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Abstract

:

The shift from large-scale centralised energy systems to smaller scale decentralised systems based on Distributed Energy Resources (DER) is likely to cause a sector-wide replacement of current electricity management practices and business models—creating a new energy paradigm. If handled well, such a transition will not be inherently disruptive; however, it can cause major disruption if long-held views and assumptions are not rapidly reconsidered and renewed, and new supporting structures are not swiftly put in place—hence, if disruption is experienced it will be due to a lack of strategic responses rather than the nature of the technology. This paper clarifies the nature of DERs and outlines key issues and opportunities associated with a range of associated service configurations and business models. The paper outlines key factors affecting the viability of such approaches and identifies leverage points for accelerating uptake. The paper concludes by considering how shifting landscape factors and related opportunities in the coming decades will shape the transition to a decentralised energy system. This paper contains findings from research performed at the Renewable, Affordable, Clean Energy Cooperative Research Centre (RACE CRC) in Australia.
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1. Introduction


As part of the transition from a centralised, fossil-fuel-based energy system to a decentralised, net-zero emissions system, electricity networks are now using a range of new forms of energy generation and storage that need to be integrated into established systems [1]. Options for renewable energy generation (such as solar PV and wind turbines) allow for smaller dispersed sites that are focused on meeting relatively local demand rather than being centrally located in extensive transmission and distribution networks. The economics of such systems is encountering a significant increase in the number of small- and medium-sized energy generators dispersed across the electricity system, which are classified as ‘Distributed Energy Resources’ or DERs [2].



These distributed forms of renewable energy generation provide a cost-effective source of electricity; however, intermittency needs to be managed through the use of energy storage and smart loads (controllable loads that can be switched on or off as needed to stabilise demand–supply operations) [3]. A range of energy storage types and various forms of smart loads are being used in electricity systems worldwide, including in Australia, USA, and Europe [4,5,6]. Such DER solutions are uniquely able to match local electricity generation with demands while accommodating variable electricity-use behaviour within associated governing policies and tariff structures.



A combination of factors needs to be considered when developing business models to facilitate DER uptake, operation, and maintenance [7]. These include incumbent utility practices; government planning and policies; system operator constraints and preferences; consumer behaviour; investment criteria; economic factors; environmental considerations; and social equity issues [8]. The transition to a DER-dominated energy system is being slowed by incumbents seeking to maintain the status quo, while also being driven by early adopters keen to take advantage of the new system. Hence, it is typical for governments to receive mixed signals for action, which can slow updates to crucial policies needed to facilitate the new options, causing mounting anxiety for the system [9].



Along with the need to upgrade infrastructure and update policies and regulatory frameworks, a further complicating factor is that energy consumers are now seeing themselves as energy producers keen to secure cheaper energy costs. These ‘prosumers’ present a challenge to existing energy markets accustomed to a limited number of energy generation sites and well-established customer relations. This new class of energy entity is changing the face of the sector with the proliferation of small and micro energy generation and storage sites across traditionally centralised energy networks. This is creating both challenges and opportunities for those that seek to prepare the energy system for such a transition [1].



This paper introduces various types of DERs and clarifies terminology used for their configuration within energy systems, and then presents and discusses combinations of DERs that together form new business models. The resulting business models are then presented and discussed for their influences, attributes, and impacts. This review uses papers and literature from 2002 onwards, which progressively describe increasingly developed system processes with newer literature. The review was performed using the strategic literature review principles. It does not follow PRISMA in full detail, because the research focuses on industry practice-orientated projects, but rather as a purely academic exercise.




2. Types of Distributed Energy Resources and Configurations


The world is increasingly recognising the potential for Distributed Energy Resources (DERs) to reduce costs associated with a shift towards a clean and reliable electricity grid, as well as creating a growing number of new ways to generate revenue, both for traditional and new business and parties [10]. However, this transition is proving difficult in the early stages as the new business cases are not yet properly understood and involve a number of factors that are not informed by periods of precedent [11,12,13,14]. At their core, such business cases include the combination of a number of DER options for energy generation and storage with appropriate business models, with types of DERs [11] including:




	
Solar Photovoltaic Panels (rooftop PV);



	
Wind Turbines (both small scale for urban applications and large scale for rural and offshore applications);



	
Battery (Chemical) Energy Storage (at a range of scales from household storage to transmission grid storage);



	
Thermal Energy Storage;



	
Electric Vehicles (storage capacities ranging from 65 kWh to 150 kWh for passenger vehicles and 250kWh to 500 kWh for buses and other large vehicles);



	
Co-Generation and Tri-Generation Units;



	
Biomass Energy Generators;



	
Open- and Closed-Cycle Gas Turbines;



	
Diesel and Gasoline Generators;



	
Hydroelectric Generators and Storage;



	
Fuel Cells.








As a result of the rapid uptake of many of these types of technologies—particularly solar photovoltaics and wind turbines—there is new potential to develop viable business models, for both the incumbent and new electricity system participants that harness DERs. Such business models will involve a range of customers, including regulated utility customers; commercial, institutional, and municipal organisations; and DER technology and service providers. New DER business cases are developing in a number of themes [8], including:




	
Individual Distributed Energy Generation (such as private rooftop solar that supplies residential homes or commercial buildings);



	
Aggregated Distributed Energy Generation (both co-located in physical precincts and virtually across various locations);



	
Distributed Energy Storage (such as batteries or electric vehicles storing excess renewable energy for use during evening peak periods, and back-up power);



	
Aggregated Distributed Energy Storage (both co-located and across various locations to provide energy supply, frequency control, and ancillary services).








This report provides a structure (in the form of a taxonomy) to explore specific DER business cases and compare them to current and perceived future landscape conditions. The intention is to better inform those entering the DER field and assist regulators, utilities, and retailers to navigate these changing conditions.




3. Terminology Related to Distributed Energy Resources


With the rise of clean, renewable, and affordable small-scale energy generation and storage technologies (such as rooftop solar panels and batteries), electricity system operation models are shifting away from centralised generation delivered to customers through a distribution network [15,16]. Previous energy generation technology, such as coal-fired power stations, presented environmental, health, and safety risks and should not be co-located with communities, and hence needed to be located away from consumers [17]. The more recent proliferation of clean, small-scale, nonfossil-fuel-based technologies enables more electricity to be generated locally safely (and quietly) and stored locally, which will cause fundamental changes to physical infrastructure and services across the grid. In the early stages of understanding the implications of this shift, the focus has been on the distinction between ‘centralised’ and ‘decentralised’ energy generation and storage options as shown in Figure 1 [18,19], where:




	
A ‘Centralised’ system involves a minimum number of large-scale energy generation options that are used to supply the majority of electricity needs across the grid, such as a large coal-fired power plant supplemented with gas turbines to meet varying demand.



	
A ‘Decentralised’ system involves a number of small- to medium-scale energy generation and storage options, such as standalone gas turbines, wind farms, battery storage, hydroenergy storage, and solar arrays, which are located at various points in the electricity network and can be aggregated to deliver services such as Virtual Power Plants (VPP) [19].








Despite this distinction explaining the shift away from a centralised electricity grid dominated by fossil-fuel generation, further classification is needed to begin exploring the various types of business models that will be viable in a decentralised system. Important distinctions in electricity management systems are those in which energy assets are situated in a distribution network for consideration of control and authority [20].



	
‘Front-of-Meter’ (FoM): Assets-situated FoM in distribution networks are the responsibility of Distributed Network Service Providers (DNSP) and the stakeholders involved in facilitating the asset and resource, such as a community battery being owned and operated by DNSPs and municipalities [21].



	
Behind-the-Meter (BtM): Conversely, assets-situated BtM are the responsibility of the particular metered customer and are located onsite. BtM DERs can interact with distribution and transmission networks under appropriate agreements to provide energy arbitrage and Frequency Control and Ancillary Services (FCAS) [22,23]. The physical distinction between FoM and BtM is outlined in Figure 2 [23].






It is likely that a combination of the two options will provide the most efficient and affordable option for electricity supply to cities around the world, requiring the development of new and appropriate business cases. Despite historical monopolies by distributers and electricity providers, electricity service roles will need to be re-envisioned over time as more energy is generated, stored, and used behind meters. A key element of this transition will be the balance between over-sizing local equipment to meet peak periods and relying on grid electricity to ensure reliability [24], namely [25,26]:




	
Over-sizing: If an over-sizing approach is taken, this will result in over-investment as onsite technology is sized to eliminate the need for connection to the grid. However, a level of over-sizing can provide a revenue stream with electricity generation excess to local demands being sold to the grid at strategic times.



	
Right-sizing: If a right-sizing approach is taken, then this will result in onsite investment being matched to most local needs with a service provision relationship formed with the grid to ensure reliability.








It is likely that in the early stages of the transition to DERs there will be greater demand for excess generation, which may lead to over-sizing; however, as DERs proliferate and the cost of onsite energy storage declines, there will likely be diminishing demand for purchasing excess from others and onsite systems will trend towards being right-sized [27].




4. Taxonomy for DER Business Cases


4.1. Elements of a DER Business Case


Traditionally, the approach used in the energy sector for the provision of electricity has been based on a form of large-scale and dispatchable centralised electricity generation—typically fossil-fuel based—that does not include energy storage and exports electricity to the transmission grid. With the advent of small-scale and cost-effective clean electricity generation and storage options, this centralised model is being disrupted, and requiring a number of new approaches both for business models and governance arrangements [28,29]. As the following section shows, the shift to decentralised energy generation and storage will create a range of new business opportunities, which will each warrant careful consideration as to how they can be implemented and supported.



The transition to a system dominated by distributed energy resources will require new business models, business types, regulatory controls, finance models, and training [30]. Previous revenue models based on direct sales to customers will need to make way for new models that include processes for direct sales, equipment installation and maintenance, storage, various opportunities for energy systems consultants (i.e., intermediaries between generation and storage, and consortiums and purchase advisors), Frequency Control Ancillary Services (FCAS), and cybersecurity for integrated smart systems [31]. There will be a need for a comprehensive review of the energy regulatory ecosystem as the transition to decentralisation continues [32]. In this new multivariate energy ecosystem, it is not entirely clear what rules are needed and who should decide on them and enforce them [33]. The continued innovation of energy generation and storage technologies that are presenting new revenue-raising opportunities are not only a disruption to the status quo, but a major opportunity for those who act early in the transition.



To provide a structure for investigation, it is assumed that a DER business case can be created through the combination of two elements, namely a ‘DER Service Configuration’ and a ‘Business Model’. The following section provides taxonomy for both the service configuration of DERs and of associated business models. This research has identified sixteen ‘DER Service Configurations’ and has selected seven ‘Business Models’, with some service configurations appropriate for more than one business model.



A DER business case can be described as:


DER Business Case = DER Service Configuration + Business Model



(1)








4.2. Types of DER Service Configurations


To provide clarity around the specific application of distributed energy resources, a framework, described below, has been created with a focus on the physical fundamentals of distributed energy systems: electricity generation, electricity storage, and electricity usage and final sale [34,35]. As can be seen from Table 1, the combination of options creates 16 unique DER service configurations. Although this list is not exhaustive, it does present the core configurations [8,36,37].



	1.

	
Where is the electricity generated?




	(a)

	
No electricity generation (can only receive energy via the grid).




	(b)

	
A dedicated facility on a site with no demand (such as a wind/solar farm).




	(c)

	
An individual site with demand and excess production (such as a household).




	(d)

	
A cluster of sites with demand and excess production (such as a microgrid or VPP).










	2.

	
Where is the electricity stored?




	(e)

	
Stored onsite (such as in batteries in the building or as part of the microgrid).




	(f)

	
No storage option (can only sell at time of generation).










	3.

	
Where is the electricity used/sold?




	(g)

	
Used and sold to onsite demand (such as using rooftop solar in the building it is located on).




	(h)

	
Used and sold to ongrid demand (such a feed-in tariff or virtual power plant arrangement).













Using these three levels of service options creates a set of 16 configurations, as shown in Table 1.



Hence, using the potential combinations presented in Table 1, the following ‘DER Service Configurations’ can be made:




	
Local Big Storage: An energy storage facility that sources electricity from the grid for local use.



	
Grid Big Storage: An energy storage facility that buys and sells electricity from the grid.



	
Local Energy Farm: A dedicated generation facility with onsite storage that produces excess for the grid.



	
Grid Energy Farm: A dedicated generation facility with onsite storage that only sells to the grid.



	
Local Solar Only: An individual generator with no storage that uses electricity onsite.



	
Grid Solar Only: An individual generator with no storage that produces excess for the grid.



	
Local Solar + Storage: An individual generator with onsite storage that primarily uses electricity onsite.



	
Grid Solar + Storage: An individual generator with onsite storage that produces excess for the grid.



	
Local Microgrid: A physical cluster of generators with no storage that uses electricity onsite.



	
Grid Microgrid: A physical cluster of generators with no storage that produces excess for the grid.



	
Local Micro + Storage: A physical cluster of generators with onsite storage that uses electricity onsite.



	
Grid Micro + Storage: A physical cluster of generators with no storage that produces excess for the grid.



	
Local VPP Only: A virtual cluster of generators with no storage that primarily uses electricity onsite.



	
Grid VPP Only: A virtual cluster of generators with no storage that produces excess for the grid.



	
Local VPP + Storage: A virtual cluster of generators with onsite storage that uses electricity onsite.



	
Grid VPP + Storage: A virtual cluster of generators with onsite storage that produces excess for the grid.









4.3. Types of DER Business Models


Each of these service configurations can generate revenue in a range of ways, such as in the following business models [8,38,39,40,41,42,43,44], namely:




	
Product: This involves the sale of a tangible item that has value to a customer (such as selling electricity from the distribution network to a household customer).



	
Service: The provision of assistance for a fee, which may involve servicing physical equipment or software (such as selling the service of frequency control and ancillary services).



	
Shared Assets: This involves customers paying for the privilege to use a shared asset in which volume and quality need to be balanced (such as a community battery).



	
Subscription: This involves users paying a recurring fee for access to benefits (such as a utility-owned solar panel on a residential building).



	
Lease/Rental: This involves leasing an asset for a discrete period of time for an agreed fee (such as leasing a portable battery storage device).



	
Reselling: This involves purchasing of a product or asset to on-sell for a premium (such as buying electricity wholesale from the grid to then sell to industrial precinct tenants).



	
Agency/Promotion: This involves fee-based marketing of an asset that is not owned for ensuring the generation of transactions (such as the use of a shared battery).








Hence, for each service configuration, as appropriate, there may be the potential for applying up to seven business models for revenue generation. This presents a long list of business cases to choose from; the next section provides an initial way to short-list such cases.





5. Key Factors Affecting Viability of DERs


For the purpose of this paper, rather than outline the possible combinations of the application for each of the business models to each of the service configurations, we identify specific service configurations that have high value potential, should the associated business models be implemented. In order to consider the relative value of each service configuration and associated barriers, the following categories have been selected:



	
Scale: When considering the installation of DERs across the energy grid, an important aspect is scale, in particular the relative size of DERs at specific locations. For example, a higher number of small energy storage options spread across a network area may provide greater levels of system reliability compared to a lower number of larger storage resources with equivalent capacity. This then becomes a barrier if the current regulatory environment does not afford small- to medium-scale DERs the same rights as is offered to larger scale options [45,46].



	
Grid Capacity: A barrier to the installation of DERs—especially a combination of DERs on a single site—can be the capacity of the infrastructure connecting the site to the electricity grid. For example, a large commercial rooftop solar array may not be able to export its intended level of generation if the grid cannot accommodate it at that point. So, to enable export to the grid there may be a need to upgrade infrastructure. It is not clear who is responsible for the cost of this; however, it is often applied to the site rather than the grid operator [47].



	
Hybridisation: It is often the case that a single site will install a number of types of DER behind the meter in order to take advantage of both energy generation and storage opportunities [48]. Such an approach provides the potential for better utilisation of the connection to the network, allowing greater functionality; however, it presents a challenge to regulators who currently find it difficult to register and value such ‘hybrid’ systems due to lack of visibility behind the meter [49].



	
Control: Owing to the emergent nature of DERs and the risks associated with a lack of appropriate control, there is hesitancy to recognise nontraditional methods of control, such as solid-state systems, which are often cheaper and offer greater functionality. This often leads to a new DER system with modern control methods being treated as being ‘uncontrolled’ and not rewarding the ability for controllability. One element of this hesitancy is the lack of trust in electronic controls over traditional physical controls, given that they can be reprogrammed remotely, and hence may introduce risk into the control of the system compared to a physical switch or breaker. It is also unclear how owners or DERs—both residential and commercial—will respond to control methods that are intended to enhance the functioning of the grid [48,50,51].



	
Aggregation: The decentralised nature of DERs calls for new forms of management with the role of an ‘aggregator’ likely to be required to manage a grid of grids. An aggregator provides a single point of contact for a group of DERs in order to interact with the grid and associated energy markets. Effectively, an aggregator can act as a broker between such a group and energy utilities, pooling the utility of a group of smaller DERs to act as a larger combined entity. Given that the decentralisation of the energy sector is in its early stages, this role is yet to be acknowledged and supported. However, they will likely play a critical role in bringing trust and control to distributed systems, requiring a review of current regulations and other restrictions that are hindering such efforts [52,53,54].






How these factors and associated barriers relate to DER service configurations is shown in Table 2.




6. Landscape Conditions Affecting DER Business Cases


6.1. Overview of Landscape Conditions


To complement the consideration of current barriers to the implementation of specific high-value DER service configurations and business models, overarching landscape conditions and their influence through time need to be considered [33]. For instance, as the transition to a decentralised energy system progresses—mainly due to customer purchasing [55]—it is likely that government support will increase to involve revisions and updates to existing policy positions, regulatory frameworks, and fiscal policies [56]. It is likely that there will be a reduced level of resistance through time from incumbents that stand to benefit from prolonging the centralised fossil-fuel-based system, as either their ability to influence decreases or they begin to transition and integrate themselves into the new system [57]. An example in Western Australia where Perth is part of the world’s largest, most isolated electricity grid (spanning 7750 km of transmission lines and 93,350 km of distribution lines). It is undergoing a rapid transition to a more distributed system as rooftop solar is replacing conventional centralised fossil fuels in the grid. Over 40 percent of households in this grid have rooftop behind-the-meter solar systems, totalling 1700 MW of generation power. The ability for grid generation varies throughout the periods of days and seasons, and hence there are some scenarios where this system takes 70 percent of its generation power from the solar energy generated by these distributed rooftop systems. This grid is in a transitioning stage, as it is dependent on conventional centralised generators amongst the varying solar power [53,58,59].



The transition to a decentralised grid may take decades and hence it is likely that different business cases will be appropriate at different times [60]. For instance, a business case based on the generation of excess solar energy for sale to the grid may have diminishing returns as the uptake of solar and local energy storage increases, reducing the demand for excess onsite generation. For better management, a distinction must be made between landscape conditions that are either in front of or behind the meter [61,62]. For example, a key landscape condition behind the meter will be consumer choice and the rate at which consumers—both residential and commercial—purchase local energy generation and storage equipment, with forecasts sometimes under-estimating or inaccurate [63].



Landscape factors that stand to affect the viability of DER business cases in front of the meter include [60,64]:




	
Availability and maturity of technology—both hardware and software (likely to increase);



	
Cost of technology (likely to decrease);



	
The marginal cost of energy generation (likely to decrease as part of the shift to small, local, and renewable options);



	
Level of government financial support (likely to increase as DER deployment continues to increase);



	
Level of policy and regulatory change (likely to increase; however, likely to be slower than financing);



	
Incumbent resistance (likely to ramp-up in short term then reduce over time);



	
Level of overall support and political will (likely to increase as more investment is made in DERs).








Landscape factors that stand to affect the viability of DER business cases behind the meter include [65,66]:




	
The ad hoc manner in which consumers will continue to drive the uptake of a range of DERs in the short term, such as rooftop solar.



	
The likely shift to greater electrification of homes and businesses to take advantage of local energy generation.









6.2. Considering a Spectrum of DER Opportunities


Given the many and varied landscape conditions, it is likely that there will be a spectrum of opportunity as part of the transition to a decentralised energy system. In practice, this is likely to mean that business cases that are viable in one part of the transition are not as viable in others. This approach is complicated by the fact that a number of the landscape conditions are difficult to foresee or anticipate. For the purpose of this discussion, it is assumed that the transition to DERs will follow a standard innovation diffusion curve, namely, moving from innovator to early adopter, to early majority, to late majority, then to laggards, as shown in Figure 3 [67].



Although there are a number of discrete DER types that will each have its own diffusion curve, the aggregation of the curves will likely follow an overall diffusion curve given the complementary nature of DERs. It is likely that each stage will experience a different set of landscape conditions and this will have a direct influence on the viability of associated DER business cases.



	
Innovator Stage: In the early stages of the DER transition, the business cases focused on residential rooftop solar and the sale of solar panels and associated equipment, spurred on by attractive feed-in tariffs [68].



	
Early Adopter Stage: During the early adopter stage the focus remained on rooftop solar, and numerous businesses were created around the installation and maintenance of associated equipment intended mainly for local electricity provision with some sale of excess electricity generation to the grid. During this stage, the development of home energy storage and electric vehicle technology was ongoing with prices nonconducive to early adoption.



	
Early Majority Stage: It is likely that 2022 will be seen as the beginning of the early majority stage of the DER transition. With the now rapid uptake of rooftop solar (first in the residential then the commercial sectors), there is a growing focus on local storage to maximise the benefits in the face of reducing feed-in tariffs and the suggestion of future network use fees [69]. Still, at the beginning of this stage, home storage and EVs are price-prohibitive; however, costs are decreasing and are likely to be affordable in the near future. Alongside cost, the driving range of EVs has substantially increased between 2017 and 2022, reducing concerns of range capacity between chargers, leading to reconsideration for the role of public charging facilities [70]. This stage will also experience a rapid increase in microgrids and precinct systems that seek to cluster DERs behind a connection (behind the meter) to the grid, to take advantage of local generation and storage technologies [71]. It is likely that given the lack of suitable investment in grid-scale renewable generation and energy storage, this focus on local grids will dominate the late majority stage of the DER transition. However, it may be the case that the late majority stage involves a shift towards grid scale that makes very small scale localised use of generation and storage technology not cost effective. A lack of anticipatory planning including all stakeholders creates this uncertainty [9].



	
Late Majority Stage: Once the early majority of consumers have equipped themselves with rooftop solar, local storage, and potentially an electric vehicle, in order to reduce energy costs, it is likely that the focus will shift to additional benefits. Hence, this will call for DER business cases such as the provision services associated with mitigating the effect of variability in generation and demand (including frequency and ancillary services) and other essential system services, and services associated with taking advantage of energy markets (such as purchasing energy when it is cheap to store and then sell during high-price periods). This may also include an increase in opportunities around consultant businesses assisting clients to determine how best to service their energy needs, mediating between different energy purchasers and sellers, managing energy clusters, and advising on cybersecurity of digital control systems [72].



	
Laggard Stage: Once DERs are firmly established and a range of services are available and supported by policy and regulatory frameworks, it is likely that opportunities will focus mainly on local generation, storage, and use of electricity with the value of exporting and or storing excess generation diminished given that only a small number of consumers will choose not to or will be unable to access such options.







6.3. Further Research


It is important to consider likely landscape conditions and their implications for DER business opportunities [9]. This discussion may be informed through the development of a range of likely service configuration scenarios in order to investigate how likely landscape conditions will affect viability at different stages of the diffusion curve. If done effectively, this approach may reduce the potential for measures such as curtailment to be implemented due to a lack of adequate understanding of the shifting conditions. A key element will be consideration of precinct-scale DER deployment and how such ‘local grids’ function as part of a larger grid, given the customer-driven nature of the transition [73]. Hence, it is clear that during the DER transition there will be times when different business cases have greater or lesser viability depending on a range of factors. In order for the transition to accelerate (to rapidly transition away from fossil-fuel energy and the associated greenhouse gas emissions and air pollution), careful consideration will need to be made for how unpredictable changes in landscape conditions can inform efforts to underpin new and emerging DER business cases. As it is still too early for tangible data in this area of research, this paper does not review the actual case studies of DER that are now happening around the world. In a few years, it will be possible to review how some grids have become dominated by DER systems, and these will lend themselves to a larger review.





7. Conclusions


It is clear that the shift from large-scale centralised energy systems to medium- and small-scale distributed systems (a DER based system) presents much more than simply a technology disruption. In reality, this transition is likely to bring with it sector-wide replacement of many current practices and models, in effect creating a completely new energy paradigm. If handled well, such a transition will minimise disruption; however, it can be severely disruptive if long-held views and assumptions are not rapidly reconsidered and renewed, and new supporting structures are not swiftly put into place. Hence, if disruption is experienced, it is most likely caused by the lack of strategic response rather than the new technology itself, as with historical waves of innovation.



Despite this change in energy paradigm having been long forecast, it has largely been poorly prepared for and even avoided, resulting in a largely consumer-driven transition based on ad hoc purchasing behaviours. In a business-as-usual scenario, the energy sector would largely ignore the impending change in paradigm and assume that control can be maintained with small changes to the current system and greater enforcement of the old ways. The difficulty with this approach is that the technology to generate and store renewable energy at household and precinct scales is now affordable, profitable, and easily accessible, making the transition inevitable.



However, simply because it is now affordable does not mean that we know the best way to harness the greatest value and reduce the degree of disruption from the transition. Given the level of uncertainty around the many landscape conditions affecting the transition, previously held levels of assurance concerning future economic, consumer, and government conditions in the energy sector are no longer valid. It may be the case that understanding how to build effective DER business models at the start of the transition is actually premature, given the level of uncertainty, and may even cause a hindrance to new paradigm thinking, hence requiring a new approach. It is likely that understanding the most appropriate business models in a DER energy system calls for the real-world implementation of a range of DER service configurations under controlled conditions in order to learn from practice and build effective business models that can be rolled out across the energy system—such as the research being undertaken by the Australian Cooperative Research Centre for Renewable, Affordable and Clean Energy (RACE for 2030).



It is likely that such implementation projects would need to be afforded specific permissions to act in a manner that is not currently allowed by regulation or market rules, in order to demonstrate the viability and capability for the service configurations to generate successful business models. Such temporary permissions would likely be targeted around addressing the key barriers to high-value DER service configurations identified in the previous section, namely, scale issues, grid capacity issues, projects that involve hybridisation, lack of rewards for control, and projects that require aggregation. Rather than it being the case that the energy sector is not capable of designing DER business models, it may not be possible to predict the future with enough certainty to design a suitable model before such projects start.



Obviously, the macrobusiness considerations of cost, minimum return, and liability need to be addressed in order to secure a pilot project,; however, only items that are crucial to the initiation of projects should be considered as part of the pilot, with additional business implications and opportunities emerging from the process. The challenge is that although it is logical that old paradigm models are unlikely to be relevant in the new paradigm, it is also the case that new paradigm models are unlikely to be assessable using old paradigm approaches, and doing so may actually stifle innovation.



The key is to find ways to allow innovative DER projects to be collaboratively initiated, with the understanding that uncertainty will need to be navigated as the projects progress from design to construction, and to operation. In short, it will not be clear from the start what the detail of the best business model(s) will be until the service configuration is established and operating. Such projects would be implemented with special consideration and approvals linked to a baseline business case with the understanding that implementation will clarify how to give life to the model—rather than expecting the model to be clear at the start. In effect, a detailed scoping of likely revenue from the project requires a level of certainty that is not going to be available to the energy sector for at least a decade, and bold early steps need to be informed and taken to avoid disruption to the sector. The uncertainty will need to be navigated in real time to allow for specific barriers and challenges to be presented and responded to via collaborative, innovative solutions.
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Figure 1. A comparison of architecture for a centralised (conventional) system versus a decentralised general electricity system. Red and blue arrows denote electricity and system management data flows, respectively [19]. 
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Figure 2. Depicting electricity stakeholders located front-of-meter and behind-the-meter. Note that stakeholders behind-the-meter can be an individual or a group [23]. 
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Figure 3. Depicting the population phases of new innovation adoption [67]. 
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Table 1. Summary of DER service configurations.
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Table 2. Mapping DER service configurations to selected categories of current barriers.
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