
	Most utility operators oppose the net metering policy, mainly because the utility customers who are not participating in the net metering initiative end up subsidising the prosumers participating in the net metering scheme, since costs incurred in transmitting, distributing, and other grid-related costs are not considered in the net metering scheme [17,41,42].

So far, the simplistic solution to correcting for these unrealistic subsidies has been the application of a corrective tariff for the prosumers to maintain financial stability for the utility operators and preserve equity between ratepayers.
	Michigan (US)

Saskatchewan (Canada)

Uttar Pradesh (India) have ended the CNM scheme to any new COEB projects [18].

The CNM scheme has been ignored by most governments in the African countries [85,86].



	Virtual Net Metering Scheme
	Virtual net metering (VNM) operates on a similar principle to the conventional net metering scheme; however, the prosumer’s electric meter does not physically roll backward whenever the installed solar PV system under the CSEB initiative generates energy; instead, the prosumer receives bill credits based on a pre-determined formula [46,51]. The VNM scheme allows a single RET system to generate credits that could be used to reduce the load of several prosumers within the utility’s operating locality [41,46]. Like the conventional net metering schemes for the COEB initiatives, the tariffs paid to the prosumers under the CSEB initiatives through the VNM schemes vary and could be above, equal to, or below the electricity market retail rates [45]. The VNM scheme is the most common billing scheme utilised for CSEB initiatives [43,45].
	Without the costs incurred by the utility operators in distributing, and other grid related costs being accounted for in case of a CSEB project that is not located at the prosumers’ property, the scheme remains unfair to other utility customers, especially where the VNM tariffs are set above or near electricity market retail rates [41,45].

Netting the solar electricity generated by the CSEB project to individual prosumers’ billing against their electricity utilisation from the grid on a one-for-one basis remains a challenge for the utility to address [41].
	California

Colorado

Connecticut

Delaware

Massachusetts

Maine

Minnesota

New Hampshire

New York

New Mexico

Vermont

Washington



	Group Billing Net Metering Scheme
	The group billing net metering scheme operates in a similar manner to the master metering mechanism in a multi-unit residential or commercial building [46]. That is, under the master-metering mechanism, a landlord or manager receives a single electricity bill for all the energy usage for the building that includes all the tenants’ electricity consumption. Then, the landlord proceeds to determine how to assign the electricity costs to the individual tenants considering their tenancy leases. Thus, the group billing scheme for the CSEB projects operates in a similar way, except that the group members may not necessarily reside in the same building. First, the utility operator prepares a group bill slip covering all the members’ electricity usage and the other charges levied. Then, the solar PV energy generated under the CSEB project is deducted from the group’s energy usage bill. The outstanding energy consumption costs are apportioned to the group members in accordance with their agreement [15,46]. In this case, the group billing scheme permits several members to receive credits generated by a single RET project. Thus, the CSEB project generated electricity is valued at a compensation rate in a similar manner as the VNM scheme [15,46].
	A shortfall for the group billing scheme is that a prosumer representing all the others must serve as the contact person and middleperson between the group prosumers and the utility operator. The contact prosumer assumes tasks such as billing the other members as well as resolving disputes that expose the person to administrative burdens. Because of such obligations, the contact person of the group might face concerns about creditworthiness [46]. Nonetheless, literature asserts that a rationale and practical concept of engagement should be secured, that is, there should be strong democracy amongst the participating members of the CSEB project for the initiative to succeed [55]. Thus, if the CSEB initiative is using the group billing scheme, there should be internal mechanisms regulating and guiding the participating members.
	Vermont

Delaware



	Joint Ownership Net Metering Scheme
	The joint ownership net metering scheme distributes the benefits to the participating members of the CSEB project through the frameworks, similarly to a wholesale electricity sale arrangement [15,46]. The joint ownership scheme allows the participating members of the CSEB project to benefit from the value of the system’s generated energy against their respective utility bills for energy usage, and likewise permits the participating members to capture the value from the energy generation incentives [15].
	A significant downside of the joint-ownership scheme is that payment for the electricity sales to the utility is considered a taxable income. Thus, depending on the tax bracket the individual prosumers face, the taxes incurred for the payments from the energy sales could significantly reduce the project’s benefits available to participating prosumers [46].
	Maine

Colorado

Washington
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Table 6. Methods used to determine the compensation tariffs for surplus energy for the net billing scheme.
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Method

	
Description

	
Location of Application






	
Time of use tariffs

	
Static

	
Rates are evaluated in advance by consideration of the historical power system balance

	
Mexico




	
Dynamic

	
Rates are evaluated in real time by consideration of the actual power system balance or linked to wholesale electricity market rates

	
Finland




	
Location-varying tariffs

	
Rates are evaluated by consideration of the grid congestion at different nodes, as well as other factors, such as environmental factors

	
New York

Mexico




	
Tariffs based on the avoided cost of electricity

	
Rates are evaluated by consideration of the marginal cost of energy procurement that would be avoided by retailers/utility operators due to the injection of one unit of renewable energy into the grid network

	
Arizona
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Table 7. Brief description of SoG scheme entities.
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	SoG Scheme Entities
	Description





	Self-consumption cost
	This is the rate at which the prosumer consumes the energy generated by the solar PV system installed on the rooftop. This cost is equivalent to the levelised cost of energy (LCOE) for the solar PV system, since the prosumer directly uses the generated electricity.



	Store-on grid cost
	This is the rate at which the prosumer is charged for using the BESS to store the energy that is drawn back to supply onsite demand. This rate is charged by the utility on behalf of the government, the facilitator of the BESS. Thus, the prosumer consumes the drawn-back solar energy from the BESS at the sum of the self-consumption cost and store-on grid cost.



	Feed-in grid rate
	This is the rate at which prosumers under the SoG scheme are contracted to feed their surplus generated solar electricity into the grid. This rate is always slightly above the self-consumption cost (LCOE) for the solar PV system to allow the prosumer minimal returns on investment and to safeguard against windfall profits. Likewise, this rate is slightly lower than the utility sellback rate to enable utility operators to make some profits from the energy transaction.



	Utility sellback rate
	This is the rate at which the utility operators are obliged under the scheme to sell energy from the grid network to the prosumers under the scheme. This rate is normally the average of the time-of-use rates offered by the utility operator to its energy generating customers.



	Government revenue
	This is the rate that the government collects as tax from every unit of energy generated and fed into the grid network by the prosumers in the scheme. Thus, this levy is charged only on the prosumer generated energy sold to the utility operator, while the ordinary tax charges apply to the energy sold by the utility to the prosumers.
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generation
- Maximize self-
consumption
- Utilize free rooftop spaces
- Micro-gnd with a BESS
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Key Resources
- Solar PV technology
- Human resource
- Rooftop space

Value Proposition

- Guaranteed energy and cost
savings for customers

- Cost-effective way to
finance clean energy projects

- Leverages utilities aunique
relationship with their
customers

- Mimmizes GHG emissions
from energy generation

- Reservation of land space for
other devel opmental
activities

- Guaranteed profitability to
all stakeholders

Channels

- Sensitizing and
marketing to the
industry buildings’
owners/operators
mainly through the
local government and
avil society
organizations

Customer Relationship
- Direct relationship
between utility and
customers/developers
governed by the PPA
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Customer Segments
N | - Building owners

Revenue Streams

- Prosumers generate revenue
from electricity fed into the
gnd

- Government generate
revenue from tax levy and
usage ofthe BESS

- Utilities generate revenue
from selling the el ectricity
fed into the gnd by the
prosumers
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Comp etitive Strategy
- May need to offer additional
incentives such as soft loans
- Offers the average rate,
besides the time of use rate
to the scheme’s participating
prosumers for the electricity
bought from the utility

Cost Structure
- Solar PV technology
equipment costs
- Operation and
maintenance costs
- Sensitization costs

¥'| - Third-party developers

|

Values

- Low nisk way of reducang
electricity purchase costs

- Self-generation and self-
consumption of electricity

- Additional revenue
generating venture for
stakeholders

- Environmental benefits in
form of reduced GHG
EM1ss10ns
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Prominently used approaach to evaluate rates for the FiT
policies mainly for wind and solar PV technologies. It is

most commonly used approach in European Union
countries and has a proven success in driving renewable
energy development around the world.
.
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Relatively cost effective RET like wind and solar PV
technologies might not be able to benefit from the value-
based FiT approach unless a top-up premium tariff is
incorporated in order to receive a sufficient tariff.
Currently used in California, Australia and British
columbia.
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